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i 

 

Abstract  

 

Numerous palaeoclimatic investigations have been undertaken throughout New Zealand in an 

attempt to reconstruct the vegetation and climatic history of the Holocene (10,000 yr B.P. to 

present). It is surprising therefore, that to date no detailed investigations have been undertaken 

in western Southland; one of New Zealand’s most climatically sensitive areas. Pollen analysis 

was undertaken on a 450 cm (5,030 ± 20 year old) peat core extracted from Eglinton Bog, 

western Southland, to reconstruct the mid to late Holocene vegetation and climatic history of 

this area. By 2,300 yr B.P. Nothofagus Fuscospora had expanded throughout the Eglinton area 

and by ~ 1,000 yr B.P. a species poor N. fusca/ Nothofagus solandri var. cliffortioides forest 

had largely replaced the pre-existing N. menziesii forest. The transition is believed to be 

associated with the further deterioration of the mid to late Holocene climate to the cooler, 

wetter, frostier and cloudier climatic conditions that dominate the area today. Using evidence 

from Eglinton Bog as a starting point a detailed integrated regional comparison of southern 

New Zealand’s Holocene vegetation and climatic history was established by comparing 

individual site elevation, mean annual temperature and precipitation, and pollen records. A 

regional expansion of N. menziesii and N. Fuscospora was recorded throughout southern New 

Zealand between approximately 5,000 – 1,500 yr B.P. However, the timing, rate of change 

and extent that species became dominant varied between locations. It is suggested that while 

climate change was the main forcing factor behind the transition from tall Podocarp forest to 

N. menziesii forest, and eventually N. Fuscospora; for the vast majority of southern New 

Zealand, the variation in the rate, timing and magnitude of the species expansion between 

different locations within southern New Zealand appears to have also been influenced by a 

combination of site specific variables including local climatic conditions, altitude, the absence 

of refugia, fire frequency and the symbiotic relationship between Nothofagus roots and fungi.  
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1 Introduction 

 

The global study of Quaternary pollen records has provided much needed insight into how 

vegetation and by inference, climate, has changed since the termination of the last glacial 

maximum (LGM). The vast majority of this information originated from the Northern 

Hemisphere and largely focused on the complex climate changes associated with the 

termination of the LGM (Elliot, 1998). Until recently, it was believed that the Holocene 

climate had remained relatively stable throughout, and as a result had been largely overlooked 

(Lowe and Walker, 1997). Recent investigations, however, have challenged this views, 

suggesting that like the late glacial, the climate of the Holocene was as equally variable, with 

significant alterations in regional and global ocean-atmospheric interactions (Shulmeister et 

al., 2006, Shulmeister, 1999, McGlone, 1988).  

The vast majority of terrestrial evidence for vegetation and climate change during the 

Holocene is derived from pollen analysis undertaken on peat and lake sediments (Elliot, 

1998). Unlike other proxy records, such as glacial deposits, which are confined to specific 

locations and often have intermittent records, pollen records often provide continuous, widely 

accessible records that span the Holocene and/or late glacial (Bradley, 1999). Pollen proxy 

records have been used since the mid-nineteenth century to reconstruct the past vegetation 

composition throughout the Northern Hemisphere (Moore and Webb, 1978). More recently, 

however, the links between species and their distribution with specific environmental and 

climatic variables has led to pollen records becoming one of the most commonly used 

palaeoclimatic proxy records. Despite this, records of Southern Hemisphere Holocene climate 

change still remains relatively limited. If a global record of late Quaternary climate change are 

to be developed and the complexity of inter-hemispheric changes in ocean-atmospheric 

circulation are to be understood, then more detailed, higher resolution investigations need to 

be undertaken in the Southern Hemisphere.  

New Zealand’s size and isolated location within the Southern Hemisphere makes it an 

excellent location for recording significant alterations in Holocene climate. The mid 
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latitudinal distribution (34° - 47°S) of New Zealand means that southern New Zealand lies 

directly in the path of the circumpolar westerly belt, a wind pattern that is directly linked to 

the global ocean-atmospheric circulation system. The effect of westerly circulation on 

southern New Zealand is further modified by the presence of the Southern Alps, a large 

mountain chain that divides the east and west coasts of the South Island. The Southern Alps 

act as a partial barrier to the dominant westerly airflow, creating a significant east to west 

environmental/climatic gradients and appears to amplify changes in the surrounding 

environment and climate. The increased sensitivity appears to be linked to the areas steep 

gradient. In areas with a high topographical gradient, such as at the base of the Southern Alps, 

environmental boundaries appear to be more abrupt and occur over a shorter distance than 

areas with a low gradient such as on the Southland and Canterbury Plains. The likelihood, 

therefore, of a small change in climatic and environmental conditions being recorded in pollen 

records are greater for high gradient environments than low. Given this, montane areas of the 

Southern Alps situated in the lee of the westerly circulation are likely to have been extremely 

sensitive to alterations in atmospheric circulation during the Holocene.  

The Holocene climate of New Zealand is today, one of the most intensively studied time 

periods. The bulk of these investigations have been undertaken in the upper two-thirds of New 

Zealand in coastal and lowland areas where sampling sites are easily accessible; while only a 

handful have been undertaken in southern New Zealand. The New Zealand studies have 

indicated that the vegetation and climatic of the Holocene was highly variable, with 

significant alterations in the dominant vegetation cover and atmospheric circulation. 

However, the lack of a comprehensive and accurate regional record of Holocene vegetation 

and climate change has prevented the development of an accurate New Zealand wide 

Holocene record.  

In southern New Zealand, however, the limited number of investigations and lack of well 

dated pollen sites has impeded the development of a regional climatic reconstruction. 

Furthermore, the palaeoclimatic studies which have been undertaken in southern New 

Zealand, especially western Southland, have mainly been carried out in the lowland and 

coastal areas of Otago and inland Southland, with only a few investigations undertaken at 

higher altitudes in Central Otago and Southland. No investigations have been undertaken in 

western Southland amidst the mountainous landscape at the base of the Southern Alps; 

despite the fact that this area, in theory, has the potential to be one of the most climatically 

and environmentally sensitive areas within southern New Zealand. Thus, a detailed 
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investigation undertaken in western Southland would not only provide much needed insight 

into the climate and vegetation of western Southland during the Holocene, but it would also 

significantly contribute to understanding southern New Zealand’s, and thereby New Zealand’s 

Holocene climate and vegetation history.  

If the palaeovegetation and palaeoclimatic history of New Zealand is to be better understood, 

it is first necessary to understand how local and regional vegetation changed throughout the 

Holocene, particularly in southern New Zealand. This study investigates the Holocene climate 

of western Southland using pollen analysis to reconstruct the areas vegetation history. It 

attempts to determine whether or not the vegetation history of western Southland experienced 

a similar increase in cold tolerant forest taxa during the mid to late Holocene as reported in 

previous investigations undertaken in southern New Zealand. In addition this investigation 

attempts to explain the potential causes for the asynchronicity in the timing of the expansion 

of Nothofagus forest, which exists between the pollen records of southern New Zealand by 

examining the role of altitude, forest refugia, mycorrhizal fungi relationships and soil type on 

the expansion of forest during the Holocene.  

This thesis is divided into six chapters. Chapter two presents a review of New Zealand’s and 

southern New Zealand’s vegetation history since the last glacial maximum, identifies some 

key questions and areas for future research which need to be addressed, and defines the 

objectives of this investigation. The research rationale for achieving the objectives of this 

investigation are set out in chapter two, along with a description of the field area and methods 

used. Chapter four presents the vegetation composition and geomorphology of Eglinton Bog, 

along with the pollen analysis data used to reconstruct the vegetation. In chapter five, the 

regionally significant changes in Holocene vegetation are determined and their palaeoclimatic 

significance is determined. A synthesis of southern New Zealand’s Holocene vegetation 

history is presented along with a detailed examination of the influence of altitude, forest 

refugia, soil type and mycorrhizal fungi relationships on the timing and rate of forest 

expansion throughout southern New Zealand during the Holocene are also presented in 

chapter five. The main conclusions drawn from the investigation are presented in chapter six. 

All dates used in this investigation are reported in radiocarbon years.     
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2 Vegetation history of New Zealand 

 

2.1 The vegetation history of New Zealand 

An overview of New Zealand’s late Quaternary climate and vegetation history is provided in 

this chapter. The main time periods during which the vegetation composition underwent 

significant alterations are identified. A detail examination of southern New Zealand’s climate 

and vegetation history is also undertaken. The overview is followed by a summary of the key 

questions associated with palaeoclimate and vegetation reconstructions in New Zealand, with 

a focus on southern New Zealand. The objectives of this investigation are then summarised.  

2.1.1  LGM to Holocene Vegetation History of New Zealand  

At the peak of the last glacial maximum (LGM) ca. 18,000 yr B.P. sea level was 

approximately 120 m lower than present, periodically creating major land bridges between the 

three main islands of New Zealand (Newnham et al., 1999). The decline in sea level occurred 

congruently with a near continuous belt of glaciers along the Southern Alps of the South 

Island (Newnham et al., 1999). In the North Island ice was confined to cirques and small 

valley glaciers along the Tararua Ranges, southern North Island, while small ice caps were 

present on the Tongariro Volcanoes in the central North Island (Newnham et al., 1999, 

McGlone, 1988). Snowlines also descended, with estimates indicating that along the central 

Southern Alps they were as much as 800 – 830 m below their present levels (McGlone, 1988). 

Using regional snowline depressions along the Southern Alps, Porter (1975) was able to 

calculate a depression of mean annual temperature between 4 – 5 °C during the LGM. Similar 

depression of mean annual temperatures have been calculated for the central North Island and 

Southland region (McGlone and Bathgate, 1983, McGlone and Topping, 1983).  

The lowering of snow and ice margins in conjunction with a temperature depression of ca. 4.5 

°C had a significant impact on the vegetation composition of New Zealand during the LGM. 

Grassland and herbfields, similar to that found at and above the current treeline were 

dominant over much of the South Island, particularly Gramineae, Umbelliferae and 
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Cyperaceae; while coastal areas and a large proportion of the North Island were covered in 

shrubland including Coprosma, Podocarp shrubs (Phyllocladus and Halocarpus), Myrsine 

and Dracophyllum (McGlone, 1988, Newnham et al., 1999). In the northern North Island 

where the temperature depression and other factors were less severe, forest persisted 

throughout the LGM (Elliot, 1998). A pollen record from Kaitaia Bog, northern tip of the 

North Island, indicated that a complex conifer-beech-hardwood forest dominated by Podocarp 

with a sub component of Nothofagus, most likely N. truncata, existed at the peak of the LGM 

(Elliot, 1998). Similarly, the central North Island is reported to have had stands of forest 

dominated by Nothofagus menziesii and N. Fuscospora scattered amidst the dominant 

grassland and shrubland (Sandiford et al., 2003).  

South of 38 °S forest, primarily N. menziesii, was largely confined to Howard Valley, Nelson 

(northern South Island) during the LGM (Marra and Thackray, 2010). It is possible that other 

scattered forests existed south of Nelson, however, records dating back to the LGM are 

limited, especially in the southern half of the South Island. The few records that do date back 

to the LGM, such as Okarito Pakihi Bog, western South Island (Newnham et al., 2007), 

Wilson Lead Road, Westport (Moar and Suggate, 1979), and inland and eastern areas of the 

South Island are characterised by low occurrences of tree pollen (Williams et al., 2009, 

McGlone, 1988, Vandergoes and Fitzsimons, 2003). Although tree pollen was recorded in 

low abundance, their presence in the pollen record provides support for McGlone (1980a) 

argument that nearly every region of the North and South Island had some forest present 

during the LGM. On the wetter lowlands of west coast of the South Island 

Podocarp/hardwood forest taxa dominated the tree pollen record, while Nothofagus, 

particularly N. menziesii was a key component on the east coast (McGlone, 1988).  

The general lack of forest during the LGM, however, cannot be fully explained by a 

depression of the snow and tree lines by 700 - 800 m below present altitudes and low 

temperatures (McGlone and Topping, 1983, Newnham et al., 1999). Hardier montane to 

subalpine forest species, such as Nothofagus solandri var. cliffortioides and N. menziesii, 

which are currently abundant in many lowland areas; should have been able to persist below 

the treeline in some lowland areas throughout New Zealand, as the estimated temperature and 

environmental conditions in these areas were not severe enough to restrict the growth of these 

species (Wardle, 1984, Wardle, 1991, Wardle, 2002). Environmental factors other than 

temperature must therefore have played a key role in eliminating and preventing the spread of 

forest. In the eastern and inland regions situated in the lee of the Southern Alps and North 
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Island ranges, a lack of precipitation and fire is likely to have attributed to the lack of trees 

(McGlone, 1988). In western areas, where, unlike in eastern regions, precipitation is not an 

issue it is thought that an incursion of cold maritime polar air-masses (Elliot, 1998), frost and 

increased windiness favoured the establishment of near treeless grassland and shrubland 

(McGlone, 1988).  

Abrupt climate amelioration began ca. 14,000 yr B.P. with the rise in snowlines and the rapid 

retreat of glaciers (Newnham et al., 1999, Pickrill et al., 1992). The retreat of glaciers and an 

increase in mean annual temperature to 2 °C cooler than present was accompanied by a period 

of rapid reforestation in the North Island. The Waikato Basin and associated lowlands, the 

central uplands (McGlone and Moar, 1977) and close to the southern Ruahines (Lees, 1986) 

were the first locations to record a rapid and complete expansion in forest species at 

approximately 14,500 yr B.P. (McGlone and Topping, 1983, McGlone, 1988, Newnham et 

al., 1989, Newnham et al., 1999). Thereafter, forest dominated by Podocarp-hardwood 

species gradually expanded throughout most of the North Island (McGlone, 1988). In 

northern regions such as Otakairangi, Northland (Newnham, 1992), Kaitaia, northern North 

Island (Elliot, 1998), Pukaki and Onepoto, northern Auckland (Sandiford et al., 2003, 

Alloway et al., 2007), and central Auckland (Horrocks et al., 2009, Lancashire et al., 2002), 

mixed forests composed of D. cupressinum, Phyllocladus, Metrosideros, and Prumnopitys 

taxifolia were the most common type of vegetation cover during this time period (McGlone, 

1988). In the central and southern regions of the North Island including Otamanguaka, central 

North Island (Alloway et al., 2007), P. taxifolia, in conjunction with Libocedrus, N. menziesii 

and Podocarp shrub rose to dominance (McGlone, 1988, McGlone et al., 1993, Alloway et 

al., 2007).  

Climate amelioration had little impact on the vegetation of the South Island, although there is 

evidence that organic sedimentation began in bogs, lakes and mires in inland and western 

locations (Lintott and Burrows, 1973, McGlone, 1988). The commencement of organic 

sedimentation has been interpreted by McGlone (1988) as representing stabilisation of the 

post glacial landscape in association with climate and periglacial processes (Vandergoes, 

1996). Throughout most of the South Island, particularly eastern and central regions, 

grassland and herbfields remained the dominant vegetation cover (Moar and Suggate, 1979, 

McIntyre and McKellar, 1970, Moar and Suggate, 1996, McGlone and Bathgate, 1983, 

McGlone et al., 1993, McGlone, 1988). In Cass Basin in the central South Island, however, 

the amelioration was recorded in the pollen diagram by a small regional expansion of N. 
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Fuscospora, most likely N. solandri var. cliffortioides; Phyllocladus alpinus, P. taxifolia, P. 

ferruginea and Podocarpus forest (McGlone et al., 2004). In the wetter regions of south 

Westland grassland was progressively replaced by broadleaf shrubland and scattered forest 

between 15,300 yr B.P. and 12,000 yr B.P. (Vandergoes and Fitzsimons, 2003). By 

comparison at Preservation Inlet, Fiordland, a low forest of Metrosideros umbellata had 

started to replace scrubland between 18,000 – 14,000 yr B.P., and by 14,000 yr B.P. a 

Metrosideros umbellata forest with a rich understory of Cyathea smithii, Griselinia littoralis 

and Pseudopanax colensoi had become the dominant vegetation (Pickrill et al., 1992). 

By 12,000 yr B.P. forest was colonising the southern regions of the North Island and central 

districts of the west coast of the South Island; with the exception of Wellington where 

grassland-shrubland remained dominant until ca. 10,000 yr B.P (McGlone, 1988). Patches of 

forest dominated by Weinmannia racemosa and Metrosideros umbellata with areas of tall 

podocarp forest had started spreading throughout central Westland by 12,000 yr B.P. 

(McGlone, 1988). The spread of these species in conjunction with tree ferns was interpreted 

by Vandergoes and Fitzsimons (2003) as a response by the vegetation to increased warming 

and precipitation. In Nelson Nothofagus - Dacrydium forest began into increase its regional 

dominance (McGlone, 1988), while at Longwood Range, Southland, and the southern South 

Island, climate amelioration was associated with the spread of Coprosma – Myrsine shrubland 

and low Hoheria forest became established on Longwood Range after 12,000 yr B.P. 

(McGlone and Bathgate, 1983). East of the main divide forest remained scarce with grassland 

giving way to denser scrubland and tall shrubland after 12,000 yr B.P. (McGlone and 

Bathgate, 1983, McGlone, 1988). McGlone and Bathgate (1983) hypothesised that during the 

amelioration, which saw large areas of the North Island become forested, the eastern and 

southern regions of the South Island may still have been subjected to outbreaks of cold sub 

polar air in conjunction with a dry climate, which prevented the spread of tall forest species 

(McGlone and Wilmshurst, 1999). 

By 10,000 yr B.P. the vegetation composition changed substantially throughout many areas of 

New Zealand. Forest species rapidly expanded their postglacial range to cover all but the 

driest regions of the eastern South Island, such as central Otago and the McKenzie Basin, 

where scrub and grassland (McGlone and Wilmshurst, 1999), and dense Phyllocladus scrub 

or low forest dominated the regions, respectively (McGlone and Moar, 1998, McGlone, 

1995). Tall podocarp forest pollen was record in central Otago (McGlone et al., 1995), 
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however, only in low abundance indicating that small scattered stands were most likely 

confined to wetter substrates.   

In the northern North Island, where forest had remained present throughout most of the LGM, 

there was an abrupt increase in D. cupressinum and broadleaved trees such as Metrosideros 

robusta, Ascarina lucida and tree ferns in the canopy and sub canopy of the pre-existing tall 

Podocarp forest (McGlone, 1988, McGlone, 1983). Throughout the central North Island the 

forest composition remained relatively stable with mixed conifer-hardwood forests dominated 

by Dacrydium, Phyllocladus, and Metrosideros, present throughout Tongariro, Taranaki, the 

Waikato and Kaitaia (Elliot, 1998). Mean annual temperatures are estimated to have been as 

much as 2 °C warmer than present during the post-glacial early Holocene, which enabled the 

spread of many forest species to within close proximity of the present treeline in the southern 

South Island and North Island (Hendy and Wilson, 1968, McGlone et al., 2004, Elliot, 1998, 

McGlone et al., 1993). At the southern end of the North Island and northern tip of the South 

Island, however, the abrupt climate amelioration did not coincide with the expansion of frost 

intolerant tall forest; instead it coincided with the expansion of Nothofagus forest (McGlone, 

1988). McGlone (1988) argued that poor soils and rugged relief, rather than climate, was most 

likely the main driver of the expansion of Nothofagus forest.  

On the west coast of the South Island D. cupressinum, Weinmannia and tree ferns dominated 

the wetter regions, while in the southwest of the South Island and on Stewart Island, 

hardwood forests of Metrosideros and Weinmannia, with an understory of tree ferns 

dominated the post glacial landscape (McGlone et al., 1993, Pickrill et al., 1992, McGlone 

and Wilson, 1996). The presence of species sensitive to exposure and cold such as Ascarina 

and tree ferns, throughout western districts of the South Island indicates that by 10,000 yr 

B.P. a milder, less frost prone, and less winder climate than present existed (McGlone et al., 

1993, Wardle, 2002). On the east coast, however, a reduction in effective precipitation 

appears to have limited the dominance of D. cupressinum, with the more drought tolerant P. 

taxifolia and Podocarpus species dominating the pollen rain of the post-glacial early 

Holocene (McGlone et al., 1993, McGlone et al., 2004). In the coastal regions of Southland 

and Otago it was not until after 10,000 yr B.P. that tall Podocarp forest dominated by 

Dacrycarpus, P. taxifolia and Podocarp began to spread; compared to south Westland where 

tall Podocarp forest was well established by this time (Vandergoes and Fitzsimons, 2003, 

McGlone, 1995, McGlone, 1988, McGlone, 1980b).  
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The rapid expansion of post-glacial forest in numerous locations throughout New Zealand, 

and a lack of evidence to suggest that afforestation occurred in migratory waves or as an 

extended period of succession led McGlone (1985) to conclude that forest must have survived 

the last glaciation in small stands throughout the country and from there re-colonised the 

surrounding regions (McGlone, 1988). This theory has been supported by several 

investigations undertaken around the South Island that consistently record low percentages of 

tree pollen throughout the LGM or late glacial when grassland and herbfields dominated most 

of the South Island and lower North Island (McGlone et al., 1995, McGlone, 1988, McGlone 

and Wilmshurst, 1999, Vandergoes and Fitzsimons, 2003).  

By 9,400 yr B.P. the conifer broadleaved and hardwood forests had replaced the last vestiges 

of cooler climate species such as N. menziesii, P. alpinus and Halocarpus bidwillii from most 

lowland sites around New Zealand (McGlone et al., 1993, McGlone, 1988). The composition 

of these lowland forests and shrublands were so different from those present today, that many 

paleoclimatologists have argued that it is logical to assume the climate must also have been 

substantially different (McGlone et al., 1993). The near absence of N. menziesii and N. 

solandri var. cliffortioides and presence of conifer broadleaved communities in today’s 

subalpine sites, suggests that climates were milder, and therefore, more favourable of plant 

growth during the early Holocene than present (McGlone, 1988).   

Furthermore, the dominance of D. cupressinum, Metrosideros species, Ascarina lucida and 

tree ferns; species which favour climates with minimum seasonal temperature and 

precipitation variability (McGlone, 1988, Wardle, 1991, Sandiford et al., 2003); throughout 

the western and northern areas of New Zealand were interpreted by McGlone (1988) as 

reflecting a weakening of westerly and southerly airflow, thereby allowing northerly 

anticyclone systems to extend their current distribution. The weakening of the westerly 

airflow and the associated anticyclones and troughs (Hobbs, 1998), may have lowered mean 

annual rainfall to levels slightly below present on the western side of the South Island, 

however, as precipitation levels are far in excess of that required for plant growth, it is likely 

that such a phenomenon would have had limited effect on the vegetation composition 

(McGlone, 1988, McGlone et al., 1993). The reduction in the strength of westerly winds 

would, in turn, have reduced the intensity of the drying foehn winds on the east coast of the 

South Island, while the tracking of the northerly anticyclone systems in a more southerly 

route would have increased the frequency of easterly to north-easterly airflow (McGlone et 

al., 1993, McGlone, 1988). A reduction in the frequency of drought conditions and an 
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increase in misty clouds associated with increased north-easterly airflow were argued by 

McGlone (1988) to have ensured that conditions remained suitable for the tall Podocarp forest 

to persist throughout most of the early Holocene. The theory of weaker westerly airflow is 

also supported by the fire history of eastern South Island, which suggests that fires were less 

prominent during the early Holocene than during the mid to late Holocene when westerly and 

foehn winds increased (McGlone et al., 1993).  

Based on the vegetation composition of the eastern and western regions of the North and 

South Island Newnham et al. (1999), McGlone et al. (1993) and Li et al. (2008) found in 

support of Cranwell and Von Post (1936) and Rodger and McGlone (1989) suggestions that 

the climate of the early Holocene was milder, cloudier, moister, and relatively drought-free 

with a weak seasonal signal (Lintott and Burrows, 1973, Pickrill et al., 1992, McGlone and 

Wilson, 1996, McGlone and Wilmshurst, 1999, Elliot, 1998).  

