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ABSTRACT

Emmingham, WH, SS Chan, D Mikowski, PW Owston, and B Bishaw,
2000. Silviculture Practices for Riparian Forests in the Oregon Coast Range.
Research Contribution 24, Forest Research Laboratory, Oregon State

University, Corvallis.

This publication is aimed at watershed councils, government agen-
cies, and specialists (foresters, wildlife and fisheries biologists) inter-
ested in riparian area silviculture or watershed restoration. It contains
information on the ecology of riparian forests and a checklist of rec-
ommended practices and common mistakes made in restoring coni-
fers to hardwood-dominated riparian forests. Our recommendations
are based on 1) an evaluation of 34 riparian restoration projects span-
ning the Coast Range of Oregon, 2) three case studies of riparian
restoration projects, and 3) ongoing research projects aimed at learn-
ing how to establish or release conifers in riparian forests. We found
that project managers were choosing appropriate conifer species and
stock types for planting, but the survival and growth of conifers in
the understory were poor. Managers were underestimating the com-
petitive power of shrub and hardwood communities. In some cases,
conflicting objectives and lack of priority setting led to the failure of
expensive projects. We hope this publication will assist managers in

efforts to restore healthy riparian forests and dwindling fish stocks.
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Figure 1. Coastal riparian forest along a
fish-bearing stream with a mixture of
conifer and hardwood species.

Figure 2. A coastal stream rich in large
woody debris provides complex aquatic
habitat.

NTRODUCTION

Tremendous human energy and financial resources will be expended to protect salmon
and steelhead in Oregon through the Governor’s Salmon and Watershed Restoration Ini-
tiative (Nicholas 1997, IMST 1999) and the Northwest Forest Plan (USDA and USDI 1994).
Some of that effort will involve restoration of riparian forests in the Oregon Coast Range.
Government agencies will provide regulatory and technical support for these efforts, but
most of the work will be accomplished locally. Knowledge gained from recent manage-
ment experience in riparian forests can help make these efforts more effective both eco-

logically and economically.

Restoration of conifers to hardwood-dominated ripar-
ian forests in the Oregon Coast Range is crucial to the
creation of stream habitat favorable to anadromous
(seagoing) salmonids (Appendix 1). Riparian forests
should contain a mixture of conifer and hardwood spe-
cies to provide the diverse kinds of vegetative cover, leaf
litter, and large wood input to streams that sustain com-
plex aquatic and terrestrial food chains (Hibbs et al.
1991, Hayes et al.
Y ‘ 1996, Hibbs and

N Giordano 1996,
\ ¢ Beschta 1997,
. Gregory 1997,
Kauffman et al.
1997, Figure 1).
Conifers provide
the large logs nec-
essary for complex
stream habitat.
These large logs
are the key ele-
ments in debris
jams, which foster
the development of pools, the accumulation of gravel, hiding cover, and off-channel habitat
for fish during high flows (Gregory 1993, Maser and Sedell 1994, Figure 2).

Currently, hundreds of miles of Coast Range riparian areas are deficient in conifers because

of early farming practices, homesteads, and timber harvesting (Figure 3). After such distur-
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We surveyed 34 of these projects to learn
more about which management activities
worked and which did not. We also stud-
ied three restoration projects in detail as
case studies, and examined several ongo-
ing research projects. We believe the fol-
lowing observations, discussions, and rec-
ommendations will be useful to practitio-
ners, promote more coordination and co-
operation among managers, and help fo-
cus future research. Our recommenda-
tions section is designed to highlight im-

portant tips for achieving success in ripar-

ian restoration projects.
3 b
. / 3 * 4 ;"
Figure 3. Active farmstead along a stream in the Siuslaw watershed. Past and current practices (including
homesteading, clearing, and logging) removed conifers from riparian areas.

bance, aggressive hardwoods and shrubs, such as red alder and black-
berry, overtopped and killed most conifer seedlings during the early
stages of succession (Ahrens et al. 1992, Minore and Weatherly 1994,
Hayes et al. 1996, Hibbs and Giordano 1996, Figure 4). The restora-
tion of conifers to riparian forests in hardwood-dominated stream
reaches will require both the establishment and the continued vigor-

ous growth of conifers (Newton et al. 1996). This can only be accom-

:
i

plished through the application of sound silviculture to what prom-
ises to be a lengthy and costly restoration effort. Lack of understand-
ing or uninformed planning can lead to the creation of poorly de-
signed projects that are expensive in terms of dollars and human en-
ergy, but provide few or no long-term benefits (Beschta et al. 1995,
Kauffman et al. 1997).

Over the last decade, fisheries biologists and foresters have begun ri-
parian restoration projects and informal trials on federal forests in the
Oregon Coast Range. Most of these were small-scale projects initiated
by USDA Forest Service or USDI Bureau of Land Management (BLM)
to test various restoration approaches. Many projects focused on re-
storing conifers to riparian areas. Typically, they involved planting co-
nifers in hardwood-dominated forests along streams containing anadro-

mous fish. Many projects also included the reduction of competing

shrubs, and some included thinning around conifer seedlings or the Figure 4. A riparian area (foreground) dominated by red alder and shrubs

creation of gaps in the overstory. and deficient in conifer regeneration.

8




ETHODS

SURVEY oF PROJECTS

We contacted Forest Service ranger districts and BLM resource areas in the Oregon Coast

Range and requested information on restoration projects. We also contacted the Oregon

Department of Fish and Wildlife and the Coquille Watershed Association, who were involved

in federally funded restoration work on private lands. Nine of the 10 organizational units

Portland o

Washington
o
Astoria
Nehalem River
Nestucca River Q
Siletz River
O
Salem
O Newport Aébany
Corvallis
Alsea River
. . o
Siuslaw River ° Eugene
S
Umpqua River
Coos River
o
Coos Bay o
Roseburg
Coquille River
é?old Beach Gram:soPass
o
Medford
Winchuck River
California

we contacted responded by showing us their project sites and completing a survey
questionnaire (Appendix 2). A total of 34 riparian restoration projects were docu-

mented between mid November 1995 and mid February 1996.

The 34 individual projects were located between the Nestucca River drainage near
Tillamook, and the Winchuck River drainage near Brookings (Figure 5). All of
the participating organizational units and 29 of the project areas were visited. We
asked managers or staff specialists to select projects that had a range of objectives,
treatment types, and intensities for inclusion in our study, but not necessarily the
largest, most successful, or highest-profile projects. Managers were assured that
the information would not be used to criticize the specific management unit or
the individual project. Because most projects were initiated too recently to have
meaningful long-term results, we focused on the nature of the treatments applied
and the reasoning behind them. We selected a variety of projects along perennial
fish-bearing streams that managers felt were at least moderately successful and likely

to meet their objectives.

