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cow.ECTING, P~PA.RING, cRossllATUIG, AND w.suRING Tll.EE lHCJU:MENT co~s 

By Richard L. ?hippo 

ABSTRACT 

Techniques for collecting and hnndlins incremunt core~ are 
describe~. Procedures include those for cleaning and maintenanca of 
tncregent borers, extractin~ tho onmple from o tree, core nurf3cing, 
crossdacing, and measurement. 

IN'tRODDC'rtON 

Increment corijs of tree rin~s have bean used !cr ~an~ years b~ foresters, 
wood technologists, dendrochronologists, and forest ecologists. Anyone work
ing extensively with in~roment cores develops favorite collecting and handLing 
methods. As a result, there is a relntively large literature su~gesting 
different ~Bthods to nccomplioh the samu tneks. This manual is not an exhaus· 
tive review of the literature, but rather a comprehensive set of cethods that 
my co•IJorkeu and l nave deveLoped during oore than 2 decades of •o~~ork with 
tree tit\';!, the manun t deSC!ri'oes the uoe and en:'! of tncrement borers 1 and 
~ethods of collecting, handling, crcssd~tinb, ~nd :ensuring incremunt corea. 

Jane F. HiLl and Cathy H. Ager both asoembled mat:erilll for usa in dos
~riptions ~J.f cur te~hni\juos for .:.olla~tl,\6 .1nu huadlln6 Lncramen1: l!ort!tl, :::.:; 
IJas their conviction that the cethods tihould be described and mada available 
·chnt has served as ~n incentive to complete thio manual. 
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IDKKTIFtCAtiON OF tl!t ai"CS 

TR&t·CROWTU 

Trnaa in ca~paraee r~gions undergo ~n ~nnual cycl~ composed or a growth 
period (llpring and sum~n ~rowing nuoc) 11nd .1 dormant ?ariod. 7:ce!8, like 
oeher green planes, produce ~heir oiJn ~coda Cphotoa~nthAtca), cuch of IJhich 
are uaed to carry on roapiracion and other life-sustaining ph~siological 
proceuaoa, AI a genoral rule, fooda produced ic addition to that required to 
kaep the tree alive arA available for new growth. Thus, gro~Jth of trc~a may 
be thought ot as an a~pr~ssion of e~~~~~ photoaynthatea. ~acauae variou~ 
environmental faetord caD affect the amounts of phQtoaynthatas produced, &i:c 
of the annual incroment io, in p4rt, 4 funetion of environmental conditions of 
t:hat yeu.r. 

Cenorally, environmental conditions aro le~st limiting to food production 
und gro~th in the early pa~e of tho growing season. And co~t li~iting in the 
latter pnrt of the suaon. Lou•liad.ti.ns eoz:~eiitions telld co ruult ic ~:~ore 
rapid gro1Jth 1 th,;t h charactori::ed by larger, thinner••.tlllled cells. Thus, 

.the uauall~ Yharp contrast bet~eeD amall, tbic~·walled cella forced at the end 
of onn season and l4rgo. thic•watlod cella forced nt the beginnics of tha next 
growing oeason raaulto in a rnther distin~t tina. When view~d on a complete 
trnnsverse section, ouch u a rtucp top, the lice appro=timates a cirel.c. !he 
line La the tree-ring boulldar:f -- thLlt is, the boundary be.t'W(l\!C t'WO annual. 
incrementa. When viewed in transverse section the annual increment io referred 
to u a troo ri.og. Many autl1o:it:iu use th~ termD 11 :~.ncu4l inc:ecant" and 
"trcte ricg 11 interch4ngoab ly. However, I will use "annual incre::1e~~~~ to refer 
to three•di.mensi.onal gt"owth 1 and "tree ring" to :efl!r t: the transverse view 
of tho annual increment. 

'the moat rcseent (outside) 11nnual ineTement mny 'oo thought o~ u Ll thin 
layer of wood juat beneath tho b11rk that com~l~taly covers the ~reviQua year's 
layer and extonda from nll otam tips to nll root tips. Cenernll~, ~:owth of 
th~ above-ground portion of a nonporous or diffuse-porous spee~es (see WOOD 
!YPES) at4rta ic spring at, or nonr, th~ etec tips and moves oasipat4lly 
(toward the tree base). The bulk of the grovth near r.ha stem tips may ba 
occurring IJhen environmeDt4t conditions are not appreciably limiting to 
growth. On the other hand, grow~:h tuar· tbo buo of a large cree may he 
occurring enougb l11ter that environmental factors may be limiting, ~nd faw~r 
eurptua fooda nrc availnblo for new growtb. If environmantal conditions aru 
extrome, it is po111ible tl:at so fc!~ 11urplua foodB are produeed that growth 
initiation vill not ?rozrese to the le~4: p4:: ~f ta• tra~. !he result is an 
absent ring in that portion of the tree 1Jhore r.o growth oc:cur:ed. Ic is coc 
possible, however, for 11 ring to be absent th~oushout ~n tntire tree. So long 
u tho tree ia alive 4nd producao 4 tlOW aet of haves, no matter bov few, a 
nnw ring will be produced dovuwnrd from tha top of tbe tree. ao"' far down the 
tree the n•"' growth will oxtond depends OD hov much surplus food ~s ?resent. 

The ring bounduriaa of aevernl annuaL inc:ementa viewed in ~ongitudinal 
section may be described Bl a aeriefl of i'4rt1bolu Cf~g. l), :hough var'J 
sener4li:ud, the model serves eo illuat:4te tb~t tho ~idtt of any given annual 
incroment dac:euea from top to bottom. ~l•o, at any given heigbt, cha outer 
~nc:ecents n:a core nurrov th~n tha inn~r incrementa. 
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Throe ~enernl ..,ood t1pes may be dtstingutshad, b40ad on thu prenence, 
absence, or typcR of WAterMconductin~ vessels CfLg. 2). the wood of conLfors 
(c:oneM\Jcnri.n; trees gencrall!l referred to as aoftwooda) contains no vcoaols, 
or pores, and La referred to as nonporoun. Hs.ny nonporous wood a nre c:hllrlle
teri:ed by a diatinct color difference bet..,e~n wood vroduc:ed in the earl~ part 
of t;he ~rot.~ing saason (thin-walled 1 light-colored early\Jood) and woad produced 
ln the Latter part o.t tha 11eaaoa (thic:k-vatled, darkor•colored htawood). The 
\lood oe angioaperma (generally rafernd to liB hardwoods) contains ~orcs 1 arid 
may be divided into diffuae•porous and dng""porouD types. lting .. porous woodn 
contain a band, or ring, of very large poros producod at the beginning of the 
groweh seuon 1 that may 'oe referred to 1111 tho pore zonl! Colao oftan called 
earlywood), The rest of tho ring (lota~Jood) contain• soma am11ll potell 11nd, 
thus, 6ppeors not unlike the entire rin; of diffuao-poroua woods. Often thoro 
is very lit::tle color or texeure varia.tion acrooo ringo of nonporouo woods, 
meaning ehnt ring boundariaa of tbes~ woods nre frequently vary difficult to 
discern. 

Ring-porous \Ieoda ~ro thn e~eaption to the gen~rot rule of bnaipatol 
gro\lth progression, ln ring·porouo species, growth op?oara to com~ence simul
taneously throughout the trao. There is evidence to auggeat th4t veooels of 
~he pore :one moy develop from celL~ ehnt were cut off from t:he cambial 
init:ia.la at c:he end of the growing seaoon, Thus, 1.1hae Dppuro 110 gro\o't:h at 
the beginning of the soaaoa, may not: represent cell divisions but simply cell 
enlargement and diffarentiatioc of cells nlread~ proaent. Crowth of the rest 
of ~he ring (late\lood) may be nnnlogoua to the entire ring of diffuse-porous 
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'Joocs, .:1ne .:1~pnu-11 :" progruu O:!Dl.prH.:lL~~·· :! chis is ::-ul!, tr.~n tnr? per-~ 
:onu o! r~~~·~oroua woona han no cou~t~rpart in nonporou~ anc dlttu&~·porou' 
woods. R~g~rdlo~~ of hew llQitLng tna ~nvLroncantal conc~tlonn, tna pore :one 
.lt::as~ JL·-·.:1:··• !n·:-:s ~·utn ~:: :-.:; ~Jt~.,..~o..: ~ .. pNI.iuc.,d, ':h·J• 1 ;~ount :-:.no;& :.:1! 
1Xtracal~ :'ll"O Ln ring•porouc woods, 
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PR!PAAIHC 'mE INCREMENT BORER FOR USE 

:'HE t!ICRE~1E!I'l' BOR~R 

:! 3 nail is driven into n tree, the tissue that occupied the volume no~ 
occu?icd by tha nail is ~ot removed but comprcssnd into :he surroundins tis
sue. The tnr~er the diameter ot tho nail, the greater Ls the amount ~: 
~o:nprcssed tissue and, 'Jithin certain li::lits, the greater ~s the ?reosurc o: 
the tissue on tha nail. !f n heLlo~ nnil in driven into ~ :~ce, :he voLuoe cf 
tissue co1:1pressed is essentially equ.1l to the volut11e o: :he nnil oinus t~.e 
voluoe of tho tis~uo thnt ends up innido the naiL. An increment borer in var~ 
much Lika u hollow nail vith the additional feature of threads that allov the 
bit to be sctevod into tho tree, The tissue that ends up inoide the bit 
constitutes tho core thnt ~e wish to collect. 

An incrcocnt borer is composed of thrco parts: bit, hnndlu, 3nd extr~c
t:or (Hg, 3}. 'l'hc bit: :1nd extractor 11re atorod in the handlo for t:runopor:. 
·rhe ~it has a cotlnr 111: :ha back of the threads. 'l'he collar cocprossea tho 
tissu~ surrounding tho bit to a diameter roughly cqu~l to that of tho outsLdu 

· ot the bit threads (Hb • .!.). ::, aftor the! collu puased, the tiuuc immodi-
atel:t sprnn~ back toward t:ho bit ohunk, there would ba no advantnge to the 
collar. aut, bccauue the tiasuu tondD to npring buck alo~o~l:-o, it in I'ODolbte 
to twist the bit in ~s ear ns desired, and to remove tnc core unci the bLt 
before the tissue appLieo full pressure to the bit shnnk. 

:'orestrj' suppl!' houses normall:t stock t'olo or wore bundo of incremcllt 
~ ~ : "! n L t~. !1 ,,. n d. a t '! ~ : ~ t.1 n '; ~ h 9 3 n d d L:!. o a t a: s , ':i ~ :-. c !' :1 ~ ~ '/ , ~ ~. o. o : c :. ~ ~ : ; ':, :: 
borer dinmoter and the shorter the length, the more strength is required to 
operate tho borer. Not:•Jithstandi.ns that longer nandle:s are !!lloier to tu:r. 
chan shorta: handles, :ho fi:~t borer ~urchnsed is t~?L:ntLy fo~nd to ~u 
1 o n i e :: 1: han n e c a a s n r !·' , the l ~ - l n c h b o r o r t u 'I a : :1 c o m o on l :.· u & o d b y '.J a a t e : r'. 
dond:::chronolc;ists, ~herons ve find that 10-inch or l2•inch bo::ars ~crk ver~ 
~ell for cost ~rues of cutover hardwood forcstn of tha Eaot. Soco brands o: 
~orers .1re availabLe as :-thread or 3-thraad modato. !he ~iteh o: :he threadv 
'I a r L c s a m o rq; :, r a n d s a n d mod e t 11 , b u e 1 g e n e r a tly 1 o n a r o t H i o n o : 1.1 3 • t h r o n o 
model will pull it farther into n tree than one rotation of n Z-thrend woduL, 
!t would oaew that the Z-thrend bit might bo preferable ror uno in hardwoods, 
How~ver, 90t:l~ people find thnt it iu harder to start nn Lncramant borer than 
Lt is to turc Lt after it hno bean stnrtod, and that the 3-thrand bit il 
ensiar to start than the Z•threud bit. For this reason the J-~hrend bit on1 
be preferred. even when coring hnrdwoods, 

As with nny vood-cucting ~oot 1 it Ls important thnt the bit ~a sharp and 
ctenn. Perhaps the cost common consequaneaa oi using bits thnt aru not shur? 
and ctenn ure t~Lsted nnd broken coreY ned ccras with surfacau that hav~ not 
been smoothly cut, Although many authors emphusite the L~portanca ot shnrp
enin; and cleaning, ~a have ~ancrally beoo able ta Qaincnin ahnrp, CLd~n 
Lnc:omenc borer bits wi:hout shArpening and vith very Little cleaning. 

