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IETROBOTION

Tastern henlook {(Tsuge copadensis (L.) Carr) iz often useless from 2

lunberoan's polnt of view due 80 the presenoe of ¥ghoke.”  Fhake ls 3 svask,
- o separelions in $the woed of 2 glandlng dves. In %he cage of hemlock sssh
shake iz alircular and confiped %o one samuel ring. In erose sectlon a
shabe ney fors o complets elrals in ovs snmael rinmg. Iz such 2 case the
imer sere of wvood i ssoarated from the outer wood by the shake., If B
diek iz ouid, the acrs is fres and may 211 out. There may be many shikes

in ens tTes., sach in 2 4ifferent monusl Ping. 4 tree is Yshaky? i ope o

more shakes are nresant.

Ehakes appsayr Sust sbove the gensral zone of the reod seller. The

Tiret shikes e usually olowe o the pith, and later shakes poour in rings
towerd the bark (Fig. 1). Over 3ise the shakes are extendsd uwpwards indo
the dres, scvmetines sven inko the high branshes. The shakes are ned
suxtonded far downedrdsz, presumally due 4o ohanges $n strvetore and Piber
orientation at the root eollsr. It 18 commen logzing gr&ctiaa to oud off
the lower portion of the butd log vith vislble shake. In meny czoss these
tutted lezz develep dhakes when %héy dry. The tenalons set up during dey-
ing spearently act on these wsaker ringe %o ceuse Purther sheks rather than
the radlal deying cragks yhieh fern in pound logw.

Tumbey sul fyrom sheky logs. or from most butted logs. ocannot be nsed.
In boards the differsnt plsves whish have separated from eneh other, in the
gbanding tres or in ths deyimg process, tend to fall sparé. The strength
ef the honrd i1z lost. Avverenbly the only ues for this sheky wood 4s for
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Crogs sectiong at stump height - Annual rings not ghown
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Longitudinal sectiong = Annual rings not shown

Fig. 1 Idealized disgram showing development of shakeg
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The writer wishes to thenk the stef? of the Hapvard Yorest whs wers
siguye ready wlth good sdvics snd eribiclien. Jopes He Patrie belped saw
up the pleak $o demonsirate lsasions and Fulvie Baldesslnl took $he ploturs
of 9% Herdln He Zimwermsann tock the miovepholographs of sepavation and
naseraiion. Ir. I. ¥ Ealley and meny pecvie fenilisr with the weods, sar~
tienleayiy ¥ Yo lake, gontyibuted helnivl obssrvations Trom fthelr experl-
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Euyipy OF STUDIERE OF SPRnasEs IV TRERE

Lomgers and wood techmology lexthooks generally attribute sheke te the
Swisbing snd shearing effsst of the winde Frothingbaw (1913) sitributed
the esuzs of zhale o wind, and before and sipsse 3his hos boen generslly
sopepied. Ansther fastor iz fresb. Tryen mnd Prus {1952) snd Doy end
veaee (199 heve shown that eavly frost oan indure the cerdium and canse 1%
¢ sepivats fren the woed, feorning pockeds and Yahekes® in yellow poplar.

CSines 1920 dste snd information hwwve been gathered om the interawl tene
sions of %tress. TBoyd [1950h) oalls these tensions #ihe most imporisnt feg-
tor in esusing shekes in sbanding tress.? lMartley (1928) first nobiced the
affents of tensions. Ho gow thedt sown bosrds bend awny from the pith, and
e pesitulated o longitudinsl stvalin gradient inorensing towards the canier.
In the board 3he lznor poriieon would alesys expand more then the ouber, cons-
ing the beard %o ourve. Hoshler (1933) shmerved a elrcumfersniial compras-
sion of the somusl rings which ¢sused pluthing when he sawed Into a disk.
He inforred & rodial btension from this dompreasion whiﬁ% might eauss ring
asparaiion. Foohler wes one of the first %o suggesh that shekes wers nod
eanged by the winde  Joesbs {193%8) desonstrated » longitudinal siraln grsii-

snt from senslon on the entzids $o compresalon orn the ingide in Busy

5.
His hypothesis was that the tenslen origlmated at the cutslde of the tree
booouse the tenzion at the periphery wes always the same for dlffersnt dism~
atars. The tensicon wae reslistad by the previcasly 1aild down sentral éﬁ?@n
#nd the core was subjeeied to 2 cumlative ccumprsssion. As the Jenslion wap
evidently ot en in esch new enmval ring he tormed 4% #f4iber tension.?

Jesebs (1939) refined his tedhnigue for measuring the longitudinsl lensicns.



He slso demensteraied the glveumfersniial scowmpreszion and radlasl fenslion
nobiead by Feehler (1973) mad was aalalﬁa meagure ite magnitude. Jeoshs poe~
tulated that the olvevsferential scopresilon alse origizeted sl the periphery
and et the reowmuliling padisl teonslion wee cumuladive on the denter. Olarke
{1999} vevieved the work done om benslons up $111 thet time. Jeceobs (194%)
demontirated the prosense of fiber tensions in wmany %ﬁ@eiag. both herdveed snd
sofbvond, inoludine snstern bomlosk. Poyd {15%0a, b, ¢) confirned the £ibap
tenslons thald Jaoebe denonstrated. ¥ vmed highly socurste mossuring teshe
riguss and wne able %o meke wreelse epleulstions of the forees invelved.

