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Abstract
Smali mammals were snap+rapped in a maturc conifer forest, unburoed clearcuts, and burned clear,
cJr in rhe Nesrern Cast  adc Mountains io cenrral  Washingron.  Thc large5r populdr ,ons $ere In un
burned clcarcuts, atrd rhe smallest overall popularioo *ai in tte f".e"i. S;; tu1ub;idg;t w; aie
mosr abundant ioee.Tivofe caughr. Cletbrionomys gapperi \Na.t the moat abundaot .odeni ca"ght i;
mo\r clcnrcurs. and irs prpularion was rhe largest of any species in the srudy area. Orher fucics
crught  rn. lude S. . r , . r  nnnr i ,o l t r .  Neuot, i th i  gtbbt i i .  Enrana tountendi i ,  Glazcony sab'r inu,
Pctun)t-.t t naai.xld!rs. Mi,rott' tnt ttndti, nd ZaDu trinuta.tu. Vegerarion and percenr cover
were analyzcd in rhe srudy area, aod small mammal sromarh cootcos o{ all nioe animai spe.cies were
examined. In thc forest and burned clearcut, small mammals ate more invcrtebrates than any other
food type. In unburned clearcuts, fungi and epiphytic lichens, esp€cially Alectoria sarmento:a, atd
con;fer seeds uere the major focxls catcn by rodents.

In l roducl ion

Io contiguous forests, cover is an important factor limiting small mammal ptesence and
relative abundance (Dice l9l1; Getz 1910; Miller and Getz 1.972, 19j3, 1()j7 t Dra-
gavon 1978). Logging and conrrclled burns drastically alter vegetation, ground cover,
and soil moisture. Small mammal species react differently to habimt altetations depend-
ing oo their specific shelter, eoergy, nuffienr, and moisture requirements (Bunnell
and Easrman 1976).

Most studies relating small mammal species distribution and abundance in forests
have shown a decline in forest dwelling small mammals and an increase in small mammals
tyPical of gmssland plant communities wherever forests are logged arrd burned ( Gash-
wiler 1959, i970; Ahlgren 1966; Miller ar.d, Getz 1,972, 1973, 1977; Sims and Buckner
1973; Hooven and Black 1976). These studies were conducred io areas with a low
percentage ol ground cover and ranged over a period of sweral years after clearcutting.
Other studies (Kirdand 1977, Martell and Radvanyi 1977) found that after spruce
forests wse clearcut, small mammals increased within the first year after logging and
then decreased in subsequent years. Ground cover esrimares were not qiven in these
studies.

The purpose of this study was ro examioe the relative abundaoce of small mammals
in a mature western hemlock (Tnga heterophflla) forest, recent clearcuts, ald burned

tPresent addrc'ss: USDA Forest Servicc, Forestry Sc;cnces Laborato.y, 2081 [. Sierra Ave., Fresno,
Cal i fornia 93110.
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clearcut. The clealcuts wefe characterized by a latge amount of slash, such that the

total amouot of ground cover in the cleafots was greater than iri the forest. In addition,

small mammal food habits, which were related to vegetation abuodancg were compared

among species and within a single sPecies in differeot habitats. Small mammal sampling

was conducted only during July and September 1980, approximately thle€ months afrcr

the forest was logged aod two mooths after the logged area was burned. Although we

realize the intersite variation and seasoml fluctuation knowq for small mammal abuo-

dance and food selectioo, we believe that this srudy is of merit because o{ the direct

corlelatioos we found among mammal abundance, food selection, and debris aod vegeta-

alve covet.

Descriplion

Our study alea is located on the west slope of the Cascade mountains in cenral Wash-

ington within the Mt. Baker-Snoqualmie National Forest. Annual preciPitation in the

general area averages 229 cm.; elevation in the sudy area moges from 853 m to 1058 m.

The area has a nofthwest exposure and a 66 Percent slope which decreases to 33 percent

in the western one-third section. !flestern redcedar (Thuja plicata), western hemlock,

Douglas-fir (Pseadotsuga menziesii), aod silver fir (Abies amabilis) are the ma,o!

tree species. These stands are about 110 yeals old, with a stocking of about 385 trees

per ha (Fig. 1). Part of the forest was logged dudng fall 1979 ar.d sPring 1980 in six

clearcut uni$. Our study area includes part of the remaining mature folest and thlee

clearcuts rhat are closest to the ma re forest. They are 12 ba, 25 ha, ar.d 8.) ha in size.

