
 

 

http://researchspace.auckland.ac.nz
 

ResearchSpace@Auckland 
 

Copyright Statement 
 
The digital copy of this thesis is protected by the Copyright Act 1994 (New 
Zealand).  
 
This thesis may be consulted by you, provided you comply with the 
provisions of the Act and the following conditions of use: 
 

• Any use you make of these documents or images must be for 
research or private study purposes only, and you may not make 
them available to any other person. 

• Authors control the copyright of their thesis. You will recognise the 
author's right to be identified as the author of this thesis, and due 
acknowledgement will be made to the author where appropriate. 

• You will obtain the author's permission before publishing any 
material from their thesis. 

 
To request permissions please use the Feedback form on our webpage. 
http://researchspace.auckland.ac.nz/feedback
 

General copyright and disclaimer 
 
In addition to the above conditions, authors give their consent for the 
digital copy of their work to be used subject to the conditions specified on 
the Library Thesis Consent Form. 

http://researchspace.auckland.ac.nz/
http://researchspace.auckland.ac.nz/feedback


* r.: .:ff"
ffi*
. .ij"l r;'' r' l.i,' r

Late Quaternary palynological Investigations into the history

of vegetation and climate in northern New Zealand

Rewi M. Newnham

A thesis submined in partial fulfilment of the requirements for the degree of
Doctor of Philosophy in Geology, Univenity of Auckland' 1990.

. ,".-__ - . .J



(oppositQ

Natttre's Catludral, an oil painting of kauri forest in northern Ncw Zealand, by Charlcr Blomfield (tg2l ),
Rcproduccd wlth pennission of Auckland Instituto and Mugcum.

T'NIVERSIry OF AUCKLAND I.,BRARY

THESIS

ql'32

;i
.1

ir'.,

ffi
::ffi

, 'i;i. f=*+,
. l.r- ":'

,r'i



I



(i)

ABSTRACT

This thesis describes the vegetation and climatic changes over the past 20,000 years

from pollen records at eight northern New Zealand lowland peat and lake sites, ranging from

Taranaki to the Far North. The sites investigated are Umutekai Swamp (Taranaki), Lakes

Rotomanuka, Rotokauri, and Okoroire (Waikato), Kopouatai Bog (Hauraki Plains), Lake

Waiatarua (Auckland), Otakairangi Swamp (mid-Northland), and Trig Road Swamp (Far

North). At sites from Auckland southwards, dating and correlation of the pollen records were

enhanced by the occurrence of multiple tephra layers within the pollen-bearing sediments.

The clearest picture of regional vegetation history and tightest chronologic control were

obtained from the tephra-rich organic lake sediments of the Waikato lowlands.

Holocene vegetation changes were broadly consistent throughout this northern New

Znalandregion and indicate climates, which were initially moist, mild and equable, but

became increasingly variable and probably drier overall during the late Holocene. Podocarp-

angiosperm forest was always prominent andAgathis ausffalis forest expanded throughout

the region norrh of latitude 38o S during the last 6,000 years. Kauri was especially prominent

in the Waikato region during the 1000 years or so following the Taupo eruption of c.1800

years ago. At pollen sites from Waikato, Hauraki Plains, and Auckland, palynological

evidence suggests that people began clearing forests as early as 800 years ago, but probably

not much earlier.

Pollen records for the last glacial show less regional uniformity. South of Auckland,

scattered tracts of Nothofagus or Libocedrus forest within a shrubland/gfassland mosaic were

succeeded, between c.I4.5 and 10 ka by the regional expansion of podocarp-angiosperm

forest, with Prumnopirys taxifulia initially prominent. North of Auckland, the pre-Holocene

vegetation history is complicated by uncertain chronologies. Conifer-angiosperm forest with

prominent A. austalis grew in the Far North during the last glacial, while in mid-Northland,

a substantial period of Nothofagus forest, shrub and grassland communities may correspond

to either the entire last glacial or to the late glacial.

Local variations in vegetation cover were maintained to some extent independently

of regional climate, influenced by site specific factors including edaphic controls, hydroseral

succession, and local hydrological changes caused by, €.!.,lahar or lava flow, fluvial activity

and sea level change. The influence of these local factors is most evident for the late glacial,

during which period podocarp-angiosperm forest spread throughout northern New Zealand

generally, but with considerable variation in timing even between nearby sites.

Fire appears to have been an important factor in vegetation change throughout the

period investigated, not just during the human deforestation era; peat swamp communities

show a long history of association with fire, while in dryland vegetation, Agathis australis

appears to have been especially affected by buming.
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No unequivocal evidence was found for postglacial latitudinal migrations, but several
plants show significant altitudinal range expansions during the last glacial compared with
their present distributions in northern New Zealand,viz., Nothofagw menziesii, Libocedrw
bidwillii, Phyllocladw aspleniifolfa.s, and Halocarptu spp. Thus although vegetation
communities at each locality have changed substantially over time, the flora of northern New
7*,alandremained essentially the same during the c.20,000 years before the human era.

Interpretation of the pollen records was assisted by principal components analysis
(PCA) and by referring to modern pollen data and pollen-vegetation comparisons obtained
from Waipoua Forest, Northland. PCA provides an efficient means of summarising and
portraying large pollen datasets, and helps to clarify underlying environmental factors and
temporal trends. PCA'also generally supports pollen diagram zonations determined by eye.
The Waipoua study indicated that the relationship between pollen and tree abundances is
highly variable within forests, dependent largely on local site characteristics, especially the
masking effect of strong local pollen sources. Nevertheless, quantified pollen-vegetation
relationships averaged for the study area mostly accord with results from previous New
7n'alandmodern pollen rain studies, while adding new information for the pollen
representation of several prominent northern species. The Waipoua study indicates that
pollen spectrarich in Agathis may be found where trees grow nearby, butAgathispollen
appears to be less widely dispersed than pollen of other New Zealand anemophilous taxa.

At several swamp sites, correlation of tephra layers and pollen-stratigraphic events
reveals problems with radiocarbon chronologies which can not be satisfactorily resolved
except by assuming contamination by modern carbon. Sites with a history of hydroseral
succession, where swamp communities have developed in former lake basins, are especially
prone to this contamination, presumably because root penetration of older sedimenrs
provides channels for downward movement of younger carbon. In such situations it may be
unwise to date and correlate pre-Holocene sediments on the basis of rad.iocarbon alone.
Periods of hiatus are not uncommon in lake and swamp profiles from northern New Zealand
and it is possible that the record of the last glacial is missing or strongly compressed at many
Northland sites.

Sedimentation rates also varied markedly between and within sequences,
precluding the accurate estimation of pollen accumulation rates except at the Waikato lake
sites where tephra sequences provide detailed chronological resolution. Even here, however,
pollen concenEation and accumulation rates appear to have been highly susceptible to short-
temr fluctuations in the sedimentation regime.
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CHAPTER 1 INTRODUCTION

1.1 AIM OF RESEARCH

This thesis presents the results of palynological investigations at selected peat and lake

sites from northern New Zealand, which together span the last c. 30,000 years. The primary

objective is to reconstruct aspects of the vegetational and environmental history of this

region since the last glacial maximum. It is hoped these results will provide a better

understanding of the late Pleistocene and Holocene vegetation'of northern New Zealand and

its relationship with the rest of the New Zealand flora.

This chapter presents an overview of the vegetation and physical environment of New

Z*a1and,past and present, aspects of which have become the focus of this investigation.

Therefore the rationale of the work and a list of its objectives are better presented after this

introductory chapter, at the beginning of Chapter 2 : Research strategy and methOdology.

1.1.1 Nomenclature, tertnsr and boundarieS adopted here

Throughout this thesis, the abbreviation ka refisrs to "thousands of years before

present", while Ma refers to "millions of years befoie present". Radiocarbon dates are

expressed as mean t 1. standard deviation followed by the term BP (indicating "radiocarbon

years before present"). Radiocarbon reference numbers are prefixed by the originating

laboratory: NZ, New TxularxlRacliocarbon Laboratory, Institute of Nuclear Sciences, I)SIR,

l,ower Hutt; Wk, Waikato University Radiocarbon Laboratory, Hamilton.

last glacial

maximum

late

glaclnl

early

Ilolocene

late I

Ilolocene

lasL glacial

PLEISTOCINE

postglacial

HOLOCENE

t525

yeors BP

Fig. 1.1. Stratigraphic tenns and boundaries adopted in this thesis
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The last glacial (Fig. 1.1) refers to the Otiran Glacial Stage, equivalent to the

Wisconsinan of North America and Weichselian of Northern Europe. The last glacial

maximum refers to the period of maximum cooling during the last glacial, centred around

l8 ka (Climap, 1981), and generally covering the period 25-14 ka. The late glacial refers to

the period 14-10 ka, during which climatic amglioration approached but did not reach the

present interglacial conditions. The Holocene is considered as the last 10,000 years, in

keeping with international convention. The term postglacial is used here synonymously with

"Holocene". Early Holocene refers to the period 10-5 ka; late Holocene to the period 5 ka

to the present, and includes the human era.

The human era refers to thc period of human occupation of New Zealand, widely

accepted as about equivalent to the last millenium (Davidson, 1984). The European era

refers to the last 150 years.

when referring to ygggq4iol types, the term angiosperm excludes the beeches

(Nothofagus) spp., which constitute a separate category (see 1.4.1). Thus the term

angiosperm is considered as synonymous with 'broadleaf' or 'hardwood' according to their

previous or crurent usage in New Zealandforest ecology (Wardle et a1.,1983). The term

podocarp refers to members of the New Zealand Podoc,arpaceae. Conifer refers to all New

7*alandindigenous gymnospemrs, i.e. Podocarpaceae,'Araucariaceae, and Cupressaceae.

The reader is referred to the foltowing sections for further explanations of terms used

here:

1.5.6

2.2.4

2.2.8

2.3.7

wetland vegetation and dePosits

the pollen source area, local and regionally derived pollen;

pollen concentrations and accumulation rates;

plant, pollen and spore nomenclature, and authorities followed (see also

Appendix 1).

South

lsland D

Fig. 1.2. The New Taaland region
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1.2 THE NEW ZEALAND PHYSICAL ENVIRONMENT

This section briefly summarises the geological history of New Zealandand describes

the modern physical environment in terms of geology, geomorphology, soils and climate.

Each of these environmental features is described in more detail in subsequent chapters (3-9)

dealing with regions of northern New Zealand.

1.2.1 The geological perspective

The New 7*,ahandgtip"Igglies in the southwest Pacific Ocean between latitudes 34

- 47 o S (Fig. 1.2-3 ). Three main islands - North, South, Stewart - form 99Vo of a total land

arca of c.267 ,0OO km2. The strongly dissected terrain, freshness and diversity of landforms

attest to the tectonically active setting and relative youth of the New Zealand landmass.

These islands lie astride an obliquely converging plate boundary between the Pacific and

Indian-Australian plates (Fig. 1.4; Lewis, 1980). The plate boundary is marked in the South

Island by the Alpine Fault, and passes to the east of the North island as the Hikurangi Trough

(Walcott, 1984). Transformational movements at this boundary have resulted in uplift of the

Southern Alps and axial ranges of the North island commencing around c. 10 Ma. These

uplifted areas forrn a northeast rending mountain chain across the southern two thirds of the

country. Uplift has accelerated in the last few mitlion years, associated with volcanic activity

in the North Island (Walcott, 1984).

Fig. 1.3,. Polar projections showing New Zealand in relation to other southern hemisphere
landmasses: (left) today; after Burrows (1979); (right) c. 120 Ma, Early Cretaceoru
G o ndwanaland ; fr om S tev e ns ( I 9 80 )
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Fig. 1.4 New kaland tectonic setting. Solid trianglgs are active andesitic volcanoes; after
Walcott (1988)

As a result, high relief characterises much of the country, particularly the South Island,

where the highest pe*, Mt Cook rises to 3764 m (Fig. 1.5) Rugged mountainous areas in

northwest and southeast South lsland are formed in hard, crystalline Precarnbrian and

Paleozoic rocks, thc oldest in New 7*aland, Rocks arc generally younger in the North island,

most being of Cenozoic age. Uplift has been slower in the North Island and the Northland

region has been more stable than most regions since its emergence during the lower

Miocene. The highest North Island peaks are of volcanic origin (e.g., Ruapehu, the highest,

at2797m).

Upper Paleozoic and Mesozoic greywackes form the main a:rial ranges of both North

and South islands. These sediments were deposited in basins lying offshore from the ancient

lan.lmass of Gondwanaland (Fig. 1.3) and the pre-Cenozoic fossil record demonstrates their

affinity with rocks of Ausralia and Antarctica ef n similar age (Stevens et a1.,1988). This

relationship ended between 80-60 Ma, when New Zealand separated from Gondwanaland

with the formation of the Tasman Sea. Since that time New Zealand has had its own

geological history and has developed a unique flora and fauna.

1.2.2 Quaternary geology and geomorphology (Fig. 1.6)

The Quaternary in New 7-ealand is recognised on the basis of climatic factors, which

have resulted iq glacier deposits, the appearance of cool climate biota and changes in sea
el -elL.

level (Suggate] L978; Fleming, 1979). Quaternary deposits and landfonns cover muoh of

'rT{!
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New Zealand and consist of marine, fluvi3{, glacial, periglacial, volcanic and qggliqt

sediments and rocks up to hundreds of metres thick.

In lowland areas, braided.wg$ draining the high mountains have formed extensive

gulwash plggrs. In the southern North Island and eastern South Island, phases of gllu{$
4ggradatipg during cooler climate episodes were accompanied by terrace formation and the

deposition ollggg! (e.9. Vella et a1.,1988; Mew ef al., 1988). Thick aeolian quartz

sequences accumulated offshore from eastern South Island during at least the late last glacial

(fhiede, 1979; Stewart & Neall, 1984), probably assisted by an intensified westerly wind

system (Salinger, 1984). During interglacial high sea level phasgs, marine terraces and sand

dun€ systems formed in southwestem and northern North Island (e.9., Milne, L973), while

p9eosols developed inland (e.9., Milne & Smalley, L979).Interglacial sea levels were

probably not significantly higher than at present (Pillans et al., 1982) and many raised

shorelines and abrupt cliffs are due to tectonic uplift (Cotton, 1963). Much of today's

drowned coastline reflects sea level rise since the last glacial maximum to reach its present

level at around 6.5 ka (Gibb, 1986).

Volcanism, beginning around 750 ka, has. covered much of the central North Island

with extensive.p!4g1urLof gently sloping ignimb{le deposits (Healy, L982). Activity has

continued to the present. The most extensive depgsits are derived from rhyolitic cenres of
the Taupo Volcanic Zone (Fig. 1.6); much smaller volumes have been erupted from the

_q4esli! Taranaki volcanoes. Numerous volcanic ash beds (tephra) are identified from their

stratigraphic position, field properties, and mineralogy, while the ages of many are now

known with reasonable certainly (Lowe, 1988; Froggatt & [,owe, 1990). Rhyolitic eruptions

are usually violent and short-lived, whereas andegltic eruptions are more intermittent and

their tephra units may be formed over tens of years (Pillans et al., 1982). Nevertheless,

events of both styles of eruption are regarded as geologically instantaneous, even in the

Quaternary time scale.

Despite the wealth and diversity of Quaternary landforms and deposits, the New

7*,aland terrestrial sequence lacks evidence of glacial deposits for much of the Pleistocene

(Suggate, 198{ and the various glacial-interglacial cycles must be infened from marine

oxygen isotope records (e.9., Shackleton & Opdyke, 1973; Ruddiman et a1.,1986). Evidence

from a deep sea sediment core from off eastern South Island suggests that NZ alpine
glaciations were near synchronous with global climatic events during the past 750 ka

(Nelson et a1.,1985). Similarly, thick Plio-Pleistocene sequences of central North Island

sedimentary basins and coastal terrace sequences have been correlated with marine oxygen-

isotope and paleomagnetic stratigraphies (Pillans, 1981, 1983; Beu & Edwards, 1984;Beu et.

al., L987: Bussell, 1988c).

1.2.3 Quaternary glacier activity
Today,, the permanent snow and ice fields occur in the South Island, south of latitude

43o S, except for a few residual glaciers on Mt Ruapehu in the North Island. Both
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precipitation *d{gpgqptty strongly influence the glaciation limit (Porter, L975a), which,

in the Southern Alps rises from south to north and from west to east.

During the Pleistocene, glaciers were quite extensive in the South Island and

consisted of coalescing valley and piedmont glaciers extending beyond the present coastline

in the west and through ttre foothills to the outwash plains in the east. (Fig. 1.6; Gage, 1985).

The steep terrain and high erosion rates mean that little evidence from earlier glaciations

than the last (Otiran) glacial has survived. During the last glacial, equlibrium-line altitudes

(ELA) were calculated to b€ 1145 t 35 m lower than at present on the eastern side of the

Southern Alps (Porter, 1975b). Glaciations had little effect in the D,{o.th Island where few

mountains are, or were high enough to carry pennanent accumulations of snow and ice.

However, periglacial mass movement occurred in parts of the southern Nonh Island at least

(Cotton & Te Punga, 1955a&b; Te Punga, 1956; Soons, 1962).

During the Holocene, glaciers never regained more than a third of their former

Pleistocene ice extent (Gellatly et a1.,1988). Late last glacial ice receded in New Zealand

before 14 ka (Suggate & Moar, l97O) although Soons (1984) claimed that ice remained in

significant amounts for at least another 2 millenia. Glaciers generally contracted throughout

New Zealand during the interval l2-9 ka (Chinn, 1983), and ELA depression was reduced to

589 t 18 m (Porter, 1975b). Nevertheless there is increasing evidence for glacial activity and

episodes of cooler climate during this interval (Suggate, 1961; Burrows 1979,1980; Burrows

& Gellatly,1982; Basher & McSaveney, 1989). Betrreen 9 and 5 ka there is a markedl!94b

of evidence for glacial activity compared with the preceeding and following periods,

although further work is necessary to confirm a possible glacier expansion around 8 ka

(Chinn, t975,1981). During the last 5,000 years a number of glacial events are known,

indicating widespread glacier advance and ice front oscillation (Gellatly et a/., 1988); at

least some are presently retreating at a significant rate.

