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REGENERATION PATTERNS ON SOME MODIFIED STAGGERED-SETTING

CLEARCUTS ON THE H, J. ANDREWS EXPERIMENTAL FOREST
INTRODUCTION

Foresters in the Douglas-fir region have continually gtriven to
obtain natural regeneration of Douglas-fir on cutover forest lands.
Many studies have been conducted toward this end and many harvesting
techniques have been tried. Continuous clearcutting was eliminated
as a possible system when Isaac established that Douglas-fir seed
vas not stored naturally in the duff, Selection systems were not \\\

7
applicable because of the intolerant nature of the species. The

seed-tree system was gemerally discardéd after it was found a majority
of the seed trees died on cutover areas before regeﬁération could be- )
come established. After World War II a modified form of clearcutting

in staggered-settings was developed which involved a system of patch
cuttings, usually 40 to 80 acres in extent, intefspersed with uncut
forest stands, This system seemed to provide for adequate natural
regeneration--full sunlight on the cutover areas and an adequate seed
source within the known limits of Douglas-fir seed dissemination.

In 1948 the H, J. Andrews Experimental Forest was gset aside for
research in the management of old-growth Douglas-fir. A major portion
of the initial program was a "pilot plant" test of the staggered-setting
system, It was found thac the clearcuts did not always develop the
prompt and adequate regeneration of Douglas-fir expected, and heat

appeared to be one of the major deterrents to the establishment of seed-

lings. Consequently a series of experimental cuttings was made during
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1954 and 1955 to determine whether some modification of standard cut-
ting procedures would be more favorable for regeneration. Included
were group or patch-clearcuts ranging in size from 1/4 to 4 acres,
atrip clearcuts of various widths and orientations, and a shade-seed-
tree clearcut. All quttings were designed to utilize shade from the
residual stand to favor regeneration by reducing surface soil tem-
peratures.  Examination of these units in 1959, four or five years
after cutting and burning, indicates that utilization of stand shade
dbes‘produce favorable results. This thesis is a report of that ex-

amination and an analysis of the resulting data.



REVIEW OF LITERATURE

Considerable literature is“available on the regeneracionvof
Douglas~-£fir, but very little deals épecifically with its regenera-
tion on strip or smail patch cuttings, or under a seed-tree system.

' Only the most relevant portions of the general studies are considered
in this literature review.

Leo lsaac, in his monograph on the reproductive habits of Douglas-
fir, reports several pertinent studies. In one experiment on the dis-
semination of Douglas-fir seed (12, p. 19-22), he found that approxi-
mately 39 percent of the seed fell 100 feet from the timber edge, 44
percent fell between 200 and 500 feet from the timber edge, and 17 per-
‘cent beyond 500 feet, In an investigation of natural regeneration at
Wind River, Washington (12, ﬁ. 78-80), a gentle, northeast-exposed
slope was well-stocked (70 to 100 percent of 13.2-foot square sample
plots) up to ten chains from the timber edge within five years. A
southwest exposed slope was adequately stocked only one chain from the
timber edge after five years. Medium stocking (40 to 69 percent of
13.2-foot square sample plots) occurred to 20 chains and eight chains
on the respective slopes.

Isaac (11, p. 11-12) also studied in detail the mortality of
Fpouglaa-fit seed trees on eight cutover areas in Oregon and Washington
which were 11 to 15 years old. Slash was burned on six of the areas
and left unburned on the other two. Average survival on the unburned
area was 65 percent and on the burned area nine percent. Twenty per-

cent of the trecs (approximately one-fourth of the mortality) died as




a result of logging and slash burning. Wiﬁdfall destrdyed an addi-
tional 30 percent of the trees. Gréater seed production was noted
on the éurviving single seéd trees than éﬁ similar specimens in
adjacent timber stands. Isaac thought that better seed-tree sur~
_wival might be realized by using more!care in sélecting treés,
locating trees in more windfirm locatioms, and leaiing them where
they might be more free of logging and slash-fire damage.

Garman (6, pe. 28-33) studied Dougias;fir regéneration exten~

.

siveiy in coastal British Columbia forests. He found that shade ]

I3

o . |
promoted germination and improved seedling survival. Anm analysis |

was made of the shade factor on an experimental area where re-
generation from scattered seed-trees had been studied and the shade
from mature trees had appeared to be definitely related to sur-
vival. The shadow patterns of:the trees on May 2lst were carefully
deterﬁined and reproduction plots rated as either shaded or unshaded.
The results indicated that shade of seed trees was bemeficial. A t}
fﬁllicrowned mature tree was found to give temporary protection to

an area of one-third acre during critical times. In an earlier study
(5, p. 30-31) he also found seed trees to be heavier cone producers
. and more efficient distributors of seed than marginal or border trees.
Garman concluded (6, p. 36-41) that the practice of leaving seed trees
was a very uéeful silvicultural tool, particularly on south slopes,
and felt that "Douglas-fir should be cut by a method that leaves the

shade of scattered seed-trees." He thought that cutting of Douglas-

fir would eventually evolve to harvesting 300-foot-wide clearcut strips
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on good.sitesband a shelterwood system utilizing two to eight leave
trees per acre on the most severe slopes.

Krauch (13, p. 17-18), after many years of research in Arizona
and New Mexico, concluded that shade was essential for reproduction
of Douglas-fir in that region. He thought its most beneficlal effect
was in regulating transpiration and as a result preventing wilting of
seedlings. . ' .

Clark (4) studied regeneration of gggigwggggsgpts in a subalpine “]
spruce~alpine fir-Douglas-fir stand in intgriof British Columbia, |
Strips two chains wide with four-chain reserve strips were cut in
north-soufh and east-west directions. Reproduction was surveyed with
plots located at 1 1/4-chain intervals in a zig-zag pattern across the
strips, The eight north-south strips averaged 34,7 percent milacre
stocking while the three east-west strips averaged 32.1 percent mil-
acre stocking. Division of the logged area on the basis of direction
of strips did not show any significant difference in percent stocking
or species preference between north-south and east-west strips, how-
ever, Mineral-soil seedbeds with partial or no shade and little or
no‘conetition had more seedlings than other condition-combinationms.

