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Abstract: Amphibians are the most abundant vertebrates in many forests and have the potential to play a significant
role in ecosystem dynamics. We examined the effects of logging on larval Ascaphus truei Stejneger in low-order
streams. Density, biomass, and mean snout–vent length were greatest in streams flowing through old growth; however,
effects associated with forest harvest depended on elevation, stream size, percent cover of sand, boulders, runs, and rif-
fles. Density and biomass were highest in high-elevation streams where silt and algae were absent and where tempera-
ture and percent cover of sand were lowest. Larvae appeared to select pool, run, or riffle microhabitats depending on
their body size or developmental stage, with larger and more developed larvae occupying faster stream sections.
Logging history appears to have less influence on Ascaphus variables than do stream microhabitat and site. In our
study, over 86% of the variation in both density and biomass was associated with stream and site parameters. Because
our results suggest that forest disturbance has major impacts under only certain conditions, we recommend that the
variability of stream microhabitat and site parameters be considered prior to making harvesting decisions when manag-
ing for Ascaphus and other organisms with similar habitat requirements.

Résumé : Les amphibiens sont les vertébrés les plus abondants dans plusieurs forêts et ils ont le potentiel pour jouer
un rôle significatif dans la dynamique des écosystèmes. Nous avons examiné les effets de la coupe de bois sur les lar-
ves d’Ascaphus truei Stejneger dans des ruisseaux d’ordre inférieur. La densité, la biomasse et la longueur moyenne
museau–cloaque étaient maximales dans les ruisseaux coulant dans des vieilles forêts, mais les effets associés à la ré-
colte forestière dépendaient de l’altitude, de la dimension du ruisseau, du pourcentage de recouvrement en sable, des
éboulis, des parcours et des zones de courants. La densité et la biomasse étaient plus élevées dans les cours d’eau en
altitude où il n’y avait ni limon, ni algues et où la température et le recouvrement en sable étaient les plus faibles. Les
larves ont semblé sélectionner les microhabitats des mares, des courants moyens et des rapides selon leur taille corpo-
relle ou leur stade de développement, puisque les larves les plus grosses et les plus développées occupaient les sections
plus rapides des ruisseaux. L’historique des coupes semble avoir moins d’influence que le site et le microhabitat des
ruisseaux sur les variables d’Ascaphus. Dans notre étude, plus de 86 % de la variation de la densité et de la biomasse
était associée aux paramètres du ruisseau et du site. Étant donné que nos résultats indiquent que la perturbation fores-
tière a des impacts majeurs seulement dans certaines conditions, nous recommandons que la variabilité des microhabi-
tats et des sites des ruisseaux soit prise en compte avant de prendre les décisions de récolte quand on aménage pour
Ascaphus ou pour d’autres organismes ayant des exigences similaires d’habitat.
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Introduction

In many forest ecosystems, amphibians are the most abun-
dant vertebrate group. For example, in the northern hard-
wood forests of New Hampshire, the biomass of
salamanders was twice that of the bird community during
the breeding season and about equal to that of small mam-
mals (Burton and Likens 1975a). Larval abundance of the
tailed frog (Ascaphus truei Stejneger) represented more than
90% of the herbivore biomass in some Washington streams

(Crisafulli and Hawkins 1998). DeMaynadier and Hunter
(1995) argue that any organism with such great abundance
has the potential to play a key role in ecosystem dynamics.
Little experimental evidence for the role of amphibians in
forest ecosystems exists; however, indirect evidence sug-
gests that amphibians may have an important role in nutrient
cycling and food web dynamics. Additionally, amphibians
may serve as valuable indicators for some changes in envi-
ronmental conditions.

Amphibians facilitate energy flow by efficiently accumu-
lating biomass. They devote most of their ingested energy
directly into biomass production because nearly all the en-
ergy used for thermoregulation is obtained from external
sources (Pough 1983). Their size enables them to exploit
prey too small for most forest birds and mammals; they
convert biomass of small invertebrates into a prey size avail-
able to larger vertebrates (Pough 1983). Additionally
deMaynadier and Hunter (1995) argue that metamorphosing
juveniles dispersing into surrounding forests create an im-
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portant energy pathway across the wetland–terrestrial gradi-
ent. Some authors (e.g., Burton and Likens 1975b; Hairston
1987) suggest that amphibians may also play a key role in
forest nutrient cycling by regulating populations of soil in-
vertebrates. Thus, forest management practices that modify
the density and distribution of amphibians can affect the rate
of decomposition and cycling of carbon, nitrogen, and other
elements with potentially important implications for forest
productivity (Bormann and Likens 1979) and atmospheric
chemistry (Wyman 1998).

The tailed frog is endemic to the Pacific Northwest of
North America and is found between the Rocky Mountains
and the Pacific Coast, in mountainous, coniferous forests
(Nussbaum et al. 1983; Corkran and Thoms 1996). Their
larvae can be found in permanent, fast-flowing, low-order
mountain streams (usually not containing fish), ranging from
near sea level to above 2140 m in elevation (Nussbaum et al.
1983; Leonard et al. 1993; Corkran and Thoms 1996). In
coastal British Columbia (B.C.), Ascaphus occurs from near
sea level to subalpine zones (30–1100 m) (Sutherland 2000).
Ascaphus are currently designated as species of “special
concern” in California (red flag designation; California Nat-
ural Heritage Program, personal communication, 2001), Ore-
gon (Oregon Natural Heritage Program 2001), and coastal
B.C. (Conservation Data Centre, B.C. Ministry of Forests,
http://srmwww.gov.bc.ca/cdc/).

Negative effects of forest harvesting activities on popula-
tion densities and relative abundance of larvae have been
documented by several researchers including Bury et al.
(1991), Gilbert and Allwine (1991), Welsh and Lind (1991),
and Dupuis and Steventon (1999). Corn and Bury (1989)
found a lower frequency of Ascaphus occurrences in logged
watersheds than in unlogged ones. Ascaphus are sensitive to
habitat alteration because of their lengthy larval period (1–5
years) (Wahbe 1996; Wallace and Diller 1998; Bury and Ad-
ams 1999), small clutch size (30–70 eggs), biennial repro-
duction (inland populations) (Bury et al. 2001), low
recolonization potential (but see Crisafulli and Hawkins
1998), and specialized habitat requirements (Bury and Corn
1988b; Hawkins et al. 1988). They also have one of the low-
est desiccation tolerances among anurans (Brattstrom 1963;
Claussen 1973).

An understanding of the factors that affect larval Ascaphus
populations following forest harvesting activities could lead
to better conservation actions for this species and others de-
pendent on riparian systems. Our objectives were to (i) as-
sess differences in biomass, density, mean mass, and mean
snout–vent length (SVL) for larval Ascaphus populations in
streams flowing through old-growth forest, mature second-
growth stands, and clearcuts; (ii) determine whether these
differences are influenced by stream microhabitat or site pa-
rameters; and (iii) determine whether larvae select pool, run,
or riffle microhabitats depending on their body size. A site
includes the stream and indicates the physical location
within a watershed. We posed three hypotheses: (i) biomass,
density, mean mass, and mean SVL of larval Ascaphus will
be highest in streams flowing through old-growth forest (be-
cause negative effects on abundance have been reported fol-
lowing canopy removal); (ii) differences in larval Ascaphus
variables among treatments will be influenced by stream
microhabitat and site parameters (because their small size

suggests that their response to microhabitat and site charac-
teristics influences their abundance, e.g., Dupuis et al.
2000), and (iii) larger Ascaphus larvae will be found in
faster stream sections than smaller larvae (because large,
more robust larvae can withstand greater stream velocity).
We measured stream and site parameters we felt could affect
larval populations most significantly following forest harvest
(see Stream surveys and parameters section for parameters
measured).

