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ABSTRACT

A decline and mortality problem is affecting yellow-cedar trees on more than a
half-million acres in southeast Alaska. Because of the high decay resistance of yel-
low-cedar, dead snags may remain standing for 100 years or more. Currently, this wood
is primarily used for firewood. The results of the study reported here indicate that the
flexural properties of wood from dead yellow-cedar snags is little affected by how long
the trees have been dead. Living yellow-cedar trees are sometimes infected with “black
stain,” which remains in the trees after they die. Black stain does not reduce the flexural
properties of wood from either live or dead trees. Thus, utilization options for wood
from dead cedar snags can be broadened to higher value uses consistent with those for

A decline and mortality problem af-
fects yellow-cedar trees on more than a
half-million acres in southeast Alaska
(Fig. 1) (15). On average, 65 percent of
the basal area of yellow-cedar is dead on
these sites (12). The decline of yellow-
cedar is believed to be primarily the re-
sult of naturally induced forest decline
(11). Extensive research over the last 20
years has shown the following:

« The high rate of mortality appears

wood from live cedar trees.

to have begun around 1880.

Natural stands of yellow-cedar
(Chamaecyparis nootkatensis (D.Don)
Spach) are distributed in the coastal for-
ests from northern California, British
Columbia, and southeast Alaska (17).
Also referred to as yellow cypress, this
species has been planted in plantations in
Canada ( 16). A typical yellow-cedar tree
in a natural forest is about 80 feet (24.4
m) tall with a diameter of 2 to 3 feet (0.6
to 0.9 m), although trees may attain 120
feet (36.6 m) in height and a diameter of
up to 6 feet (1.8 m). In mature trees, the
sapwood is narrow and sometimes
slightly lighter in color than the heart-
wood. The wood is fine textured and gen-
erally fine-grained (7). Yellow-cedar has
a number of outstanding characteristics,
including high decay resistance and su-
perior strength. Its common name is de-
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« Yellow-cedar has been the princi-
pal victim.

« All ages of trees are affected.

« All affected sites have cedar snags
dating to the time of onset of the high
mortality rate.

« No biotic factor appears to be a pri-
mary cause of death.

« Root system mortality appears to
be the initial symptom.

« Mortality occurs on wet, poorly
drained soil.

rived from the bright yellow color of the
heartwood. This color and the familiar
aroma of yellow-cedar are a result of
compounds such as nootkatin (3) that
produce natural durability. Yellow-cedar
from live trees has historically been the
most valuable wood in Alaska and is a
highly desirable product in Pacific Rim
markets, especially Japan.
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« Mortality is concentrated in open-
canopy stands where trees and soil are
exposed.

« A high rate of mortality does not
occur on either high- or low-elevation
sites that have good drainage.

« Local spread is limited to short dis-
tances and occurs along a slope gradient.
Extensive climatic warming in the late
1800s which apparently coincided with
the onset of extensive mortality, could
be responsible for triggering some stress
factors that led to yellow-cedar decline
(8,10). For example, warmer tempera-
tures could change winter precipitation
from snow to rain, which could alter the
decomposition rate, perhaps resulting in
the formation of soil compounds toxic to
yellow-cedar. If climate change is the
trigger, a long-lived species that does not
reproduce often (such as yellow-cedar)
may be less able to adapt to a changing
environment. Research is continuing
on possible linkages between climate
change and cedar decline.

Most declining stands contain a mix-
ture of long-dead trees, recently dead
trees, dying trees, and healthy trees (Fig.
2). The high decay resistance of yellow-
cedar retards the rate of deterioration
and snags can remain standing for a cen-
tury or more after death. A classification
system (Table 1, Fig. 3) developed for
yellow-cedar snags in various stages of
deterioration can be used to estimate the
average time since death for each class
(12,13).

Unlike the wood of live yellow-cedar
trees, which readily sells for high prices,
the wood from snags is underutilized be-
cause of the lack of knowledge about its
properties. As snags accumulate in the
forest, they make up an increasing per-
centage of the stand. Because snags
have relatively low commercial value,
their removal would be economically
justified only if the wood retains some of
the desirable characteristics of wood
from live trees. Establishment of some
higher value uses for wood from snags
could help pay for ecological improve-
ment and help support the local econ-
omy. A key element in establishing
better use options is knowledge of the
properties of dead yellow-cedar.

