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The author has followed the development of these trees since they sprouted 

in the nursery, and has conducted the thinnings, the last two since his retire- 

ment as Superintendent of the Forest Management Division. 
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| STAND ESTABLISHMENT | 

The Star Lake Plantation was es- hard work for the then current 10-hour 
_ tablished in the spring of 1918 under day. This was not planting in slits 

the guidance of E. M. Griffith, Wis- with a planting bar. Pay was a dollar 

| consin’s first State Forester. Griffith a day and board, and the labor cost of 
| pictured this as “a fairly large and planting was $3.42 per acre. 

permanent experimental plantation” The species planted were red pine 
on which a permanent accurate record (Pinus resinosa, Ait.) eastern white 
would be kept. His objective was to °. ° ' 

4. « ; pine (P. strobus, L.) ponderosa pine 
| provide “a very valuable guide to all (P. ponderosa Laws.) and Scotch pine 

future tree planters in northern Wis- P. YT stris L Th P q 
consin” (Griffith, 1913). (P. sylvestris L.). There are no records 

) as to the source of the western and 
The planting site chosen was a point _ the European species, but seed of the 

of land projecting westward into Star two native pines came from cones col- 
Lake, Vilas County. During the years lected from felled trees when the 
while a nearby sawmill was operating, virgin stand was being logged on and 
a fence had been built across the base immediately adjoining the Trout Lake 
of this peninsula so that it served as a Nursery site in the fall of 1910. There 7 
cow pasture. During this period, the being yet no seed-extracting plant, the 
area to be planted had developed a cones were dried in the sun. 

| tight bluegrass sod free from weeds . 
and brush. Huge white pine stumps The Scotch pine was planted inside 
testified to a highly productive site the old fence at the base of the penin- 

_ which we now know to be a podzolic sula to make a good early showing in 

loamy sand. Griffith’s sense of esthetics those years when the first efforts at 
called for reconversion to pine on this forest planting were subject to ridi- 
denuded lake shore. cule. Survival after planting was good 

for all species for the deer population 
Planting stock came from the first |. y ery low during those years. 

forest nursery in Wisconsin which was However, only the red pine proved 
established at Trout Lake in the spring; ghly successful in growth and sur- 

| of 1911. Land clearing and sowing of vival during the ensuing years. By 
| seed beds were still in progress during 1920, damage by the white pine weevil 

the last days of June (Fig. 1). Thus, (Pissodes strobi Peck) in the original 
m the spring of 1918, two-year-old white pine plot had deformed so many 

seedlings were available. trees that it appears this species defi- 

Planting was done by students of nitely should not be planted in full 

the Ranger Short Course of the Col- sunlight unless the weevil is to be 
lege of Agriculture. The planters controlled by spraying. With many 

: worked in pairs: one man scalped an trees of very poor form, the Scotch 
18-inch square of sod and dug a hole, _ pine was thinned heavily in the spring 
the other followed and planted the of 1948 and underplanted with 4-year 
seedlings. Periodically they alternated, white pine transplants. This experi- 

for scalping sod with a grubhoe was ment sought to grow white pine under 

~4—
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Figure 1. First seed beds in the Trout Lake Nursery (June, 1911). 
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e e e 

the thin shade of the Scotch pine over- The ponderosa pine of unknown © 
story to avoid killing of the leaders by provenance grew well but more slowly 

e e e e ° 

the white pine weevil, but this attempt than other pines for several decades, 

at conversion failed because of brows- but only a few trees survived a winter 
ing by deer. of extremely low temperature. 

e ° 

Establishment of Plots | Two l-acre plots were laid out, each 
nn -_— _ OG De LL, ] Fe gg 

By 1943 there were successful plan-- with a I-chain wide isolation strip so 
e e e e e e e e 

tations in every county in. Wisconsin, that growing conditions at the plot 
e e e e e e e 

with red pine the leading species. borders would be similar to those in 
Public opinion now fully supported the interiors (Fig. 2). The trees on 
fire control and reforestation, but had each plot.were serially numbered with 

se ° f ° . ° 

swung to opposition against any form paint just below the breast height 
e e e e , 

of cutting. The time had come to level at which diameters were to be 
demonstrate that there was more to measured. The two plots were well 

e e 

forestry than planting trees and pro- matched, with 172 and 174 square feet 
tecting them from fire. Specific au- of basal area, the latter plot having 57 

e e e ° e 

thorization from the Conservation fewer trees. Being a young plantation, 
° . e . . h h 

Commission was obtained to establish there were no head dominants, thoug 
e e e e e 

a thinning plot, with the provision that there were many suppressed trees. 

i i limited 1 forked any cutting was to be well back in Defects were limited to several torke 
the plantation where it would be less _ trees, some face scars following a year 

e 
e e . 

conspicuous. with considerable lammas growth, and
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(Northern Highland State Forest, Me a m 

Star Lake -—— Lot 5, Sec. 15, T4IN-R8E) thet . 

Figure 2. Permanent sample plots established for thinning experiment. 

occasional minor butt scars resulting crown still occupied half of the total 

from severing some dead secondary height of the trees composing the main 

stems at the ground line at the time stand. When marking the first thin- 

of the early pruning. ning, we tried the Schwappach yield 

To some foresters it may appear tables for Scotch pine as a guide. By 
that with so high a basal area thinning proceeding carefully with serially 

was too long deferred. Yet, the live numbered tags, however, it developed 

_§—
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y were not h 
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eh live cro ! , eriod of _ work to elimi erated less ratio (Pig 3) as com eliminate them than 

pared to th . . 
orown ratio records on th 5 trees 

par ylindrical stems Six yielded 
ulting from the mu Oink ale ° ° i 

indie S ield : 

racti . closer spacing 1 evolu | 

acticed in Germany. I Sf the emt th the . nstead of usi in . y. of us f th e 1 
ny numerical cont the thinning | A 

Grst thinni ntrol, therefore, the  thinni oft ak oo 7 
thinning was marked on eg oe ct : 

e 

st i * fealing trees and 140 

nt scened right square feet of bas | 

Th | " nh e first thinning was pri Wes een eae ro sted hele | primarily from yea? Wo he 

w, as is appropriate f eon as apo i shane 
e 

ont a apecies. ba e for so intoler- the appear Ole the ne 

, but trees showi Pee en 
o- . 

oe defect this plot, th 

were discriminated again ee OF 90 feet hich» to a eight were os gainst. The cut of ee imine of 20 feet whi ow 

me larger trees with eee Chie dy 

so tok an ved only a fe 

. to ass the pruning | : y ran ure some larger sticks th ore all of the trees 

: . 4). Admitted] 

e pulpwood pile, for the int “ded ae. forestry py vo 
for the int the | e trees 

ent justified as a f verit is | s a forestry practi 

Figure 3. Red pine of th — . - of the St ar Lake Pl i ae antation ( 
ssive taper resulting from Ion age 20 years). Note large di 

i... cranes ° period ° “s mes | _ 

a So a 
Sea 

Ss ——— 
oe. 

gh 
eae 

ee 
ee 

eR oo 
Se lg 

ee Bag a Ree eee 

(iets 

eet 
a see Pos 

ae 

ee 
Vee 

er 
EN 

_ SS : a aa E og ee Be ne i 

_ i i eae oe 
ee J oe 

Bebe a 
| ee Ce 

ea ee Co 
oe a rd ae coon ; ae ire 

- . e os _— oe a 
SC oe 

See ee Le hs ee ea a 8 Be a a eee ae are 
Pee are paeen See, 

a eS -_ - ae (2 
os ag RE oe gs a. hats ge Soe, 

coe . a . 

oe 4 Z 4 a # S : oh = oe | : oe eee s oe i‘ oo , oe o . : : nae : a , —. ee : _ : 

- : Eo 
7 | : ay a 

5 . oe oe ee 
ee : ae oe oa can , Ye ee a ; ag 7 f a ed Be Sets an rs a 7 . 

a - a ae ay Po ae? 
eo a fee 

ee BS oe 
POE Be a 

ma 

Pe oa. 
See Bey 

a ar Cer 
. erase ae cme See ae. pene ere Le Bo ae oa eR 

: ; 
7 BO Baw eee an z7 

: | ce 
ore Beg ee On eae ie Pee Se Std oe a _ eR wos. 

oh 7 : ae & 

a an a 
~.e Pe ae . . Pr wen ee lige 2 Po Se 

| | ag 7 eke, BOS Shh oo oe rere ge cd mo a aan , BS mo Sot ee . ae 

4 “oe Bie 
| ee 1 oe es ne an ne 7 

co ; ee ae ee ee ee 
Gee 4 a . ee 

Ce ae ae Pa 

a i SS Pe S . = a ee : re ee Poe ae as fo i Se a 7 Se Ss ve . . 2 e 

; er a any ase Cr 
aie FS, eee 7 eens. ee 

oe Se Re oo Cer 
ae roo 

7. 

F 2 | 4 4 Pas if o oe / 43 egh ge oe oe _ oo eo ao Pe Pe Hehe RT meee 
oP 

: ee a oa : eae oT ae ot Pree es a ore rien) 
Ue ka ae oe — me So 

Pe oo ra 
= is tee. : oe oe oa a oe as Me eo — — oe & os 

eae oe 4 a: - — ao oe a as re Pa oie base: oe [a 
eo ol 

er — 
i = i; A iN E a ; 5 3 . | : ea ee . “ee #8 “3 F & an o ; : : Py _ . e ; ney 2 8 “ree “ oe 

ae Pe 
8 fo go8 Oo # eS GR ame eS 7. ee Be x Eo eT TT 4 7 

; SS oe 
. ee 

oo. 
is cae 7 a is ] ; — a, es ; ; c Re Rg s. _ ; eS i :& i. & : i as a : Ss 

- ee : es 
ORG iors z ce ee eee Se 

cari a aa Be 
Sern 

ce ee: y ro 

. | i : — 
a fC oS inne ew ee ak Ye Pee R a “ ey : ae ee = See 7 a 

a oe ee ORR oe ~ . = te at 8 | | / 

a Re oe Boos . See Pe SESS SS Ss re ee ce ; . — a . - | : | 

Le ke ten 
- 2 - = = a 

re AE Ne ee 
BSS 

PSEC 
es : SOR. SG 

ae 

oe ee = oo |. § i oo 

ee ns ot 
a! Ese veg CS 

se ae 
ro 

: oo 

8 eee ae ce a 
ee en an RN 

es ENR i. 
aN a 

‘ og Po 
ES _. Le . = aT a 

See Beers 

2 ee 
ee eae ee SEE ERS ee — oe o eS oo 

oe a 

SS 

ae nee eee re ee ee ne ; mn se 
an as ree 

SS 
oe ee eee a ee pe le we NRE Se ae Boe = oes 

Be ee 
eee goes cee oe 

i ; ae os ea a BS CS 

oe 
ec ee co ne | | : _ 

as a 
oes 

Se 
pe eee ners ee 

, 

Le 
os EER oo 

Orne eer an a , 

. Se 
ee ce ee ae e 

<a 
eo See a Se 

Pe ee ae — eh Ne We 
ee Sees J Shag vere 

ce Se ee 
ee ee 7 

SSS ea a a Ce ne . 
SSR SERRE ge x ae ae Se are *s we 

Se : i i. - 

—_7—



atk Se meer OR em eR Re ar Sere se ee a ak See 

Pe, © ee ee ae 
ae cy a ue Swat a ae es 
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a ee Ce SCO ‘y Aer . . . 

Soe beeen * a a>. B were measured with a transit. Heights 

. Ce ee eee an cee ee «~2=«(ETC read from a height-over-diameter 

Ae | ge eee curve, average height being that of the 
eS Gee rece Le 
a ee tree of average basal area. 

| ..  ee..—lhLmlUmrmrmrrrr—~—tsi—“COOrCs—C—sSCSCsis‘C(‘CkéSCaE CE . 
> 2 eg ee ee ee ee, §=—S For _ volume computations, curves 

eo eo ee CST drawn for board feet and total 

i. be | eee cubic stem volume inside bark, based 

ee eee OD tables by Brown and Gevorkiantz 
(1934). With the aid of cord volume 

ee ,rrC—“ iaSrCUL rr . . 

ee ee tables for other pine species, curves 
. oo. 

> 

et et rrrrt—“‘iCs*sSs™SCéiéisSsC‘( Se TCtCtVTT'CV also drawn on the basis of diame- 
oe il, Poe A ee sCliter and total height, and each time 

eee ie ; ; ) 
ee yplilge. See eee = adjusted until the computed cut 

—: | | eee | \ Bee ee | Ree | equaled the measured volume of the 

e)6hOUe CUD hUvGlU CUCL CB tC COUtations, v alues were read from these 
—-—. @ i Ff Ff fF , 8§=8=6fe . . 

me om ee UCU OC curves for each one-tenth inch diame- 

a oe he” lmrmt—<“‘i—~rR)hUr Se CU? CCéter class. To assure that the results 
a. = Fe ULUmUmUrm™t™t~— CSCI bee compparrable, the same pro- 

1 lot after first th cedures were followed at the time of 
Figure 4. Red pine plot after first thinning (age . -_ 4- 

32 years; 580 trees per acre). Pruned to 20 feet. each thinning. The periodic measure- 

doubtful whether thi th ments for the untreated plot and the 

oupuu Ww ether this pruning with data on the four thinnings are sum- 
pole saws involved much more work marized in Table 1 | 

than would have been required later 

to trim limbs from the pulpwood Development of a Stand 

sticks. After each thinning the tops Density Concept 

were limbed and the branches scat- Citing Braathe (1957) with respect 
| tered and left to decay, since burning to grades of thinning: “We are not 

would have introduced a practice not interested too much in what is taken 

applied to the untreated plot. out but in what is left. What is needed 

Measurements and Computations in fact is a definition of the density of 

Procedures for measurements and the remaining stand rather than a de- 

computations were worked out in con- gree of thinning.” Stand density is a 

ference with S. R. Gevorkiantz of the numerical expression on a per area 

Lake States Forest Experiment Sta- basis, and no such expression can be 

tion. Diameters at breast height were written without including the number 

measured with a steel tape to the of stems asa factor. Thus the number 

- nearest one-tenth inch, and the pre- of trees is basic, though meaningless 

vious diameter of each tree was re- except when expressed in terms of 

ferred to at the time of each remeas- some measure of their size, for they 

urement to guard against personal require more space as they grow 

error. The first height measurements _ larger. Basal area, which had proven 

were made on felled trees, while prior so unsatisfactory as a guide in mark- 

to each subsequent thinning, heights ing the first thinning, uses diameter as 
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a measure of tree size. But Hummel _ | 

(1954) has pointed out that “diameter — | 

increment, and hence diameter, are ™ : : 

influenced by thinning treatment, and . 
it is clearly undesirable to use, asa | | 

criterion for the definition of a treat- | \ 

ment, a character which is itself in- ™ | 

fluenced by the treatment.” ‘eo WY 

Since basal area is a resultant value, 

reflecting the past history of stocking, 5 a0 ow 

attention was turned to height of § oo 

dominants as a measurement which is # ’ 

unaffected except at the extremes of _ 

stand density (Wilson, 1946). Atten- & s 5 

tion was also called to the fact that 2 | : | = 

height “combines the components of - 

age and site in one measurement. = 

The formula then submitted was: 90 2 ¢ 

_ 48,560 » E 

”= ThE tT \| 2 
where n = number of trees per acre. 0 2% 3 

h = height of stand in feet, and ” ° 
f = a certain fraction of height ” os enone 

HEIGHT OF STAND (FEET) 

But it soon became apparent that per- | 

centage would serve better than frac- Figure 5. Stand density control. 

tions. The formula plots as straight 

_ lines on logarithmic paper for any tribution over the acre. At five years 
chosen value of f. The trend of stand after the first thinning, the height of 

density for the thinned plot to date 1S dominants had increased by 7 feet, 
shown as the stepped course in Figure 4g thinnings were then timed by 

5. _— each 7 - 8 feet of added height. Thus 

The same article proposed timing of two specific controls have been im- 

thinnings by added height growth. posed, and all other values must neces- 

Since height growth is more rapid in sarily be accepted as resultants. 
youth, this automatically complies 

with the old admonition that thinnings Discussion and Observations 

should be more frequent in young Thinning prevented any mortality 

than in older stands. due to competition (though one tree 

The first residual stand represented was killed by lightning ). There is no 

a spacing of 20.6 per cent of the evidence of root rot in either plot. 

height of average ‘Jomninants, and this While a difference in the height of the 

line was followed to the nearest 10 average tree is to be expected, height 

trees per acre, for te sare number °: Cominants is Peginning ro fall pe. 

trees has always been leit on eac ind on the untreate ot because O 

square chain to provide uniform dis- extreme stand density, rather than site 
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deterioration. Naturally, thinning has havior of basal area. One may not 

also increased the diameter of the av- safely assume that the trend of basal 

erage tree, both by better growth and area in plantations established at 6 x 6 
by the arithmetic effect of eliminating foot spacing resembles that resulting 
the smaller trees. Here the writer from the European practice of close 

wishes to register a plea that others spacing followed by early and. fre- 

also report diameter ranges. In the quent thinning. The last two residual 

present case thinning has narrowed basal areas, lying slightly above the _ 
the spread of diameters. The smallest curve for Scotch pine, are appropriate 

tree on the thinned plot is now slightly in view of the somewhat greater toler- 

larger than the average tree where no ance of red pine, while their leveling- 

thinning was done. Too often plot off would indicate that this value has 

data are limited to those required to become more valid. But before the 

support comparatively narrow find- third thinning an inflation of basal 

ings. | area values must be acknowledged. 

