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A palynological investigation of sediments from montane West 

Sumatra (c. 1500 m a.s.l.) was carried out. Two fossil cores 

were examined. One, Danau di Atas, is at least 31000 uncorrected 

radiocarbon years old, and is relatively well dated: pollen 

influx values were calculated for this core. The second, Telago, 

is of Holocene age. To aid interpretation of these, the present 

vegetation of the area was studied, using plots, and pollen rain 

produced by this vegetation was also examined, using moss 

polsters and surface samples taken from within the plots. Pollen 

rain on a high mountain, Gunung Kerinci, south of the main field 

area was also studied. The modern pollen studies demonstrate the 

importance of canopy taxa in the regional pollen rain and aid in 

elucidating the relative pollen production of many taxa. 

The pollen assemblages recovered from both cores suggest a number 

of changes, both in the independent hydroseral development at the 

two sites, and dry land vegetation. The dry land vegetation 

changes have been interpreted in terms of environmental change 

and indicate that climates were formerly cooler, particularly 

from c. 17900 to c. 12900 years a.p., when the vegetation of the 

area included an important gymnosperm element. During this cool 

period mean annual temperatures were between 1.6 and 5.20 C cooler 



than at present. There is however no evidence to suggest that 

the climate was drier, or more seasonally dry, than at present 

during the period represented by the sequence. Changes in the 

vegetation due to human interference may have occurred on a minor 

scale up to 8200 years ago, but widespread forest clearance 

appears to have been a relatively recent phenomenon. 
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CHAPTER 1 

PALYNOLOGICAL EVIDENCE FOR ENVIRONMENTAL CHANGE IN THE TROPICS 

1.1 Introduction 

The technique of pollen analysis has been developed in recent 

decades as an important palaeoecological tool.. Because of the 

evidence, in the North Temperate Zone, of major climatic changes 

associated with glaciations during the Pleistocene, palynological 

studies have both developed and been concentrated in this region. 

As a consequence, vegetation changes related to climatic change 

and other factors in the North Temperate Zone are on the whole 

well documented. The idea that climatic change might have 

occurred in the tropics, coeval with the major glaciations of the 

Northern Hemisphere, developed more recently. Only within the 

last c.25 years have palynological studies been carried out in 

the tropics, much of the work done to date having been produced 

within the last 15 years. 

It was initially thought by Faegri (1966) that pollen analysis 

would not be a suitable tool for the elucidation of past 

vegetation in the lowland tropics, for a number of reasons. 

These included the diversity of species present and associated 

difficulties of identification of important taxa, the high 

incidence of entomophily and relative rarity of anemophily among 

the taxa, and the relative windlessness of the environment, which 

would affect pollen dispersal. Indeed, much of the early work 

done in the tropics was at high altitude sites, usually above 

c.2000m a.s.l. where vegetation is of a less diverse nature and 
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anemophilous taxa may be more important, so these potential 

problems are less serious. However, subsequent research has 

shown that if suitable polliniferous deposits are available 

there is no reason why pollen analysis cannot be applied as a 

successful palaeoecological tool even in the lowland tropics (eg. 

Bartlett and Barghoorn, 1973; Morley, 1981a, 1982; Salgado

Labouriau, 1980). Although there are some difficulties, many of 

these can be overcome, particularly by the use of modern 

vegetation - pollen rain studies in the interpretation of fossil 

pollen assemblages. Further evidence (eg. Flenley, 1973) also 

suggests that pollen min in the tropics is of the same nature 

as that in temperate regions, except that different components 

may have different relative importance. 

The present study set out to elucidate the past vegetation of an 

area of moderate altitude in the mountains of West Sumatra, over 

a period spanning at least the last 30000 years. The area was 

selected for the study because it was thought that changes in the 

environment, ego those caused by climate or man, would affect the 

vegetation of the area in a way which would be recognizable in 

the pollen assemblages. As in other tropical regions, the nature 

and composition of the forest vegetation of West Sumatra varies 

with altitude, although transitions from one vegetation type to 

another are gradual rather than sharp. The cause of the 

vegetation - altitude relationship is presumably climatic, and 

the predominant control over the vegetation appears to be 

temperature through its effect on plant growth. However, with 

increasing elevation the air and soil environments become not 
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only cooler but also Inoister and the increased moistness may also 

influence the vegetation to some extent (eg. prevalence of cloud 

cover may give rise to 'mossy' forest). Both temperature and 

moisture may affect the vegetation through their influence on 

soil development (Whitrnore and Burnham, 1969). It is possible 

that other climatic factors such as input of UV light may also 

affect the vegetation but their significance to vegetation 

zonation on these mountains, if any, has yet to be elucidated. 

Because of this relationship between altitudinal vegetation zones 

and climate, any past climatic change might be reflected in the 

vegetation growing in the area. The nature of the vegetation 

changes which occur with altitude are considered in Section 2.4 

and details of the vegetation of this area are considered in 

Chapter 4. 

Pollen analyses were carried out on two cores from former 

lake/swamp deposits. One of these extends in age over at least 

the last 30000 years: the second is of Holocene age. Both are 

from sites in a lower montane environment at altitudes of l535m 

and 1550m a.s.l., respectively. To facilitate the interpretation 

of the fossil pollen spectra obtained from these cores the 

present vegetation of the area, and pollen deposition patterns 

within it, were also investigated using plots, and surface 

samples taken from these. Additional information about pollen 

deposition patterns at higher altitudes was obtained from a 

series of surface samples collected from Gunung (G.) Kerinci, a 

3800m volcanic peak which lies to the south of the main field 

region, and its surrounding area. 
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Those factors which might have influenced the vegetation of the 

area in the past are considered in detail in the following 

sections. The evidence for vegetation and environmental change 

in the tropics is then reviewed. 

1.2 Environmental factors which might have influenced the 
vegetation of the region 

1.2a A note on scale 

The vegetation present in an area is dependent on a large number 

of environmental factors which vary in the extent of their 

influence. Some of these may have an extremely local effect on 

the composition of the vegetation ego variations in drainage or 

soils, while others may be of regional importance ego temperature 

and rainfall regime. Changes in the nature of some environmental 

factors may affect the vegetation in the short term while others 

may have a long term effect. It is clear that the pollen 

assemblages recorded in a pollen diagram or individual samples 

may simultaneously reflect both local and regional environmental 

factors, since they normally include pollen derived from both 

local and regional vegetation sources. However, only small scale 

variations occurring in proximity to the deposition site are 

likely to be recognized in pollen assemblages; those occurring 

further afield will tend to be masked by the regional pollen 

assemblage. Where the samples are from lake or swamp deposits 

most of these small scale, local variations are concerned with 

development and changes in the hydroserall vegetation and its 

I Swamp and aquatic vegetation 
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environment. Changes in the pollen assemblages having a regional 

source are more likely to be due to variation in larger scale 

environmental factors. 

Temporal changes in factors affecting the vegetation of an area 

are more likely to be recognized in fossil pollen assemblages if 

they have qui te a long term effect on the vegetation of the area. 

The temporal spacing of the fossil samples analysed in this study 

is quite wide and therefore short term changes in the vegetation 

may not be recorded in the samples analysed, and even if recorded 

may be registered only in a single sample. In the latter case 

they may not even then be interpreted as a significant event, due 

to the statistical limitations of the technique. 

1.2b Climatic factors 

Climatic factors may influence the vegetation of an area at a 

number of scales, however only the large scale effects of climate 

on the vegetation are likely to be recognizable in pollen 

assemblages. 

Short term climatic events, including catastrophic events, may at 

times affect the vegetation of a region. The resultant climatic 

changes may be of short or long duration. Short term climatic 

events include hurricanes and storms, which if severe may flatten 

forests, and droughts. The vegetation may be affected in a minor 

or major way and the time taken to return to its former state is 

variable. If it is rapid, a matter of months or a few years, 

then it is unlikely to be recorded in pollen assemblages. 

Sometimes the vegetation may take a number of decades to return' 
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to its former state, or may be permanently altered, in which case 

the vegetation changes may register in the pollen assemblages. A 

short term climatic event having a long term effect on vegetation 

is illustrated by the 'storm forests' of Kelantan and Trengannu 

states in Malaysia. These resulted from a hurricane followed by 

forest fires in 1883 and still apparently lacked some of the 

typical lowland tree species when described by Wyatt-Smith 

(1964) • 

Long term climatic events are more aptly described as climatic 

changes. These may result in permanent changes to the vegetation 

of an area, which are then reflected in the pollen assemblages 

recovered. The effect of such climatic events on the 

altitudinally zoned vegetation of montane areas may be 

particularly notable. Long term climatic effects have been 

recognized in pollen analyses of fossil sequences from all of the 

tropical regions. The evidence for climatic change in the 

tropics over the last c.30000 years will be considered in detail 

in Sections 1.3-1.5. These long term climatic changes appear to 

be primarily changes in temperature and effective precipitation, 

which may include changes in seasonality of the latter. 

1.2c Volcanic and tectonic factors 

Volanic and tectonic activity may result in local or widespread 

destruction of vegetation. A number of conditions may affect the 

recovery time of the vegetation. These include: the nature of 

the event, whether it is followed by subsequent activity, 

distance from seed sources, and type of substrate produced (in 
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the case of volcanic activity). If the destruction is of a 

severe and widespread nature, the regeneration of the vegetation 

may be recognized in pollen assemblages by, perhaps, increased 

pollen of ephemeral or secondary forest taxa. Again, the time 

scale of recovery is important since only long term changes are 

likely to be recorded. In Sumatra and Java Myrica javanica may be 

an important constituent of seral vegetation on volcanic deposits 

in montane areas (Backer, 1954). However, since this species is 

also common in high altitude vegetation, its representation in 

pollen assemblages may have two possible meanings. 

Volcanic activity may wholly or partially destroy vegetation in 

the area affected. Recovery time, assuming a seed source in 

proximity, may depend very much on the nature of the substrate. 

Recolonisation of lavas may take a great time, probably as a 

result of resistance to weathering and erosion. Loosely 

consolidated ashfalls and lahars may be colonised rapidly (van 

Steenis, 1972). An example of this is the recovery of vegetation 

on the island of Krakatau after total destruction of the 

vegetation in 1883. This proceeded from bare pumice and ash to a 

mixed secondary forest within 50 years, despite the great 

distance from seed sources. However, few characteristic primary 

forest trees have yet colonised the island, probably largely due 

to the distance involved and, often, the relatively poor dispersal 

abilities of many primary forest trees (Flenley and Richards, 

1982) • 

The effect of lavas and lahars may be restricted largely to 

valleys, whereas ashfalls can also affect vegetation on ridges 
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and slopes. The latter may therefore be capable of affecting a 

wider range of vegetation types in a single event. Volcanic 

activity may also sometimes act indirectly upon the vegetation of 

an area ego by causing changes in drainage patterns and damming 

rivers to form lakes. 

Tectonic activity may cause landslides and other land movements 

and may thereby cause destruction of vegetation. If the event is 

not repeated then regeneration is potentially rapid if soil and a 

seed source exist. If bare rock is exposed then the process is 

likely to be slow. Such effects may, however, be local and not 

easily recognizable in pollen assemblages. More widespread 

changes of vegetation may occur if the tectonic activity results 

in altered drainage patterns or elevation, such as causing 

damming of lakes and swamp formation. Tectonic activity 

involving tilting of the area at Tasek Bera, Malaysia may have 

been the cause of a major change in the environment and 

vegetation. This was altered from a forested valley with a fast 

flowing stream to an area of slow moving waterways and swamps 

with some swamp forest (Morley, 1976, 1981a). 

Both volcanic and tectonic events occur in Sumatra at present, 

and have been important throughout the Quaternary. Therefore the 

possibility of vegetation changes resulting from their effects 

should be considered when fossil pollen assemblages from the area 

are interpreted. 
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1.2d Soi 1 factors 

Although the nature of the soil may affect the vegetation growing 

on it, soils do not appear to be a major factor in this area. 

Soil variation may not be terribly important in the region, 

possibly owing to the high rainfall and the tendency for soils to 

be leached and acidic. One exception might be fresh volcanic 

soils, none of which were encountered in this study. The effects 

of these on the vegetation and pollen assemblages were briefly 

described in the previous section. 

1.2e Biotic factors 

Few biotic factors are likely to affect the diverse vegetation of 

a region like Sumatra on such a widespread scale as to be 

recognizable in pollen assemblages. Although browsing animals 

occur in the forests, these are not noted for their ability to 

defoliate large areas. Moreover, herbivorous insects are often 

species specific and therefore unlikely to cause major damage 

except to single species stands of vegetation, which are atypical 

in these areas. Man is by far the most important biotic factor 

since he has the ability to destroy forests and other vegetation, 

and in recent decades has done so on a large scale. Where man 

has destroyed vegetation, then abandoned the land, regrowth 

communities, which may be recognizable in pollen assemblages, 

will occur. Eventually the vegetation may revert to its former 

composition. This process may be very rapid if the degree of 

interference with the original vegetation was of short duration 

and if seed sources are close by, as when shifting cultivation is 
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practised. This type of agriculture may have been carried out in 

South-East Asia and New Guinea for many centuries. Longer term 

disturbance of the vegetation often leads to deterioration of the 

soil. Regrowth of vegetation after such an event may be of a 

different pattern, and a longer period may elapse before 

something akin to the former vegetation is achieved (Symington, 

1933) • 

Widespread vegetation disturbance by man is often evident in 

pollen assemblages, although smaller scale interference may be 

less clear or not evident at alL Many fossil pollen analyses 

from tropical areas show clear evidence of the effect of man. 

For example, at Tasek Bera in Penisular Malaysia (Morley, 1976, 

1981a) the pollen record provides evidence of a phase of 

clearance in surrounding dry land forests, followed by a phase of 

forest recovery, c.600 years ago. Subsequent forest destruction 

indicated was on an extensive, probably regional scale. In New 

Guinea there is also palynological evidence of human disturbance 

from many sites. For example at Sirunki (Walker and Flenley, 

1979) pollen assemblages suggest interference from c.4300 years 

ago, as forest clearance with enhanced growth of ephemeral taxa. 

Also in New Guinea man may have interfered with the high altitude 

vegetation by using fires as an aid to hunting, and this may have 

contributed to a change to more open conditions recorded at Brass 

Tarn possibly 5000 years ago (Hope, 1976). 
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1.3 Vegetation history evidence from tropical high montane 
areas, above c. 2000 m a.s.l. 

1.3a South America 

Palynological studies of vegetation changes and their 

relationship to environmental conditions in South America have 

been concentrated in the Colombian Andes. The work is 

exemplified by that on the Sabana de Bogota, a dry lake bed at c. 

25S0 m a.s.l. The deposit is thought to contain about SOD m of 

sediments (Hooghiemstra, 19S4). Currently, these have been cored 

to a depth of 357 m and extend at least into the Pliocene. They 

show evidence for many cyclical cold and warm phases. One of the 

first palynological studies to emerge from South America was an 

analysis of 33 m of sediments from this site (van der Hammen and 

Gonzalez, 1960). In age, these sediments extended well into the 

ultimate cold phase of the P1eistocene. Pollen analysis was used 

to elucidate the nature of the vegetation around the site. This 

indicated that both a cold phase, with temperatures estimated at 

c. SOC colder than present, and a warm phase, possibly 2-3 0 C 

warmer than present, had existed. 

At the Laguna de la Herrera, on the western border of the Sabana 

de Bogota at 2550 m a.s.l., van der Harnrnen and Gonzalez (1965a) 

recognized periods of lower lake level within the Holocene. 

These tied in with lower lake levels in other parts of Colombia. 

Other work from the same area of the Colombian Andes has 

clarified the picture of vegetation and climatic changes in the 

Late Pleistocene and Holocene period. Studies from the El Abra 

rock corridor (2570 m a.s.l.) indicate a number of phases in the 
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environmental history of the area (Shreve - Brinkman, 1978; van 

der Hammen, 1978). The earliest phase recognized extends 

possibly from pre-50000 years B.P., into the penultimate glacial 

time. During this phase the El Abra valley was mostly covered by 

dense stands of Andean forest with Weinmannia: conditions 

fluctuated at this time, with warm and colder phases. In the 

second phase, the vegetation which prevailed was mostly open in 

nature, of a subparamo type. Humidity conditions varied from 

humid to very dry through this phase. One point within the 

second phase is dated as 28000 years B.P. The third phase, dated 

as Holocene, saw the valley once again surrounded by Andean 

forest, with Alnus as a prominent tree. 

A 30000 year sequence from Laguna de Fuquene at 2580 m a.s.l. 

(van Geel and van der Hammen, 1973) indicates that from c. 30000 

to c. 25000 years B.P. the altitudinal forest limit lay 800-1000 

m below its present level, probably as a result of a cooler 

climate. This descended to c. 1500 m below its present level 

after c. 25000 years B.P. and from c. 21000 to c. 13000 years 

B.P. conditions appear to have been both cold and dry. Mean 

annual temperatures may have been c. 100e lower than at present 

during this period. Forest reinvaded the area from c. 13000 to c. 

9500 years B.P. and possibly reached present levels but then 

appears to have retreated again, and at c. 9500 years B.P. still 

lay possibly 800 m below present levels. The forest limit rose 

after c. 9500 years B.P. and from c. 7500 to c. 3000 years B.P. 

was high, climate being similar or up to 20 e warmer than todays. 

Since c. 3000 years B.P. the climate appears to have been as at 
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present. 

These pollen records clearly show some similarities as regards 

vegetation changes in response to environmental factors, and 

parallels are seen in many other pollen diagrams from different 

altitudes in the Colombian Andes. These include the Sierra Nevada 

del Cocuy at 3890 m a.s.l. (Gonzalez et al., 1966), Laguna Ciega 

at 3500 m a.s.l. (van der Hammen et ~!..=., 1981), Paramo de Palacio 

at 3500 m a.s.l. (van der Hammen, 1974) and Laguna de Pedro Palo 

at 2000 m a.s.l. (van der Hammen, 1974). The diagrams from the 

Laguna de los Bobos at 3800 m a.s.l. (van der Hammen, 1974) and 

the Cienaga del Visitador at 3300 m a.s.l. illustrate the 

influence of local climatic conditions. Laguna de los Bobos lies 

on the west, wetter side of the Cordillera Oriental. The 

diagrams from this site show a higher percentage of forest 

elements in the Holocene, than the diagrams from Cienaga del 

Visitador, which lies at a lower altitude but in a rain shadow 

area (van der Hammen and Gonzalez, 1965b). Holocene pollen 

sequences from the Venezuelan Andes also provide evidence of 

climatic fluctuations within the period (Salgado-Labouriau and 

Schubert, 1976, 1977). A pollen diagram from Central America, 

Vicente Lachner Bog at 2400 m a.s.l. in Costa Rica also shows 

that altitudinal shifts of vegetation occurred in this area 

during at least the last 36000 years (Martin, 1964). 

1.3b Africa 

Much of the palynological evidence for vegetation change in 

tropical Africa is from East Africa and particularly the highland 
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regions. Much of the early work done was interpreted before 

surveys of the modern pollen rain and its relationship to the 

vegetation had been carried out. However, this has largely been 

reinterpreted in the light of modern pollen studies. Kaisungor 

Swamp, situated at 2900 m a.s.l. in the Cherangani Hills of 

north-west Kenya is one such site (van Zinderen Bakker, 1962, 

1964: Coetzee, 1967: van Zinderen Bakker and Coetzee, 1972). Two 

cores span the period back to 27750 + 600 years B.P. Prior to 

c. 22750 years B.P. the climate appears to have been warmer 

than subsequently. From c. 22750 to c. 14500 years B.P. very 
\ 

cold and dry conditions appear to have prevailed and the site was 

surrounded by afro-alpine vegetation. After c. 14500 years B.P. 

the temperatures warmed and ericaceous and montane forest 

vegetation were recorded at the site, although these seemed to be 

representative of a dry type of vegetation. More humid 

conditions seem to have occurred after c. 10000 years B.P. 

Sacred Lake, a site at 2400 m a.s.l. on Mt Kenya was also 

examined (Coetzee, 1964, 1967; van Zinderen Bakker and Coetzee, 

1972). The basal age of the sediments is 33350 ± 1000 years B.P. 

Climatic changes interpreted on the basis of the pollen 

assemblages are very similar to those at Kaisungor Swamp. A 

cold, dry phase occurred from c. 27000 to c. 14000 years B.P. 

Prior to this the climate was warmer, but not as warm as the 

present day. After c. 14000 years B.P. temperatures warmed, and 

the climate became wetter, and from c. 10000 years B.P. may have 

been similar to that at present. 

Livingstone (1967) examined a series of sites in the Ruwenzori 
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Mountains of Uganda; these were Mahoma Lake at 2960 m a.s.l., 

Kitandara Lake at 3990 m a.s.l. and Bijuku Lake at 3920 m a.s.l. 

The Mahoma Lake record indicated a shift from open vegetation to 

montane forest around the site at 8000 to 10000 years B.P. 

Livingstone attributed this largely to an increase in moisture 

availability rather than temperature, since he considered that a 

drier climate 12500 years ago would explain the pollen 

assemblages whereas a colder one would not. The other two sites 

had relatively short pollen records, and it seemed likely that 

they had never been surrounded by montane forests. Hamilton 

(1972) reinterpreted these diagrams in the light of extensive 

vegetation and pollen rain studies in the region. He concluded 

that Livingstone's pollen diagrams showed a change at c. 12600 

years B.P. from cold, dry to warmer, moister conditions. From c. 

6000 to c. 2000 years B.P. the climate may have been slightly 

warmer and wetter than at present. The pollen record also showed 

widespread human destruction of forest in the lowlands after c. 

1000 years B.P. and less intense disturbance was traceable back 

to c. 4600 years B.P. 

Another record from Uganda comes from Muchoya Swamp at 2260 m 

a.s.l. (Morrison, 1961, 196B). The oldest sediments have an 

estimated age of 25000 years. The pollen record shows many 

similarities with the Mahoma Lake sequence of the same age, and 

has also been reinterpreted by Hamilton (1972). The similarity 

of pollen events at the two sites suggests that the changes do 

relate to regional climatic changes rather than local ego edaphic 

factors. 
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Other evidence from montane East Africa, of climatic change 

includes work from Ethiopia (Bonnefille, 1973: Lezine, 1982). 

Evidence also comes from non-palynological features such as 

moraines on high mountains such as Mt Kilimanjaro and Mt Kenya. 

These suggest that glaciers were formerly more extensive than at 

present (Li vingstone, 1975). 

1.3c Malesia 

The floristic province of Malesia (Good, 1947) extends from 

Sumatra to New Guinea, and includes Malaysia, Indonesia, the 

Philippines and Papua New Guinea. Initially known as Malaysia, 

the name was changed to Malesia when the political state of 

Malaysia was set up, to prevent confusion. 

Palynological studies of vegetation change in Malesia are 

concentrated on two areas, New Guinea in the east and Sumatra and 

Java in the west, however, none of the Sumatran or Javan studies 

has been from a high montane area, above c. 2000 m a.s.l. 

Some quite comprehensive palynological studies have been carried 

out in New Guinea. A series of sites were studied on Mt Wilhelm, 

Papua New Guinea by Hope (1976) at altitudes ranging from 4420m 

a.s.l. to 2740 m a.s.l. These provide evidence for the movement 

of the altitudinal forest limit, and deglaciation of the 

mountain. From a time prior to 22000 years'B.P. until c. 10200 

years B.P. the altitudinal forest limit was situated below 2740 m 

a.s.l. From c. 10200 years B.P. it rose gradually, and ice 

retreated from the mountain. By c. 8600 years B.P. the forest 
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limit lay above its present level but by c. 5000 years B.P. had 

retreated, presumably to this level. The relatively high forest 

limit from c. 8600 to c. 5000 years B.P. is consistent with 

milder conditions than at present. The decline of the forest 

limit at c. 5000 years B.P. was probably due to climatic 

deterioration although man may possibly have influenced its level 

by setting fires for hunting at high altitudes. 

A study of three sites, Sirunki, Inim and Birip, in the Wabag 

area of Papua New Guinea suggests similar climatic changes 

(Walker and Flenley, 1979). The record available at these sites 

reaches back much further, to c. 33000 years B.P. Two of the 

sites, Sirunki and lnim, lie at 2500 m a.s.l., while Birip lies 

at 1900 m a.s.l. Prior to 27000 lA ( = Inferred Age), pollen 

recovery is low, and between 33000 lA and 30000 lA hardly 

vegetated conditions are indicated which are difficult to 

interpret. From 27000 lA to 25500 lA mean annual temperatures 

indicated by the vegetation appear to have been similar to those 

today. Temperatures appear then to have fallen irregularly and 

between 18500 lA and 16000 lA they were probably c. 100e lower 

than at present as indicated by a downward shift in the position 

of the vegetation types, with the altitudinal forest limit 

probably 1500 m below its present level. Upward shifts of 

vegetation suggest that temperatures subsequently rose and by 

13500 lA they were probably within lOe of their present level. 

Other work from New Guinea (eg Powell, 1970; Williams et ~~, 

1972) tends to confirm the existence of cold phases coeval with 

the time of the full glacials of the Northern Hemisphere. 
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1.3d Other areas 

Work is in progress at a number of montane sites in South India, 

some of which are reviewed by Blasco and Thanikaimoni (1974). To 

date however, pollen records have been interpreted intuitively 

since modern pollen rain - vegetation studies have been lacking. 

Interpretations are therefore very tentative, but indicate that 

vegetation changes have occurred in the region. How these relate 

to environment is not clear. 

