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ABSTRACT 

Species ' population structures and replacement 

p~tterns are quantitativel:'/ de scrib"?d fron intensive samp­

ling of forest on alluvial surfaces of three ages . Observ­

atio~~ and evidence fro~ ~ r2nge of ~thnr sites are incorp-

0~atert to assist i~ tracins ~he d e~DJn~~ent of forest on 
2.l'1!vial surfe c ~s of the sb ;dy arP. J , 'l.nd jr_ P.X8m ining 

factors influencing this development . 

Cockayne's postulate that 
" ••• the most important principle underlying 

succession in New Zealand forests is the relation 

of the dif f erent species to light ." 
-

is i~vestigated with respect to the st~dy ar~a 

Relatively even - aged totara-do~inent dense podocarp· 

st3nds have ~eveloped on fl~odplain surfaces made avail­

able by progressive channe l down-cutting and later3l 

rrigrations. On older surfaces these first generation stands 

are replaced by f orests dominated principally by the angie- · 

sper~s tawa , titoki and mahoe . 

On a terrace surface c .2,000 - 3,000 years old , 
forest variatio~ qppears attributable to dynamic processes 

as well as differences in site drainage . On mesic sites 

tall tawa - dominant forest prevails , although recent wind­

throws have produced low groves of mahoe and other small 

angiosperms , and Plso apparently stimulated so~e podocarp 

regener ation . On xeric terrace sites , titoki and rewarewa 
dominete the canopy • 

Ln·.·.· c!eD 2 i U PS of podoc~~ -::"'ps on ()-, ~:- me s .i.e t "? ::-rac2 

sites attest to very spar3e re~ener~ti on ?fter the de~ise 

of thR 1P~SP fi rst eene r3tio~ sta~1s • The disco~tinuous 

size class distributions of podoc :c,r-;· s:rec-Le s on these sites 

appea r 8t least p:.1rtially attrj_but8ble tc sporad.ic regener­

ation following major windt~rows • 

Podocerp densities a re high e r o~ tte terrace xeric 

sites , re gen eration of matai and totera a9parently being 

favoured by the lm·.'er vegetation ciensi ty and higher under-



storey lig~t levels • On these sites matai shows an all -

sized stable population structure , and a cyclic discon -

tinuous replacement of totara see~s possible. 

~eedling growth experiments showed bot~ totara and 

kahi i<: etee. --cu be less sh::>de-tolernn t than hvo large angio­

S ;JE I"":' :;~: ecies ( titoki ~nd pukate::: , res~ectiv""l:r ) 

typically seen t o ~e replecing tbem in 0~~ growth forests 

on their r espectiv"" sites. ~xcept 0n t~e terrace xeric 

si te s , light lev2ls measured in forest understoreys were 

mainly below the compensation point experimentally estim­

ated for totara s eedlings • These findings confirm that ~ 
regeneration of kahikatea and especially totara is likely 

to be very infrequent in old growth forest on these sites. 

Cockayne's postulate does not completely explain species 

establishment patterns within these forests • However , 

the findings of this study lend support to his interpret­

ation of 11 light relations " as the primary influence on 

successional trends , and suggest that regeneration of 

kahikatea and especially totara is likely to be largely 

disturbancP-dependant •j 
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CHAPTSR ONF: INTRODUCTION 

The history of New Zea land ve ~etgtion ecology has 

seen ::1uch dispu+t> over tr' P i r~terpretation of the indigenous 

fo rPE~s ,~ ma j or rliff iculty ~e ing jn ~ndersta ~di ng the seral 

sta t u s an rl dyn'3.r:ic s n f t he lP::-~e lo :-:._s -lived conifers of 

eor.Pra s uer. as D.qcr,rdiurn , Li lJo ced rus .:-> rrl Fodocarpu s • rv:2ny 

wdrkers have descri bed an apparen~ sca::-c ity of coniferous 

regener2 tion in hig~ for est situation s where these species 

are presen t as canopy trees or e~ergents ; e.g. Cockayne 

(1 928) , Holloway (195l~b) 1 Cameron (1954) 1 Nicholls 

(1 956) , Robbins (1962) , P . Wardle 1963b). Opinions have 

differed widely in attempts to explain these widespread 

instcmces of non- 11 a ccordance 11 (Braun 1950) , their causes 

and their implications. 

Cockayne (1928) interpreted the podocarps and 

oth er conifers as light-demanding pioneers generally un­

able to regenerate in t heir own shade , and hence destined 

to he replaced by a climax forest of more shade-tolerant 

"dicotyloustr or "broad-leavedtr (ang iosperm) speci.es. This 

interpret<:~tion appeared consistent w1th the abundant est­

ablishment of various conifer species often se en in early 

secondary ve getation after destruction of the original 

forest by fire ; e . g . Cameron (1 960h) , Fook (1978) . 

Al t ernative tbeories of mosajc or cyclical regen-

er8tion h .q ve been propos ed , involv i ng Rlternation of ~on­
o a rp-.lf.,-(' 0r1 ( 1C C::)l) - · o • "' ·' . ../ ·~ - .'· 

drai nec .:nstl and t er r a ce fores~ .. - 1_}--cole, 1937 ) a nd i n 

Tihoi forest in t he Centr·;:::. l l'-Jortr. T;; l:1nd (Herbert, 197M 

A. . Katz F . q . r. , unrub. report) . Ho\,'P' rp r there is a lack 

of published evidence for more widespread occurrence of 

such cycJes . 

Robbins (1962) l3ter extend ed Cockayne's linear 
· c~1nc ept , 

successional replacement/ b n tn an evolutionary scale. He 

su r,- ,:';ested that the "ancien~'' coniferous element of Nevi 

1 



Zealand's vegetation was in the process of extinction , as 

a result of gradual displacement by a ngiosperm species 

better adapted to the modern envir0nm~nt . 

Hollowsy (195.'rh , 1 9 H ~ ) e. l.s0 rejected -::J:--th,.,r'lox 

euc~ e ssional interpretatjons af t~ ~ Rpp8r~~ + i r stabil -

ati e s , irstead suggesting ~~~t f c r e st dynarrics ~ ave been 

p~o fou~~ly influPrced ~ y cli ~2 ti c c~ ~nge with in the last 

millenium . He claimed th2t con i fer regeneration failure 

was one of several broad ve~etation patterns and trends 

best explained by a postula t ed change to a cooler , and 

probably generally drier climate beginning c.1200 A.D. 

Holloway's much-debated theory arose primarily from 

observations of the Western Southland forests , but 

gained almost immediate support from several other 

New Zealand workers who found that it offered satisfying 

explanations for forest patterns and "anomalies" in 

other regions , e . g . rJicKelvP~- ( 1953) , Nicholl s ( 195G) , 

P . 'J!e rdle (1963b) 

Geophysical evidence suggests mean temperature 

fllJ r.tuetions of 0.5 t o 1 . 0 "~egrees C in New Zeal2nd with­

in the last millenit:m , but there i :.: little a greement on 

the ecological significance of such small changes (Fleming 

19b3 ; Molloy 1969 ; Burrows and Greenland 1979 ; P.Wardle 

1979) . The climatic change school of thought h~s been 

in(:reasingly criticised by a number of recent authors who 

havP stressed the role of natural and anthropogenic dis-

turLqnce s in s~aping Ne~ Zea land ' s vPgetation within the 

l2st mi l l enium and questioned thP rP€ d to invoke climatic 

cha~ ~e as a maj or influence , e . ? . C urnberla~d (1962) , 

Foll ey ( !969) , '!0rle!1 .3n~1 St:ewart ( 1CJM2) , Nnr·ton (19e3). 

A variety of factors h3v~ proba bly contributed to 

the difficulties experienced in i n~er;reting forest dynam­

ics in ~ew Zealand. The lack of historical records from the 

centuries of Polynesian settlement means that there is still 

much uncertainty about the role 0f anthropogenic disturban­

ces i n influencing New Zeal and's p ~~sent vege t ation patterns. 

While there is clear evidence of extensive fires in several 

2 



districts during this period (e.g. r olloy et al.,1963 ; 

Esler, 1963) at least t\'/o prorr.inent autt.ors have suggested 

t hat the impact of prehistoric man on the vegetation , pR.rt­

icularly of the Central North Islanj, is possibly still 

being underestimated ( ~ cKelvey ,1973 , p.23; F . Wa rdle 1973, 

p. 163. 

There is also a leek of reli atle acc oun ts of the 

ve,zetet:o:1 fro:n the earl y days of f·Jr ·Jpe2r: settlement, and 
much of the lowlands vm s cleared before the fo rests came 

under the sc~utiny of modern scienc e . 

The generally slow development rates of New Zealand 

forest systems, and the great ages att2 ined by many of the 

coniferous species, add an awkward dimension t o the study of 

forest dynamics ; this is accentuated by the short time span 

of New Zealand's recorded history. The problems of time 

3 

scale are certainly not peculiar to Ne\'1 Zealand ( cf Horn 1975); 

Franklin and Hemstrom 1981), but I suggest that they are acut­

ely compounded in this country. 

Neve 7"t:-:el.ess , it could be argued t h2t our poor under­

standing is partially 2ttributable to a lack of experimental 

investiga tion, which has allowed the accumul3tion of nu~~rous 

untested assumptions and hypotheses , and meant that theories 

of forest dynamics have developed in the absence of adequate 

autecological kno~ledge of indigeno0s species. Several auth­

ors have recently provided examples of how deficiencies in 

autecological knowledge currently impose major limitations on 
--..-.------ .! ""' ...... ----.! -..J- ...... -..&" --------\..... ..................................... --,.l __ .,...... ___ ~- t....-
J:.ll v!::.,l e;:,;:: .LU ct V::!l .Lt' l,y U.L ! ·e;:,t::ct.!. v U C1V t::"L!U t';:, f . Cll~U Cl}'}'t'Ol t.-U !JC" 

im~ediate obstacles to the resoluti on of probleQs concerning 

~onifer regene~ation (Burrows 3nd Greenland 1979, p.J23; 

Dunwiddie 1979 , p.258; P . ~ardl e 1979 , p.139). 

Assessments of the ecophysiology and critical estab -

lishment fa ct~rs for varicus species have been made almost 

er~i~ely freD field situations , where spatiAl and temporal 

cor:rpariscns confound the effects 0f 3 !ilulti.tude of variables. 

The Ne~ Zealand literature reveals th2t conclusions drawn 

largely from subjective field observations have led to some 

widely divergent claims from different authors , as .(to the 

ecological ch~racteristics of variou~ species. For example, 



Cockayne (1928) believed ~atai (Fodocarpus spicatus )
1 

to 

be "the least light-demanding' of the podocarps. Hmveve r , 

Cameron (1960a ) and r.·:cKelvey (1963) both grouped matai 1.-'lith 

true t0tara (P. totara) <1 s thr= r.1ost lig:h -t- -dem?..nding of t"'le - ---- ~ 

pod oca rps and rated ri~u ( Dacrvdiu~ cunressi~um) and mira 

(£., f~r~ugineus) 8S th P r;os t ".shqde-O "-'aring" ':'f tl.'"le group. 

~ inds and Reid (1 957) asserted tb~ t m~tai and (true) 

must b~ ~ons i de red as belon gin~ t n the warmest 

Ne'~r Zealand clirna tes • • • i.e. v1arm temperate to sub-tropical." 

But in a~ a ttemp t to interpret forest patte~ns in the Taur­

anga stream basin of Whirinaki State Forest, A.Katz (Forest 

Research Institute ,unpublished report) operates on a pre­

Elise th2t :1atai and totara are the most "cold- tolerant" of 

the large lowland podocarp species. 

In discus s ing differential species' responses to a 

postulated climatic change, Holloway (1954b) referred to 

matai and totara a s the "more mesophytic podocarps" ,comp ­

ared with rirnu. This description is certainly not consistent 

with the widesprea d occurrence of the tw; forenamed species 

on free-dr2ini r g and drought-prone sites where rimu is rare 

or qhsent. 

Bes ides de~onstrating a lack of agreement as to va r­

i ou s species' ecological characteristics, examples such as 

these also show the i mprecise terminolo gy and lack of quant­

ific~tion that bg s prevailed , and has only added to the 

confusion. Ter'l s such as "shade tolerance" , "cold tolerance", 

'' r:e sophytic" - usP.d , as t h ey genera l ly have he en , without 

acr: or::;>2 '~y i ::;.:::; dc·f ini tior.. of 1Ue.:::tifjr. e.t to~ 1 8 r <=> open to a wide 

1. Unless othen-ri se .i.ndicated, nomenclatu r e follows l\llan 

(1961) , E~ga r ( 1973 ) and Moo r e ~n~ =ctzar (1970). 

Appendix 1 p r ovides scientific nAme s for tho s e species 

refe~red to by co~mon name s after their f irst appear­

qnce in the text. 



Tb e t heori s ing nf earlier decades has been followed 

by little in th P wgy of Pxperime~t8l ~tudies or tests. 

Cor:1< 2yne ('1 92e ) postulated t ha t "t:;.F? :-n:>st import<-mt prin -

ciplP u:-..derly i ne- succes~:!. on if' ~~e--.v Zealand forests is the 

rel .3tion of the r: ~Jferent spec ies to lie;ht." And, as 

obs 2rv er:l by P(")~.::: 1,: ( 1979) , n':' r is hypothesis has seldom been 

crit.ic e.lJy ex;-orv:i t"' Prl 2ince i_t .ms fi.rst enunciated." 

Cockayne (1 928) considered thqt poor self-replace -

mcnt in many s tands of species such as rimu, totara and 

kauri ( Aga this au~tralis) was due to the conifer seedlings 

being "strongly li gh t-demanding" a nd unable to establish 

readily in the sbade of mature forest. He considered tr.at 

on most sites, c o~ ife r stands represented seral stages 

leadinc; to a clir.:ax forest of "shade-tolerating" and 

"shade-der:la ndin.g'' angiosperm species. 

Papers by Bieleski (19S9J and Pook (1979) appear to 

be the onl y published New Zealand studies tbat have exam­

ined Cockayne ' s inte rpre tation by means of experimental 

investi gat)on of factors affecting seedling establishme~t 

and growt h . Bielesk i conducted a thorough investigation 

into factors affecting gr owth and distribution of kauri, 

v; i tb. a thc:u e;h tful int<?gration of fj eld work and seedlir.g 

growth experi~ents. His r esults suggested that kauri seed­

lings 't!Cr'-' i!1 f ac t "decj_c:Jed ly .::hade-tolc:rqnt" , 8D d Bieleski 

COr!ClUded ~rnt. •-:::ocl,{;,yne 1 S "light relqtj_or. 11 r.ypc tb.esj_s did 

not ex~ ::..e :. ~ tl-:_ ,~ r'J~;n :1rr: ics of kauri fcrest~. !!owever , 

Biel ~~~ i'~ PXpP r i ~2~ts dirt ne t i nc l ude a ny o t~er ecolo~­

jc:~lJ. y "" 3 -'>:' c i ; ~-"? r: -o ;:: ec ie s f:Jr cor:::l!1!"is c·-: ·-rit~ k"'uri 's 

perforrr:2n '-~P . 1 ·::- '3'-' •" r:J S f 2.i. 1' t o su g,~est t 1'1 EJ+. such 3.n inclusion 

would h'3vr: c; ~:; .g tl y Pnhancecl the velue o-Ind :::1.pplicabili ty of 

the study , and r!' j ,::r;h t well J::. :::.vc:> 1ed its Rutr.or to a rath er 

differen t interpr~tation nf his results obtained for k~uri. 

Poole ' s wcrk wgs l es s compr ehe!1sive in his analysis 

of site fa c tors , concentra ted sol~ly on t~e effects of 

li ght j_n te~~ ity , but this study in c luded the com~arative 

dio ension overlockr:d by Bi eleski. Pock (1979) compared 

5 



sePdling growth responses of kauri , tanekaha ( Phyllocladus 

trichomanoides) and two commonly 8Esociated small angio­

sperms , under four different light levels. These experi -

mer.ts confirmed the ~enerally slo;.v crmvth rates of indig-

enou s conifers j n ccmp-3rison with tbo.se of mer.y " shrub 

hard'.·rc cd 11 speci~s , ,"'Jnd or_ tl:e b::1~ i s of hts results 1 

Poo~ ~~s less i ~c lir.ed t0 ch~lleree ~ockayne 's interpret-

2tio ;:-! . !-:e S1.1C:£:esterl. " that the ver·y slow gro;,rt'r. ra.tes of 

tr~e soft-woods under shaded conditioY1.s , compared to many 

hardw~ods , p~rtly explain tbe general failure of soft­

wood ~egeneration in mature primary forest and their 

patterns of establi shment in secondary scrub and forest 

commun ities . 11 

The studies by Bieleski and Pook '.A/ere concentrat­

ed on species of restricted northerly distributions. 

Despite the fact that experimental studies of comparative 

growth responses to controlled environmental variables are 

of proven value in plant ecological research (Grime,1965), 

ther e has been no siMilar published work on pr incipal 

speci es of the more widespread podocarp broadleaf lowland 

forest types. Some understanding of causal factors oper -

ative in the mechanis~s of vegetat ion dyna~ics is clearly 

necessary for successful management o f complex fo~est 

ec0systems (Spnrr and Barnes , 1S73,p.10). So in view of 

the attempts in rec ent decades at sc-calle~ sustained 

yiel ~ ~snagement of the indigenous c onifer- angiosperm 

forests , t he lack of experimental r esearct js surprising . 

TbereforP :it s epms fair to su ~?est t~8t; Cockayne ' s 

li g'-'1-7 ;:-e lation "!;y_Dothesis r.ee;s .furt:1pr jn'; c s ·t i ~qtion ~ by 

th0 i l'l t egr at i ::;n of a~;' rO~)r j~t e eX:' "' ~i ,.,en te, l '.·r o ~k with 

field s~1dies of vegetation dynami~s . Pook (1979) conclud­

ed that : 11 There is J i ttle d 1 ffic111 ty in nc:cepting that 

other factors besides shade influenre the regeneration of 

forest tree species . However, until a good deal more 

infor~ation is available on the growth responses and behav~ 

iour of many more forest c6mponents in respec+ of . this 

attenuation of the primary energy sourcp , kno·,vledge of the 
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effects of other factors could be greatly limited in its 

application . Tb e as se ssment of responses of many forest 

comp onents , both dominant and subordinate , to shade , 

woulrl eppe~r to he fundAmental to understanding the 

dyna ~i . cs of ~e st ind igenous forest 8omrru~ities and for 
resr1u i ~ g s o~e of t bP pro~ J em s o f ~ ~ ilure i n n ~ ~ural 

It is t o Pook ' s rationale thAt this thesis 

particularly relates. 



CHAPTER TNO AIMS. 

The aims of this study were twofold : 

(1) To describe structure and dyr...amics of lowland alluvial 

forest in the Pohangina Valley. 

(2) To evaluate Cockayne's "light relation" successional 

mechanis:-:1 hypoth:;sis (s ~ e Chapt2r One p. 5 )vvi th 

respect to these forests. 

It '"as intended to obtain q_uanti ta tive descriptions 

of the vegetation on a series of different- aged alluvial 

surfaces. By examination of species• population structures 
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and the suCCPssional :9atterns evident on. each of these surfaces 

(i.e.the recent historical development of each sampled forest), 

it was hoped to (a) demonstrate the establis~ent/regeneration 

modes of the principal species; (b) trace a seq_uence of forest 

development on alluvial surfaces of the lowland Pohangina Velley. 

Pursuit of the second aim involved comparison of 

(a) various species' performance ur1~er a range of light inten­

sities in seedling grovvth experiments, with (b) species 

recruitment patterns observed in measurement field light 

environments. From this int egration of field and glasshouse 

work it was hoped to make an assessment of the influence of 

light relations on establishment behaviour of some principal 

lowland alluvia l forest species, and hence on successio~ in 

these forests. For example : Can the scarcity of totara re­

generation in both fl ood plain and t ·:;rrace fo:r:;sts be attrib­

uted to inability of totara seedlings t o grow at the light 

levels currently prevailing in the und~rstoreys of these forests? 

~:Jhile 1.u1dertak';n yrimarily as an inves·~ iga tion of caus­

ation for observed sp~ci es .r2place ::.-:l '~ nt p2. tterns ~ the exp·::riments 

might possibly also have some predictive value. For example : 

if totara seedlings were fort::.'1d to be incapable of growth at 

light int e!l.Si ties typical of forest understor2ys, th -~n it would 

se em fair to suggest that tot=tra r egeneration is not to be 

expect ·~·.l : "J .c :...:. ~·.least r ar8ly so) in old growth situations on 

sites such as these. 



The choice of seedli11gs, as opposed to later growth 

stages, for the experimental subject was primarily for reas­

ons of practicali t~r. Howevr:!r this choice is consistent with 

a general belief among plant ecologists that the abundance 

and distribution of mature individuals is strongly depend­

ant upon the factors affecting the seedli~~ stage (Sagar 

and Harper, 1961 ). Studies of plant population dynamics 

suggc;s t that for most s:peci ~s , the: se edlinz shortly after 

germination is the most susceptibl e phase in t he ontogeny 

of the individual (Cook, 1979). 

Overall, it was hoped to gain some u .. '1.derstanding of 

alluvial forest dynamics and of the factors affecting 

establishment and regeneration of some principal species. 

This s~dy was motivated by the general issues discussed 

in the introduction. The study area was seen as offering 

specific examples fairly typical of some g3neral questions 

posed by many New Zealand lowland forests. 
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CHAP'r2R THREE THE STl.JDY AR&'i.. 

3 .1 THE PHY3IC.AL ZNVIRON?.ENT 

The Pohangina River drairill the south-west flanks of 
the 3.uahins 3.a.ng<O:, and flows in a generally south-west dir­

ec tion to join the I.Tanawatu :1iver 8.t As.hhurst (Fig .1) The 

ri v ·3r 's l ength is 62 km al:d the tota l ca tcrun.ent area is 

about 536 kri (Brougham and 0 'Con..'l.or, 1982) This study is 
concerned primarily with the lower r eaches , i.e. below the 

ter~nation of the lower gorge at the Konewa Stream junction 

( lTZ~iiS 1 , N 144/376 679 ) :Below the gorge the 

river oc cupies a flood plain generally 500-700 metres in 
width, but occasionally restricted to less than 200 metres 

(Brougham and 0'Connor,1982). At Totara Reserve, which con­

tains the main study sites, the river level is at an 

elevation of about 150 metres a .s.l. 

The terraces of the Pohangina Valley were mapped by 

Challands (1976) , who identified three major terrace levels. 

The lowest major terrace is believed to be co-eval with the 
Ashhurst Terrace of the Manavmtu Valley (age estimated at 
18,000 to 21,000 years; Fair 1968) and with the Ohakea 

Terrace of the Rangitikei Valley (dated at 12,000 to 25,000 

B. P.; Te Punga 1953, Cowie and Wellman 1962). However , 
s everal "minor terraces" (Challands,1976) are present below 
the Asr.:...hu.rst Terrace along most of the lower reaches of the · 
Pohangina River . 

10 

/":: The soils of the "river flats" (i . e . :flood plain and 

minor terrac es) are formed :from rec ent sediw.:=nts,derived from 

gre;raacke ,sandstones , and siltstones, brou,ght down by the river 

and deposited during floodir~ (Rijkse,1977). These recent soils, 

classified as Rangitikei,Manawatu and Kairanga Series, have 

generally high nutrient status as they arc only weakly .weather­
ed . The Wakarara and Ruahine greyv.;ackes forrnine m.os t of the 

Ruahine Range and closely jointed and in many places also 
sheared by faults , therefore eroding easily and supplying the 

rivers with an abundance of debris (Rijkse, 1977). 



38 

40 

FIG. 1 

0 2 

N 

' , _ 

To tara 

Pohangina 

Pohangina Scenic 
' Reserve 

..... ' , ..... 
' ...... 

' _, 
...... 
'­...... .... -.... 

-. . -.. 

. . . . . . . - - . . . . .. 
• . Ruahine • • . 

• · · State • · ·. 
. ·. • Forest···· · 
· : ·Park · · · :. 

.... 

... 
' -

Location of · Pohangina Valley, North Island, N.Z. 

t<m 

4 6 8 

11 



3.2 CLIMAT:S 

The cliru.e.te of the Pohangina Valley is chacterised 

by warm summers and cool winters (Rijkse, 1977). Because 
the Pohangina Valley has no r,Ieteorologice.l Stations coll­
ecting comprehensive weather records, detailed and accur­
ate local cli:rna.tic data,other than raip~all records, are 
1mavaila.ble. 

The rainfall pattern of the valley is largely 
controlled by the orographic effect of the Ruahine Range, 
which causes precipitation of moisture c8.rried by west­
erly crosswinds, Annual rainfall averages 1145 rnm at 
Totara Reserve (New Zealand Meteorological Service,1973); 
but rainfall figures increase further up the valley and 

closer to the ranges (e.g. c.1300 mm at the Pohangina 
Scenic Reserve), rising to about 4000 mm in the headwaters 
(Brougham and 0'Connor,1982). The annual rainfall varia­
bility 1 at Totara Reserve is 174 mm (N.Z.M.S.data; A.W. 
Dyke pers.comm.) indicatir~ a low drought risk. 

CNer the whole of the Manawatu area winds are pre­
dominantly from the west and north-west e.g. the most 
freq_uent wind directions recorded at Ohakea Airfield are 

N.W. (37%) and W (18%). In the Pohangina Valley,channel­
ling by the topography produces a local dominance from 

the north-west and south-west directions (Wright,1968). 
Gales are 11 relatively f'req:uent", (Rijkse, 1977). 

3.3 TH.8 PRII\'IITIV8 V2:GETATION. 

Before .Suropean settlement began last centu:r·y, most of 
what is now Pohangina County was apparently clad in forest. 
Most of the lowland area. v,ras cleared between 1880 and 1920 

and a reconstruction of the primitive vegetation necessar­
ily involves some speculation. Nevertheless, the remnants 

1 The standard deviation of ·annual totals. 
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of Totara Reserve,the Poha~ina Scenic Reserve and a few 
smaller relicts, together with information from old maps, 
are sufficient to enable a reasonable appreciation of the 
vegetation pattern at the time of Euro:pean settlement. 

J.T.Stewart•s map, produced from his 1359 survey 
along the rivers (Stewart, 1859) provides prob~bly the 
earliest known useful vegeta t ional inf'ormation for the 
district. This is in th9 fona of brief coi!!ID.ents writte~ 

directly on th9 mp at ID3.:ny localiti es. "Totara" and 
"totara timber" are marked abundantly along the banks of 
the r~nawa~~, Oroua and Pohangina Rivers, suggesting that 

as in many other lowland districts throughout the country, 
this species 'Nas a dlaraciEristic and probably dominant 
component of flood plain forests. ''Kahikatea" and"tawa" 
are also co~only marked close to the rivers. 

Further away from the rivers, "rimu", (northern) 
"rata'', "kahikatea '',"rna tai", "tawa" and sometimes "to tara" 
were recorded on Stewart's map, suggesting these species as 
conspicuous elements of the forests on the terraces.Labels 
of "tawhai" (~ Nothofagus spp.) are abu_11d3.nt along the 
middle and upper reaches of the Pohangina River. Several 
pockets of black be ech (Nothofagus solandri var.solandri) 
still remain in the valley, in Totara Reserve and as un­

fenced remnants on farmland. These are mainly on the crests 
of ridges and spuxs (Greenwood,1949); but ~vo isolate~ 
black beech among tavva (Beilsch:niedia tawa) dominant river 
flat forest in Totara Rese:r""ve attest to mor8 recent ripar­
ian dispersal of this species. 