OBJECTIVES

The primary objective of this study
was to determine whether the mechani-
cal properties of yellow-cedar snags
vary with the length of time the dead
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decline

DIXON ENTRANCE

Figure 1. - Area of southeast Alaska affected by yellow-cedar decline.

Figure 2. - Stand affected by yellow-cedar decline and mortality.

snags have been standing. The expecta-
tion was that older snags would have
less utility and possibly yield lower
strength wood than does wood from
younger snags or live trees.

MATERIALS AND METHODS
SITE SELECTION

All material was collected near Nemo
Point (latitude 56°17') on the west side
of Wrangell Island in southeast Alaska
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TABLE 1. — Classification system for yellow-cedar snags.a

Snag Average time Foliageand
class since death branches Bark Bole Sapwood Heartwood
(yr.)
| 4 Dead foliage; twigs retained Intact Intact Stained Unaltered
2 14 Twigs retained Sloughing Intact Decaying Unaltered
3 26 Secondary branches retained Mainly sloughing Intact Decayed Unaltered
4 51 Primary branches retained Gone Intact Mainly gone Checking, 1.2-in. deep
5 81 No primary branches Gone Intact Gone Checking, 1.5-in. deep

"References 12 and 13. 1 inch = 25.4 mm.

(Fig. 1). The site included a mix of yel-
low-cedar, western hemlock (7suga
heterophylla (Raf.) Sarg.), and western
redcedar (Thuja plicata Donn ex. D.Don)
as well as small amounts of Sitka spruce
(Picea sitchensis (Bong.) Cart-.) and
shore pine (Pinus contorta Dougl. ex
Loud. var. contorta).

SAMPLING DESIGN

Sampling for this study was con-
ducted in two phases, about 2 years
apart. Phase 1 provided an initial evalu-
ation of the change in properties with
the length of time the, trees had been
dead. Control samples were taken from
live trees with healthy crowns. Test sam-
ples were selected from snag classes 2
through 5 (Table 1); class 1 was not
sampled because few trees of this class
were in the study area. All sample trees
were larger than 15 inches (380 mm) in
diameter at breast height. Six control
trees and six trees from each snag class
were collected (Table 2). Trees with in-
ternal heart rot and trees with noticeable
spiral grain of more than a few degrees
of spiral were not included. One 4-foot-
(1.22-m) bolt was removed from the
top of the first merchantable 11-foot-
(3.35-m-) long log.

Phase 2 provided information on fac-
tors other than time since death that
might cause a change in mechanical
properties. The number of trees sampled
was increased for phase 2; 40 additional
live trees were selected for controls and
19 additional trees were selected in each
of snag classes 3 and 5 (Table 2). The
trees were chosen in much the same
manner as the trees selected for phase 1.
In phase 1, many of the samples cut
from live trees contained “black stain”
(9,20), a stain that occurs in the live tree,
as opposed to “blue stain,” which may
occur in green lumber that has been
stored too long before drying. Recent
work suggests that black stain is caused
by a dark-colored fungus, perhaps vec-
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Figure 3.- Examples of snags in four snag classes (class number and average time
since death): a. Class 2, 14 years; b. Class 3, 26 years; c. Class 4, 51 years; d. Class
5, 81 years.

tored to trees by insects, that infects the
sapwood. This stain remains in the sap-
wood as it is converted to heartwood.
Because phase 1 results indicated that
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black stain might be affecting proper-
ties, we biased our selection so that half
the live trees would have considerable
black stain and the other half would
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have little. The selection of stained and
unstained trees was based on presence or
absence of stain on the cut end of felled
trees.

PREPARATION FOR SHIPMENT

Each numbered 4-foot (1.22:m) bolt
was split lengthwise down the middle
and one-half the bolt was removed from
the forest. All the half-bolts removed
from the forest were palletized for ship-
ment to the Forest Products Laboratory
(FPL), USDA Forest Service, in Madi-
son, Wisconsin. Bark (if present) was
kept intact to retard drying during ship-
ment. At FPL, each section was stored to
minimize additional drying or staining.
SPECIMEN PREPARATION
AND TESTING

The wood properties determined and
the physical attributes evaluated were:
presence or absence of black stain, ring
count, moisture content (MC), specific
gravity (SG), modulus of rupture (MOR),
modulus of elasticity (MOE), and work
to maximum load (WML). Phase 1 also
included hardness tests, but the results
are not reported here (18). A cross-sec-
tional disk was removed from the end of
each bolt for determination of MC and
ring count. This disk was removed at
least 3 inches (75 mm) from the end of
the bolt to minimize the effects of bolt-
end drying during shipping. Rough,
edge-grain boards were sawn from the
bolts. After sawing, the rough boards
were stacked in a conditioning room for
equilibration to an anticipated MC of 12
percent; layers of boards were separated

on both the bolts and the individual
bending specimens.