At 7,500 yr B.P. there was another significant change in vegetation composition throughout 

New Zealand;  P. taxifolia, P. hallii, P. alpinus and N. menziesii appear to have dominated all 

but the driest inland valleys where low shrubland dominated (McGlone, 1988). The spread of 

Agathis australis north of 38 °S increased after 7,000 yr B.P. in what appears to have been a 

near synchronous expansion from the North Cape in the far north, to Ohinewai, Waikato, 

most likely from the expansion of local populations, rather than via migration (Elliot, 1998, 

Newnham, 1992, McGlone, 1988). An expansion of conifer and hardwood species including 

Phyllocladus, Libocedrus, Knightia and Quintinia also occurred around the same time, while 

D. cupressinum, Metrosideros, Ascarina lucida and tree ferns reportedly declined (McGlone, 

1988, Elliot, 1998). In central Otago forest expanded inland between 7,500 yr and 7,000 yr 

B.P., with P. taxifolia, Podocarpus and D. dacrydioides forest present at the lower altitudes, 

and P. alpinus and Halocarpus bidwillii at the treeline (McGlone et al., 1995). Although the 

expansion and decline of these species were a key feature of the mid to late Holocene 

vegetation records for most of the North Island, and parts of the South Island; they were not 

the most significant alteration in vegetation.  

During the late-glacial early Holocene (~ 12,000 – 7,000 yr B.P.) Nothofagus was largely 

restricted to a few scattered localities throughout New Zealand, with the largest population 

present near Nelson in the northern South Island (Marra and Thackray, 2010). From 

approximately 7,000 yr B.P. onwards, however, Nothofagus underwent a substantial increase 

(McGlone, 1980a). The expansion of Nothofagus in the mid to late Holocene did not occur 
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synchronously throughout New Zealand; rather their expansion depended on the species and 

their associated ecological requirements (McGlone, 1988). Furthermore, McGlone (1988) 

suggests that the timing of the expansion of Nothofagus may in part reflect the presence and 

absence of refugia within a region, with Nothofagus expanding first in areas where refugia 

were present.   

In upland sites, and areas of medium to high mean annual precipitation rates, the spread of 

Nothofagus was rapid. In coastal Southland (McIntyre and McKellar, 1970, McGlone and 

Bathgate, 1983, McGlone, 1988) and southern Westland (Wardle, 1980) N. menziesii and D. 

cupressinum forest expanded rapidly replacing P. taxifolia and D. dacrydioides as the 

dominant tree species by approximately 7,000 yr B.P. At approximately the same time N. 

menziesii expanded through Podocarp-broadleaf forests in the southern North Island and parts 

of the South Island creating mixed beech-podocarp forest (Cranwell and Von Post, 1936, 

McGlone and Bathgate, 1983). Elsewhere, however, the expansion of N. menziesii occurred 

later in the Holocene; in the Urewera Ranges, central and north Westland pollen records 

indicate N. menziesii expanded between 4,500 and 3,500 yr B.P. (Moar, 1971, Pocknall, 1980, 

McGlone, 1988), while in Fiordland N. menziesii and D. cupressinum were not co-dominant 

until approximately 2,000 yr B.P (Pickrill et al., 1992). In the northern Ruahine Range, parts 

of the Urewera Ranges, and in the north-east and north-west of the South Island, it was not N. 

menziesii that was expanding its topographical range between 7,000 and 6,000 yr B.P., but N. 

Fuscospora at the expense of P. alpinus and P. hallii (Moar, 1971, McGlone, 1988).  

The spread of N. menziesii and D. cupressinum in Southland and Otago, in conjunction with 

the expansion of Podocarp forest in Central Otago and N. Fuscospora in the north eastern 

South Island has been interpreted by McGlone and Bathgate (1983), McGlone et al. (1995) 

and McGlone (1988) as indicating a substantial increase in precipitation during the mid to late 

Holocene. In western districts, however, the climate appears to have been more complex; 

McGlone (1988) suggests that the changes in vegetation composition were most likely linked 

to increased drought and frost, as well as increased disturbance by phenomenon such as blow 

downs and mass movement. The most likely cause of this rapid change in vegetation type 

from the warmer early Holocene is an intensification of southerly and westerly airflow 

approximately 7,000 yr B.P. (McGlone, 1988). This intensification is believed to have 

brought cooler, wetter and windier conditions in the east and drier, cooler, more variable 

climate to the west (McGlone, 1988, McGlone and Bathgate, 1983). Similarly, the 

intensification of southerly airflow affected the North Island, with increased moisture on the 
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eastern side of the mountain ranges, while the west coast was drier and cooler (Hobbs, 1998, 

McGlone, 1988). 

At approximately 2,500 yr B.P. the southern half of New Zealand and the southern North 

Island (Moar, 1967) experienced a rapid increase in N. Fuscospora pollen, which had been 

progressively increasing during the mid Holocene period. The subgenus Fuscospora includes 

the species N. fusca, N. solandri var. cliffortioides, N. solandri var. solandri and N. truncata 

(Wardle, 1984). At the same time as N. Fuscospora was expanding and Ascarina was 

progressively declining (McGlone and Moar, 1977), pollen diagrams from Central Otago 

(McGlone et al., 1995, McGlone and Moar, 1998) and Canterbury (Lintott and Burrows, 

1973) recorded an increase in charcoal levels, indicating an increase in the size and frequency 

of fire in these regions. A possible explanation for these abrupt changes between 2,500 yr and 

1,000 yr B.P. is the further deterioration of climate during the late Holocene, which led to the 

establishment of the present climate regime. McGlone et al. (1993) argued that by 2,500 yr 

B.P. the strengthening of westerly and southerly wind flow over the lower South Island had 

increased the occurrence of disturbance events, while the cooler climate favoured the 

Nothofagus species over most other forest species (McGlone et al., 1993, Wardle, 2002). 

Consequently, the intensification of westerly airflow also increased the strength of the foehn 

winds (McGlone et al., 1993), which increased drought on the east coast of the South Island; 

making the forest and shrubland susceptible to fire. The theory of continued climate 

deterioration is supported by evidence of several periods of glacier expansions along the 

Southern Alps throughout the last 1,500 years (Burrows, 1979, Suggate, 1990, McGlone, 

1988). 

The next major change in the New Zealand vegetation record was associated with the arrival 

of humans. The arrival of Maori/Polynesians to New Zealand approximately 1,000 -700 years 

ago severely altered the vegetation composition of large areas of the country, particularly 

coastal, lowland and montane areas (McGlone et al., 1993). Prior to ~ 700 yr B.P. the 

presence of charcoal in South Island pollen records was intermittent and associated with short 

abrupt spikes, reflecting the sporadic nature of natural fires. After ~ 700 yr B.P. charcoal 

percentages increased rapidly, and remained high, suggesting the fires were not random 

natural fires associated with lightening strikes, but deliberately lit fires. Throughout Southland 

(McGlone and Bathgate, 1983), Otago (McGlone et al., 1995) and Canterbury (Lintott and 

Burrows, 1973) the arrival of Polynesians ca. 700 years ago was associated with the 

destruction of forest by large scale burning (Rogers et al., 2007). At Cass Basin in 
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Canterbury, Polynesian burning saw a sudden decrease in N. Fuscospora pollen and a rapid 

increase in the abundance of grasses and Cyperaceae species (Lintott and Burrows, 1973). In 

Gisborne, North Island, a reduction in forest pollen and an increase in charcoal and seral taxa, 

particularly Pteridium, Coriaria, Aristotelia and Poaceae around 650 years ago marked the 

arrival of Polynesians (Wilmshurst et al., 1999). Further north at Lake Rotorua Polynesian 

fires as early as ca. 1,000 yr B.P. were recorded in the pollen records as an increase in 

microscopic charcoal fragments and an increase in fernland, grassland and scrubland at the 

expense of forest by ca. 400 yr B.P. (McGlone, 1983). The arrival of Europeans in the 

nineteenth century saw another large wave of vegetation clearance and a significant spike in 

Poaceae pollen throughout many lowland areas, along with the introduction of agricultural 

weeds including Taraxacum and Rumex, and introduced tree species such as Pinus radiata 

(McGlone, 1983, Wilmshurst et al., 1999, Rogers et al., 2007). Determining and interpreting 

the alterations in vegetation composition over the last 1,000 years in terms of their climatic 

meaning has become increasingly difficult as it is largely believed that the vegetation is 

mainly responding to anthropogenic changes in their environment; obscuring those which are 

climatically influenced (McGlone, 1988).   

2.1.2 LGM to Holocene Vegetation History of Southern New Zealand 

On the basis of the above review the vegetation history of New Zealand following the LGM 

appears to be relatively well documented and understood. When, however, the distribution of 

study sites throughout New Zealand is examined, it becomes evident that southern New 

Zealand is under-represented compared to the upper to thirds of New Zealand. In the 

following section a detailed review of the current literature available for southern New 

Zealand following the LGM will be undertaken. The review is followed by a consideration of 

the key questions concerning palaeoclimate and vegetation histories of New Zealand. 

At present there are no known pollen records from southern New Zealand dating back to the 

LGM. Despite this, the vegetation composition of southern New Zealand during and 

immediately following the LGM has been inferred. This was achieved by the examination and 

interpretation of Southland/Otago’s geomorphology, in conjunction with the extrapolation of 

data from southern New Zealand’s oldest pollen records (Figure 2.1) and records from similar 

locations elsewhere in New Zealand, particularly eastern regions (McGlone and Bathgate, 

1983, McGlone, 1988, McGlone, 1990). Questions, however, still remain about the accuracy 



 Literature Review 

14 

 

of these extrapolations. At the termination of the LGM, when mean annual temperatures were 

as much as 4.5 °C below present, and large areas of the South Island were covered in ice; the 

vegetation composition of southern New Zealand is believed to have been a combination of 

bare ground and very sparsely distributed alpine plants (Porter, 1975, McGlone, 1990). In 

Southland and Otago grasslands and herbfields were the dominant cover (McGlone and 

Bathgate, 1983, McGlone, 1988), while pollen records from Preservation Inlet, coastal 

Fiordland, indicate that the region was blanketed by low scrub and shrubs, including 

Coprosma, Leptospermum and Myrsine (Pickrill et al., 1992).  

 

 

Figure 2.1: The geographical distribution of palynological study locations in southern New Zealand 

(South Westland, Southland and Otago). Asterisks indicate unpublished studies.  

The climate amelioration of the late glacial  

The rapid climate amelioration associated the end of the deglaciation ~ 14,000 yr B.P was 

accompanied by the expansion of low Metrosideros umbellata forest in Preservation Inlet, 

50 km 
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Fiordland (Pickrill et al., 1992). East of the Southern Alps, however, the increase in mean 

annual temperatures to 2 °C below present had little effect on the vegetation composition, 

where grassland and herbfields remained dominant (McGlone and Bathgate, 1983, McGlone, 

1988). By 11,900 yr B.P. Metrosideros umbellata forest dominated the south western region 

of Fiordland and a rich understory of tree ferns (Cyathea cf. smithii), Griselinia littoralis and 

Pseudopanax colensoi had become established (Pickrill et al., 1992). The spread of these 

species was interpreted by Vandergoes and Fitzsimons (2003) as a response to increased 

warming and precipitation associated with the transition from glacial to interglacial climatic 

conditions.  

At the same time as Fiordland was becoming densely vegetated by forest, coastal Southland 

was beginning to undergo an expansion of small leaved divaricating shrubs and 

Dracophyllum, approximately 2,000 years after shrubland appeared in southern Fiordland 

(McGlone and Bathgate, 1983). In coastal Otago the timing of shrubland establishment is 

contentious. Cranwell and von Post (1936) and McIntyre and McKellar (1970) both 

reconstructed the vegetation composition of Swampy Hill, Dunedin. Cranwell and von Post 

(1936) argued that grassland-shrubland remained dominant at Swampy Hill until 

approximately ~ 10,000 yr B.P. McIntyre and McKellar (1970), however, strongly disagreed, 

suggesting that by ~ 11,600 yr B.P. (~ 1,500 years earlier) coastal Otago’s vegetation was 

characterised by high values of shrubs, especially Coprosma. The reliability and accuracy of 

Cranwell and von Post (1936) work, however, has been brought into question by McIntyre 

and McKellar (1970) and McGlone and Bathgate (1983). They argued that Cranwell and von 

Post’s interpretations are inaccurate due to the unreliable identification of pollen grains and 

spores, and their failure to distinguish between Dacrycarpus dacrydioides and D. 

cupressinum, two important tree species. These identified errors have brought into question 

the reliability and accuracy of the remaining data and interpretations presented by Cranwell 

and von Post (1936). 

An investigation undertaken several kilometres inland of Swampy Hill at Glendhu, East 

Otago, provides support for McIntyre and McKellar’s theory of a shrubland dominated cover 

(McGlone and Wilmshurst, 1999). McGlone and Wilmshurst (1999) argued that an open 

mosaic dominated by stunted shrubs, such as Coprosma, Asteraceae, Myrsine and Hebe, and 

short tussock grassland dominated the Glendhu catchment. The presence of shrubland, albeit 

stunted, approximately 68 km inland; where climatic conditions can be assumed to have been 

drier, colder and more severe than in coastal locations, would tend to suggest that a shrubland 
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dominated cover should also have been present at Swampy Hill, Dunedin, where 

environmental conditions were less severe. Furthermore, late glacial pollen records from the 

Garvie Mountains, and the Kawarau Gorge, Central Otago, suggest a similar vegetation 

composition to inland east Otago, persisted further inland (McGlone et al., 1995). McGlone et 

al. (1995) argued that grassland-shrubland communities composed of Coprosma, Asteraceae, 

grasses and monolete ferns were the dominant vegetation cover at both locations well before 

11,000 yr B.P. (McGlone et al., 1995). Their findings led to suggestions that Central Otago 

may have been covered in a mosaic of 1 – 2 m high scrub composed of small-leaved 

xeromorphic species amidst Chionochloa grassland during the late glacial period (McGlone et 

al., 1995). As with coastal Southland tall tree pollen, such as N. menziesii and Podocarpus, 

was also present in the Central Otago pollen records, along with N. Fuscospora, Halocarpus, 

and Phyllocladus (McGlone et al., 1995, McGlone and Bathgate, 1983). The low percentages 

of these tall tree species in both regions indicates that although tall trees existed in the region 

they were scarce (McGlone et al., 1995). An increase in mean annual temperatures to within 2 

°C of present, as well as an increase in rainfall, should have enabled forest species to persist 

in eastern regions as they did in Fiordland (McGlone, 1988). While the presence of tall tree 

pollen supports this theory, their low abundance suggests that other factors must have been 

influencing their distribution. These same factors are most likely responsible for the west – 

east lag recorded in vegetation development. Elliot (1998) and McGlone (1988) argued that 

outbreaks of cold maritime polar air-masses, frosts, and increased windiness probably 

prevented the expansion of tall trees everywhere except a few sheltered locations (refugia) 

where environmental conditions were less severe. 

The vegetation history of inland southern New Zealand during the climate amelioration and 

leading up to ~ 12,000 yr B.P. is not as well understood as coastal regions, due to a lack of 

pollen records dating back to the LGM. Pollen records presented by Cranwell and von Post 

(1936) from Mossburn, Richter’s Rock and Freestone Hill in inland Southland, near Lake 

Manapouri, all indicate that grassland dominated the region. Tree pollen from N. Fuscospora, 

P. alpinus, P. totara – hallii type and Coprosma were also present in inland Southland pre-

10,000 yr B.P. (Cranwell and Von Post, 1936), however, these species were most likely 

confined to refugia or were the product of long distance dispersal from coastal and Westland 

regions. Pollen records from further east in the Takitimu Mountains, western Southland, 

indicate that by approximately 11,200 yr B.P. the vegetation had transitioned from grassland-

herbfields to a shrubland-grassland community, dominated by Coprosma, Asteraceae, 
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Myrsine and Hoheria (Vandergoes et al., 1997). The replacement of hardy ground hugging 

species such as Poaceae, by less hardy shrubs most likely reflects a change in climatic 

conditions from the extreme climate of the last glacial to the slightly warmer, wetter 

conditions of the late glacial to early Holocene.  

The continued dominance of the strong westerly circulation and the intrusion of cold air 

masses from the Southern Ocean over the southern South Island throughout the late glacial 

appears to have delayed the expansion of forest throughout inland Southland and Otago by ~ 

2,000 years in comparison to Fiordland (Pickrill et al., 1992, Wilmshurst et al., 2002). 

Throughout inland Southland in Te Anau (Wilmshurst et al., 2002), the Longwood Range 

(McGlone and Bathgate, 1983) and Otago in the Old Man Range (McGlone et al., 1997) and 

east Otago (McGlone and Wilmshurst, 1999) shrubland remained the dominant vegetation 

cover until approximately 9,500 yr B.P. An increase in tree and monolete fern spores between 

12,000 yr B.P. and 9,500 yr B.P. at Longwood Range, Southland (McGlone and Bathgate, 

1983) and the Old Man Range, Otago (McGlone et al., 1997), respectively, may have 

reflected an increase in moisture. However, the presence of large charcoal deposits at 

Glendhu, east Otago, throughout the late glacial record suggests that fire occurred frequently 

in the region (McGlone and Wilmshurst, 1999). In order for fires to occur frequently in east 

Otago, climatic conditions must been relatively dry and frosty throughout the late glacial and 

early Holocene (12,000 – 9,500 yr B.P.) (McGlone and Wilmshurst, 1999).  

The expansion of tall Podocarp forest  

By 9,500 yr B.P. tall Podocarp forest, including Podocarpus and D. cupressinum had rapidly 

expanded in the coastal and lowland regions of Southland and at Swampy Hill, Dunedin 

(McGlone et al., 1995, McIntyre and McKellar, 1970, McGlone, 1990). The rapid increase in 

tall Podocarp forest throughout Southland and Otago was interpreted by Cranwell and von 

Post (1936) and McGlone and Bathgate (1983) as reflecting the transition into moister 

climatic conditions associated with the early Holocene. McGlone and Bathgate’s (1983) 

suggestion of increased moisture during the early Holocene is supported by the intrusion of D. 

cupressinum into the overstorey of the Weinmannia – Metrosideros – Cyathea forest, which 

dominated Preservation Inlet, coastal Fiordland, until 9,500 yr B.P. Pickrill et al. (1992) 

argued that based on the moist, mild coastal climatic conditions favoured by contemporary D. 
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cupressinum/Weinmannia rainforest, the climate of the early Holocene must also have been 

relatively mild and moist in order to support a similar rainforest. 

The next major change in southern New Zealand’s vegetation composition occurred between 

~ 9,500 yr B.P. and 6,000 yr B.P. This early to mid Holocene time period was characterised 

by the rapid expansion of tall Podocarp forest into all but the most inland valleys of Southland 

and Otago. Although tall Podocarp forest had started expanding in coastal and lowland areas 

around Southland and Otago by 9,500 yr B.P. it was not until after this time that a rich tall 

Podocarp forest containing D. dacrydioides, Phyllocladus, and Dacrydium bidwillii – biforme 

became well established in the region (McIntyre and McKellar, 1970). Similarly, further 

inland at Glendhu, east Otago, tall Podocarp forest dominated by P. taxifolia along with N. 

menziesii expanded regionally, while Myrsine, Halocarpus and Phyllocladus scrub spread 

through the catchment (McGlone and Wilmshurst, 1999). McGlone and Wilmshurst (1999) 

argued that the regional spread of forest was primarily driven by increased precipitation and 

annual temperatures.  

McGlone and Wilmshurst (1999) theory of a milder climate was supported by McGlone et al. 

(1995) who undertook pollen analysis on two cores from Kawarau Gorge and the Garvie 

Mountains, Central Otago. Their findings indicate that after 9,500 yr B.P. the vegetation 

composition at both locations underwent a significant change. At the Garvie Mountains P. 

taxifolia, D. dacrydioides, Podocarpus and Phyllocladus all increased abruptly to dominate 

the regional pollen record (McGlone et al., 1995). By contrast at Kawarau Gorge, although 

Phyllocladus expanded to become the dominant vegetation cover, McGlone et al. (1995) 

argued that a mosaic of low Phyllocladus/Podocarpus forest-scrub, grassland and stands of 

divaricating and xeromorphic shrubs formed, rather than a tall podocarp forest. McGlone et 

al. (1995) hypothesised that although precipitation increased in Central Otago, warmer 

temperatures increased the rate of evapotranspiration, thereby restricting ground moisture 

availability and with it, the spread of tall Podocarp forest.  

The eastern Takitimu Mountains, western Southland, also experienced a rapid expansion of 

tall Podocarp forest post 9,500 yr B.P. (Vandergoes et al., 1997). Although P. taxifolia 

dominated the main canopy, P. ferruginea and Podocarpus were also common, most likely 

occupying the warmer, well drained and semi-fertile hill slopes as they do in contemporary 

forests (Vandergoes et al., 1997). Vandergoes et al. (1997) used the presence of a tree fern 

dominated sub canopy composed of C. smithii, C. dealbata and D. squarrosa, as evidence to 
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suggest an increase in moisture levels during the early to mid Holocene. They argued, 

however, that while there was an increase in moisture, the scarcity of D. cupressinum, a 

species commonly found in high to super-humid conditions and intolerant of water stress 

(McGlone et al., 1993, Wardle, 2002), suggests that ~ 9,400 yr B.P. rainfall was lower than at 

present (Vandergoes et al., 1997). Two investigation undertaken at Eweburn Bog, Te Anau, 

Western Southland, and Queenstown, Central Otago, by Wilmshurst et al. (2002) and 

Pocknall et al. (1989), respectively, strongly supports Vandergoes et al. (1997) theory of 

below present rainfall during the early to mid Holocene. The delayed expansion of tall 

Podocarp forest from local refugia by up to 1,500 years at Te Anau and up to 2,500 years at 

Queenstown led Wilmshurst et al. (2002) to suggest that early Holocene climatic conditions 

whilst moist enough to enable the establishment of Podocarp, temperature and precipitation 

were probably not annually or seasonally consistent enough to support the establishment of 

permanent stands of closed tall Podocarp forest in the region (Pocknall et al., 1989).  

The expansion of N. menziesii forest 

The next major change in southern New Zealand’s vegetation history was characterised by the 

rapid expansion of N. menziesii – D. cupressinum forest. N. menziesii pollen has been 

recorded in most pollen records prior to ~ 7,000 yr B.P., however, the low percentages 

indicated that N. menziesii was largely confined to a few scattered stands (Pocknall et al., 

1989, McGlone and Bathgate, 1983, McGlone et al., 1995, McGlone et al., 1997, McGlone, 

1980b, McGlone, 1988).  From ~ 7,000 yr B.P. onwards, however, the percentage 

representation of N. menziesii began to gradually increase in pollen records from Queenstown 

(Pocknall et al., 1989), Merrivale, coastal Southland (McGlone and Bathgate, 1983), the 

Garvie Mountains, Kawarau Gorge and Old Man Range, Central Otago (McGlone et al., 

1995, McGlone et al., 1997), Freestone Hill, Richter’s Rock and Mossburn, western 

Southland (Cranwell and Von Post, 1936), and Glendhu, East Otago (McGlone and 

Wilmshurst, 1999).   

Between approximately 4,000 – 4,500 yr B.P. a sharp increase in N. menziesii and D. 

cupressinum was recorded throughout Southern New Zealand, cumulating at approximately 

2,000 – 2,500 yr B.P., everywhere except the Longwood Range where it continued to expand 

until ~ 1,000 yr B.P. (Vandergoes, 1996, Vandergoes et al., 1997, McGlone, 1980b, McGlone 

and Bathgate, 1983, McGlone and Wilmshurst, 1999, McGlone, 1988, Wilmshurst et al., 
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2002). The expansion of N. menziesii and D. cupressinum was originally hypothesised by 

Harris (1963) as reflecting a migration eastwards from Fiordland into Southland. McGlone 

(McGlone, 1980b) and McGlone and Bathgate (1983) argued, however, that such a 

phenomenon was highly improbable given the near synchronous timing of the expansion in 

both inland and coastal Southland and Otago. Furthermore, N. menziesii has a reputedly poor 

dispersal ability making the likelihood of such a rapid expansion, over such a large area, in 

such a short time period, highly unlikely (McGlone and Bathgate, 1983, McKellar, 1973, 

MacPhail and McQueen, 1983). Alternatively, McGlone et al. (1980b) and McGlone and 

Bathgate (1983) argued that N. menziesii must have survived in isolated stands during the last 

glacial. This theory is supported by the current disjoint distribution of N. menziesii forest 

throughout southern New Zealand, which in the past is believed to have been separated by tall 

Podocarp forest (McGlone, 1980b, McGlone and Bathgate, 1983, McGlone, 1988, McGlone 

et al., 1995, Vandergoes et al., 1997, McGlone and Wilmshurst, 1999). Furthermore, the near 

synchronous upsurge of N. menziesii and D. cupressinum throughout southern New Zealand 

led the McGlone (1980b), McGlone and Bathgate (1983), McGlone et al. (1995), Vandergoes 

et al. (1997) and McGlone and Wilmshurst (1999) to suggest that the species expansion was 

most likely attributed to a climatic transition from relatively dry, warm conditions; prominent 

during the early Holocene; to a wetter, cooler climate (McGlone and Wilmshurst, 1999, 

McGlone, 1980b, McGlone and Bathgate, 1983, Vandergoes et al., 1997, McGlone et al., 

1995). Wetter and cooler environments tend to favour N. menziesii in contemporary forests, 

while wetter conditions encourage D. cupressinum (McGlone, 1980b, Wardle, 2002, Wardle, 

1991). The environmental requirements of N. menziesii and D. cupressinum in conjunction 

synchronous timing of their expansion was linked by McGlone (1980b) to a strengthening of 

westerly air flow over the South Island. The intensification of westerly winds probably 

increased the frequency of south-west cold fronts that would have increased precipitation and 

decreased temperature, thereby providing ideal conditions for the expansion of N. menziesii 

and D. cupressinum (McGlone, 1980b, Vandergoes et al., 1997, McGlone, 1988). Questions 

still remain, however, about the degree that climate versus site variability affected the 

expansion of these species due to a lack of inland study sites and a detailed regional 

comparison. 