The levels of residual basal area are When measurements revealed that 

contrasted in Figure 6 with those for during the first two intervals diameter 
Scotch pine after heavy thinning growth had been at the low rate of 20 
(Wiedemann, 1949). Heights at 50 annual rings per radial inch, there 
years are identical, so that sites are ore comments that thinning had not 

comparable. Even between thinned peen heavy enough to “bring re- 

plots, taper resulting from past differ- sponse.” Yet during those 11 years, 
ences in stand density affects the be- pulpwood grew at a rate of slightly 

more than 2 cords per acre per year, 
which is no indication of stagnation. 

“ What had happened was both normal 
ff STAR LAKE and desirable: the trees were improv- 

| = UNTREATED PLOT ing their form by adjusting to the = 
stand density being maintained. Ex- | 

a cessive taper was being corrected by 
2 wider rings higher up on the trees as 

S STAR LAKE the base of the live crown moved up- 

,” ep omees ward. The form of the stem within 
: ao 1 | the live crown approaches that of a 
= a io cone, but upward movement of the 
3 a base of the crown brings rapid correc- 

a ton ° tion of taper, which in the present case 

oe ae resulted in ingrowth of additional 100- 

: RESIDUAL STAND AFTER HEAVY THINNING inch pulpwood sticks. This was un- 

" doubtedly a factor in the cordwood 
increment. It follows that reliance on 

?1—____1_____1_____1_____t_____1 4 high basal area, even when sup- 
AGE (YEARS) ported by increment borings revealing 

Figure 6. Basal area trends. narrow annual rings at breast height,



can lead to premature and excessively volume, for the untreated plot is 

heavy thinning in young stands es- slightly ahead. This difference is ex- 

tablished at our usual spacing. plained by the fact that with the larger 
Volume yield in total cubic feet diameters the thinned plot is now giv- 

measures productivity for site and ing more cubic feet of wood per piled | 

species. Subtracting the initial volume cord. The several thinnings have suc- 

from the sum of the four cuts plus the cessively required 75, 67, 58 and 44 

last residual shows that the thinned sticks per cord. 

| plot has added 3,232 cubic feet during = In terms of logs the thinned plot 
_ the intervening 18 years. During the naturally has the better record by far. 

same period, the untreated plot has While all cut products have been sold 
produced 3,145 cubic feet (including _ by the cord, still by crediting this plot 
147 cubic feet lost in mortality). This with the board-foot volume sold as 

close agreement would support the cords, it has produced 20,060 board 
conclusion that the several thinnings feet as against 14,470 for the untreated 
did not reduce growing stock below _ stand, which stiil has 32 per cent of its 
a level for full volume production. trees below 7 inches d.b.h. To sum- | 

Yield in merchantable products is marize this point: the present re- 
the test of applied practices. A yield sidual stand with 240 trees has at least 

of 69 cords in 50 years from seed dem- as much board-foot volume as the un- 
onstrates the superiority of intensive treated plot with 800 trees, despite the 
forestry when compared with the cut and sale of 31.4 cords of pulpwood. | 

yield of natural stands of the same age, _It should be of interest that the thinned 
| and has resulted largely from the uni- plot has been growing at an average 

form distribution in plantations. But of over a thousand board feet annually 
thinning has not increased cordwood for the last two intervals. 

PRUNING EXPERIMENT 

Some pruning of dead branches had A pruning experiment was initiated 

been done in February of 1929, and at age 48 years from seed. At the 

this was extended in March of 1934 _ time of the second thinning, 100 trees 
to 7% feet by a work crew from the (10 on each square chain) had been 
Civilian Conservation Corps Camp, lo- selected to be somewhat favored in 

cated on the east shore of Star Lake. later thinnings. They were chosen 

These dead branches were burned, be- more on the basis of their height and 

ing careful that no trees were injured pointed crown rather than on their “Rr 

by heat. Leaching from the resultant diameter. These trees were marked 

ash heaps, however, increased alka- with blue paint and pruned to a height 

linity to the point that some adjoining of 34 feet so that they might eventual- 

trees did subsequently die. The pur- ly yield 2 clear 16-foot logs. A 20-foot 
pose of this early pruning was to make magnesium extension ladder was 
the entire plantation more accessible topped with a plywood “table” from 
in case of fire. which a semicircle of 4-inch radius 

12 —



| | ys i. m4 | ; eee es Pat ak es 

hold on to the tree, as when climbing [je sac. crn, oar = 

| top of the ladder is strapped to the [% 4 ou — Peres i a ae a 

tree, after which one can stand on the [i are wet gg HOR eg 
<< 29 . > ee. os ee ee a err - 

and work all around the tree. In this : a: eee ot ee Pe 

7). Five trees were thus pruned per a rs ge Sts 

the fact that pruning can improve the [NE Be a4 7 ial a oes 
grade of the second log more thn {ji eo 

that of the butt log. In another half | | 

century this point can be tested by Figure 7. Pruning to 34 feet. 

| sawing and grading the lumber from 
these trees with a knotty core 8 inches _ tion, the cost of the several pruning 

in diameter and comparing it with the operations with 3 per cent compound 

lumber from trees of the same size interest to 50 years for these 100 trees 

from the similarly thinned isolation is $.4011 per tree. They need merely 

strip but pruned to only 7% feet. For apply the same interest rate for another 

those who will make that determina~ 50 years, ©2000 

COSTS AND RETURNS 

Costs and returns present the eco- After applying the interest rate, which 

nomic case for good silviculture, for throughout this computation was 3 per 

in addition to the more intangible cent compound interest, the cost of 

values, forestry is expected to earn a_ the land and the capitalized value of 

return on the investment. The old annual expense was deducted. Both 

formula for computing the cost of a were introduced to draw _ interest, 

plantation was: which in the case of the land repre- 

(C-+S+E) 1.0Pn — (S+E) sented annual rental. 

where: C = cost of planting The old records gave the cost of 

S = soil or land value, and planting labor as $3.42 per acre, and 

E = annual expense, capitalized the cost of producing the first 2-year- 

—13—



old seedlings as 47 cents per thousand. $13.20 x 1.702 (3% compound for 18 years) 
Six by six foot spacing required 1,210 ) = $22.47 
trees per acre which added 57 cents, 25.00 x 1.230 (3% compound for a years) 

but by using 58 cents we could round Cost of untreated plot ........ - 40.03 
off the cost of planting to $4.00. State | __ 
forest lands were purchased in those Present cost of thinned plot ...... .$98.25 

years at an average of $2.50 per acre. However, the thinned plot had been 
To evaluate this project as a private earning money, which would be en- 
venture, an annual tax of 10 cents per ijtled to interest from the time the 

acre was used even though the Forest income was received. Using stumpage 
Crop Law pr escribing that land tax receipts after deduction of the 10 per 
was not enacted until 1927. But that cent severance tax levied under the 
act also repealed the former 30-year Forest Crop Law: 
tax exemption for plantations, so the 

use of the 10 cent tax from the begin- $23.72 x 1.702 (3% compound for 18 years) 
ning cannot be an objection. In addi- = $40.37 

tion 5 cents annually was allowed for 80.62 x 1.468(8% compound for 18 v9 } 

supplemental protection from fire. 43.71 x 1.230 (3% compound for 7 years) 
Capitalizing this annual expense of 15 — 5376 

cents at 8 per cent gave $5.00. Apply- 57.00 © No interest 57.00 
ing the formula: —— 

Total Income $196.08 
$ 4.00 Cost of planting Present cost —93.25 

2.50 Soil value ——— 
5.00 Expense capitalized | Net profit | $102.83 

$11.50 x 4.133 (3% compound interest With the investment at 3 per cent 
for 48 years) equals compound interest fully recovered, so 

$47.53 | that no charges remained against the 
—T7.50 choice residual stand, plus a_ profit 

$40.08 Cost of the untreated acre of $102.83 per acr e, the advantage of 
practicing intensive forestry is evident. 

But there was further cost chargeable Some have protested that this presents 
to the thinned plot. The cost of prun- too rosy a picture which could not be 
ing the remaining 240 trees may pro- duplicated with today’s higher land 
perly be applied, dismissing the prun- and planting costs. But this argues 
ing cost of trees previously cut for that the trend to dollar devaluation 
pulpwood as mere window dressing. will be checked. One thing is clear: 
Using the cost per foot for pruning the trees have been growing while the 
from 7% to 20 feet as arate for pruning dollar has been shrinking, and inten- 
from the ground up to 20 feet, the cost sive forestry is an excellent hedge 

was 5% cents per tree, which for 240 against inflation. Less intensive for- 
trees amounted to $13.20. Pruning 100 estry could have grown the same 

of them from 20 to 34 feet at 25 cents volume of products, but with higher 

adds another $25, but these items must land investment and annual carrying 

also earn interest, so: charges. 

—14—



Contrasting the two plots (Figs. 8 pulpwood. This negligible difference 
& 9) at 50 years from seed on a_ of $3.12 shows that the interest earned 
straight pulpwood production basis, on income from the first three thin- 

clear cutting of the untreated acre ings was fully offset by the rise of 

could have provided an income of stumpage prices. Yet most owners 

$424.80 gross or $384.77 net. Similar- would prefer earlier periodic income 

ly, clear cutting of the residual stand from thinnings. Liquidating these 
would have added $225.60 to the stands now would require replanting 

$196.08 present value of four thin- at present higher costs, and incur the | 

nings, with a gross of $421.68 or hazards to which young stands are | 

$381.65 net income, since pruning susceptible, while postponing income 

costs would not have been incurred for from thinnings for three decades. 

CONCLUSIONS 

General : almost exactly 25 per cent of the trees 

Stem volume is derived from the in the second, third and fourth thin- 

product of basal area and height nings. | | 
which gives the volume of a cylinder, By accidental good fortune as to the 
which must then be reduced by the initiation of thinning and the intervals ; 

appropriate form factor. To ignore based on height growth, ‘remeasure- 

height and form and rely only on basa] + ments and a fourth thinning fell at age 
| area may not be done with impunity. 50 years from seed. At the several 

