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Abstract – The paper considers palynological evidence for Late Holocene vegetational change in Polynesia, with special reference to human impact. It relates this evidence to archaeological dates of colonization. Summary pollen diagrams are shown from Tonga, Cook Islands, Society Islands, Easter Island and New Zealand. It is concluded that there is a surprising level of agreement between pollen data and archaeology, though there is still dispute regarding Easter Island and New Zealand. In general, the hypothesis of migration into Polynesia via Tonga is supported, with a slightly later spread to Central Polynesia. Movements to Easter Island and New Zealand may be related to climatic changes. The long chronology is supported. 
Introduction 
It is appropriate that I should be giving this lecture in Sweden, since that is the country where Lennart von Post founded palynology in 1916, by being the first person to count fossil pollen grains from peat, and to relate the results to vegetational change (von Post 1916). The earliest recognition of signs of human impact in palynological data was also in Scandinavia, where Iversen (1941) recognised Neolithic forest clearances. Now palynology has spread around the world and has at last reached Polynesia. In this account I have attempted to adhere strictly to scientific principles, especially Ockham’s Razor (William of Ockham 1285 - ?1349) (Hypotheses are not meant to be multiplied beyond necessity) and the need to avoid the Affirmation of the Consequent (Aristotle 384 – 322 BC) (Absence of Evidence is not Evidence of Absence). 
So how can we hope to distinguish in pollen diagrams between natural changes and anthropogenic (human- induced) ones? Occasionally, we are lucky enough to find pollen of crop plants or of human-associated weeds. In the absence of these, we may still detect disturbance in the vegetation. This may show itself in the form of secondary forest trees (e.g. Macaranga, Trema), but the disturbance may not necessarily be caused by people. We are fortunate, however, that natural fires are not at all common in Polynesia, so if disturbance is accompanied by charcoal, we may suspect human activity. Also, over a large area, changes resulting from climate are usually nearly synchronous, whereas human impact is usually patchy or progressive. However, if climate change were to trigger a human migration, then the effect could be synchronous. We need to understand something of where our pollen is coming from. Studies (Jacobson and Bradshaw 1981) have shown that in a small site (say a lake or swamp up to 100m diameter) most of the pollen is derived from the local area, perhaps 100 – 200m from the site. At the other extreme, a large site (say over 300m diameter) will give a generalised accumulation from the entire region, probably a 10km radius or more. Thus by deliberately choosing sites of different sizes, we can discover whether we are looking at local or regional changes. 
This paper looks at the palynological evidence for Late Holocene vegetation changes on some of the islands of Polynesia, with particular reference to human impact, and the correlation of that with archaeology. Polynesia is defined anthropologically: it is the region of the Pacific where the Polynesian people traditionally lived. It is roughly triangular (Figure 1), with the apices of the triangle marked by New Zealand, Hawai’i and Easter Island. Archaeology suggests (Figure 2) that the first colonists of the region, the Lapita culture, entered via Tonga at around 2600 - 3500 BP and then spread to Samoa. There was then a movement into Central Polynesia (Cook Islands, Society Islands, Marquesas Islands). Migration to the three vertices of the triangle is thought to be later, perhaps only within the last 1300 years or less. The actual dates of this last phase are hotly disputed (Spriggs and Anderson 1993; Hunt and Lipo 2006). Before looking at the pollen evidence, we should try to get some idea of possible climatic changes during the time people have been present. The most significant climatic influence appears to be ENSO, which brings drought to the tropical Pacific periodically. The area likely to be most affected is shown in Figure 3. We now know that the frequency of severe ENSO events has varied in the past (Allen 2006). The evidence for this comes from the measurement of erosion rates into Laguna Pallcacocha in the high Ecuadorean Andes (Moy et al. 2002). 
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[image: ]Figure 1. Map to show the position and limits of Polynesia. After Irwin (1992). 


Gotland University Press 11 Figure 2. Human dispersal patterns in Polynesia. The dates shown represent earlier interpretations now largely superseded. After Sutton (1994). 