Materials and methods

Study area
Our research was conducted near the city of Squamish in

southwestern B.C. (49°N, 122°W), about 60 km north of
Vancouver in the Coastal Western Hemlock (CWH) and
lower portions of the Mountain Hemlock (MH) biogeo-
climatic zones (Meidinger and Pojar 1991). The CWH oc-
curs west of the coastal mountains, from sea level to 900 m
on windward slopes in the south and midcoast (up to 1050 m
on leeward slopes); mean annual precipitation is 2228 mm
(range, 1000–4400 mm); mean annual temperature is 8°C
(range, 5.2–10.5°C) (Meidinger and Pojar 1991). In southern
portions, where our study was conducted, less than 15% of
total precipitation occurs as snowfall (Meidinger and Pojar
1991). The MH occurs in the subalpine region of the coastal
mountains, above the CWH, from 900 to 1800 m in the
south and 400 to 1000 m in the north (Meidinger and Pojar
1991). Mean annual precipitation ranges from 1700 to
5000 mm (20–70% is snow); mean annual temperature
ranges from 0 to 5°C (Meidinger and Pojar 1991).

A site represents a single replicate of one treatment. Nine
sites were distributed within three stream basins that flow
into Howe Sound (Squamish, Elaho, and Mamquam rivers)
and included old growth (>250 years), mature second growth
(60–80 years), and recent clearcuts (5 years since logging)
(Fig. 1). The Mamquam and Elaho clearcuts were, respec-
tively, 200 and 500 m downstream from old-growth forests,
and the Squamish clearcut was 800 m downstream from old
growth. Each site contained low-order streams in the up-
per headwaters of watersheds, all having larval Ascaphus.
These streams lacked resident game or anadromous fish and
are classified as S5 (>3 m wetted width) and S6 (≤3 m wet-
ted width) by the Riparian Management Area Guidebook of
the B.C. Forest Practices Code (B.C. Ministry of Forests and
B.C. Ministry of Environment, Lands and Parks 1995).

Stream surveys and parameters
We investigated changes in larval variables using area-

constrained stream surveys (adapted from Bury and Corn
(1991) and Shaffer et al. (1994)) and mark–recapture tech-
niques. In each stream, three 5-m sections (reaches) were se-
lected 25 m apart (Fig. 2). The first, most downstream reach
was chosen at random. All larvae were marked in the three
stream reaches. Area-constrained searches were performed
in all reaches by first scanning the stream for surface-active
larvae, then slowly moving up the stream turning and brush-
ing undersides of rocks and capturing larvae with dipnets as
they became dislodged. Searches were conducted between
0700 and 2200 hours, taking three people an average of 3 h
per stream, with an additional 3 h to process larvae and re-
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cord stream microhabitat and site parameters. Initial surveys
were in June and early July. Each stream was resurveyed
once in July and once in August (approximately 20 days
apart). Three sizes of dipnets each with 1-mm mesh were
used for sampling; appropriate net size (width of net: small,
medium, large) was based on dominant-sized stream sub-
strate.

In July, we measured stream microhabitat and site parame-
ters we thought could influence larval Ascaphus populations.
Stream parameters included stream gradient (°; clinometer),

stream wetted width and bank width (m; metre tape), and
stream temperature (°C; mercury and digital thermometers).
Site parameters included site elevation (m; altimeter and
maps), substrate composition (%; visually estimated), and
height of gully sidewall (m; metre tape). Substrate was clas-
sified as sand (<2 mm), pebbles (2–64 mm), cobbles (64–
256 mm), and boulders (>256 mm) (adapted from Bury et al.
1991). Percent cover of bedrock was visually estimated.
Microhabitat of each larva captured was recorded as pool,
run, or riffle, and the percentage of each of these micro-
habitats was visually estimated. These data were used to de-
termine microhabitat use by larvae of different size classes.
Presence of silt and filamentous algae were recorded by vi-
sual inspection. Some of the stream parameters are more in-
tegrative of the entire stream (e.g., temperature), while some
are specific to the individual sampling sites (e.g., percent
cover of pool microhabitat).

Mark–recapture techniques and larval variables
measured

Mark–recapture techniques were used to ensure that we
did not overestimate larval density in streams. Larvae cap-
tured in the three 5-m reaches were marked with a unique-
to-reach code (e.g., two notches for individuals captured in
reach two). Taking special care not to cut into the central
axis of caudal muscle, the dorsal fin of the tail was marked
with V-shaped notches following Turner (1960) (see also
Donnelly et al. 1994). Notches were visible for at least
1 month and allowed for identification of recaptured larvae
in subsequent stream surveys within that period. After a
reach had been searched, we marked larvae, recorded data,
replaced disturbed rocks, and released larvae less than 1 m
upstream from the reach of capture.

We measured biomass, density, mean mass, and mean
SVL of larvae for each summer month (June–August). Sam-
pling units were 5-m reaches, and values were calculated us-
ing these formulae

[1] biomass (g/m2) = larval∑ mass

÷ (mean stream wetted width × 5 m)

[2] density (no./m2) = no. of larvae

÷ (mean stream wetted width × 5 m)

[3] mean mass (g) = larval∑ mass ÷ no. of larvae

[4] mean SVL (mm) = SVL∑ ÷ no. of larvae

We kept a subsample of marked larvae in a laboratory enclo-
sure to evaluate potential impacts of marking on larval sur-
vival. A subsample of 25 larvae were obtained and given
three tail fin notches each. We kept larvae at laboratory con-
ditions close to what was found in the field, providing a 6 h
light : 18 h dark photoperiod, using a timer and fluorescent
lamp. Larvae were kept at 5°C in an aquarium filled with
fresh stream water and algae-covered rocks, with an air
pump to oxygenate the water.

Statistical analyses
We used the statistics package SPSS® for Windows®

(SPSS Inc., Chicago, Ill.) to analyze our data. A repeated
measures general linear model was used to examine overall
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Fig. 1. Schematic map of the study area showing relative posi-
tions of the three river basins and the three replicates of each
treatment. OG, old growth; SG, second growth; CC, clearcut.

Fig. 2. Stream sampling scheme for capturing larval Ascaphus
showing three 5-m reaches separated by 25 m. Arrows indicate
the direction of streamflow. Reach 1 is at the top of the figure.
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effects of forest practices on larval variables. When the
sphericity assumption was violated (based on Mauchly’s test
of sphericity; Norusis 1993), the F statistic was adjusted by
multiplying both the numerator and denominator degrees of
freedom by epsilon. Two estimates of that adjustment are
Huynh–Feldt and Greenhouse–Geisser (Zar 1984). Huynh–
Feldt epsilon is an attempt to correct the Greenhouse–
Geisser epsilon, which tends to be overly conservative, espe-
cially for small sample sizes. The Huynh–Feldt epsilon
sometimes exceeds the value of 1. When this occurs, a value
of 1 is used. Epsilon corrected averaged F displays the
Huynh–Feldt, Greenhouse–Geisser, and lowerbound cor-
rected significance values for averaged univariate F tests
(Norusis 1993).