Upper diameters govern merchanta- measurements, height for age had 

bility, whether the product be logs, fallen both above and below the curve 

poles or pulpwood. There is no mar- for Site 65 of the Lake States Forest 

ket for d.b.h. or basal area. Experiment Station site index graph 

~~~ —"Phinning to-20.6 per cent of height — for red pine. Thus the Star Lake plot 

was not so severe as to reduce yield may be said to occupy Site 65. Cycles 
nor to retard correction of form. An Of temperature and precipitation will 
increase in the rate of d.b.h. incre- affect a single stand, so that it should 

ment during the last interval would not be expected to coincide at each 

indicate that form is now fairly well measurement with a site index curve 
adjusted for the maintained stand den- repr esenting an average of many 

sity, and better diameter growth may stands. 

be expected. 

Referring to Figure 5, it may be Field Application 
noted that timing thinnings by height In thinning, the prime purpose is to 

growth has resulted in attaining the assure proper growing space. It is 

same stand density before each subse- necessary to remove entire trees from 

quent thinning, which would not be _ the place they occupy, and though the 

the case if thinning had been timed remaining trees cannot be rearranged, 

by a fixed number of years. This tim- there is always a conscious effort to 

ing control also resulted in removal of leave them uniformly distributed over 

— 15 —



SPeNRMRBR ea ne ce ae re —_ are ee een ee eee a ar 
Pa adn, 05a ahs an ae Eas one StOReRR  R Sa es Retest sean at au Sic ccnnnn nein aR BES Ee x ES 3 

pe ek Ra Ee a fo Se ee ees ae nM ee i 
pee a ae gg i. ge ge CS ~~ a hee 

ae: as pe Scena acca ae Be go ae aes SMES SRS <a OEM ae RR ac RR Benito oS er eam Ba RON AMMNR ones ou a es oe : Po 

SA its ARR Sen no = a Soto: tc ae “BR aaeeaneeneeneaencns PS SN BI Roemeee Soh ER ak Rs 6. Core aaa Ron gece ae eS Bprssoguaeuan.Sonaen a eae een Beets ee Boge e ean ener ; : — 2 oe 

a eS Ro ee ae eee a ec ee pes wes 
. 8 ae are Be Sa a a ee BE ee 

ae cae Resa ee ea ee 

Ur 2 See Peete ee an Ry ge a ae eS ee eee aa cae Bee 5 ce ee Pein sso Snes re ee Pee 

bo — OF oe Ae eS a ee es ae ees a ce ae Be ec, Siac ee See ee 

irre. | =. a ee eS Es oe he cf See ae ce Se oe ee oe oo Ur 

3 a aes aie Sek eer eg eRe ee ee ee ae Le ee ea ee ae ae ee Bi ie eres a Cz ea pee ae Pig ae 
es ce 

ar. Ps ae a aR emer gpa oa aaa eg eee [ 
Rees a aes Eee Be oa eee en ee aa fs nee & we 

Ean SN: SR PR ccs Sse geeater ccc ae oon rane DEM ro Reser Te Re Paege-aes come) Piriopane esos ccna pee ao ae pe SRB a Sy ga ae eR RO CaaS eens on an 5 ie Reparcnnnemnc eg See tines a oN eee ose Bose 

apes ae SRS oS Se ee ee Ey ee i gece ESS SES eich ea - Po ae epee Bee! Ci ecooreme one tLe Se ee 2 Le a . : dy ; a, ee oo, eC ee a wae Se ee eee ee ee eee a ee rr 

ee Co ee ee ee rae ee eg a ae Ee SE a a ee ee ee Re eee ae ae Le oer ae oe ee 
a 2. 2 ' 

i Er nesaaes Spans he orca FR a poias Si era ose ra  s Ras ee coca rpc ee ro Cg ee aa ie ale See oe ares a oF Pp ee oe ee Ss ee oF  . a a 

oe as ee pe ae ee Sos EE od i ee Rs ee ae a es meer Se Ee eee ocr ees eS aN. See ea ee ee ta a Se 2. 

as Pe ae nee ee ea ee ae Pee oe ig Re Saas ye ee eg ee Bo ee es ee ee ee re |. fff 4 A 

ne ae: ee ee ea Mae eee a a ih: ee ee ee ss aS Smee Se Ae ee aig Ser re: | eC rs ee | tw 

% LE ne ae ee Sy eee a on a ee ee Bet Bee ae ae een ae Pete ne Sei. ae Bae cae te EES ae con ee ae ae 2 

c eed eg a 8 Ses Eee ne ie o ee oe 4 7 a hs ne 5 al be pe ee oo ee ae ae en i 

See Re Se ee ; ee Ce Serge Sere me ort ge eae es er ag eae pS ee Soe Chl ri‘ eC eee ae ea: Sal 

Le Pe |e Fe ro ee ge . eg 2. ee 

oo eT 

Es ee ee ee rl 
Ea _. -. 

res ee ee 
: _. eos ee 

PL eer eer ees na Se ee es Rie ae ag Sue cocina oe ae Bee eo ee 
ree Fe ee ee a ee 

1 BR : Pease roe Been NRE eee SERRE ae Sai I Pg a Beg ee Be eee. ne ppietereereaae 4-9 io ae PRR ropa ey See he 2 ae EES Be 
ee ae ee oe eS ee 

Sars Sree Beek ee ae Brera Soares, Be aoe a ae Saee  o Ree ee eee eet cS fi ee pee ees ee ie 3 ; 3 oe he 

f Pa EE 
ae Ri eee Rant a Bos ae Se 8 ee Xs SSS ca age apc ad 2 RRS ease: ee yar eg Ae eames [Seed ee cere Beep aes ne one eae 

nS a SN aa 

tot Bees Pe ae Se SEES peer i ae aaa Rg Se ie ae ee ee ee Se ee oe _ Fe 

naa on ee ae eS a aR: Ee ee ae SS 5 2k ee ee ee hese oo FR a es oo (oe . 4 << Mee 
Pe Pe a ee 6 ar (oe Le pe ee eee a ee 2 a ee ee ee Pe ae ee a cree 

Bo Rs Fr ee bo eee Bee 5G ee a ae RRs Se aes Bee ross Fg ee ca Be ae Big gee ee Sd Pe ge Pie Re a ae ns ae eae a 
. Pe \ a Ne ou ( oe ee ee og ee 7 — er lel ae er eee 

BACON. AR Beggs nc concise SBR ee SUR eS “EES ee ptr eR Bee ee 
BS a Se Sn BRR pen can 5 a eT cS BRS COTES utc: a a a a ae ae : 

ky NN ee _ ae Ee Sc ge Bot oe eee oR ope oe Be a ae eam a ee eS Ee ae a eee mee Se 

Be oe FS 2 oo a sae i Sas eo 
ey ee SS 

oo ee cS ere ioe ge ae Ba Se ee ee . 

ee hl a ll fe hte CS oe oe ehh ee i . 2. 2 ye s 
ace ay Ne! _ i 7. ee ae ee ees a BR gees a ee es eo oo ee : ee ere eae on 

oe a eno fe mas Be SS ae ae ee eco eo Boca can fo Bes PR Seo es See a Se Bae i se a bn eae aoa rae Et ae ee SS oe oe ee 

Ream heres Se ae Bae Bae Baits hee SEE ESE REP ae ee 5 ORS aR oe Oa Si aN Bice oa ee See cee Bes acae ee Pe Bae a a ca pee eon PR eee oo a as Sei. eam Seg es eS 

ms ee ee pg eg N eo oe : ore 8 a an lL ee ie. ae 2 _ ie 

Semone eg ee Sa an pee ee Soe ees oe a Bae a Bee Bey GO ee a ies ne aaa a emacs SE oi eae ee oe oe eg freee a oo _ i 

ie ane es mk Ek oe eae eee ee a ee a oe = Ge i Be ES ee 4 es oe A ees oy. ry 8, wy (8 i 

moo! 2 rr eg 0 os — oes Sie ae ee Ce oe ee See ee ee 

Ss pas ioe cS SP ae a So SE. RR ea OR Se SR: sg ene aaa SSR i: een aa Ba oe eae rs ae eae OL a ee Se ae Fon SR Sa ek Oa Sar Ee es es ee oe : ra a a ake oS eee Ee See eee fe i 8 Riis: ae ee ae ee es pcre eee one ts op AR ae igh ee ame a Seem ee Es aicenenn ca 

BS ee es ge oe oe - 
oF  . ee 

ee ae ee —- aoe Le eee eg oo ee ie are _ 

a (8 oo - eee ee WEE ees ae On Beas ne OR Ee ae ee eo Ee ORES 5 oe een ae ges I SS BERR Test coat rc ee Sona ERR eee 

mS nk Se cand ae ee eee Sra ea a Se cna ood A a reat ts cng Mee See rere 8 ae an ae MER RE ee ee eee oe oe _ _ 7. ac : a ‘ 

os a 
Sees pas pe a a ee hk ee PC a EE ee eee 8 7 = | ie 

ae ee 
ee ce ce ee ee ee eg ee eee ee ee eee ee  .. . ae Ce ee ae 

oe oe ee oF Bee es. co pkgs , ee eae are ae eae pa Br ee reg Reese CL ee ee ee ers Eee oe oe ee : so 8 — 3 

a wees |  — ee EE ge 8 oe ee ue ES oo es eee oe 7 8 Ce ae 

ah ee cee: Pal pee ee es S eee BR a OR agli OEE apse ee ‘ re ae § eS are ee Re Co 
a fe 

ceo co 2 eee tis ae ea ae Pee Subse aoe a Eas i 7 Sa oe ae oe eee. Fe meee ee ares 3 see eon I ae i a whe ERE Be pea Escommasrat 08 re: oS ae RRR DO ce ee SS a. ee 

aor... i 
CC eee oe a ae of ee ee 2 fe - [2 

os ee _. 
ee Bes pet Co Ee ee a Pee ee 3 ep ee a oo ee co eee 

weer Boma a =. . > Rare: ee ee ae ee are ae ae La a a: ee he 2S SE Be ae CF 
— oo ee 

ie ee Pe ee ae ae oe i 
ee ee eee Br ae ee ee a ee a ee ee i gh ge ar sc ae a a 

Rea Re ae an Soci ia Bee a ie Se ig amen ea Bs eo 7 ee ea ate Bs en 8 Ne Or aoe a ae ee oe cea BS ee, ee cee ao os em 2a Se eee eae Besa ese ase a ey aes Hcg oA hygee et here : Chk : oe _ | oe oO Se eae Meee ene aa eee ee ES gor rea ae oe ane a a eS ae oe 

Rs ee Per ea eae se ESSE, SE ee pe as Re Sct De ee mee eames 4 ek ge ee se eee ees gee es ERS aa — -- 
|. Pe a 

LF ee ee ee man oo ee as AS Se ce eee ee eee me or poi a oe eae eee 

a a ee oe 
Cr Sees Se tee, 6s ee GB oa ao Pe i er Pe eee a Be ee ge ee ae ee ee oe 

So Execrom ornare Ben age RRS Pe RR See Se Seeman cco Sierras mC AS od Beene eee Bn CRT, ee i ee CES ee ee ae A SSR ee ce og Oe eS Si 5 Ree RON Boosie See Bees ee a ey _ . 8 : 

ee ke eee Mae ees ce ae oe ak ame se oe ae PRC sash eae ae ae ee Bae mC MME ee oe a ae Pe eee ey ee 

wh ee ge ee ae te See Siac ae a ae re ee a ER ge Pe gE OS ere eae RRS re en ee or Re Eee So ey Aiea Se eo eee Bo ee ee ee ee Tot 

Se ee eae ee ae eS ape a » | cao a eee Sine eee ere Pera cae Co i pete Res sere ae Ra am eo ee Be Me y . aoe 

yp i er ae oe —- i eee . oe ee Fag ee a oe. Se ee : ii ee ee oe ae ae ee - 

es SMS an pena Remeuanacs act pe ae a i oe EN EO oar pace en ena EES ee Seba ies Rr deers psc cneammmae tid Pg ISB Fie RL i Ce ee oe a oe 8 8  . ae - ae _ 

ee ad eS yo ee re Soe 2 ee ee Oe ae ee 

. Spice aes cmon at eee race SEE RR Pe ee Fee aa ara oo OE eS Pie eae ae = ee Se eae ch aah SS sie a eet a ee Be Si On Oe scent names ae eeraaeae Sore ee eee eS oe So 

cS ee a Bea oe are Rm See oem ee es BRR. REE | SERRE RE Ps Veep te hae ae eae aoe oe ae arene en reer a a ei aie ee ee Rope en ea ean ae ae 

ee ee eo ae eae ee eee ae ee ee eens ae ae oe er ee wee er ee ee eS 7) hm a 2 

- AEE: soe ee i Ee i Sia a EE. Rare eae saaas Soa a Se Pies. oe peo eco | ee ase aoe Bae ae ees fe aba ate Baier ke as Soa caren Se ae gs ee ee - oo | _ oo Z 

. a See a ee 5 Bee ee Ss aa ee ee EINES ee eS By coor Poco cnn RP Be Srna See ae SR a ae Scere re eT Soe React toc a ee een enone tae nnoa Ee ee Sa a 

os ee a ae ee ee ag ee ee mee Ss haere Pe eer aes eee ee ee ae Pe gs SE oR ee Eee 

*e a ee es Sn a RRR OR, sare a NN oe eee ee ea ea Dita. oe oe ee re a enc oa ee Re aaa a ee eee or ee 

a aac Segre sora eee aes 1B RR RRs Ss See ; Rann cont REE Shane 5 ae: oo Re Se Rey ec ena me Setar ates Roane re paRAY Sc8 POM eS a a Co Sats Sree ees ee eae oe ee 

ne ee Bates - 
pan aa Age eta ee ee a Ee ee cee soe ee een ae ge es ee Peper ast oe oe ee 8 a 

. Te | a a : Pe ee $i Ra Da a RE cen ac eR A RS ee aR CS Soe ccm IE ono oa RRM OOo ha anes SER One i eR Gare ee EE, pe ES Se SCAR rea 

a ere See oman Scene Bia cane aay aan ae pee es a i Ee denen Bea aaa Senet Ree a TR SEE Seo aE ee Se ae ae , ot -. a ; | ; a co. 
7 ae oe ee ee ee ee Be ES | 4 See ee ees ee PO ee UE ees on ee 

, enn aiere Pe Eee Se ae Seen ae Ge rc ee ee ies ects od Be 3 Es ee ae Bret arena ee ee 
ee oo 

oo _ es oe ge errs OE cae ones ei ne ES ae Cai ee Me ee ae a ee ee eee ees eae eae 

io . os ee eS a ee et aR so eee otene crs ee Soaenneaen Panera aoe Bases Seneca SN aren Sa oe Ree a a a ar et 

| Sas Pe — . a ee Beran «aac Ree ER gee Bc ecnanbe DOMED Onn at aeRO genoa Rem. Sord Sees SR Bees ncn es as ae oe SE tio oe : on GREE SO Re Stat 

: ee oe See ee ae Bo crear a ea SEC” SSR ton erie eracires En Be a Eee ea ee Be Oa Sched eR cae es ae Can Sei ae an oe es eee ee 

ne mee ee ee oe ee ee ee ee ee eee ee ee ane ee a ee ee Se a 2 ee 
RPE Eee 

are ee se pea a ae ee eo eae ee i. 
Ee eee SP eS pe ee a Ps 

oa Oe BS  -——rrr—— ee ae ee Be ge ee ea ee ee ee ee ee a 

ao ee ee Be a ee ee ee AE ORK, aetna Ba) ee “ re FE a7 

foo errrc° tet ne ene es Been ee a eee ee Saeed fee oes Pome ener eS a 
Ra aac aaa ek aan Sera aie Peon SES ae eee Cea age pe eS OE Beteria se aR ae eer a a oe ge 

5 SS ee ee ees oe ee? Se ee En te BE eae eae cee Remain te ni a a oe. ae ee pecs eae eee eae ee st oe - ae we : 

ag ae eae me Re ae eS a Oar eee es ee gay Ee RR ee BERR ES SRO Bio oe eR coe a eee Seno seen hae coo BCR 
ee MRE eer MRR ek CRE km 

Ree: ee coe ne ERPS RSS SOE Se aos eae S28 eT RRC me ter ea aan Re Sa BS ee ae ee as _ oe 3 / CG 
a es 

