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The Eastern Red-backed Salamander (Plethodon
cinereus) is a terrestrial species widely distributed in
forests of eastern North America (Conant and Collins
1991). In many of these ecosystems, P. cinereus is
probably the most abundant salamander (Burton and
Likens 1975; Jaeger 1980) and terrestrial vertebrate
(Burton and Likens 1975). Moreover, this salaman-
der may play an important role within the food web of
these forests, where they are consumers of small inver-
tebrates (Burton and Likens 1975; Wyman 1998). In
recent decades, many studies have demonstrated that
these salamanders may also be good indicators of for-
est disturbance (deMaynadier and Hunter 1995; Patrick
et al. 2006) and of changes in forest microhabitats
(Wyman and Hawksley-Lescault 1987; deMaynadier
and Hunter 1998).
Artificial cover objects or coverboards have been

widely used to sample P. cinereus (cf. Moore 2005 for
a review) because they may simulate downed woody
debris, an important habitat component for P. cinereus
(Heatwole 1962; Test and Heatwole 1962; Grover
1998). Other advantages of this technique include
reduced habitat disturbance, modest time and labour
costs, standardization of the number and area of cover
items, and little between-observer variability (Fellers
and Drost 1994). However, few studies have investigat-
ed how sampling using coverboards equates to popula-
tion demographics found under natural cover objects
(Monti et al. 2000; Marsh and Goicochea 2003). Marsh

and Goicochea (2003) suggested that potential bias
among size classes of P. cinereus may be associated
with the use of coverboards as compared to natural
cover objects.
Previous studies in the Lake Clair watershed show

that using native dominant wood species as cover-
boards is a very efficient technique to sample P.
cinereus (Moore 2005). However, whether sampling
using coverboards represents the true population at
Lake Clair is unknown. The objective of this study was
to try and answer this question by comparing popula-
tion demographics (snout-vent length (SVL), weight,
and age structure) of P. cinereus found under cover-
boards and natural cover objects in this ecosystem.

Study Site
TheLakeClairwatershed (226 ha, 46°57'N, 71°40'W,

elevation 270 to 390 m) is located approximately
50 km northwest of Québec City, Quebec, Canada.
Forest vegetation is dominated by uneven-aged decid-
uous species (83%) with small patches of conifers
(17%). The deciduous area is composed of Sugar Maple
(Acer saccharum Marsh.), Yellow Birch (Betula alle-
ghaniensis Britton), and American Beech (Fagus gran-
difolia Ehrh.). The coniferous area includes principally
Balsam Fir (Abies balsamea (L.) Mill.) and a much
lower proportion of Red Spruce (Picea rubens Sarg.)
andWhite Birch (Betula papyrifera Marsh.). Soils are
classified as Orthic Ferro-Humic Podzol (Canada
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Soil Survey Committee 1998) or Typic Haplorthod
(Soil Survey Staff 1998). The humus is a mor-moder
type, and the surface deposit is a very acidic and
stony glacial till derived from granitic gneiss
bedrock. Average slope is approximately 10%. Mean
annual temperature is 3.4°C and annual precipitation
is 1300 mm.

Materials and Methods
Sampling
In September 2001, 13 transects of 100 or 200 m

in length were established around the lake, perpendi-
cular to the lake shore, with a minimum distance of
300 m between each transect. Coverboards were
placed along each of these transects at predetermined
intervals from the lakeshore (0, 5, 10, 20, 40, 60, 100,
150, 200 m). Boards were placed on the transect line,
on the nearest upper-soil surface available. A total of
104 coverboards were placed during this operation.
Coverboards were constructed from radial sections of
Sugar Maple trunks. Boards were 4 cm thick; the diam-
eter varied from 36 to 42 cm and the surface area var-
ied from 855 to 1400 cm².
Coverboards were checked during daylight hours,

on a single rainless day (sunny or cloudy), four times
in each of 2002, 2003, 2004, and 2005, from the end
of May through mid-October. Only the 2004 and 2005
sampling years were used in this study. Natural cover
objects were checked in 2004 and 2005. They consist-
ed of woody debris of different sizes, species (Sugar
Maple, Yellow Birch, American Beech, Balsam Fir,
Red Spruce), and degree of decomposition (solid wood
to very decayed). Also, bark pieces on the soil surface,
mainly from Sugar Maple trees, were checked. The
surface area of 55 woody debris and bark pieces was
measured. They varied in size from 5 to 55 cm in width,
10 to 400 cm in length, and 45 to 13 700 cm² in sur-
face area.
Salamanders were first sampled under coverboards.

