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I 'lRODUC~IO 

H1 h inds, wh1oh t Color do for ate 1n 

mid une of 1939 re ulted 1n h vy 1ndthro in the 

na tur ly sh llo •rooted at nd of .... ngelm nn ruce 

(P1cea engelm nni (P rry) E lm.) s c1 lly one o d 

site nd th nd rd . 1de of fore ts. These r llen 

trees offered an excellent habit t tor t he Engelmann 

ruee bark beetle (D ndro tootonu 

for the he vy inter sno ~ roteot d the beetles from 

their n tur 1 nter nemy, the woodpecker. Under these 

conditions, the r1 e 1n the be tl o ulat1on was o 

8 

r id that they soon exhausted t he1r or1g1nal food au ply, 

nd mov d into then rby t nd1 timber (2. 8) . 

Tbe r1r t serious. outbreak s not r eported 

until l 42, at which t1me the 1nfe t at1on on th , 1te 

River National Forest exa 1ned and deemed beyond 

control . The following year, surveys mad by the Forest 

Insect L bor tory of Fort Collins , Color do reve 1 d the 

infestation to be mor extensive than first t hought, 

1th infestations found also on the Gr and Mesa, Gunnison, 

and Rout t N t1on Foreats--all centered around the 1 39 

blowdown re a . xam1n t1on of the Clineto Mesa Area 



, 

of the ~h1te R1v r Infesta.t10n sho ed a ;7.5 er cent 

k111 on 40,000 of the 200 .000 a.or a examined (3). 

Little a e nown of t h h bits of the ngel

m nn a ruoe bar k beetle as l ate s 1943 for control 

recommend t1ons. so th t the follo 1ng ye • regular 

survey and a bark beetle etu y were begun by the Forest 

Insect L bor tory of Fort Collins, Color do . The prog• 

rea s ot the · h1te River In!"est tion charted by these 

exten tve surveys (3, 4) 1s eon below: 

1944 - An e t1m ted 60 p r oent of the a ruce on 
the ite Riv r 1 tea.u had been killed 
einoe 193 . Tot 1 kill eat1m ted a t to 
and one~qu rter b1111on f.b.m. 

1945 .. Att ok continued; beetles moved to 
nd em ller tr es. 

1946 

1947 - Att ck subsiding . Kill of trees seven 
inohes d.b.h. nd 1 rger estimated to be 
from 96 t o 99 per cent; tot l kill 
ap rox1m t ely three billion f. b. m. 

1948 .... Potential danger f fut-ure attack s 
em_haa1zed by serious adv nee or beetles 
on t he Routt and a oe N tional Fore sts 
to thee et. 

S v e cuttings of the beetle-killed timber 

ere first be un on the Clineto Mesa Are 1n 1943 , and 

1ncreP ed r a 1dly 1th the oompletion -of new access 

roads follo ng the end of the r. In 1947 th cut of 

beetle-killed ruce on the , 1te River Nation 1 Forest 

was 1n exoese of ten m1ll1on board feet, mos t of the eut 

be1 for sa lo s. The following year the tot l cut 



rem 1ned bout the same, but 1th an 1nere· e of mor e 

th,n 100 e r cent in the out of pul ood. Pr esent pl ns 

are for oont1nued ut111zatl on of the d ~a timber, but 

on a much l ar r eonle. 

A re ult of the b etle 1nrest at1on , there 

1 a · rox1 t ly hree b1111on oard t t of t and1ng 

dea s ruca on the -hit R1v r N t1on ore t lone ( 3) • 

Studie s o th r t o det r-1 r ... t1on of b etl - killed 

s_ ru.o de on th qu r1u s Plo.tea.u of the Dixie N t1on l 

Forest in Ut e.h aho a proximately 84 er cent of th de d 

s ruoe st nd1 25 y ars rollo ng an infestation. 

ur1lhcr exam1.na.t1on also revealed very 11 ttle dee y 

or1g1nat1ng fol lo 1ng the dea th of the tr ea because of 

the lo moisture content ch r o · r1st1c of tree lled 

"'· by the b e.r k b etle . Cuttings for both e · t1rnbe r and 

pul from thi rea 1n 1948 de onstrate t h us b111ty ot 

the de d ruoe even after 25 ye • Ap ar ently, at d-

i de -d tre s r ema1n sound 1ndet1n1t ly, since lu ber 

w a be1n cut from s ruce on t.h Gr and M Nat1on 1 

Foreet of Coloraclo ilhich w s k i l led by a b r k bee tle 

1nfe stat1on which took l ace bet een 1873 and 1878 (5). 

Forest S rviee 1 confront d not only 1th 

tbe pro l m or ut111z a t1 on o the d a ruee, but al o 

th t o tt1ng th a ruo s t nd back 1nt a roduot1ve 

\ 



eondit1on as soon a · o 1ble. A pro oeed pulp mill for 

this area would do muoh to eolve the ut1.l1 ;Qt1on problem, 

but t the same t1me would 1mpo e exacting dem nds on 

all ot nt1 a ruce l nds in the ruture. 

Surv ys (4) ~hich aho · th.at, following the 

infe tat1on, :pr act1e lly all tr-ea of eecl- bear1ng age 

have been killed demonatre,t the import noe of the 

established :re roduot1on 1n the sati t a.otory t ,oek1ng of 

th eat nds in the future. Logging of the b tl 4k1lled 

t1mber w1ll destroy v ry1ng ounts of thla te roduct1on, 

and. must be controll ed t c hold. lose fl'om tbts ouroe 

to e. r eti m1n1mum. 

