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ABSTRACT

Species' vorulation structures and replacement
ra2tterns are quantitatively described from intensive samp-
ling of forest on alluvial surfaces of three ages. Observ-
ationz and evidence from a ra2nge of ~ther sites are incorp-
nrated to assist in *tracing the develapment of forest on
21l7uvial surfaces of the study arez , and ir examining
factors influencing this development .

Cockayne's postulate that :

" ... the most important principle underlying
succession in New Zealand forests is the relation
of the different svecies to light ."

is investigafed with respect to the study arca .

-

|\ Relatively even-aged totara-dominent dense podocarp
stands have developed on flnodplain surfaces made avail-
able by progressive channel down-cutting and lateral
rigrations. On older surfaces these first generation stands
are replaced by forests dominated principally by the angio-
sperms tawa , *titoki and mahoe.

On a terrace surface c¢.2,000 - 3,000 years old ,
forest variation appears attributable to dynamic processes
well as differences in site drainage . On mesic sites
tall tawa-domirnant forest prevails , althouzh recent wind-

throws have produced low groves of makoe and other small
angicsperms , and 2lsc apparently stimulated some podocarp
regeneration ., On xeric terrace sites , titcki and rewarewa
dominat=s the canovyv .

Low densities of podocerps on the mesic terrace
sites attest to very sparze regeneration after the demicse
of the dense first generatioa siands . The discontinuous
size class distributions of podocary srecies on these sites
appear 3t leest partially attributable ic speradic regener-

ation fellowing major windthrows .

Fodocarp densities are higher on the terrace xeric
sites , rezeneration of matai and totzra apprarently being
favoured by the lower vegetation density and higher under-



storey light levels . On these sites matai shows an all -
sized stable population structure , and 2 cyclic discon -
tinuous renlacement of totara seems possible,

Beedling growth experiments showed both totara and
s ade-tolerant than two large angio-
sperm srecies ( titoki and pukatea , respectively )

; geen to te replzacing them in old growth feorests
27

m
ated for totara seedlings . These findings confirm that;ﬂ
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 " light relations " as the primary influence on
successional trends , and suggest that regeneration of
kahikatea and especially totara is likely to be largely
disturbance-dependant -
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CHAPTER ONE : INTRODUCTION

The histery of New Zealand vegetation ecology has
seen much dispute over tre interpretation of the indigenous
forests,2 major difficulty Yeing in understanding the seral
status and dynamics of the lerge long-lived conifers of

gerera such as Dacrvdium, Liboscedrus »rd Fodocarpus . Many

workers have described an apparent =s=carcity of coniferous
rezeneration in high forest situations where these species
are present as canopy trees cor emergents ; e.g. Cockayne
(1928) , Bolloway (195,b) , Cameron (195}) , Nicholls
(1e56) , Robbins (1962) ,P.Wardle 1963b). Opinions have
differed widely in attempts to explain these widespread
instances of non-"accordance" (Braun 1950) , their causes
and their implications.

Cockayne (1S28) interpreted the podocarps and )f
other conifers as light-demanding pioneers generally un-—
able to regenerate in their own shade , and hence destined
te be replaced by a climax forest of more shade-tolerant
"dicotylous" or "broad-leaved" (angiosperm) svecies. This
interpretation appeared consistent with the abundant est-
ablishment of various conifer species often seen in early
secondary vegetaticn after destruction of the original
forest by fire ; e.g. Cameron (1960b) , Pook (1978).

Alternative theories of mosaic or cyclical regen-
eration have been propossd , involving alternation of con-

ifor 2nd angiosperm pheses ; e.g. Cemoron (1651.),
Fraorounced regensr=tion cyclas are evident n noorly -
drained .nstland terrace foresi. [(Fecole, 1837) and in
Tihoi forest in the Centrzl North Tsland (Herbert, 1978 ;
A, Katz F.R.I. ,unpub.report). However there is a lack
of published evidence for more widespread occurrence of

such cycles.

Zobbins (1962) later ex%ended Cockayne's linear
concep :
successional replacement /ontn an evolutionary scale. He

sugegested that the "ancient" coniferous element of New



Zealand's vegetation was in the process of extinction , as
2 result of gradusl displacement by angiosperm species
better adapted to the modern enviroanmsnt .,

Holloway (195! h , 19¢61) 2lzo rejected orthrrox
cucressional interpretations »f the apparent irstabil -
aties , irstead suggesting that fcrest dynarics rave been
profounly influerced »v climatic ckange within the last :
millenium . He claimed that conifer regeneration failure
was one of several broad veretation patterns and trends
best explained by a postulated change to a cooler , and
probably generally drier climate beginning ¢.1200 A.D.
Holloway's much-debated theory arose primarily from
observations of the Western Southland forests , but

gained almost immediate support from sevsral other
New Zealand workers who found that it offered satisfying
explanations for forest patterns and "anomalies" in
other regions , e.g. McKelver (1953), Nicholls (1956},
P.Wlardle (1863b)

Geophysical evidence suggests mean temperature
fluctuations of 0.5 to 1.7 Jdegrees C in New Zealand with-
in the last millenium , but there iz little agreement on
the ecological significance of such small changes (Fleming
1263 ; Molloy 1969 ; Burrows and Greenland 1979 ; P.Wardle
1979) . The climatic change school of thought has been
increasingly criticised by a number of recent authors who
have stressed the role of natural and anthropogenic dis-
turtances in shaping New Zealand's vegetation within the
last millenium and questioned the reed tec invoke climatic
chanre as a major influence , 2.¢. Tumberland (1962) ,
Volloy (196Q) , Yaotlen and Stewart (1652) , Norton (1983).

A variety of factors have probably contributed to
the difficulties experienced in intergreting forest dynam-
ics in MNew Zealand. The lack of historical records from the
centuries ot Folynesian settiemenrt means that there is still
much uncertainty about the role of anthropogenic disturban-
ces in influencing New Zealand's present vegetation patterns.

Jhile there is clezar evidence cf extensive fires in several



districts during this period (e.g. Molloy et al.,1963 ;
Esler, 1963) at least two prominent autkors have suggested
that the impact of prehistoric man on the vegetation , part-
icularly of the Central North Island, is possibly still
being underestimated (McKelvey,1972 , p.23; F.Wardle 1973,
pe 163,

vegetation from the early days of Suropean settlement, and

much of the lowlands was cleared befcore the forests came

under the scrutiny of modern science.

The generally slow development rates of New Zealand
forest systems, and the great ages attzined by many of the
coniferous species, add an awkward dimension to the study of
forest dynamics ; this is accentuated by the short time span
of New Zealand's recorded history. The problems of time
scale are certainly not peculiar to New Zealand (cf Horn 1S75);
Franklin and Hemstrom 1981), but I suggest that they are acut-
ely compounded in this country.

Nevertheless, it could be argued that our poor under-
standing is partially atitributable to a lack of experimental
investigation, which has allowed the accumulation of num=2rous
untested assumptions and hypotheses , and meant that theories
of forest dynamics have developed in the absence of adequate
autecological knowledge of indigenous species. Several auth-
ors have recently provided examples of how deficiencies in
autecolcgical knowledge currently impose major limitations on

progress in a variety of research avenues , and appear to be
immediate obs*tzcles to the resolution of problems concerning
conifer regeneration (Burrows and Greenland 1979, p.323;
Dunwiddie 1972, p.258; P.Wardle 1979, p.139).

Assessments of the ecophysiology and critic2l estab -
lishment factars for varicus species have been made almost
ertirely from field situations , where spatial and temporail
compariscns confound the effects of a2 multitude of variables.
The New Zealand literature reveals that conclusions drawn
largely from subjective field observations have led to scme
widely divergent claims from different authors , as .to the
ecological characteristics of various species. For example,
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Cockayne (1928) believed matai (Fodocarpus spicatus ) to

be"the least light-demanding' of the podocarps. However ,
Cameron (19602) and McKelvey (1963) both grouped matai with

trus tntara (P.totara) as the most light-demanding of the
D

ressirum) and miro

podocarps and rated rimu (Dascrvdium cu
a

(P,fer-ugineus) as the most "shade-hearing" »~f the group.

Hinds and Reid (1957) asserted that matai and (true)
totarz ",.. must be considered as belonging to the warmest
New Zealand climates ... i.e. warm temperate tc sub-tropical."
But in an attempt to interpret forest patterns in the Taur-
anga stream basin of Whirinaki State Forest, A.Katz (Forest
Research Institute ,unpublished report) operates on a pre-
mise that matai and totara are the most "cold-tolerant" of
the large lowland podocarp species.

In discussing differential species' responses to a
postulated climatic change, Holloway (1954b) referred to
matai and totara as the "more mesophytic podocarps" ,comp-
ared with rimu. This description is certainly not consistent
with the widespread occurrence of the two forenamed species
on free-drainirg and drought-prone sites where rimu is rare
or absent.

Besides demonstrating a lack of agreement as to var-
inus species' ecological cheracteristics, examples such as
these also show the imprecise terminology and lack of quant-
ification that has prevailed , and has only added to the
confusion. Terms such as "shade tolerance" , "cold tolerance',
"mesophvtic" - used, as thev generallv have heen , without

accompanying definition of auantification,are open te a wide

1. Unless coctherwise indicated, ncmenclature follows %llan
(1961), Edzar (1973) and Moore 2and Zdgar (1970).
Aprrendix 1 provides scientific names for those species
referred to by common names after their first appear-
ance in the text.



range of interpretation.

Trhe theorising of earlier decades has been followed
by little in the w2y of experimental studies or tests.
Corkzyne (1928) postulated that "the most important prin -
ciple underlyine succession in lNew Zealand forests is the
relation of the 2ifferent species tn light," And, as

obssrved by Pock (1979) , "Tris hypothesis has seldom been

critically examined since it vas firzt enunciated.”
Cockayne (1928) considered that poor self-replace -

ment in many stands of species such as rimu, totara and
kauri (Agathis australis) was due to the conifer seedlings

being "strongly light-demanding" and unable to establish
readily in the shade of mature forest. He considered that
on most sites, ccrifer stands represented seral stages
leading to a climax forest of "shade-tolerating" and
"shade-demanding" angiosperm species.

Papers by Bieleski (1959) and Pook (1979) appear to
be the only published New Zealand studies that have exam-
ined Cockayne's interpretation by means of experimental
investization of factors affecting seedling establishment
and growth, Bieleski conducted a thorough investigation
into factors affecting growth and distribution of kauri,
with a thoughtful integration of field work and seedling

growth experiments. His results suggpsted that kauri seed-
lings were in fact "decidedly shade-tolerant" , and Bieleski

concluded trat Cockayne's "light relation" hypcthesis did
not explzin tha Avasamics of kauri ferests. lowever,
Bielaski'z experimants did nct include zny other ecolog-

ically =azioeictsd specles for comparisces with kauri's

"y
oo

performance., Tt seems fair te sugrest that such an inclusion
would have greatly enhanced the value and applicability of
the study, and mizht well have led its author to a rather

different interpretation of his results obtained for kauri.

Pooki's wecrk was less comprehensive in his analysis
of site factors , concentrated solely on the effects cof
light intsnsity , but this study included the comparative
dimension overlocked by Bieleski. Pook (1972) compared



ponses of kauri , tanekaha (Phyliocladus

Fy

seedling growth res

trichomanoides) and twoc commonly associated small angio-

sperms , under four different light levels. These experi -
ments confirmed the generally slow growth rates of indig-

enous conifers in comparison with those of many " shrub
hardweecd " snecies , and or the basisz of bhis results
Pock wv3s 1less inclined to challenge Tockayne's interpret-
2tion . He suggested " that the very slow growth rates of

the softwoods under shaded conditions , compared to many
hardwonds , partly explain the general failure of soft-
wood regeneration in mature primary forest and their
patiterns of establishment in secondary scrub and forest

communities ., "

The studies by Bieleski and Pook were concentrat-
ed on species of restricted northerly distributions.
Despite the fact that experimental studies of comparative
growth responses tc controlled environmental variables are
of proven value in plant ecological research (Grime,1965),
there has been no similar published weork cn principal
species of the more widespread podocarp brecadlezf lowland
forest types. Some understanding of causal factors oper -
ative in the mechanisms of vegetetion dynamics is clearly
necessary for successful management of complex forest
ecnsystems (Spurr and Barnes , 1973,p.10). So in view of
the zttempts in recent decades at sc-called sustained
yiels msnagement of the indizenous conifer-angiospernm

"

forezsts , the lack of experimental researchk is surprising.

Therafore it seems fair tc suzzest that Cockayne's

ligh*t relation hynothesis heg

n

s further investiesation , by
the integraticn of appropriste exnerimental work with

field studies of vegetation dynamics. Pook (1979) conclud-
ed that : " There is little difficulty in accepting that
other factors besides shads influence the regeneration of
forest tree species . However, until a good deal more ‘
information is available on the growth responses and behav-
jour of many more forest components in respect of this
attenuation of the primary energy source , knowledge of the

o)}



effects of other factors could be greatly limited in its
application . The assessment of responses of many forest
components , both dominant and sukordinate , to shade ,
would zapnear to be fundamental to understanding the
dynamics of mecst indigenous forest comrunities and for
resrlving some of the protlems c¢f f=ilurs in nztural
maintenance of some species "

It is to Pook's rationale that this th
particularly relates.

D
m
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0]



CHAPTER TVO : AIMS.

The aims of this study were twofold :
(1) To describs structure and dynamics of lowland alluvial
forest in thz Pohangina Valley.
(2) To svaluate Cockayne's "light rslation" successional
machanisn hypothasis (s=22 Chapt2r Onz p. 5 )with
respect to these forests.

It was intended to obtain guantitative descriptions
of the vegetation on a series of differasnit-aged alluvial
surfaces. By examination of species' population structures
and thesucoessional Dpatterns evident on each of these surfaces
(i.e.the recent historical development of each sampled forest),
it was hoped to (a) demonstrate the establishment/regensration
modes of the principal species; (b) trace a saquence of forest
development on alluvial surfaces of the lowland Pohangina Velley.

Pursuit of the second aim involved comparison of
(a) various species' performance under a ranges of light inten-
sities in seedling growth =2xperimesnts, with (o) species
recruitment patterns observed in m=asurement field light
environments. From this integration of field and glaszhouse
work it was hoped to makes an assessment of the influence of
light relations on establishment behaviour of some principal
lowland 21luvia] forest species, and hence on succession in
these forests. Tor example : Can the scarcity of totara re-
generation in both flood plazin and terrace forssts be attrib-
uted to inability of totara seedlings to grow at the lizht
levels currently prevailing in ths understoreys of these forests?

While undertaxa a
ation for obsesrved sp=aciss replacenmsznt patierns, the expariments
might possibly also have somes predictive valus. For example @

if totara seedlings were found to be incapabls of growth at
light intensities typical of forest understoreys, than it would
seem fair to suggest that totara rezensration is not to be

expectzl [or wi least rarsly so) in old growth situations on
sites such as thess.



The choice of seedlings, as opposed to later growth
stages, for the experimental subject was primarily for reas-
ons of practicality. However 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 seedling stage (Sagar
and Harper, 1961). Studiess of plant population dynamics
suggest that for most spaci=2s, the sezdling shortly after
germination is th=2 most susceptible phase in the ontogs
of the individual (Cook, 1979).

Overall, it was hoped to gain some understanding of
alluvial forest dynamics and of ths factors affecting
establishment and regeneration of some principal species.
This study was motivated by the general issues discussed
in the introduction. Thz2 study aresa was se=2n as offering
specific examples fairly typical of some g=neral questions
posed by many New Zealand lowland forests.
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CHAPTZIR THREE ¢ THE STUDY AREA.

3.1 THE PHYSICAL ENVIRONMINT

The Pohangina River drains the south-west flanks of
the RWahinz Rzanges, and flows in 2 generally south-west dir-
ection to join thes lanawatu River at Ashhurst (Fig.1) The
rivart's length is 62 km and ths total catchment area is
about 536 km? (Brougham and O'Connor, 1%32) This study is
concerned primarily with the lower rsaches, i.e. below the
termination of the lower gorge at the Konewa Stream junction
(NZus 1, N 144/376 679 ) Below the gorge the
river occupies a flood plain generally 500-700 metres in
width, buv occasionally restricted to less than 200 metres
(Brougham and O'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.
Thz lowest major terrace is believed to bes co-esval with the
Ashhurst Terrace of the Manawatu Valley (age estimatad at
18,000 to 21,000 years; Fair 1568) 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). Howesver,
saveral "minor terraces" (Challands,1976) are present below
the Askhurst Tarrace along most of thzs lower reaches of the
Pohangina River.

% The soils of the "river flats" (i.s. flood plain and
w

- B

v
3

1ts,derived from

minor terraces) are formed from recant sedim:
o

4

H
greywacke,sandstones, and siltstones,brouzht down by the river
and dsposited during flooding (Rijkse,1977). Thass recent soils,
classified as Rangitikei,lanawatu and Kairanga Series, have
zenerally high nutrient status as they arc only weakly weather-
ed. The Wakararz and Ruahine greywackes forming most 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 (Rijkss, 1977).
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3.2 CLIMATE

The climate of the Pohangina Valley is chacterised
by warm summers and cool winters (Rijkse, 1977). Because
the Pohangina Valley has no Meteorological 3Stations coll-
ecting comprehensive weather rscords, detailed and accur-
ate local climatic data,othsr than rainfall rscords, are
unaveilable,

Thne raintall pattern of ths valley is largely
controlled by the orographic effect of the Ruz2hins Rangse,
which causes precipitation of moisture carried by west-
erly crosswinds, Annual rainfall avsrages 1145 mm at
Totara Reserve (New Zealand Metsorological 3ervice,1973);
but rainfall figures increase further up th2 valley and
closer to the ranges (e.g. ¢.1300 mm at the Pohangina
Scenic Reserve), rising to about 4000 mm in the headwaters
(Brougham and O'Connor,1982). The annual rainfall varia-
bility T 2t Totara Reserve is 174 mm (N.Z.M.S.data; A.V.
Dyke pers.comm,) indicating a low drought risk.

Over thes whole of the Manawatu area winds are pre

dominantly from the west and north-west e.g. the most
frequent wind directions recorded at Ohakea Airfield ars
N.W. (37%#) and W (18%4). In the Pohangina Valley,channel-
ling by the topography produces a local dominance from
the north-west and south-west directions (Wright,1963).
Gales ars "relatively freguent", (Rijkse, 1977).