The lack of r eferences by Stewar-c to titoki 
(Alectrvon excelsus) ·, .maho0 (I-,1elicytus r a mifl orus) and 

rewarewa (Knightia excelsa) cantrasts markedly with the 
virtually ubig_uitous occurrence of t h93e spicies as prin­

cipal canop:r components in tL~ oxt '.1 ~"1. t :::-;~mnants. Species 
co.r:aposi tion has undoubtedly been modi f ied, to varying 
degrees in different renmants; e.g. extraction of podo­
carps which appears to have often induced development of 
low mahoe-dominant groves. Local conc entra tions of rewa-

rewa in the Pohangina Scenic Res erve are at least partially 
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attributable to several fires within historic times. But 
.even in patently virgin areas of Totara Reserve,these three 
species are usually among the principal components of an 
angiosperm-dominated canopy on the terraces, where the podo- ·~ 

carps generally form a sca ttered emergent overstorey. 

It is quite apparent from the nature of Stewart's 
notes that his interest in the vegetation was primarily in 

r ec ording potent ial timber resources, and. s o these notes 
cannot be regarded as reliable indicators of species comp­
osition. Smaller (and hence less conspicuous) tree species, 

and those not sought for timber,are rarely specifically 
named anywhere on the map; but Stewart did write labels 
such as "mostly inferior timber" in some places. Some of the 
tree names marked on Stewart's map probably represent indiv­
idual trees that were used for bearing trees or markers of 
s~urveyed corners. Such records do not constitute a random 
sample of the forest, as the surveyor vro'..lld tend to choose 
trees of large size and (for marker trees) those having a 
durable wood (Spurr and Earnes ,1973). Therefore, lack of ref­
erence,particularly to mahoe and titoki, rather than estab­
lishing that these species were not among the principal 
canopy components of the primitive vegetation,probably 

· results from what is,in effect , a selective,unbalanced 
description of mixed conifer-angios~erm forests. 

Further information is furnisb.ed by a later s ale 
plan (Lowe,1889). This plan has copious vegetation labels on 

the terraces and hill country of the Pohangina Valley.Ri~~~ 
rata, "black birch",tawa and hinau e.ra the most :frequently 
named species; and "tawhero" (=kam.ahi ; tteimnan.11.ia !acemosa) 
titoki, rewarewa and miro are also listed. 

Totara Reserve must s erve as the principal record of 

the primitive vegetation of the Pohangina Valley, with due 
allowance made for the various modifying influences outlined 
in the next three sections of this chapter. The reserve con­
tains only about 300 hectares of forest, some of which is 
much modified. But as illustrated by Greer~vood's (1949) 
description,this remnant is of great value as it includes 

considerable diversity of forest types on a variety of sites 
and soils. 
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1.5 

3.4 IIEPAC T OF THS MAORI CUJ_;TURE. 

J.T.St ewart's 1859 survey map of the Ahautaranga Block 

recorded no occupied Maori settlements in the Pohangina Valle-y 
(Stewart, 1859 ) . Ste·,'tart recorded onl;y- four abandoned village 

sites in the valley, although an earlier visit by William Col­

enso in 1848 h~d noted a sm~ll village of nine to eleven peo­

ple ,-..vhich " ••. co.::npris ed the whole popuJ_a tion on the ban}:s of 
:_1 r . !­
\.t l _c...A. L 1 948) . 

Although the inhabitants of the abandoned villages 

were probably wiped out by tribes invading from other dist­

ricts, it is quite possible that these villag es were never 

occupied on a permanent basis (Wright, 1968). Buick (1903) 

notes, for instance , several villages in the upper r~nawatu 

which were us ed as seasonal homes. They were probably occu­

pied or~y in summer to snare birds and gather berries. 

Mr. F. V/ags taff, who came to the Pohangina Valley as a child 

in 1895, re ca lled po.rties of Rangi tane Maoris travellir..g from 

Palmerston Harth and Rangiotu to visit the valley (I . t;iathie­

son, pers.co~.). They came to collect edibl e fv~~i (for sale) 

and to shoot pige ons ,but nev er stayed more than a few days. 

A total of five stone adze finds are recorded from fov..r local­

ities within the valley.(I. I.'Ia thieson,pers.comm.) The antiq_uity 

of these adzes is not known ,and these finds alone cannot be 

r egarded as convincing evidence of more intensive r~ori act­
ivity in earlier times. 

The I1/Iaori made signif icant use of the Poha:ngina and 

Oroua Valleys for purposes o~ communication, if not for 

settlement ( :iright,1963). Both these river syst':lms vr?.re u.sed 

f or wa t er t r a r...sp or-c , b eir~ linked with the l;Tanawa tu "River, the 

main outlet to th.3 coast. 3everal saddles a cros s the Southern 

Ruahine Range were . apparently used as overland routes to and 

from Hawkes Bay and th·e :,vajrarapa (Stevvart 1359 : Elder 1965). 

From the evidenc e of v ery limited or sporadic use of 

the ?ohangina Valley, it se ems probable that the iVIaori :b...ad 

little direct influence on the vegetation- at least post 

- c. 1800. This contrasts markedly with the accoiuits of much 

vegetation destruction o r modification recorded in districts 



supporti!lc.t?; large Maori populations in the 19th. century 

( e.g. Cameron, 1964). 

However a small dense stand of pole-sized totara in 
the Pohangina Scenic Reserva (NZMS 1, 144/387 696 quite 

possibly indicates a site of localised anthropogenic vege­

tation disturbance some time last century. This stand. 1 with 

a3soci:::. t ed. r3w:~.rewa and. large kanuka (Leptospermu.m ericoides), 

proo:tbly corresponds with the site of a clearing in the forest 

noted by European settlers in that area late last century 

(H.Rutherford, J.-:::nright; pers.comm.). This was probably a 

cleari!l..g of Maori origin, perhaps created for cultivation of 

fern root. The site is about three kilometres from the site 

of an abandoned village ("Te Haha") noted by Stewart in 1859. 
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3. 5 IfviPAC'I' Olr TH8 8UROPZAN CULTUR:t:. 

After Stewart's survey in 1859, the Ahautaranga Block 
was purchased from Maoris in 1864, but the major phase of 
European settlement in the Pohangina Valley did not begin un­

til the 1880's. The dramatic tranSformation of the landscape 
oy the 2uropean culture has b-3en described by Wright (1968). 
The period of most r~pid forest clearance was £rom 1896 to 

1906 during which 21.9% of the total area of Pohangina County 
was cleared. Acco-lli~ts of forest clearance methods employed by 
the settlers were researched and collated by Wright (1968) 

At least five savv.mills were operating in Pohangina 

' County in 1905 (N.Z •• Parliament.H.of R., 1905 ), and prob-
ably a greater number for a brief period after this date. 
But during the main phase of settlement timber sup_ply greatly 
exceeded demand, and great wastage is apparent fro.m all 
accounts (Wright, 1968). I/Iost of the angiosperm tree species 
were not in demand for timber, and much podocarp timber was 
also des-troyed by primitive ''cut and burn" clearance methods. 

But fortunately a little of the lowland forest was 
spared. In 1886, Section 48 , Block VII ("approximately 1,000 
acres" ) of the Fohangina Survey District, on t.he ::;as t "bar...k of 
the river, was reserved as State Forest (N.Z.Gov't.Gazette, 

1886). In 1897 an adjoining area of . 96 acres (Section 62, 
Block VII) was gazetted as "permanentl;T reserved for the pre­
se:r"''ration of tim.b ::;r and rivsr conser~.ration" (r~.Z.Gov't.Gaz­

ette, 1987 ). 
Around 1900 a fire damaged forest on about 250 acres 

of this reserved area (part of Section 48 ). A Department of 
Lands and Survey notice a21d map dated February 14th .. 1901 

(L & S • .File 8/5/283 , Wgton. ),shows that timber on the damaged 
areas was to be sold at auction on March 26th.of that year. 
Part of Section 48 (recorded as 317 acres) was sold in 1906 
(N.Z •• Laws,Statutes, etc.,1946) and subsequently converted 
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to farmland; sale included most of the burnt-over area. 
However,it appears that this sale also included over 100 acres 
that were still in virgin forest at that time. 
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The remainder of the two reserved sections came to be 

popularly known as "Totara Reserve". They have remained to the 

present day almost entirely in forest, but not without further 

degradations. 

In 1918, the Commissioner of Crovvn Lands granted per­

mission for the Pohangina Cow."lty Council to take "dead timber" 
from the reserves of the valley. 2 ·J:his licence applied to 

both Totara Reserve and the ?ohangina Scenic Reserve, a sep­

arate section of mostly cutov9r for est further up the valley. 

In 1922, most of Totara Reser-re (Part Section 48) 
came under the administration of the newly-created New Zeal­

and Forest Service, and was designated as State Forest No.89. 
In February 1936 a severe gale badly damaged so~e parts of 
the forest. Worst affected was a kahikatea (Podocarpus 

dacrydioides)- dominant dense podocarp stand on the flats at 
the southern end of the reserve, about 25 acres of whicr ... were 
"extensively smashed" (Greenwood, 1949). In the wake of the 
gale, 204 fallen trees (85% kahikatea) were recovered and 
milled . The Forest Servic e planted several t hous a nd ka.hikatea 
seedlings among the shattered stand, but most of these appear 
to have perished. In addition to the damage inTlicted by the 
storm and timber extraction, this area has suffered consider­
ably from cattle browsing and trampling, and from subsequent 

invasion of exotic weeds and grasses. 

NI:r.K.B.Caldwell, now of Ashhurst, worked at a sawmill 

near Totara Reserve in the 1930's. He recalled (pers.co~u.) 

that the mill ovvners obtained permission fro.IT:. the local Forest 

Service s enior r anger to renove "dead s tanding" trees from any 
acc es 3i bl;.; part of ' t h e r cs er \r,:; . Ap_::.:.rently t h i s t er m ("dead 

standing '') was gi ven a r ather lib e1·a l i n t er preta tion, by both 

the ra.nger and the mill owners , and. totara vvi th d e t eriorating 

crow:r1s were occasionally felled . 

2 Dept. of Lands and Su..T"'.-ey files f or Sec t ion 61 , Block VII 

Pohangina Survey District (corres pondence). 
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In 19Ll6 tlla two sections of Totara Reserye were consti t­

uted as the PohaneinaValley Domain (N.Z .• Laws,statutes, etc., 

1946). The total area of about 740 acres (c.300 ha) has since 
then been administer·ed by the Palmerston North City Council. "' 

3 . 5 I LIPACT )2 'l'HS I NTRODUC ~D FLO::tl'~ AIID FAUT'JA . 

It is probable that a century or more of interaction 
with new floral and faunal arrivals has signifieantly affect­

ed the dynamics of the indigenous vegetation, especially in 

insular remnant communities. For the present study, some con­
sideration must be given to the effects of 

(a) the selective depredations of introduced mammals. 
(b) the invasion of certain intrqduced plants into forest 

margins and seral vegetation co~~unities. 

It is also possible that earlier faunal changes ~Taught by 
the impact of the Polynesian culture (e.g. moa extinctions) 
have had far-reaching effects on the dyn~mics of New Zealand 

forests (Fleming 1977; Greenwood and Atkinson 1977; 

P . Nardle 1979). 

Brush-tailed possums (Trichosurv~ vulpecula) were 

liberated at a number of localities in the Pohangina Valley 

and adjacent areas. The e3.rliest of .the recorded in·~roductions 

to the valley was in 1933 (Pra cy, 1962), but information 

e.bout the liberation and spread of tile species is almost 

c 0rte.inly confused by private liberations ( E.:ld~r , 1965). 
A~though control measures are carried out by the caretaker 

of To t ara Heasrve , fa. ~cal pelJ_ats a r e common in most parts 

t .b.roughout . Heavy poss•-'.m bro'.73'3 has b8 ·~n no t ed on five-finger 
(Pseudopanax arboreus) , pate (Schefflera digitata), mahoe 

and titoki. Heavy browsing of hangehange (Geniostoma 
ligu.strifoliwn) is probably also partially attributable to 

possums. lfJany of the northern rata (?Jie trosideros robust3:,) 
trees . in the reserve are now either dead or else have very 
little foliage ; the decline of this species throughout 

' 
f orest remnants of the lvTanawatu region and in the Tararua 
and Ruahine Ranges has been largely attributed to possum 

browsing ( Slder 1965 ; Elser 1978). In contrast, the 



Poha~ina Sc e~~c Res erve still retains a fair number of rata 
in healthier condition. 

As the forests of Tota ra Reserve r~ve probably been 
subjected to at l east 80 years of possum browsing, this 

ag ent has pos s ibly contribu t ed to the present scarcity 
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therein of c ertain susc eptibl e species, notably five-finger, 
kamahi and kotulcut uku ( Fuchsia e:x:cortica ta). However, kamahi 
does not appear t o be cu.rrently suffering s evere browse, 
either within the res erve or in scrub-filled gullies on surr­
ounding farmland. Its pres ent r estric ted distribution probably 
reflects competition from species more characteristic of low­
land alluvial sites , and it probably never was a major comp­
onent of either the flood plain or the terrace forests. 

In 1922, red deer (C ervus elephus) were liberated at 
Delaware in the foothills fla nking the valley, about 12 km 

north-east of Totara Reserve. By the early 1940's, a "heavy 
concentration" of deer was reported in the upper Pohangina 
Valley, but few wer e r ecorded further south at that time 
(Elder,1965). K.B.Caldwell, a life-long r esident of the 
valley, consider ed (pers.comm. .) that it was not until the 
mid-1950's that deer first r eached Totara Reserve, which is 
isolated from Ruahine State Forest Park by about three kilo­
metres of farmland. This dat e corresponds roughly with the 
period when de er numbers were thought to have peaked in the 
southern Ruahines ( Elder, 1965). 

Although no quantitat ive animal surveys were attempted 

in this study, t h e distributions of deer sign suggested 
di f :fer :.mt u.tilisa t ion int en_s i ti es fe r various s ites. Deer sign 
was onl y r arely encountered in the f l ood plai n to tar a forests. 
Pell2ts w2.r r:. oc ca sionally found on t he minor t :.:rra c es of the 
"Old Coach Road" bloQk of the r eserve ( see Fig.2,Fig.3) and 
browsing of hangehange often notic ed in these forests 
( especially alo~~ stream ba1llis) is probably attributable to 
de er. P~ abundance of deer a nd possum sign was found on steep 
north-wes t facing slopes (the Ashhurst terrace scarp) in the 
southern ("Fern Walk") block of the reserve, suggesting this 
to be the area most heavily used by both these animals. The 

only deer to be h eard in over 70 visits to the reserve 



(spanning 19 months of fi eld work) was encountered here on 

11.7.82. 

There is no evidence of :pigs or goa~s in Totara Reserve, 
but at earlier times stock have been ":plentiful'' in the totara 
and kahikat ea stands on the flats (Greenwood, 1949). K.E. 
Caldwell (pers.comm.) recalled that prior to 1924, sheep were 
grazed on the river flats f ronting t he t hen-unfenc ed for est. 
He also claimed t hat cattle were wint ered in the (totara) 

±'orest on the flats c.1924-35. The reserve is novr fenced on 
all boundaries accessible to stock; although some of the fences 
are in :poor order, only occasionally are sheep now encountered 
within the reserve. 
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Black rats (Rattus ra ttus), being virtually ubiquitous 
throughout New Zealand's forests (Taylor, 1978) are undoubtedly 
pres ent in Totara Reserve. Like their predecessor Rattus 
exulans , they are likely to be a significant iPJluence on 
long-term trends in :plant species composition and recruitment 
(Beveridge 1964; Campbell 1978 ). Howev er, no obser-va tions on · 
rats or their effec t s wer e made during t hi s stv.dy, and the in­
fluences of rats on v egetation are complex and not e2.sily 
determined. 

Cockayne (1900) ass er ted that modifica tion of the in­

digenous forest by man and animals wa s a prerequisite to entry 

and establishment of alien plants, and later works have g ener­
ally sup:p,orted this view e .g. Thorns on ( 1922), SkipvVOl,th ( 1982 ). 

However, it must be realis ed that f ew if any communities on the 
main islands of New Zealand no-vv remain in a truly 1..'L.'1- modif ied 
(i. e . pre-human) condition . "\ren t he most r:!mote C.l1d :rugged 
a r eas a r e likel y t o hav A be en s ubtly affected b y ~0n or h i s 

faunal introductions . 

Most lowland forest r emnants hav e undergone more con­
spicuous modifica tiorill, and t he vulner abili t y of small r em­
nants to invasion by a range of exotic :plant~ is well 
documented e.g. :Ssler ( 1962, 1 978); Healy ( 197 3). r!ios t of· the 
exotic species pres ent in t he two main res erves of t he Pohang­
'lalley are confined to the f orest margins a nd cleari ngs 



e.g. Acacia dealbata Li~~, Clematis vitalba Linn., 

Leycesteria formosa Wallr., Lonicera japonica Thunb., 

Rubus fruticosus agg., various grasses. A few bird-dispersed 

Pru..nus cerasifera up to t wo metres t a ll have been found in­

side the forest, but none was seen to flower or fruit in 

these shaded situations. Ivy (Hedera helix Linn.) has formed 

a d ens2 vigorous colony at on:; site in the Pohangina Scenic 

Reserve. The advance of flowering i7~- stems some distance 

into the res erve , and the local abu_J.'1.danc e of seedlings on 
the forest floor suggest t hat this species he.s some ability 

to invade r el a tively un-modified forest. 

Th~t the most potentially influential forest invader 

is almost certainly Wandering 7fillie (Tradescantia flumin~ 

ensis Vell.) which can form a dense carpet up to 60 ern high 

on the f'orest floor, stifling all r egeneration. The dense 

ra~~ grovrth of Tradescantia fou...'>'!d in many smaller forest 

remnants of the Manawatu region has not yet occurred in 

either Totara Reserve or the Poha1~ina Scenic Reserve. The 

small patches that have established in the flood plain 

forests of the former do not at this stage appear to be suff­

iciently dense or vigorous to prevent regeneration. The 

r esults of a study by Kelly (1977) l end support to 3sler's 

view th3.t growth of Tradescantia in 1Tanawatu remnants has 

been promoted by the increased fore~t interior light levels 

resulting from human-related modifications and edge effects 

in th~s e small relicts ( Esler , 1962). It is likely that 

Trad2s c~ntia poses less of a threat to l arger , less- modified 

forests such as Totara Reserve. 

A n~unber of exotic plant spJci es are now vigorous 

colonisers of riverbeds , a::.1ri their possilJL;; influ·3nces on 

forest development will be discussed briefly in Chapter 

Five (Section 5.1.1 (c) ). 
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CH.A.PT 2R FOUR l\1ETHODS . 

4.1 FOR8ST STRUCTIJRE AND DYHAI:'iiCS. 

4.1 • ·1 Selection of study sites. 

It was initially hoped to describe vegetation on a 

ctrronosequence of many surfaces. Observations sugg ested 

that Totara Reser~e includes at least six distinct surface 
levels 

1
, the highest of these being the As~hurst Terrace 

(Challands, 1976.). However, some of these levels are rep­

resented by very small areas within the reserve , and on 

some surfaces the vegetation has been greatly modified by 

logging, reading or tracks. 

The middle ("Old Coach Road") block of Totara Reserve 
appeared to offer the best prospects of sizeable areas of 

largely un-modified forest on flood plain and "minor 

terrace" (sensu Challands, 1976) s1..1.rfaces. So a prelimin­
ary SUl~ey of most of this block was made, using a series 

of parallel line transects to prep~re a map of physiogra­

phy and (qualitatively-described) broad vegetation types. 

( Fig.2 ) A rather complex pattern emerged , the main feat­
ures being 

Totara-dominent forest on the flats and levees of the 

flood plain. Rijkse (1977) indicates RaP~itikei series 
soils for these surfaces. 

A complex of swamp and s emi-swam::p vegetation types 

associa. ted with abandoned river r..!hann~ls and areas 

;.J;ffe ']:cd by S <~a:rage ; P'-J-"·21- t '=a ( L:?..l.:..::- ~-::l ia :<1ovac-z3lan:l­

i 3.8_) bJin.::; t he !:lost consis t -:; n tJ.y !Jr =- ::;::;n-t, tree spcci:)s. 

Forests dominated by a va riety of angiosperms (espec­

ially tawa, mahoe and titoki, with emergent scattered 

podocarps and very occasional Northern rata on the l5an­

awatu series soils (Rijkse,1977) of the higher flats. 

A gently-sloping fan deposited into tho main river 
valley by the IJianga;tuh.'Ura tributary stream; plus a 

1 Not including sloping fan surfaces. 
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smaller s t ~ 3p ·n~ fe.~· ,: o._t) osited by a p eriodically active 

TlLn-off chan nel. An a r ea of Utuwai ser i es soil (alluv­

ial - colluvia l .ori 3 in) mapped by Rijkse appears to 

corres p ond \Vi t h t he l a rcsr of these f 2.ns . Pu:kat ea -

kahikatea s em.i-swamp :fore s t occ1)..rs 'b ::; t vre8n th ~s e t wo 

fa.ns , .3..nd around t~1ei1~ l-)as es . 

I t ~~s d ec i d 8d to r~s ~rict t his study to one of f or-

est deve l opment o~ ·:: c::ll- dr::;. i::.sd r "" c ~ ~..-, "; a l :..Fvial s ;.J_rfac es 

nl . t ~ . 1 1 t ~ . . , . .1.. o y; co.n.s 2s ency o.r S O l - c_1a r a c er ana orlg l n oe1ng es ..... env-

i a l for time s pecif i c " s i de- b;)r-s i d e " s ucc ess i o na l c ompa r isons 

(Muell er-Dombois and ~llenoerg , 1974). Ther efor e t h is s tudy 

vvas confined to s oils of the ::ta ngi t i ke i a n d f/Ia nawatu s eries, 

the l a tter r egard ed a s a I!l.atur a t ior..a l d ev e l opment of t he 

former ( J.Pollok , :pers.comm.). 

Thes e constr a i nts meant t hat only small portions of 

Tot a r a Res erve were a c tually s ampl ed , a l t hou.g h obser vations 

were drawn from throughout the r.I9.n::twatu- Pohangina a nd Rangi­

tike i catchments . ~Che areas s el e c t ed f or sal:ilpl i ng 'NeT e : 

(i) 1\..reas of to t a :ra- d omi nant for est on or s l i ghtly above 

the pr es ent f lo od pl a i n . 

(ii) A t errac e surfa c e a bout e i ght me t r es above the pres ent 

river l ev el, indicated as a "mi n or t errac e " by Chall­

ands (1976). Thi s t er rac e r emnant, about 13 hec tares in 

total a r ea , appea r ed to be t h e l a r ges t cont i nuou s f l a t 

surfa c e b ea ring largely un-mod i f i ed f orest on well­

dr a i ned s cil s . 

Th es e s el e c ted ar -~as a r e s hovm i n 1-'i g-u...:r e s 3 a nd 4 . 

2.5 
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4.1 .2 'l:;g eta tion Sampling. 

(a) Flood Plain Forests. 

The two totara dominant stands sampled are on slight-· · 

ly differ:;nt l ev3ls d es ignated "C" and "D" ; the latter sur­
~~00 ~oi-~ abol.- ~ 0 0 em hi ~h ~~ on avo~~7~ (~ co ~i~ 5) and J.a..._, ...,. L' .,_, ....., ..i..!..o t_ t) 0 :.ll ..... ~--...:,.;~- ....... _ ._.. ..L .... . b._. .. o r_.. , ...o.. --o• ' 

c l early o ·~al~ing an older gen<Jra tio :>1 of f or2st ·;d th larger 

totcn~as . TI12se s t arJ.d.s for .r, a continuous bloc~~ of forest , 

the tvm separated only by a sluggish creek in an old river 

channel. Tb.e i iD!::1ediately adjacent surface "E" is about 1.5 m 

higher than "D", and bears the remnants of a generation of 

larger and presumably older totaras . However this forest 

a~peared to have been con~ iderably modified by road con~tr­

uction and some logging , and so was not sampled. 

Most of the scrub and seral forest bordering the 

totar a stands appeared to be of secondary origin, and was 

not sampled . 

The you.nger stand on level "C" is about one hectare 
in area , and the older stand on "D" is about s ix hectares . 

These stands v1ere sampled with a system of 400 m2 plots 

sited r egularly on a 100 meter SQuare grid ; i. e . a 4% 

area s::t:m.pling regime, with one plot in the younger "C" sta nd, 

and six plots in the older "D" stand. An elongated strip of 

totara forest n earby was not sampled because of edge effects. 

However , anothe r totara sta nd (c. 1.5 ha in area) , in the 

"Y . 1:::. C . .h. . 11 blocl: of the Res erve further upstream, a ppeared 

to have speci es size distributions very similar to thos e of 

th ": " 0 .-::. '] oe.c b. '::o::.d " hloc~.;: yo'.m0c:::~ ( c;) ::>t 3.nn.. Therefore 
" . .2 t wo 4.lAJ m plo t s ware s i -tsd in. t~J " 'r . ~.- - · ~ . i . " stand, ancl the 

"Old Coa ch Ros.r'l" C stand. Hi.ng cmmts on i ncrement cores later 

confirmed the very similar a ges of th8se two separate stands. 

From these sample plots , a detailed analysis of stand 

st::cu.cture was mad e , data- ge.tb.<:!ring procedm"e -b eing simila r to 

that described in New Zealand Forest Servic e (1978). A com­

ple t ed da t a sheet is includ ed in l.p)endix II. All individue.ls 

rooted within the plot, and attaining o.r exceeding breast 
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Pig J .- .... . Copy of aerial photogr aph of Totara 

Reserve (S. N. 2992, F/18 ). 

Photo credit : Dept . of Lands anj Survey, 

N. Z. 

::1re st m·m in blue , and t he e r<::>a of terra ce 

forest is outlined in green . The survey 

line P - 0 , fr om 1.vhich the flo odplain 

profile ( Fig. S ) was prepared , is 

shown in red. 

Sc.ole c.1:9600 





height, were identified and r ecord ed . For each individual, 

st em circumi'erence at breast height, height tier, and if 

over-topped the canopy sp8cies directly overhead were re­
corded, A f01.:u:- t:L ::!Y' l::. .. dght classifica.tion was u.s ed : 

T 0 "2mer gents 

T 7 - 15m 2 

> 25 m 

It was attem.ptecl to assess the number of individual 

plants, so only the largest live stem was r ecorded on mUlti­

stemmed trees. In some speci es (e.g. mahoe ) the largest 
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stem sometimes forked below breast h eight, and was accordir~­
ly measured belov1 breast height (immediatel;y- b elow· the fork). 

Strongly-buttressed stems were measured i :m.rrled. i a tely above the 
root fla~es , i.e. sometimes above breast hei ght . 

Within each plot, any dead standing trees, fallen logs 
or vrind throw marks were also recorded. 

16 1 m2 understorey sub-plots were sited on a regular 
grid within each plot. Hithin each of these sub-plots, all 
seedlings of woody species were counted in three height 

classes·: < 15 em, 15-50 em, and 50-140 em. 

First-year cotyl edonary seedlings were recorded by presence 

alone. The proportions of ground covered by f ern, ~Tass and 
l1~rb spGci 3S \VerG as3e0.3ed 011 crude thl"ec- poi11t scales .for 

e2.ch sulJ- _pl ot , o.nd thG sp~c;i-:::3 of c3.nO:DY ~/3 _:-: t:J.tio ii. d5 .. r ectly 

overhead was also r ecorded. 

For each species, stems were tallied in the following 

diameter classes O< X < 2.5 Cr:::l d.b.h. 

