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ABSTRACT

HABITAT USE BY LONG-TOED SALAMANDERS
AT THREE DIFFERENT SCALES

During the summers of 1994 and 1995, relative abundance of long-
toed salamanders (Ambystoma macrodactylum) using pitfall arfays and egg
counts were used to examine habitat use at different scgles, around Hinton,
Alberta Canada. Habitat use at a microhabitat, macrohabitat and landscape
scale were examined to determine the habitat associations for this species
and provide a better understanding of their selection process.

The microhabitat scale indicated éalamanders were clustered at sites
on sloped terrain with thick litter and close to breeding ponds. A
comparison of relative abundance in different habitats types (forests,
clearcuts and wet areas) resulted in comparisons with [ow power and
prevented me from drawing any definitive conclusions. The landscape scale,
where breeding population size wés compared with the amount of
harvesting around breeding ponds, indiqated no relationship between
breeding population size and total harQested area. Long-toed salamanders
appear to be habitat generalists at a landscape scale but may select certain

habitat features when establishing its home range.
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GENERAL INTRODUCTION

The long-toed salamander (Ambystoma macrodactylum) is a mole
salamander found throughout western North America {Russell and Bauer
1993, Stebbins 1985, Ferguson 1861). In Alberta, the long-toed
salamander' is considered rare and is "Red-listed" by Aiberta Forestry, Lands
and Wildlife. Red-listed species are considered to be "in serious trouble”
(Anon. 1991). Ambystoma macrodactylum is thought to be vulnerable to
habitat alteration associated with industrial, recreational or transportational

-development (Anon. 1991), yet no study has specifically examined the
distribution of this species and associated habitats. In this study | examine
habitat use of long-toed salamanders in west-central Alberta at a
microhabitat scale (habitat features}, macrohabitat scale {habitat types) and
at a landscape scale to determine the habitat associations for this species

land provide a better understanding of their selection process.

Mole salamanders are only conspicuous during the breeding season
when adults migrate from their winter hibernaculum to breeding ponds in the
early spring. Once breeding and egg Iayjng are finished, adults leave the
ponds and move underground, often info small mammal burrows (Douglas
1981, Semlitsch 1981}, With the exception of moving to the surface to
feed on invertebrates on humid nights, adults remain underground for the
rest of the year making it difficult to collect information on their terrestrial,

post-breeding distributions.




The distribution of organisms is often determined by habitat because
habitat influences reproductive success, predation, competition and the
availability of food and shelter (Andrewartha‘and Birch 1967, Morrison et al.
1992). By examining the distribution and abundance of individuals or
populations in relation to their environment, some Habitat associations may
be revealed (Bergin 1992, Holomuzki 1986, Smith and Connors 1993,
Dueser and Shugart 1978). This does not necessarily mean that habitat is
the only factor affecting the distribution of a species. More often, it is
interactions between the habitat, conspecifics, predators, and prey that
control a species distribution. Uncovering habitat associations is a first step
in understanding what influences a species’ distribution.

Because habitat in a region is a heterogeneous mosaic of patches
varying varying along a continuous gradient of scales {Kotliar and Wiens
1990) habitat selection should also be viewed as a hierarchical process
oceurring at various scales (Orians and Wittenberger 1991, Wiens 1989,
Kotliar and Wiens 1990, Morris 1992). Thé size of patches and how an
organism perceives different patches influence habitat use. If a species’
abundance is associated with a large patch size that is described as a
specific habitat type, then we can infer that the species prefers certain
habitat types over others. If a species is associated with several habitat
types, this suggests that the species is opportunistic in habitat use at that

scale. However within these large patches individuals may use some areas




more than others which suggests that habitat selection is occurring on a
smaller scale within a habitat type {Morris 1984).

Other studies have ihvestigated habitat use at different scales for
birds (Orians and Wittenberger 1991, Bergin 1992), smali mammals {Morris
1986, Morris 1992) and plants (Collins and Glenn 1991}. Few studies have
examined habitat use at different scales for salamanders and no studies have
specifically examined multiple scales of habitat use for Ambystomatid
salamanders. This study examines the terrestrial habitat use of long-toed
salamanders in west central Alberta at three different scales in an effort to
determine associated habitats. Chapter one addresses the question of
whether individuals within populations exhibit a distribution that is
suggestive of differential habitat use. Features of the habitat {(microhabitat)
are then examined to test whéther habitat features explain some of the
variation in relative abundance of salamanders around breeding ponds. In
Chapter two, | examine habitat use at a macrohabitat scale and at a
landscape scale. For both scales, the focus isron the impact that logging
may have on the habitats used by long-toed salamanders. | examine
whether the relative abundance of individuals differs in different habitat
types li.e. forested, clearcut and wet areas) and at the landscape scale |
examine whether breeding population sizes vary with various amounts of

harvested areas in the landscape.




CHAPTER 1
DISTRIBUTION AND HABITAT USE OF LONG-TOED SALAMANDERS

AT A MICROHABITAT SCALE

INTRODUCTION

Individuals may be distributed in three ways. A random distribution
indicates that any locality has an equal probability of being used as any
other locality. In terms of habitat selection, a random distribution suggests
no selection is taking place or selection is taking place but the selected
resources are distributed at random. An even distribution often suggests
that the species in question is territorial. Long-toed salamanders are not
likely evenly distributed because salamanders of the genus Ambystoma are
not considered territorial (Martin et al. 1986). Finally, a clustered
distribution suggests differential habitat use may be occurring (Patton 1992).

A clustered distribution is a result of interactions between many
processes (Andrewartha and Birch 1967) that cause either differential
survival, with individuals dying in the poor sites, or individuals actively
selecting certain sites over others, presumably sites that provide good
chances of survival and/or reproduction. Examining the distribution of
individuals in association with specific habitat features can often reveal the
features used as cues during the selection process or features that are

associated with those being used as cues (Bergin 1992, Holomuzki 1986,




Smith and Connors 1993, Dueser and Shugart 1978).

Specific habitat features have been associated with other species of
salamanders. Deep litter (Corn and Bury 1991, Pough et al. 1887), old trees
‘(Petranka et al. 1994, Welsh 1990}, and large amounts of downed wood
(Bury et al. 1991) were ali correlated with a greater abundance of
plethodontid species. No study has explicitly examined the habitat features
associated with the terrestrial _abundance of long-toed salamanders.

In this chapter, my first objective was to determine whether the
distribution of long-toed salamanders around individual ponds suggested
differential habitat use was occurring {i.e. were individuals clustered in some
areas around a pond more than other areas). My next objective was t0
examine microhabitat use to determine whether site specific habitat features
explained the observed distribution of individuals. | use relative abundance
of individuals at sites as a measurement of habitat use. Habitat features
included both biotic and abiotic features in the study area as suggested by

Karr (1981).




METHODS AND MATERIALS

Study sites were near Hinton, Alberta, Canada on the eastern slopes |
of the Rocky Mountains and adjacent to Jasper National Park within the
Foothills Model Forest (Fig. 1.1). All sites were within the Forest
Management Agreement Area of Weldwood of Canada Ltd, Hinton Division.
The area is subject to a wide range of industrial activities including forestry,

oil and gas exploration and mining.