363 THE PRIMITIVE VEGETATICON.

Before Zuropean settlement began last century, most of
what 1s now Pohangina County was apparently clad in forest.
Most of the lowland area was cleared between 1880 and 1320
and a rsconstruction 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 Pohangina Scenic Reserve and a few
smaller relicts, together with information from old maps,
are sufficient to enable a reasonablzs appreciation of the
vegetation pattern at the time of IZuropean settlement.

J.T.Stewart's map, produced from his 1859 survey
along the rivers (Stewart, 1859) provides probably the
earliest known useful vegetational information for the
district. This is in thes form of briaf comments written
directly on th2 map at many localities. "Totara" and
"totara timber" are marked abundantly along the banks of
the lManawatu, Oroua and Pohangina Rivers, suggesting that
as in many other lowland districts throughout the country,
this species was a characteristic and protably dominant
component of flood plain forests. "Kahikatea" and"tawa"
are also commonly marked close to the rivers.

Further away from the rivers, "rimu", (northern)
"rata", "kahikatea","matai", "tawa" and sometimes "totara"
were recorded on Stewart's map, suggesting these species as
conspicuous elemants of the forests on the terraces.labels
of "tawhai" (= Nothofagus spp.) ars abundant a2long the
middle and upper reachzs of the Pohangina River., Ssesveral
pockets of black bezch (Hothofagus 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 spurs (Grzenwood,1949); but two isolated
black beech among tawa (Beilschmiedia tawa) dominant river

flat forest in Totara Reserve attest to mores recent ripar-
ian dispersal of this species.

The lack of references by Stawart to titoki

(Alectryon excelsus), mahoe (Melicytus ramiflorus) and

L7}

rewarewa (Xnightia excelsa) contrasts markedly with the

virtually ubiquitous occurrence of th2se spzeies as prin-
cipal canopy components in th2 2xtini rzmnants. Species
composition has undoubtedly been medifiesd, to varying
degrees in differsnt remnants; e.g. extraction of podo-
carps which appears to have often induced development of
low mahoe-dominant groves. Local concantrations of rewa-

rewa in the Pohangina Scenic Resarve ars at least partialiy



attributable to several fires within historic times. But
_even in patently virgin areas of Totara Reserve,these three
species are usuzally among the principal components of an
angiosperm-dominated canopy on the terraces, where the podo-
carps generally form a scattered emergent overstorey.

It is quite apparent from the nature of Stewart's
notss that his interest in the vegetation was primarily in
recording potential timber resources, and so these notes
cannot be regardsd 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
surveyed corners. Such records do not constitute a random
sample of the forest, as the surveyor would tend to choose
trees of large size and (for marker trezes) those having a
durable wood (Spurr and Barnaes,1973).Thereforz, lack of ref-
erence,particularly to mahoe and titokxi, 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-angiosperm forests.

Further information is furnishked by a later s ale
plan (Lowe,1833). This plan has copious vegstation labels on
the terraces and hill country of the Pohangina Valley.Rimu,
rata, "black birch",tawa and hinau are the most frequently
namad species; and "tawhero" (=kamahi,Veinmannia racemosa)

titoki, rewarewa and miro are also listed.

Totara Reserve must scrve as the principal record of
the primitive vegetation of the Pohangina Valley, with dus
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 Greesnwood's (1949)
description,this remnant is of great value as it includes
considsarable diversity of forest types on a variety of sites
and soils.

0

-
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34 IMPACT CF THS MAORI CULTURZE.

J.T.Stewart's 1859 survey map of the Ahautaranga Block
recorded no occupied Maori settlements in the Pohangina Valley
(Ssewart, 1859 ).3tewart recorded only four abandoned village
sites in the valley, although an earlier visit by William Col-
enso in 1848 had noted a sm=2ll village of nine to sleven peo-—
plz,which "... comprised thz whole population on the baniks of
chat wriver" (Bagnall and Pataraen, 1948).

Although the inhabitants of the abandoned villages
were probably wiped out by tribes invading from other dist-
ricts, it is quite possible that these villages were never
occuried on a permﬂnent basis (Wright, 1968). Buick (1903)
notes, for instance, several villages in the upper Manawatu
which were used as season2l hcomes. Thay were probably occu-
pied only in summer to snare birds and gather berries.

Mr. F.VWlagstaff, who came to the Pohangina Valley as a child

in 1895, recalled partiss of Rangitane lMaoris travelling from
Palmerston lforth and Ranzgiotu to visit the valley (I.Mathie-
son, pers.comm. ). Tney came to collect edible fungi (for sale)
and to shoot pizgeons,but nsvar stayed more than a few days.

A total of fives stone adze finds are recorded from four local-
ities within the valley.(I.llathieson,pars.comm.) The antiguity
of these adzes is not known,and these finds alone cannot be
regarded as convinecing evidence of more intensive Maori act-
ivity in earlizr times.

The Maori made significant use of the Pohangina and
Oroua Valleys for purposes of communication, if not for
settlement (Jright,1963). Both these river systams ware used
for water trarnsvort, b2ings linkad with the lanawatu 3iver,the
m2in outlet to +tha2 coast. Several saddlss across the Southern
Ruzhine Range were apparently used as overland routes to and
from Hawkes Bay and thes Vairarapa (Stewart 1859 ; Elder 1965).

From the evidence of very limited or sporadic use of
the Pohangina Valley, it s==2ms probable that the Maori had
1little direct influence on the vegetation - at least post
- C. 1800. This contrasts markedly with the accounts of much
vegetation destruction or modification recorded in districts



supporting large Maori populations in the 19th. century
( eeg. Cameron, 1964).

However a small dense stand of pole-sized totara in
the Pohanginz Scenic Reserve (NZMS 1, 144/387 696 quite
possibly indicates a site of localised anthropogenic vege-
tation disturbance some time last century. This stand, with
a3sociated rawarewa and large kanuka (Leptospermum ericoides),

proeacly corresronds with the site of a clearing in the forest
noted by Buropean settlers in that area late last century
(H.Rutherford, J.inright; pers.comm.). This was probably a
clezaring of Maori origin, perhaps created for cultivation of
fern root. The sites is about three kilometres from the site

of an abandoned village ("Te Haha") noted by Stewart in 1859.

16
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3¢5 IMPACT OF THEX SUROCPEAN CULTURE.

After Stewart's survey in 1859, the Ahautaranga Block
was purchased from Maoris in 1864, but the major phase of
Zuropean settlement in the Pohangina Valley did not begin un-
til the 1880's. The dramatic transformation of the landscape
oy the Zuropean culture has bean described by Wright (1968).
The period of most rapid forest clearance was from 1896 to
1906 during which 21.9% of the total arsza of Pohangina County
was cleared. Accounts of forest clearance methods employed by
the settlers were researched and collated by Wright (1968)

At least five sawmills 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 ths main phase of settlement timber supply greatly
exceeded demand, and great wastage is apparent from all
accounts (wright, 1968). Most of the angiosperm tree species
were not in demand for timber, and much podocarp timber was
also desvroyed 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 Pohangina Survey District, on thz 2ast Lank 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 "permanently reserved for the pre-
servation of timber and river conservation" (N.Z.Gov't.Gaz-~
ette, 1987 ).

Around 1900 a fire damaged forest on about 250 acres
of this ressrved area (part of Section 48). A Department of
Lands and 3Survey notice and map datad Februvary 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 Szction 48 (recorded as 317 acres) was sold in 1906
(¥.Z.. Laws,Statutes, ete.,1946) and subsequently converted
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 remaindsr of the two reserved sections came to be
popularliy 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 Crown Lands granted per-
‘mission for the Pohangina County Council to take "dead timber"
from the reserves of the valley.2 This licence applied to
both Totara Reservzs and ths Zchangina 3csnic Ressrve, a sep-
arate section of mostly cutovar forest further up the valley.

In 1822, most of Totara Reservs (Part Section 48)
came under the administration of the newly-created New Zeal-
and Forest Service, and was designatad as State Forest No.89.
In February 1936 a severe gale badly damaged some 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 which were
"oxtensively smashed" (Greenwood, 1949). In the wake of the
gale, 204 fallen trees (85% kahikatea) were recoverzsd and
milled. The Forest Service planted several thousand kahikatea
seedlings among the shattered stand, but most of these appear
to have perished. In addition to the damage inflicted by the
storm and timber extraction, this area has suffzsr=d consider-
ably from cattle browsing and trampling, and from subsequent
invasion of exotic weeds and grasses.

Mr.K.B.Caldwell, now of Ashhurst, worked at a sawmill
near Totara Reserve in the 1930's. H2 recallad (pers.comn. )
that the mill ownsrs obtainad psrmission froxr the local TForest
Service senior ranger to remove "dead standing" tress from any
acc2s3ible part of the res2rva. Aprarently this term ("dead
standing") was given a rathar libsral interpretation, by bhoth
the ranger and the mill ownsrs, and totara with deteriorating
crowns were occasionally felled.

2 Dept.of Lands and Survey files for 3Section 61, Block VII
Pohangina Survey District (correspondence).



19

In 1946 thez two ssctions of Totara Reserve ware constit-
uted as the PohanginaValley Domain (N.Z..Ilaws,statutes, etc.,
1946). The total area of about 740 acres (c.300 ha) has since
then been administered by the Palmerston North City Council. ~

1O

3. TITPACT J2 THE TNTRODUC®D FLORIA AND FAUNA.

It is probatle that a century or more of interaction
with new floral and faunal arrivals has significantly affzct-
ed the dynamics of the indigenous vegetation, especially in
insular remnant communities. For the present study, some con-
sideration must be given to thes effects of :

(a) the selective depredations of introduced mammals.

(b) the invasion of certain introduced plants into forest
margins and seral vegetation comrunities.

It is also possible that earlier faunal changes wrought by

the impact of the Polynesian culture (e.g. moa extinctions)

heve had far-rsaching effects on th2 dynamics of IMzw Zealand

forests (Fleming 1977; Greenwood and Atkinson 1977;

P,#2rdle 1979).

Brush~tailed possums (Trichosurus vulpecula) were
liberatad at a number of localities in the Pohangina Valley
and adjacent areas. The 23rliest of the recorded introductions
tc the valley was in 1983 (Pracy, 1962), but information
about thes liberation and spread of ths species is almost

certainly confused by private liberations (Zlder ,1965).
Al thousgh control measures are carrisd out by the caretaker
of Totara Ressrve, faz2cal p2llets are common in most parts
throughout. Heavy possum brows:s has been noted on five-finger
(Pseudopanax arboreus), pate (Schefflera digitata), mahoe

and titoki. Heavy browsing of hangehange (Geniostoma

ligustrifolium) is probably also partially attrivutakble to

possums. Many of the northern rata (lMetrosideros robusta)

trees in the reserve are now either dead or else have very
little foliage ; the declin2 of this spescies throughout
forest remnants of the lanawatu region and in the Tararua
and Ruahine Ranges has been largely attributed to possum
browsing (Zlder 1965 ; Elser 1978). In contrast, the
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Pohangina Scenic Reservs still retains a fair number of rata
in healthier condition.

As the forests of Totara Reserve have probably been
subjected to at least 80 years of possum browsing, this
agent has possibly contributed to the present scarcity
therein of certain susceptible species, notably five-finger,
kamahi and kotulutuku (Fuchsiza excorticata). However, kamahi
does not appzar to be currently suffering ssvere browse,

either within the reserve or in scrub-filled gullies on surr-
ounding farmland. Its present restricted distrivution 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 of the terrace forests.

In 1922, red deer (Cervus elephus) were libesrated at
Delaware in the foothills flanking 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 were recorded further south at that time
(Elder,1965). K.B.Caldwell, a life-long resident of the
valley, considersd (pers.comm.) that it was not until the
mid-1950's that deer first reached Totara Reserve, which is
isolated from Ruahins State Forest Park by about three kilo-
metres of farmland. This date corresponds roughly with the
period when deer numbers were thought to have peaked in the
southern Ruahines (Elder, 1965).

Although no quantitative animal surveys were attempted
in this study, the distributions of deer sizn suggested
differont utilisation intensitiss feor various sites. Deer sign
was only rarely encountered in the flood plain totara forests.
Pella2ts were occasionally found on ths minor terracss of the
"0ld Coach Road" block of the reserve ( see Fig.2,Fig.3) and
breoewsing of hangehange often noticed in these forests
(espacially along stream banks) is probably attributable to
deer. An abundance of deer and possum sign was found on stee
north-west facing slopes (thz Ashhurst terrace scarp) in the
southarn ("Fern Walk") block of the reserve, suggesting this
to be the area most heavily used by both these animals. The
only deser to be heard in over 70 visits to the reserve
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(spanning 19 months of field work) was encountered here on
11.7.82-

There is no evidence of pigs or goats in Totara Reserve,
but at earlier times stock have been "plentiful" in the totara
and kahikatea stands on the flats (Gresnwood, 1249). K.B.
Caldwell (pers.comm.) recalled that prior to 1924, sheep were
grazed on ths river flats fronting the then-unfenced forest.

He also claimed that cattle were winterzd in the (Hotara)
forest on the flats ¢.1924-35. The reserve is now fenced on
all boundaries accessible to stock; although soms of the fences
are in poor order, only occasionally are shzep now encountered
within the reserve.

Black rats (Rattus rattus), being virtually ubiquitous
throughout New Zealand's forests (Taylor, 1978) are undoubtedly
Present in Totara Ressrve. Like their predecessor Rattus

exulans , they are likely to be a significant influence on
long-term trends in plant species composition and recruitment
(Beveridge 1964; Camobell 1978). However, no obssrvations on
rats or their effects were mads during this study, 2nd the in-
fluences of rats on vegetation are complex and not ecsily
determined. |

Cockayne (190C) assertz2d that modification of the in-
digenous forest by man and animals was a prerequisite to entry
and establishment of alien plants, and later works have gener-
ally supported this view e.g. Thomson (1922), Skipwortn (1382).
However, it must be realised that few if any communities on the
main islands of New Zealand now remain in a truly un-modified
(i.e. pre~human) condition. “ven the most rzmoiz z2nd rusged
areas are likely to havs been subtly affzacted by man or his
faunal introductions.

Most lowland forest remnants have underzgone more con-
spicuous modifications, and the vulnsrability of sm2ll rem-—
nants to invasion by a range of exotic plants is well
documented e.g. Zsler (1962, 1978); Healy (1973). Most of the
exotic species present in the two mz2in ressrves of the Pohang-
Valley are confined to the forest margins and clearings



€.8. Acacia dealbata Link, Clematis vitalba Linn.,
Leycesteria formosa Wallr., Lonicera japonica Thunb.,

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

Prunus cerasifera up to two metres tall have been fourd in-

side the forest, but none was sesn to flower or fruit in
these shaded situations. Ivy (Hedera helix Tinn) has formed

a densz2 vigorous colony at onz sitz in the Pohangina Scenic
Reserve. The advance of flowering i7;- stems somz2 distance
into ths reservz, and the local abundancz of sezdlings on
the forest floor sugzest that this species has some ability
to invade relatively un-modified forest.

But the most potentially influential forest invader
is almost certainly Wandering Willie (Tradescantia flumin-
ensis Vell. which can form a dense carpet up to 60 cm high

on the forest floor, stifling all regeneration. The dense
rank growth of Tradescantia found in many smaller forest
remnants of the Manawatu region has not yet occurred in

eithzr Totara Reserve or the Pohanzgina Scenic Reserve. The
small pateches that have established in the flood plain
forests of thz formsr do not at this stage appzar to be suff-~
iciently dense or vigorous to prevent regeneration. The
results of a study by Kelly (1977) lend support to Isler's
view that growth of Tradescantia in Manawatu remnants has

been promoted by the increased forest interior light levels
resulting from human-related modifications and edge effects
in thase small relicts (Zsler, 1962). It is likely that
Tradz2scantia poses less of a threat to larger, less-—-modified
forests such as Totara Reservs.

[0

&

}J

A numbar of 2xotic plant Sy

sl ]

Are nNcwW vigorous

j-tﬂ‘
[§]
4}

blsz influzsnces on
forest development will be discussed bri ofl_; in Chapter
Five (Section 5.1.1 (c) ).

colonisers of riverbeds, and the

*C‘J
CD

22



23

CHAPTCER FOUR : METHODS.

4.1 PFORIST STRUCTURE AND DYNAMICS.

4.1.1 3election of study sites.

It was initially hoped to describe vegetation on a
caronosequance of many surfaces. Obszarvations suggestad
that Totara Reserve includes at least six distinct surface
levels , the highest of these being the Ashhurst Terrace
(Challands, 1976.). However, some of these levels ars rep-
resented by very small areas within the reserve , and on
some surfaces the vegetation has been greatly modified by
logging, roading or tracks.

The middle ("01ld 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) surfaces. 350 a prelimin-
ary survey of most of this block was made, using a series
of parallel linz transects to prepare a map of physiogra-
phy and (qualitatively-dsscribed) broad vegetation types.

( Fig.2 ) A rather complex pattern smarged , the m2in feat-

ures being :

- Totara—-dominent forest on the flats and levees of the
flood plain. Rijkse (1977) indicates Rangitikel series
soils for these surfacese.

— A complex of swamp and semi-swamp vegstation types

associated with abandonasd river channels and areas

[P}

soted by sazpage ; pukrtea (Laurszlia novae--z2lani-
3

L

L

3

i22) beoinz the nost consistently prasent trez speciocs.

~ DPorests dominated by a variety of angiosparms (espec-
ially tawa, mahoe and titoki, with emsrgent scatterad
podocarps and very occasional Horthern rata on the lian-
awatu series soils (Rijkse,1977) of the higher flats.

- A gently-sloping fan deposited into the main river
valley by the Mangatukura tributary stream; plus a

1 ~ Not including sloping fan surfaces.
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smaller staap:r Tor Jcposited by a periodically active
run-off channel. An area of Utuwai series soil (alluv-
ial - colluvial origin) mapped by Rijkse appesars to
correspond with the larzer of thsse fans. Pukatea -
kanikatea semi-swamp forest occurs bstwaen thase two
fans, and around thesir hases.

i~ 3 3
decided

It wa

est developmsnt on well-drainsd r=c=2n®t alluvial surfacss

n

only; consistency of soil character and origin being
ial for tim=s specific '"side~by-sidz2" su
(Mueller-Dombois andillenberg, 1974). Theraefore this study
was confined to soils of the Rangitikei and lManawatu series,
the latter regarded as a maturational devalopment of the
former ( J.Pollok, »ers.comm.).

These constraints mesant that only small portions of
Totara Reserve were actually sampled, although observations
were drawn from throughout the Manawatu-Pohangina and Rangi-

tikei catchments. The aresas selected for sampling were :
(i) Areas of totara-dominaznt forest on or slightly above

the present flcod plain.