At Glendhu, East Otago, N. menziesii did not gain a competitive advantage over local conifer 

forest and scrub until after a series of fires between ~ 3,700 – 4,000 yr B.P. (Wilmshurst et 

al., 2002). Wilmshurst et al. (2002) argued that south-westerly airflow increased after 7,000 
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yr B.P., intensifying towards ~ 2,000 yr B.P., bringing with it cooler, wetter winters. They 

also surmised that after approximately 7,000 yr B.P. El Niño – Southern Oscillation events 

may have started to affect New Zealand, particularly the southern South Island (Wilmshurst et 

al., 2002). An increase in El Niño conditions would have increased the variability in the 

timing of precipitation, producing prolonged periods of severe drought (Wilmshurst et al., 

2002, Hobbs, 1998), which in turn increased the likelihood and frequency of fire outbreak 

events east of the main divide, particularly in inland valleys. 

The expansion of N. Fuscospora forest 

The late Holocene (~ 3,400 – 400 yr B.P.) was described by Wilmshurst et al. (2002) as a 

period of pronounced change in forest composition. By 3,400 yr B.P. sea surface temperatures 

(SST) had decreased by 1 – 2 °C on their early Holocene levels (Wilmshurst et al., 2002). 

Wilmshurst et al. (2002) used the decline in SST to confirm the change in climate indicated 

by the rapid transition from tall Podocarp forest; indicative of milder, moister conditions; to 

the cooler climate favoured by Nothofagus forest.  

The shift from the warm winters and wetter summers of the early - mid Holocene, to the 

cooler winters and drier summers of the late Holocene has been interpreted as driving the 

expansion of N. Fuscospora dominated forest between ~ 3,400 yr B.P. and present 

(Vandergoes et al., 1997, McGlone, 1988, McGlone, 1980b, McGlone, 1980a, McGlone et 

al., 1995, McGlone et al., 1993, Pickrill et al., 1992, Wilmshurst et al., 2002, Li et al., 2008). 

Pollen records from Eweburn, Te Anau (Wilmshurst et al., 2002), the eastern Takitimu 

Mountains, Western Southland (Vandergoes et al., 1997), Merrivale, coastal Southland 

(McGlone and Bathgate, 1983, McGlone, 1980b), the Garvie Mountains and Old Man Range, 

Central Otago (McGlone et al., 1995, McGlone et al., 1997), and Preservation Inlet, coastal 

Fiordland (Pickrill et al., 1992) all recorded an increase in N. Fuscospora pollen from 

approximately 4,000 yr B.P. to levels consistently above long distance dispersal, indicating 

the N. Fuscospora was established at or near the sampling locations. It was not, however, until 

~ 2,000 - 2,500 yr B.P. that N. Fuscospora began to expand rapidly; becoming a dominant 

component of most southern forest communities.  

Pollen records obtained from Central and Eastern Otago indicate that the rapid expansion of 

N. Fuscospora occurred after a deposit of charcoal fragments ~ 2,500 yr B.P (McGlone, 

1980b, McGlone et al., 1995, McGlone et al., 1997). The presence of charcoal fragments in 
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conjunction with the hypothesised strengthening of south-westerly airflow over southern New 

Zealand, led McGlone et al. (1995) to conclude that severe summer droughts combined with 

foehn winds inevitably led to devastating natural fires during the late Holocene. These large 

scale and most likely frequent fires appear to have provided the disturbance events required 

for N. Fuscospora to gain a competitive edge over other species including P. taxifolia, 

Dacrycarpus, Phyllocladus and Podocarpus (McGlone et al., 1995). In Southland and 

Fiordland, however, fire was not the main form of disturbance. Rather, the expansion of 

intense westerly airflow is speculated to have increased disturbance events such as forest blow 

downs, thereby increasing habitat availability, while the cooler more seasonal climate is 

believed to have favoured the more stress tolerant N. Fuscospora (Wilmshurst et al., 2002, 

McGlone et al., 1993); however, further studies are required. Based on the modern 

distribution and environmental requirements of each N. Fuscospora species (N. truncata, N. 

solandri var. solandri, N. fusca and N. solandri var. cliffortioides), McGlone et al. (1993), 

McGlone et al. (1995) and Vandergoes (1997) argued that the increasing abundance of N. 

Fuscospora most likely represented N. solandri var. cliffortioides. Their argument was based 

on the understanding that N. solandri var. cliffortioides, unlike the other Fuscospora species 

that are either absent (N. truncata) or confined to small stands, can tolerate a wide range of 

environmental conditions and stresses; thereby, making it more likely to tolerate the late 

Holocene climate than other tree species. 

The arrival of humans  

A beech-podocarp association persisted in southern New Zealand up until ~ 900 yr B.P., at 

which time pollen records from Central Otago (McGlone et al., 1995, McGlone et al., 1997), 

western Southland (Wilmshurst et al., 2002, Vandergoes et al., 1997) and coastal Southland 

and Otago (McGlone and Bathgate, 1983, McGlone and Wilmshurst, 1999) indicate that the 

vegetation underwent a final transformation associated by the arrival of Polynesians to New 

Zealand. In the Takitimu Mountains, Southland, a significant decline in P. taxifolia, N. 

menziesii and D. dacrydioides occurred in association with the appearance of charcoal 

(Vandergoes et al., 1997). Similarly, in Central Otago the arrival of Polynesians coincided 

with repeated fires, which led to the expansion and prolonged dominance of P. esculentum 

and Poaceae, at the expense of tall Podocarp - Prumnopitys forest and scrub, and eventually 

N. Fuscospora forest (McGlone et al., 1995, McGlone et al., 1997). A second wave of 

vegetation clearance associated with the arrival of Europeans in southern New Zealand ~ 200 
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years later saw the extensive destruction of lowland forest and an upsurge in the dominance of 

fire tolerant tussock grassland and Poaceae pollen (Vandergoes et al., 1997, McGlone et al., 

1997). The sudden occurrence of agricultural weeds including Taraxacum and Rumex and 

introduced tree species such as Pinus radiata in many southern New Zealand records was 

interpreted by McGlone and Bathgate (1983) as reflecting the establishment of European 

farmland around this time (Wilmshurst et al., 1999, Rogers et al., 2007). Detailed pollen 

records associated with the arrival of humans in southern New Zealand are difficult to come 

by, as the large scale burning of the region often resulted in bog surfaces being destroyed. 

Furthermore, the last ~ 900 years of vegetation change has largely be driven by anthropogenic 

processes, rather than climate itself. Making climatic interpretations from these changes can 

be extremely difficult.  

2.2 Summary 

The vegetation history of New Zealand over the last 18,000 years has been the focus of 

numerous investigations. The review of these studies has highlighted four main periods of 

development in New Zealand’s vegetation and climatic history since the LGM. Firstly, the 

grassland period (~ LGM to 12,000 yr B.P.); this period coincided with the severe climatic 

conditions of the termination of the last glaciation. The dominance of tall Podocarp/hardwood 

forest (~ 9,500 – 6,000 yr B.P.) was the second major change and corresponds with the 

warmer, milder and wetter conditions believed to be associated with the early to mid 

Holocene. The third significant period refers to the establishment and rapid expansion of 

Nothofagus forest (~ 4,000 – 700 yr B.P.), most likely associated with a deterioration in 

climatic conditions from the warmer early Holocene to the cooler, more season climate of 

contemporary New Zealand during the late Holocene. The final change in New Zealand’s 

vegetation development is represented by the arrival of humans to New Zealand (~ 700 yr 

B.P.) and the associated expansion of grassland and introduced horticultural and pastoral 

species. Although these four periods can be recognised in pollen records from all but the 

northern tips of the two main islands, which were dominated by forest early on, they can only 

be used as a broad indication of vegetation change. This is due to a number of issues 

associated with the investigations undertaken. A summary of the key questions that arise from 

this review of New Zealand’s vegetation history are presented below.   
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The distribution of study sites across New Zealand is skewed towards coastal regions, despite 

the fact that inland locations exist and have the potential to be more climatically sensitive 

records than coastal regions which are strongly influenced by maritime conditions. 

Furthermore, a large proportion of the investigations undertaken are located in the North 

Island and the upper two thirds of the South Island. This is in part due to the fact that most 

studies have focused on the last glacial – interglacial transition. The lack of records dating 

back to the LGM/ Late Glacial period in southern New Zealand has meant very few 

investigations have been undertaken in the region. This is surprising given that southern New 

Zealand lies directly in the path of the southerly and south-westerly airflows which 

significantly influences New Zealand’s climate. This region, therefore, should provide some 

of the most detailed records of climatically influenced vegetation change.  

To date, however, only ten reliable investigations have been carried out in southern New 

Zealand (Figure 2.1). Furthermore, the distribution of these investigations does not capture 

the full range of southern New Zealand’s topography and climate variability. Consequently, 

palaeoclimatic and vegetation reconstructions undertaken in southern New Zealand strongly 

rely on the extrapolation and inference of data from other reconstructions to fill in areas where 

detailed vegetation records are lacking such as along the Southern Alps. This issue is further 

compounded by a lack of consideration given to how local environmental conditions such as 

geology, precipitation, temperature and altitude, may have influenced the response of 

vegetation to alterations in climate. To date no attempt has been made to interrogate the 

Holocene vegetation history of southern New Zealand and develop a model of regional 

vegetation and climate change; even though a southern New Zealand regional record may 

help clarify some of the issues surrounding the asynchronous timing of vegetation 

development in New Zealand. 
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2.3 Research objectives 

This review has identified several key issues associated with the current literature on 

Holocene vegetation change in New Zealand. From these issues the following research 

objectives are proposed. 

1. To reconstruct and establish the mid to late Holocene vegetation history of western 

Southland to clarify the vegetation and climatic history of southern New Zealand 

between 10,000 yr B.P. and present; 

2. To compare and contrast the timing and magnitude of the vegetation and climate 

change identified in the pollen record from western Southland with other investigation 

carried out in southern New Zealand to create an integrated regional climate change 

record. In addition, this investigation aims to compare the individual pollen records 

from each site using contemporary temperature and precipitation data in conjunction 

with site altitudes to examine whether or not local climatic conditions and altitude 

influenced the timing, rate and type of vegetation change that occurred in southern 

New Zealand, and attempt to disentangle the influence of site variables on vegetation 

change from climate during the mid to late Holocene.   
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3 Methodology and Field Area  

 

3.1 Introduction  

The use of peat deposits as a preservation medium is examined in this chapter, along with the 

assumption and limitations of pollen analysis. The regional setting and physical 

characteristics of Eglinton Valley, western Southland, are described. The techniques 

employed for the extraction of pollen, both in the field and laboratory are also outlined.  

3.2 Research Strategy 

To investigate and reconstruct the vegetation and climatic history of western Southland during 

the mid to late Holocene, the proxy record needs to be easily accessible, have a high level of 

pollen preservation and date back to at least the mid Holocene. Furthermore, the site should 

be situated in a stable location, which is not regularly affected by flooding or landslides to 

ensure a continuous record. In addition, the depositional environment should be located 

within an environmental gradient to enhance the likelihood of the pollen record being 

sensitive to climatically influenced vegetation changes. Lastly, the preservation medium 

needs to be large enough to provide a regional record of vegetation change dating back to the 

mid to late Holocene, but small enough that the pollen rain reflects the regional vegetation 

composition, rather than pollen washed in from outside the source area, such as in lakes. On 

the basis of these requirements the research strategy for this investigation is to use a peat bog 

located in a steep environmental gradient as the preservation medium, thereby enabling 

analysis to be carried out on the pollen preserved within the peat. Pollen has been select as the 

proxy record for this investigation as it is directly link to vegetation. Any changes in the 

regions vegetation composition should therefore be reflected in the pollen record. 

Furthermore, unlike macrofossils such as leaves and seeds, pollen proxies tend to provide a 

regional rather than local record of vegetation change.  
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3.2.1  Pollen analysis 

As highlighted by chapter one, pollen analysis has been successively employed to reconstruct 

the paleoclimatic conditions of many different locations around New Zealand since the LGM. 

Microfossils, particularly fossilised pollen are used for reconstructing Quaternary 

environments for several reasons. Firstly, because pollen grains and spores are small (5 µm to 

100 µm), they are widely dispersed by air currents (Faegri and Iversen, 1975). Secondly, the 

uncertainty of pollination associated with wind pollinated plants means grains and spores are 

produced in vast quantities and are, therefore, well represented in most sediment assemblages 

and more likely to provide a regional representation of vegetation composition compared to 

locally derived macro-fossils (Traverse, 1988). Furthermore, because of high pollen 

production rates and the relatively uniform pollen rain created by atmospheric turbulence 

during dispersal, detailed vegetation reconstructions can be produced from a small core 

sample. 

Lastly, it is assumed that the pollen assemblage reflects the natural composition of the 

surrounding vegetation at the time of deposition (Bradley, 1999, Mackay et al., 2005). As 

each vegetation type is largely controlled by specific climate variables, inferences about 

climate change are based on variations in the composition of the pollen assemblage (Traverse, 

1988). This makes pollen a relatively reliable indicator of environmental change over time 

(Traverse, 1988, Vandergoes, 1993). 

3.2.2  Assumptions and Limitations of Pollen Analysis 

Pollen analysis, however, is based on four key assumptions associated with pollen dispersal, 

preservation and links between modern and past vegetation. In order to understand some of 

the issues associated with pollen analysis each of these assumptions and their associated 

limitations briefly discussed below. 

The first assumption of pollen analysis is that pollen grains and spores are produced in great 

abundance and uniformly dispersed. Secondly, it is assumed that any point along the pollen 

assemblage reflects the regional flora and vegetation that existed in the area at the time of 

deposition (Moore and Webb, 1978, Birks, 1981). Palynologists must be cautious in their 

interpretations, however, as insect pollinated species produce pollen in far smaller quantities 

than those pollinated by wind. Furthermore, Moore and Webb (1978), Faegri and Iversen 

(1975), and Moore et al. (1991) suggested that consideration must also be given to the relative 
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importance of each species within its given community, whether that is as a forest canopy 

emergent, or as a herb amongst the undergrowth. This is because pollen released in more 

exposed environments, such as in the upper canopy or open environments is more likely to be 

taken up and dispersed further by air currents than those in the less turbulent air flows of the 

forest floor, thereby leading to the over- or under-representation of some species in the pollen 

assemblage (Moore and Webb, 1978, West, 1971). 

Furthermore, it is assumed that the distribution of contemporary species and/or taxa is largely 

controlled by specific environmental tolerances, in particular climatic tolerances such as 

temperature and precipitation (Birks, 1981). It is logical therefore, that inferences about 

climate can be made based on variations in the composition of the pollen assemblage. Moore 

et al. (1991) and Birks (1981), however, argued that although climate is the main influence of 

vegetation distribution, researchers need to consider how soil type, light, dispersal 

mechanism, species competition and other vegetation/landscape interactions may also 

influence the performance and distribution of given species and therefore, the pollen 

assemblage. A significant issue with the use of vegetation as an indicator of climate change is 

their slow response times (Moore and Webb, 1978, Moore et al., 1991). The lag time between 

an alternation in climate and vegetation means if there is a sudden change in climate then the 

vegetation may never reach a state of equilibrium with the climate, and therefore, may not be 

recorded in the pollen assemblage (Moore et al., 1991). 

All of these assumptions are linked with the underlying philosophy and assumption of pollen 

analysis: methodological uniformitarianism. That is, that contemporary observations and 

relationships between species can be inferred as indicative of the behaviour, physiology and 

environmental requirements of past vegetation and more specifically the relationship between 

vegetation and climate have remained consistent through time (Tschudy and Scott, 1969, 

Birks, 1981, Moore et al., 1991). Birks and Gordon (1985) argued that the philosophy of 

methodological uniformitarianism can neither be proved nor disproved. Furthermore, they 

argued that all reconstructions of past environments require some degree of extrapolation 

based on the knowledge of modern vegetation (Birks and Gordon, 1985). Birks and Gordon 

(1985) suggest, however, that in pollen analysis this philosophy assumes that plant 

communities are in equilibrium with their environment, which as previously mentioned may 

not always be the case due to the lag effect of vegetation response.   
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3.2.3  Pollen preservation 

Pollen grains and spores are extremely durable due to their physical structure. The outer layer 

or exine, predominantly composed of sporopollenin, a chemically inert chitin-like substance 

which makes pollen grains extremely resistant to weathering and decay, thereby increasing 

the amount and length of preservation (Birks and Gordon, 1985). Subsequently, the resilience 

of the exine to chemicals means that the organic or inorganic matrix housing the pollen can be 

removed without damage to the exine (Bradley, 1999). Furthermore, the morphological and 

structural patterning on the pollen exine, in conjunction with the grains size and shape, allows 

the individual pollen grains and spores to be identified to a taxa or species level (Moore et al., 

1991).  

The characteristics of the depositional environment and the type of preservation medium that 

the pollen will be extracted from also need to be carefully considered when selecting a 

sampling site. Preservation mediums, which are not anaerobic and/or have a pH greater than 

6, have been found to be poor preservers of pollen (Moore et al., 1991). These specifications 

significantly limit the number of mediums suitable for pollen extraction, particularly as some 

types of pollen are more susceptible to degradation than others and therefore, may result in 

the under-representation and over-representation of some species. It is for these reasons, peat 

was selected for this investigation.  

3.2.4  Peat deposits as a preservation medium 

Peat deposits are classified as accumulations of organic detritus, usually from plants, that 

develop in locations where the rate of accumulation exceeds that of microbial deposition 

(Moore et al., 1991). These conditions most commonly occur where water logging, and/or the 

cold, are sufficient to inhibit the rate of decay (Moore et al., 1991, Mackay et al., 2005). This 

dependence of peat development on moisture and temperature means that the occurrence and 

rate of accumulation are influenced by climate (Mackay et al., 2005). As a result of this peat 

deposits accumulate on a yearly basis and therefore, provide a continuous stratigraphic record. 

Peat deposits are therefore an excellent pollen preservation medium, and can be classified into 

three main types based on their nutrient regime and the hydrological conditions under which 

they formed (Moore et al., 1991). 
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Rheotrophic peats are fed by groundwater flow, land runoff and precipitation. As a result 

these peat types are often rich in nutrients obtained from a variety of sources throughout its 

catchment (Moore et al., 1991). Examples of these peats include swamps, fens and marshes. 

Mesotrophic peats are the intermediate between rheotrophic and ombrotrophic peats, where 

nutrients are primarily received from precipitation with some input from groundwater (Moore 

et al., 1991). These transition bogs are generally poor in nutrients as a result of their primary 

dependence on precipitation. The most common examples of mesotrophic peats are poor fens 

and transition mires (Moore et al., 1991). 

Ombrotrophic peats occur where precipitation exceeds evaporation and transpiration rates 

(Moore and Webb, 1978). These peats depend only on water obtained directly from 

precipitation for their nutrient supply (Mackay et al., 2005). Thus, ombrotrophic peats are 

nutrient poor and their water balance is primarily determined by climate, specifically 

evaporation and precipitation, with some variation depending on vegetation cover. As these 

peats are not influenced by groundwater and runoff like rheotrophic and mesotrophic peats, 

they are favoured by paleoclimatologists (Mackay et al., 2005, Moore et al., 1991). 

Ombrotrophic peats are often domed or blanket mires. 

There are however, minor limitations associated with the use of peat deposits as a 

preservation medium for palaeoclimatic reconstructions. Firstly, the intrusion of roots from 

bog surface species such as Dracophyllum, can not only distort deposition layers but if 

incorporated into samples used for radiocarbon dating may contaminate the sample with 

younger carbon, producing inaccurate ages. Similarly, the vertical movement of pollen grains 

can occur through the upwash or downwash of water through the profile (Moore and Webb, 

1978, Clymo and Mackay, 1987). This can be an issue for fine resolution investigations as it 

might affect the accuracy of the pollen based vegetation reconstruction, while for low 

resolution studies the vertical movement may smooth some abrupt changes in vegetation 

composition (Clymo and Mackay, 1987, Moore and Webb, 1978, Vandergoes, 1993). Lastly, 

careful consideration needs to be given to the size and location of the peat deposit. Small, 

sheltered locations may only represent small areas of vegetation. Alternatively, large, open 

peat deposits may be subject to contamination via long distance dispersal.  
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3.3 Field Area 

3.3.1  Regional setting 

Southern New Zealand is composed of two regions: Southland and Otago. The Fiordland 

Mountains occur on the western boundary of southern New Zealand and cover an area of 

approximately 10,000 km
2 

(Vandergoes, 1996). The mountains peaks (~ 1,905 m a.s.l.) are 

characterised by steep slopes and deep U-shaped valley carved out by glaciers, while the 

lower lying areas are home to numerous glacial lakes, the largest of which are Lake Te Anau 

and Manapouri (Vandergoes, 1996, Wilmshurst et al., 2002). Southern Fiordland’s climate is 

largely controlled by the westerly winds which move weather systems eastwards over New 

Zealand. The high mountain ranges form a partial topographical barrier to any weather 

systems tracking eastwards over the region; often resulting in increased rainfall (> 16,000 

mm/yr) along the ranges and a deficit on the leeward side, in Southland and Otago (Sansom, 

1984). Western Southland is located in the immediate rain shadow of the Fiordland 

Mountains, and as a result has a cool, frosty and cloudy oceanic climate, which receives 

approximately 2,500 mm/yr (Figure 3.1) (Wilmshurst et al., 2002, NIWA, 2010). Steep U-

shaped valleys dominate the landscape, while large braided rivers drain south-eastwards 

through low mountains and rolling hills towards the vast flood plains of Southland (McGlone 

and Bathgate, 1983). Winters in inland Southland tend to be dry and frosty while summers are 

long and warm (McGlone and Bathgate, 1983). By contrast summers in coastal Southland are 

often short and damp, while winters are cool and wet (McGlone and Bathgate, 1983). Further 

east in Otago steep-sided, deeply incised rivers separated the broad undulating mountain 

ranges (~ 400 – 1,000 m in altitude), which tapper towards the eastern coast, where easterly 

sea breezes create a cool, moist environment (McGlone and Wilmshurst, 1999). Inland in 

Central Otago, however, the mountainous terrain combined with the rain shadow affect 

created by the Southern Alps has created a dry continental like climate (de Lisle and Browne, 

1968). Temperature extremes, strong frosts and low rainfall (< 400 mm/yr) tend to 

characterised the area (McGlone et al., 1997). In the lowlands of Central Otago winters tend 

to be cold and frosty while summers are accompanied with extreme temperature highs 

(McGlone et al., 1997).  

 

 



  Methodology and Field Area 

32 

 

 

 

 

 

Figure 3.1: Precipitation gradient of southern New Zealand. Source: Sanson (1984). 
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3.3.2  Study Area 

Eglinton Bog is situated approximately 2.7 km north of Smithy Creek, Eglinton Valley, 

western Southland (Figure 3.2). Two 450 cm long cores were extracted from near the centre 

of a raised, ombrotrophic peat bog situated on the true right of Eglinton River. Eglinton Bog 

has an altitude of 387 m a.s.l. The bog is approximately 212 m long and 145 m wide and 

covers an area of approximately 26,500 m
2
. A moat varying in width from 0.2 – 2 m 

surrounds the bog. The bog is flanked by the Livingstone Mountain Ranges to the east, a 14 m 

high ridge to the north and a 5 m high ridge to the south. The western periphery is 

unconstrained and slopes gently downward towards the Eglinton River. The western flanks of 

Eglinton Valley are defined by the Earl Mountain Ranges. A mature Nothofagus dominated 

forest surrounds the peat bog, thinning to a small corridor on the western margin of the bog. 