RESULTS AND DISCUSSION
PHASE 1

The results of phase 1, including those
of the hardness tests, are discussed in de-
tail in McDonald and others (18). The
live controls and the snags in classes 2
and 3 exhibited very minor checking in
the bolts. Class 4 snags had surface
checks 1 to 2 inches (25 to 50 mm) deep,
while bolts from class 5 snags showed
some surface checks as deep as 4 inches
(102 mm). The average age of the trees
(by ring count) was 390 years for the live
trees, 435 for snag class 2 trees, 420 for
class 3,268 for class 4, and 219 for class
5. The lower counts for classes 4 and 5
may be the result of sapwood loss (Ta-
ble 1). The age of the sapwood could
represent 50 to 100 years (14).

The average properties of all the
pieces tested in phase 1 are summarized
in Table 3. The lowest average MOR
and MOE were found for the specimens
cut from live trees. The same trend was
found with SG. This result was unex-
pected. Because of the small number of
trees, it is possible that the results from
one tree could bias the mean trends.
Trends in median values would mini-
mize this effect. The MOR and MOE
trends by snag class are shown in Fig-
ures 4 and 5 for median values. Figures

4 and 5 also show mean values and
range limits where 50 percent of the out-
lying data are excluded. Figure 6 ex-
plains the format used to display the
data. In general, the trends show that
both MOR and MOE decreased slightly
with an increase in the number of years

since tree death. For classes 2 through 5

snags, MOR and MOE decreased about
7 and 9 percent, respectively. Because of
the small number of trees, statistical es-
timates of within- and between-tree vari-
ability are not appropriate.

Black stain was noted in many of the
bending specimens from live (control)
trees but not from the dead specimens
(18). For example, about 69 percent of
specimens from live trees contained
black stain, whereas less than 10 percent
of specimens from any of the dead snag
classes contained black stain. The lack
of a sufficient number of total trees sam-
pled per class, coupled with the possible
effect of black stain on test results, sug-
gested the need for the follow-up study
that was conducted in phase 2.

PHASE 2

The properties of all the specimens
tested in phase 2, without regard to pres-
ence or absence of black stain, are sum-
marized in Table 3. Inspection of the
wood cut from’ the bolts indicated that
selected trees would not be totally free
of black stain, Therefore, individual

TABLE 2. - Sample sizes for live trees and snag classes for bending tests.

h 3 Phase | Phase 2 Total
by St}Ckers‘ ASTM D 143 (1) bending Group Trees Samples Trees Samples Trees Samples
specimens were selected and prepared ;

. Live 6 216 40 1,370 46 1,586
from the dry boards. The specimens were Class 2 6 Iss 6 Iss
selected to be clear of knots and straight ass - -
grained. They were machined to 1 by 1 Class 3 6 199 19 680 3 879
by 16 inches (25.4 by 25.4 by 406 mm). ~ Class4 6 146 - - 6 146
The presence of black stain was noted ~ Class S 6 125 19 342 25 667
TABLE 3. - Average flexural properties by tree class for each study phase.’

Phase 1 Phase 2
SG MOE MOR SG MOE MOR WML
Group Mean SD Mean SD Mean  SD Mean  SD Mean  SD Mean  SD’ Mean  SD
—-(x10°psi)-- - =(x 10° psi)- - —-(<10°psi)--  --(x10°psi)--  --(in-Ibf/in’)--
Live 0.45 0.03 1.50 0.26 12.13 1.43 0.48 6.04 1.55 0.31 13.10 1.76 1794 4.6
Class 2 049 0.04 1.97 0.33 14.66 1.94 -- -- -- 0.00 -- -- -- --
Class 3 049 0.02 1.75 0.38 13.91 1.41 0.46 0.04 1.50 0.37 12.80 1.59 17.50 5.1
Class 4 046 0.04 1.88  0.33 13.52 1.85 -- -- -- 0.00 -- -- -- --
Class 5 0.46 0.04 1.78 0.24 13.17 1.96 0.46 0.04 1.60 0.31 12.65 1.63 1567 49

* Average MC at time of test was 12 percent. SG = spec1ﬁc gravity; MOE modulus of elasticity; MOR = modulus of rupture; WML = work to maximum load;

SD = standard deviation. 1 psi =
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6.894 kPa; 1 in. -Ibf./in® = 6.89 kJ/m”.

