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Since 1941, the Forest Research
Laboratory-part of the School of For-
estry at Oregon State University in
Corvallis-has been studying forests and
why they are like they are. A staff of
more than 50 scientists conducts re-
search to provide information for wise
public and private decisions on man-
aging and using Oregon's forest re-
sources and operating its wood-using
industries. Because of this research,
Oregon's forests now yield more in the
way of wood products, water, forage,
wildlife, and recreation: Wood products
are harvested, processed, and used more
efficiently. Employment, productivity,
and profitability in industries - depend-
ent on forests also have been strength-
ened. And this research has helped
Oregon to maintain a quality environ-
ment for its people.

Much research is done right in the
Laboratory's facilities on the campus.
But field experiments in forest genetics,
young-growth management, forest
hydrology, harvesting methods, and
reforestation are conducted on 12,000
acres of School forests adjacent to the
campus and on the lands of public and
private cooperating agencies throughout
the Pacific Northwest.

With these publications, the Forest
Research Laboratory supplies the re-
sults of its research to forest land
owners and managers, to manufacturers
and users of forest products, to leaders
of government and industry, and to the
general public.

As a research paper, this publication is
one of a series that describes a com-
pleted study or lists publications on a
specific topic.
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summary

Stands of brush and tree species
of low commercial value domi-
nate many potentially productive
forest lands in western Oregon.
Site preparation to reduce com-
petition from such vegetation
will improve the success of
reforestation efforts, as well as
reduce the cost of controlling
small mammals that destroy
seeds and seedlings. Site prepara-
tion methods include scarification
to mechanically eradicate the
brush, chemicals to kill it on
site, and brown-and-burn which
follows chemical treatment with
burning. Of these, brown-and-
burn-properly applied as a
management tool-reduces the
volume of slashings and vegeta-
tive cover, lowers the density of
small mammal populations, and
makes small animal pests easier
to control. The authors detail a
brown-and-burn operation in
western Oregon that successfully
reduced small mammal popula-
tions so seedlings planted there
experienced less damage than on
untreated sites. However, because
vegetation recovers rapidly in
western Oregon, additional
herbicide applications should be
considered for several years after
site preparation by the brown-
and-burn method.

introduction

Most forest lands of western
Oregon can be very productive. A
Douglas-fir forest can produce
more than 1200 board feet (fbm)
per acre (2964fbm/ha) annually.
Mixed stands that include Sitka
spruce and western hemlock can
produce more than 1500 board
feet per acre (3705 fbm/ha) an-
nually over a rotation.

About 1.7 million acres (0.68
million ha) of the Oregon Coast
Range that formerly were domi-
nated by Douglas-fir, a fire-climax
species, are now understocked
and dominated by dense brush-
lands of unproductive weed trees
that have become major obstacles
to reforestation.

Brushlands (Fig. 1) often include
stands of alder, bigleaf maple,
vine maple, cascara, hazel, bitter
cherry, and dogwood, with a
dense understory of swordfern
and salmonberry (for the scienti-
fic names, see the Checklist of
Plants and Animals). All of these
compete for light and space.
Although coniferous seedlings can
live despite as much as three-
fourths shading by competing
vegetation, the lack of light
retards tree height growth and
sharply decreases the chance of
ultimate survival (Ruth 1956).
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Figure 1.
Heavy, rapid growth of competing
brush and hardwoods in untreated
forest interferes with reforestation
in the Oregon Coast Range.



site preparation

The brushlands, in turn, harbor
various species of mammals that
also retard reforestation by feed-
ing on seeds and seedlings. Those
species include seedeaters such as
deermice, chipmunks, creeping
voles, and shrews. Species that
clip or bark seedlings include
hares, mountain beavers, and
voles. Thus, both extensive stands
of brush and dense populations
of seed- and seedling-damaging
animals can, and often do, nullify
reforestation efforts.

