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COLLECTING, PREPARING, CROSSDATING, AND MPASURING TREE LNCREMENT CORES

By Richard L. 2hipps

ABSTEACT

Techniques for collecting and handling increment cores are
described. Procadures include those for cleaning and maintenance of
increment borers, extracting the sample from o tree, core surfacing,
crossdating, and measurement,

INTRODUCTLON

Increment cores of tree rings have been used for manv vears by foresters,
wood technologists, dendrochronologists, and forast ecologists. Anvone work-
ing extensively with increment cores develops favorite collecting and handling
mathods, A8 a result, there is a relatively large literature suggesting
different methods to accomplioh the same taeks. This manual is not an exhaus=
tive reviev of the literature, but rather a comprehensive set of methods Lhat
my co-workery and I have developed during more than 2 decades of work with
tree rings, The manunl describes the use and care of increment borers, and
methods of collacting, handling, crossdating, and =easuring increment cores.

ACXIOWLEDGMERTS

Jane F. Hill and Cathy M, Ager both asoembled material for use in des-
criptions of our techniques for collactlay and huadilng lncromenc cores, It
wvas their conviction that the mathods should be described and made available
that has served as an incentive to complete this wmanual,
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IDENTIFICATION OF TREE RINCS
TREE GROWTH

Tracs ln temparate reglons undergo an annual cycle composed of a growth
period (spring and summer growing season) and a dormant period. Trees, like
othar green plants, produce their own toods (photosynthates), much of which
are used to carry on respiration and other life-sustaining phvsiclogical
processas, As a gsnaral rule, foods produced in addition to that vequired to
kaep the tree alive are availuble for new growth, Thus, growth of trees may
be thought of as an axpression of excass photosynthatens, Because various
environmental factors can affect the amounts of photosynthates produced, size
of the annual increment is, in part, o function of environmental conditions of
that yeur,

Genarally, environmental conditions sre least limiting to food production
und growth in the early part of the growing season, and most limiting in the
latter part of the scason, Less~-limiting conditions tend to result in more
rapid growth, that is charscterized by larger, thinner-walled celis. Thus,
the usually sharp contrast between small, thick=walled cells formed at the end
of ona season and large, thin-walled cells formed at the beginning of tha next
growing season results in a rather distinet line. When viewed on a complete
transverse section, such as a etump tep, the line approximates a cirele. The
line is the tree-ring boundary -~ that is, the boundary between cwo annual
increments. When viewed in transverse section the annual increment is referced
to as a tree ring, Many authorities use the terms "anpual increment" and
"tree ring" interchangeably, lHowever, I will use "annual incremen:" to refer
to three~dimensional growth, and “tree ring" to rafer t> the transverse view
of tho annual incrament,

The most racent (outside) annual increment may be thought of as a thin
layer of wood just beneath tho bark that complately covers the previous year's
layer and extends from all ostem tips to all root tips, Generally, zrowth of
the above-ground portion of a nonporous or diffuse-porous species (sce WOOD
TYPES) storts in spring at, or near, the stem tips snd moves basipetally
(toward the tree base), The bulk of the growth near the stem tips may be
occurring when environmental conditions are not appreciably limiting to
growth, On the other hand, growech near the base of a large tree may be
occurring emough later that environmental factors may be Limiting, and fewer
surplus foods are available for naw growth, If environmantal conditionms are
extrome, Lt {s poosible that so few surplus foods are produced that growth
initiation will not progress to the lcwaz paszt of the tree, The result is an
absent ring in that porticn of the tree where no growth occurred, It is not
possible, however, for a ring to bs absent throughout an entire tree. So long
as the tree is alive and produces a nev set of leaves, no matter hov few, a
new ring will be produced downward from tha cop of the tree. How far down the
tree the navw growth will extend depends on how much surplus food is »resent,

The ring boundariss of several annusl ipcrements viewed in lengitudinal
smction may be described as s serier of parabolas (£ig., 1), Though vary
generalized, the model serves to illustrate that the width of any given anpual
incroment dscrenses from top to bottom., Also, at any given height, the outer
incremencs are moxe narrow than the loner increments.
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Flyure 1. -=Diagram of growth layers of a single treo otam,

Wo0D TYPESB

Three general vood types may be distinguishad, based on the presence,
absence, ov types of watar-conducting vessels (£iz. %), The wood of conlfurs
(cone-bearing tress genarally referred to as wsoftwoods) contains no vassals,
or pores, and {8 referrod to as nonporous. Many nonporous woods are charac-
cerized by a distinct color difference between wood produced in the sarly part
of the groving season (chin-valled, light-colored eariyvood) and wood praoduced
in the latter parc of tha season (thick-walled, darkaer-colorad latawood): The
wood of angiosperms (generally referred to as hardwoods) contains pores, and
may be divided into diffuse-porous and ring=porous typas. Ring~porous woods
contain a band, or ving, of very large poros produced at the begiloning of the
growth season, that may be referred to as tho poro zone (also ofton called
earlyvood), The rest of tho ring (latevood) contains soma small poraes and,
thus, oppears not unlike the entire ring of diffusa-porous woods, Oftan thaore
is very little color or texture variation acrosn rings of nonporous woods,

meaning that ving boundarics of these woods are frequently very difficult to
discarn. \

Ring=porous woods are the exception to the genseral rule of basiputal
growth progression, In ring-porous species, growth appears to commence #imule-
taneously throughout the tree. There is avidence to suggest that vessals of
the pore zone may develop from celly that wera cut off frow the cambial
initials at che end of the growing season, Thus, what appears as growth at
the begloning of the season, way not represent cell divisions but simply cell
enlargement and differencistion of cells alreadv prosent, Crowth of the rast
of the ring (latewood) may be snalogous to the entire ring of diffuse=-porous



WO0CE, anc appaars Lo progruss dasipetaliv, If this is true, tren tne pere
tohe of ring=norous Woods has no counterpart in nonporous anag difiuse=porous
woods, Regardlods of how limiting the environmental conaitions, the pore ene
dimest alvavs forme wven L8 oas latewoos la produced.  Thus, apwent rings are
axtremely rare in ring=norouc woods.

RING-POROUS
DIFFUSE~POROUS
- T
P L4
. HONPOROL'S
2t o
1 A
>
ot

Figure 2, =Yonpopous, Ai/fuse-porous and ringeporeus wood turaa,
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“of the bit chreads (£i{z. 4), 1%

PREPARING THE YNCREMENT BORER FOR USE

THE INCREMENT BORSR
¢ a nail is driven into a trme, the tissue that occupied the volume now
occupiad by tha nail is not removed but compressed {nto the surrounding tis~-
sue, The larger the diameter of tha nail, the gpreater (s the amount ~%
compressed tiysue and, within certain limits, tha greater is the pressure of
the tissue on the nail. If a holleow noil is driven into a1 zree, the volume cf
tissue compressed is essentially equal to the volume of she nail minus the
volume of the tissue that onds up inslde the nail. An increment borer is verw
much like a hollow nail with the additional feature of threads that allow the

bit to be screvad into the tree. The tissue that ends up inside the bit
constitutes the core that we wish to collect,

An increment borer ism composed of thren parts: bit, handle, and extrac=
tor (£ig. 3). The bit and extractor are stored Lo the handle for transpors,
The bit has a collar at 2ha back of the threads, The collar compraegses the
tissue surrounding the bit to a diamataer roughly equal to that of the outsidu
iy aftor the collar pussad, the tissue itmmedi-
ately sprang back towvard the bit shuank, thers would be no advantage to the
collar. But, because the tissue tends to spring buck slowly, it is possible
to twist the bit in as far as dosired, and to romove tne core und the bit
before the tissue applies full prossure to the bit shaunk.