To generate a relatively similar sampling size for both
sampling methods (for comparison purposes), when
P. cinereus was found under a coverboard, natural cov-
er objects in a parallel area situated 15 m from the
coverboard finding were checked for salamanders,
based on how many salamanders were found under
coverboards. Parallel sampling was done the same day
or within a few days. Sampling effort was not noted,
but it did not exceed 10 minutes for each parallel
sampling.
Snout-vent length was measured in the field to the

nearest 0.1 mm using a dial calliper. Salamanders were
weighed to the nearest 0.1 g with a 10 g Pesola® spring
scale. This type of balance has been widely used in
other studies and monitoring programs to weigh light-
weight salamanders (Anonymous 1999*; Gustafson
et al. 2001; Zorn et al. 2004*; Moore 2005; Crawford
and Semlitsch 2008). No attempt was made to deter-

mine the gender of animals. Salamanders were handled
in a transparent plastic bag that had previously been
sprayed with lake water. After measurement, salaman-
ders were immediately released at the edge of the
coverboard or natural cover object under which they
had been found. More information on methods can
be found in Moore (2005).

Stage classes used
Many age structures have been proposed to cate-

gorize P. cinereus populations (Blanchard 1928; Test
and Binghan 1948; Heatwole and Heatwole 1962;
Sayler 1966; Bonin et al. 1999; Marsh and Goicochea
2003; Leclair et al. 2006). The structure proposed by
Marsh and Goicochea (2003) in Virginia was used in
this study (young of the year (< 25 mm), juvenile
(25–32 mm), and adult (> 32 mm). It appeared to
provide the best fit for the P. cinereus population at
Lake Clair, as eggs were observed in some female P.
cinereus of approximately 32 mm (SVL), indicating
sexual maturity at this length. Moreover, this age struc-
ture is very similar to that which Bonin et al. (1999)
used to study P. cinereus in southern Quebec.

Statistics
Analysis of variance (ANOVA) was employed to

compare surface areas of natural cover objects and
coverboards and to compare body parameters of the
three developmental stage classes (adult, juvenile, and
young of the year) of P. cinereus found under the two
types of covers. The GML model procedure in SAS
(SAS Institute 2008) was used. Frequency analysis
was performed to compare the number of P. cinereus
in each stage class found under natural cover objects
and coverboards. Also, correlation analysis was used
to evaluate the relationship between the surface areas
of coverboards and natural cover objects and the three
characteristics of P. cinereus (weight, snout-vent length,
and total length). Outlier analysis and normality of the
data were assessed with residuals.

Results
A total of 162 P. cinereus (four of the lead colour

phase) were found under coverboards in 2004 and
2005.Weight of salamanders varied from 0.05 to 1.60 g,
and SVL varied from 11.66 to 48.55 mm. Mean weight
and mean SVL were 0.86 g and 39.30 mm, respective-
ly. During the same period, 156 P. cinereus (eight of
the lead phase) were found under natural cover objects.
Weight of salamanders varied from 0.05 to 1.85 g,
and SVL varied from 17.81 to 49.92 mm. Mean weight
and mean SVL were 0.88 g and 40.47 mm, respectively.
Year-to-year variations were noted, all cover types

combined, for the weight of all the stage classes
combined and for adults only (P ≤ 0.032), but not for
juveniles and young of the year (P > 0.413). However,
no interaction between the year and cover type was
detected for weight and SVL for all the stage classes
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combined and each of the stage classes (P > 0.072).
Also, no year-to-year variation was noted for SVL
(P > 0.440).
Differences between mean surface areas (± standard

error) of coverboards (1130 ± 157 cm²) and mean sur-
face areas of natural cover objects (2562 ± 220 cm²)
were highly significant (P < 0.001). However, no
relationship was found between the surface area of
coverboards and natural cover objects and the weight
(P ≥ 0.115) and SVL (P ≥ 0.455) of P. cinereus dur-
ing the two-year sampling period. The effect of year
(P ≥ 0.061) and season (P ≥ 0.098) was also not sig-
nificant.
Over the two-year sampling period, only a slight

difference in mean SVL for all P. cinereus (all stage
classes combined) was detected between the two
cover types (Table 1; P = 0.043). However, this dif-
ference was very small (the SVL of salamanders under
coverboards was 39.22 mm, and the SVL of sala-
manders under natural cover objects was 40.44 mm).
No significant difference was observed within stage
classes (P ≥ 0.074) or mean weight (P ≥ 0.39) between
P. cinereus found under coverboards and salamanders
found under natural cover objects (Table 1).
The proportions of P. cinereuswith cut tails captured

under coverboards (4.9%, 8 out of 162) and natural
cover objects (3.2%, 5 out of 156) were not signifi-
cantly different (P = 0.819).