The variation is very striking (Figure 4). The present rate is about 3 severe events per century. But in the past two millennia there have been three periods when the rate has exceeded 20 per century. These periods peak at c. 1600 BP, c. 1200 BP, and c. 750 BP. In between are periods with rates as low as or lower than the present. We must expect these extreme variations to have had drastic effects on the movements and survival of people. 
The paper will now proceed to consider the palynological data from some of the island groups for which data are available. This does not attempt to be a comprehensive review. I have chosen to use data with which I have some connection, and can therefore speak with more confidence. 
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Figure 3. The effect of ENSO events on tropical Pacific Islands. C3 – Liable to severe ENSO droughts. C1 + C4 – Relatively stable climates (After Salinger et al. 1995, 2001). 


Tonga 
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Since Tonga is the island group nearest to Fiji, and reputedly the first part of Polynesia to be settled, it is appropriate to consider the evidence from this group first. There are two relevant pollen diagrams from Tonga. 
The first diagram is from Finemui swamp on the tiny (2 km diameter) coral island of Ha’afeva in the central Ha’apai sub-group of islands (Flenley et al. 1999). The pollen diagram (Figure 5) covers a time back to before 5770 ± 90 BP and is divided into five zones. A mixed, fern-rich rainforest assemblage shows incipient disturbance from near the top of zone FM 3. The boundary between zones FM 3 and FM 4 is dated to 2080 ± 60 BP. A further change, the rise of Cocos nucifera to abundance, is the start of zone FM 5, dated to 1220 ± 60 BP. The swamp is only 700m from the excavated Lapita site of Mele Havea, which dated back to c. 2600 BP (Burley 1997), so the c. 2080 BP date seems very reasonable as a minimum age for the start of human disturbance of the swamp area. The later date of c. 1220 BP may represent the changes caused by a volcanic ash shower which fell on the island (S. Cronin, pers. comm.), or could indicate an intensification of agriculture. 
A further pollen diagram from the northern sub-group of islands, Vava’u (Fall 2005) shows forest disturbance and charcoal from 2620 ± 80 BP, which is concordant with the date of the Lapita culture in Ha’apai at c. 2600 BP Some Lapita data from Tonga are earlier than this (Burley et al. 1999), so the pollen dating is quite conservative. 
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Several islands in the Cook group have been investigated palynologically. They include Rarotonga, Atiu and Mangaia. On Rarotonga, Karekare Swamp, an infilled lagoon on the north east coast, was cored to 9 m depth, representing over 8000 years of deposits. The pollen diagram from borehole KK4 (Peters, 1994) showed a sharp rise in particulate charcoal and Pandanus in the topmost zone, at a level dated (calibrated) to 2730 (2353) 2157 B.P. As, however, a level only slightly above this gave a date of 1133 (958) 791 BP, and there was a date inversion slightly further down the core, inwash of old carbon is suspected, and the date must be viewed with caution. 
From the island of Atiu we have a clearer picture provided by the diagram from a small lake, Te Roto (Parkes, 1997). At a zone boundary dated to 1420 ± 45 BP, there is a sudden and dramatic replacement of Cocos nucifera by Gleichenia (syn. Dicranopteris) linearis, Cyperaceae and Gramineae, along with Casuarina equisetifolia. Even the pollen of Ipomoea batatas (sweet potato), which rarely preserves, was present in one sample. As the date is reasonably concordant with others in the sequence, it may be accepted as indicating the start of forest clearance of Atiu. Earlier changes in the diagram are considered to be natural. 