1.2.4 Sudivision of the New Zealand Quaternary record

Traditional stage boundaries for the New Zealand Quaternary succession are based on

biostratigraphy for the lower Quaternary (Beu er al.,1987) and both terrestrial glacial 
R

deposits and marine interglacial deposits for the upper Quaternary (Suggate, 1965, 198*

Gage, 1985). However marine oxygen isotope stratigraphies indicate a much more complex

sequence of events than is implied by the four-glaciation sequence suggested for the late

Pleistocene in New 7*aland (Suggate, 1965; see also 1.4).

The position of the Otiran upper boundary is the subject of debate. Suggate (1961)

proposed the name Aranuian for the uppennost Quaternary stage in New Zealand and

defined it to include all the deposits formed since the beginning of the major retreat of ice at

c. t4ka. This definition has been reiterated by Suggate & Moar (1970, L974), Moar (1982),

and Burrows (1983), whereas Lintott & Burrows (1973) and Burrows (1974) argued for a 10

ka boundary from pollen evidence and glacial deposits, in keeping with the global

PleistoceneAlolocene boundary (West, 1968; Bowen, 1978). This latter view is supported by
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McGlone (19S5b) who argued that there is now sufficient evidence to demonstrate a rapid,

significant warming New Zealand wide at 10 ka.

L.2.5 Soils

The reader is referred to Leamy & Fieldes (1976) and to Gibbs (1980) for

comprehensive descriptions of New Zealand soils and their classification. Only a broad

sunrmary is attempted here.

Soil development in New 7*alandis influenced primarily by climatic factors in

association with vegetation, superimposed on spatial variations in parent material and

topography (Fig. 1.7). Yellow-brown ea$hs, formed under a range of climatic conditions,

compriqe the largest and most extensive soil group. Podzolised soils, formed under humid

environments, are extensive in Northland and in the west and south of the South Island.

Brown-gley earths and yellow-grey earths occur in drier eastern districts.

Fig. 1.7. Changes in soils, lithology, vegetation, and climate along a west-e(Nt transect
across the South Island; "Rimu. and rota" refers to Dacrydium-Metrosideros (podocarp-

angiospernl forest; after McLintock (1959).
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K Soils exhibiting a strong bedrock influence (azonal soils) include those found in the

North Island volcanic region. Red and brown loams are formed from basaltic parent material

and brown granular clays from andesitic rocks and volcanic ash. Yellow-brown pumice soils

have developed from rhyolitic tephra erupted over large areas of the North Island during the

late Holocene (Gibbs, 1980). Recent gley and organic soils occur on flood plain and

swarnplands while yellow-brown sands are found in coastal districts, especially of Northland

and southwestern North Island, and at the edges of lakes and rivers.

1.2.6 Climate

New Zealand is one of few sizeable landmasses south of 35o S (Fig. 1.2). Situated just

poleward of the subtropical convergence zone, the southern half of the country is embedded

in the circumpolar westerly vortex, while northern areas protrude into the subtropical ridge

of migratory anticyclones that move eastwards across the Pacific Ocean (Fig. 1.8). ln this

situation, New Zealand is uniquely placed to detect large scale climatic changes ; New

7*alandtemperature-s and precipitation are significantly correlated with air mass exchanges

and pressure differences between the lndian and Pacific Oceans, reflected in the Southern

Oscillation Index (Salinger, 1984).

Fig. 1.8. Southwest Pacitic atrnospheric and oceanic circulation; from Salinger (1984).

The main climatic features arise from New Zealand's oceanic setting and the

interaction of westerly airflows with the substantial topographical barrier of the northeast

trending mountain ranges (Maunder, L970; Salinger, 1980a & b). As a rcsult there is

considerable spatial variability. When westerly airllow is strong, rainfall increases in
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Fig. 1.9. New Zealand rainfall and temperatures. Large map: isohyets (mm) and land
above 900 m; fromWardle et at(tg83). Small maps: average ternperatures (o C) reduced to

mean sea levelfor January 6); July (B) ;from Maunder (1970)
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western districts, along the southem coast and in central North Island mountains, and

decreases in eastern districts. During enhanced easterly flows, the opposite pattern occtus.

Enhanced southerly flow results in higher rainfall in southern South Island and reduced

rainfall in the north of South and North Islands. Reduced southerly flow or increased

northerly flow gives the reverse pattern.

Most of the country can be classified as cool or wann temperate. Mean annual

temperatures range from c. 15.50 C in northern areas to just below 10o C in the south, while

seasonal extremes are not great (Fig. 1.9). Even in the coldest areas, temperatures rarely fall

below -10o C. There is a high percentage of bright sunshine in most districts and diurnal

temperature range can be large, averaging up to 13.50 C at some localities (Maunder, 1970).

Rainfall is highly variable and strongly related to topography (Fig. 1.9). Average annual

rainfall over open ocean areas is close to 1200 mm (Chinn, 1979). Precipitation is heaviest to

the west of the main mountain ranges, while to the east marked rainshadows occur. Droughts

are frequent, especially during summer months, and in eastern districts are often associated

with hot, drying,foehn,winds. The winter snowline rarely descends below 500 m in the

North Island, while in the Southern Alps and eastern South Island districts, winter snow falls

may be heavier and more persistent. Surface winds from,the westerly quarterprevail in all

seasons and there is a tendency for these to increase.in qhength towards the south

(fomlinson, 1975.). l-ocal topographic wind funnelling occurs between the main islands and

in some mountain areas. High wind gusts occur over exposed parts of the country and frontal

thunderstorms may occur in all seasons.

Norton (1985) presented multiple regression equations to predict monthly and seasonal

minimum, mean, and maximum temperatures for New Zealand localities based on their

latitude, altitude, and distance from the coast. These predicted temperature normals were

developed to assist ecological investigations in areas lacking empirical climate data.

Predicted altitudinal temperature lapse rates ranged from 3.6 - 6.40 C and during winter were

negative in some areas below 300 m, reflecting inversion layers in valley floors.

1.3 NEW ZEALAND VEGETATION HISTORY AND PALEOENVIRONMENTS
Fleming (L962, L979) discussed the origins of major biogeographic elements in the

New Zealand biota and traced their development in the geologic record. For example, the

Malayo-Pacific element includes taxa of tropical and subtropical derivation, including

Cordyline andDysorylurn ,whereas a Palaeoaustral element comprises taxa with gondwanic

affinities, including the podocarps and beeches, as well as Proteaceae, Aristotelia, Laurelia

andWeinnannia.

- Angiospeim pollen first appeared in the late Cretaceous, when New Zealand was still

connected to Australia and gymnosperm-dominated gondwanic elements were the prevailing

vegetation. Ancestral Nothofagw type pollen is first recorded in Maastrichtian (late

Cretaceous) spectra, while N . fusca type pollen appears in the Paleocene, and N. menziesii

and N. brassii types in the Eocene (Dettman et a1.,1990). Subsequent diversification of the
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angiosperms has resulted in a flora of 2280 vascular plant species characterised by low

generic and specific diversity and a high degree of endemism (Godley' 1975).

The Cenozoic history of New Tnalandis briefly summarised below. For more

comprehensive overviews the reader is referred to Kemp (1978), Fleming (1979)' and

Mildenhall (1930). Detailed descriptions of the palynological evidence for vegetation and

climatic history are provided by Pocknall (1989) for the Late Eocene to Early Miocene, by

pocknall & Mildenhall (1984) for the Miocene to Pliocene, by Mildenhall (1973b) for the

Quaternary, and by McGlone (1983) for the late Quaternary. Mildenhatl (1980) also reviews

the age ranges for extinct New Zealand pollen taxa and the first,appearance in pollen records

of extant vascular plants, updating an earlier review by Couper (1960).

Previous pollen records from northern New Tnaland sites will also be discussed where

appropriate, in the context of new evidence presented here (Chs 3-10).

1.3.1 Tertiary
Pollen spectra and to a lesser extent plant macrofossils indicate marked vegetation

changes throughout the Tertiary in response to climatic changes, fluctuations of the Antalctic

ice cap, continental drift, and tectonic activity (Mildenfrall, 1980; McGlone, 1985a).

- ,:. The opening of the Tasman Sea, c. 80 . 60 Ma (Hayes & Ringis, 1973) has had a

major influence on the development of New Zealand's Tertiary vegetation. Similarly' the

establishment of the Antarctic current and westerly wind circulation (Kennett & Brunner,

Ig73) as wide ocean developed between Australia and Antarctica during the Eocene, has

inlluenced New Zealand's climate ever since. During the early Tertiary New Zealand was a

low-lying archipelago at high latitudes, with much less landareathan atpresent (Fleming'

1979; Srevens, 1980; Stevens et a1.,1988). Plant assemblages were largely similar

throughout this land, with temperate podocarps andNotlnfagars (mostlyflascatype, but also

brassi and menziesfi types) dominant and large numbers of fems, fern allies and bryophytes.

The Late Eocene to Early Miocene vegetation was dominated by beeches, initially

Notlnfagwfuscagroup and later, N. brassii group @ocknall, 1989). Climatic conditions

were interpreted as mostly cool temperate and possibly analagous to the modern highlands of

New Guinea, where N. brassii forests grow under conditions of high precipitation and

narrow annual temperature range with minor seasonal fluctuations.

A large number of angiosperm taxa appeared during the Miocene and genera with

subtropical - tropical affinities were common in the north (e.g Cocos zeylandica \n

Northland: Berry, 1926). Herbaceous taxa became prominent in most late Miocene pollen

spectra, suggesting subtropical cooling (Mildenhall, 1980).

Se1'ere fluctuations in vegetation and climate which began in the late Miocene,

continued in the Pliocene as the New Zealand landmass reached its presurt latitude. Alqbo3t

5 Mg westerly circulation increased in intensity and major ice caps began to develop in

Antarctica (Kennett & Brunner ,7973). Nothofagus brassii type trees occurred in Norttrland

in the early Miocene, with Myrtaceae , Dacrydium cupressinum andNothafagtw fruca type
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further south. N. brassii type was prominent for the last time in the late Pliocene, when many

taxa of tropical affinity also declined or disappeared (Mildenhall, 1980).

i Some aspects of the modern flora are almost certainly related to the Cenozoic history

of the New Zealand landmass (Fleming, l9Tl; Mildenhall, 1980; McGlone, 1985a; see

1.4.5). The low diversity of taxa is probably the r_esult of Cenozoic isolation, Plio-Pleistocene

glaciation, and rapid post-late Miocene speciation of a relatively small number of genera.

The high degree of hybridism within genera may be a response to rapidly changing

environments, while the large number of Gondwanic relict plants, including Notlnfagw,

Agathis, Podocarpw, and Dacryditnn,ls considered in part to be related to long term

isolation and the persistence of moist temperate conditions since the Cretaceous (Mildenhall,

1980).

1.3.2 Pleistocene

During the last 2Ma, at least 20 glacio-,eustatic sea level cycles have occurred (Beu &
Edwards, 1984). During this time, cool and largely deforested periods alternated with warm,

mild episodes during which forest cover was near complete (McGlone, 1985a). Although no

continuous record extends back beyond the last glacial rqaximum, it seems clear that the

New Zealand sequence correlates closely with long"complete records of paleoclimates

elsewhere (Pillans, 1983; Beu & Edwards, 1984; Bussell, 1988c). These records reveal that

present climatic conditions are typical of only about LOVo of Pleistocene time; for most of

this period conditions have been colder. The modern landscape and stratigraphy of New

Tnalandreveals only a few periods of glaciation and most is known about the most recent

interglacial-glacial cycle

Extinctions of plant taxa apparent in the Pliocene continued in the early Pleistocene,

while numerous extant til(a appeared for the first time (Mildenhall L973b,1980, 1982).

Early Pleistocene pollen spectra indicate periods of cool-temperate and moist climates with

brief cooler intervals (Mildenhall,1973b,1985a; Mildenhall & Pocknall, 1983; Murray &
Grant-Mackie, 1989). At Kaipara Barrier, Northland, Agathis awtralis andNothofagus

?tnrncata were prominent trees at different times (Mildenhall, 1985a; Murray & Grant-

Mackie, 1989), while the presence of large numbers of N. menziesld pollen andLibocedrus

biclwillit wood (Mildenhall, 1985a) further north than the modern limit for these two species,

suggests periods of substantial cooling.

Detailed mid to late Pleistocene (c. 1.0 - 0.025 Ma) pollen sequences are reported from

Westland (Suggate, 1965, 1985a; Dickson, 1972; Moar & Suggate, t973,1979; Nathan &
Moar, 1975; Moar, 1984), from southern North Island (Lewis & Mildenhall, 1985; Bussell,

1986), from central North Island (McGlone & Topping, 1983; McGlone, Neall & Pillans,

1984; Bussell, 1988c) and from Bay of Plenty - Gisborne, North Island ( McGlone, Howorth

& Pullar, 1984), while Mildenhall (1973a&b,1974,l97Sa,b&c ,L977,1978,1983a&b,

1985a,b,c,d&e) and Mildenhall & Suggate (1981) have reported numerous scattered,'spot

samples' from other localities. These pollen floras vary substantially in both space and time.
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Thgse dominated by grass and shrub to(a are interpreted to indicate climates colder than

present while spectra with few arboreal pollen are considered to represent particularly cold

petioOs. Pollen floras dominated by Dacryd.iwn cupressintun, that indicate the presence of

podocarp-angiosperm forest, are interpreted to indicate wann climates (Mildenhall,1973b;

Bussell, 1988c).

Bussell (1988c) presented a series of pollen sequences from South Taranaki -

Wanganui Basin, providing a relatively continuous vegetation and climate history from c.

400 ka to the present. Chronological control, provided by the ages of the marine terraces and

by loess- and tephro-stratigraphy assisted the correlation of pollen assemblage zones with the

established deep sea oxygen isotope record. No particular period was uniquely characterised

by its pollen spectra. The warmest and wettest climates during interglacials were suggested

by pollen assemblages matching those of the Early Holocene, with common Ascarina lucida

gndDod.onaeaviscosa pollen in near coastal sites. Interstadial and stadial pollen

ufi--"tnUtuges were more difficult to characterise, but, in general, interstadial assemblages

ri"* to be dominatedby Prtnnnopitys taxifoliapollen and stadial assemblages by

Nothofagw menziesii or Libocedrus pollen, togelher with common shnrb and grass pollen.

Taxa which exhibited range expansion during cooler cfimates included N. fwca type, N.

menziesii, Libocedrus, Phyllocladus , Empodisma .mirus and Gleichenia, although Bussell

cbncluded that the flora of the Taranaki-Wanganui district has remained essentially the same

throughout the QuaternarY.

1.3.3 The last interglacial. glacial cycle

McGlone (1985a and b) reviewed the palynological evidence from central and

southern North Island for the last c. 130 ka and related the inferred vegetation changes and

climatic-stratigraphic record to the deep-sea oxygen isotope record. A complex terrestrial

equivalent to oxygen isotope Stage 5 encompassed three warm episodes separated by two

cooler episodes characterised by a partially ffeeless landscape. The Otiran (last glacial) stage

of c. 100 - 10 ka (McGlone 1985a) was also a complex event including at least three major

interstadials during which forest occupied much of New T,rualand (McGlone & Topping'

1983; Mitdenhall , L973b;McGlone, Howorth & Pullar, 1984; McGlone, Neall & Pillans,

1984). During the last of these interstadials, the long, shrubland dominated Moerangi

Ilters_tadial (c. 55 - 25 ka),extensive areas of No thofagus and podocarp-angiosperm forest

ocgqryed in some regions, notably the Bay of Plenty and Gisborne (McGlone, Howorth &

Pullar, 1984; McGlone, 1985a). The interstadials were separated by severe cool climate

intervals during which forest was extremely restricted throughout the country and shrubland

and grassland comrrrunities dominated.

The record for the last c. L25 kain Westland was summarised by Moar & Suggate

(Ig7g) and ammended by Moar (1984). Moar concluded thatNestegis pollen is indicative of

interglacials in Westland, as the plant does not occur there today. Nor is it indicated in

postglacial pollen spectra. Although definite chronologies and correlations were difficult to
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prove, it seems likely that spectra with high percentages of Metrosideros, Ascarina, and

Nestegis pollen indicate interglacial temperature maxima. Otiran pollen floras revealed a

widespread mosaic of shrub and grassland, with Nothofagus fusca type forest probably

growing in relatively sheltered localities.

1.3.4 The last glacial maximum (Fig. 1.10)

McGlone (1988) reviewed pollen evidence for the New Zealand vegetation at the last

glacial maximum, spanning the period from c. 25 - 14ka..
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Fig. 1.10. New Zealand at the last glacial maximwn; from McGIone QeAfl

Pollen records from central_,and southgrn-North Island and western and northern

South Island indicate that grass-shrubland communities were the dominant vegetation type at

the height of the last glacial (Mclntyre, 1970; Mildenhall,1973a; Nathan & Moar, 1973;

McGlone et al., 1978; Moar & Suggate, 1979; Moar, 1980; McGlone & Topping, 1983;

Haris & Mildenhall, 1984; Lewis & Mildenhall, 1985). The principal shrubland or grassland

taxa indicated are Poaceae, Apiaceae, Cyperaceae, podocarp shrubs (Phyllocladw,

turvlval ol foraal
hsro lndlcalod on

blogeographlc \
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Halocarpus),Coprosma, Myrsine, Dracophyllum, Hebe and both herb and shrub species of

Asteraceae. The main wetland taxa are Cyperaceae, Empodistna, and at northern sites,

I*ptocarpas, but these tend to be less common than during the Holocene'

Trees were uncommon and arboreal pollen is usually 4O7o and often <l07o of totd

dryland pollen. Nottofagw fusca type is the dominant tree taxon at most sites, while N'

menziesii is recorded at all but a few sites and Libocedrw and tree fern spores occur

occasionally. Podocarp-angiosperm forest taxa are tue; Dacrydiwn cupressirutrn and

Prrunnopirys taxifulia are recorded but they rarely excedlvo.