2.5 ~ X < 10 em II 

10 ~ X < 20 err. II 

20 ~ X < 30 em " etc., in 10 em -.....;; 

classes~ 
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The diameter dis tri but ions obta.i:ned are a useful basis for 

interpretation of a stand's d evelopment history, and of the 

reg eneration modes followed by the component species. 

(He tt and Loucks, 1976 ; Veblen , 3chleg~l and ~scobar , 

1 960 ; Veblen and St ~';vart, 19BO, -;g,) 2 ; Stewart and 

Vehl en , 1982 ) • 

Non~ :pr :: cis 8 :i ::dor m.ation '.';as sought on 

t h :J age s t ructur :: s c>f totar 9. r>opul :J..-t. ior>...3 in th :;s e flood 

plain stands, and so incremr~nt bor 21~s were used to obtain 

ring counts. In view of the risk o f ' cle,r:Jage to tr2es , and the 

tecr...nical difficulties associated rrj_th this procedure, only 

a s mall sample of totaras were bored, including a wide range 

of diameters. An estimated 37% of t he totaras in the older 

stand ( i.e. those >c. 71 em d.b.h.) were too big to 

accurately age with the 40 em. borer used . 

Several borings of each tree •.ver ·e usually req_u:ired to 

obtain a core that •..-:a s c entral enough to enable a:a accurate 

age estimate . A simple pith locator described by Appleq_uist 

( 195B) was used to estimate the mun.b er of rings missing from 

off-centre corss. Hortever, for the m.:.~ority of t h e trees 

bored (51.7% overall) all of the cores extra cted were deemed 

too vvayward to p ermit an accurat -e age; estimA.te, ::1.nd so clata 

from these trees weTe not used. The proportion of "good" 

cores obtain.ed -vvas initially v ery low, but improved consider-

A. bly i'li th experi enc e . 
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Th <2 cores v; :;re extracted at e ither 70 or 140 em height; 

s o thi-3 ':: small to t e-r a saplin,;s gro·;li i!.J.' at t ~ ~ for est margin 

. , -, .. " - .- - - -! ,.... . ,..- . ....!- • , ~ ,. r .--. . • .L:' .) .. ' •'"! ~) -~ .. • -,-1_. ·, -,' . -. :' ·, -.- • ·.r , -: l• . - 'T r ~ 
·-· u ; ..::.; .L ...! 1 j_ -.. _.J.._L ~ l...l. L, U - ~ .,; c:..~ i..,.. :· .L L. __ .. lo.,.# ..... ~ . ...... l0_.. _ u ~ • \ •:-~.:.:· .... _l.~ ..... ..1\- J 1 • 

Th ':! cores v-r:; re ca r Ticd a nrl stor2d in 2. simple case 

;nc:.d 8 fro!D. t~.'/0 bloc;~~s of e:{:9'3.n5 ed )Ol:Jrs t~"-r -~::.-ce . After dryi.P.g, 

t hJ cores v1erfl glued into :~-rooves chic ,:_;lJ od in "Pinex" or 

s imila r soft board , and s a nd ed to a s::10oth level surface. 

Annual rings were counted 1vi t _h tho a .id o.f a bi nocular dissect­

ing L.'!icroscope . G-rovvth rinc;s whi cll s h ov1ed a cl3ar and abrupt 
' tra nsition to large diamot3r tracheids (earlywood) after the 

pre c edifl.g latewood w.:;r •3 int :::rp:L"'eted a s true annual rings. 



A sma:Ll El)_,Jlb er of l ess distinct ril.'i_gs, which showed a grad­

ual inc~ ease i n trach~id diam~ter aft ~r a zone of suppress­

ed gro'.vth , were interiJreted a.s fals e rings r epresenting 

ir!tr=3. - C:Y'2.ual growth checks. 

-::: "7.; · .':3-S h op::;d thc. t t~i 3 t ~rr;:. c ; sul~ ~" ,H; 8 co'.Al'l be 

:.>:?.dio - .:; :::.:·c :::>n ds. ted , l::;i)_ t ur.:..for ·t,J.~-:3. -;; ::: ly no ::;:.r_i t ?.bl3 d:J. t i118' 

I!l3.t :::!ria l could be fo"LL'ld. The '3leva ti r)n of:' a ·:::Jout eight metres 

abov 2 the river l ev el ( c. 5. 5 Ll ::J.bo-,r 2 tl~~ pr~s ent flood 

pla i n ) suggests a n age :for this surfa c a of· at l east 

c. 2,000 y ears ( L'l .Shepherd, pers.com:.:.). :!'his l 2vel is 

V2Tj" :m1.J.c:'l h igher t han any flood ever r ecorded by the Man­

avva t u - Oroua Ca tciTn.ent Board, and so it is likely that 

soil and vegetation d evalop~ent on this t errace has not 

b ·sen i11f'luenc ed by I!li?. jor alluvial erosion or d eposition 

for :nany hundr eds (and possibly thm.~sands) of years. It is 

not ed that t.he :mapping of "T.12.n.3.vvo.tu" s eri ::s soils for this 

S1J . .:rf .~ c e ( 2 i j k s e , 1977) therefor e ap?ears i nc onsis tent, 

s inc e t~is s eries is defined as still subject to occasion­

a l i lnncla tion ( "slm'lly accumulating"). Therefore , it is 

likely tl:at t h '?. soils on t h i s particular terrace surface 

vmulcl wOr 8 appropriately be classi:fi9d in the more mature 

"Karapoti" s eri es. ( H.Vlilde , pers.comm.). Karapoti seri3s 

soils have not been mapped in Pohangi na County, but are 

f ound on the higher fle.. ts and l evees of t .he -;:tan,:.;i tikei 

::tiv eJ:.', 8.·oove t he r;ach of present day floodi.n{~ ( Cowie, 

?it7,ger :::. ld an•i Orrers. , 1 967). 

1ns pg c t ian r3v~aled c o ~3id0r~hl~ s ~c.tial vari a ti on 

rae:=!. R::.t her than a mosaic o f rel a tivel:y ev8.n-sized units t 

there ap-::>eared to b e several d ifferent ve ,z8tation t""~mes dis-
- ..J. ._ , , ~ 

tributed in patches a nd belts of r a ther varia ble sha pe and 

sjze; t he area of the individual units r all6ing :from c.0.1 
hec t:ires to sev-eral hecta r:;z. In v i ew of this small scale 

variation, plo t size was r :Jduced from 400m2 to 15P m2 . 

It was felt that a l a r ge n~~c~r of r egularly-s paced small 
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plots was the best method of analysing and illustrating 

this small-seal~ variation, vrklile avoiding subjective bias 

in selection of san:.ple sites . For additional sensitivity, 

the basic s ampling u..rJ.i t ar e;;. ·:tas further r educed by sub­

dividiP...g each plot i nto four g_v.arters . By c;xa.u'lination of 

species diam2ter distrioutio ns 2nd r -:;:rlac ;_;ment patterns it 
·,v::1S i r!tei:.ded to ~s t ?.blish t h ::; na tur ~ of tfo..;:; J:'elationships 

b3tvveen the diff3rent veget:-.:, tio-n typ 22 or. t .h:; terrace , 

i. e . dynamically r ela ted phases ( e . i} · :fatt 1947 ; 
Daubenmire 1 968, pp 224-228 ("micros :;r:;s" or " s eru.les"); 

Knapp 1974), or static site-specific o.ssociations . 

The 150m2 ~lots were sited regularly on a 75 m 

s~uare grid, i. e . a samplir~ regi me of about 2.7% . Data 

gathering within plots was basically the s ame as for the 

larger plots used in the flood plain :forests ; i n accord­

ance with the r educed plot size only six understorey sub­

plots were sampled i n each plot. 

However, t h e plot sar.Tpling system wa3 fou .. r1d to yield 

inadeg_uate data for anal ysis of t he popul at:!..on structures 

and establishinent sites of the podoco.rps, 'Nhich v;~r ·2 rare in 

comparison with the princi.p3.l angios p erm species of the 

t'3rrac e forest. I t ;;:as decided to a tt ,~mpt a c ens u.s ;_;f ::.:.:.. 

~.odocarp st erns attairLir-.Lb breast h eight; this 'Xas a ccomp 

lished by cruising the terrace wJ.. th co:1tiguous parallel 

b8lt transects. A tr3.!l..Sect 'ilidth of 1ij. r:iet:r ·?.s ~-,a.s <Jmployed 

for most of the work, i. e . the forest \13.3 sc3.r.LT1ed to a r a p_ge 

of sev,3n m~tres ei th~r ·side of the o1)S erver fo:.!.lo wing a com:p-

?or ea c ~ padocar~ st s~ , 

speci es 
..... _.,. 
;.... ~ 

height ti ~r 

surr01..1.J.1ding :::' o::- ·:; .::;t micro-type 

(if overtopp ed ) t h e canopy speci:;s dir .:: ctly over­
head. 

The assistance of a 2 e con.d "rovine 11 obs :~r-,ror Has of 

great value in si.:;htil'l.S ths s ::.."18.ll :>. r s t 0rn.s . Hovvo:;vcr ) sam~ 

trans ~cts had to 0 '3 cruised ::~lone, rB c essi t::::. tin,:; cautious 

slow progress, 2specially ~7h 2r 2. uJJ.d Drcrowth rvas dense~ 
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Although this was a thorou.g.':l attempt to census 100 per cen~ 

of podocarp stems, the juveniles o:f these speci'3s can be 

rather inconspicuo~s and so it is possible that some were 

overlooked. 

At the t::;rrace margin the vegetation rvas disti!lctly 

influen c ecl by th e a bunda nt sitl-::-li0ht , ~nd :prob::1uly also 

by t he ex t r em2 di'C..i nage co nc'J. i t ion.s , 'This i·!as :r sz::::.rdei a s a 

disti ncti-;_r::; eclg'S coL.r:mDi ty a::::d so a 20-me trG wid~ :narsinal · 

strip was excluded from this study, 2f f:J c tively r~:!duciYI_g 

the area of t er rac2 forest f rom c. 13 to c. 11 h::: ctares. 
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4. 2 LIGHT RELATIONS 

4.2 .1 Seedling Grovrth Sxpe~iments 

The aim of these experiments was to grow seedlings of , 

several principa l spacies f:co.m the Poh2.n,;ina flood plain and 

terrae e forests , u nder a v ari ety o:f di ffe:r ,:;nt light levels, 

while attempting to ~nimise di7.fer~nses in other variables 

betwe::m trea tm.ents. Thi s was to ena b::::_ e com.p3,rison3 of these 

species' seedlings growth rates under a vari ety of knovm 

light levels, and to assess the i mportance of light levels 

in determining species' recruitment patterns observed in 

the field. 

The experiments were begun in the Botany and Zoology 

Department glasshouse, but this \vas an u..nsatisfactory envir­

onment as temperatures frequently reached 25 - 30 degrees C 

on clear sur~y days. After a few we eks, a cooler g l asshouse 

at the ?Hassey Plant Grovvth Unit became available, and the 

experi :::r;.ents were transferred. The w.ini r.mm and maxi :mwn temp­

erature thermostat controls '<Vere set at 6 and 16 deg:r·ees C 

res pectively, but in reality the air t emperatLu~ es inside 

this glasshouse frequently e::;cceeded 20 degi"e es C on clear 

suiL"lY da ys. This compa res with minimum and maximum temper­

ature values of 3.5 degrees and 17. 5 d ei;,T<:!es respectively, 

obtained from a thermometer l eft on the floor in terrace 

forest from 25-4-82 to 7-5-82 . Thus ,ter::::;:eratures in the 

exp erimenta l treatments vv2re slightly higher than those ex­

peri en c ad (in auttu:n.n months) by s eedlings in the forest 

und ers t orey environm<::mt • 

. -,·., ., :.l ._, "'' ~no11s"' -ro'"'f q]_ i ""11 ·tl ·y -r., ;:,c "'a- 1.: --h t 1 :-:>\-r:::>ls .. . :. .. ,_;- ~.- .. - 0_. , ...... -- ·_; ·- - -o l - ....... """'~ -- u -...~ .l.o ... - '"""' ~- . in 

tl: :.: visibl e wav21engths, to 3-bout 30 ;~ of v alt'-83 obt::1ined 

outsid.'2 . This 30~ r 2lative irradi 2-.nce l evel 1.vas us<2d f'or tb.e 

first treatment (A). Shad e houses , con.str1.1.ctad of !lylon 

n9 tti::1,; and bi tu..Tfi2l1. pa:p::::r scre~ns or~ light ·,vood'2n frames , 

wsr:::. us:::.d for th-3 other thr e~ treatrr:~nts : :B (24 ;S relative 

li_:;ht i n tensity), c (6 .2 /~ ) n.nd D (1 . -S,s ). ( ?ic . 7 ) • 

The speci es initially sel ected f or the exp;;riments 

wer e to t a ra, kal'lika tea, ti toki and tawa . ?.:ow2.ver a variety 



of difficu.l ties exp eriGnced in grovrin,s tav:a led to 
. , 
'"Gt18 

r:::.. t}1er b el atGd realise.. tion that v2.lid rem;Ll ts '.': e re not 

l ikely to be obtained for t h is species . The refc:ce , seed­

lings of a n other l a rge angiospe rm (pukateo..) v:e r e later 

added to t h e experiment . />_l though more site specifi c th2.n 

tavm , and not a principal ,spGcies on r;ell-cirai neci sites , 

puka t eo. provides a very useful comparison •;ii th. its fre­

q_uent asso ciate kahilcatea , a lso grovm in t h is experi ment . 

RGlevant deta ils abo·ut t he source and growth times 

of the various species seedlings are shmvn below in Table I. 

TABLE I SOURCES .AND GROWTH PERIODS OF S]:zDLDTGS 

~PECIES S:SEDLING SOURCE INI·riAL no . .A:?FROX AGE AT GROWTH 

PER CCIJ.:.EN C EI.~ ::::l~T PEHIOD 

·rREATL&1T :JATE (approx ) 

·:rotn r2.. Courtesy of Lc 16 - 17 6 !Honths 270 d.3.ys 

I.=ur:ray 1 s EurseiJ ( R- 5- 82 ) 
\'io odville. 

Kahik- Gen.:i n a ted from 21 ")]~ mont.b_s 220 days ..J 2 

a tea HZ.?S se ed . (2 8- 6- 82) 

Titoki :,7ildlings 16 2_1. ., ... - 3 ''tE rr. on-c~1. 270 days 

Fohangina Valle;; ( 8- 5-82) 

Fukate .::: ':'!ildlings 11 ' 1J-.G montbs 

?ohangina Valldy 
I I (28-7-82) 190 days ! 

I 

B<:lt ches of fairly even- sized seedlings of each species 

vrere i ndividually potted in a free-dra i ning potting mixture 

consistinz; of equal proportions of peat , pumice and sand 

Sl ow- relo2.se " Osmacote'~ fertiliser pelle ts provided a 

bal anced rru:trient supply . 
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I n o.ll ca ses , se edlings were allowed at l east t v10 weeks 

to recoveln from transplan ting, before the conT'lencement of the 

experiLiental growt h period. At the start of the growth.pe-.ciods · 

a :::;mall sarrrple o f each species was harvested to obtain the 

i n itial average dry we i ght values. 



The roots of the totc,ra s e '.:?dlincs we r e already v;ell 

t ho.n :f'i ve months age . The l::a~li l-::..'. tea seedlinc;s , 

in tro.~'S of s t erile "Vemiculi te '', sho'.'red 

_:;er.r:c.iYl_a ted 

little root 

no dul a tion at rou g..hl;y- t wo mor:tl1s age - at t~:.. e starting d3.t e 

f o r t otar..l, ti told and tawa se .:; dlin.;-s . Th is 12- c ~: of devel­

opment llrom:p ted the innoculation of the ka __ i l:atea seedling 

t rays vvi t~1 litter and chopped roots from ka!l i:::at ea forest . 

Pottin~-u:p and subs equent addition of the ka~,-i 1-::atea seed­

lings to the experi mental treo. t ments vvas dela ;yed until 

root n odule development had become more pronounced . 

Humidity and t emperature were monitored. i!1 the four 

trea -t:rr:ents ove r a thre e vveek period. Differences between 

trea tments B , C and D were found to be mi niDal ; in these 

three treatments the humidity fluctuated betvteen 70 and 

80 per c ent for most of t he time . But , as expected , 

treatment .A (vri t h no shade coverin g) experienced vrider 

fluctv..2.tion s in bot21 terr.pera ture o.nd hun1idi ty . Tfl.e prot­

ection of treatment A v:i th a v entil ated clear c ellophane 

tent on a vrire frame vras at l eas t partially suc ces.:::f1.ll in 

rectifying this without signif icantly a ffect-ing light in­

t ens ity . Horlever , trea tBents :3 c..nd ( espe cially) A required 

more frequent watering than the other t wo . Se edl ings in each 

treat ::nent were occasionally shifted , as a pre c.:1ution 

against positional effects . 
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Seedling mortalities appeared to be due mainly to 

pathogens rath er than treatment effects . A probc..ble except­

ion was the rather high mortali-ty of totara in t he darkest 

treatment (d) , du ring the later stages of the grovtth period. 

Growt~ results i ndicated that t h is treatment (1.8% relative 

li~~t inte!1S ity) closely apr-roxirr~ted the lig~t compensation 

point for totara seedlings. The effects of different treat­

ments on leaf form and colour ·were noti ceable in all species. 

The chlorotic appearance of t he leaves of some pu_lcatea seed­

lingo i n treatment A suggested some d2.Illage fro r.2 t h e hi gh 

level of solar radiation . 
I 



·r::::,Ja and tito}:i suff2red from a. s ca l e i ns e ct i nfest-

a tion, w~ich :illed or wea~e~ed several plants ~ e~~c cially 

of t~1e folmer species . Ti to ~~i \/ere a l ::;o in:fe c t e d bj' a povrd­

e r;y- mild.e\·1 ( ~? • .Long , pers. co:El.m. . ) , but this was l a rgel y ove:c-

coEe o;;- p3.int inc?; t he l eaves r.'i th a solution of 3-::;nl ate 

of the Jc··.·.'o pocloca:rp species ap~;e urccl relativel~/ .free of 

p:J.tho.::;e:aic attacl::s . 

T~12 seedlings nere l'~arvcsted in early I'e'bru.ary 1983. 
After t}1e r·oots had been care fully nas~1ed free of pot t ing 

mix , the sc:edltn.;s \·lel~e dri ed for ap:proxi :;c.ately 48 hours at 

c . 95 de:::;rces C. Roo t and shoot dry weights '.'!ere determined , 

and aver ai:;e total dry we i ght i n creases c3.lcu2a tecl for each 

spe cies i n each treatcent . 
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conaiic:ajlc probl ems , especia lly if Leasur eEcnts are 

Teg_ui ~'ec-l ::::i:;:n;tl t::.neous ly at :e:c..n~ · s anple points . I~~1turnl 

lig;.1 t 1 ,.; ,-els often m~dergo Y8..l'id ter_por:ll fluctc.-:.a tions , 

P.nd t:,_e rcl a ti vo i l l D.L1ina tio:1 of L.mcle:L·s tore;y s i tes vti th 

diffe:rsnt aspe c ts of exposure to canop~r .;aps rril l chan ge 

\".' i t2-: t~~;:; angle of the ::n.m t~l:rou_:;.J.J.Out the day . I n sto.ntnn­

cous li ~lt measun;:;.:1ents arc therefoy e of li.Eited 1.ralue 

in ecol ogical studies . Integ-ra ted measurer!lents of total 

li.:;h t q_-:.;;.a :i.1ta r e ceived over a period o:f o. t l eo..st one 

d itions at a nvnber of sites . 

·:;hil e photo- el e ctric integrating lig..ht eetr es 

have fo-c_r~ d use i n some ecol oGic:J.l rrorlc and can give hi6}~-

1;:/ ac c"L).r.:. tc rr:.easurc:c.ents , t he expense of In~oviding a 

nu.r:1h eT svff:i.c :L e:Ilt for c.dc;q_u:J.tc :::;imul t aneo1.:w sanpling of 

habit:::_t:J ia pro!:lioi·;;ivc; (J?ric;nd , 196 1) . S evel~al cl1eJ:1ica l 

pl1otor.c.ctc:r :ce t hods huve been w::-;ed in biologicc.l v10rk 

e . g . ?ea rsn.ll .::.nJ. ~:ewitt (1 933) ,3einicke (1 963) , but most 

of these met:'lods ho..ve 'oeen shovm .to have serious drawbacks , 

e~g . Br a id (1 923). 

;_ photographic tec~1nic;_ue 1Jased on t he bleaching of 

photos::n2.si t ive a~:onium diazo pape r r:as firs t des cribed b;:,r 

.:<riend ( 1961) , and found to t)e very useful for measurement 

of forest u.nd erstorey light environ...ments by Young and 

':,'hite.head ( F . R. I ., unpub .repor t) . This method v;as sel ected 

a s the mos t suitable for t he present study . I ts main advfln­

tages are 

(i ) Ch.eapness and simplicity a llov1 the use of large 

nur.1bers of r eplicates . 

(ii) Slmv speed of respons e , Y!hi ch mi n i mises e r r ors 

. ....---r·8s1J.l ting from "h2.ndling time " 

(iii ) Reliabilit~r over a wide r a n ge of light i ntens ities . 

( i v) . The sensor units a r c robus t ·unde r fiGld cond i tion.S , 

a nd easily tre.nsported , set un a nd colle cte d . 
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(v ) Dc::vc:lopr.1.ent ol the~ ::_>~.?.l . c::rs is T::-.:pirl , siEple 3.32~ 

foo l:t"J roof , uvoidi:rlC t :"2.2 tedio·'"'-8 ti tra tions req_:~i.i :red 

TO,~ ''l "t1" l vc:- -]· ~-) '";' ·,· .. o ,, t -r!l' ' 0 -~o ,. her~ ·i C'" l s Ol' ]-'-~ on ,.. .. , D -1- ':10 -~ s _ ..L ~ -·· t...:~-.J •.::.> .• _ 0 .l.- ... ::> l : .L J v _ ..... .._,.._ ~ t...- .. _ L.. V . - .L-..:.{ ... v ~ . \J.t • 

o:f puper pcnetra t e.J. by li,;ht , l'CVC Ll ed 2.£' t •.3r C:. ur:Jr dC',-el­

o:pment r,ith .:J.J,lonia v2.pour . Tl:.e nm1c 2r· of lo.y r.::rs bl eo.c~1ed 

is :propor t iono.l t o the ·1ocarithm of -~~le lieht integral 

re c e i ved , (Friend , 1961) the precis 2 relo. t i onship being 

d e t emiEe d by c2.li oration r>'i t h a }!lloto-el ectl'ic i ntegra t -

i ng Deter . The asses.Jnent 

s ca le 1 /I Oth . to 9/1 Oths 

of p.:;.rtia l ly o:x-po s ed pa :p2rs on a 

cor::.:.paris on '.'i i th a 

set of }n~epared s t anda rcl i Etec:;rad.es ) p rovides c.dequa te 

Tl1e a:m.mon:h.u1 d iazo pa::.• ·.?T is s~~r:.s itive no.inly to the 
2 bl ue- v i ol e t region of t '-.c vi.s i ble ::;:pectJ:'lJ.G , ';/i t~'l :peak 

2.bsorbtion o. t 410 rLicrons ( :?:c ir;2~<i , l9 6 1) . "?o::cest 1..md e r ­
storey 1igh t t ends t o ,oe ~-;e <.l~:cr in -ul u.e - v iole t (3.nd r ed) 

wave l engths and rela.-~i vel;y rich in green Y!3.ve l engths , and 

so t h is r.ue thod rna;/ produc e slig~t D.:."ldcr- cstjr.8 t es of t he 

total light available f or :pho t os ;:rn t hes is in undcl~storey 

situations . Ul trn- violet ':t::J.vclengtb.s 2..re effec tive in 

bl ea ch i ng the ammonium. dinz o comJJOu.nd , but are l a r 6ely 

filter ed out by t he paper , 2.nd o;:,r t !':e plastic of the petri 

dishe s used to hold t he paper bookle ts ~ 

/ . 

Th e 
1

meth od is de_~9~ribed in detail py .:Frien d ( 1961), 

a nd Youne and Whi teh ead ( F . R. I ., unpub . r eport) . The 

simple cons truction of t he s ensors used is shmvn in Fig . 6 

r eproduced :from Yo1.mg and \'ihi t ehead . Sensors were 

attached t o bamboo stakes at abou t 1.4 m he i g.ht, at 

pre- detenni n cd sites (above u_nder- storey sub-plots) in 

2 This chacteristic is shared by mos t photo-a ctivated 

chemical reactions used for ligh t rreasuremcnts . 

!, n 
'-f-V 



BLACK EDGES 

FIG. 6: PREPARATION OF SENSORS 
USING PLASTIC PETRI DISHES 

1 em HOLE COVERED BY BLACK CARD 
BEFORE AND AFTER EXPOSURE 

I 
BLACK CARDBOARD 

BOOKLET OF 
PHOTOSENSITIVE PAPERS 

u :9AJ'jl&!'i:a POLYSTYRENE DISC 

Reproduced from S.C. Young and D: Whitehead, Forest Research Institute, unpublished report 
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flood :plain and torrace fa r es t s. :sxpos"C~:ce8 i'iG:f'e to.}~en over 

t h r ee t o five day period s , and after development of t he 
') 

pap ers , light int egl.nc.ls ( in moles / m"- ) ca lcul3. t ed from 

the log:ri t .hmic r eJ.a tionshi:p shorm in .Appendix III . 

The light i n t egral values ob t a i ned from forest vnder­

store;}"S nere then e:q:Jressed as perc entc.3Bs of t h e " full 

sunlig..ht " va l u e obta i 2.1e d fTO IT'. sensors ex:9os ed ove r the 

same :period at open s ites ou t s ide t he forest , The log­

ari t lmic r elationsh i p sbovm i n .Ap:pendi:·:: III r:a s 

dete:rmined by calibration v1i th a n LI-COR Solar I.~oni tor 

(with q_uant11.ID. seJl..sor ) , wzde c.vail abl e by J?lc.nt 

PhysioloGY Divi s ion D. S .I. R. 

The ailboniurr. diazo pape:r v1as sup; lied cou r tesy of 

F . R.I. Produc tion Di \Ti :-3ion , :Jc to:r·lJ_a . 
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Fig. 7 

Fig . 8 Overview of "Y .JVi. C. A." b ocl< 
younger (C) floodplain s t and . 
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5 .1 • 1 ?lo od. pl~~L'1 f oT 2S t. 

:::'h3 fo :"Cests or- surfac~s '' C" e.rd "D" :::r2 d2scri b ed in 

t.hi~=> s~cti_on (s e3 ?ig:J..r~a 3 , 4 , 5 ) . 