Relative Abundance

In 1994, four breeding ponds were selected as study sites (Fig. 1.2).
1 selected these ponds based on the abundance of long-toed salamander
eggs (> 9000 eggs, see Table 2.1), road access, and the variety of habitats
surrounding each pond which provided a good representation of habitats in
the region.

Pond 1 (Fig. 1.3) was surrounded by a gontinu_ous forest. White and
black spruce (Picea glauca, P. mariana) grew adjacent to the pond. Further
from the pond, the dominate tree species were white spruce, lodgepole pine
{Pinus contorta) and trembling aspen (Populus tremuloides). Pond 2 (Fig.
1.3) was surrounded by lodgepole pine and black spruce forest. Recent
clearcuts (within five years) and regenerating clearcuts {12-15 years old)
with trembling aspen and lodgepole pine saplings were located within 200 m

of the pond. Pond 3 (Fig. 1.3) was surrounded by a white spruce forest
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Figure 1.1. Location of the Foothills Model Forest in West Central Alberta,
Canada as indicated by the stipples.
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with wet éreas populated with sedges (Carex sp.) and bog birch {Betula
glandutosa). Pond 4 (Fig. 1.3) was surrounded by poorly regenerating 25-35
year old clearcuts with scattered small balsam popular (Populus balsamifera)
and white spruce saplings. The dominant vegetation were shrub species
consisting of rose (Rosa sp.), buffaloberry (Shepherdia canadensis) and
willow {Salix sp.). Wet areas of bog birch and sedges were also present.
Pit-fall arrays {Crump and Scott 1994) were used to sample
salamanders. P.it—falls are considered the most effective method of
continuously sampling terrestrial amphibians because they overcome the
biases and habitat destruction associated with time-constrained searches
(Crump and Scott 1994}, During the spring of 1994, aerial photographs
were used to locate six random positions for pit-fall arrays within 500 m of
the four ponds (Fig. 1.3). A stratified random design was used to sampled a
more even representation of the area around fhe pond. Three arrays were
randomly Iocated within 250 m of the pond and another three arrays were
randomly located between 250 m and 500 m from the pond. A maximum
of 500 m was chosen because previous studies on Ambystomatid épecies
found that movement rareiy exceeded 500 m from the breeding pond
(Whitford and Vinegar 1966, Douglas 1981, Semlitsch 1981). The location
of each site was marked with flagging tape and a pitfall array was installed.
An array (Fig. 1.4) consisted of three fences made from 5-m lengths

of 40 cm opaque heavy duty plastic sheeting radiating from a central point.

10




No effort was made to orient each arm in any specific direction. At the
ends, and on either side of the fences, a 1-kg tin can was dug into the
ground with the opening flush with the ground. The fence was also dug at
least 5 ¢cm into the ground and supported by stapling the plastic onto 60 x5
x 2 cm pieces of wooden lath, that were driven into the ground. Square
pieces of plywood large enough to cover the opening of the can, was
suspended‘ over each can using sticks as props, to prevent desiccation and
flooding. A handful of moss and leaf litter, approximately 50 to 100 mL of
water, and small twig placed upright to allow small mammals to escape
were all place in each can.

Twenty-four arrays were erected and used from July to August 1294
and from June to August 1995. During the summer of 1994, one array
around Pond 2 and one array around Pond 4 were regularly destroyed by
bears. Data from these arrays were not used in subsequent analyses for
that year. Pit-fall arrays were checked every 4-5 days. Snout-vent length
(SVL) of captured salamanders was measured using a 15-cm plastic ruler.
Mass was determined using a 10-g AVINET PRECISION R spring scale. To
ensure salamanders were not counted twice, individuals were marked with a
unique toe-clip code. More salamanders were caught than was anticipated
and few individual codes were still available by the end of 1994. For thié
reason, salamanders in 1995 were given a foe-clip code that was unique

only to the array of capture. Because sex could be accurately determined

11
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only during the breeding season, it was not recorded. Salamanders were
then released 10 m from the array on the opposite side of the fence from

which they were captured.

To sample as wide a range of the habitat characteristics as possible
another 10 pitfall arrays were installed in the spring of 1995 {(Fig. 1.3) as
follows: two arrays were placed in the centre of wet areas {at least 30 m
from the forest edge) that were within 500 m of Pond 3; two arrays were
placed around Pond 2, in the centre of three-year old clearcuts {at least 50
m from the forest edge) which were within 500 m of the pond; and the
remaining six arrays were placed around Ponds 1, 2, 3 and 4 in habitats

which had little to no representation from the 24 randomly placed arrays.

Habitat Characteristics

Habitat characteristics were chosen using the following criteria: {1)
they were suspected to influence the distribution of salamander populations
(Johnson 1981); (2} they could be quickly and precisely measured {Dueser
and Shugart 1978); and (3) they woulq be few in number with little
correlation between one another (Johhson 1981).

Four nested sampling units were used {(Noon 1981) : (1) a 0.04-ha
circular plot; (2) a 0.008-ha circular p|of; (3) four 12.5 m transects; and (4)
1 m? quadrat (Fig. 1.5). Total trees by species and diameter at breast heighf

(DBH) classes (26 cm > DBH = 26 cm) were tallied within the 0.04-ha plot.

13
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Total saplings (trees < 8 cm) were tallied within the 0.008-ha plot.
Length and width of downed wood = 7 cm in diameter along the four
transects were measured and recorded. A diameter of 7 cm was chosen
because this size provided enough cover for an average sized salamander
(10 cm) to hide underneath. Percent ground cover of shrubs, herbs and
moss was estimated in the 1-m? quadrates. Shrubs species included all
woody plants except dwarf woody species (eg. twin flower Linnaea borealis
and bog cranberry Vaccinium vitis-idaea). Herbs included all nonwoody
plants, grasses, sedges, horsetails and dwarf woody species not included as
shrubs. The slope and aspect of the land was measured across the plot in
the direction of the greatest gradient using a clinometer and a compass
respectively.

Soil composition was estimated from a soil pit that was dug at a
random location within the 0.04-ha plot. Soil composition for the top soil
horizon was estimated using the taste, feel, shine and ribbon field tests
(Anon 1994). These tests classify soil on the basis of the relative amounts
of sand, clay and silt present. Litter depth was measured to the nearest
centimetre at one site along each of the four transects. The litter layer was
defined as the accumulated organic material overlaying mineral soil and was
measured from the top of the forest floor to the top of the first mineral soil
horizon. In areas where mineral soil was not present within 60 cm from the

surface (i.e. organic soils}, the litter layer was measured from the top of the

19




forest floor to the position in the profile where organic matter was not
recognizable. Soil pH was measured using an E.W. SYSTEM SOIL TESTER R
pH meter.

Habitat characteristics were quantified at the 34 arrays around the
four ponds during a 4-wk period at the end of July and the beginning of
August. At most arrays, habitat characteristics were quantified in 1994.
Arrays installed in 1995 had the habitat measured between the end of July
and the beginning of August in 1995. It was not possible to measure
habitat again in 1995 at the arrays measured in 1994 because of time

constraints. | assumed there was little interyear variation.

