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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 

iv 



ACK~IO\vLFDGE~'IENTS 

I ·,vis l: t o ex::;::J:-ess grgti tude f::>r t he '.:.r: f 3i1ing 

support 2nd help of my pare~ts i n pr~paring t~is thesis 

My ~upPrvis ~ r Dr . Jo~n Ski~qorth ~~s show~ ~ ~~q ~kAble 

patien~e ?DO tru::o t not al':'!3Jt-S justi .f ·ied r~; t'·o (leedS 

of t~js student • The advice of David Drumro~d , Pat 

Grc=~ nt , ~'i icha el Greenwood a nd Dr. J ohn Ogden w:1s 8lso 

appreciated , and field assistance wa s provided by 

Barry Ca mpbell , Jenny Dymoc1< , Jon Lusk and Dr. ~ike 

Shepherd • Tbanks are also due F.R.I. Protection 

Forestry Division f or permission t o cite unpuhlished 

reports , and f or generous provision of materials . 

v 



TABLE OF CONTENTS 

page 

ACKI'J01t~fLEDSfv:ErrTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . · v 

CC~rTEt·JTS . . . . . . . . . .. . . • . . . . . . . . . . . . . . . . • . . . . • . . . • . .. • • . • vi 

LIST OF FIG:..iRES ................ . .......... .. .......... viii 

LIST OF '::'f,3LES • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • a • • • • • • • ix 

. ~ ....................... . 1 

CHAPTER T1·10 : AIMS ................................. 8 

CHAPTER T~REE : THE STUDY AREA 10 

THE PEYSICAL ENVIRONl'<ENT 10 

3 . 2 CLJr.iATE . . . . . . . . . . . . . . . . . . . . . ............... . 12 

3. 3 THE E-C:rHTIVE v::;::;sT :\ TIO~J . . . . . . . . . . . . . . . . . . . . • • 12 

3.4 IMPACT CF ~HE MAORI CULTURE ...... ............. 15 

3.5 It II 

3.6 II II 

EUROPEAN CULTUR3 

I~TqQDUCED FLORA AND FAUNA 

l\1ETHODS .................... " ...... . 

17 

19 

23 

L~. 1 FOREST STRUCTURE A:-;o DY~JAf•1ICS ......... , . . . . . . . . 23 

4 .1 .1 Selection of study sites. . . . . . . . . . . . . . . . . 23 

4.1 .2 Vegetatior.. sarr.pl i~g .... .. ...... .. ... , . • . . 26 

4.2 LIGHT RELATIO~S 35 

5 . 1 

!1 . 2 .1 St?ed:!..ing GrJwth Experiments.............. 35 

1;_ . 2 . 2 Forest light Pnvironmt=mts ... ... . .. ...... . 39 

FOK."2:ST ST~lUCTURE A~EJ J'f~,:Ar< ICS •. . ... . . . ......... . 

5 .1 . 1 Floodpl2in fo rests . •••• • •••• ••••••• • "' •• t. • 

( a) Younger st8nrls .... .. ...... . . .. ... . .. . 
J-f-4 

44 
( b) Older stan·]s . . . . . . . . . . . . . . . . . . . . . . . . 1.~8 

(c) Ini tia ti.o ::-1. of flo0dpl a in st<mds • .... . 

(d) c t . '"l't ~ ..:.~us alnaol~l y 0.1. reserves •. ~ ....... . 59 



.5 . 2 

5.1 • 2 

1 -- r- n-:-• J.. ....... _··-

Terrace Forests 

(a) Xeric si t9s 

(b) ~·'iesi c sites 

...................... 

..... . ................ 
•••••••• • •• • " • 11 ... .. ... . 

page. 

60 

60 

64 

( c). Stat~:s 0£ p0rj0carp sp::: c ies ir: t":'rra ce 

f orest •. . ...... . ... . . .. . . ... . . . . . ... 7.2 

1r. ~ f\' j"lt nl\.r r:-
. ........ --..J • • ...r.. ..... t.... . .... .... 85 

5.2.1 Seedling growth experi~ent~ . . . ..... . . . ... 86 

5.2. 2 Fe rest l ;_gr. t e:.v~_ r on;:::en ts •. .. ............ 