(ii) A terrace surface about eight metres above the present
river level, indicated as a "minor terrace" by Chall-
ands (1976). This terrace remnant, about 13 hectares in
total area, appearsd to res the largest continuous flat
surface bearing largzaly un-modified forest on well-
drained scils.
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and bears the remnants of a generation of
zer and presumably older totaras. However this forest
peared to have been considerably modified by road constr-
so was not sampled.

seral forest bordering the
of secondary origin, and was

"c" is about one hectars
"DH

a system of 400

six hectares.

2
m

is about
plots
square grid ; i.e. a 4%

plot in the youngsr "C" stand,
stand. An elongated strip of

effects.
in the

totara forest nearby was not sampled because of edge

Howaver, another totara stand (c. 1.5 ha in area),

"YoileCohdo" block of the Rsserve further upstream, appear

to have species size distributions very similar to those of
th2 "013 Zozch Ro2d" block younger () stand. Therefors ,

two 41X)5ﬁ: plots were gitsd in th: "V.ii.0.A." stand, and the
data Jrom these pooled with that from ths singl: plot in the
"Old Coach Rozd" C stand. Ring counts on increment cores later

5

confirmed the very similar ages of these two separate stands.

From these sample plots, a detailed analysis of stand

structure was made, data-gathsring procedurzs being similar to
that described in New Zealand Forest Service (1978). A com-
ple IT. A1l individuals

rooted within the plot, and attaining or exceeding breast

ted data sheet is ineluded in Appendix
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Copy of aerial photograph of Totara
Reserve (S.N. 2992, F/18 ).

Photo credit : Dept. of Lands and 3Survey,
{sZs

Outlines of the flocdplain stands caapled
are shown in blue, and the area of terrzce
forest is outlined in green. The survey
line P - Q , from which the floodplain
profile ( Fig. 5 ) was prepared , is

shown in red.

Scale ¢.1:9600
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. For eacn individual,

heignt, were identified and rescord
rence at breast height, helght tier, and if

over-topped thz canopy spacies directly overkhead wsre re-—

(

corded, A four-ti:z:r licight classification was vused :

Ty Tmerzgents > 25 n

T4 ganoly > 15 m, and emergents 15-25 m
To T~ 15 m

Ty 1e4 = 7 n.

It was attempted toc assess the number of individual
plants, so only the largest live stem was recorded on multi-
stemmed trees. In somz svecies (e.g. mahoe ) ths largest
stem sometimes forked below breast height, and was according-
ly measured balow breast height (immediately below the fork).
Strongly-buttressed stems were measured immediately above the
root flanges , i.2. somestimes above breast heighte.

Within =ach plot, any dead standing trees, fallen logs
or windthrow marks wsare also recorded.

16 1 m? understorey sub-plots were sited on a ragular
grid within each plot. Within each of these sub-plots, all
sezedlings of woody species were counted in three height
clagses © < 15cm, 15 =50 cm , and 50 - 140 cm.
First-yzar cotyledonary scedlings were recorded by presence
alone. The proportions of ground covered by fern, zrass and
hard specizs ware ass2332ad on crude three-point scales for

aach sub-plot, and the specios of canony vezatation directly

ovarhzad was also recorded.

For each species, stems were tallied in the following
diameter classes : O0< x < 2.5 cnm d.b.h.
25€x < 10 cm .
1 x < 20 cm 4

0<
20 ¥ << 30 cm " etc., in 10 cm
classes.
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Kawhatau soils

Ashhurst
terrace
Utuwai
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Manawatu? soils
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WEST R EAST
FIG 4 |Idealised cross-section of Pohangina Valley at Totara Reserve
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The diameter distrivutions obitainzd are a useful basis for
interpretation of a stand's development history, and of the
regeneration modes followed by the component species.

(Hett and Toucks, 1976 ; Vsbler , Schleg2l andlscobar ,
1360 ; Veblen 2nd Stewart, 1980, 1232 ; Stewart and

s 1982 )

/

o
Tahlen

Incramant borings : Iore pr:cisc information was sought on

thaz age structurss of totarza nopulations in thasez flocd
plain stands, and so incremesnt borecrs were used to obtain
rinzg counts. In vizw of the risk of dzmage to trzes, and the
technical difficulties associated with this procedure, oﬁly
a small samplzs of totaras were borsd, including a wide range
of diameters. An estimated 37% of the totaras in the older
stand ( i.e. thosz > c. 71 cm d.b.h.) were too big to
accurately age with the 40 cm borer usad.

Several borings of each tree wesrzs usually required to
obtain a core that was central enough to enablz aa accurate
age estimate. A simple pith locator dsscribed by Applaquist
(1958) w us2d vo 2stimate the number of rings missing from
off-c2ntre corszs. However, for the mzjority of the traes
borzad (51.7% oversll) all of the coras sxtracted were deeme
too wayward to permit an accurats agc estimate, and so data
from these trees wsre not used. The proportion of "good"
cores obtained was initially very low, but improved consider—
ably with sxperience

at =2ither 70 or 14C cm height;
S0 thre=z small totara saplings growinz at thzs forest margin
0

a1 h] ) v By s 3 LRt P JH L L - - =
7 g i s2ctionad to obtain eztimates of tne raanzetive
AT o ey ey i L e P - e ) JaTo ohiivad  MRoeri® SR G [ et e, wpd
et DEHUIALSR OO DTl eil:d? NILINTSs (ap.dOUlrl e

m2dz from two blocks of expan
thz corss ware glusd into zroo
similar softhoard, and sanded to 3 smooth levsl surface.
Annmial rings were counted with thz aid of a binocular dissect-
ing microscope. Growth rings which showed a clear and abrupt
transition to largs diametar tracheids (earlywood) after the

praceding latewood wores intesrpreted as trus annual rings.



a t rings, which showed a grad-
d diamzter aftsr a zone of suppress-—

i
ntarprated as falss rings rspresenting

Tt 1as hoped that thiz f2rrazcs svrTacsz could be
radio-ozrbon dated , but uﬂforti;ﬂ:ily ne suitabls dating
material could be found. The e=levation of about ight metres
abova th2 river level ( c. 5.5 m abova th: prasant flood

plain ) suggests an agz for this surfacs of
c. 2,000 years (li.Sh2pherd, pers.comi.,). This 1laval is
vary much higher than any flood ever recordad by the Man-
awatu - Oroua Catchment Board, and so it is likely that
soil and vegetation devzalopment on this terrace has not
bsen inTlusnced by major alluvial srosion or dsposition
for many hundreds (and possibly thousands) of years. It is
noted that the ma2pping of "Mznawatu" seriss soils for this
(21ijkse, 1977) therefore aprears inconsistent,
since tnis s=2ries is defined as still subject to occasion-
al imandation ("slowly accumulating"). Therefors, it is
likely that the soils on this particular tsrrace surface
would more appropriately be classifi=d in the mors mature
"Karapoti" seriss. ( H.7ilde , pers.comm.). Karapoti seriss
s0ils havs not b2en mappsd in Pohangina County, but are
found on the higher flats and levess of the Rangitikei
River, avove the raach of present day flooding ( Cowie,

nsp2ction ravaaled concidarah

. Yo in - - - > =+ £ AL I s ey - Y 5
in thr structwr: and coxnposition of the forzats on this

H
O
¥}

Ratner than a mosaic of relatively svzn-sized units ,
ez
tributed in paiches and bz2lts of rather varizble shape and
size; th2 area of the individual units ranging from c.0;1
hectares to several hectarss. In view of this small scale
ion, plot size was r2duced from 400 m? to 150 m?.
It was felt that & largs nurbar of resgularly-spaced small

tharzs appearad to b2 savaral different vegetation types dis-

variati
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Prepared by Dr. M. Shepherd, Geography Dept.. Position of the survey line P—Q is marked on Fig. 3.



plots was thz best method of anzlysing and illustrating
this small-scalz variation, while avoiding subjective bias
in selection of sample sites. For additional sensitivity,

the basic sampling unit arsza was further raduced by sub-
o

S

dividing each plot into four guarters. By =xaminaition of
spacies diamater distrivbutions and raplacament patierns it
was intended to =2stablish th2 natur: of the rslationships
between the diffarent vegetation typaz on th2 tarrace ,
i.2. dynamically r=lated phases (e.3. Jatt 1947 ;
Daubenmire 1968, pp 224-228 ("microszras" or " serules");
Knapp 1974), or static sits-specific associations.

The 150 m? plots wers sited regularly ona 75 m
square grid, i.e. a sampling regime of about 2,7% . Data
gathering within plots was basically the same 23 for the
larger plots used in the flood plain forests ; in accord-
ance with the reduced plot size only six undsrstorey sub-
plots were sampled in =ach plot.

Howaver, ths plot sanpling system was found to yield
inadequats data for analysis of thz2 vopulation structures
end establishment sites of the podocarps, which were rare in

comparison with the principal angiosperm speci®s of the
terrace forest. It was decided to atizmpt a eansus oFf il

odocarp stams attaining brea

&3]

o t height; this w25 zccomp -
lished by cruising the tarrace with coatiguous parallel

b2lt transects. A transect width of 14 metras was esmployed
for most of the work, i.e.the forest was scannsd 0 a ranze
of seven metres either side of the obssrver following a comp-
h-

W
uJ
B
'.h

a 2 Tor 2ach T‘""(]:)r"""‘“_’, stam Lhn Fallnwrmdn> wore

&)

—~
=

*__‘n e T P i L S
racordsd -~ species
-~ circumfarsne? ot hreast h»ishit
g
- eight ti=srx
- surrounding Torazzt micro-type

- (if overtopped) thz canopy spscizs dirz2ctly over-

h.ea-d. .

ce of a =zecond "roving" obsarver was of
great value in sishting ths sneller stoms. Howsver, some
transzcts had to b2 cruiszd 2lone, nscessitating cautious

slow progress, 2aspacially wnarz uvnd2rzrowth was dense.

33
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Although this was a thorough attempt to census 100 per cent
of podocarp stems, the juvaniles of these species can he
rather inconspicuous and so it is possible that somz were
ovarlooked.

At the t2rrace margin the vegetation was distinctly
influenced by thz abundant sidz-light , and probably also
by the sxtremes drainag: coanditions, This wes rszzrded as a

inetive 2dzes commnity and so & 20-n2tr?2 wide marginal
strip was excludsd from this study, =2ffactively rzducing
the aresa of terrace forest from c¢c. 13 to c¢. 11 hactares.



4. 2 LIGHT RELATIONS

4.2.1 Seedling Growth Experiments

The aim of th2se experiments was to grow seedlings of -
sevaral principal spacies from the FPohanzina flood plain and
terracs forassts , under a variety of different light levels,
while attempting to minimise differenc in other wvariables

betwszen treatments. This was to enahble comparisons of these
spacizs! seedlings growth rates under a variety of known
light levels, and to assess the importance of light levels

in dztermining spescies' recruitment patterns observed in
the fisld.

The experimenis were begun in the Botany and Zoology
Departmsnt glasshouse, but this was an unsatisfactory envir-
onmant as temperatures freguently resached 25 - 30 degrees C
on clear sunny days. After a few weeks, a cooler glasshouse
at the lassey Plant Growth Unit became available, and the
expariments were transferred. The mininum and maximum tzmp-

L

eraturs thermostat controls wers set at 6 and 16 degrzes C

.

espactively, but in reality the air tempsraturss inside

H

this glasshouse frequently =xcesded 20 dagrezs ¢ on clear
sunny days. This compares with minimum and maximum temper-
aturs values of 3.5 degr=ecs and 17.5 degrass respectively
obtainad from a thermomater left on the floor in terrace
forzst from 25-4-82 to 7-5-82. Thus,tem-eratures in the
experimzantal trzatments wore slightly higher than those ex-
periznzad (in autumn months) by se2dlings in the forest

und 2rstorey environmsnt.

Tar lazshouss roof slightly raduced light levels in
th2 visivle wavalengths, to about 309 of valuzs obiainad
outzids. This 805 r2lative irradizncs lavel was us=2d for tae
first treatment (4). Shade houses, constructad of nylon
natting and bitumsn pap2r scre22ns on light woocden frames,
war2 usad for th2 other threz treatmants : B (247 relative

7

1izht intensity), C(6.27%) and D (1.85%). (Fiz.

Tha species initially sclectz2d for the sxpariments

ware totara, kahikatea, titoki and tawa. However a variety



of difficulties experienced in growing tawa led to the
rather balated realisation that valid results were not
+ m

S
likely to be obtained for this species. Thersicre, seed-

=

+ha

lings of another large angiosperm (pukatea) were later
1€ eriment. Although more site specific then

added to ©

tawa , and not a principal species on well-drained sites,

pukatea provides a very useful comparison with its fre-

quent associate kahikatea , also grown in this experiment.
Relevant details about the source and growth times

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

TABLE T ¢ SOURCES AND GROWTH PERIODS OF SZIZZDLINGS

b;EOIES SEIDLING SOURCE |INITIAL NO. |APFROX AGE AT | GROVTH

PER CCLTIENCHIENT PERTIOD
TREATIIINT |DATE (2pprox)
1Totara |Courtesy of lic 16 = 17 6 months 270 days
Iurrayt's Iursery (8-5-82)
woodville.,
Kahik- |Germinated from 21 3% months 220 days
atea |11Z75 seed. (28-6-82)
Titoki [Wildlings 16 2% - 3 monthg 270 days
Pohangina Valley (8-5-82)
?ukate% 7wildlings 11 v| 1% months
B . = |
Tohangina Valley (28~-7-382) 190 daysl

Batches of fairly even-sized scedlings of each species
were individually potted in a free-draining poiting mixture
consisting of equal proportions of peat, pumice and sand .
Slow-release "Osmacote" fertiliser pellets provided a
balanced nutrient supply.

In 2ll cases,seedlings were allowed at least two weeks
to recover from transplanting,before the commencement of the
experimental growth period. At the start of the growth periods
a osmall sample of each species was harvested to obtain the
initial average dry weight values.



The roots of the totzra se=2dlings were zlready well

noduleted when obtained from the nursery seedbed at less
than five months age. The kalikatea seedlings, serminated

in trays of sterile "Vermiculite", showed very little root
nodulation at roughly two months age - at the starting date
for totara, titoki and tawa secdlings. This lacl: of devel-
opment prompted the innoculation of the kahikatea seedling

trays with litter and chopped roots from kehilzavea forest.
Potting—up and subsequent addition of the kahikatea seed-
lings to the experimental treatments was delayed until
root nodule development had become more pronounced.
Hunidity and temperature were monitored in the four
treatments over a three week period. Differences between
treatments B, C and D were found to be miniral ; in these
three treatments the humidity fluctuated between 70 and
80 per cent for most of the time. But, as expected,
treatment A (with no shade covering) experienced wider
fluectvations in both temwperature and humidity. The prot-
ection of treatment A with a ventilated clear callophane
tent on a wire frame was at least partially successful in
rectifying this without significantly affecting light in-
tensity. However, treatments B and (especially) A required
more frequent watering than the other two. Seedlings in each
treatment were occasionally shifted , as a precaution
against positional effects.

Seedling mortalities appeared to be due mainly to
pathogens rather than treatment effects. A probable except-
ion was the rather high mortality of ftotara in the darkest
treatment (d), during the later stages of the growth period.
Growth results indicated that this treatment (1.8% relative
light intensity) closely aprroximated the light compensation
point for totara seedlings. The effects of different treat-
nents on leaf form and colour were noticeable in all svpecies,
The chlorotic apnearance of the leaves of some pukatea seed-
lings in treatment A suggested some demage from the high
level of solar radiation.
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4y

gred from a scale insec

FThiisscy s 2 ki Yy =
T&wa and titokil su

=

ation, which killed ox weakened several plants

of the foxmer species. Titol:i were also infected by a powd-
ery mildew (F.long, pers.comm.), but this was largely over—-
conne by painting the leaves wiih a2 solution of 2enlate
fungicide. In comparisen with the angiosperms, the scedlings
of the two podocarp species apucared relatively free of

41 Pt PR oo 1
pathogenic attacks.

_ The seedlings were harvested in carly February 1983.
After the roots had been carcfully washed free of potting
mix, the scedlings were dried for approximately 48 hours at
c. 85 degrees C. Root and shoot dry weights were determined,
and average total dry weight increases calculated for each

species in each treatment.
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4.22 Zorest Iight Environuwents.

sceurate measurement of lizht in the ficla poses

consideravle problems, es n001u11y if reasurements are

iy

r

required simultaneously at nany sanmple points. fabtural
ligat levels often wndergo rapid temporal fluctuations,

and the relative illumination of understorey sites with
differsnt aspects of exposurc to cancpy zaps will change
with the angle of the sun throuzhout the day. Instantan-

cous light measurements arec therefore of limited value
in ecolozical studies. Integrated measurements of total
light guanta received over a period of at least one

¥

Aday are more desirable for corparing average lizht -con-

g

ditions &t a number of sites.

—vo

1ile photo-electric integrating light netr

4}
[0}

@ n"

have fournd use in some ecologiez]l worlk and ca

Foap R g Y P 1T i e
1y accurate measurepents, the expense of providing a

aunber sufficient Tor adeguate simulteneous sempling of
habitats is prohibitive (Fricnd, 1961). Several chemical

photorcter methods huve been used in biological work

Cege Pearsall and Tewitt (1933),Heinicke (1963), but most
of these methods have been shovn to have seriouvs drawbacks
e«gs Braid (1923).

}

A photographic technigque bhased on the bleaching of

photosensitive ammonium diazo paper was first described by

Friend (1961), and found to be very useful for measurement

of forest understorey light environments by Young and

Yhitehead (F.R.I., unpub.report). This method was selected

as the most suitable for the present study. Its main advan—

tages are

L) Cheapness and simplicity a2llow the use of large

nvmbers of replicates.

(ii) Slow speed of response, which minimises errors

—7resvlting from "handling time ".

i) Reliability over a wide range of light intensities.

) -The sensor vnits arc robust under field conditions,
and easily transported, set up and collected.
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(v) Development of the napers is xapid, simple and
foolproof, avoiding the vedious btitrations reguired

for analysing rost phofochermical solution methods.

3 8 O e} Y O o N R e
& stack of the phovossncitive pope

usually for a period of several dey
inbezral received is estimoted frorm tiie number of lajers

-0 T i o I e = ol T a A g - R [
of paper penetrated by light, revecled after o dry devel-
1

opment with amonia wvepour. The number of layers b

=
[
}_I

E;
is proportional to the logarithm of the lizght integ

received, (Friend ,1961) +the preciss relationship being

= A 1 —_— - X - R
ing neuwer., Tae assessments 0f partd

~
scale 1/10th. to 9/10ths (by visual comparison with &

L

et
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et of prepared standard intezrades
e

cision of meagurcment.