Strips of marure conifers (61 m-120 m wide) are left berween the clearcuts (Fig. 2). A

loggiog road crosses the eastem section of the clearcuts. A commercial mixture of grass

and clover was planted in 4 m to 9 m stdps on eithe! side of the logging road to

minimize erosioo. The soil is relarively moist, rocky, and acidic. Glound watel seepage

and permanent stleams ocorr thrcughout the srudy area- The three clearcuts are referred

to as Clearcut 1,2, a'i.d 3. Clearcut 2, which was burned in late July 1980, is referred

to as burned Clearcut 2.

Melhods

Vegetation was sampled by establishing five random subplots within the forest and
each clearcut. Each subplot eocomPassd an area of 9.i7 m. -fhe vascular vegetadon
within each subplot was recorded and rated as either abundaot, common, o! occasional.
Vegetation vras classified into three vertical caaegories: overstory tree/shtub stratum
glearer rhao 4 m, understory tree/shrub stratum less than 4 m, and herbaceus stratum.
Percent vegetative cove! and down material was recoldd. Scientific names of plants

follow Hale (1969) ad Hitchcock and Cronquist (i971).

Reference plant material was collected in the forest aod clearcuts, and permanent

plant slides for identification of food irems in dietary analysis were prePared (see

Baumgartner and Marten 19J9).

Five 90 x 100 m trapping grids, each composed of 110 stations (10 x 11 lines)

with 10 m spacing between sations, wele established in the forest and clearcuts. Gtids
were located a mioimum of 30 m from a road or samPle Plot edge. Two Museum
Special snap traps, baited with peanut butter and rolled wheat, were Placed within a

Small Mammal Populations, Food Selection, and Timbet Harvesting lt



. 5 r ' .
x -  r l

; :

Figure l Mature forest io the srudy area.
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Figure 2. Topographic outline oI study area.

ooe-meter radius of each statiol. Four similarly baited srap rat rraps wefe placd at
iaterminent statioos within each lir'e (44 traps/grid ). Forest uaps were additioaally
baited with apple slices ro sample the northern flyiog squirrel (Glaucomy: ubrinut)
population.

Traps were set on four consecurive nights, totaling 1056 trap night in each sample
plot. Clearcuts 1 and 2 were sampled during ll.-14 July, the forest sampled 15-18
September, and Clearcur J and burned Clearcut 2 sampled 22-25 September 1980. The
two grids in Clearcut 2 were placed in opposire corners of the plot (Fig. 2) aod were
sampled at different dates. Small mammal specimens were collected daily and subse-
quently prepared as study spcimens and deposited at rhe Washiogtoo Stare Museum,
University of $Tashington, Seattle. Scientific names follow Hall and Kelson (1959)
and Hennings and Hoffmao (1977).

Standard weighrs and measurements as well as sex aud reproductive sratus were ob-
tained from all specimens. Stomach contents were preserved in 12 percent formalin.
Stomach content fragments were identified using 100 power compouod microscopes.
Cellular characteristics of rhe stomach plant fragments were compared to plant reference
slides. Invertebrates were noted aod tallied but were not identified as to species. Identi-
fied plant and animal fragments from stomachs were divided into six categories:
1) fungi and licheq 2) conifer seed parts, J) shrub, herbaceous leaf and reproductive
parts,4) grass leaves and seed parts, 5) invertebrare pats, and 6) other matter.
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Frequency of occurrence of fragments in these categories was determined by ex-
amining 20 randomly seleced microscopic fields within each stomach,s contents and
identifying the fragment closest to the microscope pointer. This informarion was pooled
across aoimals to obrain relative frequency estimates for each habitat.