Inland and eastern South Island sites have highest values 9f grassland taxa and very

little tree pollen, while sites near the west coast of South Island have more shnrb pollen

(especially podocarp shrubs). The higlqqt tree pollen percentages generally occur at sites

from central-northern North Island.
- 

Togethe, *i,t wood and other macrofossil evidence dated to this time (Neall, L979;

Lintott & Burrows,1973;McGlone & Bathgate, 1983; Soons & Burrows, 1978), these

glacial maximum pollen spectra indicate vegetation comparable with that above the treeline

at present. However, the temperature depression of c.4.5" C for this time, inferred from

estimated depression of snowlines (see 1.2.3; Porter, 1975b; Soons, 1979) would not by iself

account for the vegetation pattern indicated. McGlons (1985a, 1988) argued that other

factors such as fire, droughts, frosts, strong cold winds, and in particular, outbreaks of cold

polar air, played a major role in keeping many areas frost-free'

1.3.5 Late glacial and early Holocene forest expansion

Rapid retreat of South Island glaciers around 14 ka (Suggate, 1965) from positions

held during the last glacial maxlmum, indicates the beginning of postglacial climatic

warming. Subsequent advances may have occurred (Burrows, 1979; Chinn, 1981; Metcer,

19gg) but were comparatively minor. Postglacial sea level rose to its present elevation c- 6.5

ka (Gibb, 1986).

There is evidence for rapid reafforestation at sites from central and southern North

Island, between 14.5 and 13.0 ka (McGlone & Topping,1977; Lees, 1986; McGlone, 1988)'

although forest in Taranaki evidently appeared later, c. I2.5 ka(McGlone, 1988; McGlone &

Neall, in preparation). The early lateglacial forests were dominated by podocarp-angiosperm

species, but with substantial representationof Libocedrus,Notlnfagw menziesii, and

podocarp shrubs. Prumnopitys taxifuliawas the most conrmon podocarp, with increasing

representation of Dacrydium cupressirunnand tree ferns. By c. t2 ka, nearly all lowland-

lower montane regions of North Island, except Wellington, were evidently densely forested.

In parts of South Island, shrubland began to replace the previously more abundant grasslands

(Mclntyre & McKellar ,1970;Moar, t97l Moar & Suggate,1979; Russell, 1980; McGlone

& Bathgate, 1983), while patches of forest of Weinrnannia racemosa and Metrosideros

rntbellataappeared in Westland also around L}ka(Moar & Suggate,1979; McGlone,

1e88).
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At c. 10 ka, a major climatic amelioration led to the rapid expansion of forest to

cover the Wellington region and all of South Island except the driest eastern regions (Moar,

L97L; McGlone & Bathgate, 1983; McGlone, 1988). Meanwhile, other North Island sites

record changes in the composition of lateglacial podocarp forests as Dacrydiwn cupressintun

and warm temperatc elements such as Ascarina lucida became abundant (McGlone & Moar,

1977). By 9 ka, only Central Otago lacked substantial forest cover (McGlone, 1988). The

early South Island lowland forests were podoca{p-anglospenn, with D. cupressinurn

dominant in western districts andPrurnnopitys taxifulia, Dacrycarpw dacrydioides, or

Podocarpw totara dominant in the east (McGlone, 1983b). .
In so far as radiocarbon dates allow the records from disparate sites to be compared,

there was no apparent steady north-south progression of forest, nor does the evidence

suggest earlier forest expansion in lowland areas. Instead the spread of forests appears to

have been broadly synchronous within a region. According to McGlone (1983a 1985a),

pdocary forest seems to have replaced non-forest vegetation directly, rather than via a seral

shrubland phase, and the expansion of forest, from the available dates, appears to have been

extremely rapid, in the order of 300-500 years.

McGlone (1985a) concluded from the apparent rapidity of postglacial forest expansion

and the lack of evidence for migratory waves and extended succession, that podocarp-

angiosperm forest species were previously close to nearly every site yet investigated. The

pattern of vegetation changes throughout New Zealand and the close regional synchroneity

of events within any region suggest that climatic rather than edaphic factors were

responsible. Although the details of the lateglacial climate are still obscure, the southwards

retreat of the expanded glacial westerly system was the likely mechanism conrolling these

vcgetation changes. As a result, temperatures and precipitation rose sharply from just before

14 ka, although both evidently remained lower than atpresent.

f3.6 Holocene vegetation changes

During the early part of the Holocene (c.10-7 kd), mild, temperate climates

perrritted the growth of podocarp-angiosperm forest throughout the country (MoGlone,

1985a). A range ofbroadleaved canopy and subcanopy trees, (including Ascarina lucida)

and tree ferns became more common, indicating a mild, drought-free and probably weakly

seasonal climate (McGlone, 1988). The expansion of other taxa beyond theirpresent limits,

such as Passiflora tetrandra (Mildenhall, L979), the mangrore (Avicenniamarina)

(Mildenhall & Browne, 1987) and possibly also Dodonaeaviscosa (Moar & Mildenhall,

1988), also supports the concept, first advanced by Cranwell & von Post (1936) of a wetter,

milder period dirring the early Holocene.

Oxygen-isotope records from Waikato, North Island (Hendy & Wilson, 1968) and

from East Antarctica (Lorius et al., L979) suggest temperatures 1-2o C higher than present

for these areas during the Early Holocene. Some plant fossil evidence from New Tnaland

may also be interpreted as indicating higher temperatures at this trme, e.9., the early
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Holocene presence of Prwnnopirys ferruginea at upland sites where they are now more

restricted (Lintott & Burrows,IgT3) and apparently higher altitudinal limits for tree ferns in

Southland (McGlone & Bathgate, 1983). However, McGlone (1988) argued that average

temperatures, if higher during the Early Holocene were of much less consequence for

vegetation developments than the change to mild, moist, weakly seasonal climate.

After c.7 ka, Dacrydiurn cupressirutrnbecame less abundant generally, compared with

other more drought-tolerant podocarps, while Ascarina lucida (McGlone & Moar, 1977) and

Dodonaeaviscosa (Moar & Mildenhall, 1988) declined dramatically, possibly reflecting the

effects of incrcased frosts and droughts. After reaching a low in,the lateglacial and early

Holocene, Nothofagw forest expanded in phases between 7 - 2ka, only slightly in the North

Island (Harris, 1958; Moar, L967; McGlone, 1988; Rogersand McGlone, 1989) , but more

extensively in the South Island (Cranwell & von Post, 1936; Mclntyre & McKellar, 1970;

Moar, L971,1980; Dodson, 1978; Pocknall, 1980; Wardle, 1980b; McGlone & Bathgate,

1933). The spread of Nothofagus and also Libocedrus in upland areas may reflect a more

continental climate and cooler average temperatures (McGlone et a1.,1988; McGlone, 1988;

'M"Glon" &,Rogers, 1989), also suggested by glagier advances during the last 5 ka (Gellatly

et a1.,1988; see 1.2.3).

In southern North Island, Knightia excelsa gxpanded its range (Mildenhall, 1979), as

drdLagarostrobos colensoi in Taranaki (McGlone & Neall, in preparation) and Waikato

(McGlone et a1.,1978) and Agathis australis at some sites north of latitr.rde 38 o S (McGlone

et a1.,1978). From about 2.5 ka, natural fires destroyed forests in southeastern South Island

and these areas have remained deforested since (McGlone, 1973). The vegetation of New

/a;;aland at c.3 ka, as indicated from pollen and other evidence, is depicted in Fig. 1.11.

McGlone (1988) attributed the vegetation changes between c.7 and 2 ka in the South

Island to cooler, wetter, and windier conditions in the east, and a more variable climate in the

west. This pattern could have resulted from intensification of both southerly and westerly

windflow, bringing more rain to eastern districts and generally fine, drier, but cooler weather

to the west coast. The expansion of southerly circulation was accompanied by greater

seasonal extremes in solar radiation determined by changes in earth's orbital parameters

(Kutzbach. & Guetter, 1986).

1.3.7 Holocenepollenstratigraphy

In the first detailed pollen diagrams for New Zealand, Cranwell & von Post (1936)

recognised three periods, representing vegetation succession from grassland through

podocarp forest to beech forest. From this sequence, they inferred changes in climate from

glacial cold through a period of maximum wetness and warmth, to the cooler regional

climate of today. Subsequent attempts to correlate New Zealand late- and postglacial pollen

records with the north-west Europe chrcno-sratigraphic sequence (Ha:ris, 1951, 1963;

Burrows & Russell, 1975) have been unconvincing. Rather, most New Zealand workers have

followed Moar (1971), who suggested that the prior need was to establish local pollen zones
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which could be interpreted in tenns of vegetation changes but not necessarily in terms of

time.

Reviewing the New 7-ealand late- and postglacial pollen evidence to date, Moar (1982)

divided the period l4kato the present into 5 regional pollen zones which were based on

broadly synchronous events recorded in pollen diagrams throughout the country.InZane l,
the rereat of Otiran ice led to the expansion of grassland in South Island areas and to the

establishment of scattered forest in the North Island at 14 ka. 7nne2 began c. L2ka with the

spread of shrubland in eastern South Island and the expansion of coastal forest in parts of

Westland. The spread of podocarp forest in South Island and expansionof. Dacrydiwn

cupressinwn in North Island forests around 10 ka indicate the beginning of 7nne3 while

Trlne 4 was marked by two phases of Ascarinc pollen decline, at 5 ka and at 2ka.7nne 5

was characterised by forest destruction associated with Polynesian burning during the last

millennium, and the further influence of Europeans since the nineteenth century.

1.3.8 Deforestation and the human era

Human impact on the New Zealand environment was late, but it has been severe.

Dated archaeological sites indicate that settlement occurred at around 1000 years ago

(Davidson, 1984), although minor populations may possibly have existed earlier (Sutton,

1987; McGlone, 1989). Since that time, burning of forests, first by Polynesians, then, after c.

AD 1840, by Europeans has led to the extensive deforestation of lowland areas (Fig. 1.12;

Molloy et al., L963; McGlone, 1983a), while c. 30 species and subspecies of birds and an

unknown number of other vertebrates and invertebrates were lost from the New Zealand

mainland (Cassels, 1984). Most archaeologists agrce that the extinction of moas (ratites) and

othcr largo ground-dwelling birds was due to human predation (Anderson, 1984; Trotter &
McCulloch,1984; Davidson, 1984), while the introduction of the Polynesian rat (Rattw

exulans) and dog (Canis familiaris) probably played a role in the elimination of smaller birds

at least. Deforestation would also have reduced and concentrated bird populations, making

them more vulnerable to predation.

None of the plants inroduced by Polynesians, kumara (Ipomoea batatas), taro

(Colocasia antiquorunt), yarn (Dioscorea sp.), gourd (Lagenaria siceraria), Cordyline

terrninalis, and paper mulberry (Browsonetia papyriftra) (l,each, 1984), have been reported

in snrdies of New Tnalandpollen spectra. Nevertheless, palynological criteria enabled

McGlone (1983a) to detect substantial deforestation throughout New 7-ealand, beginning

around 800 to 400 years ago, depending on locality. The criteria he used were the expansion

of Pteridium and other seral taxa together with the decline of forest pollen taxa and a

continuous influx of abundant microscopic charcoal. Because fires had greater impact in

fertile lowlands and drier regions, the surviving forest is not representative of the pre-human

situation. Some forest types, in particular dry inland conifer-angiosperm forest, were nearly

eliminated, and others, €.f,.,lowland Prumnopitys taxifulia-Podocarpw totara forests were

greatly reduced (McGlone, 1989).
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Fig. 1.12._Chan-ges in New Zealandforest cover since AD 700 based on satne criteria as in
Fig. I .l 1; from Stevens et al.( 1988)

Tho degrec to whlch deforestation during the human era has trtggered landform
instability and erosion is controversial. Both Grant (1985,1989) and McFadgen (19g5,19g9)
favour cycles of climatic change over the last 2000 yearc as the primary cause of both inland
and coastal erosion and instability, whereas McGlone (19S3b) suggested that polynesian

burning may have initiated subsequent erosion episodes. An earlierreview @urrows, 19g2)
had indicated that climatic changes during the last millennium were not great enough to have
led to major environmental change. While conce.ling that alluviation on inland catchments
and coastal instability have varied episodically since 1800 yrs BP, McGlone (1989)
concluded that it was still premature to erect a New Zealandwide sratigraphy for these
phenomona.

1.4 NEW ZEALAND VEGETATION TODAY

1.4.1 Broatl forest classes and floristic elements

New Zealand forests are described as broad-leaved evergreen forests, with nro
general categories recognised: conifer-angiosperm (or -broadleaf or -hardwood) forests and
beech (Nothofagus) forests. The following descriptions of the composition of these forests

0D
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are based on Wardle et al. (1983) and McGlone (1988).

Conifer-angiosperm

These multi-storied forests typically occur in lowland to montane areas in the north,

and lowland areas in the south. The tallest storey (up to 40-60 m) usually consists of

conifers, mostly podocarps (Podocarpaceae) in the genera Podocarpus, Prunnopitys,

Dacrycarpus, Dacrydium, Phyllocladtu,Other important conifers ate Libocedrw (2 species)

and, north of 38o S, Agathis australis,while the angiospetms Metrosideros robusta and

I-aurelia novae-zelandiae may also appear in the overstorey.

Tall angiosperm tees and smaller podocarps form the main canopy, usually at 15-25

m. The genera Elaeocarptn, Metrosideros,Weirunannia andin northern districts,

Beilsclvniedia, Knightia, Laurelia, Litsea, Nestegis,each contribute one or two species. The

subcanopy contains a host of smaller trees, mostly from the genera Dysorylwn, Griselinia,

Melicyt1s, Myrsine, Pittosporwn, Pseudopanax, Pseudowintera, Schefflera, andCoprosma,

as well as tree ferns (species of Cyathea, Dict<sonia) and in mild districts, the palm

Rhopalostylis sapida. Shrubs include species of the genera Coprosma (numerous),

Alserrcsmia, Geniostoma, Melicope, Myrsine,Neomyrttn, Pseudopanax andothers. A well

developed ground layer includes large fems: Asplenh*n, Blechnurn, Hypolepis, Lastreopsis,

Polystichwn, Pnernnatopteris aswell as filmy ferns (Hymenophyllaceae), bryophytes and

relatively uncommon herbaceous vascular species.

Epiphytes are numerous and include bryophytes, filmy fems,larger ferns (e.9.

Aspteniwn, Pyrossia, Anarthropteris), several orchids, and numerous shrubs and herbaceous

plants , €.g., Astelia, Collospermurz. Several trees normally begin life as epiphytic shnrbs,

e.g., Metrosid.eros robusta,which eventually shares the highest storey with its coniferous

hosts. Tree ferns are common hosts, especially fotWeimanniaracemosc. Lianes are

abundant and may form much of the canopy. Most belong to the genera Clematis,

Freycinetia, Metrosideros, Muehlenbeckia, Parsonsia, Ripogonurn, Rubtts, Passiflora.

Climbing ferns include Lygodium and the root climbing species of Blechrutrn and

Phytnatosorus.

Despite the luxuriance of lowland conifer-broadleaf forest, most genera contain only

1-2 species. This advantage for palynological identifications is offset by the high number of

angiosperm genera which are poorly represented in pollen spectra.

In higher, colder, or drier regions, the forest becomes less rich floristically and less

structurally complex. Upper-montane forests are characterised by a low canopy of

Libocednn bidwiltii, Phyttocladw aspteniifutiru and Podocarpw lahii, together with

several angiosperm rees. With increasing altitude, these forests grade into subalpine low

forest and shrubland complexes containing amongst others the shrubby podocarps,

Halocarpus biformis and Phyllocladus aspleniifulias, and species of Coprosma,

D racophy llwn, H ebe, Myrsine, P seudopanax, arrd Asteraceae.

As well as altitudinal d.ifferences, some regional distinctions are apparent in the
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composition of conifer-angiosperm forests. Dacrycarpus dacrydioides and Prumrcpitys

taxifolia among others are morc cornmon in drier eastern districts, whereas Dacrydhnt

cupressiruan, Quintinia andWeintrunnia racemosa are much more typical of moist western

areas (McGlone, 1988). North of latitude 38o S, there is a notable floristic change, as

Agathis austalis and a host of other species, including the treesAclcana rosifolia, Avicennia

marira, Beilsclaniedia taraire, Halocarpus kirkii, Ixerba brexioides, P hylloclads
tichomanoides,Vitq, lucera, and,Weirvnannia silvicolc either appear or increase markedly.

The massive A. atutalis was evidently abundant throughout the north, prior to deforestation,

often forming nearly pure stands on ridges or on poorly drained valley bottoms and plateau

sites (McGlone, 1988). P. tricltotrunoidcs is a common associate.

Conifer trees are generally long-lived; Agathis australis trees may live longer

than 1000 years (Ahmed & Ogden, 1987), while Dacrydirnr cupressinwn has an average life
span of 600-800 years (Franklin, 1968), and, like Prwnnopitys taxifulia, may live up to 1000

years or more (Lusk, 1989). In contrast, angiosperm canopy species are comparatively

shortlived: Beilschmedia tawa trees have been recorded up to 450 years old (West, 1986) and

Weirvnannia racemosa up to 400 years (Lusk, 1989). Podocarp seeds are bird dispersed and

some species exhibit masting (Ogden, 1985).

Beech (N otlnfagus) forest

In contrast to conifer-angiosperm forests, beech forests are floristically less diverse,

although they may include many of the species (and most of the genera) found in conifer-

angiospemr forests (Wardle, 1984). Forest structure is also more uniform. Where beech and

podocarp angiosperm forests occur together, they often form discrete tracts, following soils,

local topography and mesoclimate, rather than fonning intimate mixtures (McGlone, 1988).