All reported p values were obtained using statistics tested
against a preset α = 0.05 significance level. Whenever a
mean is provided, ±standard error of the mean (SE) is also
reported. To compare means of larval variables, t tests were
employed at a significance level of α = 0.05. Whenever pos-
sible, we present the observed power (1 – β) of each statisti-
cal test. Power of the test was computed using α = 0.05 and
indicates the probability that the test will detect the differ-
ences between groups equal to those implied by the sample
difference (Norusis 1993). The alternative hypothesis is set
based on the observed value. Power of the test is also known
as the probability of rejecting the null hypothesis when it is,
in fact, false and should be rejected (Zar 1984).

Results

Effects of marking
During a 1.5-month period, no mortality was observed in

larvae given three tail fin notches and kept in the laboratory.
At 1.75 months, three larvae were found dead in the aquar-
ium. We could not determine whether their death was related
to tail fin notching, handling stress, disease, or unnatural liv-
ing conditions. However, time to any mortality was long
enough that marking itself should not have influenced our
results.

Influence of month, watershed, and forest practices on
Ascaphus larvae

To examine the overall effects of adjacent forest practices
on larval biomass, density, mean mass, and mean SVL in the
three watersheds, our first test employed a repeated mea-
sures general linear model (Norusis 1993). In the analysis,
among-subject factors were forest age and watershed, and
the three individual stream reaches were considered repli-
cates of each forest age – watershed combination.

Univariate tests showed within-season effects to be stron-
gest for density of larvae (adj. F = 4.672, p = 0.018, 1 – β =
0.735) and biomass, which is a function of density (adj. F =
3.554, p = 0.043, 1 – β = 0.608). Neither SVL (F = 2.872,
p = 0.075, 1 – β = 0.513) nor mean larval mass (F = 0.359,
p = 0.702, 1 – β = 0.101) differed significantly with month.
We expected that larval growth (measured by mean mass
and SVL) might be more strongly influenced by effects of
within-season variation (month) than would measures of
abundance (measured by density). There was no significant
interaction between month and watershed, but both month
and watershed had significant effects.

We found that density (adj. F = 13.476, p = 0.001, 1 – β =
0.989) and biomass (adj. F = 15.439, p < 0.001, 1 – β =
0.995) of larvae differed significantly among watersheds.
Mean larval mass (F = 1.584, p = 0.242, 1 – β = 0.275) and
mean SVL (F = 1.581, p = 0.243, 1 – β = 0.275) were not
significantly different among watersheds; however, power of
the test was low. Although we found no significant effects of
forest age on any of the larval variables measured (p > 0.182
in all cases; 0.150 < 1 – β < 0.330 in all cases), mean larval
density in old growth was 1.9 times greater than that in sec-
ond growth and 1.6 times greater than that in clearcuts (Ta-
ble 1). We did find a significant interaction between forest
age and watershed for density of larvae (F = 4.716, p =
0.019, 1 – β = 0.781), although not for any other larval vari-
able (biomass, mean mass, and mean SVL: 2.074 < F <
2.642; p > 0.093 in all cases). Power of these latter tests was
in the range 0.411 < 1 – β < 0.510. The Mamquam water-
shed yielded the highest densities overall with about 3.2
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Forest habitat
type

Reach
No.

Density
(no./m2)

Biomass
(g/m2)

Mean mass
(g)

Mean SVL
(mm)

Old growth 1 1.68±0.89 0.60±0.22 0.42±0.07 11.97±1.00
2 1.12±0.86 0.54±0.41 0.54±0.07 12.89±1.04
3 1.07±0.41 0.44±0.15 0.43±0.02 12.22±0.18
Mean 1.29±0.20 0.53±0.05 0.46±0.04 12.36±0.27

Second growth 1 1.01±0.09 0.44±0.05 0.43±0.02 11.65±0.17
2 0.54±0.02 0.25±0.05 0.45±0.08 11.81±0.74
3 0.47±0.27 0.21±0.06 0.35±0.07 11.14±0.71
Mean 0.67±0.17 0.30±0.07 0.41±0.03 11.53±0.20

Clearcut 1 1.00±0.71 0.38±0.25 0.49±0.13 11.99±0.71
2 0.81±0.68 0.47±0.35 0.41±0.03 11.49±0.23
3 0.69±0.51 0.55±0.30 0.59±0.09 12.45±0.02
Mean 0.83±0.09 0.47±0.05 0.50±0.05 11.98±0.28

Mean 0.93±0.19 0.43±0.07 0.46±0.03 11.96±0.24

Note: A total of 804 larvae were used in calculations; n = 3 for mean value calculations.

Table 1. Ascaphus variables (mean ± SE) in three forest habitat types of southwest-
ern British Columbia in July 1995: density, biomass, mean mass, mean snout–vent
length (SVL).
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times the density found in the Elaho watershed and 4.1 times
the density found in the Squamish watershed.

Differences in larval biomass among old-growth, second-
growth, and clearcut sites were not statistically significant
(F = 1.944, p = 0.182, 1 – β = 0.330) and showed high vari-
ability across the three watersheds. Larval populations in
old-growth streams yielded the highest (on average) bio-
mass, followed by clearcut streams and mature second-
growth streams (Table 1). Larval biomass in old growth was
1.7 times higher than that in second growth and about 1.1
times higher than that in clearcuts. The Mamquam water-
shed yielded the highest larval biomass overall, with about
three times that found in the Elaho and Squamish water-
sheds.

Differences in larval mass among old-growth, second-
growth, and clearcut sites were not statistically significant
and also showed high variability across the three watersheds.
On average, larval mass in clearcuts was 1.1 times higher
than that in old growth, but mean larval mass in old growth
was 1.1 times higher than that in second growth (Table 1). In
the Squamish watershed, larval mass was highest in the
clearcut, followed by old growth and second growth. In the
Elaho watershed, larval mass was highest in the old-growth
site, followed by clearcut and second growth. In the
Mamquam watershed, larval mass was higher in the second-
growth site, followed by clearcut and old growth.

Within-season effects on growth and abundance are com-
plex and difficult to interpret because of low power of the
tests. Thus, we restricted any further detailed tests to the
July sampling period when larvae were most abundant. Sam-
pling reaches were naturally variable within forest age –
watershed combinations (Table 2), so we chose to examine
physical habitat effects, as these were reflected within
stream reaches.

Relations of larval Ascaphus with stream microhabitat
and site parameters

Both larval biomass and density were low where silt was
present. Mean larval biomass was 0.18 ± 0.03 g/m2 where
silt was present and 0.60 ± 0.14 g/m2 where silt was not
present, a significant difference (t = 2.603, p = 0.035, n = 9).
Mean density of larvae was 0.35 ± 0.11 larvae/m2 where silt
was present and 1.39 ± 0.42 larvae/m2 where silt was not
present; however, this difference was not statistically signifi-
cant (t = 2.131, p = 0.071, n = 9).

Larval biomass and density were also lower where percent
cover of sand was high; however, these differences were not
statistically significant. Larval biomass was 0.22 ± 0.08 g/m2

where sand cover was high and 0.50 ± 0.14 g/m2 where sand
cover was low (t = 1.70, p = 0.134, n = 9). Density was
0.40 ± 0.20 larvae/m2 where sand cover was high and 1.19 ±
0.39 larvae/m2 where sand cover was low (t = 1.79, p =
0.118, n = 9).

