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FLE R F 7LV SR TP REZNATRTORET o A AR
oG EMECHDRL TR LAY 2 — (5% 0 1980) 5
5 MBS R 0 & o~ sL P EUBTR 0 MR A R P R(E MR > 1991) o RIR
PHEEED LS FRAVIFL > BRI LMEDF ETHE L EF R
T - M FESCEAL L2 A RGYEF R 0 1978 5 Kienholz, 1934) 5 #
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B MR p o % - BALE I TV “‘%L”%j’ HHE#RG ~ 2 g8+ 3E
SR RO E R Se R L S TR ﬁk’%”“‘”*\’fff oA F]

PRRE HAMEAAs » T BB A S ARBER A FilbrE L & % L

A T Tyad R e



FERBHNOFELE LI LEREA UG B2 Pifll'ﬁgf%“[&]ﬁé 2

EA - IR - A

RAEVATAFEL B2 % 2 LFp TR A R m > 20 &Lk 5 a fho
Pl A Bd 2L LM% L L% R P L Lt A A A A4 F 3,000
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%] ~ ¥ J (tundra) 2 4- ¥ #tk(coniferous forest) f&+ i (formation) ; % 4 448 4~
AR CFEHBLEREAEMRE L OAREI 2 LIS R I L
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HHE (kg 2, 1992) -

B EET 2 0T g iz M o kg Su (1984)4>0 4 8¢ 3N % L 5
A év’ﬂ%'lév\—ﬁ Zobs FiEil R EE 2 BEApEG BF PR T AR
MR~ EER S jﬁ& $HEE Y (T4 4 g 4 o ;g&? L fERER BT
Re R E A T ARV R A G B LiEFEF (Alpine vegetation Zone)fei4 44t
(Abies zone) » H {E Ak € Fr s 4o T
LEFH—F LiesEd

#3530 3,600 mikA R m > £ F % 2,800 mmo £1i35F P4 5°C 12
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sericea Lindl. var. morrisonensis (Hayata)Masam.) ~ % #* % & < (Ribes formosanum
Hayata) - &% ~ 7= % (Sorbus randaiensis(Hayata)Kidzumi) ; = 4% & {5 4~ Kf d 3.5
# 7 (Yushania niitakayamensis (Hayata) Keng)#rie = o] 6 ff % a *F > P2 L
#¢ #%£(Gentiana arisanensis Hayata) ~ 2. .l #: ® %°(Sedum morrisonense Hayata) ~ .
L& 2 3 (Leontopodium microphyllum Hayata) % # £ & 4 4 o
2.5 B A =LA

A F o574 #43,100~3,600m2 B 0 % F gk R4 0 108 45~8°C2 B 0 %
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Foo fR A I A bR e S G R R TR AR > T Y
Bt S HUp A S0 (Shigo 1984, Smith 1988, Norton 1998) = % f 15 % » 5
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22’ 55.67 0 E121°24’55.4” > /233 3112m- %% <] 2 20ha> s @+ %I B 2
H R DR L AETE — AT 2 im&%ﬁﬂ%ﬁi@¢%’:iu%%§%oi
AL EUARSFEHRLZA AT EELRTHE BT AEERTEE L
%H%%éioéﬁ«L Tl oY AL B ST L wRARY o Y
B 2L BB EAL > 2L R 2 E3E 38T F FTIERT K30
t,;wgagsmozgmu-oﬁpﬁadwhaawwwud s IR P PEPE R 10
PRFL 2VRALEFLATT Fr LAy %éqd%$¢$ﬁ%ﬂﬂﬂf
@1];%6 P B E A 1933 F Fu SN AE L FE EE r 457 5 Mt e P L

B yapd o HipBFa P B AT LR RRRRE S F Lap AFE
X SR SR SLERE N R SR L R A% ey R R N
WA LA B R AT LN h 0 SHF LDB R TR
L Fehe 0 F 350 2 LG 190 3L LRIF 120



% B
P 'Kl‘}@ﬁ'
7‘-_]-1,"‘ ,3%5]_&]

% iE 2y )