1.3e Conc 1 usions 

The evidence for vegetation change in the high montane areas of 

the tropics during the Late Pleistocene and Holocene is 

overwhelming. In South America the evidence so far obtained 

suggests the existence of a colder climate, with altitudinal 

depression of the vegetation, during the Late Pleistocene. 

eoldest conditions appear to have been from c. 21000 to c. 13000 

years B.P. when mean annual temperatures were possibly c. 100e 

colder than present at about 2500 m a.s.l., and the altitudinal 

forest limit was depressed by perhaps 1500 m. During this period 

the climate also appears to have been drier than at present as 

lake levels were generally low. The Holocene period saw a return 

of warmer, moister conditions, and for a part of the period, 

perhaps c. 7500 to c. 3000 years B.P. the climate may have been 

slightly warmer than at present. 

In East Africa the picture is rather similar to that from South 

America, and the vegetation changes similarly suggest a much 

colder climate c. 27000 to c. 14000 years B.P. The pollen 
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evidence suggests that conditions at this time were also drier. 

Warmer, more humid conditions prevailed after c. 12000-10000 

years B.P. 

The evidence from Malesia suggests that from c. 27000 to c. 25500 

years B.P. mean annual temperatures were similar to those of 

today. Temperatures fell after c. 25500 years B.P. and from c. 

18500 to c. 16000 years B.P. mean annual temperatures were lower 

than at present, possibly c. 100C colder at 2500 m a.s.l. 

Climatic amelioration may have begun 16000 years ago although 

evidence of this appears at different times at different places. 

However, significant climatic amelioration is recognized at most 

sites by c. 10000 years B.P. Some evidence suggests that the 

period from c. 8500 to c. 5000 years B.P. may have experienced 

milder conditions than at present. There is no palynological 

evidence from the region, as yet, which suggests that the climate 

was, at any time during the period, significantly drier or more 

seasonal than at present. However, it is possible that the 

precipitation in the areas which have so far been studied could 

be reduced considerably before the vegetation would be affected, 

since they are extremely wet at present and the dry seasons are 

not extreme. 

The palynological evidence from the tropical high montane areas 

suggests that cooler conditions than at present prevailed during 

the Late Pleistocene in montane areas of all three regions. 

Palynological evidence for drier conditions during this period is 

convincing only for East Africa. Drier conditions are suggested 
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for montane South America by lowered lake levels during this 

time, but the vegetation does not appear to have been greatly 

affected. Evidence for drier conditions during the Late 

Pleistocene does not as yet exist for the Malesian high montane 

areas studied. 

1.4 Vegetation history evidence from the tropical lowlands 
below c. 1150 m a.s.l. 

1.4a South America 

A relatively small number of palynological investigations have 

been carried out in the lowland areas of South America, but these 

have produced some interesting results. 

A series of boreholes from the coastal plain of Guyana (van der 

Hammen, 1963) showed, in addition to marine transgressions and 

regressions, that the vegetation around the site during at least 

part of the Late Pleistocene was not rain forest, but a grass 

savanna. This could have resulted from a formerly drier climate. 

A very recent sequence from the Cienaga de Morrocayal in the 

Colombian lowlands at 20 m a.s.l. studied by Wijmstra (1967) 

showed cycles of wetter and drier periods over the last few 

hundred years. In Surinam (Wijmstra, 1969), savannas and savanna 

woodlands were present at times when sea level was also lowered. 

Again this suggests a much drier climate or a more seasonal one. 

The apparent dominance of savannas in the sites from Guyana and 

Surinam during the Late Pleistocene does suggest that a change in 

regional climate is the cause, rather than local factors eg. 

edaphic factors, although the latter could contribute to the 
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effect. 

A study of a sequence from Lake Valencia at 403 m a.s.l. in 

Venezuela (Salgado-Labouriau, 1980) showed that the end of the 

Pleistocene in the area was characterized by a dry phase when the 

lake was reduced to the status of a swamp or intermittent lake, 

surrounded by semi-arid type vegetation. The permanent lake 

began to form at the beginning of the Holocene (c. 10000 years 

B.P.) and rain forest pollen also appeared in the sediments at 

this time, and therefore seems to have migrated into the area. 

The actual area where rain forest was present throughout the Late 

Pleistocene is not known but must have been reasonably close to 

the si te to permi t the fair ly rapid migra tion into the area as 

observed. 

Other indications of formerly drier climates during some periods 

of the Pleistocene come from Rondonia in the Amazon Basin (van 

der Hammen, 1972, 1974) and the Rupununi savannas (Wijmstra and 

van der Hammen, 1966; van der Hammen, 1974). Climatic changes 

are also recognizable in pollen records from Panama (Bartlett and 

Barghoorn, 1973). Here there is a suggestion of cooler rather 

than drier conditions. 

There is also evidence of climatic change in the Galapagos 

Islands. The sequence from El Junco (Colinvaux, 1972) indicates 

that a dry phase occurred, which appears to have lasted from c. 

34000 to c. 10000 years B.P. and which was followed by a wetter 

climate in Holocene times. 
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1.4b Africa 

Palynological evidence of vegetation change during the Late 

Pleistocene and Holocene is available from both East and West 

Africa. 

The evidence from Lake Victoria, at 1130 m a.s.l. is based 

partially on pollen analyses but also on mineralogy and chemical 

analyses (Kendall, 1969). This suggests the occurrence of a dry 

period from before 14500 years B.P. until c. 12000 years B.P. 

Subsequently, conditions were much wetter and forest appeared in 

the region. There may have been a slightly drier period from c. 

10500 to c. 9500 years B.P. After c. 6500 years B.P. the climate 

became drier or more seasonal and the nature of the forest 

altered, from evergreen to semi-deciduous. During the last 3000 

years the likelihood of human disturbance of the vegetation has 

obscured any climatic interpretations. Evidence from lake levels 

and pollen from Lake Turkana (Owen et al., 1982) shows that this 

lake expanded periodically during the Early Holocene, but fell to 

present levels in the Middle Holocene. Pollen spectra from a 

section dated as 9880 + 670 years B.P. have abundant regional 

elements including montane forest and thicket taxa, which are not 

recorded in modern lake samples. These were probably transported 

some distance, but may indicate increased runoff and an extension 

of montane forests at that time. Vegetation changes are also 

evident in pollen assemblages from the Kalambo Falls in Northern 

Zimbabwe (Clark and van Zinderen Bakker, 1964). 

Analyses of cores from on and offshore Ivory Coast (Assemian et 
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al., 1970) show that by the latest Pleistocene the Ivory Coast 

had a warm humid climate, but that the forest cover was more open 

than at present until c. 9000-8000 years B.P. Deep sea cores 

from offshore Senegal (Rossignol-Strick and Duzer, 1979) indicate 

a phase of extreme aridity from 19000 to 12500 years B.P. when 

tropical vegetation belts had migrated southwards. 

Elsewhere in West Africa, preliminary results of palynological 

investigations into cores from Lake Bosumtwi, Ghana (Maley and 

Livingstone, 1983: Talbot et al., 1984), have proved very 

interesting. During the period from c. 15000 to c. 8500 years 

B.P. the pollen record indicates that patches of montane - like 

forest existed within grassland, around this lowland site. This 

suggests an extension of montane forests 300-400 m lower than 

todays levels. Forest replaced the grassland after c. 8500 years 

B.P. and arboreal pollen dominates the pollen assemblages 

throughout this period, to the present day. 

In the Niger De 1 ta, Sowumni (l981a, 1981b) has al so found 

evidence of climatic fluctuations in the past, indicative of wet 

and dry phases. At some time during the period pre-35000 to c. 

8000 years B.P. the extent of forest was reduced. It was 

replaced by a drier savanna type vegetation. From c. 7600 until 

c. 2800 years B.P. conditions in the area had fluctuated, with 

rain forest and freshwater swamp forest, and drier savanna 

varying in extent. Since c. 2800 years B.P. the rain forest has 

been reduced in extent by man. 
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1.4c Malesia 

Very few palynological investigations have been carried out on 

sequences from lowland Malesia. Morley (1976, 1982) investigated 

a site, Danau Padang, at an altitude of 950 m a.s.l. in West 

Sumatra. The results suggested that from c. 10000 to c. 8600 

years B.P. forests of montane, rather than lowland affinity, lay 

in proximity to the site suggesting depression of vegetation 

zonation by possibly 500 m. After c. 8600 years B.P. the 

vegetation indicated by the pollen assemblages was similar to 

that found at present in the area. By c. 4000 years B.P. some of 

the forest trees became markedly less common, while regrowth taxa 

were better represented. This was interpreted as forest 

clearance by man, followed by regrowth. 

A study of a Holocene lowland peat swamp in Kalimantan Tengah, 

Indonesia (Morley, 1981b) showed that peat formation began 

abruptly over a topogenous swamp surface in which Gramineae and 

Lycopodium cernuum were conspicuous elements. Swamp forest then 

developed on these peats. Morley suggests that the early 

Gramineae - Lycopodium cernuum swamp may have existed under more 

seasonal conditions than those prevalent today, and that the peat 

formation may have been initiated by a change to a less seasonal 

climate during the Middle Holocene. 

Pollen analysis of bores taken in peat swamps in Sarawak (Muller, 

1965, 1975: Anderson and Muller, 1975) illustrated the way in 

which peat swamp develops at a site. At Marudi the initiation of 

peat swamp development began c. 4000 years ago and followed a 
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pattern broadly similar to the vegetation zonation across the 

surface of the peat swamp from its edge to its centre. Bores 

taken from coastal peat swamps also showed phases when mangrove 

pollen was important, and this vegetation was presumably growing 

at the site indicating transgressional phases. 

The likely tectonic origins of Tasek Bera (Morley, 1976, 1981a) 

are also reflected in pollen assemblages, and were described in 

Section 1.2c. 

1.4d Other areas 

Although not strictly speaking within the equatorial tropics, 

studies from rain forest sites in north-east Queensland, 

Australia, provide some interesting evidence for past climatic 

change. A series of four sites has been studied by Kershaw 

(1970, 1971, 1975, 1976, 1983) all of which at present lie within 

the rain forest zone. Three of the sites are of Holocene age, 

while the fourth, Lynch's Crater extends to at least 60000 years 

B.P. All of the sites provide palynological evidence for changes 

of vegetation type growing in the region. At Lynch's Crater the 

pollen record suggests that prior to c. 38000 years B.P. rain 

forest existed near the site. However, the composition of this 

forest was not entirely similar to that existing in the area 

today, as it included Araucaria, and apparently a number of taxa 

which are not now present in north-east Queensland. The forest 

declined in importance over the period c. 38000 to c. 27000 years 

B.P. being replaced by sclerophyll woodland. The latter 

persisted until c. 8500 years B.P. when it was again replaced by 
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rain forest. The Holocene replacement of sclerophyll vegetation 

is recorded at all four sites although the dates of this event 

vary slightly. The cause of this change is thought to relate to 

moisture availability; a phase of reduced moisture availability 

beginning c. 38000 years B.P., and a major arid phase occurring 

from c. 15500 to c. 10400 years B.P. (Kershaw, 1983). The 

different times at which rain forest reappeared at the four sites 

during the Ho1ocene may be due to the different migration times 

of rain forest from its Pleistocene refugia, if these existed. 

1.4e Conclusions 

The relatively few pa1ynological studies from tropical lowland 

areas do provide some interesting results. In South America the 

few sites studied provide evidence of much drier climates during 

the Late P1eistocene, than at present, with moister conditions 

prevailing during the Ho1ocene. 

In East Africa, the small amount of evidence available also 

points to drier conditions during the Late P1eistocene. In West 

Africa the available evidence similarly indicates an arid phase 

at this time, although the Lake Bosumtwi evidence (eg. Maley and 

Livingstone, 1983) may suggest that this period was also cooler. 

In Malesia evidence from 950 m a.s.l. (Morley, 1976) suggests 

that climate may have been slightly cooler at the beginning of 

the Ho1ocene, than at present, but results from coastal peat 

swamps are more difficult to interpret in climatic terms. 

In Northern Queensland, there is also evidence of more arid 
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conditions during the Late Pleistocene, but none of cooler 

conditions, although these might have existed. 

The evidence so far available from the tropical lowland areas 

points, therefore, to the existence of more arid phases during 

the Late Pleistocene. There are some indications, at a 

relatively small number of the sites studied, that conditions may 

have been cooler in the Late Pleistocene and at the beginning of 

the Holocene, than at present. The work which is currently in 

progress in some of these areas may help to clarify the 

situation. 

1.5 Vegetation history evidence from the tropical mid-altitude 
regions, c. 1150-2000 m a.s.l. 

Very little palynological work has been carried out on sites at 

an intermediate altitude in the tropics. In fact, when this 

research was initiated, results were available only from a single 

site, Ishiba Ngandu, at 1400 m a.s.l. in Zambia (Livingstone, 

1971), although work was in progress in a number of other areas. 

The 22000 year record from Ishiba Ngandu is actually very 

interesting, since the pollen changes in this diagram are very 

slight and the sequence is dominated throughout by the pollen of 

grasses. The lack of change indicated is thought to be due to 

the na ture of the arborea I taxa of the area. These are large ly 

Leguminous, entomophilous, low pollen producers. As a result 

they were extremely under-represented in the pollen spectra and 

it was not possibl e on the basis of these to judge the importance 

of the taxa in the surrounding vegetation; hence the lack of 
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evidence for vegetation change. It was possible that the 

vegetation in the area had varied in the past but that such 

changes were not recognizable in the pollen assemblages produced. 

More recently, results have become available from a small number 

of other mid-altitude sites. At Telefomin, 1500 m a.s.l. in 

Papua New Guinea (Hope, 1983) vegetation changes do occur, but 

these are less dramatic than at the high altitude sites studied 

elsewhere in New Guinea (Section 1.3c). Lower montane forests of 

some sort appear to have existed around the site throughout the 

20000 year record. This may indicate a maximum temperature 

variation of 80 e from present levels, but was probably much less. 

Changes in the vegetation at this site c. 3000 years ago are 

thought to be due to human disturbance. 

In Sumatra there is also new evidence from two sites in the Toba 

Highlands (Maloney, 1979, 1980, 1981). At Pea Sim-sim, 1450 m 

a.s.l., the pollen evidence indicates the possible presence of a 

mosaic of alpine and upper montane forest vegetation on this 

plateau area from c. 18500 to c. 16500 years B.P. Subsequently, 

the pollen assemblages indicate establishment of lower montane 

forest, from c. 16500 years B.P. Forests similar to those 

presently found in the region are established after c. 12000 

years B.P. These changes may indicate climatic amelioration. A 

sequence from the nearby Tao Sipinggan, at 1445 m a.s.l. extends 

to c. 12000 years B.P. and shows similarities with the Pea Sim

sim sequence of the same age (Maloney, 1979, 1981). Both sites 

show evidence of human disturbance of the vegetation. At Pea 

Sim-sim increased disturbance indicators and herbaceous non-
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forest components are found after c. 7500 years B.P. and are 

interpreted as most probably resulting from human activity 

(Maloney, 1979, 1980). At Tao Sipinggan the rise of open land 

indicators occurs after c. 1700 years S.P. although some 

indications of vegetation disturbance also occur before this 

time. 

Results published from Java are mostly so far of a preliminary 

nature. Stuijts (1984) studied a site, Situ Bayongbong, at 1250 

m a.s.l. in West Java. The record begins at c. 16800 years B.P. 

and until c. 12360 years B.P. forests like those now found above 

about 1800 m a.s.l. were found around the site. This suggests 

that temperatures were several °c cooler than present during this 

period. From c. 12360 to c. 10890 years B.P. a shift of 

vegetation in an uphill direction occurred, indicating climatic 

amelioration, and forests like those now found above c. 1400 m 

a.s.l. occupied the area. The uphill migration appears to have 

continued subsequently until the forests attained their pr'esent 

composition. Elsewhere in West Java two Holocene sequences from 

1575 m a.s.l. and c. 1000 m a.s.l. (van Zeist et al.!., 1979) also 

indicate changes in forest composition. The cause of these is 

uncertain and may have resulted from environmental factors such 

as climate or perhaps human interference. 

There therefore seems to be some evidence, at least from Malesia, 

that mid-altitude sites have also experienced vegetation change 

during the Late Pleistocene and Holocene, and that this may have 

been a result of climatic change. 
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1.6 Other evidence of environmental change in Malesia 

There is evidence from several areas of Malesia of more extensive 

glacial activity than at present, during times roughly coeval 

with the Northern Hemisphere glaciations. 

At present the summit area of Gunung Kinabalu in Sabah, East 

Malaysia, experiences occasional frosts. Glacial evidence from 

the summit area of this 4101 m mountain includes polished rock 

surfaces, corries, grooves and striae. Koopmans and Stauffer 

(1968) suggest that it was capped by ice at least once during the 

Pleistocene; this cap possibly covered 5.4 km2 of the summit 

area. Evidence of moraines at c. 3050 m a.s.l. and possibly also 

at c. 2900 m a.s.l. suggests that valley glaciers developed at 

this time. A minimum age for deglaciation is provided by organic 

deposits from the Sacrificial Pool at 4000 m a.s.l. on the summit 

area. This is 9186 + 120 years B.P., although this is thought to 

be possibly a slightly young estimate (Flenley and Morley, 1978). 

In Irian Jaya (New Guinea) some peaks are sufficiently high to 

have permanent icefields. Evidence from glacial deposits around 

Mt Carstensz shows that glaciers formerly extended to much lower 

altitudes. The lowest deposits known are at 1705 m a.s.l. and 

provide a minimum age for deglaciation of 10000 + 130 years B.P. 

(Peterson and Hope, 1972). Evidence of the presence of ice in 

areas now lacking it, or its greater extent, during the Late 

Pleistocene comes also from other high New Guinea mountains (eg. 

Hope and Peterson, 1975; Loffler, 1972). In some of these areas 

there is also evidence of minor glacial advances and recessions 
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over the last few hundred years (Peterson et al., 1973). 

Interpretation of the causes of the glacial advances and 

recessions must take into account factors of humidity, cloudiness 

and precipitation as well as temperature changes. 

There is also evidence from Sumatra of glaciation during the 

Pleistocene. This comes from the summits of G. Kemiri, G. Leuser 

and G. Bandahara in North Sumatra (van Beek, 1983). On G. Leuser 

the snowline may have lain at 3100 m, and ice may have covered an 

area of 100 km2 • 

Evidence also exists in Malesia of former lower and higher sea 

levels. Dated horizons suggest sea levels as much as 80 m below 

present levels at c. 11000 years B.P. (Biswas, 1973). Since much 

of the Malesian region is surrounded by shallow seas, seldom more 

than 200 m deep and often less than 100 m, it is clear that 

lowering of sea levels by 80 m or more would have a considerable 

effect on the land - sea configuration of the area. There is 

considerable speculation as to the effect this change might have 

had on climates of the region in the past, ego greater 

continentality of climate might have occurred. However, even if 

this was the general effect it is unlikely that all areas would 

have been affected to the same extent. Some places such as West 

Sumatra, having extremely deep water offshore, may have been 

affected to a lesser extent than places within the new 

continental area, far removed from oceanic influences. 

Evidence of former high sea levels is not so convincing. Sea 

levels may have been a few metres higher than present during some 
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parts of the Holocene, as suggested by Nossin (1964). However, 

sea levels higher than these are unlikely, and the evidence which 

suggests these may have been affected by subsequent uplift of the 

land, which has been considerable in some areas. Tjia et al. 

(1972) calculated uplift rates for parts of Eastern Indonesia and 

Eastern Malaysia, due to tectonic activity, of 4.5 - 9.0 mm per 

year, over the last 24000 years. These were based on elevated 

shorelines. The effects of higher sea levels on climate in this 

area are however less likely to be of significance, since higher 

sea levels would not substantially alter the land - sea 

configuration of the region. 

1. 7 Conc 1 us ions 

The evidence so far obtained from tropical areas points to 

climatic change during the Late Pleistocene and Holocene period. 

In the high montane areas, above c. 2000 m a.s.l. the evidence is 

overwhelmingly in favour of cooler conditions during the Late 

Pleistocene. At 2500 m a.s.l. mean annual temperatures may have 

been as much as 100C cooler during the phase of most extreme 

conditions, possibly during the period from c. 21000 to c. 16000 

years B.P. The evidence from tropical montane Africa suggests 

that the Late Pleistocene cool period was also drier than at 

present, and evidence from lake levels suggests that this may 

also have been the case in South America. In the montane regions 

of Malesia there is no evidence from pollen or lake levels which 

could only be explained in terms of a drier climate. 

The evidence from tropical lowland areas conversely suggests that 
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the Late Pleistocene climates in the tropics were drier than at 

present. There are slight suggestions, from some areas only, 

that conditions may have been slightly cooler, but how extensive 

this was, is not clear. Other evidence, such as that of sea 

surface temperatures as elucidated from studies of foraminifera 

and oxygen isotopes in deep sea cores, also provides some 

evidence about former climates in the tropics. These suggest 

that sea surface temperatures off New ~uinea and Sumatra may have 

been 20 e colder than at present, at lSOOO years B.P. (eLIMAP, 

1976; Shackleton, 1975), when sea levels were perhaps 100 m 

lower. 

The apparently different extent of cooling experienced at high 

altitudes and in the lowlands during the Late Pleistocene led 

Walker and Flenley (1979) to postulate that lapse rates varied in 

the past, at least in Malesia. The evidence available suggests 

that the lapse rate may have been over 0.Soe/100 m at c. lSOOO 

years B.P., rather than c. 0.6o e/100 m as at present. It is of 

interest that this is closer to the dry adiabatic lapse rate, and 

might imply drier atmospheric conditions than at present. 

However palynological studies in Malesia have not as yet revealed 

any vegetation changes which would be due to a drier climate. 

There is though, some evidence from firn lines c. lSOOO years 

B.P. which could be interpreted as being caused by a drier 

climate (Walker and Flenley, 1979). The depression of the 

altitudinal forest limit in New Guinea c. lSOOO years B.P. was by 

c. 1500 rn, but the firn lines were depressed by a much smaller 

amount. The rather large altitudinal range between the two could 
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be explained by a very low lapse rate, but this would not fit in 

with the vegetation and other evidence from lower altitudes. It 

could also be interpreted as being the result of lower 

precipitation input at high altitudes. This would affect the 

• 
firn line without necessarily having any affect on the 

vegetation. 

The number of sites which have been examined palynologically in 

the vast tropical area is still very small when compared with the 

numbers studied in Europe and North America. As a result, 

although a picture of the vegetation and climatic changes which 

have affected the tropical regions is beginning to emerge, there 

are still many gaps in our knowledge of these areas. For example 

very few mid-altitude sites have been examined. One question 

which might be posed is this: 

At mid-altitudes, c. 1500 m a.s.l., during the Late Pleistocene 

and Holocene were there 

(a) No vegetation and climatic changes 

(b) Changes of temperature only 

(c) Changes of wetness only 

(d) Changes of both temperature and wetness 

And if there was some change, when did this occur, and by how 

much? 

The present study set out to try and pro v ide answers to these 

questions, at least for a part of West Malesia. 

34 



CHAPTER 2 

THE LOCATION OF THE FIELD AREA AND ITS PHYSICAL ENVIRONMENT 

2.1 Introduction 

The principal area chosen for this study is the region 

surrounding Dana~ di Atas, and the settlement of Alahan Panjang 

in the West Sumatran Highlands. Some work was also undertaken on 

surface pollen samples from Gunung Kerinci, which lies about 90 

km south-east of the main field area. 

Danau di Atas lies c. 50 km east of Padang in the province of 

West Sumatra at latitude 1 0 04 1S, longitude 1000 46 1E and an 

altitude of 1535 m a.s.l., in the Barisan Mountain Range. The 

altitude of the region in which the field area is situated ranges 

from c. 1200 m a.s.l. to over 2500 m a.s.l. The lake itself is 

roughly 6 km long by 2 km wide and is thought to be about 40 m 

deep (Morley et al., 1973). An active volcano, G. Talang (2597 

m) lies c. 11 km north-west of the lake (Fig. 2.1). 

The topography of the area is generally mountainous with many 

ridges and steep valleys, although a broad, fairly flat area runs 

northwards for several kilometres from Danau di Atas and Alahan 

Panjang. This area is extensively settled and cultivated, 

although some areas of uncultivated swamp do still remain. Where 

these have woody deposits at or near the surface, this wood may 

be collected by the local inhabitants, presumably for use as 

fuel. Many marginal swamps survive around Danau di Atas, and a 

number of these and other similar sites in the area were examined 

by Morley et al. (1973) to determine if any were suitable for 
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Fig. 2.1 
The location and relief of the Danau di Atas region 
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palynological study. One of these marginal swamps, comprising a 

tongue of swamp on the eastern side of the lake, and another 

swamp at the western edge of the flat area north of the lake, 

were selected as sites for this palynological study. The 

location of these is shown in Fig. 2.1, in which they are 

designated by the names Danau di Atas Swamp and Telago Swamp. 

Other features of the field area include two other sizeable 

lakes, Danau di Baruh and Danau Talang. Danau di Baruh lies at a 

slightly lower altitude than Danau di Atas (literally the 'down' 

lake and 'up' lake respectively) and is of similar areal 

dimensions but deeper (Verstappen, 1973). The smaller Danau 

Talang lies in a graben on the flanks of G. Talang. All three 

lakes are volcano-tectonic or tectonic in origin. 

G. Kerinci, for which surface pollen samples were available, is a 

volcanic peak, and also the highest mountain in Sumatra, with an 

altitude of 3800 m. Its location relative to the main field area 

is shown in Fig. 2.2. 

2.2 Geology 

The west coast of Sumatra lies at the boundary of two actively 

converging tectonic plates, the China Plate and the Indian Plate 

(Fitch, 1972). The Indian Plate is being digested along a zone 

of subduction. The convergence of these two plates has led to 

the development of many volcanic arc features along the western 

side of the island, namely a deep sea trough, mountain orogenesis 

and volcanic activity. An outer arc of non-volcanic islands, 

including the Mentawi Islands, Nias and Simalur, lie east of the 
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deep sea trough. An interdeep separates this non-volcanic arc 

from the volcanic inner arc of the system, which is represented 

on the Sumatran mainland by the volcanic complexes of the Barisan 

Range (Verstappen, 1964). 

