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Abstract

l i  l l . rd  t rees  lh r t  reDr i in  o l

t h u t d e r e 1 o p e d j n r o a d L l l G ' | , n r L . | b o l t s ' h o i r e r e r '

runtgcrs in derelopng ileribk polir ics 1;r tfeahneDr of spruce slu'|.

Introduction

Right-ol-t'al clearinE(-s lirr highlav and por,rerline
c.rnstrucl ion lcsult  in l :rrge qrranLit ics of spruce
iPicea spp.) slash and deblis. I f  lelL untrcatecl.
spluce -slash can ronlr- ibutc substantialLl ro bui ld-
trp tri spruce beetle iDenlntttrnnt rufpennis Kbv.)
poprrlat ions (Schrnid 1977) because dor,;ncd
spruce. rr 'hethel r indiel led or cut. are plelerred
bv spruce beetle-q over standing live spruce
(Schrnid ancl Beckl i th 1975. Schmid 198l).
Sihrn rlor,;netl spruce are not burncd or remoled.
the.urrenl pol icv in south-ceirtral Alaska is to l imlr
spruce slash and buck stems that are 15 cm or
largcr in diarneter to ahout 0.6-rn lcngths. The ra-
t ionale for the rnorc labor intensire l)rocedure ol
bucking is that short bolts should drv rnore r-apid-
lv than long bolts and should thus reduce suniral
of spluce beetle brorxl.  Thclcforc. the number ot
suniring brood that corrlcl spleacl from slash to -"ur-
roLrncl irrg l ivc trccs shoulcl be redrrced.

Bucking ofslash into short lengths has lrroren
r:f fcct i lc 1bl rest l ict ing spnrcc'bcdlc nunrbers in
areas rr iLh larm. drv surnmers such as in the
southefn Rockr. \ 'Tountains (Nli tchelI and,Schnicl
t9i: l ) .  The primarr objective ol this slLrdr nas lo
detennine whethel bucking of iel led spruce on Lhe
Kcnd Peninsula inlo 0.6-rn bolt  lcngths rrould ef-
fett irelv reducc numbels ol sl)ru.re berl lc attacks
and nerr adults as corrpalcd to bolts 2 t imes. 'X
t i r n - - .  , r  3  1 .1ne -  l enge r .  S ' , ' , r r d r r r r  u l , , .  t i r e -  r . e re
to deternine lhc cffccts of sarnple location along
bolt surfaces and the ef iect-.  ol l imbing on thosc
same lesponse variablcs.

Study Areas and Methods

The erpcriment las conducLed al fivc iucas on the
Kenai Peninsula: three sites near mileposts {\ ' lP)
1,1, i ' i4. and 6,1 on the Setard Highlal north oi
Ser,rard. a -qite at Tern Lakc near the junction of
Lhe Sctard and Sterl ing Highlavs. and a site al
the south encl of Snug Halbor Road on Kenai l ,akc
ncal-Cooper Landing. Differ-cnccs in sumrner cl i-
nlatc and spruce sfecies among st l ldv areas sug-

$ested d nndomized bhck rxperimcntal clesign
wiLh thc f ivc study areas as erJrerirncntal blocks.
Sites at N'[Pl:tr anr] \'ll'3,1 lie lithin a crolcl-rrct fire
seasdr cl irnal ic zone bascd on integration of plt :-
cipiLation cf lect iveness inder and lcnrpcratur.e ef-
i ic iencv inder thercas thc remaining studl si lcs
l ie t i thin a larrr-drv f irc season cl imatic zonc
(T l i gg  1971 ) .

In -{pri1 198i. ei: lht mature Sitka sprucc (P
sitr[ensis {Bong.l  Calr.) at fr lP td. arrd eight
mature Lutz -spruce {P. x f trai i  Li t t lei .  the h,,bri t l
of Sitka and thite spruce (P. g/caca {I ' loench)
\oss). at eath of Lhr: fcrul lemaining si les l  o-t:
fcl lccl i l to openings erposcd to the sun. Al l  sarn-
ple lr-ccs rrere roughlv equal in djameter at l . l -m
he igh t .