UL Panne Euan ee Ros Sr ae er ee Pace ee es ee eee oo EES SOE Soe eee so  : am cets 

enone Ce aS ere ne enc Beer anon aN OCS CS. Sp ES Sara eRe eee core ee Ne pained Bare sae Road aes Rain etna a ca on aca PR tk a Cote SRR eee essences as Re apr era peers ce Ee ae onaanmen oes Sg emer SOROS eonenna eee ok eee Soren pene 

ae 7 AS Becca: aa RRR oma ge ae tae eee en Een kc aa ai eee ee eee ee Oe Saar a aan RM So 4 a 

a ee i . yy aS ce ae ce ee eee hoe eo Pe igs 8 ee oe o a ee 

pec eme earn at oT so Re es ke aes coe Be Seer RONNIE Sar Soe ME a ome ee EOE ONE Lae DROS Seam REE Be Re Se tea ah genie a Si ge RE Ee ee ee se ee 

anes patie Renee came oR anc: oeee,  Saeee oe “ah BRET SS ee Se Se es BS, er eg em ieee re ee a rn ee rT Se See eae Ra Gs 
jog SRE ae 

an 

rr ee ee ek Be go Re ee ks eR Bes ~ oo ee 

, eee eee UE eg eg Ba Bee cee Ronee Bd eee 
as Bese cee eee ee bees pera oege ed ee 

a ere Rs ee 
; ws ee 2 Se i. es ee Bae tae a Samm ear Soe erate oe are Be cn Pecos ng pe ea SSN ga he eg © er eee 

oe 
ee oe ae es se os Lee oe eee ee ee eS ie oe re . oe 

cc. ieee eee EE a ae potest eee eS eR RE Ep es Basu ncie acaes SRE ooo ies Rabe comer cae Beer std Rs a ae Paige mga a oe aa Ree tame ara es ore 

F pe cs ee eee ee eae co Peco oneal Foe eae eee aed Patoae Fa Baers. SEER ep EN En oe Se So oe rs oe ee ge ee . - a. 

, SSE Seite TE Moe Re eas RS ann eR ae ae Se Soe amin <meta eRe RS Oe SoC Mere ear Tas So eae ees ne nena as eit ccomnernnnnany seer poieangne meenarcas Seapets BA Sonn cae oe Bare sis cine ea SOS Re SL a es “Sas go Eg 

See eae ee SRR een a Sy SaRnecann me eS eRe BE Say eee z ee Bac Sateen eC reas Bae ee ae ee ey eee oe eee Ce. f 2 7 

Bi oe oa oe aE Cee ee SRR, Oe aco me aoa nae Se ee ERE oS, Soros eect ame me conn a ones OE ag yg ee 

' 1 of ee ee ee Bee coe aeeag er ae rg ae —  —-— co anne ee aa ee Ce 

ae Se eet crs aD ee te ak ee ea aie eo Cae re aaa Be em i eg a 
eer eee seated een Eo ae A ee 

ae Pee eee hs ae ee 

: en ee ae Te oS ae ee ORCS aaa eae Bone cane eee 7 Se ee ia Be Ea) Sar ener ate Ree om CeO ams ee ee eee os 2 
| ay ae ae: co ee, cy OLS Pe ee ee  . ee ee ee ee 

| a ects “ > | _ ae gee es ee a ee ee ae eee ee 

ae ae ee a cre es ee Ree IR eR Ce Rs ae ee ee eo meee re a ee ee ae err ee ee ee 

- rr Es hae Beare sce 0 ot” OR Bias thr Sone So oe SS Dt ay oe Bsa a eee eee Fister ee eas ees eee pe Cacia at mas a DRE cee en aR RRR Se igo oe Sees mst eh 

. rae oe ee pe ee Rep a ee reer Ee ae ee en oe og oe PE See Be Swe vo y _ ; > : 

| : 2 a 7. 7 | Sf ee Ge Me eae Ei Soest ic i ceo ini aKa aan ae Reach oes Rares, sae oa rts Roce ae aR es Seer ana aaa Sot eee 

& ee hee EE es ee Bs a oe pee Coa rei TORS ee a. 8 ag 

; at oo ee eee Se oe Sen co naam RR ae ee eRe pre Cae ieee Was Sen mee ae ses ces Renae seen nr Pee ee See a Baars ee Pe Pe eae ae eee ce 

A * Rar ee ac Og ee See SSRN os ee Poe eR ELS RR ge Re ns Boo a oe Bes. 2 a a Be ioe oO Sater ee eee aa aE Sa eras Ra en Sea a ra ea Sere anes aera Reece EE SEE 

7 — 
2 oi 2 <a e ‘ee ee ee ae oammaae Saar ee nee ee Sere ee Rae 

ES Seen Sam ee SoS atigy ina Re cence es ERE scg se Sones beeen Pe RES O oes eas be Fo se NC mR eerie ne a Baie ee eae anor ee ea Siar Ce ac Pose anes ane oe SSS ORR: Sree ee ee ae peas 3 oe oe oat 

Seem: SE Be eae ees cana eee aR nae ae Ra on aereri ones SRR cee ie aaa nas Bee ae on Reece eRe Bo ES ee ae oo oS i ope oo eT 

Se : Er ee ea ca aoe ER me Ee ss See Ree net EE Se ae eo ee eee Ba Saco ae a ee oe ees oe 2 a 

: oo os coe 1s a Ee. oe Pe ges Bae: eee od rr Se Be eeu uses perenne ne i. een a canal eee ae 

oars RR pares eee coe SSIS SR OI Se aee stem Pano ee a ae TERRE mics RRS EON SEER nat PREM SR Sore ee POOR Rasa aae nae SRS Gee Pau Le ees eS ee ee So o a AA 

oa Bi aa Soames Sey ‘Saeaaeaneae paieee Bae Raia eee Be ee BE BSS: SORE aRo aR. Oe Baercnamnae pyrene enaenians S Eee cee Bee hee eee ee Racha rn a Aaa pee ean ee ee ees fo me a a 

a SES RRR oes ER ee See aan Sa oa eR SRE mete oe ana ee ean: pe ORE ae RE CR Eee eC aN S Son cS omeaocd Se a Beepac cite eames igs ea ee eR ee eet 

“. potas ig: ean Soom eee eee pecans Spepeen aah sie epronnaae ans caeecancmenss Sereno casas Ee Roa Boe dace pee Sa ocean naar SO ce Se MGaiacron oes nee, sts he Rear ay ae Pernaraescnntes eee ges oc anc oa Raa eens ee a oa e 

SEO 8 Danie Rte nem Ree occur RD eRe ny Paes ee ae na Be Bo eee cess Ee: Seca Coon pores it eee cemtne ORES Seas Be oS ELSE ea EA oa cece ee (ee |. t oF 

a ee ae aes SS: ote arena oad Renee as ae Sapa EROS ROS =e ON Soe emE CaN sent peat BO. RR Fei: Sanne nae ae et et: seats aca Essctenesseenenanensnacenne SESS ae” DS Seca ae aasicasan canta esc scenernas ee ee Se eG eee oe 

Eee Be oe BeBe ee oe eee ee meat a ie ee se eee a _ a 7] ie a. es mhmrmr ee 
gk So ES ee ee ee 

ar a Ee oe ee oe Re eee BR oe i ee on ae a ae ee eee ee eee 2 ee - 
7 : _ of eee mee cee eae cea Basie niet oa peer Sore caes EIGN ee eo Massena ee nae Baer eieoed oe Se coer Ee eee caie aoe eR ee ae 

: ay 4 Lo - 8 a : ee eee ERRRRE SSS Re SEO Se ae a ee oa ese a eee cee aeeeree aes Cog BRR SS ROS es Set 

rr oars ee rae oo ae a Sees ed eee ea ee ee fe Be ok eee aed ee ae oe oe —  @ i 

2 ee PRE tS ae Pe ee Pe ae 5 eer aie RRS Te cee SRS oe eae Somme a SERS, Re RR cree RS NR hee ae ae ee eee a are ae Be er Cee 5 ae Pe ome ee cee a 

Pe ee eee RE IE OR Se eee Be ace RNa RR See ae ene eee ee aS ae ee Se aa RE” Se eee ere See me Se aa ra mR rs 

ae tee 
es, i Rea ea OE ee Ray ee a Ce a ee ee ee ee ee Pee ee ae 

0 we ue gee _ hU pee ee ES ag eee are i ee crepes on Oe a ee Rec apes oe ee eee 

< < ti ee oe aes. Eg ae ae a eee ee. a ee ee eee oe ee Se ee oe 

oo ao a |. eo PCa ere ee ee. wea aan ga Rec ane ce ake Mees Saar ce ee Ee eee Coe er eee en ee ees 

a es A . er oe ee ae ee cee: sae Pee meen ee acetate pas eee Se me ie ee em Seen ee ee a ay ae ae ae ee nc ee a ES 
FF 

a ee eee ee oe ee es eee ee ae eae ae or ee ee Ce ee ee ee ee ke ee i eee 

ES a ne ee ae oa See era cr es ee Sara mereeeals Pe oy are ate eee De mec eens: Se eon ae pie nee 3 & ee ee ee aes ee oe Sea ee Ee es ee nee ee ae 

. oe ee ee ae ae ee Se eens eee Se Sie mE ce: oe oe ees eee VEESeer gohan, ape MC enn ee oe eee SS Re eerie ae Bere a eee Moet ae ae 

oS oo ee Ea ee ae ee ee Be mee cn ve ee BE OS eae eras ee FF ce ee ee eee 

Rees - ee a ee ae aaa rere eae 3 ee fee eae a Ea a ae es es oe 3 Pees Ce ee oe ae a a -— 1. 4 a a 

Romeo 3 Ee reece in asa aa CR see ae Se ier Sateen GN Bp concn coe ER Ser. POR Sina.» SSR OOO nee ema OT SN RR Sa OMe aioe Seah A Been Sty Bebe. Sea East i ars RRR So as Beene aa Saremarcc sor SOR Ae Scan ase’ SERS, BRR a se 2 Rise aanpnen ee ad aati 

te oes i ee eo we oe co ee ee eee ee a ee a eee ee a ee ae i 

% Bot ee FS ae ae eae mee eer sa Rue eee eee Peccreeceeer tee oo Se Rae Eee phage a ee ee ee Peacoat . Pome ea eae Em et ae Se ee: ee tee ce. oo Z -— to 1 sf ek Seo Se a oe Sarees ein me es pe aoe ae ee a es ae ek ee ee So ae eras ae Rae eee ae Sc Ce 

> |. “ee oe : a a UR MR Sec oe peer eee Sem mee neat Sar nna ee eee Die Mag Meteo een ae Sea ea ak Mme awe: oc ka ea 9. ee aie Re eee ee SrA ae 

Ea coca ae as eo Bae): ane Soros Bo ye Oe ag, arene Baha TEER ea eam SORT es oy 8 Bf ha oem BeSeaas Sn eas Ce ag bec eee Saat a eens feeea ae Seana eee Bg oe ‘ 8 a - 

oe. Se Deere See EE ig cana ga ee A ae kaso cone Sone pre meer CT > tat SER RR Son esac Sco Sak Rae as ea EER ES EE po ane fegny oa. agen a 6: ode Sam a aeons peaneieanetaen: Pe ees SOROS Rs SESS eee SRR ty a & Biss 

oe BEES Sn ea ae 4 ee s & a ae ae oe Cenk ae aa Re ie 7 Boonie aio ne EOE RO 8 a 0 EE EE ER Sar a aa aaa a em Ce Bars ae pee Seae mene Bemis: Sars pe Cate: area ce a Rn on eee 

Pa oe om reer Camere ae a RR eaenee Brame a eee ae Boe RS Se ee pee eae aot eS o 3 SS Rak EOSS Ee a eg a fe ee a 2s ee ae 7 ae 2 

paar RES okie ee SE ee Be ge Oe Se San an Sena ane Gea of eet eae mR ee Sone ee ere ee Seman at amas ae a eam ors RR a ERE SS ae eens ese ee hee ee ee ys ee - oe 

a aes eee ee eae RS oe oo a ee ae es s ee ee RE crees ERE Sg Ge eee ae aa eS ae ae Ge es : _ ota ee 

an . a SS oo ee ee oe = eae os ee cooks oe ee ef pee oe ere EA ee ee ee os eee eg a eo oa Br S aparece: eax ae ge ae 

ee pee ee ee ee cee a ore ee ee ee ee ee ae ee ee ee ee ee eee eee ct ae eS ee 

se : aa ce ed : RRR Sato Beas a Cree aaa See wo ok ESE poe oe meer sd pepe od eae aed SSR Bren Penge ES Raeeaccony es , 8 Ce i Ee eee See ee 8 / : a 
toe. 2. ES ORS A es Sey ee eee cee ec ees core ee eee So es eee Se ee eee P leeeee geeeeee 4 ae Roc ced 

Be. oy See eee ed ae pretian. . sanea Ce Se ees Se BO SO es Paw taco ee ee ec Re ae Be ae PRR ee Re eS MeinS T ea Se eee a oe Re Rg ee a ee oe ee | 

Be eee meme Cee Riccar epee Bh een eee ae eae Pa Nee ae ee a ere: Bie ace ae ee ee Pam aes ee ee ee Sepa a Spica an aE wee Monae Gee a a aR ee oo 
oo - 

Bey. ene Sees Br Pe eae ae Bae Rei RES ee OP RRR SR ODE ee aie oe os peared ge ae ee Seat eee Bec eo eer ge ae exo as eens oa Ee er enaes es Bon eee. oe ee ee ea EEE pees. pee ge ee paren Perea aa SSK: i aE Renee a4 art 

te _ ote oe LSS Pe 8 28 ao ee 3 bee ee eee Po ee pass RR ee ae eee ee 

i BE oh Bs ae eee eee oe ee ee oe eee ae. o eg ae ee SS eae aim Sa eam cS PA | ie a 3 rr 

on Ss Sen aE RSE Eee aes mR Soa Rema ae Si Seo OO Na eR ae eeaeae RE a tes SS RR ae Bs aR Bees c a Fo See Sa ae an es Se Pen see ea ae eee oe oo bg A ai 7 | 
4 me ae ee ee oo ra eee Be gs Pore rg ee ae ee ee ee eee oo. ere ok ee pee a, ea oes oe ae Se 

4 pet ee eens a MRR Sis ee RE 29 Se Saaeeh Sane Sr Se nee aes io sais eonaene teeta Pesaran aR Rec Been a SR RR SR RR eg ES ean mes es eas ap aes se RO So POE, cea a aa maa Baa wie eae a i : 

: i. io a oe ee a te o oe he 4 oe 

RE ae See, ess Sener. aay SRORsneae: Soe pees JS HEEL Ets SeapERG RENO LO Ob ee Pa seot cone Seo ee Bc dee eo ie RR core ee Bes see coe eRe AR RO megs Same pena aL ORR 4 Ree i ec a OS eR IES BREE ce SAE on a 

an ene eey coe ee meee te See oe Cae ge es grey a ee eee as a a ee Se ee ee ae ee i Le og Ae e 2 

oS ana SEE ROE Sree ae an ee Be IR a eee ESSE Senn ea I ee Sa Ro aoe” ee oes ee Se ee ne poe Ue oe aes ea Re Sper a ee pee eee: eae. Se Reprrcnnra poe Bs 

Oo ae ee comes ame Pao ae S ae a ice aa ar ae co % Brocin oo 4 Gee oe E = ee = om pee Big erm a es Bee eae aes eee ae es 4 pes oo 7. ae | 2 i 

beeen ee Seon seman See ER ARTS ae: Soot RO ISS ce ene aaa CERES ESS Sere ace cee Pe es a ee RR A RS RC is See eae aa ORME. a 8 SUOSIEREN nace ibe coy pec RRR EEE penne me sana ai ona ae peer ae E 

ca Be Bes SEN GE pS caer Se eee a ae ee Baaneror arcs oe pes ee es oe ee os ge ee esa Per ed i ce Fe - a | <o — a . o Oe = : 

Bao Sree aie seas SERS OF tg Spacer Se an eae Pconecs rr oneeeme een aS op Naess SRR eR Ree 3 ca See Pctconiener cco as Seocssesona secon Benin anette ee at cance Bes aes Bem ee Reconnd can Baccara = oe ae : a 

oe 7 a ae oe A 
een pe eee ce a ee ee eee ae a ee Se ee ae ; es ce ee pera Poe 4 eee eee 

a ak ge ee ee ee ee ee ee eae ae ee ee ee ee co oe eee ae cee ae ee oe Pot ae 

ne an oe Bae co SE ee 8 ooa8 ie Sa ee ee ae ce eee a a ao ee ae ko ee oe 8 ee oo 2 2 a _ 

a ae an SE eee [ee 
ee eee as ape PE eee eee eee Be a ee ae Beco RE ee Ree mere ees rit a Se mee eS eer ae See ee ee ie cc nee 

