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Abstract
Coarse woody debris is an important structural element in forests. We empirically investigated the relationships between small
mammals and coarse woody debris decay stage at two different scales: individual logs and forest stands. There were no
signi®cant relationships between small mammals and individual logs of different decay classes. We investigated the stand
scale using areas with contrasting management intensities (a reference area and a more intensively managed area). No
signi®cant relationships were found between small mammal abundance (any species) and either mean decay class of logs in a
stand, or overall abundance of logs. There was evidence of a landscape context effect. Red-backed voles, the most abundant
microtine in the region, were signi®cantly related to the abundance of the most decayed logs. This relationship was only
signi®cant on the intensively managed landscape, where highly decayed logs were rare. # 2000 Elsevier Science B.V. All
rights reserved.
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1. Introduction
There is a growing awareness that it is critical to
retain coarse woody debris (CWD) in managed forests
as habitat for many species of animal, including small
mammals (Harmon et al., 1986; Freedman et al.,
1996). A number of studies empirically explore the
relationship between small mammals and CWD, most
often at a microhabitat scale. Several species, such as
Clethrionomys gapperi, C. californicus, Peromyscus
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maniculatus, P. leucopus, and Microtus pinetorum use
downed logs and stumps for traveling, foraging, and
nesting (e.g. Miller and Getz, 1977; Hayes and Cross,
1987; Graves et al., 1988; Planz and Kirkland, 1992;
Tallmon and Mills, 1994; McMillan and Kaufman,
1995; but see Barry et al., 1990; Mills, 1995).
While the distribution of woody debris is important
for small mammals, it may be the decay stage of the
CWD that determines its use. Maser et al. (1979), Ure
and Maser (1982), and Maser and Trappe (1984) all
indicate that there is an important relationship
between fungi, decayed CWD, and mycophagous
small mammals. Logs in an advanced stage of decay
might provide microenvironments for small mammals
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to forage and nest (sensu Freedman et al., 1996).
However, studies are few and results are not conclusive. For example, Tallmon and Mills (1994) ®nd that
C. californicus are associated with decayed logs, but
Hayes and Cross (1987), also studying C. californicus,
®nd no relationship with decayed logs. Gunderson
(1959) demonstrates a positive association between
rotting stumps and C. gapperi. Nordyke and Buskirk
(1991) develop a predictive model directly relating log
decay and C. gapperi abundance: 49% of variation in
vole abundance is explained by the stage of log decay.
Their study was at the forest stand scale, and did not
address whether voles were actually associated with
decayed logs within the stands.
We studied the relationship between decay stage of
coarse woody debris and its use by small mammals.
Use was assessed at two scales: (1) individual logs;
and (2) forest stands. We predicted that small forest
mammals would be closely associated with logs that
were in an advanced stage of decay, as decadent logs
should be good substrates for nesting, traveling, and
foraging. We expected positive relationships between
log decay and small-mammal abundance at both, log
and stand scales.
2. Methods
The study took place on the Private Industrial forest
of Fraser Papers, in the Appalachian forest of northwestern New Brunswick (478220 N, 678250 W).
Upland sites were dominated by an overstory of sugar
maple (Acer saccharum), yellow birch (Betula allegheniensis), and American beech (Fagus grandifolia).
Lowland sites were dominated by black spruce (Picea
mariana), white spruce (Picea glauca), and balsam ®r
(Abies balsamea).
2.1. Individual logs
Using a priori knowledge of the small mammal
community gained during a concurrent study (Bowman et al., 1999), we selected three mature coniferous
forest stands (primarily spruce and ®r) with similar
small mammal communities. Selected stands occurred
in a forest with low management intensity (<15%
recent plantations or clearcuts). Stand variability
was minimized by selecting stands of equal age, tree