( a ) -:: .::r:_ ,_n;~r s ta.nd:J 

In the :;ro:ln68r st:J.nds on SlJT:f a ce " C" a U '~nse gener -

a lly continuous canop~r c . 1 5 - 2 5 me tr2s hig~ is doli'ina ted 

by tote:.:"a. . r:Ia t a i occur ttrro1.l£tl0u t i n l e s se r n'.;-:oers , and 

kahi katea is locally co- dominant in some hollows . :ili mu and 

miro ar :~ r:J..re in the flood pla i~1 stands . ':2otal canopy 

cov·er '-'-'~3 esti::na ted a t 100,·', , fr oLJ. th<e small s a~nple of 48 

line i nt -:;r::: epts allov 2 u_Yld 2rs tor y sub- plots . ?odocarp 

"'~l'' ' '('..; "' ~ '"'0·~- -L':-r·l· 'o~,t Clri 81 -: 0 i" t :,l· <::: -,· otaJ r. '='L-' 0 "'Y· i'QIT "'r ,_, ._. .....,;'...I... .... .......- ~ ., - - - _,.._ ,__. ....t. I _L - - ....... ,) - _, ~.._..(, - 1:' _,. • _,. • 

~ ~a~~e of a~~iosp~rm ~ ~sc i es are also pres ent in 

t he c2~~~y : principally tawa a nd titoki , ~i th occas i onal 

lco':rhai (3olJi1or:J. r::i c rophylla) , l:J..nc e':tood ( :?seudop:lnax 

c r ass i folii).S) , L:; Iilon-:.r o:::>d (Fit tosporum eugenioid es) , 

maire C' -~s t e.;·is cun:1inc:;h3.raii a~1d IT . l a ne eo l a t a ( :-l:oo k . f . ) 

I, . Jol:_:son )
1 

r evvar ewa a nd ribbonwood ( Plag i anthus 

? "-tul i!lus) . Lo'N groves of s ma ll er angiosp erms ( :principally 

L:aikomak o (Pen,_"lantia cor;;rmbos a ) and mahoe form the canop;:,r 

1.,.4 

i::1 a fe·- 'i plac es . The f'ol~ e st mar g ins form a dis t i ::1ct commu n ­

ity in wl'.ich kanuka , kowhai , l a ceba rk (Hoh2ri8. s exstylosa) , 

l a nc ewood , ribbonwood and cabbage trees ( Cordyline sp.) 

a r e prominent . 

Only a very sparse sub-canopy is g enerally pr esent 

in the T2 he i ght range (7- 15 m), composed mainly of sap­

ling and pol e- sized1maire , matai , tawa and t i toki. Where the 

canopy is denses t the unders torey is only modera tely developed . 

1 "sapling refers to sterns from 2 o 5 to < 10 em d i ame ter 

(over bark ) at breast height (1 40 em ), and "pole " to 

stems fro m 10 t o < 30 em do b . h •• 



But u nder l ess de~~ e ~arts of the c ano~y , T3 is occupi ed by 

a profus e g-.cowth of u_nderstorey speci es ; mainly lw.ngehange , 

kawakavra (r.~cropiper exc el sum ) , :rr12.hoe and pigeon·.vood 

( Hedyc2.rya a rborea) . There is also an ahunda nc::; of both rewa­

r ewa and. ti t ok i "spindli il_gs " . 2 Tli..roug!;.out both f l ood plain 

stands sar2pl ed , [!,Tmvth of supplejack (Ri p og om.l!'ll scand ens) 

i s g ener::dly plent i f ul , but rarely i m.pe r1. e trabl e ( not r ecord ­

ed quanti tativel y) • 

The d i ame t er d i stributions of the principal t r e e 

spe ci es only a r e shown in the text ( Fi g . 9 ) • J.'l1e compre-

h ensive s iz e clQss da ta for a l l tre e and sll.rub speci es ir1. 

each for est typ e are tabulated i n Appendix I V. 

The diam::; t e r d i stri oution of t o t.::tra i s s t rongly norm~l , 

with 80~ of live stew~ in t he 20 - 50 em d . b . h . rar~e (mean 

d.b.h. 37 . 5 em , s = 10 . 8 en) . This suggests a s trongly 

ev en-·:lJ" '5d. .:r; opula tion ; i. '~ .. :::1 ver-;/ short period of l'IlE.lS S est­

ablishm~nt , with litt1 e Ol' no s1.·t'bseg_uent eff _ctive recruit-

ment . Th2 pres -::; nt " ev:m- a.g ·'d' ' nc.ture of this stand -;va s con 

f irmed by the r esv_l ts of i ncr eTicmt borings • ( ·:rabl e I I ) • 

The esti mated azes of s ev c:.n to tara betw3 en 21 and 57 em 

d . b . h . ( o. b . ) r a nged fr om 1 32 t o 1 57 y ears (mean 14 7 years ). 

TABI J-'S II : P ... ge est i mates from increment bori ng s of totar3. , 

younger f l ood plo.i n stands .. 

Di amet er at l:::s tiii13. ted I Nee.n diam.~ t er i ncrement at 
breast h e i ght tota l age (yr) breast h e l ght (mm yr - ) 

21. 0 132 1. 77 
26.0 142 2 . 04 
30 . 5 145 2.34 
30.,5 149 2 . 26 
37.0 148 2 .78 
41.5 1 57 2 . 92 
57 . 0 155 4 . 06 

Iviean 35.,0 147 2.60 

2 11 Spindling" refers to stems r eachi ng breast he i ght ' but < 
2o5 em d.b.h. ( after Nicholls 1963). 



46 

F'ig . 9 Di ameter ~ i 5 tricuti o~s f nr ~rincio3l 

spec i r-:> f in. youn.;e ~ (c) fl 'J'Jc':Dla i n . 
stc=mds . 

X - axis shows breas t height di ame ter cla sses 

( em ) , and Y - a xe s show ~ numbers of stems pe r 

hectare for each species . Note that Y - axis scal e 

for rewarewa , mahoe a ~d ti to~i diff e r s f rom tha t 

used for the other species . 

Podocarp species are s ho·.m by filled c olumns , 

except for dead stand i~g tota r a stems whi ch are 

denoted by open coh::-:1:1 3 a nd nu:nbered in par entheses. 
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A total of five over- topped dead standing totara 

sterns ( 8 to 15 cn d . b . h . ) r ecorded in the three plots are 

shown in Fi gtrre 9 , and th~se i ndicate a continuing thiru~ng 

of this tota ra stand . This ~rocess , a c t i1~ pri~3rily 

against the smaller 2.nd generally (but not i nvaria.bly) 

you..Ylger clas ses , vrill t end to reinforce t he even-aged na-;; ­

ure of the sta nd ( cf . Lloyd , 1 960) . ·The v :;;ry few live 

totara spindlings and saplin~s se:;;n i n these stands invar 

i ably appeared ~Lnt~~ifty : s pars e f oliage , die-back of 

shoot tips and vveak a ttenua t :;;d st ems vrere characteri stic. 

No age esti .rrlB.ted fro rn ring counts wer e obta ined for 

other species. Bu.t in contrast to totar2. ( and kahi ka tea ) , 

a number of angiosper m species a r'.':! vrell r epresented by 

smaller size class es in this st2.nd , suggesting a current 

a ctive invasion . For exampl e , rewarerra and titok i have 

strongly "inverse J " t;yrpe diameter distributions ( Leak , 

1965 ) , chara ct eristic of st:::'..'Jle or e:(p:::.nding populations . 

The all- sized repr es""nt~.1.tion of m.a.tai sugg ests con­

tinuing recruitment long a f ter effe ~ tiv3 entry o:f totara 

virtually cea s ed • Bu.t this is not a classic inverse 

J-shaped structure . The di~m3ter distri butions of matai 

and maire ( and to a les s er e::-d ~nt t awa ) in this stand 

suggest waves or puls es of es t ablishment , rather than con­

t i nuous recruitment at either cons t a nt or steadily 
increas i ng r a tes . 

Sev eral of the less nv~erous angios perm species in 

the canopy ( not shown in Fi g . 9 ) shovi s i ze class struct­

ures akin to that of totara , probably r eflecting similar 

epis odic establishment : kowhai , ribb01-:wood , l ancewood , 

and lemonwood are represented by a few stems i n the 20 - 40 

em diameter range , but s~ller stems (especially for the 

f irst t wo spec i es ) ar~ rare vri thin the stand 9 These trees 

a r e typica lly of slightly l esser diame ter than most of the 

totaras , and therefore likely to have es t ablished later . 

However , heart rot and i ndistinct ,grovrth rings thvvarted 

attempts to age these spec i es . 
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The conrposi ·~:i._·;j:_ .Jf tJ.1e s e dlin_g l ayer so.m:pl e 

(P .. ppendix IV ) shows a current lack of podocarp entry , and 

suggests <J. continuin£" influ:-:: of a r-'6i osp8r m sp eci :;s 

( especially ti told ) into this stand . 

(b) Older Stand . 

I~ this stand , totara anr~~ther less n~erous podo­

ca ::-c'ps form a rather less den_se upper canopy c . 23 - 33 

mo tres high ; ov ertopping most of t he l arge a~~ios p erw_s 

I • t \. TDalr e , avYa , t i told ) vvhich fo rm a patchy loner canopy 

up to 25 metres h i gh . Podocarp speci es ' crown cover was 

est i :m..atecl at 75% , and a total canopy cover at 97/o • The 

dens ity of :podocarp tr ees ~ 30 em d . b . h . was est i mated at 
c . 188 ha - 1 

, c. 158 of these ( 84% ) being totara . 

Below this the understor ey l ayers a r e r ather varia­

bl e . T2 is in most IJarts rather spars ely occupied e:x:cept 

for ta\'i2. ( S:iplings and poles ) , ti told (saplings) and a fe-vv 

large ffi3,hoe and pigeom-roocl . On most s i tes l:a','iakav~a , .rr.::1hoe , 

pigeorr:1ood and s rr1all tawa dominate a g ::merally d ense T
3 

l ayer • Othsr nwnerous sp::;cies of this tier i nc l ude 

Coprosm.a australis , hangehan.ze , rohutu (Lophorn;:,rrtus 

obcordata ) , ti told and turepo (Paratro:9his m.icrophylla ). 

On the dampest s ites , pate and (spindling to pol e) 

pukatea loca l ly dominat.__ the understorey l ayers , with 

3yzygi um maire (A. Cu . .:.rm . ) Sykes et Garnock- Janes appearing 

v ery oc cas ionally . On the very driest sites t awa is almost 

absent , exc ept for a fevr seedlings and spindlings which 

often die back in summer. 

On a few sites , groves of small a ngiosperms 

(mainly w..ahoe ) l ess than 10 m tall locall y form most of 
t h3 ._ canopy ; e . g . vvhere some totaras have died , or where 

the original podocarp strike was appar ently not d ense ;and 
on one s ite w.H.ere three podocarps have b een l ogged , In one 
of the s ampl e plots fully half the standing totara were 

either dead or moribund , appa r ently due to water- logging 

r esul.ting f rom changi ng patterns . of drainage . In contrast , 

the matai on this site appear unaffec ted . There a r e no. 
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Fig. 10 Cvr>,...,ViP'•: nf " 01--1 Cn'=' c~. :i.o2ri n 

nlder ( D ) flncd~lRi, ~tq~d . 

Fig. 11 I n t erior of older fl oodplain stand . 
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~ahikate~ a~ong t he other podocarps i n the canopy on thi3 

particula r site , ·.IiJ. ich t ends to co!Uirm t~at formerly it 

was b3tt er drained. Beneath t he op ening canopy a v ery lus h 

.;-rmvth has developed i.:>J. t h e -:r
3 

l a y er , comprised :r:na iY'~Y 

of hanzehange , mahoe , pate , pigeon~·rood , pu.ka tsa a nd 
ta;va . 

The di a me t er distributions of t h:: princip:?.. l tre e 

s peci es are shown i n ? i gciTe 12 . Totara shows a vlide 

spread of size c l as3es ( i = 61 . 6 em d . b . h ., s = 20 . 8 

em ) • R .1 t as in the younger stand , the paucity of st ems 

~c. 20 em d . b . h . attests to a lack of rec ent establish­

ment . The spr ead of diameters t hough , i s suff iciently 

vlid e (range 19 104 em ) to superficially suggest that 

this is not an even- aged popula tion ; per lnps developed 

from s everal episodes of establishment , in simila r man­

n er to t he '' rejuvenation " of a lluvial kahi katea sta nds 

d escribed by P . ~ardl e (1 974) • 

Emvever the r esults of i ncr ement borings d o not 

a ppear to support this hypcth ::s i s . As mentioned in Chap­

t8r FoLJ..r , an es tiiJ13. t ed 37 ;-'J of th.e to tar a in t h i s stand 

vvere too l a r ge to age a c curat ely v1i th the availabl e equip­

ment . Th2refor e the s ampl e of i ncrement cores is likely 

to b e bias ed i n f avour of ~e yotLnger stems in this stand . 

Six stems ( 35 - 71 em d . b . h .) showed ages rar ..... _g-i ng from 231 

to 263 years (Tabl e III ). The smallest t otara th~t .was 

aged (2 9 em d .b. h ., 208 years)~~rowing b eside a small 

creek f l owi ng in an old river channel whi ch forms the 

'' inland " boundary of the sta nd • Its l a t e es tablishment 
was proba'Jly permit ted by side l ight from the formerly 

open channel , before it b ecame ov ergrown with its present 

cover of s ma ll angiosperms . 
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TA13L2 I TT 
-'- -

Diamet 3r a t 

breast h::ight 

( en ) 

29 . 0 

34 . 5 
41 • 5 
47 . 0 
58 . 0 
63 . 0 
70 . 5 

I.Iean 49 . 0 

Ag ;; es tim:l t'=s fro:n i ncr ·.)E13nt borings of 

tota r a , old8r flood plai~ stand • 

.Sstimated total I.Iean diam3ter increm3nt 

age (yr ) a t breast h~ isht 

( rnm - 1 \ = ;;rr ' 

208 1 ,,4 9 
234 1. 57 
239 1 . 8 5 
231 2 . 16 
263 2 . 33 
257 2 . 59 
2 34 3 . 21 

238 2 . 17 

~u though the ra!1-E:,·e of tot3.ra a~ ·3S i s evid~ntly 1Hid er 

than in the yolL.'1g2r 3ta.nd C:!XC~rrrined , the r esul ts sugges t a 

unimod~l age struc tlu~ e for t~is stand too • The l argest 

trees ( > 71 em d . b . h . ) are likely to be older on aver age 

thar1 the smaller totaras . Hovrever , cons iderabl e g-.cov1th ra t e 

v a riation and a poor age diameter correl ation wi thin this 

stand are a pparent from t~e data in Tabl e III . I ther efore 

b eli eve that most of the extant totara in this stand germin­

ated b etween about 230 and 270 y ears ago i . e . a siP~le epi ­

sode of establ ishment . The partially- buri ad ro0t flanges 
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of many of the totara s h ow t hat there has been some sedi -

mentation on thes e sites sinc e the s t a nd was i nitiated . How­

ev er soil profil es r eveal no evidence of topsoil burial which 
might be expec ted if this stand had b een subj ect to partial 

d estruction and r e juvenation by catastrophic siltation . 3 

3 However the struct·u.re of another s mal l er f l ood pla in stand 

(not s ampl ed ) is sugg esti v e of partial destruction by flood­

ing : among t otara of similar size to thos e in t he younger 

"C" stand (30 - 50 em dbh) ,clumps of y ounger kanulca have 

established . 



..-'cl ti.1ougb. IIlD. t a i is agai n b~ t ter r2pr~s~nt ed ( c om.::)'J.. r e d 

witl1 tot3.ra ) i n the SIIJ.8.l l er si ze cla s s c; s , s:::.::;. l l s te ::-_18 o:f 

tl~ i s s y~c i 3s are l ess corruno:tl tb.a~ in t l1s ~/0 1J_r.t6er s t and . 

The diam~-~ 8r distributi on of matai is parall e l ed by tha t o f 

mo.ire , ·:;hich a l so sUc:!,·g::;sts a d ·e clin e ( but not c e s s a t i on ) 

of eff :; cti v e r -e cru.i t ment af t er a n earli er p:::r iod of more 

a 1:mn ds.nt es t ablisl:li'ne n t . 

I n con tra st , mos t of t he a :t1_giosper m tr~e sp e c i es 

(o.s dis t i l1ct fro~ under s tore y s.b..:rubs) shovr " i nv ers e J " 

t ype d is t ributions c haract er i stic of sta b l e o r e :.cpa ndi ng 

popula tio::s . 
-L' . • 4 
.1. u nc--clon 

He tt and Louck s (1976 ) s how e d that t he p ower 
- b y = y 

0
x provides a rr.o d :J l 3.p]::'0 :~2. :J.a t i ng the 

a ,; e s t.r-~tc t::t:r es of staol e c ontinuous ly-r sc;~::-:.era t i r_g tre e 

S::_J0 ci es :9 :::>}:ru~ations . The d i a::n?te r d i s tribution of t ur epo 

i s r>'e l l 0.-:;s cri bed b~· the p o7r2r f u n ction node l ( r = - 0 .. 97 , 
p < 0 . 0 1 

tributio~13 of t .'lwa ( r --· 0 0 ) J < no:~ ' --_,-~ ri + ;+ol- i ... ·- - (; _..: _) ' - l ' • ~ -' I ......... __ l._.t_ Ll ...:.... u ...::.. _ 

( r = - 0 . 90 but 

n ot 1'1211 tav/2. d i s t-ri out i on i n t!lis 

stand is s:-::e':red i n ~-2V01.l_-~· of th -, 3::k:tl l:;r clas ses , suG'_;est­

i ng th:::..t this is an i llvad i r!.J,' (:;:_'2.ther tl1an stab l ':; ) p opula tion . 

I .~:3,h o 3 :J.'2d :p i s-e on.vo od a l so S~1m'f 11 invel~s'3 J " ty:p ~ di::J..IJJ.e t er 

d~L stri!:nt ions , but the m.unb~T o:: s i z~ c l asse s :pr e s ent i s 

i n 3uffi c i ent fo r a p pl i c a tion of th (~ p o·.v~r fu_nc t ion model . 

'I'he tr ee s :p3c i es Viell repr es ent ed by seedl i n_ss a r e 

mah o e , pi_seonwo od , pDJ-;:2.tEa ( l o ca lis ed ) , t ar-1a , t i t ok i and 

t trr epo ( see Appendi x I V. ) Al t hough the t ota r a t r ee s of the 

c a no py ca~ b 3 ex pect ed t o ou t l ive most of t h e pre s ent angio­

sp e r m tr ::es b en ea t h t hem , a c ontinuatio21. of the curren t 

r e c rui tnent trends wi t h i n t h i s s t a nd wou l d r es tlit i n dev e l­

op::nent of a n a_n_giosp erm- domi na ted ca n opy wi t h i n a f ew 

h undre d y ears . 
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Sev er a l s mall stand s o f l a r g er , mor e wi del y - spa c ed pod o-

4 'r'nB r e y is t h e numb er in any age class x , y i s t he 
0 

i niti a l i nput i nto the POIJUl a t ion at t i me z ero , and b 

i s the morta li ty r a t e . 
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F " g . 1 .2 Diameter distr ibutic~s for urinciual 

sDecies i~ the older (D ) floodplain 

stand . 

X-axis shows breast height diameter c l ass es 

( e m), andY- axes sho~ nu~bers of stems per hectare 

fo r each spec i es . Note t~at Y- 2xis scale fo r 

podocarp species An d mai r e differs from that used for 

the other species . 

Dead standing totara stems a r e denoted by 

open columns an d numbered in ps rentheses . 



5 

20 

10 

1000 

800 

600 

400 

200 

600 

400 

0 2.5 10 20 30 40 50 60 70 80 90 100 110 

-

Kahikatea 
n=2 

Matai 
n = 8 

Totara 
n = 41 (+6) 

Maire 
n = 6 

Taw a 
n = 393 



200 

100 

1000 

BOO 

600 

400 

200 

200 

200 

n 
-

-

0 2.5 10 20 30 40 50 60 70 80 90 100 110 

Pigeonwooc 
n = 270 

Pukatea 
n = 73 

Mahoe 
n = 356 

Turepo 
n = 57 

Titoki 
n = 105 



54 
ca r ps ar~ pr esent on slightl y high~r surfaces i n ·:rota ra R~serve. 

Th ese hav e l..J..:..Gd er g one some mod i f i cat ions , bv_t are probably r em -

nants of ol der first gen erati on s tands . I n a n lLYJ.usually mi xed 

s t and (si!lll a r numbers of kahi kat8a , matai and t o t a r a , vri t h a 

f ew ri:r::ru ) near t he s ou thern end of the :R2ser ve , a to tara o:f 

a b ou t 12 5 em d . b . h . was r e c ent l y f ell ed after dying a bou t ten 

y ears earli er . Cut a t about 60 em he i ght , the s tvE p ap~eared 

to c onta i n v ery appr oxi ma t el y 440 rings , su~ses ting an age 

in t he r egion of 450 y ears . 

(c) Ini t i a tion of Fl ood Pl a i n Stands . 

Surfa ce Av a ila bil i t y A f lood p l a in s ur face profil a 

'vVas prepared from a s urvey lin e marked on Fi g ure 3 . Thi s 

prof ile O 'i g . 5 ) s uggests t ha t s L.rrfa c es '' S" and "D" , nov; 

occl tpi ed by the to -tara- domina nt stands descri b ed earli er , 

b3c.:JJ.8 8 2.V3. i l a b l e for vege t a tion devel opment by pr ogr ess i ve 

l ower i il_gs of t he channel l ev el. Degra da ti on such a s thi s 

may r es .1.1 t from t e e t oni c changes , or from changes i n the 

hydrolog ic r egi men 

e t a l ., 1 964 ) • 

n ~!' 
'-' • o • reduced sediment y i el d (Leopold 

Grs.nt (1 98 1a ) rn~oduced evi dence for the OC C1..1rrence 

throughout t he l a s t milleni um of five ~na j or eros ion periods 

in t he Ru2..hi ne Range ( part of which is dra ined by the Poh -- . 

angi na River ). Grant postu l ated t hat " each eros i on p eriod 

r esul t ed primari l y fr om a s ustained i ncrease i n t he 

f r equ ency of :m.:t j or rai nstorms " . Aggrada tio.i.1. o f river f l ood 

p l a i ns d ovmstrea m could b e expect ed dur i ng sucl1 eros ion 

p eriods . Th e r educ tion in s ed i ment tra nspor t a t t he c l os e 

of ea ch eros ion p er iod woul d b e expe c t ed to caus e d own -

cut ti11..g by rivers during the subs equent 11 t ranquil i nt erva l", 

l eav i n..g the r e c ently d epos it ed a lluvi em av a ila ble for 

coloni s ati on by v egeta ti on . 

The clos ure da t e (c.1 3 00) 5 o f t h e ~~",Vakarara " eros ion 

p eriod prop os ed by Gr ant corre l a t es closely vvi th t h e a g e of 

t he young for est on surfa c e "C" - if an a llowance i s ma d e 

5 Gr ant (p er s .corrr:n., 198 3) has re c ently s iight r evi s e d h i s 

postula t ed closure da t e for the ~~'.'/akarara " erosion p er iod, 

from 18 30 (as in Grant,1 98 1a ) t o 18 00 A. D .. 



for s ever a l decades of s er a l vegetation dev elopment prior to 

the ent ry of totara . Howev er , the age of the older forest 

on surf3.ce "D" do :C) s not correl ate clos 2l;y· ni th the closure 

da t es of any of the earli ~r periods propos ed by Grant . This 

suggests that G-r ant ' s eros ion chronology do 9s not identify 

t he evant(s) r esponsible fo r development of t.his older 

strrface . 

Progr essive ch2.nnel mi grations ,probably effected 

l a r ge l y d1.1.ring high f loods , are also evid ent f r om Figure 5. 
It th '3rafore appears that clB.nges in cours e as well as l ev el 

of tb. e river a r e li~::e ly to have been signif icant in releas ­

i ng a r eas of f lo od pl a i:::-1 from chronic intmdation a r..d s ed­

imentation , h enc e permitting the commenc ement of forest 

developm.:;nt • 

Col oni s2.t ion by seral cor:n.i!!U.rli t i es • Tha l a r ;-est aEd a l most 

c e:rt'linly oldest exta::1t tr::: '::s on SlJrfac::; s "C" and "D" a r e 

podocar_9s , mainly tot:J.rJ. . ~Io ·.-l .?V-.:r it is highl;y i ;n:probabl :; 

t J::at t.h ::; s :"! nere the .fi rst ':voo::ly pion--.; :;_cs of fresh a l luvi um . 

aged stands of tota r a ·..:sta"bl is~l2u u.n.der a pi one::=:cing scrub 

c omc:ux1ity , :probabl y d or:' -i ~ 1::1t d. by ko.ntL'k::a . This ty-pe of d ev­

elopment is suggested by the erowth of seedling and sapling 

t o taro. i n th e kanul:a- domi.:.1a t -act. ec oto.:.1.al fringes on some 

w_;_=.r g i ns of the pres ent stands . Dav0loping to tara seedlings 

were a l so occas i onally fom:.d u_nder ·,villO\VS . 3ut seedlings 

do not appear to establ ish on t he open riv erb~d ; this is 

no surprise a s to tara s eedlines a r e ~~ovv.n to be r ather 

frost - t ender (Beveridg e , 197 3 ). Cameron (1 S60b ) found that 

on young pumic e soils of the Volcanic Pl ateau , 40 - 60 y ears 

was typi cally r eq_nired for abc.ndoned burnt clearings to 

d evelop a Leptosperrrrurn - dominant "nurs e " v ege tation Uilder 

which podocarp regen er a tion could b ecome established . 

An old s a l e notic e and map dating from 1901 (L & S 

File 8/ 5/ 238 , Wgton .) affords an i ndication of the nature 
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of the s eral scrv.b com.rnuni ty t hat probably prec eded the 

pres ent totara stands . The map ha s a number of us eful 

v ege t a tion l abels and notes : "Tree manuka ,matipo , tuwhiri &C" 



a nd. "=:r:::t- lUl{a a ncl dvvar f to t u.Ta " , a r e :n.c. ::::'l-: ~ d on c:..r '=as of flood 

:plain in the "Old Coa ch Roacl." bloc~~ of Tota::::'e. J s s e rv e . 

Unfortu__;_-:.a tely the :ma.p is r 2.'tl1er ill-p::..~oyortion:; ( i . e . 

sca l e is erra t ic ) and it i s d i ff icu lt to r~lat a the pos i t -

ions of th ~se l ab el s to th~ pres en~ d~y v ege ~~ti on dis 

tri buti on ; but both a r eas 1 ·-::.~i.:illed a p:p ::;;:_ :::._ t o ha'J e since 

b 2en cl ee~r ed . 

correspond to k am:ll;:3. , Ilill.pa u C,zyr s i n:; a •J..:;tr-a lis ) a nd 

'!.:ohu.c~u (Pi ttos p orur:i t2nLJ_ifolilu:il ) r es :pee ~i vely (_:Ula n , 1961 ) , 

:;;.nd so a scrub co:::m:n.un i ty cl on i n2. ted by t~es e S}Ec i es v1as 

)res ent o.:: a t l <::!ast S Oitle fl ood pla i n s1....rfa c e s . ::; lUI!lps of 

kam_,-ca anr_l manu1ca G.re f ound 3.I:.10 TI.g t he pr es en t :predomina nt 

cov er of _u :9in (Lu:pi nus a r 1)0.'C' eu s SiJLS ) 2-21d ::::zotic gl~as ses; 

m:;.n y of tf: :; se are pat ently a seconda1 .... )- dev-elon;nent after 

c l e::::tr 2.n c e . 

:I'll:: r 3fer enc::; t o " :.::o. :~.uJ-ca and d \.'.'ar f tots.r :J. " suggests 

:l:.."J.t 2..::1·-,-t:;l.:a .... ze:11er c. ;:ion of tot3.ra (:::lf :.'lor e r- ec ent orig in 

than th e~ ~:x:tant ;:;t:J.nds) i·::;. ~ l ·~v3lopiQ;- 0.::1 e.:-~ allj o.c ent 

youngsr sv..rfac e ( ,... i ~,1 '""" ;::. ,,..., l ~ ); ~ ....... .. , ~ \ 
;::):...- .. -v ,., '-' - _, _.,.._ .., , .c. I • 

tl1at this l 2.!::l e l v-.ras i n:J.c cur :::::. t ~ ly ~; o :;i tion~d . : t '"".ay , in 

an early st~8e of develop~Jnt . 