This corridor marks the transitional boundary between the forest margin and the grassland 

community that dominates the flood plain/active river channel of the western branch of the 

Eglinton River (Figure 3.2). Sedges, Dracophyllum, Empodisma minus and Sphagnum 

dominate the uneven bog surface. Eglinton Bog is located on the edge of a steep 

environmental gradient thereby, making the site extremely sensitive to climate change. 

Eglinton Valley is located (44°50´S, 168°05´E) within the Fiordland National Park, western 

Southland, New Zealand (Figure 3.2) and extents 40 km in a NNE to SSW direction. The area 

is dominated by steep glaciated valley sides and a flat valley floor. The valley floor sits at an 

altitude of 270 - 550 m a.s.l. ranging in width from 0.5 - 2.0 km (O'Donnell et al., 1999). 

Vegetated glacial-alluvial outwash fans, terraces, mountain ridges and gravel from active river 

courses are the main geological features of the valley (O'Donnell et al., 1999). Large fans 

associated with the East Branch, Cascade Creek, Mistake Creek and Smithy Creek tributaries 

are a prominent feature of the valley (O'Donnell et al., 1999).  Wetlands and peat bogs occupy 

many of the low-lying areas situated between the large alluvial fans; in abandoned river 

channels and old meanders.  

 Climate  

New Zealand’s climate is primarily influenced by its mid-latitude, maritime location and steep 

relief (Garr, 1987). The latitudinal spread of New Zealand means the southern extent lies 

directly in the zone of the Southern Hemispheres prevailing cool, moist, westerly wind belt. 
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Consequently, the climate of southern New Zealand is strongly influenced by eastward-

migrating winds, and anticyclone systems (Wilmshurst et al., 2002, Wardle, 1991).  

Most precipitation events are associated with strong south-westerly airflows which carry 

moisture laden cold fronts into the region (Vandergoes et al., 1997). Knobs Flat, situated ~ 5 

km south of Eglinton Bog, has a mean annual rainfall of 2,416 mm, most of which falls as 

rain. Knobs Flat has a mean annual temperature of 8 °C, a mean maximum of 13 °C and a 

mean minimum temperature of 3.1 °C (NIWA, 2010). Although seasonal snow covers the 

peaks of the Earl and Livingstone Ranges in winter, there is no permanent snow or ice.  
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Figure 3.2: A topographical map of the Eglinton Bog study area. Eglinton Bog is indicated by the 

pink star.  Image and data files were obtained from LINZ (2011).     
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Soils and Geology 

Eglinton Valley was glaciated on several occasions during the Pleistocene, resulting in many 

of the valley walls having a slope of between 30° and 45° (Grindley, 1958). The elevation of 

Eglinton Valley decreases in a south-westward direction towards the eastern side of Lake Te 

Anau.  

The Earl Mountains to the west and the Livingstone Mountains to the east of Eglinton River 

are underlain by two main calc-alkaline volcanogenic sedimentary sequences (Johnstone et 

al., 1997). The Earl Mountains are largely composed of Largs volcanic, a predominantly 

volcaniclastic deposit made up of andesitic to dacitic detritus (Johnstone et al., 1997). These 

volcanic and sedimentary rocks are associated with the Median Batholith, which are of a late 

Jurassic to Cretaceous age (Figure 3.3) (Turnbull, 2000, Johnstone et al., 1997). The eastern 

side of the valley is composed mainly of Brook Street Terrane, from the Permian age. These 

Plato volcanics consist of a combination of Consolation Formation; a bedded sandstone and 

siltstone from the Eglinton group; and Knobs Gabbro; a coarse, altered serpentinised gabbro 

(Figure 3.3) (Johnstone et al., 1997, Turnbull, 2000). The Livingstone Mountains are 

primarily composed of the Livingstone volcanic group, which consists of undifferentiated 

volcanics, dikes, microgabbro and sediments; and the Dun Mountain ultramafics group 

(Turnbull, 2000).  

The landforms of Eglinton Valley are recent features, with none older than the late 

Pleistocene. The valley floor is a combination of late Pleistocene/Holocene unconsolidated 

and/or semi-compacted moraines and outwash fluvio-glacial gravels; and post-glacial river 

flood plains composed of silts, sands and gravel, as well as, large alluvial screes and fans, and 

gravel terraces (Grindley, 1958, Turnbull, 2000). Many of the low-lying areas, particularly 

abandoned river channels, are occupied by wetlands, oxbow lakes, swamp and peat deposits. 

The soils of Eglinton Valley are composed of Holocene glacial-alluvial sediments. 

  



  

 

 

 

Figure 3.3: Geological map of the Eglinton Bog area, western Southland, New Zealand. The pink star indicates the location of Eglinton Bog. The red circles indicate Knobs Flat and Deer Flat. Modified from Turnbull (2000). 
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 Vegetation 

The establishment of trees and shrubs on the valley floor has been limited by the instability of 

the shingle river bed and changing channel courses; disturbance from periodic flooding; 

temperature inversions created by the steep valley walls; and the development of active 

aggradation surfaces and wetlands (Kemper, 2007). Large open tussock grasslands composed 

predominantly of Festuca rubra and Anthoxanthum odoratum, with patches of Discaria 

toumatou and Corokia cotoneaster cover large areas of the valley floor (O'Donnell et al., 

1999).  

The composition of forest throughout Eglinton Valley varies with altitude. Where forest has 

become established on the valley floor it is co-dominated by Nothofagus fusca (red beech) 

and N. menziesii (silver beech) (O'Donnell et al., 1999). N. fusca tends to dominate the 

warmer, more fertile, lower slopes of the valley, and are commonly found deep within the 

main forest stands (O'Donnell et al., 1999, Kemper, 2007). On the mid to upper slopes of 

Eglinton Valley N. fusca gives way to N. menziesii dominated forest. Although patches of 

Nothofagus solandri var. cliffortioides (mountain beech) grow on poorer soils scattered 

around the valley floor, the species tend to dominate higher up the valley walls (O'Donnell et 

al., 1999). The understory of the forest is relatively sparse with a small number of tree/shrub 

species present, predominantly Phyllocladus aspleniifolius var. alpines (Mountain toatoa), 

Griselinia littoralis (Broadleaf) and several Coprosma species. Ground cover is primarily 

dominated by a variety of mosses, lichens and the occasional fern.   
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3.4 Field Methods 

The field methods and techniques undertaken to extract a peat core, vegetation and 

topographical surveying are described in this section. The laboratory procedures used to 

prepare the pollen samples and the methods used for data analysis and presentation will also 

be outlined. 

3.4.1  Ground Penetrating Radar  

A pulseEKKO PRO low frequency Ground Penetrating Radar (GPR) was used to survey the 

vertical structure of the peat bog and identify the area of maximum depth. Two intersecting 

lines were surveyed along the length and width of the peat bog (Figure 3.4). One metre long 

transmitting and receiving antennas were placed one metre a part to prevent the data from 

being clipped. A step size of 0.25 m was used in conjunction with a frequency of 100 MHz to 

ensure that radar pulse adequately penetrated through the peat bogs basal sediments at 4.5 m.  

Due to an uncertainty about the velocity of the material being surveyed the radar velocity was 

set at 0.1 m/ns. The profile of the bog was surveyed using a dumpy level and 30 m tape 

measure. 

3.4.2  Peat coring for pollen analysis 

Two adjacent peat cores (Egb 1 and 2) were extracted from Eglinton Bog to enable a 

comprehensive and continuous environmental/climatic pollen signature to be extracted. To 

achieve this, a strict sampling procedure was adhered too. Probing along the length and width 

of the bog was undertaken perpendicular to the surface of the bog to ensure the cores were 

extracted from the area of maximum depth. A side filling Russian D-section sampler (50 cm 

long, 5 cm wide chamber) was used to extract two adjacent cores (Egb 1 and Egb 2), 4.5 m in 

length and 5 cm wide. The samples were extracted in half metre lengths, transferred to pre-cut 

half-round PVC piping and wrapped in plastic film to prevent contamination from aerial 

pollen. The corer was cleaned between samples using a scrubbing brush and water to prevent 

contamination and transfer of peat between samples. The stratigraphy of the two cores was 

photographed and described in the field. The second core was taken 1.5 m to the North East of 

the first, to confirm the stratigraphy of the peat bog. Two additional surface cores (Egb 3 and 

Egb 4) one metre in length were extracted to the north and southwest of Egb 1 and 2 (Figure 

3.4). The cores were labelled and stored at 4 °C until sub-sampling. 
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Figure 3.4: Field sketch showing the location of the four core sites and two ground penetrating radar 

transects carried out at Eglinton Bog, western Southland, New Zealand. 
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3.4.3 Vegetation surveying 

A vegetation survey was contacted at the site where the pollen cores were extracted. The 

shoot presence/absence method was used to identify the presences of species within a 15 x 15 

m quadrat, with the core site located in the centre. A vegetation survey was also undertaken 

on the margin of the bog and in the forest community to the north east of the bog. Any 

specimens that could not be identified on site were placed in labelled plastic bags for 

identification later. Identification was carried out using: Brownsey and Smith-Dodsworth 

(2000), Allison and Child (1975), Crowe (2009), Allan (1961) and personal communication 

with John Steel (2011) (Teaching fellow, Department of Botany). The composition of the 

modern pollen rain was established by extracting pollen from Sphagnum moss samples taken 

from 5 locations across the bogs surface.  

3.5 Laboratory methods 

The laboratory procedures undertaken for this investigation are described in this section. 

These procedures include the extraction and analysis of pollen from two of the peat cores 

acquired from Eglinton Bog, western Southland, New Zealand. 

3.5.1  Pollen analysis 

The core samples were stored at 4 °C until sub-sampling and pollen extraction were 

undertaken. The procedures undertaken during core processing were adapted from those of 

Moore and Webb (1991), Vandergoes (1996) and Howarth (2006). A summary of steps 

involved in the pollen extraction and slide preparation processes are illustrated in Figure 3.5 

and briefly described below. 
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Decision – proceed or repeat 

 

 

Wash (in liquid specified): centrifuge and 

decant 

 

Procedure as described 

 

 

 

 

 

 

Figure 3.5: Flow diagram summarising the laboratory procedure undertaken to extract pollen from the 

Eglinton Bog peat cores. Modified from Vandergoes (1996). 
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Core sub-sampling 

The cores were sub-sampled in a laboratory to reduced contamination. The surface of each 

core was scrapped clean to remove any superficial contamination suffered during sampling 

and storage. Significant changes in the cores stratigraphy and composition of the peat were 

photographed and recorded, in conjunction with macro-fossils (leaves, seeds and wood) 

present on the exposed surface. Sub-sampling was carried out at five centimetre intervals 

along the length of the core, 0.5 g samples were removed from the cores centre.  

Deflocculation and removal of non-pollen matter 

The samples were placed in polypropylene tubes. Samples were broken down and 

deflocculated by soaking for a minimum 24 hours in 5 mL of 10 % KOH. To enhance the 

break down and deflocculation of material, samples were thoroughly mixed before storage. 

After 24 hours the volume was increased to 8 ml by the addition of KOH and heated in a 

water bath for 30 min at 98 °C. Boiling was avoided to prevent contamination of the samples 

via splashing water. 

After heating, the samples were sieved through a 70 µm mesh and collected in polypropylene 

tubes. Residual material left on the mesh surface was rinsed using distilled water to ensure 

maximum extraction of pollen from the samples. The remaining extraneous material was 

examined for macro-fossils, which were described and recorded. Samples were also examined 

under a microscope to ensure that large pollen grains were not inadvertently being removed 

during the sieving process before the material was discarded. The extracted pollen-fraction 

was centrifuged for 8 minutes at 3,000 r.p.m and the liquid decant. From this step onward any 

step that required the addition of liquid was followed by centrifuging and decanting off of the 

liquid to be discarded. Spot checks were carried out throughout the extraction process to 

ensure that any one pollen type was not inadvertently being removed during the process. 

Calcium carbonate and cellulose removal 

Carbonates were removed from the samples by adding 5 ml of 10 % HCL and heating in a 

water bath at 78 °C for 5 minutes. Samples were rinsed in distilled water, centrifuged for 8 

minutes and excess water was decanted. This step was repeated three times to neutralise the 

samples before they were sieved through a 5 µm mesh to remove finer lignin and cellulose 
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material, thereby increasing the effectiveness of acetolysis on the remaining sample. 5 ml of 

glacial ascetic acid was then added to each sample. This dehydrates the sample thereby 

avoiding a vigorous reaction between residue water particles and the sulphuric acid and acetic 

anhydride solutions involved in the following acetolysis step (Moore and Webb, 1991).  

Coarser cellulose was removed using acetolysis (Moore and Webb, 1991). A 9:1 ratio 

solution of acetic anhydride to sulphuric acid was added to each sample and heated in at 98 

°C water bath for 7 minutes. Each sample was re-washed in glacial acetic acid, thereby 

neutralising the acetic anhydride sulphuric acid solution and increasing the effectiveness of 

staining. This was followed by further washing with a 10 % KOH/distilled water solution and 

three distilled water rinses to ensure complete neutralisation of the sample prior to staining 

and mounting of the slides. Samples were again sieved, first at 150 µm and then at 5 µm to 

remove the larger and finer fractions of lignin and cellulose not removed during acetolysis. A 

prepared Lycopodium marker solution containing 18,583 ± 4.1% Lycopodium spores was 

added to each sample. Each sample was mixed using a vortex to ensure the even dispersal of 

the marker pollen through the sample. 

Staining and slide preparation 

To enhance the morphological features of the pollen wall used in the identification of pollen 

grains, one drop of fuchsin stain was added to each sample. Surplus stain was removed using 

distilled water washes. To ensure a highly concentrated pollen fraction remained, as much 

excess water as possible was decant following the final rinse. 

The pollen residue was mounted on slides using glycerine jelly. Each slide was mounted with 

between approximately 0.01 – 0.02 ml of the concentrated pollen fraction to ensure a 

sufficient quantity of pollen grains for counting. Every slide was labelled with the cores 

location, sample number and depth and the marker pollen batch number. The extra sample 

fraction was sealed and stored at 4 °C for future reference.  

Treatment of samplings containing silica 

For the 5 basal samples extracted from the contact zone between the peat and underlying 

sand/silt fraction an additional step was undertaken to remove any inorganic material 
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incorporated in the samples. Sodium poly-tungsten (SPT), a heavy liquid, was used to 

separate the lighter pollen fraction from the heavier siliceous fraction.  

To each sample 6 ml of SPT solution with a specific gravity of 1.8 was added and thoroughly 

mixed, before being rested for 5 minutes. Samples were centrifuged for 10 minutes at 2,000 

r.p.m to allow the two fractions to separate out.  The lighter pollen containing fraction was 

retrieved by decanting it in conjunction with the SPT off the heavy siliceous fraction. The 

light pollen fraction was separated from the SPT through the addition of distilled water, 

thereby diluting the SPT to a specific gravity of less than 1, allowing separation to occur 

during centrifuging. 

A test sample of both the heavy and light fractions were mounted and examined under the 

microscope to establish whether the step was successful. If the heavy fraction contained very 

sparse or no pollen grains the SPT separation was judged a success. If the pollen 

concentration was high, SPT was repeated at a higher specific gravity.   

Microscopy  

Slide analysis was undertaken using an Olympus BH-2 microscope and the identification and 

counting of pollen grains and spores was carried out at 100 x and 400 x magnification. If 

grains were too small, with faint apertures or the exine was unidentifiable using the standard 

magnifications, a high powered 1,000 x oil immersion lens was used. Pollen grains were 

counted at regularly spaced transverses along the whole length of the slide. The transverses 

were evenly distributed along the length of the slide to counter the non random distribution of 

pollen grains and spores on the slides (Birks and Gordon, 1985). 

Pollen counting was undertaken until a total of at least 250 dryland pollen grains and spores 

were identified. Once the pollen sum was reached the remainder of the slide was scanned to 

identify any previously unidentified pollen grains and spores. These were identified and 

recorded as traces. Pollen grains and spores were identified with reference to the descriptions 

and keys in Moar (1993), Large and Braggins (1991), Franklin (1968), Pocknall (1981a) and 

Pocknall (1981b). 
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The pollen sum 

The pollen sum defines the plant communities that will be used as the basis for drawing 

ecological interpretations and are therefore, presumed to occur within the study area (Faegri 

and Iversen, 1975). The pollen sum is used to calculate the percentage representation of each 

species within the selected plant communities (Faegri and Iversen, 1975). Depending on the 

type, scale and objectives of the investigation being carried out different plant communities 

are incorporated or omitted. If, for example, the total vegetation composition of an area over 

time is being investigated then all pollen counts will be incorporated in the pollen sum. If, 

however, the aim is to develop a regional vegetation record then it may be deemed necessary 

to exclude the pollen of plant species which grow within the immediate vicinity of the site, 

such as wetland and aquatic plants. For the purpose of this investigation the pollen sum 

incorporates all dryland pollen types including tall Angiosperm and Gymnosperm trees, small 

shrubs, herbs, tree ferns and ground fern taxa.  

Analysis and preparation of pollen data 

The raw pollen counts were converted to and presented as either a relative frequency 

(percentage diagram) or an absolute frequency (concentration diagram) curve (Faegri and 

Iversen, 1975). The software packages TILIA and TILIA GRAPH (Grimm, 1991) were used 

to analyse and convert the raw pollen count into relative and/or absolute frequency, before 

presenting the results as percentage and/or concentration diagrams, respectively.  

Relative frequency curves were used to express a given taxa as a relative proportion of the 

total pollen sum, and were the basis for the vegetation reconstruction carried out in this 

investigation. Absolute frequency curves were used to determine the concentration of taxa 

within the pollen rain based on those relevant to the vegetation reconstruction (Howarth, 

2006). The advantage of using an absolute frequency diagram is that density calculation for 

each pollen type is independent of other pollen quantities (Howarth, 2006). Subsequently, the 

concentrations attained are representative of the pollens actual abundance in the pollen rain. 

The pollen diagrams were sub-divided into biostratigraphic zones to aid in the interpretation, 

comparison and correlation of the data with other investigations. Zones were identified based 

on the main changes in the pollen composition along the length of the core, particularly 

species deemed to be of paleoclimatic significance, such as N. menziesii, N. Fuscospora, D. 

cupressinum, Prumnopitys ferruginea and Coprosma. The dryland pollen was zoned using 
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CONISS, a quantitative method for carrying out agglomerative cluster analysis in TILIA 

(Howarth, 2006). Cluster analysis enables the pollen diagram to be zoned objectively. This 

method, however, has several limitations. The most significant of these short comings of 

cluster analysis is that it uses all dryland pollen types within the data set to define the zones, 

even those which are of limited paleoecological significance. An alternative method, 

commonly used by Palynologists is to zone pollen diagrams ‘by eye’, thereby taking into 

account variations in key indicator taxa. The approach taken in this study was to use the 

cluster analysis carried out on the data set as a guide to how the diagram might be 

biostratigraphically zoned, with consideration given to species which are well understood and 

of paleoecological significance. 

The ecological and climatic interpretations of the pollen diagram where made with reference 

to: Wardle (1991), Wardle, (2002), Wardle, (1984), McGlone (1988), McGlone and Bathgate 

(1983), Vandergoes et al. (1997) and MacPhail and McQueen (1983).  

3.5.2  Radiocarbon dating 

Radiocarbon dating was undertaken by the Rafter Radiocarbon Laboratory and the University 

of Waikato Radiocarbon Dating Laboratory. All radiocarbon dates used in this investigation 

are based on a Libby half life of 5,568 years, with the reference year of 1950 AD. OxCal MDI 

was used to convert 
14

C dates to calendar years and vice versa, using the ShCal 04 curve 

(Ramsey, 2010). 

Preparation of samples 

In a sterile laboratory the basal section of pollen core Egb 1, was scraped back to reveal the 

centre of the core and 1 cm
3
 was removed for AMS (accelerator mass spectrometry) 

radiocarbon dating. The sample was extracted from just above the contact between the peat 

and underlying sand/silt fraction at 438 cm. The sample was examined and any sand/silt was 

removed from the sample to ensure only the basal peat was being dated. The sample was dried 

at 35.4 °C prior to dating. This procedure was repeated at 298 cm (Egb 1), 196 cm (Egb1), 

and 77 cm (Egb 4) along the peat core. The samples were examined and any possible 

contaminants such as plant roots were removed from the samples before being dried and sent 

to the University of Waikato’s Radiocarbon Laboratory.  
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4 Results 

 

4.1 Introduction 

The vegetation and geomorphological composition of Eglinton Bog are presented in this 

chapter. The stratigraphy and chronology to the two cores used for pollen analysis are also 

examined. Pollen analysis is presented in a relative pollen diagram with zone boundary and 

basal dates reported in 
14 

C years B.P. 

4.2 Vegetation composition of Eglinton Bog 

The vegetation on and surrounding the Eglinton Bog was composed of three communities: 

forest, forest/bog margin and Bog surface community (Appendix 1). The forest community, 

situated to the north east of the core sites was composited of a mixed Nothofagus forest 

dominated by N. fusca. A sparse sub-canopy of N. solandri var. cliffortioides, Podocarpus 

hallii was also present throughout the area. The forest understory was sparse, dominated by 

Coprosma dumosa and C. pseudociliata shrubs, along with N. fusca, N. menziesii and N. 

solandri var. cliffortioides seedlings. The forest floor was covered in an abundance of mosses, 

lichens and small ground ferns including: Chandonanthus squarrosus, Ptychomniom 

aciculare and Hymenophyllum multifidum, along with the occasional grass (Uncinia astonii) 

and ferns (Blechnum pennamarina and Polystichum vestitum). 

The forest-bog margin was a complex transitional community. N. solandri var. cliffortioides 

and N. menziesii dominated the upper canopy of the margin community while P. alpinus and 

Coprosma dumosa dominated the understory and outer most margins of the forest. 

Podocarpus hallii and Halocarpus bidwillii, varying in height from one to two metres are also 

scattered around the forest margin, particularly at the southern end of the bog. A rich variety 

of small (~ 1 m high) Dracophyllum shrubs, primarily D. longifolium and D. pronum 

dominated the edge of the peat bog. Inter-bedded beneath the dense Dracophyllum scrub was 

a rich community of Empodisma minus, Sphagnum cristatum, Pentachondra pumila, 
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Cyathodes empetrifolia (Androstoma empetrifolia), Cyperaceae Oreobolus, Caldiona confusa, 

and C. sullivanii.  

The bog surface community was primarily composed of Empodisma minus, with 

Dracophyllum uniflorum shrub more widely dispersed than in the margin community. 

Sphagnum cristatum, Cyperaceae Oreobolus and Unicinia astonii dominated the remainder of 

the bog’s surface along with Cyathodes empetrifolia. P. alpinus and the occasional H. 

bidwillii shrub were also present in scattered clumps on the bog surface, mostly towards the 

outer margin. Caldiona confusa and Caldiona sullivanii were the dominant lichens on the 

bog’s surface.  

4.3 Geomorphology of the Eglinton Bog 

Eglinton Bog occupies a small depression in the remnants of what appear to be an old ice 

margin. The northern margin of the bog is partially dammed by a series of abrupt ridges (at 

least three), approximately 14 m in height and 25 m wide (Figure 4.1). The ridges are 

composed of a diamicton facies with particles up to one metre in diameter present (Figure 

4.1). The series of ridges are separated by what appear to be narrow, shallow troughs possibly 

created by a small creek/ stream. One of the ridges, which has been cut through by the Te 

Anau – Milford Sound Highway matches a similar ridge on the other side of the road. Based 

on the composition, height and morphology of the ridges, it appears they are of glacial origin, 

possibly remnants of an old terminal/lateral moraine.  

The southern ridge has a steep proximal face approximately five metres high (Figure 4.2). The 

distal slope, however, has a very low gradient and extends approximately 50 m southwards 

towards the northern margin of a second, slightly larger peat bog. Unlike the disconnected 

ridges at the northern end of Eglinton Bog, the southern ridge curves around the south-eastern 

edge of the bog and gradually slopes down to merge with the base of eastern mountain range. 

The western edge of the ridge very gradually decreases in height towards the western side of 

the bog. Based on the low angle of the distal slope and sharp face of the proximal face; the 

deposit appear to also be of glacial origin, most likely the head of an old outwash plain/ ice 

contact margin. 
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Figure 4.1: The morphology and composition of one of the 14 m high ridges at the northern end of 

Eglinton Bog, western Southland. The abruptness and height of the ridges is illustrated in Figure 4.1A. 

The person at standing at the base of the deposit is approximately 164 cm. B and C indicate the 

variability of particle sizes within the glacial deposit; the camera case is 11 cm x 8 cm. 

