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ABSTRACT

Few attempts have been made to discover the ecological function of coarse woody debris
(CWD) despite its importance to small mammal population. Twenty-five pitfall traps and a hun-
dred live traps were placed in three sites with high amounts of CWD and three sites with low
amounts of CWD. Eleven species were caught, and Peromyscus maniculatus was the most abun-
dant (45.6%, n=605). Among 11 speices, abundance of Tamias townsendii and Clethrionomys
gapperi were higher in sites with high amounts of CWD than in sites with low amounts of CWD.
Home range size was larger in breeding season than in non-breeding season indicating mating
search. Resident time of Peromyscus maniculatus was longer in sites with high amounts of CWD
implying better stability in population. The increasing amount of coarse woody debris (CWD)
enhanced the habitat use by small mammals, and animals in high amounts of CWD were more
abundant and stable in population fluctuation. This study, therefore, concludes that CWD is a
critical habitat element for small mammals in forest ecosystem.
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INTRODUCTION

The central theme of habitat enhancement is to
provide animals with habitat complexity and structur-
al diversity and to allow resource partitioning among
individuals (Pimm 1991, Wilson 1992). In turn, this
leads to species diversity due to the potential niches
both horizontally and vertically. Presumably, popu-
lation fluctuation is more stable, and their reprodu-

ction and survival are higher in heterogeneous hab-
itats than in homogeneous habitats. This study attem-
pts how to enhance habitat for small mammals by
securing high amounts of coarse woody debris
(CWD) in the managed forests. Sites in high amounts
of CWD are equivalent to heterogeneous habitats
that provide structural diversity and complexity that
small mammals depend on.

Coarse woody debris, primarily in the form of
stumps, downed logs and boles and large branches
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is a consequence of forest disturbance and natural
processes. The utilization of CWD is an important
objective of good timber management. Downed wood
has also been viewed as a fire hazard material, and
steps are frequently taken to reduce the amount of
flashy fuels from timber harvest areas. In various
stages of decay, however, dead and fallen woody
materials serve many important functions for moist-
ure, nutrients, fungi, plants, and invertebrates.
Downed wood attract a wide range of foraging and
cover-seeking animals from a variety of terrestrial
invertebrates to many spectra of vertebrates. For the
forest-dwelling animals especially like ground-ma-
mmals woody debris provides complex structural di-
versity and variability that produce natural patchiness
in the environment {(Lee 1997). Few attempts have
been made to discover the primary role of CWD, yet
it has been hypothesized to be an important factor
for small mammal populations. To examine this pro-
posal small mammal populations were surveyed on
sites with high amounts of CWD (controls) and sites
with low amounts of CWD (treatments) in the
managed forests of western Washington in the United

States.
MATERIALS AND METHODS

The study was conducted on the Fort Lewis Mili-
tary Reservation, located at east of the southern tip
of Puget Trough Province in Pierce County of
Washington State. Ft. Lewis is located at 100 m
above sea level within the Tsuga heterophylla veg-
etation zone (Franklin and Dyrness 1973). Six sites
(three controls and three treatments) were chosen.
Each of the controls (sites with high amounts of
CWD) and treatments (sites with low amounts of
CWD) were formed as a block within the distance of
5 km,

Fallen logs were measured in detail. Length, diam-
eter at both ends, decay stage (Maser et al. 1979),
species, and location were recorded. Dead wood of
10 cm or greater at the small end was counted as
fallen logs. Circumference of the bottom end and
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height of all standing snags and diameter and height
of stumps and estimated CWD volume was measured.
The total volume of all CWD is higher in controls
(average = 245.6 m3) than in treatments (33.3 m3
(P<0.05) (Lee 1995a).

Twenty-five pitfall traps were placed in a 5X35
grid, 10 m apart during June 1991~ June 1993. Pitfall
traps were designed to capture non-jumping rodents
and insectivores, and were partially filled with water
so that small mammals die quickly. The pitfall trap
was made of tin can (15 ¢m in diameter) sunk flush
with the soil surface and covered with a piece of
wood cover that was propped one to several
centimeters over the can lip with twigs or nearby log
(Lee 1995b). Live trapping was carried out in a 10X
10 grid with 10 m spacing for two consecutive days
twice a month from June 1991 to June 1993. Traps
were opened on day one and checked on days two
and three. All trapped animals were individually
marked by toe-clipping, and their sex, weight, and re-
productive conditions were recorded.