':!: t::: primitive ser :J.l riv3rb ed v.:::ge t e.t i o"-'1 has b een 

:J.uch woc.1ifi 3d by =.i2.rl a nd h i s i .nt roduc ti o:'13 . :?2-st1..rre and 

Satc r.:::J.:mt 3 oa rd :plantations (mos tl;y- S::i.lix a ni ?opulus spp .) 

no·:1 cov 3r much of t h e flo od pl a in i n th3 l o·:i2r r~aches 0.1. 

th ~ J?oh 2.r.!{;i na River ~ Ar eas of the riverb ed. ::::ot curr ~ntly 

~naer such mana6 enent suppor t a high~y v~riaol e a dmixtu..re 

of exot i cs a nd i ndigenes . J?rom.iEent a ::.c:o ng th3se are 

3uddl e i "J. davidii Fra nch • , bo t h s p eci es of I e-n t os p er mum , 

Leyc est __ ria forr.11osa , l upin , to e to e (::;ortad~ria toetoe 

Zo t ov) , ~1tu ( Cor i aria a r borea ), Tiillows ( Sali x spp .) 

and v a rious exotic g-..ca ss e s . 

Totar3. se edli:n0 S e:ppear to f i n d fe ·,·r op)ortuni ti es 

f or es t ablis hment in thes __ c orbmuni t i es , :probaol y a s a 

result of i ncreas ed comp e titi on fr o:.1 e:~otic s:;::>ec i es 



edly i ::D.:p -:::des es taul is~·~::. ~ of vro ~Jdy p l c..:: t s . I":; ri'::3. -J b"-: tt:1 t 

i nt .:; rru:pt ions due t o l a.::d1J.3 8 c hCJ. Y'..,; 8s r3.r ~ly v~rwi b d 2v~l-

to a s t a g e s u i tab l e fo r 8r.. t r y 

of to tar 3. s :; ~ cl l i .rJ.G S . :!:.ack of s c: .:;d ,- i ::;:p ; rsa l i r.. t o these 

c oo..T:J.2" i t i es se-:::r.s a n u . .fl~ .i £ .:; ly expl ac: .. t i on 

11 ) • :'h : ~l J. r..t O?. t i o .:: i s 0:1 -~ h·).::_k of s? . .::d :::.nd s il t "b e : ~1 :; :-.~i r~ 

is c :? . 5 
..-, r'j .J....,. :,...._...':)V"";_ -- 1_. .. _ _ ___ , _ _ u 

30 C:..l 

I ' 

i r-'6 l a c k of co:rr:pet i tion !las u_ndoub t edly a i d.P.d th _ erowtl'"~ of 

the s e s 22 C.lir-2;s . I t is l)8rhaps r..ot e·:rorthy t hat fr ;:; s f>..ly fallen 

l eaf li t t ~r o_ a~other Popu l u s s p .ci e s (P . trem~li o id es Li ~J1 . ) 

~as b ::::;n :'ou.nd t o i)roduc ; _r::hyt o- toxi c eff ects or: c ::; r t a i n 

s T 3,SS S.P ~ C i 2 S (You ;:-_g er e t :il ., 1 9~ 0) . A Si.:'j_l ar 3.ll el o:pe. t l:ic 

effec t is :pos s i "bly r :: sponsi-ol e fo r the pauc i ty of tmd2r E,TO'/!th 

b ene:l th :?o:pulus ~.l be. :pl ::n -':;3. t i ons 
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Fig. 14 

p~~Pnbin~ River VP]ley ' s~~1ine rrncinenCP 

nf the rxotics Ac~cia ~e~lbPtA (yel1 ow ~,~·Fr~ , 

RDrl lu in in ri rrbrrl VPE~t~tio~. 

Kahikatea , totara and mahoe sePdlings 

under Popu us alba , Rnngitikei River . 
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(d) Sustainability of reserves . 

The seral status of fl oodplain den se tota ra stands 

and tte dyna mic nature of fluvial systems ~ re vital con -

sicera tions affecting reserves o f t h ese co~sun ities . Th e 

same problems were discussed by P . ~a rdle ( 197 4 ) in 

rela ti on to kahik a tea forests in S outh ~estl an1 . 

T~e very escence of these com~un ities mili t ate s 

gga inst their adequ ~ te conserva ti on . Th ey h a ve a ll but 

disappea r ed fr om sos t of ~ew Zealand , a s the sites they 

occup ied were those most va lue d for i ntens ive a griculture . 

~h ile t ot a ra - mata i s t ands appea r more tolerant than 

kahikatea o f sedimentat i on (Fowe r ake r 1929 ) , t h e y a re 

still liable t o destruction by channel c ourse changes a nd 

erosion , such as occurred on the ~~ngitiV.ei ~iver near 

Bulls c . 1890 ( J . Lwyer , pe rs . comm . ) The initiat ion of 

new stands is dep enda nt on the ava il ab ility for colo n i s -

a tion of fresh a lluvia l surfa ces (McSweeney , 1982 ) . 

However , modern l a nd- use patterns and ~anag emen t of river 

courses by Ca tc hm ent au t ho rities g re 3 tly restrict such 

opportunities . This certainly app lies t o the reserves of 

the Pohangina V8 lley , wh ere no new stands of any ext ~nt 

a ppear to have esta blished within t h e l a st 150 - odd yea r s . 

The endange r ed pos ition of floodp l a in dense podo c a rp 

f o rest communities clearly means tha t t houghtful conservat­

ion measures a re a matter e f urgency ( I"Ic Sweeney , 1982 ) . 

A s er i ous a ttempt to ensur e a s usta ina ble re p resentation of 

these c ommunities must involve reserva tion of a s much flood­

plain a rea a s is possible a dj a c ent to p resent s t a nds , a nd 

probably a l so rele a se of such a reas from catchment contro l . 

In this '.vay a dynamic e quilibrium of successional stages 

could be attained . As i llustrated by McSweeney , the b e s t 

r emaining opportun i tie s for such reserva tion a re in South 

·,vestland . 
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Irte~ior of terrac e xer c forPst, 

f~owing titoki -rlominR~t cano~y with 

e~Prge~t to t ara and m8t3i. 
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'::i ::l ,3s;:r-c;::::.d "in p.b..s..s~ " dc:v ~l o::ment thro') __ ~::;hout s ~,_,- ; r~:.l s :; ;:ar­

s>. t:; poc:-:: -~ts .') f thi s :llc :r'oty:9e could b2 th'3 r "' s ul t of 

synchroni s o. t i on. 'oy exoc_:;"}:-.~. ou.s di s turbance SO:'P .. :; i21 

t~L3 r .;c=:nt r:.st . 3 i r~ il ::::.r self- per p3tua t i r16 cycl es o ': 

se:n~ s c3nc ~ a~d r ~gen8ro..~ ion a r 8 des cribe1 =or stands o f 

~ ~ot ~~o f::::.;;us spp . "by .r. ·:2.:::-dl 3 (1 '.?69 ::tn.d C~d;:;n (1 971) . 

:;::::.~1op ;:,r - un.ders tor ::;y ::ls s oc i a t i on t8.'t) l 'Js 

t re:tcls 

c i _;;; ;::;. l s9e ci -3s 'J. ttainin~ co..nopy sta tu.r2 

or 
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17 D; "' ~ o+pr d ; s +-r" 1-.11t ; O"' S fr r "'r i ~t" l. -n-:. 1 _ _ !,! .._ .... _ -· V - L· _ ~ .1. "' - - - £" -.... ~ .. ...... t....., -::1 s~<?c ie s 

of tte te~r3 ce xe r ic s i te s . 

X- 3xis sh0ws br east teig~t di~~eter c l esse s 

( c~ ) , gnd Y- gxe s s~c~ nu~bcrs of stems pe r ~ectg re 

: or <?~ c ~ s~e c i es . 
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c'1lcu.l2. t-3d or: t~!.e basis of sp:c i s s ' c a :-:o:;y co'!'?.:::' :? ~ rc e r. -: -~Ge 

=;s ti.:l3. tss. ::'or e :(a.:J.pl e , i f rc;vrar -3 wa c o::;.pris =;s 2 5~ of cano~y 

cov -3 r in a c erta i n forest type 

Jsis , tha t :; s ts8lis~:n·:mt and s~~.rival 

d is t ri ou tion) of ju~: sn.il e3 i n ':; h:; l ... :uld -3r3 tor :;y is r_ot inf' l u ­

'3 :1C'3d oy t~l~ S) ,:: ci~ ·3 of _t)r :; s :mt C'J. J'...O ? Y -':; re "? S , on~ 'lfO'.tld 

2x_ '3 ct to find 3.J.cro::i::-:at 2ly 25, ~ of t~<e s::; indlir..gs of '::.-:-_y 

, .0 g -i ~- ' l. "'i (' !:=' -~ -'-l ' ' ( D < 
vl..t.: t - --- - - • - ._; -· -- ...J--J \ --

( i ; ' - - ' 

t h J d~vi~ ':;io ns ~~ e n o t s t 3. ~i s ~i8 ~l~y 3icni~i8 ~n ~ , 
') 

11 ..;:{}J3ct ~.! ·i' ' ,, .. ~~ l~_t~s 2~ ; t eo s~::.:J.. l~ to _:: ,~ r~_ ... i t 'jt_i -

r -..... ,.... .'"" - . ("'\ 1 ":) r.: 
·-· - ::::> 1::' ... _ . ...... 

. 05 ) 

:?o:;: (1J77 ~ . :: -;-,-:r-'::!:el '.:-::: ::3 , i-'.:; i..., : -:rr_,; ::.tly r:ot - ·;;o:::' t .i: :/ t ~::.:; .=.:::st 

o:: t~- 2 ~Jrir:.cirJc..l 3p : c i ~ a 3l:o·.·; po 0r7_~ ~ pl '28 : ::.-? ~~ ; r ; _; -·::: : ~ ~-"'. ~ ::_o~ 
o.f r_, ·,- --

- J. -e) O C C1 • ..2.' 

_:3'r..O:li2 :' J,_~ t1...1r-:; of -tt.i3 :J.ie! ~O ~~r::'J , O X"~:/ o .:: ~ ~o~~=-... ~ s ·: ! !:: (1 26 8.:-~ 

d . o . !l . ) f o. ll ·:.rit~:L'l t l::.e 20 p l ot q_l.l_:.rt .:.;r s cl:::ss i :'L:: d. : .s X":) ri:: 

( ~ot~l 
? 

750 n -

:J c e.rc ~ J:::J.3.ll st :: ~:s of : B :a:;_ appeared ~o b -:; 1)::: -:t:; r r ~pr ::; s -

tt_:; p l ot s ::.< . .::::pl e s fro:: ~C: :::'iC s it es ( _-_p -: :mdi:x: rf ) . 

(b) =·= '3 3 i c sit -3 3 • 

n .::: i the:r exc e s s ive n or i r .. :~ccl.. e d the fo r 2s t co r..s i 3 t s ::r:.3. inl;/ 

of a mosaic of t wo d i3 t i:.:lb' .. i s .hB-bl e s-'.:;r,J.ctu.r"'s . :'o;.ll t2.w:1 -

do~na~t f or -3st oc c 2p i ss th~ ; r ea ter or 22 

t e rrace pl ot (i l_l_B.r ts: r3 b:;ir.,;· '1ssign :; d to tr..i s :2icro typ:; . Low 
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in moat of t h e r 8m~inder ; 18 (23 . 7%) of t h e plot 1ua r ters 

wsr e :lssig r..ed to this .:ni ·~roty:pe • T:wo other plot qu a r ters 

f 6 

•.vere c l 2.s a ifi cd ::;. s ".m.9sic op 9n' ' i . B . with no clos ed canopy . 

The low I!!ah o" mcro t ype occurs. a s sDB.ll groves s ea t t ered 

thr oughout the to.:aa- d o:rrinant forest , a nd 2l so f orms t •:ro ::2or9 

ext er_s iT3 tr3. c t s ov 3r one h ecta r e in a r '::!a . 

T2ll t .:J.'/!2.- dowi n :?,n t :-J.cro ty~e . I n the tall :~or est t a ·:m. 'J.p to 

80 c !:l. 0 2..~ ::1.0r e ·:1. . ~ . ~: . L :v =.:,ri:J. bly for =s sos t of t f"_e c 2no:py ::;, t 

c • 1 5 - 2 5 m ( :::1 
) "' i .J..Ok"l' ~ c • • _____ v ... _ ..._;.:::) 

q_u=mt c ?::.:. o ~")y co::::lpon:;nt . Ei nau (Sl2. ~o c 2..rpus d entc>. tus) , .::J.o..ho e 

~er.z2nt :podc c ::.,r ~;s a r e sea tt er ed ap 'lr s ely through ou t , e.ncl a 

mere handful of liv i r_g nortt.:; r n r :, ta is pres snt . 

·~.he mos t ::!.ound'ln t sp ec i es in t he un d erstorey :1r e 

( 8 y:J.-J;t.ea d.~ .:;,lo3.ta ), ::1s ·:rell :ts j uv eril :::s o f t he car:opy spe c-

r 2·:1a.r ;:::;vra , t::;;,va ::: . .::d t i t ol-: i . ?odoca r p rar e . 

:::'he d i 2-:n.e te r rl is tri cu t i on.s fo r th'::; pri ncipe.l -:;hr :J e 

spec i ::;s of t~i a ::licro t ~-pe ~r.:; a:-:m-::r.. in gi2; . 20 . r.:a!:oe , t B.':ra 

c.. d t i toki 2.re pr -:; s ::mt i .:.L ::.. s uf.:ic i -:>1-;. ~ n..1.:.1':J ·~ r of s i ze clE-:.ss es 

d i 'ln et e r dis t ri o u t i 0n of t :::'-'."12. onl;:r Plod er:1 t e ly ·.n ll , bu t 
. . ~ . . 1 Sl .:jlll ! lC2.~~-Y • ( r = - 0. 77, -:J < 0 O? 1 ,..., ., ... .::-l· + ~ ·r--~ .,.·, 'ro "' 

-- • '- / • - -- - - J i:;) - ·._~ .L - - -~ J. J.. ..... 

( r == - O. S1 \ · :,.:_1 t i t ok i ( r - - 0 °3 . .., 'Y' ..., on 1 -, ""h-:.-~, ~ 1-- '"'l· ~ -~ ; -r_ 
- • '.) I .J.. .._. - -._,· IJ._..., _ -" J ,::) :__ l.- -

i c .:;.l"l t ( P < 0 .1, . ;~ tl:.ouc;l: t h2 di e.:n~t er ::l i s-:rib:.lti on.s of ::.}_l 

~1::; 07Jr e.l l p .:.. ctv...r 3 is o:r..e oi 

" :J. ccorda n c :; " 
• .L • c ompo3l wlon . 

l o'H I!lEl.}!o ,::; ~::.TOV8S ::i cro t ype . I n tl:.~ s e l o':V £r.cov :;~ J15.l:o'3 i r..v3.r -

2.nJ. oc c 9.s i on9.lly ot h 2r s JI.:.=>.ll B.fl..J; i os p ,r"Jl3 SlJ.C.h a s l <Jn:.o r..:.'iOod 

ta~a ~r..d t i toki ~r e a l ao occ 2s i ona l l y ~r~s ~nt i n th~ c ~~opy 

tl~; d ivers i t y . Dens -:: 
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~ig . 20 D i a~e ter dis tributi o~ s for urinciual 

s~eci es o f tall t awa - dom ina nt mi c r o type , 

t Prra ce f0rest. 

X- axi3 stows b r eas t he i gh t di8~ete r 

classes ( em) , ard Y- a xes show nu2bers of s teT.s 

pe r hectare fo r ~ach spec i e s . 
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0:::: 2.r..y on J s i te , ::r~:Js-:; of t~:.;; ::-..:::.b.oJ stem.s :o;. r ·;; of s i 21 

ilar di s.Bet::;r . ~b. ? di~m~ t~r d i stributions fo r ~ his ~~crotype 

( Fi g . 2 1 ) sl:o;·r 3. r ?l e. tive s c a rcity of naho -:; st -::; :::ns in the 

s ::.1allest s i ze cl~SS , i n.d ic2.t i r-o 8. CU..ITJ:J.t l::.~k ry:': r?pla~ e-

:::J.~nt is i ndJ3d t:1.2 :!lost s ic;.:rific ~nt ( P < 0 . 001 ) -':;r::;n.d. 

~p;::.r '3::::t fro::. t~:.e s:'.no_::)y-,..:tn.d ::rs tore~r ?,ss oc i ::l-:; ir:>n d:-. t2. fo r 

-s[-.:. '3 ~'3s ic :Jit-::s C'<9P '3r:d. ix 'lib ) . I !1 co ·_1 tr::.s-:; , s;-i~c:!.li .rt-GS o:: 

s.re bour:d 2.nd d2for !:'.2d by li a~'J. e s • .?od.o c 'J.rp spir..dlir_,;s : .. r e 

fr::;q_u-:;nt on son-;; s i t2s in this ricrotype . 

':rind":;:t-ro·;: sc:3.rs , r:l3.T'..J still ·,·iith s.ssoc ::i..atad l ot; r ?r..1lants . 

:.::i 0 ·ht of the 13 plo ~ ;_1.1.::>.r t :;rs co~t2. :. ~erl .:; i th2r ·;;i nd - thrcw 

scars or b r ok::;r..- off s tum_!!s i n s o:1trast s i ::li l ·3.r .Jvid ?nc •3 

.:::o-t.L'1d i n o.rt~y : our of 
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these groves ~~v::; d3V3l oped a fter wind~Tow of 9::.tc~es of 

t 2.ll f orest . 5 :::'1:.::; .c:S. j ority of th::; l o,;s a rJ too far d-:: c :::..y :::;d t o 

f -:;r:ni t sp :; c ific i :J::;n~ ifica t ior..3 i n t~1:::; f i 2l d , but h oth poc1 o 

c .3.rps (ri:nu) a _d t2.ll e.:l£jio s p ~r~ s p .::: c i -:; s 3. _;;:>p -3~'.r to !:8.V-3 oJ"!n 

log s ·;r?r8 salva::_; c; d fo r .J... • ' 
~ l:n. o:::;r . 

:L'c.2 .:-:2~0 -:= 'lr e t ;y3>ic :J.lly ::ntli t i-s t et!12!1.'3d , fo r k i n.:::; a t or 

n ea r g-..cou.nd 1 ave l . Some cl-.Jarl~: -::; s t s.blish-ed on f'::l.llen l o3s 

tb.at have s i nc3 l '? .. r 2;ely rot te d 9-'NO.. y ( Fi e, . 23 ) . 3ut on some 

3 i t '3 S t here '3.r '3 a few lJ.r 
0

8r EJB.t.o e ·rvhich UllQ01J.btedly pre-da t e 

vvindfall . The for::1 of soms maho8 sugg:;sts th~y hav '3 produc ed 

n'3w s hoots aft~r b ·:;) i .!'-6 sma.s hed , or top:;l e d a r..d partially up-

root ed proba bly by l 2 r 0 er trees falling on t op of them. 

5 Loggi~~ appears to hav3 i nduc ed s i~lar d~v ~lop~e nt at on ~ 

s i te on this t'3 rrJ.ce , J.nd J. t s ev eral other s ites i n the 

r ~s erv '3s O- t he vall~y . 
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Fig: . 2 1 

cles ses 

Di ame ter distri~ution s f o r nrinciu~l 

suecies a f l ew maho e -do~i n~n t rnic r o ty~e , 

ter r ace ~ _J... I ·: res ~,., . 

~ -axis s~o~ s br ea s t t eigh t d i ==0 -'-e r 

:;: er 

~ecte re f or each s pec ies . 
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Fig.??:Interior of low rn qhne grove , terr ace forest ; s~0win~ 

!T!al:oP grow ir:..g on wind throw mound . 

Fig. 23 Mahoe s tems established on de caying fall en og . 
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It is likely th3. t so:n:; of t.he ·.vi nd t.b..rows ·nere pr:> 

duced by the 1936 gale v1hich caused much dar:!B.ge in other 
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parts of the res erve ( see section 3o5; a lso Gr senwood 1949 ) 
n.:.'ld i:-1 other :or:;sts of the r'Jg ion ( -~ld sr 1965 ; .-::sler 1978). 

Incr e:nent borings were made on s e~re.r ':3. l m.2.hoe st ·3:J.S on one 

site . The gro·Nt~ rin,.:;s v1ere indistinct , but 31 , 33 a nd ]5 
rings e..p~~:ar;d t:> b: presc::nt O!l thz'.:;e ste:218 r an..:; i f'...g f rom 10 

to 12 em rl. b . h . )_l t~1.01_1.g"h ·she p3ri odic i ty o: ::r:-i:r-6 for:::::Ja tion 

in rtnhoe is tU12-:..no ·;.rn , thi 3 d.oes .31J.~.3 e st t:.:.::.;.t ~he ·.vi.r:dthro·:rs 

on t~-:is ysrt icul.:"r s it e oc::::u.rr =)d !!lor; r s c ·:mtly ~; he..n 1 9]6o 

On.:; of t~::; 3C.J1pla plots c ov ~r9d p~rt of a. r "? c ently 

op ~ r!..;d s!:!E.ll ·:;ind -:hrow 6 ap in th3 forest . ~~3:- <; tr..~ c '::.no:py ·:ras 

e..:p.:;;ar ::;ntly ini tic.:.lly opened by th-.; f-;..11 of a si.:!.8'1 ~ u ... "li1 ~ nt­

ifi ed podoce.rp , :p~rh::.:.ps qronnd 20 y :!3.rs 3.60 . This ~ap h::l.s 

be:;n ·.:::nl 8.::::-zed by the much ::nor e r:;c ent ·:: i r~d :;.hrow of a t a ll 

rictl , ·:th:i.c.h 9.lso br01.:t£7t.t down ·~ tc.:::3. ~Yld d~::;::::_s 2d S·2V2T3.l 

other tr -:;-:: s . 

T.his ~x~~ple d3monstrates th3 me chanism of ~ap. op ~niP~ 

:>.r:.d colonise.t ion on the ".c.esic" (but s~ill vvell-drained) s ites. 

Eo ':v~ver, most of t.t.e earli2r ·:li:nd"G~...ro·:rs ( t.t.at produc ed the 

:pres ent .r~1ahoe-doJI1inant c,.roves) '.-,ere 3.p~arently on 3. l 3.rger 

s c e.le t!:an this f 2. irly sr::.e..ll e:.;::=.::ple . 

Canopy pen3tr~tion by sapli~~s of tall er sp 2cies ob -

served in sc:n:; .;roves · pr 2se..g-es t h-e r ed '2'n lop:nent of hit;h for­

e.Jt on these sites . This developm .. ~n~ is i n::vita'tly proc::;:)ding 

in re. th-'; r patchy faa h i on , gi ',rirlJ· ris e in the short-t~rm to 

u_Ylev~n he t erog~n3ous c :?..nopi-es . 5J_t 'J. S a hi~h8r ~r:.opy 



gradu3.lly co2.l ~sc es one would expect your..g t a·;ra to be dro.wn 

up 1Bne3.th to for:::n tal l sts.n.ds s i mi l ar t o those nmv present 

on the tqrre.ce. 

Thus , on tho .:::1esic sit.;;s of this t ~rrace there 

ap)es.rs to be a cycli c p~ttern of fo r est develo~nent sim 
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il:::tr -':;o the " :-.1icros ~res' ' or " s-:;n.J~ es " d escribed by ::x~.ub ~nnire 

( 1968) for tropi c 'll ·;.r_cl sub- tro;Jic:::tl rain :::'orests . The spec-

ies C.i':1Llet-3r riistributior...s :'or 

~~.:.is .::-.i cro -:;ype is li:-:: ~ ly to be s ~1 £'-repl:=.c i :.g , 3.3 s:.:.s.ll t~·.-r::;. 

=:a l l t&Vla - dorrir..::>.nt 

for ~ s-: 

·:;i nd tr..ro';is 

( C) 3tatus of Podoc3.rp 3p3Ci 3s in rerrace Forest . 

-~s ::, xplain2d in Jhe..:;ter ?oLU.~ , t.b..e lo•:; d e:r1.si tj_ :; s of 

podocarps in tDiS tJrrace fares~ ( ~xc2pt at the ~s.rgi~) 

:!::3ant t.b..2. t the plo t S <.:l"""pli~ .::,·s t2w. ·JJ:ploy2d :;;roduced v er y 

sc-:::tnt data for th3se sp'Jci2s . I t ·.-ms d::;cid ~d to c:r;)_is; th3 

.:;r.tire t err::1ce wit~ conti .;1,WUS par"?.l.::.. el t--.:- 2-.:::s~ cts i n an 

::1 tte:::::pt to c ::;nsus '3.1.:::.. podoc.::..r:9 s -:;q:::'.s ~ 'clr"::.ls t L~ i ;·b.t ta.ll . 



_',. tota l of 251 st ~m.s of fiv g ::_:Jodoc:trp s_p3ci ~s were 

r e corded in th~ t o t~l ar~a of ~~out 11 h3ctar~ s of forest . 

167 ( ,-- ~ 5 ~' 00 . , :, ) of tt. ese ·s-er e in t he s r::.all est (spi n.dlins) size 

Cl3.SS ; i . e . < 2. 5 em d . b . h . :D ensiti es of !JOdoc:lrp' 'trg;s " 

( ~ 30 c :J. d . b. b. . ) ·.v ~ rg muc~ b.ic:;h~r or.. z sric t b.ar2. on ::.~sic 

sit ~s ( ='9.bl e rr ). ~ovrever , ";.t e d-e nsi t:..~s of podoc:.rp 
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li ~::;ly to 2ff e -~ t b o t h ::: s taoli.sh,.., e2: t b e ha7i o~ 1 r a:'lcl J,Towth 

:'a t es ; :.c c ordi J:1_:ly da t3. for x eric and :::esic sites a r 8 s h own 

No i ncr '3Bent cores werg taken £r oQ ~he podo c~r~s on 

th3 t:; rrc:. c e , and. s o a6 3- cli ::;.m.,e t er r; l a tion:;.hips ·2.r e 1J.Yi.known . 
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j _ po or o.ge- di ::.::.1eter c orrel ati o.:-1 ·::as f o L"lcl fo r tota:r3. wi t hin 

bot:t tlB der...s e p odoc arp fl o eel p l 3. :..n s t ::.r:.ds , ·.-vi t!1 diameter 



grovvth rates in the you...'1,;3r stand rang ing fro.:!l. 1 • 77 t o 4 ~ 06 

mm :per e.nnU!!l. ( Table II). A. . Katz ( ? . ?.. . I . ,unpublished c!.ata ) 

a l so foQ~d a poor age- d i ameter correlati on in the Okurapoto 

dense :podoca rp stand in ·:rhirinaki 3te. te Forest . How:;ver , 

most ~Tew Zealand studies i ndicata that in forests wlETe con­

ifers a re present at lower der..si ties , die.meter is a more 

r "'li "'"l P i Y1dl· rCl.Lor o.;:o Cl r;"-=> • -" -r 7·7icroll'"' (1 0"6) n ---"' rdl"' ..... __ <...~ _ _, --- - c......~ .J.. c.;.,.o~ J _, • o • ;. , _ .... _ --.:;) ...;..1 ' ..i.. CJ ··- · _, 
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1963a) , V:;blen ·?.nd s-:cwart (198 0 , 1982) . I n t l:c::se tY}JeS of 

forc::st , di3.::J.etc::r distri "":Jutions can therefore:: be more confid­

':;ntly used to ::.pfro:d r::.a te podocB.rp pop:_Qa tio:1. ::J._:;e s tn1.cturc::s . 

