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Abstract 

A series of isopollen and isochrone maps for New Zealand since the Last Glaci al 

Maximum (LGM) is presented; these maps suggest likely paleovegetation patterns in 

New Zealand since the LGM . To the best of my knowledge, they are the first 

constructed for any region in the Southern Hemisphere. The procedure used to 

construct the maps was unique in a number of ways. Contouring was predominantl y 

acheived using kriging techniques on a computer package rather than manual 

contouring, which has been the norm in other regions. An integrative approach was 

used ; marine microfossil data was utilised to derive paleo-sea surface temperatures 

which. when combined with fauna! freezing temperatures. yielded a priori theoretical 

altitudinal limits fo r selected taxa to augment the fossil pollen data. TeITestrial 

macrofossil data was used to evaluate the resultant maps. Paleo-shorelines, also 

deri ved from macrofossil studies, are shown. Paleo-shorelines are important in that 

coastal areas may have served as refugia during, and mi gration routes after, the LGM. 

The resultant maps show that an integrative approach was generall y successful. The 

maps give a more holi stic view of New Zealand's paleoenvironment than is possible 

from studying individual fossi l pollen diagrams, and some interesting conclusions are 

reached. The southern limit of continual forest in the late glacial period may have 

been 2° south of commonly accepted limits. The existence of a Younger Dryas­

synchronous cooling in New Zealand is shown to be unlikely from a palynological 

perspective. 

Errata 

page i line 9 should read'· . .. when combined with.floral freezing temperatures .. .'' 

page 17 caption should read "F igure 1. The Hemisphere Centred on New Zealand . 
Note the isolation of New Zealand. with Australia. our nearest sizeable neighbour. 
being 2000 km to the west.'" 



New Zealand lsopollen & lsochrone Maps 

Table of Contents 

Preface 

1. Introduction 
I. I The eed to Create Holocene Vegetation Maps 
1.2 Cartographic Representation of Paleovegetation 
1.3 Jsopollen Maps 
1.4 lsochrone Maps 
1.5 New Zealand·s Physical Geography 
1.6 New Zealand's Phytogeography 
1.7 Biogeographical Problems in Nevv Zealand 

2. Method Used to Construct lsopollen and Isochrone Maps 
2.1 Data Collation 

2.2 
') ,., _ . ..) 
2.4 
') -_.) 

2.6 

2.7 

2.8 

Establishing Time Intervals 

Vegetation Assemblages Used in Pollen Sums 

Selecting Taxa to Plot 

Pollen Jdentification / 

Recording Relative Pollen Data 

Contouring 

Reconstructing Paleo Treelines and Timberlines 

R.J.Tinkler 

IV 

I 
4 
7 

10 
12 
24 
29 

,.,..., 
..)..) 

36 

38 

40 

43 

44 

44 

50 

2.8.1 Reconstructing Paleo Shorelines 52 

2.8.2 Reconstructing Paleo Temperatures 68 

2.8.3 lntegrating Paleo Shorelines and Paleo Temperatures 84 

2.9 lsochrone Map Construction 85 

3. The Isopollen and Isochrone Maps 
3.1 

3.2 
,., ,., 
..) . ..) 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

3.10 

3.11 

3.12 

3.13 

Agathis australis 

Ascorina lucida 

Coprosma spp 

Dacrydium cupressinum 

Dacrycarpus dacrydioides 

Li hocedrus spp 

Not hr~fagus fi1sca group 

Nothofagus menziesii 

Phyllocladus spp 

Poaceae spp 

Podocarpus tolara 

Prumnopitys ferruginea 

Prwnnopitys taxifolia 

II 

87 

90 

93 

96 

99 

102 

103 

106 

107 

110 

113 

116 

119 



New Zealand lsopollen & Isochrone Maps R.J.Tinkler 

4. Interpretation of the Maps & Conclusion 
4.1 The Last Glacial Maximum 22.000 - 14,000 BP 120 

4.2 Late Glacial Period 14.000 - 10,000 BP 123 

4.2.1 The Younger Dryas Stadia! c 11.500 - 10,500 BP 125 

4.3 The Holocene: 10.000 BP - Present 
4.3.1 Early Holocene 10,000 - 8.000 BP 
4.3.2 Mid Holocene 8,000 -4.000 BP 
4.3.3 Late Holocene 4.000 BP - Present 

4.4 Conclusion 

5. Appendices 
5.1 New Zealand Fossil Pollen Sites 
5.2 Pollen Morphology 
5.3 

5.4 

Sea Suface Temperatures 
Cautions in Interpreting Isopollen and Isochrone Maps 

5.4.1 Differential Pollen Production 
5.4.2 Differential Pollen Dispersal in Air 
5.4.3 Differential Pollen Dispersal in Water 
5.4.4 Differential Lake Size 
5.4.5 Differential Pollen Sedimentation 
5.4.6 Differential Pollen Preservation 
5.4.7 R-Values 
5.4.8 Statistical Limitations 
5.4.9 Potential Errors in Sampling. Treatment & Counting 
Pollen 
5.4.10 Temporal Limitations 
5.4.11 Climate vs Edaphic Factors or Succession 
5.4 .1 2 Potential Errors in Radiocarbon Dating & 
Tephrochronology 

5.4.12.1 Introduction 
5.4.12.2 Sample Selection & Contamination 
5.4.12.3 Long-term Changes in Atmospheric 14C Content 
5.4.12.4 Fractionation Effects 
5.4 .1 2.5 Variations in 14C Content of the Oceanic 

Reservoir 
5.5 Sensitivity Analysis 
5.6 References 
5.7 Index 

Ill 

128 
13] 

