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Seedlings

Kaiuri 'H..‘L‘u"i:l'l:;,'.'-i have ﬁlﬂj.ﬂr. Ak '_1|.|1.. demmran
stems:. Oocasionally, when the rip of the
groraingg shoot has been damaged. e, by frost,
several stems develop o form i mialt-lesdered
plant. Branches ame bome almost ar sight angles
Lo the stem and can be splolly

Saplings and pole-stage stands
Must saplings have long, namow, cone-shaped
crowns and strong, single, leading shosns
imomopodial babit). A the pole stage they e
eiften referred tooas *rokers”. Inonarueal foress
this form persists untl the stem reaches o
chamiper Cat L4 mof about S0 cm ot age 150
20 vesirs, after which the cromm stans o spresd
(Ecroped 19820 This process s sormetines
referred to as “heeaking our”, Pole-stage kauri
trees have g limited abilicy (o coppice Ddevedop
new shaotsh fnom cut stmps of friom ool or
damaged sieims.

Seliings qded
senfnlivegs sty
freet sdapgde
affcelly dhomidmanid
st Hogenches
are e fovg atned
sindizelly { ek )
fitai e crandiig
Pl e Bl ity
sefriges eerelop,

PART 1 — DESCRIPTION




e Har sapling stape, lower branches of kawrd reak auway
naturrlly, bnaeing a scar an e bark abich subsaqeendly
Ralos ool Az a reoull the frunke & left froe of mois

Branch shedding

Branch ahscission is a remarkable and valuable
chamcteristic of kaurd, From the "i:I.[:lhrIj.l: stage Onmwanls,
the lower branches break away cleanly from the trunk,
leaving no lasting damage o the bark and no knots in
the stemwood. The mechanism of abscisskon, describsed
by Licitis-Lindbergs (19560, Involves an increase in the
proportion of cotex and pith tissue and a decrease in
the formation of vascular tssue (wood) in the swollen
base of the branch. Wilson er al. (1998 repored that
hranch shedding in mature rees leaves a rough-texuned
separation face on the bark of the trunk. As trees mature
and bark stams flaking naturally, any sign of branch scars
disappears.

Mature trees

Ko trees resach a height of 30-50 m, maeely G0 m (Ecropd
19621, When muture, they have straight, untipered,
ewlinddrieal gems that are free Ffrom brnches ancd Hr:-'ir:-h'_clei.a
o & ||q'i|.1]'|l al 12=-25 m or more, The massive croens
cransist ol ||','m';|n1-.|.n:'hin|_._l brramchies |:'|rr'r||1||'i|15.l_ it or
slighthy-rounde] crowns. The stem diameter of rees aged
PR YEArs i= commonly 1= m and accasionully
35 m, although diameters greater than & m have been
recorded. Ancient trees are often hollow, making the

accurate determination of age from annual fing counis

:||'|'|F:H.:-:4-.'~||:l|l.'. On M Tutamose in Northland, a tree nomed
Eairsru hued o cdimmeter of 6.4 moand a3 clear bole of over
A0 m (Halkett ancd Sple 1985, Unb -r||,|n.|_|-_-|':,'_ Kairan was
burnt befone 1900, The largest existing individual {greatest
wois] vodumes) is Tane Mahuta in ‘Waipouwa Fooest, This
treses measured 4.4 m in diameter amd 52 m in belght in
1Sty (Halloett andd Sale 1986).

Cheeseman (1913 made one ol the eariest studies of
age and :..]_TI:-W[I:I af kaurd, and refuted earlier cliims that
the |..||].:|."-.I trees weere mmany thousands of Vears ralcl, His
consETviLlive esdimates of R mvth rate were based on
e sLrerTens of annel rirges in rees with stem diameters
B g Ea 4 TH frewm &6 crm 1o r|-:-.'|'r|'!, 4 i, He calculated an ape
of 232 vears for 1,2 m diamester trees

Ahmeed and Chpden (1987 ), wsing cores Giken froan trees
of different diameter classes in numerows sands,
concluded tha Lh B al |-:|r|._L1r'.'i!1..' al trees in okl grroraly
stands was over G0 years. They estimated that trees 2 .m
in devmeter averaged 1100 years in age while 2 3=m
dimster ree wias probably 1680 years obld Gits seedling
wiotild lave been established in ALY 320, wwhen the: Romans

were still cecupwying Britwin!)
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Foliage

Kaurl leaves hiave no peticles and are amanged aliernately, They
are thick and leathersy with parallel veins and are a dull olive-green
colour, Juvenile keaves ane 5100 = (0512 cm; adult leaves ape 2.0
1.5 cm long. Most leaves semain on the tree For 56 years (Ogden
and Ahmed 1989, some up w0 15 years (Silvester and Orchard 1999)

Thee colowur of seedling diame varies from alive green o boomee to

red. Reddening is noticeable in natarally regenerating. seedlings
and nurserv-ralsed spock. [t is caused by increased concentration

all the red plgment chodoxanthin and is thought 0 be 4 sespons:s

o high light imensiny (Peterson 1963)

Rools

Bt :_';.-'\.-\.'_ (5] L.-|||' -'.'\-|'|:|-_:'\- 0 -\.!ll'.'\. |||- ".l_"..'.h _,;-'||||:||_|'|'|:
=5 -'\-| Imna s 3 SIncang I_|| T ||| L= :.Il-\. |.|| TECiL S%S1Em |||.-I
aiften devels IS only one side (R, L wil, Baur Management Lini
New Zealand Forest Service, unpubl. datad, The taproot of small
sepdlings can b as much as three times longer than the shoot. A
single taproot, of sometimes multipde maproots, continues to develop
im young trees, s=ichidng a depth of 2 m o more unlss mpeded

- s
by rosche o a0 hand sodl pein

hfature kaurd irecs have well-devedi ks ol rodd systems (Yeates 1924

Cranwell and Moore 1936). the laree lateral roots often extending
beyond the width of the cown. Deep “peg” moots of “sinkers
leseend from the lateraks and provide firm anch JEERL Ofservations
f free wind-thrown rees in several Nomhland forests indicared a
tendency for three © four lgge surface roods o madiae up o G m
frcam the base (R Llowd unpuebd. datad. There wias no signoof a Eproot

il NEMERCRES [l oS Were 4 momn |-.'||:..1'.'| and tesminated i a

network of smaller oors

Mamire reds fofm an exiensive Network or mat of fne fecding
rowsis extending from the lteral roots imo the inedaor between
decomposing litter and the minesal soll CYeates 1924; Cranwell and
Mioore 1030} These have a beaded appesrance due to modification
aof their structere, but any resemblance o legume nodules s

supserficial. Claims thar they are the sites of symbaotic mitiogen

fixatican have nod been subspniined (Silvester and Bennett 1975

Ihe infloence of mycorrhizal fungd on growth of kaerd has been
the subgect of several hwestigations (e.g., Baylis ef gl 19630, These
fungl are found mwrally i fosest solls and often form specific
symibicdic assocutions with roots that enbance the absorpion of
moisture and nutdents, Whitle Bleleskd C1959% found no difference
n growth e between kaurl secdlings grown in sterile sodl and
those exposed o mpcorrhizal infection, Mormzon and English € 19675
reported thu ampeorrhizal infection stimulkated phosphate absorption

by the nodube-like roots.

Fusion of major lateral roogs has been observed in matore trees
(H.Uoyd unpubl, data). Boods occasionally become grafied avith
thwse of nelghbouring kaud trees and the stumps of felled trees

nely therefore remain alive for considerable periods

Al Fireanion Ix _|'i\.'l|'|'_l:l OO 15 o foadnme o
waturally repenerabad and neesery-raied seealings
Redaleridvg gy s 3 s fo LET |'J_|:.|:.' (TR ] T
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Reproduction

Eauri iz monoecious, Le, male and female cones are
borne on the same tree. The long male cones (2.5 = 0.8
1.2 cmid are Borne in beal axils, usually on branches above
the temales cones but sometimes on the same branch.
Kaurl has a 2-year reproductive oycle, with pallen sac
and cvule formation beginning in October. Pollen is shed
and Fertillsatkon oocurs during the Following Seprember
October perod (Owens e al 19950, Seeds moune in
March of the secomsd vear in cones that are 5.0=7.5 cm in
diameter when ripe. Seed-l=ring cones break up on the
tree and release seeds with small wings, Thesse are
dispersed by wind and gravity, and seedfall may continue
for 3 wecks

Smal] miale cones are usially lecaied on branches above e
Jemale comes, Bl soometimes on the same Brairich. The
Prodice fanlern in Spring. Sevd onaluires difaroocinnariedy

O RS karer fin culiimn

Although trees do not usually produce viable seed antil
they are 2540 years of age (Halkett 19833, female cones
have been observed on planted trees as young as G years
abd and seed has been reported on 15-vear-old trees
Seed s produced annually but quantity and viability ane
vartablie.

Seeds are not dispesed over great distances, They have
single small membranous wings, approximately 10 mm
in width, and do not travel further than 20-100 m from
the tree crowmns in normal weather conditions. Most fall
within 50 m of the parent tree (Enright el 195999, Ecroyd
(19820 repomed dispersal distances of 1.5 km, but these
Are Yery rare

Male cone

Kenert soeed is rolpaiad fromm comes wedveer hary
dizitegrnte i loke summer apd sarty aufemn, A
srall wnine conases the redatioely Beary seed o gianal
i tha pround for distarces wh o J00 m fromm tha
FIRAMEPTS DT AR Y wThher i R



PART 2 - DISTRIBUTION OF KAURI AND RELATED SPECIES




Roaraar (o o fwarnarior gstadniiied da TO5%% on e Verfewrt PYeris
sl o Pk

B collected from this sangd

iR S0P O ST It 20 MRty Vil e fyds

Earlier distribution and limiting factors

Factors that contmol the current narwral limit of Eauri
distribution have boen the subsect of debsate for auny
weirs (Ooden ef al, 19925, Bielegk (105090 corsiderad that
where the averape dails Lermperarne mesimom fakls below

0, kaud growth ral

decreases o the |'-|'-|||I il

dormancy, thus |-.-.|.:||||:.', the dursibon of the anmus
eroawth perol In linmmodes sauth ol the current natural
rrgge, slovy groswth comabined with a shor groingg season
resulis in suppression by species that are better adapted
oy codl comsckirionss, This wouled podoumt oo the ability of
it tor g e imore solitheedy locitions and o higher
altimackes whesn i

1% DA 100 o !.:I'l\. pabican weith « I'Iul'i"ul'\l\.