Filamentous algae were present only in clearcuts, where
there was significantly lower larval biomass (clearcut, 0.14 ±
0.04 g/m2; old growth, 0.49 ± 0.12 g/m2; t = 2.72, p = 0.03,
n = 9) and density (clearcut, 0.20 ± 0.16 larvae/m2; old
growth, 1.14 ± 0.33 larvae/m2; t = 2.54, p = 0.04, n = 9).
Stream microhabitat and site parameters explaining little
variation in larval variables measured included stream bank
width, stream gradient, and percent cover of pebbles.
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Mean stream temperatures in old-growth forests (13.60 ±
0.46°C) and clearcuts (13.87 ± 1.50°C) were not signifi-
cantly different (t = –0.170, p = 0.878, n = 6), but the maxi-
mum stream temperature in clearcuts was 2.2°C higher than
the maximum in old growth. Mean stream temperatures in
old-growth forests (13.60 ± 0.46°C) and second-growth for-
ests (10.40 ± 1.10°C) were also not significantly different
(t = 2.685, p = 0.085, n = 6), but the maximum stream tem-
perature in old growth was 1.9°C higher than that in second
growth. Mean stream temperatures in clearcuts and second-
growth forests were not significantly different (t = –1.864,
p = 0.142, n = 6), but the maximum stream temperature in
clearcuts was 4.1°C higher than that in second growth. Lar-
val biomass and density decreased with increasing stream
temperatures. We were unable to record stream temperature
under similar temporal conditions across all sites; thus sam-
pling of stream temperature was inconsistent.

Stream gradient varied among all forest treatments and
ranged from 5 to 10° in clearcut sites (mean, 7.7 ± 1.5°), 5
to 20° in second-growth sites (mean, 12.0 ± 4.4°), and 6 to
18° in old-growth sites (mean, 10.0 ± 4.0°). Differences in
stream gradient between old-growth and clearcut sites were
not statistically significant (t = 0.548, p = 0.628, n = 6), nor
were differences between old-growth and second-growth
sites (t = –0.338, p = 0.752, n = 6) or second-growth and
clearcut sites (t = 0.943, p = 0.429, n = 6).

Table 3 was created primarily to illustrate directionality of
responses. In this table, the standard error of the estimate
(SEE) is an overall indication of the accuracy with which the
fitted regression function predicts the dependence of Y on X
(Zar 1984). Experiment-wise correction of α was not ap-
plied. A forward multiple linear regression model (Norusis
1993) showed that 89.4% of the variation in larval density
was associated with site elevation, percent cover of runs and

riffles, stream wetted width, and percent cover of sand and
boulders (R2 = 0.894, p < 0.05, n = 27). The density of lar-
vae increased with increasing site elevation (r2 = 0.545,
SEE = 0.622, p < 0.001) and decreased with increasing per-
cent cover of sand (r2 = 0.342, SEE = 0.748, p = 0.001; Ta-
ble 3). As expected, larval biomass showed similar relations.

A forward multiple linear regression model (Norusis
1993) showed that 31.5% of the variation in mean larval
mass was associated with percent cover of sand (R2 = 0.315,
p < 0.05, n = 27). Mean larval mass increased with increas-
ing percent cover of sand (r2 = 0.315, SEE = 0.101, p =
0.004; Table 3). A forward multiple linear regression
(Norusis 1993) showed that 54.6% of the variation in mean
SVL was associated with percent cover of sand (R2 = 0.546,
p < 0.05, n = 27). Mean SVL increased with increasing per-
cent sand cover (r2 = 0.442, SEE = 0.808, p < 0.001) and de-
creased with increasing site elevation (r2 = 0.164, SEE =
0.989, p = 0.049; Table 3).

Relations of larval Ascaphus size classes with stream
microhabitat

The majority (66%) of larvae captured were in runs, 19%
were in pools, and 15% were in riffles (Table 4). Larvae
were consistently larger (in both length and mass) from
pools to runs and from runs to riffles. Mean SVL and mass
of larvae were significantly different from pools to runs
(SVL: t = –3.271, p = 0.001; mass: t = –2.236, p = 0.026).
Mean SVL, mean mass, and total length (TL) were also sig-
nificantly different from pools to riffles (SVL: t = –2.994,
p = 0.003; mass: t = –2.431, p = 0.016; TL: t = –2.363, p =
0.019).

Although a greater proportion of larvae captured in pools
had hind limbs, larvae in riffles had longer hind limbs than
larvae in both pools and runs. We only recorded hind limbs
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Dependent variable
Independent variable
(transformation)

Direction of
relationship r2 SEE p

Density Elevation (x2) + 0.545 0.622 <0.001
% pool (arcsine) + 0.450 0.683 <0.001
% sand (arcsine) – 0.342 0.748 0.001
Riffle (arcsine) – 0.268 0.789 0.006
Wetted width (ln x) – 0.174 0.838 0.030
Gradient (1/x) + 0.165 0.842 0.035

Biomass Elevation (x2) + 0.493 0.247 <0.001
% pool (arcsine) + 0.295 0.291 0.006
% sand (arcsine) – 0.256 0.299 0.012
% riffle (arcsine) – 0.247 0.301 0.014
% bedrock (arcsine) + 0.227 0.305 0.018

Mass % sand (arcsine) + 0.315 0.101 0.004

SVL % sand (arcsine) + 0.442 0.808 <0.001
Gully height (1/x) + 0.237 0.945 0.016
% run (arcsine) + 0.181 0.979 0.038
Elevation – 0.164 0.989 0.049

Note: Simple transformations of stream and site variables are employed; only regressions with
p < 0.05 are included. SVL, snout–vent length; SEE, standard error of the estimate.

Table 3. Statistically significant relations between larval Ascaphus variables and
stream microhabitat and site parameters in southwestern British Columbia in July
1995.
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that were longer than 1 mm. Recording shorter lengths
would have required anesthetization of larvae so that the
thickened epidermis could be lifted to view hind limb buds.
Two larvae captured in pools and six larvae captured in runs
had forelimbs; however, no larvae had forelimbs in riffles.

Discussion

Low-order streams in our study exhibited significant vari-
ation in physical parameters measured. Stream microhabitat
and site parameters were dominant influences within our
data and modified the response of larval populations post-
harvest. Higher densities and biomass of larvae were associ-
ated with higher-elevation sites and with streams that had a
low percent cover of sand, an absence of silt and filamentous
algae, low temperatures, and a low percent cover of boul-
ders. We found no statistically significant effects of forest
practices on any larval variables measured; however, our
analyses indicated that the effects of watershed and month
had the potential to dominate any effect of forest practices
for any comparison with high power. Effects of watershed
and month were strongest for density and biomass of larvae.