species composition, location relative to drainage, and
CWD distribution. In each of the three stands, line
transects were conducted to select logs for small
mammal sampling. Selected logs met the following
requirements: (1) >10 m from adjacent log; (2) >3 m
in length; and (3) >20 cm in diameter. We selected ®ve
logs in each stand from each of the ®ve Maser scale
decay classes (1  sound, 5  highly decayed; Maser
et al., 1979). This approach left 25 logs around a
central point in each stand, each log a minimum of
10 m from an adjacent log. Seventy-®ve logs were
sampled over three stands.
The small mammal abundance at each log was
sampled with a Sherman live trap. Traps were placed
along the side of the log, in the `most likely runway'.
Traps were prebaited for three days with a mixture of
oats and sun¯ower hearts. We conducted two trapping
sessions, on 17 July and 1 August, 1998. Traps were
set for ®ve consecutive days, and checked each morning and evening. Captures were weighed, identi®ed as
to sex and reproductive condition, marked with a 1-g
monel ear tag (National Band and Tag, Newport, KA),
and released at the same site.
We report trapping success for the log-scale study as
number of captures/100 trap nights. The data did not
appear normally distributed, so we analyzed for differences in small-mammal captures per log class using
non-parametric Kruskall±Wallis analysis of variance.
We only used small mammal species in analysis if the
species was captured at a rate >1.0 capture per 100 trap
nights.
2.2. Forest stands
We selected stands using a strati®ed systematic
approach. We ®rst selected two different study areas:
1. a reference area, with relatively low management
intensity (recent clearcuts and plantations <15%
of the landscape); and
2. an intensively managed area, where clearcuts, and
softwood plantations covered >50% of the landscape.
Note that the log-scale study took place within the
reference area. These two areas represent opposites in
the continuum of management intensity. Both these
areas were 4900 ha in extent. We placed sample points
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1 km apart, in a square (8  8) grid: therefore, we had
two square grids (reference and managed), each with
64 systematic sample points. In practice though, some
points had missing data and for this analysis we had
N  115 different forest stands, representing a variety
of stand types.
At each point we sampled coarse woody debris in
six 20-m transects. Two paired transects were located
at point center, while two other transects were located
70 m north and two more were located 70 m south of
the center. All logs >8 cm in diameter and 1 m in
length that crossed a transect were tallied. Different
minimum diameters for CWD at the log and stand
scales were chosen (8 cm vs. 20 cm); we wanted to
characterize all the logs in the stand, and so we were
more inclusive at this scale. There was no intention to
quantitatively compare results from the two scales, so
this difference should not be an issue. Logs were
identi®ed to species (where possible), and assigned
a Maser-scale decay class. Logs from all six transects
were summed from each sample point for statistical
analysis.
We sampled the stands for small mammals from 10
May to 10 June, and from 15 August to 15 September,
1997. Five Victor Tin Cat repeating live traps (Woodstream, Lititz, PA) were used to survey each stand.
One trap was placed at point center, and four other
traps were placed in the cardinal directions at 35 m
from center. All traps were placed in `most likely
runway' positions. All traps were prebaited for three
days with oats and sun¯ower hearts. Traps were then
set for four consecutive nights. Handling protocol was
the same as at the log scale. The number of forest
stands precluded us from trapping all the stations at
once, so instead we prebaited and trapped all 115
stands within a four-week period.
Trapping success at the stand level was expressed as
number of individuals per stand, considered a minimum estimate of abundance in each stand. Again, data
did not appear normally distributed, so we proceeded
with non-parametric analysis. Spearman rank correlations were used to explore the relationships between
CWD variables and small mammal abundance. We
only used small mammal species in analysis if the
species was captured at a rate >1.0 individual per 100
trap nights. We conducted analyses on the reference
and managed landscapes separately, and also on the
combined sample.
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3. Results
3.1. Individual Logs
A total of 741 trap nights at the log scale resulted in
142 captures of six species (Table 1). No signi®cant
relationships between any species of small mammal
and the decay class of logs where they were captured
were evident (Fig. 1). Further, there was no relationship between the total capture success of all species
and log decay class (Fig. 1).
3.2. Forest Stands
A total of 5120 trap nights at the stand scale resulted
in 1500 captures of 1015 individuals from eight
species (Table 1). Spearman correlations demonstrated that there was no relationship between the
mean decay class of logs from 115 different stands,
and the number of individuals captured in those
stands. This was consistent for all species and regardless of season or study landscape (Table 2; Fig. 2).
Fig. 2 is representative of our results for the correlation of small mammal abundance and mean decay
class. For simplicity, we present only results in Table 2
from our analysis of the combined study landscapes.
The reference and managed landscapes were also
analyzed separately, demonstrating no signi®cant relationships. Using the same statistical approach, we
detected no relationship between the abundance of

Table 1
Species caught during a small-mammal research project in
northwestern New Brunswick
Species

Logsa
August
1998

Standsb
May
1997

August
1997

Clethrionomys gapperi
Peromyscus maniculatus
Napaeozapus insignis
Zapus hudsonius
Microtus pennsylvanicus
Microtus chrotorrhinus
Synaptomys cooperi
Blarina brevicauda
Sorex spp.