The ammonina diazo pa sensitive mainly to the
4

e
2 _ ;s s

blue~violet region = of the vigible spectrum, with pealk

absorbtion at 410 microns (Triend,19561). Forest under -

storey lisht tends to be wealer in

wavelengths and relatively vich in green wavelengths, and
so this method may produce slight under-estimates of the

total lisut available for photosymthesis in undexrstorey
i - J o

4

situations. Ultra~violet wavelengths zre effective in
bleaching the ammonium diazo compound, but are largely
filtered out by the paper, and by the plastic of the petri

dishes used to hold the papcr booklets.
S .

The riethod is described in detail by Friend (1961),
and Young énd Whitehead (F.R.I., unpub.report). The
simple construction of the sensors used is showm in Fig.b6
reproduced from Young and Whitehead. Sensors were
attached to bamboo stakes at about 1.4 m heizht, at
pre-determined sites (above under-storey sub-plots) in

2 This chacteristic is shared by most photo-activated
chenical reactlons used for light measurements.



FIG. 6 : PREPARATION OF SENSORS
USING PLASTIC PETRI DISHES

1icm HOLE COVERED BY BLACK CARD
BEFORE AND AFTER EXPOSURE

BLACK CARDBOARD

Reproduced from S.C. Young and D, Whitehead, Forest Research Institute, unpublished report

LT



=
N

flood plain and terrace forests. Exposures were taken over

three to five day periods ,and after development of the
papers, light integrzls ( in moles /’n@ ) calculated from
the logorithmic relationship shown in Apgendix III.

The ligh+t integral values obtained from forest under—
storeys were then expressed as percentages of the " full
sunlight " value obtained from scnsors exposed over the
same period at open sites outside the forest. The log-
arithmic relationship shovn in Appendix IIT was
determined by calibraivion with an LI-COR Solar lLionitor
(with quantum sensor ) , mades available by Flant
Physiology Division D.S.I.R.

The ammonium diazo paper was supzlied courtesy of
F.R.I. Produection Division, Reotorua.



~
]
Nl

43



1 ZFC2RIST STRUCTURL AND DY¥NAKILCS

Ul
.

a
ally continuous canopy c.15 — 25 metras high is d

by totara. Maval occur t!
kahikat=22 is locally co—-dominant in som= hollows. Rimu and
miro arz rare in the flood plain stands . Totzl canopy

covar was 23timated at 1005 , from the small sample of 48
ove undzarstory sub—plots. Podocarp

acies contributed 81/ of this total canopy cover.

- P _—
kowhal (3ophora

crassifolius) , lemonwood (Pittosvorum 1fanloides) 5

( Hook.f.)
L. Johnson ) rewarewa and ribbonwood (Plagianthus
ba2tulinus

kaikomako (Pennantia corymbosa) and mahos form the canopy

maire (TT2st2zis cunninghamii and N.lanczola

Ex)

. Low groves of smaller angiosperms (principally

s

in a few places. The forest marzgins form a distinct commun-

ity in which kanuka , kowhai , lacebark (Hohariaz sexstylosa),

lancawood , ribbonwood and cabbage trees (Cordyline sp.)
are prominsnt.

Only a very sparse sub-canopy is generally presant
in the T, height range (7 - 15 m), composed mainly of sap-

ling and pole- 7ed1md1rv, matai , tawa and titoki. Where the
canopy is densest the understorey is only moderzately developad.
1 ‘"sapling refers to stems from 2.5 to <10 cm diameter

(over bark) at breast height (140 cm), and "pole'" to

stems from 10 to <30 cm d.b.h..
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But under less dense parts of the canopy, T3 is occupied by
a profuse growth of understorey species ; mainly hangehange,

kawakawa (Macropiper excelsum) , mzhoe and pigeonwood

(Hedycarya arborea). There is also an abundance of both rewa-

a
; : . . 2 . . . "
rewa and titoki "spindlings", Throughout both flood plain

stands sampled, growth of supplejack (Ripogonum scandens)

y plentiful, but rarely impenetrable ( not record-
.
U

d D ons of the principal ftree
species only ars shown in the text ( Fig. 9 ). The compre-
1 tree and shrub species in
each forest type ars tabulated in Appendix IV.

The diamezter distribution of totara is strongly normal,
with 8074 of live stems in the 20 - 50 cm d.b.h. rangs (mean
debehe 37.5 cm , s = 10.8 e ). This suggests a strongl

d population ; i.2. 2 very short period of mass est-

1little or no subsequent effective recruit-
tand was con -
Table II ).

ted ages of seven totara between 21 and 57 cm
z)

ey - 1 - = o, Y B L
"eyvan-agzad" nature of this

<
irmed by the results of incremsnt borings . (

anged from 132 to 157 years (mesan 147 years).
TABLE IT : Age estimates from increment borings of totara,
f

-
flood plain stands.

stimated lflean diameter i nt a
breast height [total age (yr) |breast height (mm yr )

5 145 2.34
30:5 149 2.26
37.0 148 2.78

41:5 157 2.92

57 « 0 155 4.06

ifean 35.0 147 2 .60

2 "Spindling" refers to stems reaching breast hesight, but <
2.5 em d.b.h. ( after Nicholls 1963).



Fig. @ : Diameter distributiocns for vprincipal
speciec in the vounger (c) floodplain
stands.

i
(em ) , and Y - axes show. number

of stems per
hectare for each species. Note that ¥ - axis scale
for rewarewa , mahoe and titoki differs from that

used for the other species.

Podocarp species are shown by filled columns,
except for dead stancing totara stems which are

denoted by open columns and numbered in parentheses.
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A totval of five over-topped dead standing totara
tems ( 8 to 15 cm d.b.h.) racorded in the three plots are
shown in Figure 9 , and thss2 indicate a continuing thinning
G

of this totara stand. This »pro
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against the smaller and gznsrally (but not invariably)

younger classes , will te

ure of the stand ( cf. Lloyd, 1960). The vary

totara spindlings and saplings se2n in these stands invar -

iably appeared unthrifty : r3e foliage , die-back of
r

S
shoot tips and weak attenuzata e characteristic.

No age estimated from ring unts were obtained for

other species. But in contrast to ra ( and kahikatea ),
a number of angiosperm species are well represented by

o o

smaller size classes in this stand , suggesting a current
active invasion . For exampls , rawarawa and titoki have
strongly "inverse J " type diamester distributions ( Leak,

o}
1965 ), characteristic of stable or expanding populations.

The all-sizad represantation of ma

tinuing recruitment long aftsr affective en

U

virtually ceased . But this is not a
J—-shaped structure . The diam=ter dis
and maire ( and to a lesser extent &

suggest waves or pulses of establishm=ant , rather than con-
tinuous recruitmzsnt at either constant or steadily
increasing rates.

Several of the less numerous angiosperm specizss in
the canopy ( not shown in Fig. 9 ) show size class struct-
ures akin to that of totara , probably reflzcting similar
episodic establishment : kowhai , ribbonwood , lancewood ,
and lemonwood are represented by a few stems in the 20 - 40
cm diameter range , but sm2ller stems (especially for the
first two species ) ar® rare within the stand , These trees
are typically of slightly lesser diameter than most of the
totaras , and therefore likely to have established later.
However, heart rot and indistinct growtn rings thwarted
attempts to age these species .
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(Appendix IV ) shows 2 currant lack of podocarp entry ,and
suggests a continuing influx of angiospsrm spsciss

( especially titoki ) into this stand.

3
In this stand , totara ani;g%her less numarous podo-
arps form a rather lsss dense upper canopy c. 23 - 33
metres high ; overtopping most of the large angiosperms
, tawa , titoki ) which form a patchy lower canopy
up to 25 metres high . Podocarp species' crown cover was
estimated at 75¢ , and 2 total canopy cover at 97% . The
§ 7o 2 30 cm d.b.h. was estimated at
ha y D 158 of these (84% ) being totara.

3

ble. T2 is in most parts rather
for tawa

large mahoe and pigeonwood. On most sites kawakawa , mahoe,
pigeonwood and small tawa dominate a geonerally dense T3
layer . Oth=sr numerous spzacies of this tier include
Coprosma australis , hangehange , rohutu (Lophomyrtus

obcordata ), btitoki and turspo (Paratroohis microphylla).

On the dampest sites, pate and (spindling to pole)
pukatea locally dominate the understorey layers , with
Syzygium maire (A.Cunn.) Sykes et Garnock-Jonzs appearing

very occasionally. On the very driest sites tawa is almost
absent , except for a few seedlings and spindlings which
often die back in summer.

On a few sites, groves of small angiosperms
(m2inly mahoe ) less than 10 m tall locally form most of
the canopy ; e.g. where some totaras have died , or where
the original podocarp strike was apparently not dense j;and
on one sits whHere three podocarps have been logged , In one
of the sample plots fully half the standing totara were
either dead or moribund , apparently due to water-logging
resulting from changin; patuerns of drainage.In contrast,
the matai on this site appear unaffected. There are no.
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kahikatez among the other podocarps in the canopy on this
particwlar site , which tends to confirm that formerly it
was batter drainsd. Beneath the opsning czno

growth has dsveloped in the T layer , comprisad mainly

of hangshange , mahoe , pate , pigeonwood , pukatea and

The diameter distributions of th= principal tree

species arzs shown in Figure 12 . Totara shows a wide
pread of size classes ( X = 61.6 cm d.b.h., 8 = 20.8
cm ). But a3 in the younger stand , the pauci

<c.20 cm d.b.h. attests to a lack of rscent establish-
ment. The spread of diameters though , is sufficiently
wide (ranze 19 — 104 cm ) to superficially sugzest that
this is not an even—-aged population ; perhaps developed
from sesveral evisodes of establishment , in similar man-
ner to the " rejuvenation " of alluvial kahikatea stands
descrived by P.wardls (1974) .

fowavear the results of incremant borings do not
appear to support this hypocthzsis . As mentioned in Chap-
ter Four , an estimatad 375 of the totara in this stand

* arzge to ag2 accurately with the availables equip-
ment . Tharefore the sample of increment cor is likely
to be biased in favour of the youngsr stems in this stand.

tems (35 - 71 cm d.b.h.) showed agss ranging from 231
to 263 years ( Table IIT ). no smallast totara that was
aged (2% cm d.b.h., 208 Jears) ?iTONlnD baside a small

creek Tlowing in an old river channel which forms the

(

" inland " boundary of the stand . Its late establishmens
was probably permitted by side light from the formerly
open channel , before it became overgrown with its presént
cover of small angiosperms.



TABTLE III : Agz estimates from incraoment borings of
totara , older flood plain stand.

Diamstzr at stimated total ILlean diam=ter increment
breast hz2ight age (yr ) at breast height
(en ) (mn yr 1)

29.0 208 1.49

34 .5 234 157

41.5 239 1.85

47.0 231 2.16

58.0 263 2433

63.0 257 2459

7045 234 Je2l
Mean 49.0 238 2.17

Although the range of totara azes is evidently wider
than in the younger stand zxomined , the results suggest a

unimodal age structure for this stand too . Thz largest

ot

rees (> 71 cm d.b.h.) are likely to be oldar on average
than the smaller totaras. However, considerable growth rate
variation and a poor age diam=ter correlation within this
stand are apparasnt from the data in Takle III. I therefore
believe that most of the extant totara in this stand germin-
ated batwesen about 230 and 270 years ago 1i.e2. a single epi-
sode of establishment . The partially-buried root flanges
of many of the totara show that there has been some sedl -
mentation on thesz2 sites since the stand was initiated .How-
ever soil profiles reveal no evidence of topsoil burial which
might be expected if this stand had been subject to partéal

destruction and rejuvenation by catastrophic siltation .

3 Howzver the structure of another sm2ller flood plain stand
(not sampled) is suggestive of partial destruction by flood-
ing : among totara of similar sizz to those in the younger
"g" stand (30 = 50 cm dbh), clampo of younger kanuka have
established.
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o)
this spz2cizs are less common than in ths younse

r
The diam=ter distribution of matai is parallelad that of
maire , which also suggests a decline (but not cessation )
of effective recruitmant after an earlisr p2riod of mors
abundant ablishment .

1
3
¢

ontrast, most of the ang
(as distinet from undsrstorzsy shrubs
typz2 distributions charactesristic o 12 or expanding
ad

that the power

s 4 -b . . .
functvion T = Vo prov1des a mode 3pproz:nat1ng the
agz2 structures of stablz continuously-rsgonzrating tree

sp2cies populations . Thz diameter distribution of turepo
i 0

as24 pozulation structurz in this stand. Thz diametar dis-—

tributions of tawa ( r = -0.93 , < 0,07 and titolki

(r =-0,90, P<O0.05 ) fit thz modal significantly, but
i tawa districution in this

not wa2ll as that of turzvo . Th:
tand is slkewed in favour of th: smallsr classes ,sug

g that this iz an invading (rather than stable) population.

I'lahos and pizeonwood also show "inverse J " typs diameter

distrivations , but thz numb2r of siz=2 classes present is
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ant for application of the
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turepo ( se2s Appendix IV.) Although the totara tr=2s of the
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canopy can bz expe
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sperm tr22s bensath them, a continuation of the current
-
L

recruilitment trends within this stand would rasult in devel-

opment of an angiosperm-dominated canopy within a few
hundred yesars.

Several small stands of larzger,more widely-spaced podo-

4 whare y is the number in any age class x , ¥, 1s the
initial input into the population at times zero, and b
4.
9]
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meter distributicns for principal
e e D) floodplain

O
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joF
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X-axis shows breast height diameter classes
(cm), and Y-axes show numbers of. stems per hectare
for each species. Note that Y-zxis scale for
podocarp species and maire differs from that used for

the other species.

Dead standing totara stems are denoted by

open columns 2nd numbered in parentheses.
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carps are present on slightly higher surfacss in Totara Reserve.

S
se have undergone some modific

Thes ations,but are probably rem -
nants of older first generation stands. In an unusually mixed
tand (similar numbers of kahikatea, matai and totara, with a

) near the southern end of the Reserve, a totara of
about 125 cm d.b.h. was recently felled after dying about ten
years earlier. Cut at about 60 cm heizht , thes stump apveared
to contain very approximately 440 rings , suggesting an ag
in the region of 450 years.

(c) Initiation of Ilood Plain Stands.

Surface Availability 4 flood plain surface profile
was prapared from a survey line marksd on Figure 3. This
profile (Fig. 5 ) suggests that surfaces "2" and "D" s IOW
occupied by the totara-dominant stands described earlier ,
bacamme available m

sSc
for vegetation devalopment by progressive
oz

lowerings of the chandkl level. Degradation such as this
may result from teotonlc changes, or from changes in the
<

th“OLOﬁwc regimen 2.Z. reduced sedimsn

Grant (19812 ) produced evidsncs for the occurrsnce
G

throughout the last millenium of five major erosion periods
in the Ruzhine Range (part of which is drained by the Poh -

angina River ).Grant postulated that " each srosion pzariod
resulted primarily from a sustain=d u
frequency of major rainstorms". Agzradation of river flood
plains downstream could be expected during such srosion

pariods. The reduction in sediment transport at the close

e}
i

each srosion period would be expected to cause down -
cutting by rivers during the subsequent "trangquil interval",
leaving the recently deposited alluviem available for
colonisation by vegetation.

_ The closure date (c.1300) > of tha "Vakarara" erosion
period proposed by Grant correslates closely with the age of

the young forest on surface "C" - if an allowance is made

r,

postulated closure date for the "Wakarara" erosion period,
from 1830 (as in Grant,1981a) to 1800 A.D..

5 Grant (pers.comn.,1983) has recently slight revised his
0



for several decades of saral vegetation devzlopmant prior to
the entry of totara. However, the age of the older forest

on surface "D" doss not correlate closely with the closure
dates of any of thz earlicr periods proposed by Grant. This
suggests that Grant's erosion chronology dozs not identify

the event(s) responsible for development of this older

D]]rl C - e
Progrzssive channel llgratlons sProbably effacted
largely during high floods, arz also =svident from Figure 5.

It therafors app2ars thatv changes in course as well as level
of thes river ars likely to havz been significant in rsleas-

ing ar=sas of flood plain Ifrom chronic inundation and sad-
t

imentation , hence permitting the commancement of forest
developnmant .
Colonisation by sesral commnities . The largest and almost

certainly oldest extant trz223s on surfaces "C" and "D" are

podocarps , mainly totara . Howevar 1t 13 highly improbabl:z

that th2se were the first woody pion22rs of fresh alluvium.
Rathar,it sezms likely that the prssent relativzly even -
aged stands of totara =stabvlisihzd undsr a pionezring scrub
comrunity , probably dorxinat2d by kanuka. This types of dev-
elopmaent is suggassted by ths growth of seadling and sapling

7 S
totara in thes kanula—-dominatzd scotonz2l fringss on some
stands. Daveloping totara s=2dlings
were also occasionally found under willows. But seedlings
do not app=ar to establish on the open riverbad ; this is

no surpriss as totara sceedlings are known to be rather
frost-tender (Beveridge, 1973). Cameron (1S60b) found that
on young pumice soils of the Volcanic Plateau, 40 - 60 years
was typically required for abandonz=d burnt clszarings to

develop a Lzptosvermum —-dominant "nurse" vegetation under

which podocarp regeneration could bscomz established.

An old sale notice and map dating from 1901 (L & S
File 8/5/238, Viston.) affords an indication of the nature
of thes seral scrub community that probably preceded the
present totara stands. The map has a number of useful

= =

vegetation labels and notes : "Tree manuka,matipo,tuwhiri &C"



\J1
By

and "Ibnuka and dwarf totara", ars merizsd on a2re=as of flood
plain in the "O0ld Coach Road"

Unfortunatsly the map is rather ill-proportionzd ( i.e.

scale is srratic) and it is difficult to rz2lztz the posit-
ions of these labels to the present day vazetztion dis -

Tha three names in thes Ifirst-mzniionzd labe
corraspond to kanuka, mapau (Ilyrsin: sustralis) sand
kohuhu (Pittosporum tenuifolium) respsciively (4llan,1961),
and so a scrub community dominatsd by thesszs spscies was

orasent on at lesast some flood plain surfaces. Clumps o
Lo
U

S
many of thz3se ars patently a secondary dsvalopment after

clearancse.