Forestry supply houses normally stock two or wore brands of {ncrement
bozars {n 1 wariety 2% langthe and diazmeters, GSenerally, iha greatar th:
borer diameter and the shorter the Length, the move ntrength ia required to
operate the borer. Notwithstanding that longer handles are sasler to tusyn
than shorter handles, tho first borer purchased Lo typleally found to Se
longer than necassary, The l5=inch boror {s wary commonly used by wenstern
dendzschronolegists, whereas we find that 10-inch or l2«inch horars werk verw
wall for wost trues of cutover hardwood forests of the fast, Some brands of
Sorers are available as I-thread or 3-thramad models. The aitch of the threads
varles among dvands and modaels, but, ganerally, one rotation of u d=threne
model will pull it farther into o trame than one rotation of a 2-thread modal.
it would seem that the 2-thread bit wmight be preferable for use in hardwoods.
Howevar, some people find that it iy hovder to start an increment borer than
it L8 to turn it after it has baen storted, and that the J-thtroad blet i
sasier to start than the Z-threud bit., For this raason the J=thread bit =:av
be preferred, even when coring hardwoods,

As with any wood~cutting tool, it {s important that the bit de sharp and
clean, Perhaps the wost common consequencas of using bits that are not sharp
and clean are twisted and broken cores and cores with surfaces that have not
besn smoothly cut, Although many authors emphusize the lmportance of sharp-
ening and cleaning, we have generally been able to wmalntain sharp, clean
increment borer bits wizhout sharpening and with very Litctle clesning.
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HANDLE
BIT
EXTRACTOR

Figure 3. =The t{ncrement borar,

// / /// ///// T

-- Koot ".'.'.'. ______ 2,
// Y //////////" li ///4;////4,.? I

i
///////WW

I-‘Lgure b, -"utcmg and compruuwn of riasue wizh fnorement erer, Comprea-
nan ¢’ vood tiousue by borey L8 indicased bu the diffunenoe Setueen 2he
ave o;" tha Aole (H) and the diamesen 0¥ sha eone (C/),



81T CLEANING

Rust provides the roughened surface on Wwhich debris can accumulata.
Thus, a bit that has accumulated debris almost certninly hao some rust and
corrosion, oiten iopairing core removal frow the bit, Almost as certaoin, the
cutting edge will have been damaged by corrosion, TIf dawmage is not advunced
anough to have seriously dulled the cutting edge, the bit can be cleaned and
put back into uses A cleaning kit for .22 caliber rifles works very nicely
for cleaning increment borer bits (£4g, 5). When uoing a kit for the Eirst
tiwe, deternine that the swatch holder is not too wide to easilv £it through
the cutting=tip wnd of the blt tube, If the swatch holder iy too wide, Lt can
usually be £iled down enough to £4t the tube and still be strong enough to
hold the swatches, The powder solvent usunlly contained in the cleaning kits
works very well to cut the stains caused by the interastion of oak tannins
with the Llron of the bit, Though it is not necaonsary to rumova all of the
stain, except in aspecisl cases where clean, unstainoed cores are needad, Lt in
desirable to remove enough residue to leave a smooth, rust=free tube surface,

Alvays insert the cleaning rod from tha butt end of the bit (never from
the cutting-edge end). A swatch should not £it tightly when inserted into the
bit, DBecausc the bit tube narrows near the cutting-edge end, a swateh

inserted in the butt end will fit tighter as it is pushed toward the cutting-
edge and,

Figure 5. =Cleaning kit modified from a commarcicl Lit for .22 caliber
rifles. The suatah holder has been filad to aqaily fit the custinga=
edgs end of thae borer bit, and the rod aticohed o she hendle heo baan
shorzenaed,



SHARPENING THE CUTYING EDGE

It the cutting edge han been dulled by corrowion, it iv posnible te tauch
up the edge with sharpening stones. Forestry supply houses carry bit-sharpe
anding kits that include a wedge=shapod and a conu=shapad sharpening scone
usaful for zhis purpese, Vavious authors give instructicns as to the proper
wathods of sharpening and cleaning increwant borer bits, Maeglin (1979)
ineludos instructions for building a siuple Jig to hold thae bit in ordar to
hote the cutting edge at the corract angle, Sharpening ia a tediocus, time=
conpuming task and {8 ordinarily not performad in tha fiuld, If tha cutting
edge has baen nicked or chippaed by mishandling, sharpening astonas are of
lietle use, In such coses the bits wust aeither be discarded or returned to a
forastry supply houre to be machina=sharponed,

When o bit Lv sharpaned by machine, a cartain amount of the end of the
bit Lo ramoved, This {n turn changes the position of the cutting edge in
relation to the throade and the intar-thread surfsce. No matter how carecfully
¢ nev odge {s wachined, the bit is not the same as the original, If properly
cared for, a bit may never need to be sharpened, This seems prefarable to
improper care and sharpening.

METAL FATIGUE

Conaidarable friction develops betwaen the tree tissues and the increment
borer bit, particularly in the thread section, No matter what measures are
used to raeduce friction (discunmsad below), it connot be totally avoided,
Friction causes hoat that evantually tokes {ts toll irn metal fatigue, Com~
monly, the firat visible signu of motal fatigue are cracks at the cuzting
adgae, There may be J or & or mors cracks, cach extending as much as several
millimatars back from the cutting edge. Eventually, as cracks langthen during
bit use, a chunk of the bit batween adjacent cracks will break out, thus
terminating the unefulness of the bit (fig. 6). When a chunk breaks out it
may cause o domino affect resulting in the whole end of the bit crumbling away
during one twist of the borer handle. No one likes to leave chuxzks of metal
in o tree. Therefore, cesse uning o bit when cracks are first noted, DBecause
there iz always a chance that a bit may break, it i3 advisable to carry an
gxtcea bit,

BIT BREAKAGE

No matter how carefully increment borers are used, bits cccasionally
break (see alsc METAL FATIGUE), If the bit is relatively new and has been
properly used, breakage may be due to a fault in its manufacture, A common
fault i3 that the hole in tha bit L8 not exactly in the center of the bit
thoughout its length (£ig, 7)., A break resulting from this faul: will occur
nearly equidistanc from each end of the bit, and the hole at the break is
obviously off canter, Often, faulty bits will be replazed by £crastsy supply
houses whaen returned to them,



Flgure 6, ~tnd of incrament borer bita from whioh pieces have broken auay
ag a reault of metal fatigue.
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If bics are proparly cared for to avoid rust, corrosion, and excess heat
buildup, the bit will likely succumb to metal fatigue before the cutting ecye
bacomes dull. Breakdown of a bit by metal fatigue will 1ikaly not occur unzil
well ovar a thousand corns havae baen takan.

COLLECTING TUX BAMPLE

BEFORE STARTING THE BIT

A problem of trae coring is heat buildup causad by friction betwvaen the
bic and the tree, DBacause heat buildup inducas metal fatigue, it is advisable
to reduce friction by tha use of a Llubricant like baesvax. Apply the wax te
the thrends and some of tha ndjoining shank of the bic (Eig, 8)y Xt {8 not
necessary to apply wax to all of that portion of the bit that is expacted to
be inserted into the tree. As already mentioned, much of the friction is
expacted to occur in the area of the thraads and collar.

The bast time to apply wax is when tha bit i{s first taken out of the
trae, vhila chae bic {5 still varm, Howavar, befora starting the bit in the
firsc trae, it Ls Lmportant to asuure that there is a coat of wax on the bit.,
It is not nocessary that the wax malt onto the threads. It is just ensier to
apply an even coating to a varm than a cold bit, 1In coring some very soft
nonporous woods, beeswax may only noed ba appliod after savaral cores have
baon taken,

An incvamant borar withl} Tallon=coatnd bit is now available, Apparently
the intont Lo that the Teflond/ surface will slip through the wood moze easily
thun an uncoataed bit, and that the coating will raduca the risk of ruating,
We have found that for hardwoods, such as Quoraues, it s still hecassary to
coat the threads with beesvax, and that the Teflon coating waurs off after
only o fav cores have baen takan, Othars tell ums that the Taflon coating
works and holds up quite woll whon sunpling only conifars,

BTARTING TUE BIT

It Lo usually desirable to axawine tese rings in transversa saction and
to obtain as long a tree=ring record as posaible. This {s moost easily accon-
plishad with cores that are parallel to wood rays. First, orisent the borer by
aimﬁrg it toward the canter of the trae, parpendiculay to thae axis of the
ErUnK,

The next step ls to simultsneously push the borar into the trse and turn
the handln, The most common approseh Ls to hold the borer nsar the cuntar of
the hundle, pushing wich the palm (£ig, 9), The other hand may ba usad to
steady tha bit te pravent Lt from wobbling, Wobbling of the bit, befere it

L' the use of tvade namas in this publication is for dascriptive purposas
only, and doas not coustitute andorsemant by thae V.5, Gaological Survey.
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Flgure 8. -Basawax 1+ applied to lubricate the borer bit threads.

lzure 9. ~Star® the increment borer by ¢ combination of pushing and

tupnsng with one hand while ateaduing the bis Uitk “Ua sther Hand.
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has tean criven far enough to be well anchered in the tree, =ay zause the core
to break, If the break occurs only at tne cambium, no harm has been done,
Howaver. if the break is lust inside the 23mbivm, the cuter one of two sings
may be very difficult to diascern, MWobbling resuits in a bent or even &
corkscraw-shaped corae (£ig, 10), :

AFTER STARTING THE BIT

Oncae the bit has been pushed and twisced enough that the threads are
fully cwisted into the xylem, thare is no need to continue pushing, The
throads will pull the bit into the tree as the borer is turned. At this
peint, both hands may be used to turn the handle (fig. 11).