Comparison of home range size was attempted be-
tween treatment and control sites. Although various
methods exist for estimating home range size from
data acquired by live trapping at discrete points on a
grid, each method has its drawbacks. The consistent
application of one method avoids some of the
problems because the relative home range size differ-
ence between trealments is only compared (Burt
1943). Minimum convex polygon method was used as
it can be used with animals having many capture
points as well as those with few capture points. The
minimum convex polygons were measured for animals
caught three or more times with at least three differ-
ent capture points. Animals captured fewer times did
not have enough different trap locations to construct
a polygon. ANOVA test was applied to see if there
were home range size differences of animals between
two treatment types. Male and female home range
size as well as breeding and non-breeding home range
size were tested with the ANOVA separately.

Resident animals live on the grid for an extended
period of time and may reproduce and raise young;
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transients travel through the grid but do not remain
there (Stickel 1954). Animals in poor habitat quality
are expected, as inferred from low resident adult
population numbers, to result in a high proportion of
transience. This should be particularly apparent for
juvenile subordinates. Animals in poor habitat could
be expected to continue searching for better habitat
and would gain little advantage from the long term
maintenance of a stable home range within the poor
habitat. Stability for both dominants and subor-
dinates would be expected in high quality habitat. In
this study transient animals were defined as those
that were captured in only one trapping period (two
days) on a grid. Recaptured animals are considered
residents (Van Horne 1981). The percentage of
transients in each grid was compared with a paired
t-test. The null hypothesis was that there was no dif-
ference of percentage of transients between two treat-
ment types. For the total number of animals (tran-
sients and resident animals) a paired t-test was ap-
plied. - The same test was applied for the resident
animals estimated by months to see if there was a
difference of average time of residency between two
treatment types. A paired t-test was used for the
number of animals which started as juveniles and be-
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came adults and for the number of new adult
recruits between two treatment types.

RESULTS

Live and pitfall trapping were used to describe the
communities of small mammals (Table 1). Peromyscus
maniculatus was the predominant small mammal
species in the community (45.6%, n=605). Sorex
trowbridgii was the second most abundant (24.9%,
n=330) followed by Neurotrichus gibbsii (6.0%,
n=82). Abundance of Sorex vagrans (5.8%, n=77)
was significantly higher in sites without CWD than
sites with CWD (P=0.046). It should be noted that
Sorex vagrans was not captured in two control sites
(B and C). Total abundance of Sorex vagrans from
live and pitfall traps were significantly higher in sites
with low amounts of CWD than in sites with high
amounts of CWD (P<0.05). Other species were
caught and shown in the decreasing order: Microtus
oregoni (n=70), Tamias townsendii (n=26), Clethriono-
mys gapperi (n=22), Tamias douglasii (n=7), Mustela
ernimea (n=3), and Glaucomys sabrinus (n=2), but
each species consisted of less than five percent.
Tamias townsendii was more abundant in treatment

Table 1. Total number of small mammals from live and pitfall trappings in each site and results of a paired t-test of

population total in each species between treatment and control sites

* 1 P<0.05 = P<0.01

Control  Treatment Control Treatment Control Treatment Total T-test P-value
A A B B C C

SOMO 15 3 23 11 15 26 93 0.56 0.62
SOTR 4 15 69 69 54 79 330 0.04 0.97
SOVA 17 35 0 8 0 17 77 —4.50 0.05*
NEGI 5 11 22 17 11 16 82 -0.31 0.78
SO? 1 1 1 0 2 4 9 - -
TATO 2 6 1 7 3 7 26 -7.00 0.02*
TADO 0 1 2 2 1 1 7 -1.00 0.42
GLSA 0 0 0 0 2 0 2 - -
MIOR 2 7 2 7 2 50 70 —1.34 0.31
GLGA 6 0 9 2 5 0 22 10.39 0.01*
FEMA 159 60 107 100 105 74 605 1.65 0.24
MUER 3 0 0 0 0 0 3 - -
Total 254 139 236 223 200 274 1,326