The ove:r:::.ll :picture superfici::J.lly st~.g.;::sted by the 

diameter distributions is one of non- equili briu.:n _9opul.::.tion 

structures and discontinuous .o; st3.blis.b...1Ilent . The exc eption to 

this is that of J21a t a i on x eric sites , whicl1 is th9 only dia­

meter distribution ap_r:;roxim.ating e.n i nverse - J type structure. 

This d i stributi on is well dsscribed b~f the :pow:::;r function 

model ( r = - 0 . 91 ) , aLd the f i t is highly s ie~ificant 

( P < 0 . 001 ) ~ T.his suggests e. st3.ble ~tai l_)Opul:J.tion strtlc -

Th~ tot~ra diameter distribution fo r x~ric sites 

S1J.ggests a very differ ·::;nt popu~~ tion sti'l.J.ctu.re . ~here is a 

:nassive d i scontinui ty of s i ze cl asses between 10 and 80 cm 
,.... 

d . b .. h .. , 0 su2:gesting a "r :;~eneration ge.p 11 of sevc;ral c ent,xries. 

22 (.31 ~~ ) of tb_e 27 liv3 totara trc:es ::re cltl::lped between 110 

and 170 c~ d .. b . ho ; t~is distribution is stlificiently nor~~l 

in n2ture to SllZ.:?;est a r elatively even-a~2d pop,_;;_L:.tion . On 

tha q_u:::stionable basis of ':!xtra.polation from e;rowth rates in 

flood plain ·ste.nds , one might e:-::p:::ct that mos t of the ext a:'lt 

tot e.ra tr~es germinated sometime B.rolllld 500 - 650 years ago o 

Suc1-_ an interpreta tion must be e..p:r;lied with c ~ution , 

as normal diameter distributio~~ can a r i s9 in stands t~at 

are other than 8V8n- a.ge d . For '::::!Za!!lple , Herbert (1 980) found 

that 11despite the sup ~rficia.lly ':)"'r-3n- aged ap.IJ-3arance 1
' , t~e 

6 One dead stand i ng tota ra 51 ern . d . b . h . was found , its 

top completely shattered , as if by a lightning str ike. 



dominant rimu component of a dense podocarp stand in Tihoi 

State Forest actually included an age range of over 350 
years. This "even-ag:::d 2spect" condition ·11as described by 

Jones (1945) as commonly occurring in forests of tte nor -
thern temper:Jte zone. Hmvever, this condition (reflecting 

a poor age-di8T.~ter correlation) appears to be associated 

mere with fo~ests where the species concerned occurs as 

dense stands , rather th8n 2s a more scattered emergent 

component. 

Even if one c2nnot t e confident of an even -aged 
veteran popul:Jtion, the diameter distribution of totara 

clearly attests to a lengthy "ree;eneration ~ap " , after a 

period 0f relatively f requent establishment on these sites. 

Rather th~n r andomly scattered over the xeric sites , the 

t o tar2 trees tend to be clustered, and their crown s s ome -

times mee t. Their boles are of only moderate height 

(ty?ically 10- 15m to the first r.Jajor branch), ··rith broad 

spreading crowns. T~is for~ suggests that these totara did 

not develop in very dense stands of other tall trees. 

However, totara density on these sites has in the recent 

past teen significantly higher than the pr:::sent stocking. 
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This is clear from the presence of VIIO dead standing trees, 
four cut stumps and probably at least four fallen totara lo~s. 7 

Many of the present meagre stocking of spindlings and 

saplings appear unthrifty ( as described for the flood plain 

stands, section 5.1.! (a)). Even on these xeric terrace 

sites, totara seems to be a poor competitor in the forest 

understorey. Nevertheless, some of these juveniles, · devel • 
oping beneath a light C8nopy of mature titoki, look certain 

to progress further and emerge - thus representing effective 

re gen eration in progress. 

Most (73% ) of the totara spindlings and saplings are 

concen t:ra ted in v11o small ( '.videly-separa ted) clusters. 

7 Two of these logs were unmistakably tote.ra , but tr.e state 

of decay of the others prevented positive identification 

in the field. 



Probably significant is the fact that these sites of 

regeneraticn are away from the present main concentrations 

of adult totara trees. There is only one standing totara 

withi!J. about 100m of tb..e larger "regeneration cluster "· 

Similarly a solitary veteran totara about 25 - 30 m away 

is the only adult conspeci f ic within 60 m of t h e otter 

re genera tion site . No totara spindlir.gs or sapli!J.gs are 
present beneath tte crowns of any of tte adult trees. 

A self - suppression effect on regenerati on therefore 

seems distinctly possible . Fox (1 977 ) discusses several 

exampl es of 11 8uto -i '1~ ibiti on" ef_ects , the precise c auses 

' ( 6 

of which a re gene r ally not well understood. Such a n effect , 

resulting from the occupancy of t h P.se sites by the present 

g9ner8tion of totera , could be a t l east pa rtial ly respon -

sible for tre "regeneration gap" of rec en t centuries. The 

current pattern may r eflect develop~ent of conditions more 

favourable to regen~rat ion on th ose sites where the densit­

ies of the veteran totara rav e dec lined by natural attriti on 

e~d a l ittle logg ing. Under this scena rio, one would predict 

a n:o re widespreed upsurge of tot2ra regeneration on tl-:e xe ric 

sites in t he nea r future, as mo re of the presen t trees die • 

Totara mi gh t not be able to vigorously re - invade until the 

present soil aGd litter conditio'1s produced by the ma ture 

trees hEve been 8ltered by a peri od of ang i osperm s i t e 

occupancy • Such a cycle was proposed by 3ieleski (1 959 ) for 

re generation of kauri • 

Thus a discon t inuou s cyclic pattern of tctara regen -

eration on the terrace xeric s ites can b e envisaged as 

possible) with lengthy natural "regeneration gaps" resulting 

fr om auto -inhibition during phases of site domination by 

mature to old totara trees. Such a cycle, once initiated by 

major disturbance affecting the whole forest, c ould b e per­

petuated for many generations (Jones 1945 ; Ogden 1971 ); 
although a gradual decay of synchronism t hroughout the forest 

would be expected . 

The car~iage of fire on these dry sites i s quite con­

ceivable, and 3C there is tte possibility that past burns may 

ha ve influenced vegetati on development. The promin e~ce of 
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24 Dia~ete r distributions of ncdocarn snecie s 

in t errace f orest. 

X-exis shows br eas t height d i amete r classes , 

a:1d Y - axe s sr_ow number s of sterns (not density ) fo r each 

species • DPad stand ing ster.s a r e deno t ed by open 

col umns and by figures in p2rentheses . 
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rewarewa is perhaps suggestive of fire ( ~cKelvey ,1963). 

Hc~ever the only direct evidence of burning is a solitary 

burnt- out bole, and the presence of lar ge apparently un­

scarred t otara within c . 40 m of this site tends to discount 

t he po ssibi l ity of an extensive r ecent conflagration. 

~es ic Si te s • Mar ked d iscontinu ities also occur in t~e 

diameter distribution s for all podocarp species on mesic 

sites . 

Al~~ough matai , miro 2nd kab.ikatea ~re relatively 

~ell -represented by spindlings (c omp~red to the numbers of 

mature trees), there are no stems of any cf these s pecies 
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in the 10 - 50 em d i amete r r ange. This seems to indicate a 

current upsurge i n regene ration of these species, after 

probably a t least two centur ies of nil effective establishment. 

Alternat ively , this interpretation may be incorrect , 

qrc +he "regenerat i on upsurg= " rray be en appa r ent ratr.er t::e.n 

a real pheno~enon . It is possible that few cf tre present set 

of matai and kahikatea spindl ings wil l develop ~urther and 

contribute to effective reg~ne ration. Current mo rtality amo ng 

t h e kahikatea do es appear t o be fairly high, 8 and many 

individuals of both species appear unthri fty. Similar s to ck­

ings of podocarp spindlings mi gh t hav e been present th r oughout 

the last few c enturies , during which time there was apparent­

ly no e f fect ive recruitment to the large r size c lasses . 

Totara is much mo re sparsely distributed than on the 

xeric sites . There a re nine extant (and two dead ) stems 

between SO and 17C em d . c . h . but no stems in the 10 - 90 em 

range ; once again indicat i ng a lengthy r egene r a tion gap . 

Juveniles a re very rare , but some appear very healthy . 

The regenera tion gap is most pronounced anc leest 

fathomable in the case of rimu. This species is represented 

on this t e rrace s olely by large trees , with a complete 

8 Five dead standin: kahikatea stems < 2 . 5 em d . b . h . 

were recorded ( see Fig. 24 ). 



absence of stems of less than 110 em d.b.h. Two recently 

fallen stems and two more decayed logs are recognisable as 

rimu , there is one massi•1e dead standing tree, and one of 

·the four remaining live rimu is a moribund fast-disintegrat­

ing specimen. The picture is clearly that of a senile popu -

lation experiencing heavy mortal ity, with no replacement. 

Observation suggests that the rimu population throughout 

other parts of Totara Reserve is in similar condition , and 

it ap~ears that the mere handful of young ri~u in the dense 

podocarp ~locd plain stAnds represent virtually the only 

effective establishment of this species for several hundred 
years . 

Altho ugh seedfall and germination were not specific­

ally monitored , no rimu seedlings ( even of the cotyledonary 

stage ) were seen in the intensively-studied Old Ccach Road 

block of Totara Reserve , suggesting that at least currently 

there is little or no local supply of viable seed . Alth8ugh 

it would see~ highly improbable that most of the rimu in the 

reserve are 8 c tually too old to produce viable seed , it is 
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.conceivable that perhaps copious quantities of pollen ~ay be 

required to ensure a good seed set in this species , and that 

the present low density of trees militates against adequate 

pollen transfer (M . tkEwan , pers . cor.1m.). Hmvever , this explan­

ation appears unsatisfactory in view of evidence for a si~ilar 

lack of recent viable seed production in nearby "Keebles Bush ", 
where rimu trees are present at much higher density . q . ~ . 

Greenwood (pers.comm.) has collected litter from Keebles 3ush 

since·1979 , and from these samples has successfully rais ed 

seedlings of many species . But no germination of rimu seedlings 

was found in any of the samples. 

Rimu is regarded by Beveridge ( 1980 ) a s the podocarp 

with the most irregular seed crops, and is also known to show 

a !ligh in(:idence of empty or undevel')ped seed . However , the re 

is little uncerstanding of the environmental stimuli and/or 

?hysiological mechanisms controlli~g podocarp seed crop 

periodicity. ( e . g . Beveridge 1973,1980). From the evidence 

described above , it appears likely that the rimu populations 

in both Tota ra Reserve and Keebles Bush (sepa rated by about 

38 km ) are subject to the same regional periodicity , and 



that heavy seed crops are i nfrequent throughout the tv1af'l_awatu 

region. 
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No rimu spindlings accompany the present stockings of 

juvenile matai and kahikatea concentrated on certain sites 

( described later in thi s section ) i~ Totara Reserve . This may 

merely have r esulted from a lack of ri~u ~eed pr0duction 
dt.: ring the fe,,.., ye8.rs that -f.::'hc::::e particul3r si -+:es w?re in a 

condition rec eptive to podocar p establist~ent. 

Establi sh~ent Sites . Analysis of the establi shment sites 

of the podocarps, i.e.the sites occupied by th e smalle st size 

cl3ss (sp indlings), appears to offer some i nsights on regen­

eration mechani sms. 

For each of the 167 (live) podoca rp spindlings f ound 

during t he cruising of the terrace , t he i~~ed iate environment 

of th e si te was cl a Esified i n the sa~e categ~ries used for 

the pl ot sacple s :- xeric forest microtype 

x eric or:en ( car.opy gap ~ c. L~O rr.2 ) 
tawa f orest mi crotype 

low ~aho e gr ove microty;c:: 

- mesic open (c anopy gap ~ 
2 c. 40 m ) 

The results show ma rked differences be twe en tr:e tr: ree 

ma in site vegetation microtypes ( Ta ble V ). The lack of rimu, 

kahika tea and ~iro spindlings on xeric sites is consisten t 

with the absence there of adult conspecifics (Table IV). 

An interesting feature is the much higher average 

density of podoca rp s in the low mahoe gr oves , than in th~ 

tall t awa forest microtype. This is particularly so for 

kahikatea and matai • Chi-squa re tests were used to establish 

the significance of these differences (Table VI ). The 

"expected" values for the tests were derived from the estim­

ated areal proportions of the three site vegetation types 

found on mes ic sites. I n order to fulfill the general recom­

mendation tha t no expected value should be les s than 5 , th e 

scant "mesic open" category data '"'ere included in the " ::1ahoe 

groves " category . The pooled data for all podocarp species ' 

spindlings were tested ; kah ika tea and ::1atai were also tested 



independently . 

The tef t resul ts are hi ghly significant in al l cases 

( P < 0.00 ·1 ). This clearly demonstrates th a t the sites now 

occupied by l ow m2.hoe groves have recently provided con -

di ti ons more conducive to podocarp establishment than those 

sites currently occupied by tall forest. 

As explained earlier, most of these mahoe groves have 

arisen after extensive windthrows. On one site where three 

mahoe stems a ppeared to contain 31, 33 and 36 rings, one 

kahika tea a ~d one matai spindling were cut at ground level. 

31 and 32 rings respectively were count9:!d on these basal 

sections • It therefore seems probable that many of the podo­

carp spindlings are .ofsimilar age to the present mahoe stems. 

The i r germina tion (or r elease of existing small seedlings) 

was proba~ly i nduced by th e massive canopy opening and soil 

disturbanc e r esulting from windthrow . But the podocarps have 

subse q_1·ent1 y be en overtopped by mahoe and oth er fast-growing 

ar:g i ns perrns ':rhich n e-d form t he canopy. Smal l er podocarps 

( seedlings , < breas t he i ght ) also present in these stands 

may be of l esser ag e. 

I t i ~ diff icult to 8ssess the extent of effective 

regere r ati an tha t will develop from the present juveniles. 
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The b~sal sec t i on cut from a ~atai spindling revealed f8irly 

stea d ~ · e;rc.':vtl! cont inuin; through to the p resent. In contrast 

the k2l.., i.katea showed recent suppression , after a burst of six 

or 5 2'·' 2 :1 vea.rs of rapid hie;hly eccentric grov!th 'dhich was pres­

uma~l . y relat2d to s ide li gh t froc a small transi ent gap . But 

thi s .:::8~,n 'l ·~ of .:srowth p2tterns is too small to be useful in 

it :-- o··m right in assessing the status of t he present spindling 

crop ~ ~~s pecially in view of the v2r ia tion vri thin the low 

mahoe microtype . Some spindlings are clearly struggling ; very 

spnr~ e1y-foliaged , tangled by lianes and overtopped by dense 

canopies. ~uta good proportion appear healtb.y and uncluttered. 

Some of t hese are well positioned to take advantage of small 

gaps ::1nd ar eas of lighter C8nopy. 

Beveridg e ( 1980) stated that \d nd throw gaps on well -

drained s i t e s a re often invaded by fa st~growing small angio­

sperr:. s w1.'-,i ·:n 11 gene r a l l y i nh i b j_ t deve lopment of young podocarps 



TABLE V: Distribution of podocarp spindlings among terrace forest 
microtypes. 

Microtype Species 
Kahika.tea Mat~i Miro Totara Total Density /ha. 

Xeric sites 1 37 0 6 44 15.2 

Tall ta~~-dominant 12 24 8 4 48 9.2J5.2 
lAJ:.N rnahoe-dominc;nt 33 33 3 70 26.9 

Mesic open 2 3 0 0 5 

TCYrAL 48 97 9 13 167 15.2 

TABLE VI: Chi 2 tests on distribution of podocarp species spindlings 
on mesic sites. 

(a) Kahikatea 

Microtype 

Tall tawa-dominant forest 

lAJ:.N mahoe + mesic open 

TCYrAL 

No. of spindlings 
Observed Expected* x2 

12 

35 

47 

30.21 

16.79 

47 

10.38 

18.68 

29.36 P<O.OOl 

* "Expected" values calculated on the basis of the estimated areal 
proportions of the various microtypes on the terrace. 

Table VI continued on P. 8 3 

132 
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TABLE VI: Continued 

(b) Matai 

Microtype No. of spindlings 
X2* Observed Expected 

Tall tawa-daminant forest 24 38.58 5.14 

Low mahoe + mesic open 36 21.43 9.24 

TOTAL 60 60 14.38 P-<.0.001 

(c) All Podocarp Species 

Microtype No. of spindlings 
X2* Observed Expected 

Tall tawa-dominant forest 48 79.07 11 .82 

Low mahoe + mesic open 75 43.93 21.27 

TOTAL 123 123 33.09 P<.0.001 

For each of the three tables, the calculated x2 value exceeds the 
tabulated value for P= 0. 00 1 i.e. highly significant differences in 
pod.oc-.arp spindling densities between microtypes. 

* Yates correction employed in calculation of x2 values. 



while th ~~· rer:2in vigorous" . Tr1 this case j_t j_s not K!l.C \vrl 

how lone the maboP canopie~ ~?n be oxpect~d to rema in 

vigorous . Grant (19b1b) obtained ag~ estimates of about 100 

yea-rs from rirrg counts on ''large mar0e 11 gro•-rin:?; on alluvium 

.in the ~·/p st Tamaki catchnent. of the Ruc.hine R.8llce ( 450 m 

C! . s . l .). I Rr ,~ in no doubt trat massive "ol d rr:an" if:ahoe are 

often over 100 ye<'lrs ol d . ~3hoe 8ppears to r eplace old 

dying limbs by new shoots gr owing up fro~ near the base of 

thP stem (Esl e r,1 962 ). Although the absolute J.ongevity of 

mahoe is unknown , the typica l life span of most limbs is 

almost certainly more in the order of decades t~an ce!1~Jrie~ 

This is suggested by the r1umber of dec~dent and dead limb s 

already present in some of the mahoe groves. An increasing 

incidence of sme.ll canopy gaps throughou t a r:1ahoe grove can 

be envisaged from such a _proc e ss of limb senescence a..YJ.d 

r epJncP.ment . Thus, completP. death of canopy mahoe individuals 

is probably not necessary fo~ rel eM.se of manv of the podocarp 

( and an~i0~pprm ) juveniles benea th , 

The process nescribed 8bov e that of podocarp 

seedling re8ruitment in large wind~b ro~ gaps , suppression 

for sever al decades beneatb small fa~t - ~rowing aneiosperms , 

with subsequent release Rnrt e~ergenc e t~ rough thinning cqn -

opies is c:rpp;:,rently ir progr ess 0n. this terra ce at p-:es ent. 

Needless t o say, such 8 p~oc ess cannot be proven to represent 

th e majo r regenP.rati.on IT1P. '-ha.:1ism respons i'Jle fo r establishment 

of ~ost of the P.XtM.n t podoc2rp trees on the mesic sites of 

th:i s ;:mrl ot"bF?r t<?rrBces. But developments si~i l;:,r tc t""o;::e 

currently in praeress , includine regene r ation ~-· 3 0 2 2 ;~do -

~~-· .1.:'1. :_ <·~ _-j _7, .· ~ ,'', . ."1 1. _- _ .-- ~ ~ ' '\ ""' ·1· '"'I-~ C 'I ~ "' ~ r'\ ~~, . • .J ·1· . .; ~ , 1 1-- . - - -.- · ::.J;. t~, l!-- ~·~ ~ ... ·J.J ~_ ,,_~! v_CY't 0~ ~J O CLO C ,'.:l.l~p C(.) 1/) ~~ -uf-3 
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c rco.tsd c on c1i tio:ns fa·Iou ... :cin~ rapid s it e ca:ptur '~ by maho e 

in c:p ·~xl. si tua tion.s. T.l~~3 ·,; 0:;?8nin..:::;-:; hav.:; a.l:Jo p·32.~rn.itted 

est .:.'hli:;h:.'.ent of poclocar:.~s . :Ji'!B.l l er sca l e c:::. ... ::.op ~r mo:rt?.li ty 

\ ·f'tl'JOu·r r·cr.r11i 1-nq;:l.l.. to -'-: h" C "''"l•J ~ )-:- 0""" ) _ ......l.. _ ........ _,_ .... ~- .;. __ . ... u v __ ...... ,_ .. __ _ rJ ~ tl: 2 tall er 

2.nzios1Jerm SlJec ies suet . c:~. :::; rarrar;wa , ti to1-:i e..nc1 especia lly 

t D.'.78. , rrhich a re ·:.' ,;11 l'2l)ressntec1 in th? 1.L"l<iersto:r'3ys of 

r 2pl.i.CJ:a1ent b y th·e c::Lno]}y dortlin::lnts a:9~:; ears to i:Js typical 

o:f forests wh :Jro interval s 1Jet ween d i stuTb:m.c2s a r e gener a l -

l y longer t !1a2:1. the; .:;enera ti on t i ille of the cJ.no ::_') ~r d o!!linants 

( e . g . J ones , 1 :Jlr-5 ; Fox , 1977 ) • 



5.2 I..i ~~ht J.el 2.tion.s . 

periods ru.n_;-il16 from 1 90 c1ays ( f or <Jt.:G·:9. t e2. ) to 270 days 

( ti t ol:i a nd tot 9.ra ) . . Th e r elatio~1s ~i:9s bet•.n 2n dry weight 

incr '?.:.". ~ cmt and r elative light iYlt :: ::.~...si t ;/ a re shm7.:.l in Fig .25. 

Non2 c-f the four species grm-:n s h on ::d. a linea r relation 

ship t~rrou_zhout the full range of ligh t int ens i ties 

( 1 . 8 t o c. 80j~ r .l.i.). Only fol~ tot9.ra , v-1as there a stat -

is tica lly significant differ2nce '.Je'b.7een the mean final dry 

weights in Treatments A a r1d :B . ( Ta8l e VII) , and in a ll 

s:peci ':=s it a:p?ears that photosynthesis becomes saturated at 

ligh t l ev els 1Jelow 80~i r .l.i. 

Jv.dgin:_; from the slop e of the lines b 8tvn en t he 2~.;:~ 

a ncl S O ;~ points ( Fic;.25) t~:; tot 9.:::.~a s 3edlin,ca show the 

p ::: r h-::r:;_J.s ~ t o.rou~1d 40,:0 relative 

li,sh t i11t ensi ty . ICahika tea and ti ·~o~·:i ·oot.!'l a p1Jear to reach 

satu..ra t ion. poin t at slightl;y 2.1Jo•.1 e th·e 24- :0 l ev Gl. PLJJ.:ate8. 

ap:pe.2rs to r each s aturation a t or belorw" the 24 ;~ l evel ; 

but th ·:: sa:nple was very swall for t~!i3 species , a nd so the 
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resul i; ~) for p1.:U.{a t ea can be e:1cpect ed to be tl1e least reliable. 

:Ea.rli er E orthern Hemisphere studies have found that 

pion '.; -:: rL1.g tree s pec ies g -::m erally s~o·ir h igher sat1.rration 

leval s than late successional species. 5or example , both 

Kra;:lc'~ X' and De ck:JT (1944) , and Kozl o•:r3YJ. (1949) found that 

S 8 2d1in~s of I ,obolly :pine (Pinus t e. ed 2. ) showed increased 

pb. o to :=;~rnth ::sis :for increased illu .-, i n 3.nce at all l ev els up to 

fu~l sunlight • In contrast , the as.:;ociated hardwood 

species found to be invading pine s tands reached their 

maxiEmra. photos ynthetic rate a t 30,~ or less relative ill-u..m 

inanc e . Thl1s t he :photosynthetic r es ::9ons e of pukatea appea rs 

t;y-:pic.?J.l of a l e:>..t e succession or cli.:::n x speci es , vihereas 

t hat o:f totara is SL.lggestiv e of a mor =. pione ering nature. 



Tn t' :::8 tnr2ti.on l evels sue;gested by th2 re sults of tt:e 

present study ~re lowe r than t hose typic8lly ~ound by most 

authors , e . g. Kra~Tler and Decker (19)~_l!), Y::czlr) 1.·rs1.c i (191.~9) , 

Bi eleEk i (19 59 ) • This ma y i nd ic ate that factors other than 

photos~mt~,eti c saturation contributed t o the levelling off 

of th2 i ncrement graphs for <1ll species gro'~rn in the present 

study e . [. effects of heating associated witt higher light 

intens ities . 

Growth rates for each species in eac~ treat~ent 

were calculated from mean dry weight increases according to 

the " compound interest " grmvth rate formula ( V.H. 

Black~~n , 1919 ) 

r = 1 ( /t ) loge W2/ W1 , 

where r is th e geometric growth rate ; t the number of days 

betwe en weight measurements ; \V1 t he mean dry weight of 

the initial s ample ; and W2 the final mean dry weight. 

Figure 26 shows the r elationship beb~e en log10 
per c 9nt rel a tive li. gh t intens i t y and gro'.vth ra te for the 

four species. It is a pparent from t his that with decreasing 

light intensity , the performance of the D....-o podocarp 

species declined relative to that of their angiosperl:l coo.p­

eti t ors . This relationship is also demonstrated by visual 

com?~risons of totara and tito1<:i seedlings fro~ treatments 

A a~rt D ( Fig. 27, 28 ). 

The virtua lly nil growth of totara in treatment D 

indj cates that this ligh t level ( 1.8% r.l.i.) approx­

imat<?s the comp~nsation point for the s.pecies. The high 

mortelity of tot8ra seedlings in treatment D ( from Table 

VII ) is consistent with this. Extrapolation of the graphs 

back to the "X" intercept suggests compensation points 

~ 1.0% r.l.i. for both kahikatea and titoki, and in the 

region of 0.7% r.1.i. for pul<:atea . 

Thi.s pa ttern among the four species par allels t h3.t 

founo earlier for light s8turation l~vels ; i.e. photo -

synthetic compensation points appear to show a positive 

correla tion with saturation levels. Thus an adaptive grad -

ient js apparen t. a:nong the light requirerents of the four 
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TABLE VII: Seedling Growth Results 

Treatment n Mean dry wt. (mg) Mean daily Growth Shoot/root 
initial final initial final increment rate ratio 

(mg) (mg/g/day) (final) 

To tara 
A 16 15 71 2319 * 8.33 12.91 2.50 
B 16 16 71 1529 F< 0.001 5.40 11:14 3; 15 
c 16 15 71 296 P<0.001 0.84 5.29 3.63 
D 17 13 71 74 P<0.001 0.01 0.02 3.93 

Kahikatea 
~ 

A 21 20 22 978 4.30 17.25 2.20 
B 21 19 22 835N.S. 3.74 16.53 2.44 
c 21 20 22 232 P<Q.Q01 0.95 10.71 2.74 
D 21 20 22 52 P<0.001 0.14 3.91 3.07 

Titoki 
A 16 13 78 1872 . 6.64 11.77 2.71 
B 16 14 78 1716 N.S. 6.07 11.45 2.92 
c 16 13 78 672 P<0.001 2.20 7.98 3.42 
D 16 14 78 170 P<0.001 0.34 2.89 4.63 

Pukatea 
A 11 7 18 444 2.24 16.87 1.43 
B 11 9 18 443 N.S. 2.24 16.86 1 .66 
c 11 9 18 222 P<0.005 1.05 13.22 2.16 
D 11 7 18 69 P<0.001 0.27 7.07 2.95 

*T-test for significance of differences between final dry 
weight treatment means. N.S. = difference not significant at P=0.05 
level. 



sp c: cies : the adapt i on of photo synthPtic r=~r.d respiratior> 

mechanisms of shFH:le intoler.:J.nt species for ~Flximum util -

isation of strong sunlight is achieve rl 2 t the cost of 

lowered efficiency under shede conditin~s ( Spurr and 

Bar::1e s , 1973). 