Statistical Analysis

Capture data were standardized for trap effort. Some pitfalls flooded
on rai.ny nights which potentially allowed salamanders to escape and reduce
captures at wet sites relative to drier sites. Also, incidental disturbances by
animais reduced the number of nights that some arrays properly functioned.
Therefore, the total number of salamanders caught at each array was
standardized to total captures per 100 trap nights {Corn and Bury 1921). In
addition, Vemerging juveniles were not included in the analyses. Emerging
juveniles may use habitats differently from adults (McKenzie and Storm

1970). All juveniles caught emerging from the pond were less than 40 mm

16




SVL. Therefore, only salamanders with a SVL greater than 40 mm were
included in ail analyses.

A t-test was used to determine whether mean captures for the
randomly placed arrays were significantly different between years for each
pond. Analysis of covariance (ANCOVA) was used to determine whether
salamanders were cluster in some areas more than others. Only captures at
the random arrays were used and captures for the two years at an array
were treated as replicates. A clustered distribution was assumed if there
was a significant difference in captures among the arrays for a pond. Any
impact that distance from pond had on captures was accounted for by
including the distances from the pond to the arrays as a covariate. In
addition, differences in relative abundance among the four populations
caused by differences in population sizes were accounted for by including a
variable that distinguished the pond where each individual was captured
{Snedecor and Cochran 1989). Captures around a study pond were
assumed to come from a single population (i.e. they all used the study pond
for breeding}.

Stepwise multiple regression was used to determine whether any
habitat features exblained variation in salamander abundance over the two
years. Captures from all the arrays around the four ponds for both years
were used. The habitat variables used in the regression analysis are shown

in Table 1.1. | included dummy variables for pond population and for year.
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Table 1.1. Habitat features used in the muitiple regression analysis. Fig.
1.5 illustrates the various sampling plots used.

Features

Description

total trees

total saplings

CWD

litter depth

% clay

soil pH

slope

aspect

seep

% conifer
DBH > 26 cm

shrub cover

herb cover

MOoss cover

distance

Total number trees (DBH = 8 cm) within 0.04 ha circular plot.

Total number saplings (DBH < 8 cm} within 0.008 ha circular
plot.

Total area covered by down wood (= 7 cm diameter) for four 12.5
m transects.

Avarage litter depth from the top of the forest floor to the mineral
soil, measured to the nearest cm. |f mineral soil was absent, it was
measured from the top of the forest floor to a depth where litter
was no longer recognizable. Measured once along each of the four
transects.

Percent of clay in the soil, using the ribbon, taste, feet and shine test
(Anon 1994) on the first mineral layer. Organic soils were given a
value of zero. :

Measured using the E.W. SYSTEM SOIL TESTER R pH meter. PH
was converted to hydrogen ion concentration for the analysis.

Gradient measured in percent, using a clinometer across the 0.04 ha
plot in the direction of greatest siope.

Direction in degrees that the slope was facing. Al! directions greater
than 180 degrees were converted to the mirror image.

Distance from array to nearest source of moisture ie. creek, pond,
Measured in metres.

% conifer species within 0.04 ha piot.
Number of trees with DBH > 26 cm within 0.04 ha plot.

Average % shrub cover in twelve 1 m* quadrates located along the
four transects. '

Average % herb cover in twelve 1 m” quadrates located along the
four transects. Herb cover included all nonwoody plants, grasses,
sedges, and horsetails.

Average % moss cover in twelve 1 m? quadrates located along the
four transects.

Distance from array to pond. Measured in metres.
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The residuals were examined to determine whether the data
conformed to the assumptions of homoscedasticity, normality, and linearity
(Gutzwiller and Anderson 1986, Snedecor and Cochran 1989).
Transformation of the standardized adult captures/100 trap nights was
necessary and the square root transformation produced data which satisfied
the assumptions for both multiple regression and ANCOVA. All analysés

were performed using SPSS PC*, version 4.
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RESULTS

Captures

A total of 353 and 773 salamanders were captured during 1994 and 1995
respectively (including juveniles). Of these, 179 and 692 had a SVL greater
than 40 mm and considered to be adults in 1994 and 1995 respectively. A
total of 36 salamanders were recaptured and only six of these were caught
at a different array from initial capture (Table 1.2}. One individual was
caught at the end of July 1994 and was recaptured on the other side of the
pond during the spring of 1995. Only one array did not catch any
salamanders over the two summers. This was located at array 1, around
Pond 4, in a poorly drained area dominated by bog birch and sedges.

Other species commonly captured in the pitfail traps included many
Coleoptera species, earthworms, and different species of spiders. The stick
placed in each can seemed to provide an adequate escape route for most
small mammal species. The only time a vole or mouse was found in a can
was when a stick had not been present. Shrews did not seem to use the
stick as often as the other small mammal species and were found dead in a
can even if a stick was present. There was no evidence of shrews eating

any salamander when both were together in a trap.

Distribution and Habitat Associations

The mean number of salamanders caught around each pond was not
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Table 1.2. Recapture information for six individuals of A. macrodactylum
caught at different arrays. Distance was measured as a straight line
between array of first and subsequent capture site. Recaptures in 1995
could not be individually identified and therefore the date of initial capture

could not be determined.

Pond Initial Recapture Distance  Direction
Capture
1 13 Aug. 1994 17 Aug 1994 1356m toward pond
2 21 Aug. 1994 26 Aug. 1994 135 m toward pond
3 29 July 1994 21 April 1995 525 m opposite side of pond
2 ? 22 July 1995 316m toward pond
1 ? 17 Aug. 1995 135 m away from pond
2 ? 23 Aug. 1995 270 m away from pond
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significantly different between years for any of the ponds (t-test; Pond 1, df
= 10, t = 0.07, P = 0.94; Pond 2, df = 9, t = -0.69, P = 0.51; Pond 3,
df =’ 10, t = 2.14, P = 0.06; Pond 4, df = 9, t = 0.55, P = 0.59; Fig.
1.8). Salamander captures among arrays were significantly different {Table
1.3, ANCOVA, P < 0.01) which suggests that salamanders were clustered
in some areas more than others within 500 m of the breeding ponds.
Distance from the pond to the capture site {i.e. the array) was significant (P
< 0.05) which indicates that more salamanders were captured at arrays
closest to the breeding ponds. Mean captures around the four ponds was
also significantly different (P < 0.001) which indicates that the four
populations varied significantly in size.

The variation found for each habitat feature is shown in Table 1.4.
Backward multiple regression was significant (P < 0.0001) (Table 1.5) with.
an r? value of 0.62. Independent variables with significant (P < 0.05) partial
regression coefficients were distance from pond, litter depth, and slope
(Table 1.8). The dummy variable representing the population around Pond 2
also explained some of the variation in relative abundance, indicating
captures around this pond were greater compared with the other three

ponds (Table 1.6).
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Table 1.3. ANCOVA testing whether total adult captures per 100 trap
nights were the same at all arrays. Sum of squares for the effect of array
were adjusted for effects of distance from pond and population.

