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INTRODUCTION

High winds, which swept Colorado forests in
mid-June of 1939 resulted in heavy windthrow in the
naturally shallow-rooted stands of Engelmann soruce
(Picea engelmanni (Parry) Engelm.) especially on exposed
sites and the windwerd side of forests. These fallen

trees offered an excellent habitat for the Engelmann

spruce bark beetle (Dendrotoctonus engelmanni Hopk.),

for the heavy winter snows protected the beetles from
their natural winter enemy, the woodpecker. Under these
conditions, the rise in the beetle population was 8o
rapid that they soon exhausted their original food supply,
and moved into the nearby standing timber (2, 8).

The first serious outbresk was not reported
until 1942, at which time the infestation on the White
River Netional Forest was examined and deemed beyond
control. The following year, surveys made by the Forest
Insect Laborstory of Fort Collins, Colorado revealed the
infestation to be more extensive than first thought,
with infestations found also on the Grand Mesa, Gunnison,
and Routt Nationel Forests--all centered around the 1939

blowdown areas. Examination of the Clinetop Mesa Area



of the White River Infestation showed a 77.5 per cent
kill on 40,000 of the 200,000 acres examined (3).

Little was known of the habits of the Engel-
mann spruce bark beetle as late as 19473 for control
recommendations, so that the following year, regular
surveys and a bark beetle study were begun by the Forest
Insect Laboratory of Fort Collins, Colorado. The prog-
ress of the White River Infestation as charted by these
extensive surveys (3, &) is shown below:

1944 - An estimated 60 per cent of the spruce on
the ¥Yhite River Plsteau had been killed
since 1939, Total kill estimated at two
and one~quarter billion f.b.m.

1945 - Attack continued; beetles moved to
and smaller trees.

1946

1947 - Attack subsiding. Kill of trees seven
inches d.b.h. and larger estimated to be
from 96 to 99 per cent; total kill
approximately three billion f.b.m.

1948 « Potential danger of future attacks

emphagized by serious advances of beetles
on the Routt and Arapahoe National Forests
to the enst.

Salvage cuttings of the beetle-killed timber
were first begun on the Clinetop Mesa Area in 1943, and
incressed rapidly with the completion of new access
roads following the end of the war. In 1947 the cut of
beetle-killed spruce on the White River National Forest
was in excess of ten million board feet, most of the cut

being for sawlogs. The following year the total cut
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remained about the same, but with an increase of more
than 100 per cent in the cut of pulpwood. Present plans
are for continued utilization of the dezd timber, but

on a much larger scale.

As & result of the beetle infestation, there
is approximately three billicn board feet of standing
dead spruce on the Yhite River National Forest alone (3).
Studles of the r=te of deterioretion of beetle-killed
spruce made on the Aquarius ?Plateau of the Dixie Nationsl
Forest in Utah show approzimately 84 per cent of the dead
spruce standing 25 years following an infestation.
Further examination also revealed very little decay
originating following the death of the trees becauase of
the low moisture content characteristic of trees killed
by the bark beetle. Cuttings for both sawtimber end
pulp from thie srea in 1948 demonstrate the usability of
the dead spruce even after 25 years. Apparently, stand-
ing dead trees remain sound indefinitely, since lumber
wae being cut from spruce on the Grand Hesa National
Forest of Colorado which was killed by a bark beetle
infestation which took place between 1873 =nd 1878 (5).

Lroblem
The Porest Service 18 confronted not only with
the problem of utilizstion of the dead spruce, but also

that of getting the spruce gtands back into a productive
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condition as soon as possible. A proposed pulp mill for
this area would do much to solve the utilization problem,
but at the same time would impose exacting demands on
all potentisl spruce lands in the future.

Surveys (&) which show that, following the
infestation, practically all trees of seed-bearing age
have been killed demonatrate the importence of the
egtablished reproduction in the satisfactory stocking of
these stands in the future. Logging of the beetle-killed
timber will destroy verying amounts of this reproduction,
and must be controlled tc hold losses from thxs.source

to 2 prectical minimum,

No previous logging damage studies are avallsble
for the Engelmenn epruce type, probably because of the
limited utilization of this type in the pesst. The im-
portance of logging damege ae¢ a factor in the management
of spruce-Tir stands of the northesst is emphasized by
Westveld (12), whe states thet cerelessness, and altera-
tion of site which follows logging often casuse such large
losaes of advance agpruce and fir reproduction that rein-
forcemant by subsequent reproduction is essentis) for
getlsfactory future astooking.

Trimble (9) concludes that logging demage in

spruce~fir pulpwood lande of the northeast is no
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deterrent to partial cutting when carried out with horse
logzing. Westveld (12) also discusses logging damage on
the northeastern spruce-fir types and concludegs that the
18 per cent loss of spruce and fir reproduction in log-
ging was very serious because of the hardwood competition
which follows cuttings. Logging damage studies dealing
with salvage outtings are lacking however, and asince the
salvage cuttings in the beetle-killed spruce are so
nearly in the nature of a clear-cut, 1t 1is difficult to

apply results obtalned under partiasl cutting systems.