The Barisan Range itself comprises common younger Palaeozoic and 

Mesozoic sedimentary rocks which have been infolded, overthrust 

and intruded by Palaeogene and younger granites and 

granodiorites. Uplift, folding and rifting of the Barisan Range 

began in the lower Palaeogene. A period of subsidence in the 

Oligo-Miocene resulted in the deposition of sedimentary rocks of 

this age east and west of the range and locally in the interior. 

Subsequent Middle Miocene uplift was accompanied by block

faulting, intense volcanic activity and granodioritic intrusions. 

A final major orogenic episode took place in the Plio

Pleistocene. Tectonic movements and volcanic activity occur 

throughout the area to the present day. Volcanic activity is 

concentrated along fault lines (Verstappen, 1964). 

An important feature of the Barisan Range is the well developed 

Median Graben (also known as the Semangko Fault Zone). This runs 

the entire length of the island, and is strongly associated with 

the fault movements and volcanic activity which occur within the 

Barisan Range to the present day. It is actually situated on the 

crest of the geanticline which forms the Barisan Range itself 

(Verstappen, 1973). The Median Graben is well developed in West 

Sumatra. 

The Danau di Atas area lies within the Median Graben, and the 
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latter is also well developed southwards of the area where it 

forms the Batang (B.) Hari section and, further south, the 

Kerinci Valley. The graben reaches its highest altitude of about 

1500 m a.s.l. at the lakes Danau di Atas and Danau di Baruh. 

Both lakes are described as being volcano-tectonic in origin, and 

some of the numerous faults of the Median Graben border them. 

Some of these faults may have formerly acted as volcanic vents 

(Verstappen, 1973). The complex fault systems of the area are 

shown in Figs 2.2 and 2.3. 

It has been suggested (Verstappen, 1973) that Danau di Atas was 

once drained by the Batang Hari, Sumatra's longest river. This 

now has its source in the mountains south-west of the lake, flows 

within a few hundred metres of the lake's southern edge, and 

drains southwards through the Median Graben and eventually 

eastwards into the Straits of Malacca. The possible former 

outflow point, at the southern end of the lake, is visible as a 

shallow saddle, 9 m above the present lake level. The lake is 

presently drained via the River Gumanti, from a point on its 

eastern side. Further possible evidence of the lake's capture by 

the R. Gumanti is provided by terraces around its shores which 

also indicate a drop of c. 9 m in the lake level (Verstappen, 

1973). However, even around Danau di Baruh there is evidence of 

former higher lake levels. This lake drains towards the north, 

and lake levels 15 m higher than the present are indicated for 

this lake by a terrace remnant (Verstappen, 1973). No dates for 

the change in lake levels, or capture of Danau di Atas by the R. 

Gumanti have been suggested. 
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Fig. 2.2 
Major geological and relief structures of the West Sumatran 
Highlands 
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Fig. 2.3 

Geology of the Danau di Atas region (Based on Geological Survey 
of Indonesia maps of the region) 

Explanation of the geological groups 

Tmo 

Pb 

Qou 

Upper member of Ombilin Formation 
Claystones, sandstones and conglomerates 

Barisan Formation 
Phyllite, slate, limestones, hornfels and metagreywacke 

Undifferentiated volcanic rocks 
Volcanic breccia, lahars, tuff breccia and tuff, basaltic 
to andesitic in composition 

Undifferentiated volcanic breccia 
Tuff breccia, lahar and lavaflows, mostly of andesitic 
composition 

Granitic rocks 
Composition ranges from granodiorite to granite 

Andesite of G. Talang 
Breccia, lahar deposits, lava flows, lapilli and tuff, &11 
of basaltic or andesitic composition 
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Tuff deposits are commonly found around the lakes. Those around 

Danau di Atas have caused deflections of the courses of small 

rivers which run toward the lake, and consequently these now pass 

it at a short distance. Between the two lakes Danau di Atas and 

Danau di Baruh, located in tuff deposits, is another small lake 

basin which has now run dry, and the plain which runs north from 

Alahan Panjang and Danau di Atas may also have formerly held a 

lake (Verstappen, 1973). 

Danau Talang, which is situated on the flanks of G. Talang, is 

tectonic in origin, located in a small lateral graben which joins 

the Median Graben at an acute angle. G. Talang itself lies 

within the Graben zone. The active cone of this volcano is sited 

in a caldera, of which only the western and southern rims remain. 

Verstappen (1973) postulates that since the cone rose up in the 

caldera after the partial collapse of the latter, then the 

volcanic products of the new cone can only have spread freely 

northwards and eastwards. Some recent and unvegetated (in 1973) 

lahar flows radiate from the top area of this cone. Lava flows 

are a dominant feature of the lower slopes of G. Talang. 

Eruptions are mentioned for this volcano in 1833, 1843, 1845 and 

c. 1876 (Neumann van Padang, 1951) and more recently in 1963, and 

from 200 m below the summit on the north-east slope in 1967 and 

1968 (Simkin et al., 1981). 

The geology of the Danau di Atas area (Fig. 2.3) consists largely 

of volcanic rocks, breccias, lahars and tuffs derived from the 

volcanic complexes, and the phyllites, slates, limestones, 
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hornfels and metagreywackes of the Barisan Formation. 

The Kerinci volcanic complex also lies within the Median Graben. 

G. Kerinci is geologically the most recent volcano in the 

complex, the other volcanic peaks are the now extinct G. 

Patasembilan, and G. Tujuh. The latter is actually a group of 

seven peaks formed by the collapse of a former volcanic cone, 

which now surround a huge caldera lake. No volcanic activity has 

occurred since this collapse. G. Kerinci is, however, still 

active, activity being recorded in recent times in 1966, 1967, 

1968 and 1971 (Simkin et al., 1981). Verstappen (1973) describes 

recent ash layers and lavas on its upper, southern face. 

2.3 Climate 

Much of Sumatra may be classed as humid, as defined by Fontanel 

and Chantefort (1978), ie. as having a mean annual rainfall of 

more than 1500 mm. Nearly half of the island may be classed as 

hyperhumid, with a mean annual rainfall exceeding 3000 mm. 

Rainfall totals generally increase with altitude over the lower 

mountain slopes, although at more extreme altitudes may actually 

diminish with increasing altitude, while reliefs more exposed to 

rain bearing winds will experience greater amounts of rainfall. 

The rainfall regimes experienced in Sumatra are dependent on the 

wind systems and therefore are linked to movements of the 

Intertropical Convergence Zone (ITCZ) (Fontanel and Chantefort, 

1978). During the northerly monsoon, from approximately November 

to January, maritime winds bring rain to the whole island. 
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During the southerly monsoon, when the ITCZ moves north, rainfall 

decreases. In other parts of the Indonesian archipelago this 

results in a dry season. In Sumatra, however, these originally 

dry winds from the Australian region have travelled much further 

over sea, and are humid enough to produce rain. Most of Sumatra 

does not experience any dry months, according to the Bagnouls and 

Gaussen definition as being where precipitation is less than 

twice the mean temperature in centigrade (p < 2 x mean TOC) 

(Fontanel and Chantefort, 1978). However, it does experience 

some seasonality of rainfall as a result of these wind systems. 

The time for maximum rainfall in central Sumatra is usually 

November - December, with a second maximum in April - May. 

Associated with the southerly monsoon is the period of least 

rainfall, usually June to September. In the montane areas the 

rainfall regimes are almost the same as those at lower altitudes, 

except that there is more rainfall, even in the driest months. 

According to Fontanel and Chantefort (1978), the Danau di Atas 

region lies in an area having precipitation of greater than 3000 

mm per annum, while the area to the north of Danau di Atas has 

slightly lower rainfall totals of between 2500 and 3000 mm per 

annum. However, actual rainfall observations made in the area, 

from a rainfall gauge in Alahan Panjang, over the period 1879-

1928 suggested slightly lower rainfall totals. These, according 

to Boerema (1931) are 2000 - 2500 mm per annum, mountains and 

ridges receive considerably more. Boerema suggests values of 

3000-3500 mm per annum for the mountains surr.ounding the area. 

Results of actual rainfall observations made in the area are 
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summarised in Table 2.1, based on data extracted from Boerema's 

1931 rainfall maps. Since the ranges are from isohyet maps they 

are in multiples of 50 or 100 mm. There is a rainfall station in 

the area at present, but more recent da ta were not a vai labl e to 

this study. However, Boerema's data clearly illustrate the 

seasonality of rainfall in the area, linked to the prevalent wind 

systems. There is a distinct decline in rainfall values from May 

until September, the time of the southerly monsoon, while peaks 

occur in October to January and March to April. This same 

pattern of rainfall seasonality is also reflected in rainfall 

records from the Kaju Aro tea plantation, south of G. Kerinci 

(Jacobs, 1958). This data also clearly shows the decline in 

rainy days per month during the southerly monsoon, May to 

September. Figure 2.4 shows diagramatically the monthly rainfall 

patterns for Alahan Panjang and Kaju Aro. 

Temperatures in lowland Sumatra are high and uniform. At sea 

level the mean air temperature is 26-28oC and the diurnal 

variation is 7-10o C. Mean annual sea surface temperatures at the 

equator are 28°C with a variation of less than 2°C (Fontanel and 

Chantefort, 1978). The thermic gradient (lapse rate) with 

altitude is approximately 0.6oC/IOO m but varies with the 

humidity of the air, and is steeper with dry air. The mean 

temperature of the coldest month would be expected to be less 

than 200 C at about 900-1000 m a.s.l., less than ISo C at 1700-1800 

m a.s.l., less than 10°C at 2600-2700 m a.s.l. and less than SoC 

at 3500-3600 m a.s.l. (Fontanel and Chantefort, 1978). As in 

the lowlands, the annual amplitude would be less than 2oC, and 
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TABLE 2.1 

Mean monthly rainfall at Alahan Panjang and in the surrounding 
mountain areas, 1879-1928. 

Data are extracted from Boerema (1931) 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

TABLE 2.2 

Alahan Panjang 
rainfall (mm) 

200-300 
150-200 
200-300 
200-300 
150-200 
100-150 

50-100 
100-150 
150-200 
200-300 
200-300 
200-300 

Surrounding mountain areas 
rainfall (mm) 

300-400 
200-300 
200-300 
300-400 
200-300 
150-200 
100-150 
150-200 
200-300 
300-400 
300-400 
300-400 

Soil temperatures (oC) at Im depth, for forested plots in the 
Danau di Atas region. 

Plot Altitude (m) Temperature (oC) 

24 1475 17.35 
2 1535 17.20 
1 1640 16.90 
3 1750 16.60 
4 1780 15.40 
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Fig. 2.4 
Mean monthly rainfall totals at Alahan Panjang and Kaju Aro, and 
number of rainy days per month at Kaju Aro 
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diurnal variation would be of the order of 6-l0o e, although the 

degree of exposure might cause these to vary. 

No temperature data were available for the Danau di Atas area, 

however, based on its altitude (1535 m a.s.l. at the lake) it 

would be expected to have a mean temperature of the coldest month 

between l50 e and 20o C. For G. Kerinci the temperatures would be 

expected to vary with altitude as described above. 

According to Braak (1928), soil temperatures recorded at a depth 

of O.Sm or more in soils under heavy shade or forested conditions 

in the tropics are constant, and approximately correspond to 

annual air temperatures. For bare or unshaded soils such 

temperature recordings are actually 3-4oC higher than average air 

temperatures. Soil temperature was recorded at a depth of lm in 

five of the forested vegetation plots studied in the Danau di 

Atas area. These measurements are shown, along with the 

altitudes of the plots, in Table 2.2. Mean annual air temperatures 

suggested by these soil temperature readings are within the range 

expected for each altitude, assuming a lapse rate of 0.6o e/lOOm 

and mean annual temperature at sea level of 26-28o e (Fig. 2.5). 

However, the actual drop in temperature with altitude in plots 

24, 2, 1 and 3 is rather close to 0.30 C/100m, with a sharp drop 

in temperature between plots 3 and 4 (1750 m and 1780 m a.s.l. 

respectively) • 

Neither humidity nor windspeed values are available from the 

Danau di Atas area, although the former is likely to be 

continuously high. 
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Fig. 2.5 
Soil temperature at lm depth, and altitude, for forested plots in 
the Danau di Atas region 
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2.4 Vegetation characteristics 

Much of Sumatra must formerly have been covered by forest of 

various types, except where environmental conditions were 

unsuitable for tree growth ego recent volcanic deposits. 

Substantial areas of forest have now been removed by man, mostly 

for timber and agricultural purposes. This has certainly been 

true of quite considerable areas in the Danau di Atas region. 

Here, much of the forest in the vicinity of the settlements has 

been cleared, although steeper slopes, ridges and high areas are 

generally still forested. 

2 4 General features of South-East Asian forests. • a 

The forests of Sumatra are structurally and physiognomically 

similar to those of the rest of the everwet regions in the South-

East Asian tropics; and even to those under similar environments 

elsewhere in the world. However, they do vary floristically from 

forests elsewhere. It is useful, therefore, to consider the 

typical features of such forests as similarities may be a guide 

for comparison of changes through time to forests both within and 

outside the study area. 

Many of the original studies of forests in South-East Asia and 

particularly in Malaysia, were done for silvicultural purposes, 

but such studies nonetheless provided much useful information as 

to forest structure. Symington (1943) was the first person to 

describe the rain forest formations in Malaysia using floristic 

similarities, and his work is still used as the basis of 
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altitudinal rain forest zonation for that country (Table 2.3). 

Rain forest types or rain forest formation types can be 

recognized throughout the tropics and are basically divided, in 

South-East Asia, into three main altitudinal groups, although 

sub-groups and facies of these may be recognized. These main 

groups are lowland rain forest, lower montane rain forest and 

upper montane rain forest. The boundaries between these are 

rarely sharp and the altitudinal extent of each of these main 

groups varies from region to region as a result of varying 

environmental factors. The situation is complicated slightly 

because different authors have often used slightly different 

criteria to classify the forest types, and have also sometimes 

applied different terms to the same formations. The main schemes 

used to classify altitudinal forest types in Peninsular Malaysia, 

sumatra and Java, and their relationship to elevation are 

summarized in Table 2.3. It is proposed to follow the Kerinci 

zonation Scheme (after Morley, 1976, 1982) in this study since 

this area is also volcanic. In this scheme the ericaceous scrub, 

ericoid forest and Gleichenia scrub zones form divisions of the 

Upper Montane Rain Forest Formation, while lower montane forests 

1 and 11, and sub-montane forest are divisions of the Lower 

Montane Rain Forest Formation, as defined by Grubb (1974) and 

Whitmore (1975). Use of this scheme will enable comparisons with 

other studies on Sumatran sites. 

The depression of the vegetation zone boundaries on some 

mountains, for example, in Peninsular Malaysia, is thought to be 

due mainly to climatic factors. The change in the effect of 
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TABLE 2.3 

The main c~assification schemes for a~titudinal forest types in Peninsular 
Ma~aysia, Sumatra and Java 

Worldwide structural 
and physiognomic 
zones applied to 
Ma~aysia (after 
Grubb ~ a~., ~963) 

Ma~ayan 
floristic zones 
(after Symington, 
1943) 

Orographic 
zones, Java 
(van Steenis and 
Schippers-Lammertse 
1965; van Steenis, 1972) 

Sub-alpine 

Sub-alpine 

Sub-alpine 

Sumatran rain 
forest formation 
type (Grubb, 1974; 
Whitmore, 1975) 

-? 3600 m-

Upper Montane 
RFF 

-3000 m-

Upper Montane 
RFF 

-c. 2800 m_ 

Upper Montane 
RFF 

Kerinci zonation 
scheme, used in this 
study (after Morley, 
1976, 1982) 

Ericaceous 
scrub 

Ericoid forest 

G~eichenia scrub 

-c.2400 m- - -

Upper Montane 
Rain Forest 

Lower Montane 
Rain Forest 

Lower Montane 
Rain Forest 

Montane 
ericaceous 

c.~500 m-

Montane 
Oak 

c.1200 m __ 

Upper 
Dipterocarp 

-c. 750 m-

Hill 
Dipterocarp 

-c. 300 m __ _ 

Lowland 
Rain Forest 

Lowland 
Dipterocarp 

RFF Rain Forest Formation 

Montane 

Montane 

Montane 
Sub-montane 
subzone 

Tropical 
Col~ine subzone 

-500 m-

Tropical 

Lower Montane 
RFF 

_c.1800 m_ 

Lower Montane 
RFF 

-c.1400 m_ 

Lower Montane 
RFF 

- c.IOOO m-

Low~and 

RFF 

Lower IIIOntane 
forest 11 

Lower montane 
forest I 

Sub-montane 
forest 

Lowland 
forest 



climatic factors with altitude is not constant and may vary from 

region to region, and even on different parts of the same 

mountain chain. The Massenerhebung or mass elevation heating 

effect is thought to be a major reason for these differences. On 

large mountain ranges an increased heating effect at high 

elevations results in a lower temperature lapse rate (Hastenrath, 

1968). Therefore, the rate of decrease with elevation of 

temperature is reduced as is the rate of increase of moistness of 

air and soil environments. By acting indirectly such as via soil 

development, or directly, these climatic differences have 

important effects on the occurrence of different vegetation 

types. Such an effect might account for the relative depression 

of altitudinal vegetation zones on the small mountain ranges of 

Peninsular Malaysia compared with those on the larger Barisan 

Range of Sumatra, or the mountains of New Guinea (Wbitmore, 

1975). 

2.4b Changes in structure, physiognomy and floristics of the 
tropical rain forest with altitude. 

One of the most striking changes in structure which occurs with 

increasing altitude is the replacement of mesophyll dominated 

forest by microphyll dominated forest. This occurs at the lower 

montane - upper montane forest transition, occurring first on the 

narrow ridge crests and knolls, and eventually replacing the 

whole vegetation so that microphyll forest dominates. Lower 

montane forests which replace the lowland rain forests have a 

lower canopy (15-33 m compared with 25-45 m) with fewer, smaller, 

emergent trees. Far less buttressing occurs in these lower 
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montane forests and buttresses, where present, are much smaller. 

Other differences include a great reduction in the number of 

woody climbers and an even greater luxuriance of epiphytes with 

increasing elevation. These epiphytes may include algae, fungi, 

bryophytes, pteridophytes and flowering plants. However, with 

increasing altitude the actual number of species present 

decreases and the vascular epiphytes are increasingly replaced by 

non-vascular ones, especially bryophytes and filmy ferns 

(Whitmore, 1975). Other differences between the lower montane 

forest and the lowland rain forest are the less common occurrence 

of cauliflory and of species with compound leaves. 

The upper montane forest is smaller in stature than the 

formations below it, being c. 1.5-18 m high. The shorter facies 

are often referred to as 'elfin woodland'. If cloud cover is 

prevalent at a particular elevation then the increased moistness 

may result in a facies extremely rich in non-vascular epiphytes, 

often referred to as 'mossy forest'. The altitude at which the 

microphyll dominated upper montane forest first occurs may be 

related to a complex of factors in which climatic effects are 

dominant. Whitmore and Burnham (1969) have suggested that 

edaphic factors, including development of iron pans and peat 

formation might have considerable influence on the occurrence of 

upper montane forest. It is suggested that the increased 

leaching, less intense weathering and organic matter production, 

and less effective soil mixing, which they found with increasing 

elevation in Malaysia, might eventually favour microphyll 

dominated vegetation. As these factors are probably themselves a 
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result of the changing temperatures and moistness with altitude, 

then climate appears to be acting indirectly on the vegetation in 

this case. 

Above the uppermost limit of the upper montane forest, a forest 

of very reduced stature is replaced at the altitudinal forest 

limit (tree line) by a variety of 'alpine' vegetation types. In 

New Guinea, where altitudes are sufficiently high for these to be 

well developed in places, these 'alpine' vegetation types include 

dwarf shrub heaths, moss tundra and short alpine grassland. The 

altitudinal forest limit in New Guinea lies at c. 3800 m (Walker 

and Flenley, 1979). Few summits lie above the altitudinal forest 

limit in Sumatra; the bare volcanic peaks there are largely the 

result of frequently renewed supplies of volcanic products. 

However the summit area (above c. 3400m) of the non-volcanic G. 

Leuser in North Sumatra bears open vegetation including 

Rhododendron scrub, and taxa such as Gentiana quadrifaria (van 

Steenis, 1938). This possibly indicates a lower altitudinal 

forest limit in Sumatra than in New Guinea. The actual 

altitudinal forest limit in Sumatra is not defined, possibly G. 

Kerinci lies above it, although the lack of vegetation at the 

summit of this peak appears to be at least partly controlled by 

its volcanic activity. 

Changes in structure and physiognomy from the lowland to lower 

montane forest formations are gradual, occurring over a wide 

ecotone. From the lower montane to upper montane forest 

formations the changes are generally more abrupt although the 

ecotone is still broad (Whitmore, 1975). 

54 



Floristical changes also occur with increasing altitude. The 

boundary between lowland and lower montane forest is in fact 

largely floristical (van Steenis, 1972) while the boundary 

between lower and upper montane forest also exhibits floristical 

changes. The changes within the lowland-lower montane forest 

take the form of reduced frequency of lowland species with 

increasing elevations and the appearance of species absent in the 

lowlands. Below c. 1000 m a.s.l. the families present are of 

predominantly tropical distribution. They include Anacardiaceae, 

Burseraceae, Combretaceae, Dilleniaceae, Dipterocarpaceae, 

Flacourtiaceae, Myristicaceae and Rhizophoraceae (Whitmore, 1975; 

van Steenis, 1972). Families of predominantly temperate 

distribution tend not to occur, or are rare, below c. 1000 m 

a.s.l. but become increasingly common with altitudes above this 

elevation. These include the Ericaceae, Fagaceae, Lauraceae, 

Myrtaceae, Podocarpaceae, Symplocaceae and Theaceae (Whitmore, 

1975) • 

In terms of geographical affinities the lowland rain forests of 

South-East Asia have a flora in which lndo-Malayan genera 

predominate. The montane forests however also include elements 

of Australasian and North Temperate origin (Richards, 1952). With 

increasing altitude there is also a reduction in the total number 

of species present and especially of tree species. 

The structural, physiognomic and floristic characteristics of the 

forest formations are summarized in Table 2.4. 
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TABLE 2.4 

Summary of the structural, physiognomic and floristic characters of the main altitudinal vegetation 
formations in Sumatra (after Grubb ~~, 1963; Whitmore, 1975) 

Rain Forest 
Formation type 

Lowland 

Lower 
Montane 

Upper 
Montane 

Height 

25-45 m 
Emergents 
character-
istic 

15-33 m 
Emergents 
unCOllUDon, 
numbers 
decrease 
with 
increasing 
altitude 

1. 5-18 m 
Emergents 
usually 
absent 

Leaves 

Mostly 
mesophyll. 
Canpound 
leaves 
common 

Mostly 
mesophyll. 
Compound 
leaves less 
common than 
in lowland 

Predomin
antly 
microphyll 

Climbers 

Large woody 
climbers 
common. Bole 
climbers 
abundant 

Large woody 
climbers 
uncommon. 
Bole climbers 
frequent to 
abundant 

Large woody 
climbers are 
uncommon or 
absent (except 
for Gleich
enia in 
G7'Scrub 
belt on 
Gunung Kerinci). 
Very few bole 
climbers 

Epiphytes 

Vascular and 
non-vascular 
epiphytes 
common 

Vascular and 
non-vascular 
epiphytes are 
abundant 

Non-vascular 
epiphytes very 
abundant. 
Vascular 
epiphytes 
common 

Buttresses 

Frequent 
and 
large 

Uncommon 
or 
small 

Absent 

Other 

Cauliflory 
common 

Cauliflory 
rare 

Cauliflory 
absent 

Floristics 

Families with 
predominantly 
tropical 
distribution. 
Large number of species. 
Inde-Malayan 
genera 

Increase in families 
with predominantly 
temperate distribution. 
Reduction in total 
number of species. 
Increased Australasian 
and North temperate 
elements 

Increase in 
predominance 
of temperate families 
and genera. Few 
tropical families. 
Reduction in total 
number of species. 



CHAPTER 3 

ECOLOGICAL AND PALAEOECOLOGICAL METHODS 

3.1 The field methods available for surveying vegetation 

There are a number of possible approaches for studying the 

vegetation of an area. All involve some form of vegetation 

sampling in order that the vegetation may be assessed, without 

the need for a detai led study of ita 11. The choice of one of 

the numerous methods available is governed by the purpose of the 

study, the type of vegetation being studied, and environmental or 

other constraints. The basic types of approach are outlined in 

the following sections. 

3.la Plotless sampling or distance methods 

These usually involve measurements of distances between two trees 

or a fixed point and one or more trees, which are nearest 

neighbours (eg. Cottam and Curtis, 1949). The method usually 

involves walking in a straight line for a pre-determined number 

of paces (or similar units) between each sampling point. 

Identification and measurement of the trees is then made in order 

to calculate frequency and density of each species. Cottam and 

curtis (1956) modified the basic method to form the point centred 

quarter method in which distance from a sampling point to the 

nearest tree in each quadrant was measured. Again frequency and 

density could be calculated. Although these methods may be very 

successful for some applications, the method is really only 

suitable for forest studies, and in these, only for trees. 
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Herbaceous vegetation presents problems as identification of 

separate individuals may be difficult, especially where 

vegetative reproduction occurs. Its applicability in tropical 

forest is reduced by the occurrence of non-random or contagious 

distributions (Poore, 1964), and it is difficult to apply if there 

is a dense undergrowth, which is hard to penetrate. However, it 

was used successfully on a species poor pine forest, which had 

little undergrowth, in the Philippines by Kowal (1966). These 

techniques were not considered further for use in this study 

because they were inapplicable in non-forest vegetation, and 

would also be difficult to apply in the montane forests of 

sumatra. 