Results and Oiscussion
Vegetation
The major plant species aod rheir relative abundance within each vertical stratum in
the forest, clearcuts, aod burned Clearcut 2 are listed io Table l. Dominant shrubs in
the forest and clearcuts were salal (Ga tberia sballon) and huckleberry (Vaccinium
oualifoliam). Ahe most aboundant herbaceous plant in the fores t was tsllnflower (Iinnaea
boreali,t). The percent ovelsroly canopy cover and undetstory ground cover is listed
in Table 2. Total ground cove! in rhhe clearcuts raoged from g3 to !0 percent (Fig. l),

TAljLIiI l, Relarive abunrlancc ot major tra.r specres.
l )vers to ry  l ree  s t ra iuh

Burned
Cl€arcut Clearcui Cl€a.cut

2 2 3

o1
o
o
o

o

o

o
o
o
o

o
c

o
c
o

o
c

o
o
(_.

o
c
o
o

C
o

o

o

o
o
C

1

Ove.s to ry  i ree  s l ra lum

Pseudoisusa menziesii

Tsuga heieroDhtlttr

thders to r t .  l ree /shrub  s i rx r rm

Berbe i i s  ner rosa
Gaultheria shall.trr
Ho lod iscus  d isco lo r
llezi..sia itrrugina
()plopanax horridum
1'seudotsusa menz ies i i
Rosa sthnocarp.,

Tsngr  he teroDh] l la
\.accinium ovalitolium

Heriraceous struium

Chimaphila menziesii

( ' -o r r l lo .h iz r  mer iens iana
Cornus canadensis

(iymnocarpium dryi)dcris

S1Ieptolus roseus
Tiarella triioliata

Commercial mix oi grass and clover
(Agrosiis, Bromus, Fesiuca, I'hteum,
Trilolium)

o
o
C

o
o
o

o

o

C

a
o

C l

c

C

o
c
o
o

o

o

cr

(,-

o

( l

o
o
C

C
C

o

o

o

36 Gunrher, Horn, and Babb



' I 'ABLI I  2 .  I 'e rcent . r le rs io ry  ca-noDy co lo r  and undors i r , r !  e round cover  oD thc  samde D lo is ,  T=
'lrrc..

Burned

2

Overstort' canopy cover
I-:nderstofy herb {nal sht ub cover
Dead and down malerial
Total ground colcr

1 32

T

{i0
90

T

1 5
i 3

T
22
6 1
s 6

T
! 1

t 0
; 0

Figure I. Slash and vegetation remaining on clearcuts after logging.

aqd the forest averaged 50 percant. The amount of down material left on the clearcuts
rarged from 252-296 ons per ha.

Oo 20 July 1980, Clearcut 2 was burned to remove excess slash. The moderately
iotense slash burn fire on Clearcur 2 consumed 42 percen of the total slash volume.
The fire removed small slash aod most of the ground cover. I-arge logs and stumps
were ooly charred by the fire. The average fuel depth was reduced from 76 cm before
the buro to 45 cm. After the fire about 108 tons/ha of down material remained. Live
vegetatioo following the burn was composed primarily of deerteto (Blechnum ryicant),
bunchberry (Cotxus cana enst), and huckleberry (Fig.4).

Small Mammal Abundance
The rctal number of small mammals caught io the mature forest, clearcuts, and burned
Clearcut 2 are [sted in Table 3. The forest and burned clearcuts had fewer small mammais
thao unburned clearcuts. The most frequently caught small mammals in the foresr-
Trowbridge shrews (Sorer towbridgii), deer mice (Peronyscat naniculatus), and
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Figure 4. Remaining slash and vegetation lollowiog a prescribed burn on Clearcut 2.

TABLIT 3. Number or small mamals dLusht in ihe stualy area.

Burned
Forest Clearcul Clearcut Ctearcut Clea.rcur

t 2 2 r

sorex lrowbriilSii
\eurotrichus BlDb6ii
Eulnmir,s lollnsendii
GlaDtomyi sah.inus
Peromyscus marieulduH
Clethrionomtr AaDperi
Iierolus townsendil

Total

4  l 0
{ i 4

1
7 Z
I
7 2 2
{i :t :l

E 4 2 6
2r 15 30 ?6

3 3 1 8
6 2  1 1

1
? 4  1  1 7  7 1
2i t  i -  45 I14

3 3
8 8  3 5  9 ?  3 1 ?

red-backed voles (Clethrionomys gapped ) -were also the most abundant small mammals
in the clearcuts. Two species which are typical of grassland plant communities, Town-
send voles (Miootus townsexdii) and Pacific jumping mice (Zdpur tr,noratu), were
not found in the forest but were preseot in clearcuts.