Object of study

Extensive stund surveys have shown what is
believed to be a satisfactory stand of living reproduc-
tion in the unout beetle-killed spruce stands (8). The
purpose of this study is to determine to what extent
the stocking of reproduction is altered under prevalling
logzing practices. It is desirable to use a logging
system which will permit full utilization of the beetle-
killed timber, and leave a satisfactory stocking of
reproduction which will not require supplementing with
artificial planting.

Iime and place of study
This study was conducted by the Rocky

Hountain Forest and Range Experiment Station of Fort
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Collins, Colorado 1/ during the summer of 1948, and was
limited to the beetle-killed stands of Engelmann spruce
of the White River National Forest north of the Colorado
River, Areas of beetle-killed timber and work aress of
the 1948 etudy sre shown on a map of the White River
National Forest (Figure 1).

1/ The rield work for this study was conducted by
F. Cordon Comer and Kenneth N. Wiley under the super-
visicn of E. M. Hornibrook of the Roeky Mountein
Forest znd Range Experiment Station.



Figure l.-~Hep of White River Hational Forest.
Aress of beetle-killed timber shown in red,
locztion of logging damage glcto shown by
numerals., Source of data (4).
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MATERIALS AND METHODS

Locstion of plots

Four five-ccore plots were esteblished in areas
of beetle-killed timber where the different methods of
logeing in use on the forest were in progress during the
gummer of 1948. Before and after reproduction counts
were made on the plots to determine losses in logging,
and a tally of the merchantable dead spruce was included
in the firat survey to correlzte losses with volumes of

timber removed.

Logging methods studied
Plot 1t Ground skidding of tree-length logs with
&2 D=k tractor.

Plot 1 was located on Clinetop Mesa where log-
ging was in progress by the Consolidated Water Power and
Paper Company. Approximately 24 M ft. b.m. per acre of
dead spruce was removed in this operation. At the re-
quest of the logger, tree-length skidding was allowed;
trees were ground gkidded with a D-4 erawler type tractor.
The tree-length skidding was 2llowed to test the compara=-
tive damage of this system with that of short log skid-
ding, since the logger coneidered the skidding of



| %
tree-lengths to be most efficient for pulpwood
operations.
2lot 2: Arch skidding of short loge with a 2D-5
tractor.

Plot 2 was located on Coffee Pot Mess on an
eres being eut for sswtimber by the Haubrich Brothers
Mill, Approximately 47 M f%. b.m. per scre of dead
spruce was removed, Sixteen-foot logs were bunched with
horses, and then skidded directly through the timber to
the mill with a TD=5 cerawler type tractor equipped with
a bulldozer blade, and drawing a light homemade sulky 1/
(Figure 7).

2lo% 3: Ground skidding of short logs with s D-4
tre .

Plot 3 wss also on Coffee Pot lega, on a saw-
log operation conducted by the E. R, Rippy and Son Mill,
Truck roads were bulldozed through the timber and along
the contour; sixteen-foot logs were then ground skidded
downhill to landings along thease roads with a D-4
crawler type tractor, and then trucked to the mill.
Logging removed about 49 M ft. b.m. per acre of dend
spruce in this operation.

Plot 4! Ground gkldding of short logs with horses.

Plot 4 was locsated nenr Hiner Spring, which is

necr the western edge of the beetle infestation. The

1/ A sulky is wheeled arch commonly used with small
to medium sized tractors.
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area was logged for pulpwood by H. B. Blomgreen, one of
the numerous small pulpwood operators in this viecinity.
Approximately 27 M ft, b.m. per acre of dead spruce was
removed in the form of 100-inech logs, which were first
bucked in the weods and then ground skidded by horses to
landings outside the timbered area,

With reference to the logging methodes included
in this study, 1t should be kept in mind that they were
not aspecifically planned, but rather were selected as
typical of the different types of logging in progress on
the forest in the summer of 1943,

All operations studied were in the nature of a
commercial elear cut, removing practically all of the
merchantable desd timber. The trees were felled by
blocks or strips over large areas, and well in advance
of any skidding operations. The location of skid trails
end roads was left to the logger, and developed with the
skidding activities, so there wzs little advance planning

" on this phase. No form of slash dispcsal was uszed.

Survey progedure
The logging damage plote used in this atudy

were semipermanent in nsture; one corner of ezch plot
being marked by s lsrge wood stake set in the ground,
and by blazee =nd orange paint on the nearby trees.

This corner wea then locsted by compass and pacing %o
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some permanent topographical feature, and its location
with the accompanying plot layout gketched on Forest
Service Form 878 (Appendix 2).