The borer often squeaks or pops as it is twisted inco the tree. These
noiges result when there is considerable friction between tree tissues and the
bit shank, Because friction of this magnitude can result in apprecisble heat
bulldup, contributing to metal fatigue, slow the rate of turning the handle to
that the popping noise ceases and the squeaking is at lesst minimized,

REHMOVING THE CORE

There is no advantage to twisting the bit any farther into the tree than
tha langth of core desired. The cora is removed from the bit with the extrac~
tor, while the bit is srtill in the tree. The diametar of the bit tube is
greater than the core, except near the cutcing tip; thus, there is room to
insert thae extractor spcon. Some people always insert the extractor with the
cup of the spoon facing upward so that the spoon slides along the bottom of
the tube beneath the core., But I find that if the outer end of the core
happens to be resting on the bottom, the spoon way snag, and porhaps damage,
the end of the core. I prefer to lightly probe ' .2h the extractor to find the
vide of the tube which is away from the corc, and then to insert at thut
position, '

Lt is bedt to insext tha extractor with one nteady, continuous motion
(£ig., 12), If the extrastor is pushed only part way in, it may be difficul:
to punh it farther, 1£ it can be pushed farthar, there may be a risk of
damaging the core or bending the extractor. As the tip of the extractor
raaches the point at which the bit tubas narrows, the extractor teeth are
forcad into the side of the core. This io important, It zauses the cpeth 5o
grip the core so that it can be withdrawn with the extractor.

The extractor spoon is mountud off center in the knodb, Therefore, too
much pressure on the knob while inserting the extraster will very likely bazd
the spoon just below the koob., Essencially all brokes extractors that I have
seen ware broken just below the knab (£ig. 13),

Do not be tarxibly dismayed if the extractor €alls a €ow millimeters
short of belng inserted all the wny., However, if the extractor stops as much
as a full cantinatar from complata {nsextion, thave i3 a sisk 2f eizher not
angaging the teeth in the core tightlv enocugh to extract ths core ov laaning a
short plece of the core stuck in the ond of ke bi:, I£, :in caking additions!



Flgure 10, -4 correctly shaped, otraight cove, and e core with bends near
the ouvatde resuiting from Hot maintaining a abeady borar,

~ Flgurs ii. -Frenoure need not be applied o push the borer into she wood

artar tie bic vAreads Aave engaged the wood.
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Flgure 12, =Imsere the extractor in a oteady, continuous meeion.
¥

Figura 13, ~Ezsracsor broxen Juss below she kned as
the extraceen inso she <



rores, ic iy still aifficult zo get the extractor in far enougn, the %ip of
the extraccor spoon nay be too thick. This can bo romedied by filing the
inside surface of the spoon tip (Eig. 14). If it is still difficult to insert
the extractor all the way, it is possible that the teeth are gripping the zore
teo tightlv. This can be remedied by very alightly Elattening the end of the
extractor spoon by a light blow with a hammer (£4g., 15). On the other hand,
LY the extractor can bo insertad all tho way and fails to grip the core, the
toothed end of the spoon may be too flat, 1In this case the end of the extrace
tor can be closed slightly with a pair of pliers (fig. l6), Generallw,
ddjustment® to the extractor are not necessary when uaing a new borer, The
nead for adjustwment L8 rarely encountered, but when the need arises it is
usually brought about by a raplaceument bit or oxtractor.

After inserting the extractor, broak the core loose from the tree bafore
attempting to remove it, This is done by rotating the borer counterclockwise
while the extractor is fully inserted. Because the toothed tip of the extrac~-
tor spoaa is tightly vadged butween the core and the blt, the core and extrac-
tor will both turn as the bover is turned. There is a procedure for Einding
the cantay of tha tree (seu SAMPLING THE CENTER RING) that requires backing
, 9t the hundle one full rotstion (360 degrees), Because of this, as o matter

ui convention, I routinely back off the handle one full rocation, whether or
not I am fallowing the center~finding procedura,

LEf the handle is backed off before the extractor {s {nserted, the cove
may slip bark through the cutting edge of the blt and not break loose Lrom the
trea, If the extractor {s removed before the handle is backod off, the spoon
taeth may allp of! tha core before the core Lo brokan loose, or the core may
traad ol Suck froam ine tlp, Leaving a portion of the core stuck in the oit.

After the handle has been backad off, braaking the cote loose from the
tree, remove the core from the bit with the extractor (fig, 17), 1f the
extzactor wa3 not inserted underncath the core, but rather to the side or top
of the cord, place u hand uuder the extractor as le ia withdrawn to catch any
locse core pieces that may fall off tho oxtractor spoon.

REMOVING THE BORER

After removing the core from the bit, Lt {s very tempting to examine the
core immediately. Avoid thls temptation, and imwmediately remove the borer
fvom the tree. Asg already explained, compressed tissue around the bit slowly
springs back toward its original shape, increasing prassure on the borer bit.
Lf too much time alapses while the borar is in tha trow, the borer may becoume

stucks A fev minutes may be too longs Rewoving a stuck bit can be very
diffiecult,

As previously mentioned, it is n good idea to apply beaswax to the
taroaded end of the bit while it is still warm immedlately after withdeaving
Le from the tree, It appears that corrosion is wmuch more harmful to the
cutting edge than is frosh wood of a 1iving tree. DBorar bits ond eXtrsctors
replaced iu the handle imwedistely after the bit has bgen withdrawn Erom the
tree will almoat alvays rust overnight, Molature that is present inslde the
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Figura 14, =Filing inoide wurface of extractor epoon to allow the
extractor to elide more aastly between the cors and bit tube,
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Fipure 16. -Ctaatng end of extmaotor apoon with pliary when tha exztraator
will not grip the cora.

Figure 17, -Ramouf.ng core. Use one hand to steady the aztractor end cateh
: any loose core pisaes shes might fali ous of the spoon.,



bit as a direct consedauence of bering {8 thup transed in the nznela une dann
gvaporatae ihto the alr,

Storing the bit Ln the handle only aftar it has cooled te ambient temper=
ature halps avoid rust, In winter weathar tha bit may not completely cool for
10 to L5 ainutes) in summer weathor, much longer, At times, it wmay ba neces~
sary to store the blt in tha handle befora it has thoroughly cooled, For
exawple, {t way be battar to stora tha bit in thae handla than risk bumping the
bit into somathing that could damage the cutting edga. When tha bit cannot ba
allowed to cool before storage, a couple of squirts of oil from an acrosol can
into tha blt tuba before placing it in the handle Will usually prevent rusc
tormation., Bome of my co-workers routinaly place a couple squirts of oil ..
the tuba at the end of each collection nesaion, whather or not the bit ha:
coolad to ambient tewperatura, If no rust or corrosion is allowed to davelop
{n tho bit, {t may become stainad, but otherwise will remain ramarkably ¢lean,

REMOVING A STUCK BIT

Ay dapcribed above, fallure to romove the borer from the tree immediately
after taking the cora out commonly causes the borer to stick. Another cause
is driving the bit threads out of solid wood into a rotten or hollow portion
of the ctres. Lf the borer suddenly turns wmuch more easily, the borer threads
have been driven out of solid wood, Without proceading further, attempt to
remove the borar,

Usually, a stuck bit will not have saizad in the tree, Indeed, the
handle may turn quite easily, In cases whare thae borer hes been left in the
traw too long, tissue has sprung back against the borer shaft with enough
force that the collar at the back of the threads cannot casily be moved back
through the tissue, and the threads slip,

Often a mtuck borer can be restarted by simultaneously pulling and twist-
ing the handle (£ig, 1B)., If thae borar is tightly stuck, it may be necessary
to perform thls operatiorn .s a very hard jerk while turning the handle about
an aigheh of a rotation. usually, a series of jerk—-and-turn operations will
back out the borer far spough to re=engage the threads., This procedure is
“almost always succassful in restarting a borer that has encountered a rotten

s5pot, A borar that has buecome stuck in solid wood because it was lefc in the
trea too long way be more difficult to remove. :

Raraly, s borar may bacome stuck so tightly that no amount of jerking and
turning will restart it, In all the years of working with increment borers,
my coworkers and I have only encountered throe instances when the borer stuck,
Two of tha instances involved leaving the borex in the tres too long while
examining particularly interesting cores. Both borers were removed by the use
of a small rope. The rope was looped around the borer handle and an adjacent
tree, pulled tight, and the two ands tled togechar (£ig. 19). The borer
handle was then turned, twisting the rope. Continued twisting tightened the
Tope anough to pull the borer back enough to allow the threads to engage. It
‘was thon possible to remov2 the rope and back the borer out in the normal
faphion, In the third case the borer bacame stuck in very sof:, rotten wood

[
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Flgure 18, <Uaing tha jork-and-burn mathod to remove a atuck boper, This

procedure ustally engageo the threads, dftar whick the borer can be
ramoved in the normal mannen,

Figure 19, FUoing,ropa mathod to free a stuck borer, This method {o
dengarous and only used in extrems caoed.
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at the canter of a tree, It was not possible to remeva tha rofy WALl the
borer had been completely withdrawn from the tree,