The lengthy questionnaire was completed during an interview or independently
by one or more project specialists. The questionnaire was designed to obtain stan-
dardized information about project objectives, document important physical and
biological site conditions, record past and present land use, and examine the silvi-

cultural approaches. It included questions in eight subject areas:

organizational information
project objectives

land use and disturbance

Figure 5. Locations of the major Oregon Coast Range river drainages, as well as the location of 34
surveyed projects (¢ ) and 3 case study sites (U).




site description

stream characteristics

animal populations and habitat
silvicultural prescriptions

results, monitoring, and documenta-

tion.

Follow-up telephone calls were made to fill

in missing information.

The data were not interpreted statistically
because information was collected on sub-
jectively chosen projects. We believe that
we obtained a good cross section of
projects, but these projects do not repre-
sent all federally funded riparian silvicul-

ture projects in the Oregon Coast Range.

CASE STUDIES

Three restoration projects were examined
5 years after their establishment in 1991
to determine site conditions, conifer re-
generation, and the long-term potential
for success. They represented a North-
South gradient through the Coast Range
(the Nestucca, Siuslaw, and Umpqua River
basins; Figure 5). These were among the
oldest riparian silvicultural projects re-
viewed. Our objectives were to (1) assess
these projects more completely than the
surveyed projects and (2) use them as a
basis for discussing the effectiveness of ri-

parian management practices.

In the fall of 1996, we visited the three se-
lected sites and marked out three 0.02-ha
(0.05-ac) plots on each of them. We then
measured the height and diameter of co-
nifer seedlings and the height of associated
shrubs on each plot. We examined three
plots at each case study site so that we

could measure seedling responses to dif-

ferent overstory and understory condi-
tions. The overstory canopy conditions we
measured included percent cover, live
crown ratios, and species composition.
Fisheye photography (Chan et al. 1986,
Rich 1990) was used to estimate the per-
centage of full light reaching seedlings,
and ocular estimates of canopy cover
(Howard and Newton 1984) were made at
plot centers. Basal area was sampled by
using a 20-factor prism. The two dominant
understory shrubs and herbs on each plot
were measured for cover and potential

maximum height.

Data from these plots were used in two
ways. First, they were summarized to pro-
vide a description of plot conditions. Sec-
ond, individual seedling responses, such as
height growth or height-to-diameter (H/
D) ratios were plotted against site variables
describing growing conditions for trees
measured on each plot (e.g., shrub cover

or available light).
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ESULTS

SURVEY ofF PROJECTS

DEMOGRAPHIC INFORMATION

Foresters (56%) and fisheries biologists (35%) were often the project leaders, but projects

were generally strongly interdisciplinary.

ProjecT OBJECTIVES

The primary objectives for sampled projects were to restore riparian forests by improving
forest structure in the short term and provide for coarse woody debris in the long run (65%)
or restore the diversity of natural plant communities (21%) (Table 1). A primary goal in
accomplishing these objectives was to establish or release conifers in hardwood-dominated
riparian forests. The improvement of water quality and temperature was not usually a high
priority, presumably because both were considered adequate. Commercial wood production

was never a priority.

Project areas were selected for treatment mainly for biological/ecological (44%) or social/

political (29%) reasons.

Table |. Objectives of riparian silviculture ranked according to managers’ priorities.

Percent of Managers (n = 34)

Objectives I'st priority 2nd priority
Woody debris / structures / stream restoration 65 53
Diversity of riparian zone vegetation and structure 21 35
Water temperature and quality 14 6

Wildlife habitat and enhancement

Future source of commercial wood products 0 0

LanD Use AND DISTURBANCE

Most of the project sites had been influenced by both human (91%) and natural (85%)
disturbance. Human disturbances included homesteading, logging, and road building. Natu-
ral disturbances included wildfire, floods, debris torrents, and wind. Managers cited fire

suppression, settlement, changes in stream channel morphology, social reasons, and poli-

I



cies of the agency as current or potential
constraints on these dynamic “natural” dis-

turbance processes.

SITE DESCRIPTION

Most sites were forested (88%) and situ-
ated on benches or terraces with well-
drained soils. Forest stands were either a
hardwood-conifer mixture dominated by
hardwoods (56%) or pure hardwood
(26%); 12% were not forested. Surpris-
ingly, about half the stands were classed as
uneven-aged because they did have some
larger and/or smaller conifers mixed with
the dominant hardwoods. About two-thirds

were less than 40 years old.

STREAM CHARACTERISTICS

Most projects (88%) were smaller than 8.1
ha (20 ac) and extended along less than
2.42 km (1.5 mi) of fish-bearing stream
(Table 2). Restoration activities were con-
centrated within 30 m (100 ft) of the
stream. The streams were partially or to-
tally shaded (88%). Small streams (4th

order or less) were selected most often

Table 2. Fish-bearing stream lengths that were

treated (both sides) within the project areas.

Length of treated stream

Kilometers Miles % of projects
0.16-0.80 0.1-0.5 42
0.96-2.40 0.6-1.5 32
2.56-4.00 1.6-2.5 13
4.16-5.60 26-3.5 10
>5.60 >35 3

Table 3. Distribution of stream orders in

project sites.

Stream order % of projects Ist Order

Ist 0

2nd 18

3rd 26

4th 23

5th 21

6th 9

7th 3  4th Order

Stream orders after Straehler 1957.

(77%) for treatment (Figure 6,
Table 3). The amount of woody
debris ranged from low to none \

in 74% of the stream reaches.

5th Order

None of the stream reaches had
Figure 6. Stream order is judged by the number of tributary streams

that join above a stream reach.A fourth-order stream is formed
when two third-order streams join (Straehler 1957).

abundant woody debris and
only 26% of the stream reaches
had woody debris >30 cm (12

in.) in diameter (Figure 7).

Abundance Size

Low (60%) Large

(26%)

None
(14%)

\

High
(0%)

Slash
(6%)

Figure 7.Abundance and size of coarse woody debris in streams on project sites. Professional experience
was used to determine abundance. Most streams had low amounts of medium-size woody debris. Size of
debris was measured according to the following guidelines: slash <7.5 cm (<3 in.), medium = 7.5-30 cm
(312 in.), large >30 cm (>12 in.).
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SILVICULTURAL PRESCRIPTIONS

The most common silvicultural treatments
were release of existing conifers or plant-
ing conifer seedlings in the understory.
Release of advance conifer regeneration
from overstory hardwood cover was pre-
scribed on 44% of the projects (Figure 8).
The other 56% of projects had little ad-
vance regeneration in the understory. Only
21% of the overstory release sites had ad-
vance tree regeneration greater than 10
cm (4 in.) in diameter at breast height
(dbh). Most of the advance regeneration
released had live crown ratios between
33% and 50% of total tree height.