Plots were elther square or rectanguler in
shape, 2nd were oriented so that the strip oruise lines
would be at right angles to the topography. Strip cruise
lines were merked with orange-tipped stakee and by orange
timber marking paint =zlong the line to make relocation
following logeing easier.

3trip cruice linee were located at one chain
intervale throughout the plot, the first line being set
in one-helf chein from the plct boundry (Figure 2).
These strip cruise lines were 0.2 cheinse in width, which
gave one mil-scre to each side of the strip center line
for each 10 links 2long the line. MNil-acres to the left
of the line were designated ae series "A"; those to the
right of the line as series "B",

The survey of the logging demege plots pro-
cecded by mil-scre squares, first by determining the
stocking of each mil-acre, and then by the tally of ad~-
é¢itional rebroduction on the mil-sere. Stocking was
congidered as the dominant size or species of tree
preasent on esch mil-aere square; if two trees on the
some mil-acre were of dominant size, then oreference was
given to spruce over fir, and to trees of normal form

over bedly deformed gtems. The presence of both spruce
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and fir on the same mil-acre was noted by onlaecing an "X*
under the species column not constituting the stocking..
Any addiﬁlonal reproduction on each mil-acre was then
meesured and included in the genersl plot tally, but
without regard to 1tz locstion by mil-scre plot. don-
stocked mileasere squares were recorded as a "O" under
the center column of the mil-acre geries (See Form
R3-23, Appendix 1),

The resurvey of plots following logging wes
conducted in the ssame manner as the before logging
survey. The logzes of reproduction and living trees
from 2ll pheses of logging activity (felling, bunching
of loge, skidding, covered by slash, and eny others)
wag lumped together, as 1t was imprastiesl te separate

them.



Y

A

10 c¢hains

|
|
I
I
|
|
|
I
|
I
|
|
I
|
I
|
|

| I |
| | [
I [ [
| I |
| | |
| | |
| I l
| | |
I I [
| | |

[ [
o
| ! I
| ' |
T

5 chains

o--—-———"— - - — — — —_———— -
\o —_——,— e —— — — — o ———— —

I
I
|
I
I
|
|
l
|
|
|
|
|
|
l
I
7

3 b 5 4
plot boundary
strip center line ————————-

Legend:

Figure 2,--Diagrammatic layout sketch of logging deamage
plot no. 1

Plot dimensions can be varied to fit the shape
of the ares to be logged, but the orientation of the
strip crulse lines is at right angles to the topography.

Mil-acre plots are taken in continuous strips
on each side of the gtrip center line, with plots to the
left of the line designated as series "A", snd those to
the right of the line designated as series "B". This
gives = atrip 0.2 chains in width, which when spaced at
:ne chain intervals, results in a 20 per cent cruise of

he ares.



ANALYSIS OF DATA

Stend conditions following logging

Before logging surveys showed beetle~killed
spruce stands to be well stocked with seedlings, saplings,
and pole reproduction of both Engelmann spruce and alpine
fir. Average stocking density was 2449 per acre, with
a range of 1580 per acre on the most lightly stocked
plot, to 3250 per acre on the most heavily stocked plot
(Table 1 and Figure 3). Although average logging losses
were high, 54.3 per cent, (Figure 3) there remained an
average of 1072 seedlings, saplings, and poles per acre
from which to develop a new stand. Damage was heaviest
on those nlots where high volumes of timber were removed,
and with tractor skidding. #nimasl logging in a stand of
moderate density produced the least damage.

Stocking density before and after logging is
shown graphically by Figure 3. By pure coincidence, the
least destructive method of logging studied happened to
be on the area of lowest astocking density, so that
although considerable differences in stoecking density
existed on the uncut plots, there remained little

difference following logging.



Table l.--Seedling, sapling, and pole reproduction per acre, before and after logeging,
all specles

v
R

Percenta§e loss due

Helght Before logging After logging to logging

and dbh Plot Plot ' Plot

-clese 1 2 3 4 e 4 2 3 4 3 2 3 I

0 =kt 833 919 596 298 363 1;3 122 202 36.4 8.4 4.5 32,2

1t-1% OO 1555 1634 714 295 574 633 628 26.2 63.1 2. 12.0

dbh class
2 153 275 310 130 93 128 124 11k 39.2 53.4 60.0 12.3
oe 101 111 77 82 70 50 40 72 30.7 55.0 48.1 12.2
én 68 ug 26 56 58 31 17 50 14,7 31.1 34.6 10.7
8" 143 1 18 28 33 8 9 28 23.3 42,9 50.0 0.0
10% 2 9 8 8 2 6 5 8 8.0 133.3 27.5 0.0
12% 1 6 5 2 1 L 3 2 0.0 33.3 0.0 0.0
1 12 2 2 6 11 0 2 6 8.3 100.0 0.0 0.0
16" 6 3 1 0 6 2 0 0 0.0 33.3 100.0 0.0
18" 3 2 2 0 3 1 0 0 0.0 50.0 0.0 0.0
20 3 s 0 0 3 1 0 0 0.0 0.0 0.0 0.0
22t 2 0 0 0 2 0 0 0 0.0 0.0 0.0 0.0
24 | 0 0 0 1 0 0 0 0.0 0.0 0.0 0.0