~-t e,t!&¢1§ s 
No :prevou logging dam ge t\ld es are available 

for the E elma..nn ~ l"UO ty I rob bly beo use of the 

limited uti 1 t1on of t his typ 1n the I) t. The 1m• 

po:rtanoe of lo - . 1ng dama .e $.S f etor 1n tho ana ment 

of s rue -fir t and.s of th e,dilt 1 emph 1 by 

Westv ld (12), '1 0 -t tee t-el 8 nea ., and alters.• 

t1on of site b ch to 0. lo ng o; t n e ue s oh large 

los ee ot adv noe a· ruoe and f1r re roduotion t h t rein ... 

force nt by uh equen r product on ! ese•sntt ~ 1 for 

aatlafaoto~y future toak1ng. 

1'r1mbl (9) concludes th .t log · ng de.m 1n 

pruee-f1r pul wood l an.ds or the northea I 1a no 



deterrent to art1 al cutting b n carried out 1th horse 

logging. Weetv ld (1) alao d1 ou ees lo ging damage on 

the northea stern s ~uce-fir ty e nd conoludee t h t the 

18 er c nt lo a or s ruc e nd f1r r roduct1on in log• 

g1ng s very serious bee use of the h rd ood oom et1t1on 

which f ollo outt1nge. Logg1 d m e stud1 e dealing 

1th lva e outt1n r 1 eki ho ev r, nd 1nae the 

salv e eutt1ng 1n the beetle-- 1lled e rue are o 

n rly 1n then tur of a ol r-out, t ·i diff icult to 

a ly results obtained und r par 1 .1 eutt1n . sy tem. 

qbJeg,t J21_ a~ dy 

Ext.ns1ve et ~nd surv ys h ve sho n wb. t 1a 

believed to be a sat1st acto;ry st nd of l1V1ng r e roduc

t1on in the uncut beetle- ill d a. ruoe stand ( 8 ) . The 

ur oae of th1 study i s to d term1n to wh t extent 

t 11.e stocking of re roduct1on 1 s al tered under reva111 

l ogg1 r actices. It 1e d sir ble to use a. log 1ng 

ystem m1ch 11 er it tul ut111z tion of t he b e tle

k1ll ed t1mb r , and le ve a a t1 sf otor etoo 1 of 

re roduct1on mioh 111 not r quire u lement1n nth 

art1f1o1al la.nt1ng. 

Thi tudy , s oondu ted b the Rocky 

·ountain For st and Ra g Exper1ment St tion of Fort 



Colline, Colorado l/ during the summ r of 1948, and waa 

11m1te to the beetle~k11led st de of Engelm nn s ruce 

of the 1h1te 1ver National F rest north ot tb Colorado 

River . Ar or be le• 11 ed timber nd ork areas of 

he 1948 st dy r e ho n on m ot th r . t 1 . er 

tional For st ( · !.gure l). 

l/ Th .field , r k tor thia stu y conducted by 
F. Gordon Com r d Kenneth N. 1ley un er· the su r ... 

.tsion or E . M. Horn1brook of th Rocky Aoun a.in 
For t n nge Exper ment S t1on . 



Figu:re 1 .... - M p of ·• nite 1ver tat1onAl For est , 
r sot be tle• lled timber hon in red, 

loc tion of logg1 d mage lots eho rn by 
num r ls. Souroe or t a (4). 
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MAT · ALS AND ETHODS 

our r 1 · - er lote , r e t ebl1 h d 1n areas 

of beetle- killed timber here t he d ifferent met hod or 
logp.1n 1n u on the toreat 

surnm r of 1948. B tor n 

r 1n r r a dur 1 g t he 

fter r eproduo ion counts 

l ss n lo w1ng, were m d on the lot to de t r 1 

n a t lly of the mer h t ble d pruc w o 1 oluded 

1n the fir t urvey to oorrelEt los · 

tir b r r mov d . 

1th vo umes of 

Lo met hods tudJ. ed 

~ 1: Ground ~~=- .2!. .tre . - lV)gth lo • 1th 

_ D- 4 tr ctor . 

Plot l loc ted on Cl eto He here log-

gin e in pr o r a b y t he Con olid ted a ter Po er and 

.Pa er Com ny. A rox1 te y 4 ft. b. m. er ore of 

dea e ruoe r mov 1n t his o_ r t1on. At th re-

quest of th log 

trees wer round 

'l'he tre -len th 

t1ve da m e of th1 

r, tree- le t k d 1ng a. llo ed; 

s 1 d. d wit D- 4 er l e r t tractor. 

1dd1n ae llo ed t ot t the o r -

ynt m dth th t of short log ski d-

ding , ino th logger cofl 1 ere th a 1 ding ot 



ree• n ths to be most eff1o1 nt for pulp ood 

o er tions. 

trnator. 

Plot 2 

r a being cut fo 

a located on Coffe ot U.ea on nn 

A imber b th Haubrich Br th re 

Mill. A ro im t ly 4? ft. b . m. er er of d 

e rue w a remo d. 1xt n tot log r bunched w1 th 

horse , nd then k1dd 

the m111 1th T 5 er 

-ir o ly t hrou .h the ti ber t o 

r ty 

a bulldo er bl de, nd r ing 

( F1 ure ? ) • 

~J,: 

traoto;r. 