In our study, density and biomass of Ascaphus larvae in
managed sites were lower than those in old-growth sites.
Corn and Bury (1989), Kelsey (1995), and Bull and Carter
(1996) also reported lower density in managed stands. Fac-
tors that may contribute to this response include an increase
in stream temperature (e.g., Welsh 1990) and filamentous al-
gae (T.R. Wahbe, personal observation), and higher levels of
fine sediment (sand and silt) (e.g., Hawkins et al. 1988)
found in clearcut streams. Bull and Carter (1996) found ju-
venile and adult Ascaphus abundance to be correlated not
only with features of channel substrate and overall stream
gradient, but also with the state of riparian habitat. The pres-
ence or absence of riparian habitat may govern larval abun-
dance in streams, and this relationship may indirectly drive
the abundance of post-metamorphic life stages. In coastal ar-
eas, some Ascaphus have been found several hundred metres
from streams during wet weather (e.g., Welsh and Reynolds
1986; Bury and Corn 1988a), but movements after metamor-
phosis are poorly documented. However, in B.C., terrestrial
habitat use appears more spatially restricted in clearcuts sites
than in unmanaged sites (T.R. Wahbe, unpublished).

Despite fewer numbers, mean larval mass in our study
was highest in clearcuts. Our results support findings by
Kim (1999) and are likely attributable to the greater food
supply present in streams flowing through clearcuts (see
Murphy and Hall 1981). Greater in-stream productivity may

increase larval growth rates and, in turn, survival, which
appears to be low (Sutherland 2000). Thus, there may be an
increased number of juvenile frogs and catches per unit of
effort in clearcuts (T.R. Wahbe, unpublished). However, if
stream temperature rises too high, Ascaphus may be ex-
cluded, as eggs die above 18.5°C (Brown 1975).

By creating suction to rock surfaces, larval Ascaphus
graze nonfilamentous diatoms, unicellular algae that grow in
thin mats on rocks and logs. In contrast, filamentous algae
are highly resistant to grazing and have morphological fea-
tures (i.e., growth in long filaments) that prevent Ascaphus
larvae from creating suction to the substrate. Larval biomass
was high in the Mamquam clearcut, where no filamentous
algae were present. In contrast, biomass was low in the other
two clearcuts, where filamentous algae were present. Aubry
(2000) reported a high total amphibian biomass for mature
forest stands and speculated that lower abundances of larvae
and local extirpations in second-growth stands may corre-
spond to changes in food supply, which is inevitably lower
in closed canopy forests.

Beschta et al. (1987) suggest that increased light and
stream temperatures play a role in the shift from an aquatic
flora dominated by diatoms to one dominated by filamentous
green algae. In our study, the Elaho clearcut stream was
small (2.8 m), had a high temperature (16.7°C), and had
very low larval biomass and density; filamentous algae were
also present there. The Mamquam clearcut stream was small
(1.5 m) and had a low temperature (11.67°C; upstream was
old-growth forest); filamentous algae were not detected here
and biomass and density of larvae were high. Algae may
also affect the movements and distribution of larval
Ascaphus. Wahbe and Bunnell (2001) found that Ascaphus
larvae moved significantly shorter distances in clearcuts
compared with old growth. Their findings are consistent
with two hypotheses: (i) higher amounts of debris may im-
pede larval movements in recently logged sites, or (ii) higher
food availability through increased productivity in exposed
sites may reduce their need to move (Wahbe and Bunnell
2001).

At the microsite (stream reach) level, density and biomass
of larvae were lowest or larvae were absent in streams domi-
nated by sand and fine gravel. Other researchers have re-
ported similar results for density (e.g., Welsh and Ollivier
1998; Adams and Bury 2002; Wilkins and Peterson 2000).
Larval Ascaphus avoided substrates of sand (<5 mm) and
pebbles (18–36 mm), selecting large gravel (55–96 mm) and
rocks (85–125 mm) instead (laboratory study; Altig and
Brodie 1972). Coarser substrates provide greater and more
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Variable
Pool
(n = 172)

Run
(n = 598)

Riffle
(n = 138)

Snout–vent length (mm) 11.50±0.15 12.06±0.08 12.19±0.18
Total length (mm) 32.65±0.41 33.48±0.21 34.12±0.47
Larvae with hind limbs (%) 13.37 6.69 7.25
Hind limb length (mm)a 1.02±0.19 1.23±0.11 1.50±0.23
Mass (g) 0.38±0.02 0.42±0.01 0.44±0.02

aOnly hind limbs longer than 1.00 mm were recorded (a function of detectability); n = 23 in
pools, n = 40 in runs, n = 10 in riffles.

Table 4. Mean (±SE) length and mass of larval Ascaphus in three stream
microhabitats in southwestern British Columbia in July 1995.
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stable interstitial spaces where larvae can forage and gain
refuge from channel disturbances and predation (Feminella
and Hawkins 1994; Dupuis et al. 2000), although no experi-
ments have been conducted to confirm this hypothesis. Silt
and sand can clog interstitial spaces and may interfere with
feeding by coating rock surfaces, making suction to the rock
surface difficult and increasing ingestion of fine materials.

Sediment may accumulate in low-gradient streams follow-
ing timber harvest, but detrimental effects may be masked at
first by the increased autotrophic production due to in-
creased insolation (Murphy and Hall 1981). Murphy and
Hall (1981) reported that the amounts of sand and gravel and
the density of crevices in logged sites were strongly corre-
lated with stream gradient. When stream gradient is low, the
effects of logging can be more serious (see Hawkins et al.
1983). In steeper streams, fine sediments can be flushed out
of the channel relatively quickly, but low gradient streams
are less able to flush out sediments accumulated during log-
ging or road-building activities (Murphy and Hall 1981). In
our study, the positive effects of a steep gradient were evi-
dent in the Squamish watershed. In the mature second-
growth stream, gradient was highest among the three treat-
ments; there was no silt present, and larval densities were
the highest of the three treatments. In two clearcut sites
(Squamish and Elaho watersheds) where larval biomass and
density were low, gradient was low, and both silt and fila-
mentous algae were present. Old-growth forest remained up-
stream from the Mamquam clearcut site where there was
high larval biomass and density. This site had a steep gradi-
ent and no silt was present. In the Mamquam watershed, the
second-growth stream had the lowest larval biomass and
density of the three treatments, and gradient was the lowest
of the three treatments.

Adams and Bury (2002) did not find a statistically signifi-
cant association between stream gradient and density of
Ascaphus larvae in the Olympic Peninsula of Washington.
However, they did find a significant positive association of
larval density with elevation. Densities of Ascaphus larvae
were highest at higher-elevation sites for some of our
streams as well as in west-central Oregon (Hunter 1998) and
southern Washington (Aubry and Hall 1991). Our old-
growth and clearcut sites in the Mamquam watershed were
at elevations of 773 and 898 m, respectively, and were lo-
cated directly downstream from contiguous old-growth for-
est. The Mamquam watershed had the largest sample sizes
for Ascaphus larvae, and the clearcut had higher larval bio-
mass and density than the other two clearcuts. It is not clear
whether these differences in density represent responses to
differing microclimate, vegetation communities, behavior
(consequences of predation or reproductive ecology), human
disturbance regimes (e.g., intensive logging usually occurs
first at lower elevations), or combinations of these. The pres-
ence of uncut forest upstream may mitigate logging impacts
by maintaining cool temperatures or low sedimentation
rates. They also are a potential source of animals for re-
colonization. Ascaphus were most often found in streams of
logged stands when uncut timber still remained upstream
(Bury and Corn 1988b; Corn and Bury 1989). This suggests
that larvae may benefit from increased within-stream pri-
mary productivity following clear-cut harvest while evading

the effects of increased insolation on water temperature and
the algae community.