Source of Variation Degrees  Sum of Mean F P
of Squares Square
Freedom

COVARIATE

distance (m) 1 8.7 8.7 7.4 0.013
EFFECTS '

array 5 30.7 6.1 b.2 0.003

population 3 64.0  21.3  18.1 0.000
TWO-WAY
INTERACTIONS

array x population 15 39.7 2.6 2.2 0.044
EXPLAINED 24 134.9 5.6 4.8 0.000
RESIDUAL 21 24.8 1.2
TOTAL 45 159.6 3.5
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Table 1.4. Variation found for the habitat features used in the multiple
regression analysis. Explanation of the habitat features are in Table 1.1.

Pond Habitat Mean £ S.E. Habitat Mean = S.E.
Feature Feature

1 total trees 56.71 x 4.81 seep 245.36 + 35.11

2 57.80 £ 10.07 128.00 + 66.90

3 39.43 x 8.36 73.567 = 18.36

4 22.23 + 4.44 116.15 = 19.49

1 total 17.36 = 3.13 % conifer 66.24 + 8.30

2 saplings 32.07 = 5.98 77.38 = 9.77

3 33.64 + 9.36 71.563 = 11.03

4 49,92 + 12.99 85.97 = 6.68

1 CwbD 9.19 = 2.62 DBH > 26 cm 10.43 = 1.40

2 3.55 + 1.12 0.60 + 0.29

3 0.09 £ 0.05 1.71 = 0.64

4 8.13 + 2.43 0.23 = 0.12

1 litter depth  9.00 £ 0.50 shrub cover 14.15 + 1.39

2 9.20 £ 1.17 23.13 = 1.86

3 4.71 £ 0.b2 10.34 + 1.53

4 3.54 = 0.40 19.81 = 1.956

1 % clay 21.14 = 3.50 herb cover 35.98 = 2.91

2 22.33 £ 5.77 37.23 + 5.74

3 34.71 = 4.38 37.78 = 8.06

4 40.23 + 2.26 24.45 = 3.04

1 soil pH 6.73 £ 0.06 moss cover 44,79 + 6.04

2 6.70 £ 0.04 41.54 = 10.69

3 6.82 £ 0.03 61.46 = 7.45

4 6.76 £ 0.04 20.62 + 4.99

1 slope 10.93 = 1.62 distance 245.36 = 35.11

2 6.07 + 1.04 244.00 £ 36.20

3 9.60 + 1.87 287.14 + 22.83

4 9.23 = 1.17 2156.77 £ 24.53

1 aspect 80.29 + 12.85

2 134.67 + 13.55

3 128.36 £ 5.0%

4 112.31 + 14.21
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Table 1.5. Multiple regression results which examined whether relative
abundance of aduit long-toed salamanders was associated with the habitat
features shown in Table 1.1. The r? value was 0.62.

Degrees of Sum of Mean F value P
Freedom Squares Square
Regression 4 166.6 41.7 20.9 <0.000
Residual 51 101.9 2.0 '
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Table 1.6. Significant variables found in the multiple regression analysis.

Variable Coefficient P
Dummy variable 2.880 <0.0000
representing Pond 2

Litter depth {cm) 0.139 0.02356
Distance from pond (m) -0.004 0.0140
Slope (m) 0.134 0.0010
Y-intercept 2.626 0.0003
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DISCUSSION
Captures

Captures were assumed to reflect relative abundance. This means
that salamanders must be moving about on the forest floor some nights and
behaving similarly (i.e. moving similar distances) so the pitfalls arrays would
capture a representative sample at all sites. It is possible that arrays with
few captures had many salamanders in the vicinity, but little movement
occurred because an ample supply of food was present or conditions were
not suitable for foraging (i.e. surface was too dry) so salamanders remained
underground. If the former were the case and individuals did not have to
move very far to obtain the necessary resources, recaptufes of the same
individuals at an array would be expected to be high. However, few
recaptures at original capture sites occurred (30 out of 1071 captures), and
the six individuals captured at different arrays travell_ed over 100 m.
Sheppard (1977) found long-toed salamanders generally exploited a large
area during the summer, with males and females having an average home
range size of 167.5 m? and 115.6 m? respectively. Because | attempted to
catch individuals only after migration to and from the breeding pond was
completed, | believe that a given array caught individuals whose home range
it overlapped and individuals were captured moving from one site within its
home range to another, regardless of the availability of food resources.

If above ground conditions were not suitable for salamanders to
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forage at night {i.e. conditions were too dry) at some arrays, then
salamanders would be forced to remain underground until moisture
conditions improved. Prey is believed to be less abundant in underground
burrows compared with the litter layer of the forest floor (Fraser 1976). If
individuals need to come up to the surface to obtain their necessary energy
requirements, very dry sites might prevent them from doing th_is and cause
an increase in mortality or a decrease in fitness. It is unknown whether
long-toed salamanders will remain in an unsuitéble site or move on as soon
as appropriate conditions arise. Raymond and Hardy (1991) examined the
effects of a clearcut on a population of Ambystoma talpoideum and
concluded that the clearcut caused some individuals to move to the other
side of the pond. It seems likely that long-toed salamanders will also move
to new sites if conditions prove to be unfavourable, therefore | assumed that
few captures at an array over the course of a summer indicated that the site
was not as suitable for salamanders as other arrays which caught numerous

individuals.

Habitat Associations

Salamanders were clustered in some sites more than others. This
means that salamanders were either actively choosing sites (i.e. habitat
selection), or there was differential survival occurring at different sites. I

could not differentiate between habitat selection versus differential survival,
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however, evidence suggests that Ambystomatid salamanders will move from
unfavourable areas (Raymond and Hardy 1991) and lends support that long-
toed salamanders will select areas that are favourable.

Habitat features associated with a greater abundance of salamanders
were thick litter and sites on slopes. The importance of litter layer to
salamanders has been reported for other species (McKenzie and Storm
1970, Corn and Bury 1991, Diller and Wallace 1994, Pough et al. 1987}, A
thick litter layer reduces moisture loss from the ground and may also
increase prey abundance for salamanders (Welsh and Lind 1995}. In
addition, a thick litter layer has been associated with more tunnels and
burrows created by small mammals. Semlitsch {1981) found A. talpoideum
was associated with burrows or tunnels created under the leaf litter by small
mammals. Ambystoma macrodactylum may also rely on small mammals for
creating suitable cover, when natural crevices are not present,

Sites located on a gradient have also been positively associated with
the abundance of other salamander species (Bury et al. 1991, Welsh and
Lind 1995). In these studies, it was not slope per se that was directly
associated with salamander abundance, but the talus found at the bottom of
the slopes. No talus was present near any of my arrays. At my study sites,
many of the relatively flat areas were very wet with the soil saturated with
water for much of the summer. Possibly, long-toed salamanders were

avoiding these wet sites because they did not provide adequate food and/or
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cover compared with drier sites.