5.4
1.9
4.7
Ð
3.7
Ð
Ð
2.0
<1.0

4.6
2.8
1.1
Ð
<1.0
<1.0
<1.0
1.7
<1.0

9.4
14.7
<1.0
<1.0
<1.0
<1.0
<1.0
9.7
<1.0

a
b

Captures/100 trap nights.
Individuals/100 trap nights.
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Fig. 1. Kruskal±Wallis rank sums for species captured adjacent to logs assigned one of the five different Maser et al. (1979) decay classes. No
relationships were statistically significant (p >0.05, N  75).

CWD and the number of individuals captured in a
stand (Table 2).
We also assessed whether relationships existed
between small mammal species and the abundance
of particular decay classes. Only class 5 logs (the most
decayed) were signi®cantly related to small mammal
abundance, and so only class 5 logs will be discussed
further here. When we considered the landscape context, we detected a positive relationship between the
abundance of class 5 logs and the number of redbacked voles captured. On the intensively managed
landscape, voles were signi®cantly correlated with
class 5 logs, both in spring (rs  0.51, N  58, p
<0.001) and fall (rs  0.40, N  58, p <0.01). The
relationship was not signi®cant on the reference landscape in spring (rs  ÿ0.07, N  57, p >0.05) or fall
(rs  0.04, N  57, p >0.05).

4. Discussion
We detected no relationship between the decay
stage of logs and the use of individual logs by small
mammals. Thus, our work supports the conclusion of
Hayes and Cross (1987) who ®nd no relationship
between small mammal activity at individual logs
and log decay, using two classes of logs (hard vs.

Table 2
Spearman correlation coefficients for relationships between small
mammal abundance in 115 forest stands and (1) mean decay class
of logs in the same stands, or (2) number of logs in the stands; no
relationships were significant (p >0.05, N  115)
Mean decay class

Number of logs

Species

spring

fall

spring

fall

C. gapperi
P. maniculatus
N. insignis
B. brevicauda

ÿ0.03
0.02
0.15
ÿ0.11

0.01
0.06
0.08
ÿ0.01

ÿ0.03
ÿ0.04
0.01
ÿ0.05

0.12
0.18
0.01
0.04

Fig. 2. Relationship between mean decay class of logs and
abundance of Clethrionomys gapperi in 115 different forest stands
in New Brunswick. The relationship was not significant in spring
(rs  ÿ0.03, N  115, p >0.05) or fall (rs  0.01, N  115, p
>0.05).
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soft). Although we found that logs of all decay stages
were used with equal intensity by small mammals, we
suggest that the reasons for small mammals using logs
would vary with decay stage. For example, red-backed
voles will nest in rotted logs, while using the surface of
sound logs as runways (Bowman, personal observations). Our study design did not tease apart these
differences. We restrict our interpretation to say that
the overall use of logs was consistent regardless of
decay stage.
We have considered that small mammals were
attracted arti®cially to logs by baited traps. However,
small mammals are generally only attracted to traps
from a small radius (e.g. Hayes and Cross, 1987) and
in most cases this would mean they were already
associated with the log.
At the stand scale, our study demonstrated no
relationship between the abundance of any smallmammal species and either the abundance or mean
decay class of logs, regardless of season or landscape
(Table 2). Most studies that link the distribution of
small-mammal species to the distribution of downed
logs (e.g. Gunderson, 1959; Doyle, 1987; Tallmon and
Mills, 1994) have dealt with microhabitat, whereas the
stand-scale component of our study provided a
broader view. Microhabitat associations may not
translate across scales (Wiens et al., 1993). The results
of our stand-scale study re¯ected the notoriously
broad niches and the variable response to forest management of many small-mammal species (e.g. Martell
and Radvanyi, 1977; Clough, 1987; Steventon et al.,
1998).
Red-backed voles are linked to old-growth conditions, including decayed logs, by Nordyke and Buskirk (1991) and our ®ndings at the stand scale add to
their study. Nordyke and Buskirk model Clethrionomys gapperi abundance as a function of mean CWD
decay stage in forest stands. We cannot support their
model outright, based on our ®ndings. However, we
did detect an interesting relationship between Clethrionomys and decayed logs that may add to our understanding. Highly decayed logs were abundant in our
reference landscape (Table 3). We believe that this
abundance is why we found no relationship between
Clethrionomys and log decay (sensu Nordyke and
Buskirk 1991) in the reference area, either at the
log or stand scales: CWD decay was not a limiting
factor. On the intensively managed landscape highly
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Table 3
The abundance of highly decayed logs (Maser scale class 5; Maser
et al., 1979) in reference and intensively managed forests; the
distributions were significantly different (p < 0.001; two sample
Kolmogorov±Smirnov test)
Forest