Total 1895 3250 3072 1580 1092 1042 1148 1208 42.4 67.9 62.6 23.5
2"} 431 468 LL9 312 317 231 202 280 26.4 50.6 §5.0 10.3
B4 109 37 36 bl 96 22 21 bl 11.9 40.5 41.7 0.0

ge
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Table 2.--Stocking densities, before and after logging, by specles

o o

s

|

— e

A. Engelmenn spruce

Before logging After logging % lost by plot
Plot _ Plot Av.
By 2 3 14 3 3 4 b X 2 3 L
sesdlings 632 1048 8s1 224 261 160 250 130 59 85 71 42 71
small saplings 196 401 499 80 140 164 174 62 29 59 65 22 54
large saplings
zrgmall poles 110 109 75 146 74 62 27 126 33 43 64 1k 34
lerge poles 19 3 14 18 15 1 ; 18 21 67 350 0 24
Total 957 1561 1439 468 490 387 458 336 49 75 68 28 62
B. Alpine fir
Before logging After logzing % lost by plot
Plot P Plot Av.
1 z 3 L 1 2 3 L1 2 3 &
seedlings k32 179 138 330 219 77 63 170 49 57 sk 48 51
small saplings 204 1154 1135 634 155 410 W50 566 2, 64 60 11 49
large saplings
& smell poles 212 322 338 122 147 147 154 110 31 5 5k 10 hly
large poles €3 26 17 20 85 17 10 20 13 35 hl 0 19
Total 911 1681 1628 1106 576 651 686 866 37 61 58 22 48
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Effect of logging on specieg composition

Spruce was represented in about the same
proportion as fir before logging, execept on Plot 4, where
less than 30 per cent of the reproduction was spruce
(Table 2). Logging destroyed a higher percentage of
spruce than fir; 62 per cent of the residual spruce being
lost in logging as compared to a loass of 48 per cent of
the residual stand of fir. Assuming equal densities of
both spruce and fir before logging, and uniform distri-
bution, logging lossea of spruce averasged almost 30 per
cent above losses of fir (Tsble 3). In the logged-over
stands, spruce made up an average of 37.5 per cent of
the reproduction present.

Table 3.--Ratio of spruce lost to fir lost in logging.
{(from Table 2)

I S Sy SO S — D
Gianaes e Y el S I ki
seedlings 1.20 1.49 1.32 0.88 1.39
small saplings 1.16 0.92 1.08 2.00 1.10
large saplings

& small poles 1.07  0.80  1.18  1.40 0.77
large poles 1.62 1.92 .22 1.00 1.26
Average 1.32 1.23 1.17 1.2% 1.29

The smaller sizes of reproduction were most

susceptible to loss, this being most marked in spruce,
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gince in the seedling and sapling stage, it was found

on old decayed loge more often than fir (Figure 8). The
four different logging methods studied showed no signifi-
cant differences in the relative losses of spruce and
fir, this apparently being influenced by other factors
(Tables 2 and 3).

E
T B e e O

The per cent of loss appears to be influenced
by the volume of wood removed in the logging operation
(Figure 3). Thus Af the effect of the logging method 1s
overlooked, approximately two-thirds of the reproduction
was destroyed in logging stands of heavy density (40 to
50 M f.b.m. per acre), while only about one-third was
lost in logging stands of moderate density (20 to 30 M
f.b.m. per acre).

The least damage occurred using horse skidding
for 100-inch logs, while the greatest damage was with
the use of a bulldozer-equipped tractor and arch for
skidding l6-foot sawlogs. However, comparison of logging
damage on Plots 1 and 4 gives a better idea of the re-
lative losses which might oeccur under tractor versus
horse skidding systems, eince both plots had about the
same stocking density before logging, as well as having
approximately the same volumes of wood removed in the

logging process (Figure 3). From this comparison, it



appears that damage with tractor gkidding is about twice
that to be expected with horse skidding.

Changeg in gtooking dietribution
Although stocking dengities offer one means of

comparison of two areas, distribution of the stocking

over the ares must 2lsc be considered. For the purpose

of thie study, stocking distribution was computed on the
begls of the per cent of the area occupied by reproduction,

when dlvideq into mil-acre units.