3.lb Point quadrat methods 

These are essentially quadrat methods, in which the quadrat size 

is approaching zero. Usually, a fine needle is stuck into the 

ground at a large number of randomly selected sites. Species in 

contact with it are recorded and percentage cover may be 

calculated (eg. Greig-Smith, 1983). Since the method is really 

only applicable in grassland and similar vegetation types, it was 

not considered further for use in this study. 

3.lc Transects 

These may involve linear arrangements of sample areas (see 3.ld) 

or may be line transects which involve recording of contacts 

along, for example, a piece of string. Problems may arise if 

there is a linear veg~tation gradient and the transect is taken 

along this, although using transects perpendicular to a known 
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gradient can produce useful results. Line transects could have 

been used to determine cover values for the forest vegetation but 

would have been a difficult technique to apply in non-forest 

vegetation where species intermingle. A linear arrangement of 

sample plots could have been used in the present study, but 

because of field work constraints, notably time, and aims, which 

were to study principally the pollen production by the 

vegetation, this was rejected in favour of a simple method 

invol ving plots. 

3.ld Plot or sample area methods 

These involve the recording and enumeration of vegetation within 

a given sized plot. Problems arise as to selection of site, 

number of plots to be studied, and their size and shape. 

Selection of sites may be subjective, a regular arrangement, 

random, or restricted random. Subjective methods of site 

selection may produce a rapid assessment of vegetation types, but 

are open to observer bias. Areas chosen by the observer may not 

be totally representative of the vegetation as a whole, and the 

technique may also lead to recognition of clear cut vegetation 

types with neglect of intermediate types. However, if vegetation 

types are likely to be distinct, a subjective approach may be 

used successfully. This was the method employed by Braun

Blanquet (1932). 

Sampling sites may be placed in a regular arrangement, for 

example, if the aim is to produce a vegetation map. This 
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systematic sampling may involve siting plots along a transect 

line or grid. However, there is a risk that some vegetation 

types may be omitted using this method. 

Random siting of plots involves the use of random number tables 

to select sites on a pre-determined pair of perpendicular axes, 

perhaps on a map or an aerial photograph. Sites are then located 

using successive random numbers as x and y co-ordinates. This 

method removes subject bias and gives every part of an area an 

equal chance of being sampled. However, there is still a risk 

that vegetation types may be omitted. Practicalities in the 

field may further reduce the usefulness of this method ego by 

making access to sampling areas difficult. On occasions it may 

be impossible to locate the sampling site in the field ego if it 

is in a dense forest. 

Regular and random siting may be combined in restricted random 

sampling. This method divides the area under study into equal 

sized blocks, and sites are then randomly located within each 

block. This method reduces the likelihood of a particular type 

of vegetation being completely omitted from the study. 

The number of sites used may relate to their size, the aims of 

the study and the complexity of the vegetation. 

The size of the si te is important as it shou Id be large enough to 

contain a representative sample of the vegetation while not being 

SO large as to be inefficient as regards sampling time. It may 

be chosen so as to fit the concept of I minima I area I (eg. 

Hopkins, 1957), the minimum size considered to be representative 
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of the whole vegetation stand. This is related to the number of 

species which are recorded as the sample plot is increased in 

size. However, the definition of 'minimal area l itself can be 

extremely difficult (Goodall, 1952; Hopkins, 1957). 

Plot shape is usually square or rectangular. Clapham (1932) 

suggested that an elongate rectangle was most efficient. 

However, such a shape has more edge effect, that is, the 

subjective inclusion or exclusion of individuals near the edge of 

the plot. A circular plot would have least edge effect but large 

plots of this shape are difficult to set up in the field. 

within a sample plot it is possible to record the characteristics 

of the vegetation in a variety of ways. Recording may be of 

structural features or floristical characteristics and depends, 

once again, on the aims of the study. Normally the species 

themselves are recorded as this allows for finer ecological 

classification. The recordings may be simply presence-absence or 

they may be quantitative, for example, density, cover and 

frequency (Greig-Smith, 1983). Frequency is usually determined 

by dividing the sample site into smaller equal sized units, the 

proportion of these in which a species occurs represents its 

frequency, usually expressed as a percentage. Percentage cover 

is the percentage of the ground in the sample site covered by a 

vertica 1 projection on it of a gi ven species. The sum of all 

values of cover for a site may well be over 100% since vegetation 

may be layered. Density is a measure of the number of 

individuals of a species per unit area, and can only be 
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determined if individuals of a species can be distinguished, for 

example, trees in a forest, although even here seedlings smaller 

than a certain size may be excluded from the analysis. For 

studies of forest, basal area of different species may be used 

rather than cover, since this is easier to measure. Basal area 

is usually determined from circumference or diameter measurements 

of trees at breast height, and provides a measure of total basal 

area for each species per unit area of ground. It can also be 

used for species having tussock form (Greig-Smith, 1983). 

Environmental recordings of those factors which may be of 

significance ecologically are also normally taken, within the 

plot. If a plotless method is used then a decision has to be 

made as to where environmental readings should be taken. 

3.2 Field methods utilized in this study 

Before a method or methods for surveying the vegetation of the 

field area could be chosen, it was necessary to consider the 

actual purpose of the survey. The primary aim of this was to 

elucidate the pollen deposition patterns at various forest and 

non-forest sites, noting relationships to the vegetation present. 

A comprehensive study of the vegetation types present was not a 

major aim as limited time was available for the vegetation survey 

and was clearly insufficient for carrying out a detailed 

ecological study. 

Methods of vegetation survey involving the use of plots were 

chosen for this study. In this case the advantage of the method 

was that moss polsters or surface samples could be taken for 
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palynological analysis from within the plot. Pollen composition 

could then be compared with the composition of the surrounding 

vegetation, to provide information about the nature of the pollen 

rain. Plots could equally well be applied in both forest and 

non-forest vegetation although slightly different measures were 

made in each to assess the importance of different taxa in the 

vegetation. 

The field work was undertaken in September and October, 1979, 

which coincided with the end of the driest time of year, and the 

very beginning of the wettest. 

3.2a Forest vegetation 

The forest vegetation was studied with the following aims:-

i) To assess the importance of the different species which form 

the canopy of the forest vegetation of the area, and to note 

any relationships between species and altitude, disturbance 

or other environmental variables; 

ii) In order to compare the composition of the forest with 

composition of the pollen deposited within it. From this 

the pollen production of individual taxa or groups of taxa, 

and contributions from the canopy of the forest, and other 

strata, to the pollen rain can be assessed. 

The plots used to survey the forest vegetation were sited 

subjectively, since access to randomly selected points in these 

forests, on often steep terrain would have been extremely 

difficult and time consuming. This would have been particularly 
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so if a track to the randomly selected sites also had to be cut. 

Previous work in Sumatra (Morley, 1976) and New Guinea (Flenley, 

1969) has shown that two major factors influencing vegetation 

type in montane areas are altitude and disturbance. Thus plots 

were subjecti vely si ted so as to cover as wide a variety of 

altitudes as possible, although they also encompassed different 

degrees of disturbance. Aerial photographs of the region were 

used to locate suitable areas in which plots could be sited, 

these areas were then located in the field, and a plot was sited 

subjectively in each. 

Different workers studying tropical forest vegetation have 

suggested a variety of plot sizes necessary to sample the forest 

vegetation adequately. A minimum area of 2 hectares was 

suggested as being barely adequate for tropical lowland forest 

(eg. Poore, 1968) but Ashton (1964, 1965) suggested that 0.4 

hectare was the largest size practicable if the site was to cover 

a relatively homogenous environment. This plot size was used in 

Sumatra by Morley (1976) although he recognized that even the 

less diverse sites had a considerable intake of new species at 

the sample limit. Because of the time constraint in this study a 

smaller plot size of 0.2 hectare was chosen, however this was 

considered adequate for the purposes of this study. 

Difficulties can arise in setting out a large rectangular sized 

plot in the forest, and this may also be very time consuming 

particularly if subplots are needed {or convenience of recording. 

This problem was reduced in the study by use of existing forest 
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tracks as the baseline of the long axis of the plots, which were 

100 m by 20 m. The 100 m measure was laid out along the track, 

which was selected to be as straight as possible, and the plot 

consisted of a strip 10 m wide on each side of the baseline. 

This facilitated rapid assessment as there was no need to cut a 

track to reach the end of the p lot, and indi v idua 1 trees were 

generally easily accessible. 

Other work on the palynology of tropical forests (Morley, 1976; 

Kershaw and Hyland, 1975) has shown that forest pollen which 

becomes part of the regional pollen rain is derived largely from 

the canopy trees, while lower trees contribute little to the 

pollen record beyond the local area. This probably relates to 

air movements in these forests, with virtual absence of movements 

through the trunk space, but Inore significant air movements above 

the canopy (Morley, 1976). As the prime interest of this study 

was in pollen production and deposition patterns only the larger 

trees present in the plots were recorded. These were those 

having a girth, at breast height, of 30cm or more. Ground flora 

and epiphytes were not recorded, other than in a general 

description. From measurements of girth the basal area of each 

species within the plot, and total basal area of the plot could 

be easily calculated. Data on density of species were also 

available using this method of enumeration. 

At each of the forest sites studied, a number of environmental 

variables were recorded. Altitude was recorded using an 

altimeter calibrated in feet. This was later recalculated to the 

nearest 5 m above sea level. Aspect of the plot was judged using 
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a prismatic compass. Slope was measured using an abney level, to 

the nearest degree. The soil was augered at each site, to a 

depth of 1 rn, if possible, and the texture and appearance of the 

different horizons were noted. Soil temperature at I m depth was 

recorded using a battery operated soil temperature meter (results 

were presented in Table 2.2). Soil pH at rooting depth, usually 

c. 10 cm depth was measured using a barium sulphate pH kit and 

BDH soil indicator. An estimate of the effectiveness of drainage 

was also made. Other characteristics of the plots recorded 

included presence of epiphytes, ground flora and any observable 

signs of human interference other than the track. 

Moss polsters were collected for pollen analysis as these act as 

effective pollen traps (Chapter 5). These were collected from a 

minimum of 5 sites well distributed along the length of each 

plot, and were bulked for processing. This was done to obtain a 

pollen sample representative of the whole plot, rather than just 

one part of it. 

Plant specimens were collected in the field for identification 

purposes. Each collection was allocated a number, and voucher 

specimens were prepared for identification at the Herbarium 

Bogoriense. In addition a sample was set aside and mounted on a 

card for incorporation in a field herbarium, which was used to 

aid recognition of taxa in the field. Flowers and fruit were 

collected if available, as they are often of great importance for 

identification to species level. However, these were not always 

available, and many tree identifications are to generic level 
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only as a result of this. Initially, the voucher specimens were 

preserved by placing them between sheets of newspaper, then 

putting a number of these into a heavy duty polythene bag, 

soaking in alcohol and sealing well. They were transported to 

the Herbarium Bogoriense at Bogor, Java in this state; there they 

were dried out and identified by Mr Nedi. Duplicates of all 

collections are now distributed at Hull and Bogor herbaria. A 

list of all taxa identified from the field area is given in 

Appendix 1. Occasionally, a tree would be recorded in a plot for 

which it did not prove possib le to make a voucher specimen. 

These specimens were allocated a number in the collection system 

although clearly no identification could be obtained. 

3.2b Non-forest vegetation 

A study of the non-forest vegetation types in the area was 

carried out with the following aims: 

i) In order that those taxa which occur in non-forest 

vegetation would be recognized; 

ii) So that moss polsters and surface samples could be examined, 

from sites of known floristic composition in order to study 

the pollen production of these vegetation types and pollen 

deposition within them. 

For all sites studied methods involving plots were chosen as 

outlined previously. Sites covered a wide variety of vegetation 

communities including several types of regenerating vegetation, 

swamp communities and fields and gardens. 
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To determine a suitable plot size for swamp and regrowth 

vegetation communities, a species area graph was plotted for one 

site in each type of vegetation. This was done by recording, 

firstly, all species present in a 2 m x 2 m plot. A second 2 m x 

2 m plot was then set up adjacent to the first and any new 

species present were recorded. This was repeated a third and 

fourth time, by which time the plot consisted of a square, 4 m x 

4 m. The species area graphs for both the swamp and regrowth 

sites are shown in Fig. 3.1. Both show considerable levelling 

off with use of a total plot size of 4 m x 4 m. This was 

therefore chosen as the standard plot dimension for the study of 

non-forest vegetation. It was thought that all but the rarest 

species in an area of homogenous vegetation would be found in a 

plot of this size. An exception to the use of this plot size was 

made for the study of ricefield weeds. In this case all taxa 

present in a ricefield were recorded, since due to terracing the 

ricefields were quite small. 

The plots were sited subjectively, in order that the maximum 

number of different vegetation types could be surveyed in the 

time available. Each plot was sited in an area of apparently 

homogenous vegetation, in order that typical regrowth and swamp 

communities would be sampled. 

In all plots, all pteridophytes and higher plants present were 

recorded, and percentage cover for each species was estimated, 

this being the percentage of the ground covered by a vertical 

projection of each species present. 
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Fig. 3.1 
Species-area graphs for a swamp and a regrowth plot 
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At each site with the exception of the ricefield and dryland 

gardens (plots 21-23, 25-27) moss polsters were taken for pollen 

analysis. Where these were available, if possible a minimum of 4 

were taken from different sections of the plot and bulked for 

processing. Where moss polsters were not available a surface 

soil, or sediment sample was collected, again from several points 

within the plot; however soil samples rarely contained any 

pollen. Environmental variables were recorded, where possible, 

for each plot, as for forest sites (Section 3.2a). However, soil 

temperatures were not recorded from these generally unshaded 

plots, since results obtained would not be an accurate 

representation of mean annual air temperature, as described in 

Section 2.3. 

Before the floristic details of each plot were studied, a 

collection of the 'new' taxa occurring in the location was made, 

and a field herbarium prepared. This both facilitated the 

identification of taxa when the plots were studied, and permitted 

identification of species present in the vegetation which were 

not recorded in the plots themselves, thus providing additional 

information as to the composition of non-forest vegetation. 

Plants collected in the field were prepared as voucher specimens 

using the method previously described in Section 3.2a. All taxa 

identified from the field area are listed in Appendix 1. 

3.2c The vegetation of Gunung Kerinci 

No survey of the vegetation of G. Kerinci was carried out for the 
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purpose of this study. However, prepared surface pollen samples 

from a variety of altitudes were available and were used to 

elucidate the nature of the modern pollen rain on the mountain. 

These surface samples, comprising moss polsters, were collected 

by Or J. R. Flenley during 1976. At several of the collection 

sites the vegetation was surveyed using plots, and this data set 

was also available to the present study. The data recorded in 

each plot varied with altitude since the structure of the 

vegetation altered considerably. 

For a forest plot at 2700 m the girth at breast height of all 

trees of girth> 20 cm was recorded. In addition, the importance 

of trees present as ·poles· only was estimated. The plot size 

used was 30 m x 5 m. 

In low forest, at 3010 m, estimates of percentage cover of all 

species present were made, in a plot 30 m x 4 m. 

At the upper limit of continuous vegetation, at 3315 m the 

percentage cover of all species in a plot 20 m x 20 m was 

estimated. 

Environmental variables recorded at each site were the slope, 

soil pH at rooting depth, soil texture and appearance and soil 

temperature (variable depth). In addition a general description 

of the vegetation was made. Voucher specimens of the taxa 

present were prepared. These were later identified at the 

Australian National University, Canberra. 
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3.3 Field methods used for palaeoecological studies 

The cores used in the palaeoecological studies were collected by 

Dr J. R.Flenley (Danau di Atas) with Dr R. J. Morley and M. K. 

Kardin (Telago). Details of the methods used in sample 

collection are described in Sections 6.1 and 7.1 for the Danau di 

Atas and Telago cores respectively. Prior to examination all 

fossil and modern material, with the exception of the G. Kerinci 

surface samples, was transported to Hull University and stored at 

c. SoC. Core sections from Danau di Atas were kept in plastic 

drainpipe halves wrapped in heavy duty polythene to prevent water 

loss. Small core sections from Telago, and modern surface 

material, were stored in airtight plastic bags. 

The G. Kerinci surface samples collected by Dr J. R. Flenley in 

1976 were transported to the Australian National University at 

Canberra, where they were prepared by D. Moser. 

3.4 Sediment characteristics 

The Danau di Atas core was examined for stratigraphical changes 

in the laboratory. This could not be investigated for the Telago 

samples since the core was not transported whole from the field. 

However, the stratigraphy of this core was described well in the 

field. 

The percentage weight loss on ignition was calculated for all 

depths at which a sample was taken for pollen analysis. The 

method used was as follows. 

After removal of 1 cm3 of material from each sampling depth for 
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pollen preparation, the remaining sample was oven dried overnight 

at lOSoC. The dry sample was then weighed, and placed in a 

muffle furnace for ignition at 37S o C for 16 hours. The weight 

loss on ignition, as percentage weight loss, under such 

conditions, is directly proportional to the organic carbon 

content of the original sample (Ball, 1964). The use of ignition 

at 37S o C for 16 hours is preferable to rapid ignition at higher 

temperatures ego 30 minutes at 8S00 C, since it does not cause 

significant loss of CO2 from carbonates, or loss of structural 

water from clay minerals (Sall, 1964). Since only relative 

measures of the organic carbon content of samples were required 

for the purpose of this study, it was not deemed necessary to 

apply Ballls regression equations to the percentage weight loss 

on ignition values. Relative changes of organic carbon content 

in the two cores are amply demonstrated by these percentage 

weight loss on ignition values as shown in Figs 6.2 and 7.1. 

3.S Sample preparation technigues for absolute pollen analysis 

Present views stress the importance of estimates of absolute 

pollen influx to a site for the interpretation of pollen 

assemblages in terms of vegetation history. The two sets of 

fossil material were therefore prepared using techniques which 

allow estimation of absolute pollen frequency. Such techniques 

must enable an estimate of numbers of grains per unit volume (or 

weight) of sediment to be made, and if influx values are to be 

calculated they must include age determinations on the sediment. 

The latter condition is usually satisfied by 14c dating. The 
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techniques which enable estimates of absolute pollen frequency 

to be made are briefly outlined below, with some comments as to 

their advantages and disadvantages, and suitability for use in 

this study. 

The volumetric approach best described by Davis (1965) involves 

preparation of a known weight or volume of sediment. A known 

vol ume of the prepared sample is then used to make up slides for 

counting. The major disadvantage of this technique concerns the 

accurate measurement of the extremely small aliquot volumes 

required for the final slide preparation. A second problem is 

the maintenance of a homogenous suspension of sample material in 

a mixture of benzene (as originally used) and silicone oil, while 

the sample aliquot is withdrawn. Peck (1974) also noted that the 

evaporation technique used in slide preparation, in which the 

benzene evaporated leaving behind the sample in silicone oil, 

tended to result in non-random grouping of grains near the edge 

of the slide. Because of the problems inherent in this technique 

it was not considered further for use in this study. 

The weighing technique as described by Jorgensen (1967) and Peck 

(1974) avoids the inaccuracies associated with aliquot 

measurement of the volume technique. This method relies on 

weighing the initial dry sample prepared, the final prepared 

sample and the prepared sample transferred onto slides. As with 

the volume technique, the area of each slide actually counted 

also needs to be known. The major drawbacks with this method are 

the need for accurate weight measurements. Both the volume and 

weighing techniques share one other major problem which is that 
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extreme care must be taken at all stages of preparation that none 

of the sample is lost. Filtering to remove large pieces of 

debris from the sample may also result in the loss of unknown 

quantities of pollen and spores. Despite these problems this 

technique was used initially to prepare 4 samples from the Danau 

di Atas core. 

The third main method for estimating absolute pollen frequencies 

is by the addi tion of known quanti ties of exotic pollen to the 

sediment prior to preparation. Techniques have been described by 

Benninghoff (1962), Matthews (1969) and Bonny (1972). The exotic 

pollen used has varied and has included Nyssa ~vatica 

(Matthews, 1969) and Ailanthus glandulosa (Bonny, 1972). 

Normally a known amount of exotic pollen is added to a known 

amount of sediment, and the sample is then prepared using 

standard techniques. Both the fossil pollen and the exotic 

pollen are counted in the subsequent analysis, and frequencies of 

the pollen types can be expressed as number of grains per unit of 

sediment. Clearly, a prerequisite of this technique is the 

availability of an exotic pollen type which is distinctly 

different from any pollen types likely to be encountered in the 

fossil material. Errors inherent in the sample counting are 

greater than for other techniques since counts of both the fossil 

and exotic pollen are subject to sampling error. However the 

loss of small amounts of material during sample preparation no 

longer presents a serious source of error, so long as the exotic 

and fossil pollen are well mixed. Initially, a major problem was 

the need to prepare a suspension of exotic pollen of known 
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concentration, prior to addition to the fossil sample. It is now 

possible, however, to use tablets containing a known quantity of 

Lycopodium clavatum L. spores as a source of exotic marker grains 

(Stockmarr, 1971) thus removing one of the major difficulties. 

with the exception of 4 samples prepared using the weighing 

technique, all core samples were prepared using the addition of 

L. clavatum in tablet form. It is possible that ~ clavatum may 

occur naturally in fossil pollen samples and modern pollen 

samples from Sumatra as the species does occur there. However, 

the use of L. clavatum as an exotic marker was not considered 

likely to cause major errors in calculation of absolute pollen 

frequencies at the two sites for the following reason. 

stockmarr's tablets contain acetolysed spores of ~ clavatum 

which are dark brownish in colour (Stockmarr, 1971). They are 

subsequently acetolysed a second time during preparation, causing 

further darkening of the grains. Naturally occurring ~ clavatum 

is acetolysed once only and is lighter in colour. Naturally 

occurring L. clavatum can be distinguished from the exotic grains 

on this basis. 

Full details of the techniques used for preparing fossil pollen 

samples, and also for preparing modern samples and reference 

material are given in Appendix 2. Absolute pollen frequencies 

were calculated only for the fossil pollen assemblages. Since 

deposition time for modern samples was unknown these were 

prepared using the standard preparation technique only. 

The details of the methods used to calculate absolute pollen 
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frequencies are provided in Appendix 3. 

3.6 Pollen Counting 

3.6a Techniques 

Pollen and spores were counted using a Zeiss Photomicroscope at a 

magnification of x 320, using a x 25 plan-apochromatic objective, 

x 8 eyepieces and a x 1.6 optovar magnification. Identifications 

were made at x 400, by increasing the optovar to x 2, or under 

oil immersion using a x 100 plan-apochromatic Objective, giving a 

total magnification of x 1600 with the optovar set at x 2. A 

Wild comparison eyepiece attached to a Meopta microscope enabled 

direct comparison of fossil and reference material. 

Traverses were evenly spaced on each slide, normally 1 mm apart 

to avoid the risk of overlapping fields of view, and thus 

counting a grain more than once. The whole slide was counted to 

avoid any non-random distribution of grains on the slide. 

Usually four slides were prepared and counted for each sample, 

occasionally extra slides had to be prepared. If the samples 

were particularly rich in pollen and spores the traverses were 

spaced more widely to compensate. Two slides of each sample were 

available for the G. Kerinci surface samples, some were so rich 
t 

in pollen and spores that only one slide was counted. Where a 

grain lay at the edge of the field of view it was counted in a 

travese only when at least half of it was visible. 
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3.6b Count size 

Faegri and Iversen (1964) state that a minimum pollen count of 

150 grains is required for analysis of samples from temperate 

areas. Because of the greater diversity of species present in 

the tropics, a larger pollen count is necessary, particularly if 

a representative count is to be obtained for those taxa recorded 

as low percentages. Morley (1976) showed in a pollen trapping 

study in hill Dipterocarp forest at Uli Gombak, Malaysia, that 

while common taxa were well represented with counts of 150 

grains, the percentages of rare types did not stabilize until 

300-500 grains had been counted. Similar conclusions were 

reached by Hamilton (1972) who suggested that 500 grains would 

have to be counted to give accurate frequencies for rarer pollen 

types. 

In view of these results, a minimum of 300 pollen grains, 

excluding aquatics and pteridophyte spores was counted for all 

samples where possible. Occasionally the counts were smaller 

than this, particularly for some of the surface samples but also 

for a small number of fossil pollen samples from the Danau di 

Atas core. This pollen sum, of all pollen counted excluding that 

from aquatic taxa and pteridophyte spores was termed the Total 

Dry Land Pollen (TDLP). Clearly a proportion of this pollen is 

likely to have originated in swamp vegetation, but since many 

swamp taxa either occur in suitable localities outside swamps or 

have pollen indistinguishable from some dry land taxa it was 

thought more acceptable to include these within the dry land 

pollen sum. 
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3.7 Determination of pollen and spores 

Pollen and spores were determined by comparison with modern 

reference material, largely derived from herbaria specimens. The 

Hull Laboratory possesses a large collection of reference slides, 

particularly of pollen, from South-East Asia. Determination of 

spores presented more problems since the reference material was 

more restricted, and also many spores readily lose their 

exosporium which can make determination beyond a general level 

impossible. 

Photographs of many Sumatran taxa are available in Morley (1976) 

and Maloney (1979) and their descriptions of pollen, and 

identification keys were also very useful. 

A modification of the Benninghoff and Kapp (1962) notation was 

used to denote the level of identification of the pollen and 

spore taxa. 