It appears that the density of salamanders is highest near the breeding
ponds and decreases as you move away from the pond. Few salamanders
were captured at a distance of 750 m from Pond 1 (pers. obs.) which had
no other known breeding ponds within 1600 m. In contrast Pond 4 and
Pond 2 had other permanent ponds within a kilometre. Some individuals
caught at the most distant arrays around Pond 4 (between 250 m and 500
m) may have been from a closer breeding pond (i.e. a different breeding
population). This would inflate the relative abundance estimates for those
distant arrays at these ponds. Therefore, the significant association found
between salamander abundance and distancé from the breeding pond may
be even stronger than my result suggests.

Pond 2 had a larger breeding population based on capture data and
confirmed with egg count data (see Chapter 2) compared with the other
three study ponds. This suggests that something about the pond or the
terrestrial habitat surrounding the pond provides better reproductive success
and/or adult survival compared with the three other study ponds. The mean
titter depth for arrays around Pond 2 was greater than the other three ponds
(Table 1.4) and may therefore provide more cover and/or food. In addition,
Pond 2 was the largest of the four ponds and may simply support a larger
breeding population by providing more egg laying sites, and food, and cover

for growing larvae.
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however, evidence suggests that Ambystomatid salamanders will move from
unfavourable areas (Raymond and Hardy 1991) and lends support that long-
toed salamanders will select areas that are favourable.

Habitat features associated with a greater abundance of salamanders
were thick litter and sites on slopes. The importance of litter layer to
salamanders has been reported for other species (McKenzie and Storm
1970, Corn and Bury 1991, Diller and Wallace 1994, Pough et al. 1987). A
thick litter layer reduces moisture loss from the ground and may also
increase prey abundance for salamanders (Welsh and Lind 1995). In
addition, a thick litter layer has been associated with more tunnels and
burrows created by small mammals. Semlitsch {1981) found A. talpoideum
was associated with burrows or tunnels created under the leaf litter by small
mammals. Ambystoma macrodactylum may also rely on small mammais for
creating suitable cover, when natural creyices are not present.

Sites located on a gradient have also been positively associated with
the abundance of other salamander species {Bury et al. 1991, Welsh and
Lind 1995). In these studies, it was not slope per se fhat was directly
associated with salamander abundance, but the talus found at the bottom of
the slopes. No talus was present near any of my arrays. At my study sites,
many of the relatively flat areas were very wet with the soil saturated with
water for much of the summer. Possibly, long-toed salamanders were

avoiding these wet sites because they did not provide adequate food and/or
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cover compared with drier sites.

It appears that the density of salamanders is highest near the breeding
ponds and decreases as you move away from the pond. Few salamanders
were captured at a distance of 750 m from Pond 1 (pers. obs.) which had
no other known breeding ponds within 1500 m. In contrast Pond 4 and
Pond 2 had other permanent ponds within a kilometre. Some individuals
caught at the most distant arrays around Pond 4 (between 250 m and 500
m) may have been from a closer breeding pond (i.e. a different breeding
population). This would inflate the relative abundance estimates for those
distant arrays at these ponds. Therefore, the significant association found
between salamander abundance and distance from the breeding pond may
be even stronger than my result suggests.

Pond 2 had a larger breeding population based on capture data and
confirmed with egg count data {see Chapter 2) compared with the other
three study ponds. This suggests that something about the pond or the
terrestrial habitat surrounding the pond provides better reproductive success
and/or adult survival compared with thglthree other study po_nds. The mean
litter depth for arrays around Pond 2 Waé greater than the other three ponds
(Table 1.4) ana may therefore provide more cover and/or food. In addition,
Pond 2 was the largest of the four ponds ahd may simply support a larger
breeding population by providing more egg laying sites, and food, and cover

for growing larvae.
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In my study, soil pH was not a significant predictor of salamander
abundance. PH only ranged from 6.3 - 7.0, which may not have exceeded
the tolerance of A. macrodactylum. Wymand and Hawksley-Lescault (1987)
found that soil pH influenced the densities of Plethodon cinereus. Their pH
values ranged from 2.7 - 5.8 and they found that the acute lethal pH for
Plethodon cinereus was between 2.5 and 3. Based on their findings, it
seems likely that the soil pH in the Hinton area was not a limiting factor for
long-toed salamanders.

in my study, the number of trees in the plot, and the type of trees
(coniferous versus deciduous) were not significantly associated with
salamander abundance nor was the number of trees with a DBH = 26 cm
(suggesting mature forest). In contrast, other species of Ambystomatid
salamanders have been associated with mature forests. Ambystoma gracile
was found to be associated with old growth forest in the American
northwest {(Bury et al. 1991, Corn and Bury 1991, Aubry and Hall 1991} and
Semlitsch {1981) found A. talpoideum to be assqciated with mature forest in
South Carolina, although no preference for forest type (pine plantation
versus hardwoods) was detected. In my study, most of the arrays around
Pond 4 that caught salamanders were located in shrubby clearcuts that had
not re-established a tree canopy. Perhaps these poorly regenerating clearcut
areas in my study still provided habitat attributes suitable for long-toed

salamanders. Pond 4 had a dense shrub cover (Table 1.4) . Shrub cover
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was not a significant variable in the multiple regression analysis, however
the combination of many rotting roots and dense shrub cover could offer
enough protection from desiccation and provide crevices for salamanders to
move underground that this makes up for the fack of tree canopy cover in
this area.

Most studies that have examined habitat use of amphibians have
focused on species of the family Plethodontidae. Typically, downed woédy
debris was associated with salamander abundance {Corn and Bury 1991)
because Plethodontid species require moist rotting logs for egg laying. In
cohtrast, Ambystomatid species do not use downed woody debris for egg
laying. Semlitsch (1981) found that the areas with the higheét activities of
A. talpoideum were not associated with downed woody debris, and is
consistent with my results for A. macrodactylum.

Habitat use can be affected by predation and inter- and intraspecific
competition (Patton 1992, Van Horne 1983, Jaeger 1971). Because adult
long-toed salamanders exude a toxic substance when threatened, they have
few mammalian predators. Snakes are a common predator of adult
salamanders (Burton an\d Likens 1975) but in the Hinton area, snakes are
very rare (Bonar pers. comm., Graham pers. obs.}. The long-toed
salamander is the only salamander found in the area, so competition with
other salamander species would not affect habitat use. in addition, mole

salamanders are generally considered to be nonterritorial (Martin et al. 1986,
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Alvarado 1967) which would reduce effects of intraspecific competition on
habitat use. Thus, the habitat associations found in my study are likely
affected by factors such as food abundance, and cover and moisture and
not strongly mediated by biotic interactions such as predation or inter- and

intraspecific competition.
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CHAPTER 2
HABITAT USE OF LONG-TOED SALAMANDERS AT A

MACROHABITAT AND LANDSCAPE SCALE

INTRODUCTION

In Chapter 1, specific features of the terrestrial habitat explained some
of the variation in abundance of adult long-toed salamanders, which
suggested that individuals chose sites with specific habitat features when
establishing summer home ranges. However, it is not known whether
individuals are associated with a specific habitat type in which they will
subsequently set up their summer home range or whether populations are
associated with a certain landscape within which they will subsequenﬂy live
and reproduce. In this chapter, habitat use at a macrohabitat and landscape
scale are examined to determine whether salamanders are using habitats at
these scales differently, For both scales, | use relative abundance as a index
of habitat use.