Tha rope method of borer removal is potentially verv dangerous, When
tension i3 appliad to the borer by the twisted wope, the only thing that holds
tha handla on the borer bit {s tha small clip on the handle. As tha handle is
turned, stand far enough to ona side to ba claar ¢f both the handle anc the
ropa Lf the habdle breaks looss from thu bic,

REMOVING A STUCK CORE

Occanionally, after removing a borer from the tree, a part of a core may
ba stuek in the blk., If any of tha core in sticking out of the ond of the
bit, do not attempt to push it back fnco tha bit or pull it baek into the bit
with the extractor, Break it off, then attempt to remove that remaining inside
the bit by use ¢ the axtractor,

It L pe le to have a very tiny plug of core laft in the cucting edge
and of tho bit .at tha eXtracter taath cannot reach quita far enough to grip.
'If the plug in net too tightly wedged, it is sometimes possible to remove it
by almply starting a naw core, and letting the now core push the plug loose.
On the othar hand, Lf the plug {s ti{ghtly wedgad it may not ba possible to
engage the ble throads to take o naw cora, In this case, thaore is little
choice but to drive the plug into the bit frow the cutting edge ond, 1If an
attowpt Lm wmade to driva tha plug out by inserting a woodan dowal into the bit
tubs, it may only succand in wedging the plug evan tighter, Further, spraying
g £luld into tha bie tube may only exacerbata che situation by swaelling the
core and causing it to becowa avan more tightly wedged, A small, whittled,
woedan pag deams to be the most practical tool to ume to puah the plug dack
Into the blt (£ig, 20), Umse of o whittlnd plug {n tha £1eld ansuraes that the
pey surface contalns no sand or grit that could harm the cutting edge.

Figure 20, =~Ramoving a aore plug using a wooden peg., Tha firat considera-
BtoM 18 to avoid damaging the outeving edge of the bit,



SAMPLING THE CENTER RIG

Some studies cequire determination of tree age at sample height, This,
of course, necessitates sampling the canter ring, 1 am convinced that trees
love to play games with the tfield sciencist, particularly if the investigator
is intent upon sampling the center ring, GEven in nice, svometrical true
trunks, the botanical center seems more often than not to be sewmewhat off from
the geometric center. Consequently, one rarely hits the center on the first
sttempt., Further, the tree muasc be capable of moving its botanical center
betwean the time of taking the first and second samples., I have no more
plausible explanation why the center is missed on the second attempt,

Fortunately, there is a neat trick to greatly improve the chances of
hitcting the center on tha second or third attempt, The trick was shown to me
by a coworkar, Roberc S. Sigafoos. The trick is simple enough that surcly

nearly anyone could discover it on his own, but many people, such as myself,
don't,

Whan extracting the first core, bock the handle off exactly one revolu-
tion (160 degrees), This leaves the coreoriented in the extractor spoon in
the same way it was whea attached to the tree, Then, when the core is with=
drawn the arcs of the rings near the center indicate whether the botanical

center is to the right or the left of the first core hole, and how far right
or left the centar is (£ig. 21).

Figure 11, ~Estimaving direction and diatance of bosanicai center frem
inarement gore.
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Remove the core Srom the e4bZactiiy 3pCOR 30d Fhace 20 248n on ¢ Adac
from whien it came, leaving several centimoters oF earze ubtieking suf of :wne
trea, For the second attempt, orient the borer parallel teo the Sirst core,
and the estimated distance to the right or lefs ffig, 22), If the eotimatad
distance is quite short, it is also a good idea to bore either up or down a

few centimeters to make sure there 18 good solid wood into which the borer bit
can dig, I[f the tree is not much larger than about 60cm diameter, :his metnod
will usually yield the center ring on the second or third try.

Flgure 2, =Orienting increment borer parallel to, and ot correct dirdce
tion and diatance from, firot cors hole <n order tc obtain boraniccl
agnsdr With asecond corae.
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PLUGGING THE CORE HOLE

The hole left Ln the tree ufter 4 core has bean remwoved customarily (s
not plugged. Although the wound caused by boring can provide an entev point
Sor bacterial and fungal Lfnfection, the risk of Lufactlon appears to by mini-
nal for most tree speciess Occasionally, a landovner will grant permission to
core trees on condition that the core holas are plugged or sasled, A dresse-
ing, such as commonly unaed for cut surfoces whon branches arve pruned, maY
serve to placate the landownaer, although I am not convinced that it alwavs

does wore good than harm, I have noted a nuwmber of cases in which plugyed
holas failed to heal as rapidly as unplugped holes.

UANDLIRG THUE CORE
FIELD EXAMINATION

Upon removing the core from the tree, it is advisable to parform a
cursory field examination. Even casual obsarvation may veveal Faults in the
core that may rendaer it unusable, For example, fnadvertently sampling too
'close to an adventitious bud or a branch trace of a long-gone branch can vield
distorted ring boundaries, It is certalnly bettor to discover tha unusable
core while in the field than ufter having returned to the laboratory.

It may be nacessary to more closaely examine a core Lh the £ield, For

~ example, accurate ring counts in the Fleld may have o bearing on further

activitias of the same £{eld trip, Or, it may be necessary to datermine Lf
the core contains a predetarmined numbar of rings,

Flald counts of wvlings wade direccly on an undiscuroed core a8 Lt L6
withdrown from the tree are raroly rellabla, More pracise examination {n the
€ield can be accomplished by hand=surfacing the core and then examining it
under a hand lens. The core can be surfacad by paring, or sllcing, with a
sharp knife, It is advisable to hold the coro in some sort of clamp during

the slicing operation (fig. 23), Care should bo takon to orient the core in

the clamp so that the exposed surface of the core will yield a transverse

~saction of the wood when sliced. This can easily be done by turning the cors

in the clamp until the gruln of the wood (vessals and wood Elbars) exposad on
the end of the core is parallel to the sides of tho clamp (Eig., 24),

The exposed surface of the core is then sliced with a sharp knife, I
prefer to use u surglcal scalpal with standard #10 disposable blades, For
very hard wood, such 13 somo oakts, tha blade may need to be replaced siter one
or two cores, depending in part om core length surfaced, A wmore detalled

description of slicing cores with a knife Ls provided below undar the heading,
CORE SURFACING.

The surfaced (sliced) core can ba examined in tha fleld with a hand leas,
A 10X Hastings triplet works well for most purposss (fig, 25). The ring
boundaries of some diffuse=porous specias moy be mora casily distingulshed

cafcer the sliced core has been allowad to air dey for a half hour or more.

But boundaries of diffuse-porous upecies are sometimes impossible to distin=
zulsh under $imld conditions.
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Flgurae &3, =Core clamp uoed to hold core during surfacing, crossdating,
and measuring,
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Figufe 25, QBéaﬁ{ning shaved cory in the field with core clamp
, and hand lena,

STORING CORES

Many methods of storing and transporting corae undar £lald conditions
‘have bean described in various notes in the literaturs. By far the most
- ~popular wmathod {3 to store the cores {u soda straws., Paper soda struws are
prefori'le to the more commorly avallable plastic ones. The papar soda struws
are ri. \d anough to pravent the cores from warping during alr drying, vet
porous .ynough to allow the cores to dry before developing profune crops of
mold, Furcher, in haudliap swall diameter cores or broken cores that may

sasily slide out of the straw, the ends of a paper straw may be neatly crimped

‘and closed (£i{g. 26), Of course, paper straws cannot be used Lf Lt is desired
to store the core in itas oviginal, fresh, wet, conditlon,

Thy straw should be Laballed with an identifying note or numbar, The
slmplese procadurae s o numbar that Ls keyed to field notes contaluing such
information ao date, location, alte, and tree dascriptions. By convantion,

- some workars number the end of the straw containing the bark end of thy core,
Koowing vhich eud of the straw coantains the bark end nf the cure way be
. helpful when removing the core Srom the straw,

. The paper utraws can ba fleld-stored in mailling tubas that have baen cut
" to length (£lg. 27) The atravws are placed im the tube such that the numbarad

end of tha straw {s at the top, These contalners have beaen matled without
- damaging the cores.



Figure 26, =Folding endo of papsr atraw., Make four crecses with a
thumbnail, and then fold in.
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Flgure 17, =Mailingetube sercy conatners.
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Mueh o¢ the coring Jrowm secondary gr tertiary Sorests resuits in full
radius~langen cores that easily flt into standard 10-lnch (25ca) straws, Some
cores, nowever, arc too long to fit into a single straw, LIn such cages, cut
the core and store Lt in 2 ur more dtravwe, D0 hOt Dreak Lhe cares A core,
surticularly of a ring~porous specles, will oftan brask along the pore zone.
“hen the core {s put back togethar for ring~wldth measurement, a cectain
aeasurement error Ly incurred {n tho one or two vings containing the break,
To pravent this, cut the core diagonaitly across u ring boundary sueh that a
porzion of the samo boundary vemains with cach plece (fig. 28), This is done
by cutcing about halfway through the core, parallel to the grain, and then
twiscing the two piecans apart (E£ig, 29), The first (outur) core plece i
placed in the first atraw in the usunl manner, The second core plece is
placed in the sccoad straw with the outer (cut) end at tha numbered end.