It has been sugeested thar seamered oroves of Ko nesr
e v meural disgribuise Dol are relict sands and that
grovwth furthier south is restricted by Lok of suitable soils
and terramn eatlser than by clinmotic conditions (Clavion
Gireene 19751, When an ecological dismudsimee provides
thal ar

iwn opporturty for pecolondsation, plant species

more cormpetitive on femile sodls may suppress any kaori

seciflings that are present

There g no doubt that Eawn can erow much funther soath

H s I- A T T e [ N i [N T

Iromsl-friee sites are availzble. Plantatbons in Taranzki

L]

PP P riad 5 WeRars G 1R G L4 Py T ity [dFhE R

[l HCTHD CONRES

approgehing 70 years of age are 120 ko south of the
limit of the present natural mnge (Herben o ald, 199603, [n
the lower North Island and the Sowth sland numernoos
plantings In amenity parks and gardens have been
suceessful. Kaur has also escablished at Invercangill and
ot Steewarnt Tsland, alibough an extended perod of seven
frosts has recently killed kaurd in an Invescargill pork
(G Morgan, Southland Regional Councl, pers. comm, )
Lomgevity of soame stands o sites prome 10 severns [rosis

Ay iBerefane e al rsk

Alethouagh cones are produced on trees planted o many

olaces south of the natural limit, few instances of

sHOCesRsl "'\-l'l'IIIIII'.. |"'\-|.||'I'\|Ili'.:'\|'ll' i'..l'-!' Ill\.'l\.'ll RIRL] I"'-

reconded (Steward of al 2003). These included New

Plyieoasth, on the edpe of a O0-vesr-obd kauri i H T AT

in & oy park, amd Wellingion, o gandens nesir semi

matiire rewss growing in sheltered subarban sines

M'wo secdlings have been found 56 m from a 3i-yvear-

old tree HERR e '\.I"I".! MHEELT s II||I'.|I II-II'.'I" ||'I"' e

i | 1 A8-yesar-celol Eaun hay'e heci prooui g COHRCS S0Ir il

number of vears (LPlat, Ministry of Aoriculio 11k

Foresiry Senior Fopes i Lolviser, pers o ). Yinhle
el has bisen collescied om a [FANEAION N Chpimieck]

{Ecrovd 1982) bul o seedlings wene found



Loss of kauri forest in New Fealand

Before human colonisation of Mew
Fealand took |'|-|:'||.:|.*_ kairi Forest is
thioughit 1o have covered 1,015 million
hectanes (Halken 1983% Halket and Sale
1986G). Approximately 7000 ha of obd-
growth kauri forest remained by the
19808, The ACTURCY ol estimates andd
definitions of “kaun forest” is debatable,
Bt there is no doubi that the amount of
ald-growith Torest with kauri as a
sgnificant component is cumrently litle
mere than 1% of that which existed
before human settlement, Halkett (1983%)
reported thit in the 1980s, second-
generation Ksur comprising dense
stands and scattered trecs coversd an
arca of some G0 (B0 ha, Shrublind
containing kaud in Mormhland and the

Coromande] Peninsula may have been

cleared over the past 200 years (Heveril
el @l in pressh,

= -

Fading a large Baur iree in Comainia Foresd, Sortbdened, a0 1910

Ferckes ey exseniiial fOrF mortag forge Bade ogs i Prearalion for iraesboriing i
Fig madil

e i exdwacting baur logs
S a Northlard forest in she Lare
TTRIS
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CLOSE RELATIVES OF KAURI AND THEIR DISTRIBUTION

Agaitbiy is one of the three genera of the
Araucarizcese, 2 family of coniferous trees found
almost exclusively in the Southern Hemisphere, The
21 spescies of Agathis ocour in the Forests of Awsstralia,
Papuia New Guinea, New Caledonia, New Zealand,
and other pars of the south-west Pacific,

Agarhis australiz (kauri), the maost southerly
representative of the genus, is endemic o New
Zealand {Ecroyd 1982). The other species are found
as Far west as the islands of Sumatrs and the Malay
Peninsula, as far north as the Philippines, and as far
east as Fiji (Falkew 1983, They are all commonly
known by the New Zealamd Maori name “kauri®,
soimetimes a5 “kaurd pine”, and are all highly prized

for their fine-grined wniform tmber {Whitmore
19770, Fest-known are Ooeensland kaer (A, sodana)
aned Fijlan kv (A, mranerebidls vir, idtensi), The
greatest concentration of the genus (a groap of five
species) s found n Mew Caledonia (Whismeare 19771
Many spescies are geogrmphically isolied or have a
limited range. Mo hvbridisation waithin the genos has
been recorded (Ecrowd 1982),

The two other genera of the Amuciriceas are
Arciecaria (19 species) amd Wollemida which has a
single species, W mobilis. Wollemi pine was not
slenrified wnril 1994 when &t was found in a2 wet
sheliered gorge in the Wallerni National Park, norh-
wesl of Sydney, Australiz.

Uhstribaition of the 21 Agatbis specics in the south-aoest Pacific {modified from Halkett 19683 Fanon 19894H),

1 A mumtrein -
E A macpiyle |
A IAslws
L] A b
5 A s
A | A mosens
T A moom
] A cands
5 _|Amhwis |
0| & siepupures |
11 | & mickosmcdys
12 | A ielarcen
] o
i A, cmlnition
AL A, T
| A phitppinenss
L Y -
18 A Bviieens | —
[ L ——




Prehistoric distribution of kauri

|~\...II|' |'|l -ii:'ll |'-||_"\1|'I'-\.|_.| in ||l.|_ % [l secHmwEnk l.'l.".hi L
b chatesdd 15 an excellent indicator of the formers [rEsEnee

it | W |-,| LOILInCE | i |'\I-|;_l- lids |I|"'|| |'-.'\.-||

 tha HI'\.\.-\. =4 |
uscd widely to investigate the prehistorc distribution of
Poller

p
oversd bw kaur has

kawrt {Chpden af al 15025 reconds mncdicate thai

the ired varied over hiundreds ol

thousancs of years i eSO Lo Clarmai an] seq level

fmingpes d Eoroed 19658 Kershaw and MoGilone 15550, The

AT pes was presenl wesll south ol it currend distrititien

Il as late as 3000 (WHF vears apo, 1 was scance during

the warmes) ard ooldest periods, maimum abundance

PBeing achieved whien the climate was oo ancd maois
Feershoee el Maotelone 159595 ) comssclered that once kaurn

regenerates undder mikder conditions, i lonpevily and

Walsl NESE PHETHEEID |E T4k COHTRPELE SLK e A Iy wih offser

spscies, especially on mdrent-limited sites. In cobder ancd
Urier periods, eech ( Vodbofierns S 1 uni] th |-|.I- WIS
conlimed to

Palur i

numenows dureng thee last 7000 years

hemmas NIRRT .II'-| | LITE I% THCTT RS EES

=1l 1 i b= ¥ . Ve -
e R I|-I--.|J_I (RN} i 1mge 5 have been

IMiTe n the north
Il durimg@ e Brst S vears in the southernmost per

efal {11

el minse (Rershaw amd MeGlone 19695, Ooden
L TR T o that recenesation of katirl 15 -..-.'|'l.'|'-.|l.'||'

larpe-scale ecological disturbance, and thar the more

¥ i . T . § i i 3
revenld popLtition increase 15 due o dsisinenee by wind

¢ fe rthver thian o changes i twemperatire o ramfall

Koo wrxsd has becn preserved inosw 1M I!:I"”r'll' i

lerpedand pans of Monhlamd and as far south as the Waikato

where carbshe CRTNg s pEoY -|-.'-.|.|;.'l.'*~||| AREE O TG

(WL N i i
than 40 00 vears. I reviewing the history of kaard

clistrbantion, Chgden of of (159552 reganded the [HrEsen
I Raur wood i bods as a mystery beciuse the present

o
tlavy hakbitar is mamlv |:.|_:l_-: o O reltively dy nonth
Facimge -I|-|'|:--- 'I'.".n':.' odserves] thal kaun s oocasionally
Il growing on waterlopeed sites, and suppested that
SWAIT sauri” lorest may have been destroved by early
logringe or that recs were established bebore the bogs
.I-."-.|'I|'||'-|._'|I Thev acknomdledped that chanpes in climeate
or tectonic movements could have accounted for site

changes since forest estabdishmeni

The Taupo eruption 1800 years ago felled and buried the
central Morth Ixlancd podocarp Borest with layers of
wislcarise ash and ['-|_||1':i|:'|_' which often beoame wellamds
| Clarksom ol il 156K ) |:lllr|!:|F COnversion 1o .:-,l_z'l-:'llllllr:ll
land, one such |"‘-'H sl was ound 0 contamn well-
preservisd kaun wood, leaves, and cone scales, as well
as plint material of a number of associated species
(A E Beverldpe, New Zealand Forest Rescarch Institute,
unpubl, data). Mrraining, buming, and shrinkage of peat
revealed extensive root systems and massive stumps of
kaur. Carbon dating and a thin covering layer of Taupo

O ATLFT ol gl
JORT T o GreRd iy
ey r VEOwd FTdds
I It

PRt e i0ps el
Pigpinr e Cold s
dailoed chited famiiricd I
e pcre PR P LA

eyl ol

Kttt el forodis once Presentl fn e Wenllsnto fordanads were
dbestrorved By Tooding e e Fernfa eriifetion aboerl FAE

veaTs e LITEnTin
JonFpHer dging ' ] Ll

i stnrinps by redeiled e shimips of

Pumice linked burial with the las Taupao eraption, The
site appears w0 have been Rooded By the Waikato River
after the erupgion, Pollen analysis of Like deposits and
borgs in the lover Waikato (Ohinewai and Hamilion)
alorws that kaur freew al the mangins ol EWHITIPS wiich
reached o maximum level :L['-|:-r|.-5-ci'|.=|.|h_*!§, ] (HH) VEITs AR,
Prims wegetation was prone bo fire sand edjpoent kaan trecs
wene protuably destroved by buming after Polynesian
sethement (MoGlone of ol 1984; Newnham of al. 198%)
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RANGA hlﬂF LlH’BAHH
Norhem Mao believed the Kauri 1o be the father of the sperme whele.
Teecause of their huge size, both were reganded a2 the rangatica (chiels) of
thesir respective redalms, Their bark and skin show similadties of texiure,
while kauri gum is like the ambergris found in the intestines of the whale

phale came @sbore e spobe
H" s I .I'.hu I Iy |'-.m4r'r Come with me fo e seq wivich is
dorud oo, "
" sanied Hhwe derooet. “Your wiany ik the sea ek 1 prafer o
st bore with my feet in the soil "

T R A T

“All right” said the whale “thent ler us agree to exchange our.
skins, "

I Syt bl ol deceniri s S5 vl frodl 6F rocinoneei o

Acknowledgensent - Akl Vi
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Kauri gum is thes solichified resdn ol kud trees, Besimous sap ooees T Tsiciures o seoaiels i the bark of the
tree, along splits where branches fork, and where-branches have brokeon Te deters the entr ol fngd aned
insects. Congealed lumps of gum evenmually fzll to te ground and ase covered by Livers of forest debarniz,
Large deposits of bamed gum weere bailt up over theasiads of vears, In areas af Nonhbind known as “gumBnds
the sail has been systematically excvated i the search for gum deposited by the trees that once gresw thers,

Cannimn wers Foumd o Beyve propeities thar nude i@yvalaibde
in the manufzctore of lnoleuny, paing and varnishes,
Top grade nuggets were made into fEshionable beads
atic] vsee] Tosr ﬁ'Jli"-"il'l.H- LTI |.:|-|:“|":t| ks q.||.|.l|q T thie sodl of
cutewer or el forests were the souroe of @ thiving
ksl expon indusiry. berween THAG and 19460, pemiking
rrcancd 19008 webiesrn 1O THHD 1oimes were E:H'lﬂ:ll:'!l:"d. The guom
ool lesetons ol this '|a-:-'ri-:u:| [ Hiﬁ]ll.‘.ﬂ"\." qeirfice 1.|:~'i1|:l.\iL~\.
and liter draed gwinmps angd bogs o reach fossil lavers,
Imamigrant Dalmzians and Croatins daminated guem
p.l.'_::ll:hjl;.ﬂl::ln in the Mohland gumficlds from e icd
1RE (Mo Py

e e

Cavern ot also collected from forks o the Lirges
trees and From notches out tn the stems by a
process known as “Meeding®, Gurm eallectons
and farmers often la fires o clear lamd, amd
large areas of standing forest woere buent. Caam
bleeding was found o have a harmful effect
om tree health and was mode legal in 1905
Evern so the prsctice continued for some years,
|-_-1;':|t-1.:|;1|.4:,.- cnt the Burger steims,

crsden blpedfg ineolvedd cliniing B irees
wiveal middeiniig e fraarnk b atimlatie The
pnk.ﬁ.uﬂ'ﬁ'.ln o wesien, btk s futer collerted,

15



Misey exprty dllienpy wewe comstraciod of Ratvrd ax e Hapdor Bera oo

Tl LRILY Lol

\fhaerteae in Anckiad |

1.5k TR AT S & LAl I fuages i)