Hig ealeulntion of the mognitede of the forees sgresd closely with thoss thad

Jecebe hed pregented. The redial Sension of usn $o 150 pounds per squars

ineh i3 lerge, but pot muffisient %o cousge seceraitlion in & normel tree. The

lgngitedine) eempresslion ef 2000 o 3000 pounds per sguers inch on the cen-

ral pertion is trependone and of 2 megnituvdes %o senge snlitting or nonplne®

when relenged By folling.



Jeasbs (19558) bed found tensions vresent 1n sasdern hemlooke. Ime 4o
The possibls lmporitence of fiber jensions in ceusling shake the writer fald

1% neasssary to resffirn thelr nresence in sastera hemlosk,  Jasgbs' {1939}

i
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technlgies Tor demonydraiin

o

v lovwitodinal and elrouwnmferential sivesses wepse

&

£
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woed on & smmpls iog (see Jppendlz). Both a peripheral longitudivsl tension
tending %o sompress the capbrel perblon and & slrouwmferentlal sowpression
setbing un & vadlel Senzion weve Jefinltely yrassent. _E&@ to freguent lmebs
ant copprestion weed in hemleck the regulis veried guantitatively sed 1%
sasmad Tutlle %o atlempl meascrements ¢f the megnitode of strasses.

Wnen ths oeosense of inlsrnsl tonsions wee ssteblished the wriler Teld
that 2 micregcovio sbudy of sheke mlght vreduce nere information on ite
nature. Thin zeetions of weed sonteining shales wers mede in order to ses
whers the shoke otouryed dn the anmesl ring. 1 white sebstance whiloh fre-
suently oocurs ip shekes drew the writer’s atisntion o the Fibers (tra-
eheida] which fmes inte the sheke. Ths orientadion of theme fibere wes
studied under & dlspesting micvemnope %0 galn insight inte the manner of
separation during ihe formailien of & shale.

L8 this study was not intsnded to be wholly microsconic z reconnaig-
spngs survey 0f bthe incidence of shalke slwe ssoned $5 be indiceled. Bunh
& suyvey would ssseng soms of the theories sbeul shake, notsbly: 1) the
writer'e owp ebservation that the toisl age of the tree might pi&? aome pard
in the incidence of shukel 2) thai slte (moisgtures, winds =nd frosh) waz ths
post dmperient factort %) thaet the inecidsnee of gheks was smeb higher in the

lnpresr diswetere, becsuzs flbsr fopdiong ip most tress are sumuloebive with



diameter: 4) the sbzervation of meny logsers thad supprossisn and relenss
are somehev related Yo shake. The survey was senfusted in north centrsi

vnssearmeetis. The smbhor took dnde from 12%0 stumwe in 61 4iffavent szoe

pies on & vange of sites. Age, dlemeter, and pite data woere toaken and gen~

erel ohiervations wers mudes in the fisld,



AHATONY OF SHAYY wiiD

Eoahlar ii?ﬁﬁ? noded that ring shakes pecurred only 4n the lsygs-oelled
grrloe woed and net ln the denses mimwey wood. He pled saw that the sgpapse-
tion was rersily along the Juschure of dwe sucesesive growth rings. The
writer's shudy sonfiroed Foehlerts work. The shake contlmuers in the suring
good snd dees not oress the supwmsy wood szzepd in th@ﬂaeaaﬂianal Yoo Bholed
when the eireulsr ghake onds in & radial srack. The weakesi plan@ SyrnBpe
ently iz net 28 the sharp boundsry betwsen the fumwmer wood of one yeiy @nd
the epring wood of the next, ot & fow layers of cells away in the soring
WHod.

Using & regulsr llghi mleroscops the’ shake appeers to be windlng asong
the salls through the middle lamelia. Sarlend (1979) hos shown thet in
none of the Tractured srpeoimens which bhs sxoemined with a polarized nlcre-
saope bed lsters]l sepsrpileon tsken place through the middle lamella. In
wood fracthursd under tenslon and compressisn the lateral ssparation was
botwesen $he vary thin euter and thiok central layers of the socondary wall,
and nsver ara&gaﬁlﬁhﬁ eentral nortieon. 1t soems prahmﬁla thed lateral
separsilon in 2 shake is winiler to thod caused during failure in & testing
machine. The primory wall scts as 2 unit with the niddle lamelle snd the
gheke would pass beitween layers of the secondery wall. From cell 4o sell
the shake would erose the twe primery waells with the middle lamllz.a in
between znd aontinmue in the sSecondary wall ef the next esll.

Tnfortunately 1% lg diffiounlt %o get microstopie ssotlons showing the
sheke a8 1%t sctunlly cocure in the stonding tres. Prepering the wood for
sectioning usually extends the shake indo the ssmple %o be sectioned.



Sevarstion spd Yecorstion

The vrocess of the opening and exbenslon of & sheke in & standing trees
ean be seen ne & progressive series by looking at the surface of the walls
of Aifferent sheabes. The first ster im this seriss i & separsiion in the
soring wood sres of the anmuel ring. The fibers facing into the newly
forned sheke are sbill aligned parallsl to the other £lbers altheugh some
sre stioking eut into the shake vhere they were pulled &gring the wseparation
{Figse 2e 3o 43s  Thia Tirst step is @?ﬁﬁﬁﬁ%iﬁlﬁ_yﬁﬁgiva. and probebly slowse
vulling apart which 4dves neb affect the {iber orientaticn.

Onee the shake is formed 1% 48 sxtended and the slides sre rubbed together
by wind znd frost wsotien. The fibsrs become nanligned end many more ave
rubbed From the sides %o stick indo the open shake (Figs. 5, 63. At this
poind baoteria mey eunbter the shake. They probably lecsen many of the eellw
snd wey be respensiblie fur the smerphous white subebance which is oiften seen
on the Fiders (Fiz. Fl.