lj 
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HANDLE: 

coLL•r~ 

BIT 

tiD = 
EXTRACTOR 

rigure 4, ·CuectHg aHd ~omp~daa~oH of e~aau~ wi~h ~Harsm111: :or~r. Co~pr~o
~~~oH c,<~ ".Jood e~suu1 by bor~tr ..,:, ..:Hd•;cc:fC: ~~~ :ha d~t:~"l1!"1f'l:a :tr'!:Jitt711 :~c 
~~~1u1 of eh11 i1otr1 (}I) (ZHd t1te d~a"'HI:' ~."' ~ho c~r12 (C), 



utT CLEAHiliO 

Rust provides the roughened sur~ace on vhlch d~bris cun accuwulata. 
! h ~~ n , t1 b i t t h 11 t h u s n c c u m u l a t e d d a b r L s a lm o s t c u r t n i. n t ~~ h 11 o s o 1:1 e r u s t n n d 
corrosion, Jftcn i.cpairln~ core rewovut frow tho bLt, Alt:lost a9 certaill, tt\e 
cutting edge ~ill h~ve buen damngod by corrooion, tr d~bago is not advuncud 
enough to have ~erlously duLled tho cutting edga 1 tho btt can ba clennad nnd 
put bntk into usc, A clanning kit for .Z2 t11Libar riflas vorks 'iery n.Lculy 
for deaning incrctnont: borer bi.t:s (fig, 5), When uaing a ki.t for tho first 
tiwe, detercino thnt the suatch holder is not too ulde to ausily fit through 
the cutting-tip end of the bit tube, tf the suatch holder is too vidu, it can 
usunlly be filed do1o1n enough to fit the tubo and still be strong enough to 
hold the s~o~atches, The pouder solvent uuuoll~ contained in the cleonin~ kits 
works very vell to cut the ntoins cAused by tho itltutor.tion of oak t.anninu 
uith the iron of the bit. Though it iu not naca!lsu•'J to rumo\'n all of the 
stain, except in special casco uharc clean, unatL1inod cores ara needed, it io 
deoirnble to re~ove enough tesidue to leave a smooth, rust•frec tube surfacu. 

Always tnsarc the cleaning rod from the butt ~nd of the bit (never frow 
the cutting-edge end). A s~atch should not fit tightly uhcn inserted into tha 

• bit. lleca.usc the bLt tube nn1:ro~s noor the cutti.ng-edso uttd, a S\Jtttch 
inoe~ted in tho butt end ~lll fit tighter as it !5 pushed toward the cutting
ed'be end. 

figure 5, -Cteani?1g I<:Ct modified f'r'om a commercic:t ktt for ,22 cc:Hber 
r{.ftea. The BtJatah hotder haa been f-I.Zad to aaoiZy f-l.'t: :he au:Hnfi• 
edgt; sl'fd of" t:he borer bi.t~ and :he rod attc:ched to :ho h~ct<d hc:o beeM 
a her-: •med, 
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SHAI\PEHtiiC TUt CUT':'t~IC &DOt 

tf tho cu~tLuu edge hnu boun dullGd by corroaion, it '' pounibLa to touch 
up tho edga wLth sharpening ato~e~. Foruutr~ Jupply houaes C4rry b~t·mharp• 
n~Lng kLta thnt include a woda~·sh4pdd ond 4 eonu•chapod aharponing aeon~ 
uu~fuL for thLs purpo~~. Vn~~~ua 4Uthors ~iY" inJtructi~na ~• to ~ho prop~r 
muthoda of •harpanins and elll:H\~ng ineruiUmnt boror bio. H4Bgli.n (1979) 
Lneludu in.eructiona for building a aimpLo jLg to hoLd tho bit in ordu· to 
hol\1! tho cu~ting ctdse at th~t. f!orrctct nng1o. Sharpl!nin& i.a o tadiou11, timo• 
conuumlng t4ak and ia ordinarily not poreormud in tho fiuld. If tha cuttin& 
odgo hna boon nicked or chippad by mi•handling, lhArpcnins atono~ ore of 
littla uso. In such C4aoc tho bltu mu»t oithar be diocar1od or returned to a 
forctatry supply house to bu machino•aharponod. 

When 11 bit iu IJharpaned by machino, 11 cnrtain umounc of the1 end of the 
bi~ id removed, Thio in turn ehangea the position of tho cucting adg~ ln 
rolrttion to tho throodu nnd tho intor•thraad aurfaca. No matter how earafully 
11 MW odgo is tuchlned, tho bit ia not the utu u the originAl. If proporL~ 
carod tor, a bi.c may never need to bo ahnrpunod. Thils ua11111 prof•trable to 
improper e11re and ohArponing. 

H~TAL FATICUE 

Conaidorable friction dovalopo botwoen th11 trao cioBuos and tho ineram~nt 
borar bi.t, particul11rly in the thrud ucti.on. Ho mat tar what: cusuree llt'l! 
usod to reduce friction (diocuoaod below), it cannot be totAll~ avoided. 
Fdc:tioll cauu11 hut tbat evuntually takas it11 tolL i.n met:o.l f.1ti.;uo. Coc
monly, the Hrat 11illibh aignu of motlll fatigue aro c:-acka at thll cu::in& 
adga. 'rhl!re may be 3 or 4 or mou cracks, oach extending u much u uveral 
milLimotora back from the cutting odgo. Evantually, as cracks lensthan during 
bit use, n chunk of the bit between ndjacent cracks vill brenk ou~, thus 
torminacing the uoefulDCUIS of cha bit (fig. 6). Whon a chunk breaks out i.e 
may cauae n domi~o affect re~ulcing in the whole end of tbe bit crumbli~g ~~ay 
during one t•o~i.ae of tho borer. h4nd1o. No one liken to have ehu~ks o: oet.3l 
i.n 4 treo. Thcrefo:o, cease uaiDg a bi.e when cracks are fi:at noted. Decause 
there Ls always o chance that :1 bit m11y bremk, it i.a 11dv:!.uble to cnrry 41l 
tl:<~t'4 bit. 

BIT BREAJChGE 

No mnttar how carefully ine:oment boreu ara used, bits cec.H ionnll:; 
bruk (aee also HETAL FA.'r'ICiUE). If the bit ia :ehtivdy new and h.u been 
properly used, bruknge m11y be due to 11 hult in ita manuhcture. A coe~mon 
fault: ia t:h4t the hole ill the bit ia Dot exactly in the center oi the oit 
thoughout it11 length (fig, 7). A break resulting from chit hul: '"ill oceu~ 
nearly equidistADC from eneh end of the bit, 11nd the hole 111: t~e break is 
obvioudly off e~ntar. Often, faulty bits will be replaced by !::ast:7 supply 
hou;ea ~hun returned to them. 
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Figure 6. -£r~ of ~ncremon; bore~ b~ts from uh~ah p~•aao haU• brokeH a~ay 
as a resutt of metat fattgue, 



If bits a:Q ~rop~rly ~3r~d for to avoid ~u~t, corrosion, ~nd ~~eass heAt !)uildup, tho bi.c wi.Ll li.kaly aueeumb to metal f11t:igua bttfot'l! the cuctin; (!C;l! 
ba~omaa dull. Breakdown of a bit by matnl f~tl;un ~ill lik~ly not oeeur ~nti~ well over a thousand cor~a havo baan taken, 

COWC'tiiG m n.AMPLE 

DEFORE STARTING THE BIT 

A problem cf troa coring i• beat buildup caused by friction b~twa~n the bit and the troa. Because haa~ buildup inducae metal f4tiguu. it La advlaable to raducn fd.etJ.on by the uu of 11 lubricant like. bauwa>e. Apply tho W4X ce tho thrend11 and aotne of the Adjoining ahllnk of the bit Cfi&• 8). It iff not noceuary to apply wa>e co AlL l)f th&lt portion of thl! bit ~hat ia axpoctttd to bs inserted into the tree. A• olready m•ntLoned, much oe the friction is 
e~poctod to occur in tho draa of tho thraada ond co114t. 

the baat time to apply ~ax ia wben tho bit ia first t4kan out oi tha trao, whiLe tho bit h at:Ul \oiiU'm. Uowavar, botoro ltartillg tha bit in the Hrrse troe, it h i.mport11nt to uaure thnt thdrct is 4 coat of wax on the bit. It is not nacu••~ry that tbe w•~ mdlt onto the tbroada. It ia just easier co apply 41l evun colltins to 4 warm tb11n a c:old bit, In coring uomu Yor~ aoft nonporoua wooda, bi(II!IW4X may onLy naad bo appli.od attor •nvouL c.orua h11vo boon tnkon. 

An i.neri!Ctllnt borar 1Ji.th,4 TaHon•cont~td bit il now avdl4bh. i\pparcsntl~ tho intont io tbat the Taflo~ aurfaeo wilL alip through tho wood mo:o aasily than· an uncolltad bit, dtld that tb11 coatiug wilL rcaduct tlu riak of ruati.n;;. \h hno found th4t tor hard\JoOdl, IUCh u Qu~atau.,, it i.a llti.U nocmu4rY to coat tho thrude \lith bau11w4x, ond thAt th~ Tefll)n coating wura off &ft:er only n fav eotel hAve b~•n t4kan. Othora tall u1 tb&t tba Toflon coating works m"d hoLd• up quite wall whon a&mplin& only conilo~•· 

STAB ':tHO TI!E J!tT 

tt L4 USU4lly dolit,bLa t~ e~Amin~ trat ring• in trano~araa eaetion Gnd to obtain dl lona n tree•rinK record 11 poaaibLe. Thi• ia moat aa1ily meeoc• 
~Li&h4d ~Lth ~or~~ tbnt aro parallal to wood ray•• Firat, oridnt tha bnrar by 4iminH it toward the uautar ot tho traa, ~or~~ndlculnr to tha axis of tho trunk. 

The no~t 'tap La to uimultAneouAly pu~h tho boror into tha troo nod turn tho handl~. The mo~t common opprotcb L• to hold tha bora~ nuar tho eantar of the httt1dLe, pu1hin" with tho pnliD (Hg. 9), Tlla otbor hAnd may ba uaod to lltudy the bit to pravmnt it hom wobbllog. Wocbling ot tbl! bit, bllforo it 

ll Tba Ule of ~rade Ddmoa in thia pubLicAtion ia for d•acriptiYII purpodaJ ouly, and dou1 not eo~stituta ~ndora•mont b' tho u.s. Cooloaicot Surv~y. 
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Figure 8 •. •Bstsl'LJa:rJ 1.1:. apptied to tubl'icate tho bol'fJ'l' bi.t thraado. 

ri;ure 9. ~star~ the incrsmsnt borer by c dombinc:~on of ~~Dh~ng cnc 
tu~t"G w~th one hand white steadying the bi~ ~~~h ~ha a:he~ r.~na. 
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has buqn d:~Yon tor enou;h to be woll ~n~herad i~ che t:c~. ~~v :~u&e the cor~ 
to b r u i<. : f c he b t a al< "c cur 11 on 1 y H ~ :-. e c: o1 :1 'o i. u c, no la r ::~' n .:u been done, 
Hownvor. ~! the bre:1k ~~ :ust: ~noid" :~e ::1:::!.1.!:: 1 :ho cu:a:- :r.l! .::: :·.:o =-~n;.i 
cay be ver~ difficult co discern. ~obbling :-eoults in 3 bent or oven ~ 
corkscrow•sh4pad cora (fig, 10), 

AFTER StAP.TI.~:c tat Bt': 

Once the bit has buen pushud 4nd twisted enough th~t the thre3dc nro 
fuLl1 t~i~tod Lnto the xylem. char~ is no need to continue pushing. The 
thrends will ~uLL the bit into the ttee AG the bc~er is turned. At this 
point, ~oth hands may be used tc turn the handle (fig. ll}. 

':he borer often squenks or popo as it is c~otistecl into the tree. These 
noiBoo raoult ~othon there io concidorBble friction bet~een tr~e tissues 40d the 
bit shank. Boc4use friction of thia magnitude caD resuLt in appreciable heac 
buildup, contributing to ~etal fatigue, slow the rate of turning the handle ~o 
~.hat the pepping nciae ceuu and the aquuking is at Least e~inimi:cd. 