WA 6 T T Bl

Early European settlers
French sallors inothe late 17005 were the
firss Europeans o record the presence ol
Kaurd amd 1o ddentify the potenial Mor masts
il spars, Explodtation of e fomess bogpn
al the start of the: nineteenth century, Spars
were exported 0 Svdney or London during
thie late 1H208 and @ cdescacles Taber savwimills
il Peni-banilclinme vards were esdablisheasd
using koo as the muoin tombser Demand
incrensed [or the siraight even-irained
wood which had excellent atrengih
wiorkatlity, and Tindshing properties, Tht
jpresake procluction vesr was 19060 (443 000 m!
il 1 A0 malisk adter wehncty the indestry
Pesgran 1o olecline until thie late 154910 wlhen
il prodkuction |I||-|-|||'|'.||'|I'|-:-I| ey SHH]D
3/ Y Thie fonesis were devastied by
oveer-logeing and fire, even though the
clamape wis recopnisad as # was oocurming
As eirly az 1840 the “waste and destruction
o thes Kaur resource™ was documesnied.
calls besing made Tor reservation of saitable
stancls Belore settlement [Roche 195800
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Sevarmns festify do the clearance of former b forest vl welded Bunareds off
throwsands of cubic maires of high-grade wood for boeir Bailding, furniture

mnigfaciering, and bouse consiriciion

1940 to the present day

Drestruction of the national kaun resousce became a public
fssue during the 19405, A conservation movement was
led by Professor W.R.McGregor who had a long
assoctation with eady research in Waipowa Forest. In 1932,
an aren of 9000 ha of forest ar Waipoua containing a
significant kaud component was recognised] as a Forest
Sanctuary. This ared has become in imporant visitor
attraction. Severil of the giant rees are close o2 moadd

bl theowagh the fosest in 1927

Small-scale parial-logeing operations were permitted
several kaur fodests until 1979, bur by 1980 all kaor
logging in Stte Forests had ceased. ‘Today, protected
matural areas, most of them administered by the
Department of Conservation, ensure the survival of both
aild-gromth forest and modifed sgamds containing mature

'_‘II:I.1| (1'."& '.:I:I)'I‘:III.I{ In:'.ll.lull [rees.

bt fowests, inchuding this stand Buoter s
“The Seven Siters ™ in Winihoe Fores,
Hrsrrdaalls et [ Fosl yhinems .'!_F Flngregs
Flawr frees from the gffects of irempling
thousanads of pisitors each year

Kauri forest produced lange quantities of high-grade timber
for mesarly 100 years, up to the carly teenticth century
Timber was exported or used bocally for many purposes
mclhuding fumiture-making and house-bailding. Wood s
resin products contributed greatly tothe geswesil econoimy
and to employment in the northern districts durng the
late nineteenth and eardy twventbeth cennuries,

Fege kawnd feiled i o Nonthlard foresr .'n.'uun-_,r]_qm.p_- sl
af grrd of lng

17
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e Kt Moo s locaved ar Maikalse, soath ol Doarasilbe, on the
western side of Morthland. Settbers Frst caome t Matakohe and neary
Paparoa im 1RG2 The msesam was estahlished e celeboie thedr
cemtenninl wnd pay ribote 1o those early pioneers: [ s adminEmened
e a charicihde rust with weicle lowal -.--||||||l|||i|:r sEapapEm, W ith 1l
muissk 0 recod aspects o the Eaun inchestry Sndslosalpioneces
and to pravide displavs and

information for the pubiic

Thz meseum prowides an insight
i thie history of exploftation of
kauri foresfs o fimber and gum
from early settler cdays until
CONSErVIHON MEeasures were
aken over the Lase CEnrY i
PECRETVE ICMELmmg kot foapest
v owide range ol siatic angd
working model displavs depict
the kauri inmdusiry throughou
MNorthland; they include felling
copuipment, o stesun svwrmill, amid

end-uses of wood and gum

Ll



Matural
establishment

Linicher manaral
conditkons, the
fmmediane post-
STl srge is
craticil for sucoesshul
kauri eskabdishmeenn
If the sumamn @5 mois
and wairm, seed perminates within a few
wiinsks of seedball, Thebeskd (19550 sugpesned
that Edlure of scedlings o establish under o
cover of mature trecs might e due o the
innhility of young teees bo reach sofl thimogh
the thick layers of lider and raw homoes, He
consicdered that high monality retes were the
result of desicoiton. Seedlings freguaenily
becoane estibiished on moting s, on ool
mrindls of fallen wees, o on disturbed soil
where medsture and nuerlems ane locally

availakble,

Bibesleski 4 19590 comsidened that the cessatbon
of groawth incwinter midy be g factor tha s
naiual kaurt establshoment By ealy June
secillings have usaally developed pwo
cuylehoms o seedleayves, taor trues Jesaves
sivncd i 2= 1oy S-emm unbisens daedd Laparcscal, AR thas

stage they are susceptible o dreoughi,

espernlly on ridee-tops in e autwmn, When

Firally esgablishes], oy thwe Other beng, thes
become drought-iodesmme and dry periods
sy v stirmlate ool devesdopment, CHer
Kaur seedlimes cin e nile a wicker rmnges ol
comcdifsoas tham many ollier s|msies iclieski
| 535531

Lighi amd temperatune conitions and b
thiviewer Hrrer laver i secorclary Porest ane
tware Eivonrsible For esaiblishiment of kKoo
scecllings 1han conditions in old-prow by
Toreesle CABIrimes TUS7: BRieleski 103U
Sevdlings are also common on barmt sles
culontsed by shrobs, or om e LRI puLsiune
thar haz been invaded by small-legved

vt s CEcrowed 18820
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Kari# seediings mron we dcrcer o sarall-baoed canofy of
g o Atrrddlogr Wt Preid conomrvesd B clmareal by fTine
oF aibwr alizfrtince

Development of ricker stands

i ]51Ii1:|||r|| grevwth mtes are associabed whith sheltered sites
angd frindale, r'r:':'lg.-' draining =ails of moderte fedility. Ohen
only scattered rees develop in fertile sheltered valleys
andd on loweer shopes because broadleaved trees, shnabs,
and fems are abde to grow more rapidly and suppress
mst al the young kauri plants (Beveridge of al. in press)
In contrast, dense stands or grosves of kawn frequently
cocupy drought-prone and less ferlle ndgetops, spurs,
and upper slopes where, although growth is show, these
is besss commpetithon Froom other specees. For example, Paams
& Leathrovick (1906G) found the predominam distribation
it Walpoua Porest of most conifers, including kaur, was
an the most infertle siees, generally an upper skopes and
ridges. In contrast, most dominant broadleaved species
tend to reach thelr greatess imponance of mdd o lower
slopaes,

The vegstation succession from bumed forest through
assarciations dominated by manuka (leplosfermm
scoyfwrriiem, kanuka { Kuezea encoldes), and tanekahs w
kaur ricker stands, has been described by several authoes
Crhrden {1983) found that ricker sands thar had devels l|:l:'-.]
after burning in the late 18005 contained mose than 4000

pole and sapling stems per hectare,

il

Stances of most tree species undergo sell-thinning as height
amd biomass increase. Light-demanding early successional
species are usually suppressed by hardwoods such as
taraire and kohekohe {Dysoxpium sheciatnled. Wihene kauri
i5 present, the tallest poles evenmally emerge above
netghbouring trees, usually when their stem diameter
redches about S00cm. At this stage, the bower branches of
ther comical recker crown ane shed and an open, spreading
crown develops above the canopy of hardwood species
(Cgden and Stewan 1995%)

A pumber of small kaur forests composed of dense
saplings and submature trees developed after fire in pre
Burcipszan times. One of the best examples is Pukekaroro
Forest, 100 km north of Auckland. Kaurn in such discrete
stanids tends 1o be even-aged and some trees are up o

250 viears old (Beverldge of al, in press),

Ther compieadl croeirs of faale-sfegpe Braned (below ) clhicin

e onfate fie honralioodd cornofn sl TOET poees ey
ekt hnre il




Succession and pattern in high forest

Olpden and Sewart {1995 reviewed sevieral sucoessional

mokels that could explain the mosale pattern tvpécal of

mature forest where kaun oocurs inpatches surmoumnded
by o mioture of other broadleaved trees and contfers. Al
Waipous, mature kaun comprises only ™ of the oozl
forest, cocupying areas of ahout 3 ha on rdges and nond
tacing upper shopes (Burms and Leathwick 19961, Chnden
arvd Sewsurt (1995 suggesed thot, while this may be due
b part i woderance of drough, i is also possible tha the
sEless Were ance open aress resulting from storm damiagee
oar fire and that colonisiion by manuka ansd ok conld
ave allowed a new cohord of Eaoum o dew |'I|'-r'-
:H':.'|'-|.:| ermerd by o secomd pemeration would have been
||_||._!|-. sezainse Eres-Fall imAps ane r.|!|'.-|||'.' coilonised by
Frremd beved spmeches, Cindy Lirge il e ||I|:-."|:.' B e
| s e '.||'-i|'|| I Baer, Thiese sites are offen sus |-|'|I|I;i-:-
Ty wind and stocm cameage, Cheer Tmee Kaur woukd have
Isesein restrictec] o boowe-Fertiliy, higzh clisturbamee- [prome
rckpe rests whiere breoadbepved species are unabile o
conmpene, Faun s |'-c:||'r|::.|| tor colonizane a wider anec
ol sites it lanpe-scale disturbance ocours. Past climane
change as well as more recent logeing and burning has
protably been responstble for the Foemarion of sies whene

kawri could establish (Ogden and Stewan 1995}

Growth rate in natural stands

Uniler natural conditions the growth rae of kauwn s
variabie, pamicularly at the seedling and sapling scage
Hedght grooath of kaurl seedlings in full Lght B asually

1025 omy'vear, increasing through sapling and pole stages
o 3040 cmyyear CEerowd 19820 A low Hght bevels under
4 dense forest canopay, kaur may grow very showly lor
W yedrs oF more. A stand ol suppressed Kaor saplings
o the Comoumanclel Peninsula had an average height of

el a mean ampe of 40 vears { Bums and Smale 1995900
sapifages pnadl [HES TS st r.||'|i|._llg.' with tull owverhesd
light, Ihameter growth rate ranges from less than
2 MMy YT aen pror wife=s 1oy covesr O ey vesar [ Bardon 159960
AL thie site stuchied by Bums and Smale, the mean annoal
digmeter imcrement of sub-maiure trees  TO0--2000 VEArs
el wens 43 mm, Most haad the conical ricker torm bt the
crowns of larger trees were staing to spread. Cheeseman
i mean diameter growth e of
2.5 mmyyear in 20 trees of approximately 1 m diameter.,
In @ stuchy of 235 sites over the species range, Ahmed and
Chpddesn (19875 concluded that trees 10-140 om dismeter
had a mean annual diameter growth increment of
2.3 mmy'yvear. This rate was similar to that reconded by
Steward and Kimbedey (2002) in Four natural stands 120
o 2200 wears old, Ahmeed and Ogden (19871 found that

L1913 recorded

the comrelation between age and diameter was weak, i.e,

the langest tree o a panbculars site i often not the oldest one,

Al A clenise i starrad o o mape b af Prabelamr
WorBkrad, Ko fodenafes inforile aroughirore midpe sitos

st e 8l conmPetiiion friun Brogalmieed sivcies

Harlowwe: A Jorest of mudtnne boun with semuding oo
ermerRiRg fromn o canofny of broadieaved rees, Assclia
troiservin, somictimey rederred fo as e press” can
dererdirafe the fovest oo of some Novthland baur foreds




Did you know...

f a8, Ui o thedr great
longey r:_x'gi],_.ﬁlnw organi
ﬂé’-’.‘ﬂmpu.‘l-:lﬁ i, accumulate
Larpest sennits of hiomass than
fiowrests 'of geest other species
thidiughout the workd. Skvester
And Orehatrd (19007 estlmuted
that g mabare stand with basal
gred up o 10l m=‘ha In
Trbunson Pagk Morthlaind, had
aecuniulared 2HW (onnes dry
ruite Tias 1500 tonnesha above
ﬁl.'l".'ll:l.l'ld. e 50 womnesha in
row s anch lifer