In the forest no one small mammal species predominated. In most clearcuts the rcd-
backed vole was the mosr abundant species, and its total population was the largest
in the srudy area. Townsend voles were caught in Clearcut j and burned Clearcut 2 ooly
in September. The three jumping mice caught in Clearcut 2 during July were caught
in the same trap on different tmp nights. In burned Clearcut 2, there were at least
twice as many Trowbridge shrews caught than any other small mammal specie. Onty
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one deer mouse was caught in bumed Clearcr.rt 2, compared to 17 caught in Clearcut 3,
which was also sampled during September.

As the red-backed vole catch increased in two clearcuts, fewer deer mice wele

caught. Clearcut 3 had fesrer deer mice and more red-backed voles than aoy other
clearcut. On the basis of reproductive condition, total length, and body weight, we

found that 61 percent of the deer mice and 33 percent of the red-back voles caught in

July were immarures. In Clearcut 3, trapped in September, we found that 13 P€lcetrt
of the deer mice and 71 pelceot of the red-backed voles were immatures. The iqcreas€ in

voles and lack of increase in deer mice in September may be explained by the number
of immatures of each species entering the population.

Small lvlammal Stomach Contents
Fuogi aod lichens were the major foods eaten by most rodeots, paftiolady red-backed

voles, io clearcuts (Table 4). Epiphytic lichens, hair moss (Alectoria sarmentou), and
Usnea sps. were abundant on the trunks and branches of fallen conifers in the clearcuts.
Most small mammals ate more invetebmtes and fewer conifer seeds in the clearcuts
during September than during July. In late summef many iosects enter pupal and
larval stages within the soil and are more accessible to small mammals (Botrcr et 41,
1976). In late summel conifer seeds disseminate and become more abundant on the
ground (Fowells 1965). The resulc of our study indicate that small mammals prefer
invertebrates over conifer seeds. Most small mammals ate more invertebrates io burned
Clearcut 2 than in the forest and unburned clearcuts.

Salal was the only major vascular plant species, other than conifer seeds, eaten by
small mammals in more than small amounts. Salal was abundant in the forest and clear-
curs. Grass w,ls oor a major component of any small mammal species diet. Native
grasses were only occasionally seen io the forest.

The dier of dusky (or montane ) shrews (Sorex monticolus) was composed of in-
vertebrates, conifer seeds, fuogi, and lichens ( Table 4). Conifer seeds were an im-
portanr componenr in the dusky sfuew's diet. The Trowbridge shrew diet was 69-95 per-
ceot inverrebrares in the forest and clearcuts. These results are similar to those reported by
\Thitaker and Maser (1!76), who found 96 percent insects in Trowbridge shrew
stomachs. Shrew mole (Neuotichu gibbii) diet was 75-88 percent inveltebrates
during September but mostly conifer seeds (36 percent) aod lichens (32 percent)
and fewer invenebrates ( 18 percent) during Ju1y.

Fungi and lichens were the major fc,ods eaten by three Townsend's chipmunks
(E*tamiat touarcndii) in the forest and burned Clearcut 2 duriog September (Table

4). Of the eight chipmunk stomachs examined in July, no food preference was found.
The "other marter" in their sromachs was pollen. Tevis (1952) also remarked that in
conifer forests 99 percent of Townsend's chipmunk stomach content volume is fungi.

The stomach of the one oorthern flying squirrel caught was entirely of fungal spores.
McKeever (1960) found fungi to be the only food of six flying squirrels trapped in
summef.

Deer mice ate primarily invertebrates io the forest, conifer seeds in the clearcuts
during July, and did not show a preference for any one food in the clearcut during
September ( Table 4). The stomach of the one deer mouse trapped in the burned
Clearcut 2 conmined only invertebrates.

Small Mammal Populations, Focxl Selecion, anci Tirnber Harvesting t9
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Major foo<! of red-backed voles was lichens in all study plots sampled in July and

September ( Table 4). The six Townsend voles sampled ate lichens in the clearcut and

mostly berries aod leaves of bunchberry in burned Clearcr-rt 2. The three jumping mice

coosumed more fungi (60 percent) and conifer seeds (22 percent), aod fewer herbs

(10 percent) aod grasses (30 percent) than jumping mice collected by Whiraker and

Maser ( 1978) in Mason Co., Washington. They found jumping mice stomach volllme

as fungi (23 percent), seeds (5 percent), herbs (35 percent) and grasses (14 percent).