Worthington (21) studied regeneration on six small clearcuttings
in Douglas-fir stands on the Olympic National Forest (Washington)

which ranged in size from 1.2 to 4.0 acres and on an adjacent clear-

cut area of 130 acres. The survey, utiliziag reproduction counts on

milacre quadrants, was made five years after burning on the large

clearcut. Stocking of Douglas-fir was 40 and 26 percent respectively.
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Seedlings on the small group clearcuts were noted as being more vig-

orous and of better form, Distance from uncut timber edge clearly

- affected stocking beyond 500 feet. Within 500 feet distance from seed

gsource, stocking was 85 percent for the small group cuttings and 83
percent for the large clearcut. Stocking on the large clearcut was 48
percent between 500 and 1000 feet distance from the s;ahd edge andv45
percent beyond 1000 feet distance. None of the group éleafcuttings
had any points beyond 500 feet from the stand edge. ﬁindthrow was
negligible around the group cuttings but excessive algng tﬁe boundaries
of the large clearcut. Worthington indicated that the small cuttings
not only improved total stocking but favored Douglas-fir over hemlock
as well because of its heavier, less-mobile seed. He concluded that
all the group clearcuttings were qualified as adequately gtocked ex-
cept on compacted skid trails; on portions of the large plearcut be-
yond 500 feet from the stand edge adequacy of stocking was question-
able,

A study by Bever (2, p. 18-33) of factors affecting natural re-
generation in central western Oregon resulted in some interesting com-
parisons of seed-source values., In this 1nve$tig§tion various study
areas were divided into forty-acre sub-tracts and seed-source values
assigned to each sub-tract. Two seed trees per acre, a twb-acre séed
block, 1320 feet of uncut timber within one-fourth mile of sub~tract
center, or 3960 feet between one~half and one=-fourth mile from sub-
tract center were considered equivalent to a seed-séufce value of 100,

Inspection of the data tabulated on this basis led the author to
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7
believe that the values were incorrectly assigned to the various seed
sources. The seed=source value of seed trees'appeared to be much higher
than the others. Seed trees accounted for 23.65 peréent of the total
geed source value of all the Sﬁthraéts; but 51 percent of the total
stocking of all the sub~tracts was associated with these éeed trees.
Ratios of total seed source value on all sub~tracts to total stocking
associated with the source gave ratios of 2.16 for seed trees, 0.33
for seed blocks, 0.43 for uncut timber edge within one~-fourth mile of
sub-tract center, and 0.84 for uncut timber edge between one-half énd
one-fourth mile of sub-tract center. From these figﬁréé, corrected,
more comparable seed-source values were computed which indicated one
seed tree per acre, six acres of seed block, 3300 feet of uncut timber
edge within one~fourth mile, and 4620 feet of uncut timber edge within
one-half to one-fourth mile were equivalent. By using these corrected
seed source values, amount of seed source was found to be significantly
related to stocking on burned sub-tracts. The pertinent pdint is the
relative value of the various types of seed source. Unfortﬁnately
there were no observations on the possible effect seed trees might have
had by shading. Bever concludes that_the operator who leaves seed

trees can expect considerably better stocking results than the operator

who leaves seed blocks.

A similar study was made of regeneration on étaggered settings in
western Oregon (14). In this study it was found that "There was no
‘correlation between setting size and distance from ﬁccd source; there

was little corrclation between distance from seed source and occurrence




of coniferous reproduction; therefore, no correlation exists between
the size of a staggered setting and speed of restocking" (p. 26).

Silen (18, p. 26~36) reported the results of a regenerétion sur-
vey made of five clearcuts on the H. J. Andrews Experimental Forest.
Percentage of seedlings on the south édge of the clearcuts was un~
usually high. All milacre plots on two of the clearcuts in this lo-
cation were stocked. He found between 75 and 90 percent of the sur-
viving seedlings had stem shade the entire day. Forty~six to 82 per=
cent of the "Tempil" stations (p. 43-46) established on south-slope
clearcuts indicated soil-surface tem§eratutes exceeding 138°F,., a
temperature which was closely related to seedling mortality. Temper-
atures decreased in years following logging.

In detailed laboratory studies of the effecct of heat on seedlings
Silen (18, p. 67-98) established a sttohg relationship SetWQen the

length of time of exposure to a particular surface soil temperature

used. This fact led him to suggest (p. 147) that heat injury be mini-
mized using seed-tree shade to break up the seedling's day into short
periods of exposure.

One regeneration study conducted at the Fremont Experiment Station
in the Rocky Mountains (17) compared Douglas-fir regeneration under the
selection, shelterwood, and clearcutting systems with a control area.
The species involved were Douglas-fir, ponderosa and limber pines, and
Engelmann spruce. There were 83 and 271 Douglas-fir trees left on the

200~ by 200-foot shelterwood and selectively-cut plots, respectively.
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Bétablished seedlings (at least three years old) ten years after cut-
ting were 1005, 6891, 4638, and 1237 on the clearcut, shelterwood,
selectively-cut, and control plots of which 62, 80, 85, and 57 percent
wvere Douglas~fir. Growth of the seedlings, especially Douglas-fir,
was best with shelterwood cutting. The author concluded, on the basis
of quality and quantity of veproduction, that the shelterwood method
was the most désirable for Douglas~£fir.

Hawley and Smith (9, p. 71-76), in their discussion of clear-
cutting in patches or strips, indicated the chief advantage of these
modifications is in providing an effective seed source for natural re-
stocking, although they do mention: "This kind of modifiéation (stripé
or patches) may also be employed . . . to create an environmental con-
dition intermediate between the protection of a shelterwood and the
 drastic exposure of a large clearcut area." Shade from the stand edge
is not mentioned. Likewise, in their discussion of advantages of the
seed~tree method (p.’100-101), no mention 1s made of any modifying in-
fluences (such as shading) which seed trees might exert. This sygteﬁ
is also thought of primarily in terms of supplying seed rather than
aiding in seedling establishment.

Troup (20) discusses both the "group system" (p. 64~72) and "strip
systems”" (p. 79-104)., The protection afforded regeneration by adjacent
timber on. group cuttings is emphasized ", . . so long as the gap is
small , . . to secure protection against frost, cold winds, and the
desicating action of the sun « . " It was noted, however, that

", . . as the gaps are enlarged the sun beats down on its northerly
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edges. . . this may cause heavy mortality amongst young seedlings. . ."