Underplanting of conifers was prescribed
for 97% of the projects. Managers often

planted more than one tree species and

Figure 8. Advance natural regeneration released from the
hardwood-dominated overstory.

chose large planting 1+1
stock (1+1, 2+1, and
Plug+2; Figure 9).
Douglas-fir, western
redcedar, or western
hemlock seedlings 94
were
planted (59%), how-

ever Sitka spruce and

commonly

grand fir were added
to the mixture on a
few sites. Coast red-
wood was planted on
the southernmost
site. Most trees (90%)
were planted at a
spacing of 4.5 m by
4.5 m (15 ft by 15 ft)
or less, and half the sites were planted at
spacing of 3 m by 3 m (10 ft
by 10 ft) or less.

Most managers (85%) antici-
pated that animal damage to
seedlings would be serious
(Figure 10). They were right;
browse damage on under-
planted trees was reported for
71% of sites. Mechanical pro-
tection (Figure 11) in the form
of plastic cages was used on
88% of sites, and added pro-
tection (garlic, netting, or
fencing) was applied on 38%
percent of sites. Only one
project did not have some

form of animal protection.

In all cases, managers treated
existing understory shrubs or
herbs to reduce competition
with conifers. Manual cutting

of understory shrubs was al-

Plug+2

Y 3%
No seedlings

planted

Combination

Figure 9. Percentage of projects planted with various seedling stock types.
Stock types: | + | = seedlings grown in a nursery bed (NB) for | year,
then in a transplant bed (TB) for | year; 2 + | = seedlings grown in NB
for 2 years, TB for | year; plug + 2 = seedlings started in plugs, then
grown in TB for 2 years.

most universal (94%). On 80% of the
projects, shrubs were treated annually; the
remainder were treated in alternating
years. Cutting shrubs in the entire plant-

ing block (Figures 12A, 13) was a less com-

Figure 10. Stream beavers often fell riparian trees
and damage planted seedlings. Note that the beavers
removed the seedling protected by the plastic mesh
tube (lower left) and felled the alder tree.

I3



Caged
+ fence

Caged
+ net

6%
Garlic

Caged
+ garlic

% 3%
° No protection

3
No
planting

Figure | 1. Percentage of projects that included various forms of

protection from animals.

Caged

Figure 12. To reduce competition, understory shrubs were (A) cut over the entire
planting block (block cut) or (B) cut within a small circle around conifer trees (circle
cut).Trees were spaced 2-8 m (8-25 ft) apart in the block cut. In the circle cut, the
radius of the circle was I-1.5 m (3-5 ft).

mon (32%) practice than was cutting them

in a small circle around the seedling (62%;

Figures 12B. 13). Use of mulch blankets
or scalping around seedlings was rare.
Shrubs were most often cut within a radius
of 0.9 m (3 ft; 29%) or 1.8 m (6 ft; 27%)
around the conifer seedling. Most (79%)
understory treatments were applied during
the spring and summer when manual cut-
ting is most effective in reducing the re-
growth of the understory (McDonald et al.
1994, Zasada et al. 1994, Table 2).

The overstory was thinned to release the
understory conifers on 53% of the sites.
Patch cuts were used to create gaps of up
to 0.08 ha (0.2 ac) in 12% of the projects.
Most of the overstory treatments were ap-
plied during the winter, summer, or both

winter and summer (Table 4). Although

overstories in 65% of the projects were
treated one or more times, in 35% of the
projects conifers were underplanted with-

out overstory treatment.

Block
cut

Figure 13. Understory treatments
applied around seedlings in
projects. Block cut: understory
shrubs are cut on an entire block
of planted seedlings (Fig. 12A).
Circle cut: understory shrubs are

cut in a circle around each seedling .
(Fig. 12B). Mulch: individual S€alping

seedlings are mulched with heavy Mulch

cloth. Scalping: Vegetation is
removed down to the mineral soil
level around each seedling.

3%

Circle
cut

14



Table 4. Season that overstory and understory treatments
were applied.

Season Overstory (%) Understory (%)
Winter 9 15
Summer 35 53
Spring 18 26

Fall 3

Winter and summer 35

MONITORING AND DOCUMENTATION

Planned monitoring of the effectiveness of riparian sil-

viculture was not emphasized by the managers.

CASE STUDIES

Characteristics of the three case study sites are listed in
Table 3. On each site, conifer seedlings had been planted
in gaps in alder-dominated forests along a stream (Fig-
ure 14). Overstory treatments varied from none at Ce-
dar Creek, to felling of overstory trees in 0.04-ha (0.1-
ac) patches at Spencer Creek, to girdling in 0.08-ha (0.2-
ac) patches at East Creek (Figure 15). Understory shrubs
had been treated initially to reduce competition at each
of the sites. Additional treatment of shrub competition
varied in frequency and timing, but included cutting of
all shrubs in planted tree blocks near the end of the 5-
year period. In every case, conifer seedlings had consid-
erable overhead shading and competition for light after
5 years. There was no effective control of herb competi-

tion, which tends to increase as shrubs are reduced.

Measurements of height and diameter on bth-year seed-
lings revealed that seedlings are affected by competition
from both overstory and understory vegetation. Gener-
ally, seedlings planted at Cedar Creek in small, natural
openings were smaller than seedlings in the 0.04-ha

(0.0I-ac) opening at Spencer Creek, which in turn were

smaller than those planted in the 0.08-ha (0.2-ac) open-
ing at East Creek (Table 5). Fifth-year tree height was

. . Figure 14. Sites were treated by thinning (A) the overstory or cutting (B) small [0.02
less where competing shrubs were taller (Figure 16). One ha- (0.05-ac)] to (C) large [0.08-ha (0.20-ac)] gaps to create more favorable growing
exception was at East Creek, where short redcedar seed- conditions for young conifers.

15



Table 5. Location, vegetative characteristics, and treatment in three case study areas in the Oregon Coast Range.

Understory!