SOMO=Sorex monticolus, SOTR==Sorex trowbridgii, SOVA=Sorex vagrans, NEGI=Neurotrichus gibbsii,
SO?=unidentified Sorex, TATO=Tamias townsendii, TADO=Tamiasciurus douglasii, GLS A=Glaucomys sabrinus,
MIOR=Microtus oregoni, CLGA=Clethrionomys gapperi, PEM A= Peromyscus maniculatus, MUER=Mustela erminea
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than in control sites (P<0.05).

Abundance of Clethrionomys gapperi was signifi-
cantly lower in control sites than in treatment sites
(P=0.009). Two of the treatment sites (A and C) had
no captures of Clethrionomys gapperi (Table 1).

There was no significant difference in home range
size between sites with high and low amounts of
CWD. Home range size of adult males and females
was different between breeding and non-breeding
season (P<0.001) (Table 2). Home range size of
adult breeding animals was not different between
control and treatment sites (P=0.06).

There were no differences in the number of
animals which were caught as juveniles and those
that remained within the grids as adults (P=0.16)
(Table 3). The number of new adult recruits was
compared between treatments, but no significant dif-
(P=0.14). For all deermice
captured (transients and residents combined) average

ference was found

residency time (months) was not different between
treatments. Significant differences were detected in av-
erage residency time when just resident animals we-
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re considered (P=0.03).

DISCUSSION

High quality habitat for Clethrionomys gapperi is
characterized by extensive debris and high shrub di-
versity (Miller and Getz 1977, Bondrup-Nielsen 1987).
Lovejoy (1975) reported 80% of Clethrionomys ga-
pperi captures are closely associated with slash piles.
In a laboratory experiment, Clethrionomys gapperi
demonstrate a preference for high densities of vertical
and horizontal cover (Wywialowski 1987). The num-
ber of Clethrionomys gapperi population was higher
in control sites than in treatment sites. Unfortunately
the number of captures were not large enough to
make an analysis on the microhabitat scale, but the
species show a strong correlation with CWD on the
site level. The distribution of Clethrionomys gapperi
population is very limited in low elevation of the
Cascade range. West (1991) found that elevation
might be a significant factor influencing distribution
of Clethrionomys gapperi in Washington, although

Table 2. Home range size(m?) between breeding and nonbreeding season in each site. B=breeding, NB=non-breeding.
Number of animals in parentheses. * denotes home range size difference between breeding and non-breeding animals

(P<0.05)
Control A Treatment A
B* NB B NB
Male, Adult 718.7( 8) 200.0(1) 1,75 (2) -
Male, Subadult 342.0( 6) 133.3(3) 250.0 (1) 200.0(1)
Female, Adult 610.0(10) 133.3(3) 1,300 (2) 253.4(2)
Female, Subadult 190.0( 3) 150.0(6) 334.5(1) 350.0(2)
Control B Treatment B
B NB B NB
Male, Adult 745.0(11) 116.7(3) 1,100.0(5) 200.0(2)
Male, Subadult 285.5( 4) 50.0(1) 632.2(4) 150.0(1)
Female, Adult 1,408.3( 3) 550.0(1) 857.2(8) 150.0(2)
Female, Subadult 183.3( 3) 100.0(1) 100.0(1) 150.0(2)
Control C Treatment C
B NB B NB
Male, Adult 1,058.3( 6) 150.0(2) - 378.1(2)
Male, Subadult 420.0( 5) 110.0(5) 375.0(2) 186.4(1)
Female, Adult 631.8(11) 100.0(2) 925.0(2) 390.2(2)
Female, Subadult 50.0( 1) 200.0(2) 200.0 (1 225.0'(2)
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Table 3. Total number of deermice (Peromyscus maniculatus) and number of residents, residency time (months), stan-