A possible limitation to the useful~ess of the 

ex9eri.mental resul ts must be me~tione~. There ':rere con -

siiPrable differences behreen the ini ti::J.l mean. seedliP-g 

wei ghts of different species , and there is some evidence 

thFl. t this might J.imi t the val idit-y of inters:recific co::1 -

pari s ons of growth rates ar~d compensation po i nts. 

G.E . Blac1unan and \:'filson ( 1951 a,b ) found t:Oat relative 

grcwth rates ( g I g I day ) for Helianthus seedlings 

declined with increasing age , and this appeared to be 

due to a gradual rliminution of leaf-area to plant weight 

ra tio , with .i.ncre f'l sing plant size. I might add that self­

shading effects a re also likely to contribute to this 

dec~i~e . Si~ilar observa tions o~ trends in growth of 

C2nnebis and He1i.an thus s e edlines were discussed by V. H. 

Blackm r=~ n (1919 ). Thus t here is evidence t~at certain 

annual plants bec o~e less effici ent ener gy transducers as 

they srow larger , a s a consequence of morphological devel­

opment • Intuitively , one would expect this law to apply to 

most pl ants , al t h r;1JB;f1 to :!lY kn ovrled8e the significar.ce 0f 

the> effect i:-1 forest tree s eedlings l:8s not been stud5..ed • 

F0rb.m.gtt:>l y , the t i toki 8:-J.d -l:otara seedlings }-_.:J.d 
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very .s j rr. i1 :::tr ini. tiRJ.. me c:. n dry '.<~eights ( Table VII ) , ar:d so 

co~pa riso~s can ba s afely made ~~~<~e ?n these two spec5..es 

whir;h are commonly associated 0n welJ -drained sites. ~l:e same 

c~n he said for the other pair of intimate ecological qssoc ­

i.ates , kahikatea and puk2.tea . The results of this section 

suggest that seedlings of both podocarp species grown have 

hizher compensation points and inferior growth r a tes 8t low 

r elqti.ve light intensities , in comparison with two prin -

cipal angiosperm associates whi ch typically appear to be 

r ep1acing them on their re ~ p ective sites. 

It is perhaps regrettable that certain other species 

wert=? not grown in these experiments . Comparable inform2tion 
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on thA light responses of mata i , rimu Anrt esp~cially 

mahoe ;,eedlings vrould have been u seful . Ivlahoe is abun­

dant th roughout the forests studied and appears ta be a 
muc h more i mportant element j_n forest dynamics th"'lD was 

ini t i ally r ealised by this author • 

Caution must be exercised in comparing the growth 

rate s ancl estima tes of compensation po i nts vri th those 

obtain ed for other species seedlings by other workers . For 

example , Bates and Roeser (1928 ) estima ted compensation 

points for seedlings of some North American coni f ers 

Pseudotsuga taxifolia 

Pinus ponderosa 

Sequoia sempervirens 

301 1 . 
70! r. .l. 

2% II 

1 • 5% II 

Bieleski (1959) estima ted a compensa tion point of 0.9% 
r.l.i. for kauri seedlings • Pock (1 979 ) infers values in 

the region of 1% for all four spec ies grown in his study : 

kaur i , t anekaha , lancewood and mapau . 

Tv:ost wor kers appear to have obtained their results 

using instantaneous measurements of light intensity 

( a lthough unfortunately this is some times not mad e,clea r ); 

whereas all light measurements made in the present study 
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were integrated ( long term , cumula tive ) values. Average 

light condition s in the four growth treatments ·were measured 

using integrating light meters over a 2)-t hour period . Such a 

method is likely to produce lower values for relative light 

intensity ( % of full daylight) than instantaneous measure­

ments :::ade in the middle hours of the day 1llhen the sun is high •. 

This distincti on is more important in the field. Under 

canopy gaps , very significan t differences rPay arise bet11een 

instantaneous and integrated measurements on t he same micro­

site. Instantaneous measurements made toward the middle of the 

day, during clear or light overcast conditions, may produce 

figures as high as 10 - 20% r.l.i. under even a small (s ingle 

tree ) c anopy gap. But the aver age light conditi ons for such 

a site throughout a full day are unlikely to be higher than 

c. 5% of total irradiance received outside the forest . 
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H'ig. ?7 

Fig. 28 

Co ~8rRtive devPloprnont , Ht ti~e of hprrest , 
of tot~r8 so0rllin8 ~ f~rm trp?+~o~t ~ ( lef+) 

P~d trPPt"'!nr-t D. 

Comparntive deve opment of titoki seedlings 

from treatment A ( left ) and treatment D. 
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c' r· ? 
.:.;. ~ . '-- Fores t Light Measurements . 

were 

Measurements of r elat ive ligh t intensities ( r . l . i .) 

obtained from small samples of points in floo dpla in 

and terrace f o r est unde rstor e ys ( total .52 points , 

Table VIII ). These v a lues a re expressed as p erc ent ages of 

the " f ull s unlight " values obtained from sensors exposed 

at op en sites outside the forest , over the same p eriod . 

TABLE VIII : Forest Understorey Light Environments. 

~ 

Fores t Typ e N Mean r.l.i. Range Pe rcentage of 

(%) sample below 

1 . 8% r.l.i. 

1 . Floodpla in to tara 13 1 . 41 ~. 81 - 8!-). . 6 
f o r est ( younge r =~ . 07% 
" C" E' t nnd 

2 . Terra c e fo res t 

( a ) Xeric sites 1 "1 2 . 52 1 . l.J-4 - 27 .3 
4 .34% 

(b) Ta ll t aw a - 15 1 . 31 ~ .77 - 86.7 
dominant 2 . 29% 

(c) Low mahoe - 13 1.35 'J.77 - 8L~. 6 
dominant 2 . 43% 

-

* 

* This figure is the experimenta lly-est ima ted compensation 

point for totara seedlings ( Section 5.2 . 1 ). 

The understorey light e nvironments in type 1 and micro­

types 2 (b) a nd 2 (c) were a ll found t o be very s imilar. No 

sign ifica nt differences (P = 0.0.5 ) we r e fo und betwe en t hese 

thre e samples, using T-test s c onducte d according to the p ro-­

cedure rec ommended by Cochrane and Cox ( 19.50 ) f o r comp:t ring 

samples of unequa l size a n d varianc e . 



The xeric sites mic r otype ( 22 ) showed 2 me a n va l ue 

signj. f ic2ntly higher (P <:. '- . 01 ) th?r: t::e otr..o l~ three 

s ampl es , a s ::. i gh t bo ex;:ected fro~ t":e lower s oil moisture 

s tatus and co:tseque!l.tly lmver ve[ete t i o:1 density on these 

sites . I n ectd ition , a wider ra~ge ~ = light in t ensities 

was Pv ident ~ n the xeric s i~es s ~~p:e . This variation 

wi t .hi_n the m.tc rotype .is pr:>babl :,· an incication of the 

em,-iro:: ... ental heterogenei t y cree.-:ed 's~- the patchy dis trib­

u tj.on of the m~s sive e~ergnnt t~tare thr:>ughout a matrix 

of -:r~cr s;n ·~ ller trees . 
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5 . 2 . 3 Influ <:>nce of Li:-;ht ir:te:1si t y on se ecr~_ j_ng 

es tel;)l i sbr:;pn t . 

I n ~ 1 1 ~ our fo~est ( mic r o ) t ypes i n ~h ie~ l ieh t 

su gc e::.t th -::·t. u ~~c1erstorey !'lsta bli sh'Tlen t , surv_i_ v c:t l end 

rPc -~ \ 1 i t!T'e .~ ~ ::'.:::1 tes of thPse spec ie s ?Te l ovr i n cornpa r i son 

1,1i_ t}i tl: ose r)f a~sc:ciated qr.2; to spPr r::s such as F-1k2.te a , 

ta ·•/8. ::1:-c:i ~~ j_ t'1l:i ( Secti 0n c; . 1 . 1 , S . 1 . 2 ) • These latter 

spe ci ~s 8re on most sites rep r esent<:>d b y a l l - s ized popu ­

latio~ s . T~ese cjrcu~stances are particul a rly so fo r 
~ 

microtype 2 (b ) and type 1 and least s o f or 2 (c) . 

In ~icrotypes 2 ( b ) ~ 2 ( c) a nd type 1 , pr esPnt 

understor e y light intensities o~ nost site s are below the 

~ ampensation point experime~tally e~ tiDa ted for totara 

;:;cGdlin~s ( TabJe VIII ). ~eedlPs~ t o say , t~is doe s nc;t 

cu~rently lj~itins ta t~ra rozenerati0n on th ?se sites . 

A ho s t of ot~-- er .si t:e fqct:;rs a r e pnt?nt j_alJ y infl u en t 1ol 
i r; dPtPY''"l· -~·i no- Unders +,....rp•· rPD]PCP""'c.n ·t trpY1 0S (~0'{ 1077 1 - .... .L. • _ .. l l.l_ .. j.. .. ... 8 - . • ~- ·-~ . . j ..&. • -" _, • •• ..--· ... l , ...._ .1...:. . · , \ ..... ..: ' J I t 

~nd ~t ts poss ibJ 2 th~t so~e other unidentified fActo r ~BY 

l; p i~h e c ri ti ~8} 1 i;,1i_ t2t io ~ . But t~'P resul t ~ cle2 r J.y s h ov! 

F:8 -~ presr>:r:t unc'!Prston"'y 1 i gh t e:J.vi r l)r.:nents Ar e ini mi_cal 

t o to t a r a seedJ. j ~~z::; , ;:, ::: d con fi rr::. t h8 t tot8r8 re~enera tio;:;. 

cA n be Px~ect~d 0nl y r~re l~ in und jstur hed olrt [rry~th 

f or r::·sts on u~e::;e s i t P.s . F:vP:J. thoc..:rn 1 i g:~t i n.t0ns i t i "" S a r c:: 

a ':· '! vr~ the c:o.::p ,'"'n~ .0 ti 0:1 pCJint on S·:::>""le r.i c r ns i tPs , t hey a r e 

stiJl s ufficiAnt1y l ow ts render t o tr1r2 seed l jn:::;s unc oo­

p~titive (j_n t~rms of ~rowth r a te) i n compariso:1 wi th 

i:i t')) ~i s eeclling 3 ( F i g . 2F ) • 
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CHAPTER SIX SYNTHESIS 

J ~- ·-r ae:, dee r::eci r-i ppropriate t o discns s iY19r:y asp ects of 

tr' .i s s tl: d ~· i r;. t lw i !T~~J edi8 te con text. of t h e r es•...: J. t s ( cr:~~pter 

F ·L· • '"' ) r·ll t· . ·• ,_ ' ... j it r e~~ins to present ~ sy::1thcsis ,_.,: ~ j_ c}-: cons i ders 

t h2 V 3 ri ~u s a p proache s . 

Du~ing the ea r ly stgges of vegetation develop~cnt on 

e. l l,_: v i .,l SI!Tf::J ces , suc<~ess f,JJ P3ta blish:-nent i s restri c ted 

t Q t~o se s pecies i.oleran~ o f frequent flooding and sed i rnent­

atio ~ (Nanson and Beach , 1977 ). At Totara Reserve , the flood 

pla in stnnds d e scribed in ~his stu dy have devel oped appare~t­

l y uniLte ~rupted since their initiations - as a result of 

r e J? t ively rap id d rJ \vn - cutting by thE" river , and .fgvourab le 

c~?nne l ~igr2tions . How e ver , at oth er s i tes on the river , 

di ~~ ru ;,+; i_ c' :J of for e> st d r.~ velopment by sed i mentat ion or by l a t -

,..,~ '-'1 t::>Y•n -c- 1· ,_ . , ·i <:; "'Virle :--1 + ( h'1' g 30 ) 'fll--. o dvna '~ l· C D"'tU~e Of '-- ... -· ·- .L , .. ' . • • ) • .. - ·-- ...... - - ....... i - . .., \ - - • • ..... [ ~ ...... . J .;J • .::1. 1. 

-~~ ~ - _,..-~ ~~ .,__ -; i -:1 e c: o.::.ys t cn•s i_s ':1!?11·- i l i ' :.stra tc:d '!:ly o th er accour:"c: ::; 

c:- ~~ ., _ . _, Z<:.:a } :::p·~ c-: -=< 1 l'1V i a l .f r--- ~ests ( Fo·:.r i'O' ~ake:r 1 929 ; P . \•fardl<9 

a r P. -?.-;: t-l-:.a : ,-:.; rcy of fluctu a tion::; in the hydrolo g i_c r ee;imen 

t l->•:' 2 .. ~re ltJ.ie h l e to be d e stroyed by t.h'? s;c;:r.e f orces \•Jhich 

cr ;_~- : -: ·:'::"' '~ tra:r," . ( P . '.'I :::1.rdls- , 197!~ ). 

'I'~~ e car~a ci t.y for surviv a l o f deep al luvi ation by 

p:c-- :::c~: ic U o:-. r f ':'~ew ( 2-dve n ti tious ) r oot syste:-:1s ( f :J 'de r akPr , 

1 9?:: ; ~-- ~ c S+-:>e r:.ey 198? ) ;...:nr:l.oubtedly fgvours tote ::" 3. .in t h ese 

"c: ? t::' :c, t r ,.., ~:-- r·· p do;:, in a te rl 11 s ;_ h1a t jons . I ::-1 C::: lif0 ::r:.i 2. , t~e same 

st:"v j '.r:.·l 2e v ..:.c e enable :> redwoods ( Seouo i a se:npe r virens ) to 

mei nta ::. r: clc:n in2.nc ? 0~ l.c:·.v-lyL1 g a lluvi 2l si t s s •·rr.ere inter ­

mit tcnt ~lJ~ding a n d nerl i mentat i.on eli :n in~ to l ess resilient 

cc ~p~ ti tor3 ( S to~e 2nd Va s e y,1968) . So~e iegre e of this 

c spe c i.+y i ~ ~pparently present in many New Zealgnd f l ood 

p~ ~ i ~ speci Ps (Christen sen 1923 ; P . ~ardle 1974 ; Grant 
"'1 0 c.; ·1 . ~ 'n \ n -c'-_.) u ct t ... ) • - 1) it is particularly well - devel oped in totara , 

e ::-"':: 1 :i.'1;j ·tl• P s_ e cie s +r~ Sll!'vive i nund <=>.tion o f ,q_ severity 

sv ffic- iPn t t ,.., ~<:i'l__J ~ ll 0 -'.:her tree s in ::: ~t-'3.nd. I n ve s tment 

i n s uch a rlPvi c P reflec t s a major aspect cf t"~tara ' s 
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fj_g . 30 Young kahikatea stand bejng lost 

to erosion , Pohangina Scentc ReservP. 



ecological strategy : that of ex treme sj_te t en8. c i ty and 

resilience in the f3ce of most s tresses 1 and disturbances . 

Once lost to otror species, sites are not readily regained 

by to tara . 
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In tre flood plain stand s described i.n this study , totara 

has established en masse in the early stages of forest devel­

opment ; prob.q ':)ly beneath 8 e;rRdually opening Lepto snerrr:urn 

canopy • In both stands , th~ conditions favouring totar a 

entry h8.ve [-'ersisted only briefly . Later recrui trr.ent of this 

shade - intolerant species has been i~hiuited by increasing 

veg~tation d?nsity and competition ; although there i s so~e 

circumstantial evidence of an autoinhibiti on effect beneath 

established totara trees . Matai probably began to establish 

at J:llJCh tb.e same stage as t ot 8r a , but gradual recruitment of 

this species has continued beneath the flood plain forest 

c2nopy - gJ.beit at 8 declining rate . 

2 The sizes attained by th~ slow- growine rnaire in tte 

older flood pl8j11 stend E01..\3fest that <;orne probe..bly estechlisheci 

wi ·th the ea2:'l:_; podoc?,rps • It ~ppo r=tr s t'r1at !TI3 irP ~as usu:1 lly 

been a:none; tre e::.rl.iPst l"'lr i3'=' . ttt'orest' ' i='trt.[3).osperm specj PS to 

enter nlthoueh it bAs i n f2ct been precedeci by tawa 

thrm;.:shout :r.uch of the your.,:':er st.qr:'.i · • !-';::1ire ' s preferencE> for 

y01~tl--:ft~1 rr ·i neral soi 1 s i. s c l 0::> r fr~YCJ J ts distribution thro,Jg:h­

out the c onntry ( P . f:: . T,'lcKelvPy 19!_•],1973 ; Nicholls 1955 ) . 
The f'S tablishmen t p'::. tterns in these forests su;::;gPs t that these 

s pecies are ~elatively intol~ rsnt of shady understcrey 

envirnnmPr..ts. ~ noticeable tendency fer caire s~edlinzs ~o 

est8 hlish nr: rotting J.sr:::s .gnd stumps ~~ay i ndic8t:o: th:3_t root 

compe~itinn inhibits thei r development on the forest floor . 

1 With the exception of waterlogging (Sec tion 5 .1.1 ( b) ). 

2 Da ta in ?a tel ( 1976 ) suggest that ~:es tegis spp . may b,-, 

among the slowest growing lowland indigenous New 

Ze ~land trees . 
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T5toki bas apparently bee~ a cs~sistently ~arly 

Pntrant , bllt r ecruitment of this species C0'0.ti!':ues una:Elted. 

Its deve1 'J:!Jrnen t beneath th.inn ing canopies 2.nc! s:r.e1 ll e;aps 

leads to its eventual canopy dominance on sjtps too dry for 

t awa . 

The size distributio~ of tawa in the olJ Fr flood 

plain sta~d suggests that this species normally enters a 
little l::;.ter ; a strong influx dc.vel c, ping benc::=~th the podo­

ca rp canopy. However, small st~nds of tawa havP already 

.? ttained local canopy domin2.nce in sorne. parts of the younger 

stand , h3ving ~pparently pre - empted podocarps en these . 
sites. This suggests that t2H:J is .::;ep"lbl_e of colonising very 

young mineral soils , but i s usuaJ.ly preceded by more rapidly 

dispersed or faster-growi ng species 3. ~uch an observation is 

more consistent with 11 tole r ance 11 or "inhibition " successional 

models than those wnich ernpt;:1s ize "facilitation 11 
( see Connell 

and Sla tye r 7 1977 ). 

F~st growi ng angiosperms sue~ 8 5 kowhai, lemonwood and 

ribbon~ood have exploited occgs iona l C8n opy gaps in the early 

stage s of flood plain fore st de velsr~cnt . These a re more typ­

ica l ly species of seral scrub and f crest margins ; their 

juvPr.j_l'? 2 3.re rarely foun~l L1 tr~e :c·rPst under storey , The 
your.g st::!nds are still subj~ct to or:c:1.sional inundation <1nd 

sedimPr.tation, and so t he Ast~~lis~~?n t of t~es e trees may be 

ettri.hnt2ble t o de a ths among 2ose of the less alluviation ;... 

resili Pnt canopy species - r e flecti~~ ,n inter~i~tently con­

tinuj_n.:; '-1 llogenic influence :Jn cqncpy replacement, during the 

first ·l'Jr'· -200 ye3rs of fore="t devel·_, ~ ;r:-t2nt . B~t these trees are 

a very transient phenomenor: .They !Oi!'P n f 1i:n.ited potential stat­

ure Rr. c1 sn liable tn be overt0pped "~:·-: suppressed by continued 

growtr. of the surrounding to t::=t r a s; i!: any case their normal 

longevity probably rarely exceeds 100 years 4 . 
3. Ta~g has also established surpri s i ngly ear ly after a fire 

(c.1 900 ) or!. a much older terra c G s ite (Green\vood,19LI9). 

I.J . Th ·? ~ ~ t:o.teoents re,sardine; t:;rmvti: rates and lon.c;evities of 

thesr r; pecies are based on observations of trees kn01tlll. to 

have es t ablished (i) after fores t clearance c.1890 near 

Bull 2 ; (i i ) at Totara Reserve ef t~r the 1936 ~ale. 
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The youn£P.r ( :•c" ) flo0d pls.in st;:::nd e.t Tots.ra ::\.eserv-e 

show ~ a stage approa ching 200 yea rs aftPr the commenc e~e~t 

of f orest development . Nearly a ll the species that will be 

significa~t ele~ents of older forests h~ve A lr~ady entered. 

Howev er some of these are as yet only very c i.nor ca~opy 

components ( e . g . rewarewa , rimu ), or have nnt y2t attained 

canopy status (e . g . pigeonwood ) , or else are re~res ented at 

t his s tage only by occas i onal juvenilRs ( e . g . ~inau ) . 

With conti~ued lowering of the river ch Ann el , 

inun~8 tion by floodwaters b ecomes less f r equent , and auto ­

genic influences on fore s t development gradually inc rea se in 

r elative i mportance . 3ut fl ood s still o'ccas i onall~- ned fresh 

silt t o the fore s t f} oo rs and soils mature only slowly . 

At the stage of the older ( " Drr) stand , about 300 

years after i nitiation , species di ve rs ity of the canopy has 

in fact declined sliehtly . The to t ara have overtopped most 

of t hei r c ompeti t'lr' :3 ; th~ sheer heie;0t of tr e c .:1 nopy cosb­

i ned \:r ith -':he reduc .. ion of .flood- r el 8-te ri d is tu rb8.nces ':'-::: s 

rr.eant few er op~r)rtun i. t iP. s for r.:0 t1 bl i sl-:r.lPnt of the se:::--al 

specie s present jn stand nc: n. B:ut thP. nnd~t'stor'?y 

belov1 Lave incre'3:o:ed i~ complexity c:m :i diversity . Soil 

m0isture retPntt:--n L2s i nc r c-FJsed suffi-:iently to sup:::-8:--t a 

r ange cf shAde -tnleran~ l ? r ee - leqved ~ngiosperm s pPcies 

t h rou[;hout rr.ost ~1rts . On -t-he most fr"'ely - dra inPd site~ tavva 

has sti l l nnt ant ~'red : t hese :::'rnh:~b1y correspond tn -::--_e 

fl nri s ti cally distinstive xeric sites in t~P ol de r fcrAst 

O!: the tert'8 ce. 

will continu P to do~inat n the forest for severAl cen t u ries. 

B,__~t .1s Ueir densltj.es grad11 ::: lly decline , repl~cement of 

their r anks is on most s ites minimal (mainly matai ). Thi s 

poor repl~cement 8ppears lArgely attributable to their 

.intoJerance of shAde . Smal l remnant s of f or est on older 

su r f a c es affor d s paring glimpses of later stages of fir~t 

gener'ltion deveJ.cp!Tien t : .9.n in c reasi:'l~1y uneven canopy 

struc t ure , wjtt the gaps between the !'1Rss jve ve terans f:.lled 

mainJy by tawa , titoki and mahoe • 
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In the abs::-nce of c ;:d~::1strophj c distu:bc..lr..ce , the 

ine1.•i -t"'ble consequence of t!" is trend is the devPlopment of 

an on~ iosperm-dominated canopy within 1 , 000 ye3rs of surface 

ini t:i.:; tion . But virgin- fares ted surfaces in ~r- c c. 600 to 

c. ?,000 years B.P . (estim2 ~ed ) age range are very poorly -

rerrPSPnted in t~~ study areas . Th?~efore attemp ts to re ­

co~struct forest rtPvelopment in this age range can only be 

dangerously specu~a tive . 

The pr os e11t state of the r imu on the terrace sho'•!S 

tha t the species has established in sienificant number s on 

r elatively youn£·surfaces (c . 1 , 500 - 2 , 000 years ol d ). The 

presence of a few m~ssive dead standini northern rata , 

c learly of epiphyte or i g i n , suggests even earlier ent ry of 

rimu . It is clear that in tall tavm - domincmt forest ther e 

are very fe~ oppor tunj_ties for regeneration of podoca r ps, 

which gre poor competitors in the shady understorey on 

the~e sites. L8 r ge windthro'''s do appear to sti:-nule.te some 

regnnera ti -')n 0f l'8doc2. rps . '!'3,1 t the "regenera t2.on geps 11 of 

podoca~p species o~ the mes ic terrace sites rem~in poor ly­

und e r s tood , and there is no evidence indic ative of the 

mode ~~ esteblis~~0nt of t~? present ri~u. The possibility 

reme i :ns U'8.t maj o r exogeno-us disturh.gnces of unk11mm nature 

mn" 1--,:~ve been i nvolved ir· t~e es t ablishme::1 t of i:h e extant 

podoc~~~? nn thp tPrrace. Co~c en tr2tions of podoc8rps in 

men:,r s j_ tuqtions th:--nughmJ_t Nevv" ~ea1 .. nc1 may we11 be tes tJmo'::'ly 

t o dramatic di s-h~>-·h::mces of th e past. pPrsistin ~?, after all 

otr.er ovGrt evi.rl'C'nr::e 0f these events l:=1s been s 1_1bme r ged • 

inde~nnrlent corrn~orative evide~ce would be little more than 

a conven ient circularity . 

The picture is perhap s a l i ttle clearer for the xeric 

s i tes of the terrace. In the virtual ;;J,bsence of t aw·a , t i tok i 

dominates the canopy , and r ewar ewa attains its greatest 

abundance on these sites. The xeric sites appear to be 

refugia f"' r some flood plsin species that have not maintained 

tr eir pnsi ti nn so '-•rell on the more mesic sites ·2. g . rnaire ; 

t otarR, turepo . Tb0 lower vegeta tion dens ity and rPduced under­

stor:o~-' competj_t · 0n has favour ed ree;eneration of those pod0carp 

s pec iPs toler2.nt of dry condl tions i.e. me taj_ Bnd to tar a . 



Thi s p~rsj s tence on edaptic~lly extreme sites appears to be 

8 tyrl.r::a l "alternative strate~y" of shade - intolerant , 

typic ~ lly pioneering s ne cies (Spurr a~d Barnes, 1973).~atai 

appears to he regeneratinG steadily if not abundantly, and 

11 0 

a cyclic rtiscontinu8US reyl.?8ement of totara on these sites 

seems poss ible. Thus tr e ~ro~~~t f orest structure on these 

sites seems largely explic 3~l e, although it is quite poss­

ible that past fires have infJuenced vegeta ian develop~ent. 

Future attP.mpts to eJ 1:-:::idate the mechanisms of podo­

carp rPgeneration in old growth ~arP sts are likely to profit 

from placing more emphasis on understanding the dynamics of 

the " ba.cl<:eround 11 angiosperr! species . In' most New Zealand 

forests it is after all the matrix of angiosperms tha t is 

probably the major biotic environmental influe~ce on species 

recruit~ent patterns. Research direc ted toward an understand ­

ing of spatial and tempor al patterns o f mortality and regen­

eration 5.n principal ang.io spe rrr. speci es is therefor~ liteJ y 

to be of much value . 

Status of the Podocarp Soecios . 

It is difficult -to fi:1d direct ecolo;ical equiv2lents 

of t~: e p:Y'l.oc::..rps in otr.er f c r est .c:y.:: ·: :-::,s throue;tout the world. 