JANUARY 2002



189.4

275r += Mean '1
o~ R o = Data extreme | —_
N§ 2.50 1722 g
«g 225 . 155.0 %
< i {1378 =
%,2.00 A %
= 11205 =
g 175} %
(4]
s 1.50} 11033 w5
3 861 2
3125 177 3
= 100l | 689 =

075 1 1 1 1 1 1 L L. L 517

‘ 0 10 20 30 40 50 60 70 80 90 100

Average years dead

Figure 4. -Clear wood MOE for individual pieces tested in phase 1

2.00r 1137.8
1751 11206
£ z
=
g 150F 1103.3 %
< g
:D: 1.25 L 186.1 g.
g £
2 1.00} 1689 o
> :
.g 0.75} 151.7 3
3 N
= 0.50f += Mean 34.4
o = Data extreme .
0.25— 17.2

0 10 20 30 40

50 60 70 80 90 100

Average years dead

Figure 5. - Clear wood MOR for individual pieces tested in phase 1.

pieces with stain were identified during
the testing process regardless of whether
the tree (half-bolt) had been designated
as “stained” or “unstained.” Table 4
gives ovendry SG values and the ratio of
mean MOE and MOR values of stained
to unstained wood by snag class. Before
calculating the ratio, it was necessary to
reduce the effect of differences in SG
between stained and unstained wood.
The MOR and MOE values were ad-
justed by linear regression between
property and SG values developed from
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the data to the mean SG. Within any
given snag class, there was no indication
that stain caused a significant reduction
in flexural properties. When the SG ad-
justed values for stained and unstained
specimens were combined, phase 2 re-
sults actually indicated a slight increase
in flexural properties with higher snag
class. For MOE, the values for snag class
3 were about 1 percent higher than con-
trol values; for class 5, MOE was about
8 percent higher. For MOR, the values
for class 3 were about 2 percent higher

. 52, No. 1

than control values and the values for
class 5 were about 3 percent higher.

WML in static bending is the ability
to absorb energy or shock from slowly
applied loads. It is a measure of the
combined strength and toughness of
wood under static bending loads (7).
Toughness, the ability to absorb energy
or shock under impact bending loads, is
generally considered the mechanical
property most sensitive to early stages
of decay, and WML in static bending is
considered the next most sensitive prop-
erty (21). WML was determined only in
phase 2 of the study. Overall WML val-
ues, without regard to presence or ab-
sence of black stain, are presented in
Table 3. The results indicate about a 2.5
percent reduction in WML for class 3
snags and a 12.7 percent reduction for
class 5 snags. However, because WML
is a more variable property than is MOR
or MOE, even the apparent reduction for
class 5 snags is not statistically signifi-
cant. Stained and unstained specimens
showed little difference in WML (Table
4). This indicates that any potential
change in WML is not due to the pres-
ence of black stain. The WML values
for unstained specimens from unstained
live trees and from unstained specimens
from class 3 and class 5 snags were
1831, 18.23, and 16.41 in.-Ibf./in.’, re-
spectively. Thus, there is some indica-
tion that wood from class 5 snags might
be less shock resistant than that from
live trees. Shock resistance of wood
from class 3 snags would be the same as
that from live trees. Generally speaking,
WML does not affect utilization of most
products, because they do not need to
resist impact loads. (A baseball bat is an
example of a product that would have to
resist impact loads). The data are only
suggestive of a difference in WML for
wood from class 5 or older trees.
COMBINED PHASE 1 AND
PHASE 2 DATA

Table 5 summarizes the results of
combined data from both study phases.
The values in Table 5 are based on all
the individual pieces tested. For live
trees, flexural properties were higher
(17% higher for MOR and 9% higher
for MOE) than those given in the Wood
Handbook (7). This was expected be-
cause the SG of the samples from the
live trees was about 4 percent higher
than the Wood Handbook value of 0.46,
after it was adjusted to an ovendry basis.
For all properties, the variability of the
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TABLE 4. - Effect of black stain on flexural properties of yellow-cedar adjusted to a common SG. *