i etree ee oo . oo a SE ae oe ae ae Eee mae ca eee ce ee ee Se oe Bic ise tan “Eg ae Pe eo ee es 4 ee e 

Cen eae Pere man ee 
aie a © ee cue: eras ek eee Bee, Org mat ee ee ee PSEC Re oe 

| a ee ie ee Bee see 

Sager nrc ce a ane a aR rants cone Boi Bere Onaat eae Petra ht ance SRS a SRR Ee SE ROMBECe  oSes Be ie Ses Rata TOO RS Bee eee aaa Foe eee EN Ba SaaS ee Pea am Sn ES aera aceecnaney Scams ca eeoroenosaes ee 

recess Ca EES Peet cuteness oe Beene ca eee jee ance te ssoncaes See om 0s ce 8 ae Rearing BS: Samra Econom Bee Re octane Sees 3 Spe Soe ee ee eae 4 is oe a. eo oo a J . oa : 

Pammneson cama eee em aoe eS SEB —— oe acai n te tice po a pescan cane soenn ame Se, Pea Ree a ae SRO Ds I Ria BR en nee SRR. Sane aR RCS ReRcsaar neem RE Bacesnons Seas aR ee concaieeet ssn ocnoMeeet Seed SECS FE 

| or . : cL : 8 oe Ff . a a rane cS) ot Scena ROS EIRENE, aR ‘eG a EEE Eee ee Rec ES ener a 5 SR oe eS 

eS A om PS oe bce SRB eee ce ae 2 a ne at aes BC SO ne ee eer SOG SERS a ae ia, ea Pere eee ie Re a oo — 2. : 

Paani ee pos oo ee ae Bea co coer on ape Ponce Ee SERS LEO a ee SRR oy Bs Spee Rae as ad Be ee Fee ame cay SEE, ARR Boece ee ea Seen ere Sige Ess SR SS ies es Se ean RS eee ae 

2 SEE pee ree Re ee Pe ae Se ee Phere ea es Ee Ca Sa ee ee a ee ee eee ee Bee emcees gee eee ance aCe en oe 

ee . — : a a oe Se ee re ee ee Be ee SR eee < ee a aoe eee, ee i, EN aoa RE Bee a ae ER pees oe 

te eed pec ec mma ter eae sce RS Or eta Se RRS SATIRE PS eae ae Brennen ean se ae Fi Rae a Sc Pa NRE 3s oe DOORS BUNSEN. SaReaa RapSe 0 RS Stank crmmeceenan RRaecicc cen Cera een meee i. 
ae og “ eS ec 7 oe eS eee ee name ee Se eee meee a ae ee ee 

5 ao a ae be ee ee BE ks See J cS ag s oo eee ae ne seg EE oh ee cree eee 

Se ae Boe 
ee Racecar nion eee ea ho Se Se eas mR <5 co Raa Ses aE Se ges on So asa BR sah ORO Recor ee oe eee ee eee 

oC 2 FF = ee Se a eee a i |  £§ iif. 

] = a. ee Bae ee ee pope wee eee Be a Os Be te ee ee ae es eee ee Se ee eg ee 

: - See Eee 7 co ee a er ee eee ee Bh Soe one ee ee pas Bey SO ean aaa Sa ee aah eee Bes ane on ore ea 

re: eed Se eee ae Be ete ea ee ee ee 
ee 

Se res sere ee tee aR ea eee meee a ee eee mere ae Bc arene mm ono: oe oe Pe ae 

| we ope a. a ee ae oe a TG ee ee ee a po ae Pe ee 

eee ll Papi on eae Re Oe — 
eee ee me Pee ae ee Boga eee OS i ee a 

Pena conn ae Speer cus cae Sree eS eae ae er Seren crane Si oes Beataye rc seaeage’ 2 Sesenin scot aS Bere ns % eee a Econ ASE ae eee Ting ae | ee. eo a ao ee aa . _ yo ee 7 Se ae eg uch ce Recent ne eee Po BS tN aaa Ta mR eae 9 ee sie Oe SEER a ne omar. oe rc aoe Reg aes Mame Ca 

2s. : a ; ee ee ee Ra cote ame ih RN Ca rs eee me eee pee eee oc ce Sens Siosgats ott BBR RS oo 

a SS |. oe ee ee ee ee ee es ae ee Soe as 
_. 5 ee LU lr ee a re ee ee ee res 

re re oa 
eee 

ee 24 ae oe oe Co ee ee ae a) oe Be ee ee oo ae 

(oe. Ce SoS anes Bc uimmrs rmnonerne aod eae oo SA ae eR ERE Pee ee ee OT a a ca ee ee ee OR ee RCN sce eo Reema Ty tess 

ee ne Cl C=“=(W®YjW MMM oS UR RE ee ee ee ee “Ra se Oe EO ees ag . e i oe. oe 
2 oe 

re age UE BOO ae eee ee ee ae ee 
ee 

a or ee ee ee ee ee eee 

ee See ea: Peete ce or opts ae, eS ae a eames Be ee des Gee Oe SE es eI De ea ie eee re re a Pe eee eS Se Be ee ee ree o a: parece a ee ee ee eee fe as FE “e ee a ee 

| ete ae . ee eo a OE Se ee Bereta pace coe ons ae oe Pere : re eee eae Pec co ead ae eho aes EE bret] - Sea 

ne soca aes ent amt ss Nee Sea Sea ae TEMES RE RSENS Op ae Nee FO ee tc a Rena Poster at Ses ieee ae SRE RRS SSS SRE ees rn Le es - a . 

, ; , ee ee eg 0 os SE epee AR RS eg ie caren See eee Be 
es, pace a Se coca ae 9 ac a Eke SEE 

as ron inaaR on IS. rr eee EE SRC OEe eben ae RE Pa agate Coaamnanaarane eo RR REE oraee eoscamanenn saat enya tee i ionaeecint Sem em eae ee aie oe ee —o ; oe 

ee ee BE atone ee eee eee ee Se SRR Oe 
Se eae cea See SESS SE SS SI cB 2 sees Seas ee ee ae 2 ee 

shel | | Uae eo ee ae ee meee ae Se Lf (  lrrrr—<“—t*ir—Cs—s—s@SCOSsCSrsCisSsS 
ee ee ee i are 

RRR eos a ae 7” Se 
cesar ca pa eee ec So Be he on ; — 

ee ee rs ewe ee 

eee Beceeics ca eae REP oO eo Spurn 2s: eR CRE ee Re en a a ea eee re ES EEE Sa ee 2 os. 

“eye ee 
ae eee pee eee OR ee ba a 

en ae ee ns Rane ost a: 

oe ge EES ER ee Soe ae Ee SOTA Si ae a res ches ES a Serr Sera NaN cca Pioneer aed en eas er oe San RET 
Me Ra oN eat aes 

ee ae Sr Re 

a ee TT ce see ae _ 
hy a . Cl Rees ee a oa ee oo .. .-. ee 2 are? ee rrs—Cis—Ci—sCC ot eee oe pe 

i ee ae wee rl Rae (err ——C iC oe ee ee 

pease en a ec eh SAO Rica ae rere ERE ee eS PAS eR eee crn GRRE a ee nc BS 2 nr NO ne CR foe a DEE PS Raia emmy ence ote atects Ra rr, ea aaa Breet EY 
ae 

St eo a ee ee a ee ee ee et eee ee 
eee ac ae Bic reer rece a ae 

er 

- oa ee ee SS See Be ee Se ee re ok Ee cor see BES aa 

ee i ote em cena ee rae aa e ONE Ss RE es Sas ay On Mes SC cee Se 
meee poate ea eee en oor: 

oo ee fe aces Sr eas as EES eee REO  OO ME Se en ne Se eee es ae eS 

Ree eee re Lec ae snag Ree nc en ee ee ee PREM 4 FE ego te Ree eee aie ee ee a oe a oe _ - 

eS ae ee ee rr 0 fee ae 
ge ms Lr a 

Ea ee ee ae Cee caer ce a ee : Son SERIE a rh 
fe yt ee eo 

oe sy eee faa pe eee ee ce eee ee ee 

Be ee EI Ra oS ce ae ie 

ee ee © cee ee See ce ae POR gg oa oo ee ee tae RO RN Se eae eo oe 
oy = eS _ oo 

Se RO EN, aa a ere eae ne aay sins Pet eek tan fee ike Bee es ROG eee Soe ESSER pepe Rie a nh cr Sen ane <6 PREM ce aa OR NR Ad COLAO aE Sa SR Re Seen eee Sn Bee Ce eae eae eee 

eS ee oe eee i oe a er ee ee ee sg et =. fe Og a ee De oe eee, 0 Ege beak amen ae ae eee 

Rr ao BE SO RO fa ig Se ee | eae ae Pee aoe Berns SS a Fea ag De See BOR cea ent SE Be oo ee ae eh OER ge OS a i pe ae a BR sa eae 2 -—s S ee ve oe ae 

Se eee ee ae rae gg ae a A ee " eR a ae oe ee a — ee ee ee a pe a eee oe a ee ae, see ee ee ee ee Fe ees 

cea I ee fgen COS ge icc nr al Eure ssaer sees so a Or ee a a eee om oe Re ee pee gen ee, ee ee ee ek ite % a Se eS -— . 7 

rc Og os ct Ser EE: es. ee 2 Re a ee en re co? Sere epi i ae ere Summ see Hh Se eas SE OO te oY Oa Ss Bee ec oe ee otntear eae : 

i a ae a eggs aac or ae ara a eres PO gE RE ES oe ge ES Salen os scp so aaa Be ee a te Sg OR a 2 

ere eth) a we, pare eee a ae ee ee ee ees ad ey fags Fes se as st eee eee eC es ee eee ees Re eS Pr te ema oleae 

Ps Ee ba ee SE RR Sa STORIE Oe Pee i oe oe oe 
Be be SS RE ELIE se ee 

i s; 240 trees per acre). thinnings (age 50 years; i 8. Residual stand after four | Figure 8. 

—16—



teteteecceneasgesctaes ce Teena ae tee ar A gee 

Pe ee peg mies TT SRR oe ee e 8 eS 

Sear Soke SOME ER IR SRR MR a a sae Se ee eee ee 

RARER Stn ote had Secret ne poet ees See ee ee Ree ems ea Pe erate 

Sos eS: <a ae oe ee Bete aa a 
es eee meee oa ea a ee eae ae 

8 dhl CU 
ee i 

= oe y 

oo eer hlhlU 
ae . | ae ee [_ 

et Pe 
fee a 

bk RE a am eee ge eo ae ee ae ee acess aie am cae aes eee Re Oe ges Ber a a eee et | ee meee ee oe oo Bees 

a 
Ee ee TS go a : ehaae as Sc ea Bs a Pee pk Sana EES, SEE 28 SES pease aes Se cone es ge [i ia ee ean ecgaacrnty e Po ae SEES BS eR Sat sera Pe rem So 

ee 
Be ee: eee aan Scouse RES Sarees ai Se Pama Cos See ee Bae Sonera Se Bee BS aes pce aS ae ee coa mee eee se aes Semen ae se ark ASS ao Soares ee eee mame ice 

A a 
ES eee Been 5 Ce Be ea eS ee See oa eee SC ans: ee Beat ce oe aa ee Se ee EEG CRESS a ee ae ae 

Co 
Be oa Fea ic cee ae eo aes ae ee ; a . a ae ey a ee SE 7 ae gee USS 

a : Se ef SESE [ee Ce ae ae ar 2 
ge ee a es ara ee ee eee. 

aS a ee oe Be a et ea Ce ge Ee A Sao ee . 8 ee ea a. ee ee ear oe ee ere oe 

ae 
ORR 

Sruersoccnsceeemnat Bi ccnne rc ecient cae 7 ras nom acateD S nS Sarena yn SORE ancy. ae 7 Bape Sse mo ioee sestin-.oa Bae Remo CORSON aR ae paca Be 
eee amen eee rem SC Se ea ae a Eo Se 

poe ee 8 ee ee eo ee are: 
Ses, ee i | ... a See Hee ES eee ae ae aoa 

RC oo. ot SQ 
SL Re oa Ba sea eee at ee emia oS Soe eee ea tee cae Beeps acs eae) Pe ee Sees Pee aad een ae Re eee ates ra ee re rae oe Be EE 

ee ; ane ee eee a es  o 4 Gee eS sae emt, i 
Soo eee 2 ae aos cee eer a ae Bre ed oe & pes 

Lo en a re ee ee Se ee SS ee a Lo 
8 ea cs ee ae ae Soe eo ee a eS See ee ee ae a FF. Be aaae Ce Ee 

a 
nee aoa oes romeo Oe a pater oe She ERR RR Se eee eee ce cee LA 

ee es Se a rr 
Panne omer SE RE Se aes eee 2 ee eee ee Speen eR Satie a age rae SR Spano 

arses 

oa Pe eae Je cee a ee oe age ers ees ie arn a Res a ene ee pe 
| aes 2 

OE or 
eee Sees Ee 

oe orn a fae oh 
7 a oe ere Se i. 2S P28 8 4 ew i 

a a 
ee Caer eater 60 es ores i: come RE ee SoS RRP ee Se ee eee See ee a ie oe See ee oe ee ee oe ee i A 

Sanco Bee ‘ z , Senet cae Sent ae eee at 
ee eae cre ck a Be Beara ak eee age eS a oe Cems aes Se ORC cg Beir ac. ape ee eR 

re 
Se eee ee oes aa ae Re oe 

ge oe ce 
er Co 

eee oS eee re ee ee Pe ee ee ee 
poe 

on panes 
oe Boas cosine ae See 3 ee emma: Bs nae. SS eee Reape sees S SRO Raa Best aes ne oe ieee ane SS a Se sen Seat Oe okt Sets ants oo Steere Ses: Recs es ne os iS SOR Foote Sonn’ oa a “os fa REE 

ee 

oo = , oe ee ae VE eS eee Pe 2 eS ee ae pg ES Lon Poe . 
(oo 

eae Sere 
on ee ete 

. a 
: Ss nea REE 

ee 2 ee 
ORS BE REE Ga SES io Canaan ae Bopanna sos ae: Reh ne SoS See 3 Se eee a eee Cree ed ra Snes geeks 

= as 
ee See fees oa SR ca RS OES Soe aa Le Si aR RN <e TOE Rea Baas ae oc ea aa a en es RES eo ea Ran Capen eae Renee ee 

Coes Ce RE ee ee er 

5 ion ar 
Bree Ber oseenaanes Bigs oo aoa Sle Le Sm as om Pete crest rae Be eee gad Basen ee eee oie eae iipeeees Rares Sark en a ei ee ae oe Eat x Oa aaa ES a RS Petes RE OURO apes aes OS ae 

ES a 
eo oe ogee eS a he eee ee pR GS eee em 

ee RS ame ea ee re rae Be ae ee Re oes oe . & aes 

a ns 
es a ee ee ae om ee gE oe ace ae Bye e POP ee ae ees ee 

| Se ae See er a ae Pee Ea ae =e 

Peanecl 
Bee. a ee ee ee pees Bon Gaon ee Ea Seaeeiae ORE, eee eee Se Rarer oe cae SHEE RE Be copes ee 4 ee os Bee ee oe See Samet ee Ee a a : pao peso 

ma ae ee ee 2 a ee Pa So ee ee Eee RE Pe ~~ ee eee eae oe 8 
rr ee ae re eee es Se Be ee 

ceca 
ee ee pe ee ee ee ere a ore a ee oe a BR ae uke Leo i 

one Be eae CE 0 a ee ee ay 

eR 
ee a 

SS Se. eee Bete eo eee | ca ae oe a ee a ct 5 eee ae es ee ns SRR Oe TE Bee ee er ae re 

eee ea ees on ee . eee oe eee Bee oe eater a 
oe et on mts ees Sige ae ae ce Re eee ee BEE ge eae aes Ee ee 

Sere reie rea a ne: es ees ee eae ee eS ae bas Sree ee EE PE Ba Bic 
ee Se Shoe Se cee ct ae oe eee Sy ee oe ee Rees 

: aeneeenn 
PeeMES SG RR N Scere Re Beam phe Sa ieee nd Reng oe Se eee 

oo 5 aes a nec a aN Pim ne BIER Be oo ag SEO Re a rere Same aa SOMO Nae ae OR US Ee 
Bae sees 

presen x fore oe eee a e ce es Pcie Bee Soe ae ee eee oe eee oe oe eereea S tee a ae Sse Se a Eagles ee Sa p hemoacae Sroka Sree an ee 

ot Ree ee SE, coe i 
ce: ee aoe . . a oe Peal Poca pees ere Be a ee Pees o Sa eg ee es es z ee Ce perce Ra a pone macnn oe Re ee om ra 7 oe fo 

ee anene ic ac eemeee ae ecm nee San Bass Re Soo Se ae Sete Sk eee See ae BR a ec a oR EEE SERS Sk ea Rr a Fae REO CR x eens eat eo ae oe a Rae See ae Se cape og eermargiee tte 

a re aa 
ee i aaa eee eae Se es 2 ee eS et en ae cee eee Be JES oo a ee - F pees ts ee ae ae: Vo. 

eo 

a ae ss Bees ERAS ES a ees Reet ee poe RR eed oe ee es ae eon ees Rs Re Re ae Fe eee Pere saree See ee Ron eee eee Pe a ran Bene 