The four New Zealand Nothofagas species are N. menziesii, N . ftnca, N . truncata,

andN. solandri: the latter three form theN.fisca group. Two varieties ano recognised within

N. solandri,var. solardri and var. cliffortioides, and these are now generally regarded as

extreme forms of an altitudinal and latitudinal cline (Ogden, 1989). N. menziesii is resticted

to montane and subalpine forests towards its northemmost limit around latitude 37o S, but in

thc south it may descend to sea level (Wardle, 1984). It is most typical of subalpine forests in

wetter, cooler districts. N. tuncata is distinguished ecologically by its demand for warrr

sites and tolerance of infertile soils and is the only beech species commonly found norttr of
38o S (Wardle, 1984). As with other angiospenn trees, the beeches are generally shorter-

lived than most New 7-ealand conifer trees; N. solandrt normally living 250-300 years

(Wardle, 1984)'

Wardle (1984; p50) lists 96 species (excluding Notlafagw) which are most

characteristic of beech forests today. Of these, 24 are from three genera: Blechnwn (6) are

important in the gound cover; Coprosma (12) usually dominate the shrub tier; and

Pseudopanax (6) are the most prominent subcanopy trees. Besides the forur Nothofagw
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species, six large tree species may form the canopy or emergent tiers: Dacrydiuttt

cupressirutn, Elaeocarpw lnol<crianus, Libocedrrn bidwillii, Metrosidcros unbellata,

Podocarpw hattii andWeinmannia racemosa. The number of accompanying species

decreases along gradients away from moister or warmer climates (Wardle et a1.,1983). At

one extreme, pure subalpine stands of N. solandrivu, clffirtioides, lnay have only scattered

Coprosma shrubs, lichens, bryophytes and the loranthaceous parasites Alepis flwida and

P eraxilla tetr ap etala.

Hybridisation between the "fusca" group species and varieties is common (Cockayne'

1926:Poole, 1958) and Ogden (1989) suggests that the g1oup as a whole may bc regarded as

one coenospecies, considering their taxonomic (and palynologic) proximity, ecologic

overlap, and frequent hybridisation. Cockayne (1926) rcported that where N.fusca andN.

solandri grow in proximity, secondary stands developed after fire include many hybrid trees.

L.4.2 Forest dynamics and regeneration

The ecology of conifer-angiosperm forests is complex and has been the subject of

continuing investigation and speculation (e.g. Cockayne, 1928; Holloway, L954: Wardle er

aI., 1983; Ogden, 1985).

Whereas angiosperm trees usually regenerate freely in mature forest, conifer

regeneration is sparse, except following recent disturbance, such as in the central North

Island volcanic plateau (Cameron, 1954; McKelvey, 1963). Holloway (1954) attributed

regeneration failure of conifers to recent climatic change, but probably underestimated the

human factor during the last millennium (Cumberland,1962), Others have postulated cyclic

regeneration processes for conifers to explain apparent age structures, e.9., Cameron (1954),

Bieleski (1959), Beveridge (19S3), Lusk Q989), while the role of disturbance has also been

emphasised in studies of conifer-angiosperm forest dynamics (Clayton-Greene, L977a

Veblen & Stewart, 1982; Norton, 1983; Ogden, 1985; Ogden et al., L987; Lusk, 1989).

In contrast, the comparatively simple beech forest communitios may exhibit a more

uniform regeneration strategy. In subalpine stands of Nothofagw solandri, periodic seed

years lead to a widespread seedling cover, which may persist for several years, before

juveniles grow upwards to fill light gaps created by death of canopy trees. Where forest

destruction has occurred and a new soil surface is provided,Nothofaga,s is a vigorous

competitor, but is disadvantaged in having comparatively poor seed dispersal ability, and in

not producing seeds annually (Cockayne, L926; Wardle, 1984). Primary succession on bare

rock surfaces such as slips and recent river terraces occrus mainly through marginal spread

from adjacent forest (Wardle et a1.,1983). The establishment of riparian stands of
Nothofagus is'also facilitated by stream transport of seeds (Holloway, t954; Wardle, 1984).

Bray (1989) describes post-disturbance revegetation sequences from forests in

northern South Island and suggests how these might be manifested in pollen spectra. For

example, distinctive abrupt pollen peaks in short-lived seral angiospenns, in particular,

I-eptospermwn, Aristotelia, Coprosma, andschefflera may suggest a major disturbance,
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while the increased presence of Notlufagus pollen may indicate a post-disturbance recovery.

1.4.3 The distribution of forest in mainland New Zealand

Today forest extends to the timberline at 1400 m a.s.l. on the most northern high

mountains at latitude 38o S, but decreases to c. 850 m at46o S. Some inland South Island

areas have a more continental climate and here the timberline rises to 1500 m.

N. solandrivar. clffirtioides or N. menziesii are the typical timberline trees, and

form abrupt boundaries with alpine grasslands. Exceptions are Mt Taranaki, the "Westland

beech gap" (see 1.4.5), and Stewart Island, where beech is absent. In these aneas,

depauperate conifer-angiosperm forest extends into the subalpine belr

Generally speaking, the beech species increase in abundance along environmental

gradients that lead away from a moist, mild, fertile optimum (Wardle, L964). They tend to

give way to conifer-broadleaf forest, at low altitudes, in moister regions, to the north, and on

beuer drained and more fertile soils (Wardle, 1984), although there are numenous exceptions

to this pattern (Wardle et a1.,1983).

1.4.4 Factors influencing forest distribution

Human

Prior to the arrival of humans c. I ka (Davidson, 1984), forest covered most of New

7*aland (Fig.1.12t; McGlone, 1983a; 1989). Existing forest relicts, subfossil wood and

landsnail faunas, fossil forest soils and charcoal indicate the fonner extent of forest (e.9.,

Raeside, 1948, L964; Molloy et al.,1963; Molloy & Cox, 1972:' Millener, 1981; Wardle er

al., 1983). Polynesian prosonce coincided with a notablo incrcasc in thc incidcnce of firc and

by the time European settlement began, around AD 1820, forest had already been reduced in

many areas (Fig 1.12; Saunders, 1983). Since then,logging and clearance of forests for

agriculnue, pastoralism and settlement have accelerated the deforestation process,

particularly in lowland areas (Fig. 1.12). The naturalisation of browsing mammals has been

comprehensive, so that nearly all forests are now modified to some extent (Wardle et al.,

1983). As a result the present indigenous forests are not representative of the pre-human

situation (McGlone, 1989).

Climate

Forest cover is reduced in areas where annual rainfall is less than 800 mm, notably in

eastern and inland parts of South Island (Wardle et al., 1983). However as the present limits

of forest are largely determined by fires during the human era, forest probably previously

extended to a much lower isohyet.

Droughts may severely damage plants in most disricts as well as greatly increasing the

fire risk. Jane & Green (1983, 1986) linked episodic mortality in the upland forests of the

Kaimai Range, northern North Island, to documented periods of severe droughts, as did



-n-

Grant (1984) for the timberline forests of the Ruahine Range southern North Island. Other

observations on drought susceptibility or avoidance of indigenous forest species are reported

by Atkinson & Greenwood (L972), Ogden (1976), and by Bannister (1986a&b).

The southern limit of many forest species, e.g. Dodonaea viscosa' Freycinctia banl<sii,

Metrosideros robtuta, andRhopalostylis sapida,closely corresponds to minimum isotherms

(Wardle et a1.,1983). Experimentally determined freezing resistance of indigenous trees and

shrubs generally correlate well with their natural distribution (Sakai & Wardle, 1978; Sakai

et a1.,1981). Winter and unseasonal frosts may damage or kill vegetation in most districts,

notably at the timberline, while frosty enclaves of gfassland occur in some valley floors of

South Island mountains, where sharp temperature inversions are experienced (Wardle et al-,

1983).

Most of New Zealand experiences frequent strong winds and occasional cyclonic

gales, which may devastate many hundreds of hectares of forest. Extensive even-aged beech

stands have resulted from mass release of seedlings after such episodes. Wind-throws are

more localised in conifer-angiosperm forests, and even-aged conifer stands seem to follow a

preliminary stage of angiosperm dominance.

Fire and volcanicity

Although fires have occurred throughout Quaternary time, they have become frequent

and extensive during the human era. In comparison with the Australian flora, New Zealand

forest species are poorly adapted to fire. In consequence, burnt forests are usually replaced

by various shrubland, gtassland, and fernland communities, characterised in particular by

Pteridiwn aquilirunn and Leptospeftnfin scopariurn These communities persist if burning is

rcpeated.

Vegetation close to andesitic cones of Taranaki and Tongariro regions and basaltic

cones of Auckland isthmus have been destroyed by pyroclastic flows during the late

Quaternary, but there is little evidence for extensive or long lasting darnage (Druce, 1966;

McGlone & Topping , L973, 1977,1983; Lees, t987; McGlone et a1.,1988).

ln contrast, rhyolitic eruptions from Taupo and Rotorua districts have been much more

destructive. Pyroclastic flows and tephras of the last major eruption from Lake Taupo, c. 1.8

ka, destroyed forests for a radius of 80 km (Froggat, 1981) and areas of very thick tephra

close to the vent remain treeless. However, elsewhere in the disturbed region, forests

recovered quickly and no long period of treeless vegetation is evident (McKelvey,1973;

Clarkson et a1.,1986; McGlone, 1989; Steel, 1989). At more distant localities in Waikao,

Bay of Plenty, and Hawke's Bay, pollen analyses indicate that forests there were burnt for a

brief period iinmediately following the fall of Taupo Pumice (McGlone, 1980a).

In his assessment of the role of volcanism in biotic changes over the past 3 ka,

McGlone (1989) concluded that there is no evidence that eruptions caused permanent

deforestation except close to craters. Their primary influence has been to renew soils with

ash and coarse alluvium.
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Soils

Yellow-brown earths of moderately low fertility supported most of the original forest

cover of North Island and eastern South Island (Wardle et a1.,1983). Although some species

(e.g., Dacrydiwn cupressinunt) tolerate a wide range of edaphic conditions, forest

composition may be a reliable indicator of soil fertility (Wardle et a1.,1983). Of the lowland

conifers, Dacrycarpus dacrydioides, Prunnopitys taxifolia and Podocarpus totaro typically

are associated with recent, usually fenile soils, whereas Agathis australis, Phyllocladus

trichornanoides and Podocarpw haUii are most abundant on poor soils. The Notlnfagus

species usually occur on relatively infenile and sometimes on poorly drained soils (Wardle,

1984). Angiosperm trees (excluding the beeches) are associated with soils of moderate

nutrient levels (NZ Soil Bureau t954;1968a). Mulloid soils - those characterised by rapid

decomposition of litter and thin organic horizons (<1 cm) are more commonly associated

with angiosperm trees than with coniferous species, although the rate of litter decomposition

and nutrient release are influenced by many factors, including climatic (Gibbs, 1983; Enright

& Ogden, 1987). Moroid soils, with slow decomposition rates, may have organic horizons up

to 1 m thick under Agathis austalis or podocarp trees (Gibbs ,1983). Gibbs (1983) discusses

the nutritional requirements of lowland forest types and their relationship to weathering and

leaching processes. He suggested that aspects of the spatial disnibution and long term

temporal developments of forests may be influenced by soil-vegetation relationships.

Soils which do not support forest are those occurring outside the rainfall or

temperature limits for forest growth, in swamps or on new surfaces resulting from massive

disturbanc€s,€.9.r flooding, volcanic activity. In addition, poorer soils, such as well

developed gley-podzols and the shallow leached soils developed on hard granitic and

quaf,tzose rocks show limited forest devclopmenil at best low forcst of small podocarp trees

and shrubs and Leptospeftnton scopariwn forms a mosaic with heathland or related grass and

sedge communities. Heath communities are highly flammable and have served to convey fire

into neighbouring tall forest, thereby supplanting the latter on poor soils. The "gumlands" of
Auckland and Northland (e.g. Esler & Rumball, L975) supportreptosperrnun scoparhtn

dominated heath communities, which are frequently burnt and may have replacelAgathis

awtralis forest burnt during the human era (Wardle et a1.,1983).

Topography and primary succession

The dynamic and generally high relief New Zealand landscape continually provides

new surfaces for primary plant succession, e.9., landslide scars, recent river terraces,

prograding dunes, and bare ground resulting from retreating glaciers, lahar flows and other

volcanic-related events.

A well-dated vegetation sequence following glacier rereat in Westland (Wardle

1980a) may serve as a general example of primary succession involving podocarp-

angiosperm forest. Initially, shrub seedlings established irmong pioneer herbs and mosses,

while angiosperm tree seedlings and forest ferns were common after 30-40 years. After c.
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100 years, angiosperm forest was well developed, with a canopy of Metrosideros unbellata

andWeiwnannia racetnosa above an understorey containing podocarp seedlings. These

podocarps subsequently developed into an overstorey of massive Eees' while smaller

angiosperm trees and ferns indicated the persistence of recent, relatively fertile soils. As soils

became gleyed and podsolised, they came to support dense stands of Dacrydium

cupressirunnand ultimately, with severe nutrient loss, heathland and bog vegetation.

Succession to beech forest can be much simpler, with beech seedling recruitment

following disturbance almost immediately, leading to a mature stand within c. 200 years

(Wardle, 1972).

1.4.5 Longer term historical factors in plant distributions

Although the factors outlined above have undoubtedly influenced the distribution of

species, more complex explanations are required to account for some of the most important

aspects of New 7*alandplant biogeography. Of particular importance is a major pattern of

endemism and disjunction, whereby the northern North Island, northern South Island, and

southern South Island are centres of endemism and occturence of disjunct species, separated

by regions with comparatively impoverished floras, far fewer endemics, and representing

gaps in the ranges of disjunct species (Fig. 1.13 ).

NORTHERN CENTRE

NELSO,I}MARLBOBOI.,CIH
CENTFE

NORTHERN GAPFlg. 1.13 MaJorflorlstlc "centres"

and " gaps" ; after Wardle ( 1988 )

SOUTHEFN GAP

That Pleistocene glaciation has strongly influenced plant distribution in New Zealand

was suggested by Cockayne (L926,1928) and elaborated by Willett (1950) to explain the

absence of beech from central Westland. This hypothethis was further developed by Wardle

(1963) and by Burrows (1965), who attributed modern plant disribution patterns to ice

extension ahd severe climates of the last glacial maximum, and post-glacial climatic changes

and migration of plants from glacial refugia. Wardle (1988) reiterated this glacial refugia

hypothesis, and suggested that the limited fossil evidence is consistent with the post-glacial

spread of lowland podocarp-angiosperm forest from the north of New Zealand. Similarly,

Wardle concluded that the distributions of cold-tolerant beeches and some other species
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indicate their spread from glacial refugia in several parts of New Zealand, including southern

localities. Thus many plants are supposed to be expanding their ranges at present, as a

continued adjustment to postglacial conditions. A postglacial thermal maximum (see 1.3.6)

is suggested to have led to the temporary range extension of some cold-sensitive plants,

which have since retreated, resulting in disjunct distributions. Late Quaternary volcanism has

supposedly truncated the range of some plants in central North Island. Implicit in this

argument is that certain plant disributions are not in full accord with postglacial

environments, and are thus constrained primarily by their intrinsic dispersal and colonising

abilities.

In a mod.ification of the glacial refugia hypothesis, Wardle et al., (1988) suggested :

that the occrurence of cold-intolerant disjunct species in southern and northern North island

"centres" is due not to glacial survival, but to postglacial long distance hybridisation with

resident hardier species followed by reconstitution of the less hardy species. More recently,

Ogden (1989) has suggested that different genotypes within a species may have been

favoured in expanding versus contracting populations during the climatic oscillations of the

Quaternary.

According to McGlone (1985a), the evidence supportingthe glacial refugia

hypotlesis is weak and long distance hybridisation an improbable explanation for repeated

patterns of disjunction. Instead he proposed that regional plant disnibutions could be

attributed to the major geological events that shaped New Zealand during the late Cenozoic.

His tectonic hypothesis emphasised large scale uplift of axial ranges and the changing

dispositions of land and sea. The plant biogeographic boundary of 38-390 S was found to

coincide closely with the northern limit of the Pliocene marine transgression. More

rcctonicdly stable rcgions, such as thc nothern Norttr Island have retained a grcater

proportion of older taxa which have been lost by inundation or destruction of habitat in more

mobile regions, such as southern Nonh Island. Implicit in the tectonic hypothesis are that

plant disributions are governed primarily by present environmental conditions, restricted

plants today are not usually extending their range, and the flora of a given regton is likely to

have remained essentially stable in composition over longer periods than the present glacial-

interglacial cycle.

It seems likely that aspects of both hypotheses have contributed to the complex

patterns of plant distribution igNew Znaland, as proponents of both views have indicated.

For example, McGlone (198fl agreed that glaciations have played a role by permitting the

wide spread of glacial environment specialists, while Wardle (1988) concedes that a

biogeographic pattern tied to physicat environmental constraints has been conserved through

the Pleistocene,'citing as an example the highly oceanic habitats of the northern and southern

ends of the New 7-ealand archipelago. The essential difference between the two hypotheses

lies in the extent to which Pleistocene glaciations, and in particular, the last glacial maximum

have determined plant disributions, especially cases of endemism and disjunction. Both

hypotheses are constrained by the rather limited paleobotanical evidence.
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L.4.6 \iletland vegetation and deposits

The generic term wetland is used here to embrace swamp, peatland and open water

bodies. Swamps or mires are characterised by standing water for at least part of the year;

they usually, but not always, lay down peat (Davoren, 1978). Peat is the partially

decomposed remains of organic rnatter mixed with varying proportions of mineral matter.

Where the latter exceeds 50Vo,thetenn organic sediment may be used. Peats may be

sedimentary - deposited under water as in lakes - or sedentary - built up in sfru as in bogs.