An earlier date for human impact is revealed by the work on Mangaia. Mangaia is (like Atiu) one of the ‘makatea’ islands in which uplifted coral limestone surrounds an ancient volcanic core. Between the two are extensive swamps, and even a lake, Lake Tiriara. This was investigated in relation to a rockshelter excavation 1km away (Kirch et al. 1991, 1992, 1995). Lake coring yielded a 15m core dating back to 5810 ± 100 BP. Five other dates were concordant with this, suggesting no inwash of old carbon, and the δ13C values did not suggest that ancient carbon from the coral limestone was incorporated into the sediment. The pollen diagram is summarised in Figure 6. It shows striking changes at the start of Zone III about 1600 BP. Trees decline, ferns increase and weeds show a peak. The ferns include Dicranopteris (syn. Gleichenia) which now dominates large areas of the deforested basalt core of the island. There are also geochemical changes, such as the rise in iron (Fe) derived from the basalt, suggestive of disturbance. The decline of trees had (apart from a single point peak) actually begun somewhat earlier, perhaps from a date of 2450 ± 80 BP. Marginal cores confirmed that soil inwash had begun by 2400 BP, but material did not appear to have contaminated the lake core dates. A subsequent investigation by Joanna Ellison (Kirch and Ellison 1994) involved coring other swamps around the island. Those showed the regular inwash of soil materials from the basalt, as well as the presence of particulate carbon, all within the last 2400 years. Interestingly, particulate carbon was absent before that date, suggesting that natural fires had not occurred on the island during the mid-Holocene. 
The dates of 1420 BP and 2400 BP are both earlier than the dates from the rockshelter, which appears to have been in use from c. AD 1000 to c. AD 1650 (Kirch 1997). Nevertheless, it seems that the palynology and charcoal records are more likely to indicate the age of initial human colonization of Mangaia, which may therefore be taken as c. 2400 BP. 
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Figure 4. Frequency of severe ENSO events over the last 10,000 years. Data from erosion rates in Laguna Pallcacocha, Ecuadorian Andes (After Moy et al. 2002). 
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Figure 5. Pollen diagram from Finemui Swamp, Ha’afeva Island, Ha’apai, Tonga. Only selected taxa are shown. After Flenley et al. (1999). 
19 
[image: ]
Gotland University Press 11 
Figure 6. Pollen diagram from Lake Tiriara, Mangaia, Cook Islands. Only selected taxa are shown. After Kirch et al. (1991, 1992, 1995). 
Society Islands 
Pollen diagrams are available from Tahiti and Mo’orea. The Tahiti diagram is from Lake Vaihiria, an inland, upland lake formed by a landslip in one of the interior valleys. Perhaps because of the steep and slip-prone terrain, the radiocarbon dates from the two cores are confused, though a maximum age of c. 500 years may be suggested for the sequence (Parkes et al. 1992). The palynology is striking for the prevalence of Pteridophyte spores throughout, no doubt reflecting the abundance of ferns in the forest which surrounds the lake today. Despite this, some reduction of primary forest trees is evident in the central zone of the core (? c. 17th and 18th centuries AD) perhaps indicating human activity inland, for which there is archaeological evidence (Orliac 1997). Towards the surface, in the uppermost zone, there is some recovery of the woody vegetation (especially Urticaceae/Moraceae, Trema comp., Freycinetia sim. and Pandanus), which probably corresponds with the post- contact shift of the human population to the coast in the 19th century. Although this site is of no relevance in terms of human colonization date, it serves to show that even shifts of population may be registered in the pollen record, with historically verifiable dates. 
The Mo’orea site (Lac Temae) is a piece of former lagoon which has become cut off and is now a brackish-water lake. The bottom half of the 15m core obtained is highly calcareous, with a rapid accumulation rate. The oldest date obtained is 1540 ± 100 BP at 11.5m depth. The pollen sequence (Figure 7; Parkes 1994, 1997; Parkes and Flenley 1990) can be interpreted in terms of human disturbance. The lower half of the sequence (Zone Tp I) shows a strong dominance of trees, especially Pandanus which is both wild and cultivated in Polynesia. There is nothing here which requires interpretation as human disturbance. Starting with zone Tp II, however, there is a peak of fern spores, along with degraded pollen of upland forest elements, suggesting disturbance of inland forests. Most remarkable is the presence of Colocasia esculenta (taro), an introduced cultivar. This surely suggests the presence of people. The date of 1210 ± 90 seems not unreasonable, though it may be queried on the grounds of possible incorporation of old carbon, from soil or coral limestone. 