REMOVING THE CORE 

th~re La no advantage to twisting the bit any farther into the tree than 
the l$cgeh of core desired. The core ia romoved from the bit with the extrac· 
tor, '.Jhite the bit i.a oti.ll in the tree. The diametar of the bit tubl! is 
greater than thn eorl!~ I!Xcapt ne11r the cutting tip; thuo, the~e is roo~ t:o 
insert the axt:ractor spoon. Soma peoplo always insert the eKtraetor ~ith the 
cup of the spoon facing upw11rd no that. tht! spoon slides docg the bottom of 
the tubu beneath the core. Dut I find th11t if the outer end of the core 
happens to be reating on the bottom, the 11poon may sDag, 4Cd perhaps dam4ge, 
the ~nd oi the cora. I prefer co lightly probe · .~h the ~xt:11eto~ to fir.d the 
11i.dl! of thB tube which is away from eho core . .1nd then to insert at that 
poditi.on. 

a is beat to inae:t tho axtrCLctor wi.tlt oucs otea.dy, continuous motion 
(fig, 12). I£ t:ho csxtra:tor ils puahed only pmrt wny in, it ausy bn difficul.t 
to puoh i.t fArther. lf i.e C:CLn be puahod .hrthor, there mAy be 4 risk o: 
damaging the core or bendLng the extr~ctor. Aa the tip of the e~traccor 
reaches the ?Oint 4t whieh the bit tuba nllrrowa. the axtrCLccor taech 4re 
forced into the 8ide of the eore. ThiD Lo importBnt. !t ~lusas :ha :c~:h ~= 
grip the eora ao that it r.4n be ~ithdr11~n with the extractor. 

Th11 extractor apoon is mouDtud otf centcsr i.e the ltnob. Thorefore, too 
much preaaure on tha knob whil• i.caarting the axt:4ctor ~ill va:: Likely baed 
t:ha apooL\ juat below tho knob. Euentil:llly all brokea axtnccors that I hnve 
ucsn lo'dl:'lt broken juat below the kMb (fig. 13). 

Do not bl! tarrJ.oly diam11yad i.! thl! axtr11c:tor hlls n fe~J mil Hmf!ters 
short of beicg inserted 4ll tho wny. HoYQVer, if tho extr:lcto: scops ao much 
as 11 fuLl cant!.:un:er f:oo compLeta tnu:tl.on, tna:e i.s 11 :i.\k =~ e~:~er :~o:: 
ong4ging the toeeh in tho ~ore tightl~ ~nQugh eo ~~==~c: :he co:n ~= ~~~~i~~ ~ 
Bhort ?ieee of ~he r:ore atuek i.n thl!l und e~ :ha bit. !f, ~:l t.aid.:~~ ~ddition4l 
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FLgur~ 10. -A aor~sotty ekapsd~ otPatght ao~e~ aHd a aore utth b~Hd6 Hsa~ =nd ou~o~ds raoutt~ng from Ho~ ma~nca~n~ng a oceady bars~. 
I 

Figure l:. ·.?':oeaourfJ need ~Jot be appt.'l!ud t:o push ths bortu• ,:11to ~he wood 
::;'tazt r:ils bir: r:iarsado ha.va ungagad r:hs wood. 
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Fi~ure 13. ·E'=-:,.a"-:crt ,!,zoo~'" !:.u: :111tc:: :.It, knc~ .:a .: :ou:.:: .;;" {;:-cf.n~ 
ek, ~=:~aa~c~ ~n:: :hD =~~ :~~~. 
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:oras, Lc. ~~ Hi.tt ai:::.c•Jlt :o get: the a:'(tr:~ct:or ln :H unou~n. :.he t;i~ o: 
:he e!<trncc:or spoon ::1ay be too thick. thi.s e11n bo rocedlod b~· :ili:t~ the 
~:'\Side surface of tho spoon ti? (fig. 14). If it: is atill difficult to insert 
:he eKtrnccor nlt the wn~, L~ is possible th11t th~ tooth :~:o ~=i??i~; :.ho :::c 
coo tightl~. This c11n be remedied by very slightly flattening the end of :he 
·e :<. t r :~ c tor tl p o on by :1 light b low w it h a h 4 m 1:1 a r ( fig, 1 5), 0 n t: h a o t h c r h lli'Hi , 
i: the oxuactor can bo inoorcod all tho"""'/ and fniL11 to grip the core, :he 
toothed end of the spoon mn~ be too flat. tn this cnso tho end of the c:<.t:11c· 
cor c11n be closed slightly with 11 pair of pliaro (fig, 16), Generall1, 
.:1djusc~:~en:l! to the oxtuctor are not necessary whoo using a new borur. !h~ 
naad for adjustment La rarely encountered, but when the need ari9ell it La 
uoually brought about by a raplace~ent bit or extractor. 

After inserting tho extrnctor, bronk tho core looDc from tho treo br.forc 
JCtcmpting ~o remove it. Thiu in dono by rotating the borer countcrclock~ise 
~hllc the e~tr~ctor is fully inserted. Bacauso the toothed tip of tho cxtrJc· 
cor ~pooa is tightly vedged b~tveen tho cora nnd tho bit, tho core nnd extrac
:or '.Jill both turn as the borer is turnod. There is 11 procadurc for findLng 
the center of the tree (seu SAMPLING THE CENTER RING) that roquiros back~ng 
.:~tf the hu.ndle one full rotution (360 dugrl!eD), Bocnusa of thin, ns o matter 
v: convention, I routinely back off the handle one fuLl roeation, "'hether or 
not l am f~llo~ing tho cancor-iinding procndura. 

If the ht1ndla is bnckcd off b~forc the oxtractot' is inserted, the core 
ma~ stlp bar.k through tho cutting edge of the bit and not brenk Loose £rom the 
c:ree. If the ex.truct.or i.s removed before tho handle in bnckr!d off, tha upoon 
teeth 1:1ay slip of! t:he core before the core is brokan loosa 1 or the cot'tt may 
::-a.l~ J:: : .. .:.~ ~:v::1 ::-..:r dp, ~l!al'Jin6 a portiot\ ut tho core tttuc~ ln r.h~ 'oLe.. 

After the handle ht1s been bucked off, brould.ng the ecru toose from the 
troe, rooove the cora from the bit with the axtrnctor (fig, 17), If the 
~~c:lcc.or ~aa not in~ertod underneath the cora, out rather to the sida or cop 
~f the corH, place a hand uuder the extrnctor au Lc is withdrawn to catch any 
loose core pieces that may fnL1 off tho axtrnctcr spoon. 

REHOVING TilE llOltER 

After removing the core from the bit, .Lt in var:y te111pt.ing to f!l(Gmi.ne the 
core immedLatoly. Avoid this t:e~nptaticn, and itnmediately re!UoVe the borer 
~:om the ~ree. As ntrandy exptainod, compressed tissue around tho bit slc~ly 
!lpdngs back toward i.ts originnl shape, inc:ro4sinR !)ressure an the borer bit. 
tf too much time olnpaes ~hila the borar.is in tho trao, the borer mny beco~~ 
s~uck. A fev minutes mny be too long. Removing a utuck bit can be var1 
difficult. 

AB pr~viousty mentioned, it is n good iden to npply beeswax to the 
thrcad~d end of the bit whi1e .Lt is still warm iwmadLateLy after withdrawing 
lt: trom the tree. It uppenrs that corrord.on Ln wuch more harmful to the 
cutting ed~o than is froab wood of a living tree. Borer bLtn and extractors 
replaced iu th" handle immediately after the bit has bonn withdrawn from the 
t::oee will lll:nosc al'.lll!ls rusr: ovcrni~ht:. Hoisture that !s pt't!sent inside the 
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~igura 14. •Fi~i~g i~oid• aurfaol of •=traato~ opoo" to at~o~ :no 
~~raotor to ot~ds mar~ aaaity bdtUsdn ths aor1 and b~t ~uba. 

riguraLS.•Open~Mg ~Md of ~:traator s~oo" u~eh ham~•r whan :he •=:~ca::~ 
d~na aga~Hot ~k1 cor~ bt!or' ccmpt1t1 ~Hna~~''H• 
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Figure 16. -CtotJi.Hg end of s~tracrt:or apoon w-i.th pHara 111hs11 t:he1 s::traator wilL ~ot g~ip the ao~e. 

Figu~e li. -RemoviHg core. Usa oHe hand to uteady the o=:rao~or and aatuh cny toose aa:e r~eaeD ~he~ m~Gh~ fat~ out of thd spoon. 
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bit 41 d dLroet ~onaeauanea o~ ~or~n~ ia thuD 
evaporoto ~nco the 4Lr. 

.... ..... 

Stor~ng th~ bit Ln the handl~ only attar it had coolod to acbiont toc?er· 
aturo holpa avoid rust. In winto: we4thar tho bit may not cumplQtoly ~ool !or 
10 to 15 oinutodl in oummor weothor 1 much longar. At timto, it may b~ nacas• 
aary to ntor~ tho bit in tho handlo bofora it haD thoroushly cooled. For 
examplo, it !lillY bu battar to •toto thea bit in thG h11ndh than risk bumping tho 
bLt into aoml!thing that could damago t:hu cut:tins odga. Whan tho btt cannot ba 
aLlowQd to cooL before storage, a coupld ot tquirts of oil from an aorosol c~n 
into thu bit tub11 bafore pl11c:i.ng it i.n the handlo will uauoUy pr~tv~tnt z.ou11: 
torrllllt:ion. Somo of my co•worltora routinely phce A coupla Hqui.t:ts of on ~. 
the tubo at tho end of oach colhccion oeuion, .vhothar or not the b~t holL 
coolad to Ambient tGwpor4tuto; If no rust or cor~ooioc ia 4llowed to doveLop 
~o tho bit, it m~y bec~mo acainod, but ocherwiaa will romaLn ramBrknbty elcon, 

REHOVINC A STUCK BIT 

Au doaeri~ed above, fniluro to :amove tha boror from the treo immcdiAtcl~ 
atcer t3king tho cor~ out commonly cauaoo tne borer co stick. Another t4UDo 
is driving tho bit threado out of aolid wood into a rotten or hoLlow portion 
of tha tree. tf tho boror auddonly turns much more eaoily, tha borer thrn4ds 
hov11 bel!n drivon out ot 11oli.d wood. Withaut proceeding futthar, nttompt to 
remove tho borar, 

UsuaLLy, a ot:uek bit •,JiU not: h:1VIt ui.:11d in tha tru, Indoed, the 
handle may turn quit:a ouily. In cuea whore thl! boror hu been left i.n tha 
trod too Long, tioaue h~• Hprung back 4&ainat tho borer sh4it with eoough 
force that the collar at th~ bnck of the throada cannot aaoily be moved back 
through the tiasue, And tha threada slip. 

dfeen a aeuck bo~er can be teat~rtad by aLmu1taneoua1y pulling ~nd ~wisc
ing the handle (fig, lB). !! the boror is tightly !Stuck. it may bo neceaauy 
to perform this operatioc .a a vary hard jerk vhile turnics the handle about 
an 11i;hth of 11 rotation. ;, •u4lly. a. toties oi jork·a.nd .. turn opoutioco will 
back out the borer hr aoough t:o ro•engagc the tbreada. This procadure is 
~lmoet nlwaya succa•oful in raacarting a bo~ar that baa encountered a rotten 
d~oc. A borer tbar. baa become stuek in solid vood because it vas laft in the 
tree eoo long m~y be more difficult to romova. 

Rarely, a boror mAy become 1t:uek ~o tightly that no amount of jerkin~ and 
turning ~ill restart it. In 411 the years of working with increment borers, 
cy coworkers and I have only encountered throe instanceQ vhen the borer otuek. 
Two of the i.natallcu i.nvolvad· leaving tho bore~ in the tru too long while 
axaminicg particularly interesting corea. Both borers ware removed by the us~ 
of a small rope. The rope wao looped ~round the borer handle and an adjacent 
tree, ~ulled tight 1 and tho e~o dnda tied togechar (fig. 19), The borer 
hanciL.a wu than turned, twisting the rope. Cont~nued tviatiog tightened thl! 
rope anough tc pull tho borer back enough to ~llcv the threads to engage, It 
'.1116 thall poui.ble to remo·:~ tho rope And bo1ck the borer out in the norm1al 
fashioc. In the third caaa cne borer become stuek in very sof:, rotten vood 
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Figut•e i8. · .. tJei.ng tho joztk-aJ1d .. turtt tndthod to remoue a stue1k bol'el'. T1t'l'.tJ 
· proaedura·u~uatty ongagao the threadoJ aftdzt ~htah ths b~ztor aan bs 

r~moued i.n the noztmat ma"nszt~ 

Figure 19. ·Ua~ng rape m1thod to free a stuak bo~~r. Th~D maehod 'o 
dc:nutJrouo c:l'ld cmLy uosd in lii:~:r•sms aao~o. 
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.:It ehrt canter of a trf!~, tt wu not ~oliBlbto t: :e:.e•a :~a :."C?Il .. :'l:.i.~ :.:-.ll 
boror had badn completely withdr1wn from the tree, 

Tho rope method of borer ramov11l ia potenti41ly Y!!r:' dangerous. '..'h<!n 
cann1on io oppliad co the borur by th~ cviocod rop~, th~ only thing th4t holda 
tho handla on tho borer bit Lo thd am,LL elip on tho handle. Ae tha h~ndte i.s 
curMd, stand hr enough to ono aid!! to bo char of both tho hAndle Anc the 
ropo if tha hocdle braaks Loo~u from thu bit. 