ee mee ; ee ee eis oe a eae ee ee Far See Se oe on oe coca cae ee Pf ey oe ee 
Ff fee ae ee oe. een 

Sees an ee . Bete” See REE UN 7 a cae oe Ba oboet seas eee hao: a Son emo ee chen Ser eae tee Sees Sa ES eed arene ae a ances Soe oeaS aah accra an Sa cr ne a ase escet a 

Se & sy Sg? ee ee SBE eS aes ea 2s i ae ans Po 
peeca ee ae a Bae rs gee be a te aes ce Bee oe o 9 eS meee mol 

ere cock st. sae, = ne ean Beemer eres ee ae es See Ee ore ae See Beco Gi eae ea pee Bee ea Et Ra ae Le Reet eae a Bae ers ore i a S pecs ae a Ram 

, i oanecens eae oe a a oe SCRE an OREN Shoo A ER 
oc annem so act eee Re an atemrs se SneatRs Reo eR SSeS See a SS SD Rey aN Se as: ae PRON Set On Ren So cca mmo sons oe RR aaa OR a 

Same 

RR ER or ee Begs aoe eee, Lees 3 ee Be are Se ae Pe Ee eee ARE GE Bo ea eee ee en te ae Cg Rc eas eee 3 se eee ee ae oe oe ke oF oe * ae 

Ferner mee rarest coos See BO pean ay. Samant Rees eae ae Sc ee Pee ite care ae es een Bene ee Rok meme Sone Romy ok sam Rae eee Fa see ae cs a See eae eee eae rea 

ae ee ape ae of. 
: Pe eee a O ee Rome aoe ee Ree Been mera oe _— 74) 

oo. Pa a fae ee ee Ss 

ee ae ee ee eon ae Soe b ee a peneoms eee See See fe 
Boa oe 

tec ee Sa eae Se ae eee a 

eee oa oe BO BR: a a Oe gs ee 
ee a Ree oe >... eee ee ec ers eo eee cd a of ee : 

ema cnrne i Saeieree CES 
BR RE ae BRR Le Be a a a eg SN a OCR 2k a ee eae aE ae Seascnneeen 2% CORE seein ies Sue na REE St See RR CIE eR NR aaa SSSR ESC cn RR oa Re 

REP AS ae ae a Cone. 

See arene ee os eee Ree ey ee ee eS See ee eee ic eee Pe i ee Ses oe aes RR ee re “Sos ee See rae ae See ae Pe i. SS ie ee ae os 

og Be a [eee oe ee ae oe pee Se one bE Soe eg ee OB ee Soe oe ee 
CC oe . ee ae ee eee De a 

SERRE. Sooner ma Se, 
Sone ara mS See aR etccamae Se Ri see SOR see. Ste Base en anche conc eeatea ane ae ca ped eae tas FSaeRa pena ea aaa Boe: a ee ea Oran Sk pope pO ea Seeman ae Ronan. ono” SOSSRE SC ae ee 200 a 5 SSRN, 

ee ane eee re ne er A ae oe ee Seas  . fe kh eo 
ee a 

Socks SRE eae See ee Bis eae ee Re cae oe Sry rece oe occ a a on Besant chia ee ae Peer ene Beaters 6 f Bigee ELE Ee oe ee ee Ree he cg ee, ae Seam rae a 

a ee eS So aa eg Pe ot ee eee a “ee ea ee oe of 
Be oe ee A oe i. 

Races. ee sic a ee ee Recueecraamn a ca oa Si aCe Boe? SS Se eae oe RRS ae eS oat ee aes RRS Sore aes See SE OR Oe aaa Boe OR erent atiaes ee ee eee eS ae Re i ee OS eRe Sartectee 

ms 2 en SS ae RE SEES E Be ne eS a ee 2 ee ee SRS BS Bick Spor ie Sa ane ec ete ope pee CS eee a ce ee ee ee ee eet gre 
ee eee 

ee eee Beam ee ee fae RS ES Ea Po 
aes : aes ae Eo ee ee Eee tie ana Ss ee eee oO ere eee Se ee . Se Sere: 

Boreas Enos ee a oe es eo 
Pe ae 8 oe 

oo es re Rea Ce 
Sten aa EU saa Bape scm ee see ae BS a - Pesmas 

es ee . ase MRM Se < ar eos oe eee eS eae Be See a Sete SE ets ae: mm Sees cars eos SaaS eee Wee eet od BR gs tee ee 
Be oe Be ee 

cen JSS 
Se eR RS fe kee SR es Brae ee So SBE Po RRO Stn ae ee ae BD. SORE ROC SERN BS ERE a Rarer te See irs deame ee aeee Roe ae Remar crn 

een ee SSE S Soar anne Sicion aia eer Je | SS SP ag Bence ARS oem ao Sa LT RER. Stes SE ae EE SEs eae ena Rea a ee Ri oh a Bee Ras Be a a Ba ae aa BSS ya 
ens 

ste Renu cnt Ricehen ec nn eRe Tee RRS RRR Sa EEE, Bon ieee aS 5; Saat a Oe gat pots Bien Sanaa a ee a 7k aE RC EST 
ORS eg See a Reccopceunaon ae ot Cope ate SN a Ber as. carat ae ERROR RR es Son: eee Soe emmys ga 

ee ee) Meas if ee : aos es Bo bee ee hak cee oe Pg ae es Co oe 
Sa ee ee ee _ 

oe ee 

eer eee o oa ce ere oromr 3 6 oa ee eee 
es 2 oe Se ee es eae - 2 a eS 

(OSE BRE Soret near en: i ee SO Pe ee cae ras oe Saercenmen eee Seems SES Oe ee Ree eee ee eee aaa rene Perens Recaaeeec gh ees ae SRD SS ee PaaS 

et Bee ; cae Ae ee nS NMR RR oo a Ree a a Re tage ae Rec mame eos, So See aR Pea ae eee ee So eee Ee ee eee OR fe ea ing aS 

Saar cite Veen Oe Se: SEED SG. ee) Se noes ee So SRC So Sena og Soe oe ree a RE Ba She Sn ES SSCS Ber 2 Cen PoE Oa et eRe er ee ean Pi SRE Bs aN Sa 
Be eos 

POCA BO cece eons ee. cha eae aan eR Coc aa Roses ee Pace anda es gee enon SSI ARS kee Shes eee ROR ae oem “% ee PE Oa 
nena oes See ee aes Slee cao EE Sr Bears SR aes a ex a 

SAE DU 
a eS a en ae Serre a ae ESS a eee 5 a eer os eS ee ee Soa Ree ee ae PS oF 

a ee ES cs PS ce Ses Be acre 

ct s ce ; ce ae Pee e Sars a 
. . Sh ee a ee Res ee Pe oe ee a : a. 

= ine a 8 — = o o oe a SES 

ee ee : Bees ee OM a Soca Pe eee EBS ce aE Ea aa ae Soe TO es ee a eee ae ees SSPE eee oe eames za Ee RRS BREE oo a eae 

eer aes oe ere ee Fs oe F cee ee oe Pe 
ee ce ar Sad a ce Pe kee oe a eas rk ae “ NESSES oat Bag ae oo ee Se ene By 

eee ee eae Be ae ee ee ee reece oes Bonen reas Baie Sena Sgn ea eee Boa oo 
BS eran ae Seo eee 3) Da ae ee eM rtard ER  . SEE ae See i Se Bam ot a 

a ee Ba Bee Eos SR oe eee ee oe 
ES oe s = Ss . a ee ae Se eS ae 8 Bo eee Ee 

eres es co ee ie Pee oe oe poe So eee ea ae bmere  e eae ee se a a eee Eee eet eet Ce ae ae Saree S ee eee ce 

emerens Sa ens Soon ae ae ee ee es Rec Sem Seaton i Roe ees {Na Se ee See ee oa ee oeriat Seo eee een RE SS cer oe eS Be ES ER ees Pees BE Sees creas ee ane pees fe ee a omer 3 

ae 
Pe rs ae wok ee nor. ie ot ae oe ee coe is 

ae pe ee 
ee . 

ee Beer arts cee: ha 
ca eae. ee 

rr C ee ae oe Be oo oo so 
SS ee ae. ce oa ee 

acon eae St Poors 
2 BRS cea CE. Samm RM Ss ake ciaaners Sneaks So Re SR 

ee Pe ait. oa aa paccsaenag 
EEE SR aaa Sarees Foc ome conan Scents aon Re Be aa aE ROR Rae See ee Reo Si 

eae Seemann See: Cr 7 ee aa een ee oe <2 Se 
ee Pe Soon oe Sie oma ee a 

Rane ee Beane. Pee Co 
Sooanne RaMpcemm c 

ee 
. ere ee 2g Se Sl 

ee ae cape Planes ee or es os ee ee ee a 

eee eee peau 3 aay es ae Be es eae ae as See ee SEES ie es eer eeee tn ees ae Rooney SUR Ga sg 8 Le an cere are too & Seer ie ak cee a ee es SE 

Pe ea Eee coer emir po oe bce A a ee ve ee et se eee oe eee ss ae ee eS oe oe a ee ee —— | a a 

enero eae eee ee ce cs Po i ea eRe ens En ee ae ce Bats <a Bees area praee a ced pares cite ob mene oo es SRL Se ae cn enn Rae ee eee aia Ree 

Sn aaNet aR eR Sa er BMG gee cs SRR ong ee ae aa Boe Sere sae eee ae gone & BO er eS 3 ae ee a ee eon: ee Bee ER de Sac aan Se ee a oo LA 

; eee cee eS So es ae cee aa See ee eo OE RS Sa eee ce ee ee ime re a eee ee bees eae a: Pe eae of ae ee Bees 

a 
To ee ee ee 

ee 2 oe oo 
ee oe 

: BO Bee Sr ee a a eee ee ES a oa ce ine as ee ee So ee ad ace ee ee ee ee ‘3 aes ER Se ae 

os ee eee 5 cee bee pecs omer ee eS cae ees ee "ORGS SE Re ee ee ae ae oe ear es Ce Reece SS ion Bees ae OR a ee aoe TO Bane 

: 
oa Saneen Moat. Seen St Sea. Sao aa ae TE RRO ee UY ROSE SOE St Mee et cas bcesspea Ran mS are a Spm sroRsnn noes RE STR Oonia Ses et ea ORE SeceeeneOoCmRCS Sir Rupes cen chee SRS SR 8-0 scenes ORRIN. SORT ARN SOU Rea ote: im oa SRS 

canes eee A Z o a 4 Cee TS, ee arrears Be tes #oe Pre RS a Se Ps Se SO ee ae SESE Re ue ee aoe LES eae a ge ee 

— ee 
ee es Poe ae Gear a: ee ee oy eee eae oe a ae ee Ne a See er ee Ee ee 

ee ee ee. ae & Bae 

aes ue ee Pork ee Pa as ee oe oe eS re ae ee ee oo ee eo ae a <a ne 

Pan 
; Race ene ee ee ae Ea pare een oe ee acai ease ace rt eee Pca ohn ee eee es Seer Aa ee Sarees eo arene a cee ee EE Oe Pe eo ae Ec ee 

OP ae as “ 
Ly AAR OE See BARS eg Se, Sc SoD ae | Sper PS So Ee cee Be 8 ae ae EASLEY BRS gee a ee ae es BS a ae Beene... 35 Samm er ec Ree ree Sh eee ft 

rr — ie aac hh 
oe ee oe ae 

Ce pe kee oe 7 
oe i. ee cee 

PMCS uy RE — Se er ri oe pee ae te ie 4 oe 2S oe 8 Be — a oe es ae See ee cite 

a ee es 
ee concerts oe ee ; ae RIE a co acas oF ee Te ee ose hoes oe Seas 

hc 
Een Seo ea ae ee ee ata ae Scie eS 

a Se Sr ee a, ee oo, 
ee eS Se ee ee ee ae ee Amn an ee ee a! oe a Beoccrace «ie Je Pe 

eee LE 

+ oe 
See. ae _ 

i. 
: Ss ae 5h oe oe Se i ee oes 

Sas ee i 
CU So ae 2 a ee oon, OE Es ee SS LR Ge ae sae Beet es Cas ES Ps ee = oe Se arene us 

F a er a re See ES 8 eS oe eee a oe ee oe ae aes oad ee 
Ee eg Pace Eee eee Se pe tae Re a oe ae a eae ee 

Sara Beene oceans eames Seana a eee actin 3 Suen ea fe 
ee SP , eee SS See TF oo 8 ess cs a SS ae ees soe 

res Seeman Se Saas peacoena Coe a GS Rn Mee ae panne Series ae 2 EES 

eke aoe hoe “a eg Rares cone oa oo 
oe ee eee Se See a a 

CC Poe oe tra an ee a 
Pe Beer oo es 0 ae os SNe OT et oat pec 23 

ne a oe an oe Rec mae Seem ae pet een ieee: s Saw me ee Re See ase en oo bon Boe a a ee SSO apnea ai ae eee Soh SoC ea Bee eae ao eee ee ee ate ee See aan. 

ee BP eae oy a Se ~~ ae ce 
eee Coes a Boe 

ae ER oa) cone oe so ee *y ee Se 7 onc eee 

eS fe EAE oe Ss es Seca eae ee ee Boye gc ee SR S| eee Pe ees ee : ako ee Eee: Maca ae te Serene es og ee Saag ae ee ae Paes 

oe 
ee a... ea ce es a a ke Ba Co Fits ESS i ehmhCUL 

8 ° oe ES a. eee 

ce es eee ae _ se ee oe ere Ce nes es eee or eee ee a ee ee ne es em Pee an a Bog SEERA 

Eee rca Soe eS Resrisinn een Be Sa Soh a a EE oC ee Seca ce ence ee aaa eee ae roan oe Ee 
ae as oe ae ee nee Bee as eee ee ee aS ee ee be Poa eee aa enn: rs oe 

Romer anare tac een ERE RR e on CaN rc cana BRC ern BS ce LR SRE eae Boe ac aS Pe ea BRR ARES San aR wh a Sales eee nee ee EER oe ae aa. Sanoec cas Sener ea: Se a ee eS Beets Rocsnth es * ip cere 

ea res ae eae ae cre = oa oe eee oe 
esr oe > an Perera Sas gee ni ae 

| ae oe ca ee cae Bae Bk. Be peo a a 

eee eee ee a ae te ees cme BGR ee ES oe seme aR ae ALE PRBS BR RE oleae EE se ie emer s Sieae ci ene ees ee ee eae en ae ae 

ae 
ee Rees ae Pe Beg SEES SEP i Se Poe ee ee ne a ae ene ere ‘ee es ae Bea ae Sa EE Roe ana ae eae 

2 ae o ee, NED ee ing Se A ie escci gas PR ee oe ee eo ems ee ae ae ee oe es 
ee 

eee ee re ae 

ee ee 
Pec eee ee Pe ae oy ae ane Se es cae Pe ed ae ee ane co eee sae SO 

SRE hua ie nara See aaa cc eae a a Race ees Se Pree aes 

eeaes TE Be Oe os pee Ye ee ae cae ee ee Boas ge ee on ae coe ee ee a CC 

ee ae eee WE ce at ere oe cee ee ace eee 

ates 
eS ae ee ee ee gOS eee ae a oo ee 

lr 
Se: ee ee. 

$6 GR, RE ae 
a ma 

| a a eee es a -— = . See oe Be Poo ee es ae a MOG ey eee eee § 

eee ee ee oe i ee 2 ore ee ere ee eae 
= =stCsC ss Ue as SY ae me eae a 

ee are merce co Be Ba Be Sy anes ae ee tire eR ee Scaeperen eS Scare ears Bere oes errs Rees See Sa tee ee ee ee #8 gt aN See ae ee ae 

eee ee a er ee eee cc Ea pl mete ees “ae SA RE RR BN ea Beceaeeeaaent SSI AR Se ee ee acme ee cer. eS eg ee ne aera ER ae eae eae ae: 

cooks eer emer a ee ee a ears ee es Bee cag SS Ee y a co ac I ae Pa ag es oe cee eee Boeay 
es ce een oe ane 

ee ee ag Soe Gee ee eee cae 2 ORE 

ea ae en are Bok et See ee eee eo ae ee 
Roc ene aa: Rey ae BO rs Seen s eo eae: cari " penemeRRa Ss. Bic a Pats serene cere See a a coe 

ES ei Be cs anes 
fo 

UF oP 
oo ees ae eee ean Be 

onan ee ae oe ae eS ee ve 
ere ae oo po ees: see 

is ca RRC areas occ eta Renan Sacre a eS ee a ane SISA SR ae Ea Cea ancencermnrs won SOMME STO Pecomin ae ana a Barts SCS a nah cnn Bee SEE edi ct Boar ie ee ee ae a a ORR ee ies 

Bo tha mee eon a es a Ree a coe Re ee Reems ee eer es Ee oo 
ce OS ee oe ae ees IE, RE Be 

ne Mee : ee ESOS age A cas Co ee Oe ok See CO ee oo rrrtrts—Cs“ CCC ia. es a eee a Bd oo e 

: eerie. earn _ Bea ee ae 
rae SR Sora ee mean Mes ee Romer a 

ce een ee ee PE ate a 2 Sa ee eee Sema ee aera ora Oa cane ce 