dard deviation, and longest months

Total Residency Standard Longest
number of deermice time (months) deviation months
Control A 145 2.75 2.64 15.0
Treatment A 59 2.15 1.46 6.0
Control B 106 2.28 2.58 9.5
Treatment B 95 2.53 2.40 8.5
Control C 104 2.50 2.30 10.0
Treatment C 70 1.50 1.57 7.5
Number of *Residency Standard
residents (%) time (months) deviation
Control A 76(47.8) 3.84 2.90
Treatment A 25(41.7) 3.11 1.37
Control B 43(40.2) 3.72 2.79
Treatment B 45(45.0) 3.24 2.41
Control C 54(51.4) 3.55 2.27
Treatment C 18(24.3) 2.61 1.94

there were confounding effects of stand age, and
stand moisture. Limited distribution in low elevation
also was found in other studies in Washington (Stofel
1993).

Tamias townsendii is likely to benefit from clear-
cutting burning, or herbicide application. Hooven and
Black (1976) showed a population increase of Tamias
townsendii after clearcutting in the Oregon Coast
Range, presumably associated with the decrease of
ground cover. Gashwiler (1970) also found similar
results for Tamias townsendii after timber harvesting.
This study agreed with these findings. The lack of
ground cover in the treatment sites was associated
with a higher abundance of Tamias townsendii.

The Microtus oregoni population showed a marked
increase in abundance on treatment sites, but due to
the disparity of mean difference among blocks, the
paired t-test significant. However, the
Microtus oregoni population in treatment C totaled

was not
50 animals. The treatment C is characterized by open
habitat (greatest light penetration) and as a result it
had a high cover of grass and forbs. Microtus
oregoni apparently favors areas with dense grass and
a high forb component. Apparently, Microtus oregoni
is an unusual Microtus species because it lives in a
variety of habitats from virgin forests to clearcut
areas in forests, to grasslands (Taitt and Krebs 1985).

This species does not show the typical pattern of
cyclicity (numbers increased to 3~35 times) frequently
seen in the genus Microtus. Gashwiler (1972) reported
some fluctuations in clearcut habitats, but little fluc-
tuation in virgin timber forests. Petticrew and Sadleir
(1974) reported a possible cycle of Microtus oregoni
in Douglas-fir plantation. Taitt and Krebs (1985)
found Microtus oregoni invading a forest trapping
area in only one of three years of study. In this
study, Microtus oregoni showed a high increase from
1991 to 1992, but the existence of cyclicity is incon-
clusive.

Hooven and Black (1976) estimated that Sorex
trowbridgii densities were related primarily to ground
cover. Sorex trowbridgii was abundant in Oregon
old-growth forest only when there was sufficient
cover of decaying matter. They suggest that these
areas are a reliable source of food. Increase of Sorex
trowbridgii population after clearcuts was attributed
to increased cover by shrub vegetation and, in turn,
increased insect abundance in slash residues (Ga-
shwiler 1970). This study did not find a difference of
abundance between treatment and control sites, but
proportion of shrews in reproductive condition was
higher on control sites than on treatment sites (Lee
1995a). Higher proportion of adult population are of
the characteristics of quality habitat (Ostfeld and
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Klosteran 1986).

Sorex vagrans has an interesting pattern of abun-
dance associated with forest succession. It showed a
gradual increase in population in the early succe-
ssional stages after timber harvest in a study moni-
toring small mammal community changes (Martell
1983). A litter layer may not develop until several
years after cutting: the moss and shrub layer on
clearcuts not fully developed. But, after several years,
clearcuts develop thick herbs and shrubs for cover, as
well as dense populations of insects associated with
woody debris, and become an important resource for
shrews and the shrew-mole (Gunther et al. 1983,
Carey and Johnson 1995). Terry (1981) suggested that
the non-burrowing Sorex vagrans was at a disadvan-
tage in dry areas where the burrowing species Sorex
trowbridgii and Neurotrichus gibbsii are present. How-
ever, in this study the higher abundance of Sorex
vagrans on treatment sites did not correspond to
Terry’s findings (1981). Sorex vagrans might well
adapt to dry sites where ground cover is lacking. A
similar result was reported in ponderosa pine (Pinus
ponderosa) of eastern Washington where Sorex
vagrans was found to be the most common shrew in
dry ponderosa pine (Stinson 1987).