RtHOVtHC A STUCK CORt 

Occuoionally, nfter ramovias A borer from tha trau, a p&rt of a core ~oy 
bo tltuck in the bit. t£ o11y of tho cor11 i.A et.i.eki.ng out of tho and of tha 
bit,· do not ot:tampt to push it back into tha bit or pull it back into tha bit 
vith tho axtro~tor. Drank it oft, then accompt to romovft th4t remaining insida 
the bit by uar ~ tha extnetor, 

tt ta ~~ La to hov~ a vury tiny plug of core left iD th~ cutting edge 
and oe tho bit .. At ~ha extractor tooth cannot ranch quito fAr anough to g~ip. 
'If cha pLug La not too ~ish~ly W«td8od, Lc i.J 11ometimu pouiblo to romovo i.t 
by dimply stl1rtd.ng 11 n(\v eon. and htti.n~ the now cora puah tho plus loooo. 
On tho othor h1:1nd 1 Lt th~ plug .1.1 tigiHl)' wedgad it IDA)' not bo pouiblc to 
ongAIJI! tho blt thraada to t:t1ka 11 now corG, In ~hill caao. thor11 is Little 
choice but co drive the plug into tha bit frolll thl! cutting ~Sdgo and, tf an 
Actompc in mndo to d~ivo tho plug out by inaorting a wooden dowal into the bit 
tubu, it may onLy nuecand Ln vedging tho plug avon tightar, Fu~chor, spraying 
t1 Uuid into tho bir: cub11 m11)' Ql11)' OX4Ccrbato tho aituacion by llill~Hng the 
coro 4tld cauiJin~ il: to become avon moro tigh~ly vttdgad. A small, whittlod, 
wnodan p11" uama to be the 1110H pt"&Cti.c~L tool to u~a to puah tho plug back 
lnto thl! bit (tig. 20), Uaa of 11 whittlad pLug in thd thld anaur:u tlut thtt 
po~ aur:foco cont~lna no K4nd o~ s:Lt tb~t could hArm tha cutting adgo. 

FLgura 20, •R•mav~ng a aa~• ptug uatHg a ~oodtH p1g. Th1 f(~ue oonaidtrc• 
::~oH ~~~ to auo1.d danragi.t1g eh~ ~un'!!ng 1d~' of t}r., bi.t, 



SAMPLING 't'HE CE::ITER RttiC 

Some studies ~equirc deter1:1lnntion of trao age :~t D-'IIIPlc height. t'hi.s, 
oi course:, nuca/lsJ.tates s:~mpling the center ring. t lHn convinced that trctts 
love to pta:.- games 'Jith tho Held ocientut, particularL:' if the i.nvaotl.gat\Jr 
ill tntent upon samplLnE the center ring. tven in n1.cc 1 11!-'t:ll!lctrical truu 
trunks, the b~tanir.al center seems more often than not to be somu'Jhnt off trotl 
the geometric center. Consequently, one raral>' hi to the canter on tho first 
uttempc. :urchar, the tree muot: he capahlo of mavins; ics botJnical c:cntc:
betvaen the cimc of taking tho first nnd second samples. I hnv~ no oorc 
plausLble explanation why the cancer Ls ~iused on the second acteopt. 

Fortunately, there is a ocat trick to greatly ioprovu the chances o: 
hitting tho center oo tho second o~ thi~d attempe. The c~ick was shown to ~c 
by n cowot'\t.er., Raben S. Slgo.fooo. the trick ls simple enough that surcl~·· 
nearly nnyono could discover it on his own, but many people, ouch aa m~tscl~. 
don't, 

When extracting tha first core, bnck the handle off axactl~ one revolu
tion (J60 degrees). This lcnves the core oriented in tht! extrac:or opoon i~ 

· the sa1:1e vay it vas when nt~achcd to the tree. then, •Jhon the co~c is with
drawn the urcs of the rings near the canter indicacc whether the botanical 
center is to the right or the left: of tho first core hole, and how far right 
or left the center is (fig, 21). 

figute :l. -E:nim"-c:~ng d~reotion and diat;anos of ba-c:cm~aat ou~t:Br trcm 
i.rsazoflmtJrst: oozoe, 
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Reoov'! ~~t? -:or'3 f~~t\ ~he l!:'.t::let:': j~c.:r. ~~-: ~ ~:-=~ ~:: ;_._;" ~~ ::.t4 .... : .. -= 

from wnicr. i: C3m~, leaving several centimcce:s :: ~o:e utickir.; ;uc ~= ~~c 
trP.e. for tht.! aeeond att:ampt, orient the borer ?:lUlt~l to tile :irst cor~. 
a1nd the -.admated diuto.ncc to the d.;ht or le:: r:ig. :~). H :he ~ac~:.:1:~: 
diatanec ia qui.te short, it is :al11o 11 good idea to bora ai.cher up or down \l 

few cant:Lmctcra to make oure thor~ is good solid wood Lnto which the borer bit 
can dLg, tf the trac ia not much l<lrgar than about 60cm diameter, :his met~od 
will usually yield tho center ring on the second or third try. 

Figura :z ... Or-t1nt~1111 ,:11CZ"d1Unt bor1r paraUcat toj and a; OOJ':'IO'C diroc• 
t~on and d-taeanc' from 1 f-{.rot oortt hoh ~" ordo:t to ob~a-::" boo:aM~ec:~ 
a~n:ir ~ith sdaond core. 

. , ... 



PLUCG!~C TH~ CORE HOL~ 

The hcla Lefe Ln the tree after a core has been rat:loVed custo111at'il:1 is 
not plugged. Although the wound cnusod by borin~ can provide an ontry point 
tor bacterial and fungal Lnioction 1 thu risk oe infection appears to bu ~inL· 
onl ~or oost tree speciuo. Occasiontilly, n landowner ~ill grant permission to 
core trc'!B on condition that: t:ho cere holaa nre \lLU~ged or nanled, A dreu• 
J.ng, such u commonly uoad for cut surfaces when brnncheo are pruned, u1o:1 
serva to tdac:o.t:a the landovner 1 dthough I t1111 t\ot convinced thnt it alwa:ts 
does elora good than harm. I have noted a numbor of clUes i11 vhich plugged 
holaa fuJ.~ed to heaL ao rnpidly ao unplugged holes, 

IIAJIDLIRG l1IS C:OR.E 

FIELD EXAH INATIOtl 

Upon removing tho cora from tho tree 1 it is advisable to ~arforrn a 
cursory field axamiantion, Evan ~n»uol observation may ~evoni fnults in the 
core thnt may rendnr it unusable. For f!Xnmpta 1 Lt1!1dVI!ttent1~ 1111111p1Lng too 
~lose to an adventitious bud or a branch trace of a long·g~no branch cart ~icld 
distorted rLng boundu·ion, It is c:ertainly bettor to discover t:ho unusable 
core whllc in the field than llfter having returned to the laboratory. 

It coy be necasurj' t,:, mora closely examine a core i11 the field, lo"or 
e~nmpte, accurate rias counts ln tho fteLd may hnve a bearing on further 
nctivitias of tho same Held trip. Or, it mn~· be nocesury to datartllinc tf 
the core contains n predetermined number of rinqs, 

:~:!~ =~un:3 ~e •Ln6a ~uJ~ Jir~ctly on on Undisturood core nu lt 1s 
withdrawn from the tree nra rnraly reLlabta. More precise e~nmLnatLon Ln the 
field can be accompliohed by hnnd .. !lurfncing the core and then e~aminin& it 
undor a hnnd lena. 'the cora cnn be surf11ced b~ pn~in'S 1 or sU.dng, •.d.th n 
sharp knife, It ia odvionble to hold the cora in some sort of clnmp during 
the slicin~ oper11tion (fig, 23). Cn~e should be tnkan to orient the cote l.n 
tho cl~mp so that the exposed uurface of the core vill yield a transverse 
section of the wood vhen slicod. This cnn easily bo doca by turning the cora 
in tho clamp until the gruin of the wood (vesofllo and ~ood fibers) oxpoaed on 
'the end of the core is pnrallel to tho aidea of tba clamp (fig. Z4), 

'tht! expoood surfnce of thEJ core is tben sliced with a shnrp knife. I 
?relar to uu" surgJ.cttl scAlpel wJ.t:h utandard illO diopooabla bLadeu, For 
Y'!ry hard wood, such l~ oaco onk3, tha blAde may Ddad to be replaced afcer one 
or two coreR, depending in part on core length surfaced. A more detnlted 
description of slicing cores with a knife is provided below undar the handing, 
CORE SURFACl~IC, 

The surfaced (oticed) cere cnn be examined in tha field with a hand lens. 
A lOX Hastings triplet vorl<s vell for most purposes (fig, Z5), 'l'he rin6 
boundnriaa of. some dUfuse-porou8 spedas may be more o.:uily disdl1gui.ahi!d 

·after the sLiced core hns been nllowad to air dry fer 01 hal£ hour or moro. 
aut boundnrieu of dtffuse~porous upecias aro aometi~:~es i=pousibte to distin• 
6Uish under ~ield condLt:iona. 
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t'iguu 23. •Cors a tamp uud to hoZd cora dtl:"rl.ttg 11urtao~t1g,. orosadatit'IO J 
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F:l.gun 25. -e:ami.n-i.ng ahaued oortt in tlte ti.etd ~~~~th aors otamp 
and hand tenD. 

STORING CORES 

Hnn!J asac:hods of storin~ nnd ttllnspot't:!.ng coroa under field conditions 
.·hnve been described in various notes Ln tha lLterntura. By far tho moat 
·popular mathod is to store t:be coraa i.n soda straws. Paper actio. otruwa are 
?re!ar:~te to the more commo~ly avnilable plastic ones. the paper soda otruwu 
are d .. ~d enouzh to pra\'ant the corea from war~ing during air dry ins • :1et 
poroua . .~nougb to allow the t!ores c.o dry bdora daveloping profuao crops of 
mold. Further, in handlior: small di4metar couo or broken core11 that mll, 
easily slida aut of the atru~, the ends of n papor strnw may bo neatly cri~ped 
and closed \fig, 26), Of course, paper straws r.annot be used lf it !s dusired 
~o store the co~e in ita otigino.L, fresh, wot 1 eonditlon. 

thu ~~~:.rnw shou.ld be lnbellad with e.n identifying nota or nutnbnr. t'he 
simpl.est procqdura iRa number that i.a keyed to field notoa contr:d.uinK such 
1nforc:~a.tion 40 da.to 1 toco.tion 1 aLte 1 a.nd tt'ee druc'l."i.pti.ona. B>' c:onvontion, 

: some workers numb~r the end of the otruw containing the bark end of th~ core. 
~nowing which end of the otruw contuina the bark and Df tho core may be 

.helpful wheu.ramoving the cere !rom the straw. 

The ?aper straws can bo field-stored in runiling tubon thnt have bean cut 
.c:o length {lig, 27), !he otraws ar.e placed io the tuba such that the numbe~ad 
end of tba st:rn•.t is at the top. These contni.turs have been tUBLled •.dthout 
dam11g Log the tore 111 
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Figura 26, •FotdiH~ 1nd~ of pap1~ otraw. Hakd four c~1aa•c ~~ek a 
thum1mait, and ~hen fotd ~n. 
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~~ u c h J : : h e : o :- i n.; : t' o 112 s e c: o 11 d a r •t o r t a r t 1. o r .,. t.., r a s t !l :- a s u t t s 1. n f. u 1 ~ 
::1dius-len~;cn cot'as chat uuiL:1 tit lnt~ at:nndard 1o'·!.nch l~Sc::~) !lCt'.l\19, Some 
~ores, hova'ler, oHC! t:JO lortlj to tit into a sinijlt! st:nl.', tn SUCh Culll!S, .;Ut 
che .:.:~ril .:~nd s:.Jre Lt ~n: IJt' :~ora dtravs, iJo not: orua" ~lie cora. A ~ora, 
?UrtLcululy of a dng .. porous apcdas 1 uill oftan brauk along ~he pore ::ona. 
'i/hen tho corn is put buc:k together for dng .. wLdt:h cncasuremunt, :t cart.:ll.n 
::Htaourecnant error ls inc:urred in tho ono or two daga contninins t11a brauk. 
To p:a'lent thi.s 1 cut the core di.ngonnlty ncroaa n ring boundnry such that: J 
por~i.cn oZ: thu sntno boundary retnaina with cnch piece (fig, 26), !hio 1s dona 
'Y cuct:ing 11bout h4Lfway through the core, pnrollel to tho grain, and than 
t:wi.ot.Lng t:hl! two piecns apart (Hz, 29), 'rho firnt (outur) core plece lu 
placed in the first straw in tba usunl cnnnner. Tho second core piece i5 
ptaceQ tn the second straw with tho outer (cut:) and nt tha numbered and. 