Plot a a al o on off 

tr ctor qu1 _ed with 

1 bt hom .m de sulky 1/ 

Po t,. ea , on 86 -

lo o r tion conduct y th E. R. Ri y nd on 111. 

Truck rod · er bull o ed through the timber and along 

the contour; xt n-root lo re th n round 1dded 

do 111 to 1 ndin lo the rod 

ora-wler ty tr otor, nd then trucked to the mill. 

Log ·1 r moved bout 49 M ft. b •• per ere of e~d 

spruce 1n this o era t1on. 

Plot 4 w lo t n r in rs ring, wn oh i s 

ne er the eat rn edge of th be tl inf tation. The 

. 1/ A eulky 1 b l d reh co monly u th small 
to medium 1zed tr ctor. 



area as log ed or ul _ od by R. B. Blo reen, one of 

the numerous small pul ood. o r a tora in thie v1oin1 ty. 

A prox1m tely 2? 

removed 1 th 

ft. b.m. per acre of dads ruoe wa 

orm o 10 - 1noh log, wh ch· r e first 

bucked in the ood a ~n th n roun 1 ded by hor s t o 

lan 1 g out 1 th 

, i t h ref eren 

1 bered r e . 

to th 107 1 m thod 1noluded 

in t hi study, 1t shoul d b k pt 1n rn1 nd t h . t t hey were 

not 8 C r10 1 n d , 'but r a th r ere elected as 

ty 1c 1 of the d!ff rent ty of lo 1ng 1n ro rees on 

the fore t 1n the u e:r of' l 4 • 

11 oper-a t1on tudi cl ere 1n he- n ture of a 

comma c1 olear out, r mov r t1o lly all of the 

meroh nt bl de d tt ber~ Tb tree ere felled by 

bloe· .a o str1 e o r .rge r e, and ell 1n advance 

o t any sk 1 dd1 

and ro d, w 

ope t1on. Th loo t1on or skid trail s 

lett to the lo er, developed with the 

ak1dd1ng et1v1 t 1e., o there s little advance l anning 

on t h1s pb e. No f or m ot 1 b di o al was ueed . 

Survey prooed re 

-he 1 g 1ng dam ote uaed 1n t h1s t dy 

~re semi pe~mane t in n ture; on oorner of each lot 

being mar' ed by a 1 rg wood t e s t in the ground , 

and by bl z e nd oran nt o the nearby trees . 

This eorner s the n l oca.t d by comp s and ~ e.cing to 



ome permanent to og:ro hlc 1 fe tur, nd it s oc c. t1on 

1th the ccom ny1ng lot l out ketche on Forest 

Service orm 87 (App nd1x 2). 

p ot s re her a r or rect gul in 

h ,. , .n ere or ent 80 thP.. the trip or 1~ line s 

oul b t 1eht n l A t th y. Stri oru1 e 

l ines ere mf!.r d th or .n - p 0 a. es e.nd by orange 

t1 er m I'kln p int long t e 11n tom r l c ti.on 

follo ng 0 1 r . 

trip orui lines - r lo ted on chain 

interv 1 0 t th lot, the first 11n b 1n ee t 

in on ··h lf c t n fro th p ci t l:>oundry (Fi ur ? ) • 

The- atr1 cru1a lin r 0. 2 ch 1n 1n dth, thich 

gave o m1.1- or toe h ! de or t t:r1p c nter line 

for oh lon he H.n . 11- er s to the left 

of th line y r de e1 n ted a r1e .. A . those to the , 

right of 'tb l ine a ser1oe It • 

Th u.rvey or th 1ng dam e lot ro-

0 ded 1 - r qu r , rt by t r m nin t h 

atoe 1 r ch 1 • A.Cr , .n th n by th t ally of ad-

t on nth ... r • Stoo tng 

con re t h omi t 1 or oi 8 of tre 

r C 1 - A.er ~ qu r . if ro tJ:- on the 1 

1- or . e of omin . t z , t en . rer rence a 

e1 ... n to B r C o er r, ' cl 0 t:re 8 norm l f orm 

OV r b, dly f or st me . Th J r e nc of oth ruce 



m - aor no ed b • and 1r on h 

under the olwnn ot on t1tu 1 th 

ny re ro 

rne 

1thout r to it s 

t1on on 

n the 

0 

oh 

y 

he o ter eo m oft l i - or 

nd1 lL 

he re r- y of ot to 

oonduet in the me 1" 8 the 

ur 1• T tos of r rod et n 

fro 11 h or lo 1 ott.v1ty 

1 - or 

ot t 

11-a r,., 

d 

r1e ( e 

0 i log 

b tor lo 

nd 1 vin 

(fe 11ng, 

c1 ng n "X 

tao 1ng • . 

th n 

y, but 

t. on ... 

1n 

-~ ng 

t ee 

bunching 

of 1 .... , k1 ov rd by l h, n~ ny other ) 

-ra s um to ah • it r a 1 , r tic l tc e r ate 

th • 
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Fi gure 2 , --D1 2r amm tic l yout ketch of logg1n d ma e 
lot no. 1 

Plot d1m n 
or th re to be lo 
tr1 oru1e line 1 

v r1e to r1t th shape 
ed , but th orient t1on ot th 

t right n 1 to the to . ogr pby. 