133 

135 

141 

158 

177 

181 

182 

185 

187 

188 

189 

191 

194 

196 

197 

197 

199 

203 

205 

206 

207 

208 

209 

250 



ew Zealand lsopollen & lsochrone Maps 

List of Figures 
1 The Hemisphere Centred on New Zealand 
2 Geology of New Zealand 
3 Modern and LGM Ice Margins in New Zealand 
4 North Island Soils 
5 
6 
7 
8 
9 
10 
11 

12 

13 

13 
14 
I 5 
16 
17 
18 
19 
20 
21 
22 
23 

South Island Soils 
Southern Alps Transect: Topography and Precipitation 
Major Rainfa ll Patterns in ew Zealand 
New Zealand Beech Gaps 
Late Quaternary Uplift Map. North Island 
Late Quaternary Uplift Map, South Island 
Post-LGM Eustatic Sea Level Curves for New Zealand, Relative to 
Present 
Eustatic Sea Level Curve Since the Last Glacial Maximum 
Foraminifera Globigerin(/ bulloides & Coccolithophore Emiliania 
huxley i 
Agathis australis pollen 
Phyllocladus spp pollen 
Dacrycarpus dauydioides pollen 
Dacrydium cupressinum pollen 
Halocarpus spp pollen 
Lag(lrostrobos colensoi pollen 
Podocurpus spp pollen 
Pmmnopitys spp pollen 
Metrosideros spp pollen 
Leptospermum scoparium and Kunzea ericoides pollen 
Nothofagus spp pollen 

List of Tables 
1 Selected Disjunct and Partially Di sj unct New Zealand Taxa 
2 International Comparison of Isopollen & Related Maps 
3 Temporal Di stribution of New Zealand Pollen Sites 

R.J.Tinkler 

17 
18 
19 
20 
21 
22 
22 
23 
56 
57 

66 

67 

83 

158 
160 
161 
162 
163 
164 
165 
167 
172 
173 
175 

32 
35 
38 

4 Modern Distribution of New Zealand Flora as a Function of Altitude. 
42 

Latitude and Temperature 
5 Correlation of Land and SSTs Peripheral to the ew Zealand Coast 
6 Reconstructed SSTs Peripheral to the New Zealand Coast 
7 Comparison of the Relative Percentages of Fossil Wood and Fossil 

Pollen for three North Island sites 

IV 

81 
82 



ew Zealand lsopollen & lsochrone Maps R.J .Tinkler 

Preface 

Quaternary research in the Southern Hemisphere has historically received less 

emphasis than research north of the equator (Partridge et al 1999) yet there are clear 

differences in the mechanisms and patterns of climate and paleovegetation change 

between the two hemispheres. It follows that the Southern Hemisphere's 

paleoclimate is not particularly well understood; typically researchers extrapolate 

climate reconstructions from Europe and North America to the Southern Hemisphere 

(eg COHMAP members 1988: Diaz & Graham 1996; Peteet et (If 1997). 

Unfortunate ly. according to Iriondo ( 1999) ·'Such a methodological tendency is 

permanent and often risky."' given, for example. '· ... both extremes of the global 

climate system (Antarctica and the Pacific Warm Pool) are located in the Southern 

Hemisphere. It is hardly probable that both regions play a passive role in climatic 

changes driven by orth Atlantic factors.'' 

New Zealand is rather uniquel y situated in this regard as it is the only sizeable 

landmass in the Southern Hemisphere free from continental influences, is proximal to 

western boundary currents and the subtropica l convergence. and is relati vely well 

studied . Furthermore. New Zealand provides ·· .. . virtually unparalleled opportunities 

to examine postglacial environmental changes without the veiling effects of human 

influences:· ( ewnham & Lowe 1999) given that anthropogenic impacts on 

vegetation cannot be unequivocally demonstrated before 700-800 years before 

present. 

Fossil pollen analysis provides one method of paleovegetation and paleoclirnate 

reconstruction. Fossil pollen data has been used in New Zealand to reconstruct 

paleoclirnate and climate change (McGlone 1973 ; Shulmeister et al 1999), and related 

processes such as changes in paleovegetation composition (Moar 1970); 

anthropogenic impact (Hurne & McGlone 1986; Wilmshurst 1997; Empson et al 

1999) including dating the first arrival of Maori in ew Zealand (Ogden et al 1998; 

McGlone & Wilrnshurst 1999a); the impact of cataclysmic events such as vulcanisrn 

and fire on vegetation (McGlone et al 1988; Bussell 1988), testing succession models 

(Bray I 989) and to assist with revegetation programs (Chester 1991 ). Palynology has 

v 
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also been used to reconstruct Holocene sea level change (Pocknall et al 1989; 

Mildenhall 1994). 

In New Zealand. however. palynological research typically focuses at the regional 

level and there has been considerably less effort to systematically synthesise the 

results into a coherent picture of the paleoenvironment for the country as a who le. At 

the same time palynological researchers typically operate in isolation, to some extent 

under-utilising other paleoenvironment reconstruction techniques. Because 

palynology is fairly imprecise due to faulty representation of some taxa and complex 

terrain (Markgraf et al 1992). vegetation and climate reconstruction is best effected 

utilising multiple sources of evidence, including ocean cores, tephras and macrofoss ils 

to augment the pollen data. The purpose of this thesis, therefore. is to synthesise as 

much fossil pollen data as possible in a series of isopollen and isochrone maps for 

selected ew Zealand taxa since the Last Glacial Maximum (c 22,000 years ago). at 

the same time integrating fossil data other than pollen. A secondary objective is to 

interpret these maps in terms of vegetation and climate change. 

vi 
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