Height
(em)

Available
skylight

Overstory
Treatment/
Site/Drainage Dominant Canopy cover Basal area  type of
basin species (%) m?/ha (ft}/ac) opening
Cedar Creek/ Alder,
Siuslaw maple 75 45.3 None/
(220) small
natural
Spencer Alder,
Creel/ hemlock 27 27.2 Felling/
Umpqua (120) 0.04 ha
(0.10 ac)
East Creek/ Alder
Nestucca I5 18.1 Girdling,
(80) felling/
0.08 ha
(0.20 ac)

367

393

83

25

45

53

'Understory treatment on all sites was a block cut.

Figure 15. Openings in the overstory can be made by felling
or girdling (A) selected trees. Girdled trees die and fall within
a few years, creating openings (B). Falling trees can damage
planted conifers.The seedling in this photo has been pinned
beneath the fallen tree (C).

16



lings had been heavily browsed by elk de-
spite the lowest level of shrub competition.
The second exception was at Spencer
Creek, where trees that had grown to 2.0-
3.4 m (6.6-11.1 ft) tall during 3 years with
low competition, were then overtopped by
6-m (20-ft) tall shrubs after release treat-
ments ceased. Timely and repeated release
of young conifer seedlings from shrub
competition appeared critical to survival

and growth.

None of the trees sampled received >62%
of full light in the open (estimated from
fisheye hemispherical photography), and
over half of the trees had <40% of full
light. The shortest unbrowsed seedlings
were found at the lowest light levels (Fig-
ure 16). The H/D ratios of the 5th-year
seedlings (including Douglas-fir, Sitka
spruce, and western redcedar) showed a
marked increase (from about 70 to about
120) when available light dropped below
40% of full light (Figure 17). We found no
Douglas-ir trees with height-to-diameter

ratios >100 in our case study sites.
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Figure 16.Height of trees 5 years after planting in relation to understory shrub height.The exceptions are
western redcedars (in the lower left portion of the figure) that were repeatedly browsed by elk.
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ISCUSSION

Riparian areas in the Pacific Northwest are called on to fulfill many ecological functions,
some of which require a mixture of conifers and hardwoods. Currently many coastal ripar-
ian forests are dominated by hardwood trees and deciduous shrubs. Therefore, forest man-
agers in the Oregon Coast Range have focused on planting or releasing conifers in riparian
areas. Their long-term objective has been to recruit large conifer debris to provide impor-
tant building blocks for stream structure and fish habitat. To achieve these objectives, man-
agers have tried several strategies. For example, they have released conifers beneath hard-
wood-dominated forests by reducing the understory shrub community and, in most cases,

thinning the overstory.

Managers also have had other objectives for riparian restoration projects, such as rebuilding
natural plant communities and creating wildlife habitat. Improving water quality or tempera-
ture was seldom an objective, because most project sites were considered adequately shaded.

In no case was restoration work directed toward commercial wood production.

These goals and objectives appear to be logical given the high societal demand to restore
salmon runs (Nicholas 1997) and our understanding of stream ecology (Gregory et al. 1991,
Maser and Sedell 1994, Gregory 1997, Naiman et al. 1998).

It is important, however, to realize that successful restoration of conifers will require an ac-
tive approach, including marked reduction of competing shrub and overstory trees, at least
in patches. The conservative nature of the silvicultural approaches applied in many projects
suggests that some managers ignored the high probability of failure without aggressive and
effective control of competing vegetation. Our survey of competing vegetation revealed a
basic conflict in carrying out the objective of growing large conifers: one-quarter of the
projects were at the same time trying to minimize impact on the existing overstory. In addi-
tion, we observed that thinnings or creating gaps were done so conservatively that they failed
to provide adequate release of existing or underplanted conifers. The message is clear: It is
a waste of time and resources to attempt restoration of conifers in areas where other re-
source values will preclude an aggressive approach to establishing conifer dominance. Since

conifer restoration can be applied in patches, such conflicts should be easy to avoid.

Unfortunately, the growing conditions provided by the conservative treatments applied in
many restoration projects will not lead to development of large conifer trees [dbh 60 cm
(>2 ft)] in the 21st century. Most of the conifers will not survive the combination of poor
growing conditions and animal damage. Active management of both overstory and under-
story to give conifers plenty of growing space is the only way to promote conifers into a

dominant (free-to-grow) position.




Key EcoLoGicAL
CONCEPTS

Knowledge of Coast Range forest ecology
and stand dynamics is important in plan-
ning for success. An understanding of sev-

eral ecological concepts is critical:

1. Coast Range hardwoods are fast grow-
ing and capable of dominating riparian
forest sites (Hibbs et al. 1994, Biring et
al. 1996). Red alder and bigleaf maple
will dominate most sites for a century
after conifers have been removed, ei-
ther selectively or in clearcuts. Both of
these situations are widespread in areas
logged prior to changes in Oregon For-
est Practices Act Rules in 1973 and 1994
(Carlton 1988, Minore and Weatherly
1994, Hayes et al. 1996, Hibbs and
Giordano 1996, Chan et al. 1997). The
large area of hardwood-dominated ri-
parian forest in the Coast Range today
is testimony to the reproductive capa-
bility of hardwoods and their ability to

dominate sites for long periods.

2. Conifers do not necessarily regenerate
and succeed hardwoods naturally with-
out additional disturbance. Tall shrubs
in the Coast Range, such as salmon-
berry, are capable of dominating sites
for decades or even centuries (Carlton
1988, Froyd 1993, Pabst and Spies
1998). Nierenberg (1996) found that
half of the areas along “undisturbed”
(no human disturbance) Coast Range

streams had no trees.

3. None of the northwestern conifers are
adapted to grow through hardwood-
dominated stands in time frames of a
few decades. Growth studies indicate
that with active management, such as
thinning or creating gaps, it may take a

century to grow conifer trees large

enough [60 cm (24-in.) in diameter] to
provide keystone material for stream

structure.

4. Alder stands are extremely dynamic, and
can reach full site occupancy from rela-
tively low stocking levels in a decade or
two (Emmingham et al. 1989,
Puettmann et al. 1993, Hibbs et al. 1994,
Hibbs 1996). Alder tree crowns can ex-
pand through tree height and branch
growth, as well as through epicormic
branching along the entire length of the
tree bole. Thus, the ability of hardwoods
to reoccupy a site following thinning

should not be underestimated.

5. The large body of knowledge about re-
generating upslope areas after clearing
can be applied to restoration of ripar-
ian forests. Competitive relationships,
for example, are similar in upslope and

riparian forests.