Before artificial regeneration, a

site should be prepared for the
selected reforestation method.
Site preparation-which alters the
presence and density of unwanted
vegetation by scarification, chemi-
cals, fire, or a combination of
any or all of these methods-
benefits the survival and growth
of the desired species.

scarification
Mechanical eradication of brush
species has been practiced widely
in the Pacific Northwest. Large
tractors equipped with toothed
brush-blades are thorough, pro-
viding a high degree of brush
control with a single treatment
(Bentley 1967, Johnston 1967).
However, scarification methods
have drawbacks. They are expen-
sive, and the tractors are limited
to slope gradients of 35 percent
or less. The piles of mixed organ-
ic matter and soils provide havens
for seed- and seedling-eaters. Also
scarification disturbs considerable
topsoil which leads to erosion.
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chemicals
Chemicals are used widely to re-
lease conifer seedlings from com-
peting vegetation. Only recently
have chemical sprays been used
for site preparation on dense,
well- established brushlands or
stands of unwanted tree species.
This inexpensive method allows
quick and easy treatment of large
areas (Gratkowski, Hopkins, and
Lauterbach 1973), but it also has
severe disadvantages. Target
species usually are shrubs and
undesired trees that often recover
rapidly by basal sprouting. The
dead vegetation not only results
in a fire hazard that should be
removed, but also harbors seed-
eating rodents, hares, rabbits,
deer, and especially mountain
beavers.

brown and burn
Prescribed burning of chemically
desiccated brush, called brown-
and-burn, is a recent innovation
for site preparation. A chemical
spray such as dinoseb or DNBP
(2,4-dinitro-6-sec-butyl-phenol), a
phenoxy herbicide, or another

desiccant is sprayed on brush
species to increase flammability.
The area then is burned before
the treated vegetation has a

chance to recover. Brown-
and-burn extends safe burning
periods so that advantage can be
taken of proper climatic condi-
tions which increase flammability
and thereby decrease the amount
of particulates in the smoke
(Webb 1968; Carpenter, Bentley
and Graham 1970; Bentley, Con-
rad, and Schimke 1971; Hurley
and Taylor 1974). By exposing
mineral soil, it prepares the site
for aerial seeding, especially with
Douglas-fir seeds. Brown-and-burn
reduces slashings so seedlings are
physically easier to plant, thereby
reducing planting costs and
hazards to personnel. It enhances
seedling survival and development
by decreasing plant competition
for several years. Unlike scarifica-
tion, brown-and-burn disturbs
minimal soil so little erodes into
the main stream of the water-
shed. Furthermore, this site
preparation technique temporarily
reduces the density and composi-
tion of small mammal popula-
tions.
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a brown-and-burn operation

In 1974, a brushfield of more
than 300 acres (120 ha) west of
Corvallis, Oregon and owned by
Publishers Paper was sprayed with
2 pounds (0.9 kg) of 2,4-D and 2
pounds (0.9 kg) of 2,4,5-T per
acre (0.4 ha). In early 1975, all
trees 1 inch (2.5 cm) or more in
diameter were felled, and all mer-
chantable material was removed
(Fig. 2). Slashings and cull
amounted to 150 to 200 tons per
acre (1.36 - 181 t/ha).

Vegetation was sampled on 1-
milacre subplots on two equiva-
lent areas, a treated area (plot 2)
and an additional untreated site
(plot 1). Before burning in 1975,
a total of 70 plant species were
recorded, 59 on plot 2 (15 were
common) and 50 on plot 1 (12
were common) (Table 1).

On August 5, 6, and 7 before the
fire, small mammals were cen-
sured with Sherman live-traps. A

M
Figure 2.

Trees were felled in 1975, mer-
chantable material was removed,
and dinoseb was sprayed as a
desiccant before burning.
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total of 193 small mammals was
caught, 42 percent (0.34/trap-
night) on plot 2 and 58 percent
(0.46/trap-night) on plot 1.
Apparently, the felling of all
standing hardwood brush had
sharply affected the small mam-
mals. Yaquina shrews, chipmunks,
deermice, and creeping voles
made up 97 percent of the catch,
while Trowbridge shrews, deer-
mice, and creeping voles made up
85 -percent on the disturbed area.

C

Dinoseb had been applied aerially
in July to Plot 2, and the desic-
cated brush was burned in mid-
August. The fire, of medium
intensity, successfully removed 80
percent of the slashing and brush
but left considerable charred alder
(Fig. 3). About 98 percent of all
vegetation was destroyed.

Immediately after the fire, 102
animals were caught, 88 percent
(0.37/trap-night) on plot 1 and
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Figure 3.

In August 1975, the treated plots
were dry enough for a medium-
intensity burn.



Table 1.
SPECIES AND TYPES OF THE MOST COMMON PLANTS ON A
BROWN-AND-BURN SITE .a

Plot 1 Plot 2

before after

untreated burning burning
PLANTS 1975 1975

TREES

Acer circinatum Pursh
Alnus rubra Bong.
Corylus cornuta Marsh.
Rhamnus purshiana DC.