Discussion
Salamander size versus cover size
No relationship was found between the surface area

of the two board types and the sizes of P. cinereus,
despite the wide range in the surface area of natural
cover objects (45 to 13 700 cm²). Previous study in
2002 and 2003 in the same experimental design also
shows the same pattern for the coverboards (Moore
2005). Also, similar results were found in Virginia
(Faragher and Jaeger 1997: coverboard surface area
range of 10 to 5000 cm²; Gabor 1995: coverboard sur-
face area > 50 cm²). Other studies found, however, that
size or weight of P. cinereus was correlated with cover
item size (Mathis 1990; Moore et al. 2000); in these
cases, cover size effect was attributed to seasonal influ-
ence. This was, however, not the case at Lake Clair.

Salamander size versus cover type
Over the two-year sampling period, results of this

study show that no important difference exists between
the weight and SVL of salamanders found under cover-
boards and natural cover objects, even though the mean
surface area of the natural cover objects was more
than double that of the coverboards. These results are
similar to several studies which found that salaman-
ders found under coverboards were similar in size to
those found under natural cover objects (Monti et al.
2000; Houze and Chandler 2002). However, they dif-
fer from the results of Marsh and Goicochea (2003),
who reported that in a mature hardwood forest of Vir- TA
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ginia, there were more adult and fewer juvenile and
hatchling P. cinereus under coverboards than under
natural cover objects.
It may be possible to account for the difference

observed between the two studies. First, relatively high
variability exists between the spring and fall 2001
surveys in Marsh and Goicochea’s (2003) study. For
example, fewer juvenile P. cinereus were captured in
the spring survey from under coverboards than under
natural cover objects (27 vs. 58), but more juveniles
were captured in the fall from under coverboards than
under natural cover objects (22 vs. 11). Second, many
differences exist between the materials and methods
of the two studies (e.g., age of coverboard, type of
natural cover objects and coverboards, humus type,
sampling period, sampling time). This last point high-
lights the need to establish standard protocols that
could better allow direct comparisons of P. cinereus
data among studies in the future, regardless of where
they are conducted.

Adult proportion
The mean adult proportion for both cover types was

relatively high at Lake Clair (92%, 293 out of 318;
Table 1) compared with other studies (Blanchard
1928: 70%, > 32 mm; Test and Bingham 1948: 49%,
≥ 34 mm; Sayler 1966: 80%, > 32 mm; Nagel 1977:
72%, > 32 mm; Faragher and Jaeger 1997: 74%,
≥ 34 mm; Bonin et al. 1999: 74%, > 32 mm; Marsh
and Goicochea 2003: 46%, > 32 mm). Marsh and Goic-
ochea (2003) proposed some hypotheses to explain the
greater proportion of adults under coverboards than
under natural cover objects. For instance, they mention
that (1) adults may prefer coverboards to natural cover
objects and (2) adults may be more evenly dispersed
than juveniles and may move into the new habitat
represented by coverboards. This would not explain
the high proportion of adults under both wooden cover
types in the Lake Clair watershed. A possible expla-
nation for this phenomenon could be low recruitment
of P. cinereus at Lake Clair compared to other studies.
Another possible explanation is that juvenile P.

cinereus could be more abundant in the forest floor
of this forest ecosystem, where abundant leaf litter is
present (given the absence of foraging and litter-con-
suming earthworms). In northwestern Pennsylvania,
Moore et al. (2000) found that the size and weight of
P. cinereus were significantly greater for individuals
captured under rock and downed wood than in leaf
litter. In other studies, authors suggested that adult P.
cinereus may tolerate the presence of juveniles in their
territories (Jaeger et al. 1995; Faragher and Jaeger
1997). Also, Jaeger et al. (1995) observed territoriality
in adult P. cinereus but not in juveniles. In this con-
text, more studies will be needed to explain the high
proportion of adult P. cinereus at Lake Clair.

Predation or conspecific aggression
The proportion of P. cinereus that had a cut tail was

similar for both cover types (coverboard 4.9%; natu-

ral cover objects 3.2%). These proportions are lower
than those found in other parts of Quebec, where
Bonin et al. (1999) reported a cut tail rate between 0
and 35% (mean = 9.8%) among the 27 forests stud-
ied. These authors also found that cut tail rate was
inversely correlated with the amount of woody debris
on the forest floor. This suggests that the forest floor
habitat of the Lake Clair watershed provides suffi-
cient shelter for salamanders to allow P. cinereus to
avoid important conspecific aggression (Jaeger 1981)
or predation. Sugar Maple has been declining for more
than a decade in the Lake Clair watershed (Duchesne
et al. 2003), resulting in a relatively large volume of
woody debris on the forest floor. The abundance of leaf
litter in this ecosystem may also play a role by pro-
viding shelter during the displacement or dispersal of
salamanders.

Conclusion
This study suggests that the type of coverboard

(made of wood from a native dominant forest species)
used at Lake Clair is a good method to obtain indices
of P. cinereus population demographics similar to those
of salamanders found under natural cover objects. This
technique should help to establish a standard protocol
that could better allow direct comparisons among stud-
ies in the future, regardless of where they are conducted.
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