Cover, Abundance, and Food Correlations
DrtAy antl Trowbridge Shreus, Dusky and Trowbridge shrews comprisbd 8 l>erceot
aod 24 perceot, respectively, of the total catch. Of the rotal Trowbridge shrews caught

io September, 10 pelcent were in the forest,60 percent were in Clearcut l, and 30

percent were in burned Clearcut 2. In conttast, Hooven and Black (1976) found 48

percent of Trowbridge shrew catch io a matule forest, 32 percent in ao unburned

clearcut, and 20 percent in a burned clearcut. Gashwiler ( 1970) reported similar results'

Both Hooven and Black's and Gashwiler's srudies vrere of longet term (six and ten

years, respectively) than ours, and percent grouod cover io the clearcuts was lower

rhan in our study. With an 83-90 Percent total ground cover in the cleatcuts of our

study area, we believe shrew microhabitat was improved following logging because

shrews wete shielded from predators and insects on slash were vulnerable o predation.

Dusky shrews ate more cooifer seeds, fungi aod lichens, and less invertebrates than

did Trowbridge shrews. Both shtews were caught in similar numbers in the folest

(Table 3). In Clearcut 1, more dr-rsky shlews werc caught than Trowbridge shrews

Dr-rsky shrews, Trowbridge shrews, and deer mice ate fewer invertebrates in this clear-

cut than those trapped in Clearcut 2 on the same date. The southwest half of Clearcut

2, where our trapping grid was placed, was logged duriog fall 1979. Timber was not

removed until spring 1980. Clearcut 3 was logged with timber removed sPring 1980

Insects had a looger opportunity to invade the bark and down wood of southwest Clear-

cut 2. I$ect populations would be expected to be larger in southwest Clearcut 2 than

in Clearcut 1. Possibly the Trowbridge shrew populatioo was limited by lack of accessible

insects in Clearcut 1.

In the unburned and burned Clearcut 2, and in Clearcut I, more Trowbridge shrews

were caught than dusky shrervs. $7hen the largest Trowbridge sfuew population was

sampled at 30 individuals in Clearcut 3 duriog September, no dusky shrews were caught
As mentioned earlier, insects are more accessible to shrews in September than in July.
We believe that Clearcut 1, rvhich had the largest dusky shrew population, had fewer
accessible insects rhan any othet trapped clearcut as a result of logging and trapping
dates. Although our srudy was limited to a specific area artd we collected small mammals

within a limited time span, we suggest that dusky shtews may be more abundant than

Trowbridge shrews in areas of low insect populations because of their ability to alter

their diet to utilize other food types. In ateas of high insect populations, Trowbridge
shrews may outoumber dusky shrerys.

Shreu Mole. Shrew moles are burrowing insectivores iohabiting areas of moist soil with
dense underbrush and little grass (Dalquest 1948). In our study, as well as in Hooven
and Black's (1976) study, few shreu'moles wete caught. !?e believe that the immediate
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gtound cover and soil moisture wirhin the viciniry of a trap, rather than sample plot
tfeatmeot, was the besr indicator of shrew mole presence.

Tounrcnd,'t Cbtprnxnk, Townsend's chipmunks are the only western chipmunk which
live in mature forests. Their numbers incre"ase after forests are logged, and herbaceous
and shrubby vegetation becomes abundant (Tevis 1956). We suspecr that the lack of
Townsend's chipmunks in Clearcut 3 was a result of the large number trapped in the
southeast corner of Clearcut 2 (Table )). Otherwise, oul results suggest an increase in
chipmuoks following logging and burning.