SHRUBS

Gaultheria shallon Pursh
Rosa gymnocarpa Nutt.
Rubus parviflorus Nutt.
Rubus spectabilis Pursh
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S
S
D
D

-
D

5-

0

D
S
S
D

FORBS 28 34

Digitalis purpurea L. S D
Maianthemum dilatatum (Wood) Nels. & Macbr. S -
Montia sibirica (L.) How. S S
Phacelia heterophylla Pursh = F

Polystichum munitum (Kaulf.) Presl S D
Pteridium aquilinum (L.) Kuhn. S S
Senecio jacobaea L. S
Senecio sylvaticus L. -

Viola glabella Nutt. S

GRASSES 8 10

Bromus sp. = S
Elymus glaucus Buckl. = S
Holcus lanatus L. S
Moss S S

'S = plant subdominant.
D = plant dominant.

1976

5

S

10

S

44

7

s

S
S

8

S
S
D

S
S
D

S

S



12 percent (0.06/trap-night) on
plot 2. All species appeared af-
fected by the complete destruc-
tion of the vegetation (Table 2).

Caved-in burrows and the absence
of fresh activity 30 days after the
fire indicated at least a 50-
percent reduction in the moun-
tain beaver population (Fig. 4).
The absence of concealing vegeta-
tion made fresh burrowing acti-
vity easy to discern, even at a
distance and late into the winter.
Furthermore, the openings and
runways of active burrows were
more accessible for the placement
of baits and traps. Likewise, the
lack of water normally available
in the green vegetation forced
many of the mountain beavers to
travel to surface water, which

Table 2.
SMALL MAMMALS CAUGHT IN LIVE
(240 TRAP-NIGHTS)., 1975-1976.

increased their exposure to preda-
tion by hawks, owls, coyotes, and
bobcats.

By October 1975, field observa-
tions indicated that the mountain
beaver population was reduced to
about 1.2 animals per acre
(3/ha)-three-fourths of its origi-
nal numbers.

About half of the burned area
was baited for mountain beavers
in December 1975, except for a
30-acre (12-ha) scarified area that
was overlooked. That area had
been scarified because burning re-
suits were poor. During
February-March 1976, the entire
area was trapped with conibear
traps. On the baited 145-acre
(58-ha) area, 26 mountain beavers

TRAPS DURING 3-DAY PERIODS

August 1975
before burning'

August 1975
after burningb

May 1976

SPECIES
Plot 1

Untreated Treated
Plot 1

Untreated Treated
Plot 1

Untreated Treated

Sorex trowbridgii
Sorex vagrans
Sorex yaquinae
Eutamias townsendii
Peromyscus maniculatus
Microtus Oregon!
Zapus trinotatus

Total small mammals

2
2

16
19

52
17

3

111

12

1

5

29

29
6

82

5
1

8
14

41

17

2

88

2

5
3
2

12

45
7

37
13
87
25
56

279°

6

2

25
11

138c

3 day removal of all captured small mammals.b3-day tag and release 7 days after fire.
`Total of small mammals also includes infrequent captures of Dide/phis marsupialis,
Sorex bendirii, Aplodontie rufa, Tamiasciurus douglasii, Glaucomys sibrinus, Neotome
cinerea, Arborimus albipes, Spilogale gracilis, and Mustela erminea, which
made up 3 percent (20 animals) of the entire catch.
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were caught, compared to 48
mountain beavers on the 30-acre
(12-ha) poorly burned, scarified
area that had not been baited.
In May 1976, 66 plant species
(10 were common) were recorded

100

A 50

0
Aug
1975

Figure 4.

Brown and burn reduced moun-
tain beaver populations, removed

on the burned area. The vegeta-
tion, as a whole, was under 18
in. (45 cm) tall, and 50 percent
of the ground remained bare.
Trapping yielded 138 small
mammals from the burned plot

I F_
Aug Aug
1976 1977

year

slash, and reduced competing
vegetation for several years.

10



and 279 from the untreated con-
trol. Many plants were still in the
rosette stage, which provided un-
satisfactory cover for shrews and
chipmunks, but sufficient cover
for the other three common
species, especially the omnivorous

A

Yl

E

}
N

deermice. Mountain beaver densi-
ty, still low, increased as vegeta-
tive cover increased (Fig. 4). The
amount of damage to seedlings
on trapped areas remained negligi-
ble while that on the untrapped
area increased sharply (Fig. 5).

unbaited ant untropped

baited and trappe

Jan Apr July Oct Jan Apr July Oct
1976 1977

rigure 5.
year

Without baiting and trapping to and trapped areas were repopu-
control mountain beaver, stem lated, and tree damage increased
clipping was severe. Even baited in the second year after planting.