 

Figure 4.2: The small five metre high ridge situated at the south-eastern margin of Eglinton Bog, 

western Southland. The person in the foreground is 164 cm.  
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The bog itself is constrained to the north and south by the two ridges and a large mountain 

range to the east. A moat flows around the entirety of the bog and appears to drain away from 

the oligotrophic bog at the south west corner. The moat varies in width from approximate two 

metres at the north eastern margin of bog, to 20 cm at the base of the southern ridge. A small 

shallow creek merges with the mote on the eastern side of the bog. Ground penetrating radar 

imagery and topographic surveys carried out across the centre of Eglinton Bog from north to 

south and east to west, revealed that the bog is deepest towards the centre of the bog, where 

the depth reaches 4.6 m (Figure 4.3). Surface profiling indicates that the bogs margins 

gradually drop 0.33 cm and 0.96 cm below the elevation of the centre of the bog, over the 

space of 20m at the southern and eastern margins Bog, respectively. By comparison, the 

northern and western margins gradually drop 151 cm and 120 cm, respectively over 45 – 60 

m. The bog’s surface is largely flat.    

4.4 Stratigraphy and chronology of the pollen core 

Two cores were used for pollen analysis. The first core (Egb 1) consisted of 450 cm of peat 

and a silt sand deposit. The first 100 cm of Egb 1 was characterised by intermittent, fibrous 

peat that varied in thickness from 1 cm to 3 cm, and was not used for sampling. Instead the 

first 100 cm of Egb 4 was used. Egb 4 consisted of 100 cm of highly fibrous, very dark brown 

to black peat. Similarly, between 100 cm and 420 cm Egb 1 consisted of highly to very 

fibrous peat. From 205 to 235 cm the peat changed colour from very dark brown to black to a 

dark-reddish brown which turned to dark brown when exposed to air. Between 421 and 426 

cm the peat was very dark brown to black and had a reduced fibre content. Beneath this was a 

faint light brown gray contact, 4 cm wide (Figure 4.4). The gray contact was underlain by 5 

cm of very compacted, black, humified peat. From 439 to 440 cm a thin sand deposit overlaid 

a highly compacted, 8 cm thick, dark grey green silt sand fraction. This was underlain by 2 

cm of highly compacted, very dark greyish brown, silt dominated fraction.  

Accelerated mass spectrometry (AMS) was used to obtain radiocarbon dates from the Egb 1 

and 4. Dating yielded a basal age of 5,030 ± 20 yr B.P. (R 32458)  at 438 cm, and depth ages 

of  3,785 ± 30 yr B.P. (WK 29581) at 298 cm, 2,238 ± 30 yr B.P. (WK 29580) at 196 cm and 

1,263 ± 30 yr B.P. (WK 29579) at 77 cm (Appendix 2). 
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for interpretation. Basal and depth dates for the core are also provided.
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4.5 Pollen Analysis  

4.5.1  Pollen diagram biostratigraphy 

The pollen diagram presented in the text is also available as a lift out at the back of this thesis 

so that the diagram and the text of the results can be examined and compared together. The 

pollen diagram was divided into four zones using CONISS cluster analysis and Tilia (Grimm, 

1991).  

A limitation of using this clustering method is that the zones are not representative of regional 

and local changes in pollen rain over time; an example of this is occurs half way through Zone 

2 where Empodisma minus suddenly occurs in the pollen record. Furthermore, CONISS 

cluster analysis does not recognise less abundant taxa such as P.  ferruginea and Podocarpus, 

which are of high paleoclimatic importance when establishing significant alternations in 

vegetation composition and defining the boundaries of zones.  

An alternative approach, that is widely practiced, is to use the cluster analysis as a guide for 

zoning pollen diagrams, with consideration given to species that are well understood and of 

high paleoecological significance at the local and regional scale. Using this method four zones 

were adopted for this pollen diagram and are outlined below. 

4.5.2  Zone 1 (450 – 295 cm) 

The regional and local pollen rain of the Eglinton area was dominated by tall Angiosperm 

trees and wetland and aquatic plant taxa, respectively, including N. menziesii, Carex, and 

Schoenus type, with medium to low values of tall Gymnosperm tree pollen, herbs and ferns. 

N. menziesii and Halogaris dominated the dryland taxa between 445 and 415 cm, with their 

pollen representing up to 40 % of the total sum. Between 415 and 385 cm these values 

declined to approximately 35 % and 0 %, respectively. Values of Plantago also decreased 

from 28 % to 2 % (Appendix 3). Coinciding with the decline in Halogaris and to the lesser 

extent N. menziesii, was the rise in monolete fern spores, which dominated the total pollen 

sum between 405 and 385 cm. Poaceae (> 40 µm), Asteraceae, and Gunnera all declined from 

between 8-13 % at 445 cm to less than 3 % at 425 cm. The peak in N. menziesii at 415 cm 

coincided with an abrupt, short-lived spike in N. Fuscospora (23 %).  N. menziesii declined 
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thereafter until 385 cm where it sharply increased to peak at 74 % (365 cm). The increase in 

N. menziesii coincided with very low percentages of small Angiosperm trees and shrubs, 

herbs and monolete fern spores. Halogaris declined from 23 % at 375 cm to 2 % at 365 cm. 

Podocarpus, P. ferruginea, P. taxafolia, Dacrydium and Phyllocladus were all present in 

relatively low abundances throughout Zone 1, never exceeding 7 %. Similarly Asteraceae, 

Hebe, Halocarpus, Gaultheria and Dacrycarpus dacrydioides all represented less than 4 % of 

the total dryland pollen sum. A similar trend was visible in the fern taxa with both tree ferns, 

and ferns and fern allies only making up a small proportion of the overall total pollen sum. 

Cyathea smithii, Adianthum, Blechnum and trilete fern spores, for example, averaged between 

1 % and 6 %. Monolete fern spores, however, both peaked at 345 cm, as too did the herb 

Plantago, representing 28 % of the total dryland pollen sum. In contrast N. menziesii declined 

by 54 % at 345 cm to 20 % of the total pollen sum. P. taxifolia, P. ferruginea and Dacrydium 

all showed a similar, but less pronounced, decline at 345 cm.   

Between 335 cm and 325 cm N. menziesii recovered to 72 %, followed by another minor 

decrease before stabilising temporarily at 295 cm (62 %). The increase in N. menziesii to 72 

% coincided with a small spike in Gaultheria and a trough in Plantago, monolete fern spores, 

all Cyperaceae pollen types and Algal cysts. By comparison, the small trough in N. menziesii 

at 315 cm coincided with a small increase in Phyllocladus, Apiaceae and Plantago. 

Oreobolus, Schoenus type and Algal cysts. 

Cyperaceae type pollen dominated the wetland and aquatic plant taxa, with its pollen 

representing 26 % of the total pollen sum at 435 cm. Thereafter, however, Cyperaceae type 

pollen declined as Carex and Schoenus type taxa increased to peak at 15 % (385 cm), before 

declining to ~ 2 %. Oreobolus increased after 425 cm to peak at 8 %, before also declining to 

less than 3 % towards the top of Zone 1. In the middle of Zone 1 Myriophyllum appeared in 

the pollen record.  

Throughout Zone 1 the percentage of Algal cysts remained high, with two spikes recorded at 

425 cm (32 %) and 395 cm (33 %). Both of these spikes occurred briefly before Cyperaceae 

species increased. Similarly, both spikes coincided with a decrease in N. menziesii, while the 

second, larger spike occurred in conjunction with a peak in monolete fern spores. Between 

345 cm and 295 cm all wetland and aquatic plant taxa decreased to 2 % or less (Appendix 3), 

with the exception of Callitriche and Sphagnum reach their highest record percentages for 

Zone 1.  
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4.5.3  Zone 2 (295 – 195 cm) 

N. menziesii continued to increase its dominance of the total dryland pollen sum throughout 

Zone 2. Dacrydium, Podocarpus and P. ferruginea continued to remain consistently present 

throughout Zone 2, averaging values up to 4 %. P. taxifolia, however, declined slightly with 

its total percentages never exceeding 2 %. Metrosideros reached its highest concentration at ~ 

2 % (255 cm), while N. Fuscospora was recorded continuously throughout the zone for the 

first time. The total value of N. Fuscospora remained below 3 %. N. menziesii increased 

gradually over the course of Zone 2 from 62 % to 79 % at 205 cm. 

Gaultheria dominated the small Angiosperm trees and shrub taxa, peaking at 285 cm with 10 

%, before gradually declining towards the top of the zone. Coprosma and Phyllocladus were 

the second most dominant taxa with values consistently peaking at 3%. Asteraceae, 

Cyathodes, Halocarpus, Hoheria, Melicytus, Epacrodaceae, Plagianthus and Myrsine only 

made up a small proportion of the total pollen sum with values ≤ 2 %. 

Herbs were very sparse in Zone 2, with none representing more than 1 % of the total pollen 

sum. Poaceae appears to have been the dominant herbaceous taxa. A similar trend was 

recorded in the ferns and fern allies, with all species except Blechnum and monolete ferns 

representing less than 1 %. The abundance of Blechnum remained relatively low until 225 cm, 

when it underwent a small increase to 4 %. Monolete fern spores gradually declined from 15 

% to 4 %. Peaks in the monolete fern spore values coincided with small troughs in N. 

menziesii and vice versa. The middle two thirds of this zone saw an increase in tree ferns, 

particularly Cyathea smithii, however, their values never exceeded 2 % of the total dryland 

pollen sum.  

Oreobolus and Schoenus type both declined from 5 % at the bottom of Zone 2 to 1 % at the 

top of the zone. Carex, however, remained relatively consistent throughout fluctuating 

between 3 % and 7 % for the majority of the zone. Empodisma became a prominent feature of 

the zone from 265 cm onwards, with two peaks; one at 245 cm (7 %) and the other on the 

boundary of Zones 2 and 3 (25 %). Centrolepis and Callitriche both periodically increased at 

275 cm and 245 cm, respectively. Algal cysts underwent an initial peak at 245 cm (14 %) 

before gradually declining to ~ 3 % at the top of the zone. 
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4.5.4  Zone 3 (195 – 75 cm) 

As with the previous two zones N. menziesii continued to dominate the total dryland pollen 

sum, however, the most prominent feature of the zone was the gradual increase in N. 

Fuscospora from 0 % to 6 %. N. menziesii fluctuated between 64 % and 80 % throughout the 

zone with the exception of at 135 cm where it sharply declined to 44 %. The trough coincided 

with an increase in Dacrydium, P. ferruginea and Podocarpus. Similarly, a spike in N. 

menziesii at 155 cm coincided with a decline in Dacrydium, P. ferruginea and Podocarpus. 

Unlike Podocarpus which continued to be present in low concentrations throughout the zone, 

P. ferruginea, P. taxifolia and Dacrydium declined towards the top of the Zone 3. 

The number of small Angiosperms trees and shrubs represented in Zone 3 increased slightly 

compared to Zone 2. The percentage representation of Asteraceae, Coprosma, Cyathodes, 

Gaultheria, Halocarpus, Hoheria, Melicytus and Phyllocladus either remained relatively 

stable or declined towards the top of the zone. Phyllocladus in particular, which remained 

comparatively stable at 3 - 4 % throughout most of Zone 1 and 2, declined to 1 % at the top of 

Zone 3. Asteraceae, Coprosma, Cyathodes, and Gaultheria all experience a small (~ 1 - 2 %) 

increase between 125 cm and 145 cm. These increases coincided with a significant decline in 

N. menziesii from 88 % at 155 cm to 45 % at 135 cm. As in the previous zones, the decline in 

N. menziesii coincided with an increase in monolete fern spores and algal cysts. 

As in Zone 2 herbaceous taxa were sparse, with taxa either absence or representing 2 % or 

less of the total dryland pollen sum. The tree fern taxa Cyatheaceae reached its highest 

recorded percentage at 3 %, while only Adianthum, Blechnum, Pellaea, trilete and monolete 

ferns were recorded in low to moderate concentrations. Two of the three spikes in monolete 

fern spores coincided with peaks in Algal cysts. All three peaks coincided with a decline in N. 

menziesii. The third peak at 85 cm occurred in association with a decline in N. menziesii and a 

small increase in Oreobolus, and Empodisma.  

The wetland and aquatic plant taxa was not dominated by a specific taxa. Instead it alternated 

between Carex, Oreobolus and Schoenus type Cyperaceae pollen and Empodisma. Peaks in 

Empodisma broadly coincided with decreases in Carex, Oreobolus and Schoenus type and 

vice versa. Following its original peak of 25 % at 195 cm, Empodisma alternated between 0 % 

and 11 %.  
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4.5.5  Zone 4 (75 – 0 cm) 

Tall Angiosperm trees dominated the dryland taxa in Zone 4. N. menziesii and N. Fuscospora 

both underwent significant changes in Zone 4. N. Fuscospora rapidly increased from 6 % at 

75 cm to 77 % at 15 cm. N. menziesii on the other hand declined from 72 % at 75 cm to 16 % 

at 5 cm. The increase in N. Fuscospora occurred almost exponentially, while the decline of N. 

menziesii occurred in three phases. The first phase saw an abrupt drop in N. menziesii’s total 

percentage from 72 % to 43 % in the space of 20 cm. The second and third phases were more 

gradual with decreases of 20 % and 7 %, respectively. 

The decline in N. menziesii coincided with the decline in Dacrydium, P. ferruginea, 

Coprosma, and Gaultheria, which by 45 cm contributed to 1 % or less to the total dryland 

pollen sum. Phyllocladus increased briefly to 1 % between 65 cm and 25 cm before also 

declining to trace amounts at the top of Zone 4. For the herbaceous taxa only Gunnera, 

Poaceae and Ranunculus recorded levels greater than trace amounts. Although Cyathea 

smithii recorded a small increase (1 %), both the tree ferns and ferns and fern allies were less 

abundant than in previous zones. Only Blechnum and monolete ferns were recorded in 

quantities greater than trace amounts.  Blechnum remained at ~ 1 % or less for the entire zone, 

while monolete ferns increase from 6 % at 65 cm to 13 % at 55 cm. Thereafter, monolete 

ferns fluctuate between 2 – 4 %. 

The wetland and aquatic plant taxa was dominated by Empodisma throughout Zone 4. Carex, 

Oreobolus, Schoenus type, Empodisma and Sphagnum are the only wetland and aquatic plant 

species recorded above trace levels in Zone 4. Carex, Oreobolus and Schoenus type all 

declined over the course of Zone 4 to 1 % or less at 5 cm. Empodisma underwent two peaks, 

one at 65 cm (4 %) and the second, larger peak of 9 % at 35 cm. The larger peak in 

Empodisma was followed by a gradual decline to 3 % at the top of Zone 4. This peak 

coincided with the decline in Carex, Oreobolus and Schoenus type, as well as a decrease in 

algal cysts from 11 % at 75 cm to 1 % at 5 cm.    

4.5.6  Summary of modern vegetation 

The modern pollen rain of Eglinton Bog was established from five surface samples collected 

from the peat Bog. Five samples from the centre of the bog, rather than one, were processed 

and analysed to enable samples to be cross checked, thereby ensuring the modern pollen rain 

was not bias towards one species based on its sampling location. The samples were all of a 
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very similar composition. N. Fuscospora was the dominant pollen type, and to a lesser extent 

N. menziesii (Table 4.1). Low amounts of Poaceae, P. ferruginea, P. taxifolia, Podocarpus, 

and D. cupressinum were also recorded along with P. alpinus, Halocarpus, Coprosma, 

Gunnera, Cyathodes and Gaultheria. Moderately high levels of Empodisma were recorded, in 

conjunction with low values of Cyperaceae Oreobolus and Schoenus type, Callitriche, 

Sphagnum, monolete and trilete ferns, and the tree ferns Cyathea smithii type and Dicksonia.  

 

Table 4.1: Averaged raw counts, percentage counts and standard deviations of the five surface 

samples obtained from Eglinton Bog. STD represents standard deviation. 

 

Taxa recorded Count  % STD Taxa recorded Count % STD 

Dryland taxa 

Dacrydium cupressinum  

Halocarpus 

Phyllocladus alpinus 

Podocarpus 

Prumnopitys ferruginea  

P. taxifolia  

Nothofagus Fuscospora 

N. menziesii 

Coprosma 

Cyathodes 

Gaultheria 

Gunnera 

Plantago 

Poaceae > 40 µm  

Poaceae < 40 µm 

Cyathea smithii type 

Dicksonia 

Monolete fern 

Trilete fern 

 

0.8 

0.8 

1 

1.2 

1.2 

0.2 

209 

72.2 

1.8 

1.6 

0.2 

0.2 

0.2 

3.6 

3.2 

1.4 

0.2 

4.4 

0.4 

 

0.3 

0.3 

0.3 

0.4 

0.4 

0.1 

68.8 

23.8 

0.6 

0.5 

0.1 

0.1 

0.1 

1.2 

1.1 

0.5 

0.1 

1.4 

0.1 

 

0.8 

0.8 

0.7 

0.8 

1.1 

0.4 

10.0 

18.2 

0.8 

3.0 

0.4 

0.4 

0.4 

1.1 

1.6 

1.1 

0.4 

7.2 

0.5 

Wetland taxa 

Algal cysts 

Callitriche 

Cyperaceae Oreobolus 

C. Schoenus type 

Empodisma 

Sphagnum 

 

 

 

3.2 

0.2 

0.2 

11.2 

0.2 

15.2 

 

1.1 

0.1 

0.1 

3.7 

0.1 

5.0 

 

2.5 

0.4 

0.5 

0.4 

11.4 

0.4 
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5   Discussion 

 

5.1 Introduction 

The development of Eglinton Bog will be examined in this chapter. Links will be made 

between changes in peat core lithology, the composition of the wetland and aquatic taxa and 

the geomorphology of the area in order to provide a better understanding of how Eglinton 

Bog became established. The vegetation composition of Eglinton Bog then will be 

reconstructed for each zone using contemporary ecological studies and other palaeovegetation 

and palaeoclimatic investigations undertaken within New Zealand. A sequence of 

palaeoclimatic events will be reconstructed based on major changes in the vegetation 

composition of Eglinton Bog, in conjunction with other palaeoclimatic investigations 

previously undertaken in the southern South Island. The key trends identified by this 

investigation will then be compared and contrasted with palaeoclimatic reconstructions 

undertaken throughout southern New Zealand in order to develop a synthesis of regional 

vegetation and climate change in southern New Zealand. A primary focus of the comparison 

and discussion will be on understanding the influence of local climatic and topographical 

conditions on the vegetation composition of southern New Zealand during the Holocene. The 

theoretical implications for future research will be outlined and the key findings summarised.  

5.2 Peat Bog Formation 

The presence of two large ridges at the northern and southern ends of Eglinton Bog provides 

some constraints on how Eglinton Bog began to develop. The northern margin of the bog is 

constrained by a series of abrupt ridges (at least three) approximately 14 m in height, believed 

to be of glacial origin, most likely the remnants of an old terminal/lateral moraine. The 

southern ridge has a steep northern (proximal) face approximately five metres in height, while 

the southern (distal) face has a very low gradient which extends towards the northern margin 

of a second, slightly larger peat bog. The low angle of the distal face combined with the 

height of the ridges indicates that it may be an old outwash plain head. Furthermore, the 

positioning of the ridge around the southern (and south-eastern) boundary of the bog and the 
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steepness of the northern face suggests that it may have been eroded by flowing water, most 

likely a proglacial stream that flowed over the bog site. Over time, as the braided river 

changed courses, the channel which flowed through the study site may have abated leaving 

behind an abandoned channel and hollows suitable for the development of a bog.   

This theory is supported by composition of the wetland assemblage. The presence of a silt 

deposit overlain with a silt-sand fraction in conjunction with the dominance of the semi-

aquatic taxa Cyperaceae, and a lack of peat bog taxa, such as Empodisma, Centrolepidaceae, 

and Myriophyllum between 450 cm and 439 cm, suggests that standing water preceded peat 

bog formation.  

The very low total pollen concentrations recorded initially in the lower basal sediments 

suggests a rapid accumulation of silt occurred between 450 cm and 440 cm. Furthermore, this 

suggests that there was an increase in silt deposition during this time period. The pollen grains 

present within this segment were very poorly preserved, and highly damaged. Grains which 

have been transported by water are often degraded by abrasion against other grains and/or the 

substrate over which they have been transported (Vandergoes, 1996). This indicates that at the 

time of the pollens deposition there was stagnant water, or gently flowing water feeding into 

Eglinton Bog.  

The transition from an inorganic deposit to an organic deposit at 439 cm suggests that peat 

formation began at ca. 5,030 ± 20 yr B.P. The shared dominance of Cyperaceae taxa Carex, 

Oreobolus and Schoenus type between 415 cm and 295 cm suggests that the Eglinton Bog 

was sedge dominated. Furthermore, the presence of Cyperaceae taxa, in conjunction with 

algal cysts indicates standing water was still a prominent feature of the site (Vandergoes, pers. 

comm. 2010). The presences of highly to very fibrous peat between 421 cm and 295 cm, as 

well as sedges, suggests that the standing water was not significant enough to prevent peat 

growth and is thus interpreted as representing a swamp or pooled wetland type environment 

(Johnson and Brooke, 1998).   

The decline in all Cyperaceae taxa types at 295 cm is congruent with the appearance and 

continued increase in the abundance of Empodisma. The shift in dominance from Cyperaceae 

sedges to an Empodisma dominated ecosystem is consistent with a change from rheotrophic 

(fed by local drainage and precipitation) to an oligotrophic (solely dependent on 

precipitation), raised peat bog (Heathwaite and Geotllich, 1993, McGlone, 2009). Between 

265 cm and 65 cm the dominant wetland taxa fluctuated between Empodisma, Carex, 
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Oreobolus and Schoenus type sedges. These fluctuations are most likely associated with 

fluctuations in the precipitation regime and/or evaporation rates. Thereafter, Empodisma and 

to a lesser extent, Sphagnum; a common peat bog taxa (Johnson and Brooke, 1998), increase 

at the expense of the Cyperaceae taxa, indicating the final transition to a raised oligotrophic 

peat bog.   

5.3 Regional Vegetation 

The vegetation associations and composition of the Eglinton region will be described and 

reconstructed in this section along with local changes in and around Eglinton Bog. 

Paleoclimatic interpretations will then be made based on the main vegetation changes 

identified below.  

5.3.1  Zone 1 (ca. 5,100 yr B.P.) 

The vegetation composition inferred from the pollen diagram suggests that prior to ~ 5,030 ± 

20 yr B.P. the region was covered by a mixture of N. menziesii dominated forest and open 

shrub-grassland. Although it is possible that an open shrub-grassland community existed 

regionally, given the theory of bog formation at Eglinton and the presence of colonising taxa 

such as the shrubs Asteraceae, Coprosma and grasses (Poaceae), tends to suggest they were 

largely confined to the immediate area (Wardle, 1991). Furthermore, Coprosma, Poaceae and 

Asteraceae are commonly found in rocky locations, or in environments where forest is absent 

due to disturbance (McGlone et al., 1995, Wardle, 2002). It is highly probable that these 

species, which dominated the vegetation assemblage at the bottom of the core most likely 

reflected the colonisation of a disturbed environment; in this case, a recently abandoned river 

channel/ outwash plain.  

The herbs Gunnera and Halogaris were also present in the Eglinton Bog pollen record prior 

to ~ 5,030 ± 20 yr B.P. Gunnera and Halogaris are often under-represented in the pollen rain 

(MacPhail and McQueen, 1983). The high (ca. 40 %) abundance of Halogaris suggests that it 

was an important component of the regional vegetation. These pioneering species are 

commonly found in open areas often associated with stony river flats and banks, as well as 

disturbance events such as landslides and blow-downs (MacPhail and McQueen, 1983). The 

temporary increase in Halogaris in conjunction with the occurrence of Gunnera, another 
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pioneering species, provides further support for the theory of localised colonisation of the 

study site.  

Immediately after the peak in Halogaris, Plantago, a species commonly associated with 

moist, open herbfields and grassland, peaked abruptly. Monolete ferns also gradually 

increased from 2 % to 40 %, eventually reaching 54 %, while N. menziesii underwent a slight 

decline before increasing in abundance. Similarly, N. Fuscospora suddenly appeared in the 

pollen record (~ 4,825 yr B.P.) spiking at 23 % before abruptly returning to zero. The 

temporary decline in N. menziesii at 435 cm may represent an opening up of the canopy due 

to blow-down, mass movement or canopy collapse, thereby allowing the spread of monolete 

ferns. McGlone (2002) argued that high percentages of fern spores tend to indicate open 

vegetation with low pollen production, rather than an abundance of ferns. In the case of 

Eglinton Bog, however, the abruptness, and continued increase of monolete ferns tends to 

suggest that not only was there an opening up of the canopy but also an increase in the 

abundance of ferns, most likely due to an increase in wetness and habitat availability 

associated with the colonisation of the forest margins and the formation of Eglinton Bog.   