Ratio (stained/unstained)

Group Trees Pieces Sample size SG MOE MOR WML
Live Unstained Unstained 510 0.469 - -- --
Stained 125 0.466 1.00 1.01 1.00
Stained Unstained 203 0.490 - -- --
Stained 532 0.493 0.96 0.97 0.96
Class 3 Dead Unstained 443 0.461 - -- --
Stained 237 0.464 1.07 1.01 0.96
Class 5 Dead Unstained 219 0.452 - -- --
Stained 323 0.460 0.98 1.01 1.01
* SG based on ovendry weight and volume.
TABLE 5. - Average flexural properties by tree class for all lumber tested. 2
SG MOE MOR
Group Sample MC Mean sp° Mean SD Mean SD
(10) ®w e (X10°psi)--mmnan aooneee (x10°psi)-------
Live 1,586 124 0.48 0.04 1.55 0.31 12.97 1.75
Class 2 155 119 0.49 0.04 1.97 0.33 14.66 1.94
Class 3 879 119 0.49 0.03 1.56 0.38 13.06 1.62
Class 4 146 119 0.46 0.04 1.88 0.33 13.52 1.85
Class 5 667 12.5 0.46 0.04 1.64 0.31 12.74 1.71
* Average MC at time of test was 12 percent.
- n
data about the mean was generally a lit- * «— Extreme outlier
tle less than would be expected. Of the
static properties, only the MOR of class -
5 snags was lower than that of pieces cut Highest connécted

from live trees, and the difference be-
tween class 5 snag MOR and live piece
MOR was only 2 percent. Because the
number of test trees in each class dif-
fered widely (Table 2), and even greater
differences occurred in the total number
of specimens tested per class, the aver-
age MOE and MOR were calculated for
each tree tested. This allowed us to use
between-tree variation for our statistical
tests. These mean values are plotted in
Figures 7 and 8. Because there were
only six trees each in snag classes 2 and
4, the median, rather than the mean, val-
ues per tree were connected to aid in
identifying trends. Median values are
less sensitive than mean values to an ex-
treme value for one tree. As for proper-
ties for individual pieces, median MOE
values of all the dead snags were equal
to or higher than those of the live con-
trols. For median MOR, the values for
classes 4 and 5 were only slightly lower
than those for the live controls; class 4
MOR was about 3.8 percent lower than
control MOR and class 5 MOR was
about 1.5 percent lower. Thus, flexural
properties of dead snags were not signif-

66
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o «—— Qutlier

Figure 6. - Format used to display mean, median, and range of MOE and MOR

values.

icantly lower than those of wood cut
from live trees.

Currently, allowable properties for
yellow-cedar are derived from clear
wood properties such as those given in
this report. Although all the cedar for
this study came from one geographic lo-
cation, recent data on the properties of
Alaskan species are sparse (6). Thus, it

might be advantageous to compare the
clear wood results of our study with
those from historical sources. The Wood
Handbook (7) values for yellow-cedar
are from a combination of samples
taken in Alaska and Oregon. As Table 6
indicates, our results are considerably
higher than those given in the Wood
Handbook and slightly lower than the
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TABLE 6. - Flexural properties of yellow-cedar and other selected species, at 12 percent MC, based on
historical sources.

Average value

Source Species MOE MOR
(x 10° psi) (x 10° psi)

Current study Yellow-cedar 1.55 12.97
Reference 7 Yellow-cedar 142 11.10
Incense cedar 1.04 8.00

Port-Orford cedar 1.70 12.70

Western redcedar 111 7.50

Reference 6 Yellow-cedar 1.70 13.20
Western redcedar 1.04 8.00
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values sampled from Ketchikan and re-
ported in 1963 (6).

For marketing purposes, yellow-cedar
structural lumber is sold as part of the
Western Cedars grouping. The four spe-
ties that make up this grouping are yel-
low-cedar, incense-cedar, Port-Orford
cedar, and western redcedar. The prop-
erties of this grouping are calculated by
the clear wood procedures of ASTM D
245 (2) and are determined by the prop-
erties of incense-cedar and western
redcedar. There are no recent data on the
properties of western redcedar. How-
ever, the older data (Table 6) suggest
that the properties of a yellow-cedar/
redcedar marketing group might be con-
trolled by the properties of western red-
cedar. Whether these properties would
be higher than the currently assigned
properties is impossible to determine.
The results do suggest that if tests were
conducted only on yellow-cedar from
Alaska, there would be a good chance
for establishing allowable properties
that are higher than those currently as-
signed. Whether this is desirable from a
marketing perspective is beyond the
scope of this study.