Occasionally, if tho cores are to be perwanently mounted £n blocks in-

stead of belng stored in suraws, it may be better to leave a long core stick=
ing out of a straw in the field than to cut Lt

AIR DRYING CORES

Even if stored in porous paper straws, the cores will only dry slowly if
the straws are left in the mailing~tube straw contaimers, When the straws are
removed from the containers and spread out on a table, the cores tvpically dey
ancugh within a day or two for sanding, Additional deying may be needad if
the cores are to be permanently mounteod.

PUNNLY \!c ﬁant‘s :"*

clutt i | ma e

Cores are easily removed from straws by the use of o swmoll~diameter rod
(£ig. 30), WHe use a !/8=inch (3mm) brass welding rod. To remove the core,
the rod i3 ingerted from the un~numbered end of the straw., If the rod Ls
inserted from the numberad end containing the bark and of the core, the rod
may cause the bark of some ypecies to flake and jam the straw, The ccd mavy be

inserted into sctraws with crimped ends (£ig, 26) without uncrimping the
straws,

MOUNTING CORES

Most laboratories customarily rermansntly =sunt thels

ntly souns &
wooden blocks, Most of our cores are not mounted., Our cores are zamoved fzom
the straws and placed in core clumps for surfacing, crossdating, and measure-
ment, then replaced in the strnws for permanent storage., 'We DOURt cores,
however, if (1) the cores are fragile or brokan inro many pleces, as is common
vith eastern hemlock, Tauga canadensia, or (2) it is expected that the cores
vill be rapautadly handled, It is always possible to mount o core at s future

date, buct it is very difficult to unmount a core unce it has been mounted.

Host laboratories that customarily mount their cores prefer to alr dry
the cores before mounting, ¥Freosh cores almost always pull apar: iz 'the mount-

-

ing bloek «hile the core and the souating madlum are both drving, The cores



nust ba wapy dpw hofave mauntiss o avel:
uroment a bit awkward,
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Figura &8, =Diagonally cut core shouing part of sama ring boundary on
both ptieces.

Figure 29, ~Breaking apart a partially cus core a 2er @ dicgeval cut hes
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baen made about half way shrough the cors,
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There are advantages to mounting only one core »er block, rather than the
conmon practice of mounting 2 to & cores sida by slde {n o aingle block, Sume
of the subtleties of sandlng fsurfacing) are wore easily accomplished if ecach

~ block contains only one core with very littla block material on either sida.

A block abour one centimeter square Works very well, One surface of the block
can be zzooved with a routar to the specific dimensions of the cores to ve
msounted (£ig, J1)s The groove should be shallow enough to allow sufficient

core to protrude above tha block to produce a reasonably wide Einished (sand~-
ed) surface.

It is {mportant to orient the ¢ore {n the wounting block such that the
vood graln (vesuvels and Eibars) will ba st right angles to the Lintshed
surface, i¢ is thus important that the cors iy not twisted appreclably, Anv
glue conmumonly used {n cabinetry can ba uned as a mounting wedium, Sowe means

of holding the core ln the block should ba provided untit the glue dries.
Rubber bends work very nicely (fig. 32). :

In wverking with material In which the ring Soundaries are particularly
difflcult o discarn, it may be preferable to hold the cores in clamps rather
than permanent mounts, Sometimes Lt iy found that rvesurfacldog the corss at a
slight angle to a perfect transversa soction enhances boundary distinction, A
clamped cora which has a particularly obstinate surface mav be turned over,

~allowing the opposite side to be surfaced,
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TWISTED CORES

In twisted cores, the grain of the wood changes angle along the length
of the core {2i3, 33}, The wood was not twisted wnile still in the tres, nor
does twisting occur as a core dries, Pronouncaed twisting is caused by the
core dragging in a very dirty or ruasty bover bit tube, or by a dull, burred,
or improperly sharpened cutting edge. However, particularly with some soft
conifar woods, it ig sometimen imposslble to avoid mineor twisting, even when
using clean, sharp borers.

1f the core is saevarely twisted, it is often necessary to treat the core
to straighten it, Simply soaking io plain water muay be sufficient. However,
it may be necessary to soften the core with live steam, Afcar the core is
softened, it oay be straightened snd held in a core clamp while it dries,
Rechieck the cora from time to time as it dries to ensure that the core has not

shrunk enough in drying to loosen itself in the clamp and perhaps partially
retwist,

1f total twist L1s lens than about 45 degreas, it way be better to leave
the core twisted. In such cases, mount the core so that the npprcxzmncn
midpoint of the core length is oriestad correctly and mach end is twisted
about equal awmounts in opposite directions.

Tv-o (Y .u-w..',,-.-w .
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Figure 33, =4 badly tuwiated cora, Surface of lefb part of core 1s nearly
transverne, that of right part of cora i3 radial.
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STRIACING THE CORE

Attempts to read ring boundaries on unsurfsced material are generally not
reliable, Even in conifers in which most boundaries appear distinct on the
unsurfaced core, there ic rigk of missing very tinv rings or misidentifving
false rings.

SLICING

Slicing of cores with a knife or scalpel is normally most successful when
the material is fresh., Cell walls are not easily cut cleanly once the materi-
al has dried, Softening, as with live steam, will generally not yield as
¢lean a cut surface as will fresh material,

The blade used for surfacing must be nearly as sharp as a oliding micro-
tome blade. A good experienced wood carver may have knives sharp enough to do
a respactable job, but this is rare indeed, Surgical scalpels with disposable
blades have proven to be very practical,

Pare off thin layers of wood to produce the desired surface. Do not push
the blade through the wood, slice. In executing a single slice, the portion
of the b;ade in contact with the corae should progress from blade heel to toe
(£ig, 34).

Figure 34, ~Slioing an {neremenn cora with a aupgical scalpsl., Direction
of blede movemant to indicated by tha crrov,
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Properly sliced surfaces have an advantage over sanded surfaces in that
vessels (anglosperms only) are loft open and not filled with sawdust, Hing
Soundaries of some difflcult dlffusn=porous matorlial are sometitos more easily
ilgcavned on a sliced than oh 21 sanded surfaco.

Sliclng cores Ls alwoast an art, Do not eXpect to get high quality
surfaces without considerable practice. DBecause good sanding tcchniquen are

auch move easily learnnd, wmany people quickly abandon sttempts to develop good
sliced surfacaes.

SANDING

Anyone who has experiente Ln woodworking or furniture refinishing knows
that it is relacively casy to smoathly sand the slde of a4 board, but quite
difficult to smoothly sand the end of the bhoard =~~ the "end grain® The end
of the board, like a core, ls close to balng approximately o transverse
section of the wood. Sandlag o corae is wanding and grain.

Sandlny con be done by hand or by machine, A sanding disc on an electric

“deill can be used. Howvever, s sanding disc on a deill press Ls often pre-

Eerved (£Lg, 33), The drill press usually providas both higher speeds and a

grester vange of speeds than an electrie drill, and a more uniform surface way
be easily achieved,

Figure 35, -Preparing a sanded surface on an incramant core uuing a sanding
dise mounted on a drill press,
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shn rost practical wandpaper grits for use on coros ara finer than -..sge
norwaily avariable in ready=cut sanapaper ¢Lscs, Thorefore, we buy cneet
yandpaper and cut the discs, We normally stoek grits 220, 280, 320, «00, 500,
any 600, For each core, only two or three yrits of sandpaper are typicallw
Usud, starting with o coarse grit and enoiny up with 500 or 500,

Zach grii should remove tha scratenes of the praevicus grit, when first
attompting to sand coreu, the core should be acanned uncer a dissecting scopo
atter ench step, Scratchas that obscure riny and cell boundaries are obvious
when viavad at 15 to 30 power, Sometizen it will be necessary to reopeat a
pravious grit, of to use an i(ntermediata grit,

Tho objactive of uanding {s to proparce a surface similar to a cut sur=-
face, Tho purpoun of the coarusast sanding is to prupare a flat surface. The
purpose of the finet sandings {s to reduca and finally remove the burred edges
of tha call walls to sharply and ¢learly define thaem.

As a £inal step, buff the core with a lamb's wool pad (£ig, 36), When
viewad undar o dissaecting scopn, the difference batwaen £inal sanding and
buffing is ramarkable. Buffing not only doas some polishing, but also removes
some of tha sawduse clogping the veusels, Considerable pressurc between core
and pad may ba applied duping buffing, MHowaever, if there is concarn that the
sawduat rewmaining in the vessels may act as an abrasive during buffing,
lightly dust the core surfacae bafora applying apprecisble pressura.