A system known as "wagner's Blendersaumschlag" is discussed in detail
under strip systems. Cuttings are narrow stripé exten&ing'iﬁ'aﬁ.east-
-"‘vest directioannd advancing from north to south with the particular
6bject1ve of pfotecting from :he.sun seedlings on the Qtrip being re-
" generated, This system is based on the favorable influence that side
“or lateral protection, particularly when on the south and east, have

on establishment of reproduction; this protection was considered to

be accomplished mainly bj éonservatioﬁ of soil moisture. Most of
the c1ear¥strip systems’described are kept to widths of from half o
the height to the full height of the adjacent forest in order to ol
secure side protection from the sun for either natural or artificial
regeneration,

Clear cutting in alternate strips an@ small groups and single-tree
gselection cutting have been compared in a long-term study of harvesting
techniques in the subalpine fir-Engelmann sptuce.type of the Rocky -
 Mountains (16, p. 19-21), Advance reprodﬁction, domina;ed by subalpine
fir, was abundant on the study areas before iogging. Horse-logging
reduced milacre stocking by 29, 36,>and 38 percent on the group clear-
cuts, selection cuttings, and strip clearcuts, respectively, Fifteen
years after logging total stocking and stocking of spruée alone dif-
fered little betwéen plots. "Stocking was good (89 to §2 perdent of
milacres) regardless of cutting method. From 61 to 69 percent of
all milacres were stocked with spruce,”

Clearcutting in strips has also been tried in the western white
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pine type (8, p. 81-83). Results were generally good although some
strip cuttings failed to regenerate satisfactorily because of "ad-
versity of site." Strip cuttings in this type were wide (350 to 400
feet) and located advantageously for seed dissemination rather than
for protection of the harvested areas for regeneration purposes.

Lexen (15, p. 4~7) proposed alternate clear-strip cutting for
certain situations in the lodgepole pine forests found in the Rocky
Mountains. It was considered a useful system for: protecting young -
growth left following cutting from wind-throw; reducing fire hazard ?ﬁ
by avoiding large, contiguous.bodies of slash following logging; re- N
tarding the development of the alpine fir-Engelmann spnnce‘climax; o
vand protecting a residual stand aftet heavy thinning. Alﬁernate
clear-strip cuttings were also conside:ed to aid in regenerating
poor sites but only as a reserve supply of seed and not as an aid
1n seedling eatablishment.
| The initial harvesting :echnique to be tested in old-growth red -
.tir stands is clear cutting in strips about 300 feet wide (3, Pe 10-11).

The system was eviden:ly aelected primarily to protect the windward edge

of uncut timber from blowdown and help scatter seed into the clearing.
CIear-cut strips and patches were included in a test of cutting

systems in the swamp black spruce type (Picea mariana (M4i11,) B.S.P,)

~ of Minnesota (10, p. 2-3). The strips were about one chain wide, six
to ten chains long, and orientated north and south; the patches were
one-half to one-quarter acre in size. In appraising the overall effect-

iveness of the systems it was found (p. 16-18) that only the clear-cut
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patches met the objective of 60 percent milacres stocked four to six
years after logging. The failure of the strips to meet this goal was
attributed to the pattern of slash concentrations, plus possible site
and seedbed differences. It was thought that clear-cut strips with
slash disposal would be equally effective in obtaining regeneration,
Clear=cut strips 150 to 200 feet wide, of both north-south and east-
west orientation and withuburning of windrowed slash, were just then
being tested, _Boch of the clear-cut systems were noted for providing
"an open area in which regeneration can develop free of overstory {F\
cowpetition, yet within seed dispersal range of uncut stands.”™ i

Tomanek (19) studied the microclimate during the early summer et
on some: (1) 20-meter diameter group clearcuts; (2) 40-meter diameter i&}
group clearcuts; (3) 20- by 60-meter north-south orientated strip
clearcuts; and (4) 20~ by 60-meter east-west orientated strip clear- gy
cuts, He noted little variation in the minimum temperatures under I
the different cutting methods, but maximum temperatures were least -
on the east-west strips and small groups and highest on the northe
south strips and larger groups. Variation in evaporation rates were

small during the night but considerable during the day., They were

highest on the strip cuttings (the maximum on the north-south strips)
and least on the group clearcuts. Regeneration of pine, oak, and £ir
was best on the east-west orientated strip clearcuts.

Geiger (7, p. 350) discussed the microclimate of small cuttings
in forest stands., He generalized that the ", . . moderate temperature

range, the high atmospheric humidity and the calm air of the
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surrounding trunk space, characterize the habitat climate of the hole
cutting.” His main interest was in the extreme ground temperature
and great frost danger that such cuttings apparently entail as they

are enlarged. He felt there was a critical size of opening at which

o

the climate was most_severe. Below this size the climate is Qilder-

due to less radiation while above this size it is milder because more
vind can reach into it. He does not discuss regenerative aspects of

such cuttings or the effects of shade.

Most of the references cited, particularly concerning studies con-
ducted on small strip and group clearcuts elsewhere in the United States,
concentrated on the seed supply aspects of such cuttings. The results
of the study to be reported emphasize their protection function in

the establishment of reproduction.
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STUDY AREA

The H. J. Andrews Expefiﬁentél Forest occupies the drainage of
Lookout Creek, a tributary of the McKenzie River, in the western |
Oregdn Cascades (see Figure 1). An.approximately 400-year-old
virgin timber stand, typical of old-growth stands found 1n'the
western Ofegon and Washington Cescades,‘coveré most of.the drainage.
bouglas-fi; (Pscudotsuga menziesii (Mirﬁ.)'francb).preéominates al-
though considerable western.hemlock (Tsuga heterophylla (Raf.) Sarg.)
and westerﬁ'redéedar (Thuia glicéta Donn) and some grand fir (Abies
grandis (Dougl.) Lin&l.). sugar pine (giggg lambertiana Dougl;), and
incense cedar (Libocedrus decurrens Torr.) are also present. At
higher elevations--over 3000 feet-~noble fir (Abiles procera Rehd.),
western white pine (Pinus monticola Dougl.), Pacific silver fir (Abies

amabilis (Dougl.) Forbes), and mountain hemlock (Isuga mertensiana

{Bong.) Carr.) are common constituents. Precipitation on the forest
is heavy, varying from 89 to as much as 140 inches per year on the
tidge tops. Mean temperatures are from 35°F. in January to 65°F. in
the summer months gnd extremes are uncommon (1, p. 2).