!'oul hee-q selerLecl al randorn rrere limbed and
the lcmaining lbur trees rere lcft unlirnbed :rt eadr
studv area. Thc lorrer 9.2-rn bole lcngth of each
tlcc in each stud\ area *as buckccl into l i rur lxr l ts
oi di i lcr ing lcngths. To ensrr le Lhat cach of the IoLr
selected lengths ttrs cl ist l ibuted arnong thc larger
and -qnal ler bolc diameters. each l irnbcd rrnd un-
l imbed t lee in cach crperirnental blotk rrcre
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landornlv assigned lithout replacernent one ol the
irr l lot ing bLrching sequen(es fronr loler to upper
bo l c :

A .  0 . 6  m .  1 . 2  m . 2 . . 1  m . . 1 . 9  r n
B .  I . 2  m . 2 . 4  n r .  J . 9  n . 0 . 6  r r
( 1 .  2 . , 1  m . .1 .9  rn .0 .6  rn .  1 .2  m
I l .  4 .9  rn .0 .6  r r r .  l  2  r r r . 2 .4  n r

' l 'herefole. 
the ibur sequelces $ere repl icated

trr ice in earlh Llrx'L. Crrt encls of adjacerrL bolLs tere
scpruatcd for incrcascd c\posurc to thc dl and sun
to hasten thling. and bolts \rere ieft in place lbr
srrbserluenl spfLrce beetle attacLs-

! 'our 2<rrn diameter barL disks tere rernoled
in latc Junc from cach bolt at rnicl-lcngth; onc fi-om
lhe bottonl . , . ide. one frorr each lateral side. and
onc fronr lhc top sidc. Disks f lom cach bolt lcrc
combined:rnd l iozen in:r -reparate small  plast ic
bag irr '  lalrolaLolr . leLerm;naLion ol balk pelt  enL
moi,clurc conlcnl on a clrr-reight basis. Bark las
re-sampled in the same manner in Au€lust to deter-
minc dcgrcc oI drr ing bl thc cncl of thc f irst

Four ol the e\ lei lnental hees in each studv
i lrea \\ere randomlv -celecled for -<lrrLrce beel1e
sampling in thc clh fal l  of I9Bi. tr 'our '  15.24-cnr
br'  15.2.1-cm balk sqnarcs \{crc rcmorccl f iom
each tree lrolt  at rnid-length. one from the upper
sulfacc. onc fi-om thc lolcl surfacc. and orlc from
ear:h side to deLernl ine nlean nurnbers of at lacks
:urd lecentlv rnatured adults li-"ible at the ctrmbial
surfa.e. In south-central Alaska. a rariable pro-
port ion of bccl lr :s. dcpcnrl ing on cxposrlrc to rrarm
terrpclatules. rnatures br lhe end of the lirst surn
mer an.l  the remainder matLrres drlr ing the seconcl
sLrnrnlcr '  ( \ \Jcrncr- and Holstcn 1985). Thcsc
Ieetles are relerred Lo. respectirelr.  as'trne-vear"
and'hro-vear-" adults.

Thc lcmaining sanrplc lrccs rru-c samplcd in
the earlv lall oi 19BB to detelmine densitie-s rl1 tir.,'
vear adults. but tr fehe 45.6 crr2 barh disks
ir l ianretcr :  i .6 on) rrcrc lcrrorccl lrorn cach bolt,
l i rrr l  about l i> cm l ionr each end and l i l rr '  frorn
rnitlbolt. Each subsct offour clisks rras distributccl
a round  the  (  i r cL r  r f e re r r l eo iLhebo lLas l i Lh  I f ,  i

Larger nurnbers of sanlr les rrere tahen lrer lrolt
in l988 to asscss thc cffcd of horizontal as rrcl l
as vertical positioning along the bolt on ploduc
tiorr of trr o-r ear aclLrl ts. Srral ier irrdir iclual sarr ples
lere t-hosen in l9BB because thev lere con-
sidercrJ adcquatc lo [sscss lrro-r 'cal aL]ult  popula-
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tions. which rre usuallv higher than densities oi
altacks of one-rear arlults. and becausr-' lhc smallcr
srmplcs could bc clisscctcd lnorc easilv. l)issec'
tion ellolred :lccurate counts of hro-\iear adull-c lhat
lcre distr ibuted throughout Lhe Jrhloem in cach
s.rmplc clisk.