Mean residency time was significantly higher in
control sites among resident animals although the
mean month of residency for total number of animals
(transients and residents combined) failed to show
significant differences. It is true throughout study
that although population densities fluctuated (Lee
1997b), Peromyscus maniculatus resided longer in sites
with high amounts of CWD. The result can be
explained by the difference in habitat quality between
amounts of CWD level. Animals in patches of better
forage quality had longer residency than did poorer
quality patches. These characteristics suggest a simi-
larity between habitats in this study and habitat types
described by Anderson (1980): the control sites re-
semble survival habitat whereas the treatment sites re-
semble colonization habitats. In accordance with
results in this study I thus conclude that the sites
with greater amounts of CWD represent preferred
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habitats.

To retain large size of logs to forest ecosystem is
important. Size of snag and log mainly determine the
duration of use because larger size of CWD generally
lasts longer than smaller CWD. In this regard un-
even-aged forests are highly recommended. She-
lterwood cutting, for example, is a harvest system in
which most of the trees are removed in a short
period, but anywhere 25 to 75% of the largest and
most vigorous trees, are left behind as a seed source
and to provide some shelter to wildiife (Hunter
1990). Large logs are important in nutrient cycling
and provide needed cover for larger animals.

H Q2

Aol AEEA) 75 AFHFFE U3
Bt 9l %&*éoﬂ_‘a %nlobl 7] ZAFE R gt
E g B2 Ed 100742 A&
w7 2 37H«l Ada} Aol W

7hel l°ﬂ°ﬂ AR} ZAF 717kl F 11
%9 28 HFFEo| ¥FHIoH, o|F AEHE 605
vlao) 45.5%9] w¥AA H&S AXAY. 1F v}
$d BheAE e SReAE AEY WUyT) =
2ollA o go] EYEUc}. A Avs WY
Zto] w717t} A YEepston,
F OB HANG AGHE e Uy
A2 o o8 MEHon, ol #7o| ok
o)}, Ee = UnE £HFFEY

AN X
3% p
o T7HE Asten, 4 ol g A

Mo o

o g B

jer
[
0_‘

[‘UO

¥ 2 U % oo o

lerO

NN >
OHT>}L£—N‘“E“‘

AN ot jo B &

LITERATURE SITED

Anderson, P.K.
Microtine behavioral systems on the ecological
stage. The Biologist 62:70-88.

Bondrup-Nielsen. S. 1987. Demography of Clethriono-

1980. Evolutionary implications of

mys gapperi in different habitats. Can. J. Zool.
65:277-283.



August 1997

Burt, W.H. 1943. Territoriality and home range
concepts as applied to mammals. J. Mamm. 24:
346-352.

Carey, A.B. and M.L. Johnson. 1995. Small mam-
mals in managed, naturally young, and old-growth
forests. Ecol. Appl. 5: 336-352.

Franklin, J.LF. and C.T. Dyrness. 1973. Natural veg-
etation of Oregon and Washington. Oregon State
University, Corvallis. 452p.

Gashwiler, J.S. 1970. Plant and mammal changes in a
clearcut in west-central Ecology 5I:
1018-1026.

Gashwiler, J.S. 1972, Life history notes on the
Oregon voles, Microtus oregoni. J. Mamm. 53:
558-569.

Gunther, PM., B.S. Horm, and G.D. Babb. 1983.
Small mammal populations and food selection in
relation to timber harvest practices in the western
Cascade Mountains. Northwest Sci. 57: 32-44.

Hooven, E.F., and H.C. Black. 1976. Effects of some
cleércutting practices on small mammal pop-
ulations in western Oregon. Northwest Sci. 50:
189-208.

Hunter, M.L. 1990. Wildlife, forests, and forestry:
Principles of managing forests for biological diver-
sity. Prentice-Hall, Inc. 370p.