Pive general types of cuttings were represented in this study:
(1) north-south orientated strip clearcuts; (2) east~west orientated
strip clearcuts; (3) swall patch or group clearcuts; (4) a shade-
sced=tree clearcut (residual trees were left to provide shade and
seed); and (5) a typical staggered—settiug'clearcut. Physical and
historical data for the unitsare given in Table 1 and their relative

locations and configurations on the experimental forest in Pigures
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Figure 1.

Location of the H. J. Andrews

Experimental Forest (1, p. 1).
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Table 1, Physical and historical data on the cutting units examined,

: : Size :__ Dimensions $  Avg. : Avg. Higtorical Data _
Unit Shape s : Width : Length : Slope : Elev, : Logged : Burned :_Volume Removed
: : Acres 3 Feet : Percent : Feet : : : M,B,F,/Acre
s1 North-South 0.7 SO 600 60 2025 1954 1954 51.7
s2 Orientated 1.2 100 550 60 2100 1954 1954 47.2
s3 Strip 3.6 200 800 50 2125 1954 1955 54.1
14 Clearcuts 8.4 350 1050 40 2175 1954 1955 68.8
S5 East-Vest 2.3 100 1000 10 2550 1954 1954 79.1
S6 Orientated 3.1 200 650 10 2600 1954 1954 102.7
s7 Strip 4.0 300 575 20 2650 1954 1955 100.7
Clearcuts
Gl Rectangular 4.0 435 400 20 3100 1955 1955 78.3
G2 Group 2,0 250 350 10 3125 1955 1955 83,2
G3 Clearcuts 1.0 200 220 0 3075 1955 1955 70,3
G4 Circular 0.75 102 radius 0 3025 1955 1955 78.7
G5 Group 0.50 83 radius 10 3025 1955 1955 137.4
G6 Clearcuts 0.25 59 radius 20 3050 1955 1955 50.0
Typical
SB Staggered- 48.4 20 3200 1955 1955 56.4
Cetting
Clearcut
Shade-Seed-~
SC Tree 20,4 10 3300 1955 1955 49.1
Cutting

91
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2, 3A and 3B. All but the north-south strip clearcuts occupy compar=-
able sites: gentle, southogxposed slopes with deep, clay-loam soils
at elévations of 2550 ﬁo 3500 feet. The.north-south orientated strips
éccupy a steep, southrexyosed slope:with a shallow; ciéy-loaﬁ soil at
elevations of 1850 to 2375 feet. |
Gtouﬁd cover was relatively uniform on all areas with no outstand-
ing differences between units. Plants which were prominent on the cut-

over areas were trailing blackberry'(Rubqg ursinus var. vitifolius),

modest whipplea (Whipplea mndesta),'vine maple (Aceg circinatum),

snowbrush ceanothus {Ceanothus velutinus), common beargrass (Xerophyl-

lum tenax), and fireweed (Epilobium angustifolium).

Continuous records have been kept of Dougias-fir and western hem-
lock cone crops in the vicinity. Cone crops of these species since

1954 were rated as follows&l/

Years Douglas-fir Western Hemlock
1954 Medium | Abundant
1955 Light - : Light
1956 Abundant Medium
1957 Failure Medium

1958 Failure ' Light

1/ These data are based on averages of general observations of number
of cones on Douglas-fir and hemlock at seven locales throughout
the experimental forest., They provide a relative measure of cone
crops only. Data are on file in the Pacific Northwest Forest and
Range Experiment Station, U. S. Forest Service, Portland, Oregon,



18

- -~ Figure 2. Relative locations of the study units

on the H. J. Andrews Experimental
Forest.

e Stream
Forest boundary

- —— Roads

Study area



- oa

TR Phr it ) Solip ~,,&§fn,,‘4_g{~‘; s
N PRIy £ W7 O S

R .
B o/ S Ltk
AN :
"

St
; 2 e
RR L (R

i?-if@,;%

.." o . .' .,
AT T S
R R A T

TS Y,
‘.,A-ﬁt_{o“wg&k“ . .“3,;(1'_4
TN L S

i

1

;

S il
y ]

DA

SR AR
DIRCATUING W
R
R
Y ¥ ol

\)
»
AN :
RS
%
RN AT Vpdeetan s
g ."I'!““‘ YS'u " I.' .“"\." N ¥ 3L, " hH :

s 13:3#

l?igui'e 3A. Stereogram showing aerial views of the group clearcuts, sha‘de-seed-tree

cutting, and standard clearcut.

. Y
HE X3 ¢

61



20

Figure 3B. Stercogram showing aerial viecws of the east-west

orientated strip clearcuts (top) and north-south

orientated strip clearcuts (bottom).
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EXPERIMENTAL TECHNIQUE

The purpose of this study was to evaluate the various cutting
methods using ;ggg}giggﬂgggene:a;;gp_gs“ghgﬂg:iterignwfor"comparisgn.
It was deci&ed~that a regeneration sﬁrvey usingAa systematic sampling
procedure was best suited to this objective. Because of differences
in size and shape of the units no single system was possible. A sum=
mary of the sampling procedures used is given in Table 2. The smaller
units have a minimum of 90 plots while the larger have a lower sampling
intensity; sample size was not proportional to the size of the unit,
Circular milacre plots were used in order to have a larger number and
better distribution of plots than would have been possible with four-
milacre plots. Examinations were made during the late summer and
fall of 1959. *

The regeneration surveys were conducted using a staff compass
and tape. As a plot was located, a small stake was placed in the
center aﬁd the area of the plot carefully examined. All of the Doug-
lag-fir seedlings on the plots were counted. Established Douglas-fir
seedlings were considered to be trees in their second growing season
oxr older; two secdlings in their £irsf growing seaéon were also con-
sidered equivalent to an established seedling. Up to twenty western
hemlock and wesiern redcedar seedlings were counted on a plot but
vhen there were more than that number the fact was recorded but total
seedlings were not counted, Hemlock and cedar seedlings were con-
gidered to be established 1f in their third season. Three one-year-

old seedlings were considered equivalent to an established seedling.