LFldp ARty 58

; Bl 3L 3

B BT

F xR BET

B13-3 L # 4k ® P



df % Tk (Linetal, 2009) > # * ccs_a2 #i-t 0 4 F % fc k8 (Grads) f P~iE sk
B (N24° 227 55.67 » E121° 24’ 55.4) £ 17 1960 1 2009 & 2_ 5 8 ~ & £ F4L >

Bl 6~T7 o
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FZE AT HE

FA 3 @B R 5 2 4 [fl4p (Juniperus morrisonicola Hayata ) ~ 5 /84 42
(Abies kawakamii) kAR &3 6 LEFHFP R ATIE B KT B 7
FEEAATHED A 0 R AR BB AN BRT L R B A 2 Al
FAEPfR 0 F BiESR BRI 2 R4 R B L. 3Ptk o PR AR S A 4
B2 TE30cmi o Bl & 5150k LR 2 SRS SR A 0 F B
B L L A - FURES 0 £ G0FUHES 4B AR S A L B4 0 4 £ 55
BT TE > @A BRI S ) RIRATA N IE A ] R S [ EE P4

LO
LI R e
LARS P4
RER R RS (RSB 3 ENE R ¥ SRR E R

BE A By IR S SR ARG TR BRI R hoT B0 0 A TE AR

4 E%é’%%%kﬁﬁW¢ﬁ@%ﬁﬁﬁﬁﬁii?5Wi&

& FHREFA KRR G RAFERARA 2 -G % > T ¥ B g s £E 3 i
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ol o R PR F EHTEERCE R BAAFEFIRETECEPRFRLILE A
EXFEEEAEBBRELILARIE AR hr o R R
BBtk e f A FA UL e R AR R R ERIS G o R4 MO
gep-2 3t -

year

RI3-7 £ E A7 Btt T L H
%2312 FRA

of tilting

ID DBH (cm) TH (m) Core length (cm)

A B
Jo1 26.9 4.4 15 23.5
J02 120 6.6 10.5 11
Jo3 47.2 6.5 20.8 35
Jo4 23.6 35 10.5 10.5
JO5 20 4.5 9.2 9.2
JO6 42.7 9.8 24 27
Jo7 58.2 4.5 21.2 14
Jo8 55 5} 22.3 31.3
J09 54.5 8 26.7 31
J10 58.9 6 14.8 18.7
J11 70 12 19 16
J12 72 5 8.6 8.9
J13 41.3 4.5 22 13.9
J14 39.8 5} 18.1 18.1
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J15 29.1 5 12.5 21.1

2 LA ISt R A chT 3939 R /2 5 49.6 cmo AHF 5 5.9 mo 1335 ¥ 45(1971)
T S E L AR LR RE SEMRE L -2 0 2
B RO LIS 2 AR RE R 0 LN 535-652 A B o dpang Rl E
B 2% 2 LREHp T eE 0E 92504k 0 T IEMEE 1220 % 0 TR R 940% o
B 89 /25 1802 »%’m4¢®wﬁﬁﬁ%$’&ﬁim@ﬁ#¢wEﬁﬁmm
AN FLERFAHE R FATREL TS F BB R
PR AEEAEAE c B EF HPL LFp 0 ARG I B RTRDE A
LA ETRE BB LB SARER BT ¥ B P e T ek o

| BT
% 324 F R4
ID DBH (cm) Core length (cm)
A B
A0l 62.3 26 26
A02 95 39 45
A03 121 49 51.5
A04 117 36 42
A05 105 49 49.8
A06 90 43 48.2
A07 26 13 13
A08 102 50 48
A09 58.2 29.1 29.1
Al10 105 40.5 415
All 83 ol 48.5
Al2 83.5 36.5 47
Al3 80 44.3 44.3
Al4 121 49 ol
Al5 83 ol 48
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SHAHT IO R BT 4 86.8 Cmy R A 4 (1996) 5 4 45 Hh e 21 54
B DR 5 A S St (y=2.334x+3.8400,r=0.767 » 5 f £ 5 37.536 1
F7 B=X=103) - B K (1996) f & Bl & HL VAT E 40 L
ALtk R A R ILF I JA -