One mil-sere basis

On the basis of one mil-acre units, distribu-~
tion ranged from 61 to 86 per cent of the area stocked
before logging, and from 48 to 54 per cent of the area
stocked following logging (Figure 4). Adequate stocking
and distribution would assume a minimum of 1,000 trees
per acre for 100 per cent stocking on the basis of one

mil-acre units.

Four mil-scre Basls

Changing the basis of compsarison to four mil-
acre units, which has the effect of dividing the area
into 250 equal partse, 1t was found that an average of
97 per cent of the area was stocked before logging, with
an average of 82 per cent of the area stocked followling

logging (Figure & and Apoendix 3).
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Relation to density losses

Generally, the reduction in ares stocked
appears to parallel lossea in stocking density, being
moat pronounced under high density losses. However, this
was not the cage for Plot 2, where the loss of area
stocked was much greater than for the otherwise similar
Plot 3. Considered on the basis of four mil-acre units
this would indicate that the loss of area astocked on
Plot 2 was not as uniformly distributed over the entire
area =28 for the other three plots, but was more often in
the form of larger unstocked areas. This is shown by
Figure 5, which graphs the reduction in area stocked over
»eduction in stocking density. While this relationship
is uniform for all four areas when considered on the
basis of one mil-acre units, there 1s a wide deviation
of Plot 2 from the other three plots, when considered on
the four mil-acre basis. ©Since a smaller number of
units are involved on the four mil-acre basls, any re-
duction in area stocked as compared to the other areas
and the one mil-acre basis, indicates the presence of
lerge unstocked areas. This 1s attributed to the use of
the bulldozer blade on the skidding tractor used on
this plot (Figure 7).

Reproduction losees by size glasses

The importance of losses by size c¢lsgses can



31

40 7
L] v
b /
©
o
‘3 /’ o
@ 30 § ‘19 / 43
3 o
W £y

Gy W P://
5] W on
€ 20 oM “

4 i’ .
g / Er (
=

. \ Irs
5 L et B
g 10 1
o —
4 i
g gi
3
@ 0y
o
! T T T 1
20 30 Lo 50 60

Per ocent density loss

?1g¥re 5.--Digtribution changes under different density
osses



3%

be emphasized since it tskes a much shorter time for the
larger saplings and poles to reach seed-bearing age and
merchantable size. A high per cent of lcss is to be
expected in the case of small geedlings and saplings
since one of their common habitats, decayed wood, is so
highly susceptible to destruction in the process of log-
ging (Figure 8). Figure 6 shows a high per cent of loss
for seedlings and small saplings on all four plots.

Lerge saplinge and poles on Plots 1 and 4
gsuffered 2 much lower mortality than the smaller size
classes, while on Plots 2 and 3, a high rate of loss was
sustained throughout the large pole class, and 414 no%
decrease markedly even in trees above 12 inches 4.b.h.
Plot 4 showed no loss in the large pole claes, Plot 1
only 11.9 per cent loss; but Plots 2 and 3 showed losses
of 40.5 per cent and 41.7 per cent respectively
(Figure 6).

This high loss in the larger size classes on
Plot 2 was hardly proportional to the volumes of wood
removed if compared to Plots 1 and 4, and must be asso-
ciated with the logeing method., It is believed to be
due to the lack of care in the use of the bulldozer blade
which was sttached to the skidding tractor. Frequent
wide gkid tralls, large turning areas, and the pushing
of large accumulations of slash and logging debrias onto
clumps of reproduction 2ll contributed heavily to the
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excess damage on thls plot.

Although no bulldozer attachment was used on
the skidding tractor on Plot 3, the construction of fre-
quent truck roads through the timber and at right angles
to the downhill skid tralls contributed to the high rate
of loes here. This was in contrast to the practice of
skidding directly toc open parks before loading on trucks,
which wae used on the other three study plots.
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Pigure 7.--Logging on Plot 2

Considering per cent of residual stand destroyed
and reduction in area stocked, this was the most destruc-
tive of the four logging methods studied. Damage was

unusually high in th® lerge pole snd sawlo% gizes, this
believed to be due m0stly to the use of a bulldozer blade

on the skidding trasctor.
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CONCLUSIONS

The results of this study show that, for stands
with stocking densities comparable to the four aress
included in this study, logging can be safely carried out
without the necessity for supplemental planting opera-
tions afterwards., When compared to the initiasl number
of 1210 seedlinge per asere which accompanies a 6' X 6!
specing used in planting, the average of 1072 seedlings,
saplings, and poles per acre which followed logging

appears to be acceptable.

Recomme ns

Skidding power.--Although logging damage under
tractor skidding systems was almost twice that with
animel skidding, tractor skidding appears %o be permis-
gible on areass which support reproduction densities of
2,000 per acre, or more. For doubtful arezs with
stocking densities of only 1,000 to 1,500 per acre,
horse skidding is believed toc be the only safe system
of the four studied. Financlial considerations attending
the use of planting mske the use of more expensive

logeing operations in poorly stocked areas profitable,
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if this results in saving the reproduction present on
these areas. However, since most beetle-killed spruce
stande support reproduction densities of 2,000 or more
per sere, (Aopendix 4), 1t eppears that extensive use of
horse skidding will be unnecessary.