If a taxon is named without a suffix then the identification is 

certain. 

I f a named taxon is followed by the suffix 'comp.' then the 

pollen type compares favourably with that indicated but cannot be 

conclusively assigned to it. 

I f a named taxon is followed by the suffix 'sim.' then it is 

similar to the taxon indicated, but this is or is suspected of 

being representative of several indistinguishable taxa. 

Photographs of a number of the pollen taxa identified in this 
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study but which are not described or shown elsewhere (eg. Morley, 

1976; Maloney, 1979) are included in Appendix 4. 

Appendix 5 shows the level of identification of pollen and spore 

taxa, and suggests possible sources for these. Appendix 6 

provides details of the pollen counts for all samples examined. 

3.8 Statistical errors inherent in the pollen analytical 
techniques used, as they apply to absolute pollen 
frequencies 

In the calculation of absolute pollen frequencies it should be 

remembered that a number of errors are inherent in the techniques 

used. Some of these are of greater significance than others. 

Errors may be involved in: 

i) Estimating the ratio of indigenous to exotic grains, where 

the technique involves the addition of 'exotic' grains. 

ii) Estimating the number of 'exotic' grains added to a 

preparation. 

iii) Measurement of the volume of sediment prepared. This is a 

greater problem where the sediment is heterogenous in 

character, and has large particles. 

iv) Inaccuracies of weighing, of particular significance where a 

weighing technique is used to estimate absolute pollen 

frequencies. Problems may arise due to the very small 

amounts of material transferred onto the slides, which must 

be accurately measured. 

v) Counting, particularly where it is necessary to know exactly 

the proportion of slide area which has been counted, such as 

is required when the weighing technique is used. 
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vi) Non-random distribution of grains on a slide; decisions as 

to whether a grain shou Id be counted if more than ha I f of it 

is missing, or less then half is within the traverse; 

identification problems. All of these are applicable to 

pollen analysis as a whole and are not restricted to 

absolute pollen analysis. 

vii) Estimation of accumulation rates based on 14c dates from a 

relatively small number of points within the sedimentary 

profile; l4c analysis is itself subject to errors and 

accumulation rates may not be constant between dated 

horizons. 

Maher (1981) discusses the problem of how many 'exotic' marker 

grains should be added to achieve the most precision in 

estimating the absolute pollen frequencies, for the least work. 

Although a ratio 1:1 of indigenous pollen: exotic marker grains 

gives the most precise results, a lot of time is spent counting 

marker grains. He suggested a ratio of 2:1 indigenous pollen: 

exotic marker grains, which reduces the counting effort while 

still giving good precision in estimating concentrations of 

indigenous taxa. In practice, maintaining such a ratio in actual 

counts is difficult since the indigenous pollen concentration is 

unknown prior to the addition of the exotic marker grains. The 

only way of overcoming this problem is by preparing a preliminary 

set of samples from the fossil core, with added exotic pollen, in 

order to give a rough estimate of the pollen concentration. 

Thereafter it is possible to add sufficient marker grains to give 

a ratio approximating to 2:1. This method was not employed in 
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the present study. Pollen concentrations proved to be very 

variable, even between adjacent sampling points and a result was 

that the ratio of indigenous : exotic grains was not always 

ideal. It did approximate to 2:1 in a number of samples, but 

often the ratio was greater than this. 

stockmarr (1971) suggested that the actual pollen count of 

indigenous taxa is also important in assessing the magnitude of 

error in the final pollen frequency estimates. The greater the 

number of indigenous pollen grains counted, then the greater the 

part of the error due to the use (in this case) of tablets 

containing Lycopodium clavatum spores, although the total error 

involved in the estimate decreases. He also showed that the 

greater the number of ~ ~lavatum spores counted, then the less 

is the error due to use of these exotic marker grains. 

Estimating the number of 'exotic ' grains added to the preparation 

also presents some problems, since even where the grains are 

added in tablet form, there is variation in the spore content of 

the tablets. However, the mean content (Y) and standard 

deviation (s) are stated with each batch. 

The standard deviation of a group of tablets N each having 

standard deviation S varies according to the following formula: 

N s / jN or IN. s (Maher, 1981) 

while the coefficient of variation for a group is 

100 slY (Maher, 1981) 

82 



where s is standard deviation of the group, and Y is its spike 

mean. Table 3.1 shows the spike mean N Y, standard deviation s, 

and coefficient of variation for various sized groups of tablets. 

It can be seen from this data that the standard deviation becomes 

relatively less if more tablets are added, and the coefficient of 

variation also decreases. This suggests that more than one 

tablet should be used in preparation of samples if possible, to 

reduce the error in estimating the actual number of exotic grains 

added. In fact 2-4 tablets containing L. clavatum were used in 

the preparations in this study. 
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TABLE 3.1 

Standard deviation and coefficient of variation for different 
sized groups of Lycopodium clavatum tablets 

No. of Spike mean Standard deviation 
Tablets (N y) 

Batch no. 212761 
Y = 12500 1 12500 
s = 500 2 25000 

4 50000 

'Cambridge' batch 
Y = 10850 1 10850 
s = 200 2 21700 

*100 x standard deviation(of group of tablets) 
spike mean 

(Ns /.IN) 

500 
707 

1000 

200 
283 

Coefficient 
of variation * 

4.00% 
2.83% 
2.00% 

1.84% 
1.30% 



CHAPTER 4 

THE PRESENT VEGETATION OF THE DANAU Dl ATAS REGION 

4.1 The forests 

The limited time available for field work was sufficient for the 

study of only six forest plots; however, these were sited so as 

to cover as wide a range of potential variation as possible as 

described in Section 3.2a. The altitudinal range of the plots 

was from 1475 m to 1970 m a.s.l. 

Forests in the study area have largely been cleared for 

agriculture below c. 1600 m a.s.l. Some forest does remain at 

altitudes lower than this, mostly in the region west of Danau di 

Atas; much of this has however been disturbed to a greater or 

lesser extent by man. The forest remaining in the area which 

lies above c. 1600 m a.s.l. is much less disturbed by human 

interference. Plots were thus located in forests which had been 

subjected to varying amounts of human interference. 

Locations of all study plots, both forest and non-forest are 

shown in Fig. 4.1. The forest plots are numbers 1-4, 20 and 24. 

Plot 1 was located in forest to the south-east of Danau di Atas 

at an altitude of 1640 m a.s.l.; plot 2 was located north-west of 

the lake at 1535 m. Both areas had been subjected to 

considerable human interference. Plots 3 and 4 were located in 

the mountains north of Danau di Atas at altitudes of 1750 and 

1780 m a.s.l. respectively and showed minimal or no signs of 

human interference, other than the track used as the baseline of 

the plot. Plot 20 was located south of the lake at an altitude 
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Fig. 4.1 

Major vegetation types of the Danau di Atas region, showing the 
locations of study plots. 

Vegetation distribution is based on air photographs of the region 
taken by Riotinto Bethlehem, Indonesia, 1970-71. 
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of 1970 m a.s.l. in an extensive area of apparently undisturbed 

forest. Plot 24 was located north-west of the lake, relatively 

close to plot 2, at 1475 m a.s.l., and showed limited signs of 

disturbance. The environmental variables recorded at each of the 

forest sites are shown in Table 4.1. 

It is proposed in this study to follow the Kerinci altitudinal 

vegetation zonation scheme, as outlined in Table 2.3, and based 

largely on work by Morley (1976) in that area, in order that 

comparison of forest composition in the two areas may be 

facilitated. The scheme is based on structural and physiognomic 

characteristics of montane forests generally, while floristics 

are important for definition of the sub-divisions of the major 

forest formations. The Danau di Atas area studied, and its 

surroundings, lie largely within the altitudinal range of the 

Lower Montane Forest Formation (c. 1000-c. 2400 m a.s.l.). This 

can be further divided into 3 sub-zones as follows: 

c. 1000 - c. 1400 m a.s.l. 

c. 1400 - c. 1800 m a.s.l. 

c. 1800 - c. 2400 m a.s.l. 

sub-montane forest 

lower montane forest I 

lower montane forest 11 

The plots studied in the Danau di Atas region have been 

provisionally grouped according to this scheme. On the basis of 

this, plots 1-4 and 24 theoretically lie within the lower montane 

forest I while plot 20 lies within the lower montane forest I!. 

The plots which lie within lower montane forest I may also be 

divided into disturbed sites and little disturbed or undisturbed 

sites. Details of the floristic composition of the six forest 
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TABLE 4.1 

Env~tal variables recorded in forest plote 

Plot Altitude Soil pH So11 telllperature Soil texture and appearance DrainIIge Aspect Topography Deacripti01l 
(.) (rooting depth) at 1. depth (Cc) (estiEtecI) and slope and Iuan interf_ 

0-2 ca Leaf litter 
2-10 cm tiuaus with living roots forllling CIerISe at Steep No signs of m.an 

20 1970 5.2 (10ca) 10-35 ca K1xec1 clay/loealgravel and stones, ~ Good NE 390 disturbance 
weathered. MediID brown but variable colour Lower Montane Forest U 
10111 3/3 

35+ cm Large stones 

0-5 aD Leaf litter 
5-10 cm tiuaus, lIIiIIly roote 
10-15 aD Dark brown 101IIII, lom 3/3 Variable Variable Undisturbed ridge forest 

4 1780 5.5 (10ca) 15.4 15-35 ca LoaaIy clay, yellowish brown, lom 5/6 Good E4I ridgetop Lower Montane Forest I 
35-90 ca YellOWish brown clay, 10D1 5/6 IICID8 parent 0-100 

(XI _terial increas1ng down the profile. 
CXI Quartzite? 

90-100 om YellOWish red clayey _trill 10 m 5/8 

0-2 CID Leaf litter 
2-8 CID HuIaJs Very alight m..n 
6-15 aD ilIaic clay, dark brown 7.5 m 3/2 Good NE Gentle slope, interference 

3 1750 5.5 (lOca) 16.6 15-100 om As above, orange 10 m 11/11 grading to hilllside Lower Montane Forest I 
10m 5/6 100 

--------.. 
o-s CID Leaf litter 
5-20 CID Clayey 10D1 313 Interference by t1aber 

1640 5.7 (15cm) 16.9 20-70 CID Clayey 10m 5/8 Medium W Gentle slope ~yal 
70-100 ca Coarser _terial, clay and fine sand SO Lower Montane FOI'IISt I 

10111 5/8 
----

0-1 CID Leaf litter Very poor (structurally) 
1-5 CID Dark brown bIals 7.5 m 3/2 Negligible forest with COIlSiderable 

2 1535 5.7 (lOaD) 17.2 5-15 cm Greyer brown _terial Poor slope m.an interference 
15-100 ca Orange 7.5 IR 5/8. Slight gleying 0-10 Lower Montana Forest I 
100 CID Stme 

D-1CID Leaf litter 
1-5 CID u.- and root _t Sllgbt disturllanoe 

24 1475 5.3 (l0ca) 17.35 5--'10 ca Dark: ~ brown la., 10IR'lI" Good SE Steep, hill- 1"'CqJ'1 zed 
110-70 ca Trans1tiOll to: side 210 Lower Montana FOI'IISt I 
70-100e. IellaoI brown claJ 10IR 51" 



plots are provided in Tables 4.2-4.4. Authorities for all 

species mentioned in the following sections are as shown in 

Appendix 1, unless otherwise stated. 

4.2 Descriptions of the forest plots 

4.2a Undisturbed, or little disturbed lower montane forest I 

Undisturbed, or minimally disturbed lower montane forest I sites 

examined were plots 3, 4 and 24, all of which were located in the 

northern part of the area. Plot 3 was situated on a gently 

sloping hillside, plot 24 on a steep hillside and plot 4 on an 

undulating ridgetop. All three sites appeared to be well 

drained, with a well developed soil profile. 

The three sites showed considerable diversity of arboreal taxa as 

indicated by their Simpson's index of diversity (Table 4.6), 

having values of greater than 20. Plot 3 appeared to be 

extremely diverse, having a value of 46.2, although this possibly 

was an artificially high value resulting from the large number of 

identifications of trees to generic level only, in this plot, 

since these were treated as seperate species. 

General characteristics of the forest at these sites were the 

abundance of bryophytes, including terrestrial species, and of 

epiphytes generally; ferns were also abundant. There was an 

absence of trees with buttresses, most having straight boles. 

The canopy height at plots 3 and 24 was estimated as 20-25 m, 

with some higher emergent individuals. The canopy at plot 4 

appeared to be lower, generally less than 20m, but emergent trees 

89 



were also present. Under story palms were also common at this 

site. 

The only parts of the forest to be studied in detail, 

floristically, were arboreal taxa of girth at breast height 

greater than 30 cm, details of which are presented in Table 4.2. 

Both the percentage basal area (% b.a.) and the number of 

individuals (n) are given for each taxon. 

Plot 3 was dominated by the four families Fagaceae, Theaceae, 

Lauraceae and Myrtaceae (Table 4.5). These together accounted 

for over 70% of the total basal area recorded at the site. In 

terms of large, individual trees the Theaceae were particularly 

notable, as three specimens of Schima wallichii ssp. noronhae 

accounted for almost 22% of the total basal area of the plot. 

Fagaceae were also represented by a number of large trees. This 

is of particular significance in a palynological study, since it 

is the large, canopy-reaching trees which seem to produce the 

bulk of the dispersed pollen (eg. Kershaw and Hyland, 1975). 

Plot 4 (Plate 1) was dominated by Fagaceae, which, with the 

Myrtaceae, Lauraceae and Hamamelidaceae accounted for over 65% of 

the basal area. Although no particular species of tree was as 

noticeably dominant as was Schima wallichii ssp. noronhae at plot 

3, Lithocarpus sp. (18) was quite common, twelve individuals 

being recorded in the plot, and accounting for almost 12% of the 

basal area. A single large specimen of Symingtonia populnea also 

accounted for almost 10% of the basal area of the plot. 

Plot 24 (Plate 2) yielded a great variety of families (Table 4.5) 
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TABLE 4.2 

F~oristic composition of undisturbed or little disturbed lower montane forest I plots 

Collection Family Name Plot 3 24 Number , b.a. n n 

52/58 A1angiaceae Alangium rotundifolium 0.49 2 
84 Anonaceae Goniothalamus sp. 2.92 6 
77 Araliaceae Schefflera sp. 3.64 7 
3/62 Aquifoliaceae Ilex cymosa 5.32 1 
276 COIIIbretaceae 'I'erminalia sp. 1.28 1 24/101 Cunoniaceae Weinmannia blumei 0.41 1 24.77 8 81 E1aeocarpaceae Elaeocarpus glaber 1.44 3 42/266 E. ovalis 4.47 1 1. 72 1 75 E. punctatus 7.60 7 
267 E. sp. 0.42 2 4/262 S10anea sigun 1.20 4 45 Euphorbiaceae Drypetes sp. 8.23 2 
274 Glochidion sp. 1.03 1 53 Macaranga tanarius 0.45 1 
271 M. triloba 3.19 1 

CO 50/265 Fagaceae Castanopsis lucida B.31 1 1.15 1 -' 65 Lithocarpus javensis 3.84 2 
72 L. elegans 0.23 1 
17 L. sp. 1.81 1 2.78 1 18 L. sp. 0.81 1 11.68 12 0.53 2 41 L. sp. B.58 2 
82 L. sp. 4.27 1 
88 L. sp. 2.49 1 
89 L. sp. 2.79 2 
255 L. sp. 1.42 1 28/86/261 Ouercus lineata 9.23 6 13.22 3 273 Guttiferae Cratoxylon arborescens 1.28 1 46 Garcinia lateriflora 0.52 4 2.42 4 5.86 2 256 G. sp. 0.51 1 96/244 Hamamelidaceae Rhodoleia championi 5.70 4 
95 Symingtonia populnea 9.61 1 1.2B 1 26/76 lcacinaceae Platea excelsa var. riedeliana 0.59 3 
36 Lauraceae Actinodaphne sp. 0.73 2 
272 Cinnamomum sp. 0.43 I 1 39 Cryptocarya sp. 0.10 1 
40 C. sp. 0.74 2 
48 C. sp. 2.59 3 
70 C. sp. 0.32 2 
264 C. sp. 0.13 1 44 Endiandra sp. 0.23 1 
49 E. sp. 0.33 1 
102 E. sp. 0.42 1 13/54/55/69 Lindera novoguineensis 1.87 5 
8 Litsea sp. 0.96 1 71 L. sp. 5.77 1 
100 L. sp. 0.13 1 98 Neolitsea sp. 1.18 1 
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TABLE 4.2 continued 

Floristic composition of undisturbed or little disturbed lower montane forest I plots 

Collection 
Number 

67 
268 
66 
74 
20 
57 
73 
78 
87 
90 
91 
260 
59/245 
33 
68 
247 
79 
63 
1/85 
56 
83/93 
29/34 
269 
7 
21/258 
43 
259/275 
97 
51/282 
94 
47/64/80 
60 
61 
99 
257 
270 

Family 

Helastomataceae 

Heliaceae 

Hyrtaceae 

01eaceae 
Podocarpaceae 
Rhizophoraceae 

Rosaceae 
Rubiaceae 
Rutaceae 

Sapindaceae 
Staphyleaceae 
Styracaceae 
Symplocaceae 

Theaceae 

Uncollected 

Name 

Hedinilla sp. 
Pternandra sp. 
Dysoxylum sp. 
D. sp. 
Eugenia sp. 
E. sp. 
E. sp. 
E. sp. 
E. sp. 
E. sp. 
E. sp. 
E. sp. 
Syzygium racemosum 
Tristania bakhuizenii 
Olea javanica var.?lancif1ora 
Dacrycarpus imbricatus 
Carallia brachiata 
Gynotroches axillaris 
Prunus arbor ea 
Timonius cf. sericeus 
Tetractomia holtumi 
T. obovata 
Mischocarpus sundaicus 
Turpinia sphaerocarpa 
Styrax paral1eloneurum 
Symplocos cf.?baratogi 
S. henscheli var. maingayi? 
s. sp. 
Schima wallichii ssp. noronhae 
S. sp. 
Ternstroemia patens 

Plot 3 
\ b.a.1 n 

0.95 . I 2 

0.92 1 
0.31 1 
3.00 2 
1.33 1 
0.96 I 1 

9.42 I 4 

0.75 I 1 

0.23 I 1 

0.15 1 

0.75 1 

21.99 I 3 

0.21 1 
0.92 1 
3.00 1 

Plot 4 
\ b.a.l n 

1 

2.53 6 
0.18 1 
6.69 8 
1.54 2 

4.57 I 7 

0.97 I 3 

1.72 2 
0.87 3 

0.50 1 
4.79 3 
0.29 1 
5.80 2 

1.94 I 2 

Plot 24 
\ b.a.1 n 

7.13 I 6 

2.40 I 1 

0.23 I 1 

0.70 I 1 

0.70 I 1 

0.23 1 
2.82 3 
2.74 4 

0.78 I 2 

18.30 I 2 

1.26 2 
0.51 1 



but was dominated by Fagaceae, Theaceae and Cunoniaceae, which 

contributed over 60% of the basal area. Schima wallichii ssp. 

noronhae was once again notable, two specimens accounting for 

over 18% of the basal area, while eight specimens of Weinmannia 

blumei contributed almost 25% of the basal area. Other families 

represented in the plot were Staphyleaceae, Styracaceae, 

Sapindaceae and Combretaceae. 

These plots therefore appear to be characterized by the 

importance of Fagaceae, which comprised c. 19-30% of the basal 

area of the plots examined. Common taxa were members of the 

genus Lithocarpusi Lithocarpus sp. (18) being found in all three 

plots examined. Quercus lineata and Castanopsis lucida were also 

important at some of the sites. Theaceae were another important 

group in the sites examined, comprising c. 10-22% of the basal 

area, and Schima wallichii was present in all plots examined. 

Myrtaceae, Lauraceae and Elaeocarpaceae were represented at all 

sites but the importance of these at individual sites was 

variable. For example, Lauraceae were particularly well 

represented at plot 3, .and Myrtaceae at plots 3 and 4. Other 

apparently characteristic taxa encountered in these sites were 

Garcinia lateriflora, Eugenia spp., Symplocos spp. and 

Elaeocarpus spp. Table 4.5 gives details of the composition of 

all forest plots in terms of families and selected species. 
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Girth class frequency distributions for these plots are shown in 

Fig. 4.2. A balanced size distribution can be envisaged for a 

forest, in which the numbers of individuals in each successive 

girth class decreases in such a manner that the quotient between 

the numbers of trees in successive girth classes approaches a 

constant value (Meyer, 1952). In reality most forests do not 

have this distribution, but may be converging towards it. 

Plots 3 and 24 had girth class frequency distributions which were 

not very dissimilar from that expected, with numerous individuals 

in the smaller girth classes but significant numbers also in the 

larger girth classes. The latter was particularly notable at 

plot 3. Plot 4 was slightly unusual as it had numerous trees in 

the girth classes 1-3, but virtually none in the higher girth 

classes. This pattern may have been linked to the ridge-top 

location of this plot; possibly some environmental factor is 

limiting growth at this site. 

The total basal area of each 0.2 hectare plot, and the projected 

basal area in m2 per hectare is shown in Table 4.7. The 

projected basal areas of 28.0 - 43.05 m2 /hectare compare well 

with values from other primary forests in South-East Asia. For 

example, at Sungei Menyala in Malaysia the basal area/hectare for 

trees of girth greater than 30 cm in a lowland Dipterocarp forest 

varied from 32.0 - 34.9 m2 /hectare over a period of several years 

(Whitmore, 1975). The relatively low value recorded at plot 24 

may be the resul t of remova 1 of a very sma 11 number of medium 

sized trees as indicated by the presence of cut tree stumps. 
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4.2b Disturbed lower montane forest I 

The disturbed lower montane forest I sites examined were plots 1 

and 2. Plot 1 was situated to the south-east of Danau di Atas on 

a gently sloping hillside and appeared to be moderately well 

drained. Plot 2 was located to the north-west of the lake on an 

area of negligible slope and appeared to be poorly drained. Both 

sites possessed a well developed soil profile and at both 

considerable evidence of timber removal was apparent. At plot 2 

the canopy was often broken, and the abundant light penetrating 

to the forest floor had resulted in the development of dense low 

growth in parts of the plot. Floristic details of the plots are 

provided in Table 4.3. 

Epiphytes were abundant at both sites, comprising pteridophytes 

and bryophytes as well as some higher plants. The ground floras 

were also quite rich and polster forming mosses were commonly 

observed. The canopy height was estimated as 20-25 m at plot I 

and 15-20 m at plot 2. Emergent trees were rare at both sites. 

The diversity of arboreal taxa, as measured using Simpsons· index 

(Table 4.6) was low at both sites, values being 10.7 and 8.3 for 

plots 1 and 2 respectively. This is almost certainly a 

reflection of the degree of human interference in these forests. 

At plot 1 the forest, though degraded, was still dominated by 

Fagaceae and Lauraceae, with these two families accounting for 

more than 60% of the basal area (Table 4.5); taxa represented 

included Lithocarpus spp., Beilschmiedia sp., Litsea sp. and 

Lindera novoguineensis. Other taxa represented in the plot were 
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TABLE 4.3 

Floristic composition of disturbed lower montane forest I plots 

Collection Family Name Plot 1 Plot 2 
Number % b.a. n % b.a.j n 

3/62 Aquifoliaceae Ilex cymosa 1.14 2 
32 Compositae Vernonia arborea 3.75 3 
25 V. arbor ea var. javanica 1.58 2 
24/101 Cunoniaceae Weinmannia blumei 0.41 1 
4/262 Elaeocarpaceae Sloanea sigun 2.38 6 
2 Euphorbiaceae Claoxylon lon9ifolium 0.31 1 
15 Macaranga sp. 2.89 3 
5 Fa9aceae Lithocarpus sp. 4.16 2 
17 L. sp. 17.96 8 
18 L. sp. 5.01 6 12.86 12 
28/86/261 Quercus lineata 25.63 3 

CO 14 Flacourtiaceae Flacourtia rukam 1.10 1 
UI 36 Lauraceae Actinodaphne sp. 0.31 1 
er 6 Beilschmiedia sp. 19.75 17 

13/54/55/69 Lindera novoguineensis 9.67 8 
8 Litsea sp. 4.88 5 
35 Loganiaceae Fagraea sp. 0.64 1 
9 Myrsinaceae Ardisia sp. 8.37 4 
16 Myrtaceae Eugenia sp. 0.86 1 
20 E. sp. 1.94 1 i 

23 E. sp. 35.73 ! 12 
33 Tristania bakhuizenii 1.38 3 
22 Oleaceae Linociera oxycarpa 10.72 5 
1/85 Rosaceae Prunus arborea 1.55 1 
30/153/242 Rubiaceae Tarenna fragrans 1.44 2 
29/34 Rutaceae Tetractomia obovata 0.68 2 
7 Staphyleaceae Turpinia sphaerocarpa 2.36 2 
21/258 Styracaceae Styrax paralleloneurum 0.72 1 
10 Symp10caceae Symplocos fasciculata 1.48 2 
31 S. sp. 1.85 1 
37 Theaceae Adinandra sp. 2.07 1 
38 A. sp. 0.23 1 
19 Cyatheaceae Cyathea sp. 0.38 1 
11 Uncollected 0.89 1 
12 12.93 1 



Prunus arborea, Sloanea sigun, Turpinia sphaerocarpa, Ardisia sp. 

and Eugenia sp. 

The degraded forest at plot 2 was still dominated by Fagaceae and 

Myrtaceae which accounted for 75% of the basal area (Table 4.5). 

These included Lithocarpus sp. (18), Eugenia sp. (23), Quercus 

lineata and Tristania bakhuizenii. Other taxa represented 

included Linociera oxycarpa, Vernonia arborea, Symplocos sp. and 

Adinandra spp. 