The term gyttja refers to pale sedimentary peats formed primarily from algal decomposition.

Swamps

New Zealand swamps may be classified according to their overall fertility, with each

swamp type containing characteristic vegetation communities (Dobson, 1979). Tipla

orientalis is the characteristic species in lowland eutrophic swamps up to 800 m a.s.l.

Extensive swards occur on the fringes of coastal lagoons and inland lakes. T. oriennlis

invasion of shallow waters has probably resulted from their eutrophication by farm fertilisers

during the European era.

Mesotrophic swamps (also called low moors or basin bogs) are varied and may contain

diverse plant communities. The characteristic species are Plwrmiron tenctx, numerous

cyperaceaen species of the genera Carex, Schoentu, Bawnea and l*pidospermo' and several

species of Juncus. Although P.tenax will grow on well drained soils, it is best developed at

streamsides and in shallow peaty water. Species of Sphagrunn may occur in low moor peats,

as well as ltptospermurn scoporiwn, Gleichenia dicarpa and a little Empodisma mirurs.

Oligorophic swamps (also called high moors or raised bogs) typically occur in

shallow basins formed either by changes in river coruses or (in the South Island) by

glaciofluvial aggradation. They usually form a domed surface falling away to a lagg stream

or moat which intercepts drainage and nutrients from surrounding hills. Water at the centre

of these swamps is mostly derived fromrainfall. Besides impeded drainage, oligotrophic

swamps require high rainfall and water retentive plants. This situation leads to low fertility

acidic conditions, where the cycle of plant decay remains incomplete.

The characteristic oligorophic swamp plants are species of. Splngnwnmoss and the

Restionaceae species Emp o disma minrn and sp orodanthus tav ersii. According to Dobson

(1979) the prominence of Sphagnumincreases, and that of Restionaceae decreases, from

north to south and with increasing altitude. Empodisma minrn is found throughout New

Tnaland,especially in wetter areas, and in parts of Australia. Its sheath-like stems may reach

a height of 1.2 m. and it produces a thick mat of fine interwoven roots which are especially

effective in retaining rain water and creating very acid conditions. It is frequently associated

withGleichenia,which may become locally dominant. Sporadanthtn traversii is endemic to

northern New Zealand, Stewart Is., and Chatham Is. Plants may reach a height of 1.8 m.

Subordinate plants on restiad (Restionaceae) peat bogs are mostly Cyperaceae (especially

Bawnea) spp., Epacris pauciflora andstunted Leptosperrruun scopariwn,white ground cover
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plants include lycopods, bladderworts, liverworts, and mosses.

Swamps are a major landform in the Waikato Basin, and conform to two main types:

the restiad, high-moor or raised bog type, e.9., Rukuhia, Moanatuatua, Kopouatai, and the

sedge, low-moor type. The more eutrophic conditions at the margins encoluage scrub with

PhormiwnorTypla or swamp forest. Stands of Dacrycarpw dacrydioides may occur on the

better drained edges of moats. On the peat dome, the vegetation is dominated by the rwo
jointed rushes, Empodisma mintu and Sporadanthw taversii.In areas where the bog surface

has partly dried out, Leptospenruttn scopariwn andGleicheniafern may become established.

[-ow moor bogs have usually developed at former lake sites by a process known as

hydroseral succession (Campbell, 1975). Sedge species establish near the lake margins and

build up a paftly floating mat of rhizomes and roots. As the lake silts up and vegetation

decays, the landward edges of the root mats become grounded and the surface firms.

Vegetation extends inward and eventually covers the lake. If the swamp surface dries out

sufficiently,I*ptospennwn scopariwn andGleichenia may become dominant. Alternatively,

under conditions of high rainfall, raised bog may develop. However the low moorvegetation

tends to persist if, in addition to high water content, the mineral content of the swarrrp is

maintained by surface run-off from surrounding hills or by occasional flooding.

Natural fires, due presumably to spontaneous combustion or lightning, are an

important phenomenon on peat swamps (Cranwell, 1953; Moore & Bellamy,1974; Dobson,

L979).If fires persist, Sporadanthus traversii and woody plants are eventually eliminated,

leaving a monotonous vegetation dominated by Splngnwn or by Empodisma rnirun and

Gleiclwnia. Fire causes considerable enrichment by releasing nutrients in the peat normally

unavailable to plants (Wilber & Christensen, 1983). Wein (1983) suggested that more water-

tolerant species become dominant after fire because the removal of the transpiring vegetation

causes a rise of water table. As the water table subsequently lowers, revegetation and

succession takes place and nunients are once again removed from circulation (Wein, 1983).

In New Tnaland swamps, Bawnea teretifolia, Gleichenia dicarpa, and Empodisma mintn
appear to be important species in post-fue succession (Mark & Smith, 1975;$, Wardle,

1977.; Irving et a1.,1984).

Swamp forests

Lowland forest peatlands which have escaped deforestation are dominated by podocarp

trees. On mesotrophic sites Dacrycarpw dacrydioides dominates, but with increasing

infertility it is replaced by Dacrydil*n cupressinutn and then by smaller podocarp trees and

shrubs Qlalocarpw spp., Lepidothamnw spp., Lagarostobos colensoi. Dacrycarpar forest

may occur on peats or on alluvial silts and clays. In warm northern areas Dacrycarpus

swamp forests commonly contain two other tree species folerant of waterlogged soils:

Syzygiwn maire and Laurelia novae-zelandiae. With increasing substrate wetness, forest

gives way to shrub vegetation of Leptospermton scopariutn, Coprosma and Cordyline

australis and herbaceous mesotrophic mire vegetation.
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Dacrydiwn cupressirunnis common on poorly drained acid soils throughout New

7*a1and,as is A. ausyalis north of 38o S. The friable peats beneath Agathis australis forest

consist mostly of bark, wood, and root fragments in various states of decay. At some sites

large volumes of A. awtralis have been extracted from these swamps (see Ch 9).

At higher altitudes and at cooler localities generally, oligotrophic swarnps typically

contain Halocarprn spp. (excluding H. kirkii) andDracophyttun spp. Libocedns bidwillii is

a characteristic emergent in the peripheral swamp scrub. The transition from closed forest to

oligotrophic swarnp is characterised by Nothofagtn solandrivar. clffirtoides communities.

In montane mesotrophic swamps Coprosma spp. and Oleariavirgata are the typical shrubs

on drier peats. In the subalpine zone, swamp margins and better drained peats may support

communiti es of. Chionochloa rubra (Poaceae), either pure or mixed with shrubs such as

Hebe odora andCoproJruI sPP.

Aquatic plant communities

Information on the native aquatic vegetation communities of New 7-ealand lakes is

scarce partly because of the widespread introduction of a large number of exotic

macrophytes during the last 50 years. In a summary of the submerged vegetation in lakes

based on investigations in Rotorua, Waikato, and Nelson districts (by Coffey, 1970;

Chapman et al., 197 L; and Brown et a1.,1973), Brown (1975) recognised a three-tier

zonation system.

Shallow water communities, occupying water depths of 0.1 - 4.5 m are often

dominated by Glossos tigma and other indigenous genera include Myriophyllwn, Lilaeopsis,

Limosella and Potamogeton. Isoetes kirkii also occurs in shallow waters of lowland lakes,

whoreas I. alptnw is frequent in montano lakes and tarns, such as thc shingle and rock

substates of Nelson lakes where it may extend to deeper water (Brown et a1.,1973). Mid-

depth native communities, occurring in water depths of 1-17 m are characterised by tall

growing Myriophytlwt andPotamogetan above a well developed understorey of

Charophyta (green algae). Algal communities forrn the *rird tier at gleater water depths.

Tanner et at. (1986) estimated the abundance and depth ranges of macrophytes in 26

Northland lakes, mostly formed in west coast dune complexes. Charophyta arc common in

submerged vegetation communities, along with native species of Pota,mogeton,

Myriophytlwn, Limosella, Ruppia, Triglochin and Isoetes kirkii. Dense fringes of tall

emergent sedges (Eleocharis andBawnea dominant) occur at most lakes, while Bournea,

S cirpus, Typ ha, and Myriop hyllum frequently glow in shallower water.

Other native plants characteristic of swampy lake margins include the mderal herbs

Polygorurn decipiens in the North Island and northern South Island, and Calliffiche spp.

(Mason, 1975; Ogden & Caithness, 1982).
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CHAPTER 2 RESEARCH STRATEGY AND METHODOLOGY

2.1 RATIONALE

The New 7-ealandlandmass is strategically imponant in Quaternary palynological

investigations for several reasons (see also McGlone, 1988). First, it lies at broadly

equivalent, but opposite, latitudes to northern temperate areas which have been extensively

investigated. Second, it is climatically sensitive to changes in ocean and atmospheric

circulation patterns, particularly those influenced by the Antarctic Continent. Third, the New

T,eakandbiota has evolved remote from the influence of any continental landmass since the

opening of the Tasman Sea, c. 70 million years ago. Fourth, relief contrasts, active tectonism

and volcanism attest to the continuing unstable nature of the New Zealand landscape,

creating fresh habitats for biota as well as providing geologic and geomorphic evidence of

Quaternary environments. Fifth, although the effects of Pleistocene glaciation are marked in

the South Island, the terrain and biota were not burdened by extensive ice sheets' as at

equivalent latitudes in the Northern Hemisphere. The flora is rich in bird-dispersed fruits and

light, wind-dispersed seeds, which allows the vegetation to spread quickly into new habitats

created by climatic change or landscape disturbance. Sixth, humans reached New Zealand

only about 1,000 years ago (Davidson, 1984), much later than most other areas of the globe.

Thus for most of the Holocene, the human factor in vegetation change can be discounted.

New Zealand's vegetation history is known only in broad outline, primarily from

pollen analysis (McGlone, 1988). Although Late Quaternary palynology began early here

(Cranwell & von Post, 1936), progress has been slow. Well dated sites are rare and coverage

at even the regional level is still incomplete. The situation is least satisfactory for the

northern part of New Zealand. The neglect is due partly to the lack of established

palynological laboratories in the north, and partly to a justifiable preoccupation with

southern sites, with steep vegetation and climatic gradients, and where palynology has been

successfully integrated with studies of glacial landforms and deposits (e.9., Moar & Suggate,

lg73). Yet northem New Zealand has long been the focus of interest for many plant

ecologists and biogeographers, in particular since Cockayne (1928) clarified the important

vegetation distinctions across latitudes 38-39 o S.

This thesis aims to address the imbalance by describing the vegetation changes at a

broadly synchronous suite of sites spanning a latitudinal range of 35 - 39 o S. Lowland sites

only were selected so that correlations between sites would not be complicated by altitudinal

differences. Furthermore, few vegetationally distinctive high altitude sites occur in northern

New Zealand, and upland plant communities may not be able to be characterised

palynologically, because of upslope pollen transport (Moar, 1970). The time frame chosen

spans the period from the last glacial maximum to the present, during which time the most

marked and rapid environmental changes of the past c. 100 ka have probably occurred
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(Climap, 1981). The picture of spatial and temporal changes in vegetation that emerges will
provide insights into the vegetation of this northern region and its relationships with the rest

of the New Zealand flora.

Palynology is the principal method employed. Throughout this study I have sought

the advice and assistance of other palynologists and specialists from related fields, in
panicular tephrochronology, macropaleobotany, plant ecology, and diatom analysis.

Interpretation of the fossil pollen records is based on the present day relationships between

pollen spectra and the source vegetation in so far as these are known from modern pollen

rain studies. However, as Norton et al. (1980 recognised, modern pollen data from the

region north of latitude 38o S are at present inadequate, so a quantitative modern pollen rain
study was undertaken at Waipoua Forest. Aspects of the complex relationship benveen

pollen spectra and source vegetation are discussed below (2.2). This thesis also examines the

potential of absolute pollen techniques and principal components analysis in New 7-ealand

palynology.

Dating the pollen series relied almost exclusively on radiocarbon assay. Sites from
Auckland southwards have a major advantage in containing numerous late Quaternary tephra

deposits. Age es''mates for many of these tephra layers have been previously determined by
radiocarbon dating. The task of establishing a reliable chronology was simplified where

tephra layers occurred. Although tephra age estimates are subject to those errors associated

with radiocarbon dating (see2.4.2), they are more reliable than a single radiocarbon date

because they usually incorporate several independent dates and correlation techniques (d.e.,

physical and chemical fingerprinting of tephra (Froggatt & Lowe, 1990).

2,1.1 Principal research objectives

(1) To further our understanding of the vegetational and environmental history of the

northern New Zealand region since the height of the last glacial. To compare this history

with records from higher latitudes in New Tnaland.

(2) To comparc pollen records at several coeval sites within this northern region. To
determine the extent of regional variability in these pollen records within periods of
relatively uniform climate.

(3) To trace the history of selected key taxa in northern New Zealand, in particular kauri
(Agathis awtralis).

(a) To provide new information relevant to hypotheses which seek to explain the present

pattern of plant distribution in New Zealand. To dstermine the broad composition and extont

of forests in northern New Zealand during the last glacial. To examine the evidence for plant

mnge expansions in this region as a result of climatic change during the time period

investigated.

(5) To provide new information on the pollen-vegetation relationships in northern forests
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today that should assist the interpretation of fossil records in this region and elsewhere in

New Zealand.

(6) To evaluate the potential of pollen concentrations and accumulation rates as indices in

New Zealand palynology. To assess the role of principal components analysis as an

interpretative tool and in simplifying large datasets in New Zealand palynology'

(7) To assess the reliability of radiocarbon dating in the correlation of late Quaternary

records; wherever possible using palynologic or tephrostratigraphic criteria.

2.2 THII. POLLEN.VEGETATION RELATIONSHIP

The relationship between pollen frequency in a spectrum and source plant abundance

in the vegetation is complicated by several factors, which include:

(1) differential pollen production between species and varying flowering periodicities

within species;

(2) differential pollen dispersal capabilities between species and according to local

environmental factors;

(3) the mode of transport and distance travelled by pollen to a depositional site, which in

part depends on the nature and morphology of the site;

(4) the deposition and redeposition of pollen which may vary according to the nature of the

depositional site;

(5) differential preservation between pollen types with the result that some pollen types

may be more readily identified than others;

(6) methodology and statistical treatment of pollen data which can influence their

interpretation;

(7) ecological diversity within a pollen taxon caused by two or more species, each with

distinctive distributions or habitats having indistinguishable pollen.

These factors are discussed further in the following sections.

2.2,1 Pollenproduction

European workers have demonsnated substantial variations in pollen production

between different plants (e.g., Andersen, 1967). Generally, entomophilous plants and \,

cleistogamous species have considerably lower pollen production than anemophilous plants,

although there are notable exceptions to this rule. Considerable year to year variations in

pollen production have been reported, perhaps related to climate (Andersen, 1974; see also

Moar & Myers, 1978).

2.2.2 Pollen dispersal capability

The height and strength of the pollen source, and the weight and shape of ttre pollen
' grains, are important factors in pollen dispersal, as are environmental factors such as



-38-

atmospheric turbulence, wind speed and direction. Anemophilous plants also appear to have

greater pollen dispersal efficiencies in air than other plants (Moore & Webb, 1978). As yet,

no information is available on the pollen production and dispersal capabilities of New
7*aland plants, except what has been determined indirectly from modern pollen rain studies

(see Ch 3).

2.2,3 Pollen deposition and redepnsition ' ,

Although vertical movements of pollen within near-surface s\ilamp sediments have
been demonstrated (Rowley & Rowley, 1956), this is generally not important in the time
scale normally involved in pollen analytical studies (Birks & Birks, 1980; see also Polach &
Singh, 1980; Green et a1.,1988). An exception may be swamp sites which have been

recently drained, burned, and grazed, where these disturbances have made near surface

sediments more susceptible to vertical pollen transport. Many New Zealand Late Quaternary
pollen sites have probably been affected in this way during the human era.

Davis et al.,(1971) and Davis & Brubaker (1973) showed that some variations in
pollen composition may exist across the sediments of a lake floor, and related these either to
pollen morphologic differences or to the proximity of local sources. Pollen from local lake

shore or aquatic plants was more abundant in nearshore sediments than was more distantty
derived pollen which, however, was more abundant in deeper water. A similar study in
Westland, New Zealand (Pocknall, 1980), indicated fairly uniform percentages for most
pollen taxa across a lake floor, probably because of redeposition. Some exceptions were
noted however, e.g., the relatively large and heavy pollen of Prwnnopitys ferruginea was
more abundant in nearshore sediments than other gtrains, presumably reflecting a lower
capacity for flotation.

2.2.4 Pollen source areas and modes of transport
Oldfield (1970) stressed the importance of identifying the "pollen source area", which

may be defined as the areas from which a fixed percentage of the pollen sampled at a site is
derived. Janssen (1966) described the relationship between the amount of pollen deposited at
a site and the source areas - local, extralocal, and regional - from which ind.ividual pollen
grains originated. In a different model, Tauber (1965, L967) suggested that in a forest, pollen
is transported to most sites in stream and surface runoff (C*), through the trunk space (C),
above the canopy (C"), and by rainfall (Cr). Sites of different sizes would have these

components represented in differing proportions. Jacobson & Bradshaw (1981) extended
these ideas in tl.reir model that described the relationship between basin size and pollen
source area and predicted tlte percentage of local, extralocal, and regional pollen supplied by
lake basins of different size (Fig. 2.1). The pollen source areas were defined as follows:

local pollen: originates from plants growing within 20 m of the edge of the sampling basin
extralocal pollen: originates from plants growing between 20 and several hundred meres of
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the basin

regiottal: derived from plnnts growing at greater distances.