TotgrR and c oJs tal redwood ~0 show obvious si~ilarities in 

their str:=!tegies of adaption to fl ood pl~in e:;~vironr:1ents ,but 

major diff~rences in repl~c~~~~t pot?~tial ( and hence 

succ,,:- r:: .ional ~tatus ) arP nlso evi r:'-':\.._ ( cf .Stone:> and 11asey 

19b2 Wright .::md B8 n .ey 19:1?. ) • Fred i: t.a 'J~e ~e0urrence of 

:ire , which facilita tes regenerati0~ ~f various North 

Americ an l ong- lived but s~ad e -intoJ . e-~nt conifers (e. g .Larix 

occidertalis , PsPudotsuga menziesi! ) appears not to have 

been a nB turaJ. ptenomenon in pre-hum2.'1 .Je'"' ZeaJ and forests. 

Tob:tra exhibits ma:'1v of the attrjbutes of 3 pioneer 

species , a~~ inrleed en ~ost sites it ~ stablishes in abund­

ance only in the early st~[es of succ ess iJns . While juveniles 

show some shade persistence , this s+udy ~hows the~ to be 

shad-:: i ·(ltoler ant , i n t!l.at their growth r3 tes 11 in suppression" 

( Fox , 197'1) are poor relative to thej r principal angiosperm 

competitors. But even totara , by naturA th2 most pioneering 

~I 
I 
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of the portocarp species, does not fit the classic stereotype 

of an " r - selected 11 (McArthur and Wilson , 1967) pioneer 

strategy . Totara's longevity and re latively slow growth 

rates are rather a typical of early successional species 

opportunities a~ising in secondary successions 8re mare 

commonl~r e:xploi ted by small faster - growing angiosperms , 

rath~r than podocarps. 

Other podocarp species , altbough also frequently 

achieving their greatest abundance ~. :1 ..L.h e 2!':l:.r, _y :::tages of 

succ 2sE i~nE , appear variously further along a gradient of 

successional character. But they rarely Pxhibit many-a ged . 
qnd all-aged stands , except on edaphically ex treme sites 

where co~petition is reduced , or ( in the cas e of rimu ) 

in very high rainfall regions e . g . Veblen and Stewart (19b0), 
June (19e2). 

Cockayne's interpretation of New Zealand forests wa s 

suggestive of coniferous decline and replacement on a grand 

scele , a them~ later expanded by Robbins (19b2 ). The results 

of recent studies (Clayton-Greene 1977 ; Veblen and Stevvart 

1~b2 ; Norton 19H3) sug~est that any faul t in Cockayne's 

interpretation lay in his under-estimation of the frequency 

of dtsturba nces and their role in shaping the vegetation. 

S~e~ or stable flat sites where no drJma tic geomorphic 

process~s are active , disturbances by winctthrow appear to 

provirtR nc~ as ionql r~generation oppor tunities , enabline 

pers5.s i:: r"nce o!' thP longevous coniten: as a sir,!!i fi ca!lt 

compar~nt of the vegetation. 

Climatically-induced regenera tio~ failure has been 

w' delv suggested as an explanation for discontinuous or 

"unbal'-'nced " population structures in a variety of situa tions 

throughout New Zealand e.g .Holloway (1954b), Nicholls (1956), 
P. VI2.rdlc:; (1963b) . As noted by Norton ( 19e3) , the fundamental 

a ssumptj_on underlyine this a r gumen t j s that prior to the date 

of thP supposedly- fateful climatic ch~nge , these particular 

species maintained all - aged pqpul2ti c ns by continuous regen­

eratio~ in old growth forests , on fhP sites conc0rned. 



While admittedly of very limited application to the · 

core of the clima tic change controversy , tte results of this 

study do suggest tha t in the case of totara, a nd probably 

also kahikatea , such an explanation i s unlikeJy. Shade -

intolerant species such as tot8ra are always l ikely to be 

poor competitors in forest understoreys. On l evel terrace 

sites opportunities for establish~ent are likely to be in­

frequent , and hence densities low. Re generation of podo -

carps following major windthrows , as seems probable for 

some sites in this s tudy , would be liable to produce dis­

continuollS age and s i ze distributions . On sites where inter­

mittently active geomo rphic processes r~sult in soil and 

vegetc.tion disturbance ,mor e frequent establishment of 

species such as totara can be expected. 

Clayton-Greene (1977), Ve bl en and Stewart (1982), 

and Norton (1 983 ) a ll arrived at similar findings for 

kaikawaka ( Libocedrus · bid'·-rill ii ) , .omother indi~enous 

conifer species for which climati ca lly-induc ed regeneration 

failure has been postulated (P. W2rdle 1963b, 1978 ). Each of 

these studies, in different l ocAlities , concluded that 

establi sl: r:-~ e nt of l<.:a ikai.ve.ka 1:1<:1: 8SS-:)cj_.:. ted prirr:ar ily wi t~1 

disturbances such e.s winrit~ ro~ and c~s s movem0nt , and 

therefsre likely to be of a periodic discontinuous nature. 

Nevertheless , clim8tic fluctuat ions undoubtedly do 

influence vegetation dynamics , bo th directly ~nd indirectly, 

and tr.e _ ossibili"'"v ()f significant cli r-:!2tic i nflnenc e on 

coni fRr regen cr ;::1t i on P"'t tr:>rr;s '.vithi.n tl~e l ast :-:lilJ_Pni,.lm 

sa nn~t b~ i i scounted . The r- qrly propo~ Pnts of clima tic 

chnnc;c ( e.g. i-'l cK2"1vey 1953 , Hollow8.y 195L~, i: i sr.olls 1956) 

produc r- ri ver~r li ttlP har.J d8. ta to support tr~ e i r arg'_l~Pnts • . 

But there now a~pe8 rs to be increasing confirmation by 

quanti tati'.re evidence of a generali sed "'ridespread depression 

of rimu r~g ."'nere. tio:-:. througb.out New Zealand , centred on the 

period c.1 , 600 t0 c.1 ,800 A.D. (B3thgat e 19H1 ; June '1 0 82). 

As noted b y P . ' I;:; r d:e ( 1979) t he re is indeed :-:. 11 striking 

coincidcr1ce" of th. i s regener:-" ti on depression with thP. 

climatological rec or d of rPrluced tempe r a tures within New 

Zealand over thr s ame pericd , 8s established fr8m geo -

physic:=tl ov i d ence ( 3urro·..rs a nd Greenl?.nd, 197? ). 



Bathgate ( 1981) established a posit i vr: ::e lationship 

behreer:. diameter increr::ent of rimu in the L0r.zv.'ood ra~.ge e::.d 

recorded air tem,eratures since 1853. He inferred from t~is 
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that depressed regeneration rates and "signific antly slu .. ; 11 

diameter growth of rimu during the 17th. to e~rly 19th . 

centuries A. D. are .both likely to be attributable to l!a rr:ajor 

cool period ''. 3athgat~ ' s work amounts to soTe formidable 

circumstantial evidence for significant recent climatic in­

fluenc e , but still leaves t~e problem of a mechanism for 

such an influence , in discriminating agai~st regenere tion 

of rimu and possibly also oth e r c oni fers. It seems logic2l 

that even a slight reduction in growth ~ate would be a dis­

advantage to young rir1u in the fierc ely competitive e.!1viron­

ment of the forest understorey. 3ut intuitively one would 

expect a temperature decline t o sinildrly depress growth 

ra tes of the associated angiosperm species . Thus one might 

expect a general downhill migration of vegetation zones , 

rather than a widespread uni-directional shift in the co~~­

etitive balance be tween species previously coexisti~g on 

the sa::1e sites. 

It is possible that rirnu and other indigenous coni~Prs 

a r e ~ore sensitive than 3re thei r angiosperm c ompetitors ~~ 

small changes in certain clima t ic factors. Bathgate's (19 ~ 1) 

work 1.vould be co:nplemented by an exar;-.ir..:~tion of the dian~et:?r 

incre~ent trends 8f some of the longer - lived angiosperm spe­

cj_ es of t'r:e Lon t;wood f'JrP. ::> ts , to det<?r~ine if their grow""::'! 

rat 2:=: during the 17th . to early 19th . r.en turies suffered 2. 

decline simil 3r tCJ th:~ t found for rir:m . B11t whatever circu::l­

sta~tial evidence is ar:..assed , I SlJgges+ t'rlat trn problem i~ 

li~~ly to ba resolved only when ~omparative experiments have 

determined the prP.cise effects of small cha~ ges in climatic 

parameters on t he growth of the various species concerned. 

Conclusion similar to those of Clayton - Greene (1977) 

and Veblen and Stewart l1~H2 ) fo r kaikawaka cannot necesse~ily 

be extended to populc=Jttor..s of other indi genous conifers. TJ::ere 

is no doubt the.t a r nr..e;e oi· establishment ;node s occurs t ':':r: -'3r. ­
ou t. the different species; and equally that t he behaviour of 

any one species varies with r e£ional and site difrerences 

soil s , climate and associa tes • 
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Throughout the text , sci~nti fic na~es e~~ generally 

us 0 ~ in the firs t referenc e to each species . c~~~~n na me s 

n~lv Are used in su~secuent referenc es , exceut for those 

species whi.ch hav e no w<?J l - <=>st~~ :!.ished Engl ish ~r r-:3 orj_ 

rnme , or which a rP be tter k~'l -:vrn by tb..P. i r s c ie~ti fi e names 

e . g . Meli cono s i~ulex . Sc ientific na~cs only are used a lso 

fnr certair S]eci e s ( e . g . Syzy~~um maire ), i~ order to 

avoid possi~le Arnbi3uit i ~s in interpretat i on of Engli sh or 

Maori names . Unless indic ?te~ ot~e rwise , no~enclature 
' 

follows Allan (1JS1) , Edga r ( 1973) and ~o ore end Edga r 

( 1970 ) 

bl"" c:l·· bePch ( = t'J. ':iL~ i ) 

fi '/ 2 finger 

hangehan.s2 

\<::'lt..:. '.<: - ~ ( .. ·:::- 'C.: '? !T."':'"~t.'J\:3) 

kc~ l. r i. 

1-::orll!h.l ( .. t '"::':-: lr i ) 

1~:y'-.uLu tul·:.u 

l<a'tlhai 

l ace bark 

l anc e':I0 0d 
1 emonwry;d 

mar. or--

r~a irP 

manuka 

( 
\ 

( 
( 

Sc i e::1ti fi e name 

~ot~ofa 7u s solandri 

c~r~yline australis 

Pseudou?nax a r boreus 

Gen iostomA l inguistri fol iu~ 

Zl aeocar-::-l1 lS cet!t.::::tus 

Po·J.e>c :o; r ::;us dac r yd.i.o ide s 

Li boce::l r ns bidwill ii 

Pennantia cor vmbosa 

~e inienni8 r acemo s a 

:<e. c ro::- i :1nr excels: 1r:: 

Pittosp~ru~ tenui f ol iuo 

Fuc ~s ie. cxc orti ce t a 

3a~hor3 rr icrophylla 

Haher i a sexs tvl os~ 

Pse udo~anax crassifolius 

Pi ttos:Jor u::! euger. i::ides 

ra~ i florus 

Nestegis (Hook . f .) 

L. Johnson . 

( ~T . lanceol Rte 1! . ( rool< .f.) ----------------
Leptospermum scouari um 



mapau ( - ~Btipo ) 
ma t.,q i 

~iro 

nortt:ern rata 

pete 

pige.onwood 

puk;o;tea 

r i. h bonvro od 

ri'"::u 
' + r on1.' ~..u 

silvt>r fer::. 

supple j.:ctck 

t i:lnPketa 

w:L t1eberry 

Poc'cc? r pns f en ucini?US 

Rhopa los tyli s 

Me tros irle r os r obusta 

Scteffle~e cigitata 

Eedyca rya arborea 

Laurelia ~ovae -zelandiae 

BrrJ.cb.v ~2_') -!:t:..s renande. 

Knightia PXCPlSa 
Pl;:J.gi anttus betulinus 

Dacrydiu::: ~ ~upressinum 

LophoDyrtu s obcordata 

Cyathea ~eel~ata 

Ripoeonu~ scandens 

Phyllocladus trichomanaid~s 

5ielsch~iedia t awa 

.£\. l ectr~ exc elsu s 

Cnrt?deria toetne Zot0v 

Podoca r~u s totara 

P2 ratron0is ~icr ophylla 

Aristotel ie serra ta 



APPErPJIX II Sampl es c~ conplet?d rl a t a sheets 

fo r Plo t P 10 1 ol~er fland p l 3 i n 

stand . 
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.APPENDIX III : Relationship between nUI!'ber •f diu• papers 

exposed ~d l•~lO light int~gral received in sunlight. 

3.0 

2.C 

+ 

1.0 

+ 

.....:! 0.0 

LOG L = 0. 504n - l. 545 

-2.0 
0 2 4 6 8 

Number •f papers expesed, Jll 

119 
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APf'EN"DIX IV SI ZE CLASS DATA FCR ALL TRE? A~~ SHRUB 

IV ( a ) Youn~er f l ood oJa in stands 
") 

( 3 x 400 ~L olots ) 

SPECIES Ste::1 diameter at "t-rea st he igh t (em) 

Die~<: ~_;on ia so '.:8rrosa 
D. fibrosa 

D:i cksoni2 sp . 
,.. -'-}J vya L. ,ea deAlb8ta 

Podocarpus da crydioidec. 

P . • -+-SDlCa ,,us 

*P . t o t ara 

Beilschmiedia tmva 

fi edyc a rya arborea 

r1 a c r o piE e r excel sum 
l'Ielicytus r amiflorus 
Y..n i P:hti a excel sa 

Pittospo r uw euP;e:1 i oi des -- -
Lo:ehomyrtus bulla t a 
L. obcordata 

Ele.eoca r pus dentatns 

Pla ~ianthus betulinus 
Hoheri a sexstylo~a 

Scphora r icronhvlle. 
Par3tro o1:-: i s micro-;:>hylla 
Pennantia corv-mbosa 
IV> l . .e~ 1CO J22 sir:rol ex 
A1Pctr,ron excel sus 
Scb e fflera r1 i rrj_ ta+:.:~ 

~ b ~-

f~vrsi <:.P ~=n.:~+~a lis 

Neste~is srp . 
Geniost':J ITla l ·i "U~tri fol ;,l-· ~--c .._ . - · __ .._H. 

* Numbers of dead 3te ~ding 
t o tar a st0:.:s in eac h 

diAmeter class shown in 

supersc r i pt. 

0 2.5 10 20 30 40 50 60 

1 

1 

3 
7 1 

2 1 3 
3 6 ~· 2 2 2 

o+2 2+3 7 15 10 6 
12 13 5 3 
54 3 
51 67 

1211 66 4 
T) ..., 1 1 _:) 

1 1 

9 2 

20 21 

2 1 
1 

7 
1 

15 5 1 

1 1 2 
2 1 1 

105 c: 5 1 1 / 

3 
1 4 
2 11 3 

65 97 

I 
I J 

- ===- ====-====j==== ==== 



SFECIES Ste~ rliametPr at breast height ( em ) 

0 ~. 5 1 0 20 30 1 ~0 50 60 

C <'lustr e li.s 

Coprosrr;a sp . 

Br achy glottis repancta 

Rhona l ostvli.s sa~ida 

n--1 ll ___ l . 
1 I 

I I 

I ! 
I I 

1 

Seedli~?, S2mples 
? 

x 1 :n- 1lt1ders·torey st.lb - plots . 

Species Seedling Hei~ht Cl~sses (em) . 
< 1 5 em . 1 5 - 50 50 - 1 L~O 

Podoca r ous dac r ydioides 5 
P . s2 i.catus 10 

P. t0 t ar::1 . 
BeilschmiPdia tawa . 
Hedyc2ry~ arborea 

~acropirer excclsu~ 

~eJ . icytus ra miflorus 

Kni~hti a excelsa 

16 

2 

PittosTioru~ eu~enioides 3 . 
.Lopho~:J/rtus obco rd:=tt:::_ 

L . hull-=>ta x ohc ordat0 . 
Hoh eri ~ ~ex~ty~osa ----
Par.:::~tro :)h is ''iicr0rh vJ 12 . 

Cor' --'l0 r?rnus l ;J.pvj_ a:.q t ."l 
' 

Pen~2nti~ corv~h~:? 
' 

~eli . co~n sim~1P~ 
' 

1 

1? 

_Sc hefflera rtigitat~ 3 

_Pseudonenax crassifolius 1 

_Myrs i!le 3ustra1 i s 

l'Jes te r:i s s~Jp . 

1 

3 
Genicst0ma l.i;1~strifol ium 18 

5 
5 
7 

12 

13 

1 

1 

1 

14 
1 

1 

1 

1 

2 

2 

2 

1 

11 



APPE~JDIX IV 

IV ( b ) Older flo od pJa in stand . 

( 6 x ~00 rn 2 plots 

122 

Sper.5 .. A s St.ern dior1eter at breP s t h•2 i gh t (em) 

0 2 • 5 1 0 2 0 l 0 4 0 50 6 0 7 0 8o 9 0 1CO 11 0 -

Die 

Cya 

C. m 

k son5.8 .. S]U8rr ns.2_ 
t he? c1'e'a lbata -
edull:::. ris 

Pod 

P . 

P . f 

ocarC!'lS d::,cr·Jdioides 

D 
A o 

Be i 

Hed 

SJ2i catu s 

errup-ineus 

t ot2 ra 

lschrniedia taw a --
VC3T' V -"l arbor~ a 

Jrel i a Y~o vc>e - zel3ndi_ae 
ro~- i nr r exc el sur., 

icyb1,., ~?fl i floru.s 

ght i a 2Yc els3. Kni 

LO? 
L •. 

homythus bullate. 

L.b 
Ela 

Pl a 

Hoh 

C-"lr 

Par 

obc orciata 
u ll:-t t g X obcorda t e. 0 

eo c qrpu s dentatn.s 
gic:mtrus betu1 inns 

er.i.a sexs tylo se 
:roce t .• :::: so. rre t 11s 
atr"n=-:i s micrr:: r.:h yll.g 
nanti ::>. c 0ryr!lbosa 
i cor:e s imnlex 
ctryon excel sus 
effl era diR;itata 

Pen 

r~ el 

Ale 

Sch 

Pse 

f':yr 
:·res 

udouqnax c rqssifol i lls 
sine '3 'Jstr .:~l is 

te q;is St:·:·. 
.;; . 

5 

2 

27 5 

16 3 
)! r::' 
··---
qt:; 
- J 

?lo G 
-Lf - · 

1 !_;. 

6 

26 
1 

1 
1 

I 

4 
1 

49 
7 

58 
123 

1 

1 

I 

3 2 

5 4 
1 2 

~ 

1 1 

1 1 2 1 1 
1 

1 +1 2+1 6 3+2 4 +1 10 s:+-1' 2 4 1 

92 :::n _ _., 2 1 

36 9 0 1 

25 2 1 

1 <n - _, LJ. 

tl1 23 < I j 

3 
1 

7 

1 
I I I 

I 

I 
s 1 1 1 

5 1 

2 3 
20 18 ? 2 

17 

1 

1 2 ., 
1 I 

I I 
I 

I I 



Species Ster'1 diamete r :::t breast height (em) 

0 2.5 10 20 30 40 

Geniostoma ligustrifolium ~ 06 15 

Coprosma rotundj_folia 
I 

'") 
c. 

C. australis 30 s I 

Brachyglottis r enanda I 2 

Seedling sa~ples fiom 80 x 1 m2 unde rs~orey sub- plots 

Species 

Podocarnus dacrydioides 

P. snicatus 
P. to tar ::. 

Pseudowintera colora te 

Beilschmiedie tawa 
Hedyc gr ya arbarea 

Laureli a novae-zeland iae 

!"la cropi uer excel sum 

Melicvtus ramiflorus 

Knightia ~xcelsa 

Lophomyrtus obcordet3 

Hoheria sexstylasa 

Plaganthus betulinus 

Paratroohis rnicrophylla 

Pennantia corymbosa 

MelicoDe simplex 

Alectryon excelsus 

Schefflera digitata 

Myrsine australis 

Nestegis spp. 

Copros rna rotundifolia 

c.australis 

Coprosma sp . 

Seedling height classes (em) 

<15 15 - 50 so - 140 

1 L~ 

10 

1 

3 
L;-3 
95 
1 L:. 

76 
11 

1 

4 
6 
1 

16 

4 
13 

69 
2 

1 

23 
2 

2 

2 

34 
20 

5 
1 

20 

3 

30 
2 

4 
21 

2 

2 

r 
0 

1 

4 
7 

2 

7 

3 

1 



APPENDIX IV 

IV (c) TerracE. xe·ric _. Sites 
2 (5 x 150m plots) 

Species 

~thea dealbata 

PodQf'.::arpus spicatus 

P. totara 

Beilschmiedia tawa 

Hedycarya arborea 

Macropiper excelsum 

Melicytus ramiflorus 

Knightia . excelsa . 

Lophomyrtus obcordata 

Hoheria sexstylosa 

PnL~us cerasifera 

Paratrophis microphylla 

Melicope simpl~ 

Alectryon excelsus 

Pseudopanax crassifolius 

Myrsine australis 

Nest_egis spp. 

Geniostama linguistrifolium 

Coprosma rhamnoides 

c. australis 

Brachyglttis repanda 

1 2h 

Stan diameter at breast height (em) 
0 2.5 10 20 30 40 50 60 120 130 

3 2 1 

3 

l 

10 2 2 2 

10 13 2 1 

8 25 

34 14 9 2 1 

39 25 10 11 2 

6 

2 

3 

7 2 

5 

26 41 34 4 3 

1 

4 6 4 

2 

5 1 

3 

2 1 

15 2 
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Seedling Samples: 2 from 30 x lm understorey sub-plots. 

Species Seedling height classes . (em) 
< 15 15-50 50-140 

Podocarpus spicatus 2 

P. totara 3 

Hed:rcarva arborea 34 

Macropiper excelsum 12 1 

Melicytus 1:-amiflorus 2 3 

Knightia excelsa 18 
~ 

Pi~osporum eugenioides 1 

Paratrophis microphylla 1 

Melicoj:>e simplex 

Alectryorc ex eels us 25 24 3 

Myrsine australis 3 2 1 

Nestegis spp. ') 2 "-

Geniostoma .linguistrifoliwn 3 1 

Co.erosna sp. 2 2 



Appendix IV 

IV (d) Terrace mesic sites 

(14 x 150m
2 plots) 

Species 

Dicksonia Squarrosa 

Cyathea dealbata 

c. medullar is 
Podocarpus dacrydioides 

P. seicatus 

P. fer rugineus 

P. totara 

Beilschmiedia tawa 

Hedycarya arborea 

Laurelia novae-zelandiae 

Macroeiper ex ::celsmn 

Melicytus __ r_9!Ttiflorus 

Knightia .excelsa 

LoehomyrbJs bullata 

L. olxordata 

Elaeocar.J:?US dentatus 

Arist.otelia serrata 

Hoheria sexstylosa 

ca:rpojetus serratus 

Paratroehis microehylla 

Pennantia cor1Tiiliosa 

Alecgyon :=xc~elsus 

Schefflera digitata 

Myrsine australis 

Nestegis ClliiTiinghamii 

0 2.5 

13 

55 

72 

21 

16 

1 01 

64 

5 

2 

4 

10 

63 

5 

6 

1 

Geniostorna linquistrifoli.urn 17 

Coerosma _ _9ustralis_ 10 

c. lucida 1 __, 

Brachy·g lottis. repanda 4 

126 

10 20 30 40 50 60 70 80 

21 9 

1 

34 21 12 14 6 5 3 

84 13 

4 3 

17 

44 47 11 2 

21 6 2 l 

1 

2 

29 28 4 2 

4 

6 

2 
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Seedling samples: 2 from 84 x 1m understorey sub-plots 

Species Seedling height classes (em) 
>15 15-50 50-140 

Podocarpus dacrydioides 22 1 

P. seicatus· 7 2 

P. ferrugineus 

P. to tara 11 

Beilschmiedia tawa 11 9 2 

Hedycarya arborea 107 17 2 

Laurelia novae-zelandiae 54 2 

Macroeiper excelsum 65 2 2 

Melicytus rarr~florus 9 7 3 

Knightia excelsa 27 2 1 

Pittosporum eugenioides 

Elaeocarpus dentatus 6 

Paratroehis microehylla 1 

Pennantia corymbosa 4 1 

Melicope simplex 1 

Allectyon excelsus 57 49 11 

Schefflera digitata 1 

Pseudopanax crassifolius 1 

Myrsine australi~ 6 7 1 

Nestegis spp. 8 1 

Geniostoma linguistrifolium 2 1 2 

Coerosma australis 5 1 1 

Coprosma se._ 1 



APPENDIX V: 

Circumference 
at b.h. (em) 

Totara ring CGLL!t data used for age estirvates in Tables II 
and III. 

Boring Rings on Estimated Correction Estimated 
height(cm) core missing for boring total 

rings height* age 

Younger Stands 

65.5 70 113 . 10 9 132 
82 70 128 5 9 142 
96 70 140 0 9 149 
96.5 70 134 2 ~ 9 145 

117 70 137 2 9 148 
131 70 147 1 9 157 
180 70 144 2 9 155 

Older Stand 

91 70 199 0 9 208 
108.5 70 221 4 9 234 
130.5 70 225 5 9 239 
147 70 214 8 9 231 
182 140 234 15 14 263 
198 140 242 1 14 257 
222 140 211 9 14 234 

* Correction figures derived from sections of three totara saplings, 
which suggested on average time of about 9 years for growth to 70cm 
height, and an additional 5 years to reach 140 em. 

12R 
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APPENDIX VI: Canopy - understorey association data, showing frequencies 
of principal tree species spindlings beneath different canopy 
trees in terrace forest. 

(a) Xeric Sites 

Spindling To tara 

0 8 
Mahoe E2 3.74 

X 

0 3 
Rewarewa E2 4.29 

X -

0 2 
Titoki E2 2.86 

X -

0 0 
Others E2 4.40 

X -

TOTAL 0 13 

Mahoe 

1 
2.04 

6 
2.34 

5 
1.56 

6 
2.40 

18 

Canopy Species 
Rewarewa Titoki 

0 18 
8. 16 14.96 
~.005 N.S. 

4 16 
9.36 17.16 
N.S. N.S. 

9 4 
6.24 11.44 
N. S. Los 

9 20 
9. 60 17.60 
N.S. N.S. 

22 58 

Others GAP 'IOI'AL 

5 2 34 
3.40 1. 70 

1 9 39 
3.40 1. 95 

5 1 26 
2.60 1. 30 

3 2 40 
4.00 2.00 

14 14 139 

Expected values ( "E") calculated on the basis of the areal proportions 
of the various species' canopy cover. 
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(b) Mesic Sites 

Canopy Species 
Spindling Tawa Pigeonwood Mahoe Titoki Others GAP 'IDTAL 

0 19 7 14 9 4 2 55 
Tawa E2 22.61 2.37 13.97 9.02 4.68 2.37 

X N.S. N.S. N.S. 

0 42 2 9 11 3 5 72 
Pigeonwood E2 29.59 3.01 18.29 11 . 81 6.12 3.01 

X t.025 Los N.S. N.S. 

0 65 2 4 17 7 6 101 
Mohoe E2 41 . 51 4.34 25 .65 16.56 8.59 4.34 

X t. 001 ~ . 001 N.S. N.S. 

0 39 1 8 12 1 3 64 
Rewarewa E2 26.30 2.75 16.26 1.97 5.44 2.75 

X t. 025 Los N.S. 

0 29 9 17 3 2 3 63 
Titoki E225.89 2.71 16.00 4.92 5.36 2.71 

X N.S. N.S. N.S. N.S. 

0 15 4 25 9 0 2 55 
Others E222 . 61 2.37 13.97 9.02 4.68 2.37 

X N.S. t • 005 N.S . 

TOTAL 0 209 25 77 61 17 21 410 
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