Both mean larval mass and SVL increased with increasing
percent sand cover. The positive relationship between SVL
and sand cover is difficult to explain. Sites with high percent
cover of sand were the Squamish old growth and clearcut
and the Elaho old growth. Increases in mean mass of larvae
are probably the result of ingestion of sand grains. In north-
ern Idaho and southeastern Washington, Metter (1964) found
that 30–40% of all gut contents of larval Ascaphus examined
appeared to be fine sand grains, which was believed to be a
result of grazing along rocks.

Larvae appear to use pool, run, or riffle microhabitats de-
pending on their body size or stage of development. The ma-
jority of larvae captured were in runs, which may suggest
that microhabitat underlying these swift-flowing waters with
relatively low turbulence provides more suitable habitat for
larvae. Mean lengths and mass of larvae were consistently
larger from pools to runs and from runs to riffles, which may
suggest that larger larvae find more suitable refuge in the
faster moving waters. The presence of larger larvae in riffles
may also be due to the greater capacity for within-stream
primary production (i.e., greater forage) in riffles as com-
pared with pools (Murphy and Hall 1981). Smaller larvae
may be unable to utilize these more turbulent microhabitats;
thus calmer microhabitats may be more suitable. Interstitial
refugia increase in size with increasing particle size from
pools to runs and from runs to riffles, providing larger larvae
refuge in more turbulent stream microhabitats. Microhabitat
selection may also be related to temperature preferences.
DeVlaming and Bury (1970) observed behavioral thermo-
regulation in Ascaphus larvae. In species of Rana larvae,
Workman and Fisher (1941) found that thermal selection
was related to metamorphic stage. The three microhabitats
sampled in our study provide potentially three ranges of
temperatures for larvae of various sizes to select from, but
this requires further investigation. Larvae behaviorally seek
microhabitats of optimal temperatures and avoid those areas
posing thermal extremes. Sections of the stream that receive
more shade will possess lower temperatures and are more
likely to be selected by younger individuals. DeVlaming and
Bury (1970) found that first-year larvae in particular selected
near-freezing temperatures. Within stream reaches, pools
were found along the banks and tended to be well shaded by
overhanging vegetation or the bank itself. Larger individuals
may select for microhabitats of higher temperatures, espe-
cially nearing metamorphosis. Warmer areas would be fur-
ther away from the banks in runs and riffles where direct
sunlight will be absorbed throughout the day, and primary
productivity is higher. Although larval Ascaphus are known
to metamorphose at the end of the summer (Brown 1990a),
when larvae were kept at 5°C, they did not achieve meta-
morphosis at this time (deVlaming and Bury 1970; Brown
1990b). This suggests that behavioral thermoregulation is
very important to Ascaphus. Some authors suggested that
adult Ascaphus move downstream to mate (Landreth and
Ferguson 1967) or overwinter (Adams and Frissell 2001).
However, these may be condition specific responses (e.g.,
behavioral thermoregulation as suggested by Adams and
Frissell 2001).
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Conclusions

We predicted that biomass, density, mean mass, and mean
snout–vent length of Ascaphus larvae would be greatest in
streams flowing through old-growth forests. This pattern was
clear but not significant for biomass, density, and mean
snout–vent length. Our results concur with most findings by
other researchers, except for Kim (1999) who found that
mean lengths of larval Ascaphus were greater in clearcuts.
Mean larval mass was greatest though not significantly in
streams flowing through clearcuts, which does not support
our hypothesis, but does support findings by Kim (1999), the
only other researcher who has addressed this topic.

Our second hypothesis stated that differences in larval
Ascaphus variables among treatments would be influenced
by stream microhabitat and site parameters. We did indeed
find that effects of forest harvest were strongly modified by
stream and site parameters, and these parameters played a
role in the way forest harvest ultimately affected larval
Ascaphus populations. To our knowledge, no other research-
ers have addressed this topic, though we feel it warrants sig-
nificant attention not only when examining larval responses,
but also responses by juvenile and adult frogs.

Our third hypothesis stated that larger Ascaphus larvae
would be found in faster sections of streams, and this is in-
deed what we found. Larvae appeared to select pool, run, or
riffle microhabitats depending on their body size or develop-
mental stage, with larger and more developed larvae occupy-
ing faster stream sections. We are not aware of any other
studies addressing the issue of stream velocity selection based
on size or developmental stage of Ascaphus larvae.

We cannot determine whether differences in larval bio-
mass and density are due to forest treatment alone because
streams selected were not continuous through old-growth,
second-growth and clearcut sites. Overall, larval responses
appeared strongly modified by stream microhabitat and site
parameters. Our results suggest that forest disturbance has
major impacts under only certain conditions, such as in
streams of low-elevation sites having a high percent cover of
sand, silt, filamentous algae, and boulders. We recommend
that the variability of stream microhabitat and site parame-
ters be considered prior to making harvesting decisions when
managing for Ascaphus and other organisms that inhabit
cool forested mountain streams.

In our study, we addressed responses of larval Ascaphus
populations to forest harvest. Clearly, forest harvesting can
have an effect on all stages of the Ascaphus life cycle. An
understanding of the factors that affect both larval and meta-
morphosed Ascaphus following forest harvesting activities
will help to guide conservation actions for this species, par-
ticularly in managed forest landscapes.

Little research has addressed the terrestrial life stage of
Ascaphus. However, recent data now suggest that harvested
watersheds may result in reduced Ascaphus populations
(Wahbe et al. 2003). Riparian buffers may provide critical
foraging habitat for Ascaphus adults, at least during dry con-
ditions, as the species does not tolerate high temperatures
and high rates of evapotranspiration (Claussen 1973). How-
ever, T.R. Wahbe (unpublished) found extensive overland
movements by post-metamorphic Ascaphus. Those data sug-
gest that to protect all life phases of Ascaphus, forest man-

agement may require habitat reserves protecting networks of
streams. Conservation measures should focus on areas natu-
rally favorable to Ascaphus.

Acknowledgments

We thank Mae Wahbe, Eduardo Jovel, Keri Sadowski, and
Nancy Job for assistance with fieldwork. Drs. Antal Kozak
and Peter Marshall provided helpful comments on our study
design and statistical analyses. Dave Guilbride of Interna-
tional Forest Products assisted with site location in the
Squamish and Elaho watersheds, and provided radios and
access to maps. Jim Bass of Triple C Logging also provided
valuable assistance throughout the project, providing radios
and maps of the Mamquam watershed. Funding for this re-
search was provided by the B.C. Ministry of Forests and
Forest Renewal B.C. We are grateful to Dr. Glenn Suther-
land for assisting with data interpretation and for reviews of
previous drafts of this manuscript. We also thank anonymous
reviewers whose suggestions helped improve our manuscript.

References

Adams, M.J., and Bury, R.B. 2002. The endemic headwater stream
amphibians of the American Northwest: association with envi-
ronmental gradients in a large forest reserve. Glob. Ecol.
Biogeogr. 11: 169–178.

Adams, S.B., and Frissell, C.A. 2001. Thermal habitat use and evi-
dence of seasonal migration by Rocky Mountain tailed frogs,
Ascaphus montanus, in Montana. Can. Field-Nat. 115: 251–256.

Altig, R., and Brodie, E.D., Jr. 1972. Laboratory behavior of tailed
frog Ascaphus truei tadpoles. J. Herpetol. 6(1): 21–24.