Litter accumulation

The-buabeugy of Grginic miers
o Mae- Aot of kaur formests s
i lerd Do ety owisitoor, Thi= liner
[H5er cnanliims o ||,i;.l_]1 [ partion
bl - Aoy raiterial dand
TEEIT I Simctures {Silvester
anc Orchared 19990 aml may b
N L |I.-|-|1;E'| near e
Base ol dares lrees, The
scrumialation af litter i thie result
o remarkabhy slow
decomposition, cspeclally in
slpm-gromang stancds on mutreent-
oo sles ovhisne o can last For
mrearly B years, . Sllvester and
Circhard CIDOh estimated that
T3-540 onpnes litterha were
present at four sites ranging from
pole-stige stands o mature
faresr: “Fhese amounis are
sulbstantallyegrener than the 4
B - tormes/ hid found 0 warm
emperabe conifer forests
overscas. Lbige aaprants of Heet
acoumilate I forests of athe
Mew  Sealand dree A[MACes, [§TH
hyis |||Eh.-e_-.'q valves rescorchsd for
kowri exceed. those found in

eithier beech (380 tonnes hal o
posclocarp (464 onnes had [orest
{Croh @] Heng 19575,

Podsolisation

Slow  che QM pasition ol large
amronanis of liner with a strongly ackd
reaction and 2 I|.'._u_|| comient ol
phenalic compounds leads o a
prrocess ol a1l |_||:-c|~\.| lasaiticm wndlir
kaur Forest (Silvester and Crehand
1M Ol bl ol s, -.'-_|||'|.'|.|'.|1,
'~||.'-\.|i|1'.|'1'||.||'..' "-|I.'i|"-| acidic or mc
humus is formesd. This promofes
besching fron the wppser soil Eyers,
beaving a white sandy horizon. The
deposition of minerals at @ lower
bevel in the soil profile leads w the
formatiom of an EpeTyIOusS I pan
[(Gihhs 19800, Under the warm
humid climate of the upper Morth
Island the potential for podsclisation
is strong. In strongly weathered
sandy solls the influence ol
individual kaur trees can sometimes
be seen in “egg cup®-shaped
Balesnehiedd sreas within the soil grolibe
(Ferenee] 198620, Oy soils desved fromm
bl parent material. the effects
al Kaur limer cs CITTI s DOy ey iy
minerals mav alter hydrologieal

chanicterist ey

Mitrogen cycling

In mature kaur Forests, |large
amanes ol r'-l.trll nudreEnt elemenis,
-.-x|\:--;'|:.|II'.' nitroge, accumudiie in
thie liiter and humuos lavers (Sibvesieer
20N In ~.|:-il_|_' ool thies, eheere 15 powxd
evidence that the growth ol kauri is
atten limited by nitrogren availability
Studies of rees in pole-stage stands
have shown thit levels of avallable

mitrogen and phosphae are often




low and that application of
nitrogen fertilizer resulis in a
significant increase o growth mate,

especially if this = done at tme of

thinning (Madgwick of al 1982;
Hartom arwl H.'ldgwhli T9HT N,

Silwester {20000  recorded
extremely high levels of nirogen
immohilzason and stomge at two
sites dominated by pole-stage
kaurt and rwo dominated by
e ks rrees. He considered
it these were the consequence
of a slow build-up of nitrogen
fixed by free-living actenn over
a I“”‘F- |1='ri-:u.i cal mirme. Most of this
nilrogen
umavailable o the trees, which
showed evidence of nitrogen
deficiency. Only .30 of the
erosyslem nitngen wis mobilised
in any year, and the nitrogen-use
cfficlency of kaurl (155 g dry
metter's nitrogen) was found to
be pwboe as great as that repoted
for other forest species,

:|.|1-|1|.-:|:r:-_-|:_'| 1 he

Temperature

As the genus Agarbis has a
distfibiuition centred i the
'-:||||ln:|-|u|:'.\ with kauri |11,'i1'|;4; the
scuithernmost, it is e surprising
thit Kawr grows in the nortbem
third of the MNorth Island angd
requires @ high temperture for
optimum growth. Two distinct
temperature effects have been
observed: growth nite decreases
when the temperature falls below
about 24°C; and apecal dormancy
seis in when the average daily
temperature misdimum falls below
17 {Bdeleski 19590, Bamon ( 1978)
repomed moderate growth rabes

when the mean monthly
emperamure was higher than 1550

between Movember and Apeil,

Raur seed germinaton raes ane
highest between 19°C and 277C.
The most rapid secdling growth
occurs al day/night temperatures
of 22°16%C (Banon 1978). Kauri
secdlings will tokerate
IEperures chovwen 10 =20 ad b
-:'|!:|11,-|t:|'.‘|-| LAY Sl angd o 1o
=" when alder (Bamon 1985)
Tree twigs and foliage ¢an
withatind temperatines of =770
{5akar angd Wardle 19781, Frosis
within the current
clistribuation range sre few and mild
near the coast but more Freguent
anid severe at inkind sites, This is
confirmed by the shape of the
current southerm  natural
distribyution limit. The mone sevene
froses further sowth may be a majo
factor Hmiting the nsturl spread
aof kaurl southwands, In older trees
the perod of annual growth is
shorter at more soiithiern kBnitudes
{ Bieleski 195070,
emperitures being reached only
i the north of the Norh sland

msieural

u|‘:-|!i|||.1.|||1

Light tolerance

Kairi seedling establishoment tikes
place under the relatively high
light conditions found in early
successionul torests, ep | those
dominated by manuka or kanuka
{MErms 19570, Enrighit e ad, (1993
bound that secdlings grew very
slowly when the degree of canopy
openness wis leéss than 10%,
Growth rate increased apidly as
openmess Increased to 20%0, bui
there was little change at higher

levels., Barton (19560 .\I_IHHE'.‘\“*II.
that optimum seedling growih
oceurs ar aboutl 54% aof Tull
sunligh

The work of Miroms (1957 amd
eheers imdhcates that kaousi icts as
an early secondary species,
colonising laree rrec-fill gaps after
the establishment ol a nurse
canopy of manukas and kanuka, In
Lol 1o Ihu_- ~:h'_1|;,!-|_- I|:||;_'m:r||;1_- ud'
seediings, [odiage of mature rees
is stromgly lght-demanding

Waler use

Bieleski (1959 first showed that
kauri seeclings growing at whnt
was mer wilting point for other
plant species grew as fast as those
in mokst conditions. Subsegquent
studies confirmed that kaus has
an cxtremely high water-use
effictency, This s comsistent with
iy observtions of kaem's abiliny
13 Oy O l_‘h'!.- shiebetal I'!JHI.‘.I- wliere
many bt A IEs CAne oy ArTve

(W B Silvester e, comiml




Human activity

Direct damage to trecs has been caused by gam and
st collectons thrmigh tree climbing with boot spikes
The cutting of bark For gum bleeding has resulted in
embedded wood damage ind the antroducion of
pathogens, Many old trees in Waipous. Porest were
l'.|:1|1'|..|.|".l’.'l.! b LI ¢ allectors who ||.-u[|.']||.1|;! the I'r|.|11|:.~.
along their full kength (Reed 19643

Bosading activities close o luge K incWipous Fonest
irv'thee mdcd-19205 resulted in significant croen dichack
in larger trecs, a number of them sustzining  stem
injuiries at the base. Recem roading alipnment in the
ared involved constroction-of road bridges o protect
Pl syshieims ol |:||1.e;q_-'rln,-3:s.h'l| E Ifl-;"-u:'ri,dgf [PETS, OO .

St Qelehl Evndird Drvers et cloee to Stale Migheasty 12 wlbick peeces trongh the Waghowa Forest Sanctuary, To fenolech thisir
fevndivig roods, reblseol Dlagforms segyortedd by pilicrs were corstrucied whem e roond sy widlmned

Injurious agencies

Fungi

Fovag rI.I.I:IHi IF’Jr|'rr|]I'.n|r:F.lra-r:|': CrynaEe, Pﬁ_}'ﬂr.:lrhﬁﬂ'bq.lr.-i
cinnaniomd, Pytbiam irvegpulare, and Pythinm witimem)
have been recorded as the cause of mootles mo in kauri
seedlings, mainly in nurseries esablished on |1-,-:41.':.-'_ [ h"||'|'!|'
dinined sodls (Newhook 1999 Robesrson 19730,

In natural or planted kaurl stands that have developed
bevond the seedling stage, pathogens and pests are
consickered o be of low or only local imporance (Ecroyd
1962, McKenzie o all 20020, Phylopbtbora cinfiamoni
and Phyiohbibona micofianas hve been associated with
stem lesions on older kaun trees, causing minor damage
{Mewhook 1959 Brien and CHogley 19590, Gadgil (19743
isnlated Phyropbibora beveae from roots and -:;J.rw.-l:u:-:l
ol |'J‘_.-'JI!'I.||:| kaurl rickers Cabwsur 20 crm dbh) amd From sadl in
a small area of diseased wees on Greeal Bamier Island,
Althiough the fungus wiss shown 1o be pathogpenic o ki
seedlings, it was also lsolated from soil associared with
healthy looking kaurd. Gadgll suggested that pathogenic
activity could be related to the effect of environmental
tactors that place trees under stress,

4

Fowrlicd med (arnoow) dm The o o clieteack
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el sty lveninecl siis freciuding unecialy et
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deriird Tightring sl and rocoding

Close My frinds,



Ol hiraey e often Dateir ol fr dhe trade and rool Seder. The o cubical beartrol n lirteg b foes can coniribae fo
retrelfndl o giornis

Largee, chendd, stinding trees are 3 prominent fesiiure of
soamse kaurd groves. Pocger anc Newhook (19713 described
cheath and dhiebsick of kawr and siesocizted :~'|||.'|'iq.'.- in i
snall areas of 8- o 100-year-obd Kaurd regromh in the
Waitakere Ranges near Auckland. Phyropbrbora
cirrrparmeoend was mednded] from roods ol kaor amd other
species, The authors discussed the possibility of a link
between the fungus and damage o the vegefation,
particularly after periods of heavy rainfall. There is an
unpublistsed suggestion that death or dichback of old kaan
treess o flat ddge tops in the Waipoua Forest Sanctuary
is associated with unusually wet summers and the
presenoe of Piydopbithorg species including P cinnamom)
(FlMewhook pers, comm. ). Johnston of @l (in press)
consider that the inroduced fungus, P oinnamomi, may
affect regencration patterns and could have a greater
impact afier any climate change o warmer wetter

condinoms.