Occasionally, if the cores nro to be permanently tnount:l'd 1n b locku in· 
stead of boing sterad Ln ntrawu, it may be bottor to leave a long cora sttck· 
ins out oi a straw Ln the HeLd thAu to cut Lt. 

AIR DRYING CORES 

Even ~f stored in porous paper strnwo, the cores will only dr~ slowly L: 
the straws are left in the cnailing•tube straw containers. When the Gtrawu are 
rewoved from the containers and spread out on a tabto, tho cores t~pieally dry 
enough Yithin a. day or tYo fo-e annding. Additional drying t~uy be nccdad U 
tho cores are to be permanently QOUntod. 

Cores are easily removijd from straws by the use of a smnll·dinmeter rod 
(H~. 30). Wo use a l/8-inch (3mm) brasH welding rod. To retno•Je thu cere, 
tho rod is inDerted from the un-numbered end of the straw. !f the rod Ls 
inserted frocn the numbered end cont11ini.ng the bnr\<. end of the core, the rod 
~a~ c~us~ the bark of socne upecies to flake and jam the ntr~w. The ccd ~n1 b~ 
inserted into straws with critnped ends (fig, 26) without uncr~~pLng th~ 
straws. 

MOUNTING CORES 

~ost 1~borntorie9 cuDtO~!ltily ?C:::lr.e~~lj• :ou~: ~hei:- ::~:ei ~r. ;::,~·t~~. 
~ooden blocks. ~lost: of our coree nrc not cnounted. Our cores ~:~ :a~oved ::o~ 
the straws and placed in core clutnps for surfacing, crossdatir.e;, and CltHuurc· 
tnent 1 then replaced in the sttn'Ws for pcr:umcnt stor:~ge, •..;a count: cores, 
however, if (1) the coreD are fragile or broken ior.o many pieces, as is eomtnon 
\lith eascorn hecnlock, !'ouga cancuisnsia, or (2) it is e-xpected thnt the cores 
will be rep~utadly handLed. It in alwayo possible to mount a cor~ at: ~ future 
date, but it is very difficult to uomounc a core unce it hns beau oounted. 

Most lnbor~tori.es that customarily cnount thai: ~ores ~:efer to air dr~ 
che cores befo~e oouncing. F~osh eo:es ~l::osc ~Lw~~s ~ul~ Jp3:: ~=·:he counc· 
b; ~toe~ •.:hile ~he co:e nnd the ::ounti:lg oadiuc :1::-e ~oth dr::ing, !ha cores 
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~uat ~4 Y~r~ ~r~ ~~~?~~ ~~unti~~ ~: ~~=~= =~~ ::o~~' 
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Figurn 28. -D~aganatty au: cor• sh~u~ng part of oamo r~ng bound~y on 
both pi.ea,, .. 
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Figure 29 • .. araak,:ng cpart a pal"Ha~~l! au: co:o1t a, .. ~tJl" c: di.c;c:":::t cu: hc:3 
b1en mad• about hatf uay ~hrough :he cere • 
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There are udYnnta~es to mounting onl~ one core ?cr block, rather than the 
cocoon practice oE ~ouncLn; 2 to 4 cores slda b, atda Ln n aln;1u bluck, Sowa 
of the •ubcleties of sanding (sur!acLn~) are ~ore aasily a~coQplidhed if uuch 
block contains only one core ~ith very little bloc~ mntorial on either aidn. 
A block.~bout one centiceter square worko very w~Ll, OnH surface oi the bloc~ 
ca:-t :,e ~:ooved uith a router to the &peciflc dL1:1ensLons of the cores to be 
c.aounted (Hs. Jl). 'the groo'lo shoUld be shnllov enough to allow suffidcnt 
core to protrude above the block to produce a reasonably vide finished (snndw 
od) surfnce. 

It is i:nportant to orient the core in the tncuntln& block suc:h that the 
wuod graia (veauels nnd fibaro) vilL be at right anglao to the fLnL~hecl 
surtucu. :e is thus import4nt that the core ig hot twistud appreciably. An~ 
glue coc~onLy used Ln ctbLnotty cnn ba uned aa n ~ounting wedLuw. Suwu QUanu 
of holding tho core in the blotk ohould be provided until the glue drius, 
Rubb11r banda tJork very nicely ( eig. J2). 

!!l •Jerkin$: 'Ji.th :~utorinl ln which the dn& ':~oundariu are p11rticutnrl~ 
dii:icuLt :o discern, it way oe prefornblo to hold th~ ~ores in clawpa rather 
than peronoeat mounts. Someti~au it is fouud that resurtncLug tho coros at a 
slight angLe to a perfect tranaverse soction enhances boundar1 distinction. A 
c:.lnmpod coro which has n pnrticulnrl~J obstinate surface 111ny bo turned over, 
allowing che oppoaito side to be surfaced, 
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Haura 3:. •a'dtdtt~g CC'l'll ,:, ma&mc,;t~g b~cak. w..:cn r~.tb/1a:o banda wh,;1.., ~lu 
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!',JIS!ZD CORES 

tn t·.d.stod cores, ~he gu1.n or the 'Jood changes an;;le 01lon~ the len~tll 
of :he core •::!.;. 33), !he wood '.Jas not t'Jioted OJnii.e &ULl 1.n t.he r.ren, nor 
does tlo'istiug occur 3!1 n core dries, ?renounced t•,d.Hi.n~ is caused by the 
core dt:lg&ing in a \'l!t'J dtrty or runty borer bit: cube, or by a dull, burred, 
or improperly sharpened cur.ting edge. lto'Jt!llur, !lartLcularly lo'i.th some aoft 
conifer ~o~oods, it i.o sotnadmeo itnpouLbLe co ovoid tnil\or r:•Ji.ati.og, even tJMon 
using cloan, shnrp borers. 

!f the core is sevurely tlo'i.stod, i.t i.o often nocesaary to trent the core 
to strni~hr.on it. SLmpty soaldng i.n plain water muy be sufficLent. tlolo'ever 1 

it may be nece!l!lary to soften the core with live steam, Aftllt the core i.s 
softened, it Qay be straightened and held in n core clamp while it dries. 
Recheck the cora from time to time as it dries to ensure that tha core h11a not 
nhrunk onough in drying t,:, loosen itoelf i.n the clamp and perhapo p11rti.ally 
retwl.st. 

If total twist is lou chnn about. 45 degncs 1 i.t mo.y be better to leave 
the core twisted. In such ~aaes, mount the core so that the approximatn 
midpo~nt of tne core length is oriented correctly nod a11ch end is twisted 
nbout equal amounts in opposite directions, 

Figun 33. ·.4 badtl! t:tJiated aora. Su.rfaele of tof'b part of aora 1..s 1111a.rLy 
tr~ave~nsJ ~hat: of r~gh~ pc~; of dOI'd ~a ~ad~at. 

J 1 

';I' ..... ' 