The sonstent rudbing of the walls of the ghake eveniually causes &
maepradion of the oells which sre stieking oul from the wells. Under brenches
and 8% other woints of gresd pressmire the macerated Tibers form & ghiny, white
gurfase oo the wall of the shake. Ocessionally the mecernted fibers form a
paper-like sheet inside the shake. TUnder the microscope this paper-like
gheet i% sesn Lo be compossd of completely unoriented fivers in 2 natriz of
ground fibers and the white substance (Fig. 8). In soms eases ell fiher
ghructure 1s lest {(Flg. %),  The fibers making up the shaetl are.&lﬂmgt
enbirely spring wood.

The presence of & series frowm passive separstiorn to maceratlon strongly

suggeats the operation of internsl tensions and le & gceﬁ'%agﬁg fer procesding




Flpure 3, A later st af goaration with more fibers

stioking out snd besoming unaligned, ( %38 )









Flgure 6. Most fibers wnalisned and maeeration well

sharted. Home of the white subntanecs, mossibly from
» &

bacterin, can be seen on the fibers, { 58 )
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on the byrothaels ¥hat these tenzions are of primsey jmporbonss. Hayrape
Weglin {1955) says "Hartie (1994) found in thess wheeks of freshly fellsd
gaks & flour-1like subplsnce consisting of macersted wood cells. ¥Whie is
wroof that the shesy forees move the gldez of the check together.? Haysre
ﬁaglih addribnded Yhwee gheny Toresz o wind ond Trost. A% lessdt in henlesk
it seems thet the seoaration wes not esused by a ghear Torce but By 2 radial
tenzion which conld enly be internal. @:gh@&r fores would ssoee lovediste
erise=groseing of the fibere on the sides of the ghake. The serles shows
that the firet stegse of zeparstion asre not fthe result of 2 mudden shesy
feilare tut of 2 sradual wulling soert under redizl tension. The forcez of
wind and frost are ﬁr@%ahly fmporbant factors noi in the origisel formatlon
gf the shelre, ot in 1%e exiension 208 by rudbbing the sldes of the ghake

bazathar,
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SURURY OF IUCIDENOR OF SHATE

Pravious Bo this survey e debs had boen gethersd opn the Insldense of
ghake in hemlosk. Yosd theorics vers based only on goneral ohssrvations.
Logzars avolded hemlock sbends on atesp rocky slopes hecause the $rees werse
sa often shely. The fusirslisn stodles of Piber tension seswmed o indicate
that thers abonld be & high eorrolatlon bebtueen imﬂr@ésing ddrmeotber and the
incldennss of shaley ve they postulsted that tersions astwmiste with dismater,
The writer had pheerved in Temnent and Yew Fompshire that mest of ihe olisy
hamloaks were shalky and the younger ones sound. There was not snough infor-
mation swallehle Yo see 1 any of these general stservations sobeally held
true 4n the Pisld. The oressnce of tenziens in henlock hed been apleblizhad,
Wind ssewed unilkely w9 o vrimsry foetor. Some hemiocks are shoky snd athers
ars net, i vhich ooee? et effectze 1T 2nye 414 ages sites Alapeter, z2pd
grovth conditions have on the eccurrence of sheke? Yas shele yredletsbles
by plzees size ov time? As shels is mot visidble without cubting down the
tPee, 2 convenient wey to study the insldsnce of shake iz $o Yook st ihe
gtwmpe of trese sut in loszzlng sperzilons.

The weiter deslided to make o survey of hemlock shumns in nﬁrthﬁaén%?gi
Upssashunatta, Under the Subting Practices Lew in Hossechusebis every led
ent, asxoept thoss for heme usss 18 vielted By the disiziet Torester. The
foraster records the leeation mnd spproximats sipe of the lots on topogravhie
paps snd estimedas the volume cut by epsoles. This system permits sasy
locatien of the lots in the fleld.

Iocatlons of the lots sawpled in the survey were sbiained from tha infop-
mation gathered under the fulting Practices Tawe. with the help of the Bosten

office of the Vassaohosetie ¥Webtursl Resource Comeisszion snd the dlsiriet



3l.

forestors of Yorcester, Hempden, snd Wampshive ccunties (Fig. 10). 4 seme
&f the lots were sixty miles from the Harvard Forest only arees with aunien-
tredions of lots wers sbudled in erder $o cul down on lravel %iﬂ@el Tr sddi-
thon to the sheve criterion the lote selsetsd had hed meve then Tive thousand

horrd Teat of howlock cut Trom them less than Tlve yesre previcusly.

when & 1oh wes vizited the writer lecked for 2 concenfrabion of more ¥
swenty sbumps on & side upiform ss bo slopss sxposure, and topagrachic @@aiw'
gien. Twendy or wove Stumps were reoerded. {(The awvernge s&mpzaﬁééﬁ twanty-
sne.) Fhs mumber recorded dependsd lsrgely en accessibility, a2 fume &
tho lots were almont fmpenetrabla.