The referencs to "lanvka and dwari totara" suggests
that ansther gensration of totara (of mors recant origin
than the sxtant stands) was dsveloping oza an adjacent
younger surfacs (sinecz clzarsd). But it is guite possible
that this labsl was inaccurataly positionsd. It may , in
fact, rafa2r to the younger of the two presant stands ,at
an =2arly stage of developmant.

ns (mostly S2lix and Populus sSpp.)

Ao

o}
now covar much of the flood plain in thz lowzr rzaches of

the Pohangina River, Areas of the riverbsd not currently
undsr such managemsnt support a highly variabls admixture
of exotics and indigenes . Prominent axong thass are

o
p
foF]
[@7]
H
[0}
|J
QL
L

davidii Franch ., both spscies of Ispiospermum ,

Leycesteria formosa , lupin , toztos (Cortadsria tostoe
Zotov) , tutu (Coriaria arborsa), willows (32lix spp.)

and various exotic grasses.
Totara seedlings appear to
for establishment in these

result of increased competi
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(d) Sustainability of reserves.

The seral status of floodplain dense totara stands
and the dynamic nature of fluvial systems are vital con -
siderations affecting reserves of these communities. The
same problems were discussed by P. «“ardle (197!) in
relation to kzhikaetea forests in South VWestland.

The very eszence of these communities militates

1

inst their adenu=te conservation. They have all but

v}
uq
8]
-

sapreared from most of New Zezland , as the sites they

upied were those most valued for intens

O
30 b
O
=
<
D
W)
g
3
H-
O
cC
}._J
(_f-
£
L)
D

ile totara - matai stands zppear more to
kanikatea of sedimentation (Foweraker 13929 ), they are
still liable to destruction by channel course changes and
erosion , such as occurred on the Rangitikei River near
Bulls c. 1890 ( J.Dwyer , pers.comm.) The initiation of
new stands is dependant on the availability for colonis -
ation of fresh alluvial surfaces (McSweeney, 1082 ).
However , modern land-use patterns and manzgement of river
courses by Catchment authorities greatly restrict such
opportunities . This certainly aprlies to the reserves of
the Pohangina V,;lley , where no new stands of any extent

appear to have established within the last 15C0-odd years.

The endangered position of floodplain dense podocarp
forest communities clearly means that thoughtful conservat-
ion measures are a matter of urgency ( McSweeney ,1982).

A serious attempt to ensure a sustainable representation of
these communities must involve reservation of as much flood-
plain area as is possible adjacent to present stands , and
probably also release of such areas from catchment control.
In this way a dynamic equilibrium of successional stages
could be attained . As illustrated by McSweeney , the best
remaining opportunities for such reservation are in South
Westland.
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¢ Diameter distributions for principal specie
of trhe terrace xeric sites,
X-axis shows breast height diameter clzsses
and Y-axes shcw numbers of stems per hectare
species,
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Fig, 20 ¢
classes (cm)
per hectare

Diameter distribtutions for oprincival

species of tall tawa-dominant microtype,
terrace forest.

X-21iz shows breast height diameter
, ard Y-axes show numbers of stems
for =2ach species.
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Or any on2 site,most of thz mahoz stems arz of sim -
- my) 4 4+
lar dizmetz Thz diam=ter distr type

- ~ 9 ~ < - < L~ ~ SRR Ty, oo
larzer argiosparss 3uch 48 rswarewa ; towa a2nd titokl ape
-~ o - ~ 4 -~ N T N o S S S 4= (= - ~ - L
¥y=2ll reprsasanied on most of thess sites. Sors s2plinss of

i i . o e o e T T = P N EYas Sy Y
canopy. sut whare it ramairs dsns:z and vigorous, this canopy

* = L - : + z P B . - < £ -~
is a4 considerablz barrisr to pesnevration , ard meny saplings

frequant on some s3itss in

b S
T stumps ; in contrast , similar covidence

scars or brokxan-o X

of rac=nt violzant deaths was Tound in only four of thza other
54 terracs plot quartsers . Thareforz it sppears that most of
these groves havs devzloped affer windthrow of patches of
tall forest. > Th2 majority of thz logs ar:s Hoo Tar dscayad to
parait spscific idzntifications in thz field, but noth podo -
carns (rimu) a2nd t211 angiospsr: spscias app2ar to have ba2n
windthrown. It appears that somz logs ware salvagad for timbar,.

The maho=z are t"pically multi-stemmed , forking at or
near zround lsval. Some cls=arly =stablished on fallen logs
that have sincz largely rotted away (Fig. 23 ).3ut on some
sites there are a few larger mahoe which undoubtadly pre-date

windfall. The foram of soms mehoec suggests thsy have producsd

O
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naw shoots aftar b2ing smashed , or toprle
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rooted - probably by larger trees fallin

5 Logging appears to have induczsd similar d=valopm=nt at on=2
is ¥ 0

(=3
@

ther sites in th
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Fig, 21 ¢ Diameter distributions for principzl
species of low mahoe-dominant microtyne,
terrace forest,

-axis shows breast height diaze*er
clzsses (cm), 2nd V-axes show nurters of stams per
hectare for each species,
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It is lik=2ly that somz of the windthrows were pro - °

jo T
o
o
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]
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1936 gals which caused much damage in other

arts of the reserve ( sz2 ssction 3.5; 2130 Srsenwood 1949)

t3
Q

aad in othsr forasts of the rzgion (?ldnr 19565 ;3 ZIsler 1978).
Incrament borings were made on ssveral m2ho2 stzms on one
but 31, 33 and 35

site. The growth rinzs were indistinct ,
£l stems ranging Trom 10

(

rings 2p0p22arad to bz preszni on three s
4+ E 1 [ R} ) Er s - B LR e . - | =i ]
to 12 em d,b.h. Although ths periodiciiy of ring Tormation

that thz windthrows

v e 4 ila

~

in mshoz is unanJM, this doss sus;
0 sc2ntly than 1936,

S
n this perticular site occurrad mor:

L

Cne of the s2mple plots covarzd part of 2 racently

2 in the forsst. ¥Hzr2 th2 canorny was

anzarsntly initi 115 12d by thz2 T211 of 2 singl2: unidant-
ifi=d podocar parheps aromnd 20 y22rs 330. This gap has
be2n 2nlarzed by thz much more racant windthrow of a tall
rimi, which also brousght down 2 tawa and dzmaszed ssvarzl

z s
e 7o Y s SR i - I s T ] 43 Gl
puartar of thz plot, young merkos have zlrezdy formzd a light
ks e J [=]

— - - A SRR e e ] 3 "y LI - mia s T L >
Caoopy uz o 3 o aish in the plzerin PAls guarisy Jas

accordinzly classifisd as belonging to the2 low m2hoe grova
microtyp2. Two winabzrry (aristofslia zsrrata) up to 5 a

t=2ll hed ?vii:ntly beon apong th2 ezrlisst colonists of ta=z
2a2p. 9224linzs and spindlings of pizzonvond 2nd rowarews 2re
2l30 well rspresantad in ths z2p , 2nd there is 2 1littl2 cop-

pice growsh of makos , piz=onwood and tawa .

This =2xample dzmonstratss the mecharnism of zap- opzning

-

-

and colonisation on thz "masie" (but still well-drain=d) sitss.
Howavser, most of thz =arlicsr windshrows (that produced the
presant mahos-dominant groves) wars ajrarsntly on 2 largsr
scala than this fairly smz2ll sxazple,

Canopy »

tD
>

atration by saplings of taller species ob -

Bl s -

s2rved in soms sroves: presa2zges th:s radsvalopment of high for-
23t on these sites., This developman®t is inz3vitably proc22ding
in rathsr patchy fashion, giving ris=z in the short-tzrm to
unavan hetsroganzous canopias. 3ut 23 a hicher czarnopy



gradually cozlzssces on2 would expaet young tawa to be drawn
up o2nsath to form tall stands similar to those now present
on thz %arrace.

ilar to th2 "micros:ares™ or "s=2rulss" descrivad by Dauba2nnire
(1968) for tropical =2rd sub-tropical rain forasts. The spec-—

~ & | e v e e 2" de S =t ol o i, SR N R 1 .y - "
as dianetar distrioutions for ths tawva-dominant t2l1l1 stznds

stems 2p2 3 X < ay-
rs ol thasz gtends. 2ut Tuturs vizdthrows of suitatly pras -
dispos2d stards ( 2.5. zroups of largs-crowanszd d2scz2d2at Sawa)
roald b2 expoetsd to initiats furiner "smicrosarses".

Tzl1l tawa - dominmnt

Athin - stand
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growth rates in the youngsr stand ranging
mm par annum ( Table IT ). A.Xz2tz (F.2.I.,unpublished data )
also found a poor ags-diametar co

dense podocarp stand in Thirinaki S5t

most New Zealand studies indicatz tha

The overzll picture superficially suggested by the
diameter distributions is onz of non-eguilibrium population
structurss and discontinuous 2=stablishment. The 2xc2ption to
this is that of matai on z2ric sitss , which is the only dia-
meter di str1“u+1on ap;rox1mat1ng 2 nvarse - J tynz structurs.

r = -0,91 ) , and the fi
001 ).This suggests 2 st
t

. .
h232 3ite

&}

Th2 totara dizmeter distribution for xz3ric sites
suggests a very diffzrsnt population structurs. Ther

massive discontinuity of sizz classas betwzzsn 10 and 80 cm
~

[
0]
ot

Bebieliey = SUEE ing a "r=g2n2ration g2p" oI several csnturies,
22 (815 ) of the 27 liva totara tress mrs cluapsd batwean 110
and 170 em d.b.he;t stribution is su_fi01._tlf normal
in naturs to suzzest a r2lativzly svan-aged porulation. On
the gqusstionable basis of =xtrapolation from growth rates in
flood plain stands, one might sxpect that most of the extant

B.

totzra trees germinatad sometime around 500 - 650 ysars ago.

Suck an intsrpretation must he aprlied with czution,
as normzl diametsr distributions can 2risz2 in stands that
are other than cven-z2zed. Tor 2xample, Herbert (1980) found

that"desspite the suparficizlly =van-agsd app=2arance" , the

6 One dead standing totara 51 cm, d.b.h., was found, its
top completely shattered, as if by a lightning strike,



dominant rimu component of a dense podocarp stand in Tihoi
State Forest actually included an age range of over 350
years, This "even-agesd aspect" conditicn was described by
Jones (1945) as commonly occurring in forests of thre nor -
thern temperate zone. However, this condition (reflecting
a poor age-diameter correlation) appears to be asscciated
mcre With forests where the species concerned occurs as
dense stands , rather than as a more scattered smergent

component,

Even if one cannot te confident of an even-zged
veteran population, the diameter distribution of totara
clearly attests to a lengthy "regeneration gap" , aftfter a
reriod ~f relatively frequent establishment on these sites.
Ratker than randomly scattered over the xeric sites , the
totara trees tend to be clustered, and their crowns scme -
times meet. Their boles z2re of only moderate height
(typically 10 - 15 m to the first major branch), with broad
spreading crowns., This form 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 present stocking.
This is clear from the presence of two dead standing trees,

7
four cut stumps and probably at least four fallen totara logs,

Many of the present meagre stocking of spindlings and
saplings appear unthrifty ( as described for the fleced plain
stands, section 5,1.7 (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 2 light canopy of mature titoki, look certain
to progress further and emerge - thus representing effective
regereration in progress.

Most (73% ) of the totara spindlings and saplings are
concentrated in two small (widely-separated) clusters.

7 Two of these logs were unmistakably totara , but the state

of decay of the others prevented positive identification
in the field.
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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
within about 100 m of the larger "regeneration cluster ".
Similarly a solitary veteran totara about 25 - 20 m away
is the only adult conspecific within 60 m of the other
regeneration site. No totara spindlings or savlings zre
present beneath the crowns of any of the adult trees.

A self-suppression effect on regeneration therefore
seems distinctly possible. Fox (1977) discusses several
examples of "auto-inhibition" effects , the precise causes
of which are generally not well understood. Such an effect,
resulting from the occupancy of these sites by the present
generation of totara, could be at least partially respon -
sible for tre "regeneration gap" of recent centuries., The
current pattern may reflect development of conditions mcre
favourable to regeneration on those sites where the densit-
ies of the veteran totara have declined by natural attrition
ard 2 little logging. Under this scenario, one would predict
a more widespread upsurge of totarza regeneration on the xeric
sites in the near future, 25 more of the present trees die .
Totara might not be able to vigorously re-invade until the
present soil 2nd litter conditions produced by the mature
trees heve teen altered by a period of angiosperm site
occupancy . Such a cycle was proposed by Bieleski (1S59) for
regeneration of kauri .

Thus a discontinuous cyclic pattern of tctara regen -
eration on the terrace xeric sites can be envisaged as
possible, with lengthy natural "regeneration gaps" resulting
from 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, could te per-
petuated for many generations ( Jones 1945 ; Cgden 1971);
although a gradual decay of synchronism throughout the forest
would be expected,

The carriage of fire on these dry sites is quite con-
ceivable, and sc there is tke possibility that past burns may
have influenced vegetation development. The prominence of
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Fig, 2li : Diameter distributions of vpcdocarp

species

in terrace forest,

X-2xis shows breast height diameter
and Y-axes show numbers of stems (not density)

sprecies . Dead standing stems are denoted by

T

columns and by figures in varentheses,

—

lasses,

c
for each
open
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rewarewa is perhaps suggestive of fire ( McKelvey,1963).
Hcwever the only direct evidence of burning is a sclitary
burnt-out bole, and the presence of large apparently un-
scarred totara within c.l4O0 m of this site tends to discount
the possibility of an extensive recent conflagration.

Mesic Sites . Marked discontinuities also occur in the

diameter distributions for all podocarp species on mesic
sites.

Altrocugh matai, miro and kahikatea are relatively
well-represented by spindlings (compzred *o the numbers of
mature trees ), there are no stems of any cf these species
in the 10 - 50 cm diameter range. This seems to indicate a
current upsurge in regeneration of these species, after
probably at least two centuries of nil effective establishment.

Alternatively, this interrretation may bte incorrect ,
ard the "regeneration upsurg2" may be 2n apparent ratker than
a real phenomenon. It is possihle that few of tre present set
of matai and kahikatea spindlings will develon further and
contribute to effective reg=2reraticn. Current mortality among
the kahikatea does appear to be fairly high,8 and many
individuals of both species appear unthrifty. Similar stock-
ings of podocarp spindlings might have been present throughout
the last few centuries , during which time there was aprarent-
ly no effective recruitment to the larger size classes,

Totara is much more sparsely distributed than on the
xeric sites . There are nine extant (and two dead ) stems
between S0 and 170 cm d.t.h. but no stems in the 10 - S0 cm
range ; once again indicating a lengthy regeneration gap.
Juveniles are very rare , but some appear varv healthy.

The regeneration gap is most pronounced and l22st
fathomable in the case of rimu. This species is represented
an this terrace sclely by large trees , with a complete

8 Five dead standinz kahikatea stems < 2,5 cm d.b.h.
were recorded ( see Fig. 24 ).
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absence of stems of less than 110 cm d.b.h. Two recently
fallen stems and two more decayed logs are recognisable as
rimu , there is one massive 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 mortality, with no replacement.
Cbservation suggests that the rimu population throughout
other parts of Totara Reserve is in similar condition, and
it aprears that the mere handful of young rimu in the dense
podocarp flocd plain stands represent virtually the only
effective establishment of this species for several bhundred
years.

Although seedfall and germination were not specific=-
ally monitored, no rimu seedlings (even cf the cotyledonary
stage ) were seen in the intensively-studied 0l1d Ccach Road
block of Totara Reserve , suggesting that at least currently
there is little or no local supply of viable seed.,Althcugh
it would seem highly improbable that most of the rimu in the
reserve are 2ctually too old to produce viable seed , it is
cconceivable that perhaps copious quantities of pollen may be
required to ensure a good seed set in this species , 2rd that
the present low density of trees militates against adequate
pollen transfer (M.McEwan, pers.comm.). However, this explan-
ation appears unsatisfactory in view of evidence for a similar
lack of recent viable seed production in nearby "Keebles Bush",
where rimu trees are present at much higher density . R.M.
Greenwood (pers.comm.) has collected litter from Keebles Bush
since-1979, and from these samples has successfully raised
seedlings of many species., But no germination of rimu seedlings
was found in any of the samples.

Rimu is regarded by Beveridge (1980) as the podocarp
with the most irregular seed crops, and is alsoc known to show
a high incidence of empty or undeveloped seed. However, there
is little understanding of the environmental stimuli and/or
nhysiological mechanisms controllirg podocarp seed crop
periodicity. (e.g. Beveridge 1973,1980). From the evidence
described above, it aprears likely that the rimu populations
in both Totara Reserve and Keebles Bush (separated by about

38 km ) are subject to the same regional periodicity , and
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that heavy seed crops are infrequent throughout the Manawztu

region.

No rimu spindlings accompany the present stockings of
juvenile matai and kahikatea concentrated on certain sites
(described later in this section) ir Totara Reserve. This may
merely have resulted from a lack of rinu seed production
during the few years that thece particular sites ware in a

condition receptive to podccarp establishment.

Establishment Sites . Analysis of the establishment sites

o the podocarps, i.e,the sites occupied by the smallest size
class (spindlings), appears to offer some insights on regen=-

eration mechanisms.

For each of the 167 (live) podocarp spindlings found
during the cruising of the terrace, the immediate envircnment
cf the site was clacsified in the same categories used for
the plot szmples :- xeric forest microtype

- xeric open (canopy gap > c. 4O m2 )
- tawa forest microtype
- low mahoe grove micrect

ve=e
, 2
- mesic open (cz2nopy gap > c. 4O m™ )

The results show marked differences between the three
main site vegetation microtypes (Table V ). The lack of rimu,
kahikatea and miro spindlings on xeric sites is consistent
with the absence there of adult conspecifics (Table IV ).

An interesting feature is the much higher average
density of podocarps in the low mahoe groves , than in the
tall tawa forest microtype. This is particularly so for
kahikatea and matai . Chi-square 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 oproportions of the three site vegetation types
found on mesic sites. In order to fulfill the general reconm=-
mendation that no expected value shculd be less than 5 , the
scant "mesic open" category data were included in the " mahoe
groves" category. The pooled data for all podocarp species'
spindlings were tested ; kahikatea and matai were also tested
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independently.