The zones above this seem to represent changing land use, under continuous human presence. Pandanus and Cocos appear to alternate, perhaps in response to local cultivation preferences. Further cultivated trees such as Terminalia, Hibiscus and Casuarina appear, along with introduced shrubs such as Cordyline and Acalypha, and weeds including Bidens, Ageratum, and Mimosa pudica. Colocasia is present again, and eventually post-contact introductions such as Stachytarpheta and Pinus/Podocarpaceae. The suggestion is of continuous human presence for the last 1200 years. There is, however, an interesting recovery of Pandanus and other primary forest elements in zone Tp IV, starting at an interpolated age of c. 800 BP and suggesting a reduction in human impact. One might speculate that this could correlate with ENSO-induced droughts becoming more common at that time 
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Figure 7. Pollen diagram from Lac Temae, Mo’orea, Society Isles. Only selected taxa are shown. After Parkes (1994, 1997). 
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Easter Island (Rapa Nui) 
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There has been some discussion as to whether or not Rapa Nui is likely to have suffered ENSO droughts in the past. The present climate, although quite variable, does not exhibit them (Genz and Hunt 2003). Theoretical reasons for them not occurring were given by MacIntyre (2001a, b). On the other hand, Mucciarone and Dunbar (2000, 2003) claim that the oxygen isotope record from Rapa Nui corals does exhibit some degree of correlation with ENSO events. A definitive conclusion on this matter must await further research. 
Although there are three good crater swamp/lakes on the island the upper deposits in two of them are disturbed so that the details of human impact are, at least partially, obscured. The third site, Rano Kau, appears to be less disturbed, however. It is the largest site of the three, a circular lake 1km in diameter, largely covered with floating mats of vegetation. The crater in which it sits is a steep-sided caldera affording a micro-environment very protected from the wind (cf. van Steenis 1935), and therefore possibly favoured by early settlers bringing tropical crops. Terraced slopes were reported there by Heyerdahl and Ferdon (1961). Coring near the centre of the lake has yielded a 20.63m core (KA02), consisting of a 3m floating mat, above an 8m water gap, with lake sediment beneath from 11m to 20.63m. Initial dating of this core using bulk sediment samples was not very satisfactory. Later, more dates were obtained by pollen extraction in our laboratory, using apparatus that we now suspect of having caused contamination. These dates were anomalous (Butler et al. 2004) and will not be used further. Recently, we obtained further dates, using aerial macroscopic remains (fruits and culms) of Scirpus californicus, the totora (nga’atu) reed, which dominates the floating mats today. The dates are shown in Figure 8. They suggest an initial period, c. 10,000 to 9000 BP (calibrated), c. 20m to 18m depth, when sedimentation rate was around 1m in 500 years. On the pollen diagram, Figure 9, this coincides with peaks of Gramineae and shrubs. This could indicate a drier and cooler phase (Flenley et al. 1991). There then follows a long phase of dominance by forest from c. 9000 BP to c. 1900 BP (c. 18m to 14m depth) with a sedimentation rate that was rather slow, c. 1m in 1500 years. This apparently represents the warm, moist Holocene climate. 
From about 14m depth (c. 1900 BP calibrated) there is a great increase in herbs (grasses), accompanied by charcoal. There is also a large decline of trees, with an increase of shrubs, which may well include Broussonetia papyrifera (paper mulberry, formerly cultivated according to Métraux 1940). The most striking tree disappearance is that of Palmae, apparently the tree Paschalococos disperta which was related to the Chilean wine palm, Jubaea chilensis. The fruits of P. disperta have frequently been found on the island (Dransfield et al. 1984). These changes coincide with a massive increase in sedimentation rate to c. 1m in 170 years (Figure 8), which probably represents an increase in productivity of the lake as a result of eutrophication caused by the blowing in of wood ash from forest fires. 
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Figure 8. Calibrated AMS radiocarbon dates on aerial parts (fruits and culms) of Scirpus californicus (totora reed) from core KA02, Rano Kau, Easter Island. After Flenley et al. (2007). 