M11-acr plot en 1n oont1nuoua str1 a 
on each 1de of the r 11ne, th plot to the 
left of the line de 1gnated e eries "A, and those t o 
the right of the lined 1gn t d as r1e •B". Thia 
give a strip 0 . 2 oh ins 1n 1th; h1oh hens oed a t 
one ch in 1nterv 1, r eeulte 1n a 20 er cent oru1s of 
the area . 
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ANALYSIS OF DATA 

St a.qd eond1t1oQs ,tgllo 1ng logg1ag 

Before log 1ng urv ys showed beetle- killed 

a ruce st nds to be ell stoo d 1th eed11nge, a lings, 

and pole re_ roduct1on of both Engelm nn ruoe and al pine 

fir. Aver ge took1 den 1ty as 2449 p r ere, 1th 

a r nge of 1580 er ere on th most lightly stocked 

lot, to 3250 er acre- on the ost he v1ly stocked pl t 

(Table l nd Figure;) . Althou haver ge log 1ng losses 

ere high, 54.:, er cent, (Figure J) there r 1ned an 

average ot 10?2 eedl1ngs, 

from oh to develo a ne 

11n e, and pole r acre 

t nd. D as he vie t 

on tho se lots where high vol mes of timber ere removed, 

nd with tr etor akidd.1ng . An1m l log ing 1n at nd of 

moder te density produced the 1 st 

Stocking density before and tter log ing 1 

sho·n r hie l ly by 1gur J. By ure oo1no1deno e , the 

lea.st deatruct1v method ot log ing studied ha ened to 

be on th are of lo est stocking den 1ty, so tha t 

ltho h con 1der abl 1fferenc a in too 1ng density 

e 1 ted on the uncut plots, there remained little 

difference tollo 1ng log 1ng. 



T ble 1.-- e dli 
ll apec1es 

~ a ling, nd ole r e~r:oduction ~er are, before dafter lo ging, 

Beror 
ereentage lo a due 

H 1ght log 1ng tr lo ng to lo ing 
a.nd dbh lot Pl t lot g -
glass 1 2 3 4 -l 2 3 Ii l 2 3 !; 

O -4 833 919 596 298 36:3 143 152 02 ;6.4 84.4 74.5 32.2 
4 11-1 1 31 J08 393 56 117 94 1 l 98 49.4 69.:5 l9.o 61.7 
1•-1• 4 00 1555 1634 714 295 574 633 628 6.2 6:3 . 1 1.3 12.0 

dbh o 13 

2. 153 275 310 lJO 93 128 1~.4 114 39.2 53.4 60 . 0 12.3 
i;i. n 101 1 l 77 82 70 50 0 7 .,;0 .7 55.0 48.l 1 2 .2 
6 68 4S 26 56 SB :31 17 50 14.7 31. 34.6 10 .. 7 
8 43 14 18 2 33 8 9 28 ,_3. 3 . 50.0 o.o 

10" f, 9 8 8 3 6 5 8 .o 33.3 47•5 o.o 
12 1t 6 5 2 14 4 3 2 o.o :33 ,3 0.0 .o 
14n 12 2 6 11 2 6 8. 3 1 00 . 0 o.o o.o 
16• 6 3 1 0 6 2 0 0 .o 33.3 100 . 0 o.o 
1en 3 2 0 ) l 0 0 0 . 0 50. 0 o. o o.o 
20 11 3 1 0 0 3 1 0 0 o.o o.o o.o .o 
22 · 2 0 0 0 2 0 0 0 o.o o.o 0 . (1 o. o 
24 1 0 0 0 l 0 0 0 o.o o. o o.o o.o 

- - - - - - - - - - ..... - - - - - - -
Tot 1895 3250 3072 1580 10 2 1 114 l 08 4 2.4 67.9 62.6 2 .5 

11.,1. 4_ 468 449 Jl2 317 231 202 280 26.4 .50 . 6 55.0 10.:; 
3tt,1. 109 37 36 44 96 2 l 44 1 .9 LJ.O . 5 41.? o.o 
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Table 2.--Stock1ng densities, bef"ore nd f r log 1ng, by a ec1es 

A. •ngolma.nn ruce 
efor lo :-,1ng A:t'ter lo 1ng " l ost l t 

,Plot P1ot Pl~t Av. 
1 2 3 tf 1 i 3 ~ X 2 2 ) 

seedlings 632 1048 851 24 261 16 250 lJO 59 8.5 71 42 71 
s 11 ling 196 401 4 0 14-0 16 174 62 9 59 6.5 2 54 
1 ge s lings 

146 74 62 126 64 & mal l poles 110 109 75 27 J3 43 14 34 

l .rge pol 19 3 1 18 15 1 ? 18 21 67 50 0 24 
- - - - - - - - - - - - - - - - - - - - - - - - - - -
Tot al 957 1561 143 468 490 3 7 458 336 49 75 68 8 62 

B. 11ne fi r 
B :ror-e log ing ft er log 1ng % lot by ., lot 

lQl Plot £>lot A • ! 2 3 !t 1 2 . '.2 4 J 4 
8 ·dl1ngs 432 179 138 330 19 77 63 170 49 57 54 48 51 

am l ea~ ling 204 1154 1135 634 155 410 4.59 566 24 64 60 11 49 

212 322 338 122 147 147 154 110 31 54 4 10 44 
l r o es 63 26 17 20 55 17 10 20 13 35 41 0 19 
- - - - - - - - - - - - - - - - - - - - - - - - -
Total 911 1681 1628 1106 576 651 686 866 37 61 58 22 48 



• 

Effect ot ~l=,Q.:..,;g,.Q!! sp cieg oompooi 1on 

S rue s re resented 1n bout the srune 

proportion a fir before logging, exce ton Plot 4, here 

less th n 30 per o nt of the re roduot1on a a ruce 

(Table 2) . Logg1ng destroyed higher ero nt ge or 
s ruce than f1r; 62 er cent of the re aidu l ruce being 

lost 1n l ogging ae eomp r d to aloe ot 48 p r cent of 

the re idual st nd of fir. A uming equal dena1t1e of 

both a ruce and f1r before log 1ng, nd uniform d1stri• 

bution, logging los es of spruo averag d almost JO er 

cent above loss s of f1r (Tabl '). In the logged ... over 

stands, ruee m de up n av-erage of 37.5 er c nt of 

the re roduct1on pre nt. 