Lee, S.D. 1995a. Comparison of population char-

Oregon.

acteristics of three species of shrews and the
shrew-mole in habitats with different amounts of
coarse woody debris. Acta Theriol. 40: 415-424.

Lee, S.D. 1995b. Relationships between invertebrate
availability and the abundance of three species of
shrews and the shrew-mole in managed forests.
Korean J. Ecol. 18: 441-449.

Lee, S.D. 1997a. Association of coarse woody debris
and small mammals in managed forests of western
Washington. Wildlife Soc. Bull. (in review)

Lee, S.D. 1997b. Demography of deermice (Pero-
myscus maniculatus) in habitats with different
amounts of coarse woody debris. Acta Theriol. (in
review)

Lovejoy, D.A. 1975. The effect of logging on small
mammal populations in New England northern

Small Mammals and Coarse Woody Debris 257

hardwoods. Univ. Conn. Occas. Pap. Biol. Sci.
Ser. 2: 269-291.

Martell, A.M. 1983. Changes in small mammal com-
munities after logging in north-central Ontario.
Can. J. Zool. 61: 970-980.

Maser, C., R. Anderson, K. Cormack, J.T. Williams,
and R.E. Martin. 1979. Dead and down woody
material. /n J.W. Thomas (ed). Wildlife Habitats
in Managed Forests-the Blue Mountains of
Oregon and Washington. USDA Forest Service
Agricultural Handbook No.553. pp. 78-95

Miller, D.H., and L.L. Getz. 1977. Factors infl-
uencing local distribution and species diversity of
forest small mammals in New England. Can. J.
Zool. 55: 806-814.

Ostfeld, R.S., and L.L. Klosterman. 1986. Demo-
graphic substructure in a California vole popu-
lation inhabiting a patchy environment. J. Mamm.
67: 693-704.

Petticrew, B.G. and R.M.F.S. Sadleir. 1974. The ecol-
ogy of the deer mouse Peromyscus maniculatus in
coastal coniferous forest. 1. Population dynamics.
Can. J. Zool. 52: 107-118.

‘Pimm, S. 1991. The balance of nature? University of
Chicago Press. 447 p.

Stickel, L.F. 1954. A comparison of certain methods
of measuring ranges of small mammals. J. Mamm.
350 1-15.

Stinson, D.W. 1987. The ecology and coexistence of
shrews (Sorex spp.) in eastern Washington. M.S.

Thesis. Washington State University, Pullman,
WA. 53 p.
Stofel, J. 1993. Evaluating wildlife responses to

results of a demonstration
and experimental design options. M.S. Thesis.
Univ. of Washington. Seattle, WA. 78 p.

Taitt, M.J.,, C.J. Krebs. 1985. Population dynamics
and cycles. In R.H. Tamarin (ed.). Biology of
New World Microtus. Spec. Publ. No.8. The Am.
Soc. Mamm. pp.567-620

Terry, C.J. 198]1. Habitat differentiation among three
species of Sorex and Neurotrichus gibbsii in
Washington. Am. Mid. Nat. 106: 119-125.

alternative silviculture:



258 Lee, Sang Don

Van Horne, B.
maniculatus populations in seral stages of coastal

1981. Demography of Peromyscus

coniferous forest in southeast Alaska. Can. J.
Zool. 59: 1045-1061.

West, S.D. [99]1. Small mammal communities in the
Southern Washington Cascade Range. In L.
Ruggiero et al. (eds.). Wildlife and Vegetation of
Un managed Douglas-fir Forests. USDA Forest
Ser. PNR Stn. Portland, OR. PNW-GTR-285. pp.

Korean J. Ecol., Vol. 20, No. 4

269-284
Wilson, E.O. 1992. The diversity of life. Cambridge,
MA: The Belknap Press of Harvard Univ. Press.
Wywialowski, A.P. 1987. Habitat
choices and consequences for rodent

structure  and
predators:
habitat specialists and generalists. Oecologia 72:
39-45.

{Received June 13, 1997)