Jacobson & Bratlshaw (1981) introduced a gravity component (Cs) to describe vertical

deposition of pollen and inflorescences from plants growing on the immediate edge of the

basin ancl hanging over the snrnpling site. They related basin size to the areas of origin of the

pollen and to the rnode of pollen transport. l.'heir rnodel allows estirnations of the pollen

source areas for basins that have no inflowing streams. At sites with inflowing streams,

srream transport of pollen may be the rnajor input (e.g., Peck, L973; Crowder & Cuddy'

Lg73), and may supply considerable pollen from sources beyond the local vegetation or from

sueamside conrtnuttities (Parsons et al., 1980).

roo
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Fig. 2,1. Tlrcoretical relationship beween the size of a site with no inflowing stream and the
relative proportions of pollen originating from dffirent areas around the site; from
Jacobson & Bradslnw (l9BI).

Although these nrodels provide valuable insights for interpreting pollen data, tlte

relationship between a pollen spectrum and source vegetation remains complex and will vary

greatly between sites. As Oldfield (1970) stated, we cannot distinguish, from pollen spectra

at a single site, between a few individual plants near the pollen site and many individuals at

greater distargces. Vegetatiorr pottenrs at the local scale may however be resolved by

combining plant rnacrofossil and pollen analyses and by analysing a suite of sites.

2.2.5 The nature of the sile

Lake sediments and peat deposits differ as lDaterial for pollen analysis because
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abundant pollen producers grow on peat at or very near the sampling site. Yet these pollen

types may also be produced in the surrounding landscape, which leads to difficulty in

estimating the size of ttre pollen source area.

Pollen diagrams from peat sites exhibit great variation in the representation of local

plants due to:

(1) local over-representation of some taxa at certain times, but not at others;

(2) the composition of local plant communities and their proximily to arbitrarily selected

sampling sites;

(3) the uneven growth rate of peats (Aaby & Tauber, 1975');

(4) differential horizontal deposition of pollen due b, e.9., the presence of
standing or running water or hummocky local topography.

Only to a limited extent are these variations likely to be offset by homogenising a

sample during pollen slide preparation, and thus incorporating several years of pollen

deposition into the sample. Lake sediments are less prone to factors (1) and (2) above, but

they may be subject to spatial and temporal variations in pollen and sediment accumulation

(see2.2.3;2.2.8>. Sites where hydroseral succession has resulted in peats overlying lake

sediments present special problems. As swamp vegetation encroaches on to the lake surface,

the site is reduced in size and will show a greater representation of local pollen and a

constriction of the hypothetical pollen source area (Jacobson & Bradshaw, 1981).

Jacobson & Bradshaw (1981) concluded that small lakes might be best suited for
reconstructing extralocal vegetation, while peat deposits may contain the best pollen records

for regional paleoclimatic or paleovegetational reconstruction. They add (p.93) that

"selecting cornbinations of sites with dffirent properties within a stud,y area
sltould perrnit detail in the reconstruction of vegetational clange tlat adds a
new dimension to palaeoecological studies".

2.2.6 Differential pollen preseryation

Although the pollen exine is highly resistant to decay, it can be destroyed or damaged

in various ways, notably through the activity of biological decomposers. Cushing (1967)

discussed categories of deterioration and related these to different sediment types. The exine

of degraded grains has undergone structural damage such that the individual elements

become fused and blurred; this occurs frequently in silts. Corroded grains have distinctly

etched exines and are common in moss peats. Broken grains and crumpled (folded) grains

occur most frequently in silts and lake muds and may result from stream transport.

Experimental work on pollen preservation (e.9,, Sangster & Dale, 1964; Havinga,

l97L) indicates an inverse relationship between susceptibility to corrosion and sporopollenin

content. Least susceptible to deterioration evidently are spores of ferns and fern allies, e.g.

Lycopodiwn, which tend to have thick walls and high levels of sporopollenin.
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2.2.7 Pollenpercentages

An assumption central to palynology is that changes in pollen percentages for each

tu(on are monotonically, if not linearly, related to changes in relative abundance in the

vegetation (prentice & Webb, 1986). Studies of modern pollen deposition in forested

landscapes seem to support this assumption, at least as a robust first approximation, even

though pollen spectra may be heavily biased towards taxa with high pollen productivity or

well dispersed pollen.

However Fagerlind (L952) demonstrated theoretically that tinearity between absolute

quantities, such as pollen accumulation rates and tree basal area, would give rise to

nonlinearity, when the data are converted to percentages. In a system involving three or more

tana, the pollen percentage for any one tar(on depends not only on its own abundance, but

also on the abundance of the other taxa, because the percentages are constrained to sum to

100. The Fagerlind. effect (Prentice & Webb, 1986) may be severe in the case of excessive

local pollen deposition, unless local wetland taxa are excluded from the pollen sum.

Nevertheless the Fagerlind effect remains problematical for taxa within the pollen sum,

although it may be relatively unimportant for taxa with percentages below c.20'30 Vo

(Webb et a1.,19S1). The problem of interdependency among taxa when percentage data are

employed, and the constraints this places on excluding taxa from the pollen sum has led to

the development and application of absolute pollen analyses.

2.2.8 Absolute pollen data

Using absolute pollen data in theory avoids some of the constraints imposed by

percentage calculations. Indices of absolute pollen data used here are defined as follows.

pollen concentration: number of grains per unit volume (or mass) of dry sediment;

grains/cm3 (or grains/gram).

pollen accumulation rate (PAR): number of grains accumulated per unit area of sediment

surface per unit time; grainslcrrn?ty

sedimentation rate: net thickness of sediment accumulated per unit time, after compaction

and diagenesis; cm/yr

The value of using pollen concentrations is limited where sedimentation rates are

unknown or uncertain, because the time factor in pollen deposition is not known. Where it

can be shown that sedimentation rates have remained moro or less constant, or where

detailed chronologies are known for a pollen profile, PARs can be estimated. These may

appear to be superior indicators of past population sizes than are pollen percentages on the

grounds that'PARs for different taxa are independent of one another and so avoid the

Fagerlind effect. However, chronological data of sufficient detail to justify the application of

PARs are difficult and expensive to obtain. Most pollen profiles are dated too imprecisely

for the detection of small scale variations in sedimentation rates between dated horizons.

This leads to positive correlations between PARs for different tru(a (Davis et al,,1973; Webb
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et a1.,1978) and so they are not really independent.

For example, the morphometry of a lake basin, which influences sedimentation rates,

may also be important in interpreting PAR data. Lehman (1975) predicted that deep, steep-

sided lake basins would have artificially high rates of sedimentation in the early history of
the basin ("sediment focusing"). Birks (1981) suggested that the major increase in pollen

accumulation rates commonly found at the end of the late glacial in Western Europe may

have resulted from the onset of sediment focusing, rather than from great increases in pollen

production and dispersal. Clearly, the interpretation of pollen accumulation mtes must take

into account processes of sedimentation as well as presumed changes in vegetation.

Measured pollen concentrations and PARs also contain other new sources of error and

bias including possibly inaccurate measurement of sediment volume and sedimentation rates.

Together, these difficulties suggest that pollen percentage data are likely to remain the

principal index in Quaternary palynology (Prentice & Webb, 1986), although the estimation

of absolute pollen indices, where applicable, should always provide additional useful

information.

In this thesis, comprehensive percentage diagrams are presented routinely,

supplemented at each site by pollen concentration diagrams for selected taxa. PAR diagrarns

are presented for the Waikato Lake sites (Ch 5), where more detailed chrcnologies were

obtained.

2.2.9 Ecological diversity within a pollen taxon

Fossil pollen identifications are rarely made to species level. Fortunately, the modern

New Zealand flora contains numerous monospecific genera and several of these are

prominent pollen taxa e.g. Oadiaiun, Dacrycarpus, Ascarina, Agathis, Knightia.The
assumption that related species with indistinguishable pollen did not occur in the geologic

past may be tenable for late Quatemary time. Apart from monospecific genera, species

identified here are Notlafagw menziesii, the two New Zealand species of Prwnnopirys (see

below), andLeucopogonfasciculatw; these may be safely distinguished from related

congeners when preservation is good.

Several prominent New Zealand pollen taxa have potential soruce species with diverse

ecological ranges (Macphail & McQueen, 1983). This problem is particularly acute at sites

from northern New Ze6[and, which contain a large number of endemic species, especially

trees (McGlone, 1985y'. Many of these, e.g., Halocarpus kirkii,Weinmannia silvicola, share

vicariant distributions with palynologically indistinguishable species.

Determining a pollen taxon's likely source species may be assisted by macrofossil

analyses, where available; by association with taxa of a known provenance, assuming that

prcsent day plant associations replicate past communities; and by stepwise elimination of
source species candidates through detailed pollen morphological studies. All three

approaches have been undertaken here. Pollen identifications assisted by macrofossil
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evidence or by association with co-occurring taxa are discussed where relevant in subsequent

chapters. The application and methodology for aperture counts aimed at separating species

within theNothofagtnfincapollen group are discussed below (2.3.8).

2.2.L0 Charcoal analysis

Since Iversen (1941) demonstrated the use of charcoal analysis in palynology, this

technique has been widely used to provide an indication of fire history in pollen-vegetation

rccords. Swain (1973) showed that charcoal preserved in sediments reasonably represented

fire history determined from other evidence, although some inconsistencies were noted.

Clark (1987) applied principles of particle motion physics to some problems in interpreting

stratigraphic charcoal data, and noted that fires within catchments of lakes often produce no

record of fossil charcoal in the lake sediments. Evidently microscopic charcoal within the

pollen size range (5 - 80 pm in diameter) is under-represented near fires because they remain

in suspension and are preferentially exported from the burn area. As a result, pollen samples

may be biased toward non-local charcoal and, according to Clark (1987), they may be

indicate the importance of fire for broad spatial and temporal scales.

Clark (1984) discussed the problems of misidentifying charcoal and investigated the

effects of pollen preparation procedures on charcoal. The use of the same preparation for

pollen and charcoal analyses saves time and the standard pollen preparation procedures

remove most particles which might be confused with charcoal. Nevertheless organic

particles carbonised by means other than fre may possibly survive the pollen preparation

procedure. Clark (1984; p522) stated:

"(Jntil the conditbns under which organic materials are naturally carbonised
are known, it cannot be assumed that all black plantfragments in pollen
preparations are charcoal, although it is likely that most are.To be correct,
'the'term' 

carbonised particle' should be wed instead of ' charcoal particle' ,

but the latter may be preferredwhere it is most probable that the carbonised
particles studied are charcoal".

This procedure is adopted here. As charcoal levels are mostly associated with palynofloras

indicating peat vegetation, which is susceptible to burning, it is assumed that most

carbonised particles studied here are charcoal. '

Clark (1984) found that all processing affects the amount of charcoal and

recommended that all samples from one site be prepared identically; quantitative

comparisons are difficult to make when different processing has been used. From the

treatments which may be replicated in the pollen preparation procedure (see2,3.4), only zinc

bromide treatment (not employed here) makes a significant incremental reduction in the area

or number of charcoal particles.

z.z.IlPrincipal Components Analysis (PCA)

This numerical ordination technique is widely used for simplifying multidimensional
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datasets and may aid their interpretation. In recent years the technique has been applied to

pollen datasets in the following ways.

(1) As an objective method for zoning pollen diagrams orverifying zonations made

by eye (e.9., Adarn, L974).

(2) To compare two or more fossil pollen sequences (e.9., Birks & Gordon, 1985); at

regional and national scales, the method has been applied to a large number of pollen

datasets to produce isopollen maps for selected periods during the Holocene (e.9., Huntley &
Birks, 1983).

(3) For detecting and summarising major trends in pollen stratigraphical data

from one or more sequences and relating these to environmental or anthropogenic

stimuli (e.9., Simmons & Innes, 1988; Dodson & Wright, 1989).

(4) To classify modern pollen datasets for subsequent comparison with vegetation

or climate data (e.9. Webb, 1973; Norton et a1.,1986).

The purpose of PCA is to derive a small number of linear combinations (principal

components) of a set of variables that retain as much of thc information in the original

variables as possible. The pollen dataset is viewed as if it were a geometric representation in

multidimensional space, with the number of dimensions or co-ordinate axes corresponding to

the number of ta:ra. The co-ordinate axes are rotated to form new al(es so that the direction

of the first principal a:ris or component (PC) lies along the direction of maximum variability

within the dataset Subsequent PCs are then selected to account for the largest amount of
remaining variability left after the effects of earlier PCs have been allowed for, but with the

constraint that all axes are orthogonal to each other.

If therc is marked stnrcturc in thc dataset, fte first few PCs will usually account for
most of the variability, and the remaining PCs can often be discarded without any serious

loss of information. The co-ordinates of the pollen spectra or samples on the first few PC

axes provide an efficient summary of the original high-dimensional configuration. For

detailed mathematical descriptions of PCA the reader is referred to Monison (1976).

Recent reviews of statistical techniques in ecology have revealed some distortions in

many datasets to which ordination techniques, including PCA, have been applied (Hill, 1979;

Hill & Gauch, 1980). The "Arch Effect" (Gauch, 1982) describes the tendency for second

and sometimes higher D(es or components to be strongly related to the first. The second and

higher o(es are constrained to be uncorrelated with the first axis, but this does not guarantee

their independence; the second axis often has a very strong quadratic relationship to the fint.
A second problem is that axis or component scales have no clearly defined meaning or may

be distorted, so that no significance should be attached to the geometric distance between co-

ordinates. To circumvent these problems, Hill & Gauch (1980) developed an alternative

ordination technique, detrended correspondence analysis (DECORANA), and this method

has been applied to palynological data by Jacobson & Grimm, (1986).In the present study I
prefened to use PCA, in keeping with conventional palynological applications, and because
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of the fewer demands PCA places on computing resources.

2.2.12 Quantitative analyses in New Zealand Palynology

Few applications of statistical techniques to New Tnalandpollen data have been

attempted, despite considerable advances overseas (Birks & Gordon, 1985). Harris & Nonis

(1972) and Halris et al., (1976) determined recrulent grcups of fossil pollen taxa from

Quaternary samples using chi-square, cluster, and dissiminant function analyses. Some of

these recurrent groups appear to have climatological meaning, but others lacked any clear

relationship with present day plant associations. As they were based entirely on fossil pollen

data, the recurent groups could not be linked directly with present day plant associations or

climate.

Norton et al. (L986) used principal compoments analysis (PCA) and cluster analysis to

explore relationships between pollen taxa, and between modern pollen spectra and their

soruce vegetation. The modern pollen data were collated from published literature (see 3.1.1)

and from unpublished data made available by palynologists working in New 7*aland. Using

multiple regression, they then compared modern pollen datasets directly with modern

climate data and attempted to derive equations which would enable the prediction of climatic

parameters from pollen values, modern or fossil. Most climate data had to be estimated from

a rather sparse network of meteorological stations. Temperature estimates were obtained

using the regression equations of Norton (1985) (see 1.2.6) and precipitation values were

estimated from isohyet maps and by extrapolation from adjacent rainfall stations. As Norton

et al. (L986) point out, the problems encountered in this important exploratory study were

largoly due to thc shortcomings of the dataset, and these must be clarified before further

progress can be made.

The modern pollen spectra were obtained from a range of pollen depositional

situations, e.g., moss polsters, peats, and are therefore not strictly comparable. At some sites

(most often drier, eastern localities), it was necessary to use pre-deforestation fossil pollen

spectra because little vegetation remains unmodified by humans. The analyses were

concerned primarily with forest pollen spectra. Poaceae pollen was excluded because recent

naturalised grasses are indistinguishable palynologically from indigenous grasses. Alpine

sites above timberline were excluded because their pollen content largely reflected upslope

transport from lower altitude vegetation. In addition, all sites north of latitude 38o S were

omitted because of marked changes in the composition of northern forests. Therefore some

of the most distinctive temperature regimes were not considered. Pollen sites within 10 km

of each otherwere amalgamated in order to enhance regional pollen representation. However

considerable climatic variations may occur across such short distances, thus precluding

treatment of climatic data in this way. Steep climatic gradients and a rather wide spacing of

sites almost certainly reduced the srength of the pollen-climate correlations.

Despite these shortcomings and the problems of markedly different pollen
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representation between taxa, Norton et al. (1986) were able to distinguish broad forest

categories using PCA and cluster analyses of the modern pollen datasets. However their
pollen-climate regressions were not robust enough to be used with confidence in determining

past climates from pollen records. Norton et al. (1986) concluded that the acquisition of
more modern pollen data would improve the basis for interpreting fossil pollen assemblages.

Reliable pollen climate reconstructions will probably take longer to achieve and may have to

rely on comparing pre-deforestation fossil pollen spectra with modem climate.

2.3 DESCRIPTIONS OF METHODS USED

2.3.1 Site selection and sampling

Eight fossil pollen sites were investigated here. (Fig.2.2; Table 2.1). These were either

lowland lakes or swamps, ranging from Taranaki to the far north of New 7-ealand. Priority

was given to finding sites containing tephra layers. The Waikato regron was studied most

intensively. The three lake sites and one swamp site from this region are rich in tephra layers

which assists with the correlation of their pollen records. The Taranaki site (Umutekai) also

contains a suite of tephra layers, derived locally from Mt Taranaki. This site is also of
interest because it lies south of latitude 39o S, beyond the present boundary of the northern

vegetation zone. {site from the Auc}land Isthmus contains several identified tephra layers

and provides a geographic link between the Waikato and Northland sites. The two Northland

sites contain no tephra layers and their pollen records poved to be the most difficult to date

and to correlate.

Trig Road (Ch 9) pollen samples were taken from an exposed vertical peat section; the

remaining sites were sampled using one of two core sampling devices. The swamp sites,

Kopouatai, Waiatanra, and Otakairangi, were sampled with the Auckland University
Geology Dept. Russian peat sampler (Jowsey, 1966), and the Umutekai pollen core was

extracted with an identical device betonging to Botany Division, DSIR, Lincoln. The three

lake sites were sampled with the Waikato University Earth Sciences Dept. modified

Livingstone piston corer, operated from a small boat (at Rotomanuka, Rotokauri), or from a
barge-mounted rig (at Okoroire). The Russian peai samplers proved to be susceptible to

buckling when stiff sediments were encountered at depth. This was observed when sampling

at Umutekai and Otakairangi, where near surface material evidently entered the buckled

sanpling chamber, during the process of extracting the deepest sediments in the profile.