Fagaceae were well represented at both sites, comprising c. 27% 

and c. 38% of basal area respectively (Table 4.5). Lauraceae were 

also very important at plot 1, where they accounted for c. 34% of 

basal area, but were much less important at plot 2. Conversely 

the Myrtaceae comprised 37% of the basal area at plot 2 and yet 

were relatively uncommon at plot 1. Some of these differences in 

floristic composition at the two sites might be related to 

drainage conditions. The Myrtaceae include some species of 

Eugenia which can tolerate extremely wet soil conditions, and may 

occur in swamp forests. Plot 2 appeared to be badly drained and 

this might account, in part, for the importance of Myrtaceae at 

this site. It is of interest that the Theaceae are poorly 

represented at these sites, and that Schima is absent, whereas in 

the undisturbed sites they were important contributors to basal 

area. This is despite the fact that Schima may rapidly 

regenerate in depl eted forest (van Steenis, 1972). 

Girth class frequency distributions (Fig. 4.2) of these plots 

illustrate the effects of timber removal. At both sites few 
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trees occur in the larger girth classes, although there are 

numerous individuals in the smaller classes and especially in 

girth class 1 (30-60 cm). This pattern is particularly striking 

for plot 2. Thus, it appears that medium to large girthed trees 

have been preferentially removed, leaving smaller girthed trees, 

while any regeneration occurring will emphasize this pattern. 

The effect of timber removal is also quite evident in the values 

of total basal area (m2 ) for these plots and projected basal area 

per hectare (Table 4.7). These values are very low, from 15.55 -

17.70 m2/hectare, compared with those from undisturbed or little 

disturbed plots, which are approximately double these figures. 

4.2c Undisturbed lower montane forest 11 

This was represented only at plot 20 (Plate 3), which was located 

in the south of the area, on the steeply sloping flanks of Bukit 

Air Dingin, at an altitude of 1970 m. The site appeared to be 

well drained, and had a well developed, shallow soil profile. 

This plot exhibited considerable diversity of arboreal taxa and 

had a Simpson's index value of 22.7 (Table 4.6). This was 

comparable with the diversity of the undisturbed lower montane 

forest I plots. Epiphytes, including pteridophytes and 

bryophytes were abundant, as was the ground flora which included 

many polster forming mosses. Canopy height was estimated at 20-

25 m with some emergent individuals. 

The plot was slightly smaller than the others studied, and 

covered an area of 0.16 hectare instead of 0.2 hectare. 
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TABLE 4.4 

Floristic composition of an undisturbed lower montane forest II plot 

Collection Family Name Plot 20 
Number % b.a. n 

243 Araliaceae Schefflera sp. 2.10 2 
24/101 Cunoniaceae Weinrnannia blumei 2.69 1 

co 17 Fagaceae Lithocarpus sp. 3.88 1 
DD 18 L sp. 18.84 2 

96/244 Hamarnelidaceae Rhodo1eia charnpioni 31.14 2 
95 Symingtonia populnea 9.03 2 
27 Lauraceae Cinnarnomum sp. 1. 20 1 
59/245 Myrtaceae Syzygium racemosum 2.15 2 
247 Podocarpaceae Dacrycarpus imbricatus 21.13 1 
30/153/242 Rubiaceae Tarenna fragrans 7.41 2 
19 Cyatheaceae Cyathea sp. 0.43 1 



TABLE 4.5 

Percentage basal area for selected families and species in forest plots 

Percentage basal area 
Plot 20 4 3 1 2 24 

1970m 1780m 1750m l640m 1535m 1475m 

Fagaceae 22.72 30.46 23.38 27.13 38.49 19.10 
Lauraceae 1.20 2.69 12.68 34.10 0.31 0.56 
Myrtaceae 2.15 10.94 14.71 2.80 37.11 3.33 
Theaceae 10.88 22.20 2.30 18.30 
~sp. (Theaceae) 5.08 21.99 18.30 
Hamamelidaceae 40.17 15.31 1.28 
Symin9tonia populnea (Hamamelidaceae) 9.03 9.61 1.28 
Dacrycarpus imbricatus (Podocarpaceae) 21.13 0.70 
Weinmannia blumei (Cunoniaceae) 2.69 0.41 0.41 24.77 
Elaeocarpaceae 9.04 4.47 2.38 3.34 

CO Euphorbiaceae 8.68 3.20 4.22 CO Claoxylon longifolium (Euphorbiaceae) 0.31 
Rosaceae 0.97 1.55 
Rhizophoraceae 4.57 0.23 
Guttiferae 2.42 0.52 7.65 
Turpinia sphaerocarpa (Staphyleaceae) 2.36 2.82 
Styrax paralleloneurum (Styracaceae) 0.72 2.74 
!!!! cymosa (Aquifoliaceae) 5.32 1.14 
Ardisia sp. (Myrsinaceae) 8.37 
Symplocaceae 0.50 0.75 1.48 1.85 0.78 
Tarenna fragrans (Rubiaceae) 7.41 1.44 
Rubiaceae (Other) 0.15 
Rutaceae 2.59 0.68 
Flacourtiaceae 1.10 
Helastomataceae 0.95 7.13 
Sapindaceae 0.23 
Combretaceae 1.28 
Araliaceae 2.10 3.64 
Icacinaceae 0.59 
Annonac;:eae 2.92 
Alangiaceae 0.49 
01eaceae 0.75 10.72 
Heliaceae 0.92 
Vernonia arborea (Compositae) 5.33 
Loganiaceae 0.64 
Cyathea Bp. 0.43 



TABLE 4.6 

Simpson's index of diversity for forest plots 

This is calculated from the following equation 

N (N - 1) 
D = 

n (n - 1) 

Where N = Number of individuals per sample 

From 

n = Number of individuals of each species 
D = Index of diversity 

Simpson (1949 ) 

Plot Altitude (m) Index of diversity, 

20 1970 22.7 
4 1780 22.5 
3 1750 46.2 
1 1640 10.7 
2 1535 8.3 

24 1475 24.7 

100 

D 



TABLE 4.7 

Total basal areas of forest plots 

Plot Altitude (rn) Basal are~ of Projected basal a~ea 
plot (m )* per hectare (m ) 

20 1970 6.64 41.50 
4 1780 6.72 33.60 
3 1750 8.61 43.05 
1 1640 3.54 17.70 

.- 2 1535 3.11 15.55 
0 24 1475 5.60 28.00 .-

* The area of the plots was 0.2 hectare, with the exception of plot 20 which was 0.16 hectare 



Fig. 4.2 

Girth class frequency distributions in the forest plots 
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Hamamelidaceae, represented by Symingtonia populnea and Rhodoleia 

championi, comprised about 40% of the basal area of the plot. 

Podocarpaceae, represented solely by Dacrycarpus imbricatus 

contributed a further 21% to the basal area (Tables 4.4 and 4.5). 

These two families therefore appeared to dom~nate the plot 

examined, with Fagaceae, represented by Lithocarpus spp. 

Myrtaceae and Lauraceae were minor components of the plot, while 

Theaceae were not recorded. Other common taxa in this plot 

included Weinmannia blumei and Tarenna fragrans. 

The girth class frequency distribution for the site was 

interesting as few small girthed trees were recorded, although 

large girthed individuals were relatively common (Fig. 4.2). 

The total basal area'of the plot, and projected basal area per 

hectare (Table 4.7) are high. The projected basal area per 

hectare is 41.5 m2 , comparable with values for undisturbed lower 

montane forest I. 

4.2d Other taxa collected from forests in the Danau di Atas 
region 

A number of specimens which either were collected outside the six 

forest plots studied or else were collected within the plots but 

had a girth of less than 30cm, were identified from the region, 

and are listed in Table 4.8. 

Numbers 241, and 248, Dodonaeaviscosa and Albizia lophantha were 

collected in the vicinity of plot 20 but at a slightly lower 

altitude. 
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'TABLE 4.8 

Other taxa collected from forests in the Danau di Atas region 

Collection 
Number 

241 
246 
248 

277 

278 
279 
280 

... 281 
o 282 
~ 283 

284 
285 
286 
287 
288 
289 
290 
291 
292 
293 

Name 

Dodonaeaviscosa 
Ardisia javanica 
Albizia lophantha 

Lithocarpus sp. 

Viburnum beccarii 
Symplocos laeteviridis var.laeteviridis 
Psychotria divergens 
Viburnum coriaceum 
Schima wallichii ssp. noronhae 
Engelhardtia spicata 
Vaccinium sp. 
Helixanthera parasitica 
Castanopsis malaccensis 
Haemocharis sp. 
Omalanthus populneus 
Viburnum sp. 
Pyrus granulosa 
Taxus baccata 
Adinandra villosa 
Eurya sp. 

1. Hemiparasite on tree 

Family 

Sapindaceae 
Myrsinaceae 
Leguminosae/ 
Mimosoideae 
Fagaceae 

Caprifoliaceae 
Symplocaceae 
Rubiaceae 
Caprifoliaceae 
Theaceae 
Juglandaceae 
Ericaceae 
Loranthaceae 
Fagaceae 
Theaceae 
Euphorbiaceae 
Caprifoliaceae 
Rosaceae 
Taxaceae 
Theaceae 
Theaceae 

Collection 
Location 

Close to plot 20 
Small tree in plot 20 
Close to plot 20 

Collected at C. 1725 m on Bukit Air 
Dingin 
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Number 246, Ardisia javanica, was a small « 30 cm girth) tree 

occurring in plot 20. 

The sequence 277-293 were collected from a patch of badly 

disturbed, possibly regenerating forest at c. 1725 m altitude on 

Bukit Air Dingin, south of Danau di Atas. 

It was hoped that these would provide further information about 

the species composition of the forests in the area, and they 

included several species which were not recorded in the six 

forest plots studied. 

4.3 ~lysis of data from forest plots using 
averaging 

reciprocal 

4.3a The choice of reciprocal averaging analysis for use in this 
study. 

Statistical analysis of complex data sets may reveal otherwise 

unrecognized relationships between samples or sites. Of the two 

main types of approach to multivariate statistical analysis, one 

is classification, eg. association analysis, which groups 'like' 

species or sites together. The other main approach is by 

ordination eg. polar ordination, and principal components 

analysis. Ordination arranges samples (sites or species) along 

axes. The continuous variation shown implies environmental 

control and the environmental parameters involved are the 

interest of the ordination. 

Multivariate techniques can be very useful for the analysis of 

large or otherwise complex data sets in which interpretation is 
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difficult 'by eye'. Reciprocal averaging (R.A.) (Hill, 1973) was 

the technique chosen for use in this study. This is a type of 

indirect ordination related to principal components analysis 

(P.e.A.)' and other eigenvector techniques. R.A. works by 

weighting species along a supposed gradient, from which can then 

be calculated a stand order and a corresponding weighting of 

stands. From these the species weightings can be corrected, 

giving them average values for the stands in which they occur. 

with the resultant new set of species weightings the stand scores 

can be corrected. This reiterative process continues until it 

reaches a unique stabilized score. The effect is to arrange the 

order of species and stands and the distances between them so 

that the correlation between species and stand scores is 

maximized. In this way the first ordination axis is obtained: 

the process is repeated to obtain other axes. Dne of the 

strengths of the technique is that it simultaneously ordinates 

both the species and stands (Hill, 1973). 

Floristic data does tend to produce certain problems when used in 

ordinations, some of which are considered by Gauch et al. (1977) 

who tested three techniques, polar ordination (P.D.), P.C.A., and 

R.A. with simulated and field data sets. The R.A. technique 

dealt with a number of these problems more successfully than 

P.C.A., and often than P.D. It also appeared to be less 

susceptible to distortion by sample clusters, sample error and 

outlier samples i.e. deviant samples of unusual composition, 

perhaps having one species strongly dominant, although it was 

recOmmended that outliers should be removed from the sample set. 
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Species ordinations using R.A. also appeared to be superior to 
/' 

those of P.C .A. and P .0. (Ga uch et ~l.!., 1977). The reciproca 1 

averaging technique reveals in its first axis a major direction 

of sample variation which often corresponds to environment. The 

second axis may sometimes also reveal a second direction of 

sample variation, but often this axis is a function of the first 

axis and any ecologically meaningful gradient is shifted into 

higher axes (Gauch et al., 1977; Hill, 1973). Reciprocal 

averaging does appear to be relatively well adapted to the non-

linearity of ecological data but does have some limitations. 

Although strong gradients do not come out reflexed as they do for 

some of the other ordination techniques, they still tend to be 

arched and therefore need two axes to display them. Also, the 

scale of the axes has no defined meaning and R.A. analysis tends 

to produce axes which are contracted at both ends, causing some 

distortion of the pattern. Hill (1979) produced a revised 

procedure 'DECORANA', to deal with some of these limitations, but 

this was not accessible for this study when the analyses were 

carried out. However, the drawbacks of R.A., the 'arch' effect 

and sca ling probl em, are not important for the aims of this 

analysis. 

4.3b Results using reciprocal averaging analysis on forest plot 
data 

The reciprocal averaging procedure was used to analyse data in 

quantitative standardized form from all six forest plots. 

Quantitative, standardized data was preferred since it was 
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thought that the abundance of a species would be important in 

relation to environmental gradients, thus presence - absence data 

alone would not hold all the ecological information that might be 

important. It was envisaged that even using a fairly robust 

technique such as R.A. there might still be problems in the 

analysis related to the nature of the data itself. The very 

small number of plots was one unavoidable problem, and the rather 

large numbers of taxa recorded at one site only was another 

potential problem. Linked with the latter was the problem of 

identification level, which had resulted in a large number of 

taxa being determined to the generic level only, and clearly it 

was possible that in some cases the same species might be 

represented in the analysis as a separate taxon at different 

sites. Nonetheless, the analysis was carried out to determine if 

there were any interpretable patterns in the data, particularly 

to see if species composition of the sites would relate to 

environmental gradients such as altitude or disturbance as the 

plots had provisionally been grouped according to both. 

The result of site ordination on axes I to III is shown in 

Fig. 4.3. 

Axis I: Although the arrangement of sites is so as to maximise 

the correlations between species and stand scores, the 

results are not easily interpretable in terms of any of 

the environmental gradients recognized in the field 

area. Clearly the floristic differences between sites 

may relate to some other factor, if indeed the pattern 

is of real significance, rather than simply an 
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Fig. 4.3 
Forest plots, results of reciprocal averaging analysis: site 
ordination on axes I-Ill 
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Fig. 4.4 
Forest plots, results of reciprocal averaging analysis: species 
ordination on axes I-Ill 
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expression of the patchiness of these diverse forests. 

Axis 11: The distribution of sites on axis 11 is suggestive that 

they might relate to degree of disturbance, since the 

most disturbed sites seem to have higher stand scores 

than less disturbed sites. However, this is a rather 

tentative interpretation and may prove to be incorrect. 

There is a chance that the pattern is a result of 

dependence of the second axis on the first. 

Axis Ill: Again the axis is not interpretable in terms of any of 

the environmental gradients recognized in the field. 

Of particular interest are the similar site scores of plots 20 

and 4 on the first 3 axes, which suggests a degree of floristic 

similarity between these sites not found between any of the other 

sites or pairs of sites. 

The result of species ordination on axes 1 to III is shown in 

Fig. 4.4, in which numbers refer to collection numbers. Again no 

clearly interpretable patterns emerge. 

The analysis was not particularly useful since it did not reveal 

any interpretable gradients in the floristic data of the six 

sites. Possibly this is because these sites, although quite 

diverse, do not cover a sufficiently wide span of environmental 

gradients to produce meaningful results. All sites are from 

within lower montane forest (and most are within lower montane 

forest I) and demonstrate the floristic variation within such 

forest. Floristic composition may relate broadly to 
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environmental variables, as many taxa do have environmental 

constraints on their growth, for example climate, acting through 

altitude does influence the distribution of species. It may 

however be the case in this instance that environment does not 

vary much at the different sites examined, with the result that 

floristic composition is also influenced by chance events to a 

large extent, thus masking any patterns in the data which relate 

to environmental variables. Examination of a larger number of 

plots covering a wider range of environments would quite possibly 

have produced more interpretable results with the reciprocal 

averaging analysis. 

4.4 The nature of forest vegetation in the Danau di Atas area 

All of the forest sites studied in the area, between 1475 m and 

1970 ID a.s.l. are of lower montane forest affinity. 

Members of the Fagaceae were well represented in all of the plots 

studied. This is much as expected since parts of the lower 

montane forest in the region ego Malaysia are often referred to 

as Montane Oak Forests (Table 2.3). The Fagaceae recorded in the 

area often included some of the larger girthed forest trees. 

Members of the Lauraceae were also represented at all of the 

sites examined, but their contribution to the total basal area of 

these sites was very variable (Table 4.5), although they were 

locally abundant. 

Myrtaceae, represented largely by Eugenia spp. was the only other 

family represented at all of the sites, and like the Lauraceae 
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was rather more variably represented, in basal area terms, than 

was the Fagaceae. 

Members of the family Theaceae, although not recorded at all 

sites examined, were present in four of them, and may have been 

quite a common component of the forests of the area generally. 

Their absence from the lower montane forest 11 plot examined, 

plot 20, is unlikely to be an indication that they are absent 

from this forest type generally, as only one plot was examined. 

They are in fact, quite common in the plots which lie close to 

the lower montane forest 1/11 transition at altitudes of 1780 m 

and 1750 m a.s.l. Schima spp., particularly Schima wallichii, are 

apparently well distributed with altitude. This genus is often 

represented by large trees which form a significant percentage of 

the basal area of the plots. Morley (1976) found that the 

distribution of Schima wallichii in the Kerinci area was related 

to soil and altitudinal factors. It was present at altitudes 

from 1230 to 2190 m a.s.l. and thus appears to be found within 

almost the whole altitudinal range of lower montane forest. This 

is likely to have been the case here also. 

The Hamarnelidaceae appear to have been better represented at 

higher altitude sites (1780 rn, 1970 rn) and with one exception 

were absent from forest sites below 1780 m a.s.l. Symingtonia 

populnea occurred in plot 24 (1475 m a.s.1.) but its percentage 

basal area was low at this site. Mor1ey (1976) found that this 

taxon occurred in the Kerinci area at altitudes between 1990 m 

and 2190rn, and was absent at lower altitudes. It appears likely 
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therefore that this taxon is most commonly found within lower 

montane forest 11 (c. 1800 rn - c. 2400 rn a.s.l.) although it 

occurs, more rarely, at lower altitudes. Plot 4, at 1780 m 

a.s.l., appears to be at an altitude close to the theoretical 

lower montane forest 1/11 transition and it is not therefore 

surprising that certain taxa more typically associated with lower 

montane forest 11 also appeared in this plot. 

Dacrycarpus imbricatus (= Podocarpus imbricatus) was the only 

member of the Podocarpaceae recorded in the plots examined and 

was important in basal area terms only in plot 20, although it 

did occur in one other plot, at 1475 m a.s.l. As with 

Symingtonia populnea this appears to be common within the lower 

montane forest 11, and Morley (1976) records it only at altitudes 

from 1990 to 2190 m a.s.1. in the Kerinci area. It occurs, but 

probably only rarely, at lower altitudes. 

weinmannia blumei (Cunoniaceae) appeared to be distributed 

throughout the lower montane forest I and 11 and was particularly 

common in plot 24 at 1475 m a.s.l. Morley (1976) found that in 

the Kerinci area this occurred in the altitudinal range 1990rn to 

2190 m a.s.l., and he considered it to be indicative of lower 

montane forest 11. However, in view of the abundance of this 

taxon at lower altitudes than these, in the Danau di Atas area, 

here at least it appears to be also indicative of lower montane 

forest I. 

Elaeocarpaceae, Euphorbiaceae and Rosaceae did not show any 

notable relationships with altitude, occurring in many lower 
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montane forest I plots, with variable representation. Absence 

from the lower montane forest 11 site, plot 20, could not be 

taken as an indication that they are wholly absent from this 

forest formation, due to the limited sample size. Staphyleaceae 

were represented occasionally in the plots examined by only one 

species, Turpinia sphaerocarpa. Although this was found only at 

the lower sites studied, at l475m and 1640m a.s.l., Morley (1976) 

records this over the altitudinal range 1530 m to 1990 m a.s.l., 

and it therefore appears to be present in lower montane forest I 

and 11, and might occur also in sub-montane forest although it 

was not recorded there. 

A number of other taxa and families occurred less frequently in 

the plots studied, and bore no apparent relationship with 

environmental factors such as altitude. They included Ilex 

cymosa (Aquifoliaceae), Ardisia sp., (Myrsinaceae), Styrax 

paralleloneurum (Styracaceae), Rutaceae, and Rubiaceae. 

Symplocaceae, represented by the genus Symplocos was present in 

five of the six plots examined although it was nowhere common in 

percentage basal area terms. No Symplocaceae were recorded in 

the lower montane forest 11 site, plot 20, but the family is 

known to occur throughout forests at these altitudes in Java 

(Backer and Bakhuizen van den Brink, 1965). 

C1aoxylon longifolium (Euphorbiaceae) was recorded only at plot 1 

(1640 m a.s.l.) in the Danau di Atas region, and appears to have 

been a minor component of the forest. Morley (1976) describes 

this as occurring at altitudes from 1230 m to 1650 m a.s.l. in 

the Kerinci area, and it therefore seems 1 ike ly that this may be 
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most common in lower montane forest I and sub-montane forest. 

Tarenna fragrans (Rubiaceae) was found at 1535 m and 1970 m 

a.s.l. (plots 2 and 20) in the Danau di Atas area, while Morley 

(1976) found it from 1320 m to 2190 m a.s.l., and its occurrence 

there was related to soil and altitudinal factors. However, this 

taxon appears to occur throughout the lower montane forest 

formation if other factors are suitable. 

Morley also found that the distribution of Vernonia arborea 

related to soils and altitude, ranging from 1000 m to 2190 m 

a.s.l. It appears to be a minor forest component in the Danau di 

Atas region, being recorded in only one plot. It appears 

however, based on Morley (1976) that this species occurs 

throughout lower montane forest. 

4.5 Non-forest vegetation 

Most of the lower-lying parts of the Danau di Atas area have been 

cleared of their original forest cover, and much of this cleared 

land is now put to agricultural use. The flat area which runs 

north from the village of Alahan Panjang is intensively 

cultivated, predominantly for rice but also for other crops such 

as sugar cane and potato. A similar pattern is found in the 

valley running southwards from Danau di Atas. Other land under 

agricultural use in the area is found around the larger lakes, 

Danau di Atas and Danau di Baruh, and along the roads. 

However, in some areas the forest has been cleared and used only 

temporarily for agricultural purposes before being abandoned. 
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These widespread areas now bear regenerating vegetation of a 

variety of types, mostly herbaceous or shrubby. They generally 

extend in a broad belt between the intensively cultivated 

agricultural land and the remaining forests. The extent of the 

various types of vegetation in the region is shown in Fig. 4.1, 

which is based on aerial photographs of the area. 

A number of these non-forest vegetation types were studied using 

the techniques described in Chapter 3. These sites included 

regenerating vegetation on abandoned gardens and other cleared 

areas, swamp vegetation, and several ricefields and dry land 

gardens; in the case of fields and gardens the interest was in 

finding which species occurred as weeds. 

Locations of the plots are also shown in Fig. 4.1. Plots 5-13 

were sited on swamps, plots 5-12 being sited on various parts of 

the Danau di Atas Swamp, while plot 13 was located on a swamp in 

the lake outlet bay. Plots 14-19 were in regrowth vegetation and 

were located in an extensive belt of this south of Alahan Panjang 

village, with intensively cultivated land to the north and forest 

to the south. Plots 21-23 were wet ricefields located south of 

Alahan Panjang village. Plots 25 and 26 were old gardens, one 

wet rice and one dryland close to Danau di Atas, in the lake 

outlet bay. Plot 27 was a dry land field between Alahan Panjang 

and Danau di Atas. 

Environmental variables recorded at the plots are given in Tables 

4.9, 4.11 and 4.13. Details of floristic composition of the 

plots are given in Tables 4.10, 4.12 and 4.14. Authorities for 
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all species mentioned in the following sections are as given in 

Appendix 1 unless otherwise stated. 

4.6 Regrowth vegetation on dry land 

Plots 14-19 were situated south of Alahan Panjang village c. 3-6 

km away from Danau di Atas, and encompassed a variety of 

regenerating vegetation types. The belt of regenerating 

vegetation in which the plots were sited was more than 1 km wide 

in places. The sites themselves ranged from a recently abandoned 

garden (plot 14), to quite high, shrubby regrowth (plot 19). It 

was hoped that these would form a representative sample of the 

types of regrowth communities found in the area. Details of 

environmental variables and floristic composition at each site 

are provided in Tables 4.9 and 4.10 respectively. A sketch map 

showing in more detail the locations of the sites is also 

provided (Fig. 4.5). Plates 4-8 show views of the vegetation in 

which some of the regrowth plots were sited. 