The stunp dede bsken were the presense oy absense of sholtas Bt flamater
{a% stump helght), and the nuober of releeses evidont Jrom the snmsl ringd.
s4es informetlon Solen was the rresence or ebsance of ledge %o indicale ihe
velative thickness of the mentle of soil, and whether or not the =ite was
fwsmpy. Tne locsdion of the smupls wea merked direcily on & bopographic
msp Tor later determimation from the msp of slops, exposure. bepographic
position, &nd rellef fesiures. Sensrsl obzervellons were male on the aoine
gidence of shekes with releamses 1f both ware @?asanﬁg

T thers wes any civouler sepsrabion in all four qeadrante of the siuwp
1% wae sonsidered shaky. If the gusdranic could be so arranged thatl one of
them sontainsd ne cirsulsy peperation the stump wes gonsidered seunde Thie
srigerion 1% mueh hersher than that soplled by mest loggers Imi 11 I8 sonw
sistent and not depondsnt eon apy Jndgments of the degree of shekiness.
Stamps Trom sound trees develop orseks too but thay ave inverlsbly radizl

z2ad not olrmlsy. 537 ut m few of the iress hod boen oud for st lessd slx
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12.

months. As the survey progressed the above oriterien applied equelly well
to stumps eut 8ix nonths sge 2e o these oul flve yesrs ago. Some 0f the
ﬂtaﬂzk% noticeshle a2t siz months sre not evident immedlstely efter felling
and freeh shumms were svoided. Beyond five wyesrs the stumpe &re too rotien

and moss-covered to count the rings with aay sscuraey.
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TATA OF THE IHOIIEEHCR OF SHAYR
lﬁﬁﬁﬁr 

Tmbte wers laken from fwelve hondred mpd fifty stumpe in sizby-ong dife
Teront samnios. One basie breakdown of the déte 1s late sound wed phaky
trasn, Four ndred snd elxty-eizht of the trees, or Just over one third
of the totals ware zheky. The peroenbeze of shaky tress in the samples
vanged Trom zerve to nimebty (Fig. 11} Only one of the ﬁizty‘ﬂﬁayiﬁa had mo
shake. Tizure 11 shows that the porsent of shebe present In the sewpmles is
highly verisble. The ineidence of shele is selselives not rendom. I7 1%
were random one woeuld eupeot & grouping of sewples In e percent claze fo
Fform & bell-shoved covve. I o Taster iz relabed %o the incldence of shake
the sseples should show o grouvipg when stratified by thet faetor. Tlgurs 11
shows the vesull of edraiifying the sawmples by some of the fociors considered
in the wmrveye Seradifying by the younger age class produces e consldereble
gronping of the semplss in the low percent of sheke. The older ugs clasy
hat & definites though less clesr, grovping in the high percent clapzes.
Stretifyving by dlepeter olusses dovs nol produce & clﬁag grouping althoueh
the small dismelers itond %o be less shaky snd the larger ¢nes more shaky.
The site clauses have wany Tewer somples so that the sewple nay nol be bruly
revresentative. Olass 11T in pevbisular zhows s very merked grouwping in
the twenty to thirty peroent ghake olass. This spparvsnt effect of slte is

& special caze which will be discussed in the wscitlon on the effest of oiie.

The Bffeal of Ams
The youngest tree resorded in the survey wes 29 years old and the oldest
210 years old. The writer first esiablished in the Tield that the shekea

were net sesoclatsd with any particulsr aonmal rings such ae the 1930 ring,
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the venr of ths lest huypiosne, oy 2 year of early frost. Bather them with
& perbdioulsr snmusl ving, the incidence of sheke ssemad to be related o the
total nge of ths tres.

In the sge group (=60 enly two of more than one mndred mnd fifty trees

wars ah&kye 0Ff sixby tress ovey 125 only twe were sound and they both were

127 yesrs old (Fiz. 12}, foatter dlsgrams of sound treos sgninst shaly
troes wors muds with the trees sbratified inle five-yeur sze clossem. The
dlngrams showed 4 very mavked grouping of scund tvees ip the 0=60 yesr class.
¥ith eagh PTive-yenr imoresse in age vlsaz the seabier woved toward the sheby
axis un$il there wes & nsrbed grouping of shaly trees in the 125 and older
sga 2lese (sse Appendiz). The seabler dlsgrems indicated thai trees wup b0
8% wesrs of age are fairly ehake~fres. {(There were siz hundred and sixty
or just shout one half of the trses im this clase.) From 8BS to 100 yeurs
is o transidtionsl psriod with helf or mere of the trees shaky (four mdred
snd twenty or sbout one third of the tress were in this elaze). (Over 1L0C
voars the incidernce of sheke is high (only twe Imndred ¢r sboul one slzbh of
the irses wers in ithiz clmgs). The bresk is guile sharp wi%h enly fiféemm
years involved in the transitiomal pericd. This fiftesn-yesr pericd is
short when compersd width the total age of soms hewlogks. TFrothinghem (1915
noted = henlesk 20 yesys eld.

In ¢he field some aitonpt was made to divide shaby irees inﬁ@ fwn closses,
shaly and very shaky. In & general way irees with only & few (1-5) ghakes
wore blassed 2o ahaky and those with move s very sheky. Uslng this arbi-
trary d4ivielion the perecent of wery sheky trees in the total shalky ivess
ghowed a definite ineresse with 2ge. Eight varsent of the shaky tress under

100 were very shaky, fifteen percent from 100~125, end sizby-aiz percent over
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125.  The relationshiv of aze o the imsldence of the fired shekes spperently
helds, slthoush te & lesger déegree, in the Torsmaticn of furthsr shebes,

Frem o pensgement and an ecoleglioal voint of view 1t iz intereseting to
note that ihe sasmles %aken frem &iffsrent stonds were falrly aven sped. The
standerd devintion from the mesn ese of the ssupls ronged fver 5.8 yeurs o
B1.0 years with $he avevage being 14.1 yesrs. The stonds sampled rangsd from
mized hardwoods with soabieored hewleoks, 1o pure hemlenk siands. Yo the mere
even sged pure stende 211 the trees could be in the Ffiftesnwyoar Sransitionsl
gtase &8t ocnoee This peried would be oritical in the papegement of the stand.
In fif%cen vears meot of the %rees ipn the sbsnd would ba gheky. A differend
ghand Tifteon yeors younger nlghd he zimost gompletely socund.  The differ~
sntte here is releied %o the 2ge of the sitands &nd not %o differenses in the

Blieg.