An investigation undertaken by Dempster (1999) (unpublished data) at Borland Bog, 

Southland, recorded a similar spike in N. Fuscospora earlier at ca. 5,600 yr B.P. Dempster 

(1999) concluded that the isolated spike most likely reflected an outbreak of polar air or frost, 

given that N. Fuscospora can tolerate temperatures as low as – 13 °C, thereby giving it a 

competitive advantage over most forest species (McGlone, 1988). If the temporary increase in 

N. Fuscospora recorded at Eglinton Bog was due to an increase in frostiness, a similar 

expansion should also have occurred in other frost tolerant species such as Podocarpus (P. 

nivalis can tolerate – 22 °C (Wardle, 2002), Asteraceae, Hebe, Phyllocladus and Poaceae 

(Wardle, 1991, Turney et al., 2003). These species, however, either remain stable or decline 

indicating that an outbreak of polar air was unlikely to have been the initiating factor at 

Eglinton Bog. Furthermore, McGlone and Bathgate (1983) and McGlone (1988) argued that 

westerly circulation intensified after ~ 7,000 yr B.P., and storminess continued to increase 

until ~ 3,000 yr B.P. If Dempster’s interpretations were correct the aforementioned taxa 

should have continued to be represented in the pollen rain until ~ 3,000 yr B.P. However, they 

are not. It is suggested, therefore, that the spike in N. Fuscospora is associated with a local 

(rather than regional) disturbance event such as canopy collapse or a landslide, which enabled 

N. Fuscospora to temporarily outcompete slower growing forest species (Wardle, 2002). The 

abrupt decline in N. Fuscospora most likely occurred due to the re-colonising of the slower 
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growing, more shade tolerant forest species, such as N. menziesii, which reduced the amount 

of light reaching the understory, thereby severely inhibiting the growth of shade intolerant N. 

Fuscospora seedlings (McGlone et al., 1995).  

Following the peak in N. Fuscospora, N. menziesii declined; stabilising at ca. 34 %, while 

monolete ferns continued to expand throughout the forest understory peaking at 54 %. The 

stabilisation of N. menziesii coincided with a small increase in the Podocarp species 

Podocarpus and P. taxifolia. Based on their modern distribution, Podocarpus and P. taxifolia 

were mostly likely confined to the warmer, well drained and semi-fertile soils on hill sides 

(Vandergoes and Fitzsimons, 2003, Wardle, 1991). Their increase probably indicates an 

expansion towards the treeline into the upper montane - subalpine forests and scrubland 

(Turney et al., 2003). 

At ca. 4,380 yr B.P. N. menziesii increased sharply to peak at ca. 73 %, most likely reflecting 

the expansion of N. menziesii’s range into cool moist lowland sites, similar to those it 

occupies today (Wardle, 1991). Podocarpus, P. taxifolia and Coprosma increased in 

conjunction with N. menziesii most likely expanding their scattered distribution throughout 

the understory (Wardle, 1991). Similarly, Halogaris most likely expanded its range towards 

the snowline where temperature lows were more extreme and the moist open environment 

favoured the species (Mark and Adams, 1986). Prior to the increase in N. menziesii and 

Podocarps, D. cupressinum and P. ferruginea had been expanding. Their decline suggests that 

they were outcompeted and confined to the less favourable, poorly drained and ultra-infertile 

sites by N. menziesii and Podocarp (Vandergoes et al., 1997, Wardle, 2002). 

A sharp trough in N. menziesii’s increasing trend coincides with a rise in Plantago and 

monolete ferns. Plantago is today commonly found in damp locations away from forest and 

shrub; given this, its increase most likely reflects the spread of the species around the bog 

margin where light intensity is greater and soil moisture is raised (MacPhail and McQueen, 

1983). A substantial decline in N. menziesii by 54 %, as recorded in the pollen diagram, 

would significantly open up the canopy, thereby providing new habitat for understory shrubs, 

seedlings and other forest species. There is, however, no evidence within the pollen record of 

an increase in forest species such as Podocarp or open understory species such as the shrub 

Coprosma. Furthermore, there are no significant increases in frost tolerant or intolerant 

species, pioneering or disturbance related species, tree ferns or trilete ferns, all of which 

would suggest an opening of the forest canopy. Similarly, a lack of algal cysts, suggests the 



 Discussion 

65 

 

presence of standing water did not increase either (Vandergoes, pers. comm. 2010). Given 

this, it is argued that the polar opposite relationship between N. menziesii and monolete fern 

spores between 405 and 295 cm is an artefact of using proportional representation in pollen 

analysis as a method for calculating percentage diagrams. More specifically that the 

abundance of a pollen type (i.e. N. menziesii) will be influenced by the abundance of another 

pollen type (i.e. monolete ferns), and vice versa (Moore and Webb, 1978), and therefore, 

mask the true relative abundance of each species. This theory is supported by the 

concentration pollen diagram (Appendix 4) which indicates no significant change in the 

dominance of N. menziesii over monolete fern spores and vice versa. The concentration 

diagram does, however, indicate that the overall rate of peat accumulation increased during 

this time suggesting that the disproportional representation of these species may have been 

further enhanced as a result of the increase. 

By the top of Zone 1 (~ 3,785 yr B.P.) D. cupressinum, Podocarpus, P. ferruginea, and P. 

taxifolia had stabilised indicating a N. menziesii – Podocarp forest was present throughout 

most of the region, with Podocarp taxa probably occupying warmer, sheltered, well drained 

sites, scattered amongst the dominant canopy of N. menziesii. This interpretation is supported 

by Wilmshurst et al. (2002) who undertook an investigation approximately 46 km south of 

Eglinton Bog. Their findings indicate that the increase in N. menziesii significantly reduced 

the abundance of Podocarp taxa (Wilmshurst et al., 2002). From 335 cm onwards N. 

Fuscospora was also present in the Eglinton Bog pollen record in trace amounts (Appendix 3), 

indicating the pollen may have come from a distant source via long distance dispersal (Soons 

et al., 2002, McGlone et al., 2000). 

A decline in Coprosma suggests it may have been restricted to moister sites within and 

around the forest margins during this period, while the more drought tolerant Gaultheria 

expanded its range throughout the forest understory and surrounding bog margins (MacPhail 

and McQueen, 1983, McGlone and Wilmshurst, 1999). A decline in all Cyperaceae species 

towards the top of Zone 1 also suggests an alteration in bog surface conditions most likely 

associated with a reduction in standing water. 

5.3.2  Zone 2 (ca. 3,785 ± 30 yr B.P.) 

The regional vegetation composition surrounding Eglinton Bog at ca. 3,785 ± 30 yr B.P. 

continued to be dominated by an open N. menziesii – Podocarp forest, in which D. 
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cupressinum and Podocarpus were co-dominant with P. ferruginea. Rich understory and bog 

margin communities of shrubs and herbs developed at the expense of monolete ferns which 

declined throughout the zone. 

The gradual increase in N. menziesii which began before ca. 5,030 ± 20 yr B.P. and continued 

through Zone 2 until ca. 2,313 yr B.P., most likely represented the slow expansion of the 

species range into moist, cool, shady sites along the Eglinton areas hill slopes and gullies 

(McGlone and Bathgate, 1983, Vandergoes et al., 1997, Wardle, 1991, Wardle, 2002). It is 

also likely that N. menziesii spread further onto the infertile and drier substrates present 

throughout the lowland and montane habitats to become the dominant forest flora as it is 

today in many South Island regions (Ogden et al., 1996, McGlone and Bathgate, 1983). 

McGlone et al. (1995) suggested that the gradual expansion of N. menziesii’s range 

throughout the Holocene was largely driven by the competitive edge they gained over the 

warmer climate conifers under the cooler, wetter climatic regime of the mid to late Holocene. 

A cooler climate, however, may not have been the only phenomenon that constrained N. 

menziesii’s rate of spread. The roots of all Nothofagus species have a symbiotic relationship 

with fungi. It is thought this mycorrhizas relationship may have slowed the spread of N. 

menziesii as Allen (1988) found that seedlings situated 50 m or more away from the 

rhizosphere of existing N. menziesii trees found it difficult to establish due to a reduction in 

fungal partners (Wardle, 2002). 

N. menziesii, D. cupressinum, Podocarpus and P. ferruginea are all anemophilous or wind 

pollinated species and therefore, likely to be over-represented in the pollen rain. However, 

investigations undertaken by McKellar (1973) and MacPhail & McQueen (1983) indicated 

that N. menziesii is in fact often under-represented in the pollen rain. Similarly, Pocknall 

(1982) found that it was not uncommon for N. menziesii to be largely absent from pollen 

traps, even when N. menziesii stands grew within one kilometre of the sampling site 

(Vandergoes, 1993). It is probable therefore, that N. menziesii was also under-represented in 

the mid to late Holocene pollen rain of Eglinton Bog and was in fact a larger component of 

the forest community than represented by the total dryland sum.  

Although MacPhail and McQueen (1983) indicated that D. cupressinum, Podocarpus and P. 

ferruginea are often well represented in the pollen rain and the former a product of long 

distance dispersal, their consistent presence in the pollen record, combined with their 

contemporary role as a co-dominant sub-canopy species in Nothofagus forests suggests that 
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they grew locally. Warmer, well drained semi-fertile sites such as hill slopes, were most likely 

co-dominated by Podocarpus and P. ferruginea (Vandergoes et al., 1997), while the severe 

frost and drought intolerant D. cupressinum most likely occupied the more restricted cool wet 

sites not dominated by N. menziesii, as it is today (McGlone et al., 1993, Vandergoes et al., 

1997, Wardle, 1991). 

The decline in the relative abundance of P. taxifolia to trace levels at the start of Zone 2 

suggests that it became further restricted to areas where frost and moisture deficits prevented 

the spread of the other less tolerant Podocarp species. This decline, however, was countered 

by an increase in Coprosma, Cyathodes, Gaultheria, Halocarpus, Myrsine, and Phyllocladus. 

Tree and ground ferns were also a feature of Zone 2. In contemporary forests, Coprosma, 

Gaultheria, Myrsine, Blechnum, tree and monolete ferns occupy a range of habitats within 

and around the dominant beech forest. Coprosma, Myrsine, Blechnum and monolete ferns 

tend to dominate an open shrub layer beneath the main beech canopy, while tree ferns, 

monolete ferns and Blechnum characterised the forest floor (Wardle, 1991) or around the 

margins of the bogs moat. On drier substrates Gaultheria often replaces the moisture 

dependent Coprosma in the understory canopy and most likely did so during the mid to late 

Holocene (MacPhail and McQueen, 1983).  

Phyllocladus, predominantly P. alpinus, most likely occupied a combination of sites. Around 

the valley floors and lowlands P. alpinus presumably occupied wet, leached substrates 

(Vandergoes et al., 1997), where standing water (i.e. bog margins) inhibited the growth of 

other species (Wardle, 1991, Wardle, 2002). Furthermore, P. alpinus’s tolerance of frost and 

temperatures as low as – 18 °C most likely enabled it to expand onto well drained, frost 

influenced terraces and montane habitats where it most likely form as a stunted shrub 

(Wardle, 2002, MacPhail and McQueen, 1983, Turney et al., 2003). Similarly, contemporary 

Halocarpus occupies montane to subalpine environments where it can tolerate frost and 

temperatures as low as – 23 °C (Burge and Shulmeister, 2007, Wardle and Campbell, 1976, 

Saki and Wardle, 1978, Vandergoes, 1993). This tolerance of extreme temperatures enables 

Halocarpus to occupy cold drainage paths and remain present where other species such as P. 

alpinus cannot (Wardle and Campbell, 1976, Saki and Wardle, 1978, Vandergoes, 1993). 

Halocarpus may also have been a component of the bog margin community where standing 

water was absent, as they are today. 
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Monolete ferns gradually declined over the course of Zone 2, as too did Gaultheria. The 

decline of these species coincides with the increase in N. menziesii, and N. Fuscospora. Over 

half of New Zealand’s fern species (211) are classified as monolete spores and as fossil pollen 

most of these spores become extremely difficult to differentiate (Large and Braggins, 1991, 

Horrocks et al., 2009). Making ecological interpretations based on these spores can be 

difficult due to the large number of species that may contribute to the monolete fern taxa 

(McGlone and Bathgate, 1983). It would appear, however, that as N. menziesii and N. 

Fuscospora expand and the understory thickened, the percentage of monolete ferns declined. 

This decline, however, may not reflect a reduction in amount of monolete ferns present on the 

forest floor, but rather a reduction in air turbulence at the forest floor, thereby reducing the 

amount of monolete fern spores transported to the sampling site (Moore and Webb, 1978). 

The decline in Gaultheria coincided with a decline in all Cyperaceae species and an increase 

in Empodisma minus. As Gaultheria tend to occupy drier understory substrates and bog 

margins, their decline may suggest that moisture deficits became less common in the 

understory, thereby confining Gaultheria to a few scattered localities (Horrocks et al., 2009). 

The decline in and replacement of Cyperaceae species by Empodisma minus indicates a 

switch from a rheotrophic (fed by local drainage and precipitation) to an oligotrophic (reliant 

on precipitation only), raised peat bog and with it, a possible switch to a more consistent 

precipitation and temperature regime.  

At 245 cm (~ 2,890 yr B.P.) N. Fuscospora temporarily appeared in the Eglinton record above 

trace amounts for the first time. The increase suggests that for the first time N. Fuscospora 

may have been a component of the regional vegetation composition, rather than a component 

of long distance dispersal (Vandergoes et al., 1997). Given the temporary increase in N. 

Fuscospora pollen it is probable that it was confined to a few scattered sites within the region, 

rather than occurring locally on site. 

5.3.3  Zone 3 (ca. 2,234 ± 30 yr B.P.) 

The vegetation composition of the Eglinton area during the late Holocene is one of an 

increasingly N. menziesii – Podocarp – N. Fuscospora dominated forest, with a rich 

understory of shrubs, herbs and a few ground ferns. At ca. 2,234 ± 30 yr B.P. N. menziesii 

was still the dominant forest vegetation; however, the Podocarp species D. cupressinum, 

Podocarpus, P. ferruginea and P. taxifolia had all declined to less than 4 % of the total 
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dryland pollen sum. Thereafter, P. taxifolia, D. cupressinum and P. ferruginea all continued 

to gradually decline. Podocarpus on the other hand temporarily increased in abundance to 3 

% before also declining to near trace amounts at the top of Zone 3 (ca. 1,263 ± 30 yr B.P.). 

The gradual decline in these species coincided with the gentle increase in the abundance of N. 

Fuscospora pollen. A similar process was recorded by McGlone et al. (2004) at Cass Basin in 

the central South Island, whereby the gradual expansion of N. Fuscospora led to the exclusion 

of all other trees species except Podocarpus hallii and P. alpinus. The capability for N. 

Fuscospora to exclude all other tree species most likely comes from its ability to regenerate 

faster than conifers, which enables it to colonise newly disturbed habitats and blow-down 

sites quicker than other slower growing species such as P. ferruginea, or D. cupressinum, 

which require large gaps in the canopy caused by disturbance to regenerate (Rodgers, 1999, 

Lusk and Smith, 1998, McGlone et al., 1995, Wardle, 2002). Furthermore, P. ferruginea and 

P. taxifolia favour warmer sites compared to N. Fuscospora species, which can tolerate a wide 

range of climatic and fertility conditions including frost and poor soils (McGlone et al., 1993, 

McGlone et al., 2004, Wardle, 2002). The ability of P. hallii and P. alpinus to exist as a 

subcomponent within N. Fuscospora forest may lie with their ability to tolerate drought and 

extreme cold, - 23 °C and - 20 °C, respectively, along with a range of substrate types 

(McGlone et al., 2004, Wardle, 2002). 

Although N. menziesii remained the dominant forest type throughout Zone 3, it fluctuated 

strongly with three main troughs. The first trough occurred at 175 cm congruent with a small 

increase in N. Fuscospora, P. ferruginea and Podocarpus, and a larger spike in monolete fern 

spores and algal cysts. It is possible that the small decline in N. menziesii may reflect a minor 

local disturbance event, which enabled the aforementioned species to spread into the newly 

disturbed area. However, a large proportion of the trough may be attributed to the increase in 

monolete fern spores which occurred at the expense of N. menziesii. Although the spike in 

monolete ferns does coincide with an increase in algal cysts, indicative of standing water 

(Vandergoes, pers. comm. 2010), and therefore increased wetness, it is unlikely that a change 

in climatic conditions were the main driver behind the increase. A decrease in understory 

shrubs, including Coprosma, Gaultheria and Phyllocladus all occurred congruently with the 

monolete fern spike. It is likely, therefore, that an opening up of the understory led to an 

increase in air turbulence and thereby, an increase in the amount of fern spores reaching the 

sampling site (Moore and Webb, 1978).   
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The second and largest decline in N. menziesii also coincided with an increase in P. 

ferruginea and Podocarpus, as well as an increase in the abundance of monolete ferns, the 

tree ferns Cyatheaceae, Cyathea smithii, the ground ferns Adianthum and Blechnum, and the 

shrubs Coprosma and Asteraceae. The expansion of D. cupressinum and P. ferruginea 

concurrently with the increase in tree and ground ferns indicates a small re-expansion into 

warm, semi-fertile sites they previously occupied prior to their exclusion by the expanding N. 

menziesii and N. Fuscospora forest. The increased abundance of Asteraceae and Coprosma 

suggests that there may have been an opening up of the forest canopy as both species tend to 

favour open areas along the forest margins and the understory of contemporary forests 

(Vandergoes et al., 1997, Wardle, 1991, Soons et al., 2002). Tree and ground ferns currently 

occupy moist often temperate environments; and an increase in their abundance may reflect 

their spread into warmer wetter sites previously occupied by higher order trees and shrubs 

such as Prumnopitys and Coprosma during Zone 2 (Horrocks et al., 2009, MacPhail and 

McQueen, 1983). As with the previous N. menziesii trough it is probable that the trough depth 

was over exaggerated by the inclusion of monolete fern spores in the total dryland sum, as 

appears to be the case for the third trough. 

By the top of Zone 3 (~ 1,263 ± 30 yr B.P.) the vegetation composition of the Eglinton region 

had changed significantly. The gradual increase in N. Fuscospora from zero at the bottom of 

the Zone 2 to approximately 5 % by ca. 1,970 yr B.P. occurred in conjunction with N. 

menziesii’s continued dominance and the gradual decline in all tall Gymnosperms, shrubs, 

herbs and fern taxa. Only Podocarpus, P. ferruginea, Asteraceae, Coprosma, Gaultheria, P. 

alpinus, Blechnum and monolete fern spores were present in the pollen diagram; with all but 

the monolete ferns reduced to trace amounts. The decline of these species to trace amounts 

indicates although these species were probably still present in the region, the dominance of N. 

menziesii and N. Fuscospora in the main canopy and most likely as seedling on the forest 

floor, had severely restricted their distribution to a few small scattered pockets within the 

forest sub canopy and around the forest fringes, where light intensity was greater and 

competition for space was less fierce. 

5.3.4  Zone 4 (ca. 1,263 ± 30 yr B.P.) 

The vegetation composition inferred from the pollen diagram suggests that at ca. 1,263 ± 30 

yr B.P. a mixed Nothofagus forest covered the Eglinton region, with a sparse sub canopy, 
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composed of D. cupressinum, Podocarpus, P. ferruginea and an understory of Coprosma, 

Gaultheria, Phyllocladus, and tree and monolete ferns. The decline in N. menziesii from ca. 

1,263 ± 30 yr B.P. onwards represents a major change in the regions forest composition from 

a relatively species rich N. menziesii – Podocarp forest during the mid-late Holocene to the 

species poor N. Fuscospora forest of today.  

The Nothofagus subgenus Fuscospora is comprised of four species: N. fusca (red beech), N. 

truncata (hard beech), N. solandri var. solandri (black beech) and N. solandri var. 

cliffortioides (mountain beech) (Wardle, 1984). The near identical features of these species 

pollen grains make identifying them to the species level extremely difficult and are therefore 

grouped together under the subgenus of Fuscospora (Moar and Suggate, 1996). Establishing 

which of these species are most likely represented in the pollen record is largely based on 

their modern distribution and physiological tolerances.  

Previous investigations by Vandergoes et al. (1997) and Wilmshurst et al. (2002) undertaken 

in the eastern Takitimu Mountains and Te Anau, Southland, respectively, argued that a similar 

increase in N. Fuscospora most likely represented the species N. solandri var. cliffortioides, 

the most stress tolerant of all the Nothofagus species. These inferences were largely based on 

the understanding that the other species; N. solandri var. solandri, N. truncata and N. fusca 

are either absent (N. truncata) from the region or confined to limited patches (Vandergoes et 

al., 1997). Modern forest vegetation surveys of Eglinton Valley (O'Donnell et al., 1999), 

however, indicated that the dominant N. Fuscospora species varied greatly with N. fusca and 

N. solandri var. cliffortioides both present. Modern N. fusca forest tends to occupy the more 

sheltered, fertile colluvial soils of the valley floor and river terraces between approximately 

450 and 850 m a.s.l (O'Donnell et al., 1999, Ogden et al., 1996, Wardle, 1984). By 

comparison N. solandri var. cliffortioides favours the reasonably fertile soils of the montane 

to subalpine zones (Wardle, 1984, Ogden et al., 1996). However, it also occupies the poorly 

drained and infertile soils lower down (O'Donnell et al., 1999, Wardle, 1984, Ogden et al., 

1996). It is likely therefore, that the forest composition during the late Holocene also varied 

topographically throughout the valley with N. fusca dominating the warmer, more fertile 

valley floor and lower slopes (O'Donnell et al., 1999). Although N. solandri var. cliffortioides 

may have appeared in the lowland canopy its presence would have been restricted to drier less 

fertile locations (Wardle, 1984). The decline of temperature with altitude (0.6 °C/ 100 m) may 

have seen the gradual replacement of N. fusca with the hardier, more frost tolerant N. solandri 
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var. cliffortioides on the middle and upper slopes of Eglinton Valley and most likely up to and 

above the treeline as a stunted shrub (O'Donnell et al., 1999, Ogden et al., 1996).   

The decline in Coprosma, Podocarpus, P. ferruginea and ferns; and the eventually absence of 

D. cupressinum, P. ferruginea, and Gaultheria from the pollen record at the same time as the 

decline in N. menziesii is typical of the development and eventual establishment of a 

Nothofagus forest dominated by N. fusca and N. solandri var. cliffortioides. Both of these 

species, unlike N. menziesii, are associated with sparse sub canopy and understory 

communities (Ogden et al., 1996). It is likely that during the late Holocene the forest 

composition was similar to that of today, with the relatively open canopy of the dominant N. 

fusca forest enabling a sparse sub canopy of P. hallii and the occasional P. ferruginea to 

persist above an equally sparse understory of shrubs including Coprosma and N. fusca and N. 

solandri var. cliffortioides seedlings (Wardle, 1984, Wardle, 2002). The forest floor was most 

likely covered in an abundance of mosses and lichens with a few tree and ground ferns also 

present, as they are today. P. alpinus remained present in the pollen record as trace amounts, 

and it is likely that it persisted on and around the bog margin and in the understory as a small 

shrub, the same as today. Similarly, the tree fern Cyathea smithii was most likely restricted to 

a few isolated plants scattered throughout the understory where moisture was abundant, as 

well as around the forest/bog margin (McGlone, 2002).  

By approximately ca. 250 yr B.P. the vegetation composition of the Eglinton region appears 

to have achieved a status similar to today’s forest grading from a N. menziesii dominated 

margin with a few P. alpinus and Coprosma shrubs present, through to a open lowland forest 

of N. fusca and eventually a montane – subalpine forest dominated N. solandri var. 

cliffortioides with a very sparse understory.   

5.4 Paleoclimatic Interpretations 

Based on the vegetation associations and composition reconstructed above it is possible to 

draw inferences about the climatic conditions that most likely prevailed during each of the 

pollen zones identified at Eglinton Bog. The main paleoclimatic interpretations are identified 

and discussed in this section. A table summarising the key paleoclimatic interpretations is also 

presented below (Table 5.1). 
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Zones Vegetation  Climatic Interpretation  

1 and 2 

ca. > 5000 – 2,230 yr B.P. 

Mixed Beech – Podocarp forest. 