100

50
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discussion

Brown-and-burn has several advan-
tages as a site preparation tech-
nique for forest managers wanting
to reforest western Oregon brush-
lands. Chemically treating and
burning undesirable vegetation re-
moves what could be a severe
future fire hazard, simplifies
either aerial seeding or planting,
and removes plant competition so
the seedlings receive more light
and soil moisture.

The removal of cover causes a
sharp, immediate decline in popu-
lations of small mammals that
feed upon seeds and seedlings.
The residual seed-eaters can be
more easily controlled with anti-
coagulant rodenticides, which are
consumed more readily in the
absence of natural foods (Hooven
1975). Mountain beavers, which

can populate untreated brushlands
at densities of four per acre
(9/ha) are reduced to less than
one -fourth of the original num-
bers by a complete burn.

Observations several years after
fire show that brown-and-burn is
an excellent tool for site prepara-
tion. However, because vegetation
recovers rapidly in western
Oregon, additional herbicide appli-
cations should be considered,
especially if the original brush did
not completely burn. The repopu-
lation of mountain beavers after
burning requires conscientious and
continuous application of control
measures for several years after
site preparation. Damage to newly
planted seedlings, although not
always fatal, becomes more im-
portant with time.

12
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checklist of plants and animals

common name scientific name
Plants

Alder
Bigleaf maple

cherry
Brake-fern
Cascara
Dogwood
Douglas-fir
False lily-of-the-valley

Foxglove
Grasses, coarse annual or perennial
Hazel
Little wild rose
Rye grass
Salal
Salmonberry
Sitka spruce
Smooth woodland violet
Spring beauty
Swordfern
Tansy ragwort
Thimbleberry
Varied-leaved phacelia
Velvet grass
Vine maple
Western hemlock
Wood groundsel

Alnus rubra Bong.
Acer macrophyllum Pursh
Prunus emarginata Dougl.

Pteridium aquilinum (L.) Kuhn.
Rhamnus purshiana DC.

Corpus nuttallii Audubon
Pseudotsuga menziesii (Mirb.) Franco

Maianthemum bifolium DC.
Digitalis purpurea L.

Bromus sp.
Corylus cornuta Marsh

Rosa gymnocarpa Nutt.
Elymus glaucus Buckl.

Gaultheria shallon Pu rsh
Rubus spectabilis Pu rsh

Picea sitchensis (Bong.) Carr.
Viola glabella Nutt.

Montia sibirica (L.) How.
Polystichum munitum (Kaulf.) Presl.

Senecio jacobaea L.
Rubus parviflorus Nutt.

Phacelia heterophylla Pursh
Holcus lanatus L.

Acer circinatum Pursh
Tsuga heterophylla (Raf.) Sarg.

Senecio sylvaticus L.

Animals

Bushy-tailed wood rat
Chipmunk
Creeping vole
Deer
Deermouse
Ermine
Flying squirrel
Hare
Jumping mouse
Marsh shrew
Mountain beavers
Opossum
Rabbits
Tree squirrel
Trowbridge shrew
Vagrant shrew
Vole
Western spotted skunk
White-footed vole
Yaquina shrew

Neotoma cinerea
Eutamias townsendii

Microtus oregoni
Odocoileus hemionus

Peromyscus maniculatus
Mustela ermines

Glaucomys sibrinus
Lepus americanus
Zapus trinotatus

Sorex bendirii
Aplodontia rufa

Didelphis marsupialis
Sylvilagus bachmani

Tamiasciurus douglas/i
Sorex trowbridgii

Sorex vagrans
Microtus sp.

Spilogale gracilis
Arborimus albipes

Sorex vaauinae
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mercial value. Successful forest regeneration is enhanced by site
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of controlling small mammals that destroy seeds and seedlings.
Properly applied as a management tool, "brown-and-burn" re-
duces the volume of slashings and vegetative cover, lowers the
density of small mammal populations, and makes small pest
animals easier to control.
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British/metric conversions

1 acre = 0.4047 hectare (ha)

1 inch (in.) = 2.54 centimeters (cm)

1 ton = 0.907184 metric ton (t)

As an affirmative action institution that
complies with Section 504 of the Re-
habilitation Act of 1973; Oregon State
University supports equal educational
and employment opportunity without
regard to age, sex, race, creed, national
origin, handicap, marital status, or reli-
gion.
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