T ble 3 .~-Rntio of 
(from 'i' ble 2) 

ruee lot to fir lost in logging. 

Pl~~ " ' ~ vera.g 
1 2 3 

seedling 1.20 1.49 1 . 32 0.88 1. 39 

small s lings 1 . 16 0 ,92 1.08 2.00 1.10 

1 ge a lings 
am 11 poles 1.07 0.80 1.1 · .40 0. 77 

1 ge poles 1.62 1.92 1 . 2 1 . 00 1 . 26 

- - - - - - - - - - -- -
Aver e 1 . 32 1.23 1 . 17 1 . 7 1.29 

The smaller 1 es o re roductton w r most 

euseeptible t o lo s, this being most mar ked 1n s ruce, 



1nee in the seedling and sapl1ng stage, 1t wa.s found 

on old deca yed lQgs more often than t1x- ( F1gure 8). The 

tour different logg.tng methods studied showed no s1gn1t1-

oa.nt differences in the r · 1 t1 v lo s of spruoe and 

r 1r, th1 s app :r · ntl;y being 1 n:flueneed by otber fae tors 

(Table 2 and 3) . 

The eis cent of lo ·pear to be influenced 

by the volume or wod r oved 1n the logging oL· r a tion 

(Figur J). Tbus 1f th·e etf ot of th logging m tnod ts 

overlooke,d, ap rox1:ma t ly t o--thirds o the 1.l'e roduct1on 

was destroyed tn logging at nd or he vy density (40 to 

50 M t. b. m. per aor·e}, b.1lll:l only about one•th1:rd wa.e 

lost in logg1ng aian · s of mod t .e dena1 ty ( 20 to 30 M 

f. b .• m. r erel. 

Tb le at damage oe n~r ed us1n norse skidding 

for l00-1noh logs, whi le the greatest d age •a s 1th 

the use of a. bulldqzer""eq'Uip ed trac.tor and areh tor 

ak1dd1ng 16-foot aawloge. Ho ver, comparison of logging 

damag · on Plots l and 4 give a better idea of the re• 

lative loaee 1ih.1oh might oceur undel" traetor v r sue 

horse ek1dd1ng ystems, 1nee both lot had about the 

same stocking density before log 1ng1 a ell as having 

approxima t .ely t he ame -volumea of • ood removed in the 

logging rooe&s (Figure J ). From th1s eomparison, it 



ape~ that dam g w th tractor ek1dd1ng 1 

the.t to b expected With horse sk1dd1ng • 

bout t 1oe 

...==.......,_a J,.n stop 1.ing di str1 button 

A though to in d na1t1ee off r one means or 
com 1 on ot to ares. distribution of the to k1ng 

over th ar u t 1 be con 1d rd. For th ur e 

of th1 tudy, toe distribution w a com ute on the 

b s1 of th . . r c nt o the a.:re oeou 1ed by r production, 

when d1v1 ed 1n o m11- ere unit. 

On the b 1 of one mll•aore units, di tribu

tion r nged from 61 to 86 er cent of the are stocked 

before logging, d rrom 48 to 54 er c nt of the area 

stocked tollo 1 log 1ng (Figure 4). Adequate stocking 

and di tr1but1on would a eau:ne mi nimum of 1, 000 tr es 

er ore fo.r 100 er o nt stoc 1n on th ba a1s of one 

mil- ore uni ts. 

ale 

Ch ngi the b e1s of co p 1 on to four l• 

acre unit, h1ch has the effect of dividing the area 

into 250 qual p rte, it wae tound tha t an average of 

97 er cent of the ar a~ stoc 4 b~fore logg , th 

n aver ge of 8 

logging (Figure 

p r cont of the r e 

and A end1x 3). 

stoc ed tollo ng 
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100 

't1 
(1) 0 ~ 
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0 
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a, Legend: 
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Cd 60 1n area 
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0 due to 

.1,,3 log 1ng C: 
(1) 
(,) 

D 
rea ,.. 40 - stock d Q,) 