The Bfteet of Slte

The sizty-one zamples were broken inte site olassos using the data from
the field and from tovezrsvhic maps. A falirly orevalent ldea of the influ~
snoe of slte iz thal the ineldence of shale is higher en periticular sites,
steap rocky @lopes and sites whieh sve szvozed $o the wind. Hecent studies
8f the influenes of 2ite on growth =od distribution heve denmenatrated the
importance of melsture 28 & 2ite fastor. Many site effecls previcusly
attributed to avallable nutriente or the bwous are now thought 6o be relsied
ta.availahie molsture. Beesuse of the lmportance of melsture the basic site
divisions in thie survey were made on 5 drainage basis. The two meost 4if-
ferent iypes of site sempled wera 1) wel 0=-8 pereent slopes on footalopss
and pidehillls with deep soil (Class I) snd 2) dey, ledgy, 20-60 psreent

Biepes locsted on nosed, hill orests, snd convex glde slepes (Dlmas VIII).
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Thepe twe slbes vepresent the axtremed in molpture roglmes thet wers sawpled
in the survey. Verions obther nlte clamess were Tormed ueling exposure. denih
of soll, and eleope, that wers intermediste in molsture regime. Erposmure o
wind would probebly very mont bedwssn the two exbremes of site cuilined
shove. The individuel crowns sre wall protected from the wind on the flnis
snd gentle sleoves, tud are guits suposed op the aﬁ%a@%@ slopege

Srounlng of ssenlos on the basls of sile sherascteristics wos poer in
most enses, but dn some 1% wes ouite good (Plze 11). With one excepdion the
gamplien in slte claes 11X, awnsleting of 211 B, 88, S 2Y, end Y-Taolng 12-20
peroent sleves, were epsentislly sheke~free. Feltheyr Olsss I noy Slass VIII,
the extremes of nolshivs reglme, wors well grovsed (Filz. 11). On figuring
the avereze age of the ssmples in 2lte clasge II7 1%t wap seen that the trses
in all but ene of the sawoples were gulte young. Semples consleting predomi~
nantly of young itrecs were rwelatively seund i the eszmple conteining older
trees was elmed enblvely sheky., Appersntly the zzge relstionship overrides
that of sits,

The relstionshin beiwesn mge class snd ineldence of shake holde en all
the sites sewpled, Trom ene szlreme of 2 gheky tres groving in & swamp %o
the other of £ sound tree growlng on & steep. expossd ladgs. Only two treas
uader 60 yesrs of age were shaky and they wers on different sites. He tree
over 127 yenrs old w2 gennd. The possible modifying effecd of wite eon this
relationghic oould 2% most be small with oaly the 65-yesr span to work with.
Genetie variabilily alsht well scceunt Tur most of the spread. Ths anilei~
pated effect of olie would be to meve the fifteen-year trensitlonal perled
in the &5~yemr span. Another effeat wmizhit be 4o incremse the lengih of %the

transitionzl perlied.
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When the seroent of shske by ves cladgses i graphed Tor sach alis olass

{Piee 13) the Jifferent siies aprear o hove very 11%tle effaed on the insi-

demoe of shale, In those alite elasses with envugh ssmbples the nerdand

ghake azmingt sge curves slosely apnroximale o etraighs lims. For somnarse
tive vessone fhis siralishd line relslionshly was viiliged end a leasl amares
lins was nlotéed to £1% the soaiter Tor each slte. The differsnce in slope
57 these linez betwesn sites iz 2mall {Pilg. 13)s the minlemm being 1.2 and
the meximn 2.08. These slopes ave very similar te $the sleve of the lonst
squares line Tor 211 drees {(Pig. 13). Thers doos seenm to be & graimsl
stesvening of slove of the leonet swawrsz lines with decrsaaing svailable
woisture. Hush o plosvening indlenies & ghorier trensitional period betwaen
predominently sound apd predomineantly shabky frees. Very Tew yenrs are
involivad in the changes in elome end posidion of the lines. DBoltwesn ths two
eztrops nolsture rvegimes the noint st wvhieh Fifty pereent of the trees srs

ghaky dearesses only from 92 %9 90 yesrs. Aoparsntly sites with & lower

mplsture regine heve & lighily hisher innidenss of shake. The varioue
intermediate slten hove wery siniler leagt soueres linss, @ae\im&erm@ﬁiat@
gite (12-20 percent slopes with ledge sbowing) bas a muite steep least
seuares line with 2 slove of 2.08. Thisz exdeciionelly steen slope iz urob-
2biy due te 2ampling. Tt the wmodifvinz offeel on the sge-ghake relationship
ie e3ight in 2ny onge. |

Tha effect of siite on the provertise of wool iz a nmatter of dispuis.
Harlow (1927) found only very elight effects. Felnholz (1991) found thad
the traes on bebber eltes had lorger zella, In both oapes the sxtremes of
site were pgrester then in this survey. Yaotors such as competition wers

not considered. A8 Avery {1940} clesrly shows, great differences in molsture
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regime heve oaly slight effects on the growith of bemlock. The effect of site
on wood styueturse ig Tar frem clesr. In any csse molsture regimes of the
sites enmpled probably hed lees e do with growth raies and wool propasriles
than esrly campeiilion and suppression.