6. Large conifer material useful for stream
structure comes from headwall areas
(see Figure 18), as well as from the im-
mediate vicinity of the lower stream
reaches. The floods of 1996 provided a
forceful reminder of the importance of
headwall wood supply and energy-
packed debris avalanches and floods for
modifying stream structure. Such events,
though dramatic and apparently de-
structive, deliver gravel and large woody
debris that are important building
blocks for structurally complex streams
(Reeves et al. 1995). Thus, it is not nec-
essary to grow all future large conifer de-

bris in the immediate streamside.

A WATERSHED
PERSPECTIVE

A watershed perspective is helpful when

considering management options. Head-

water drainages with first- and second-or-
der streams (Figure 18A, B) form a large
part of the forest landscape. Storm events
can trigger headwall failures and debris
flows that transport huge amounts of large
woody debris, sediment, gravel, and boul-
ders to lower stream reaches. These mate-
rials provide important elements of com-
plex riparian and aquatic habitat. Headwa-
ter forest areas are often nearly pure co-
nifers, and thinning these forests will pro-

mote the development of large trees.

Second- and third-order streams (Figure
18B, C) often flow through narrow, con-
strained reaches with steep hillsides. Flood-
plains and terraces are usually narrow.
Where hardwoods dominate the forest, sup-
pressed conifer regeneration may be re-
leased by overstory thinning or creating
gaps. Where conifers are planted, they will
benefit from reduction of heavy shrub or
herbaceous competition. The steep terrain
often provides topographic shading of

streams.

Higher-order streams (Figure 18D) form
alluvial valleys that provide more complex-
ity, including wide terraces and side chan-
nels or pools that are important for fish
refuges during high-water periods. Complex
microsites create both challenges (shrub
competition and animal browsing and clip-
ping) and opportunities (deep soils for
planting and tending conifers) to provide
a diverse mix of trees to enhance riparian
functions. Stream shading can be created
by planting on the south side of streams, or
retained by placing gaps, thinning stands,
or releasing conifers on the north side of
the stream. Many of these areas are farmed
or pastured, so securing active cooperation

from private landowners is critical.
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Figure 18. Site selection and silviculture options and opportunities: geomorphic characteristics of a small watershed showing A)
first-order streams and headwalls; B) second- and third-order streams and terraces; C, D) fourth- and fifth-order streams and
associated floodplains. Hardwood species dominate terraces and floodplains; mixed hardwoods and conifers dominate toeslopes
near streams with few conifers for release; conifers dominate headwalls.




Think Patchy

The precise location of individual
conifers within the riparian area and
how uniformly they are distributed is
of little importance to how well they
serve their function in stream health.
This gives managers the latitude to
capitalize on opportunities for release
of conifers where they occur.Thinnings
or gaps created to enhance light for
understory conifers may be done on
the north side of the stream, where
they do not provide direct shade on
the stream during the heat of the day,
to preserve the shading canopy on
the south side. Thinning just outside
a narrow no-cut buffer of 69 m (20—
30 ft) would have minimal impact
on stream shading (Newton et al.
1996).

Management of small clusters of
conifers (either planted or released)
in gaps of 0.10-0.41 ha (0.25-1.0
ac) or more in size can provide
needed conifers.Try planting clusters
of 5-10 trees at a close spacing
[1.8-2.4 m (6-8 ft)] to capture
growing space for conifers. Eventually,
only one or two of the planted trees
need grow to a large size to provide
ample conifer woody debris. In the
meantime, capturing the local site
resources for conifers will ensure that
conifers occupy that small site.

ECOMMENDATIONS AND COMMON
PROBLEMS

Our recommendations for successful restoration projects are based on several sources. Our
survey of 34 restoration projects and detailed examination of three additional projects pro-
vided information on successful management practices. In addition, preliminary results from
riparian restoration studies (Chan et al. 1993, Emmingham and Mass 1994, Maas and
Emmingham 1995, Newton et al. 1996) indicate that successful establishment of conifers is
possible, especially with overstory and understory treatments to reduce competition. Long-
term studies of reforestation of upland sites (e.g., Curtis et al. 1998) provided useful infor-

mation.

Once a decision to restore conifers to hardwood-dominated areas is reached, the following

guidelines will be useful.

SITE SELECTION

Select areas to be treated carefully, after considering the needs of the entire stream system
(Figure 18). High priority should be given to areas with releasable conifers, especially if
they have grown above the shrub layer. Restrict project size to what can be maintained de-

cades into the future.

Common Problems: Because selection of treatment sites is often tied to funding from har-
vest units, the sites chosen are not necessarily those with the highest need for restoration or

the highest potential for success.

PLANTING

Plant large stock types (Newton et al. 1993). Good seedlings have abundant root mass in
proportion to tops, average 30-45 cm (12-18 in.) in length, and have a stem caliper of 5
mm (0.2 in.) or more. Good stock types include Plug +2, 1+1, and 2+1. Western hemlock,
western redcedar, Douglas-fir, and grand fir are widely appropriate where overstory and
understory competition is to be effectively treated. Sitka spruce and western hemlock are
appropriate within the fog belt. Planting Douglas-fir should be avoided in the fog belt or
other areas where Swiss needle cast (Phaeocryptopus gaeumanii) is prevalent and in areas that
will be inundated during winter flooding (Minore 1970, 1979, Zaerr 1983). Western redcedar

and Douglas-fir are prone to heavy damage by deer, elk, and mountain beaver.

Common Problems: Planting seedlings that are too small, planting large trees with poorly

balanced ratios of shoot-to-root, and poor planting practices. Planting trees, especially Doug-
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Judging Tree Vigor Using
Height-to-Diameter
Ratios

The height-to-diameter (H/D) ratio of
trees is a sensitive measure of tree vigor
and response to competition from
overtopping and encroaching vegetation
(Cole and Newton [987). Height-to-
diameter ratio is determined by
measuring a tree’s height and diameter
in the same units of measurement. A
low HID ratio (<60) indicates a sturdy
tree with enough girth to support the
tree.A high ratio (>100) indicates a tall
skinny tree, with possible support
problems, and low vigor (Figure [9).
Understory conifers with a high ratio
are likely to have a poor root system
and may topple over during snow or

wind storms.
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Figure 19.Morphological characteristics of heavily shaded to open-grown conifer seedlings/saplings: height-
to-diameter ratios of (A) 120 = poor vigor, (B) 100 = marginal, (C) 80 = stable, intermediate vigor, (D) 60
= vigorous, and (E) 40 = very vigorous.The live crown ratio is also used as an indicator of vigor. Live crowns

Stable

lasfir, in chronically flooded, low-lying ar-
eas. Planting western redcedar and Doug-
las-fir without protection from deer, elk,

and mountain beaver.