Table 2, Details of sampling procedures used,
¢ Number : Direction : Spacing of : Number of : Actual
Area : of : of : Plots : Plots ¢ Number
s Lines Lines ¢ __on Line ¢ Per Line _: of Plots : Remarks
(feet) (expected)
s1 10 East~west 10 8 102 Pirst plot on each line starts
s2 10 East-west 10 9 118 10' from the west edge of the
s3 10 East~west 20 9 96 timber
s&4 10 East-west 20 19 141
S5 10 North-gouth 10 9 90 First plot on each line starts
S6 10 North~south 20 9 99 10* from the south edge of the
s7 10 North=-south 20 14 174 timber
Gl 10 North-south 20 21 - 204
G2 10 North-south 20 10 116 Same as S5-S7
G3 10 North-south 20 9 102
G4 114 Area divided into approximately
G5 107 100 squares and plots taken in
G6 130 middle of squares
5B 10 East-west 50 225 First plot on each line starts
SC 10 East-west 50 125 25' from the west edge of the

timber

(44
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The hours during which the center of the plots were receiving
shade from adjacent timber between 6 a.m. and 6 p.m. were recorded for
the strip and group clearcutting areas. The teéhnique was described
and used by Silen (18, p. 31-32). It involves the use of a protractor
placed with its index mark at the center of the plbt and orientated
with its 90° mark toward the south, The protractor is tilted at a
45° angle toward the north to align its surface with the celestial
equator. The path of the sun for the six spring and summer months
lies somewhere in a band 23° wide north of the celestial equator
marked by the protractor edge., The stand edge producing shade oﬁ the
plot must lie within the skyward projection of the imaginary band,
Since the sun moves along the band at 15° per hour (the earth's
rotation in degrees per hour) the hours of shade on each plot can be
estimated with the protractor in terms of degrees and converted to

hours.
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RESULTS AND ANALYSIS

The overall resﬁlta of thelregeneiation survey are tabulated in
Table 3, The statistical analyses are confined to the smaller strip
‘and group ciéarcutég'units 5B and 5C were inclﬁded in tﬁe'atudy mainly
for comparative purposes. In all of these analyses stocking was
measured in three ways: (1) percentage of plots stocked with any
species; (2) percentage of plots stocked with Douglas-fir; and (3)
numher of Dohg1as-£ir seédlings per plot. Two general lines of
approach were used, Initially an attempt was made to relate stock-
ihg to a characteristic of the 13 small units (strib #nd gfoup clear-
cuts): (1) size of the units; (2) average hours of shade on the |
ﬁnits; and (3) width of the unit in the north-sbuth dimension. In
these regression anélyses eaéh unit provided.a'single observation.

After this approach failed to provide any aids in interpreting
the data, a second was tried 1nvolv1hg tests of the relations be-
tween stocking and (1) shade hours on the plot, and (2) distance of
plot from seed source. These relations were tested first for the
plots on each of the strip and ginup clearcuts, a total of 78 indi-
vidual regression analyses (6 for each unit). Then the plot data for
each of the major types of cuttings--east-west strip clearcuts, north-
south strip clearcuts, and group clearcuts--vere pooled and the same
relations tésted for the three groups of pooled data. A covariance
analysis between three regression lines developed in the analyses of

the pooled data completed the statistical portion of the study.



Table 3.

Results of regeneration survey

H : s Plots ¢ Plots Number of
Unit : Total ¢ Stocked ¢ Stocked Establighed
: Description $ Plots :__(any spp,) ¢ (fir) : Douglas-fir/acre
: : :___ Percent :  Percent
sl 50' north-south strip 102 61 57 1466
s2 100' north-south strip 118 35 31 597
83 200' north-south strip 96 40 34 573
s4& 350" north-south strip 141 60 45 908
s5 100' east-west strip 90 81 68 1733
s6 200' east-west strip 99 89 81 4561
s?7 300' east-west strip 174 69 60 1899
Gl 4~acre group 204 58 42 824
G2 2-acre group 116 60 29 474
~G3 l-acre group 102 81 45 814
c4 3/4-acre group 114 75 58 1658
G5 1/2~acre group 107 72 64 2276
G6 1/4~acre group 130 72 44 888
5B Staggered-getting clearcut 225 28 21 407
5C Shade~seed-tree cutting 125 61 50 1448

YA
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Relations between stocking and characteristics
of the strip and group clearcuttings

The results of attempts to relate stocking to characteristics

of the clearcut units are presented in Table 4.2/ Only one of the
linear relationships tested proved significant, that between the
width of the clearcut units in the north-south dimension and percent»//
of plots stocked with established seedlings of any species. This
relation is 1llustrated in Figure 4.

| Inspection of the plotted data from each of the analyses where
significance could not be shown, revealed that no different results
wvere to be expected by dropping units S1 through S4 from the analysis,
vhich might be justified on the basis of site differences. Indeed,
the reverse appeared true. Therefore a similar analysis using the
more homogeneous group of units (S5-S7, Gl-G6) was not attempted. A
 preliminary analysis of the relationships between the narrowest
dimension of the clearcut units and stocking and_between the average
distance of plots on the clearcut units from the stand edge and
stocking were undertaken. The plotted data looked very bnpromising.

" however, and no further analyses were made,

2/ An example of the method used in making these analyses is given
in the appendix. '



Table 4, Results of regression analyses of the relationships between regeneration and

characteristics of the group and strip clearcuts,

Width of clearcut in north-south dimension (independent variable)

Percent of plots stocked with any species
Percent of plots stocked with Douglas~fir
Number of established Douglas-fir seedlings per acre

Size of clearcut in acres

Percent of plots stocked with any species

Percent of plots stocked with Douglas-fir

Number of established Douglas-fir seedlings per acre
Average hours of shade on clearcut

Percent of plots stocked with any species

Percent of plots stocked with Douglas-fir
Number of established Douglas-fir seedlings per acre

*% Significant at the one percent level,

1&114d.£,
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Relations between shade and distance from seed

gource and stocking

The majqr pott;op_qf this analysis procedurg Qas regression
analyses ot_gtocking onlghade ﬁours and on distance_from‘sged source
for ea;h of the 13 small units, The results_of these analyses, show~
1ng‘the P-values from.qhe test of the hypothesis that B =z 0, are given
in Table 5.3/ |

Resultg'of similar analyses of three g:oups_of polled data are
given iﬁ Table 6. These‘pooled data were obtained by grouping the
plots from the north-south strips, east-west strips, and four of the
- group clearcuts, respectively. These groupings were quite homogeneous
with respect to site, type of cutting, and quantity of reproduction.