N. menziesii dominated forest, 

with a sub canopy of P. 

ferruginea, Podocarpus, P. 

taxifolia and D. cupressinum. 

Cool, wet climate. Temperatures 

decreasing and precipitation 

increasing. Storms common.  

3 

ca. 2,230 – 1,300 yr B.P. 

Mixed Beech – Podocarp forest. 

N. Fuscospora increased at the 

expense of Podocarp. 

Increasingly cooler and wetter 

climate. Similar to contemporary 

climate. 

4 

ca. 1,300 yr B.P.  to present 

N. Fuscospora dominated forest. 

N. fusca expanded its range 

around the valley floor and lower 

slopes replacing N. menziesii.  N. 

solandri var. cliffortioides 

expands its range into montane 

areas replacing N. menziesii. 

No major change. Contemporary 

climate achieved. 

 

The dominance of N. menziesii at ca. 5,030 ± 20 yr B.P. suggests it was a prominent 

component of the regional vegetation. N. menziesii is a species commonly associated with 

cool temperate lowland to montane forests throughout New Zealand and is often interpreted 

as representing cool, wet environments (MacPhail and McQueen, 1983, Vandergoes et al., 

1997, Wardle, 2002). The dominance of N. menziesii along with the initiation of peat 

development, which requires persistent to high-rainfall, low-sunshine and cool summers to 

form, suggest that climatic conditions approximately 5,000 yr B.P. were cool and wet 

(McGlone, 2009).  

The theory of a cool, wet climate is supported by the changes in less prominent taxa in the 

pollen record. D. cupressinum favours temperate to montane environments in contemporary 

forests (MacPhail and McQueen, 1983, McGlone and Bathgate, 1983). Its distribution 

however, is limited by mean annual rainfall below ~ 1,000 mm/yr (McGlone and Bathgate, 

1983). By comparison P. taxifolia occupies dry, cool climates where precipitation averages 

between 600 – 1,000 mm/yr (Wardle, 1991). The dominance of P. taxifolia over D. 

cupressinum in the pollen rain at ~ 5,000 yr B.P. combined with their specific moisture 

requirements loosely suggests that while precipitation had increased enough to enable the 

Table 5.1: Summary of the key vegetation changes and climatic interpretations for the Eglinton 

Bog region, western Southland, New Zealand. 
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development of peat, it was not high enough to support moisture dependent species, such as 

D. cupressinum.  

The gradual increase in N. menziesii throughout the mid to late Holocene until approximately 

2,238 ± 30 yr B.P. most likely represents the spread of the species out of montane areas to 

lower altitudes, where their ability to tolerate cooler temperatures and super-humid conditions 

provided them with a competitive edge over less cold tolerant species such as Podocarp, 

which dominated during the early Holocene (see Wilmshurst (2002)) (McGlone et al., 1995, 

Wardle, 2002). The paralleled expansion of Podocarpus and P. ferruginea provides support 

for the interpretation that the climate continued to deteriorate towards the end of Zone 3 (~ 

1,263 ± 30 yr B.P.) becoming cooler and wetter. P. ferruginea and Podocarpus are drought 

sensitive species; and therefore, they tend to favour humid to super-humid conditions; 

although some Podocarpus species are capable of tolerating temperatures as low as - 22 °C 

(Wardle, 2002, McGlone et al., 2004).  

There is a possibility that the expansion of N. menziesii may not be climatically but 

edaphically driven. A leaching of post glacial soils throughout the late glacial and early 

Holocene would have reduced the soils nutrient status, thereby restricting the vegetation to 

taxa capable of tolerating nutrient deficient soils, such as Nothofagus (McGlone and Bathgate, 

1983, Wardle, 1991, Vandergoes, 1996). This theory, however, has largely been rejected in 

favour of strengthening westerly airflow, by numerous investigations undertaken throughout 

the North and South Island’s of New Zealand that indicate that the expansion of Nothofagus 

was near synchronous (Vandergoes, 1996). These records indicate that southerly and westerly 

airflow began to intensify ~ 7,000 yr B.P. and continued to increase until ~ 3,000 yr B.P 

(McGlone, 1988). On the basis of contemporary weather patterns, atmospheric circulation 

models and pollen records it has been established that an increase in westerly airflow would 

have led to cooler, wetter and winder conditions over much of the lower South Island 

(McGlone and Bathgate, 1983, McGlone, 1988). The hypothesis of increased atmospheric 

circulation during the mid to late Holocene aligns well with the gradual increase of N. 

menziesii recorded in the pollen record from Eglinton Bog. Given that atmospheric circulation 

is largely responsible for the distribution of heat across the Earth’s surface and closely linked 

with ocean circulation, any changes should also be reflected in other proxy records, such as 

SST. Sea surface temperatures obtained from off the south east coast of the South Island 

indicated that SST fell by 1 – 2 °C on their early Holocene peak (Nelson et al., 2000). 

Furthermore, glacier activity is largely controlled by climatic factors including precipitation, 
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mean temperatures and cloud cover. An increase in rainfall and a decline in temperature 

should therefore be reflected in glacial records. Prior to ~ 5,000 yr B.P. there is an absence of 

evidence for glacial activity in New Zealand. From approximately 5,000 yr B.P. onwards 

however, there is evidence to suggest that as many as 15 pulses of glacier advance and retreat 

occurred (Schaefer et al., 2009, Shulmeister, 1999). This shift in glacial activity has been 

interpreted as reflecting the shift to stronger southerly and westerly activity over New Zealand 

during the mid to late Holocene (Shulmeister, 1999, Gellatly et al., 1988). 

The gradual increase in P. alpinus and Coprosma and consistent levels of Asteraceae; species 

which occupy sites where disturbance events such as blow-down and canopy collapse has 

removed or prevented the establishment of forest; indicates that disturbance was most likely a 

common feature of the mid to late Holocene. The intermittent presence of Gaultheria, a 

species found today in the understory of open temperate to alpine forests and scrubland also 

appears to support this theory (MacPhail and McQueen, 1983). Furthermore, the initial 

increase in the abundance of N. Fuscospora leading up to ~ 1,263 ± 30 yr B.P. has also been 

interpreted as supporting the theory of increased disturbance in the Eglinton area; particularly 

as the subgenus Fuscospora favours sites with climatic or edaphic extremes as well as a high 

disturbance frequency (McGlone et al., 1993). On the basis of modern pollen rain and 

vegetation surveys undertaken at Eglinton Bog, the term N. Fuscospora is here used to refer to 

N. fusca and N. solandri var. cliffortioides. 

The rapid increase in the abundance of N. Fuscospora, after ~ 1,263 ± 30 yr B.P. at the 

expense of N. menziesii and all other forest species may reflect another shift in climate. N. 

Fuscospora species can tolerate temperatures as low as - 13 °C and tend to favour temperate 

montane to subalpine environments where precipitation ranges from approximately 1,000 

mm/yr to over 7,000 mm/yr (MacPhail and McQueen, 1983, McGlone, 1988). The rapid 

increase in N. Fuscospora in conjunction with their ability to regenerate rapidly, tolerate 

extreme cold and dominance of super-humid sites suggests that by approximately 800 yr B.P. 

the climate was too cold and wet for other forest species such as Dacrydium, Podocarpus, P. 

ferruginea (McGlone et al., 1995, MacPhail and McQueen, 1983). Although the deterioration 

in climatic conditions to their present day levels was the dominant factor responsible for the 

decline in species richness it must be acknowledge that contemporary N. Fuscospora forests 

are renowned for their sparse understories. It is unclear, therefore, whether the expansion of 

N. Fuscospora was driven by climate change or edaphic factors, or a combination of the two.  
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On the basis of the data presented in this investigation it is not possible to draw more detailed 

inferences about climate change during the late Holocene. Although other investigations make 

similar interpretations about the possibility of more frequent disturbance events due to an 

increase in storminess during the late Holocene (McGlone, 1980b), more complex 

connections to changes in atmospheric and oceanic circulation remain constrained by the 

elastic nature of vegetation response to climate change. This is largely due to the fact that this 

investigation used a single proxy (pollen) approach to reconstructing the vegetation 

composition of the Eglinton area. The pollen proxy was chosen for this investigation as it is 

readily available and provides a direct line of evidence for vegetation change. Although 

pollen analysis enables links to be made between alterations in vegetation composition and 

climate over time, these changes can only be broadly linked to possible alterations in variables 

such as temperature, precipitation and cloudiness. To link the inferences and interpretations 

made in this investigation to atmospheric and ocean circulation patterns would, in the opinion 

of the author take reasoned interpretations of the vegetation and climatic changes into the 

realms of speculation, as pollen/vegetation records are not directly linked to ocean-

atmospheric circulation patterns. In a recent investigation undertaken Wilmshurst et al. (2002) 

it was argued that an increase in summer insolation, the strengthening of westerly airflow in 

winter and stronger El Niño – Southern Oscillation variations provided a plausible mechanism 

for the reported changes in regional vegetation composition. Before similar inferences can be 

made based on the Eglinton Bog pollen record a more detailed and multi-proxy based 

investigation needs to be undertaken.  

5.5 Synthesis of Southern New Zealand’s Holocene paleoclimatic record 

The vegetation composition of Eglinton Bog, western Southland leading up to the end of the 

mid Holocene period (~ 5,000 yr B.P.) is broadly similar to many other palynological 

investigation from inland southern New Zealand, particularly Burwood Bush and Ramparts, 

central Southland (Vandergoes, 1996); Eweburn Bog, Te Anau (Wilmshurst et al., 2002); 

Merrivale, Coastal Southland (McGlone and Bathgate, 1983); Borland Bog, southwest 

Southland (Dempster, 1999); Glendhu, lowland Otago (Wilmshurst et al., 2002); and 

Kawarau Gorge, Central Otago (McGlone et al., 1995) (Table 5.2). All of these studies 

recorded an increase in D. cupressinum and N. menziesii leading up to the mid Holocene/ late 

Holocene boundary. The timing of the initial expansion of N. menziesii and D. cupressinum 
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associated with the transition from tall Podocarp forest to Nothofagus forest, however, varies 

between locations.  

The earliest record of this expansion comes from Preservation Inlet, Coastal Fiordland, where 

D. cupressinum appears to have started to spread throughout the region ~ 9,440 yr B.P., 

forming a mixed Weinmannia/ D. cupressinum forest (Pickrill et al., 1992). The spread and 

establishment of a Weinmannia/ D. cupressinum forest; species typically associated with 

rainforests in the mildest, moister coastal environments today, led Pickrill et al. (1992) to 

suggests that the early Holocene climate was mild in comparison to today. At locations 

situated in inland southern New Zealand, however, including Ramparts, Goodall Bog 

(Vandergoes, 1996), Borland Bog (Vandergoes, 1996), Eweburn Bog (Wilmshurst et al., 

2002), and Letham Burn (Vandergoes et al., 1997) the expansion of D. cupressinum did not 

began to expand until between approximately 7, 000 and 5,600 yr B.P., and largely coincided 

with the expansion of N. menziesii (Figure 5.1).  

Only two locations, Burwood Bush, central Southland (Vandergoes, 1996) and Hyde Cirque, 

Central Otago (McGlone et al., 1997), recorded an increase in D. cupressinum before ~ 7,000 

yr B.P. Similarly, Preservation Inlet, coastal Fiordland, was the only location to record an 

increase in N. menziesii before ~ 6,000 yr B.P., and is reported to have spread in conjunction 

with N. Fuscospora; a species which did not feature prominently in southern New Zealand 

until ~ 4,000 years later.  At Glendhu, lowland Otago (McGlone and Wilmshurst, 1999), and 

Merrivale, coastal Southland (McGlone and Bathgate, 1983) the expansion of N. menziesii 

lagged behind most inland regions such as Ramparts, Goodall Bog, Borland Bog, Eweburn 

Bog, and Letham Burn by ~ 2,300 years (Table 5.2), while Ruined Hut, Central Otago, did 

not record an increase in N .menziesii and D. cupressinum until ~ 3,500 yr B.P. (Figure 5.1 

and Table 5.2) (Vandergoes, 1996, Dempster, 1999, Vandergoes et al., 1997, McGlone et al., 

1997). Although the timing of the D. cupressinum/ N. menziesii expansion varied between 

localities (Figure 5.1), there are two striking similarity between most of the sites listed above. 

Firstly, the expansion of D. cupressinum either occurred before or at the same time as N. 

menziesii started to expand. Secondly, the expansion of both species occurred gradually over  
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Tall mixed 
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?
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?
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?
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shrub-
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Myrsine
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shrub-
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dominated
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~ 7,800 ~
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?
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D. cupressinum 

~ 9,300 ~
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dominated
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Current
study

Eglitnon 
Bog
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Mixed Beech - 
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N. menziesii
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?

Table 5.2:                    Comparison of Holocene pollen sequences from the southern South Island of New Zealand. Ages are shown in radiocarbon years B.P. Asterisks indicate estimated ages. Question marks indicate gaps in the pollen records and unknown ages. The first record of every significant 
vegetation change is indicated by a dotted line. Note: the dotted lines represent the approximate timing at which the specie(s) had become dominant or a prominent feature of the pollen diagram, not the time they started to expand. The red line represents the first record to tall Podocarp 
dominated forest. The green line represents the first                        dominated forest. The yellow lines represents the first     Fuscospora domianted forest. The blue line represents the first evidence of human influenced change.N. menziesii N.
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~ 2,000 to 3,000 years from when N. menziesii was first consistently recorded in the pollen 

diagram, until N. menziesii was either dominant, co-dominant or a prominent feature in the 

pollen records (Figure 5.1 and Table 5.2). The spread of N. menziesii and D. cupressinum at 

Eglinton Bog, however, appears to be quite different from elsewhere in southern New 

Zealand. Firstly, the spread of D. cupressinum did not occur in conjunction with or precede 

the expansion of N. menziesii. Rather the expansion of D. cupressinum significantly lagged 

behind the spread of N. menziesii, which was already well underway even before the peat bog 

began to form ~ 5,030 ± 20 yr B.P. The second and most interesting difference between the 

Eglinton Bog pollen record and all the other studies undertaken in southern New Zealand is 

that N. menziesii appears to have been the dominant forest cover in the Eglinton region well 

before the species was dominant elsewhere in southern New Zealand (Table 5.2).  

Eweburn Bog, Te Anau, provides a good example of this apparent difference in the timing of 

N. menziesii rise to dominance. Eweburn Bog, Te Anau, situated approximately 46 km south 

of Eglinton Bog, is the closest paleoclimatic record in the western Southland region (Figure 

5.1).  The Eweburn Bog record indicates that P. ferruginea remained the dominant forest type 

with a subcomponent of D. cupressinum and P. taxifolia until ~ 3,500 yr B.P. (Table 5.2) 

when N. menziesii’s gradual expansion led to the species dominance at least 1,500 years after 

becoming dominant at Eglinton Bog (Figure 5.1) (Wilmshurst et al., 2002). P. ferruginea, P. 

taxifolia and D. cupressinum are all species intolerant of frost (Wardle, 2002). P. ferruginea 

cannot tolerate droughts, and therefore tends to occupy sites where it is protected from drying 

winds and low annual rainfall (McGlone et al., 2004, Wardle, 2002). Furthermore, although 

P. taxifolia can tolerate drought, D. cupressinum cannot. The combined presence of D. 

cupressinum a cool wet montane species, in conjunction with P. ferruginea a mild climate 

species, intolerant of drought and frost, suggests that the climate of Eweburn Bog was milder 

throughout the mid to late Holocene than at Eglinton Bog where the aforementioned species 

were not a prominent component of the pollen record. Altitude and the associated changes in 

temperature and precipitation may have influenced the expansion of N. menziesii and may 

therefore provide an explanation for the lag between Eweburn Bog and Eglinton Bog.  
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Figure 5.1: Dates (yr B.P.) for the inferred expansion of N. menziesii in the southern South Island, 

New Zealand. The bolded dates indicate the date at which N. menziesii had become dominant, co-

dominant or a prominent feature in the pollen record. A single asterisk shows unpublished data. 

Double asterisk represents sites where N. menziesii did not become a prominent feature of the 

vegetation cover. The white dot indicates the relevant dates for this study. > represents sites where 

records to not extend back to the start of the expansion. Question marks represent information gaps. ~ 

indicate approximated ages. 
 

Eglinton Bog is located at an altitude 387 m a.s.l, approximately 67 m higher than Eweburn 

Bog (320 m a.s.l). This difference in altitude is accompanied by major differences in the 

Eweburn Bog and Eglinton Bog’s mean annual rainfall and temperature. On average Eglinton 

Bog (Knobs Flat) receives approximately 2,416 mm/yr, by comparison Eweburn Bog receives 

less than half that with a mean annual rainfall of 1,145 mm/yr (Wilmshurst et al., 2002, 

NIWA, 2010). Furthermore, the modern climate of Eweburn Bog is milder with a mean 

temperature of 9.5 °C (warmest month = 14.6 °C, coolest month = 4.2 °C) compared to 

Eglinton Bog which has an average annual temperature of 8 °C (warmest month = 13 °C, 

coolest month = 3.1 °C) (Wilmshurst et al., 2002, NIWA, 2010). If the philosophy of 

methodological uniformitarianism is applied and if McGlone and Bathgate’s (1983) argument 

that southern New Zealand’s contemporary environment was established by approximately 

50 km 
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4,200 yr B.P. is held to be true, then the present day difference in average temperature by up 

to 1.5 °C and mean annual precipitation by up to ~ 1,271 mm/yr most likely existed ~ 5,000 

yr B.P. The ~ 1.5 °C difference in temperature between the two sites appears to have been 

sufficient to restrict the frost intolerant and warmer climate loving D. cupressinum and P. 

ferruginea, respectively, to a few scattered, sheltered locations at Eglinton Bog (McGlone et 

al., 1993, Turney et al., 2003). Similarly, the cooler temperatures and higher mean annual 

precipitation rates appears to be the most likely reason for the restriction of P. taxifolia, a 

species which cannot tolerate frost, but most importantly prefers well-drained sites where 

precipitation is < 1,200 mm/yr (Wardle, 2002, Vandergoes et al., 1997). Based on these 

interpretations it is suggested that N. menziesii rapidly expanded throughout the upper 

lowland to montane sites first, where cooler temperatures and increased rainfall favoured the 

species over milder climate species such as P. ferruginea. As temperatures continued to 

decline throughout the late Holocene and precipitation continued to increase, N. menziesii 

began to spread into lower lying areas. It must be noted, however, that the climatic data 

presented by Wilmshurst et al. (2002) comes from a climate station in Te Anau which has an 

altitude ~ 105 m below that of Eweburn Bog. If it is assumed that rate of temperature and 

precipitation change is constant with the rate at which altitude changes then an estimate of the 

mean annual rainfall and temperature of Eweburn Bog can be calculated (Appendix 5). Based 

on this assumption it is estimated that Eweburn Bog has a mean annual precipitation of ~ 

1,640 mm/yr; 775 mm/yr less than Eglinton Bog and a mean annual temperature of 8.9 °C; 

0.9 °C warmer. This difference would still have been large enough that it may have slowed 

the expansion of N. menziesii into the Eweburn Bog region. 

Vandergoes (1996) unpublished thesis provides support for the theory that higher altitudes 

experienced an increase in N. menziesii before lowland sites due to lower temperatures, which 

in turn reduces the amount of moisture the atmosphere can retain compared to warmer 

lowland sites, leading to an increase in precipitation at high altitudes. Ramparts Bog, 7 km 

southeast of Te Anau and Burwood Bush, 8 km north of Centre Hill (30 km east of Te Anau), 

recorded very similar increases in N. menziesii (Vandergoes, 1996). The timing of the 

transition from tall Podocarp to N. menziesii, however, differs between the two sites by ~ 

1,700 yr B.P. At Burwood Bush; ~ 560 m a.s.l.; N. menziesii had become the dominant 

vegetation cover by ~ 4,700 yr B.P. By comparison the Ramparts pollen record indicates that 

P. taxifolia and P. ferruginea remained dominant until ~ 3,000 yr B.P. (Vandergoes, 1996). 

Even though Ramparts is situated ~ 30 km further inland than Burwood Bush, it appears that 
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because the site has an altitude approximately 200 m a.s.l. lower than Burwood Bush that the 

transition to N. menziesii dominated forest was slightly delayed. This may have been because 

the site was slight warmer (~ 1.2 °C based on the laps rate of 0.6 °C/ 100 m) than Burwood 

Bush. The more equable climate of Ramparts appears to have enabled the less cold tolerant 

Podocarp species to persist for longer than at the higher Burwood Bush site.   

If the lag in vegetation change between locations can be explained by the influence of local 

temperature, altitude and precipitation a similar phenomenon should be evident in the pollen 

records from Central and Coastal Otago and Southern Southland. At Hyde Cirque and Ruined 

Hut, Central Otago a P. taxifolia/ Phyllocladus association dominated the region throughout 

the Holocene (McGlone et al., 1997). Similarly at Kawarau Gorge and the Garvie Mountains, 

Central Otago, a low Phyllocladus/ Podocarpus forest scrub remained the dominant cover 

(McGlone et al., 1995). Temperature extremes, low sporadic rainfall and the harsh drying 

winds associated with nor westerly airflows over Central Otago were interpreted by McGlone 

et al. (1997) and McGlone et al. (1995) as the main factors which enabled the dominance of 

draught tolerant Phyllocladus and P. taxifolia throughout the area and provided them with a 

competitive edge over the drought intolerant tall Podocarp forest taxa.  

This interpretation, however, only addresses the main climatic driver; it does not examine the 

potential differences between sites. Even though the spread of N. menziesii and D. 

cupressinum was not as pronounced in the Central Otago pollen records as it was in western 

and inland Southland, the species were still recorded to have expanded into the region around 

the same time. Furthermore, although the increase in the abundance of N. menziesii and D. 

cupressinum pollen was far smaller than in Southland records and was accompanied by an 

increase in Podocarpus pollen at Hyde Cirque and Ruined Hut, Central Otago (McGlone et 

al., 1997), they still provide some evidence of timing differences between higher and lower 

altitudinal environments. The Garvie Mountains site, for example, is approximately 1,400 m 

a.s.l. and on average receives between 800 – 900 mm/yr, and has a mean annual high of 

approximately 7 °C and low of - 3 °C (McGlone et al., 1995). By comparison Kawarau Gorge 

(800 m a.s.l.) receives 600 – 700 mm/yr and has a mean annual high of 16.5 °C and low of 2.7 

°C (McGlone et al., 1995). By approximately 6,500 yr B.P. N. menziesii had begun to expand 

at the Garvie Mountain and by ~ 5,000 yr B.P. a N. menziesii - P. taxifolia forest dominated 

the area. At Kawarau Gorge, less extreme temperatures and low mean annual rainfall 

restricted vegetation cover to a few drought tolerant species, specifically Phyllocladus. 
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Although N. menziesii and D. cupressinum began to expand after ~ 5,400 yr B.P. at Kawarau 

Gorge, they never became a prominent component of the area. It is possible that the difference 

in precipitation between the two sites was enough to prevent the expansion of N. menziesii 

into Kawarau Gorge, particularly as N. menziesii tends to favour cool wet locations. 

Soil type, the presence of refugia and mycorrhizal fungi all provide potential alternative 

explanations for the apparent lag in the expansion of N. menziesii between high and low 

altitudes. Many Podocarp species, such as Podocarpus and Prumnopitys prefer semi-fertile to 

fertile soils, although some species such as Dacrydium and Phyllocladus can tolerate a wide 

range of soil types. Soil type, however, should not affect the distribution of N. menziesii as it 

can tolerate a wide range of soils, and is today found from Haast on Podzol soils, to the highly 

weathered and leached soils of outwash gravel and tills from the last glaciation in Southland, 

and the fertile lowlands of the North and South Island (Leschen et al., 2008, Wardle, 1980, Li 

et al., 2008, Howarth, 2006, Vandergoes, 1996). The broad distribution of N. menziesii over a 

wide range of soil types suggest therefore, that the lag in the species expansion during the mid 

to late Holocene was not related to soil type.  