Sappreseion in ssrly 1ife is commeon o weny hemlocks. This guroraspion
cen be fue to the 2bility of hexlosk o grow undey anﬂewsyﬁtery of herdwoods,
or o & hipgh sitand den2ity in youngs pore stemds. The suporession dess ned
appesyr to here the trees =nd muy hely them. Marshall (1527) states that en
ineransed period of suppression inervesses the fyocuthfulness?® of the tree in
response o relense. Suppression doss allow the tree Bo survive Tor uany
venrs without sprresisbly incrensing its wolume. An exiremsly pooy eite
would 2l2o cause the tres to grow very slovly. Az 5 rezull these 9l cw-rPoun
trees would be guite old by the time they reached & merchentable diameter.
Tus ¢ the age-ghelke relatlopship these trses will have 2 high proportion of
shake when tuile. In & sense theny 3ite 1s lmpordant im the ineldence of sheke,
ud 1% might be vossible to produss shake-free sbands on almost any site by
rasping the tress free o grow; then the trees would bs large enough to oud
before they hed Pesched the tronsitionsl age class of 55-100 years. Yershall
{1927 felt that 2 short verled of suporsssion will actually imorssse the
sobel inerewent of the tres by the time 1% is ous, but even using & differ-
ent epprosch he decided thet the rvelation of hemlock should be aﬁa&% 60 yeara.

Under this shord a robtation the sisnd should be alwost entirsly sheke-Tree.

The ¥ffect of TMamoter

Memetars were daken s stump heirht in two=ineh claeses. Jzoobd’

{1038, 1999, 1945) and Boydte {19508, s @) work indieztes that internal
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tonsions Bre cumulative with increseing dismeter. Therefors the incldenve
of shave might well be ewpeeted o intresss with inmcreasing ddameter. The
dlanaler »% 8bump h@igh% of tress sempled ranged frewm oix $o thirdy-siz
inches. Most of the stamps weve in the eight to eighbteen inch claeses. 431
thres of the trees owver thirdy inches weve shaky but the other diameter
elnsess hed both pound and shaky treed. |

Spatter Alagrawe of sound trees azgeinet shaeky trees gtratiftied by dlome
ater clesses showed poorer grouplnz them when stratified by age (see Apendiz).
Host tress under bwelve inches in dismeter wers shake-free and moet traes
aver twenty-eix inches were sheky (¥ig. 12). A large proporiioen of the itress
(nine mupired =nd thirty or sbout three cuariers of the totsl) were in the
fourteen to twenty-four inch clssses which d1d not show cleer grouping. Hew-
aver, diometer sesmed %o have some effest on the incidence of shake beguuse
$reos having sweller dlemeters were relsiively sound and the larzer onsd
reletively sheky. Hers, ae in site, the aga effect might well override thad
of dlamster.

Tue o the sse-ilemeter relationshin it 1s often 4iffisult to sevsrate
the effscts of sge Irom thome of dimmeter. By grephing the percent shake
agpinet sge by dlameter classes the relationshin between dlsmeter, sheke, end
age obn be olspifisd o R degres. “he least squares line for percent shake
againet age odn be plotied by disssiter classes (Pig. 147, @h@aé laasd
souares lines are almost identlesl te thoee for percent ehake against age by
alte (Pig. 13)e ot lesst up to =nd imoluding the eighteen imeh cluas.  Diam~
eter has very 1ittle medifying effect on the vrelatlonehlp belween age and the
inoldence of she%e in those classes under pighteen inches. The twenty and

twenty-twe ineh clesses conbined heve a slmilar least sguares 1ine, b with
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& grafdnl glope of only 1.02. Actuslly the scabier le so wide that o siraighid
line relationship is not really Justified in this class. Unfertupately there
are 8o fow shuwps in the supvey 2bove twenly inches that 1% is mst possible
o comp to B eonelusion abont the affset of these dismeters. Appsrently the
ineldence of shale iz greaier in drece wmors then twenty ilnches in dlometer.
With wors samples the durves Tor thess largsr dirneters might smooth ond and
bosome similsr to $he otherss

If the sge-shake relutlonshins helds, the wmelin 4i177icoulty ln ueing diss-
gler s a shaks indlosior iz that the spe-diswmnder velalicnshlp i vory poorly
definod in hemloek. The habii of supression me¥ss 1% impossible to wredist
the 2ge of & fres Ffrow its dlsmeser. Prothinghes (1915) hes ghown $his nrebe-
iem very lesrly. He recorded a3 busnby yemvrs of nge trees from Quleled
inches J.B.He and ot 200 years of age tress from 4e9=30.5 inches DeB.H. &
five ineh tree may be sheky {four siz-inch chaly trees were recorded in the
rvey). tut 2 bwenty-six ingh tree may be sound {six tweniy-siz inch sound
troes were recorded in the supvey). The basic relailonshiv ssens o be
between ege and the innldence of shake, At least, due 3o the fairly even-
aged nntore of hemleck stends. most of the trees In & hemlock stond of all
dismmeters will heve only aboul Thirdy yenrs age differences In purse shtands

thig 4iffersnce mey bo somovhat 153g.