5.2.3 Inf~uence of light l evels on seedl ing 

es tablishment •.... . .............. . ...... 97 

5.2.4 Conclusions of light relations i nvestigations.102 

CHAPTER SIX S YNTl-ili .S IS ........................... 104 

APPENDICES 

I List of indi genous plant ne.mes ........ . ... .. ... -. "1 I 4 

II sa~pl es of rtata sheets ........ ···•········ ..... . 

Calibration graph . f or light ne ter paper ••....... 119 

I V Size class date for al l spec ies in ea ch forest s ampled . 120 

v Data fro~ ring counts of to tara .. .............. 128 

VI Canopy- und?rstorey associa tion data , terrac e fore s t. 129 

. . . . . . . . . . . . . . .. . . . . .... . ................... . 131 



LIST CF ?IGl!RES 

1 • L0c 2tion of Patangin~ Valley . 

2 • Old Coach Road Bl ock i Tatarq ~:~erve ( map of 

physiograp-hy ::md bro3d veget::>t.i-::q types ) • 

Page 

11 

24 

3 . \c .,.,ial photo.:;rqph of T:) t'<ra la;:;F"!'Ve , sh0'.dDE study sites. 27 
l1 • Idealis~d cross-sect~0n o f 01~ Coa ch ~oa~ bl ock , 29 

Totara Reserve. 

5 . Floodplain profile , Tot8r~ Res~rve . 

6 • 

7 . 
8 . 
9 . 
10. 

11 • 

12. 

13. 
14 . 

15. 
16. 

17. 

1() . 

19. 
20. 

Preparation of sensors for li ~ht measurements • 

Seedling growth treatments in 3l~sshouse. 

Overview of Y.M.C.A. block younger floodplain stand. 

Diameter distributions of youn ger floodplain stands. 

Overview of Old Coach Road blo ck older floodplain stand. 

Interior of older flo odplain stand . 

D1ameter distributions of older flo0dplc:in .J.. -s ,.ana. 

Pohangina Valley , sho·1ing riverbed veget3tion. 

Kahikatea , totara anr.. :nghoe seed1 inf. s ,_mrl.cr Po pul,Js 

elba , Rangitikei River. 

Interior of terrace xeric forest. 
11 II II 11 

Diameter distributio~s of terra ce xeric ~icrotype . 

Overview of terrace forest. 
II 

Di ameter eistributions of tall t~~a -damina~ t ~ic~otype, 

terra ce forest. 

32 
1+ 1 

43 
43 
46 
49 
49 
53 
58 
93 

61 
61 

63 
65 
65 
67 

21 • D.i ameter d L== tr .i butions of 10''' !:!e ''::-~ -do~~ n:=m t r.1i c r otype, 69 
terr.c1ce forest . 

m ,·y ."' -' 
.li . ........ ~ • 70 

2~. ~Ahoe est~hlish2d on decqyi~g ~~l l en J0~ . 70 

24. Di?neter di s tribution s of podocarJ speci e s in te r~ace 77 
forP.st. 

25. Seed1in~ increment r a tes vs. ~ ,~,.::l tivc: l igh t inte::sity. 90 

26 . Sc~dl ing growth rate s vs. lo ~ (~., . i.) . 
27. T0tara seedlines fro m treat~P~ts A ~rd D. 

2ti . Ti t ':lY.i S9edlin~ s fro m tr eat::~c>:, t-= ' 2:1'~ D. 

29. Histoera~~ of unders ·torey ligh t 5~tPnsities . 

J O. YoUJ'l G kahikat2a stan.:l ·eing lost to erosion. 

92 

93 
93 

96 
105 



I 

II 

III 

LIST OF TABLES 

Sources and growth times of seedlings. 

Ag e estima te s f r om incremen t b orings of totara, 

youn ger floodplai~ stqnd. 

Age estima tes fro Q i~cremen t borin g s o f totara, 

older fl0~dplain sta nd . 

ix 

Page 

~36 

45 

51 

IV DenEi t i es of podoca rp t rees in terrace forest. 73 

V Distribution of podocarp spindlings among 82 

terrace forest microtypes. 

VI Chi-squa red tests on dis t ributions of podocarp 82,83 

species' spindling s. 

VII 

VIII 

I X 

Seedling growth results. 

Forest understorey light environments. 

Compar ative g rou nd cove r i n fou r fores t 

( mic ro ) types . 

88 

94 

99 