Prem ns See es ee Se Cae Se ME aS Bea eae Eta ae eereree DN 
Boar Sete eek Sea Seca ren Bae See ae Re ee ee Be SRM Sa ae Ronan Na a 3 : 

Nee ae eee eee panos Scio ea en ae mea RE A ee Re woeaa eee PE ee iSegugenenen s Seo ee Oe ee SRR pene... Se eee aa oar coe aan rip eae ce be 

Re ieee Sea oe an Se Bette iencan oe a ee oe om . RR oe 
ee ee ESCM am en Ses: See oe 

ee aac eae eee a aS Sareea aa 

Sx ae a RSS etn 
BSiacnne arama a ae ecm ae ee Ros pe eI a Nae on RRC SEO COee eee een 

Si oRDUN An SS aN oRnEER eau mee pane See an sae Rea comnsnaey Roe ae nana ann Se een Ro pectin oe Rea SRE ee, he Ree. eee om SEO SoS 

eS eh ee ae oe Se eee es zi oe oo fe ee eee eee Ee fae ee i 
 ; Br eS 3 ot a eS 

ae Sane eee area ecyrras oe aa coon ae Eocene RCE ap eae aoe RE oe ae cera Oe, MS ce oe oo Ree ce es tie. ae ona ee ce ae aes oS Pence aca aaa oe 

aC canta ars oo SRE ete i ee Cee ee eae oo: oe ee JERI. ES “go SE oe ee aR am Se: ar oe a ee ee re am See nn Secor tae oe ea Se es eae a See ay cena mene a me 

ee eee Bo ESS ees a oe. 
oo Boies pH gg To ge GY ee i ee 

ee : ee Bs SR HE Pama a 

See eee ok ee Be 1 Peg By Sees ae ee Boe See es aie eee ere ee See ee 
oe So eee ee Pes as Pet oe oe eS aS 

ee ee a eo: AE a” Oe 8 ge ae a uae ie ee ee oboe Cee 2 Poe ee oo 
oe Fe oe oe 

a Me me SESS eee ee es eee union evar Se aos See ee re oie ae a ae oe EE age a Sate ee EQ GOe Sse rg on es Saestacan era Pee ae eS ee ee ee Bee eee on eee en 

a as ae eS. ee Pe Se Pe Pa ea ee Se ae. OS oe 
te See ee Beit eS i a 

CC aoe 

TOS EE Pee io a Be gee 8 eae a ae oa Soe eae eae ne eee Saar nmnar 3 Soe ae Soha re ee Sch ee Beret ri Se Sr Ss eee tae’ Fnac Bone 

ee a 
me ag Baye on ee Rens. SRD RNa oa ac a Breage ECan een eee ee eae sh sae SSE Rac Sr a ea ee SER See na ih ee Rae Sa Came Sooner Son eaae am rom ae? 

me aC ee rs ce ee Be ee ee ve ee ce Soe ce: ee es ee ee eas ee 5 * oo oe co! - ae 

? BS ee eg * ae are e 
ee eee ae 

eee oo ES SESS oe oC BESO SU gc oe ae oo ee ae 
eee 

a ec eee SRR 
ere aire Bema scare Pe A ae (Apne Seu a DS RE ee es Ries ee BR Soa ee ee Pte ek OE be Bes ORR Se SS pea’ < seems Gey ener ee eS aa ae es 

3 ee ces ee ee a ee ew ee mee Pe eae eS Se ae eoo Soh cs ee ee 23 ee eee PO cen cees Stee cee re a Ere Eames SS Ree oak a ee Sor Cae nN 

i oe ee nrrc: Oeaneene BENE ae oe Se eee ees ers oo 
ey Carron reo oo eae Bee eee pe ee ee ee ee a emer Sok ee oe Cea con a 

ee Bik 30:: SR IS en ee ROSE SE Saori see 
Bie Se ec Benecntin™ Ssh RRR Snes aR Saris oe a Boat roan SBS ea ae Bet Or eanearcran Penne aa ee ae pace Soran Uh ike face 

RRR SS Sac T RRS 
: 

- 3 oe . aos coon BS oo 
nea Bae ae oo ee wo oat POs en ae bees a Eocene ciate ae Barnes ee Bicones ee ES Seem on ne: a 

CC cae eee ee 

* a ect ease oars Sats ee ee aoe ees ee crear Sas 
ee ee eae PE go oe 

mhUD Pe a ae 

So ieee eee enn eee Se eee ES © BERS Se & oo ae ee ee oe. e See ae _ Berar 
eee ee ey ae i 

ee 

Pe Ron entcnes ane peceamer nrc ee ao So eee aa Shee: RR aR Ro SeeRceeS oie Cae reo eaag Pee: Onan an eee Beeee eek sion on aA Pee oa baa Sake See a ERE Soa eens inane A pantie SOR GS ces os i Benet RRS EE Pore nme es ae ee Be 

a Soo oe 
—_— 

oe 
a ee a8 Sears oe Re ae ce  . 

Le ee ae ee es eS — 
. 

eee a 

. F ee ee oer ee ES co pee ae a ge ee Ree oo Roe aan Soon Rare a BI OR Prcaacene sae Sees Peter en ee Eee cn ee ee Bea a Soren a nr Sen ee Sis aaa 

SRR Re 
Secarentae tienes ESS anna: EO, Ro eee nan Gat te. ces cas Sanna SoG eee Sa a te ea ea Reece co Resa Bsus penta Soe Nese sates Be cree pac oueonbaer Raa Osa ores Meo See aa Paces cme SRC sso paenaeence aS SASS UL 

ee eae ol Sees sees See ages. cae 
ee - 

een ae ES eS ee ee A i ees 4 ee ae ee es, Se ee * 

SRM gc Oa Ree ane ne an Pamcenctnroscnh eee eR coy eee aS Se Fe: DERN ora teen: Sree ent ee aes ener eR See eae on Boe ne Raat sano aa ar aa ae paceeme ae aaa Scores ara PRR Nt ra Baad Brim ne Se ae Soo aa ems pe 

coe Bese Se 
5 Soe eee Sapna aaa Prrnaraninenats Crs “RERSRR ROBBER © sates Seen Ren Cre SS eat Sian tenis sence Sos Framten eee SENS SRR: Soe sis SaaS aOnN Ta Ror ace Beeecrreer ete Se ne OE SRY aoa ene meee a Beara FR 

ARES Sree ae rea a ee [ ae a ee aes Se aes aang i  rrt—sCs*=i—CtisCsC* - 
oi pe I ae ee & 

ee oe a ae ae ae Sere e Be Pl ee oe 2 
oe a ee Po ge ee a ne 

<a 
RS oo oe trina scr are ae Saree eee a oe ee eee See See area he eae oe 

ee EAS Lage Ce a 
Ras eae eS RO ae ee ee eis ee 

oe hoe mae Sana Scam res Sees ee eee ee ares Reps nae os Sete aa Rt eee hee Cas PEERS ae Sees ee SE ee eer eee See Ne Rh ae ee ek ea RRR a AR ec ee ea RS 

ae oe one Sere annie ae peaeeccumetn eae eee & Reece ee eS 2... Sena ences ees ae a8 ae aera tea ge psaaaner sea By aa Roa enn coma oe eee Seu see ie Baas or Sea Se Ren oe Som SEL ge eee aR Bae Brome ep Se 2 a Soe pa es Se 

a Boge SER 
base cae Reoeecte saat iS SRR pe SSO EEE Ee + See Seaeeees Ropers ae ae 5: Sones eae SAGER SO oe eae Bsenscoeeeniars Rann). serene 2 eee oo ee ee pees —— SERRE ee Re a ee Re RACES RRS nan SEES = 

as Speman ore ae ‘ SS 
ae ae Pen tea a Saatae ene. ae oh: aes Oe RR Se Re rane tie reaanes Bes encoe sean a SEES Eee Cee eee ea SOR Re Reisen Case SESE Racnsmcenenes yt Se SR Peame as ae Sa et RS Sec ee reece 

= Ba 
eee ae Ee eee a oe Per a ee ee eee oes Ss Re Sag RE Ror SRS ek ee oe poe ee Sa ee aes 

Ye Seo ee PeeRE RCo aa toca ae 
ee So ogee te Roan cor nar Eaeens SC SS Ronn Caen a Seesrecce ener oemercarranin SE Boe ke a Ree ea pS gece cece esa = Re 

SSS Sc OSES ed a eC Ceti aaa 5 RE SS Sa ee mt See ea See eae ts aon SR Preece Beene She SS ee a cs Se Se Seer Sa Se See BAS ee RS Aaa Cae ot 

7 
ee re eae BE es a 5 ee ae ee Egos os, 

ee Eee ee oe ee hg ee a ae 

ar ee coat: ae ee es eee ; oe BSS BS eo eee 
CFC cr 

eS ee Ba ee Poms oe ae 

Fes ac ae eS a cea eee ce area we OBS ae San Sone et AE Ee Ba So Semen PS eer Bea EPR GE Se Beacee ok Se SEES SA REE? Oe arena sR Rommeeeare SR ea SS SRR ar Re 8 peace See aa 
RR. eames 

Pa Sees Pe ee ee ee Serr (oo 
em co 

Eee es ee ag Soe Be ey te oe eee 3 “eee SS 

aa 
oe ae Pe ae te oe i 

a i 
ee a ce Se oe 

: eee ee ee ccs s: Cs eae : i rt—S—t—irSESCC — we 4 eae ae a ee ae ee a a = eo =. Perens Ma ccs 

oe eee aoe © oe ee ot oes es as ee RR ee PoC oe PE Pek ot ae coe er 

an SS. SS en ee eee ame oe a ee e oe er tee ree SONS: eal ee ar fc ack we oe Sea ee ee 
Sea Pale Coe 

ae : ce eee Sota eee oe ee ees a fs ae Bee eee eee as ee ve HEE ets PO ee eo oY es ae eee ts oe ee ies s ee Se ee SG ee eo ee 

oe Gi ee aes reece Stee a ae Pa ae ee nee oe a Bae eS SNe ee ES Bees Ses: aoe St a a Be Se ee ae oe oe ee = oe Brees eee PE “Bagh 

ee eae ee eae eee eae ea ae ees EEE ee oe SR ee feo eS ee ee eae PRESS er Se en ar Pe ee ee Boa = ae Roe stak oe 4 See 

EERO aad ce 
SSeS ean a a eR . ares See e meee Soe a PAUSES Sone es me Dat een 

SS aoe arc EERE aS Scans SaaS Set eo SCS 
Bk setenetae ene eam SSRN Pa RS See ee ORS 

: , rr een Ce SE eS ae oe EES RRR RRS Se Seas Bo ee ee Spe eM Sean aren ee EE career ae ee cos SRS a Bem Soe ae ae 

_ . Soe , ~ = aoe ee Co aes Se wae RS ee REESE oc OR ERE ee See Pr a BS : ae ee ce eo asc ae 

a ea ee ‘ 
Sie ge ESS Sek: Seige ng aR 

Se ee SRSA Soa SSR aa mea reer Rte ad BeSraeccns Se eames Recs See SSB ce NE a ae Pee eos fos: SR US EES Be 
ee 

Se a 
SEE ey SSNS ee ae ee Sa ee NC Cea 

ee on are REESE Bos Be 228 SAL eas eS Fs ee eae 

cee eats Poca ae RIE RRC ARBRE oo Se Se 
pa ie BRR eens PGES REL OSES Ea Co ee RE Be RR a a er ee ce ESA Ue) 

x ees 7 ae ee ee Se PS ae 
eee ea GG wee a eee a ee car. nam Ge ae 

ae ee re Co ee aoe Se 

. es ~ Pee oe a Gee Bec ao Ok rr : | Soke ee eee : Ae Pe ae ee eae a ee ee 

2 LESS gehts ae 3 eS SoC aaa Pere Be a ae cram aera or Boson MR Se ae ees eS oa BONG eee eee ERS RN oe ana See one Re ee SS cs 

ee ee eee ee RRS oo ae NO WERE Se Ee a RR Serta ea a Sco Poe Ga ce SEL SERRE Po Rea ans ecm etree a a ; 

. SESE a Lo cee oe ace SEs oe eae i Rs wt ee ce ecm eae Ce oe See Ree Roo ae oe ge EL 

Ea cai peas 
Lae Re a SRE Ry ee 7 SERENE CS TR GR a ER NR RR EU Re BN oS Sa Based Bc Si eee 5 = RRs RE “ 

rE ee oe ot ee ee ae ee < ee ae Bee . os SNES Seca “y 

er ae a ~~ BN a Re cna Se NG eee ae as oS BAN occas Bee Bec ae ae Bec na aC NS ra OED BAR Sg eae SR ar he: See 5 F 

5 ee rn oe See Paka Reema cane 9 
ee Sa eS Ea eae a eee Bea ea 

, ees ES 7 Pe 
; 

oo re ae a ear ee ee ce ee ee EOE ee ss Po a cre ee oc aa ea Be ecirwese | oy : 

a err in i oe ee a Pe ce See oes ae Baan Se Serre eS Ba SSE8 Oe Po Pao Ee Se al eae ee 

eu aa or GE eS eee rn on Be Pee ee So mG a es ES eae oo RES eae Rue e Le. 
a 

Se. eee ee 
eee ES eS 

ron eee Se 
ea. ae Sk ae Saunas 

ee Ree 
2 

ns ee ee ae Eee ree Ree a ae 
a ae 8 A _ oy ae eo oe Oy oe 

eae ck eae oe ENN | , a 

oO RR ere Oe Se ae eee ees Eas eee cS oF oN aera: Se en or ey sae ee prose ree ee 8 Ree ae os Soa ; “Ose 

acer Rak FOS sre eta ete i eC a RRO Se cae . ee s i Pa ke pa SORE SS ERR Re eae eee mm Serena nee OG Bes ite BUN ; 

oo ESR es Ft 3 Ae OCoOamC aS . a oe oS. Sides etna BE Ccne sean Pe Se a Sena NS Seana 
aot Se ee aCe an Ree amnURNS San fe Resa s Econ enanas See 

eee og Bae <a : 

BS oe SR oy SR oe eee ee sec ae ae . Roca > Sa aa Caen ee RE eS Re. UREN CE CoRR Ree oreo ee Seo 
a ere 

weal Se Soe 
See ee 

Beg th te ooh RSS a a 
SRR RE CER 

Beas RCO Bs a an Poe eR SER nH een, aed LS RS 
Bee 

Eee Sue ee Ps Poi ee ee EE Sen Se Se 
o Sn See a ee SEEN ee CSCS a a Se oe. an Cm SR RES ao 

a SERN Ree a Re cee a 
2) * oe peer nnn SaRSAR TNT RRR come ORE aR Renn .. SRN 

Mg 
a Ee 

Oe. Soe Sear ERC Pane a 
RSE O ae cs reeeeaee 

SES ere a Sana 
ms ee Serene Se SPER Ns ER ree eR as Oa i £2 eRe REG Pn A Seer SSN Src ae Ss Bea nS . 

aad Ste one ee - Tec eerie: a nec Raeeare or Soe S RUE Rion SRC ARTS BS Ne NCR : ae So SS ae ee eee Unk oh aan eee EEE eee iaceaiss ate 

Pe 
Se ee en ar oe Ee ee See Ss oo — OL RN ee co ORAS RES Ce es a eee 

ar 22 
eS oe ee PS ne Sie CS SS ae LS Os a Poe rk: RO cd oa a 

cee een Seana 

Rochas ons Renee . OE aN EC Re cee RS: Se a eR CN oe SS Sarno 5 5 Lc bakers PRE OC COS ores SOMBRE Rte Ree ae ic en 

Serge ; 
ES 

a an Benty Bees Saas EN RS Rie Rte eet aN 
eS Soa : a 

Boies RECS Toe i es EEE peer ene ae P r a aS rained Bae Se 

‘a Sa 
Pee ace 

Sees as EE Seen ae Seana RaSRRRRN ACR TRO S RRR rs se S Deca 

Pea Renae So ne See aae ESR RN 
ae! bos ue we See ORE pe 

a gS ; ee eM Senos Bont EES ey SE SN Sea NG Sos ; Soo rar wanes Cn ee ete coy re ae St a eens ee 

Se 
Reese ws Ce See SESS See Ree PORE eee Pan Ses 

onan SONNY : fo 2g Re SMa Sn +e Saas Be ESS Se oe ann Se we an ee eee eceeeotans 

es ae Es S oe NS ee oe Po 
, Co a ae eee aoe win ee ae eae ee eae 

Bee 
Cam ’ nCnE TS CHE. ric oo 

ay A aS , er ora ce ea ee oe ae Meg bas a PD pa 
oe 

: oe _ Res : a eo ice ere oS SS as Ss aes re Scprearure Pee a ae Be 0 aha es geet 
em ars 

a ane pein Pas B ‘ Seer OES BANE eee SEE 
RRR a 

ee ee ae FS CREE OES ER recone aa ~ 5 eens Bag 

ae 
Ae 

2 ra SRS SS Re acres SIS SEEN etme 
SERNA ES 5 : SEE NR ae 

See eee + commas RSA 
: 

SS reRRE CT) 

i an 5 SEES “ ; i ms ee 
: eS an eee eee eae ae Hae SNS Poe P 7 eee 

es 
Sa 

a Ree eee MONS RCS $ oes ien a 7 cee ee 
ae ee eae Sa ere ee eo ee 

" 
os , : ee a 

«oe a i a ee eee pers ee rane Ree ree ee ae 

"Se 