Aubry, K.B. 2000. Amphibians in managed, second-growth
Douglas-fir forests. J. Wildl. Manage. 64(4): 1041–1052.

Aubry, K.B., and Hall, P.A. 1991. Terrestrial amphibian communi-
ties in the southern Washington Cascade Range. In Wildlife and
vegetation of unmanaged Douglas-Fir forests. Technical coordi-
nators: L.F. Ruggiero, K.B. Aubry, A.B. Carey, and M.H. Huff.
USDA For. Serv. Gen. Tech. Rep. PNW-GTR-285. pp. 327–338.

B.C. Ministry of Forests and B.C. Ministry of Environment, Lands
and Parks. 1995. Riparian management area guidebook. Forest
Practices Code of British Columbia, B.C. Ministry of Forests and
B.C. Ministry of Environment, Lands and Parks, Victoria, B.C.

Beschta, R.L., Bilby, R.E., Brown, G.W., Holtby, L.B., and
Hofstra, T.D. 1987. Stream temperature and aquatic habitat:
fisheries and forestry interactions. In Streamside management:
forestry and fishery interactions. Edited by E.O. Salo and T.W.
Cundy. Univ. Wash. Inst. For. Res. Contrib. 57. pp. 191–232.

Bormann, F.H., and Likens, G.E. 1979. Pattern and process in for-
ested ecosystems. Springer-Verlag, New York.

Brattstrom, B.H. 1963. A preliminary review of the thermal re-
quirements of amphibians. Ecology, 44: 238–255.

Brown, H.A. 1975. Temperature and development of the tailed
frog, Ascaphus truei. Comp. Biochem. Physiol. 50A: 397–405.

Brown, H.A. 1990a. Morphological variation and age-class deter-
mination in overwintering tadpoles of the tailed frog, Ascaphus
truei. J. Zool. (London), 220: 171–184.

Brown, H.A. 1990b. Temperature, thyroxine, and induced meta-
morphosis in tadpoles of a primitive frog, Ascaphus truei. Gen.
Compar. Endocrinol. 79: 136–146.

Bull, E.L., and Carter, B.E. 1996. Tailed frogs: distribution, ecol-
ogy, and association with timber harvest in northeastern Oregon.
USDA For. Serv. Res. Pap. PNW-RP-497.

© 2003 NRC Canada

1264 Can. J. For. Res. Vol. 33, 2003

I:\cjfr\cjfr3307\X03-052.vp
May 28, 2003 11:09:02 AM

Color profile: Generic CMYK printer profile
Composite  Default screen



Burton, T.M., and Likens, G.E. 1975a. Salamander populations and
biomass in the Hubbard Brook Experimental Forest, New Hamp-
shire. Copeia, 1975: 541–546.

Burton, T.M., and Likens, G.E. 1975b. Energy flow and nutrient
cycling in salamander populations in the Hubbard Brook Experi-
mental Forest, New Hampshire. Ecology, 56: 1068–1080.

Bury, R.B., and Adams, M.J. 1999. Variation in age at metamor-
phosis across a latitudinal gradient for the tailed frog, Ascaphus
truei. Herpetologica, 55(2): 283–291.

Bury, R.B., and Corn, P.S. 1988a. Douglas-fir forests in the Oregon
and Washington Cascades: relation of the herpetofauna to stand
age and moisture. In Management of amphibians, reptiles and
small mammals in North America. Edited by R.C. Szaro, K.E.
Severson, and D.R. Patton. USDA For. Serv. Gen. Tech. Rep.
GTR-RM-166. pp. 11–22.

Bury, R.B., and Corn, P.S. 1988b. Responses of aquatic and
streamside amphibians to timber harvest: a review. In Streamside
Management: Riparian Wildlife and Forestry Interactions: Pro-
ceedings of a Symposium, 11–13 February 1987, Seattle, Wash.
Edited by K.J. Raedeke. Univ. Wash. Inst. For. Res. Contrib. 59.
pp. 165–181.

Bury, R.B., and Corn, P.S. 1991. Sampling methods for amphibians
in streams in the Pacific Northwest. USDA For. Serv. Gen. Tech.
Rep. PNW-GTR-275.

Bury, R.B., Corn, P.S., Aubry, K.B., Gilbert, F.F., and Jones, L.L.C.
1991. Aquatic amphibian communities in Oregon and Washing-
ton. In Wildlife and vegetation of unmanaged Douglas-fir Forests.
Technical coordinators: L.F. Ruggiero, K.B. Aubry, A.B. Carey,
and M.H. Huff. USDA For. Serv. Gen. Tech. Rep. PNW-GTR-
285. pp. 353–362.

Bury, R.B., Loafman, P., Rofkar, D., and Mike, K.I. 2001. Clutch
sizes and nests of tailed frogs from the Olympic Peninsula,
Washington. Northwest Sci. 75(4): 419–422.

Claussen, D.L. 1973. The water relations of the tailed frog,
Ascaphus truei and the Pacific treefrog, Hyla regilla. Comp.
Biochem. Physiol. 44A: 155–171.

Corkran, C., and Thoms, C. 1996. Amphibians of Oregon, Wash-
ington, and British Columbia. A field identification guide. Lone
Pine Publishing, Vancouver, B.C.

Corn, P.S., and Bury, R.B. 1989. Logging in western Oregon: re-
sponses of headwater habitats and stream amphibians. For. Ecol.
Manage. 29: 39–57.

Crisafulli, C.M., and Hawkins, C.P. 1998. Ecosystem recovery fol-
lowing catastrophic disturbance: lessons learned from Mount St.
Helens. In Status and trends of the nation’s biological resources.
Edited by M.J. Mac, P.A. Opler, C.E. Puckett Haecker, and P.D.
Doran. U.S. Department of Interior, U.S. Geological Survey,
Reston, Va. pp. 23–35.

deMaynadier, P.G., and Hunter, M.L., Jr. 1995. The relationship
between forest management and amphibian ecology: a review of
the North American literature. Environ. Rev. 3: 230–261.

deVlaming, V.L., and Bury, R.B. 1970. Thermal selection in tad-
poles of the tailed frog, Ascaphus truei. J. Herpetol. 4(3–4):
179–189.

Donnelly, M.A., Guyer, C., Juterbock, J.E., and Alford, R.A. 1994.
Techniques for marking amphibians. In Measuring and monitor-
ing biological diversity: standard methods for amphibians. Edited
by W.R. Heyer, M.A. Donnelly, R.W. McDiarmid, L.C. Hayek,
and M.S. Foster. Smithsonian Institution Press, Washington, D.C.
pp. 277–284.

Dupuis, L., and Steventon, D. 1999. Riparian management and the
tailed frog in northern coastal forests. For. Ecol. Manage. 124(1):
35–43.

Dupuis, L.A., Bunnell, F.L., and Friele, P.A. 2000. Determinants of
the tailed frog’s range in British Columbia. Northwest Sci. 74(2):
109–115.

Feminella, J.W., and Hawkins, C.P. 1994. Tailed frog tadpoles dif-
ferentially alter their feeding behavior in response to non-visual
cues from four predators. J. North Amer. Benthol. Soc. 13(2):
310–320.