A ;ovariance analysigzwas conducted betweeq the regression lines
from the three groups qf pooled data for the relation between shade
hours on & plot and the number of Douglas-f;r seedlings per plot
stocked with Douglas-fig. Th;s‘was the only relationship which was
significant for all three groups of pooled data, The results of the
covariance analysis indicated that the three rggression coefficients
were significantly different (F =z 54;31 with two andv688 degrees of
'freedom), The regression cqeff;cients for the north-south strip
clearcuts and groupAqlearcuta were not significantly different (F «
0.82 witb one and 144 degrees of freedom), but the adjusted treatment

means were not the same for both sets of data.

3/ An example of one of these analyses is given in the appendix.
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Table 5. Results of regression analyses (F-ratios) of stocking on shade hours and on distance

from seed source (individual units).

¢ Percent Plots Stocked ¢ Percent Plots Stocked tNumber of Douglas-fir Seedlings
Unit (any species) : (Douglas=-fir) :per Plot Stocked with Douglas-fir
: vs, shade : vs, distance : vs, shade : vs, distance : vs, shade ;: vs, distance
3 hours :___from stand  : hours ¢ from stand _: hours ¢ from stand
Gl 12,54 ** 6.12 * 9,07 ** 1.55 9.96 ** 0.89
G2 1.87 0.02 0.13 1,63 0.57 0.76
G3 7.51 ¥** 1.66 19.05 »* 0.58 4,65 * . 0,78
G4 18,40 ** 0.94 14,10 > 0.62 9.75 %k 0,57
G5 1.04 3.00 0.01 1.85 _ 0.07 5.08 *
G6 8.44 ¥k 0.81 10,75 ** 4,00 * 21,59 ** 7424 %%
s1 0.80 0,38 0.15 0.25 3.34 3.04
s2 3.13 0,18 4,15 * 0,43 2,42 3.06
S3 7.38 ** 6.78 * 3.59 2,73 6,00 * 5.12 *
sS4 0.04 0,11 0.43 2.18 S.71 * 4,27 *
S5 4,80 * 0,20 0.99 0.60 2.41 0,30
S6 2.29 0,21 1,55 0,07 39.20 **% 17,71 %k
S7 6,79 ** 2,18 4,50 * 5.00 * 9,21 %% 4,05 *

¥k TIndicates significance at the 1 percent level,
* Indicates significance at the 5 percent level,

ot



Table 6. Results of regression analyses (P-ratios) of stocking on shade hours and on distance

from seed source (pooled data).

Percent Plots Stocked

s ¢ Percent Plots Stocked :Number of Douglas-fir Seedlings
Units : (any _species) : (Douglas-fir) :per Plot Stocked with Douglas-fir
: vs, shade : vs. distance : vs, shade : vs, distance : vs. shade : vs, distance
: hours s from stand _: hours :  from stand _ : hours : __from stand
Sl-84 0.11 0.00 0.10 0.03 15,37 % 14.42 **
$5-87 13,41 ** 3.29 6,82 w* 5.14 & 34,28 & 28,52 *&
Gl, G3, 64.11 ** 6.16 * 45,71 ** 2,40 28,98 ** 2.14

G4, G6

** 7Indicates significance at the 1 percent level.
* Indicates significance at the 5 percent level,

1€
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A single regrosaion line could not, therefore, be used to describe
tha relation for the three sets of poaled data or even for two sets.
Although all three groups skowed a significant relation between the
number of Douglasefir seedlings per plot stocked with Douglas-fir,
the elope'and/or position of the line fs different in each case.
The regféssion lires for these three groups of pooled data are

" $1lustrated in Pigure S.



Number of Douglas-fir seedlings per stocked plot

3

Figure 5.

) A 5 .3 10

Hours of shade on plot

Regression lines from the three groupa of pooled data

showing the relation of stocking and shade hours.
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DISCUSSION

All of the modified clearcuts were better stocked than the typi-
cal staggered-setting clearcut (Table 3) and with ﬁwo exceptions
they had at least 500 well-spaced trees per acre, Even these two
exceptions (Units S2 and S3) should have this stocking wi;hin two
or three years. Thg large clearcut, on the other hand, had only

28 pefcent of 225 milacre plots stocked with established seedlings
of any species. This is not atypical of standard staggered settings
. {n this area. Silen (18, p. 24-30) found, for example, that five
north slope clearcuts on the H. J. Andrews Experimental Forest had
an average of only 313 (range 165-538) seedlings per acre two to
th:ee years after logging, although direct comparisons are im=

possible because of differences in seed crops, slope, etc. Of

the modified clearcuts, the north-south orientated strips had the

_poorest stocking. East-west orientated strip clearcuts had the

P
Rand SRS

best stocking and the group clearcuts and shade-seed-tree cutting

were Lntermediate.
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Effect of stand shade on regeneration

The results of the statistical analyses indieate the very £avof-
able 1nf1uence 6f stand sﬁade on natufal tegenefation; Eleven of the
13 units analyzed in detail and 311 three grOups of pooled data showed
significant relations between stand shade and number of Douglas-fir
seedlings per plot stocked with Douglas-fir. Significant relations
were also generally established between ghade hours and stocking of
any coniferous.species_and of Douglas-fir,

Stand-shade hours and stocking are not always closely related,
however, and the degree of the relationship, as indicatee by the
regresa;on coefficients, varies cqnsideraﬁly from ﬁnit to unit, This
is particularly notieeable on the north-south orieegeted Bttip.clear-
cuts. Ome feasonable explapatiqn f§£ this is the timeftemperature re=
lationship estaﬁliehed by Silen (18, é. 67-98) in his studies of heat
damage to_Douglas-fir aeediings. In effect this relationshié would

1ndicate that i\kermittent shade, the sort that would break .up.the

aeedling day. 1s much more effective than an identical duration of

e r—p——

8tand shade which 1is received in a oingle, continuous_period. On these
units uhich receive the latter cype of shading, i. €. the north-eouth
strips, the :elationship between shading and stocking would be mini-
mized. Other factors such as ground shade. variations in micro-
exposure, seedbed, eﬁc., would exert.a dominant influence,