The -test results are highly significant in all cases
( P< 0.001 ). This clearly demonstrates that the sites now
occupied by low mahoe groves have recently provided con -
ditions 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 stams appeared to contain 31, 33 and 36 rings, one
kahikatea and one matai spindling were cut at ground level.
31 and 22 rings respectively were counted on these basal
secticns , It therefore seems probable that many of the podo-
carp spindlings are of similar age to the present mahoe stems.
Their germination (or release of existing small seedlings)
was probably induced by the massive canopy opening and soil
distur ance resulting from windthrow. But the podocarps have
subsequenrtly been overtopped by mahce and other fast-growing
angiosperms which ncw form the canopy. Smaller podocarps
(seedlings , < breast height )also present in thesse stands
may be of lesser age,

It is difficult to assess the extent of effective
regereration that will develop from the present juveniles,
The basezl ssction cut from a matai spindling revealed fairly
stead:r srowth continuing through to the present. In contrast
the kahikatea showed recent suppression, after a burst of six
or seven vears of rapid highly eccentric growth which was pres-
umatly relatzad to side licht from a small transient gap. But
this =ampnle of growth patterns is too small to be useful in
its owvn right in assessing the status of the present spindling
cron . especially in view of the variation within the low
mahoe microtype. Some spindlings are clearly struggling ; very
sparsely~foliaged , tangled by lianes and overtopped by dense
canopies. But a good proportion apvear healthy and uncluttered.
Some of these are well positioned to take advantage of small
gaps and areas of lighter canopy.

Beveridge (1980) stated that windthrow gaps on well -
drained sites are often invaded by fast-growing small angio-

sperms whicn "generally inhibit development of young podocarps




TABLE V: Distribution of podocarp spindlings among terrace forest

microtypes.

Microtype Species

Kahikatea Matai Miro Totara Total Density/ha.
Xeric sites _ 1 37 0 6 44 15.2
Tall tawa-dominant 12 24 8 4 48 9.2 15.2
Low mahoe-dominant 33 33 1 3 70 26.9
Mesic open 2 3 0 0 5 -
TOTAL 48 97 9 13 167 15.2

TABLE VI: Chi2 tests on distribution of podocarp species spindlings

on mesic sites.

(a) Kahikatea

Microtype

Observed Expected*

No. of spindlings 2

Tall tawa-dominant forest 12 30.21 10.38
Low mahoe + mesic open 35 16.79 18.68
TOTAL 47 47 29.36 P<£0.001

* "Expected" values calculated on the basis of the estimated areal
proportions of the various microtypes on the terrace.

Table VI continued on P. 83



TABLE VI: Continued
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(b) Matai

Microtype No. of spindlings 2
Observed Expected Xo*

Tall tawa-dominant 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 2
Observed Expected X™*

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= 0.001 i.e. highly significant differences in
podocarp spindling densities between microtypes.

* Yates correction employed in calculation of X2 values.



while they remain vigorous". In this case it is not known

how long the merhoe canopiss c2n be e~xpected to remain
vigorous. Grant (1981b) obtained age estimates of about 100
vears frem ring counts on "large mabhoe!" growing on alluvium
in the West Tamaki catchment of the Ruzhine Range ( LS50 m
.1.). T an in no doubt trhat massive "old men" Mahoe are
often over 100 years old, Mahoe appears to replace old

dying limbs by new shoots growing up from near the btase of
the stem (Esler,1962). Although the absolute longevity of
mahoe is unknown, the typical 1life span of most 1limbs is
almost certainly more in the order of decades than cen%uries,
This is suggested by the number of decddent and dead limbs
already present in some of the mahoe groves. An increasing
incidence of small canopy gaps throughout a mahoe grove can
te envisaged from such a procass of limb sen=2scence 2and
replacement, Thus, complete death of canopy mahoe individuals
is probably nct necessary for release of many of the vodecarp
( and anegicsnerm) Jjuveniles bhsneath,

The process described sbove -~ that of podocarp
seedling recruitment in large windthrow gans , suppression
for several decades beneath small fast-growing angiosperas,
with subseguent release and emergence through thinning can -
opies - 1is apparently ir prcgress on this terrace at present.

Needless to say, such a process cannot hte proven to represent
the major regeneration mechanism responsible for estahlishment
of most of the extant podocarp trees on the mesic sitss of
this and other terraces. Buf developments similar tc those

currently in praogress ,including regeneration -~ somz 23do -
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created conditions favouring rapid site capture by mahoe

and othar sm2ll ansiospar: 3pecies that althouzh oftzn con-
1

et

fined %o the understorzsy of tall forest, show ra

—?d
anzgiosperm spscies such 23 reswarawa , titoki and especially

o
[0
C
H

tewe , which are w2ll representad in th? undersvors

most »f the tall tawa-doninant stands. Jimilar within-3tand

rzplacement by the canopy dominants appzars to bes typical

of Torests whorzs intervals between disturbances ars gansral-
¢ generation tims of the canopyr dominants

( 2eg. Jonses, 1945 5 Fox, 1977 ).
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The seedlings were harvestad and drisd aftzer growth
periods ranging from 190 days ( for pukatea ) to 270 days
( titoki and totzra ). The relationshins betwean dry weight
increonent and relative light intansity ars showan in Fig.25.
Honz c¢f the four spzscies grovm shovwzd 2 linear relation -
p throushout the full range of lizht intensities
3 %0 ¢.80% r.lei.). Only for totara was thers a stat -
ically significant differance betwezn the mean final dry
waights in Treatments A and B. ( Teble VII) , and in all
5 it appears that photosynthes
light levels below 807 r.l.i.

UJ

becomes saturated at

Judging from th

1

slopz of thz lines boetwzzn the

end 80, points ( Fiz.25) , the toitzra szsdlings show the
hizhast saturation level - parhaps 2% arouvund 407 relative
1ikatea and tivoizi both appsar to reach
saturation point ab slightly above thz 24,5 level. Pukates
appears to reach saturation at or below the 244% level ;

but thz sample was very sm2ll for this spescies , and so the
s for pukatea can be e: pﬂctﬂa to be the least reliable.

Zerlisr FRorthern Hamisphere studies have found that
pionc:ring tree species generally sihow highesr saturation

levels than late successional spscizas. For example , both
Kramar and Decker (1944), and Kozlowsld (1949) found that
sez2dlings of Tobolly pine (Pinus tz2dz2 ) showed increased

J

photosynth2sis for increassd illuminance at all levels up to
full sunlight « In contrast , ths associated hardwood

specizs found to be invading pine sitands reached their

maximua photosynthetic rate at 307 or less relative illum -

0
inancz. Thus ths photosynthetic rasponse
&

o

f pukatea appears
typical of a late succession or ecies , vhereas

that of totara is suggestive of a mor:z pionesring nature.



The saturetion levels suggested by the results of the

present study are lower than those typically ‘ound by most

authers , =,

g. Kramer and Decker (194h), Yezlowski (19L¢) ,
Bieleki (1959 ). This may indicate that factors other than
photosynthetic saturation contributed to the levelling off
of the increment graphs for all species grown in the present

study e.g. effects of heating associated with higher light
intensities .

rowth rates for each species in each treatment
were calculated from mean dry weight increases according to
the "compound interest " growth rate fo?mula £ V.,
Blackmen , 1919 ) : '

r = ( 1/t) log, w2/ w1 ,
where r is the geometric growth rate ; t the number of days
between weight measurements ; W1 the mean dry weight of

the initial sample ; and W2 the final mean dry weight.

Figure 26 shows the relationship between 1ogqq
per cent relative light intensity and growth rate for the
four species. It is apparent from this that with decreasing
light intensity , the performance of the two podocarp
species declined relative to that of their 2nzicszperm comp-
etitors . This relationship is also demonstrated by visual
comp~risons of totara and titoki seedlings from treatments
A and D ( Fig. 27, 28 ).

The virtually nil growth of totara in trestment D
indicates that this light level ( 1.8% r.l.i.) approx -
imates the compensation point for the species. The high
mortzlity of totara seedlings in treatment D ( from Table
VII ) is consistent with this. Extrapeolation 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.l.i. for pukatea .

This pattern among the four spe

O

cies parallels that
found earlier for light saturation levels ; i.e. photo -
synthetic compensation points appear to show a pnsitive
correlation with saturation levels. Thus an adaptive grad -

ient is apparent among the light requirements of the four

87



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)

Totara

A 16 15 7 2319 Pf:O 001 8.33 12.91 2.50
B 16 16 71 1529 P<O 601 5.40 11.14 315
c 16 15 296 P<0.001 0.84 5.29 3.63
D 17 13 21 74 : 0.01 0.02 3.93
Kahikatea 4

A 21 20 22 978N S 4.30 17.25 2.20
B 21 19. 22 835 F.’<E)OO1 3.74 16.53 2.44
& 41 20 22 232 Pq0'001 (.95 10.71 2.74
D 21 20 22 52 ' 0.14 3.91 3.07
Titoki

A 16 13 78 1872 N.S 6.64 1177 2.7
B 16 14 78 1716 "7 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 1 7 18 444 N.S 2.24 16.87 1.43
B 1 9 18 443 P-:O‘OOS 2.24 16.86 1.66
C 1 9 18 222 P¢0'001 1.05 13.22 2.16
D 11 7 18 69 ‘ 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.
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species : the adaption of photosynthetic ard respiration
maechanisms of shade intolerant species for maximum util -
ati

.ion of strong sunlight is achieved 2t the cost of

r

i
lowered efficiency under cshade conditions ( Spurr and
arnes , 1973).

d

4 possible limitation to the usefulness of the

experimental results must be mentioned, There were con -
siderable differences between the initial mean seedlir
weights of different species , and there is some evidence
that this might limit the wvalidity of intersrecific com -
parisons of growth rates

no
o
en

and compensation points.

G.E. Blackman and Wilson ( 1951 a,b ) found that relative
grewth rates ( g / g / day ) for Helianthus seedlings
declined with increasing age , and this appeared to be

due to a gradual diminution of leaf-area to plant weight

T might add that self -
shading effects are alsc likely to contribute to this

ratio , with increasing plant size.

decline .Similar observaticns on trends in growth of

Cann2bis and Helianthus seedlings were discussed by V.H.
Blackman (1919 ). Thus there is evidence that certain

annual plants become less efficient energy transducers as

they zZrow larger , as a consequence of morphological devel-
opment . Intuitively , one would expect this law to a2pply to
most plants , althcugh to my knowledge the significance of
the effect in forest tree seedlings has not been studied

Fortunately , the titoki and totara seedlings rad
very similar initial mean dry weights ( Table VII , and so
comparisons can he zafely made hetween these two specie
which are commonly associated on well-drained sites. The same
can bhe said for the other pair of intimate ecological =2ssoc-
jates , kahikatea and pukatea . The results of this saction

suggest that seedlings of both podocarp species grown have
higher compensation points and inferior growth rates at low
relative light intensities , in comparison with two prin -
cipal angiosperm asscciates which typically appear to be
replacing them on their respesctive sites.

It is perhaps regrettable that certain other species

wera not grown in these experiments . Comparable information
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increment per day (mg)

Mean dry wt.

FIG. 25 SEEDLING INCREMENT RATES vs RELATIVE LIGHT INTENSITY

_ -O Totara
- = "
g e Titoki
”/__7,;,’/"###;--
L & Kahikatea
¥ Pukatea
40 60 80
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on the light responses of matai , rimu and especially

mahoe seedlings would have been useful . Mahoe is abun-
dant throughout the forests studied and aprears to be a
much more important element in forest dynamics than was

initially realised by this author .
¥

Caution must be exercised in comparing the growth
rates and estimates of compensation points with those
obtained for other species seedlings by other workers. For
example ,Bates and Roeser (1928 ) estimated ccmpensation
points for seedlings of some North American conifers :

Pseudotsuga taxifclia %, Tl.de.
Pinus ponderosa 2% L
Sequoia sempervirens 1.5% *

Bieleski (1959) estimated a compensation point of 0.9%
r.l.i. for kauri seedlings . Pook (1979 ) infers values in
the region of 1% for all four species grown in his study :
kauri , tanekaha , lancewood and mapau .

Most workers appear to have obtained their results

using instantaneous measurements of light intensity

( although unfortunately this is sometimes not made,clear );
whereas 211 light measurements made in the present study
were integrated ( long term , cumulative ) values. Average

light conditions in the four growth treatments were measured
using integrating light meters over a 2l hour periecd. Such a
method is likely to produce lower values for relative light
intensity ( % of full daylight) than instantanecus measure-
ments made in the middle hours of the day when the sun is high..

This distinction is ﬁnre important in the field. Under
canopy g2ps, very significant differences may arise between
instantanzous and integrated measurements on the same micro-
site. Instantanecus 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 a2 small (single
tree ) canopy gap. But the average light conditions for such
a site throughout 2 full day are unlikely to te higher than
c. 5% of total irradiance received outside the forest.
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Growth rate (mg/g dry wt./day)

SEEDLING GROWTH RATES vs LOG (9% RELATIVE LIGHT INTENSITY)

FIG. 26
__ _ a Kahikatea
¥ Pukatea
151
_ -0 Totara
@ Titoki
10 1
5 J
-04 0.0 ' 04 ' 0.8 ' 12 16 20

Log % relative light intensity
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5.2.2 Forest Light lMeasurements.

Measurements of relative light intensities (r.1.i.)
were obtained from small samples of points in floodplain
and terrace forest understoreys ( total 52 points ,

Table VIII ). These values are expressed as percentages of
the "full sunlight " values obtained from sensors exposed

at open sites outside the forest , over the same period.

TABLE VIII : Forest Understorey Light Environments.

Y ——

Forest Type N Mean r.l.i.| Range |Percentage of
(%) sample below

1.8% r.l.i, *

1.Floodplain totara 13 1.4 n.81 - 8L.6
forest (vounger 2.07%
nc" stand

2.Terrace forest

(a) Xeric sites 11 2.52 T - 27.3
Iy 31i%

(b) Tall tawa - 15 1.31 0.77 - 86.7
dominant 2.29%

(¢) Low mahoe - 13 1.36 D.77 - 8.6
dominant 2.0.3%

* This figure is the experimentally-estimated compensation
point for totara seedlings ( Section 5.2.1 ).

The understorey light environments in type 1 and micro-
types 2 (b) and 2 (¢) were 21l found to be very similar. No
sigrnificant differences (P = 0.05 ) were found between these
three samples, using T-tests conducted according to the pro-
cedure recommended by Cochrane and Cox (1950) for comparing

samples of unequal size and variance .



ic sites microtype 22) showed a mean value

xeri (
significantly higher (P < 0.01 ) than the other three

samples , as might be expected from the lower soil moisture
status and consequently lower vegetztion density on these
sites . In =2ddition , a wider range 2f light intensities
was evident in the xeric sites soﬁile . This variatiocn
within the microtype is probably an ication of the

-

j in
environmental heterogeneity created by the patchy distrib-

ck

hroughout a matrix

a5
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1. Floodplain forest
2 A ) n=-13
|
0 " i . . . . . "
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
6 1 B —
|
!
N |
|
b [ T )
2 s 2({b) Tall tawa-dominant
n=-15
l
0 ot *[ e Jr t - - —
4 1f
2 3 ’.___.
2(c) Low mahoe n =13
0 - v - — - ’ i
.
2(a) Xeric sites n =11
2 - ey
0 L i3 L L3 ¥ L] L] '(
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Percent R.L.I.

FIG. 29 UNDERSTOREY LIGHT ENVIRONMENTS



"luence of licht intensity on seedling

-

In 211 four forest ( micro ) types in which light

measurementz were made , vodocarp diameter distritutions

sugrest that understorev establishment , survival and

recruitment rates of these species are low in comparison

with those of asscciated angiosperms such as pukatez ,

tawa and titolii ( Section 5.1.1 , 5.1.2 ). These latter
O

speciss sre on most sites represented by all-sized popu-
lations. These circumstances 3are particularly sc for
microtype 2 (b) and type 1 , and least so for 2 (c).

In microtypes 2 (b) , 2 (c) and type 1 present

understorey light intensities on most sites are below the
compensation noint experimerntally estimated for totara
senrdlings ( Tgble VIII ). Needless to say , this does not

contlusively prove that lig

Wt ois in f2et the facter

curvently 1limiting totara regeneration on th2se sites .
A host of other site factors are pntentially influential
in determining understorey replacement trends (Fox, 1977)
and 1t ig prossiblce that some other unidentified factor may
ke the critical limitation . But the results clearly show
that present understorey light environments are inimical
to totara seediings , And confirm that totara regeneration

can be expected only rarely in undisturbed old growth

(¥

forests on these sites, Bven though light intensities arc

amnove the coxnpensetion point on some microsites , they are

tly w te render totara seedlings uncom-

i
still sufficiently 1
o)

e
rowth rate) in comparison with



o8

9]

g

T avantn
LoUed

"iathtol

o1

&

¢

2l

vive

n

Y

b= |

domin

{
b

o

o3

2L

[%

i

.wt.
B

CA

P
pl
5 i

aadlir

0 o
L O

“3
—

totc

]

viva

n

TIN2710

Q0.

om

e
—~ b
== S ER &

3
>,

?