Gilbert, F.F., and Allwine, R. 1991. Terrestrial amphibian commu-
nities in the Oregon Cascade Range. In Wildlife and vegetation
of unmanaged Douglas-Fir forests. Technical coordina-
tors: L.F. Ruggiero, K.B. Aubry, A.B. Carey, and M.H. Huff.
USDA For. Serv. Gen. Tech. Rep. PNW-GTR-285. pp. 319–326.

Hawkins, C.P., Murphy, M.L., Anderson, N.H., and Wilzbach, M.A.
1983. Density of fish and salamanders in relation to riparian can-
opy and physical habitat in streams of the northwestern United
States. Can. J. Fish. Aquat. Sci. 40: 1173–1185.

Hawkins, C.P., Gottschalk, L.J., and Brown, S.S. 1988. Densities
and habitat of tailed frog tadpoles in small streams near Mt. St.
Helens following the 1980 eruption. J. Am. Benthol. Soc. 7(3):
246–252.

Hunter, M.G. 1998. Watershed-level patterns among stream am-
phibians in the Blue River Watershed, west-central Cascades of
Oregon. Forest Sciences. M.Sc. thesis, Oregon State University,
Corvallis, Oreg.

Kelsey, K.A. 1995. Responses of headwater stream amphibians to
forest practices in western Washington. Ph.D. dissertation, Col-
lege of Forest Resources, Wildlife Sciences, University of Wash-
ington, Seattle, Wash.

Kim, M.A. 1999. The influence of light and nutrients on interac-
tions between a tadpole grazer and periphyton in two coastal
streams. M.Sc. thesis, Department of Forest Sciences, The Uni-
versity of British Columbia, Vancouver, B.C.

Landreth, H.F., and Ferguson, D.E. 1967. Movements and orienta-
tion of the tailed frog, Ascaphus truei. Herpetologica, 23: 81–93.

Leonard, W.P., Brown, H.A., Jones, L.L.C., McAllister, K.R., and
Storm, R.M. 1993. Amphibians of Washington and Oregon. Se-
attle Audubon Society, Seattle, Wash.

Meidinger, D., and Pojar, J. 1991. Ecosystems of British Columbia.
British Columbia Ministry of Forests, Victoria, B.C. Spec. Rep.
Ser. 6.

Metter, D.E. 1964. A morphological and ecological comparison of
two populations of the tailed frog, Ascaphus truei Stejneger.
Copeia, 1964: 181–195.

Murphy, M.L., and Hall, J.D. 1981. Vaired [sic] effects of clear-cut
logging on predators and their habitat in small streams of the Cas-
cade Mountains, Oregon. Can. J. Fish. Aquat. Sci. 38: 137–145.

Norusis, M.J. 1993. SPSS for Windows Advanced Statistics. SPSS
Inc., Chicago, Ill.

Nussbaum, R.A., Brodie, E.D., Jr., and Storm, R.M. 1983. Am-
phibians and reptiles of the Pacific Northwest. University of
Idaho Press, Moscow, Idaho.

Oregon Natural Heritage Program. 2001. Rare, threatened and en-
dangered plants and animals of Oregon. Oregon Natural Heri-
tage Program, Portland, Oreg.

Pough, F.H. 1983. Amphibians and reptiles as low-energy systems.
In Behavior energetics: the cost of survival in vertebrates. Edited
by W.P. Aspey and S.I. Lustick. Ohio State University Press, Co-
lumbus, Ohio. pp. 141–188.

Shaffer, H.B., Alford, R.A., Woodward, B.D., Richards, S.J., Altig,
R.G., and Gascon, C. 1994. Standard techniques for inventory
and monitoring. Quantitative sampling of amphibian larvae. In
Measuring and monitoring biological diversity: standard meth-
ods for amphibians. Edited by W.R. Heyer, M.A. Donnelly, R.W.

© 2003 NRC Canada

Wahbe and Bunnell 1265

I:\cjfr\cjfr3307\X03-052.vp
May 28, 2003 11:09:03 AM

Color profile: Generic CMYK printer profile
Composite  Default screen



© 2003 NRC Canada

1266 Can. J. For. Res. Vol. 33, 2003

McDiarmid, L.C. Hayek, and M.S. Foster. Smithsonian Institu-
tion Press, Washington, D.C. pp. 130–141.

Sutherland, G.D. 2000. Risk assessment for conservation under eco-
logical uncertainty: a case study using a stream-dwelling amphib-
ian in managed forests. Ph.D. dissertation, Department of Forest
Sciences, The University of British Columbia, Vancouver, B.C.

Turner, F.B. 1960. Population structure and dynamics of the west-
ern spotted frog, Rana p. pretiosa Baird & Girard, in Yellow-
stone Park, Wyoming. Ecol. Monogr. 30: 251–278.

Wahbe, T.R. 1996. Tailed frogs (Ascaphus truei, Stejneger) in natu-
ral and managed coastal temperate rainforests of southwestern
British Columbia, Canada. M.Sc. thesis, Centre for Applied Con-
servation Biology, Department of Forest Sciences, The University
of British Columbia, Vancouver, B.C.

Wahbe, T.R., and Bunnell, F.L. 2001. Preliminary observations on
movements of tailed frog tadpoles (Ascaphus truei) in streams
through harvested and natural Forests. Northwest Sci. 75(1): 77–83.

Wallace, R.L., and Diller, L.V. 1998. Length of larval cycle of
Ascaphus truei in coastal streams of the Redwood Region, north-
ern California. J. Herpetol. 32(3): 404–409.

Welsh, H.H., Jr. 1990. Relictual amphibians and old-growth for-
ests. Conserv. Biol. 4(3): 309–319.

Welsh, H.H., Jr., and Lind, A.J. 1991. The structure of the herpeto-
faunal assemblage in the Douglas-fir/hardwood forests of north-

western California and southwestern Oregon. In Wildlife and
vegetation of unmanaged Douglas-fir forests. Technical coordi-
nators: L.F. Ruggiero, K.B. Aubry, A.B. Carey, and M.H. Huff.
USDA For. Serv. Gen. Tech. Rep. PNW-GTR-285. pp. 395–
411.

Welsh, H.H., Jr., and Ollivier, L.M. 1998. Stream amphibians as in-
dicators of ecosystem stress: a case study from California’s red-
woods. Ecol. Appl. 8(4): 1118–1132.

Welsh, H.H., Jr., and Reynolds, R.J. 1986. Ascaphus truei (tailed
frog). Herpetol. Rev. 17: 19.

Wilkins, R.N., and Peterson, N.P. 2000. Factors related to amphib-
ian occurrence and abundance in headwater streams draining
second-growth Douglas-fir forests in southwestern Washington.
For. Ecol. Manage. 139(1): 79–91.

Workman, G., and Fisher, K.C. 1941. Temperature selection and
the effect of temperature on movement in frog tadpoles. Amer.
J. Physiol. 133: 499–500.

Wyman, R.L. 1998. Experimental assessment of salamanders as pre-
dators of detrital food webs: effects on invertebrates, decomposi-
tion and the carbon cycle. Biodivers. Conserv. 7(5): 641–650.

Zar, J.H. 1984. Biostatistical analysis. 2nd ed. Prentice-Hall, Inc.,
Englewood Cliffs, N.J.

I:\cjfr\cjfr3307\X03-052.vp
May 28, 2003 11:09:03 AM

Color profile: Generic CMYK printer profile
Composite  Default screen