RELEASE

Release any conifer species that has be-
come established on stable ground near
streams. Early results from studies on re-
leasing advance conifer regeneration in
hardwood-dominated riparian zones
(Emmingham and Maas 1994, Maas and
Emmingham 1995) indicate that all coni-
fer species with a live-crown canopy to tree-
height ratio of 30% or greater can be suc-
cessfully released. In judging the vigor of
conifer seedlings or saplings, long live-
crown ratios (over 40%) and relatively
small (<60) H/D ratios are good (Figure
19). Overstory canopy should be reduced
to permit a minimum of 40% full sunlight
(Chan et al. 1996, 1997).

Vigorous Very

Vigorous

more than 40% of the total tree height are considered good.

Wherever partial hardwood canopy is to be
retained, give preference to shade-tolerant
species (hemlock, redcedar, spruce).
Where Douglas-fir has established, how-
ever, it will respond to release nearly as well
as the more shade-tolerant species
(Emmingham and Maas 1994). All north-
western conifers will grow best under the
higher light levels associated with heavy

overstory thinning.

Common Problems: Too little reduction of
overstory and understory vegetation will
relegate overtopped conifers to extremely
slow growth indefinitely. Slow-growing co-
nifers are at high risk of mortality from
beaver girdling, suppression, or breakage

when larger overstory trees die and fall.

OVERSTORY TREATMENT

Reduce overstory density. Thin to space
alder or maple trees to at least 9 m (30 ft),
or thin to 6 m (20 ft) apart, and plan for
repeated thinning every decade. Use
large gaps, or better yet, combine gaps
with thinning. Where gaps alone are
used, start with a minimum size of 0.2
ha (0.5 ac). Treatments that drastically
reduce competition from overstory
hardwoods are essential for satisfactory
growth of understory conifers
(Emmingham and Maas 1994, Minore
and Weatherly 1994, Maas and
Emmingham 1995, Chan et al. 1996,
Hibbs and Giordano 1996, Newton et al.

1996, Chanet al. 1997).

Creating larger gaps will promote bet-
ter seedling growth for longer periods.
A gap of 0.2 ha (0.5 ac) has a radius of
24.9 m (83 ft). Since gap size is mea-
sured from tree bole to tree bole, the

effective gap for light is actually much
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smaller. Hardwoods commonly have a
crown radius of 4.5-7.5 m (15-25 ft), so
effective gap size for light penetration is
only 0.12-0.10 ha (0.33-0.25 ac).

Common problems: Not reducing overstory
cover. Thinning too little with no follow-up

thinning. Creating gaps that are too small.

UNDERSTORY VEGETATION
MANAGEMENT

SHRUBS

Reduce shrub competition for conifers less
than 3 m (10 ft) tall. If shrub control is
restricted to manual cutting, cut large gaps
[1.8-3.0-m (6~10-ft) radius] around coni-
fers or, better, cut all shrubs in the plant-
ing areas. Cut annually in June or July,
because vigorous salmonberry, blackberry,
and thimbleberry shrubs can grow to most
of their initial height within one year of
cutting. Herbicides, where acceptable to
the owner, are very cost effective. Choose
a mix appropriate for the shrub compo-
nent and follow US Environmental Protec-
tion Agency (EPA) and herbicide label

guidelines.

Overstory reduction will stimulate the
growth of understory shrubs and herbs.
The shrub layer will grow taller and denser
following overstory thinning or gap cre-
ation. This will create the need for further

treatment of the understory (Figure 20).

Common problems: Not treating shrubs.
Too conservative reduction of shrub cover.
Clearing too small an area [<1.8-m (<6-t)
radius] around conifers, or cutting less
often than annually, or cutting outside the
optimum times (June-July). Not using her-

bicides when they are available.

Figure 20. With 6 years of active vegetation management to reduce salmonberry shrubs, conifers
planted in a heavily thinned alder stand are well established.

Herbicide Notes

Perhaps the most significant challenge small conifers face in the riparian forest comes
from competing overstory and understory plants. Manual methods of controlling
competing vegetation are very expensive and often only marginally successful without
repeated treatments. There is also a substantial safety risk for workers. Although for
various reasons many managers are reluctant to use herbicides, proper application of
herbicides offers an effective alternative method for controlling both herb and shrub
competition (Knowe and Stein 1995, Newton et al. 1996, Radosevich et al. 1997).
Herbicides are also effective in selectively killing hardwood trees by injection (Emmingham
et al. 1989, Helgerson 1990, Newton et al. 1 996).Accident rates are lower than with
chainsaw felling of trees.A study on the application of glyphosate (N-(phosphoromethyl)
glycine) in buffer areas dominated by red alder indicated that the levels of glyphosate
applied in the study did not have a direct effect on sampled amphibian species (Cole et
al. 1997). Changes in the abundance and diversity of amphibians sampled were directly
attributed to changes in the plant community habitat.A foliar-active herbicide, such as
Accord, will kill many herbs and shrubs, and effects will last for a year. Some effects of
a soil-active herbicide, such as Velpar (hexazinone(3-cyclohexyl-6-(dimethylamino)- |-
methyl-1,3,5-triazine-2,4(1 H,3H)-dione), would last into the second growing season. In
contrast, shrubs or herbs cut by mechanical means begin growing new shoots immediately.
Herbicides must, however, be carefully applied according to registration labels to be

effective and to prevent damage to seedlings or non-target species.
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HERBACEOUS VEGETATION

If restricted to manual control methods,
use large mulch mats that last several years.
However, if herbicides are available, they

are more cost effective.

Annual treatment of understory shrubs
often stimulates the growth of herbaceous
vegetation (Chan and Walstad 1987,
Wagner 1989, Wagner and Radosevich
1991a,b, Harrington and Parendes 1993,
Newton et. al. 1996, Chan et al. 1997,
Radosevich et al. 1997). Although me-
chanical treatment of herbaceous vegeta-
tion is notoriously ineffective (Harrington
and Parendes 1993, McDonald et al. 1994),
mulch cloth (McDonald and Fiddler 1994)
can be somewhat effective.

Common problems: Assuming that scalping
during planting is an effective vegetation-
management practice. Not using more ef-
fective vegetation-management alternatives

to manual release, e.g., herbicides.

ANIMAL DAMAGE
MANAGEMENT

Use good vegetation management to pro-
mote rapid growth. Plant larger trees be-
cause they are not as vulnerable to animal
damage. Use mesh tubing (e.g., Vexar) in
areas of high deer or elk population. Use
solid plastic (e.g., Tubex) protectors where
mountain beaver or stream beavers are
present. Build chicken-wire protectors
where stream beavers prey on conifers.
Tree protectors, such as Tubex, may offer
the best change of getting conifer seed-

lings past clipping and browsing animals.