BT A T
SR A EB s g RS R 2 b A BT ARG E AL
BT F ﬁﬁ#ﬁt—‘fﬁ’ 7}\{@ ?T‘ % v @ pE b 34«@183/}%;."1 fE B fé";si_ng‘_fé‘_,ﬁjf@

Bl 3-8 4 4 Atk A W

3. HEMT
UEe g e W SRRSO e R a2 b ok o BRSH A GlE R 1R
P AR okF T 12-15% -

B 3-9 S &1 e %
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Wboo 3Tk B00FL R MR B BRSSOk o
SAFC R ERE 444 Y 2

(D:EHE- B REDERK §TLRTH EZEHRTY 728K
%i%ﬁiﬁ%iﬁ*i’iﬁﬂ@ﬁkﬁﬁnkiaﬁmwi&w@’?%%
TRLEL G W ERETAPT R Ft o $R DAS A fi(lose ring) o 2 &
WRRR DE Y o g R E g

Qe trchp TR BEFHOp P BB T EA 2L T
- BoLdsAe - BREL - £ RGP RET Y A EH b T X
W PR 4P AT Pl g ¢ 3 A R 2 A o

(3)F & A& b ot B4R L 4P i (401990 ~ 1980 %) » & #hd ¢h P

o ¥Rt F BEAE N LT (HB)fe 5 (0.3840.5mm)3] B 2t i = 10
£ B50& 3]0 BRIB{-E B E* A4 BE -
) One pinprick indicates the DECADE.

1 }. Two pinpricks in a vertical alignment
[) 1 1°] i indicate the 50th YEAR.

3 Three pinpricks in a vertical alignment
} } indicate the CENTURY YEAR,

| ]

1 3-10 45 & Wikl 7 LW - 115 10 #3135 - # - 5 50 £ 41355 B2 5 g
100 # 33+ = B o

A apteorIzm&? ¢ NP LB LGP TT T oikiedt 4

ERE B NS A 4 A F AT (HB)fRes 2 8 -
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T 1 5 ] Two pinpricks, horizontally aligned, indicate
) : the presence of a "MICRO" RING.

Two pinpricks aligned at an angle across

) 3 j’ a lotewood band indicate that a ring is
MISSING from the sequence,

@3111%%“?%%‘ Fem LBl e ARSI IEE G A E R

TERRT B RAEHL  ARHPERY - 2T LR -

v A R 2R

B R R TR o 0 R R AR E R L A (Velmax)iE 7 o & i Soml 48
o o& 7k H > WA s ~ Imaging source s fitik £ B iES% T £ (Acu-rite) -
T E A P RE R LRENE @%‘«'riﬁﬂféﬁ%%fi(@m) o kMR A T
R E 2 MR AT 0 I G E T & (4 & 0.005 mm) g b 0 F -
IERHB AR BT AER RS E 2 T @ E T E
Bl EHBET S HE R HRTERHS) FREAT & 2 # % Imaging
SOUrCeiE TP G L4k M 5 7 - MR ABR 2215 R L EFH%
Yok BB G E B2 B ih- KM T F B BHGA SE N - R T
Wtk A& R 2 RS o
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=

W 3-12 #Hm A& £ R] & 5t
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FHRAGE > BIEE R ERG v 7R AR R(Z AT E > 1990)

1.%3+ % 3 T & (Statistical cross-dating)

€ p1s 2 * COFECHAAE ;" # 2% P 4R %_& (Holmes, 1983)- ¢ * 32# 4L § =
= T ,ﬁ'cﬁ MR MR > NHEERE S N REF RGBT O & ﬂé’:-”'T;a
Bt T3mnEi B L30T F A HHLED 0 1Ll E B AEL

B7|eip bl hlic > ¥ um 8158 cp it k¥ B fr;ﬁ B el Frf o AT
T EBISEPM ML 04000 7 A4 7 5 538 s ' # f BM ed 28 S=g =1
j\ o