The rapid expansion of N. menziesii at Eglinton Bog ~ 1,500 years prior to the species 

increase at Eweburn bog may be the result of the local spread of the species through the area 

from a nearby refugia rather than a reflection of different altitudinal climatic conditions 

between the two locations. The theory of the localised expansion of N. menziesii from refugia 

is supported by McGlone et al. (1995) who argued that the low abundance of N. menziesii and 

Podocarp pollen recorded in pollen records from Central Otago between 9,500 yr B.P. and 

7,500 yr B.P. originated from scattered stands (refugia) of the species throughout the interior 

lowlands. Not only would refugia explain the rapid nature of the expansion recorded at 

Eglinton but most locations with a suitable microclimate would have been located on 

sheltered hill slopes in hilly upland regions 

The ~ 1,500 year difference in the timing of the rapid expansion of N. menziesii between 

Eglinton Bog and Eweburn Bog, however, cannot be fully explained by the presence and 

absence of refugia, respectively. If for example it is assumed that N. menziesii underwent a 

‘partial’ to ‘full’ mast year approximately every one to two years and every time the seeds 

were produced the margin of the N. menziesii forest would extend ~ 100 m (Wardle, 1984, 

Wardle, 2002); it would take approximately 460 - 920 years for the forest margin to extend 

approximately 46 km, i.e. the approximate distance between Eglinton Bog and Eweburn Bog. 
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Furthermore, if it is assumed that the increase in the abundance of N. menziesii pollen 

recorded at Eweburn represents the spread of N. menziesii into the area from the Eglinton Bog 

refugia, then based on the above calculations the expansion took approximately 600 – 1,000 

years too long. An investigation undertaken by Allen (1988) found that seedlings located 

approximately 50 m or more away from the rhizosphere of existing N. menziesii trees had 

difficulty becoming established due to a reduction in the number of fungal partners (Wardle, 

2002). Allen’s findings suggest therefore, that the rate at which N. menziesii spreads is largely 

controlled by mycorrhizas relationship the species has with nitrogen fixing fungi. Based on 

these findings if the same example is used but the distance the of margin migration is reduced 

to approximately 50 m every seeding year, it would take between 920 – 1,840 years for N. 

menziesii to reach Eweburn Bog from Eglinton Bog, assuming no other factors such as fire, 

affected the species expansion and that Lake Te Anau prevented the spread of N. menziesii 

from forest communities on the western shores of the lake.   

On the basis of the above discussion it seems likely that no one single factor was responsible 

for the expansion and timing of N. menziesii throughout inland and western Southland. Rather 

it appears the expansion was driven by combination of site altitude, whether or not N. 

menziesii persisted in the area in refugia and the effect of N. menziesii’s symbiotic 

relationship with fungi had on the rate of spread. These factors all appear to have occurred on 

top of the main climatic influences of the late Holocene a shift towards cooler wetter 

conditions.  

In Central and inland Otago, however, the mid to late Holocene changes in vegetation appear 

to have been further complicated by drought and fire. In lowland Otago at Glendhu, a dense 

montane to subalpine conifer forest composed of P. taxifolia, Phyllocladus and Halocarpus 

dominated the area until approximately 3,700 yr B.P., when N. menziesii began to gradually 

expand at the expense of Phyllocladus and Halocarpus conifer forest. The rapid expansion of 

N. menziesii after ~ 3,000 yr B.P. was attributed by McGlone and Wilmshurst (1999) to an 

increase in habitat availability due to a spate of fires in the region between ~ 4,000 – 3,700 yr 

B.P. most likely fanned by drought conditions and increased nor westerly winds. Similarly, at 

Garvie Mountains and Kawarau Gorge, Central Otago, charcoal concentrations increased after 

~ 5,000 years B.P., around the same time as or shortly before N. menziesii began to increase 

significantly (McGlone et al., 1995). At Kawarau Gorge, the continued presence of fire in 

conjunction with low precipitation rates and relatively high temperatures appears to have been 
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the main reason behind the lack of N. menziesii and dominance of low Phyllocladus shrub in 

the area.  

At Merrivale (60 m a.s.l.), coastal Southland, a Podocarpus – Dacrycarpus forest dominated 

the area leading up until ~ 5,300 yr B.P. (McGlone and Bathgate, 1983). After ~ 5,300 yr B.P. 

the Podocarpus – Dacrycarpus forest was partially replaced by N. menziesii and D. 

cupressinum.  P. spicatus favours warm climates and mature trees can tolerate drought. By 

comparison D. cupressinum is largely limited by precipitation less than 1,000 mm/yr 

(McGlone and Bathgate, 1983). The co-existence of Podocarpus (most likely P. spicatus) and 

N. menziesii, in conjunction with D. cupressinum suggests that like coastal Otago, the climate 

was relatively warm compared to inland Southland. Rainfall, however, must have been 

increasing towards ~ 1,000 yr B.P. in order for D. cupressinum to be present in a relatively 

high abundance. 

The expansion of N. menziesii and D. cupressinum forest throughout most of southern New 

Zealand during the mid Holocene was followed by a short period of stability (Table 5.2). This 

period of relative stability was cut short in most pollen assemblages by the expansion of N. 

Fuscospora (Figure 5.2). The increased abundance of N. Fuscospora pollen is believed to 

largely be that N. solandri var. cliffortioides, the species most commonly found throughout 

the region today (Wardle, 2002). The rate at which N. Fuscospora spread throughout southern 

New Zealand appears to vary with altitude and proximity to the coast. At Preservation Inlet, 

coastal Fiordland (Pickrill et al., 1992), Merrivale, coastal Southland (McGlone and Bathgate, 

1983), and Swampy Hill, Dunedin (McIntyre and McKellar, 1970), N. Fuscospora pollen had 

begun to increase by approximately 5,000 yr B.P., 5,500 yr B.P. and 6,700 yr B.P., 

respectively. At Preservation Inlet and Merrivale, like most southern South Island locations, 

N. Fuscospora pollen gradually increased from trace amounts before rapidly expanding to 

become the dominant vegetation cover. At Swampy Hill, Dunedin, however, it was D. 

cupressinum not N. Fuscospora pollen which underwent an abrupt increase ~ 5,800 yr B.P. 

while N. Fuscospora remained consistently low throughout the mid to late Holocene.  
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Figure 5.2: Dates (yr B.P.) for the inferred timing of the expansion of N. Fuscospora in the southern 

South Island, New Zealand. Asterisks show approximated ages. The white dot indicates the relevant 

date for this study. Question marks indicate information gaps. 

 

Further inland at Eglinton Bog, N. Fuscospora pollen started to expand ~ 2,800 yr B.P. and 

had become the dominant vegetation cover by ~ 1,200 yr B.P. Similarly at Eweburn Bog, N. 

Fuscospora began to spread through the area ~ 2,500 yr B.P., while an investigation carried 

out by Vandergoes (1996); indicates that at Ramparts, Burwood Bush and Goodall Bog, 

western Southland, N. Fuscospora became a prominent feature in the pollen records at ~ 

2,900, ~ 2,500 and ~ 2,200 yr B.P., respectively. As with Eglinton Bog and Eweburn Bog, 

shortly after N. Fuscospora pollen was recorded above long distance dispersal levels the 

species became the dominant vegetation cover. Furthermore, the expansion of N. Fuscospora 

pollen at Ramparts, Burwood Bush, and Goodall Bog appears to reflect the study sites 

distance from the main divide. Goodall Bog, for example is situated the farthest from main 

divide, and was the last site to record an increase in N. Fuscospora, while Ramparts, the 

closest, recorded an increase ~ 700 years before Goodall Bog situated approximately 15 km to 

50 km 

2,800 
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the North East of Letham Bog. An investigation, however, carried out by Vandergoes et al. 

(1997) at Letham Burn (east of Goodall Bog), south-eastern Takitimu Mountains, indicates 

that N. Fuscospora began to increase 3,000 yr B.P.; ~ 700 years earlier than Goodall Bog. It is 

possible that Letham Burn was located within an area where N. Fuscospora survived in 

refugia or that the areas soil type is more favourable to N. Fuscospora than other species. It is 

most probably, however, that the expansion of N. Fuscospora reflects a combination of 

edaphic and climatic environmental factors rather than a single phenomenon such as distance 

from the main divide. 

Investigations carried out in Central Otago by McGlone et al. (1995) and McGlone et al. 

(1997) suggests that the spread of N. Fuscospora, may have been linked to altitude. Both 

investigations showed that the higher altitude sites; Garvie Mountains (1,400 m a.s.l.) and 

Hyde Cirque (1,500 m a.s.l.); experienced an increase in N. Fuscospora pollen (~ 3,500 – 

3,000 yr B.P.) well before the lower lying sites of Kawarau Gorge ( 800m a.s.l.) and 

Campbell Creek (~ 1,200 m a.s.l.) which recorded an increase ~ 2,300 yr B.P. (McGlone et 

al., 1995, McGlone et al., 1997). These findings indicate that localised changes in temperature 

and precipitation may have also influencing the spread of N. Fuscospora in the drier interior 

of Central Otago.   

Further afield at Glendhu, Otgao, however, McGlone and Wilmshurst (1999) argued that N. 

Fuscospora pollen first began to expand ~ 2,100 yr B.P.  Furthermore, pollen records from 

Central Otago, including Hyde Cirque, Campbell Creek, Kawarau Gorge and the Garvie 

Mountains (McGlone et al., 1995, McGlone et al., 1997), and Inland Southland, such as 

Eweburn Bog (Wilmshurst et al., 2002), Letham Burn (Vandergoes, 1996), Borland Bog 

(Dempster, 1999), and Ramparts, Burwood Bush and Goodall Bog (Vandergoes, 1996) all 

indicate that the final increase in N. Fuscospora pollen ~ 1,000 – 700 yr B.P. coincided with 

the an increase in charcoal fragments in the pollen records (Table 5.2). At most locations the 

increase in charcoal occurred in conjunction with Poaceae, suggesting that the increased 

frequency of disturbance provided by fire was important in the final expansion of the species. 

Furthermore, many of the investigations also recorded an increase in exotic species such as 

Rumex, Pinus, and Pteridium esculentum, after charcoal percentages began to increase. As it 

is extremely difficult to obtain accurate and reliable calibrated radiocarbon dates from the 

time period ~ 1,000 yr B.P. to present, the timing of the arrival of exotic species in the pollen 

records can only be estimated. Authors including McGlone (1988), Wilmshurst and McGlone 
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(2002), and Vandergoes et al. (1997) all argued that the abrupt increase in charcoal during the 

late Holocene provides strong evidence for the arrival of Polynesians to southern New 

Zealand ~ 700 yr B.P., while the presence of exotic species and increased charcoal ~ 300 yr 

B.P. provides evidence for the arrival of Europeans to New Zealand. 

The Eglinton Bog record, however, provides no evidence of increased disturbance over the 

last 1,000 years. Although charcoal concentrations were not examined in the current 

investigation, if large scale fires associated with the clearance of land by humans had occurred 

in inland western Southland it should be reflected in the vegetation assemblage. At Eglinton 

Bog, however, there was no increase in colonising species such as Coprosma or Pteridium 

esculentum as recorded in other southern New Zealand record, such as Glendhu, Otago 

(McGlone and Wilmshurst, 1999), and Eweburn Bog, Te Anau (Wilmshurst et al., 2002). 

Furthermore, many of the peat bogs in southern New Zealand which recorded an increase 

charcoal also record an increase in the dominant wetland species such as Sphagnum and 

Empodisma (including Wilmshurst et al. (2002) and McGlone et al. (1997)). A phenomenon 

which did not occur at Eglinton Bog.   

One of the main issues associated with the arrival of humans to New Zealand and use of 

pollen diagrams to draw meaningful paleoclimatic interpretations based on changes in the 

vegetation composition is the belief that many of the changes record over the last 1,000 years 

largely reflected the response of vegetation to anthropogenic changes in their environment, 

rather than those which were climatically influenced (McGlone, 1988). The Eglinton Bog 

pollen record therefore, provides a relatively rare opportunity in that there is no evidence of 

any exotic species being present in the region. This is not surprising given that Eglinton Bog 

is situated approximately 59 km up wind of the nearest settlement, Te Anau and is located in 

New Zealand’s large reserve, Fiordland National Park, which was established in the early 

1950s. Consequently, the lack of introduced species such as Pinus, suggests that the changes 

in vegetation composition and associated paleoclimatic interpretations inferred from those 

changes in this investigation most likely reflect climatically influenced changes rather than 

anthropogenic ones. 

On the basis of these findings it is hard to suggest one single factor which may have been the 

main driver behind the expansion of N. Fuscospora throughout southern New Zealand. Rather 

it appears more likely that a combination of local factors such temperature, precipitation 

levels and fire frequency, on top of the development of the current climatic regime; influenced 
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the timing and rate of the spread of N. Fuscospora. What is apparent however is that by ~ 700 

yr B.P. a vast majority of the Southern South island was covered in Nothofagus forest. 

5.6 Future Research  

The findings of this investigation have identified several areas where future research should 

be undertaken. This study indicates that although N. menziesii began to spread throughout 

most of southern New Zealand at around the same time (~ 5,000 yr B.P.) during the mid 

Holocene, the length of time it took for the species to become a prominent feature of the 

pollen records varied significantly. At first glance it appears that the lag between sites may 

have been the result of altitude, however the comparison of local mean annual temperature 

and precipitation data in conjunction with site altitude indicates that the timing and rate of N. 

menziesii was more complex. The climatic data used in this study, however, was a 

combination of data from local and regional climate stations, as well as estimates. Any future 

research undertaken on vegetation and climate change during the mid to late Holocene in 

southern New Zealand needs to incorporate climatic data acquired from on site stations or 

data obtained from nearby locations (within a few kilometres). This is particularly important 

in mountainous regions where climatic conditions such as temperature and precipitation can 

change relatively rapidly over a short distance. Site specific climatic data from throughout 

southern New Zealand would enable a more accurate understanding of if and how local 

climatic conditions influenced the expansion of N. menziesii and N. Fuscospora.  

The results of this investigation also indicated no evidence of human influenced vegetation 

change during the late Holocene. Most paleoclimatic investigations undertaken in southern 

New Zealand have been affected by human induced changes over the last 1,000 years and as a 

result the climatic evidence inferred from their pollen records has been modified by the 

influence of human activities. Further investigations need to be undertaken in isolated areas, 

where human influence has been kept at a minimum if an accurate climatic record of the last 

1,000 years is to be developed. Inland regions such as along the base of the Southern Alps 

will not only provide unmodified pollen records, but may also provide higher resolution 

records as they will be located within a major environmental gradient. Further investigations 

also need to be undertaken in south-eastern Southland and on the Southland Lowlands, 

locations which to date are poorly represented in the regions pollen records.  
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This investigation was carried out using a single proxy approach. The discovery of large 

glacial deposits flanking the northern and southern margins of Eglinton Bog provide a rare 

opportunity for a multi-proxy investigation to be undertaken in the future in western 

Southland. The basal age of Eglinton Bog (5,030 ± 20 yr B.P.) provides the first reported 

minimum age of the moraines which lie approximately 62 km inside the LGM limits at Te 

Anau. By combining the pollen record presented in this investigation with a detailed 

geomorphological study of glacial deposits it may be possible to reconstruct the climatic 

history of western Southland back to the late glacial or earlier depending on the quality of the 

deposit.   
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6 Conclusion 

 

 

Numerous palaeoclimatic investigations have been undertaken throughout New Zealand in an 

attempt to reconstruct the vegetation and climatic history of the Holocene. It is surprising, 

therefore, that in western Southland there have been no detailed investigations undertaken; 

especially as western Southland has the potential to be one of the most climatically sensitive 

regions due to its position within the west to east environmental gradient of the South Island. 

Furthermore, there have been no attempts to develop a regional record of Holocene vegetation 

and climate change for southern New Zealand, despite the fact that such a record could 

significantly enhance palaeoclimatologists understanding of how vegetation responds to 

changes in local and regional climate.  

Eglinton Bog, western Southland, was selected as the field area for this investigation because 

it is situated within the zone of transition from the very wet west coast and the dry east and it 

is located at the base of the Southern Alps where human disturbance has been minimal. 

Eglinton Bog should, therefore, provide a detailed record of vegetation and climate change 

during the mid to late Holocene. Furthermore, to date no detailed pollen analysis has been 

undertaken in western Southland. The aim of this investigation was, therefore, to reconstruct 

and establish the mid to late Holocene vegetation and climatic history of western Southland. 

A regional comparison of the pollen records from throughout southern New Zealand was then 

undertaken in order create an integrated regional climate record for the mid to late Holocene. 

In addition, contemporary temperature and precipitation data was used in conjunction with 

individual site altitudes to examine whether or not local climatic conditions and altitude 

influenced the timing, rate and type of vegetation change which occurred in southern New 

Zealand during the mid to late Holocene.  

The pollen analysis undertaken on two cores extracted from Eglinton Bog indicated that 

western Southland experienced two major changes in vegetation composition over the course 

of the mid to the late Holocene. The first major change occurred ~ 5,000 yr B.P. with the 

rapid expansion of Nothofagus menziesii. By approximately 1,000 yr B.P. this forest had been 

replaced by the rapid expansion of N. Fuscospora which is believed to have been associated 
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with the further deterioration of the mid to the late Holocene climate to the current cool, 

frosty, wet and cloudy conditions which dominate the area today.  

A similar expansion of N. menziesii and N. Fuscospora was recorded throughout southern 

New Zealand, however, the timing, rate of change and extent to which the species became 

dominant varied between sites. The comparison of individual site data including altitudes, 

temperature and precipitation, from throughout southern New Zealand led to the following 

major regional conclusions being drawn. 

1. The expansion of N. menziesii varied with changes in altitude. Most higher altitude 

sites situated in the cooler, wetter mountainous region of inland Southland, such as 

Eglinton Bog, underwent the expansion of N. menziesii prior to most Central Otago 

and low lying/coastal locations in southern New Zealand. In coastal regions, such as 

coastal Southland and Otago, tall Podocarp forest appears to have remained dominant 

for longer than in inland Southland, due to milder, less extreme environmental 

conditions. By comparison in Central Otago, N. menziesii appears to have been 

severely restricted by the dry continental conditions which at lower elevations (below 

1,000 m a.s.l) favoured more drought tolerant scrub and shrub species such as 

Phyllocladus. At higher altitudes, where environmental conditions were cooler and 

wetter, N. menziesii became dominant at approximately the same time as inland 

Southland locations. Changes in elevation and altitude related changes in temperature 

and precipitation, however, do not appear to have been large enough to explain the 

significant lag (up to ~2,000 years at some sites) recorded between locations, 

indicating that other factors must have been influencing the spread of N. menziesii 

throughout southern New Zealand. 

2. The expansion N. menziesii throughout southern New Zealand during the mid to late 

Holocene was driven by the transition from warmer early Holocene climate to the 

cooler wetter climate of the mid to late Holocene. However, the variation in the rate, 

timing, and magnitude of the species expansion between different locations within 

southern New Zealand appears to have also been influenced by a combination of site 

specific variables including local climatic conditions (temperature and precipitation), 

altitude, the absence of refugia and the species symbiotic relationship with fungi.  

3. Similarly, the timing of the expansion of N. Fuscospora in southern New Zealand also 

seems to have been strongly depended on the altitude, local temperature and 
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precipitation, fire frequency and proximity to the coast. Although, coastal locations 

experienced an increase in Fuscospora before inland locations, Fuscospora dominated 

forest became established first at more inland sites. In many lowland regions and in 

Central Otago Fuscospora did not become a prominent feature of the pollen records 

until after the occurrence of major fires.   

4. The arrival of humans to southern New Zealand ~ 700 yr B.P. coincided with an 

increase in fire frequency, and the spread of introduced exotic species. However, at 

Eglinton Bog there was no evidence of human induced changes in the vegetation 

record, suggesting it is an ideal location to draw inferences about climate change over 

the last 1,000 years from. 

 

A six phase model of vegetation and climate change for southern New Zealand during the 

Holocene has been constructed based on the key changes identified in the regions pollen 

records: 

1. Pre ~ 7,000 yr B.P. Coprosma dominated shrubland covered much of southern New 

Zealand, indicating a cool dry climate persisted throughout much of the region. 

2. Post ~ 7,000 yr B.P. tall Podocarp forest had expanded throughout much of southern 

New Zealand, replacing shrubland and grassland as climatic conditions began to 

improve. 

3. Post ~ 5,000 yr B.P. N. menziesii began to expand and a distinct Southland Otago 

vegetation pattern started to emerge. In inland Southland N. menziesii dominated 

Beech-Podocarp forest covered much of the region. In coastal areas and Central Otago 

Podocarp forest continued to dominate, although N. menziesii did spread into the main 

canopy. The spread of N. menziesii suggests a deterioration of climatic conditions 

towards a cool, wet climate.  

4. Post ~ 3,500 yr B.P. N. Fuscospora began to spread throughout inland Southland, 

indicating a cool, wet, stormy climate, similar to today became established. 

5. Post ~ 2,000 yr B.P. N. Fuscospora dominated forest was present at many inland 

Southland sites, and some inland Central Otgao locations. Elsewhere N. Fuscospora 

started to expand. There were no major changes in climate.  
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6. ~ 700 yr B.P. The arrival of humans to southern New Zealand coincided with an 

abrupt increase in N. Fuscospora at many locations throughout southern New Zealand. 

As too did charcoal concentrations and exotic species.  
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Appendix 1: Vegetation Survey 

Table A1.1: Vegetation survey results showing the taxa found in the forest, forest/bog margin 

community and on the bog surface of Eglinton Bog, western Southland. 

 

 

 
  

Forest community Forest/Bog margin  

community  

Bog surface  

community 

Nothofagus fusca 

N. solandri var. cliffortioides 

N. menziesii 

Coprosma dumosa 

C. pseudociliata 

Uncinia astonii 

Polystichum vestitum 

Blechnum penna-marina 

Chandonanthus squarrosus 

Ptychomniom aciculare 

Hymenophyllum multifidum 

Nothofagus solandri var.  cliffortioides 

N. menziesii 

N. fusca 

Phyllocladus alpinus 

Coprosma dumosa 

C. foetidissima 

Podocarpus hallii 

Halocarpus bidwillii 

Dracophyllum longifolium  

D. pronum 

D.prostratum 

Empodisma minus 

Pentachondra pumila 

Cyathodes empetrifolia 

Oreobolus  spp. 

Sphagnum cristatum 

Caldiona confusa 

C. sulluvanii 

Empodisma minus 

Dracophyllum uniflorium 

Cyathodes empertrifolia 

Uncinia astonii 

Sphagnum cristatum 

Oreobolus spp. 

Caldiona sullivanii 

C. confusa 
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Appendix 2: Radiocarbon Date Sheets 

 

Figure A2.1: Laboratory report for the radiocarbon date from the base of Egb1.  
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Figure A2.2: Laboratory report for the radiocarbon date from the top of Zone 1, Egb 1. 
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 Figure A2.3: Laboratory report for the radiocarbon date from the top of Zone 2, Egb1. 
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Figure A2.4: Laboratory report for the radiocarbon date from the top of Zone 3, Egb 4 
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Appendix 3: Percentage and Raw Pollen Counts 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

See CD for:  
 
Table A3.1: Relative percentage representation of each species identified from Eglinton Bog, western 

Southland, New Zealand. 

 

Table A3.2: Raw pollen count for each species identified from Eglinton Bog, western Southland, New 

Zealand. 

 

 

 

  



Figure A4.1: The absolute (concentration) pollen diagram for Eglinton Bog. The lithology of the core is presented alongside the diagram and a key is provided below for interpretation. Basal 
and depth dates for the core are also provided. X-axis indicates the number of pollen grains per 0.5 cc of sample.
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Appendix 4: Concentration Pollen Diagram

Figure A4.1: The absolute (concentration) pollen diagram for Eglinton Bog. The lithology of the core is presented alongside the diagram and a key is provided below for interpretation. Basal 
and depth dates for the core are also provided. X-asix indicates the number of pollen grains per 0.5cc of sample.
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Appendix 5: Eweburn Bog Climate Calculations 

 

 

 Eglinton Bog  Te Anau Difference 

Altitude (m) 387  215  172 

Mean annual temperature (°C) 8 9.5  1.5 

Mean annual rainfall (mm/yr) 2,416 1,145 1,271 

 

Eweburn Bog = 320 m a.s.l. 

 

It has been assumed that the change in temperature and precipitation is constant over space 

and time. Therefore, it is possible to estimate the change in temperature and precipitation per 

m. 

Average precipitation change per m = 1,271/172 = 7.389 mm/m 

Average temperature change per m = 1.5/172 = 0.00872 °C/m 

 

Eweburn Bog is situated approximately 105 m above Te Anau (67 m below Eglinton Bog) 

Eweburn Bog average precipitation = 7.389 x 105 = 776 mm/yr 

Eweburn Bog average temperature = 0.00872 x 105 = 0.9 °C 

 

Estimate precipitation and temperature of Eweburn Bog: 

Mean annual precipitation = 2,416 – 776 = 1,640 mm/yr 

Mean annual temperature = 8 + 0.9 = 8.9 °C 

 

 

Figure A5.1: Eweburn Bog estimated climate calculation sheet. 

 