| first compare relative abundanc__e of adult éalamanders across the
different habitat types found around the breeding ponds in the study area.
The study area is part of an active forest management area and the
prevalent habitat types are clearcut and forested areas. Past studies have
shown that Iogging‘ may detrimentally affect the abundance of some

salamander species. Pough et al. (1987} found fewer red-backed
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salamanders (Plethodon cinereus) in a 7-year old clearcut compared with the
adjacent forest. Most terrestrial salamander species were either eliminated
or reduced in numbers in recent clearcuts (less than five years old) compared
with mature forest (Petranka et al. 1994). Similarly, most salamander
species were adversely affected by timber removal in clearcuts that were
less than 10 years old (Petranka et al. 1993). it is unknown whether long-
toed salamanders are found in simitar numbers iﬁ forested habitats compared
with clearcuts. In this chapter, | examine whether the relative abundance of
long-toed salamanders differ between clearcuts and forested areas.
Research has indicated that amphibian species respond differently to
different moisture regimes. Some species such as roughskin newts, 7aricha
granulosa (Aubry and Hall 1991), ensatinas, Ensatina eschscholtzii (Aubry
and Hall 1991, Bury et al. 1991) and north-western salamanders,
Ambystoma gracile {Aubry and Hall 1991), were associated with well
drained sites whereas other species like the tailed frog, Ascaphus truei, were
more commonly found on wet poorly drained sites (Corn and Bury 1991,
Aubry and Hall 1991). Wet areas are often left undisturbed during logging
operations because few harvestable trees grow there. 'If harvesting is
detrimental to the terrestrial iife stage of long-toed salamanders, these areas
could provide refuges for aduits during the summer. In this chapter, |
compare the relative abundance of long-toed salamanders in wet, poorly

drained sites with dry, well drained sites.
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Lastly, | am interested in determining whether larger salamander
populations are associated with landscapes that have little to no harvested
areas compared with landscapes with large harvested areas (i.e. were more
salamanders using uhharvested landscapes compared with harvested
landscapes). | use the relative abundance of eggs in ponds to infer whether
the size of breeding populations are associated with the amount of

harvesting that had occurred in the surrounding landscape.
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MATERIALS AND METHODS
Relative Abundance in Differént Habitat Types

To determine whether relative abundance of adults differed in clearcut
areas compared with forested areas, adult captures were compared using
four arrays located in the centre of clearcuts and four arrays located in
forested areas. All arrays in clearduts were at least 25 m from the forest
edge. Clearcut areas were all cut and scarified before 1982 and all forested
sites were at least 8C years old.

Four pairs of forested areas and clearcui areas were compared. Each
pair were at similar distances (not exceeding 500 m) from the breeding pond
and had similar pre-harvest forest types. Two pairs were located around
Pond 2 (Fig 1.3; array 5 with 7 and array 4 with 8 were the forested area
paired with the clearcut area respectively). One forested area and one
clearcut area were located at Pond 3 (Fig 1.3; array 5 with 6 respectively)
and one forested area and one clearcut area wefe located at Pond 5 (Fig.
2.1}. Location of all ponds are shown in Figure 2.2 and a description is
given in Table 2.1).

Arrays were in place from the beginning of VJune 1995 to the end of
August 1995. All salamanders were measured, marked and released using
the same method as described in Chapter 1. The total number of
salamanders captured over the summer was converted to total adult

captures/100 trap nights., Salamanders greater than 4.0 cm SVL were
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considered to be aduits.

A similar design was used to compare captures in wet areas with
forested areas. Wet areas were defined as areas having the top layer of soil
saturated with water but did not have standing water present for the
majority of the summer. These areas were dominated by sedges, scattered
bog birch and in one case some stunted white spruce (Pond 4, array 1). In
addition, the ground had to be solid enough so that salamanders could not
get underneath the fences of the array. Three pairs of arrays in wet areas
and forested areas were compared. Two pairs were located around Pond 3
(Fig. 1.3; array 1 with 7 and array 3 with 8 were the fores;ted area paired
with the wet area respectively) and one pair was located at Pond 4 (Fig. 1.3;
array 2 was the forested area and array 1 was the wet area). All arrays in
wet areas were at least 20 m from the forest edge.

Paired sample t-tests were use to compare captures. The power and
the sfample sizes needed to detect if a statistical difference existed between

the comparisons were also determined (Zar 1984).

Sizes of Breeding Populations at Different Ponds

Topographic maps and aerial photographs were used to find potential
breeding ponds in the vicinity of Hinton during the spring of 1994 and 1995.
All types of water bodies were examined for eggs but only ponds that were

permanent and fishless were used in this study. Ponds were determined to
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be fishiess by visual observation and confirmation by fishermen and
biologists familiar with area. Habitat alterations within 500 m of the
breeding ponds were only forestry or seismic related in the form of clearcuts
or seismic lines. The egg stage was used as a confirmation of breeding |
activity of the salamander because eggs were easily seen during daylight
hours by walking along the periphery of the pond. Larvae were much more
difficult to see because they hid in the bottom substrate during the day and
adults were almost impossible to locate without pitfall traps.

Twelve breeding ponds were chosen based on the above criteria.
Between May 13 and June 9 1995, egg counts were conducted to provide
an estimate of the relative abundance of eggs and Hence a relative estimate
of the size of the breeding population. To provide the most precise and
comparable estimate of relative abundance, eggs were counted at a time
when egg faying was just finishing and hatchihg was just beginning. This
was determined by examining the stage of the eggs to see how many were
newly laid and how many were close to hatching. Sometimes, it was
difficult to judge the best time for conc!:ucting egg counts so €gg counts at
some ponds were répeated 3tob da\}s later and the maximum estimate was
used.

Egg counts consisted of walking 10-m transects placed randomly
along the shore of each pond and counting all salamander eggs within 2m

of the shoreline. Long-toed salamanders lay eggs singly or in small clumps
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so individual eggs were counted. Four to six transects were done for each
pond, depending on the size of the pond. Inner pond transects were
conducted using a dingy. This involved counting the number of eggs within
a 1-m width strip, beginning 2 m from the shore and moving toward the
centre of the pond until no mare eggs were observed. The maximum
distance that eggs were observed from shore was aiso recorded. Two to
four transects were conducted for each pond, depending on the size of the
pond. A floating piece of clear plastic was used to improve visibility through
the water column. Transects were not used to estimate the number of eggs
in Ponds 7 and 12 because they were small enough that counting all the
eggs was possible.

The data from the shoreline transects were used to calculate the mean
number of eggs/m? for the outer 2 m of the pond. The area of the outer 2 m
of the pond was determined and an estimate of the number of eggs in the
outer 2 m of the pond was calculated by multiplying the mean number of
eggs/m* with the area. A similar method was used to estimate the number
of eggs in the area that was surveyed using the dingy, i.e., the area 2 m
from the shore to the maximum distance that eggs were no longer found.
The total number of eggs calculated from both the shoreline and the inner
pond transects were added together to give the total number of eggs
estimated for that pond.