Flgure 36, =Ustng ¢ lamb'c wool buffing ped so polish and dust ¢ surfacec
tnorsmans core.



ENHANCING INDISTINCT RING BOUMDARIES

The literature anbounds with methods to enhance identification of indls=
tinct riuvp boundaries., Mauny of the notes refer specifically to »sroblems with
rings of diffuse-porous spacics, There ig no way that we could nave tried
avery¥ nechod, but we have tried many, We have rubbed various typus af oils,
kerosene, and even perspiration on the surfaced material, We have tried a
variety of stains, including some used in wmicrotachnique, We have tried shoe
polish, and we have even tried llghtly burning the surface and then resanding.

“a have found nothing that ls a marked laprovement on a properly sanded
surface. As ulready noted, some ving boundaries may be easier to distinguish

-on cut than on saoded surfaces, Move often thun not, though, we find that we

must touch up a cut surface with some sanding to produce the best surface,

Even the best surface can be enhanced by lighting and magnification,
There seems to be no "bast' comblnation of lighting and wagnification, Exper-
imeatation with the specimen seeuws to be thae only answer. Sowetlmas light at
a vary low angle will cast shadows in the vessels, cmphasizing differences {n
vessel slze. High-intensity light, such as achisved with fiber optics lumps,

.may ba helpful, as way various light filters, Sowetimes Ffeatures not found at

high mognification will be wore cbvious at low maganiflication, and then con=
firmed at higher magniflication,

Techniques for enhancement that work well for one person may not seew the
best to someone else. In dealing wich particularly difflcult materinl Lt is
advisable to try techniques suggoeted by othera., Expect, though, that you wmay
necd to davelop your own techniques,

CHOSBDATING

Crossdating is tho procedure by which absolute dates are assigned to ench
tree ing, Haslcally, crossdatiug amounts to watchlng ring=-width pattarns
among vood samples, Uslug dccepted crossdating proceadures ansurcs that anoma-
lies such as nissing and wultiple rings are identifiad, Corroctly crossdated
material producas sbsolute dates for each ring. Simple riang counting does not
involve crossdating, and thus, doas not hecassarily result in absolute dates.
Ring counting can provide thie same dates as cronadating, but only {n situa=~
tions whare the absoluts date of at least one ring {s %onown (unsually the
sutsida ring), and vne and ouly one ring Ls presant for cach vear, It is not
possible to know how many wissing or wultiple ringe will be found in waterial
of a given spaecies in o given habltat until o uumber of colloctions of mate-
rial Irom an ares hava been checked,

<2
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MARRING DATES OF RINGS

Host dendrochronologists find it convenient to mark rings as ceferance
points, Lt ¢an Do exaspurating to be 300 rings into a core ane then jose
sount, A common marking system s to use dots: One dot for & decade, two dots
for a nalf contury, and three dots for a century (fig, 31), Some people make
pin pricks mode with the point of o dissecting needle. Others dot the rings
with a finely poinced drafting pencil when makimg an initial ring counmt. Then
dating errors discovered in the crossdating process are corrected by simply
erasing the incorrectly pluced dotu and replacing chem in the correct rings.
In large rings, Lt is possible to write a numbar within the ring boundaries
(Eor example, 3, to represenc 1830). It may also be helpful to make some sort
of mark or notation indicating the location of missing rings,

MISSING RINGS

A mivsing ring is exactly that, A tree ring is formed ecach year after
bud break. So long as tha tree remains alive it will break buds, and thus form
a ring each year, However, if environmental conditiona limit food production
by tha tree, ring formaotion may not extond from tha buda all the way to the
ground (pee TREE GROWTH), Outer ringo tend to be more narrow than inner
rings, and reducod growth of rings that are normsally nacrow inmcreages the
chancas of a missing ring, Thus, the probability that rings will be missing
s groatest in the outer rings of environmantally stressed older treas,

Bacause of the diract relationuhip batween missing rings and Limiting
factors, wiseing ringo are quite common in semi~arid sites, Also, because
troes on sites where environmental factors are not particularly limiting to
tree growth tend to produca large rings, it may be genoralized that the larger
and more uniform the ringns, the less Likely are missing rings. Many of the
more luxuriant foreswts of eastern North Amarica have very low probabilities of
wisuing rings for those vears in which the traes have been in the forest
canopy, Dut even in luxuriant forescs missing rings may be common in sub=
canopy and understory treas, especially in shade~intolerant species,

DISCONTINUOUS RINGS

Rings thot ave missing on sowe radil while boing present on other radii
ac the same height are "discontinuoun" (£ig, 37), Discontinuous rings result
from altuaticns An which Srowth of a given year a4tands Lepthar dowh the trde
on one side than on another, It Ls unlikely that a =isg will be digcontincous

on a single lncrement cora, But, a given ring may Se present cn one core and
absent frem a second core of the name trea,

FALBE RINGS

A false ring superfielolly appears av a separate ring, Sut is, in fact
contalned within an annua) incrament, Tha ebvious Lfficulyy L that Lf a
False ring Lo wisddentliflad as a true risg, thaen the trae=ring dates from that

pofnt backwards in time will ba incorrect,
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. Figure 37. -Diagram of a serieo of diocontinuousa rings from a transverse

‘4action of a eupprassed, suboanopy red maple (Acar rubrum). Two aeg-
~ mente (diagonal linea) could not be dated From the asction.

Ao nnvi:onmentnl factors become more limiting during the normal course of

. 8 growth season, growth rates decrease, cells bacome smaller, and cell walls
.become thicker. This is the normal transition from earlywood to latnwood,
"LE, some time arter latewood formation has begun, environmental factors baceme

less limitlog ond growth rates incresse, then subsaquent growth may again be
‘of the earlywood type. DBreaking of a drought is o common cause of rensved

earlywood growch.

Upon curaory examination, the traosition from latewood back to earlvwood

'*'vmny appear aa a true ring boundary, thus falsely causing o single annual

‘incremant to appear a8 two rings. More than one false ring may occur in a
"single annual {increment, hence, the term, wultiple ring,

'Close .examination shows that at true boundaries, that is, those formed
when groweh completely ceases, there is an abrupt change in asppearance betwaen

- tne lapc-formed latawood of one year and the first-formed curlvwood of the
'mext years On the other hand, the transition from latewood of a false ring to

‘subsequent earlywocd is much move gradual (£ig. 38), 1In some casas, most
notably some diffuse~porous spacies with only subtle differencns bstvacn

"earlywood and latewood, it may be very difficult to distinguish between true

and Ealse tiogs. For this reason, it may be very difficult to work with some

~ diffuse~porous species in certain habitats, For example, rings of gum trees

" (Nysaa) from some habitats are relatively easy to work with, but fzom others

are nearly imposaibla.
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Figure 38, =4 false riné boundary and a true ring boundary.

STIMILARITIES IN RING PATTERNS

Crossdating determines absolute tree-ring dates by matching ring-width
patterns among samplus, or between samples and data of previously dated trec-
ring saries, : ‘

Crossdating would be simple if all trees in a given area contained the
same pattearn of wide and narrow rings, They do not. An understanding of
Liziting factors may be helpful in understanding why tree-ring patterns exist
and why pacterns vary among tr2ad, In order to successfully crossdate pat-
teorns, there must be some similarinies. Similar growth patzerns suggest that
growth is rosponding to somethlng in common among trees, namely, regional
climate, But, factors must be limiting to growth in order to be correlatad
with growth, Thaerefore, the more limiting the environmental factors (imclud-
ing regional climatic factors) to tree growth, the greater the chance of
similar ripg=vidch pacterns. Converseiy, the morea easily ctree-cing pattess
may be crossdated, the more environmental information the tree rings contain.

Climatic factors may not be extremely limiting to canopy trees of many
luxurianec, closed~canopy forests, such as much of the humid, eastern deciduous
forent, In guch situations, growth appearns to be as lizited, if not more
limited, by crowding, shading, and overtopping of individual trees., Unde:
thesa clrcumstances, shade~tolerant spacies, that appear less censitive to
shading and crowding, may be found to be more easily crossdated than shade~
intolerant specles, Furcher, because all trees in the underatory are more
sensitive to crowding, it may be found that canopy trees are much easier to
work with than sub=canopy or uaderstory trees.
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la zrosydacing, extreme-sized rings (Soth w“ide and narrow) are Lduntie
fied, and the number of rings datween extremes Ls countad, .n sractice, a
lisc Ls composed of %he unusual, or vuteranding, features of ringy of eacn
surfaced sawple., 1In addition to listing unusually wide and nacrow rings,
other Ieatures such as false rings and paranchyma banding are listed, Abnor-
mal fentures such as frost rings, scarring, and wound tissue are also noted
(Etg., 40). Finally, as with the skeleton=plot method, comparisons are made
among samplaa, The product of thiy offort is o List of kay vYears for the
collection chat includes years of wida, narrow, alasing, and faloe rings, ond
souecimes ocher Features. This final product s filed for future referonce
when dealing with the same, or related, spacies from slwilar, neacdby habltats,

The excremo-ring match~mismatch mathod Ls considersbly less time
consuming that the skeleton~plot method for areas whore environmental Factors
ure not severely limiting, Howevar, as the weverlty of llmiting factors and
the consequent numbev of very narrovw rvings Llnereasa, the diffarence betwsen
the extremn~ring and the skelaton-plot methods bacomes less and Llags,

!