\urnbcrs of bcctic attacks and onc-vcar or-t lo-
vear adLrl ls per 100 crnz \1ere transformec] Lo
naturd logarithms. Ln (X + l) .  These data nere
anahzed by the (lenelal Linear' \'lodels (GL\{)

mult irar- iatc analvsis ol ra ancc (\ ' lA\O\, 'A)" a plo-
ccdurc apprcpriatc for balanccd data (-tA-e lnstitute
l9t l ;) .  l (r  lest i i r ' (a) signi i icant dif ferences in
sprlrcc bccllc athcks {nd (b) ncrl adults among
sarnple areas. sample bolt lengLhs. arrd posi l ion on
sample bolts.

Bv nristakc. onlv onc l imbcrl t lcc vcrsus three
unlimbed t lees at Xl l '1.1 and three l imbed trees
|ersus one unl imbed tree at Snug Harbor rere
choscn for sarnpling in l9B?. This lcft tluce limbed
tlees ver-eus one unl inrbed and ome l imbed !ersus
thrcr unlirnbcd trccs at frll' 14 and Snug Harbor,
respecti \elv. 1br sampling in l9t l l l .  Onlr l imbed
tlccs \rclc samplccl in 1987 and onl_v unlimbecl
trees were sarnpled in l9BB at \ ' l l '64. Thereibre
e flect of lirn bing on de nsitr of Lu o-vear aclLrl1,.. o nlv.
was analvzed br Lhe CT.NT procedulc lor unbal-
anced data analy-ri-r of variance {ANO\A) (SAS In-
stitutc 1987), but IIP 64 data $,crc exchrdecl. l)en-
sit ies ol attacLs and one-r 'ear adLrlt .q rrere el imi-
natcd from this anal lsis bccausc thcre $ere no
appalent diIl;rences in mean-q betireen limbed and
Lrnl imbecl bolts (Fig. 2AB).

Becalrse separate 1'ariables measuled on the
same sample Lrni ls are conrmonlv correlaled"
signiiicance level for a.ll analvses \ras set conser-
l  i r l i ve l l  a l  ALpha :  O .0 I .

Results and Discussion

-\ample blrch *as significant fol clensities of attacks
and hlo-vcar adLrlts (Tablc lAJ. so blocking bv
studv area in a randomized blocl erperirnental de-
sigrr was effectir:e (Lentner ei al. 19891.

Bolt icngth had no significant elfect on anv
response !ariable (Table lA. Table 21. Nlearr barL
rnoisLure conLenL general l ,r '  cl i  i feled l i t l lc bctrccn
Junc and Augrst 1987 among l imbed or unl imbed
bolts reg,rrdless ol bolt length ibr cornbined er-
perimerntal blocks from larmirr ol cold-lct zones
(l- igule l{Bi.  S'e do not know wh! bark moisture
rcnlaincd high tluough the sumrner but the Kenai



TABLE l. Proldb Lih ol r sferte' F 1or spru.e beerle rcspo,,!

ra r iabLes  br  s , ) , , r ( r *  o l  \ !  a t ioD.  A .  Gt \ l

\lA\tl\ \ for all sturlr rru' urd B. CL\{ \\O\'\s

io r  a l l  s tu l r  r f . ! s  ,  \ , , I , t  ( ; |a r i te  Cree l .

l q 8 7 l !188

'Bu t t  end.  n r l i l l l l , .  r , r  r rppcr  e rd  o I  bo l ts  sempled  ln  1988
'Onh $os |  tha t  s (  r .  " ig l i i .an t .

I 'eninsulo is not al id (L.S. Department of Conr-

n , ,  r ,  /  l q l t ' r r .  I  U r t h e r n r o r ' " .  - r m p ' '  r r - ' -  i  ,  r n ' , - t

l rers \rclc rnoistened seleral t imes bv l ight rains

and bs derr irorn ad.jacerrt tal l  grasses (Cdlar?o-

gro!l is slr lr .) .  that occl lpl  rnl lnr nal lr fal . learings.

Bolt side had a signif icant el l i t ] t  oD me.rn dcn-
sit ics ofattacLs and densit ies ofonc- an.l  tro-!ear
adults ( ' Iablc I{).  $ith highest mean dcnsi l ics
usuellv occur nf{ on thc boLtl)n side and lo\{est
nurnber-s ott the top side. ' lhis pattcrn iol lor ls the
cl istr ibution reported for spruce beetlcs ir l  logging

slash in Brit ish Columbia (Drcl and Tarlor 1971)
and rr indfclcd spruce in the Rc,ckv Nounteirs

iSchmit l  l9l l- t i .  uhich ras attdbutcd lo lhe hee-
t le s preferencc for-aLtacking -qhaded host rnatcrial
and Lo higher brood mortal i tr  in upper bole -qur-
faccs during both r{ inter and sumrner.