Cored sections,50 cm lengths for the Russian sampler, 100 - 200 cm lengths for the piston

corer, were transferred intact to half-cut round PVC pipes, and wrapped in cellophane. On

returning from the field, the sections were refrigerated at 40 C, until sampled forpollen and

radiocarbon dating.

Modern pollen rain studies were initiated at two localities. The Nihotupu Carchment

(Waitakere Hills, Auckland) study was eventually abandoned when the vegetation survey
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Fig.2.2. NorthernNew Zealand showing localities of sites investigated here.

SITE

Trig Road

Otakairangi
Waipoua*

Waiatarua
Kopouatai
Rotokauri
Rotomanuka
Okoroire
Umutekai

REGION

Far northern New
Tnaland
Northland
Northland

Auckland Isthmus
Hauraki Plains
Waikato
Waikato
Waikato
Taranaki

GRID REF.

N03/169121

Q061179212
006/560140

-590r90
Rl1t30780
T131378197
s14/036801
s lsll37616
T15t555612
P19/083348

LAT.(S)/ LONG.(E)

34048',1t73o04',

35036',1174olL',
35o40'/173030'

36053'll74o5O'
370%',1175034',
37046',1175012',
37056',1175020',
37o59,1175o48,
39006'/174009'

Table 2,1, Location of pollen sites investigated in this study, including modern pollen rain
study area (asterisked). Latitude and longitude to nearest minute.
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revealed substantial recent forest disturbance. Subsequent efforts concentrated on a modern

pollen rain study of the Waipoua Forest, west Northland - the largest remaining area of
mostly undisturbed kauri (Agathis awtralis) forest. This study makes use of data collected

by the Forestry Research Institute during their comprehensive vegetation survey of Waipoua.

Field sampling methods for the modern pollen rain study are described in Chapter 3.

2.3.2 Establishing site chronologies

Each site required specific treatment (see relevant sections in Chs 4-9). Peat samples

for dating were taken with the coring devices described in the previous section, except at

Waiatarua and Umutekai, where the D.S.I.R. Botany Division radiocarbon peat sampler was

used.

Polleu
Core

Depth A

depth intenul A-ll

Depth B

depUr intcrucl 0-C

Deptb C

I mean railiocarbon dete

- 
daterl tephre lqyer

,Sedintenfctian Rate B -C
(on/ur)
_ d,epth h*enta,l B-C

tids-{itE tAru=U

A BC
Tine (radiocarbon years BP)

Fig,2.3. The estimation of sedimentation rates from dated tephra layers and radiocarbon
dated horizons in sediment cores.

Sed.imentation rates at each site were estimated by dividing the vertical distance

between two dated radiocarbon or tephra horizons by the time difference between the heans

of the two dates (Fig. 2.3). The vertical distances were measured to the base or top of a
tephra layer or to the vertical midpoint of a radiocarbon sample. Constant sedimentation

rates were assurired between two dated horizons. This assumption is least tenable at sites

where few radiocarbon dates were obtained. Conversely the sedimentation rate calculations

are generally considered to be more accurate at sites with a greater density of dated horizons,

in particular the three Waikato lake sites, Rotomanuka, Rotokauri, and Okoroire. At these



-49-

sites the abundance of dated (mostly tephra) horizons allowed the calculation of numerous

sedimentation rates across narrow intervals. These were considered adequate data for

calculating pollen accumulation rates (see 2.3.9)

Several radiocarbon dates were rejected because they exhibited stratigraphic

inversion or were otherwise considered to be unreliable (see discussion in Chs 4;8).

2.3.3 The sampling interval

Core sampling intervals varied benreen sites, and even within a single profile,

according to changes in sediment and sedimentation rates, and to the degree of change

between successive pollen spectra. The general approach at each site was to salrrple initialty

at coarse (skeleton) intervals; subsequent closer sampling followed the initial results of
palynology and radiocarbon dating. A third stage was usually necessary to confirm or clarify

any abrupt palynological changes encountered. As a result the sampling interval was variable

at each site. The objective in pollen sampling was to obtain pollen spectra which on average

were separated by c. 300 years of deposition. From the range of estimated sedimentation

rates encountered, pollen samples of 0.5 cm3 lsee below) may encompass from 50 - 300

years These parameters varied greatly between and within sites.

2.3.4 Laboratory procedure for slide preparation

Laboratory procedures for preparing pollen slides followed Moore & Webb, 1978 (Fig.

2.4), with the following adjustments. To facilitate estimates of pollen concentration, a

standard sample volume of 0.5 cm3 was used. This was measured by displacing water in a

calibrated test tube. The sample was soaked (usually overnight) in LOVo potassium hydroxide

(KOH), then boiled for 20 minutes next day in fresh IOVoKOH. An 160 p sieve separated

coarser particles from the sample, which was then boiled for 45 minutes rn 40Vo hydrofluoric

acid (tIF), followed by heating in 10Vo hydrochloric acid (HCL). The HFIICL step was

repeated if siliceous material remained in the sample, or omitted altogether for peat samples

low in silica. The sample was dehydrated using glacial acetic acid, then acetolysed for 4

minutes at95-97o C using 9:1 acetic anhydride ([CH3CO]2O) to concennated sulphuric acid

(H2SOj. Further washes in glacial acetic acid and water were followed by extraction of
fines through a 10 p sieve. Finally samples were washed several times in water, stained with

basic fuchsin, then mounted in glycerine jelly.

2.3,5 Pollen identification and counting

Slides were analysed using aLeitz Ortholux photomicroscope. Counting proceded at

x400 magnification, with a x1000 oil immersion lens used for difficult grains. A comparison

tube enabled the comparison of unknowns with reference material.

A sum of at least 250 dryland pollen grains was normally reached, although

occasionally this target was not achieved due to low pollen content or to the retrospective
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PREPARATION OF POLLEN SLIDES

rleve 10;r

Boll 4C mlnc
{0% HFI sUr

i'ty.'#E'

dissolve marker
tabletr ln l0%
Itct

Acetolysis

Fi9,2.4, Flowchart of pollen slide preparation procedure
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exclusion of taxa from the pollen sum. See 2.3.LO for discussion on the choice of taxa within

the pollen sum.

Identifications were assisted by comparison with reference slides from Auckland

University collections, and with descriptions, photographs, and sketches made by the author

during several visits to the Palynology Section, Bouny Division, DSIR, Lincoln. Also

consulted were a number of works describing and illustrating (some with keys) pollen and

spores from sections of the New Zealand flora : fems and fern allies (Harris, 1955; Large,

1989); monocotyledons (Cranwell 1953); gymnosperms (Cranwell, 1940; Pocknall,

1981a,b&c); Myrtaceae (Mclntyre, 1963); Araliaceae (Smith, L972); Epacridaceae

(McGlone, L978a &b),Nothofagw (Harris, 1956b; Cranwell, 1939b; 1963). Unfortunately

no text yet exists which covers the entire flora, although Large (1989) has produced a

comprehensive descriptive and illustrated account of spores of the New Zealand ferns and

fern allies.

2,3,6 Identification and treatment of deteriorated specimens

The counting procedure for deteriorated specimens was as follows:

(1) recognisable fragments were counted as one half grain;

(2) unrecognisable fragments were ignored;

(3) entire, deteriorated, but recognisable specimens were counted as one $ain;
(4) intact, deteriorated, but unrecognisable grains were counted as

"unidentifiable".

This procedure helps overcome the difficulties of accurately quantifying specm with

many deteriorated specimens, while the "unidentifiable" category gives an indication of the

quality of preservation of a pollen spectrum. On the other hand it may lead to identifier bias

in favour of the more prominent and thus more familiar pollen types.
' 

Pollen types within the Podocarpaceae and Myrtaceae required special treament

because their quality of preservation varied between sites and occasionally between spectra

at a single site. The taxon Myrtaceae was introduced for problematical specimens from the

Umutekai and \Yaiatarua spectra, although manl other Myrtaceae grains were able to be

assigned to generic groups (see Chs 4;7).

The following procedure for counting podocarpacean grains was adopted. The

category "Prumnopitys" (PRUM) was assigned to specimens which could not be identified to

species level with confidence. This category was usually small compared with the total

numbers of grains scored as either P. ferruginea or P. taxifulia. After completion of the

count, the Prutnnopitys count was allocated to either species so as to preserve their observed

ratio in the spectrum (see example at top of next page).

The taxon podocarpoid (PODX) refers to saccate grains with sacs having non-radial

muri (f.e. notDacrydiwq not Halocarpw) but which could not be distinguished further.

Unlike Prwnnopitys, this taxon appears on pollen count lists and in the pollen diagrams; as
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Prunnopitys

P.ferruginea

P. taxifulia

Ratio PR.F:PR.T

with the category "unidentifiable" the ratio of PODX grains to the sum of grains scored

under other Podocarpaceae til(a tended to reflect the degree of deterioration in a spectrum.

A 4-character coding system was used to simplify some diagrams and pollen count

lists (see Appendices 1-3).

2.3,7 Taxonomy

Plant nomenclature follows Allan (1961) (pteridophytes, gymnospenns, dicotyledons)

and Moore & Edgar (1976) (monocotyledons), except where superceded by Ctonquist
(1981), Brownsey et al.(L985), and Connor & Edgar (1987). Pollen and spore nomenclature

follows the same authorities. Taxa names reflect the different taxonomic levels to which
identifications were possible, and may be species (e.g., Pruntnopitys fenuginea), genera

(e.g., Prwnnopitys), generic groups (e.g., Dracophyllurn - includesD.spp. andArcheria
spp.), families (e.9., Poaceae), or morphologic groups (e.g., podocarpoid). Appendix 1 lists

all pollen ta;(a encountered in this study, together with their potential source species in the

modern flora, and notes on ttreir habitat, ecology and modern disribution, as well as

important palynological characteristics.

2.3.8 Notlnfagwfwca type pollen aperture counts

The extant New Zealand species of Nothofagus Ne divided into nro palynological
groups (Cranwell, 1939b; Hanks & Fairbrothers, 1976).

(1) N. menziesii pollen has narow elongate apertures with pointed ends and no

annular thickenings.

Q) N.fiuca type pollen has broader elongate apertures with
rounded ends and annular thickenings. This group contains the remaining three New

Tnaland species, N . fw c a, N . truncata, and N. s o landri (both varieties).

Despite considerable overlaps in the ecology and distribution of species within the N.

finca group (Wardle, 1984) there are some important distinctions relevant to this study.

From its current montane and subalpine distribution (Wardle, 1984) N solandrivat.

clffirtioides is by far the hardiest taxon and tolerates cooler and drier climates. It is absent

from northern New Zealand today. In contrast N. truncata is mostly a low altitude species

and has a more northerly distribution than all other Nothofagu.s spp. Apart from isolated

stands of N. solandri var. solandri on Little Barrier Is., N. truncata is the only species to

occru north of 37o 30' S today.

Initial Count

L2

10

30

1:3

Adjusted Count

13

39

1:3
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Although N.fusca group trees are uncommon in northern New Zoaland today, the

pollen is a prominent component at most sites investigated here. This prominence increases

for pre-Holocene spectra. The determination of source to(a, or at least elimination of

candidates, should either be possible, would greatly assist with the interpretation of these

pollen records and help to clarify the history of.Nothofagus spp. elsewhere in New 7n'aland,

Cranwell (1939b) proposed aperture counts and size meastuements as a method for

distinguishing betweenN.ftnca group taxa. Her suggestion followed von Post's (L929)

successful attempt to apply these criteria to South American Notlufagw. However,

subsequent work on the New Zealand taxa has failed to clarify consistent distinctions based

on aperture counts and size, despite the optimistic claims of Halris (1956a & b). Distinctions

based on measurements of aperture length or P:E ratios are of little value as size may vary

with laboratory preparation procedures. Aperture counting would appear to be a more

promising approach for fossil spectra containing abundant N.fwca type pollen. However,

reported aperture counts have differed significantly between workers (Cranwell, 1939b;

Couper, 1953 Harris, 1956a; Hanks & Fairbrothers, 1976).

Additional problems arise from hybridisation and mixed communities of N.fisca

group taxa. Hybrids of N.lrs ca and N . truncata. and of the two varieties of N . solandri, may

be common where both parent species occur together. Aperture counts of hybrids have yet to

be reported. Pollen spectra containing more than one N.fiscc grouP species are also likely to

have occurred, given the abundance and wide dispersal capability of this group (Ch 3).

Despite these problems, aperture counts of N.fusca type pollen may prove useful by

indicating which tCI(a are more likely to be present, or by eliminating one or more

candidatcs. This approach is undertaken et two sites here, Kopouatai (Ch 6) and Otakairangi

(Ch 8). At each site, N.lrs ca type pollen aperture counts were averaged for several samples

within a pollen zone. The frequency of each of the 5,6,7 and 8-aperture types was expressed

as a percentage of the total number of grains from which aperture counts were determined.

Only those grains which could be reliably assessed (mostly polar view specimens) were

counted. The fossil N.fwca type apertue 'signature' was then compared visually with

modern reference aperture counts for the four New TnalandN.fiuca group ta:ra (Hanks &
Fairbrothers, 1976).

2.3.9 Estimation of pollen concentrations and accumulation rates and charcoal

abundance

The formulae for estimating these parameters are listed in Appendix 4. Pollen

concentration'procedures follow Benninghof (1962) and Maher (L972) (see also Moore &
Webb, 1978), and were based on the addition to the sample of exotic Lycopodiu.rn marker

tablets, obtained from the Laboratory of Quaternary Biology, Lund, Sweden. Pollen

accumulation rates were calculated from estimated pollen concentrations and sedimentation

rates. Charcoal concentrations were estimated using the techniques of Clark (1982).
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2.3.9 Principal Components Analysis

PCA was undertaken using the statistical software package SAS (SAS Institute Inc.,

1985), run on an IBM personal semFuter. This is an R-mode method (Prentice, 1980), which

generates a correlation matrix between pollen taxa after percentages have been standardised

to unit variance for each to(on. From the correlation matrix are calculated component

loadings (taxa loadings) and component scores for individual samples (sample scores). The

magnitude of the taxa loadings indicate the relative importance of the different pollen taxa in

each component. As recommended by Birks & Gordon (1985), only those pollen types

which consistently attain >SVo fre4uency were included in the PCA; less common ta:(a

contribute little to the variation in the dataset. This is referred to here as the "57o criterion".

Pollen percentages only were used because of the inherent variability of absolute pollen data

(Adam, 1974: Birks & Gordon, 1985). At sites containing moderate to high charrcoal

concentrations, these data were also included in PCA.

At each of the fossil pollen sites (Chs 4-9), ta:ra loadings and sample scores for the

first two principal components (PCs) are illustrated and discussed. Snatigraphic plots of the

first few (2-4) PCs are presented with the percentage pollen diagrams for each site.

2.3.10 The pollen diagrams

Three categories of pollen diagrams are presented: percentage, concentration, and PAR

diagrams. These are either comprehensive, covering all the main taxa for the entire

sequence, or partial, illustrating profiles for selected talra over selected intervals. All raw

pollen counts are included in Appendix 3. .

Taxa in the perccntage diagrams are presented in alphabetical order within ecological

groups; these groups are represented in the surnmary diagrams. Trees (gymnosperm, then

angiosperrr) are followed by shrubs, then dryland herbs, these groups comprising the pollen

sum. Outside the pollen sum are taxa in the groups wetland plants (including wetland shrubs,

herbs, and aquatics), tree ferns, ferns and fern allies, and adventives.

Appendix 1 indicates that some taxa include source species from more than one

ecological group. Where these taxa occur a decision was made as to the ecological group in

which the taxon would be included, based on the modern distribution of the source species.

For example, the genus Halocarpw is represented in Northland today by the nee F/. kirkii,
whereas from Waikato southwards it is represented by the small trees and shrubs H. bidwillti
andII. btfurme. Pollen diagrams from Northland and Auckland sites include Halocarpw in

the uee group; it is included in the shrub group at the remaining sites. Another problem

concerns taxa included as obligate wetland plants, although some of these include species

which may grow on dry land (e.9, Cyperaceae, Phormium). As these are normally expected

to contribute only minor amounts of pollen from extra-local and regional source plants, their

inclusion as wetland taxa seems justifiable. More difficult are the shrub and tree taxa,

I-eptospermurn, Syzygiurn, andCoprosma, which may occur locally in swamps, but may also
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be prominent in dryland vegetation. At times the pollen of these tCIra was over-abundant' yet

highly variable, often forrring clusters; these features suggest local presence and their

inclusion in the dryland pollen sum would seriously distort the percentages for other dryland

tCIra. Where this occurred these taxa were included as wetland plants and thus omitted from

the pollen sum. Although treaunent of a to(on may vary between sites, once designated at a

particular site, a taxon's ecological status was retained for the entire profile, despite the

possibility of source species changing over time. For this reason the distinctions made in the

surnmary diagrams are somewhat arbirary, although they do give a general indication of the

changing pollen composition for the various ecological groups.

I-ocal pollen assemblage zones were assigned to the fossil pollen diagrams to assist

with their description and subsequent discussion.Tnne boundaries were designated on the

basis of changes in extra-local and regional pollen components, so that within a zone there is

relative uniformity in the dryland pollen taxa. Occasionally changes in local ta:ra also

influenced the zonation, as specified in the relevant sections. Most zones are Acme 7nnes,

i.e., bodies of strata characterised by the abundance of certain elements within the

assemblage (West 1970; Hedberg, L976) although occasionally the stratigraphic range of a

selected element determined the zonation (Range Tnne), Atl Pollen zones were determined

by eye, although the zonation at each site was compared with the palynostratigraphic

distinctions detected by principal components analysis.

2.4 DATING THE POLLEN PROFILES

2.4,L Radiocarbon Dating methodology

The method of using the radioactive isotope laC for determining the age of carbon-

containing substances has been widely used, since its development by Libby (1955).