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It is quite difficult to explain these changes in any other way than by human activity, possibly accompanied by the activities of the introduced rats. It is, however, just possible that these changes resulted, at least in part, from climatic change, leading to major droughts and natural fires. I therefore regard the date of 1900 BP (calibrated) as a maximum age for the presence of people on the island. The charcoal values are still under investigation and may include some long distance particles. The possibility of volcanic fires also exists. 
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Figure 9. Pollen diagram from core KA02, Rano Kau, Easter Island. Only selected taxa are shown. After Butler and Flenley (in press). 
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The new dates from the floating mat still show inversions, so we conclude that the floating mat deposits could have been disturbed. A possible cause of this would have been their use for cultivation of taro. This usage of swamps, which is well known in Melanesia (Serpenti 1965; Golson 1977) and in Polynesia (Spriggs 2002), would be a further example of the intensification of agriculture on the island, and the possibility is currently under investigation. It is also possible that the disturbance could have been caused during the harvesting of the totora (Scirpus/nga’atu) reeds which were much used in thatching, and as mats and floats (Métraux 1940). A marginal core, KA01, does not conflict with these findings, and shows deforestation to be virtually completed between dates of 1040 ± 60 BP and 1000 ± 70 BP. Being near the edge of the lake, soil carbon inwash might be suspected here, but in fact sediment chemistry shows that soil inwash did not begin until after these dates (Flenley et al. 1991). This might seem to conflict with the dates from KA02, where total deforestation appears to have been completed later. It must be remembered, however, that a core taken near the centre of a large site yields a regional record, whereas one near the edge gives a local record (Turner 1965; Jacobson and Bradshaw 1981). It is likely that the slopes inside the caldera were deforested to completion earlier than other parts of the island. 
These dates conflict seriously with archaeological dates for colonization of c. AD 1200, proposed by Hunt and Lipo (2006). Their dates come, however, from three separate localities, which seems to suggest established and dispersed settlement rather than first colonization. Earlier archaeological dates for colonization are proposed by Flenley and Bahn (2003), Orliac and Orliac (2005) and Martinsson-Wallin and Crockford (2001). The latest survey by Vargas et al. (2006) concludes that the island was probably occupied by the late first millennium AD, possibly c. AD 800. 
New Zealand 
New Zealand (also known as Aotearoa) differs significantly from other parts of Polynesia not only in its larger size, but also in its higher latitude, which leads to relatively severe winters. One significance of this to early settlers was the difficulty which it caused for the growth of tropical crops. Only kumara (Ipomoea batatas) could be grown on both main islands, and that with difficulty on the South Island. 
The date of colonization of Aotearoa is the subject of fierce argument, regarding both the archaeological and the palynological evidence. This seems surprising, given that there are numerous excavations and c. 200 papers dealing with palynology (Tinkler 2005). Up to 1990, archaeology favoured a colonization date of c. 1000 BP (Davidson 1984) and as early as 1400 BP was proposed (Sutton 1987). Anderson (1991) however applied a process of ‘chronometric hygiene’ to radiocarbon dates and eliminated many as unreliable. This brought forward the date of colonization to c. 800 BP. Palynology followed suit, by eliminating early dates for forest clearance from lowland lakes, on the grounds that soil inwash could have brought in old carbon (McGlone and Wilmshurst 1999). This was questioned by Flenley and Todd (2001). The currently approved paradigm is, however, arrival of people at c. 800 BP, leading rapidly to widespread burning and deforestation with replacement of forest by the bracken fern Pteridium esculentum. This species has come to be regarded as a key indicator of human activity, since its maintenance (apart from in its natural habitat of coastal dunes – Wardle 1991) requires regularly and frequently repeated burning. As McGlone and Wilmshurst (1999) wrote: 
“the persistence of short-lived seral vegetation that can only be maintained by fire disturbance (for instance, bracken, Coriaria and some grasslands) is a good indicator of regularly and frequently repeated fire. We can be confident that the widespread destruction of rainforest by fire is highly unlikely without human intervention. If destruction of any forest type is accompanied by repeated fire and the spread and persistence of short-lived seral vegetation, human agency is virtually a certainty.” 