[ ' lean dcnsit ics of t \ \()-veal adults rrerc con-
si, . lenl ly highel at mid-bolt than at Llre holt  ends
regaldless of bolt  lcngth (Table j l ) .  shether thc
sl ightly loler mean densit ies of adults ncal bolt
ends lrele a lesult of mole rapid phloem cleteriora-
t ion. higher brood parasit izat ion. or prrdal;on is
unknoln irecarrse par' :r-" i te and prcdator popula-
t i(rns \\ 'ele r lot monilored.

Thc interaction ol bolt  posit ion r bolt  , . ide rvas

signi{ icant lbr t lo-rcar adults (Table lA)
plcsumablv because app|oxi lnatelv cqual mean
den-qities on bottonr anrl latelal side-"
Lhe upl)er ends. onlJ. of bolts (Table l l ) .  This
rcsultcd in non-parai lel cunes of trro-vcar adulL

13olL l r rgth

Bolt side

Ll.

Limbnrg

0.0(x)l
0 . ;  r

o. l) [)0]

0 .0 t2
0.6r;

0 .0001

0.006
0 . ;6
0.02
0.0001

0.006

0 .33

' l lBLl  2.  \ .  Spruce berr l r  o l rucks.  t ] .  ore ' \ear adulr- . .  ud C. nro-rcur rdrr lc  t ,er  100 cmr i \  : t  SI I

Bolt
\ I P  L I \ti, :l l \ r  r g  H a r h o r I ] P  6 1

t . 2
2 .1

t).4,
L 2
2 .7

l l .

1 .2
2 . r

0 . lB  I  0 .11
(1.2; a 1).0u
0.09 a 0.0;
0 .2 : l  r  0 .10

0 .21  I  0 .01

0 .20  a  0 .0 ;
0 .25  a  0 .0 ;
0 . 2 ;  r  0 . 1 u
(1 .36  i  0 .16

0.2; i  {) .06

3 .11  a  0 .93
l . ;  l  i  f ) .  1 { l

1 . 1 ) 2  i  f ) . 1 ;

: l . l . l  1  0 .U l )

2 .63  I  0 . :J5

0 . 6 6  a  0 . l 0

L l ;  i  0 . 1 6

{ ) . 9 1  a  0 . 1 6

0 . 8  |  l  0 . 1 , 1

0. i i8 r  0.0;

O . 5 I  t  l ) . 2 2

L 0 . r  1  0 . 1 9

0.66 I  0.2,1

0 . 6 1  1  0 . 2 3

0.73 t  0. l  i : r

:J . l l2  1 0.84)

3.26 t  0. iJ ;

1 . ; ;  i  0 . 1 ;

1 . 2 2  l  0 . 1 0

2.3i1 t  0. i l l

0 . l i B  1 0 . l a r

0 . ; 1 9 : t  0 . 1 0

0 . 1 8  a  0 . 1 2

0 . ; ;  i  0 . 1 3

0 . ; 8  1  0 . 0 ;

r . 0 6  I  0 . 3 8

0. .1;  r  0.1 l l

1 . : t l  a  0 . 6 ;

0 . ; 2  r  0 . 2 ;

0. t18 1 0.20

: l . l  l  1 0 . ; . J

1 . 2 0  I  0 . 5 1

l .9a) r  l  ] ;

l l .9 :J i  l . l5

3 . ; B  1 0 . . 1 i

0 . 7 0  a  0 . 1 1

0. . r5 I  0.20

o.u; l  a 0.  t ' )

0.ar i l  a 0.11

0. ;8 l  0.0t1

t . f ) 1  1  0 . : J l

0 . l l 1  i  0 . 1 9

0.65 I  0.26

L .  I  l  0 . 3 3

0 . 7 i 1  a  0 . 1 1

:J.62 I  0.96

9 . 1 1  1 1 . 5 . 1

o.r? l  Lt )5

6.29 t  0.{n)