Radiocarbon (l4C) is formed in the upper amosphere through the displacement of

protons (p) from Niuogen atoms by cosmic ray produced themral velocity neutrons (n):

l4N+n +tog*p.

After production, radiocarbon rapidly oxidises to radioactive CO2, which consitutes c. 10-10

7o of aunospheric CO2, and in this form is distributed through the roposphere, oceans, and

biosphere, and is deposited in soils and sediments. These repositories of carbon are called

"reservoirs". For dating it was assumed in the first instance that production of radiocarbon

was constant over time and that diffusion into reservoirs is in equilibrium with production of

new radiocarbon in the upper atmosphere.

Through photosynthesis, all living plants assimilate atmospheric laCO2 and almost all

forms of terrestrial life that consume this vegetation will thus contain the same amounts of
laC. Replenishment ceases at time of death, thereafter the radiocarbon content decreases at a
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known fixed rate, which can be expressed in radiocarbon years. The accuracy of dating is

therefore dependent on the precision of detecting residual radiocarbon activity in the sample,

as well as other factors collectively referrcd to as sources of error (see below). The amount

of radiocarbon in a sample is determined by measuring its beta-particle activity.

Traditionally this may be accomplished by either proportional counting of a gas derived from

the sample (e.9., CO), or by scintillation counting of an organic liquid (generally benzene)

derived from the sample.

Dates reported in this study have been obtained from the two New 7-ealand

laboratories currently in operation. The University of Waikato Radiocarbon Dating

Laboratory (dates prefixed by Wk) uses liquid scintillation counting of benzene, whereas gas

proportional counting is undertaken at the Institute of Nuclear Sciences (INS), Lower Hutt
(dates prefixed by NZ). Since 1977, radiocarbon dates have been successfully obtained by

direct accelerator mass spectrometric measurement of radiocarbon (AMS) and this method is

now employed by INS. It has the advantage of being able to routinely measure very small

amounts of carbon, up to 1,000 times less than required by conventional methods (Linick er

al., L989). Applications of the AMS method include the successful dating of fossil pollen

grains (Brown et a1.,1989) and individual seeds (Jackson et al., 1986). The University of
Waikato laboratory has recently acquired a high precision liquid spectrometer (the

Quantulus) which has the advantages of enhanced precision of measurement (reduced

standard error) as well as extending the age range of radiocarbon dating up to c. 60,000 years

for well preserved material. The age range for conventional measurement and AMS methods

covers the period from the present back to c.35 - 50 ka.

2.4.2 Sources of error in radiocarbon dating

Accuracy of Measurement

When establishing the radiocarbon dating technique, Libby (1946) chose to quote

errors of age deternrination based only on the measurement of residual radioactivity of
radiocarbon in the sample submitted for dating. The statistical uncertainty of measurement

was thus expressed as a mean age * one standard deviation (t o), in brief, mean age t error.

This convention continues to this day, although it is now widely appreciated that this

statistical error of measurement is not always the major source of error in the method. Other

sources of error that are considered to be relevant to this study are discussed below.

The Half-Life of 14C

Libby (1949) proposed the value of 5568 t 30 years based on available deterrrinations

of that time. Subsequent re-determinations (Mann et al., 1961; Watt er al., l96L; Olsson,

L974),led to a revision; the best currently available estimate is 5730 t 40 years. However to

ensure uniformity it is recommended that radiocarbon dates continue to be calculated and
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reported using the Libby value (Godwin, t962). Although an adequate correction for half-

life discrepancy can be obtained by multiplying the old age by 1.030, the application of a

half-life correction alone may be misleading, in view of much larger potential errors in

radiocarbon dating due to fluctuations of past radiocarbon production rate (see below).

Irrespective of which half-life is used, radiocarbon dates should be regarded as "radiometric"

and not "absolute" ages (Polach, 1976).

Modern radiocarbon reference standard

Modern organic samples are unsuitable as reference samples for radiocarbon dating

because of greatly increased production of radiocarbon resulting from the detonation of

themronuclear devices and because of the liberation of large quantities of 12C due to the

burning of fossil fuels (the indwtial effect). A value of 0.95 x the measured activity of the

United States National Bureau of Standards oxalic acid standard is regarded as equivalent to

the natural radiocarbon activity of AD 1890 wood. The 1890 activity (pre-indusuial effect) is

corrected to AD 1950, the reference year for all ages quoted in radiocarbon years BP.

Temporal and spatial variations in radiocarbon production rates

Discrepancies between radiocarbon years and sidereal calendar years have been

demonstrated through radiocarbon dating of tree ring sequences (de Vries, 1958; Willis er

al., L960; Ferguson, 1969). These results indicate that the atrnospheric production of

radiocarbon has varied over time and has resulted in calibration curves for radiocarbon dates

based on dendrochronological records; see Radiocarbon2S (1986). For the period from c.

2,000 BP to the present, radiocarbon years appear to be approximately equivalent to

dendrochronological years, but beyond 2000 BP an increasing divergence is apparent, so that

a radiocarbon date of 5000 BP corresponds to c. 5800 years on the dendrochronological time

scale. Earlier calibration curves showed marked perturbations ("wiggles") in certain parts,

which meant that a radiocarbon date may correspond to more than one calendar age.

Spatial variation in radiocarbon production has also been demonstrated(e.g., Pearson

et al.,1977), which suggests that calibration curves should be regarded as area specific.

Isotopic Fractionation

Craig (1953) flust pointed out that the effect of carbon isotopic fractionation needs to

be considered in radiocarbon determinations, and proposed a conection based on mass

spectrometric measurement of the stable 13C and 12C isotopes. For this reason, some

radiocarbon dating laboratories, including those in New Zealand, have made mass

spectrometric measurements of 13C an integral part of their work. The ratio of 13C:l2C is

measured on a small subsample of the material to be dated, and values are published as

deviations from an internationally recognised standard, as 613C parts per thousand. For

example, the normal 6l3C range for Ausualian peat samples is27 t.3 parts per thousand
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which is equivalent to an age correction of -35 + 95 years (Polach, L976). The * error of this

age correction is often larger than the cornmon statistical uncertainty of the age

determination.

In addition, fractionation can occur in the laboratory induced by the conversion of
sample carbon to the gas or liquid form. In a study where comparisons are made with

previously published dates, it is also relevant to point out that the vast majority of
radiocarbon dates published inRadiocarbonpior to l972,have not applied a 613C

correction to their results (Lerman, 1972).

Contamination
Contamination is the most serious problem encountered in radiocarbon dating

(Jansen, 1984). It refers to a change in radiocarbon activity other than radioactive decay,

after the sample has formed (after death in living matter). Contamination may occur while

the sample lies buried in situ, during collection, storage, or processing, an6 may result from

physical, biological, or chemical mechanisms. A sample (e.9., wood, peat layer) buried in an

organically rich soil will be subject to exchange of humic and fulvic acids and other soluble

soil organic matter, by fomration of chemical bonds or by permeation through porous

structures. Buried charcoals are potentially susceptible to contamination as they have a large

capacity for sorbing soluble soil organic compounds (Goh et al., L977). Organic sediments

may be penetrated by feeding rootlets, which eventually decay and so may no longer be

isolated from the decay products of the sample itself. Bacteria that derive their energy from

CO2 in the soil will deposit trace amounts of foreign carbon in the sample, and other soil

organisms may introduce carbonaceous material from layers outside that to be dated.

Dates on peats or other organic sediments, which may accumulate over a long period,

are especially difficult to interpret. Several contamination processes are likely to be in

operation; the time scale is blurred because deposition is likely to have been uneven, while

deposited material may be subsequently eroded or otherwise disturbed. For example, in peat

or lake sediments a single flood may add as much sediment in one day as is normally

deposited over hundreds of years, and thus the "integrated" age determined by radiocarbon

dating must be interpreted intelligently. The advent of the AMS method partly offsets this

problem by reducing the sample size and hence accumulation time over which the

"integrated age" applies.

Of the various sources of plant material accumulating in lake sediments, colloidal

humic material and dead phytoplankton and zooplankton may be sources of error in dating.

Colloidal humic material and land vegetation deposited by streams may be derived from

erosion of older peats or soils. Algal plankton derive the CO2 necessary for photosynthesis

from bicarbonate in the lake water, and where the lake is fed by water from ancient

limestone or other sources of dissolved alkaline carbonate, erroneously old dates may result

(the lnrd-water effect: e.9., Mathewes & Westgate, 1980). Additional sources of depletion in
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radiocarbon in lake sediments include the reservoir effect (e.g., Hdkansson, 1976), due to the

relative slowness of CO2 exchange between the atmosphere and lake water, and the

introduction of inert carbon to a lake system through hydrothermal activity (Rafter et al.,

1972).

The effect of contamination is often predictable as to the direction an age change will

take, but the magnitude of change can only be estimated if the true age of the sample, the age

of the contnminant, and the percentile content of the contaminant are known (Fig. 2.5; Table

2.2). Asample 100,000 years old, thus truly beyond the radiocarbon detection limit, becomes

datable at 37,000 years with just llo contarnination by "modern" (pre-1950) carbon, and just

datable at 47,000 years with only O.l%o,resulting in errors of 63,000 and 53'000 years

respectively. As Polach (1976; p. 283) has stated:

Obviowly the skills of both the collector and the laboratory_ryry! reachvery-
high levdls of achieviment before validity of-age.s .bqond 25,00-0 year! can be

aicepted. ...-unless proof to the contrary is furnished ... a date Ueyq"(
25,0b0 years is best coisidered as a miniium age only.This certainly app-lies

to'a siigte sample determination, collected, preireated, and dated routinely.

Although radiocarbon laboratories employ standard pre-treatment procedures to guard

against the possible effects of contamination, these cannot counteract, or indeed detec! all

forms of contamination. Usually, samples are fhst checked for the Presence of rootlets and

other obvious signs of foreign matter, before being cut or ground into small portions and

examined or sieved to remove dust. This is followed by treatment with hot dilute acid to

remove carbonates, and with alkati solutions to remove humic acids. Admixtures of

chemically identical but non-contemporaneous materials cannot however be detected. Goh er

al., (1978) suggested that satisfactory radiocarbon dates could be obtained from peats by

dating all the fulvic acid, humic acid, and residue fractions separately. However their results

were inconclusive regarding the contaminants and the best means for their removal. Until the

mobility and nature of organic components of peat are better understood, and until

agfeement has been reached on which carbonaceous components are most representative of

the event and interval to be dated, routine pretreatment at both New Zealand radiocarbon

dating laboratories is restricted to an acid/alkali.wash (Hogg, L982; Melhuish, 1988).

2.4.3 New Zealand examples of erroneous radiocarbon dating

Neatl & Jansen (198+) reported anomalously old wood and charcoal from Taranaki,

which they suggested may be explained by transportation to lower altitudes 4-6,000 years

after originatly deposited, as a result of later volcanic activity. Three dates ranging from c.

5.5 -7.2ka BF were obtained, yet the samples occurred within a tepha sequence previously

radiocarbon dated to between 0.5 - 2.0 ka BP, and a peat sample from the same horizon was

dated as 1430 + 150 years BP.

Goh el at,, (1978) applied various chemical pretreatments to peat sample replicates of
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Yrarl

Fig. 2.5. The effects of contamination by higher activity (younger) carbon on radiocarbon
age; from Polach, 1976).

Table 2.2.The effects of varying degrees of sample contaminationby: A, modern carbon; B,
old carbon, i.e. so old that all radioactivity has decayed;from Polach (1976).

True Samplr
AGE

5,000 years
10,000
20,000
30,000

I00,000

Approxlme t e

L7.

4, 950 years
9,800

19 , 100

27 ,200
37 ,000

lr, 650 yearg
9,ooo

16,500
21,000

3,700 years
6,800

10,600
L2,200

Cerbon

50%

2,100 years
3,600
5,000
5,400

Age af,ter ConEamlneclon by MODllllN

s% 207,

True Sample
AGE

500 years
5,00.0

l0,000
20,000

Apparent Age

s%

afEer Contamlnatlon by OLD

107. 207,

Carbon

507,

900 years
5 ,400

l0, 400

20,400

1,300 yeare
5 ,800

10,800
20,800

2,200 yearg
6, 700

11,700
2L,70O

6,000 years
r0,500
15 ,500
25 ,500



-61-

those dated by Runge et al. (L973), from late Pleistocene loess deposis of the Timaru

Downlands, South Canterbury. The earlier dates were mostly younger than those obtained

for the treated peats and were therefore considered to be unreliable. Goh et al., (1978) also

discussed the implications of improved radiocarbon dates for the loess and Peat stratigraphy

of South Canterbury, €.g., the maximum age for the Timaru buried peat changed

significantly from 31,000 to >49,700 BP. These results confirmed ttrat radiocarbon dates >20

ka BP derived from peats, organic silts, and wood remains associated with these deposits

may be subject to a high degree of error because of contamination by younger carbon. Even

the apparent increase in age of successive samples yi4,-*""sing depth through a peat

deposit can no longer be argued as evidence o_f(significdnt contamination.fheir re-evaluation

of the loess and peat stratigraphy confirmed the suspicion of Moar (1973tr who had described

a palynoflora characteristic of a glacial period for the Timaru buried peat and therefore

speculated that the radiocarbon dates (indicating last glacial age) may be in error.

, At another pollen site, Blue Spur Road, north Westland (Moar & Suggate, t973; Moar,
o

l97q, the late Pleistocene chronology was based on three radiocarbon dates ranging from

30,300 - 21,2N years BP. As at Timaru, forest was cleaily the dominant vegetation at this

time, when a plant cover of a less temperate character might have been expected, based on

other contemporaneous pollen data. Re-examination of the original pollen slides revealed

thatNestegfs pollen, although originally not identified (Moar & Suggate,1973 ). was present

in all spectra spanning the "Otiran forest phase" (Moar, 1984). As Nestegis pollen is

considered to be a means of identifying interglacial sites from North Westland, Moar (1984)

concluded that the lower Blue Spur Road pollen profile is older than the radiocarbon dates

suggest and that the "Otiran forest phase" is actually of interglacial age.

Brown & Wilson (1988) reported several dates ranging from 27,9O0 - 40,000 years old

for organic material associated with the Bromley Fonnation, believed to be of last

interglacial age (Suggate, 1958). The dates also conflict with pollen analyses, which

indicated podocarp forest, suggesting temperate, interglacial climate (Moar & Mildenhall,

1988). Brown & Wilson rejected the problematical radiocarbon dates as being too young due

to contamination.

Burrows (1938) reported numerous radiocarbon dates on material associated with the

retreat of South Island glaciers at the end of the last (Otiran) glaciation. Three dates, on

wood and organic sediment, were considered to be erroneous, because they conflicted with

other dates or with stratigraphic and geomorphic relationships. Two of these dates were of
late glacial age (14-10 ka) and considered to be c. 2-2.5katoo young. Although this error

margin is smal'ler than those cited earlier from older material, it is nevertheless significant in

tenns of the relative deviation from the accepted age. Smaller discrepancies (<1,000 years)

between replicate dates obtained at different laboratories, from late glacial material

associated with the Waiho loop terminal moraine, South Island, were discussed by Mercer

(1988). Burrows (1988) concluded that contamination of radiocarbon date samples by young
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(or old) carbon is a possibility frequently ignored by Quaternary investigators. Resarnpling
and sningent pretreaunent of samples to remove possible contaminants, before re-dating, as

well as pollen, tephrostratigraphical, or other appropriate analyses may assist with the
interpretation of problematical radiocarbon dates.

2.4.4 Reporting Radiocarbon Dates

Radiocarbon dates reported here are conventiorutl radiocarbon ages (Stuiver & polach,

t977), i.e., based on the Libby half-life (5568 t 30 years), with ages expressed in
radiocarbon years BP t I standard deviation. The counting error includes the statistical
uncertainties of the sample, background, and reference standards and, where applicable,
errors in estimating 613C. Unless otherwise specified, no corrections have been made for
variations in past l4C atmospheric levels. Details of all radiocarbon dates reported in this
thesis are listed in Appendix 5.

2.4.5 The use of tephra layers for dating
Volcanic airfall deposits erupted from sources in the Taupo Volcanic Znne,Taranaki,

Mayor Island, and the Auckland Volcanic Field have proven useful as datable stratigraphic
marker beds for a wide variety of purposes (e.g., pullar, t973; McGlone & Topping,1977;
Green & Lowe, 1985; ; Howorth et a1.,1981; Harper et a1.,1986; McGlone et al.,l9gg; see
also [,owe, 1990) and are also utilised in this study. Lake and peat bogs of late euaternary
age in the North Island, particularly in Waikato and Taranaki, are ideal sites for the
preservation of multiple tephra layers as well as palynomorphs.

Thc methodology for establishing a tephrostatigraphic framework has baen dpsffibad
by Hogg et al., (1987) and Lowe (1988) for the Waikato region, and by Neall (L972) and,

Neall & Alloway (1986) for the Taranaki region. Most of the tephra layers have been
correlated with named eruptive units using diagnostic mineralogic and chemical criteria,
together with stratigraphic and age relations (Neall, L972; Lowe, 1988). Age estimates for
each tephra layer have been determined by radiocarbon dates of associated organic material.
Most radiocarbon samples consist of slices of sediment - usually l-2 cmthick in lake
sediments, 2-5 cmor occasionally thicker in peats - from above or below a tephra layer,
from either sediment cores or surface exposures. Such slices of sediment, deliberately kept
as thin as possible, represent an accumulation interval, and hence may reduce the accuracy
of dating the tephra layer. This possible reduction in accuracy is offset by the tight
sratigraphic conEol provided by a continuous sequence, and by the availability of dates for
many of the tephra layers from other sites, thus acting as independent monitors of error

fl.owe, 1988).

Age estimates for tephra layers referred to in this study are from Froggat & Lowe
(1990), supplemented by personal communications from Drs D.J. Lowe & V.E. Neall who
undertook all tephra identifications.
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