CONCLUSIONS

The results of this study led to the fol-
lowing comments and conclusions.

1. All wood in the dead yellow-cedar
trees tested in this study, regardless of
the number of years the trees were dead,
had maintained its MOR and MOE over
time. No snag classes were identified as
having property losses that would limit
potential utilization options.

2. The presence of “black stain” did
not reduce static MOR or MOE of wood
from either living or dead trees. Thus,
there is no reason to reduce the struc-
tural grade of yellow-cedar lumber
when black stain is present. Black stain
might be a limiting characteristic for
uses where appearance is the primary
criterion.

3. The results somewhat suggest that
WML, an indicator of the ability to re-
sist impact loads, is lower for wood from
class S snags. Although-the difference is
not statistically significant, if impact
toughness is important for a particular
application, additional toughness test-
ing is recommended. The WML values
of wood from class 3 snags were about
the same as those from live trees. The
presence or absence of black stain did not
seem to be a factor in WML differences.
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4. The clear wood results suggest that
increases in allowable properties might
be obtained if yellow-cedar from Alaska
were sampled and tested according to
ASTM procedures. Funding for such a
program for several Alaskan species, in-
cluding yellow-cedar, is currently being
pursued by Alaskan interests.

Our results thus indicate that deci-
sions about salvage and use of yellow-
cedar snags should be based on tradi-
tional utilization considerations such as
yield of usable product and total value of
product recovered from the log.

RELATED RESEARCH

AND RECOMMENDATIONS
FOR FUTURE WORK

GLUING

Since the initiation of the phase 1 re-
search, several other studies have been
completed that relate to utilization of
the dead cedar resource. Initially, con-
cerns had been raised that yellow-cedar
could not be glued successfully. Re-
search has now shown that cedar, if
properly dried, can be glued with com-
mon adhesives ( 19).

DECAY RESISTANCE

A laboratory evaluation of decay re-
sistance of yellow-cedar heartwood in-
dicated that wood from both live trees
and trees from snag class 5 is adequate
for practical application in products
used above the ground and subjected to
intermittent wetting, such as millwork,
outdoor steps, balconies, and seating
(4). This study suggests that the heart-
wood of class 5 trees may have less du-
rability in belowground exposures. How-
ever, the laboratory evaluation to date
contains some anomalous results. Addi-
tional laboratory evaluations, as well as
in-ground field tests in Alaska, are in
progress.

LUMBER GRADE RECOVERY

A study on the pattern of deterioration
and recovery of lumber grades of yel-
low-cedar snags showed only about 0.5
inch (13 mm) of sapwood in live trees
and dead snags through snag class 3.
This small amount of sapwood would be
typical for these old, slowly growing
trees (14,18). Little sapwood remained
in snag classes 4 and 5. Stain and decay
occurring radially inward from the bark
was mainly limited to sapwood through
class 3. Radial checking, potentially one
of the most damaging defects in dead
cedar snags, extended to a depth of 0.25
inch ( 6.4 mm) through class 3. For do-
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mestic and export lumber grades, grade
recovery did not differ greatly by tree/
snag class (14). The lower grades tended
to have greater volume recovery from
older snag classes.

RECOMMENDATIONS

Utilization of a dead timber resource
can present a number of technical and
marketing challenges not faced by pro-
ducers of lumber from live trees (5,22).
However, the high durability of yellow-
cedar, coupled with its potentially high
economic value, make this a unique op-
portunity to extend the available wood
resource within the context of sustain-
able forest practices. In addition to con-
tinued evaluation of durability, we rec-
ommend development of the following
information.

1. A more detailed survey of the
dead yellow-cedar resource in southeast
Alaska (one of the most pressing needs).
Ultimately, volume estimates by snag
class and estimates of the extent of se-
vere spiral grain in the tree would be in-
valuable to potential users of this re-
source.

2. Assessment of the environmental

contributions, if any, of dead cedar snags.
to the ecosystem.

3. Continuation of product yield stud-

ies when use options and commercial in-
terests become clearer.
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