G.. rter 
log 1ng 

20 

lot l 2 ' 4 l 

~1gure 4.--Stockin d1 tr1but1on 



R~lat~oo ~ ge ai ty ~OBS~§ 

Gener ly. he r eduetion 1n are stoo ed 

a to llel lo e in stook1 ena1tY; b 1ng 

oat ronouno d under h1gb den ity lo se. · o ev r; t his 

wa not the ca e for Plot 2, er e t he loss of r ea 

atoQ ed w s uoh re ter t h n tor t he othe 1se 1m1lar 

lot 3. Considered on the b a1a ot four m1 l~aor e un1ta 

this oul 1nd1c te th t th los of r e stocked on 

lot 2 as no t as uniformly distributed ove:r the entir e 

r ea a for t he oth r t hree plots, b more oft n in 

the for ot l g r uns ooked areas . Thl 1 s .ho n by 

Figure 5, wh1oh g~aph a the re uot1on in re took dover 

:-eduction 1n etocki · den 1 ty. bile th1 a r l n.~1onsh1p 

1s uniform for 11 tour ares.a hen oon 1d r d on the 

b s1 f one m1l-aore unit, h re 1 de 1 tion 

ot Plot 2 from the other three ,. lots , hen con ider don 

th four rnil- aer e b sis. Since ama ler nub o 

units re 1nvolve on the four mil-. ore ba e1 , any r e

ducti on 1n a stocked ae oomparec! to the other area s 

an the on mil-acre b ls , indicn es t he re senc of 

large unstocked reae. This is ttributed to the use of 

the bulldozer bl de on th, skidding tr otor u ed on 

t hi lot (Fig re 7). 

Reprodu ,t1on loa 

Theim ort nee of lo es by 1 e ol sea oan 





b 1zed inc it t ea oh h er ti . e for the 

l ar er s 11 s an · ol s to - ee.r1 e and 

mer hant bl 1 

x ee in th o 

• hi h er o nt of los 1a t o be 

of small eed.11 s ands pl1nge 

since one of t heir common h bit ts, dee yed ood, 1 o 

hi hly euec ti to de truet1on 1n the roees of log-

ging (Fi ure 8). Figure 6 hows hl h er cent ot los 

for seedling nd am 11 e plin a on all four _lots. 

L rge a llng s.nd ol on Plots l nd 4 

suffer d muoh lo er mor lity han th amal er a1ze 

ala s se, hile on Plot 2 nd J, h1,· h rt of los w a 

sust 1n d t hroughout the l ar e ole els. , nd di d not 

deoren m kedly ev n in tree 

~lot 4 abo ed no lo 1n the 1 rg 

bo 1 1noh a d .b.h. 

1 cl e, lot 1 

only 11 . e_ o nt los; but Plots 2 n ho ·ed l o ases 

of 4 .5 er cent d 41.7 ent r eot1v ly 

(F1gur 6}. 

Thi h1 h lo sin th l r er 1 cl 

lot 2 h d y ro_ortton to t he volumes of 

oe on 

ood 

remov d if com. r d to lots l n 4, nd ust b aao--

c1 ated 1th the og _in e hod . It b 11 d t o be 

due to th lo ot e ~e in t hw u e of the bulldo ~ blade 

hioh tt eh d to th sk1dd1n tr ctor. Frequ nt 

1de akid tr 11 , turning e , nd th uahing 

of lar e aco~mul t1on ot l a sb nd log 1ng debr onto 

olum a of reproduot1on 1 co ributed h a ily to the 





excess damage on t h1a lot. 

AlthOugh no bulldoz r attachment wa.a us d on 

t h k1 ding tractor on lot :3, th eon true'taon of fr,e-.... 

quent ruok ro ~s t hrough th t mber an a t right ngles 

t o the downhills d trail ontribu to th high r ate 

of lo here . Th1s in contrast o h pr ct1ce of 

ski direetl too en p ks betor • oa 1ng on trueka, 

wh1oh waa used on the other three study lots. 



., 

i1gure 7.--Logging on Plot 2 

Cons1der1ng ~r cent ot rca1du l stand destroye 
nd reduction 1n aroa atooked, this a the moat de true• 

t1ve or the four logging methods stud1 d. Dam g wna 
unusu lly h1gh 1n th4' 1~,-. oole 8.nd a.wlog s11.es, this 
believed to b du ost to the use of oulldo er blede 
on the skidding tr· ctor . 



COHOLUSIO S 

St and gondtt1gng 
I 

Th r ult of th1 tudy ho th t. for t ands 

with etoc 1n den 1t1e comp ble to h four re 

included in th1s tudy• logg1 0 n b a rely o rr1 d out 

1thout the n C 1ty tor su ent l lanting o ra-

t1one after hen oom rd to h 1n1t1 l number 

of 1210 seedl1 er re wb1oh coo nie a 6 1 X 6• 

8 a.01 used 1n l nt1ng , th ver e or 1072 a dling, 

se. lings, nd lea er ere h1oh follo d log .ing 

a are to be aeoe t ble-

· ecommendatlons 

,S 

tr ctor skidding ystema 

ltho h loggi ng d mg under 

almost t io t h t th 

animal skidding, tr ctor skidding er to be erm1 -

a1ble on are e which au ort re roduct1on dena1t1e of 

2 , 000 er aore, or mor . For doubtful ea 1th 

tocking dens1t1e or only l, 00 to 1,.500 er acre, 

horses id ing 1s believed t o be t h only s re eyete 

of the f .our studied. Financ1 1 oons1dera. t1ons attending 

the use of 1 nt1ng m e the uae of more expensive 

logg1 oper tiona in oorly tocked ares rof1tablei 



? 

if th1e results 1n a v1 ng t he reproduction pres nt on 

t hese ares. Ho ever, s1noe most beetle-k11led s ruce 

etands su . ort re roduotion den 1t1ea ot . 2,.000 or more 

er a.otte, ( A end1,c 4 ) , it ppe ra t h text. n 1ve u e or 
horae 111 be unneo s a.ry. 