Mean No. class 5 logs

SD

Reference
Managed

3.06
0.76

3.35
1.30

decayed logs were rare (i.e. possibly limiting;
Table 3). This is a result of silviculture practices
which reduce the amount of mature forest and protective overhead cover, characteristics associated with
highly decayed CWD (Gore and Patterson, 1986;
Sturtevant et al., 1997). In particular, the practice of
scari®cation removes a lot of CWD (Freedman et al.,
1996). Many planted sites in the managed landscape
were scari®ed. When class 5 logs were rare, a relationship with red-backed voles became apparent. In other
words, the model of Nordyke and Buskirk (1991) may
only apply to contexts where decayed CWD is relatively rare.
It is possible that the relationship between Clethrionomys and decayed logs is related to moisture balance. Red-backed voles have demanding water
requirements (Getz, 1968) and this is believed to be
a major reason why they are associated with mature
forests, which are often high in moisture content
(Franklin et al., 1981). These areas are also the last
areas in a managed forest to have an abundance of
decayed logs (Maser, 1990).
We suggest that future work could explore the
causality of relationships at both, the log and stand
scales. By isolating managed forests, where decayed
logs are rare due to silviculture activities, the relationships between red-backed voles and class 5 logs could
be explored experimentally.
Acknowledgements
The project was supported by Fraser Papers Inc.,
NSERC, Canada's Sustainable Forest Management
Network (NCE), Earth Works New Brunswick, and
the Sir James Dunn Wildlife Research Center. Steve
Young, Gilles Couturier, Tim Dilworth, Tony Diamond, Pete McKinley, John Gunn, M.-A. Villard,

124

J.C. Bowman et al. / Forest Ecology and Management 129 (2000) 119±124

Sue Hannon, Stan Boutin, Rich Moses, and Crissy
Corkum all collaborated on aspects of the NCE project. Many technicians also contributed and we thank
them all. Hugh Broders and two anonymous reviewers
made helpful suggestions on the manuscript.
References
Bowman, J., Forbes, G., Dilworth, T., 1999. The spatial structure of
small-mammal populations in a managed forest. In: Veeman,
T.S., Smith, D.W., Purdy, B.G., Salke, F.J., Larkin, G.A. (Eds.),
Science and Practice: Sustaining the Boreal Forest. Sustainable
Forest Management Network, University of Alberta, Edmonton, Alberta. pp. 58±63.
Barry Jr., R.E., Heft, A.A., Baummer, T.E., 1990. Spatial relationships of syntopic white-footed mice, Peromyscus leucopus, deer
mice, Peromyscus maniculatus, and red-backed voles, Clethrionomys gapperi. Can. Field-Nat. 104, 387±393.
Clough, G.C., 1987. Relations of small mammals to forest
management in northern Maine. Can. Field-Nat. 101, 40±48.
Doyle, A.T., 1987. Microhabitat separation among sympatric
microtines, Clethrionomys californicus, Microtus oregoni and
M. richardsoni. Am. Midl. Nat. 118, 258±265.
Franklin, J.F., Cromack, C.K., Denison, W., McKee, A., Maser, C.,
Sedell, J., Swanson, F., Juday, G., 1981. Ecological characteristics of old-growth Douglas-fir forests. U.S. Dep. Agric. Gen.
Tech. Rep. PNW-118. pp. 48.
Freedman, B., Zelazny, V., Beaudette, D., Fleming, T., Flemming,
S., Forbes, G., Gerrow, J.S., Johnson, G., Woodley, S., 1996.
Biodiversity implications of changes in the quantity of dead
organic matter in managed forests. Environ. Rev. 4, 238±265.
Getz, L.L., 1968. Influence of water balance and microclimate on
the local distribution of the redback vole and white-footed
mouse. Ecology 49, 276±286.
Gore, J.A., Patterson III, W.A., 1986. Mass of downed wood in
northern hardwood forests in New Hampshire: potential effects
of forest management. Can. J. For. Res. 16, 335±339.
Graves, S., Maldonado, J., Wolff, J.O., 1988. Use of ground and
arboreal microhabitats by Peromyscus leucopus and Peromyscus maniculatus. Can. J. Zool. 66, 277±278.
Gunderson, H.L., 1959. Red-backed vole habitat studies in central
Minnesota. J. Mammal. 40, 405±412.
Harmon, M.E., Franklin, J.F., Swanson, F.J., Sollins, P., Gregory,
S.V., Lattin, J.D., Anderson, N.H., Cline, S.P., Aumen, N.G.,
Sedell, J.R., Lienkaemper, G.W., Cromack Jr., K., Cummins,
K.W., 1986. Ecology of coarse woody debris in temperate
ecosystems. Adv. Ecol. Res. 15, 133±302.