Plot 14 was situated on apparently well drained soil which was 

moderately acidic at rooting depth, on a gently sloping hillside 

at an altitude of 1440 m. The site was that of a recently 

abandoned garden and the low regrowth was dominated by pteridium 

aquilinum (37% cover). The plot also had considerable areas of 

bare ground. Several species of Gramineae, Cyperaceae and 

Compositae were present. They included Cymbopogon sp., Imperata 

cylindrica, Rhynchospora rugosa and Eupatorium inulifolium. All 

of these were present in small amounts only. In all twenty one 
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Fig. 4.5 
Sketch map showing locations of regrowth plots 
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TABLE 4.9 

Env1roa.ental variables recorded in dry land regrowth plots 

Plot 

14 

lS 

16 

17 

lB 

19 

Altitude 
(m) 

1440 

1470 

14110 

14110 

11130 

11150 

Soil pH 
(rooting 
depth) 

5.7 
(10cm) 

5.11 
(10cm) 

6.7 
( 10em) 

5.B 
( 10em) 

5.5 
(Sem) 

II.S 
(5ea) 

Soil texture and appearance 

No leaf litter or bumus 
0-21011 Dark brown loam, 10IR 3/2 

with numerous roots 
21-SO+em Iellow1sh brown 10IR S/6 

0-2Sem Black humic loam 10YR 2/1 
2S-40+em YellOWish brown clay 

10IR 5/6 

0-3Bem Brown loam 10YR 11/3 
3B-60+em Wet grey clay 10YR 3/1 

Drainage 
( es Uma ted ) 

Good 

Good 

Poor 

No leaf litter Good 
0-18em Dark brown loam 10IR 3/3 
18+011 Stony 

No leaf litter Good 
0-5em Brown loam 10YR 11/3 
5-3Bem Dark yellowish brown clay 

10IR 4/4 with coarse gravel 
38-45cm ? Buried soil. Loamy 

10YR 11/3 
4S-70+em Yellowish brown clay 

10IR S/6, with weathered 
stones 

0-5011 leaf and twig litter 
wi th 11 ving roots 1n lower part 

5-10CIII Dark brown loam 10IR 3/3 
10-4O+CIII Yellowish brown clay 

10n 5/B 

Good 

Aspect 

NE 

ESE 

NW 

NW 

w 

W 

Topography 
and slope 

Gently 
sloping 
hillside 
100 

Gently 
sloping 
hillside 
BO 

Sloping 
valley 
bottom 
150 

Steep 
valley 
side 
330 

Description 

Recently abandoned garden still 
with much bare ground 

Regrowth on the site of an 
abandoned garden 

Regrowth on the site of an 
abandoned garden in a valley 
bottom, adjacent to a stream 

Shrubby regrowth on a well 
drained valley slope with stream 

-------
Sloping 
valley 
bottom 
15° 

Gently 
sloping 
hillside 
130 

Well grazed abandoned terrace 
close to a stream 

Shrubby regrovth in an area 
which bad apparently been 
burned over 



TABLE 4.10 

Floristic composition of dry land regrowth plots 

Collection Family Name Percentage cover in plot 
Number 14 I 15 I 16 I 17 ' 18 I 19 

I 

193 Amaranthaceae Amaranthus hybridus 

I 
<1 

232 Ara1iaceae Scheff1era sp. 2 
136 Caryophyllaceae Drymaria cordata <1 
175 Commelinaceae Murdannia nudif10ra <1 , <1 I <1 
141 Compositae Ageratum conyzoides <1 <1 
171 Bidens pi10sa <1 <1 <1 
179 Blumea lacera <1 <1 
185 Eme1ia sonchifo1ia <1 
172 Erigeron sumatrensis <1 <1 1 
168 Eupatorium inulifo1ium 1 70 

1
35 3 

191 Tithonia diversifo1ia <1 
212 Cyperaceae Carex cruciata 1 
143 Cyperus kyllingia <1 
154/220 Fimbristy1is dichotoma 16 
107/164 Rhynchospora rugosa 2 2 
207 E1aeagneaceae Elaeagnus 1atifolia 2 

~ 229 Ericaceae Rhododendron sp. 1 
I\) 
~ 230 Vaccinium sp. 5 

201 Euphorbiaceae Breynia microphyl1a <1 <1 
210/288 Oma1anthus popu1neus 1 
166 Gramineae Arthraxon hispida ssp.?langsdorfii <1 30 
150 Axonopus compressus 1 20 
184 Chrysopogon acicu1atus 30 
159 Cymbopogon sp. 4 
161 Digitaria vio1ascens 1 3 <1 
190 E1eusine indica <1 
163 lmperata cylindrica 3 20 40 I 1 
211 lsachne a1bens 2 
112 Paspalum orbicu1are 1 2 1 
169 Pogonatherum saccharoideum <1 <1 
183 Schizachyrium brevifolium <1 
214 Setaria palmifolia I 1 
160 Sporobo1us berteroanus 1 <1 8 

hirsute grass <1 
135 Guttiferae Hypericum japonicum <1 
96/244 Hamarnelidaceae Rhodo1eia championi I 70 
180 Labiatae Basilicum po1ystachyon <1 
204 Leguminosae Cassia floribunda <1 

/caesa1pinoideae 
165 Leguminosae/ Crota1aria chinensis <1 
194 Papi1ionatae Desmodium repandum 1 
233 D. trif10rum I 5 
215 Liliaceae Diane11a ensifolia <1 I <1 
209 Disporum cantoniense <1 
189 Lythraceae Cuphea ba1samona 1 



TABLE 4.10 Continued 

F10ristic composition of dry land regrowth plots 

Collection Family Name Percentage cover in plot 
Number 14 I 15 16 I 17 1 18 I 19 

176 Ma1vaceae Urena lobata <1 <1 <1 
173 Melastomataceae Me1astoma affine 3 2 
217 Moraceae Ficus ribes 3 
233 Orchidaceae Arundina graminifolia <1 
148/174 Spiranthes sinensis <1 

Sterile orchid <1 
198 Oxalidaceae Oxalis cornicu1ata <1 <1 
213 Passif10raceae Passiflora edulis 1 
188 Plantaginaceae Plantago major <1 
139 Polyga1aceae Po1ygala paniculata <1 <1 <1 <1 <1 
197 Rosaceae Rubus a1ceaefo1ius 2 <1 <1 ... 224 Rubiaceae Borreria laevis 1 

I\) 182 Hedyotis verticillata <1 
I\) 228 Wendlandia glabrata I 10 

208 Saurauiaceae Saurauia vulcani 10 
162 Solanaceae Solanum nigrum <1 
234 Symp10caceae Symplocos cochinchinensis 2 

ssp. 1aurina var. laurina 
231 Theaceae Eurya sp. 

I I 
4 

129 Umbe11iferae Centella asiatica <1 1 3 
167 Urticaceae Gonostegia hirta <1 1 <1 <1 
122 Violaceae Viola pilosa <1 

Dennstaedtiaceae 
203 subf. Dava11ioideae Humata sp. <1 
158 subf. Pteridioideae Pteridium aqui1inum 37 20 <1 10 1 5 
225 Equisetaceae Equisetum debile 1 
124 G1eicheniaceae Dicranopteris curranii <1 30 3 5 
125 Thelypteridaceae Cyclosorus sp. 2 
199 Cyclosorus sp. <1 



species were identified at this site. The genus Cymbopogon 

includes a number of useful plants including 'lemon grass' which 

is used for culinary purposes, and other species used in the 

production of oils such as 'citronella oil'. Presence of a 

Cymbopogon sp. in the plot may therefore be related to 

cultivation. Eupatorium inulifolium is an introduced species, 

from South America, which arrived in Java in the late 19th 

century (Backer and Bakhuizen van den Brink, 1965). Its time of 

arr i va 1 in Suma tra may ha ve been more recent, it is often 

referred to there as 'Japanese weed'. 

Plot 15 (Plate 4) had fairly similar environmental conditions to 

those at plot 14, again it was apparently well drained, with 

moderately acid soil at rooting depth, on a gently sloping 

hillside at 1470 m a.s.l. At this site however the vegetation 

cover was much denser, although the site was also that of an 

abandoned garden. The low regrowth was relatively species poor, 

apparently being co-dominated by three species, Dicranopteris 

curranii, Pteridium aguilinum and Imperata cylindrica. These 

three species may form quite dense shade. Imperata cylindrica 

has been found elsewhere to be a very agressive dominant in the 

early stages of vegetation regeneration (Symington, 1933), 

rapidly taking over an area and forcing out less robust 

colonisers. It is co-dominant at this site, but a combination of 

dense growth of the three species involved may be reflected in 

the quite low number (ten) of other taxa present. These 

generally contributed less than 3% cover, and included Digitaria 

violascens, Rhynchospora rugosa, Hypericum japonicum, Polygala 
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paniculata, Crotalaria chinensis and Emelia sonchifolia. 

Plot 16 (Plate 5) exhibited different environmental characters 

from the previous two sites, being an apparently poorly drained 

valley bottom adjacent to a stream at 1440 m a.s.l. The soil pH 

at rooting depth was neutral. Once again the site was an 

abandoned garden. It was dominated by one species, the 

introduced Eupatorium inulifolium which provided 70% cover. 

Nonetheless, the site showed a considerable diversity, twenty 

five species were collected and identified in addition to a 

sterile orchid and hirsute grass which were recorded but not 

collected. Taxa present included Rubus alceaefolius, Bidens 

pilosa, Erigeron sumatrensis, Urena lobata, Blumea lacera, 

Plantago major and Polygala paniculata. These and other taxa 

each provided 2% cover or less. 

Plot 17 (Plate 6) was located on an apparently well drained steep 

valley side at 1440 m, its soil was moderately acid at rooting 

depth. The vegetation possessed some shrubby elements although 

it was dominated by Imperata cylindrica (40% cover) and 

Eupatorium inulifolium (35%). Pteridium aguilinum and Saurauia 

vulcani were also quite important, each contributing 10% cover. 

Once again there was considerable diversity in the plot, a total 

of twenty five species being recorded. Taxa present in small 

amounts « 3% cover) included Dicranopteris curranii, Melastoma 

affine, Ficus ribes, Elaeagnus latifolia, Omalanthus populneus, 

Polygala paniculata and Rubus alceaefolius. In addition 

Passiflora edulis, the passion fruit, was also recorded, this was 

most likely a remnant from cultivation. 
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Plot 18 was at 1430 m a.s.l. on an apparently well 

drained, sloping, valley bottom. Its soil was moderately acidic 

at rooting depth. The site was an abandoned garden, but 

regeneration of the vegetation was being held in check by 

grazing. Possibly as a result of this the site was dominated by 

a number of species of Gramineae, the most important being 

Arthraxon hispida ssp.? langsdorfii (30% cover), Chrysopogon 

aciculatus (30%), the introduced Axonopus compressus (20%) and 

Sporobolus berteroanus (8%). The sedge Firnbristylus dichotoma 

was also important, providing 16% cover. A total of twenty one 

species were recorded at the site, less common taxa «5% cover) 

included Desmodium triflorum, Eupatorium inulifolium, Pteridium 

aquilinum, Borreria laevis and Polygala paniculata. 

Plot 19 (Plate 7 and 8) was located in an area of high, shrubby 

regrowth on an apparently well drained, gently sloping hillside 

at 1450 m a.s.l. The soil at rooting depth was distinctly acidic 

(pH 4.5), being more acidic than at any of the other sites 

examined. No visible signs of previous cultivation remained in 

the area, although evidence of past burning showed as blackened 

trunks of some of the shrubs. The site was dominated by 

Rhodoleia championi (70% cover); other species recorded included 

Wendlandia glabrata (10%), Vaccinium sp. (5%), Pteridium 

aquilinum (5%) and Dicranopteris curranii (5%). A total of only 

thirteen species was recorded in the plot. This might be due to 

dominance of the large shrubs or alternately destruction of less 

fire resistant species by burning. Other taxa recorded included 
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Eurya sp., Schefflera sp., Melastoma affine, ~locos 

cochinchinensis ssp. laurina var. laurina, Rhododendron sp. and 

Imperata cylindrica. This site appeared to be the most advanced 

stage of regrowth vegetation studied and it included some taxa, 

or members of genera, which were co~nonly found in the forests of 

the region, such as Rhodoleia championi, Symplocos 

cochinchinensis, and Schefflera sp. In addition some typical 

regrowth species such as Imperata cylindrica and Pteridium 

aquilinum were also present. 

The regenerating vegetation types examined ranged from low 

regrowth to shrub dominated scrub. Much of the extensive areas 

of low regrowth present, appeared, from this study, to be 

dominated or co-dominated by one or more of three species. These 

were Imperata cylindrica, Pteridium aquilinum and Eupatorium 

inulifolium. However, this dominance was not apparent where more 

specific controls were applied to the vegetation as at plot 18. 

This was quite different in character from the other regrowth 

sites, being dominated not by any of the three species above, but 

by a mixture of quite different Gramineae, and Cyperaceae. 

Grazing appeared to be the controlling factor at this site, as 

this was observed in the area. Where regrowth had developed to 

form a much higher, shrubby vegetation, as at plot 19, again none 

of these species appeared to dominate, possibly due to shading. 

Imperata cylindrica appears not to be able to tolerate shade 

(Henderson, 1954). This plot had evidently been burned and the 

large shrubs appeared to have been able to tolerate this, 

although probably seedlings and many ephemeral species would not 
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tolerate burning. Some species, such as ~ ~lindrica have 

extensive rhizomes which resist fire and they are thus able to 

regenerate after fire damage. This particular species was also 

present in plot 19, although it was not dominant. 

The actual composition of high regrowth in the area is probably 

quite variable, and time did not permit a detailed study of this 

vegetation type. A variety of genera may occur in this 

vegetation and some of these may also be found in forest 

vegetation. Rhodoleia championi and Wend1andia glabrata may be 

locally important in the high regrowth as is suggested by their 

abundance at plot 19. ~ championi was also found as a canopy 

tree in montane forests of the area, while Morley (1976) recorded 

~ slabrata growing as an understory tree in forests in the 

Kerinci area. He also recorded Ficus ribes in a similar 

situation. Genera such as Symplocos, Rhododendron and Saurauia 

are also commonly associated with forest vegetation in central 

Sumatra. The type of vegetation recorded at plot 19, and to a 

lesser extent at plot 17 appears therefore to be a possible 

precurser of a return to forest vegetation. 

Symington (1933) studied the progression of regrowth on abandoned 

gardens in lowland Malaysia and concluded that the first 

colonisers, ephemeral, herbaceous weeds and grasses were replaced 

after about a year by lmperata cylindrica with woody species. 

The ~ cylindrica would then dominate except where shaded by 

WOOdy species, until the woody species themselves became 

dominant. Where woody species did not establish themselves 

before the I. cylindrica became dominant then the grassy regrowth 
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could persist for a number of years. 

Such results are not directly applicable here as this was a 

montane site and several of the numerically important species 

such as Dicranopteris curranii and Pteridium aquilinum were not 

found in the Malaysian succession. However, a general pattern of 

presumed regrowth succession can be constructed which is broadly 

similar to that found by symington (1933). 

Colonisation of abandoned, cleared land may be by a variable 

mixture of taxa, depending on factors such as seed source, and 

the nature of the vegetation already growing in the area~ some 

taxa may already be well established, as weeds, at the time of 

abandonment. Colonisers may include ephemeral weeds, seedlings 

of trees and shrubs and other taxa such as those spread by rhi

zomes. As time passes it seems likely that the ephemeral species 

are replaced by perennial species such as young shrubs and also 

taxa such as Imperata cylindrica, and pteridium aquilinum. The 

latter two species, while they may become dominant in the 

vegetation, are susceptible to shading, so if seedlings of shrubs 

or trees are present in an area, and without constraining factors 

such as burning, it seems likely that as these develop then shade 

intolerant taxa will decline in importance. At plot 19, in which 

shrubs were well developed, Imperata cylindrica, and Pteridium 

aquilinum were present but in much reduced amounts compared with 

in the un shaded plots such as plot 15. 

A number of other taxa which were often found in regrowth sites 

but were nowhere dominant included Polygala paniculata, 
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Gonostegia hirta, Centella asiatica, Rubus alceaefolius, Urena 

lobata, Murdannia nudiflora, Bidens pilosa, Erigeron sumatrensis, 

Sporobolus berteroanus and Paspalum orbiculare. Each of these 

occurred in at least three of the regrowth plots examined. 

4.7 Swamp vegetation 

Plots 5 and 13 were sited on two swamps adjac.ent to Danau di 

Atas, plots 5 to 12 were on the Danau di Atas Swamp from which 

cores had previously been taken for the palaeoecological study. 

Plot 13 was sited on a swamp in the lake outlet bay. 

Details of the environmental variables recorded at each site, and 

floristic composition are given in Tables 4.11 and 4.12 

respectively. A sketch map showing the locations of plots 5 to 

12 on the Danau di Atas Swamp is also provided (Fig 4.6). Plates 

9 and 10 provide a general view of the vegetation on the Danau di 

A tas swamp. 

All of the nine sites were at 1535 m a.s.l. on unshaded, badly 

drained areas of negligible slope, with moderately acidic soil 

conditions at rooting depth. Vegetation at all sites was almost 

entirely herbaceous in nature, as no swamp forest remained in the 

area, although the stratigraphy (Chapter 6, Table 6.1) showed it 

had formerly existed. 

Plot 5 was dominated by two species of Gramineae, Panicum repens 

and Leersia hexandra which comprised 48% and 29% cover at the 

site respectively. Despite the overall dominance of Gramineae 

(>80% cover) at the site, many other taxa were recorded in the 
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Fig. 4.6 
Sketch map showing locations of swamp plots 5-12 on the Danau di 
Atas Swamp 
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TABLE 11.11 

Envir~ntal variables recorded in swamp plots. 

Plot 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Altitude 
(Ill) 

1535 

1535 

1535 

1535 

1535 

1535 

1535 

1535 

1535 

Soil pH SOil texture and appearance 
(rooting 
depth) 

5.6 
(5cII) 

5.6 
(5clII) 

5.5 
(5clII) 

5.5 
(5clII) 

5.7 
(5clI) 

5.7 
(5cm) 

5.5 
(5clII) 

5.9 
(50lIl) 

5.5 
(50lIl) 

Soft detritus mud with roots 

Floating vegetation mat 

0-1I0cm Dry herbaceous peat 
1I0cIII Water table 
110-700lIl Wet herbaceous peat 
70-1300lIl Lake mud 
No wood remains in profile 

0-60cm Peat/lake mud with roots 
60-130cm Peat/lake lIud with wood 

fragments 

o-55cm Peat with living roots 
55-950lIl Soft peat with roots and 

woody fragments 
95-100cm Harder, drier peat 

penetrated by vertical roots 

0-60cm Very soft peat with living 
roots 

. 60+cm Soft detritus 

Fine, very soft, detritus mud 

Herbaceous peat, no wood 

Soft, IIIOnocotyledonoua peat 

Drainage 
(estimated) 

Very poor 

Very poor 

Very poor 

Very poor 

Very poor 

Very poor 

Very poor 

Very poor 

Very poor 

Aspect Topography 

Swamp 
surface 

Swamp 
surface 

Swamp 
surface 

Swamp 
surface 

Swamp 
surface 

Swamp 
surface 

Swaap 
surface 

Swamp 
surface 

Swamp 
surface 

Description 

Unshaded swamp 

Unshaded, floating swamp 
vegetation 

Unshaded swamp, adjacent to the 
lake, Danau d1 Atas 

Un shaded swamp surface with 
tussocky vegetation 

Apparently grazed, unabaded swup 

Unshaded, tussocky swaap 

Unshaded, floating swamp 
vegetation 

Unshaded, preViously burned 
swamp vegetation 

Unshaded swamp in the lake 
outlet bay 
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TABLE 4 .12 

Floristi c composition of swamp plots 

Collection Family Name 
Number 

108 Burmanniaceae Burmannia disticha 
140 Compositae Spilanthes iabadicensis 
144 Cyperaceae Carex cf. dimorpholepis 
116/117 Cy.perus cf. flavidus 
143 C. kyllingia 
145 Eleocharis retroflexa 
146 E. tetraquetra 
154/220 Fimbristylis dichotoma 
114 Fuirena sp. 
115 Lipocarpha chinensis 
113 Machaerina rubiginosa 
107/164 Rhynchospora rugosa 
105 Scirpus mucronatus 
103 Eriocaulaceae Eriocaulon brownianum 
134 E. heterolepis var. nigricans 
150 Gramineae Axonopus compressus 
142/297 Coelachne infirma 
111 Hymenachne sp. 
128 Isachne globosa 
110/251 Leersia hexandra 
106/252 Panicum repens 
112 Paspa1um orbiculare 
135 Guttiferae Hypericum japonicum 
138 Haloragaceae Laurembergia coccinea 
120 Juncaceae Juncus prismatocarpus var. 

leschenaultii 
109 Lentibulariaceae Utri cularia bifida , 
173 Melastomataceae Melastoma affine 
148/1 74 Orchidaceae Spiranthes sinensis 
188 P1antaginaceae Plantago major 
130 Rubiaceae Ga1ium innocuum 
123 ? Olden1andia agrostemmoides 
129 Umbe11iferae Cente1la asiatica 
121 Hydrocoty1e sibthorpi oides 
122 Violaceae Viol a pilosa 
104 Xyridaceae Xyris capensis var. schoenoides 

Dennstaedtiaceae 
126 Subf. 01eandroideae Nephrolepis cordifo1ia 
124 G1eicheniaceae Di cranopteris curranii 
133 Lycopodiaceae Lycopodium cernuum 
127 Shizaeaceae Lygodium mi crophy11um 
125 The1ypteridaceae Cyc1osorus sp. 

Sphagnum spp. 

Percentage cover in plot 
5 6 I 7 8 9 10 I 11 1 12 13 

<1 <1 2 2 <1 
<1 <1 <1 

10 
<1 <1 

<1 
15 

6 
<1 

1 <1 
<1 1 I <1 2 <1 

1 , 25 I 5 2 
4 I 10 2 10 15 30 5 3 10 , 
2 I <1 1 1 

<1 I 1 2 
I <1 <1 <1 

; <1 <1 

! 
<1 I 

1 1 3 2 <1 1 i 

5 1 I 2 2 1 1 1 
29 25 35 15 10 20 15 
48 25 I 30 60 60 60 80 70 30 

I 
5 2 <1 

<1 <1 <1 
<1 1 

I 1 
<1 <1 <1 1 1 <1 I <1 

I I 
<1 <1 

<1 

I <1 

I <1 
<1 1 <1 
<1 I 4 1 1 <1 
<1 I 1 1 <1 <1 
<1 <1 <1 <1 

4 2 2 3 2 1 <1 2 

<1 1 
<1 

<1 
<1 <1 
<1 <1 

30 
I 



plot, mostly occurring in small amounts. They included Xyris 

capensis var. schoenoides, Eriocaulon brownianum, Burmannia 

disticha, Utricularia bifida, Viola pilosa and Plantago major. 

Cyperaceae were represented by several species including 

Rhynchospora rugosa and Scirpus mucronatus. 

Plot 6 was located on a floating vegetation mat, and was 

dominated by a mixture of Panicum repens (25%), Leersia hexandra 

(25%), and Machaerina rubiginosa (25%). Rhynchospora rugosa was 

also important with 10% cover. Gramineae were less important 

overall, and sedges more important in this plot than in plot 5, 

perhaps a reflection of the highly waterlogged soil conditions at 

this site. The total number of species, eleven, recorded at this 

site was also lower. This might also have been related to the 

slightly different environmental conditions at the site. Other 

taxa recorded included Xyris capensis var. schoenoides, 

Eriocaulon brownianum and Utricularia bifida. 

Plot 7 was composed entirely of monocotyledonous plants of the 

three families Cyperaceae, Gramineae and Juncaceae. Panicum 

repens (30%) and Leersia hexandra (35%) dominated in the plot. 

Others of the eleven species recorded included Eleocharis 

retroflexa, ~ tetraguetra and Juncus prismatocarpus var. 

leschenaultii. 

Somewhat more diversity was seen at plot 8 although again Panicum 

repens was dominant (60% cover) with Leersia hexandra (15%) and 

Rhynchospora rugosa (10%). Fifteen species were recorded in the 

plot and also included Centella asiatica, Hydrocotyle 
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sibthorpioides, Xyris capensis var. schoenoides, Burmannia 

disticha and Laurembergia coccinea. 

Plot 9 was si tuated in what appeared to be a grazed area of the 

swamp, as the grasses particularly appeared to have been eaten. 

It was dominated by Panicum repens (60% cover) with Rhynchospora 

rugosa (15%) and Leersia hexandra (10%). It was quite diverse, 

and a total of twenty one species were recorded. These included 

Burmannia disticha, Utricularia bifida, Hydrocotyle 

sibthorpioides, Laurembergia coccinea and Lycopodium cernuum. 

At plot 10 a total of nineteen species were recorded in an area 

of tussocky swamp vegetation. Panicum repens (60%) dominated, 

with Rhynchospora rugosa (30%) and Leersia hexandra (20%). Other 

taxa present included Burmannia disticha, Utricularia bifida, 

Hydrocotyle sibthorpiodes, Cyclosorus sp. and Lygodium 

microphyllum. 

Plot 11 was relatively species poor, a total of only twelve being 

recorded. It was sited on a floating vegetation mat, thought 

possibly to overly a channel which runs along the eastern edge of 

the swamp. The plot was dominated by Panicum repens (80%) with 

Rhynchospora rugosa (5%) and Machaerina rubiginosa (5%). Other 

taxa present included Eriocaulon brownianum, Centella asiatica, 

Utricularia bifida, Fimbristylis dichotoma and Hypericum 

japonicum. 

At plot 12 the swamp was very species poor, and showed signs of 

having been recently burned. It was dominated by Panicum repens 
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(70%) with Leersia hexandra (15%). Other taxa of the total of 

nine recorded included Rhynchospora rugosa, Xyris capensis var. 

schoenoides and Melastoma affine. 

Plot 13 was situated on a swamp in the lake outlet bay, and 

exhibited some differences from the plots on the Danau di Atas 

Swamp. Notable was the abundance of Sphagnum spp., which were 

not discerned in any of the other plots, but here prov ided 30% 

cover. Panicum repens (30%) was still common, as was 

Rhynchospora rugosa (10%). Leersia hexandra, widespread 

throughout the Danau di Atas Swamp was absent. The plot was not 

very diverse, and the eleven species recorded (excluding Sphagnum 

spp.) also included Machaerina rubiginosa, Melastoma affine, 

Utricularia bifida and Nephrolepis cordifolia. 