Common problems: Wasting money on
ineffective measures, e.g., use of Vexar tub-

ing or garlic repellent without demon-

strated benefit. Protection of seedlings that
have inadequate light for vigorous growth.
The lack of a good beaver-proof expand-
able shelter or fence to protect trees be-
yond 10 cm (4 in.) dbh.

tenance operations. Restoring conifers to
hardwood-dominated riparian forests re-

quires long-term, concerted effort.

Common Problems: Lack of follow-up
maintenance. Changes in personnel, poor

project tracking, and poor record keeping

PROJECT COMPLETION

and monitoring.
Monitor planting and release projects an-

nually, and be prepared to conduct main-

Protecting Riparian Conifers

Animal damage to conifers is highly likely in riparian settings, because both stream and
mountain beavers have access and tend to work systematically through their food
supply. Plastic mesh tubes (e.g., Vexar) are often effective against deer and elk but
merely provide handy ladders for beaver to reach seedlings.A strategy of planting and
tending fewer trees may be more cost effective (Oester et al. 1995). Instead of using
relatively cheap but ineffective protectors to try to save many plantation trees, protect
fewer trees (at wider spacing) by using solid plastic tubing (tree shelters) up to a height
of 1.2—1.8 m (4-6 ft).This protects seedlings effectively from both browsing and clipping
by elk, deer, stream and mountain beavers, mice, and voles. By acting as small greenhouses,
tree shelters also accelerate height growth. Just after emerging from the shelter, trees
are “top heavy” (HID ratio >100), so do leave the shelters in place for a couple of years.
Where stream beavers are present, leave shelters in place until trees grow to fill the
tubes, then slit each tube vertically so it will not constrict the tree as it grows, but leave
it in place to provide some protection for a few more years.

In upland areas, effective herbicide treatments can provide vigorous seedlings that
withstand moderate to heavy browsing damage by dear and elk without impairment of
growth (Gourley et al. 1990).Vigorous seedlings can outgrow any damage and become
large enough to escape further browsing and clipping (White et al. 1 986, Newton et al.
1993, Loucks et al. 1996).This approach may also work in riparian forests where really

effective vegetation management is possible, and ungulates are the problem.

In studies of seedlings planted in cleared areas, protection with Vexar tubes has been
found to be effective for enhancing survival and growth of planted trees in clearings
(Black 1992, Owston et al. [ 992, Stein [995). Mesh tubing was not effective in riparian
areas (Maas and Emmingham [995), probably because the seedlings were growing at
lower light levels, and there were many other potential clippers and browsers.We found

no reliable research that supported the use of garlic clips.
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UMMARY

Restoring conifers to hardwood-dominated, coastal riparian forests is a big challenge. The
riparian forests of the Oregon Coast Range are risky places for conifers to survive and grow.
Damage by native animals (stream beavers, mountain beavers, deer, elk, mice, and voles)
and domestic livestock, where present, is extreme. Competition from fast-growing hardwood
trees, tall shrubs, and herbs is also extreme. Active management to reduce tree and shrub
competition in riparian areas is necessary to give small conifers the growing space and time

they need to reach a large size [60 cm (24 in.) in diameter] and help create healthy streams.

Where conifers are not found in hardwood-dominated forests, it makes sense to plant them.
In general, managers have chosen to plant appropriate, larger stock types of adapted spe-
cies. They also have recognized the need to control competing vegetation, but often have
adopted conservative management approaches that do not provide enough growing space

for small conifers.

Those involved in restoration can increase the probability of success by becoming familiar
with the ecology of riparian forests. The complex nature of projects and the decades-long
time frame needed for success should be carefully considered during planning and initia-
tion. A decision to grow conifers in riparian forests requires the resolve to use an active
approach to help them survive and grow. Where active management is not possible because
of competing resource values, restoration of conifers is unlikely; in such a case, resources
would be better spent elsewhere. Following the management recommendations found in

this publication can increase the probability of success.

Policy and incentives, such as those in the Oregon Coastal Salmon, Watershed Restoration
Initiative, and the Northwest Forest Plan (USDA and USDI 1994) are critical to promoting
the cooperation among agencies necessary for wise riparian-area management. Coopera-
tion between researchers and managers can help in project design, and careful monitoring

and realistic evaluations will help ensure timely maintenance.
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APPENDIX I==LisT oF SPECIES DiscusseD IN THIS PUBLICATION

Common name

Scientific name

Common name

Scientific name

Fauna Flora
Birds Bigleaf maple Acer macrophyllum
Marbled murrelet Brachyramphus marmoratus Blackberry Rubus spp.

Northern spotted owl
Fish

Coastal cutthroat trout
Chinook, king salmon
Chum, dog salmon
Coho, silver salmon

Steelhead
Mammals

Black-tailed deer

Elk

Mice

Mountain beaver

Stream beaver

Voles

Strix occidentalis

Oncorhynchus clarki clarki
Oncorhynchus tshawytscha
Oncorhynchus keta
Oncorhynchus kisutch

Oncorhynchus mykiss

Odocoileus hemionus columbianus
Cervus spp.

Microtus spp.

Aplondontia rufa

Castor canadensis

Phenacomys spp.

Coastal redwood
Douglas-fir
Elderberry
Grand fir

Red alder
Salmonberry
Sitka spruce
Thimbleberry
Western hemlock

Western redcedar

Sequoia sempervirens
Pseudotsuga menziesii
Sambucus racemosa
Abies grandis

Alnus ruba

Rubus spectabilis
Picea sitchensis
Rubus parviflorus
Tsuga heterophylla
Thuja plicata
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APPENDIX 2==SURVEY QUESTIONNAIRE

DATE

ORGANIZATIONAL INFORMATION

|. ORGANIZATION
A.Address:
B. City:
C. State, Zip:
D. Phone:
E. DG/Fax:

F. E-mail:

[Il. CONTACT PERSON

A.Title:
B. Discipline:

PROJECT OBJECTIVES

[1l. GEOGRAPHIC LOCATION, BASIS, HISTORY, DISTURBANCE OF

PROJECT

A. Project goal:
B. Site name:
C. Legal description
|. Township:
2. Range:
3. Section:
D. Geography
| Elevation:
2. Aspect:
3. Slope:
E. Size (acreage):
F. Basis for selecting sites (circle all that apply):
|. Biological
2. Integration with other management activities
3. Social/political
4. KV funds

G. Basis for selecting the prescription:

H.Time frame for completion

I. Current state of completion:
I. Watershed analysis (yes/no):

|.EA?