How much uﬁade can be expected from a particular stand edge? The
theoretical relationship of tree height, slope, and stand shade is

indicated in Figure 6. In practice this is modified by the nature

rayh ——— e




Figure 6. Theoretical relationship between tree haight, elevation of the sun, and slope percent

and stand shade.
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of the tesidual.stand edge--continuity, crown conditions, etc. The
plottéd tesults (Figure 7) from two units indicate that the effects of
the s:;nd are less than those indicated by the diagram. The dif-
ferencé between the_obviou#iy ahade;iﬁfiuenéed #teas of these twb
units reflécts differences in the timber stand which is doing the
shading. 'Tﬁé low value for the ten-foot plots on Unit S5 probably
is due t9 a iack of distufﬁed seedbéd‘iﬁ this zone. bisturbancé

was more uniform on the other unit.3/

Effects of distance from seed source

Results of the study indicate stocking was generally unrelated to

distance from.seed.source., Considering the séedfall study cited earlier
(12, p. 1§~22) these results are reasonable. No portion of the group
or strip clearcuts was over 200 feet from a timber edge and therefore
seed dissemination would not be expected to have any major influence

on the distribution of regeneration, The results also concur with

those of Worthington (21) discussed in the literatnre review, On the
large clearcut used as a check there was some relatiom:

, Total Plots Percent
‘Distance from stand edge plots stocked stocked

10 to 160 feet - 106 = S2 49
Over 160 feet 119 10 8

3/ The two units shown in the figure were chosen because the relation-
ships between stand edge and stocking were least influenced by ex~
traneous factors such as roads, i{rregularities in boundaries, etc.
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- In the analyses of the individual units some significant relation-
ships between stocking and distance from seed source were obtained,
In all likelihood this is not due to any real differences in the amount
of seed received on various portioms of the area, but rather the re-
sult of the pattial'relationship between shade and distance from seed
source, In other words, distance from seed source was ouly signifi-
cant where the shade-hours-stocking relationship was highly signifi-

cant,

North-south orientated strip clearcuts

These units were, as previously mentioned, the most poorlzﬂggocked

o e S

group of small cutting units examined due to the steep, hot, south-ex-

posed slope which they occupy. Considering this severe environment

they are suprisingly well stocked, however, and when compared with
standard staggered-setting clearcuts on similar éites elsewhere on
the H. J. Andrews Experimental Forest they are well stocked,

The analysis of the individual units revealed some interesting
facts. Generally, there appeared to be no relation or a poor relatiom
between either shade hours or distance from seed source and any of the
three measufes of sﬁdcking used (Table 5). Since shade hours showed a
close relation té regéhération on othef units aud in other studies
(18), this requires some explanation. Practically all of the shade
cast by the surrounding timber edge on the plots taken in these units,
whether it was one hour or five hours in dﬁration, was cast in a single

shading period. For example, a plot near the east side of the strip

s
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might have five hours of shade during the day, but this would be re-
ceived during the morning and there would be none for the remainder of
the day. The shading received on these units is 111ustrated in Figure
8,. On the other units shading.tended to be more intermittent in char-
acter, plots with much shading getting this scattered throughout the
day. In terms of alleviation of insolation losses of seedlings, plots
on the north-south strips were receiving the most ineffective shade.
Other factors affecting regeneration were more important and obscured
any shade~stocking relationships. There was some relation, however,
as illustrated by the significant relation indicated between shade
and number of Douglas-fir seedlings at the five percent level in Units
83 and S4 and the one percent level for the pooled data.

Among these units there does not appear to be any particular re-
lation between size and stocking, etec. The iargest uniﬁ, which might
reagsonably be expected to have the poorest stocking, is better stocked
than the 100 and 200 foot wide strips., This is probably because the
unit is somewhat broken-up topographically by a small stream on its
east edge, and does not present an unbroken south-exposure as do the

others.

East-west orientated strip clearcuts

The long timber edge available to shade the regeneration on the
east-west orientated strip clearcuts is probably responsible for the
superior stocking on these units. Surprisingly, the individual

analyses did not indicate a highly consistent relationship between
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stocking and shade (Table 5). This relationship was most pronounced on
the 306 foot strip and much less pronounced on the 100 and 200 foot
wide strips. One explanation which can be offered for this is that
stocking was so high on these two unitﬁ--Bl and 89 peréent respectively
--that it wasn't possible to obtain a significant relationship on the
individual units., Another explanation—is.that a number of plots on
Units S5 and S6 which had seven to nine houté of shading had not been
disturbed by logging., Therefore they presented a less favorable
seedbed than most othgr plots on these units.

| The analyses of the pooled dat#‘from the east-west strips
(Table 6) iﬁdicate a strong relationship between shade hours and
stocking éf any species énd of Douglas-fir and the number of Douglas-

fir seedlings per plot stocked with Douglas-fir,

Group Clearcuts

There is little concerning the group cle#rcu:s'that requires
special comment, As a group tﬁey showed a consistent relationship
between ahadg and stdcking’and stocking was generally intermediate
between the east-west and north-south orientated strip clearcuts.

The two eicépgions were Units G2 and G5 (Table 5).

The gactors resulting in the appareﬁtly inconsistent behavior of
Unit G5 are readily apparent. The unit was located on the nor;h edge
of a road (Figure 2). As a result the conditions present on the unit
were not representative of those one would expect to find on‘a one-

half-acre clearcut. In addition, a new unit was logged directly
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acroes the road in the spring of 1958 and it was therefore impossible
to obtain an accurate estimate of shading when G5 was surveyed later
in the summer,

Unit G2 is the most inconsistent unit of the group clearcuttings,
Although only two acres in extent and on gentle topography it had the
poorest Douglas-fir stocking of any unit with the single exception
of the large clearcut, Analysis of the data from this unit indicated
stocking was not related to any of the factors measured, The only
explanation which can be offered is as follows: Part of the unit is
low and swampy with dense herbaceous growth and most was lightly dis-
turbed during logging. It offered a minimum of mineral seedbed, In
addition, the timber stand along the south and west edges 1s a very
decadent stand of western redcedar and weskern hemlock which offered
little in the wvay of Douglas-fir seed source and about as little shade
as an old-growth timber stand does in thé,Douglas-fir region.

The pooled data, with Units G2 and GS eliminated, reflects the

strong shade-~stocking relationships of the individual units,

Shade~seed~tree unit

The shade-geed-tree cutting was one of the most interesting ex-

amined in the study. It was a small unit of 20 acres in which approxi-
mately three dozen old-growth Douglas-fir trees were selected and left
at the time of logging to supply seed and--more important--shade (see
Figure 9). The average residual stand of only 1.8 trees per acre is

somewhaﬁ misleading as they were located within two-thirds of the
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area of the unit. The trees were selected for vigor and location (in
rows with an approximate spacing of 120 feet square). Slash was pulled

aﬁay from these trees at the time of logging to prevent damage from

' glash burning.