QA R E AaE

- K FH 2 H BT A S5 d COFECHAW % &% > Fe e 2 & 2P| E &35
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Sample ID Species Longitude  Latitude DBH (cm) Cores (trees) Altitude (m)
1 Abies 24°22'55.3" 121°24'55.0"  62.3 2(1) 3112
2 Abies 24°22'55.5" 121°24'55.3" 95 2(1) 3112
3 Abies 24°22'55.6" 121°24'55.4" 121 2(1) 3112
4 Abies 24°22'57.5" 121°24'27.4" 117 2(1) 3128
5 Abies 24°22'58.2" 121°24'27.5" 105 2(1) 3104
6 Abies 24°22'56.8" 121°24'26.9" 90 2(1) 3096
7 Abies 24°22'56.8" 121°24'27.0" 26 2(1) 3096
8 Abies 24°22'57.1" 121°24'27.5" 102 2(1) 3096
9 Abies 24°22'57.3" 121°24'27.5"  58.2 2(1) 3096
10 Abies 24°22'57.5" 121°24'27.6" 105 2(1) 3096
11 Abies 24°22'57.6" 121°24'27.8" 83 2(1) 3096
12 Abies 24°22'57.6" 121°24'27.9"  83.5 2(1) 3096
13 Abies 24°22'57.5" 121°24'27.7" 80 2(1) 3096
14 Abies 24°22'57.5" 121°24'28.7" 121 2(1) 3096
15 Abies 24°22'57.5" 121°24'28.2" 83 2(1) 3096

AL EACE BEE EATR

Sample ID Species Longitude Latitude DBH (cm) Cores (trees) Altitude (m)
1 Junipers 24°22'12.3" 121°26'23.9"  26.9 2(1) 3480
2 Junipers 24°22'12.4" 121°26'24.2" 120 2(1) 3480
3 Junipers 24°22'12.8" 121°26'24.3"  47.2 2(1) 3480
4 Junipers 24°22'12.8" 121°26'24.5"  23.6 2(1) 3480
5 Junipers 24°22'12.9" 121°26'24.3" 20 2(1) 3480
6 Junipers 24°22'12.7" 121°26'21.6"  42.7 2(1) 3474
7 Junipers 24°22'12.9" 121°26'22.7"  58.2 2(1) 3474
8 Junipers 24°22'13.5" 121°26'22.3" 55 2(1) 3474
9 Junipers 24°22'13.9" 121°26'23.1"  54.5 2(1) 3474
10 Junipers 24°22'14.3" 121°26'22.9"  58.9 2(1) 3474
11 Junipers 24°22'13.8" 121°26'23.3" 70 2(1) 3474
12 Junipers 24°22'14.3" 121°26'23.9" 72 2(1) 3474
13 Junipers 24°22'14.7" 121°26'23.7"  41.3 2(1) 3474
14 Junipers 24°22'15.1" 121°26'23.9"  39.8 2(1) 3474
15 Junipers 24°22'14.6" 121°26'24.1"  29.1 2(1) 3474
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Abstract

Advice is given on the impact to native trees of taking tree cores for research purposes.
Suggested guidelines for DoC decision making on issuing permits for treecoring are provided.
1. Introduction

Cores are extracted from trees in order to obtain information on tree ages,tree growth
rates and on the physical and chemical properties of the wood. This information is in turn
used to assess such things as population age structures, stand dynamics, site productivity, for
dating of historical events (e.g., windthrows and landslides) and for reconstructing past
climates (Norton &0Ogden 1987). Tree coring has been undertaken extensively in New
Zealand indigenous forests and has provided the basis for a large number of studies on forest
ecology and palaeoclimatology (e.g., Veblen & Stewart 1982, Ahmed & Ogden 1987, Norton
et al. 1989, Duncan 1993, Salinger et al. 1994).

Except for cutting trees clown, there is at present no alternative to coring trees in order
to obtain this type of information, and coring is clearly preferable to felling. However, coring
does involve directly injuring the tree, as a hole is created in the tree, and understandably
there has been some concern over the potential impact coring may have on indigenous trees
and other woody plants. The purpose of this note is to review what is known about the
impacts of tree coring on trees and to suggest guidelines to assist Department of Conservation
staff when they consider applications for permits to core trees.