Ol trees (usually those with signs of croen dieback i
aged 600 years or more) often have bole and rool o
Several kourd gpiants that have fallen within the last 50—
100 years have been holloss or contained extensive mod
Among the wood-rod fungi, Heterobasidion armicarae
causes 3 minor sapwood decay of living kawen trees but
is mot of great significance (Hood 1992). 4 number ol

I’ur:p:l ot henrtrol of living kauri tres=s these include
M, grraducariage and an unmameed native |||r|g|,|.~. { nanutil
rL‘l:':'rlull':r kmown incoirmes ”f" a5 Phaenlus schideirnifzill
which colonises mature and over-mature living trees in
odil-gromvth kKaun forest, producing a brown cublcal mof
{Hood 1992 )

Insects

Eauri has few problems with insects, although anecdotal
evidence suggests insect damage to growing tips of
seedlings may lead to development of double leaders.
Two species that are encountered are the kawn leal miner
Cdcroceraps uwcompa? and the greenheaded leafrolber
{ Planotoririx excessanat but neither &5 a significant pest
of kauri {]. Bain, Posest Rescanch, pers. comm. )

Windthrow

There are no well-documented records of windthaow
|||1.'l.||'.i|'|;4_ aowind kaur trees in otherwise-undisishbed
fowest. Anecdotal acoounts of windiooow after fire or partial
logaing seem to relare mainly o forest margins or
rogilsides during severe storms (Conmeary 19595, Species
of Apattis are consddered o be windfirm throughout thesr
range (2., Neil and Barmnee 19687, Even so, hundreds

of mature kaur trees i Poken, Omakoita, Herekino,



Woaraworn, and '-.';'.lip- i Forests weere .|'-|-u.|-;-.l s a
cyclone in Mogthland on 14 March 1959 (R Lloyd wnpubl

datali

Animal browsing
Lnadl recently, forests in the nomhem pam of Mew Seakand

sutffered less damage from introduced browsing animals
than forests further south, Deer { Cereus spp.) wene eithe:

abseent oF restricied 1o amall populatons and the brash-

[ ] ] [
tatled possum TRchodiiris rdlbeciold) has spread miio
Morthband onls clurirgg thee fasg S-S0 vears, although sorme
smaller fores areas have been grczed by domestic siock

Hovweser, dermge to ko seediimgs and = w4 by Feral

oty DCamnra bircus) and possuoms hoes Deen observed i
 mcemaber ool seles (e odinston of ail in prressl, Chs Crresad

Barvier [sland, which iz possum-lree, seediing

eatablishment inoa D3T-vear-ald second-proswth ko stand

el ot afamape o sevalilfng fuds o doslide leadering ues bt prodilfi

Seed predation
Tee= cowmmean wetn U iewmialeine thowarcica) feeds on faller

wauri seed (Mirmms 19570 and the kaka or bush parrol

I*.__-' § NSestow meraiioralisl can bareal apen ripening cones to
8 abtain the seed The introduced esgsternm rosella
lll'.'..'l:'.'. eronis ecimdus]l. mice (s masculinst and sh P

s L Ratis rattrest, mow widespread in kaun forests, all

et Kaur seed. Bamon € 1983 sugpested that mioe ooul

]

W= [ Amportant cavse of ke seed loss, and cieed records

of lrge mouse popelations an the dme of sesdbll in forests

near Auckland

Frost
Froed caan cimsgre Lhee shoots of voung kain plamts sehe

there s insullicient shelter, especially il the low

rafures ane unseasonal, Frost damage during the

sl 2 wienrs can lesd o thee develogpment ol more than
cne legding shood, B saplings and young: |||-:-x|'-l (TR
in shedered ocilities near Donecin Olatitode 967%) hive
niod Been damaged in spite ol heavy frosts, On the othe
nc, the tops of saplings and young trees planted furthe

soth in Invercargil]l were Killed durdng a parmoulary ool
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Kauri plantations -
Initial experience

Between the 1930 wind 1he

it b g Ty Sl EHH
e planted 1w
Morhlsmed, ool
A A . anzimnche]l Pennsula
|l S et tile T MLm=
nortin of kil lanting [ocused on IS
AU EAMCTITE o W nireE O Sy
10 Tz o maal] seruby el praemiclly logeed Foves
wiliere naturil Kl PR T TATION W
cisichereo o Do inacloopone (Halken 193
T RTR ORI ] et wwas lintle sSvslemarlic
rly growdah milk
lelecgiiate meleasing Lo «

resanlte] in poxw pesrl omm

1lie= pahientecd Kien in verbem ans
the Aucklanod Begional Authority
stithlisiped several rescsirch trials dn oo
(HRartin 15695
T pakanlinngs s
< These wine
shictlemed
I |

I rT="]

woopnere tha
Micase in Mair Park, Y

Coamsvall Park anel Kirk™s Thus Suckkimid:

e Huoreee Boompees: Garelies Mmoo Besen

Caumbu dhines: angl 4 ik bincls Bark anel
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Seed collection

R seed e be collected during Felwuany
amel March b Memthlmdly later in southern
ArEEIS. OahEs llhl.li.ll:'!ll' r:rn-e;kl-d |J|!| ik the rrec
arnd collection of gy quantities of seed
invilves inmflyng and  sebecton of imac
comes e Br scatterng of cone scales
P et - Fnitiines trees imchic:des thict sesd s
reecly Jor collecrion (Elovd 1978), Tree
climbing is Bagardous and requines
professional training and specal equipment
Trews wwitly JEsar [wrrn ame avoriclescd: VEILIIIEL
e |:-n||1|,'|‘|:i|.'|._1,_.-I Ly ||:1w h'l.-q.-l-.- A= I'rve--:luq-nll:,-
e, Lighewaight cxtendalsle Tdders amd
o climlang techmigues are employed by
arboriculiuralists, Where climbing is not
praicticabile, some of the secd shed from
disinfegrating cones = caught on g raised
sheet af hessian or plastic spread beneath
i Erests {Haortom 1050

Inchividiual irees Bear both male and Feoles
cones; and m:H'-ra-c'lHjt'l:'lI!id’m 15 ]'I'l'l"-"iil ez, Thies
lesads i inbreeding and is lRely o inonsis:
e incicdencs: ol vncbessiralale charc terisgin s
such as reldanled HD:I\\'I'I i thie progeny
(Ul Cata, Fore=s Hisearch, [T, oA, ) Fowr
this pesisom e showdd ondy B codlecued
whene thi: presence of many Kauri trees
imcrEnses the probuability. ol cross-

|:-c|F| T LETR 5

Seed (reatment

Cones deft o do in warm wiedl-venilated
conditions: disintegrate within 5=10 days.
and secd = separased from cone debans and
wabes by shevimge and hand packing. foe all
seeds - are viable and only those which ane
firm and swallen at the base of the wing
are retained (Barton 19840,

Unless it is to be sosmn immediately after
collection, seed is stored dry in airmight
containers in a refrigerator o prolong
viability {Liowd 1978). Proest (19790 found
that at normal ambient temperatires,
viahility is lost within a few months. Seed
keeps weell for 2 years at 2000 if the maosstune
content of the surrcunding air B low, 0
can be stored for 56 years at @i odstune
content of 6% For longer-tenm sionige,
temperatures helow freezing point may be

recjulred (Preess 19749

.

Propagation

Sowing ared germnation

Sy sowing lakes |'-|.|L'|' as s0oon as possible afier

collection 1o ensure maxmmum viabiloy and also o ke

adlvardage ab warm conditions. [n most nurssries kaurd

seenrd s seattered over standard seed raising Compoast in

Imrys wiich are the=n Iu.';1l iy srlmss= o '||I..|-\.Ii| hopses, The
1

oeplimmum mean tempertune fon perminalion s 257 anul

under moist conditions & range of 19=27°C stimukites
germination within 8 days (Baron 1940, Below 157
penminaticn is skow and the mortality rate higher, Soaking
oof seed im oweater tor 1824 hours bebore sowing shorens
thi peerboad e |l,|irq_-:| o emereence fo 40 days (Llered
197H)

Seed collected from nothem locailivies may hive highes
perminaticn rates (PSmith, 1 HLTT T4 Plamive Pt Mursery
s cnarmm; S Kingg, W L Forest Fesdorabion Trust
s conmim b, Ceermination neles e highly sanaible wwhen

seedd is collected from dilferent trees in different vears

Trerresleareraong
- rienly £
vnery weediings
from frays inke
COARNR TS

Seedling growth

Within 4 wecks of ememgence, seedlings approximainely
5 cm tall with o fully extended corvledons are
transferredd o small (less than S-om-diameter) conlainers
filled with standard potting mix, and placed ina shacde
house, Growth mte is e |h':'||l-.".'|l o time of sowing, local
climates. anal .|'..|.I.|I'-i|i|!. ol artilicial he=ating. Tindess
sheltemed wanm conditions, sedcdlimgs 1520 cm high can

be transberred o a final comainer within a year

Miost kauri |:-I:|||:.- are sl in PR2 or PR3 |'rc'.i:,'ll|-._-|'||'

Buigs 10=15 cm in diameter and 15 cm high. Developomsent



aof & dense Hbrous feeding root system in nurseny-nised
ki seedlings can be difficult. Becuuse seedlings develop
a strong aproot, deeper containers such as Tinus
Rootrainers are sometimes used but the smaller container
diameter can restrict development of tops and fibrous

TOE0LS.

While kauri con be raized as bare-rooted seedlings, the
vertical iaproots are damaged by mechanical vndercutting

There (5 a need o0 ensure that adequate proliferation of

lateral feeding roots ooours within a viable mirseny regimss.

In miest nurseries o plant height of 40 om s achieyved
within 2 years

Alwwae: TTmns Boodrodmes
SMCCORTIRMKNRE T STFORg feRprodd iff
Eitierd Seellirigs Il Pesleic! sbsaoil
AT AR R Rl e de
Sinhe

L fr comiiercldl sirseries. s
. Fon g
lctdard fulcrrifs e waisedd (R Covplalivners,

iften FR2 or PR Dl e

Kernerd specliiongs soaom & wwels previonsly tn a beatvd boese af
the Tawho Nafive Flans Nursery, Seed collectod from frees in
Waipowa Forest Chackeround frayd bad a Blgher germinalion
rerke than seed collectad fiertber soaeile on the Coromandel
Frsrisria (fovenronmnal

Cultings

Kaurl plants have heen
radsed From outtinggs bt this
imethod i3 considered o be
T expEnsive o be sdopted
a4 large scale (Barton
1904), Cloning techndgues
invalving
reproduction have heen
used b Hmdved tree breeding
trkils and in the development

of =eed orchands.

vegetative

{Watariming Bigh-guality nursen-roteed seedlings iy essential for succesl plasiing prograntmie
This inchucles an adeguaiely develoapedl o feeding roor systen tal can be achicved for bodh
comfaimer-ratera da ) and bare-rooted seealings (bl Honeoern, roos of Baus seediings o b iiphiy
waarnarhde aeenad et B frgiaee el ey erseare Secdifngs B Poor griality roods dre megec il

(o) agformmed fap ronad T costlaiaer-ronireal seeoliings, Cd) feer fbrons voods o Bare-rootesl secaling

29



Plariting corfainer-gronin e secellivies abon & ced fime in
- f Femi-triph sornele. Adlinfora) cedlifeeilion comnisnel b
Planding bole, particiolanty in beey soils, & ey fo oo
arly performance

Planting
Site selection

As kaur seedlings rend o have poorly developed roo
ByETNS that cam bee sues |."|1IiI|I|_' 1o drowsght, |'|.;||1ir'|,||.|.r!}'
within the first 1<2 veurs alter pl.mlinH mcbditional eare in
site slection and preparation s lik |_'|1_. (4] i|1'||1r| e
estzablisbarsent |||.'.|'|.-':.' [ |:||11r'|.'||:'ln_*|| srils miLy ||'|'|['-|_1I|._' il
groath which is ususilly mose rpid in soils of light texoure
(Ecroand 1982) Excavation of a soil pit 30 cm in diameter
and 30 om |.|-'.1.‘|1- for cach |'l|;.1:'|I has a benefleial effect in
compacted olays (Lloyd 1977)

Eardy growth is voured by a combination of motst fertile
sl wned absence of competing plants. Nursery-radsed keaurd
seer limgs exhibdt bow survival rotes and slooe grometh o
inbertile drought-prone ridges, even wiere few plants of
ather species are present. Saplings grow most rapidly in
tull owverhead light, but small seedlings require shelies
Thie moest Favourable sites for planting are those wherne
secondary forest or scrub has developed after burning,
or where pastoml mrmband has been invaded by small-
leaved vepetation such a3 manuka or kanuka. In boath
cases releasing may b reguired

Weed control

A major reguirement af swecessful estabishment is a
COMImMITsent h.-.'\ve'||1||_|rI panted ko seedlings free ol
regrowwth of other species. Releasing, or cutting back
vegetation Wl petentially will ovenop planted kauri, may
he required annually for up 1o 3 yvears until kaur are

.52 il ||i:.:."|

¥0

Minat Jeaverd plaretings foedld olene fo foor maiRteraece after
aniing. Keofarg recenily pantod Beurt soedfinggs froe of
comfarting weed gropdh 5 essenilal aed meay rood o e
carriee ot for -5 years after phamiing, Beproeth of shabéy
stcios canr b ot back pade @ slasher, Vigdorons prass sifes can
e ey ielly sty il herbdolde psing a bmabeaci