The Effeot of Bumprossion

The wrdter was meinly concernsd with sselng 17 & sudden relesee conati-

tuted & definite visne of weskness for the ¢pening of & shabe. The ¢

of properties at & relemse ig gulte sharne The smount of spring wood iw

suddenly incressed and the densiiy goes down. Probebly the fibers become
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gsomavhat shordsr. Afbter aboud & week of ovservetion in the fleld it seemed
thot although many shakes socur at 2 point of reledse & sheky, velvssed tres
ey net heve o ghele at thet peinte  The relatlionshipy belween age nnd shake
holds rezardless of the awount or sevsridy of suppressiens and relemses.
Ehalry trese with 2 mpall oore @fl%ﬁvaly guppresseds dense wood most often
hed 2 oshoke ssseoloted with the polnt of release. Qﬁly ohservations o

ralesges were mada, ne dads vere Lakene
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DIBCUBEION

In ¢hie survey the insidence of shake was found %o be limlited to the
poriod from A0 to 125 wears in the 1ife of the irse. Other medifyine Tenltora,
1o matier hew mavers, 4o nobt inevesse this G-yesr period. Winds of murrl-
eane forss, early frost or exirems cold have not esussed treen under £0 ysare
to be shaky! no tres has grown mors Lhan 127 years wﬁ%ﬁn&% begoning shaly.

It ie interseding %0 note in this respect thei 2 thesory postulated by Hayer-
vaglin {1955} zpperently does not hold in the cepe of sheke in hemlock. He
postulated $hat & ving separation mey take place when & fyoten tree ie thawed
auiekly. The euter layers would szpand areund the frosen core and separa-
tden would dake plece. This $ywe of shake would alse cecur st $he culside
first spd then teowards the center, mot ag in hemlogk. The various nen-
geleetive Tectors of site sueh ap winde frost, snd molsture have only second-
zry importance in the Termetion of shalws, slthough they may extend shakes
thad are alresdy oven. Dismeter, the one selsciive feetor considered baside
age, may heve zn offeed on the relationship of spe to the Incldence ¢f shake.
Frges with dlzmeters over twendty lunches may have a @13@%@33 bighar ineidense
of sheke 2% the ssme age than tress of less than twenily inchee.

Tha internal siresees lnduced by fiber tension sppearently csuse ehake in
gtending trees. Hoth Joeobs (19445) snd the writer bave demonstraied the
pragense of these tensions im hemlosk. The progressive series éf geparation
snd meceyaision iz & further indiesation that shakes ere csused by tenslons.
hers are two typee of temsion set up in the living tree. The longitudinal
tensions compress the centar of the trse. Boyd (1950c) points out that at
the pressurss invelved {over 2000 pounds per sguare inch) the woed iz eom-

pressed beyond ite elestie limit. The esll wust socowednts o the pressure



23

by ®piastic Tlow” or astusl irveveraible physisal changes in $he esll sirus-
tore. The piesiie fiow would change the properties of the oell wall 2ad
probably wesken the ¢sllis in the ceniral wporiicn. £% the sams time the
radisl tensivn tending bo pall the rings apart is inervessing with growth and
time and 18 atronzest in the weckened venbral pordicn. A% sone piing $hs
two Ffactors gembined will be sufflclent to couse shaks. It i interesting
4o note that shebe ooturs enly im the cesnbral sone of éem@rasgiﬁn where cell
wall properties heve been chenged. As Boyd {i?ﬁ@b§ pointe ond, the lavgest
rufisl tension thei he mpssured, 150 vounds por sguere inth. wes oot guffie-
giend o ocwunse pepsraiion in normel woode Bub as the center ef the tree 13
sompressed ite properiies may differ from those of nermal wood end allow
seprration to take plecé.

why eselern hemlock sheuld so frequently be shaly and other trees not
is not olssr.e Bing shake iz oscssionslly, bul infrecuently, found in othey
copifers sush a8 red svyuse. The lenslone that cmusy sheke are apperendly

prosent in all tress. One would expest western hemlosk {Zeugn helerovhylle

(Bafinesque) Sargent) $o be subject to sheke bub 1% is not.  The ddvision
habween sucoessive snmmal rings is particularly serked in eastern hemlooks
The great contrast between spring snd summer wood may set wp a wosk plana.
Znote ond crmpression wond ave wealmesges oommon ¢ &1l gonifers. The habit
of suppression doss 26t up meny sreas whers fhere ars sharp shenges in prop-
ertias whicl would seem o be veriieularly suscepdible o shoke, tubt if there
iz no surpression the shake a0Durs Bnyway.

1% i® very umisual $eo heve o morked change in & tree releied to iis
totel age. Host of the chemges which do ocour sre relsted teo the fphysio~

logieal sge’ or age sfter relssmse from suppression. Morrles {1048) finde
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serusl maduritys buit robs and budworn atiesk in fiy related o the physic-
logiesl age. In the coge of shaks 4o hemlsek & yesy of suppressicon seens
to ba Just sz slanificant ss 5 year of free growths A Tev obther chenges in
hamlock appesr to be connsedsd with ioilel age. Bailey {(1918) shows thed
the ipereseing Tiber length of conifersus wood dends to level ont during the
period from BO=128 yesps. Spury end Yelung (1954) indicate thes st shows
N0 yusrp the epeciile grevity of eonlfereus weod sterts decressings The
yerrs frem 60-125 wmoy be eérusial ones in the tree’s development. The changes
fefinitely teke plece, bub ave they related 3o tolel sges phivlologzienl sges
oy dismeter?