2. Nature of core extraction

The normal increment borers used in New Zealand comprise a steel shaft with a tapered
cutting thread at one end which draws the borer into the tree when turned, the borer holder
which slots on the end of the shaft to allow it to be turned, and a shallow extraction spoon for
removing the core. Borers typically extract cores of wood 5-7 mm in diameter and can be
from 20-100 cm long (usually 30 cm). Cores are usually extracted at about breast height as
this is the most convenient height for turning the borer, although in some studies cores are
extracted from as close to the ground as possible (e.g., in order to more accurately age a tree).

Depending on the nature of the study, one to four cores per tree are extracted; studies of
tree population dynamics usually involve extracting one core per tree from as many trees as
possible at a site, while dendroclimatic studies usually require a minimum of two cores per
tree but from only a small number of trees at a site (usually 20-30 trees). The core is extracted
using the shallow extraction spoon while the borer is still in the tree, and then the borer is
removed. Following extraction, the holes may be left open or plugged with a variety of
compounds including vaseline and various fungicide pastes. Most increment coring
undertaken in New Zealand is done using hand-powered borers, although motorised borers
(e.g., driven by a petrol engine) have been used elsewhere. Motorised borers are capable of
extracting much larger diameter cores from trees.
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3. Impacts on trees and tree responses

Extracting a core wounds the tree. Much of the concern about tree coring centres around
the impacts this wounding has and is often based on misunderstandings about the way trees
respond to wounds. Wounds damage trees, but trees have a coordinated system for limiting
this damage called compartmentalisation (Shigo 1984, Smith 1988). A good understanding of
the process of compartmentalisation is essential for making informed decisions about the
effects of coring on tree health.

Compartmentalisation in trees is a defence process by which boundaries are formed to
isolate injured tissues and thus resist the spread of pathogens (Shigo 1984).
Compartmentalisation is a two-stage process. In the first stage, the effects of injury are
confined by chemical changes in the tissues present at the time of injury. This may involve
the production and accumulation of antimicrobial substances that retard the spread of
pathogenic organisms that develop after wounding or it may involve the formation of tyloses
and other plugs that limit water loss from damaged xylem cells. In the second stage, chemical
and anatomical boundaries form after the infection, as the living cambium forms a barrier
zone between the tissues that were present at the time of wounding and the new tissues
formed after wounding. A barrier zone is a zone of protective tissue consisting of unique cells
that serve to isolate or separate the infected wood on the inside from the healthy wood that
continues to form on the outside after the barrier zone is complete.

The process of compartmentalisation provides a very efficient and effective means by
which trees are able to isolate the effects of wounds (especially pathogens) from new tissues
that are formed after wounding, thus allowing trees to continue growing despite the presence
of wounds and pathogens.

Compartmentalisation is different from callus formation. While callus tissue can grow
over a wound, a callus does not create the barrier that compartmentalisation does and is not
able to isolate damaged tissue and associated pathogens.

While tree coring does have an effect on trees and can lead to discoloration of wood
(Lorenz 1944, Toole & Gammage 1959, Schweingruber 1983), it appears that trees respond to
the borer hole as they would to any other wound through compartmentalisation. In normal
circumstances, this should not lead to more rapid tree death than would be expected from any
wound the tree receives. Certainly, reports from scientists involved in tree coring suggest that
tree death as a result of tree coring is very uncommon (FAQ 1997). In a preliminary
assessment of c. 100 trees cored by Peter Dunwiddie in New Zealand in the 1970s (mainly
species of Agathis, Libocedrus and Phyllocladus), only one tree has since died (Jonathan
Palmer pers. comm. 1997), and the cause of death is at present unknown. However, when the
borer breaks through into a zone of compartmentalised decay (e.g., heartrot), coring might
break the boundary that was keeping the infection isolated in the tree centre. This may result
in the infection spreading out into the sapwood and ultimately the accelerated death of the tree,
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although the active sapwood may again compartmentalise the infection.

The degree of sensitivity to tree coring appears to vary depending on the species being
cored and the coring process. North American studies have suggested that some tree species
are better able to compartmentalise coring damage than other species, but there is no objective
information on the relative ability of New Zealand trees to compartmentalise such damage.
North American studies do, however, suggest that resinous conifers may more quickly seal
borer holes than many angiosperm trees, and this may also be the case for some New Zealand
conifers (e.g., kauri).