•tl 
~~~· 
"L ,, 

,, 
.. , .. ~ 
''1 '••J 



Scrat!CING TRE COR! 

A~c~mpca to read :ins boundari~s on unnurf3ced cat~ri~L Jre generally not 
rali.4ble, Evan in conifaro in which coat boundaries appeAr ciiat:inc:t on the! 
unsu rf aced core, there to risk of c iu i.ng very t: iny rings or cis idan t if~· in & 
faloc ringo, 

SLtCI~IG 

Slicing of corco wi~h a knife or ocalpal is normally most successful when 
the mnt~rial is fresh. Cell ~allo ore not easily cut cleanly once the catari
al hu dried, Softening, as with live steam, ..,iLL geuernlly not yield 35 

clean a cut surface aB will fresh material. 

The blade uaad !or surfacing cust be nearly ~s shn:? r.s n oliding mic:o
come blade. A good experienced wood carver may have knives sharp enough to do 
a respectable job, but this is rnre indeed. Su:sical scalpels with disposable 

· blndes have proven to be very practical. 

Par~ off thin l~yoro of wood co produce the desired surface. 
the! blade through the wood, ali.ca. tn executing a ai.nall! slicl!, 
of tho blnde in cont4et with the cora should progreso from bL~da 
(fig, 34), 

ii.gu:e 34, •SHa~t'lg an ittar.rmt~tnn ao2•ct wtt1l a aurg~aat aoatpat. 
cf bt~a mou~~tm•n~ tD ,:natca~•d by thrt c~~ou. 

I A 

J .. 

Do not ?Ush 
the portion 
hl!el to toe 



P:operly sliced surfuces have an advantage ovor 9rtndcd surfacca Ln that 
'losscls (angiosperms onl~) nrc loft opon and nee fitlau IJLth aaiJduat. lUng 
Joundn~ies of sowe dif!icult uiffusa*poroUD material arc somatiQos oore aaa~ty 
1Lscerned on a sLiced than on 3 sandr.d sur:aca. 

Slicin~ cores La almost an art. Do not oXFect to &at high quaLity 
~urfaceY without considerable ~ractice. Dee~uso good sanding tcchnLquen are 
~uch more easily learnnd, many people quickly nbandon uttaoptn to develop good 
sliced surfaces, 

SAIIOUICi 

Anyone \lho hao experience in voodvot·kiag or furniture refinishing kncvs 
thnt it is tolntively cGsy to smoothly sand the aide of u board, but quite 
:ilffic:ult to smoothly und the end of the board _ .. tha 11 end crain.11 'l'na end 
of the bonrd, Like G cora, ia close to being approximately a transvcrac 
auction of the wood, Sanding u cora is sanding and grain, 

• Sanding can be done by hand or by ~nchlne. A sanding dlsc on an electric 
drill can be uaod, Hovever. u sanding disc on a ddLl press is often pro
faned (fig, JS). 'rha drill puea uauall~·!Jrovidlls bot:h higher upced1:1 and n 
greater rnnge of spoeds thnn nn utoettie drlll 1 Gnd a more uniform surface may 
be easily achieved. 

I 
I 

Figure 35. -P~eparing a oanded ourfaoQ on an ine~amont eo~e uu~ng a sanding 
d~so mounted on a d~~tt pr6De, 
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:'hn r.JOIIt ~rac:cicaL uandpapur IH':.tll ~or uu on coros aro Hn«!r th4n ~ .. :51! 
nor~:~aU:1 avaJ.i.ilble in raad~··c:ut aanopapar Ill."'' Thorutoro, 'Jet buv ~:nuttt 
unndpap~r and cu~ tho diocs. Wa nor~alL~ &to~k ;ritD ::o, :so, l:O, ~cio, !00, 
itnu 600, ror each cora, onL>' t'wlo or t\uoe }lriu ot annopaper aro t~'f'icoltl~·· 
usud 1 atartJ.n~ wlth u coarse ~rLt n~d ono~n~ up vLth 500 o~ ~00. 

~ach grl.~ llhould t'l!lllOVI! tho IICUtGhOII or tho praYiOUil gr,u, :.ihon fil:'H 
a~tompting t~ 'and eo~~u, ehu cora •hould b~ tcannfd uncer a di,I«Ct~ns ucopo 
n~tur uoc:h 'tep, Serutcholl that obaeuro rLn~ and call boundarios aro obvious 
'.IMBI\ 1/LO\o/Od at 15 tO 30 pOWI!t', ~OIIII!til:l!ll ~t ..will bl! nP.C:OIJISIJL':-' tO I'Ol'I!H .1 
prev1oua grLt, or to uGe 3n intdrmodiotu arit. 

Tho objl!ctive of uonding l.a to propara a tturfaeo aimilH to a cut aur• 
~nco. Tho purpoUit ot the COiltlltU~ annding i4 ~o prup4ra 11 flat aurtoco. ':'ho 
purpoue of th~ fi~er aandLu~u ia to roduco And tinAll~ ramovo tho burrPd odgaH 
of tho call WB11u to uh11r~l~ And claarly defina thom. 

Ao a final atep, buH t:ha cora wi.ch 11 111mb's wool pad (fig, 36). Whon 
vtawrJd undar 11 dlnsecti.n3 acopi!, tho dlfft!ronca bac'wlun final undins. .:1nd 
bu£fing ~a re~Brkablo, Buffing not onl~ doaa ~oca poliahing, but ~lao r~moveu 

'1101111! of chn uwduat cLogging th6 vuuLa. Conu~dou.blo prouuro botwl!an cora 
and pad ma~ bo nppU.od dul.'in& bufHng, Howttvar, if thare S.o concern th4t thl! 
uawduat rem11ining in tho v~aadl• may /lCC ~' nD abraoivu during buifin&, 
lightly dust tho cere surfac~ boforn applying approci11bld proaoura. 

. 
y 

' .. .; 

I 
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Figura 36. ·Uo~"~ a :amb'c ~oot buff~ng pad ;o potiDh and duD: a aurfaced 
,;ncrt211!4n; ooro. 



E:NltA~IC!!IG IND!STitiCT. RitiC iiOU~IDAlU!S 

Tho lltorn~ure abounds with methods to enhance tdantift:~t~on of ~ndls· 
tinct ~iur boundaries. Hany of tho nocas refer speciflc~ll~ to ~roble~s vic~ 
rings oi di.ffuse-porous species. There is no ..,n:t that ..,e coul<tnavu triad 
ever~ oethod, but ..,e h~vc tried ~any. Wa have rubbed various typns of oitu, 
k e r o sen c , an cl even pI! r 11 p L r a t ion on t he " u r fa c c d ~a t: P. r i:ll. ',./ o h a 'I c t ric d a 
variety of stains, inc:ludi.ag some uocd in microtachnique. k'e hnve tried ohoc 
polish, and we have even triad lightly burning the surf~cc and then ru~anding. 

~e hnvc found nothing that ls a marked i~provemant on a propurly sanded 
surfnco. As ulrendy noted, some ~ing boundarLeu muy be easier to distlnguiBh 

. on cut c:hnn on snnded surfaces. Kore often than not, t.hou;h, IJFJ find that \ole 
must couch up a cut aurface IJith some uanding to produce the best nurfacc, 

E~en tha best surf~co can be enhanced b~ tLght.inb and mogniflcation. 
There 11eemo to be no "best'' combination of lighting aud ~:~agnifi.cation. E~per
imcatntion 111ith the specimen 9eemo to bn the only aus\olcr. Sowctlmca light at 
a vary low aaglc will cast ahndoiJB in the vassals, umphast:ing differences in 
veaul s l.ze. H:l.gh-i.ntena ity tight 1 such u achi.t!vad \J ith fiber opt:ieo tumpo 1 

. ca!f be helpful 1 11!1 mny various light filters. Sometilllos teuturas noc found at 
high cnguifico.tion tJill. bu more obvi.oua at lo11 magnificutioo 1 aad then con• 
firoed ut high~r. masnification. 

Techniques for enhancement that war~ ..,all for one person mn~ not seem the 
best to !IOIIleone else. In dealing with particularly di.fHcult matod.l\1 lt is 
advisable to try tochnlquea auggoetod by others. Expoet 1 thaugh 1 that 'ou mo.y 
need to develop your ovn techniques. 

CllOSSDATINC 

Crossdating is tho procedure by vhich nbsoluto dates are assigned to unch 
tree :ing. Hasic3Lly, croaodntlug uwcunts to matching ri.u~-wLdth pattorns 
among uood sn~plea. UsLng ucceptad croaaduting procedutos onautua that nnomn• 
lies such o3 ~issing nod ~ultiple rings nte identified. Corractl~ croaodnted 
material produces absolute dates for each ring. Simple ring counting dooa not 
LnvoLve ~rossdntLng 1 and thus, dooo not necaaonrily result in absolute duces. 
P.lng counting can ptovi.da tho ume dutOP as crossdatin~ 1 but only Ln uitun .. 
ti.oos whore the absolute date of at lenst ~ne rins is known CunuuLly th~ 
~uol.:!a rin&) 1 a11d oau and ouly oae ring i.s present for ucl1 ye1H'• It is not 
possibLe to k.nov how mnny missing or multiplu rings '"ill be found in watcri.at 
of a given spocies in u given hnbltut unti.L a uu~bor of collnctions of mate
rial :rom an nrcu have been chockad. 

, t .. ~ 

'I· ,,· ... 
''l ''I ,,, 
,,~, ,, 



HARKINC OATES OF RI~GS 

~!ost dendroehronotos~st:ll tind it convcni.~nt to CHll:k r~nss as :C!ferencc 
pointa. ~t ~~n b~ ~X~4p~ratinb to b~ j00 rings into ~ ~or~ ~no then l~&Q 
:ount. A cocmon carking s~st~~ is to uue ~ota: One dot for ~ decJda, two do~s 
:o: a hAH cantur.y •• 'lnd thraa dot:o for il ccntur~ (H.;. 31), Soce people ~.1ke 
pin pricks cadc with the poict of a disscctin; needle. Others dot the rinss 
with a finely pointed drafting puncil whan coking un initi~L rins couct. Then 
dac.i.ng errors diocovereci in the c:rot~adating proceau arc corrected b~· si.cply 
~rasing tho incorrectl~ plueod dotu ~nd replacing them i.n the correct :ings. 
In lnrgo rings. it is poooihlo to write a numbBr within tho ring boundarien 
(for oxample, 3, to represent 1830). It may also be helpfuL to cake some sort 
oi ~ark or notation indic~t:ing tha location of missing ring8, 

HISSING P.IHCS 

A miuing ri.ng i.o 13Xac:tLy th4t• A trees ring ia formad each year llfter 
bud brooK. So long as ~he trao rom4ins aliva it will break buds, and thus !or= 
a ring ueh yenr. Howe11er, if anvironml!ntal conditions LLci.t. food pr.oduetion 
by tho tree, dng formation m11y not flXtond from tho budu "U the vay to thl! 
ground (no~ TREE CROWTH), Out~r ringo tand to b~ cora n~rrov th3n inner 
d.ngs, and t't!duccld growr:h of :Lnsa that ou norca~l:~ na::o•.J ~::e:eauu the 
c:hancatJ o~ a ad.uing ring, Thuo, tho prob4biLit)' t:h.tt rir.gtS will bo ciui.nb 
La groatast in tho outer rings of anvironm~ntnlly stroaaod oLder truaa • 

. !Jocauae of thu diroct rohdonuhi.p botwuen asiuing rins• and Hmiting 
f11etou, ~ni.ui.ng ring11 111'.'1! qui.ta com~on in umi•ari.d situ. Al1o, bceaut~e 
troos on 11itas whr1rc anvironmuntal f11ctou no not ~uticulilrlj' U.:=itin& to 
troa growth tend to ~roduc~ large ringo, it may bd gunorali:ud that: tho tarser 
and mortt unito~m th'.! ri.ngo, the lua liKely aro cd.uing ringo, Hony of tho 
mora luxuri4nt foraata of eautern North Amoricm hn~e very low probabilitiao of 
mi~aing ringa for tho~e ~~uro in which the troe~ havt been Ln tho for~at 
l!anop~. nut ovan in luxud.o1:1t foto11co miui.ng riusa may btt c:omoon io uub• 
cuno~~ nnd undorutory treos 1 e11pa~ially in uhode•intolornnt np~ciea. 

niUCONTlNUOUS R!NCS 

lUnge thut .:sro m.!.uing on 1011111 radii whno boing pr111on1: on othar radii. 
at tho uwe hl!ight an "diaconeinuoun" (fig, Ji), Di.acont1nuoua ri.nga ruult 
!:om l~~U.:sttc~~ in which ;rovth ~~ ~ givo~ ~~~: 4Ut~~~~ C~rt~d: ~~Wt thd t~dA 
on ona aid~ thun on andther, It La unlikdL~ thAt ~ r~:g vLll be diacontin~oun 
Qn 4 DLngLu increment coro, nu~, n gi.YI!n rini ca~ ~~ preuont cc one coro and 
~b~ont from a ~ncond cor~ of tho naco treo. 

A ~aln ring ISU)'edidoU:' nppo4t'Jt u a 11!\)Grllte d.t;, ~ut l.D, in f.:lct 
cont11ined within an annual, incramont. tho ob't•ioua dif!~cu\t•.· ~' th4t i~ .:1 
f~lao ri~g i- =~•ide~~~!Lad B~ ~ t:uQ ri.~;, :han ~h~ ::du·:~ng ~~t•• ~ra~ t~~= 
p~iut b4c~w4rda iD tim~ will b~ i~eorr•~t. 
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Figure 37. -Diagram of a Deriso of dioco~tinuouo ri~go from a tra~ousrae 
uat1.ort ·of a suppl'sesed, · eubcatlopy zood mapts (Ac:ar rubrul!l). Two ug

. menta (c!i.agouat. Hnea) aautd not be da1Htd from -chs saae~o11. 

Aa environmentaL fa~toro become more limitin8 during the nor~nl course of 
. a growth season, growth rates decrease, cells bncome amallar, and celt waLLs 

beco1:1e t:hi:ker. !his is t:he normal traosition from earlywood to latnwood. 
,. .. If, sol!le tl.::se lltte= liltevood formation hna begun, ruwironmeatAL hct:oro bect:.'llle 
·less limiting and growth rntea iuereue, then subsequent growth may again ba ·.of tne earlywood type. Breaking of a drought is 11 common cause of reneYeci 
earlywood graven. 

Upon curaory examination, t:he trnnaitioo from latawood back to earl~~ood 
may appe~r aa a true ring boundary, thuo falsely causing a single nnnunl 

.i.ncre111ent to appear as two rings. Hore than one false ring t:l4Y occur in a 
·'·single nnnual inc1:ement, hence, the term, multiple ring, 