Before proceeding to test the present paradigm, it is desirable to consider evidence for climatic variation over the last few thousand years in Aotearoa. Palaeotemperature estimates suggest that warmer postglacial mean annual temperatures had fallen to present values by 3000 BP, and showed minimal (<1°C) variation after that (Cook et al. 2006; Wilmshurst et al. 2007). Variations in precipitation are more difficult to reconstruct, but the fine- resolution record of erosion (based on palaeomagnetic susceptibility) provided by a core from Lake Pupuke (Auckland) may answer this problem, at least for northern New Zealand. The record (Figure 10; Striewski et al. 2009) goes back to 9500 BP (calibrated) and shows that the period up to c. 3000 BP (interpolated date) was one of considerable fluctuations in climate. After this date, however, exceptionally low erosion rates suggest a uniformly placid climate, lacking in extreme events, until the dramatic changes brought about by the Rangitoto eruption (c. 638 BP) and the immediately following human disturbances. This is important, because there has 
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Figure 10. Fine-resolution record of magnetic susceptibility for Core P4 from Lake Pupuke, Auckland, New Zealand (After Striewski et al. 2009). The dates are those of tephra. 
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been a tendency to attribute disturbances between 800 BP and 3000 BP to natural events, such as windstorms or lightning fires (Ogden et al. 1998). Apparently these were not occurring, at least in the Auckland region. The relative rarity of lightning at the present time in Aotearoa (and, incidentally, also in the small Pacific islands) is affirmed by the World Lightning Map (Doswell 2002). 
The Short Chronology for the colonization of Aotearoa (starting c. 800 BP) no longer seems satisfactory for various reasons. Firstly, some pollen diagrams show increase of Pteridium spores well before the c. 800 BP date. Thus Chester (in Prior and Chester 2001), by carefully choosing a site (Round Lake) near the coast (a likely early dwelling area), near enough to the Volcanic District to permit tephrachronology, but far enough away to make volcanic fires unlikely, found evidence of intermittent Pteridium peaks, with charcoal, some even before the Taupo tephra, dated to c. 1718 BP (see Figure 11). There was even a hint of human-related bacterial DNA present (Matisoo-Smith et al. 2008). Further north, in the Northland peninsula, Elliot et al. (1998) found in Lake Tauanui (a small lake with no inflow stream) oscillations of tree pollen back to c. 3000 BP (Figure 12). Although attributed to storm damage at first, it now seems more likely that these oscillations represent shifting agriculture similar to that recorded in pollen records from Sumatra (Newsome and Flenley 1988; Flenley and Butler 2001). Similar oscillations, accompanied by charcoal but not by Pteridium, were found at Tiniroto Lakes near Gisborne by Li et al. (unpublished), around a date of 2300 BP. The absence of Pteridium is concordant with the idea that shifting cultivation was being practised, rather than repeated burning of the same area. To obtain a more regional record, one needs to look at evidence from a large site (Jacobson and Bradshaw 1981). The largest site available is the sea, and an offshore core obtained east of Hawke’s Bay (Figure 13; Elliot et al. 2003) showed a continuous curve for Pteridium and charcoal from at least 2500 BP. 
Figure 11. Pollen diagram from Round Lake, Hawke’s Bay, New Zealand. Only selected taxa are shown. After Prior and Chester (2001). 
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Figure 12. Pollen diagram from Lake Tauanui, Northland, New Zealand. Only selected taxa are shown. After Elliot et al. (1998). 
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Figure 13. Pollen diagram from Marine core MD97-2121, collected east of Hawke’s Bay, New Zealand. Only selected taxa shown. After Elliot et al. (2003). 