L ot' bulldo~gr )?\~de .Q.!1 --,;.;.=.;:;:=,..,:;;a ---

Tb high tt te or d mag to t h 1 rge ~ole and trees 

sizes vh1oh att nded th. u or bull o er bl de on the 

sk1dd1n tr 0 or oes not reoo nd 1t neral use. 

Barri sub qu nt loe b y 1n o.ts or ind.throw; thee 

tr I 8 1nche d.b.ht d l rg r, ohould re -oh ereh&nt-

ble e1 e as l.l a ftirn1sh -ad sour e .tor reinforoe ... 

ment or the t nd t an early d t • Ext n 1on ot present 

salvage o er t1ons to a period twentJ ye r henee 111 

find higher pre onder nee of 1 rg saplings and oles 

1n the uncut stand wh1 n bava dev lo ed trom the roaller 

1zes of re roduot1on no r es nt. 'fh1 lends turthe,r 

e .. h a.sis for t he u se of log lng methods 1ch will not 

destroy uoh 1 rge number or these 1 r er siz ola sses. 

~ree-lengt4 a 14~.ng.--Ground akidd1ng of 

tree-1 ngtbs, o rried out tn th1 a study, p arently 

de troyed no more reproductton for the volume of wood 

remov d th n the ground a idding of hort lengths. 

Other stud1es comparing tree-length sk1dd1n with the 

skl dd1n or a-hort lengths found t h u e of tre -lengths 

no more deatruot1ve and much more etf1.o1ent than t h .. 



1 tter (13, 14). It i a bel1 ved t hat the use of rch s 

in conjunction 1th the tree-1 ngth sk1dd1ng ould 

lee n the d age, sine tu 1es 1n the ponderos 1n 

ty ea or Ari , C 11forn1 , and Oregon ho1ed the use 

of 111 h el . 1th tr., ctors to be gener lly l e sa 

e truot1ve th nth · u of · :round a 1dd1n 1th 

tr~otors (1, 7, 10)~ 

I n conJunct1on 1th th u e f tree--1 th 

1 ng, th l yout Qt 1.d tr ll r1or to telltng so 

t h t t e y be oint d to or a 1 trom thee 1d 

tr 11s 1 very 1m ort nt. Thie eh.ould be the rs n 1~ 

b1l1ty o for at offic r, h<> ·should also maintain a 

const nt oheck on the o er t1on toe e that ro er ore 

1s exercised 1n 11 h a eee ot logg1ng activities. 

,Y C re JJ! logging.-- o a t (6), in a tudy of 

;~ d• m g 1n Id .ho nderosa p1n , stresses the 1m rt no 

of ore on the part or the log r 1n saving the r e-oro ... 

duet1on. Mueh ot the damage aust~in~d 1th tractor 

loggi on lote 2 and J 18 be11ev d to be the result 

of o relees pr actices. It ap ear t hat the o eratora 

us1ng horse kidding and tree•length e 1dd1ng xercised 

reason ble ore bioh oontributed mater1 l ly to the 

lower rte of damage on t hese t wo plots. 

Recommenda.J:1ons .Qf O?ther stud! -~ 

It is b l1aved that the r commend .tione mad 



s a ;rs ult or other studt s would r duoe the damage 

sustained in th traoto~ lo glng of thee st d e. 

Mo t {6) reoo nd et 1led logging . 1 ns, d th 

re el"1b1ng nd ento:ro1ng o.t · ee1r10 oper t1 ule s a 

mean of °'ontroll1n.g logg1ng lo s. Perry(?) nd 

ales (lo) bo~h reco nd th u ot a ye.rd1n line on 

t r ctora to t .· lo.g Norn ol m of r roductton 

tb1 ~ ult d ln oon _der bly l d t han th hook-

1n of uoh lo tr 0 ly on o the tractor. 

eed r or turth~r ,st:gd\e f 

Al tho h ,too king d n 1 t1 on the four 

logged ... over area a per tit otory; 1t should be ept 

1n mind that a. hi gh peroent .ge ot th ~e idu 1 living 

reproduct1on 1 e 1n the form of m 11 seedling .. The 

high mort lity of these under n tural oond1t1on 1 

11 ly t o be 1nereas .<l by t he o nge of 1 t which fol.

lo a logging, ae well a from t h com et1t1on fro m the 

vegetative cover tch might become d nae 1n these ex

tremel o en t nds. On the other extreme , subsequ nt 

losses due to ndt hr o of tree six lnoh a d . b . h. nd 

l . ger might be severe 1n th v ry op n stands hioh 

follow logging (Figure 9). On th basis of t hese t wo 

po atb111t1es, 1t a pears that a re rv y of the logg d

ov .. r plot as ell a.s t he uneu stand s would d much 

to the kno ledge ga ined from t he 1948 study. 



11gure 8.--Logfing d mage on Plot 2 

T 1 h, bit of ngelmann rue regener ting on old_ dee y d wood m -e 1 t 
highly auscept1 ble to d struat1on in logging. Note the rue sanl1ng sho n by red 
arroT• , t.hich w · unrooted by logg1nCI' on lot 2.. t ny other smell seedling on the log 6 

which are not vialbl 1n the fir t ~ 1cture, ""er e d troyed when the dee y d wood as 
disturbed. 