0.15 I  0.0!)

0. :18 a 0.1,1

0 . 3 1  I  t ) . 1 l
( 1 . 3 9  1  0 . l l

0. :19 I  0.05

0 . : l  I  t  0 . 1 6

0 . 2 6  t  0 .  t l

0 . r 3  a  0 . 2 0

0 . 1 8  1  0 . 2 2

0 . l 1  I 0 . 0 ! )

l . ! 1 2  1  l . 2 l

6 . ; 0  i  1 . 3 1

L l 3  l  l  B a )

1 . ;  I  1 1 . 3 6

6.2 '1 i  (1. ; ;
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lAB l .F i  3 .  Spru(  beet le  tNo, .ear  adn l ts  te r  100 c rnr  in  l inbed re rsus  r rn l inbr r l  h , ) l rs  l i , ,n  a l l  s tud \  e re ls  1 \  I  SE l .

Sanple

5 i d .Positio!

Bolt Lergth (mr

0.4) L 2 2 . 4 t 9

Butt

N'lrldl{'

L  pp"r

Bot tom

Lereral

Tnl

'Ii1,

Tup

f , .30 J 2.91

; . : 1 1  r  3 . 3 6

0 . ( , 9  1 0 . 2 9

3 . 0 2  i  1 . 1 9

0 . 5 5  t  0 . ; ;

2.  t ' l  !  | . : l l l

i l .5 t l  I  0.B9

3 . 5 6  a  2 . ; 5

6 . 9 8  a  1 . 1 1

0. i12 t  0.1;

1 . 5 i  i  L I  B

2 . 1 9  a  1 . 2 - 1

3 . 5 9  i  t . ;  l

11.86 l .l.ar6

: l .56 1 1.60

6 . 1 8  J  l  g l

0 . 1 1  I  0 . 2 9
:1.75 a 0.8( ,

1 . 9 3  1  2 . 5 1

]  l t l  I  0. ; i

;J .55 a 0.62

: 1 . 1 5  1 1 . 5 0
,1.20 a LJt

1 . 6 1  i  0 . ; 8

1.39 r  0.8()

2 . 1 . 1  a  1 . 6 1

3 . . 1 ;  t  l . ;  l

:1. : l r i  1 0.5;

;  .93 !  .1.24

8.0.1 a 3.0u

l . i l 7  r  0 . ; 8

6 . 6 ; 1 2 . ( 1 9

0 . 8 2  r  0 . 5 8

5 . 6 ; 1 1 . ; i l

; . 1 3  I  0 . 9 ;

3.8-1 r  0.{ ) ' )

1 . ; 5  i  1 . 1 ;

3.15 r  l  l . l

7 . 0 , 1  1 1 . ; 2

l  3 ;  r  0 . 8 2

l . - 1 6 : t  0 . ; l l

:1.16 I  0. ;8

\ o

\ o

6 . 3 0  r  2 . 0 ;

; . 6 8  a  2 . 1 0

2.19 t  l . r : ) l

; . 0 3  l  L 5 1

0 . 5 ; 1 { ) . 5 5

5 . 6 ; 1 2 . 0 1

,1.88 a 0. ;6

3 . ; 6  I  l . ( 1 9

12.13 t  3.6r-)

2 . l ;  a  1 . 0 1

5.12 : t  1. ,12

l  l o  I  0 . B 3

; . 3 ;  t  1 . 0 0

1 . 9 2  l  L 3 l

; . 6 i 1  a - 1 . 0 1

Ll ] ;  r  0.58

i1.50 1 2.6;

0 . 5 5  a  o . : 5

? . 6 8  I 3 . 8 1

; .28 a l .2 i l

2. t  r  I  l . : l l l

5 . l 8  1  1 . 6 : l

1 . . ) 2  1  1 . 0 5

2.29 I  0. !12

0 . 2 ;  r  0 . 2 i

2-  t '9  t  1.12

- 1 . 1 1  r  2 . b ;

l  l . l  f ,  t  3 . 2 0

2. .17 r  l  l2

6 . 2 8  r  2 . l 0

0 . 0 0

i l . ; 9  1 ]  ; 5

1.61 I  (1.90

6.18 i :  ) . .31

1 . 6 6  i  1 . 0 l

0 . 1 8  t  L i l

0 . 0 0

2 . 5 ' l  1  1 . 1 1

3 . 8 9  a  0 .  ? 2

\o

No

dcnsit ies plotLecl b, '  bolt  sarnple side over bolt
bngitudinal position. and thus an interrdion cl{cd.