Deer Moue. Deer mice comprised 22 percett of the catch in the study area. Its popula-
tioos were largest in unburned clearcuts and lowest in burned Cleatcur 2 (Table 3).
Ahlgten (1!66), Gashwiler (1970), Hooven (1971), Sims and Buckner (1973), ad
Hooven and Black (1976) reported dlamatic increases of deer mice following slash
burning. Ahlgren believed that burned clearcuts create habitat and food conditioos
favorable to increases in populations of seed eating rodents. Williams (1959) found
that seeds comprised 66 percent of stomach coqtent of deer mice caught in spruce
forests. Deer mice ate more seeds rhan any oaher mammal io our srudy arca (Tal>le 4) ,
but the one deer mouse tapped in burned Clearcut 2 ate insects exclusively. Tevis (1956)
also found that deer mice ate primarily caterpillars on a recently burned area. !7e
susPect thar immediately after a burn, deer mice eat what is available, usually insects.
lihen conifer seeds are planted, or when grassland plant species become esablished in
a cleatcut, deer mice alrer theit diet to consume the most prevalent food, which is then
seeds.

Red,-backed. /ola. Red-backed voles chiefly inhabit the cool, damp forests of western
trTashington. They burrow under forest litter and oest in hollow logs o! unde! tlee roots
(Taylot and Shaw 1927, Dalquest 1!48). Tevis (19)6) considered log cover to be the
limiting factor for these voles. Hooven and Black (1976) *ated that removal of timber

ld reduction of vegetative cover on clmrcuts reduce the red-backed vole population.
Gashwi le r (1959aad i970) ,Ah lg ren(1966) ,Mi l le ra ,Getz (1972,1971,and,1977) ,
and Sims and Buckner (1973) reportd a decline in red-backed vole populations fol-
lowing logging. The presence of red-backed voles in clearcuts within the first year
after logging spruce forests was noted by Kirkland (1977), Martell and Radvanyi
(1977), and West et al. (1980). By the third year after logging, Ma"rtell and Radvanyi
observed that red-backed voles decreased aod were rare. Y,tith a 65-75 percent overall
ground cover from slash and live vegetation in uqburned clearcuts, and an abundant food
supply of lichens on fallen trees, the red-backed vole population in our study area would
be expected to be larger than the popr. ation in the forest where there was 55 percent
ground cover and fewer accessible lichens. Perhaps when lichens are completely eaten
or die in clearcuts, red-backed voles rvill seek food and shelter elsewherc.

Tounrcnd Vole. Townsetd voles are marsh dwellers, often associared with dense grasses
and sedges, regardless oI elevation. These voles pmetrate forest lands wherever the
lands are cleared for agriculrural purposes (Goertz 1964). Townsend voles are grass
and forb feeders (Cook 1959). Grant (1975) srared that Microras have the ability
to eat a wide variety of plants which may not occrl! in grassland habitats. There were
few native grasses in our study area, which may explain why Townsend voles ate pri-
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marily lichens and bunchberry ( Table 4). We beliwe that Townsend voles are relatively
uncommon or rare in the few exposed areas of the forest and then iocrease in open areas
where grasses or lichens are available.

Summary

More small mammals were caught in unburned clearcuts than in the mature forest or
buroed clearcut. Slash and dowo material in the unburoed clearcuts provided cover and
abundant foods-epiphytic lichens, conifer seeds, and insects. Lichens were the principal
food eaten by red-backed voles, which were the most abundant small mammal species
in clearcuts. Invertebrates were rhe maio food of most small mammals in the forest.
No one small mammal species was predomioant in the forest.

S?e caught more dusky shrews than Trowbridge shrews in the clearcut, where we
believed the accessible insect population was lowest. NZe caught more Trowbridge
shrews than dusky shrews in the other clearcuts. Only one deer mouse was caught in the
burned clearcut, compared to 17 caught io the unburned clearcut trapped on the same
dates. This single deer mouse's stomach content was entirely iovertebrates. In rhe forest
and unburqed clearcuts deer mice did not coflsume any one particular food type. Town-
send's voles and jumping mice were found in lovr numbers io clearcuts. Both species
ate more fungi and lichen aod fewer grasses than past studies have indicated. Grasses
were uncommon in the study area.

Small mammals ate a higher percenrage of invertebrates io clearcuts trapped in
September than in July. As invertebrate consumption increased, fewer conifer seeds
were eaten. Insects ale more accessible to small mammals in September, and conifer seeds
are more abundant in late summer. $7e suggest that small mammals, especially Trowr
bridge shrews, shrew moles, and deer mice, prefer insects over conifer seeds if both
food types are abundant.
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