Chengss dn fiber lenglh way b clovely connected with fibew tensicuo.
Boyd {1550e) gives 2 good summery of previous hyvotheses sdvenced te sxylsin
fiber tenslop. He shows that post of thern sre not valid. Ye feels thed

the most promising hyvothesis ie one sdverced by Wineh in 1978 in comnection

with evspression woode Minch poetulzted that there ie o change of shape of
the fibers, 2 slmilinnecue decresss in length and incrense in téngentisl diam-
eter after the cells heve olongated completely. Thus both lengltndine]l =pd
radisd tenslops could be the result of » single change of fiber shape. If
gll fibers underge this chenge ecuslly, then tension ehould be sumulative
with the number of cells apd dlemeter. Poseibly most of the ilension is con~
tribubted by the suwomer woods  If 50 the suppressed pertlons of homlocks,
which are mostly sumper wood, would heve high stresses and they wounld assoume
late spproximately with age regardiess of ths growbth rate.

The chenges of the eentral poriion of the tree under cowpression may be

elosely related %o the smount of time the woeod is undey comprsssion. The

langth of compreseion mey be wore imporiant then the megnituds of ths sprlied
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goworession. 1f the changse ip vropsriies vemuire & ceriain lengih of

time, then ddsmster inarense alonse regerdless eof incpeesed toneiong, pepld
not effeot the chenge.  Yhen the chonges hegin to take viace the radisd
tensions which have bosn acpuminting, noznibly in the summer woods would

he #ble to wull snerd the weakened eontral portlon.
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SIMMARY AND BYATEMENT OF PRUDLEME

fongitudingl sowpression and radial tensleon sed up In the wpod of stund-
ing trees éaam to be ths primery faciors ssusing sheke in hemisck. There is
2 relationghiv between the sction of these faptors and the total age of the
tree. Sheke escurs in nll hemlecks soustise during the peried fres 60-125
years. The naturs of the velabion of aze $o the asﬁiéa of fiber tensione ig
not known. The 65-year spen covering the incldence of shake way be closely
sonnetted with the sbeerved loveling off of the inmcresse in fiber length. 4
change in the shevpe of the Tibers is at present the most logieal explasnation
for the sanpe of Liber tension. Az fiber Jlength seems $o be intimadsly con-
retted with Tiber tension one of the firel probleoms secms o be o make surs
that the loveling off of Fiber lenpth iz relaled %o Bges 28 vravicus shudiesn
indienite, and not %o dlameter or the musber of yemre affer suvvression. IF
the age=fiber length relationshiv holds, then the fact that the incidence of
shake and the leveling out of fiber length cvcur in the same parisd would
indieste thed zome conmsstion ezisis between the tws. The agp relaticnship
to the incidence of shake way be wechanloal as susgested in the &iscussion,
end porsly depend on the poecags of %ims fop phyeienl change apd the ssenm-
lation of radial tension. It 1z diffienlt %o ses hovw sueh a relationship
gonid influence the slze of serbiasl initisls or their slongation. I the
rolationebip of the incidence of thake %o mge iz due o ths more basie
relationghip of fiber length %o ages then two questions are raised: 1) vhat
gonnection could there be bebween the leveling out of Tiber length and the
simmltensous octurrence of shake, and 2) whei iz the relationghin between the
age of the ocaxbisl initisls and changes in thelr lenzth or elongation? The
whole guestion of the changes in the wood over time is raised. Hosd prob-

ably thers are many vhysicsl and ohemical factors interscting here.
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APPESDIX

Demonstreiion of Tensiong in Hemiook

A $ree

2 ghogsen $hat was ebtraight and with as 134tle foper as oould he
found. Followling the teolnigue of Jacobe, a plank was ouwb from the log vweing
an axze opd saw snd leoving the ends intect [zes phote). Ime~inoh strisz ware
iaid eut from ohch sdge fjowards the cenler Yo p&raﬁlai the anmual rings. Ywo
gorews wore seb 100 inches spard in ensh elrly sad the distance bebwean them
mongured B0 005 inches. The sirips wers then out off in pairve, ons from
gonh #ide of $he plank, moving tewards the center. (When the ends of the

log wors ouh off there wae no gplitting ae in Bu bus. )  Afbar each peiv

of sbrins was repoved they were ebraighiensd esnd remeasured. The strips
jeft vneut in the ulssk were olse remessured. The giripe frem the ocubsids

contranted and these from the inside sxpanded, 4

pdioating thait the periphery
was under bension and the center under compression. An interesting Teatuve

wap that twe airips on the oudalds bad compresaion wood in them

and 4id nob
soniract bul expanded. Apparently =8 compensation, the inper sivip next e
those wlth compreseion wood ocondraeted 2 great desl B0 fhat the aversge of
the three whe & contraciion. The date show a definite stress gradient Trom
tenslion on the oubside 4o ocompression on the inside. Tongitudinal tensions
sye definitely presant in henlock.

To test radis] streszas disks were @uil and V's marked en thesm. Pairs
of Borevs were sed on eppeslis gides of the Vs and the distences belween

them messured $0 .0005 inches with n élal gauge micrometer. The Ve were

then repoved snd the diste

nees hetwsen the gporews vemessursd. In every
cage the dlsbance babtwesn the screws deareased. The elreular expanslon vas

& Talrly constant 004 inches per insh of olroumference. The ewpansion
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indicates that there is » eivevsfereniisl gompression present in the ammel
rings vhich would osmuse » radial tennion. The compression is constant nlong

the waflins i the tension would he gumy

lative towerds the cenlore  Ablampis
o memsmyrs the radisl tenslon direetly by cebiling out succesdive concenirio
gireles spd remessuring $izsd vpoints wers uasucsassful {see Boyd 1950%).
hrparently the frasuend kwobs sause very unaquel empanslions of the oirzles
end the deta ars eonfosing. Joecbs ales hed 4iffisully working with sonl-

fora.
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