The pel lasivelv higher nurnbers ol t to vear
adulls from unlimbed samples (Tablc 3) r'csults
part ial l l  from inclusion of samples from \IP 64
lhich were taken onlv l iorn unl imbed trees. l tc-
sults of A\OVAs that exclucled Xll' 6,1 datt
. l r , ' r ' ed .  l r " r . " r . r .  t h r t  1 i ' nb in2  h rJ  r r , ' ,  o r r . i - t - r r t
effect on hro-vear adult bcedc dcnsit l  (Table lB).
Higher densit ics of hro-veaf adults rere found in
unpnrned holts only at Tern Ltrke and Snug Har'-
bc,r '{Figure 2A) near Coopcr Landing thich has
walm. drv sumrners. rrhereas XIPil , l  and X'1P1.1
ar.e closer lo Se$ard and its maritime crmare $xere
cooler. $etter sLlmmers prevai l .

Xlean percent bluk moisturc rcntent was usual-
lr, loncr in unlimbed bolts (Figure IAB). apparentl,v
because moi-clLLre continued t., tlanspire througir
intact fol iagc (Johnson and Zingg 1969). These
results suggest thlrt lirnbing mav aflect production
of t{o-year adults bv inhibiting changcs in Lrark
moisture content and through incrcascs iD darlirnr
barh temperature.

Optirnum phloern ternperalLrres l i rr  -spluce bee-
t lc or. iposit ion (SahoLa and Thorrrson I9i9). brood
clcvclopment (Dvel et al.  1968). or srLni lal {D_ver
and Tarlor t97t) mal be erceeded on l imbccl
hees in warm-clrr zoncs. Convcr,cel\ .  l i rnLing in
cold-rret zoncs nlav allorr phlocm temperatLrres kr
r ise to near optinlunl lcrcls. Hard ( irr press) shorrecl
that i l  standing spr-ucc on a larrr si te. prunecl
boles rrere succcssfullv rilackcd less olLen bv
spruce beetles than 1r'cre unpruned l]oles. FLrrlher-
more. trees $ith srrbco ical bark temperatules that
exceeded lBoC at sohr-noon rJuring beetle rnass-
attacks had fener successful attacl(s than tree-q with
loler bark temperatures.

Conclusions
Bucking of dorvnccl spr-(r i  inlo sholt lengths dicl
n u l  l , J . t ,  r  , 1 " \ i n E  , ' f  l , H r L  , , 1  " ' i  1 , .  e r n ' r g i n p r
spruce beetle populations on thc Kcnai Pcnin,.ula.
but l inbcd bolts h;rcl lortr densit ies of t lo-rear
adults in nafm-df! areas. These results should not
be e:.trapolated. holever'. to area-" c,ff the Kenai
Peninsula.

Sprucc Bcctlc Sun.ir,al in TreaLed Spruce 209



E
()

O
O

L

c)o-
Lo_o
tr
J

c
c(s
o

l
u

Limbed

U n l i m  b e d

One-year adults Two-year adults

Spruce beetle
FiSure 2. M{ a,, numbers of attacls. onr-rear aduhs. ancl h'o-rcar adults from ]nnh(l dDd unlimbed l[lrs. A. S arm drr: Terr

La le  anr l  Snug Harhor .  B .  Crnd* . r :  \ lP  l1  and \ '11 ,3 , t .  \ ' i r r i ca l  l ines  e \ rend ing  !bo !e  bars  eour t  on .5L .

210 Hard and Holstcn



S'here spruce slash carlnol be burned. treated
Nith pesticide. or rerno|ed to prerent beetle
populaLion increase. scattering l inbecl arrcl bLrcked
stems in lengths rlcccssarr onlv to iircilitrtc han-
dling in clealed areas rnost erpo-sed to the surr rnav
be prat.Lical.  I- i rnbing ancl scalLer;ng lna! nol pre-
lent beetle populatioD increase in spruce slash but
i t  shoulcl slol thc rate of inr,rcase in areas r i th
$arm-cln' summers \r'hele spruce beetle outbreaks
arc t lpical lv rnrlr-e inlense.
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