Use of bulldoger blade on skidding tractor.--
The high rate of deamage to the large pole and trees
sizes which attended the use of a bulldozer blade on the
skidding tractor does not recommend its general use.
Barring subsequent losses by insects or windthrow, these
trees, 8 inches d.b,h., and larger, should reach merchant-
able size as well as furnish & seed source for reinforce-
ment of the stand at an early date. Extension of present
salvage operations to a perlod twenty years hence will
find a higher preponderance of large saplings and poles
in ﬁhe uncut standes which have developed from the smaller
slzes of reproduction now present. This lends further
emphasis for the use of logging methods which will not
destroy such large numbers of these larger size classes.

Iree-length skidding.--Cround skidding of
tree-lengths, 28 carried out in this study, apparently
destroyed no more reproduction for the volume of wood
removed than the ground skidding of short lengths.
Other studies comparing tree~length skidding with the
skidding of short lengths found the use of tree-lengths

no more destructive snd much more efficient than the
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latter (12, 14). It is believed that the use of arches
in conjunction with the tree~length skidding would
lessen the damage, since studies in the ponderosa pine
types of Arizone, Celifornia, and Oregon ghowed the use
of high wheels with tractors to be generally less
destructive than the use of ground skidding with
troctors (1, 7, 10).

In conjunction with the use of tree-length
skidding, the layout of skid trails prior to felling so
thet trees may be pointed to or away from the ckid
trails 18 very important. This should be the responsi-
bility of a forest officer, who should also maintain a
constant check on the operstions to see that proper care
18 exercised in all phages of logging activities.

%/’ Cere in logging.--¥owat (6), in & study of

K damege in Idaho ponderosa pine, stresses the lmportance
of care on the part of the logger in saving the reoro-
duction, Huch of the damage sus%ained with tractor
logeging on plots 2 and 3 is believed to be the result
of cereless practices. It appeared that the operators
using horge skidding =nd tree-length skidding exercised
reasonable care uhloh'contributed materially to the

lower rate of damage on these two plots.

Recomendations of other studies

It is believed that the recommendations made



as & result of other studies would reduce the damage
sustained in the tractor logging of these stands.

Howat (6) recommends detalled logging plans, and the
preseribing and enforeing of speeific operating rules as
means of controlling logging losses. Perry (7) and
Weles (10) both recommend the use of a yarding line on
tractors to take logs from clumps of reproduction as
this resulted in considerably less damage than the hook-
ing of such logs directly onte the tractor.

Need for further studies
Although stocking densities on the four

logged-over areag appear satisfactory, it should be kept
in mind that a high percentage of the residual living
reproduction is in the form of small seedlings. The
high mortality of these under natural conditions is
likely to be inereased by the change of site whiech fol=-
lows logging, as well as from the competition from the
vegetative cover which might become dense in these ex-
tremely open stands., On the other extreme, subsequent
loases due to windthrow of trees six inches d.b.h. and
larger mipht be severe in the very open stands which
follow logging (Figure 9). On the basis of these two
posaibilities, 1t appears that a resurvey of the logged-
over plots as well as the uncut stands would add much

to the knowledge gained from the 1948 study,



Figure 8.--Logging damege on Plot 2

The habit of Engelmann spruce regenerating on old decayed wood makes 1t
highly susceptible to destruction in logging. Note the spruce sapling shown by red
arrow, which was uprooted by logging on Plot 2. Many other small seedlings on the log,
which are not visible in the first picture, were destroyed when the decayed wood was
disturbed.

4} 7
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Figure 9.--Interior view of logged over stand - Plot 2

Logged over stands of beetle-killed spruce
support few living trees over eight inches d.b.h. In
stands as open as this one, subsequent loss due to
windthrow is likely to be heavy. This is an interlor
picture of Plot 2 following logging, which formerly
supported a stand of better than 50 M ft. b.m., but
now an average of only 22 trees per acre, eight inches
d.b.h. and larger, remain.



a2

SUMMARY

The bark beetle infestation which followed the
windthrow of a storm in June of 1939 resulted in the
death of approximately three billion ft. b.m. of Engel=-
mann spruce, on the White River National Forest alone.

Standing desd spruce remains sound for an
extended period of time, so that the salvage of the en-
tire kill is planned. Lacking sufficient living trees
of seed-producing size in areas of the infestation,
future stands will be dependent on reproduction by~passed
by the beetles, so that logging must be controlled to
protect this reproduction.

Studies were made on the area of the White
River Infestation in the summer of 1948, by the Rocky
Hountain Forest and Range Experiment Station, which
covered the various types of logging in use on the
forest, for the comparison of damage with each method.