Hayes, J.P., Cross, S.P., 1987. Characteristics of logs used by
western red-backed voles, Clethrionomys californicus, and
deer mice, Peromyscus maniculatus. Can. Field-Nat. 101,
543±546.
Martell, A.M., Radvanyi, A., 1977. Changes in small mammal
populations after clearcutting of northern Ontario black spruce
forest. Can. Field-Nat. 91, 41±46.
Maser, C., 1990. The Redesigned Forest. Stoddard Publishing Co.,
Toronto, Ontario. pp. 224.
Maser, C., Anderson, R., Cromack, Jr., K., Williams, J.T., Martin,
R.E., 1979. Dead and down woody material. In: Thomas, J.W.
(Ed.), Wildlife habitats in managed forests: the Blue Mountains
of Oregon and Washington. USDA Agricultural Handbook 553.
pp. 78±95.
Maser, C., Trappe, J.M., 1984. The seen and unseen world of the
fallen tree. USDA For. Serv. Gen. Tech. Rep. PNW-164. Pacific
Northwest For. and Range Exp. Station, Portland, Oregon.
pp. 56.
McMillan, B.R., Kaufman, D.W., 1995. Travel path characteristics
of white-footed mice (Peromyscus leucopus). Can. J. Zool. 73,
1474±1478.
Miller, D.H., Getz, L.L., 1977. Factors influencing local distribution and species diversity of forest small mammals in New
England. Can. J. Zool. 55, 806±814.
Mills, L.S., 1995. Edge effects and isolation: red-backed voles on
forest remnants. Cons. Biol. 9, 395±403.
Nordyke, K.A., Buskirk, S.W., 1991. Southern red-backed vole,
Clethrionomys gapperi, populations in relation to stand
succession and old-growth character in the central Rocky
Mountains. Can. Field-Nat. 105, 330±334.
Planz, J.V., Kirkland Jr, G.L., 1992. Use of woody ground litter for
travel by the white-footed mouse, Peromyscus leucopus. Can.
Field-Nat. 106, 118±121.
Steventon, J.D., MacKenzie, K.L., Mahon, T.E., 1998. Response of
small mammals and birds to partial cutting and clearcutting in
northwest British Columbia. For. Chron. 74, 703±713.
Sturtevant, B.R., Bissonette, J.A., Long, J.N., Roberts, D.W.,
1997. Coarse woody debris as a function of age, stand structure,
and disturbance in boreal Newfoundland. Ecol. Appl. 7, 702±
712.
Tallmon, D.A., Mills, L.S., 1994. Use of logs within home ranges
of California red-backed voles on a remnant of forest. J.
Mammal. 75, 97±101.
Ure, D.C., Maser, C., 1982. Mycophagy of red-backed voles in
Oregon and Washington. Can. J. Zool. 60, 3307±3315.
Wiens, J.A., Stenseth, N.C., Horne, Van, Ims, R.A., 1993.
Ecological mechanisms and landscape ecology. Oikos 66,
369±380.