2.BA?

3.BE?

J. Length of stream being treated (miles & tenths)

. FB:
2. NFB:
H. Objectives (rank in terms of priority):
a. Future source of LWD
b. Stream restoration/woody debris/structures
c. Future source of wood products
d. Diversity of riparian zone vegetation and structure
e. Riparian wildlife habitat enhancement
f.Water temperature and quality
g. Other (describe):

LAND USE AND DISTURBANCE

IV. LAND-USE HISTORY AND DISTURBANCE PATTERNS

A. Previous land uses (circle all that apply):
I. Homesteading
2. Logging
3. Road/tralil
4. Other (describe):
B. Current land use and designation (circle all that apply):
. Matrix
2. Riparian reserve
3. Late successional reserve
4. Other (describe):
C. Natural disturbance history (circle all that apply):
. Debris torrent
2. Flood
3. Fire
4. Other (describe):
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D. Constraints to natural disturbances (circle all that apply):
|. Dams
2. Fire suppression
3. Settlement
4. Policy
5. Channelizing
6. Other
E. Human-caused disturbance (circle all that apply):
I. Logged
2. Homestead/pasture
3. Road
4. Other (describe):

SITE DESCRIPTION

V. DESCRIPTION OF RIPARIAN ZONE SITE CHARACTERISTICS
PRIOR TO PROJECT

A. Overstory
I. Stand composition (circle all that apply):
a.Alder
b. Alder/maple
c. Alder/conifer
d. Alder/maple/conifer
e. No overstory
f. Conifer
2. Stand age
3. Even/uneven aged!?
B. Stream shade
|. Type of shade?
2. Degree of shading (choose one):
a. None
b. Partial
c.Total
C. Coarse wood
|. Abundance (choose one):
a. None
b. Low
c. Medium
d. High
2. Source (circle all that apply):

a. Local
b. Flood
c. Debris torrent
3. Relative integrity (circle all that apply):
a. Sound
b.
c.
d.
e. Rotten
4. Size classes present (circle all that apply):
a. Large
b. Medium
c. Slash
5.Snags or cavity trees present (Y/N)?
A. Geomorphology and environment
I. Constrained or unconstrained stream channel?
2.Topography (choose one):
a. Slope
b.Terrace
c.Toe
d. Floodplain
e. Bench
f. Alluvial fan
3. Soil drainage (choose one):
a. Swampy
b. Poor
c. Well
4. Soil texture
5. Parent material

6. Sub-watershed

STREAM CONDITIONS
VI. DESCRIPTION OF STREAM CONDITIONS PRIOR TO PROJECT

A. Stream order
B. River drainage
C. Description of stream using Oregon Riparian Forest Practices
Act terminology
I. Size
2. Flow rate

3. Fish-bearing status
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D. Stream habitat

I. In-stream characteristics:
a. Percent bedrock? Gravel? Silt?
b. Percent glides? Pools? Riffles?
c. Pieces of woody debris per mile per size class?
d. Side-channel present or absent?

2. Qualitative rating of habitat by fisheries biologist:
a. Excellent
b. Good
c. Fair
d. Poor

E. Fish species and populations

I. Chinook:
a. High
b. Average
c. Low

2. Coho:
a. High
b. Average
c. Low

3. Steelhead:
a. High
b. Average
c. Low

4. Cutthroat:
a. High
b. Average
c. Low

5. Other:
a. High
b. Average

c. Low

ANIMAL POPULATIONS AND HABITAT

VII.ANIMAL POPULATIONS AND HABITAT PRIOR AND CURRENT

A. Unique habitat characteristics for (circle all that apply):
I. Native fish populations
2. Spotted owl habitat

3. Marbled murrelet

4. Deer/elk
5. Beavers
6. Other birds
7. Other rodents
8. Plants
B. Animal presence/use/activity

|. Species:

o ®

a o

e.
f.

2. Use:

3. Activity:

4. Benefits:

5. Anticipated problems:
SILVICULTURAL PRESCRIPTIONS

VIII. PRESCRIPTIONS

A. Overstory vegetation treatments
|. Type:
2. Shape, size (acres):
3. Species and size of trees selected for retention:
4.Time of year, frequency:
5. Distribution along stream:
B. Understory treatments
|. Type:
2. Shape, size (acres):
3. Species and size of trees selected for retention:
4.Time of year, frequency:
5. Distribution along stream:
C. Release of existing conifers
|.Age:
2. Size:
3. Crown vigor:
4. Species (circle all that apply):
a. Pseudotsuga menziesii

b. Tsuga heterophylla
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c. Thuja plicata
d. Picea sitchensis
e. Abies grandis

5. Distribution (choose one):
a. individuals
b. clumps

D. Regeneration

|. Spacing:

2. Site prep:

3. Species (circle all that apply):
a. Pseudotsuga menziesii
b. Tsuga heterophylla
c. Thuja plicata
d. Picea sitchensis
e. Abies grandis

4. Stock type:

5.Animal protection:

E. Snag retention/creation:

F. Disposition of thinned/cut overstory trees:

G. Rationale for selecting treatment?
I
2.
3.
IX. COSTS

A. Planning, contract administration:
B. Site preparation:

C. Planting and tubing:

D. Release and maintenance:

E. Number of planned re-entries:
F-Who is contracted to do the work?

G. Monitoring:

RESULTS, MONITORING,AND DOCUMENTATION
X.CURRENT RESULTS AND OTHER FORMS OF DOCUMENTATION

A. Unit records (yes/no)?
B. Reports/publications?
I
2.
3.
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XI. OTHER RELATED RESTORATION ACTIVITIES (describe)

A. Stream structures:
B. Creation of pools:
C.Alcoves:

D. Road removal:

E. Other:

XII. REVIEW PROCESS

A.Who has input?
I
2.
3.
B.Who reviews project after implementation?
I
2
3.
C. How will success be determined?
I
2.
3.

XIIl. MONITORING PLAN (who will carry out monitoring?)

A.Type of information collected (environmental, vegetation, wa-

ter, fish, cost, etc.):
B. Frequency of monitoring:
C. Data management and analysis:
D. Data summaries:
|.Who prepares!
2.What format for distribution?

3.Who will the information be distributed to?

XIV. POTENTIAL OBSTACLES IN IMPLEMENTING AND

MONITORING (describe)

A
B.
C.

XV. COOPERATORS ON THIS SITE:
A

B.
C
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