€ f
na

oW

YV

vbout 1.4

2.k

4=
7]

=)

Io%

t

3

xtor

a




99

4
i |
o
L. )
~ = i
) =
o &) ~~ -~ ~~ ed)
& L% : -~ -
(@) o} . YA ~~ %\ N o
42 e - T o] T -l
0 o Mo o B . . ~f
~ b b~ O 0 ° )
o] o o oW Q! <g! ¥
oo SR c
i ol A .’ N s ~ RN
re (@) o
¢ ooy X
o o M N W0 t~ — O
s C \/ — — (V] o} 4=
o M et
gy &) +
L@ 3
- . -~
~i
o3
p ol
) )
3 N.:_
o O < >~ o ot
it (58] Ly Q] in ot
L ad n
-
S
Q
)J (65!
. < ]
’er 'S mnoo a T~ SER < .
45 43 g 45 K § o 4 -~ o)
. o 43 - 42 oy Gy Y i
=t ‘ o3 el b f 0 By ‘O -
el oy [ 5] T = O T O h O
! 3 o 0 ! } e i A T S = 0
- [ 15 43 M . . " e ] i o m N
o @] SN ®@ + 0 ) o noooag @Y gy
P 4 ALT i o 1) ¢ S I T o 9 < IR
O SR o T R o O 3o 0 g 0O o o
o c £ o ) T R L o
- ¢ G4 O o & TR = . 9 AV
o -l N & . o~ & 3 O I S ~ =D
4 [OI -~ O i [Q IR » Do b 0O O il +2
4 Ry 0 o o 4™ 0 0! O 4+ Yo 1™ tyd O el
b4 ¢ 5ok B - — 7 ool 4 @ o O "
s = e b Dol 0o o ~ =2 Lo !
' o o N N e m ~ -t e, =
- € e o £4 4 L4 0 ' S R
52 N> ~ ) (O I O o B ) el e o oo
« B AR S S B B 39 N
= 5 % e T I L S Sy R T N (] 4 &8 7




100

oy .04 o]
e T e l ! Al
1 > o & 4= o
s - € | v
A o o =] i 4 O 4 ) ' e mb W O (2
e Sl % d @) ’ gl & \
oA S 4 = B 0 4 - s 9 e
e = = o} PR I Y 2 A B A [
- () ~ s ) = e e ~ - v | o o «
i S e Pty B on S A B S
- oo 4 v - B A n ¢ o g B o
e P ; o o) o L TS T s S S AN o I
o o e o n o By @ 4 A ¢ A s
: + Gy () JRe | R g ey S , Sl i
i 43 3} -~ r.vv gl P : .Ml < (An] h\;_ ' 3 S A
G : o & 3 oo . o m O ¢ oy o & 03
- 2 N s JERE e e BERS PER o
£ . = DL O v = %) oy 0 ¢ - L :
=t | ) P} £ ¢) r & 4o IS 13 N \ ~ i 58] e &) ]
O 43 G ¥ o O i n o e o i 4 & o oo
e . e g o & ﬂ\u; o 3] .\M LD ™ «..v aE ™ 4 c ¥
QM = 0o 4 & g TS i e i _ . g .1 o d
43 40 (@) ) s} i A o an Wy € o Y m 4=
o o g 2 ¢ O o £ ¢ o i 4 o o © 4.4 3 8]
o o 4 o) " 5 O oo ; N S e 0y O iy o
Cy m . a . - G S 2 1 2 ) 0y
LA ;£ e I U o 42 R S ]
ST T o N PRy S A A T
'd g ¢ o 8 et © o ae o 4 Mg B
{ 0o < A4 O oy e oE . x| b J 5 M. o LB
o = B SR e _ n & B : £ o o i
CR B P A R vgey £ BUN -
) 3 - i =t L s e I (0 o= \
‘o P 2 H 0 3O ~ @ wion o o f S
G ( -1 ol TH N~ 2 @ & .o b L
I 9) 0 o o srvel BB = 3 e
(8] n ) ‘ = Q = i G ed} 5
; oo F 6 T =g 5RO o £ | .
_!4.u ) i B 2 i * O @ > B ¢ 2 nL - | . i ! =
iy ¢ ..ﬂ ) e 4eq doa - 5 0 ,
= < & @ j H a5 B _ z
8 5 v 0 Lo . 8 T 2 9 0 ot §y
o O 43 g 4 o M o o= 20 o @ i RS TR
o -~ O ty ® O 4o @ . &8 C 0 4
— ] ) ¢ ) 7 DT R SN ) = o s
- ; o £ & ¢ Lo o .5 i
© o oy o3 @ ot m - - @
TS oo P om by G ot /7 % ot o o ¢ m.«
B0 oS 9 R 0 0 4 < o @ e & o
g C O o £ T o =i
0 . 0 5o ¢ - 2 o] a i oo
a 5 3 n O &4 n O < 0 Pain 4o el
~) n w @M 4 ® O F o4 O Pt & = - o 2,
@ v B oot 8§ 0 43 7 ¢ o )
. = - I BT P Al = . 4 o °
~ |1 . = ) -~ |
2 o o w 04 o o G- © . . , TF —
) & o ¢ o o ) s S "
~ i A = N 40Dy e c 2G4 S
ﬁl_ t 1 - .\v. e O Y =¥ 5 0
- 1 S. [ 1 o5 s= el 3 1
S o@ f c o 50 L o
- ﬁw FESE  S S SO o r3 o Py o, & B s
i T — e n 9 ! o= ¢ »u_ - \m ~ i m“ ’ [
1 0 20 78 0w 0 T E 5 o o © p & & oo
3 0 g M4 04 O O P 5 o 4o ao & g oo oo g
2 @ Lo« g q o = $ o o 05 H § o B ouoe
o : ¢ = H O O . I oA & 9 B oa
3 4 S5 o0 £ @ + S © 80 a0 XN e, nﬂ = a,* ﬂ. LlVL.u m.- “OU~




B o}
A

1O,

(S

Yo
-

STOW .

~
=

T

WL
“

SRS

2

I
b

el

Len}
_—

U STz

1

L0

®

<7
%L

*(

L)

i

GGl

)
¢
cF

i

¢
§
<

S
%

o

A%
ERS

G

O [£3] {

=iy ; _ J
13

f 2 L

!

wd pe

S

{ -

E ( 2

! -

- ¥ o
Ao

i « & £

O = Lo

-J b

B i

2

{ < -

1GL



)i

~ryA
1+

r

P &

Do

SAO 3 &

4
)

beg
L

L0

TAT

t
.

° L
. |
Sz et
Ll
oo
rU <| “
€3
of s
s8] =,
= 8 W
& Q2
ot
o]

.k -
L
Pt
03
i
:

* Ay —

£Yy
1

r

~ AT
Tl

+

v

L)

T
[

T

-l d-

=
L

101

LE

(s

uo =B

18

>

]

(@]

78
‘3 [ 9 "v‘

/
o~
N

(@]

i

UL



. - = = (@) ,ruu )
O o 3 o = e
B N e o R O C:
o< oW 4 : [
Hoow o o 2
L o i i
W ru__. s (D <
= LI = s I O
: W ct O iy O
] O e} ck cF §=o
1,4 —,“ («
e KIR -
= Sl
- - < (RS ~e
3 S EE
o 3 C
oF i WO o U
e e W
S = @]
SRR oo W
M m._,w bty @ W i g
W > cr
- (e} "—L [ jo - m ! o
i {2 %]
= e ok cr
M\,” 0 3 oy e
& (] 3%
4 + 6}
o i ©
- C it .
ws 7o
Y e (! o
¢ 2 L3
L i, Lo : =
] (J [ &
H ,
6] b
b
) ledd
= M
a5 [N W]
(v O
RO SINRGI
o b o et
® = @ 2
. ct b H e A
S e > ¢ kK
- (o \ ,U T ﬁu - .m;:. -
J & Cr o K
e 1l ()] 3 v 3 Q
(o o ci- O H T o
. 9] 2o of  Hh W <k
- i L T A
h (y; =W OB
[ §u I 1 ck cf N.,
A by 7 @] e S
® 15 L QO = = e I
i & 9 O ..f.L. i - FOSN ©) B
ot 3 U1 o h oW
: H 0 O O of
0 ) I <G Fy = O

©
I

€Ol



104

CHAPTER SIX : SYNTHESIS

T+ was deemed appropriate to discuss many aspects of
this study in the immediate context of the results (Chapter
Five ), but it ramains to present =2 synthesis which considers

the various aprroaches,

During the early stages of vegetation development on
217vvinl surfaces , successful establishment is restricted
to those species tolerant of frequent flooding and sediment-

Nanson and Beach, 1977). At Totara Reserve, the flood
ibed in this study have developed apparent-
ince their initiations - as a result of
~cutting by the river, and favourable
channel migrations. However, at other sites on the river ,

disruption of forest development by sedimentation or by lat-

eral ercsison is evident { Fig. 30 ). The dynamic nature of
Tl plain ecosystems is well-illustrated by other accounts
¢l 2w Zealand aliuvial forests ( Foweraker 1929 ; P.Wardle

1382 ). Yourig forests on low-Lvineg surfaces

1 v
are at the rercy of fluctuations in the hydrolecgic regimen :
e destroyed by the same forces which

criginated them", (P.Wardle, 1974).

Tre capacity for survival of deep alluviation by
rrodiiction of new {adventitious) root systems (Foweraker,
1827 ; LcSweaeney 1982) undoubtedly favours totara in these
"eatastronhe dominated!" situations. In C2lifornia, the same

surviv=1l device enables redwoods (Sequoia sempervirens) to

ranc? on low-1lying alluviel sites where inter -
mittent “lscding and sedimentation eliminate less resilient
ccapetitorz (Store and Vasey,1968). Some -degree of this
C 1

and flood

D

o

O
ntly present in many New Zea
ensen 1923 ; P.dJardle 197
G}

is particularly well-develop

r
plain srecies {Christen 13 Grant
-i

L
d in totara,

en~tling the spécies t~ survive inundzation of

pb}

severity
i1l 211 o*her trees in =2 ctand. Investment

in such a device reflects a major aspect cf ftntarae's



[

erosion

.

qﬂﬁ;

<

B
&
*

oune kahikatea stand being lost

Pohangina Scenic Reserve,
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ecological strategy : that of extreme site tenacity and
s M . 1 .
resilience in the face of most stresses and disturbances,

.

Once lost to other species, siles are not readily regai

'.'5
D..

by totara.
In tre flood plain stands described in this study, totara
has established en masse in the early stages of forest devel-

opment ;3 probatly beneath a gradually opening Leptospermum

canopy . In both stands, the conditions favouring totara
entry have persisted only briefly . Later recruitment of this
shade-intolerant species has been inhibited by increasing
vegetation d=ansity and competition ; although there is some
circumstantial evidence of an autoinhibition effect beneath
established totara trees. Matai probably began to establish
at mich the same stage as totara, but gradual recruitment of
this species has continued beneath the flood plain forest
c2nopy - 2lbeit at a declining rate.

The sizes attained by the slow-growin
older flood plain stand suggest that some pr
with the early pod

9]

(84

AV
I?J

rps . Lt appears that ma

<+

% S
been among the earliest large "forest" angiosperm species to
enter - nithnush it bhas ir fact been prece
throuzhout much of the vounger stand . Maire!
vouthful mineral soils is clear from its distribution through-
McKelvey 1263,1973; Nicholls 1855 ).

The establishment pnztterns in thes e forests suggest that these

out the country ( e.z.
species are relatively intolerant of shady understcorey
environments. ! noticeable tendency for maire seedlings *c
establish on rotting logs and stumps may indicatc that rsot
competition inhibits their developmeant on the forest floor.,

1 With the exception of waterlogging ( Section 5.1.1 (b) ).

2 Data in Patel (1976) suggest that Nestegis spp.may be
among the slowest growing lowland indigenous New

Zealand treecs,
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Titoki has apparently been =2 ?:nsistently early
entrant ,but recruitment of this species ¢

Its devel~2pment beneath thinning canopies and
leadsz to its eventual canopy deminance on
tawa,

The size distribution of ftawa in the older flood
plain stand suggests that this species normally enters a
little 1later ; a strong influx developing bencath the podo-
carp canopy. However, small stands of tawa have already
attained local canopy dominance in some parts of the younger
stand , having aprarently pre-empted podocarps on these
sites. This'suggests that tawa is capable of colonising very
young mineral soils , but is usually preceded by more rapidly

1k
dispersed or faster-growing cvecies 3. Such a2n observation is
nh

i_lo

consistent with "tolerance" or "i bltton" successional
models than those wnich emphssize "facilitation™ ( see Connell

and Slatyer, 1977).

Fast growing angiosperms such #3 kowhai, lemonwood and
ribbonwood have exploited occasional canopy gaprs in the early
stages of flood plain forest develcorment, These are more typ-
ically svecies of seral scrub and ferest margins ; their

Juvenilez are rarely found in the crest understorey,The

young stands are still subject to czeasion2l inundation and
sedimentation, and so the estahlishanont of these trees may be
attribotzble to deaths among zome of the less 2lluviation -

resilient canopy species - reflecting an intermittently con-

a

tinuing a2llogenic influence on cancry roplace¢9nt, during the
first 120-200 years of forest develoiment. But these trees are
a very transient phencmenon,They =re nf linited potential stat-
ure and so liable te be overtonpad ~nd suppressed by continued

growth of the surrounding totaras; in any case their normal
)
longevity probably rarely exceeds 100 vears ¥

3. Tawa has also established surpricingly early after a fire
(c.197?) or a much older terrace site (Greenwood,i1S49).

e Th> stztements regarding growih rates and longevities of

these species are based on observetions of trces known to
have established (i) after forest clearance c¢.1890 near
Bullss (i11)

-

at Totara Reserve aft=r the 1923£ zale,
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The younger ("C") flood plain stand at Totzra Reserve
shows a8 stage approaching 200 yearsz afier the commencement
of forest develepment. Nearly 211 the species that will be
significant elements of older forests hzve already entered.
flowever some of these are as vet only very minor canony
compenents (2.g. rewarewa , rimu ), or have nnt yet attained
canopy status (e.z. pigeonwood), or else are represented at
this stage only by occasional juveniles { e.g. hinau ).

With continived lowering of the river channel,
inundation by floodwaters becomes less freguent
relative importance. But floods still occasionally add fresh
silt to the forest floor, and soils mature only slowl

t
genic influences on forest development gradually increase in
T

At the stage of the older ("D") stand, about 200
years after initiation, species diversity of the cano
in fact declined slightly. The totara have over+onped me

'?:J
5
i1
n

o
of their competitars ; tha sheer height of the canopy comb-
ined with the reducticon ¢f flocd-related disturbances r==s

meant fewer opportunities for establishment of the seral

m
L
O
}-.-I-
D
(93]
s |
=
(0
3
:3
l
'"5
n
o+
4]
%
)
W
—-r
,+
b 3
D
e
Q.
D
5
)]
ri.
o]
.
D
<
[
)]
0
£y

yers
below have increased ir co mr]m ity anid vaor51L3 Soil
moisture retention lLa: creased sufficiently to suprort a

S
range cof shade-tnlerant large-leaved angiosperm: spec

U]

cie
throughout most varts. On the most freely-drained sites tawa
has still not entered : these »rnbably correspond tn Th

fleristically distinctive xeric sites in the older fcerest

on the terrace,

.

From this stage on the "first generation" podccarps
will continue to dominate the forest for several centuries,
Byt 2s their densities gradnslly decline, replacement of

o
their ranks is on most sites minimal (mzinly matai). This
poor replacement appears largely attributable to their
intolerance of shade. Small remnants of forest on older
surfaces afford sparing glimpses of later stages of first
generation develcoment : an increasingly uneven canopy
structure, with the ga2ps between the massive veterans filled

mainly by tawz , titoki and mahoe .
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In the absznce of catastrophic disturhance, the

inevitable consequence of this trend is the development

0
an angiosperm-dominated canopvy within 1,000 y=srs of surface
initistion. But virgin-forested surfaces in the ¢.600 to

c. 2,000 years B.P. (estim=ted) age range are very poorly -
represented in the study areas, Therefore attempts to re-
construct forest development in this age range can only be

dangerously speculative.

The prezent state of the rimu on the terrace shows
that the species has established in significant numbers on
rsurfaces (c.1,500 - 2,000 years old). The
presence of a few massive dead standing?northern rata ,
clearly of epiphyte origin, suggests even earlier entry of
rimu, It is clear tkat in tall tawa-dominant forest there

are very few opportunities for regeneration of podocarps,

1

relatively youn

which are poor competitors in the shady understerey on

these sites. Large windthrows do appear to stimulate some
regenerztion of podocarps. Bt the "regeneration gaps" of
podncarp species on the mesic terracs sites remain poorly-
understood , and there is no evidence indicative of the

mede »f establishment of ths nresent rimu. The possibility
remezins that major exogerous disturbances of unknown nature
may have been involved in the establishmant of the extant
podozcarrs nn the terrace. Concentratinns of podocarps in
meny situations throughout New Zealand may well be testimony
to dramatic disturhances of the past, persisting after all
other covert evidence of these events has been submerged.

But *to entertzir such an explanation i» the absance of
indenerdent corrohorative evidence would be little more than
a convenient circularity .

The picture is perhaps a little clearer for the xeric
sites of the terrace. In the virtual absence of tawa ,titoki
dominates the canopy , and rewarewa attains its greatest
abundance on these sites. The xeric sites appear to be
refugia for =zome flood plain species that have not maintained
their position so well on the more mesic sites 2.z, maire

totara, turepn. The lower vegetation density and reduced under-

storsy competition has favoured regeneration ¢f those podacarp
species tolerant of dry conditions j.e.ma2tai and totara.
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This persicstence on edeprically extreme sites apnears to be

a typical "alternative strateey" of shade-jntolprant

typicelly pioneering species (Spurr and Barnes, 1973).ilatai
appears to be regenerating steadily if not abundantly, and

Q

cyclic discontinucus replacement of totara on these sites
seems possible, Thus the —resent forest structure on these

Wil

sites seems largely explicable, although it is quite poss-

ible that past fires have influenced vegeta ian development.

Future attempts to elizidate the mechanisms of podo-
carp regeneration in old growth forests are likely to profit
from placing more emphasis on understanding the dynamics of
the "background" angiosperm species. In' most New Zealand
forests it is after all the matrix nf angiosperms that is
probably the major biotic environmental influence on species
recruitnent patterns. Research directed toward ai understand-
ing of spatial and temporal patterns of mortality and regen-
eration in principal angiosperm species is therefore lilely
to be cf much value,

Status of the Podocarp Species.

It is difficult to find direct ecological eguivalents
of the pndoczrps in otrer forest csyst:ms throughout the world,

Totaras =2nd co2stal redwond 42 show obvious similarities in
their strategies of adaption to flood pl=2in environments ,but
major differences in replacement poteontial ( and hence
succazsional status ) are also evident [ c¢f.Stone and Vasey

1968 ; Wright and Byiley 1942 ). Predictable recurrence of

fire , which facilitates regeneratior »f various North
American long-lived but shade-intolerant conifers (e.g.larix
occidentalis , Pseudotsuga menziesii ) appears not to have

been a3 nztural prenomenon in pre-human Now Zealand forests.

Totara exhibits many of the a2ttributes of a pioneer
species , and indeed cn most sites it astablishes in abund-
ance only in the early st=2ges of successizsns., While Juveniles
show some shade persistence , this st*udy shows them to be
shada intolerant , in that their growth rates "in suppression"
( Fox ,1977) are poor relative to their principal angiosperm
competiters. But even totara,by nature the most pioneering

b
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of the podocarp species, does not fit the classic stereotype
of an " r-selected " (McArthur and Wilson, 1967) pioneer
strategy . Totara's longevity and relatively slow growth
rates are rather atypical of early successional species ;
opportunities arising in secondary successions are more
commonly exploited by small faster-growing angiosperms ,
rather than podocarps.

Other podocarp species ,'although also frequently
achieving their greatest abundance i:1 the early =tages of
succescinane , appear variously further along a gradient of
successional character. But they rarely exhibit many-aged

and 2ll-aged stands , except on edaphic%lly extreme sites
where competition is reduced , or ( in the case of rimu )

in very high rainfall regions e.g. Veblen and Stewart (1980),
June (1982).