To determine whether the number of eggs laid were consistent among

45



females, an attempt was made to get several females to lay eggs in buckets.
Females were caught en route to the pond in the early spring using drift
fences or were caught at night in the pond during amplexus to ensure that
only females that had not begun egg laying were used. The female, a male,
and some twigs were put into a bucket filled half full with pond water. The
buckets were left in the field adjacent to the breeding pond. | assumed that
egg laying was over when no further eggs were produced after one week
and the body of the female was no longer swollen. Eggs were counted, the
snout-venf length of the female was measured and both adults and the eggs
were placed back in the pond. |
To test whether egg abundance was associated with the harvested

area around the ponds, the total number of eggs at each pond was
regressed with the total harvested area around the ponds. | also included in
the analysis the total surface area of each po‘nd and the number of years
.since the first harvest. The total area of the pond was inciuded in the
regression analysis to remove any affect the size of the pond had on the
relative abundance of eggs. Because the time of harvesting ranged from
1957 to 1992, the number of years since the first harvest was included in
the analysis to potentially reveal the time it takes for the size of populations
1o recovered to a similar size as undisturbed populations (if harvesting is
detrimental to pbpulations). Because | did not know the maximum distance

that clearcuts could be from the pond and still potentially impact the
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populations, ! did two separate regression analyses. The first used the area
of clearcuts within 250 m of the breeding ponds and the second used the

area of clearcuts within 500 m of the breeding ponds.
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RESULTS
Relative Abundance in Different Habitat Types

Captures in clearcuts compared with the nearby forest are shown in
Figure 2.3. Captures in wet areas compared with the adjacent forest are
also shown in Figure 2.3. There were no significant differences between
captures in clearcut and forested areas (paired sample t-test, n =4,P >
0.05) or between wet areas and forested areas {paired sample t-test, n = 3,
P > 0.05) but small sample sizes reduced the power of these tests and gave
a 50% probability of committing a Typé [l error. An a posteriori power
analysis revealed a minimum sample éize of seven pairs {i.e., seven arrays in
clearcut areas and seven arrays in forested areas) would be needed to
determine whether there was a significant difference of at least 10
salamgnders captured between clearcut and forested areas at an alpha level
of 0.05 and a power of 0.10. Similarly, a minimum sample size of six pairs
would be needed to detect a difference of 10 salamanders captured when

comparing between wet areas and forested areas.

Breeding Populations at Different Pondé

The only breeding ponds located in the Foothills Model Forest, after
searching an area ranging from Cadomin to the south, William A. Switzer
Provincial Park to the north and Obed to the east, were predominantly within

the Athabasca River drainage or in the headwaters of the McCleod River
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drainage close to the divide between the Athabasca and McCleod River
systems. Breeding ponds were found in all types of water bodies, including
beaver ponds, roadside ditches, ephemeral ponds, and large permanent
ponds. Ponds with fish tended to have relatively few if any eggs. All
fishless ponds examined that were within the long-toed salamanders’ range
had eggs present. Locations of the 12 breeding ponds selected for the
analyses are shown in Fig. 2.2.

The 12 ponds varied considerably in size (Table 2.1), however every
pond tended to have large areas where water depth was less than 1 m. This
appeared to be an important area as eggs we.re only found at depths less
than 1 m. Eggs were easily visible and were always found on some sort of
vegetation, such as live and dead sticks, horsetails, or lily pads.

A total of eight salamanders (4 males and 4 females) were captured
and used to determine the number of eggs laid by females. Two pairs were
from pond 1 and two pairs were from pond 3. The mean number of
eggs/female was 220.75 and the standard error was 4.37 (Table 2.2).

The age and area of harvesting around the twelve ponds varied
considerably (Figure 2.4). Two ponds did not have any harvesting
associated with them (Ponds 1 and 6) and three ponds had greater than
65% of the area harvested (Ponds 4, 8 and 11}. Harvested areas older than
1980 were most abundant, and cuts created during the 1980’s and 1990's

were less abundant, respectively.
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Table 2.2. The number of eggs laid and the SVL for four female long-toed
salamanders.

Location number of eggs SVL {cm)

Pond 3 213 6.1
Pond 3 214 6.9
Pond 1 225 7.5
Pond 1 231 7.2
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The results of the regression analyses are shown in Tables 2.3 and
2.4. Harvested areas around breeding ponds, both within 250 m and 500 m
from the ponds, were not associated with the relative abundance of eggs
nor was time since the first clearcut associated with the relative abundance
of eggs. The area of the pond was significantly associated with the number
of eggs in both tests, indicating that the larger the pond, the Iérger the

breeding population (Table 2.4).
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Table 2.3. Multiple regression results testing for an association between the
relative abundance of eggs in ponds with the harvested areas around the
ponds, time since first cut, and size of the ponds.

a) area within 2560 m of breeding ponds {r* = 0.60)

Degrees Sum of Means F P
of Squares Square value value
Freedom
Regression 3 113368.44 37789.48 3.925 0.064
Residual 8 77015.66 9626.96

b) area within 500 m of breeding ponds (r* = 0.57)

Degrees Sum of Means. F P
of Squares Square value value
Freedom
Regression 3 108840.55 36280.18 3.559 0.067
Residual 8 81543.56 10192.94
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Table 2.4. Coefficients for the variables used in the multiple regression
analyses testing whether egg abundance was associated with the harvested

areas around breeding ponds.

a) within 250 m of breeding ponds

Variable Coefficient P value

total area cut -5.07 0.20

area of pond 0.01 0.01

time since -0.88 0.72

first cut

x-intercept 87.12 0.17
a) within 500 m of breeding ponds

Variable Coefficient Significance

total area cut -1.37 0.27

area of pond 0.01 0.01

time since -0.75 0.78

first cut

X-intercept 90.53 0.16
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DISCUSSION

No conclusions could be drawn from the comparison of relative
abundance of individuals in clearcut areas versus forested areas. This
resulted from the low power of the test caused by a large variation in
relative abundance within similar habitat types among the populations
sampled. Perhaps future work could concentrate on a study where relative
abundance is measured at sites for at least two years before harvesting and
then measured again post harvest for several years. This would remove the
interpopulation variation and provide data on temporal effects that
clearcutting may have on the relative abundance, of this species.

Although the comparison between wet areas and forested areas was

~also inconciusive because of low power, | suspect that long-toed

salamanders do use wet areas less than forested areas. Because the long-
toed salamander cannot effectively burrow on its own (Semlitsch 1983), it
relies on small mammal burrows or natural crevices for cover (Semlitsch
1981). The common small mammals in the area are masked shrews (Sorex
cinereus), dusky shrews (Sorex monticolus), red-backed voles
(Clethrionomys gapperi) and deer mice {Peromyscus maniculatus) (Smith
1993). Although shrews are considered a predator of amphibians,
Ambystomatid salamanders have a noxious secretion that shrews find
unpalatable {Brodie et al. 1979) and may therefore leave long-toed

salamanders alone. None of the small mammal species in the area are likely
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to build subterranean burrows in water saturated ground. Furthermore, the
wet areas did not have any large trees or rocky debris that provided naturat

crevices. The lack of adequate cover in these wet areas could restrict the

use of these areas by long-toed salamanders.