The results of logging in the dead spruce
standa showed horse loggzing to be by far the least de-
structive; a tractor equipped with a bulldozer blade
being the most destructive. In spite of the heavy

losses of reproduction, which averaged 54.3 per cent, a
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fair stand of reproduction of all sizes which averaged
1072 per acre remained following logging.

Spruce was more susceéptible to destruction by
logging than fir, owing to its regeneration habits, but
the verious logging methods showed little differences
in the relative losses of spruce and fir produced.

Damage was correlated with volumes of wood
removed in logging, with stands of heavy density produc-
ing the highest rates of damage. Tree length logging,
allowed on one plot, was no more destructive than the
short lengths skidded on two other areas.

Damage was well distributed throughout the
logged over areas except for Plot 2, where it occurred
more in large individual areas. Logging on this plot
was also above average in damege to large poles and
tree sizes.

Due to good average stocking densities for
uncut stands, it is believed that horse logging will not
be necessary except in poorly stocked areas. Tree-
length logging with the use of tractors seems permis-
sible on the basis of this study.

Careful logging should be stressed, and de-
finite controls over the logging operations seem advis-
able to mzintain a degree of care demanded by the con-
dition of the uncut stend, and the characteristics of

the logging method.
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Congiderable mortality on the logged-over areas
is expected in the next five years, and a recheck of the

areas should be made,
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RS-23 (New)

DAMAGE STUDY - BEFORE AND AFTER LOGGING EMH 5/13/48
Plot Humber Losation 48
Strip Number Date
Before After Crew
@arat_ STRIES  Quaarat BERERS gt TERES Reprod and Stand tally
0, No. No. Height e Ba Beetle
A, , A » o8 il olass,Spruce Fir Kiliid TORAL
g (ri8s ¥ g IFis|l |F s |Fls [FP|&t gr :
less
1 36 71 4" to
2 37 72 1 ft.
3 38 73 £ 5%
4 39 74 1" dbh
a 40 75 d.b.h,
6 41 76 class
7 42 77 2
8 43 78
9 44 79 b
10 45 80 :
11 46 81
12 47 82
13 48 83 .
14 49 84
15 50 85 10
16 51 86 B
17 52 87
18 53 88
14
19 54 89
20 55 90
21 56 91 e
22 57 o2 1g
23 58 93 20
24 59 94 22
25 60 95 24
26 61 96 26
27 62 97 28
28 63 98 30
29 64 99 32
30 65 100
31 66
32 67
33 68
34 69
35 70 S| =/Spruce; | F = Fir
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Appendix 3.--Per cent of forest stocked
before and after logeing

FORESTRY LIBRARY

COLORADO A. & M. COLLEGE
FORT COLLINS, COLORADO



Per cent of forest stocked before and after logging.

Basie: 1, 2, 2nd 4 mil-acres as the unit of messure.

Per cent of area stocked Reduction in area Beetle Volume
Plot B stocked due to killed killed
Ho. efore logging After logging logging losses trees spruce
Mil-scre un Mil-acre : M1l-a it 10" d&bh per
1 2 E i 2 ﬂ -I"il"'géf'g"l'f" plus acre
{(per cent) {per cent) {rer cent) (nunber) (ft. b.m.)
1 65.4 83.4 94.8 48.9 66.8 83.6 16.5 16.6 11.2 61 24,220
2 85.1 96.4 99.6 48.3 66.2 76.6 36.8 30.2 23.0 155 46,880
3 85.7 95.0 99.2 5§3.7 71.0 84.8 32.0 25,0 13.4 159 48,990
4 61.0 79.6 Sh.h s4.2 71.2 87.2 6.8 8.4 % 140 27,330

W s e e smen e e e e e waes s e s aeee e aeee e e s wmes e e e e e e e s e

¥Mean 76.2 89.9 97.4 50.9 68.5 82.6 25.3 21.4 14.8 129



Appendix 4.-~Number of living trees

per acre in uncut stands



Number of living ftrees per acre, both spruce and fir, in uncut stands

of beetle~killed Engelmann spruce, based on extensive stand survey.

Height clags d.b.h. Plos Total Average
class B [£) H d H N
Humber per acre
L* or less 856 150 50 1234 2322 144 2558 7814 1116
k" to 1 ft. 384 132 15»16 285 1783 .76 875 3959 566
1 f¢. to 1" 4.b.h. 1172 1391 1441 592 2123 58 1650 8952 1279
2 228 433 283 92 217 1 409 1806 258
i 97 158 73 52 L8 50 96 74 82
6 71 93 b6 38 53 39 52 12 59
8 37 58 35 7 20 21 13 231 %3
10 18 18 15 27 & 10 8 101 L
12 14 11 8 14 3 3 16 69 10
14 5 1 6 2 1 2 kL 21 3
16 1 1 - 2 - - 3 7 1
18 - 1 1 - - 1 - 2 0.3
20 - - - - - - 1 1 0.1
Total 2884 2457 2873 2403 6575 1073 5687 23952 3421
Total 2" d4.b.h.
& larger k72 774 L66 204 347 270 604 3227 460
Total 8% d.b.h.
& larger 76 90 64 92 29 37 47 435 62

[ 2"



LITERATURE

CITED

35



1.