Cockayne's interpretation of New Zealand forests was
suggestive of coniferous decline and replacement on a grand
sczle , a theme later expanded by Robbins (1952). The results
of recent studies (Clayton-~Greene 1977 ; Veblen 2nd Stewart
1982 ; Norton 1983) suggest that any fault in Cockayne's
interpretation lay in his under-estimation of the frequency
of disturbances and their role in shaping the vegetation.
Sven or stabtle flat sites where no dramatic geomorphic
processes are active , disturbances by windthrow za2ppear to
provide nccasional regeneration opportunities , enabling
rersistence ofthe longevous conifers as s significaent

component ot the vegetation.

Climatically-induced regeneration failure has been
widely suggested as an explanation for discontinuous or
"unbalanced”" vopulation structures in a variety of situations
throughout New Zealand e.g.Holloway (1954b), Nicholls (1S56),
P,Wardle (1962b). As noted by Norten (1983), the fundamental
assumption underlying this argument is that prior to the date
of the supposedly-fateful climatic change , these particular
species maintained all-aged populeoticns Ly continuous regen-

eration in old growth forests , on the sites concerned.
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While admittedly of very limited application to the
core of the climetic change controversy , the results of this
study do suggest that in the case of totara, and probably
also kahikatea ,such an explanation is unlikely. Shade -
intolerant species such as totara are always likely to be
poor competitors in forest understoreys. On level terrace
sites opportunities for establishment are likely to be in-
frequent , and hence densities low. Regeneration of podo =
carps following major windthrows , as seems probable for
some sites in this study , would be liable to produce dis-
continucus age and sizes distributions. On sites where inter-
mittently active geomorphic processes result in soil and
vegetation disturbance ,more frequent estatlishment of
species such as totara can be expected. |

Clayton-Greene (1977), Veblen and Stewart (1982),
and Norton (1983) all arrived at similar findings for

kaikawaka ( ILibocedrus bidwillii ), another indigenous

conifer species for which climatically-induced regeneration
failure has keen postulated (P.Wardle 1963b, 12978). Each of
, concluded that

establishment of kaikawzaka waz asscciated primarily with

these studies, in different localities

disturbances such 2s windthrow and nazs movement , and

thercfcre likely to be of a pericdic discontinuous nature,

Nevertheless , climatic fluctuations undoubtedly do
influence vegetation dynamics , both directly and indirectly,
and the ressibili*y of significant climatic influence on
conifer regeneration pstterns within the last millenium
carn>t b2 discounted. The early proponents of climatic
change ( e.ge. McKkelvay 1953 , Holloway 1854, Nicholls 1955)
rroduc=d very litftle hard data to support their arguments.
Byt there now agpears to be increasing confirmation by
quantitative evidence of a generalised widespread depression
of rimu regeneration throughout New Zealand , centred on the
period c.1,600 to ¢.1,800 A.D. (Bathgate 1981 ; June 1982).
As noted by P.Wardle (1979) there is indeed =z "striking
coincidence" of this regener=tion depression with the
climatological record of reduced temperatures within New
Zealand over the same pericd , as established from geo -

physical evidence (Burrows and Greenland, 1979),.
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Bathgate (1981) establishad a pos
between diameter increment of rimu in the Longwood range znd
recorded air temneratures since 1853. i
that depressed regeneration rates and "significantly slow"
diameter growth of rimu during the 17th. to ea
centuries A.D. are both likely to be attributa
cool period", Bzthgete's work amounts to some formidable
circumstantial evidence for significant recent climatic in-
fluence , but still leaves the problem of a mechanism for
such an influence , in discriminating against regeneration
of rimu and possibly alsc other conifers. It seems logiczl
that even a slight reduction in growth rate would be a dis-
advantage to young rimu in the fiercely competitive envircon-
ment of the forest understorey. 3But intuitively one would
expect a temperature decline to similarly depress growth
rates 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 ccmp-
etitive balance between species previously coexisting o

the same sites.

It is possible that rimu and other indigenous conifers
are more sensitive than 2re their angiosperm competitors -
sm211 changes in certain climatic factors. Bathgate's (197
work would be complemented by an exanination of the diameter

mn
" 3
A

increment trends ¢f scme of the longer-lived angiosperm spe-
cies of the Longwond forests, to determine if their growth
rates during the 17th, to early 19th. centuries suffered =
decline similar to that found for rimu. But whatever circun-
stantial evidence is amassed ,I suggest that the problem ics
likely to b= resolved only when coumparative experiments have
determined the precise effects of small changes in climatic

parameters on the growth of the various species concerned.

-

Conclusion similar to those of Clayton-Greene (1977)
and Veblen and Stewart (1282) for kaikawaka cannol necesszrily
be oxtended to porulations of other indigenous conifers.There
is no doubt that a range of establishment modes occurs thriugh-
out the difterent species; and equally that the behaviour of
any one species varies with recional and site difrerences in
scils , climate and associates .
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INDIGENCUS PLANT NAMES

Throuzhout the text , scisntific names =2re generally
us~d in the first reference to each species. Conmon names
oriv are used in subsequent references , except for those
species which have no well-estzblished English or PMsori

he

name ,or which are nett

[ 92 B 1}

e.g. Melicone simplex c usad also

for certair spacies ( e.g. Svzyzium maire ), in order to

avoid possible ambiguities in interpretation of English or
u

Common name Scientific name
bl=ck beech ( = tawhai) Jotrhofarus solandri
var,sclzndri
cabbage tra» Cordyvline ausftralis
five finger Pseudovpanax arboraus
hangehange Geniostoma linguistrifolium
kinau Slaeocarnus dentatus
kahilkatean Podocarrus dacrydioides
haikawaks Livocedrns Dbidwiliii
kXzikomako Pennantiza corvmbosa
kazerhi ( = Lzwhero ) leinrannia racemosa
kanvka ( = tree manuks ) Levtosharmum aricoides
kauri Agathis sustralis
kawalkawns Yacropiner excelsum
kohubu [ = tywhiri ) Pittosporum tenuifoliun
Kotukuialku Fuchsia excorticata
kowhai Sophora nmicrophylla
lacebark Hoheria sexstvlosz
lancewsor Fseudovanax crassifolius
lemonwond Pittcsoorun eugenicides
mahoe Felicytus ramiflorus

maire Nestegis cunningramii (Hook.f.)

[

L.Johnson,
M. lanceolata " (hook.f.)

FTNTTNSTNS TS

manuka ' Leptosparmum scoparium




mapau { =

...‘
|
i}
(_!.
}=s
'd
o

matai
miro
nilkau
northern rata
pate

pig

puka

rangiora

roeonwood

tea

rowarewys
ribhtanwood
rizu
rohutu
silver fern
supplejack
tanelkaha
tavia
titoki
toetoe
tatora

turepo

wineberry

Knightia excelsa

Plagianthus be2tulinus

Dacrydiws: ' cupressinum

Lophonyrtus obcordata
Cyathea <cealbata

Rivogonum scandens

Phyllocladus trichomancides

Bielschmiedia tawa

Alectrvon excelsus

Cortaderia tToetoe Zotov

Podocasrcus totara

Peratropkis micreophylla

Aristoteliz serrata

115
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Samples ¢l completzd data sheets
for Plot F 10 older floondplain
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APPENDIX III : Relatienship between nurber ef disze papers

exposed and logio light integral received in sunlight.

30 0 1
5 /
.c . '
< +
o
+
1.0 1

/

F

0.0 | +

/ 10G L = 0.504n - 1.545

Log10 (light integral received, L (moles m-z) )

0 2 4 6 8
Number of papers expesed, n
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APFENDIX IV ¢ SIZE CLASS DATA FCR ALL TREE AXD SHRUB
2

ATDO - nr T M A T
s L O 5 T S ;?O;‘; PJ..‘-}L SA;';PH S .

IV (a) Younrer flood vlain stands ( 3 x LOO " plots )
SPECIES Etem diameter at *rreast height (cm)
0 2.5 10 20 30 iTo) 50 60

Dicksonia souarrosa 1

D, fibrosa 1

Dicksonia sp. 2

Cyathea dealbata T 1

Podocarpus dacrydiddes 2 1 3

P. spicatus 3 6 o4 2 2 2
*P,totara o122 7 |15 10 |6
Beilschmiedia tawa 12 13 5 3

Hedycarya arborea sl 3

Macroviper excelsun 51 | 67

Melicvtus ramiflorus 211 66 )

¥Ynichtia excelsa 73 3 1 1

Pittosporum eugenicides 1 1
Lophomvrtus bullata 9 2

L,obcordats 20 21

-

Plarianthus betulinus

N s

Hoheria sexstylosa

Sophora micrephylla 1

.8

JS5E. %
Q
N = w Ul = \n

Paratrophis microphylla

Pennantia corvmbosa

Melicope simplex

Alectrven excelsus

Al = =\
L QL S S

Schefflera digitata

I'vrsine auastralis Iy
Nestegis srp. 11 3
Geniostoma ligustrifoliux 65 | 97

¥ Numbers of dead standing

totara sisms in each

diameter class shown in

superscrint, A
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.
SPECIES Stem diameter at breast height (cm)
& 2:5 10 20 30 1O 50 &n
Coprosma rocungirolia 1
C austr=lis g 1
Coprosma sp. 1
Brachyalottis repanda 1
Rhopalonstvlis sanida 1 |

Seedling Szmples : from L8 x 1 m? understorey sub-plots.
Species Seedling Hoight Classes (cm)
<15 cm. 15 - 50 50 - 140

Podocarpus dacrydioides 5

P. Spicatus 10

P. totara

Beilschmiedia tawa 16 5 1
Hedycarva arborea 18 5 1
Macropnirer excelsum 16} 2 1
Yelirytus ranmiflorus 23 12 2
Knightis excelsa 2 13 )
Pittosvorum eurenioides 3

Lophonyrtus obecordata 1 1

I..bull=ta x obcordata 1

Hoheria csexstylosa 1
Paratrophic microvhylla | 15 14 2
Corynecaropus laevicata 1

Pennantia corvrhosa 12 h 1
Melicone simplex : 7 1

Alectrynan excel.sis 103 111 39
Schefflera digitates 3

Pseudopanax crassifolius 1

Myrsine australis [

MNestegis sop, 3

Genicstoma lizustrifolium 18
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[
N

AFPPENDIX IV

IV (b) Older fleood vlai
5
( 6 x 100 ™ plots

Species Stem diameter at breast height (cm)

02,5 10 20 30 4o 50 60 70 & 901&3110

Dicksonia.-sjuarrosa 3 12

Cvather dcalbata 5 S th

C.medullaris 1 2

Podocarnnz dacrvdioides ! 1 1

P. spicatus 2 1 1 2 11 1

P.ferrugineus 1

P, totara 1 o 6 3+214+1 10 |82 i 11

Beilschmiedia tawa 275192 23k 2 1

Hedycarva arborea 1631 36 g1 0 1

Laurelia novre-zelandise| 15|25 il |

Macroriner excelsum a51 170 I

Melicytns ramiflorus 2191 811231 3

Knightia axcelsa 1y 2

Lovhomythus bullatea 6 1

L. obcordata 286 7

L.bullata x obcordata ? 1 1

Elaeocarpus dentatus 1

Plagianthus betul inns i

Hoheria s2xstyloss Iy

Carpodet:z zerratus 1

Paratrophis micreckhyvlla | 49 5 1% 9 1

Pennantiz corymhosa 71 5

Melicope simplex 2 3

Alectryon excelsus 581 20118 | 7 2

Schefflera digitata 123§ 17

Pseudopanax crassifolirs 1

Ilyrsine australis 1

llestegis spr 1 T2 1 ]
|
|
‘.




Species Stem diameter =2t breast height (cm)
C 2.5 10 20 30 1.0

Geniostomaligustrifolium [0S 15

Coprosma rotundifolia 2

C.australis 30 5

Brachyglottis repanda 2 |

Seedling sarples :

from 80 x 1 m2

understorey sub-plots

Species

Podocarpus dacrydioides

P.spicatus
P. totarz

Pseudowintera colorata

Beilschmiedia tawa

Hedycarva arborea

Laurelia novae-zelandiae

Macropipner excelsum

Melicytus ramiflorus

Knightia excelsa

Lophomvrtus obcordata

Hoheria sexstylosa

Plaganthus betulinus

Paratroohis microphylla

Pennantia corymbosa

Melicone simplex

Alectrvon excelsus
Schefflera
lyrsine australis

Nestegis spp.

Coprosma rotundifolia

digitata

C.australis

Coprosma sp.

Seedling height classes (cm)
<15 15 - 50 50 - 140
g
10 /
1
3
43 3L 8
95 20 6
1h 5 1
76 1 L
11 20 7
1
L 3 2
6
1
16 30 7
L 2
13 b
69 24 5
2 2 3
1
23
2
2 2 1
2
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APPENDIX IV

IV (c) Terrace Xeric. Sites
(5 x 150rn2 plots)

Species Stem diameter at breast height (cm)
0 2.5 10 20 30 40 50 60 120 130

Cyathea dealbata 3 2 1

Podocarpus spicatus

P. totara 1
Beilschmiedia tawa 10 2 2 2

Hedycarya arborea 10 13 2

Macropiper excelsum 8 25

Melicytus ramiflorus 34 14 9 2 1
Knightia excelsa 39 25 10 54 2
Lophomyrtus obcordata
Hoheria sexstylosa

Prunus cerasifera

Paratrophis microphylla

= = W N D

Melicope simplex
Alectryon excelsus 26 41 34 4 3

Pseudopanax crassifolius 1

Myrsine australis

Nestegis spp.

Geniostoma linquistrifolium
Coprosma rhamoides
C. australis

(52 T % T U5 RS ) B S

Brachyglttis repanda 1




Seedling Samples: from

30 x 1m2 understorey sub-plots.

Species Seedling height classes (cm)
<15 15-50 50-140

Podocarpus spicatus

P. totara 3

Hedycarya arborea 34 1

Macropiper excelsum 12 1

Melicytus ramiflorus 2 3

Knightia excelsa 18 9

Pitcosporum eugenioides T

Paratrophis microphylla 1

Melicope simplex 1

Alectryor excelsus 25 24 3

Myrsine australis 3 2

Nestegis spp. 2 2

Geniostoma linguistrifoliun 3 1

Coprosma sp. 2 2




Appendix IV
v (a)

Terrace mesic sites

1 % 150m2 plots)

Species
0 2.5 10 20 30 40 50 60 70 80
Dicksonia Squarrosa
Cyathea dealbata 13 21 9
C. medullaris 1 .
Podocarpus dacrydioides 1 -
P. spicatus 1 1
P. ferrugineus 1
P. totara 1
Beilschmiedia tawa 55 34 21 12 14 3
Hedycarya arborea 72 84 13 1
Laurelia novae-zelandiae 21 4 3 1
Macropiper exccelsum 16 17
Melicytus ramiflorus 101 4 47 N v 1
Knightia excelsa 64 21 6 2 1
Lophonyrtus bullata 5
L. obcordata
Elaeocarpus dentatus 1 1
Aristotelia serrata 2
Hoheria sexstylosa 4
Carpodetus serratus
Paratrophis microphylla 10
Pennantia corymbosa 1
Alectryon exccelsus 63 29 28 4 2
Schefflera digitata 5
Myrsine australis 6 4

Nestegis cunninghamii

Geniostoma linguistrifol ium 17

Coprosma australis
C. lucida
Brachyglottis repanda

10

.

4




LA

Seedling sanples: from 84 x 1m2 understorey sub-plots

Species Seedling height classes (cm)
>15 15-50 50-140

Podocarpus dacrydioides 22

P. spicatus 7 2

P. ferrugineus 1

P. totara 11

Beilschmiedia tawa 11 9 2

Hedycarya arborea 107 ’ 17 2

Laurelia novae-zelandiae 54 2

Macropiper excelsum 65 2

Melicytus ramiflorus 9 7

Knightia excelsa 27 2

Pittosporum eugenioides 1

Elaeocarpus dentatus 6

Paratrophis microphylla 1

Pennantia corymbosa 4 1

Melicope simplex 1

Allectyon excelsus 57 49 11

Schefflera digitata

Pseudopanax crassifolius

Myrsine australis

Nestegis spp.

Geniostoma linguistrifolium

N 0 = -

Coprosma australis

Coprosma sp.
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APPENDIX V: Totara ring count data used for age estimates in Tables II
and III.

Circumference Boring Rings on Estimated Correction Estimated
at b.h. (cm) 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 cm.
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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

Canopy Species
Spindling Totara Mahoe Rewarewa Titoki Others GAP TOTAL

0 8 1 0 18 5 2 34
Mahoe E, 3.74 2.04 8.16 14.96 3.40 1.70

x ot - *-005 N-S. - -

0 3 6 4 16 1 9 39
Rewarewa E, 4.29 2.34 9.36 17.16  3.40 1.95

¥ - N.S. N.S. % =

0o 2 5 9 4 5 1 26
Titoki E, 2.86 1.56 6.24 11.44 2.60 1.30

T o = N.S. }.05 s =

0 0 6 9 20 3 2 40
Others E, 4.40 2.40 9.60 17.60 4.00 2.00

rr = > N.S. N.S. = =
TOTAL 0 13 18 22 58 14 14 139

Expected values ("E") calculated on the basis of the areal proportions
of thevarious species' canopy cover.



(b) Mesic Sites

Canopy Species

Spindling Tawa Pigeonwood Mahoe Titoki  Others GAP TOTAL

o 19 7 14 9 4 2 55
Tawa E, 22.61 2.37 13.97 9.02 4.68 2.37

X N.S. = N.S. N.S. = -

0o 42 2 9 11 3 5 72
Pigeonwood E2 29.59 3.01 18.29 11.81 6.12 3.01

X~ 1.025 - {.05 N.S. N.S. -

0O 65 2 4 17 7 6 101
Mahoe E, 41.5] 4.34 25.65 16.56 8.59 4.34

X 1.001 ﬁ }.001 N.S. N.S. -

0O 39 1 8 12 1 3 64
Rewarewa EZ 26.30 2.75 16.26 1.97 5.44 2,75

x“ t.025 = 05 = N.S =

0 29 9 17 3 2 3 63
Titoki E,25.89 2.71 16.00 4.92 5.36 2.71

X“ N.S. - N.S. N.S. N.S. -

O 15 4 25 9 0 2 55
Others E,22.61 2.37 13.97 9.02 4.68 2.37

X© M.S. - f.005 N.s. = -
TOTAL 0 209 25 TT 61 17 21 410
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