2

. R
Mt v+ B8 ot e e
wide latewood , . ¢ 1 Wide latevoo i

1938

L;:’T 4]
{1936 « . nharrow latewvood nn!‘F""ﬁ

i93a :::::‘_T,.
933

: @ 4
1932
o e VETY narrovw .« ¢ o+ o+ 930 . o 4 ., (misaing)/M
narrow latewood . .+ 1930 , . narrovw latawvood
1929
vide latewood , . , 1928 ., , , wide lutevood
1927 . | norrow latewood
1926
1925
1924
LATTOVe v v 6w w1923 4 4, wide latnwood

1924 . narrov latevood
1921
extra wide., . . 1920

(1Y)

\

AN

Figure 40, -Two eztremawring liots and accompanying core segmanza, Note
matches batween liste for large as wall as amall pings,
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GRAPHIC CROSSDATING

Just o8 skaleton plots and extreme=vear listo may be compared among
sauplos to asccomplish dating, graphs of ring=width neasurements mav be
comparad to allow crossdating, Howaver, one should be cautioned that graphic
crossdating Lo lexs rigorous than other wothods that wore dirvctiy involve the
wood samples, Apparantly, many more anutomical Featuras are used to distin=-
gulsh Lndividual eings thon is veflectud in a skelaton plo: or an extremo=vear
Lisr, Decause information included in skeleton plots or extreme=year lists
cah ba dascribed, computer programs for crosedating have been written. But,
bacsusn computar programs do not contain many of the anacomical subtlaties
that cun be spen on the cores, many profassional dendrochronologists fael that
computar crosadating Lo most valuabla as a final check of hand crossdating.
Computaer crossdating ond graphic crossdating are, thus, anslogous in this
L‘anect‘..

In performing comparisons among graphs, proceduras similar to the
extruome=yooy method wmight be followed.

DATING INDIVIDUAL SAMPLES

Tho crosedating procedurss have bean dascribed asbove in terms of dating
largn collections of somplos in which the outside data of the samples vas
known, Crossdating can aloo be utilired in situations whara it is not pos~
pibla to obtain lovge collactionns and whara tha outside date is not known,
For nxample, Lt way be desirable to obtain from only a few samples the exact
date of o growth release following lumburing or fire. Or, it may be dasirable
goidﬂfermina tha cucting date of a4 log used as a structural beaw in a

uilding,

In sleuations lika thiu, crossdating Lu done as previously dascribed,
aXcapt that Lt is performad aentirely with existing, praovicusly datad chronolo~
glas, 1E there is no dated chronology with whieh to establish absolute datas,
and Lf onhough saumplan can ba obtained that tho samplos can be compared with
goch other, 4 floating chronology could rasult, in which the samples are dated
oitly with vaespact to each othar.

CROSBDATING AND DISTANCE BETWEEN SAMPLE SITES

1f conslderable similarity exilsts in conditions among trees at a given
pite, than many wore than just tha most extrame=sized rings will mateh among
tree patterns, With incraasing distance from that site, pattorns of trees of
the sama species from similoy habitats will show fewer and fewer matches as
matches bacoma incraasingly restrictod to the more extreme-sized rings. In
other words, when sites arc clona togathar and the patterny among sitas are
quite similar, a slgnificant number of matches of individual years can be
noted in a relatively shore span of years, With increasing distance between
sitas, a greater span of years would be raquired to achieve the same number of
vaurly matches, Pattern similaritics among treas at any given site are a
function of what may be called the climatic sansiciviey of a tree=ring collec~
tion from that site, Thus, the maximum distance botween sites from which



SKELETON~PLOT CROSSDATIMG

Where environmental factors are severely limiting to growth, and missing,
false, and discontiauous rings are commonplace, some variation of the
skeleton-plot nethod developed at the Laboratory of Tree-Ring Reuearch at the
University of Arizona is a most practical means of crossdating. Skaleton
plotting =ay be performed on surfaced material before weasurement or on ring-
width measurement data, It was originally {ntended to be parformed directly
on the samples before measurement. As a practical matter, dating before

measurcment eliminates the necessity to corresct tha measurement data for
missing and false rings,

Proper surfacing of samples and adequate 1lght and dissecting scopes to
view the samples are essantial, Very tiny rings, perhaps with only a few
cells per vadial £ile, and false rings just cannoc be positively identified
without proper surfacing and adequuate equipment for viewing,

A skeleton plot is a plot of vertical bars in which tha length of each
bar is inversely reluted to the wideh of an individual ring velative to tha
rings on either side. A long bar represents a very narrow ring and a short
bar represents a wide ving (fig, 39), For material from sites in which
environmental factors are saeveroly limiting to growth, narrow rings are more
Lmportant for crossdating than are wide rings, Parhaps this is why mosnt
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Figure 39, ~Sagmants of tuwo akaleton ploto and correaponding dora dage
ments, lote aimilaritias of skeleton plota though cre zrev diaplays
groater growth than tha gthan,
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people who work with skeleton plots prefer o give smal. :ings the importance
of the longest bars., Each bar representcs the width of a ring relative to a
faw rings on either side, In practice, it =sy be desirable to distinguisn
more than two sizes of rings. For example, it may be convenient to distin-
guish very wide, wide, average, narrow, and very narrow rings.

Comparison of skeleton plots for the various samples of a collection
should reveal pattern similarities, Close examination may indicate, for
example, that some samples contain a tiny ring at a point where others do not,
suggesting o missing ring in some samples, Or, two rings may be represented
at a given point on some cores where only one is represented on others. This
might suggest that a faluse ring has been wmisidentified as a ctrue ring, If the
collection is large enough, crossdating should provide a high probability that
all missing and false rings have been identified., This is based on the
aspumption that each year is represented by a ring in at least ome sample, and
thot each false ring can be positively identified on st least one sample, It
ls eany to see, though, that as the frequency of missing and false rings
increases, so does the probability that something can be missed in the entire
collection, It is, therefore, important to crossdate the £inal chronoloegy
with a published, dated chronology.

In chronologies constructed from living material, all samples normally
have the ssme outside date, Howsver, because the sampled trees aze Likaly to
be of varying asges, the number of samples containing a given ring will de~-
crease as ring age increames (older, center rings). For cxample, in a collec-
tion of 30 samples, all samples might contain rings back to 1700, with fewer
and fawer samples containing successively earlier rings, and fimally with only
one sample containing rings predating 1600, For this example, it might be
decidaed that becausa only a few samples contain xings prior to, say, 1680,
crossdating of ringo predacing 1680 is unreliable, Therefore, it could be
stated that the collection wan crossdated baek to 1680, and that dates prior
to 1680 were based only on eimple ring counts,

Skalaeton plotting s very time consuming but easily justified in situa-
tions whare miasing and false rings are common, More detailed iuformation
regarosng skeleton plotting can ba obtained from Stokes and Smiley (1968) and
the Tree=Ring Bullatin,

EXTREME=RING MATCH=MISMATCH CROSSDATIMNG

In situations where misning rings are not common and, thus, where on~-
viroenmental factors are not severely limiting to growch, crossdating may be
accomplished by concentrating on rings of extrame size. Am old axiom of plant
ecology ls that vegatution distribution is controlled by ctha extremes, not the
weans of anvironmantal factors., This can ba restated with regard to ring
widths of tress in situations whare snvironment is not severely limiting to
growth by stating that environmaent has tha greatest chances of baing limiting
to tres growth durliyg years of extreme conditions, Thuis might explain the
crossdating Lmportance of extramaly narrow rings, Contrary to the general
tule of thumb appliad in sreas of savarely limiting conditions, eXtromoly . .3u
rings are ae important for crossdating purposes as ara extremely narrow Zings.
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tree~ring collections maVv be crossdatad with aach other caf ba tegarded as
dapendent upon che climatic sinmflarities of thae wites and the climatic sensl-
tivizies of zhe collections,