Fertiliser freatment

Application of feriliser can improve the growth rate of
plamted kaun on nutrient-poor sites (Baon 1995), Lloyd
L1977 suppested that a showe-rebeazse NPK fertlliser applied
during the early stapes of establishment would Bmprove
plamt vigour bl not necessarily helght growth. Bengin
and Kimberdey (1987 ) found that height and dimeter of
kawri planted 5 years proviously n gaps in 3- to4-m-high
scrub had been increased by the application of slow-
redease Magamp (50 g per seedbing) at tme of planting,
but doubling the rate of Magamp appeared o b
detrbmental vo grosvth and survival, Feniliser application

12 months after planting dd not stbmulace growth



\
|

MANAGEMENT OF ARAUCARIACEA

[te higghly-reparded fimber propenies of New Zealand kauri

o e chancterisne of felned species overseas, In thedre mtusal

shetting, mwsnbers of the Arocariicee tsually coeur as scamersd
Hll:“.'u'il.l.“.l["\- i o gminese] Foseest, This twpe o npural Treres) was
|.|H|-__n I:i'|t.|.:|1.|_|:r-.| (o timber |:-r.:u||_|| frcam. wilh [1':.a|11.|le|'ms
catiblished after I ring: Ine Australi, guidelines for managing
wetnsind kaurl CAgathis robusta, see Tollage centre right)
wete dsvelopod i the enrdy 1900 (Deprimment of Falblic Lads
G Jﬂmal- were extersled toxinelode plantition mams genient
in the= 1 ] k=, bt inzesct attick im south-east Chicens|amd it ian
end o plnting in 1960 (Nikles in pressi, On sites outside is
I'!I.:I.Illf-ql clistribBution rnge (e, South Africa ) A, rofnisha grows
el sl ke s pecimise for timber production CBredlenkamp
AR e rifls ey dsee fi aliergnes L i le=fi1 and A famcociania
G managed successtully for tmber in plantations in New
8ol OWiloox and Blan 2002k Agashis sracroylla var
piffarnats, o mative of Fii, beis Deen estildished o0 timber
ricsomrree, sl i Wienaeato A e IT.:I'.I.I'l_l'l'.I'..' has heem m e in
bioth natural and planted stands, Agarbis s known for s
pesetance o ovelone diomage i plantations (Nedl and Bareance
1L,

I cemdesid v, whese Agatbeis b= not foumd natisally, A aariin
1 s grown in plantains on uploncd voleonie soils whene i s

E IN OTHER COUNTRIES

| rrafrirand mplvend alpe -:r.-rr,l.l'-:_,"-‘._r,u T ti ]
Fpcbwa [ELIR b ferry Banles sopithi-psas)
[RLIFTE ] vl e [ g '||'|'|rlrillr.l| Flrett
i N TPRE AT rn-llru S TerRT _|'-' " |.,I' b )
[ rhTivi fe ll_.'-.'. iAo pkpe ArAE R e
||le'.\, At |_'.|l.'||. .'r|'||'__|"r| i Heflis |'|J.'__|'.:.-||-..'_.';ll-|r.l
Fhagr FENWR O Pl PO Plamdsatiorns waf
PHdFE RO Bofer! eibaondd TOXAR dhed

ret Tias been iniroduseced fronm thes Philippines
highaly |:-r|'-.||||:1-.:- (2540 m&haSveard, This

spevies = manened bor I|'\-.'\.'.'\1|.".|.|||'|.I||.-|'\- wiekll s for timber, aned the |l::|||'|-|1 area in Tava exoeeds 10 HE i

CACE Beveniclge pers. comme b In Sabah, Maloysia. o, dlamima
destpned o pehabilizgbe 25 600 ha of logged forest and 1o seg
Comting of el 19600

Ardtsecarion species, which ire clisely pebated 1o Agatids have
||'.|||I,|Ii- s H W[ |:-i'|'.|' CArprecaefal crdninmreeemdt), 0 naive
Gz, haas been planied since the 19308 and thes 45 (-ha
rodathoey siancks-of genctloally improved sock. Hoop
pririe ik bestny estallizhed in plantaticns in Matkiysis
(Chiew Thene Kok 197%) |-'|J._|r_'f|‘i|‘r witht Arittecearis
frmsteinil, which s also 4 native of Pipua New
Crubner., Parim ploe CARsncarfa arpgiesttilia) is
i i plantations in Bredl and nothesn Areentina

ro hins besen included im0 sultd Bl specied

ester atmosphedc carbon dieele (Mo
f

lsis Bereri imarsizedd for Tk ||||.||1rrﬁ||||'q'|' 111

aof Quecnsland Australia sl Papi New

proclection estite now consisesef second-

i

Lazft: A plrrtadien o o e CARINCATT
cunnimgkuiminl in sooffeest {aerakana
isbahiiched af 5 FO0E0 shisoes e, frritial plamtings
frerew hwwnn foliowd aaf aemeterd e O v it
esignerbvs frum e Brpoding il sapeesr il

e stearnls porl B dvses fhcaer S0 pevnys anlad o

fitding. Insct- Clerfeliing of hocd pire oo

Tt mesrion G Euoerestand. Tha Himber (s a

Bl es sofhuond o pleicl i Ausiralian
e frifeesir) v e




COMMUNITY INITIATIVES FOR KAURI FOREST RESTORATION

ORI g nes
Jewr pilarriivg keereerd ol
farrradl once occuiied By
fectrird forest are currently
under way on the
Corpmandel Peninsida
and tn Nortbland. Eacl
of Hrese frrogects takkes o
aifferent approach o the
resforaiion of baur forest
afl relalively fertile sites
previosly cleared for
Sarming, Harly sucoess
dois depereded ot carefl
contsideration of the
ecoltgical regioireneni
ef Rearerd, Ohvie groefs

ti Fradirptoals Hhe
establichment of a nurse
spwecies Cmaneka) dned
the ctber rse exisng
shrehs fo provide sheller
Jor plawted baun

The Kauri 2000 Trust

This Trust, formed in (999, began with 3 vision of restortion
of kaur forest in the Commande] Peninsula, Inspired ancd
chaired by local enthusiast CHIF Herawd, § evodved from
the desire of local communities 0 celebre the New
Millennium in 2 angible, enduring way, It is now a long-
term project which invites fumilies, indivichals, communities,
businesses, schools, and visitors o0 support the planting
and maintenance of kauri seedlings on planting sites
deslgnated by Eaur 2000, mainly on Deparmment of
Conservation land or on suvitably covenanted private

2000

property.

DCripring the Hirst 5 years, the Trast will have
|1-'|;|,n|!|.:|;l Cloase to 20 O Kaun pl.ml.-. a1
around 33 sites in 12 localites throughout
the Peninsula, Planted areas had been
cleared and burnt some time previcusky
and most had a d4-m-high cover of
regenerating manuks and shrub
hardwoods, Narrow lines are cut through
the vegeration at 4-m spacing by
contractors, and volunteers plant kaun
seedlings; prown from kocal seed, &t 4-m
intervals along these lnes. Some sheltered
sltes on ex-pasture land {ree from shrb

| growth have also been planted. Survival

rates hawve been high, pamiculady in arcas
o oy scruby and within snds of Eanak
and manuka, This reflects the care aken
in planning, site  selection, and
maintemance. With good aher-plinting

care, ricker or F:u‘:Jl._*.-hE:i_H_l:;' qzmcls can b

L‘.x!:lll.‘.L1r‘-:J [{5] ||.-e~1.-'ve;'|r:|p wiithdry 50 YEars,

Y M, fovunding chair of the
Koaerrd 200N Tirrasd, el of Beian
estahiivhed 2 yexers earfior o o
prasyy sheftered st CHT e
recerily awurled the Crieen s
Serpice Medal for bis role @
intftatingg armd Beelildhing the Trast
are (rsfpintng many fo belf tn phe
re-credttonn of the et forests of
ther Corcmianaded Pewdanelo

Cibwrrry ek, o Kerdiry 20600 Trst
co-trnlineion, relsasidng o Mecruir
bl from st pegranth o L
Corumande Peeoinsila. Mosr of the
Tt s Bereerd epre Slamibiod fn ey ol
thropgph d-m-bigh scmih domdmaled
fry metnnke cordd st bardoods



Millennium Kauri Forest (Waipoua Forest Trust)

- .. o
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sirl Fap B WPEarrmalied SrIFeeir Triist i 1 e 11 ;Illl"u ied Nancind o it

Mot . PRWEGE FOses O rrlaaTE i D e sl Sodpad P Le g par e s

At arped Auderreend G D Rl nierrterraend e Iy

Divrses romavs ol nieuiahs wre developing. Faue sdsed atoan
Omv-site nursery frodn Jeeally collecped seed will e phinned 2-
A vears alter esablishiment o manuka, Pike-sciale plantings
hiave demonstsded that thae urse stands of nenuka ioprose

MEE =

kawri sarvival and growih. Paches of kikuyvu

 Pernndsetnine clavalesiinam), o vigomus species detrimenial

o estzblishiment of both manuka and kaurl, 5 removed by

spaiying with g selective herbicide. Planting of nueseny-rased Nepden Kivhg {inset

This project, undertmkesn o (e
"."i':l.i_:u:-'.l.l Fomesl- Toust s memeagned I'-!.
i b the fonnidine tmasiees H!|-|1'i,|-||
Bimg, was established a5 a biculoeral
pamnership i 196 o prodecn, resto
micrprot  and  promote  th
intermaiionally signllicant el
heeritage o Wikjsna for the sewentilic
colicnriomnl e spirdmal Peenefic ol
Berw Zenlandd™ A mope uiddemaking
ol thae Troest 45 1o extensd Ko fodest
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Collaborative planting trials

A& number of kaur planting trals have been set up by
Forest Research in collaboration with commumnity groups
and local authorities, These are currently providing
information abou -r*.urh_,' arowih TEbes and silvicultaral

reCqUireTTsEnLs

Whiteclitfs Reserve, South Auckland — kauri
Manting trial

In coflaboration with the Franklin District Council and
lowcal Bndiowners, kaur was planted ina stand of manuka
established 5 years eadier on a fertile lowland site recently
retired from pastoral Farming. Mow S years old, the kaurd
trees are 1.5 m high. They have growen at a mie similar o
that of other indigenous conifers planted at the same
s,

Hikuai, Coromandel — fertiliser trial

The effect of a slow-release NPR fertiliser is being tested
on sites managed by the Kaur 2000 Trost, Bardy resulis
indicate an increase in the growth mte of seedlings

peceiving 30 @ femiliser at time of planting

Growth measurement plois in existing plantations
Since the micl- 19808, Permanent ."i:|.||1|'\-|u Plosts (PSP b
been murked oul in kaar plinlalions bocsitese] im @ ks
mnge o ursan and roral sites. Growth daea from Irqniln;:'.l
remesurerments are fexl into the PSP database at Porest
Research and are used o prowvide input into growth
mxdels. Further PSPs are demarcated when new stands
are established

Fred Cowling Reserve and Brooklands Park, New
Plymouth

Twwvia kann planmations, nomw HIRTREL m:l'lurlg 0 years of age
are hweing managed through collaborion betsesen the
Rt |'|5,1:|.-:||.|1'!1 IHstrer Council, Friencs of Pukekura Park,
amd Tane's Tree Trost, Growth of these dense stancds
l!:t[1|'-|||x||11:|l-:-|1.' 120K stems'had is sbowing down, and
thinming to bess than 1000 stems'ha is expected o halt
the decline. Grosdh rates of the remaining trees will be
micnitored and the wood properies of tmbser brom felled
trees will be investigated.