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

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



SUMMARY 

The b rk b etle inf t t ,1on hi.oh followed the 

w1ndthro or e. storm 1n June of 1 ~ 39 .reeul ted 1n the 

dea th or ap_rox1 tely three b1111on ft. b.m. of Engel• 

m n spruoe, on the ' hite River National Forest alone_ 

St nding dead ~uoe rema1ns sound for n 

extended eriod or tie, so th t the lvage of the en ... 

tire kill 1s l nned. L ck1 sutf1o1ent 11v1ng trees 

of seed- roduc1ng s1 e 1n are a or the 1nr at t1on, 

future stands 11 b- depend.ant on r e roduot1on by ... assed 

by the beetles, so that logging must be controlled to 

roteet th1 reproducti on . 

Studies were made on the rea. of th White 

River I nfest tion 1n the su r of 1948, by the Rocky 

ount in For st and R nge Experiment St t1on, h1ch 

covered the v 1oua t y ea of logging in uae on the 

ror et, for the comp 1son of d age 1th e oh method. 

The results of loggin in the de d s ruce 

stand showed horse logging to be b y tr the le st de

struct1ve1 a tractor equ1p_ed w1th a bulldozer blade 

being the mot destructive . In . ite of the heavy 

lo see of re roduot1on, h1ch aver ged 54.3 per cent, 



f air stand of re roduct1on of 11 sizes ·Moh averaged 

1072 er ere remained fol lo, 1ng logging. 

S ruoe ae more au oe t1ble to destruction by 

log 1ng th n :flr, oW1ng to 1 t regener t1on hab1 ts, but 

the v r1ous log 1ng methods showed 11 ttle differeno.es 

1n th r el a tive loa e ors ruoe nd r1r produced. 

Damage s correlated 1th volumes of wood 

removed 1n logging, 1th stands of heavy density produc

ing the h1ghe tr tes or damage. Tree length logging, 

allo . don one plot, no more destructive t han th 

short lengths kidded on t wo other ar • 

Damage was ell distributed throughout the 

logged over ar a except for Plot 2, where 1t occurr d 

more 1n l . ge individual areas. Logging on t h1e lot 

was also above ave~age 1n d m e to l arge oles and 

tree a1 es. 

Due to good average atoe 1ng densitie s for 

uncut stand, it 1s bel1e~ed th t horse logging will not 

be necessary exee t 1n oorly stocked ares. Tree

length log .,1ng 1th the use or tr otora seems erm1s

e1ble on the b sis ot th1e study. 

Careful logging should be stressed, and de

f1n1te oontrola over the logging o er t1ons seem advis

able to m&.1nta1n a degree of ca.re demanded by the con• 

di t1on of the uncut ste.nd, and the ch r acter1st1os of 

the log 1ng method. 



Considerable morta.11.ty on the lo ged-over area 

1e ex eoted in the next five years, nd a reohe(i)k of the 

ea s shoul b made. 
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p~ end1x .... - r ce tot fore t atoc d 

before nn art r log in 

FORF.STRY LIBRARY 

COLORADO A. r.., M. COLL~GE 
fORT COLLI S, COLORADO 



Per oent of fore s t t oo ed before and ter logging. 

Ba sis: 1., 2, P. 
~ 4 11- ores n • t he un ure. 

Per cent of are etoc ed Volume 
lot Bef ore logg1n Aft r logging 

killed 
' o . a ruoe 

11-acre un1ts 11;-aore unl_t§ er 
1 2 4 1 2 4 acre 

per c nt per c nt f t. b. m. 

l 65 .4 83.4 94.8 48 . 9 66. 8 83 .6 16.5 16.6 11. 61 24,220 

2 8 _5.1 96.4 9 .6 48 . 3 66 . 2 76.6 36 . 8 30 . 2 23.0 155 46,880 

3 85.7 95.0 99.2 53 .7 71.0 84 . 3 .o 24 . 0 13.4 159 48,990 

4 61.0 1 .6 9lt, .4 ;4. 2 71 . 2 87.2 6.8 8 . lt 7. 2 11tO 27,330 
- - - - - - - - - - - - - - - - - - - - - ·- - - - -

e n 76.2 89.9 97.4 50. 68.5 8 .6 25 .3 21 . 4 14. 8 129 



A 1: end1x 4 .. -. .-Number of living trees 

pe·~ ere tn uncut t a.nd~ 



umber of living tre a er acre, both s ruce nd t'lr, 1n uncut sta nd 

of be tle-k.1 11 d Engelmann rue , b aed on exten lve t nd urvey. 

He i ght class d . b .h. . Plot To t a l Average 
cl es B G H I J 1, 

Number 

4 1 or 1 s 856 150 550 1 234 3 2 44 2558 7 14 l.116 
411 to l ft. 384 142 416 5 17 3 76 875 3959 566 
1 ft. to 1" d . b . h . 1172 1391 1441 592 2123 583 165 8952 l 79 

2 228 4JJ 28:3 92 21? 144 4 9 1806 258 
4 97 1.58 73 52 48 50 96 574 82 
6 71 93 46 4~ 53 39 52 412 59 
8 37 58 3.5 20 21 13 2JJ. 33 

10 18 18 15 27 " 10 8 101 14 
2 14 11 8 14 3 J 16 69 10 

14 5 l 6 2 1 2 4 21 ) 
16 l 1 2 :, 7 1 
18 l 1 1 O.J 
?0 - - 1 1 0.1 
22 l 

_, - - 2 3 0.4 

- - - - - - - -
Tot l 2884 2457 2873 2403 6575 1073 5687 23952 3421 

motal 21 d .b. h. 
& l arg r 472 774 466 294 347 270 604 3227 460 

Tot 1 8° d.b.h . 
& l arger 76 90 64 92 29 31 47 435 62 
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