The amount of harvesting within 500 m or 250 m of breeding ponds
was not associated with the relative abundance of eggs (i.e. the size of the
breeding population). This suggests that harvesting in the vicinity of
breeding ponds does not affect either the survival of adutts throughout the
summer or their use of these ponds for breeding. This is in contrast with
past work where alterations associated with harvesting did impact
populations of Ambystomatid species. Clearcuts and the subsequent
conversion ofrlongleaf pine species to slash pine plantations essentially
eliminated a population of flatwoods salamanders Ambystoma cingulatum
(Means et al. 1996), however, it was not clear in the study whether
harvesting impacted reproductive success, terrestrial survivorship or both.

Tree harvesting in the vicinity of aquatic systems may detrimentally
affect the breeding habitat by causing an increase in siltation rates which
may degrade larval habitat (deMaynadiér and Hunter 1995, Corn and Bury
1989} and reduce reproductive success. Although | did not directly measure
reproductive success, my results suggest that harvesting proximate to
breeding ponds did not significantly impact reproductive success. Based on

the data collected on four breeding females, the number of eggs laid per
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female appears to be fairly consistent and is likely not a determinant factor
on population size. Larval survival could have a large influence on
population size, as this stage is most vulnerable to predation and desiccation
(Woodward and Mitchell 1991), however, the fate of the eggs was not
followed through tb hatching and emergence of juveniles. Nonetheless, if a
reduction in reproductive success was associated with an increase in
harvesting around a pond, a reduction in population size should eventually
occur if immigration is low. Low immigration is reasonable because species
iﬁ the genus Ambystoma are thought to be philopatric so few individuals are
likely to stray from their natal pond.

Harvesting around a breeding pond has been shown to cause
individuals of some Ambystomatid species to move away from clearcuts or
perhaps cause some individuals to die. Forest harvesting 156 m from a
breeding pond was suggested as causing a change in migratory movements
and an increase in mortality of mole salamanders Ambystoma talpoideum on
the side of the pond where the clearcut was (Raymond and Hardy 1991). If
an increase in terrestrial mortality of long-toed salamanders occurred due to
harvesting in my study, the mortality rate appears to be low enough to not
have a significant impact on population size.

There was no association between time of first cut and population
size in my study. In contrast, several studies in Eastern North America

which examined the abundance of red-backed salamanders {Plethodon
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cinereus) in different aged forests found that red-backed salamanders
reached predisturbance levels in clearcuts after 30-60 years (Pough et a.
1987, DeGraaf and Yamasaki 1992, Petranka et al. 1993). Amphibian
populations in northern Florida were seen to recover by the third year after
harvesting (Enge and Marion 1986). If populations of long-toed salamanders
were detrimentally affected by harvesting in fhe first few years and then
recovered as the forest grew back, | would have expected to see smaller
populations of salamanders at ponds with recently harvested areas and
larger populations at ponds with regeneratirig areas. The small number of
ponds with clearcuts less than five years old likely did not provide the power
necessary to reveal this result if a negative effect occurred on populations
within the first five years. Nonetheless, given enough time populations
living in harvested landscapes do not seem to be any different in size
compared with populations living in relatively undisturbed landscapes, albeit

| do not know whether the populations recovered to their predisturbance

-sizes.

Although the arﬁount of harvesting in the area was not associated
with the relative abundance of eggs, the surface area of the ponds was
significantly associated with egg abundance. Large ponds tended to support
large breeding populations as indexed by egg counts. This is likely a
function of large ponds having more egg laying substrate availabie, maore

food and cover available for the larvae throughout the summer, easier to
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locate during spring migration and less likely to dry up in exceptionally dry
summers.

Whether the founding individual{s) actively selected large ponds or.
this association is a result of differential survival is not known. | suspect
that long-toed salamanders are not very selective in their choice of ponds for
breeding because long-toed salamander eggs were found in all types of
water bodies, including roadside ditches, beaver ponds, and ephemeral
ponds {Hamilton et al. 19986). Because this salamander species is
considered philopatric, individuals are thought to return to their natal pond to
breed and unlikely to move to a different pond if their natal pond becomes
unsuitable for reproduction. The fact that large ponds had large breeding
populations may be a result of large ponds having a greater chance of being
discovered by the rare individual that did not return to its natal pond and
large ponds could have a better chance of maintaining a viable population
compared with smail or ephemeral ponds that periodically dry up.

My results suggest that long-toed salamanders do not use landscapes
with large harvested areas any more or less than Iandécapes with little
harvesting and indicates that long-toed salamanders are a genéralist at this

scale with respect to harvesting.
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MANAGEMENT IMPLICATIONS

My study suggests that long-toed salamanders are not very sensitive
to habitat alterations associated with the forestry practices being used by
Weldwood of Canada Ltd. in the Hinton area. Numerous adult long-toed
salamanders were found in three year old clearcuts or older. This is in
contrast to many other studies which found the abundance of salamander
species were significantly reduced in clearcuis. | do not know whether
younger ciearcuts were used by long-toed salamanders. However if these
younger clearcuts were avoided, my results suggest that long-toed
salamanders will return to these sites within three years.

The clearcuts examined during this study may have still provided the
habitat features necessary for long-toed salamanders. The most important
habitat features found in this study for terrestrial long-toed salamanders
were well drained sites close to breeding ponds with a thick litter layer and
an ample supply of natural crevices or small mammal burrows. This can be
provided even in clearcut sites if logging is conducted during the winter
months. This minimizes soil compactiqn and litter layer disturbances which
would benefit both small mammal and' salamander populations. [t is also
recommended that scarification be conducted while the ground is still frozen
and the salamanders are still underground.

Rainfall is also an important factor to consider when studying

amphibian populations. Although precipitation was not measured in this
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study, | observed that during the 1995 field season, the clearcu-ts sites
never became completely dried out. There was always moisture underneath
logs and other debris left on the clearcut. | believe the large amount of
rainfall in this area during the study period would have a significant impact
on the suitability of clearcuts for salamanders. | do not know whether as
many salamanders would have be found in the clearcut sites if a drier
summér occurred. Further work should be conducted to determine whether
clearcuts are used by salamanders during drier summers.

The size of breeding populations in ponds with nearby clearcuts are
no different in size compared with similar sized breeding ponds with no
logging activity nearby. This is also in contrast to past studies which have
found that populations are reduced in size and even eliminated from ponds
with nearby clearcuts. The importance of forest buffers left around breeding
ponds is not clear. Forest buffers would reduce runoff and sedimentation of
the ponds that could detrimentally impact eggs and/or larvae. Howaver, |
found breeding ponds in the middle of clearcuts and along roadsidg ditches
with little forest buffers adjacent to the water body. Nonetheless, larger
populations were found in large breeding ponds that had forests around a
significant proportion of the pond edge. To ensure that stéble, viable
populations of long-toed salamanders are maintained in the area, an effort
should be made to protect large fishless ponds that have little if any logging

adjacent to the pond edge.
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