E c Sa a SINR E AR Ss SOO UR ENT 

oe eae eae 
nA SOR eae ae 

BOUNCES 
BAER 

gas RE ae 
oa 

ae Raney i AES Bees ee 
ee Se gs oe Sct eee 5 SR CaS oe ee oe Serna eee i. 

‘. a ¥ S ae . . 
SS cea ee a Pe re Se ee Wee SR ae an of 

ane oo Pow . Sees Seti yo PORE ae BEN SSS a SS eS ; ae a eet RET aS se Meare SCs SO eS RNC cn 5 

oe 
BSL een SS RRR SS SERRE 

eee ae een a eRe ee Se a Br MRS Tao: SS Se EE Be eR, oe 

; 4 
RES oe ra ee NRC SSR A a ree ; Beene tone es a on ey oy Bee Ee cee Bie os 

s 
= : Sk: Se 

Pane , , = oo Sees SE ee eee Se co ar ae - 

5; * es 
. RS eae Ce Ree 

en. 
Ae Ee Sata SERRE SERS S eS RCGR MRR Ss RS 

Seema? 

peas 
xe 

« 
AARNE eG SSS Rp MERNT SNN 

cee ee 
Petree Se AWE ESS RRS Se 

a ee Ne eS os 
. Saas 

shee 
EN —_ eee Ss Cee NY i SS ee Pe eS Seng yO es <a ee a 

CS Sd ae RES 
ae a eo ee ee oa ee ces 

, Co. Rear Ce SEs Se cc ee RO sss Scat Po 

a3 Rs are . 
ROR CTS 3 Reais. Soo cae ne ee, 

; at 
at ene SSeS VRS Se ee ~ ee F Ses Nore SNS ~ we ane 

aN Se é 
eS r 

a 
ORR RE Ne se tl eS Sa eee eee a 

rns 
en 

SRS SRC See Ra aaa : ; po es RIERA ONS a iaeracnars Ceres SON 

Se oe re Ss TNs BO CS cs a One en 
Sow ces es See GN eas ” SO aS Se a rea 

Narre ues as 
ae PSS NES <a cera ee re cance 

Pr 
UNS SN aoe ae SCRE Sees: aN Se OS eS RC ees uae 

Seer vars SS 
eee oan Rane eS Eat ee cae es 

aS ak 
srg Pe ae 3 ee “es 

Bae Pr 
oO 

RR AES See Bean aad Ee Ce EE Re aa 
“ o REIS RCRA eee Lee Bares am es wes SSE ee 

=e Pass ee 
AUS ag ; ee ae vet 

; , * x Be SN NT 
ee Ee co EE Sa 

oa Seon 
eR 

RRS RR ig CSS ce ace NS Ree SaRRC Ca patna Seca 
f ” 

Bl 
BER SRE Sa SO SE URS NON RR: NCE sc es eee lo IE SS RN 

: a 
RSs 

Ba A RCT Sema SES ER Rg cea ae oy ; a Re aN Oa ae SAS SSE BN SRR OS as ss 

; a at Bees ERS ey as as: tenner “Sai TR oe a ; SS BO 
NE RE ARES” 

7 rn a 
2 . S * ar nN ako” we Sees cae 

wn 

m oo 
Ronn 

A, 

a 
oa a a = oy ye as Ss a 

Re Se 
Sw ; : ae ; ce eee sipteene mene 

Saupe a oe 
ee Bos ke es el 

og ns eer . nS a eaease 

Poesy ee 
SOE 

‘ 
ee ae aa ae SSO Se aa 

ars; 800 trees per acre). 
. treated plot (age 50 years; 

9 nr igure 9. 

—17—



the area. Of course spacing guides excessive reduction of growing stock | 

are not to be applied rigidly; better and retardation of natural pruning on 

trees are favored, but even poorer one side of each remaining tree. To 

trees may be left temporarily as train- take out every seventh row permits a 

ers. Marking can be done rapidly more normal thinning of the interior 

when using a spacing guide, which rows, without appreciable reduction 

has been a factor in the use of spac- of total yield for the rotation. As to 

ing guides based on diameters. While subsequent thinnings, the period of 

the case for the superiority of height retum may properly be lengthened to 

as a factor has been stated, it is clear assure an adequate cut. Uneconomic 

that any spacing guide, however well “tickle cuts,” resulting from too fre- 

or poorly chosen, must inevitably im- quent returns, increase marking and 

prove uniformity of distribution in ir- supervision costs. | 

regularly stocked stands. Research Application 

For red pine, a spacing of 20 per _ The t ¢ Is j q 

cent of height would be a good rule. e two specitic controls impose 

It requires but little work to measure at Star Lake were advocated for use — 

the height of several dominants and on experimental plots to provide data 
divide the average by 5 to secure the for construction of yield tables for 

- desired spacing guide. Where poles managed stands as long ago as 1946 | 

_ for preservative treatment are to be (Wilson, 1946). It was urged . that 
| | ; these controls be applied to adjoining 

grown, the use of 18 per cent of height lots held th defined dual 

would contribute to reduction of taper pots he to ree Cenned Testeua 

and size of knots and also increase the stand densities differing by 2 per cent, 
number of poles per acre. For red that the inclusion of an untreated plot 

, .; ; would make no contribution to the ob- 
pine on poor sites or for jack pine, a , : 
spacing of 21 or 22 per cent could be jective, and that such series should be 

applied. For the more tolerant spruces replicated over the range of sites. It 

and balsam fir one-sixth of height was also recogn ized that poorer sites 
would assure the closer spacing might require wider spacing, while an 

needed to secure better natural prun- evaluation of tolerance would serve in 

ing. _ deciding on the range of stand densi- 

Present interest is now centered on ties to be used for any SPecles. — 

thinning of pine plantations, where Meanwhile, continuing studies of 

uniform spacing permits a commercial stand poy (Wilson, unpubl.) in- 

cut of pulpwood for the first thinning. cue P rer of the ey, or Te- 

se This may well be deferred until the sicual number e ces Over Mt Pee 

extreme early taper is partly corrected, aan m ved uropean yle h ables 

and trees composing the main stand or managed stands. From t CSC Te 

have reduced their live-crown ratio at sultant curves plotted on logarithmic 
least below 50 per cent. The growing sheets, three basic principles clearly 

practice of cutting entire rows to ex- emerge: 
pedite hauling out of cut products at 1. Poorer sites carry fewer trees for 

the time of the first thinning is proper, _ height. 

but to take every third row results in 2. Tolerant species are grown at 
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closer spacing than intolerants. plot, it represents accurate records of 
However, the tolerance scale is a known population with specific con- 
modified by crown form. trols. The current project of Day and 7 

3. There is a characteristic down- Rudolph (1962) for red pine on excel- 
ward trend of these curves to- lent site is reducing plots to 16, 18, 20, 
ward the end of the rotation. 22, and 24 per cent of height, which is 

amply wide to determine how broad a 
The curve to define future residual range will still give full volume incre- 

stand densities for the Star Lake plot ment. With the long internodes on an — | 

is based on the latter principle (Fig. ¢xcellent site, the closer spacing should 
5). It is, of course, due to the declin- gisclose the possibilities of pole pro- 
ing rate of height growth, and appears quction, The present three-year thin- 
to be correlated with sité index graph ning interval will result in earlier at- 
CUIVEs. tainment of the prescribed stand den- 

By now the failings of allegedly sity on the plots designated for wider 
normal yield tables, based on single spacing. Replication of these treat- 

measurements of unmanaged stands, ments permits eventual _ statistical 
are even more apparent. Nor should evaluation. 

truly normal tables, based on remea- — The extensive areas of red pine 
surements and light thinnings, be our plantations of recorded age in the | 

objective. In discussing his 1949 yield ake States present an opportunity for 

tables, Wiedemann (1951) rejects the leadership to win cooperation for 
_ concept of normal yield tables as calry- agreement on the controls to be ap- 

_ing a silent propaganda that normal plied, the number of plots required 

full stocking is desirable. Instead, he over the range of sites, and the assign- 
offers tables for moderate, heavy and ment of plots to be established and 

even accretion thinning, that the prac- managed on public and industrial for- 

ticing forester may choose as a guide ests. By including measurements of 

markets. | well as yield tables could be compiled 
In effect, Table 1 is a yield table for for red pine plantations, as data are 

red pine on Site 65 to age 50 years. periodically reported to a_ central 

Though based on data for a single agency. 

CONTINUATION OF THE STAR LAKE PLOTS 

Some decision must be made as to loads of wet snow or glaze. In other 

the future of the untreated plot, now words, it can be left to demonstrate 

that it has served to show that thin- the results of neglect. But is it still 

ning has not reduced total volume pro- necessary to prove that thinning is 

duction. If left untouched, it will pre- good practice? 

sumably develop openings in the On the other hand, it may still not 

canopy of crowns as the trees become be too late to initiate very light and 
still more slender and less resistant to frequent thinnings. In that case the 
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~ aim of management would be the pro- number of trees, it will no longer make 

duction of items sold by the lineal sense to thin to the nearest 10 trees. 

foot, such as poles, piling and cabin Retention, so far as possible, of the 

logs. This might bring higher finan- “blue ribbon trees’ will contribute to 

| cial returns than those earned by the uniform distribution over the acre. 
thinned plot, which aimed at the With a height of 100 feet at 100 

standard products of pulpwood and years, the cut should provide some 20 

logs. | trees which have been pruned to 34 

Because the entire red pine block feet. The lumber from these trees and 
is of known provenance, and its isola- from an equal number of trees from 

tion reduces the probability of polli- the similarly thinned border strip 
nation from other sources, the oppor- should be graded to determine 
tunity for developing a “plus stand” whether pruning for two clear logs 
deserves consideration. This would.re- shows a profit or a loss, based on the 
quire thinning both in the unthinned grade prices then prevailing. | 

plot and its isolation strip and in the Though the rotation, in the absence 

red pine stand outside the experimen- of catastrophe, may well be extended 

tal area, thereby preventing pollina- jo 140 years or more, recommendations 
tion from inferior trees and assuring beyond the next half-century cannot 

a future superior seed source. logically be made at this time. Event- 
Adherence to past procedures for ually the stand must be regenerated, 

the thinned plot is indicated, but with though European experience does not 

modification of the residual stand as indicate that the deer problem will 

defined by the curve which has been have been solved by then. But long 

added to the stepped course shown in before that time the responsibility for 

Figure 5. Assuming that this stand this plot will have passed to succeed- 

will continue to approximate the 65 ing generations of foresters. Though 

site index curve, then continued use of they never had the privilege of serv- 

7 feet of added height will extend the ing under Griffith, they are the bene- 

past arithmetic progression of 5,6, and _ficiaries of his early work and thus 

7 years to 8, 9, 10, 11, and 12 years to inherit the obligation fully to redeem 

age 100. It appears desirable to use his pledge of 1912. Fortunately, for- 

this series of year intervals, but each esters are trained to think in terms of 

time reducing to the number of trees decades and century-long rotations, al- 
| indicated by the actual measured ways aware that the quality of their 

height of dominants and the curve de- work will be judged by others yet 

fining the residual. With the declining unborn. 
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