·Close .exami011t.ton shows that at true bounduies 1 that is, tho11e formed 
wh~n growth ~ompletely ceases, thure is an abrupt ehange in appearance batwaen 
t:.tle Lut-fot'tneei lllte .... ood of one yenr and the first-formed a11rl~.,ood of the 

··next: year. On tha other hand, the transition from latewood of a ftlllle dog to 
· oubaequent:. ea.rty .... oad ia much more gradual (fig. 38). In some ca11e!l, 111o11t 

· ·not:Lbty aome di.ffuse•porous apodea OJith onLy subtle di.Herellcna bet\laan 
·enrlywood aoc1 latewood, it. may be very difficult to distinguish between true 

' nnd false ~iaga. For this reason, it mny be very difficult to work with some 
diffuu•patoua· apec:ies in certain habitaca. For example, rings of gum trees 
(Nyaaa) · ftom some habito.ta nre relatively eo11y to work with 1 but !:-om others 
are nearly impossible. 
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Figura 38, -A fataQ ~ing boundary and a true r~ng boundary~ 

SIMILARITIES IN RINC PATTERNS 

Crosada~ing deeer=inea ~bsolute trae-ring dAtes by m11t~hing ring·~id~h 
p4~terna 11mong 04mples, or betwoen sam~lfts 11nd dat4 of previouaLy dated tr~c
r Ll'\g uries, 

Croasd4ting wouLd be simple if 11l1 treu in~ given arcu contAinad t~e 
same p~teern of wid~ and narrow rings, They do not. An understanding o: 
Li:i:~ng fnct~:s :3y be helpfv~ 'in ~ndaratandi~g why tree•ring patterns e~iat 
.1nd why patterns vary among trl!oa. In order to auccessfully croaad11te pa:.· 
tBrns, there must bG some similArities. Simil11r growth patterns suggest that 
growth ia ruponding to aomeehiug in eo111mon 11mong trees, namtl)l, regional 
cli.m01te. Due, fllctora 111ust be limicing 1:0 growth in order t() De correl4tlld 
with growth. Tharefore, the more limiting the anvironmant3L factors (includ• 
ing regional climatic fBetor;) to eree growth, tho greater the chance ot 
tJimilu. rin~·width p11tter11a. Ccnverae4y, tna 111ore eaaily trea-nng patce::-:s 
may ba croasdacod, thu more environmentAl infor~ation the tree :in&• cont4in. 

ClimBtie factors mny not be excracoly limitins to canopy c:ees of m~ny 
luxuriant, eloaod•canopy forGata, such as Much of the humid, eastern deciduous 
foreDt• In tuch situAtions, growth appears to boas li:ited,'i! not co:e 
1 i c L t ad 1 b y e r o '"' d in g , s had ill g , 11 n d o v e r to p ? in g o f in d i v i d u 11 1. t : u s • U n d a: 
theu ci:eutlstnnces, shBde-eoleH'Illlt species, tha.t 11PPI!A: lus GClnaitive to 
sh11ding and crowding, cay bo found co bl! more aa.ai.ly croaadated than slade· 
intolt!r11nt species, Fu.rther, bac11.uu 11ll treea i.n the ucderncor~ are more 
ae11aicive to crowding, it may bo found thu c~nopy trees are much euier to 
work ~ith than sub-~anopy or understory crees. 
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ln ::os!ldntln;, oi!l<ttece .. si.:.ed rin~s (':loth 'Jlc!o and r..1rro·.J·J :~ru ~:it!l\t~ .. 
:ied, .Jnd the number of rin;a ootvoen c:<t:rcmes is counted. ~n ~rnt:U.ce, a 
lut is co~:~posud of ':he unusual, or CJUtllr.anding, foaturou ot ri.n~!l ~t ontn 
~ u r : .1 c e d s a 1:1 p l e , I n n d d i t i. o n t o l t s t t n ;; '.1 n u s u a l l :.' 'J i. d e a n d n .1 ::- : o 'J r i.u g » , other features such as !also rings and pnrnnchyon bandLn; nro lis~cd, Abner· 
::tat ienturos such as frost dn&!l 1 scnrr1n~, nnd wound tlsauc ure also noted 
(EJ.g. ~0), f'i.nalt>'• as IJith the !koleton .. plot :nethod 1 co~:~parbons oro made 
nmon~ samples, The product of thiY affor~ is n list of ke~ years for tho 
colloctl.on that includes yaaro of t.Jido, narrow, ::li811illg 1 nnd f41DI! rins;s, and 
solllatiases ocher features, Thill Hnnl product is £.Lled for euture reference 
~hen deaLLng ~ith tho same, or relnted, spacies from sl~iLar, nearby habitats~ 

The oxcremo•riag asatch-mismatc:h method is l!onai.dorabty loso tlmn 
~onsuming thau the akeleton•plot method for ar~as t.Jhara env1ronmental factors urc not: sevqnly limiting, Hovovar 1 as the !le•tadty of lir:!Ltin; i.tctors and 
tne consequent numbet' of 11er:y nart'o\1 dngs inc:rau~, tha dif!arence betvaen the extremn-ring and tho skeleton~plot methods becomes less und tuas. 
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Figure 40. -T~o d~trcms-riHg ttutD aHd acoampanyiHg ~ore ae~maH~s. Note 
ma~ahas botwson ~iata for targ6 aD watt ao omatt r\n~s. 



CAAPHtC Cl\OSSOAT'tNG 

Just oa akal~con ploeo and o~trtmm•ye:Jr LiatD mAy be eo~p~roo :Jcon& 
somplos to oceompliah doting, ~rophD of ring·~idth ~4onuraments c:J~ be 
eomparod to 11Uow eroaYdoti.ng, Howovor, ono !JhouLd be C4U':ionad th4C gr:~phic: 
eroaadoting id load ~igorouo thAn othor mothoda that mora diructl' invoLve tho 
wood 8am~Leo, ApporantL~, many mor~ anatomicaL fnltUroa oru uaod r.o diatin• 
guioh individu4l ringo than ia ~uflactud in o sktloton pLoc or 4n ~~crema•yeor 
Liar.. UecllUYa intorma~io" iududod in akoloton plots or o>etroc~t•yotu· liGCa 
c:nn be ducribed, eomputttr programo for croud11ting h4Yit boon 4J::ittan. But, 
bucuuda computor proKumu do not contAin many of tho onacomic:al IIUbtlat~u 
chat cun ba soon on tho eoroo 1 mAny profoaaionol dondroehr.onoLogiaca fooL ch~t 
cotn!2U~I!~ c~oud11tLn3 La moal! vALuabh u G Hnal check of hnnd croasd11tins. 
Computer eroasdating nnd gr11phic crooadatins ara, chua, Analogoua ln th~o 
~onpect. 

In ~urformina comparison• among grapha, procadu~ou aL=Ll~r ~o ehn 
~xtromeM'onr mnthod might bo followod, 

DATING tNOIVIOUAl.. SAHPL.ES 

~ho eruaadating proeodurua havo baan duaerib~d abova in turma of datLng 
Lnrgn colLacti.olld ot uwplaa in which tho oucllidct dote Qf tht umpLu waa 
kno\oln. Croudlltin3 ent\ aloo be utili.tad ~n taituAtiona lJhorn it i.D not poa• 
aibls tt> obtdin Lugu colldctionu nnd whuro tho oueui.da d11r.o ia not knowr~. 
ror nxawple, it way bd da•Lrobla to obt4io trom only 11 fuw uamploa th~ a~aet 
dnto of a growth rolU41G following lumb~ring or firo. Or, it m11y bo dqair11bla 
to determine tho cutting data of 4 Log uuad 111 a structural boam in 4 
buHcHng, 

In lli.tulltioniS 1Lka thi1, eroudlltin& L• doM aa pro\liou•~>' dueribod, 
oxeopt that it La porforcad dntire1y ~ith dXlating 1 pravioualy d~tod ch:onolo» 
glda, lf the~o i• no datad chronology with whieh to aatabliah abaoluta datos, 
ond H onough umple11 Cl111 bo obeainttd th4t tho um\)lne ean ba compu•ctd w~th 
e~eh other, 4 iloacinu chronology 'auld ranult 1 in which tha eampleo ar~ d~tod 
onL~ vith raapoet to oach othar. 

CROSSDATIUC AtlD DtS'rANC~ llt'r~!EN SAMPLt Sl't~S 

1f cousidot'llbltt ISimi.hr~t~ oxL11:a in condition• :s~onl] enu at 11 given 
aite, than many more than juat the moot extromct•uited rin;o will mAtch among 
tr~• pntterna, With inera~oi.ng di.atnne~ from th4t uita 1 pattorna of tr~e• of 
the same opecios from uimilar habitota 4Jill ahov fewor and fctwer matches as 
m11tehu b11eomo incranaingly ri1Dtri.ctud to tho moro extramo•ai:ad rings. tn 
othl!r worda, when 11ittU aro eLou togothor and th11 p4ttornu omong situ u·e 
quito aimil.lr, a aJ.gnJ.He11nt number of m11tehu of individual yura can bo 
notod in a rolatival~ Bhon ap11n of yuro. With incuuing distance boc~ooa 
sites, a greocor span of yeora would bo roquirod co ochiove tho s11mu number of 
!/Gil:l)' matc:hu. Pet tern aimiludt.i.cut amocg trao11 at 41l)' givon s ~to &u 11 
function ot wbat may be ealled tho climatic adnlitivicy of a tree•:ing collec• 
cion from th11t aito. 'thua, tha maximum dietaaca bot•1nn sites from which 

' .. .... 



S~ELE!OH•PLOT CROSSDAT!~C 

Where cnvironQcntaL factors nre severely limiting to growth, and rnissin~, 
:alsc, .=.nc! :!isc:ontinuous rin~s are cotnmonplaca, sume vnrit1t.ion of thl! 
9kelccon-plot Qethod developed at the Laboratory of Tree-Ring Raucarc:h at the 
Universitj' o( Arii:ona is n oosc. lH4Cticnl CltHlOS of crossdating. Skeleton 
plotting ~3~ be performed on surfa~ed material before wansur~wcnt or on ring
width ~easurement data, It ~na originalLy intended t:o be parfor~ud directly 
on the oamples before meaouramant. As n prac:ticnl matter, dating befor~ 
mensurcment eliminates the nElcessi.ty to correct the mcasurcmeiH data for missing and false rings, 

Proper surfacing of samples and adequuta light and disDccting ocopes to 
view the !4t:~plas are essential. Vary tiny rings, perhaps IJith only a feiJ c&"lls per radial file, and false rings jusr. cannoc be positively identified 
~ithout p:oper surfacing and adequate equipment for viewing, 

A skeleton plot is a plot of vertical bars in 1Jhich the length of each 
bar is inversely relutcd to thu ..,i.dth of an indtvidual ring rctatbtt ~o tho 
rings on either side, A long bar represents a very na:ro•.t ring and 11 short 
bar rep:-e!Sents a IJiae ring (fig, 39), For material f:om sites ln which 
environmental factors are severely limiting to gro~th, narrow ringa are wore 
important for ~rossdnting than are IJide ringn, Perhaps this is why moat 
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?eoplc ~no ~ork ~ith skeleton plots preter to siva 'Q4l~ :~n~G ~he i~portlnce or the longest b.ao. Each bar rapreiJP.nts :he widen o: il ring :elativc to .l 
fatJ ungs on l!l.tl'\er side, In pr.!letl.C!!, i.e~~~~ be dcs~r:1ble co aistinsuish 
core th4n cwo si:eo of rings. For example, it may be c:onvf!nicnc co di.stin
guioh very ~Ldc, ~ide, av~rage, n.1rrow, and very narrov rings, 

Cocpari11on of skeleton plots Eor the v.1rious ucple11 of ;1 c:oUec:tion 
should reveal p4ttern simil:1rit:ies. Close eu111i.nHion lli4Y indic::1tc, fo: 
exAmple, chat aome samples contain a tiny ring at a poicc vhere ochers do not, 
suggosting n miooing ricg in ao111e samples. Or, tvo rings moy be rcpresenced 
ac a giv~n point on soma cores where only one is repre,ented on ochers. This 
eight auggeac Chat a fmlae ring hna been miBidentified oa o true ring, If the 
collection io L4rgo enough, crossdating should provide 4 high probability thAt 
all missing and false rings hava beau identified. Th1a is b4oad on the 
asou111ption that each ~ear ia represented by a ring in at lease one sample, and 
that each false ring can be positively identified on at leaot oce sample. It 
is easy co see, though, that as the frequency of ~issicg and false rings 
i.ncreuos, ao do eo the proba.bUity chat acii1Gthing cac be miued in th<! entire 
collection. It io, therefore, import:tnt to e:oaadate the final ehrocology 
~1th a published, dated chronoLogy. 

Ic c:hronologiaa .:.onHructod from Living material, 3ll umple£ nor~4lly 
hnvo tho same outoide date. How~v~r, because the sampled Crees :1re likaly co 
be of var.ying, agea 1 the number of o.tmplao contAining .:1 given ring will da
creaoe ao ring age inc:ret1oes (oLder, contGr ringt). For oxamplc, ic 4 collec• 
tion of 30 aa111plas, all samples might contain ricgo b4ck to 1700, with fewer 
and fewor sampLes containing auceoaaively earli~r ringa, and finall~ with only 
ona umplc! containing riagu predAting 1600. For this exar:nplo, it mignt ))e 
dacidad tone becnuu only a few umplea contain rings prior co. uy, 1680, 
croa:sdadng of r:i.ngo predAting 1680 i.a unraluble, Therefore, it could be 
sto.tl'!d that: thl! eoUec:t:ion vno eroudated back to 1680, and thot datu prior 
to lbBO were baaed only on si~pla ring counts, 

Skeleton plotting io very timo conau111ing but easi~y justi~~ad ~n situ~
tiona •Jhera r:niuins 41ld f31aa rin&a au com111on. Hore dacailed iufor::l4l:ion 