The negative impact of tree coring is greatest when a blunt borer is used (Smith 1988).
A blunt borer can, through ripping tissue as it is driven into the tree, lead to much greater
cambial damage, thus delaying the formation of functional sapwood around the damaged area
(the barrier zone) and thereby providing a longer time for microbial organisms to establish
and spread through the sapwood.

4. Minimising impacts on trees from coring

A number of approaches have been suggested for minimising impacts of coring on trees.
Traditionally, holes have been plugged in order to prevent infections entering the tree.
However, the degree of infection appears to be independent of the presence of a plug,
suggesting that pathogens can pass through the damaged tissue around the plug (Lorenz 1944).
Dowels and other plugs in fact have the potential to increase the rate of cambial dieback and
infection spread, as they cause further damage to the cambium and sapwood as they are
forced into the borer hole. Although some studies have suggested that use of wound dressings
can reduce fungal damage (Schweingruber 1983), more recent studies have suggested that
these can also hinder the compartmentalisation process (Smith 1988), as boundary formation
is forced further back from the wound site, resulting in an increase in the volume of infected
tissue.

The best approach to mininlising damage as a result of tree coring is through the use of a
clean sharp increment borer. Keeping increment borers clean would seem particularly
important when sampling at different sites. While there are no documented cases of pathogen
movement associated with tree coring, the spread of Phytophthora by vehicles and people
through Western Australian forests is a salutary warning. Angling the borer slightly upwards
ensures that water and dirt will not run into the hole. Coring during the growing season may
also give the tree a better chance to react to the injury through active new growth, although
Schweingruber (1983) has suggested that for European conifers, coring during summer causes
considerably more damage than in winter. Finally, the fewer holes bored in a tree, then the
greater the chance that unwanted infections will not occur.

5. Suggested guidelines for tree coring

Trees growing in natural forests are subject to a wide range of wounding events ranging

from branch breakages during wind storms or under heavy snow loads to trunks being scarred
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by falling rocks or snow avalanches. In these circumstances, trees are able to successfully
compartmentalise the damage and usually continue growing. The extraction of increment
cores from trees is a further, although very minor, form of wounding that is likely to affect a
very small percentage of trees within any area of forest. The response of the tree to wounding
resulting with increment boring will be similar to the response of the tree to other types of
wounding. The approach taken by Department of Conservation staff in dealing with
applications for permits to extract increment cores from indigenous forest trees must be made
within the context of the ongoing wounding and subsequent compartmentalisation of damage
that occurs in all trees. As Shigo (1984) stated, the processes of compartmentalization explain
"the very longevity and capacity of perennial plants to survive countless wounds and
subsequent development of even more countless pathogenic and parasitic microorganisms".

The following are some guidelines that Department of Conservation staff could use
when evaluating permits for extracting increment cores from trees and other woody plants on
lands managed for conservation purposes.

1. Increment cores should not be extracted from any species listed in the New Zealand
threatened plant list (Cameron et al. 1995) unless there is an overriding conservation
management reason for doing this. In this latter situation, cores should be restricted to one per
tree and, if possible, not all trees in any one population should be cored.

2. If there are any long-term effects associated with tree coring (e.g., through breaking
the barrier surrounding a central core of heartrot), then these effects are likely to be greatest in
small, fragmented tree populations. It would therefore seem prudent to limit tree coring in
small forest fragments to essential conservation management work only

3. All permits for coring should require that the researchers keep their increment corers
clean and sharp, and that increment cores should be angled slightly upwards into trees.
However, there should be no requirement for plugging of holes, as such plugging may in fact
hinder the process of compartmentalisation.

4. The number of increment cores extracted from a tree should normally be limited to
one, except for dendroclimatic studies where a minimum of two cores per tree is usually
required. Much of the above discussion has been based on North American studies, as there
are no New Zealand data on this topic. It might be useful if DoC, in granting future permits
for tree coring, asked researchers to mark some or all of the cored trees as a basis for
longer-term observations of tree health after coring.
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