On the other hand, pattern similaritiecs among trees ut a site can be
considered somewhat anulogous to distance., [rowm sites whare environwental
factors have only minor limits on growth, only tho vears of the more oXtrume
rings may be expected to shov matches. Thus, with Lncruasing distancs fromw
such a site, the polnt would quickly ba reached beyond which the trees would

not be old enough to have a significant number vf extrewe~year matches batuean
sites,

WHEH CROSSDATING L5 NOT HNECEBSARY

Dandrochronologists might say that ocne must ulwavs crossdate, while
foresters might think crossdating is not really necessary. Botlh may be cor=
ract for apecific applications, For otample, the dendrochronologhst always
dealy in terms of absolute datos, MNo matter how unlikely wissing and false
rings may be in a parcicular collection, the dendrochromologlist cannot take 1
chance, but aust crossdate to ba absolutely certaln that every vear is corw
rect, On the other hand, the forvustar usually deals with far fewer years, and
often in applicacions whare approximate ags {5 acceptuble,

These oxawples represunt the extremes. ‘There are many g4amples of usoes
of tree rings in which an accurate date is desirable, but where croasdating is
{mpossiole, or where it i desirable to avoid the time-consuming procens of

crcsadating Ll acespeable results can be obtained without Lt. For akample,
suppose the exact date of a fire scar is desired. The outside dats iy known,

4nd a riog count indicatas fewar than 30 ringo from the outslde to the scar,

Careful examination reveals large rings with very little variation among riogs
and no evidence of false rings. Littls ring-to-ring variation and no amall
rings suggest that no rings are missing, Because of the short record and
litcle width variability, crossdsting is not possible, All indications are
that a simple ring count will provida accurate dates, A statement might
accoupapy these ring-counting results to the effect that dates wara derived by

ring counting, and that examination suggunted that wissing and false rings
were highly unlikely.,

To addition to ring-to-ring variability and lenmgth of record, the type of
specigs should be considered in deciding whether or not croasdacing must be
undertakea, Both wmissing and fales vings ave quits zars iz viag-poroLs
species, such as oak (Quercus), ash (Frazinus), and elm ¢/imus). Under ex=
treme growth conditions, oak may not forw any latewood, but it almcot always

has at least a few scattered trachens (vessels) voprensanting esrlywood of each

- year. False rings in vhich a new pore zone (earlywood) Ls formed dppear to

occur im ring~porous speciss only when the tree has baen completaly defoliated
aod then develops a nev flush of leaves. Complate defoliation may result from
insect damage and from inundation of the root system for several days, 1If

defoliation occurs early encugh in the growth seapon, a new flush of lenves
will likely develop.



MEADURING TRZY RINGS

MEASUREMENT EQUIPMEINT

In a nuwber of »ast studlds, rinyg widths were messurnd with millimater
tulas, Moasuremants warae usunlly to the nesrest millimeter or hald millime=~
tar, Maasurements WLth thiu aceuracy have ganarally not baun found to oe
seacise unough for wmost ospplications, ‘Mast equipment now in use allows mea=
sutaement to the nearest 0,0lmw, Equipmaent is commarcially available, but seme
laboratorlas prafaer to have thelr oquipment custom built, Most aquipment
conalats of a mochanical staga on which the wood sample fs placed anc a
dLsneccing scope with occular crosshairn, In viewing through the stationary
microscope, tha crosshaitrs are o raferenca point for the material that is
movad undarneath the wmicroscope vin tha maechanical staga,

A wmoasurement stage may bae hand=driven with a crank, and stage position
may bae sansed with a dial-gaga wicromater (£ig., 41). The otage was construct-
ed from alumipsum stock, though it might be possidle to use a hardwood such as
jsugar waple (dcer saacharum), A more elegant version is also availablie fron
‘commorcial sourcas,
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Figure 41, =dand-operataed machanical stage Jo» measuring ring vwidtha,
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Yore expensive weasurewent stages way include some provision for driving
the stage eiectrically, and usually also include same wmeans of electrically
sansing stage position, A popular commercially available model seanses stage
position wizh a linear transducer, und includes nardvware £Or 1QUKLNG CLALE CO a
microcomputer, Our equipment (fig, 42) s designed such that the stage is
driven by a stapping motor geared to tha driva screw, Zach puise of eluceric~
ity to the =otor noves the stage exactly 0.0lmuw, Stage position is then
monicored electronically by counting pulses to the drive wotor,

PROCESSING AFTER MEASUREMENT

A gerias of raw ring~width measurewants norwmally concains considerable
trend, reierred to as the growth trend, For wmany applications of trea=ring
data it i1 necessary to de-trvend, or standardize, the data before proceeding
with further data processing (Eig, 43), It is not the purpose of this
treatise to describe or explain standardization, The reader {8 advised to
consult wvith other sources, such as the textbook by Fritts (1976),

Flgure 42, -Automcted equipman® for magouring ring widtha,
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Flgura 43, wGraphy derived from riMg=dth measuremento of a atngle aors,
A, Raw ring wdtha,

By Grouth tramd curve derived by applying eubia smoothing apline %o
raw ringewidth data,

¢ Standardined inatees of ring viden derived by divid
widtha by gorresponding valugs from 2he growsh trend ounve,
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GLOSSARY

Angioaperm.~-Flaowering plant. Most anglosperm crees of acastern North Awerica
are deciduous and are gererally referred to as hardwoods.

Aunual increment.~--A broad, or genaral, terw referring to the three~

dimentional sheath of xylem (wood) added to ntems and sacondary rootes
each year. The annual incrament has the appearance of a ring (tree ring)
when viewved in trassverse (crosa) section. "Annual increament' may also
be used with specific types of growth measurements; haunce, "annual volume

increment," “annual radial-~growth increment," "annual increment of height
growth,” and so forth.

Annual ring.--See "troe ving."
_'Banipecal.~-9roceeding from vop toward the basa,

ECaubinl activity.-=The process by which cambial initials divide and form

derivatives that differantiate into phloem cells outward Erom the cambium
or xylem caells {avard from tha cambium.

Cambium.--A\ tissue in many higher plants, including treas, in which cells

divide and form new tissues. The cambium is located batween the inner
bark (phloam) and wood (xylem).

Canopy.~-Tha upparmoat level of tree crowns in a forest, All tree crowns in
tha canopy leval are oxposed, at least in part, to dirpct sunlight.

Conifer,~~Any cone-bearing plant. Most coniferous trees, such as pine (Pinus)
' or hemlock (Tauga), retain thelr leaves, or ncadles, throughout the year,
Conifers are often raferrad to aa softwoods.

Deciduous trme~~Tree, such as oak (Quarous) or baldcypreass (Taxodium), that
normally produces new leaves avary spring, loses them in the fall of the
sume year, and overwintezs in a lenfless condition,

Diffuse~porous vood,~~Wood {n which the vessels (pores) are of fairiv uniform

size and distributed throughout each annual incremont, as in =avls (dcer)
or beech (fagua),

-~
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Barlywood.,~~Inner parc of an annual ring that is producea in trne early part of
the growing season, Zarlywood of diffuse~porous z2nd nonporous wooes,
relative to latewood, is generally lighter colored, due to larger,
thinner-walled calls, The pore :zone of ring=-porous woocas is oXten
referred to as earlywood,

Crowth.--Increase in size by addition of new cells cr cellular zazerial.
Growth ring,=-See "trae ring."

Growth trend,~-A tima trend of growth, cften described in terms of ring wideh
or ring area,

Incrament borer.-~Instrument used to remove incroment cores from a troe,

Increment core.~-Pencil-shaped wood sample removed from a tree with an
increment borer, An increment core is also referred to as a tree core.

Latewood, ==The outer part of an annual increment. Sece "earlywcod,"

Nonporous wood.~~Wood of conifers, such as pines (Pinus), that dees nor son=
tain vesselz (pores).

Phloem,~=Food~conducting tissue that constitutes most of the inner bark and is
locatad batween the cambium and the outer bark.

Pore zone,-~The inner part of the annual ring of ring=porous woods, that
contains all of the larger vessels (pores)., The pore zone is often
refarred to as earlywood, though it may not be anaslogous tc the eurlywood
of diffuse=porous woods.

Ring,==See 'treo ring."

Ring width,~~The width of a tree ring at any given radiuas of a transverse
section, An increment core is usually considercd to conrain all, or a
porcion, ot a single radius,

Ring=porous woed,-=Wood in which the vessels (pores) are of two distinc:
sizas, che larger being only in the inner (pore zone or earlywvood) part
of the annual increment, and tho smnller being analogous to the vessels
of diffuse=porous woods, Oaks (Quarcus) and hickeries (Cavue) as:
examples of treay producing ring=norous weed,

Tree ring.~=Two~dimensional transverse section of an amnual increment., A tree
ring is also referved to as ring, annual =ing, or growth =ing,

Xylem,~~Wator-conducting tissuw of most plants; hence, the supporting tissue
(wood) of tress, Xylem davalaps inward from the cambium,