Right: Thinning .5r'|'|.--u ey ;.-“m.-:p.-.!. J,..,ar“-”-,t,-m-:.q.'f.-m_-:,
rEarly T vedss odd, 1R order do drfroe grodetly Fikie
The queality of the wood fn the folled trees will by eoaluied
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Thig sferd 1x measred rogdarty throngh callaborahion
bty Tane's T Tt e She Iocad landiowrner, S0V Ve
aiffer planiing on this il el site the frees arg more
.'.i‘:n.m-l £ aid dedirly




Growth rate of planlﬁ:l kauri

In some plantations, kaur diameter Increment averages
e thian 10 myr for perods up oo 40 years. Individual
trees may grow 28 much as 1 moin height o1 year (Ecropd
et al. 19933, Annual growth raes of T mm diameter and
3 o height are more comemon (Pardy & all 19921 Ina
survey of indigenous ree plantations on a wide ange of
sites, Pardy ef al (1992) found that the predicted mean
anmuzal hetght ncrement fos planted kaurd was comparahle
with that of the fastest-growing of the major indigenous
corifiers (44 cmoat 20 years, redhucing 1o 26 cm at 80 years).
Predicted annual dipmeter inorement was 629 mum. All

the stands measured were bess than 100 years of age.

A AHi-yer-oda
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Crreed Merrries
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Raturi planted as singgle trees or in small groves in Botona
mear the natural southern disribution limin, have ENOAW TN
as well as those within the matural mnge turiber norh
Individuals growing on the freely drining pumice sodls
haves reached 40 om in diameter and 20 m in height witihin
S years, In one exceptional stand on a lowland Bay ol
Plenty site, annual incremesnts of % om in beight and
L7 mm in dinmeter have been recorded

The best-pedforming stancs of planted kauri are in fenile
sheltered areas, They include small well 1:|.:|r:|:|.;.l_|:-.|
|1'::||'|I AtEoes estabilished |'-1_, thie Mewy Seabindd Forest Service
in Morhland and Grest Barmier Ishingd (Halkenn 19830,
plangations in urban parks in Whangared, A b lamd, and
Mew Plymouth, and many =mall stnds esahlished by
|:-ri1.._ah' lxnderamers (Pardy of ad 19920, Sopme of these ane
MO AP hing T YEITH of age. Many of them are
dense stands with stecking mates greater than 10400
steemes ha, Gromath mte=s haove sbowetd doam and moraling
of inclivichial trees iz eticeable ms |-:|r||:|'u'Ii‘.'i|'-|1 MRS es
(e Herhert o cnl 1959650 'i'I1|n:'.i|'||._l wrill b :|.r'.|:-r|:-|:'ri.|l.l
in stands where TRy al the trees have |||l.:|'!||'-|u leclers
Form pruning to remove all but ope leader and also the
occasional large steep-angled branch may be acvisable

Growth and yield

Cerowth of weell-managed planted kaus can be four tinses
faster than that o natural stands Csee Table)d, The stem
volume of Mew Phymouth kaurd plamiations b as great ay
that of planted totara at age &0 yvears (Bergin 2003)
Although diameters are similar in both species
Capproximately 30 cm)d, the greater tmber productivity
potential of kawi 18 determined by the height differential
(heawrd 21 m, totara 15 m). The Mew Plymouth stands are
current examples of best practice since lrees were
eqtablished on ferile sheltered sites and have been
meinaged carefully,

Cerowvith mates of kawr are much lower than those of exotic
conifers commonly planted i New Zealand (see Tabbe )
Rotation lemgths for native tree species are commonly
mwEoe a5 great as those for redia pine (P padliaia,
Douglas fir (Pseddolsiiga mernsfesid, and cvpress
{ Chifpressies macrocanxy, © Badtanica), Volumes of 600
200 myha estimated for kaud at age B0 years or mone
are clearly loweer than those obiained From 30-yenr-ald
ridiara pine (Maclaren 19935, Sl-vear-obd Douglas i
iMiller amd Knowles 199400, and 40-year-obll cypresses
(Miller and Enowles 196060

Thiz Sikyovnrana plaetabion o bard dn Frod Couding Reseroe,
e Plymonatly, Bas a ey biph peonsl made eoerr thogh JF is

{rcared 120 bm sonath of the limt of the naiural reenge of

AIWC1ES
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Species Stand age
(years)

stand density
Seiih
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Effect of stocking rate on imber yield
Herbert of ad C19H0) estimated the timiber productivity of
thee pesr Mew Plymouth Kaurd |'-I.-r'|.||-.:"n. at age & years,
Irvitia] planting: rates wers TS0 and 2240 trees‘ha but a
conmlmnation of natucl mortality and an early light thinning
im thee cheenser stand had I;,'.|.||-q,'\-| LM |-.||'|:_I L0 A .I'.'|_'|.-_;._-|_'
o 1375 tresesyha, Tokad stand tmber vodume was 804 meha
and this is predicted o increase to 1003 md'ha at age
Bl years. Avernge height was 21 m and average diameter
1 cm. Mean annual increment was 13 m?/ha, having
clesxclinesd from a peak vahue of 200 me/‘ha at age 40 {Herben
it al 1UEG)

Steward sind Eimberdey {20020 found that the micest panicd

diamseter grovwth of manma] kaud agrescd =130 vears oocurmed

wad e-cilel statmed with oy (OO0 stemsba. Inset: Large branches Tend fo forae on

in cdensely stocked stands (=100 stems ha,  Giresitesst
dlizmeter inocrements for ;:E.||'|||-|| kaur 18 mmivrl wene
recanded ina recent study of three stands weith stoc I\:.Ilj.'\,

ates of 500550 stems'ha. It is unlikely that this growth

rate would be maintained, since within-stand competition
i5 likely to develop even in these modemntely stocke
stmreds
assume stocking rates of 150

(1983 ) reponed a mean of 85 stemsha fnoan old-growth

Hutchins {1919 sugpesied that natural stands

M spemsSha, but Halketd

forest. Af stocking rates excecding 1000 stems ha, Herben
af el (190G ) also ohserved a negative offect of tree density
on diameter increment in G-year-old planied stands a

Mew Plymmouth



Pruing of the ferer brarcibes of ko sapdings sttrlates dbe abscision of the remaining siub. Cutting oo close o the bk

miary meseadt dn clamage el prome Meediep. Ripht: Absctodos
Evnerd Bl mary S fonper o farper frenes

1 of brarech dhils fales place detivin o e ek of prruaring sapding

Tending

Pruning and removing multiple leaders

Kauri trees lose their lower branches naturally, and
mectabolic resounces are then allocated to other pants o
the tree. Abscission occurs earlier in stands maintained
at @ high density. Artificial branch removal (praning b may
be required o improve stem form of young teees if they
are widely spaced or located ab the stand edge. The cul
is usually made to leave a 5 am stub which falls off wdthin
a year, leaving a knot-free stem. Large steep-angled
hranches and multiple leaders are sawn off close 1o the
steml, Research is required to determine the maximum
diameter of branches and stems at which pruning will

have a beneficlal effect

Wiksom e el (19987 Foanel that when branches of saplings
wiede cut back 1o 5 cm, mast of the stubs abscised within
6 weeks inespective of the time of year. Comparable
unoul branches showed no evidence of abscission at the

end of the G-week period

Thinning and fertiliser treatment in pole-stage
stands

The Mew Zealand Forest Service undertook thinning trials
in kawr stands betareen the bte 19505 and 1970s (Halket
19831 The aim was 0 increase prowth rate amd ouality
in pole-stage stands that had developed after lopeing,
land clearance, or fires by reduction of within-stand
competition, Trials assessed 19— years ahter thinning
showed increases in diameter growth of 3.1-3.3 mm/yr
Unthinmed controls had mean annueal diameter increments

of 1.2-1.4 mm {Stewand and Kimberdey in press)

Barton and Madsahick {1987 bound a substantial growth
response o thinning and application of nitrogenos
tertiliser in a maturally repenerated pole-stage stand in
the Hunuwa Ranges, south of Awckland. The stand was

kmown to be deflcbent in nitrogen and phosphate. Within

b weeks of treamment, foliage colour changed from olive-

green 1o bright green, but the effects on growth wene nol

Fxtra leacders that haee artsen, prolabily from davmage fo dbe groeetng B Olefl), shogelad be rermoteid ax soon s possibie gl the

sradliRE Same 10 e nursery o when saypings ba
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Diamater Mean Annual Increment 1979 - 98

" : 18
Stem alicirmeter Drodrmh resiois
for Iviveradrg il aplfcearim of 1.8+
SR e S _,I'i:'-"l'n'l':u:'r Treaireris 1.4
were afyaied 1o o il — 1.2
secorta-Rroith o stand e E
1979 (from Barton 1996 = 1
- |:|3-
]
= (L5-
04
L

— Coniral

= Thinned
Linthinnesd'Fartiissd

—— Thinned/Ferilised

_‘_-_-——_

s iy soene lime, Memn annuzl diameler ineremseni
increased from 1 6o neardy 16 mom within 2 vears oo
Figure), Thinning alone produced an eight-fold and
feriliser treatment alone o six-fold inorease in dismeter
increment (Hardon 1990, The mean annual increase in
woilume e 19 vears 0 domimant frees was 5.8 me ha
(4,48 in combral r:-l-:l.~. andd 13,3 m* ha {11.6%) in |II| =
where trees had been thinned and feniliser applied
Almcst 5086 of standing stems ina Gh-ypear-old plantation

i1l kawer located ;1 Brooklands Park, News Plvmouth, were

1B TBE3  TRES 19T VMRS 1994 1063 1BRS VAT 159

figar

fedlesd v reduce stocking brom 1300 st ha 1o aroanid
T sems ha (Gould 2002%, Mean diameter in this stand
betore thinning was 31 cm and mean hedigiht was 19 m, A
diecline in cument annual mcrement (Herbert o al 195960
amd a2 ||ij_l||| imcickenice of wnsiable multi-leacdered slems
were considered o justily inervention. Selected rees were
carcfully felled h:. e |||q-|1r'..|| remewval ol crovns, upper
bole lengths, and remaining timber in order fo prevent
l-|.|III.|.5.'L' o the FEIMEAENATEE Lreees

s u | i = =l

Thay da-pwaar-olod o piorpiabiom i Broobbemds Poek, Sew Plyonoudh, weas dhimrmea froom 100 sterme®a Celth o 700
clewmsaa Cright ) ayfler comsuitation il dbe docad commmarrity, The ork mas carriead ond By Bigbay skilied arboriss
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The heamwosd oF mature kaon trees bas g well<desenved reputation as one of the
fimest softwood timbers inthe workd, At one time, the Hawless wide planks obtained
from large trees were in great demand. Very little heanwood is comently available
Froam tree harvesting, but wood of good guality can be salvaged from stumps, fallen

trees and recyched timber,

ey hearteood s bodT browen in coloor with, varsitions n|.||_|:i]1;._' froam wellomw to redlddizh

b It has excellent working qualities and the straight, Hine, even grin with a
clerisiic minute speckle alloy

when in contzon with the ground, very dural ‘henm comtinu wied, and excellen

Fosr wse in hiot humied conditions (Hind Y57 ol recovered from i}

I ervied] In swamps has a colour and lustre that is highly valued for cruht work,

even where s mechanical PIOPsCTTICS have deterborated (Clifton 19

Formalion of hearfwood
in che Lane 1975 t J d cd kawn from a 120-
weir-aldd “rickes { CTOH, [ §: L. .Gilhson unpashil. o :

tham 19 { Jyulls dl d and the cry of chear imber at

cafesid Dt stern i

s a major predictor of thee= [ o nngd amount o et weorred ancd Kimbsertey
20020, Age is a secondany pre , Hesarw ol e founid in slems ST s % dmall
as 10 em in natural prees and 16 om in planted irees, bor it n serbegd less than 4% of e
testal stem vodumie. All stems b f [ than 33 cm in diameler comlined some Beareeoodd b
wsable quantites were present only when dinmeters reached 60 cme Trees with stem dismebers
areater than 99 om can bhe ] po iconiain @ minimum of 2 m? heartwoocd st trese i thi=

o DHameter increme = st - e iantutions in this stuchy sugpested

clenameter oy { £ il in 120150 v




Sapwood quality

Smxalber bogs from regenerating kawri
torest yield good-grade narmew piece-
sizes which are mainly sapwood
{Hinds and Reid 1937), Although
sapwond has many of the propenies
of hearmwood, it lacks durability, is
not resistant o Areotdum borer, and