re3nro~ns »kelaton plotting c4n ba obtained f~o111 Stokes 4Dd Gmi~G~ (1965) und 
the Tree•Ri.ng Bulletin. 

~XTREME•RINO MATCU•MISMA'l'CH CROSSDA'U~IG 

ltl ail:ulltiona vhore mianins rings are not COII11110il and, thus, whare on• 
v:i.ronmontnl hetora 41'11 not nv11rely li111iting to grcwtb 1 croud11t:ing 1111)' b11 
4CCOII1plichod by eoncontrnting on ringa ot ~xcra111e ai:a, An old AXiom of plonc 
ecology ta tbat vagatution di.Ytributicn i• controllod by tho oxtramea, not t~e 
waaus of ttnvirl)llmentttl f11c:toro. Tbiu can ba restated vith ug11rd to ri.ns 
w1dtba of traaa in situAtions wbero dllviroomant ia no~ 1avoroty limic~ns to 
growth b~ atating that enviroo111an~ ha• tbo groatoat c:h~ncta of b~ing l~Qit~o; 
~o trill! growth duri~\g )'1t11ra of u.tro111a .:ondition•. ':'hu might: expl.un thu 
croudnti.ng import11nca of axtramdy narrotJ dogs, Contruy to c:h~ socet•Al 
rul11 of thumb applied in a.nu of anvoraly limiting cocdiciocu, 1tXtro111o1~ .. :u 
rinsa 11ra 111 importttnt for c:roaadating pur~~•oe 01 ara extra111~1y narrow r~~ga. 



tree-dng collec':Lons :~.:ay be crossdatad vlth uach othor can ba regnrdcd au 
clopcndenc U?Ott tho cli~atic si~ilarLtics of tha sl.tau n~d the clima~ic senoL
civi:~cs oi :he collactions, 

On the other hancl1 pnttcrn similarities amon~ trcas Lit J 9ite ca11 be 
considered .sooewhat llnlllogous to tll.stnnec, rrotn sitos vhare en•Jironlllantnl 
factor! have only minor limits on grovth 1 only tho y~aru of the more c~trum~ 
rings aay be I!Xpectcd to sho'J matchea, 'l'hus, vi.t:h Lnc~uneing dJ.stnncn fro111 
such a situ, che point IJoULd quickly be reached beyond which the trucu vould 
not be old enough to have a significant number of extretnu~yenr tnntckan batvuen 
s.l.te!l. 

WltEtl CROSSOI\TII/0 !S UOT IIECESSARY 

Ocndrochronologists might say thnt ono mu~t ulways crousdntu, 'Jhilc 
foresters migh~ think crodadntiog is not really neeasa4ry, Both mny bo cor
rect for spocific 4pplicntiooo. For a:tamplu, tho dacdrochronologist: always 
daal!l in terms of a.bsolutc datos. tlo mattQr how unlikely missing and false 
rings may be in a pnrciculnr collection, th~t dendrochrocologist cnnnot tnke 1 

• c: han c e , b u c ::1 u o t c r ta ad ate to b o ~ b so l uta l y c e r t 11 i. c that every year is cor·· 
rect. On the other hand, the forostor uouatty dents with far fower years, and 
often in up~licntioon 'Jhero opproximnte age ia ncecptuble, 

These Q~amples represent the extreme~. !here arc many oxnmples of usus 
of tree ricgn in which an accurate date in desirable, but where croHodatiug io 
impossiolc, or where Lt is desiruble to avoid the time•conaumio~ proeeus of 
::caJd.1l:in& :.: accuptable rosulta can be obtdnecl \li.thout it. For e~umple, 
auppoao tho uxact dnte of n fire scnr is deoi~ed. Tho outoide date iu Known, 
.and 4 dag count indic4tes fewer th4o 30 rings from the outside to the sc.ar. 
CarefuL e~aminatioa reveals large rings with very little va~iation a~ong ring~ 
.1nd oo evidence of .false rings. Little ricg•to .. rios variation and no omnlL 
rings suggest tbnt no ringo 4re mis~ing. Because of tha short record and 
tittle width varinbiticy 1 erosodating ia noc pouible. All indications arc 
thnt a simple ring count vill provide accurate dates. A ~tato~ont might 
accompany these ring-counting results to the affect that dates 'Jere derived by 
·dog counting, nnd thnt examination ougguoted that missing and false ri.Dg!l 
.'Jere highly unlikely •. 

ta addition to ring-to•ring variability and length of record, the type of 
spcd~u should be considered in deciding \lhother or not crossdating muot be 
undertaken. Bath misain~ nnd fnts~ ring! n~e q~i~o :~:n L: :~n;-?c:~us 
species, such ns onk (Quarauo), nah (E'l'a.:inus), and elm Wtmus). Under e:c
treme growth conditions, oak may not form any lntewood 1 but it almcot al~a~o 
h~s at le11at a few scattered tracheae (vessels) roprenentln; carlywood of each 
year. False rings in vhich a no'tl pore zone (earlywood) Ls formed appeu to 
occur ia riag•porouo species only whon the tree has been completely defoliated 
aod then develops n new flush of leaves. Complnte defoliation may :eoult from 
insect damage 11nd from :l.nundation of the root system for sovernl d4ys. If 
defoliation occurs early enough in the growth seo.oon, 11 new Hush of leaves 
will likely develop. 

.. 
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Kl-!A001liNC ru~ IUUGS 

tn 4 t'Utnber o~ l'lllt ~tudioa, d.n~ vidtha wuru mouurud with t:lillicHttor 
rulda. Ho4DUt'omontu Wot'G uauuLly to the nonro1t cillicccor or hAL~ cilli=a• 
~ur. Heaaurutnonta with thl.ll llc:eurGc:y havo ganorall)' not bl!lll, :ound to oo 
~rneiso unough for moa~ applic4tionu, Hast oqui~m&nt now in uDo Allowu mo4· 
suretnn~ to tha nuarut O,OlmCJ, t:quipmont ill eoct112rdt1lly nvoHnble, l>ut oc:::u 
LaborHorLu preitH' to hllvo thuir 11quipmorH euHom buHt. Hoat 1\quipmont 
'onsiats of 4 cochanicuL atago on which tho wood aamplQ ia placed ~n~ ~ 
dLssecting acupo with oceular crossh~irn, tn viowing through tha at4tion~r~ 
mic:roac:ope, the crouhnit•a are a rofl!rl!nco point forth~ matarial tha.c ia 
movud undornoath tho cicroacopo via tho mochllnical atago. 

A mollaut:eml!ot Hll81! may bd hand•d.dvan with 4 Ct'llDk 1 .and atllgtt pol:liti.on 
may bu •anaGd wi~h a diAl•gBga mic:omacdr (lig. 41). The atcgd wao construct• 
ud trom 4Lumiau~ otoek 1 though it might b~ possiblm co uae a h~rdwood ouch 4& 
augar mapLe (#latu~ oaoc:ha.rum). A mou !!loSA~t V1tr:aion i.a Also avAilD.bLo fro:~ 

'com111orcial aourcas. 



More ex?ensLYe censurcwent stnG~s ma~ LncLudc sooe prov~sion for dr1vlng 
the ot.:l~l! t!lectri.calty, and usually also includa tlome oent\11 of etect:icotty 
sansin~ stn;e ?OSLtion. A popular co~ccrcLnlly avaiLable oodnL s~ntlen uta~e 
?Osit~on '"l:~ :1 linc11r :.:-:~nsducor, und i,ncluaco hardVolre tor nootu.ng c:u.s ton 
microcomputer. Our equipment Ui.g. -+2j La daoi&neci such that: r.he st.JI,\n is 
drl.ven by .1 Hopping motor gcat•cd to th•J drive !!Crew. ::ach pulse of eluc:cncM 
ity tO the :otor COVP.S the Stage OXJttly Q,Qlmm, Seago pouition iD then 
moni.torcd electronlcally b~ counting pulses to tho drive ~otor. 

PROCESSttiG AFt~R HEASUREHEHt 

A IIQries of raw ring-width maaouremencs normaLLy concai.nu c:onuLderable 
trend, rt!iar:-ed to at1 the grn'Jth trend, Jo"or 1:1o1ny applications of tren .. ring 
dnta it is necessary to de-trond 1 or lltnndurdi:o, the data before pt"OCI!edi.ng 
~Jtth further d.ntu processing (fig, 4J). It iu not thu purpose of this 
ttenci.se to deneribe or explain nt:nnd.nrdLtation. Tho reader is advtned to 
consult '.lith other sou:cca 1 ouch na the textbook by FrittY (1976), 
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B. G~ow~h tr•Md curv• d11r~ucJd by apptyt11g cub,'.c DmoockiHg eptitt• -eo raw rtMG•Wtdth da~a. 
c. Stattaardt~dd ~Haicld of rtH~ w~d:~ d~rtuod by d~u~d~H; ~a~ r~~i IJ~dtllc by aOr'1•di!po~iHg uatucu tror.t -:.~, g:oow:); '::':'IHd o:.:o1J1. 



Fritts, H. c., 1976, T:ee rioga and eLlQnte. Acndomt~ Press, London. 567pp. 

Maegll.n, P.. P." 1979, Incrflment cereal how to collllc;t, h:1ndLa, ana usa tham. 
Cian. 'tech. P.pt. f!'L 25, Forese Service, u. S, Cc,,t. A;r., l8pp. 

Stokes 1 H. A., and T. L. Su11.ley, 1968, An inttoductLun to tree-ring dating. 
Univ. Chic~go Press, Chicago. 

G'LOSSA.B.! 

Antioape-rw.--FtCI..,ering plant. Most angiosperm r;reu of eastern t~orcn Americn 
nr~ deciduous and nrc gerornlly rcfe=red to nR hnrd..,ooda, 

Auuual iuc-re•cuc.--A broad, or gerarnl, eer111 referring tel the tbree•~ 
dimen!liono.l &heAth of xylem (\lood) ndcied to oteme ud sacondnry rootc 
each year. The annual incre~ent hau the appearance of a ring (tree ring) 
~o~ben vi.IJIJed in ttiUlBverae (croi:ID) section. 11Ant1unl incrc:unent" may a.l.so 
be useu \U.ttl specific types of gz:otJth measurements; hence, "nnnulll volume 
inc:re!Dent, 11 11annual radi4l-growth inc:remeat," 11annua.l increment of height 
gro..,th~" o.nQ so forth. 

Annual riDg.--See "trae ring •11 

BaAipet~l.--ProceedLng from top totJard the ba.sa, 

Caabial activity.--the procass by which ca.~bial initials divide and form 
derivatives that differentiAte into phloem cells outward from en~ ca.mbiu~ 
or xylem cells inwnrd from the cnmbium. 

Cambiu•.--.\ ti.uue intuany higher plants, including trees, i.n ..,hich cella 
divide and form new tissues. the cambium ia located betw~en tho inner 
bark (~h~oam) ana ~ood (xylem), 

Ca.uo~y.--tbe uppermost level of tree crowns in a forest, All tree crowns in 
the canopy lovftlare ax.poaed, ut least in part, to diroct ouul.i.i;ht:. 

• 
Cun1£~r.--Any cone-bearing plant. Host coniferous trees 1 such na pi.na (Pi~u~) 

or hoelock (Touaa), rata.in their Lenveo, or ncedtoa 1 througbout thn year. 
Conifers 4ra oftea referred to as softwoods. 

D~citluoua tree ... -treo, auch no oak {Quaraua) or baldcyprua (tazcd~t4m), that 
normally produeas nov tenYea avery spring, losea tbom in the !411 of the 
anme year, nnd over..,i.nte:s in a lanfloss condition. 

Oiffuae•poraua vaod,--'rlood i.n wbicb the veaada (poroa) are of fAirl:1 uniform 
si:o ana distributed throughout oach annu11l i.ncremont 1 as in ~ntl~ (Aa~r) 

· or beech (FagULt), 
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Eurlywcod,••tnncr pare oi ~n annuGl :in~ th~c ~~ prociucoa in t~e ~arly p~rt of 
tho growi.ng rsuuon. Zarlywood of di.Huse•poroua and non\)orous wooo:~,, 
rolHive to Lill:ewooci, i.r; gcnoralLy Ughcer colored, due to l.:art;t!r, 
thinna:·~nll~d cells. The por~ :ono of rin&•porous ~ooo5 is o~tt!n 
refcrrod to ~o earlywood. 

Crovtll d.ng,••See "t:ea ri.na." 

Crovtb trend,••A time trend ot growth, ofcen derscri.bad in ter-oo of ring width 
\Jr r i.ng oroa. 

Increment bcrer.••Inscrument used to remove inc~omenc cores froc n tree, 

Increment core.••Pencil•mhnped wood s4mpl~ :~moved from n tree with ~n 
Lncrement borer. An iccrement cora is Also rofarred co da n t:ee core. 

Latuwood,••The outer p4rt: of an nnnu11l increment. Sae "urLywooci." 

Nooporouo vood.••Wood of conife~a, such 111 pines CF~~us), thnt doc5 not eon~ 
tnin veuaala (pores), 

Pbloo•,---Food-conduc:ciag tissue thAt con.sti.tuces most of tho inne: batk lllltl is 
lo~4~od boe~~en the cambium and th~ outor bark. 

Poro zone,-·The inner part oi the annual ring of ring-porous woods, that 
contains all of the larger vaasels (pores), The pore :one is ofccn 
rofarr.od to as early~ood, though it may not be analogou~ to ths earl~wood oe di.ffuse-porou~ woods. 

&.i.ng,••See ''treo ring." 

B.inR vidth.••the width ot n tt'IU ring a~ any given udiua of 4 transverse 
uct:i.on. An incroment eore is usu11lly considClrcd to contain aU, o~ a 
porcian, ~f a ainglo radiuu. 

&ing•porous VO~d,••Woo~ in which the VOBAels (poreJ) llt'C! of two diattnct 
shes, the lo.rser being only in the inner (pore :one or urly~ood) j:l.Ht 
of the llt\nUilL increment, and tha 'll'IDDlhr being otn11Logou11 tc :he vusels 
of diffuse•porou11 woods, 011ks (Qild:te:J!) :sn~ hi:kor~u <:.::occ:) .1::! 
~~ampLes of treR1 producinE rins•?cr~uo ~¢ec. 

Tree rins.••Two•dimanaion4L tranavarae aaction of an 4Dnum~ inere~~nc. A t:~o 
ring ia alae r~farrad to aa ring, annu41 :ing, or g:oveh :ir.;. 

Xylet~.-·Wntor•conducting tinu" of moat pl4nca; hanee, 'tho ~tuppo:t:ing tiuuc 
CwooQ) of treaa. Xylem davelops in~ard from tho cambium. 