The regeneration survey revealed this unit was well-stocked==61
percent of the milacres examined and 1448 Douglas-fir seedlings per
“acre=-within four years after logging. The excellent stocking iz un~
doubtedly'the‘result'oflqevéral factors. An important one is the
shade cast by the seed trees, This was of an intermittent type over
most of the affected area. The disturbed, mineral seedbed resulting
from the yarding and slash-disposal work is another, Finally, there
was additional seed from the seed trees, |

' Poorest stocking on the unit was on the portién without seéd
trees, A statistical cOmpérison of the areas with and without seed
trees was not possible, however, because of complicating factors such
| as difference in slope and the effects of timber edgea..
1t is noteworthy that noune of the.Douglas-fir. trees left in 1955

have blown down or died from any cause, Most are fullecrowned and

aihel aarrl g iD=

have been producing seed, Studies of seed-tree mortality fn the
past have not been encouraging; wind, logging, and slash burning
have destroyed most of the trees, Perhaps the results on this unit
are.moré indicative of what can be accomplished by careful selection
of gsound, vigorous seed-trees in windfirm locations and by taking

W oane ¢ e

care to avoid damage to them in logging and slash burning,
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Relations between units

The negative results from this portion of the statistical analysis

require little discussion. ‘Ihe one significant relation--between |
width of the clearcut in a north-south direction and percentage of |
plots stocked with any species--is undoubtedly the result of the
close relationship between effective shade and this parameter of the
units. The lack of a clearcut size-stocking relationship is reason=
able in view of the earlier discussion about the effects of distance
from stand edge on stocking, the units involved vere simply too
small to show such a relation, 1f one exists (Lavender et. al., 14,
felt that it did not). The failure to establish a relation between
average‘hours of shade on the clearcuts and stocking was a little
surprising. Evidently, this resulted from the great variation in
the level of stocking associated with a particular level of shading
on the different groups of units (note Figure 4). A large amount of
variation with the smallfnumber'of.degrees of freedom would effectf

ively mask any relation.

AW
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SUMMARY AND CONCLUSIONS

- The results of this study indicate that the modified staggered-
setting clearcuts did improve the promptness and.adequacy of natural
’ regenetaﬁion of Douglas-fir.. fﬁis improvement is definitely related
to shade cast by the residu#i stand, Initially, tﬁé'aﬁthbr intended
to crj to ielate regeneration to éome average chaiécteristic of the
cutting areas such as size, but‘:ﬁis:apptoach did nbe prove valid,
at least on thé areas examinéd. Even clearcutting small units did

not, in itself, insure prompt natural restocking.

The fact that natural restocking was not generally related to
distance from geed source indicates seed was probably not a_limiting

factor on the areas studied. This suggests that the chief value of

modified clearcutting sysﬁems in'the Douglag-£fir region, as compated'
with staggetéd-setting clearcuts, may be as an aid in seedliﬁg estab-
liéhment rather than by supplying additional seed, although they un-

doubtedly do result in incre;sed seed supply.

-~

There is gsome indication that intermittent shade may be more |

§

effective than a similar amount of shade received in a single period,
although this was not demonstrated conclusively in ﬁhis.study.

In conclusion, consideration should be given to the use of
special éutting methods sﬁch as east-west orilentated strip clearcuts,
small group or patch clearcuté, and shade-seed-tree'cuttings, to aid
in natural restocking of Douglas-fir. These cuttiﬁgs should be laid
out primarily to provide shade rather than from the standpoint of

seed dispersal,
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EXAMPLE OF REGRESSION ANALYSES CONDUCTED ON THE RELATIONS BETWEEN

CHARACTERISTICS OF THE CLEARCUT UNITS AND STOCKING

Avg. %
Shade Hours Plots
DATA: Unit _Per Plot Stocked

s1 2,518 .61

52 1.822 .35

s3 1.198 .40

sS4 0,922 .60

S5 1.800 .81

6 1.566 .89

s7 1,422 .69

Gl 0,912 .58

G2 2,422 .60

G3 3,355 .81

G4 3.491 .75

G5 1.673 072

G6 3.085 .72
n 13
Ix 26,186 zy
b 2,01430769 ¥
@x)?  685.70659 (Fx)(Ey)  223.36658 (£y)2
Ex)2/n 52.74666123 GEx)(sy)/n  17.182045 Gig)zln
£x2 62.116824 Zxy . . 17.78272 =y
SSy 9.370163 SP 0.60068 SSy
b = SP/SS, = 0,0641
Reg. SS = (SP)2/SSy = 0.038507
Res. SS = S5, - Reg.SS = 0.255193
82 = Res.SS/n - 2 = 0.023199
F = Reg.5S/s? = 1.6598 with 1 & 11 d.£. ' (non-significant)

Therefore we accept the hypothesis that B =0,

51

+65615385
5.59699231
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EXAMPLE OF REGRESSION ANALYSES CONDUCTED ON RELATIONS BETWEEN HOURS
OF SHADING AND DISTANCE FROM SEED SOURCE AND STOCKING ON THE INDIVI-
DUAL CUTTING UNITS AND POOLED DATA

Analysis of relation between hours of shade on plot and number
of Douglas-fir seedlings on plot

No, of ¢ Hours of shade
seedlings ‘
: 0 1 2 3 4 s
L s 1 a
1 7 & - 4 5 3
1% : ’ 1
2 : 3 -2 2 3 1
2% 1 o 1
3 s 1 1 1 1 1
3% : 1
4 : 2 1 2 2
4% : 1
5 H 1
5% : 2
) H 1 1 1
% 0 1
8 1
ANALYSIS:
n 58
£x 151 £y
¥ 2.603448 ¥
(:x)zln 407.160714  @Ex)y)/n 390.517241 (sg)zln
% x2 567 Exy 432.5
SSy 159.839286 SP 41,482759  SSy
Reg SS = 10.76593456
Res. S = 180, 3030314
82 = 3.21969698
¥ = 3,3437 with 1 & 56 d. £, (non-significant)

Therefore we accept the hypothesis that B = 0.

150
2.586207
387.931034
579

191,.068966
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