i5 less dimensionally stable,

Logs thinned [rom a OG-year-old
|:-|.|.r|1|.'| | stiang in New Plvmonath svere
uses] 10 imvestigate wios] |'.-r|:-|u¢=1iu~:
ol |:-I:|.rl|,|l|r'|r| grovwn Kauri, Twenly
stenis represending the anes) brees
i the stand (mean diameter 394 cme
mesan beight 20,5 md were Tound 1o
comtain mainly sapwood, Basii
chensity was lower than that ol matuare
kauri heartwood, but higher than thai
ol radiata pin;_- timber. Wood
shrinkage values resembled those of
old-growth kKauri heartwood bt
stiffpess scores were higher than
those recorded for cld-prowth kauri
or commaonky used exotic fopestry
species. Wood guality did not vary
significantly across the widih of the
foar Cpdth to bark ). The results sugpes)
that relptively young kaun plantations
have potential as a valuable solid
wood resource, and are not
niecessrily infertor I this resped o

mitural second-growth stands

contmining heamwood

Control of wood properties

After studving the wood properties
of members of the family
Aravcariaccae and the eenus Plms,
Harding {1990} concluded that, in
generil, wood properties ane under
a higher degree of genctic control
than growth tradts. Heartwood
formation in kaun s likely o have
||i;.!|| hieritabibicy ancl, i fdividuaal
trees thal conlain abhove-average
amounts of heartwoodd can be
iclemtifiesc]. it should be |!-|-.'.iI| e [ §]
L1 -.1:_'--.'.”-'"5 rdunl dime=nsions s
the bsisi= bor inclusion of SLIErOT
hesartwocs] charscterstics in breeding
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Growth rings in kauri

The Lh-nxsl':r' tal \.I.'I:!:h.!!r' tiesue fowmed in kaur stems varies
frowmn season By ss=a=cnn, '|'||-q_' ;:I:l.rlv:-e-r_ LT o url]'r:n‘l IES% L
formesd in winter can be seen as F:I.ill':, el l=clefined rirgs
in cross sections of the stem. Meylan and Butterfield (1978)
described the rings as moderately distinet o distinet, The
first suggestion that they represented annual growth
increments came from an account by Cheeseman (19130
ol ohservations made on cross-sections of trunks of young
kaur trees plansed in 1865, Ahmed and Ogden (19873
cornfirmed that the rings are usually bormed annually and
that their number and size (measured on namow cones

taken by boring horizontally into the stem) can be used
B Assess ree jﬂ:ll..l'ﬂ'ﬂ:l fate el agee. A s |:1."|:|Iil.'|rL~\.|'|:||:l
has been demonstrated bereeen radial growth raes
measuredd with dendrometer bamds placed around the
runk amd rates estimsred from increment cores (Palmer
amd Oxpden 19833, Neither of these methods of mesuring
gru'.l.lh mles cses any |:qh|i|1|_..l_ |_L1:||:|.-1gve' tos the free. In gl
.'\-II.I:-I,I'!,' of gem hearmoeood coment, Steward and Kimberey
(20020 found that the counting of growth rings from
inmrement cores under-estimated the age of kaur trees
by aboul 5%

Management of kauri for
wood and non-wood values

Long-term management for wood

Management options designed to retain the values
associated with high forest are likely to be pretemmesd if
the major objective is production of kaurl timber
Extraction of selected stems, rather than clearfelling, will

b redpuired on meny siles.

Barton (19903 described management options tor
extraction of kaur trees from pole-stage stands, These
were almed at the maintenance of a multi-aged forest in
which namiral processes known to inorease tree grodh
rate are reproduced wherever possible, espescially during
the juvenile stage. Trees were expected to reach
harvestable size in 80-100 yvears, Referring to silivieulturl
systems described by Mathews (1989), Barton arguesd that
although single-tree selection causes less disturbance,
proup sclection oreates larger canopy gaps and alkows
more light o penetrate to the forest foor. This stimulates
the early growth of saplings and poles. Remowval of

competition from fster-growing broadleaved species may
bz mecessary, but growth of maneka and kanuka, which
are useful nurses for young kaurt, should be encouraged
{(Enmight ef @l 1995)

Economic analysis

Baron and Homgan (19800 caleulaed o kaud grown
o an Bl-year rotation would provide a return on
investment aof less than 2% Herbery of al (199460 found
similar mmternal raes of returm (2-34) For rotatons of
G0=H0 years, Results from bath studies implied that other
re-timiher henefits would be required in onder to peach
the e tedd arket rates of setuen for Investment in
forestry in Mew Fealand. It should be pointed out then
arovwth rates of kaur are similar o those of many speches

wses] o coommercial forestry inthe Northern Hemisphene,

Mosi of the non-timber values associated with forests
cannod be quantified although they offer many kinds of

i1



rewards. It s possible that the financial value of plantations
of cermabn native tree species, mcluding kaurd, wall incrense
a8 the wse of imponed decormtive imbes from non

sustaimahle scarces becomes less acceptable

Silvicultural systems requiring mindmal (nput are
coonomically advanmgeous and this s especially true fog
slow-growling tree species. The use of naturally
regenerating or planted manuka as a nurse for young
kaun can reduce establishment costs and lmpeove hee
form. The aliernative of dense stocking (e, 25040

stems had with expensive kaos seedlings would involve
high establishiment costs and subsegquent wistage, snce
e than hall of the plamts seould evenmually e thinned
Ol

Planting of larger seedlings at bower densithes (400500
stems’ha) o avold later thinning could be a viahle
altermative in shehered lowdand sites, providing that rapicd

canopy closure §5 nor requidied for the control of seeds.
Teees could be planted ot near-final spacings of 45 m
apan o give a density of 400-625 stems T,

e wworkstiop 5 Aucikbind, Bose and
Hewibrer, emplons 5 crafiaoren moling
Frigpb-cpictliny fuieseilry from st beiin
An seifapadies of it dntenry hedoie
ceohigasled, sebwire i fhe fatiere resoadrce Of
b B covavie frovm®

Mon-timber values

Conventionial economic analysis is based on the finencial value of
timber alooe and does ot suppon investment in the establishimen
of plantatons of shyw-growing natve ree species (Hongan 2000),
Most of the native tree Sands planted over the lost century wene

i
iZ
=
iz

estblished for more than one reason IE’.;|1\-;|'!, ef af 1992y and the
raiomale often incleded 2 desire 10 inorease the land area covered
by reative forest, (o control soil erosion, o provide food and shelter
for wilellife, andd 10 provide amenity areas (Forest Research Instingte
19T, In recent years, free ._||u.|'-r[:-lrnr| of carbon dioxide, a
‘greenhouse gus”, from the atmosphere has been put foreand as a
resison for plinting forests, Kauri rees are associated with specific
Mot values, andl For all New Zealanders the spririten] dimension will
undoubtedly continue 1o be g feature of the mmtionale for planting,
maintaining, and harvesting kaun in this country,

Ultmnately, some landowness will want o memove and vse kaur
weisod Fronm mamageesd stancds, Comsideration of timber- and non-timber
values will require careful aftention to harvesting methods i the
chamcter af high forest is 1 be maintained. It is possible for low-
impct logging regimes to be used in mised age/mised species stands;
these extrct timber but albow retention of the near-natral character
af the forest (Benecke 1996). Long-term management of kauri and
ather native tree species will need considerable specialist input if
sedection methods similar to those prescribed for long-rotation specics
in the Northern Hemisphere are 1o be developed in New Zealand

Thiz receny fRarimy n aoumieen Anckiond
et reflecis banrt s sfandug o ome off N
ealctro s founiy



One scenario for the management of growth and

timber yield in a kauri plantation

The -:I-e-'.'|'I!5-|:-|||{-r|I ol milviculiural prescriplions [or
lanelorarmers wizhing o establish kaurn |1::||1I.|Ii- i sl
b bames] on knoseledge of the |'|-:||:::.l_!. af the apecies
information absout thie resolts ol I|'1'n'.|||_!5 in exising
|:-I.|.r|!.:I|-:|r:--._ anal um .|j|[1r|.'|.'i.|||::-n ot et ality andl
cost-gffectiveness ol recommended methods. One
sceniwrice that fulfils all these requirements would involve
the planting of 500 large kaud seediingsha on a site
rowverea] with nemuarally 1|'_Lg|.'r|-:*n|I-:1:| ar planted momeks
or kanuka, The stand would be thinped 10 BO=100 kauri
stemis ha whien the brees I‘H"r::lll Iy Crarmpaete with each
cbhesr, causing: an overall decrease n ol mibe {climrmeter
imcrement). Two thinnings carried ool wihwen the stancd
mean stem divmeter reached 40 om and 60 om could be
expected o yield 140 m? heartwood and 3200m? sapaood
A final-crop mean steme diameter of 90 om would be
reached within 120150 vears at a mean annual dinmeter
increment rate of G.0-7.5% mm. Al deardfelling the stand
worild be expected o yield 150-19%0 m® heartwood ha

and 130-170 m? sapwoodha in -m-long butt logs with

i mean dizmeter of Y em

Abternatives to cleardfelling would be the careful extraction
of stems in small coupes or the milling of dmber at the
growing she, A potential diffioulty in felling e o ages
exceeding 100 years &5 that trees will have lost the
monopodial “deker” form and will have 0 massive
spresding cronmn structure (Halkeon 1983). Felling weould

I'\':' ||Iv“',"| ECs CLRSE I.LII:I'..I_L'@' [{x TEITELETIET 1 Lrees

Herben e al, (19900 suggested that wholesale sawn tmbwer
prices for second-growth kaurd, wwhich depend on grade
and dimensions (width), might be NZ$1200-53500/m*
In 2002, prices up o 370000m? were reponed (Stewand
and Kimberley 2002]
hearmwood yield was based on a standard 6-m burt Jog,
Stewaand and Kimberley found that merchantable bt log

—15 m).

While the inital estimate of

lengths (branch-freed averged 11 m (range
Estimates of volume '_p'|.-|'|l.:I hased -.lr'.|1.. ot G-gmn B |-:|;.'_.-
are therefore likely 1o be conservative, Greater diameters,
greater recoverable log lengths, or maimenance af higher
atocking rates without loss of diameter increment wionabd

all increase yiekl

CONCLUSION

Eoiued trees ke o seebssimtind comtrilaatiomn to the i-Lll:-'ﬂIII'!.
aned culture ol native foresis in Mew feabond, Koo bas
b bisen regerdisd as the Lord ol the Fopest, inspiring
1= TEH[HACE il all Mew Foulaesclers, The anombsers od this
i|11F;|u-:|1.u:|'|I keiwr donr cany lwe i:I'II.TI.'!iI'.\-I.ﬂ.II aml ITHNY BT T
restore ) o presious levels on selecied sites This Balletin
scbeniifiess wavs o owhich ko can e vsedd o earich
maligenos forests ancd toprovide a tmber resource

It s almosr certin thas the wsesof breeding progrrinmes
angl i||'|'|'|r-:|1. el Nrsery 11.'|::|:|:|!|:|:5u|:'1 will lead o the
prosluction of Deter-guality and faseceowing Kaarl
secillinggs i the funime, Substantil imeneise mogrowth mies
cluirdgg thie Bt W15 seirs ] cofseoguent recustbomn o
rotation lengths can be expected o provide wrearer
!ju:l:l!u'iul- reTurns: Coarreel wiesoad l:|I.LiI|I|':. shuilses -."l.-'.1l||:|[||'|:.;
the Brge propodtion of sapeaood fn faa-grown: Kaa e
b enconrsing prebinsimiry ocdicaions of Gavouirable

wionsl properies,

W Already have the ahiliey e restore Kauri 1o some of ifs
former glore. The sustainable growth and use of kaur as
o prlaed soaroe of dimber is an attainable dedam for grosers
anch inmyestors.
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