2.

b

5

10.

LITERATURE CITED

Brown, Helson C. Logging, the prineiples and
method of harvesting timber in the United
States snd Caneda, New York, John Wiley
and Sons, 1949,

Carhart, Arthur H. Mags murder in the spruce
belt. American Forests, 55:3, 1k-17,
M& !‘ch 101&9 .

Foreet Insect Laboratory, Bureau of Entomology
and Plant Quaratine, Fort Collins, Colorado.
Unpublished ennual reports 19473, 1944, 1945,
19“6, and 19107.

Ginter, Peul L. Engelmenn spruce beetle
infestation on the nstional foreats of the
western slope of Colorado, U. S« Forest
Service, Region II, (unpublished report), 1947.

Milke, James L. Rate of deterioration of
beetle-killed Engelmann spruce. U.S.D.A.,
Buresu of Plant Industry, Division of
Forest Patholegy, (unpublished report), 1949.

Howet, E. L. Lamage by logging and slash
disposal in Id=ho ponderosa pine. Journal
of Forestry, 38:247-255, 1940,

Perry, Y. Jd. Damage to western yellow pine
reproduction under various loggi methods.
Journsl of Forestry, 27:500-506, 1929.

Roeky Mountaln Forest and Range Experiment
3tation. Annual Report, 1948.

Trimble, G. R, Logging damage in partial
cutting of spruce-fir stands. North-
eagtern Forest Experiment Station,
technical note no. §1, 1O42,

Walea, H., B, A study of damage by tractor
;kiddlng. Journal of Forestry, 27:495-499,
929.



11.

12.

13.

14,

Yestveld, Marinus. Reproduction on pulpwood
lands in the northeagt. U.8.D.A.
Technical bulletin 223, 1931.

Westveld, R. H. Applied silviculture in the
United States. New York, John ¥Wiley and
Sons, 1949,

Williston, H. L. Damage from long-length
logging. Southern Forest Experiment
?tztlon, Foreatry lote no. 63, September,

949

Worthington, R. E, Coste of tractor logging

3

in

southern pine, U.8.D.A. Technical bulletin

no. 700, November, ;939.

SSILORADO AL ¢ M



	ETDF_1949_Comer_001
	ETDF_1949_Comer_002
	ETDF_1949_Comer_003
	ETDF_1949_Comer_004
	ETDF_1949_Comer_005
	ETDF_1949_Comer_006
	ETDF_1949_Comer_007
	ETDF_1949_Comer_008
	ETDF_1949_Comer_009
	ETDF_1949_Comer_010
	ETDF_1949_Comer_011
	ETDF_1949_Comer_012
	ETDF_1949_Comer_013
	ETDF_1949_Comer_014
	ETDF_1949_Comer_015
	ETDF_1949_Comer_016
	ETDF_1949_Comer_017
	ETDF_1949_Comer_018
	ETDF_1949_Comer_019
	ETDF_1949_Comer_020
	ETDF_1949_Comer_021
	ETDF_1949_Comer_022
	ETDF_1949_Comer_023
	ETDF_1949_Comer_024
	ETDF_1949_Comer_025
	ETDF_1949_Comer_026
	ETDF_1949_Comer_027
	ETDF_1949_Comer_028
	ETDF_1949_Comer_029
	ETDF_1949_Comer_030
	ETDF_1949_Comer_031
	ETDF_1949_Comer_032
	ETDF_1949_Comer_033
	ETDF_1949_Comer_034
	ETDF_1949_Comer_035
	ETDF_1949_Comer_036
	ETDF_1949_Comer_037
	ETDF_1949_Comer_038
	ETDF_1949_Comer_039
	ETDF_1949_Comer_040
	ETDF_1949_Comer_041
	ETDF_1949_Comer_042
	ETDF_1949_Comer_043
	ETDF_1949_Comer_044
	ETDF_1949_Comer_045
	ETDF_1949_Comer_046
	ETDF_1949_Comer_047
	ETDF_1949_Comer_048
	ETDF_1949_Comer_049
	ETDF_1949_Comer_050
	ETDF_1949_Comer_051
	ETDF_1949_Comer_052
	ETDF_1949_Comer_053
	ETDF_1949_Comer_054
	ETDF_1949_Comer_055
	ETDF_1949_Comer_056
	ETDF_1949_Comer_057