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This core was also well dated by tephrachronology and of charcoal before c. 800 BP has often been written off as the result of natural, probably lightning-ignited, fires (Ogden et al. 1998). Although natural fires undoubtedly occur in Aotearoa, Flenley (2004) showed that in recent times they have been rare and usually burn a very small area. Furthermore, Butler (2008) showed that some early occurrences of charcoal were accompanied by pollen of Casuarina, an Australian tree, suggesting that the charcoal (which was of small grain size) had blown from Australia. Thus the overall conclusion which may reasonably be drawn from the Pteridium and charcoal evidence is that before c. 3000 BP there were rare, natural fires; after 3000 BP there were progressively more fires which were local and not explicable in climatic terms, but could be explained as the result of shifting agriculture; after 800 BP there were very numerous and widespread fires explicable as human deforestation, perhaps for the encouragement of Pteridium as a food. GIS mapping of Pteridium and charcoal frequencies shows a progressive increase of these from c. 4000 BP, in a localised, patchy manner. Significantly, the Auckland region is late to show either (cf. Striewski’s data above). The patchy pattern is more suggestive of human impact than of climatic change. See Sutton et al. (2008) for an elaboration of this argument. 
A second reason for questioning the c. 800 BP date for colonization is the finding, at several sites, of bones of Rattus exulans, a human commensal, dating to c. 2000 BP (Holdaway 1996). Although these dates have been seriously questioned (Anderson 1996), they appear to be genuine (Beavan-Athfield et al. 1999). Interestingly, the DNA of Rattus exulans populations in Aotearoa shows variability suggesting multiple introductions including one from Fiji (Matisoo-Smith et al. 1998). A recent attempt to revise the arrival of Rattus exulans as being at c. 800 BP (Wilmshurst and Higham 2004; Wilmshurst et al. 2004) by dating of rat-gnawed tree fruits/seeds shows considerable promise, but is currently inconclusive (Sutton et al. 2008). 
A third reason to consider an earlier arrival of people relates to the DNA of moas, the several species of extinct large flightless birds in Aotearoa. The DNA variability, interpreted in terms of population size, shows a strong reduction in population starting about 1500 BP (Gemmell et al. 2004). The authors attribute this to an attack of bird flu, but present no independent evidence for it. Since the Maori people are well known to have hunted moas (Anderson, 1989), an earlier presence of people would provide a simpler explanation. 
It is, of course, possible to argue that the rise in frequency of ENSO events caused severe droughts in Central Polynesia (Cooks and Society Islands) and thus stimulated large scale migration from those islands to Aotearoa around 800 BP The pollen diagram from Mo’orea appears to support the idea (see above), but further work is needed on this possibility. Even if it were true, the evidence above suggests that there was already a population here when the immigrants arrived. It must also be remembered that Pteridium rhizome became an important food staple according to Cook (1777) in the South Island, where kumara was difficult to grow. It may be that the rise of Pteridium represents the spread of the knowledge of how to use the (otherwise poisonous) rhizome as food (Flenley and Todd 2001). 
Studies of human DNA may also be relevant. Analyses of mitochondrial DNA (inherited down the female side) do not seem to conflict with the idea of a single migration from Central Polynesia with a minimum of 70 females (Murray-McIntosh et al. 1998). But studies of the Y chromosome (inherited down the male side) suggest that there is a small proportion of Melanesian genes among the Polynesian ones (Underhill et al. 2001). Further studies in this area are needed. 
Taken all together, the evidence seems consistent with a small initial colonization before 2000 BP, probably augmented by a larger immigration around 800 BP. 
Conclusions 
1. Palynology gives clear indications of disturbance in vegetation of the past.  
2. It is usually possible to distinguish between natural and human-induced disturbances.  
3. These disturbances may be dated by radiocarbon dating and tephrochronology, etc.  
4. Palynology integrates information from the surrounding area, so might be expected to detect earliest  human presence more easily than archaeology, but there is little evidence for this in some Polynesian  sites.  
5. Palynology does, however, differ significantly from archaeology in Rapa Nui and New Zealand, where  the Short Chronology is not supported.  
6. Minds should be kept open, and further research should be undertaken in all areas.  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