The two swamps studied both had a largely herbaceous vegetation 

cover. The whole of the Danau di Atas Swamp appeared to be 

relatively homogenous in nature, and was dominated largely by 

Gramineae although in places Cyperaceae co-dominated. On the 

swamp in the outlet bay, the area studied was also dominated by 

these families, but Sphagnum spp. were also important. 

The dominant species of grass over most of the Danau di Atas 

swamp was Panicum repens, which had percentage cover values of 

25-80% in the plots examined, Leersia hexandra was frequently a 

co-dominant or of secondary importance. Cyperaceae were 

widespread, and of these one species, Rhynchospora rugosa, was 

particularly common. Machaerina rubiginosa was also important in 

some, apparently wetter, parts of the swamp. 
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A considerable number of other species were widespread over the 

swamp, although they never contributed a large percentage cover. 

These included Xyris capensis var. schoenoides, Utricularia 

bifida, Hymenachne sp., Lipocarpha chinense, Hydrocotyle 

sibthorpioides and Isachne globosa. 

A number of other species also occurred on the swamp: 

distribution and cover of these varied. Some are particularly 

noteworthy as they have distinctive pollen or spores, for 

example, Eriocaulon spp., Burmannia disticha, Lycopodium cernuum, 

Laurembergia coccinea and Cyclosorus sp. (125). 

Despite the relatively homogenous nature of the vegetation on the 

two swamps, minor variations were distinguishable, and some of 

these appeared to relate to factors such as relative wetness, 

grazing pressure and burning. For example, Machaerina rubiginosa 

seemed to be more common on the wetter areas of the swamp, 

particularly where the substrate was a floating vegetation mat 

(plots 6 and 11), than elsewhere. Such wet areas all had 

relatively few species growing on them. A burned area was also 

low in total number of species whereas a grazed area was still 

floristically fairly diverse. 

It seems very likely, in view of the presence of wood in the 

stratigraphy of the site (Chapter 6) and the presence of tree 

roots and stumps observed in eroded deposits at the lake edge 

near the si te of plot 7, that the Danau di Atas Swamp origina lly 

bore some sort of swamp forest. Man has undoubtedly played an 

important part in shaping the present swamp surface, and apart 

136 



from timber removal, conversion of limited areas of the swamp for 

rice cUltivation has also occurred. The bunds of these 

seasonally abandoned ricefields can be seen along the western 

edge of this swamp. Other evidence of a former swamp forest or 

woody vegetation cover over at least some parts of the swamp, is 

the presence of rare, cut tree stumps on the swamp surface. 

Moreover one of these had sprouted leaves which were collected 

and identified. It proved to be a species of Glochidion, a genus 

which includes some swamp forest species, although some species 

also occur in dry land forests (eg. plot 24). The lack of swamp 

forest in this area, and the relatively homogenous nature of the 

swamp vegetation is in contrast with results of studies carried 

out around Danau Padang, south of G. Kerinci, detailed by Morley 

(1976). He recorded six distinct types of swamp vegetation 

around Danau Padang of which three were swamp forest communities, 

the remaining three being largely herbaceous in nature. Morley 

termed these communites Ilex cymosa swamp forest, Myrsine swamp 

forest, Euodia (= Evodia) swamp forest, Machaerina swamp, 

Pteridium aquilinum swamp, and abandoned ricefield vegetation. 

He recorded a species of Glochidion, ~ brunneum HK.f. in both 

the Myrsine swamp forest and in Euodia swamp forest. It seems 

quite possible that the few tree stumps remaining on the Danau di 

Atas Swamp are all that remains of some type of swamp forest 

vegetation, comparable to that existing in 1972 at Danau Padang. 

4.8 Ricefield and garden colonisers 

Plots 21-23 and 25-27 were studied in order that taxa which were 
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common weeds of cultivation could be elucidated. These are often 

the primary colonisers of abandoned land, and may already be 

established before the abandonment takes place. One common 

feature of all plots was that they had recently been under 

cultivation and were now fallow, or were being cultivated at the 

time of the study. Due to the excessive disturbance by man, some 

of the environmental variables were not recorded at all sites, 

for example soil profile in ricefield plots. In the latter 

example it was thought that the soil under such cultivation would 

be totally disturbed. Nor were surface samples collected for 

pollen analysis. 

All plots were located fairly close to the vi llage of Alahan 

Panjang, and lake, Danau di Atas. Plots 21, 22 and 23 were in 

wet ricefields north-west of the broad band of regenerating 

vegetation in which regrowth plots 14-19 were sited. Plots 25 

and 26 were sited on terraced fields adjacent to Danau di Atas, 

in the lake outlet bay. Plot 25 was a fallow ricefield and plot 

26 a fallow dry land garden. Plot 27 was situated between Danau 

di Atas and Alahan Panjang, and was a dry land garden. 

Environmental variables recorded at the sites are given in Table 

4.13 and,floristic composition is shown in Table 4.14. Plot 

dimensions for ricefields were variable; these are included in 

Table 4.13. 

Plot 21, a ricefield of dimensions 6 m x 9 m, had a lot of bare 

mud, and was under several cm of water. Oryza sativa (rice) 

contributed 15% cover, although nine other species were also 
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TABLE 4.13 

Environmental variables recorded in ricefield and garden plots. 

Plot 

21 

22 

23 

25 

26 

27 

Altitude' 
(m) 

Plot 
dimensions 

(m) 

6 x 9 

3 x 11 

5 x 33 

---_._---- - -.- .. --.----
1535 10 x 17 

1535 4 x 4 

1480 4 x 4 

Soil pH 
(rooting 
depth) 

7.0 

7.0 

7.0 

Soil texture and appearance Drainage 
(estimated) 

Water at 
surface 
several cm 
deep 

Water at 
soil surface 

Water at 
soil surface 

Description 

Ricefield 

Ricefield 

Ricefield 

--------------------------,----------------------------------------------------------------------
5.7 

5.5 
(5cm) 

5.3 
(5cm) 

0-30cm Loam 10YR 4/3 with 
stones to surface 

30+cm Stony 

0-30cm Dark brown loam 
lOYR 3/2 

30-60cm Transition to 
60-100+cm Dark grey clay lOYR 

4/2, blackened at base 

Poor 

Good 

Medium 

Fallow ricefield just above 
the level of Danau di Atas 

Unshaded, fallow, dry land 
garden near the lake outlet 

Sweet potato garden 



TABLE 4.14 

F10ristic composition of rice field and garden plots 

Collection Family Name Percentace cover in plot 
Number 21 I 22 23 25 26 I 27 

136 Caryophyllaceae Drymaria cordata <1 35 I <1 
175 Commelinaceae Murdannia nudiflora <1 <1 20 
141 Compositae Ageratum conyzoides <1 <1 3 
171 Bidens pilosa <1 <1 1 2 
179 Blumea lacera <1 <1 
140 Spilanthes iabadicensis <1 
300 Cyperaceae Cyperus brevifolius 2 <1 
178 C. cyperoides <1 
116/117 C. ct. flavidus 1 <1 4 
143 C. kyllingia <1 <1 
157 Fimbristylis aphylla <1 
253 F'. polytrichoides <1 <1 <1 
114 Fuirena sp. 1 
115 Lipocarpha chinensis <1 2 
119 Scirpus juncoides 2 3 5 4 
103 Eriocaulaceae Eriocaulon brownianum <1 
134 E. heterolepis var. nigricans 5 <1 1 
150 Gramineae Axonopus compressus 1 
250 Brachiaria sp. 2 ... 161 Digitaria violascens 10 ~ 

0 190 Eleusine indica 2 
254 Eragrostis unioloides <1 2 
111 Hymenachne sp. <1 
128 Isachne globosa 10 10 15 15 
110/251 Leersia hexandra 27 3 5 
118 Oryza sativa 15 20 20 10 
106/252 Panicum repens <1 2 <1 3 
112 Paspalum orbiculare <1 
169 Pogonatherum saccharoideum <1 
160 Sporobolus berteroanus 2 
135 Guttiferae Hypericum japonicum <1 <1 <1 
120 Juncaceae Juncus prismatocarpus var. 

leschenaultii 1 I 1 1 4 
223 Leguminosae/ Desmodium triflorum 

Papilionatae 1 
109 Lentibulariaceae Utricularia bifida <1 
198 Oxalidaceae Oxalis corniculata <1 

O. corymbosa 1 
139 Polygalaceae Polygala paniculata <1 <1 
249 Potamogetonaceae Potamogeton ob1ongus 10 <1 
170/301 Rubiaceae Borreria alata 2 
129 Umbelliferae Centella asiatica 1 <1 <1 <1 
121 Hydrocotyle sibthorpioides <1 <1 1 
167 Urticaceae Gonostegia hirta I <1 
104 Xyridaceae Xyris capensis var . schoenoides <1 <1 
298 Azol1aceae Azolla pinata <1 

Potato (Solanum tuberosum) 

I 
<1 

Sweet potato (Ipomoea batatas) I 60 
Cabbage (Brassica sp.) <1 



recorded. These included Potamogeton oblongus (10%), Isachne 

globosa (10%), Centella asiatica and Hydrocotyle sibthorpioides. 

Cyperaceae were represented by three species, Scirpus juncoides, 

Cyperus cf. flavidus and ~ ~lingia, Juncus prismatocarpus var. 

leschenaultii was also present. 

Plot 22 was also a ricefield, 3 m x 11 m, in which standing water 

was present. Oryza sativa provided 20% cover, and a further 

sixteen species were recorded including Leersia hexandra, Isachne 

globosa, Murdannia nudiflora, Hydrocotyle sibthorpioides, Oxalis 

corniculata and Panicum repens. Many of these taxa were present 

in swamp vegetation while Polygala paniculata which was also 

recorded in the plot, was often found in regrowth on dry land. 

Plot 23, a rice fie Id wi th water at the surface measured 5 m x 

35m. Oryza sativa (20% cover) was one of the twenty three 

species recorded in the plot. Others included Isachne globosa 

(15%), Leersia hexandra (3%), Scirpus juncoides (5%), Ageratum 

conyzoides, Potamogeton oblongus, Bidens pilosa, Hymenachne sp. 

and Murdannia nudiflora. Most species occurred as very small 

percentages of cover, and many were common also to swamp plots 

although some were also recorded in dry land regrowth sites. 

Plot 25 was a fallow ricefield with no surface water which 

measured 10 m x 17 m. Oryza sativa made up 10% of the cover and 

a further seventeen species were recorded. These included 

Isachne globosa (15%), Leersia hexandra (5%), Hydrocotyle 

aibthorpioides, Xyris capensis var. schoenoides, Utricularia 

~ifida and Azolla Einnata. 
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Plot 26 was a fallow dry land garden on which a crop of potatoes, 

(Solanum tuberosum) had previously been grown. Potato plants 

provided less than 1% cover in the plot which was now dominated 

by Drymaria cordata (35%) and Murdannia nudiflora (20%). Other 

species present included Cyperus brevifolius, Sporobolus 

beteroanus, Oxalis coryrnbosa, Bidens pilosa and Desmodium 

triflorum. A total of twelve species were recorded in the plot, 

excluding potato. 

Plot 27 was a sweet potato (Ipomoea batatas) garden, and these 

provided 60% cover at the site. Cabbages (Brassica sp.) accounted 

for less than 1% cover. Eleven other species were recorded, 

including Digitaria violascens (10%), Panicum repens, Ageratum 

conyzoides, Bidens pilosa, Drymaria cordata and Polygala 

paniculata. 

Many of the taxa found in ricefields and dry land gardens were 

commonly found in other non-forest vegetation types in the area. 

As might be expected, many of the ricefield weeds were commonly 

found as components of herbaceous swamp vegetation. They 

included Isacne globosa, Leersia hexandra, Eriocaulon brownianum 

and E.heterolepis var. nigricans, Xyris capensis var. 

schoenoides, and Utricularia bifida. Some species found at dry 

land sites were also occasionally found in ricefields and 

included Polygala paniculata, Bidens pilosa, Ageratum conyzoides 

and Murdannia nudiflora. However, these may have been growing in 

the less waterlogged parts of the fields, such as in association 

with the bunds. Some species found in swamp and dry land non-
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forest vegetation, such as Hypericum japonicum and Centella 

asiatica were also found in ricefields. 

Similar patterns emerged with the dry land garden weeds. Many of 

these taxa were prevalent in the dry land regenerating 

vegetation. These included Murdannia nudiflora, Ageratum 

conyzoides, Bidens pilosa, Blumea lacera and Digitaria 

violascens. Very rarely, taxa usually common at swamp sites, 

such as Panicum repens, were found in dry land garden sites. 

Axonopus compressus was found in a dry land garden, swamp and a 

regrowth site, although it was not common at any of them. This 

species is one of a number of introduced species now found widely 

distributed in non-forest vegetation of the area, being of South 

American origin. 

The ricefield and garden weed species found at these sites could 

be considered as the primary colonisers of highly disturbed land, 

although particular taxa may be restricted or found 

preferentially at either 'wet' or 'dry' sites. The taxa recorded 

do seem to support the tentative conclusions made in Section 4.6 

as to the nature of first colonisers of agricultural land. Many 

species recorded as weeds are spread by seed rather than by 

rhizomes, and few seedlings of shrubs and no tree seedlings were 

recorded. The latter may relate to distance from seed source. 

Few taxa were recorded only in field and garden plots, and many 

of these, al though not present in the swamp or dry land regrowth 

plots examined, were originally collected in one or other of 

these vegetation types. The small number of species found only 
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in fields and gardens in this study included Cyperus brevifolius, 

Fimbristylis polytrichoides, Brachiaria sp., Eragrostis 

unioloides, Oxalis corymbosa, Potamogeton oblongus and Azolla 

pinata. A more extensive study might, however, have revealed 

that these were not restricted to such sites. Moreover, none of 

these taxa have distinctive pollen which would enable them to be 

used as indicators of cultivation, rather than indicators of non-

forest conditions. Clearly the only indicators of cUltivation 

which can be stated with certainty are the crop plants 

themselves. Unfortunately, many crop plants also do not have 

distinctive pollen. 

4.9 Other species collected in the non-forest vegetation of the 
Danau di Atas area 

The approach used for the study of floristic composition in the 

non-forested areas was first to collect specimens from an area 

for identification purposes, and to compile a field herbarium to 

facilitate studies of species in plots, as described in Section 

3.2b. Not all of the species collected were later recorded in 

the plots themselves. In addition, as almost certainly not all 

of the species growing in the area would be recorded in the 

plots, any new species observed which had not previously been 

recorded were also collected and identified. Details of the type 

of environment in which they were growing were also recorded, and 

the new species were added to the field herbarium. 

Identifications and collection locations for each of these 

species which were not subsequently recorded in any of the non

forest plots examined, are provided in Table 4.15. The extra 
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TABLE 4.15 

Taxa collected in non-forest vegetation in the Danau di Atas region, not recorded in plots. 

Collection 
Number 

131 
132 
149 
151 

155 
156 
137 

152 
153 
147 
294 
295 
296 
299 
177 
181 
205 
206 
186 

187 
192/227 
195 
196 
200 
202 
216 
218 
219 
222 
226 
235 
236 
237 
238 
239 
240 

Family 

Orchidaceae 
Thelypteridaceae 
Balsaminaceae 
Dennstaedtiaceae 
subf. Lindsayoideae 
Euphorbiaceae 
Canpositae 
Scrophulariaceae 

Myrtaceae 
Rubiaceae 
Cyperaceae 
Moraceae 
Pandanaceae 
Potamogetonaceae 
Cyperaceae 
Ophiog10ssaceae 
Verbenaceae 
Polygonaceae 
Orchidaceae 
Leguminosae/ 
Papi1ionatae 
Gramineae 
Gramineae 
Acanthaceae 
Canpositae 
Solanaceae 
Orchidaceae 
Orchidaceae 
Polypodiaceae 
Araceae 
Gramineae 
Polypodiaceae 
Lycopodiaceae 
Lycopodiaceae 
Verbenaceae 
Hyrtaceae 
Saxifragaceae 
Euphorbiaceae 

Name 

Coelogyne sp. 
? Chaistella arida 
Impatiens javensis 
Schizoloma ensifolium 

Glochidion sp. 
Enydra fluctuans 
Lindernia anagallis 

Eugenia sp. 
Tarenna fragrans 
E1eocharis dulcis 
Ficus deltoidea var. 1utescens 
Pandanus sp. 
Potamogeton malaianus 
Cyperus javanicus 
Botrychium ?ternatum 
Lantana camara 
Po1ygonum cespitosum 
Phaius tankervil1iae 
Crota1aria sp. 

Themeda vi110sa 
Oplismenus canpositus 
Gendarussa vulgaris 
Anapha1is 10ngifolia 
Solanum me10ngena 
Hicrostylis sp. 
Hicrostylis sp. 
Hicrosorium nigrescens 
Homa1omena cordata 
Setaria geniculata 
pyrrosia ?winkleri 
Lycopodium ?casuarinoides 
L. clavatum 
Vitex trifolia var. ?heterophylla 
Rhodomyrtus tomentosa 
Hydrangea sp. 
Aleurites moluccana 

Location 

Danau di Atas Swamp 
" 

Tree stump on Danau di Atas Swamp 
Danau di Atas Swamp 
Abandoned ricefields and bunds, 
Danau di Atas Swamp 
Adjacent to Danau di Atas Swamp 

" .. 
Edge of lake, Danau di Atas Swamp 
Edge of lake, outlet bay .. " 
In lake, Danau di Atas 
Fallow rice field adjacent to plot 25 
Low regrowth near plot 14 

Low re growth near plot 15 

Low regrowth ~y stream, near plot 16 

Regrowth near plot 17 .. .. 
Low regrowth near plot 18 

Regrowth near plot 19 
Low regrowth 
Hi2h regrowth .. 



information provided by these collections may be of use in 

interpreting the ecological preferences of these taxa, and 

especially in the interpretation of pollen diagrams. 

4.10 Reciprocal averaging analysis of non-forest vegetation data 

The entire non-forest data set, i.e. from swamp, regrowth, 

ricefield and garden plots, was used with reciprocal averaging 

analysis to examine floristic gradients in the data. 

Quantitative, standardized data was the choice for the analyses. 

Using the entire data set, the analysis proved to be dominated by 

plot 19. This took an extreme position an axis I, with a score 

of 100, and caused clumping together of all other sites on the 

axis, with scores of less than 20. Site ordination on the first 

two axes are shown in Fig. 4.7. Plot 19 appears to be 

demonstrating the effect of an outlier sample on the rest of the 

data i.e. this is a deviant sample of unusual composition 

compared with other samples. In fact plot 19 was rather 

different from other samples, being strongly dominated by one 

species which did not occur in any other plot. The effect of 

plot 19 on the data was so severe that the analysis was repeated, 

excluding this plot. The results obtained by this subsequent 

analysis were interpretable, and the site scores on axes I-Ill 

and species scores on axes I and 11 are shown in Figs 4.8 and 4.9 

respectively. 

Axis I clearly separated the sites into two groups, the dry land 

plots, as defined by site descriptions, all scored 55 or more 
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Fig. 4.7 
Non-forest plots, results of reciprocal averaging analysis: site 
ordination on axes I and 11, including plot 19 
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Fig. 4.8 
Non-forest plots, results of reciprocal averaging analysis: site 
ordination on axes I-Ill, excluding plot 19 
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while Iwetl sites (swamp and ricefield) scored 25 or less. 

Axis 11 was not so easily interpretable although dry land plots 

were clearly separated from the others. 

No clear pattern emerges for either axis III or axis IV (not 

shown) • 

However, using axis I and 11 the sites were separated into groups 

as shown in Fig. 4.8. Dry land gardens, dry land regrowth and 

Iwet l sites formed three separate groupings, while ricefield 

sites and swamp sites despite their close groupings were also 

separated to a lesser extent. 

The analysis clearly shows a floristic gradient in the plots 

examined, and an environmental gradient is suggested by these 

resul ts, for axis 1. This may well be related to some factor 

connected with soil moisture content, perhaps to the drainage, 

which itself might be related to soil type, or seasonality of 

waterlogging. 

No environmental gradient can be suggested as an explanation for 

axis 11, which may be to a large extent dependent on axis I. 

However, it is interesting to note that fields and gardens, 

particularly dry land gardens, have a high score on this axis. 

The axis might therefore relate to a gradient affecting the dry 

land vegetation. The position of the Iwetl sites on this 

gradient could then be due to the chance occurrence in them of 

one or more of the species found in the dry land vegetation, and 

they may not themselves be playing a part in the analysis. 
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Fig. 4.9 
Non-forest plots, results of reciprocal averaging analysis: 
species ordination on axes I and 11, excluding plot 19 
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The species ordination on axes I and 11 is shown in Fig. 4.9. 

Numbers refer to the species collection numbers. Table 4.16 

lists species scores of most species on axis I. The results do 

seem to confirm that the environmental gradient is connected in 

some way to soil moisture conditions. 

4.11 Conclusions about non-forest vegetation 

Large parts of the area around Danau di A tas ha ve been strong ly 

disturbed by human interference. A large proportion of the 

disturbed lands are currently under cultivation, but significant 

areas have been abandoned, and vegetation is regenerating on 

these. 

On swamps the disturbance may still be continuing although this 

need not always take the form of cultivation. It may be as an 

influence on the vegetation of grazing and wallowing by 

domesticated animals such as water buffalo, which are utilized by 

the local human population as a source of meat and milk and as a 

work animal for pulling carts and ploughs. 

Invasion of rice fields and gardens may be to a large extent 

accomplished by ephemeral weed species, such as some members of 

the Compositae (eg. Bidens pilosa, Ageratum conyzoides) and 

species such as Polygala panicu1ata, along with Gramineae and 

Cyperaceae such as Isachne globosa, Eleusine indica and Cyperus 

~lingia. Should the garden or the field then be abandoned 

succession of some type may occur. 
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On dry land sites the ephemeral weeds may be largely replaced by 

more robust or perennial species which might include Pteridium 

aquilinum, Imperata cylindrica and Eupatorium inulifolium. If 

seedlings of shrubs and trees are established and are able to 

develop these will shade out many of the first colonisers and 

even some of the more robust species, if these are not shade 

tolerant. Shrubby vegetation might well include members of the 

Ericaceae, Rubiaceae and Myrtaceae, as observed in the Danau di 

Atas area. Eventually a form of secondary forest may develop, 

although such was not observed in the field area. Macaranga spp. 

are prominent taxa in secondary forest in South-East Asia 

(Whitmore, 1975). 

On swampy sites the ephemeral weeds may be replaced by a diverse 

but low herbaceous vegetation in which Gramineae and Cyperaceae 

dominate. This may include species such as Panicum repens, 

Isachne globosa, Leersia hexandra and Rhynchospora rugosa. Other 

likely taxa include, in very wet places, Machaerina spp. and 

Eleocharis spp. Other taxa which may well appear in herbaceous 

swamp vegetation are Xyris capensis and Utricularia bifida. Such 

a Gramineae - Cyperaceae dominated swamp might eventually revert 

to a swamp forest, although such vegetation types no longer exist 

in this area. There is however convincing evidence that they 

have existed in the past, including woody stratigraphy and tree 

stumps in swamp deposits. Swamp forest types in the Kerinci area 

have been documented by Morley (1976). 

Certain taxa may be present throughout the early regrowth stages 

irrespective of whether the site is a swamp or on dry land. 
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TABLE 4.16 

Ecological preferences of taxa recorded in non-forest plots in the Danau di Atas region. 

A. Species apparently preferring 'wet' land sites (swamp and ricefield) 

Collection 
Number 

113 
142 
114 
144 
145 
146 
130 
126 
109 
298 
108 
157 
105 
127 
123 
106/252 
104 
115 
116/117 
110 
103 
121 
III 
250 
120 
249 
140 

Name 

Machaerina rubiginosa 
Coelachne infirma 
Fuirena sp. 
Carex cf. dimorpholepis 
Eleocharis retroflexa 
E. tetraquetra 
Galium innocuum 
Nephrolepis cordifo1ia 
Utricularia bifida 
Azol1a pinata 
Burrnannia disticha 
Fimbristy1is aphy11a 
Scirpus mucronatus 
Lygodiurn microphy11um 
?Oldenlandia agrostemrnoides 
Panicum repens 
Xyris capensis var. schoenoides 
Lipocarpha chinensis 
Cyperus cf. flavidus 
Leersia hexandra 
Eriocaulon brownianum 
Hydrocotyle sibthorpioides 
Hymenachne sp. 
Brachiaria sp. 
Juncus prisrnatocarpus var. leschenau1tii 
Potarnogeton oblongus 
Spilanthes iabadicensis 

Species score on axis I 
in reciprocal averaging 
analysis 

o 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
7 
8 
8 
9 
9 
9 

10 
10 
11 
11 
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A. Species apparently preferring Iwetl land sites (swamp and ricefield) contd. 

Collection 
Number 

128 
134 
119 
253 
118 
138 

Name 

Isachne globosa 
Eriocaulon heterolepis var. nigricans 
Scirpus juncoides 
Fimbristylis polytrichoides 
Oryza sativa 
Laurernbergia coccinea 

Species score on axis I 
in reciprocal averaging 
analysis 

13 
16 
16 
17 
17 
24 
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B. Species apparently preferring dry land sites 

Collection 
Number 

165 
159 
185 
182 
180 
183 
158 
161 
172 
163 
166 
224 
184 
225 
160 
170/301 
178 
223 
179 
167 
176 
212 
215 
209 
207 
217 
203 
211 
210/288 
213 
197 

Name 

Crotalaria chinensis 
Cymbopogon sp. 
Emelia sonchif01ia 
Hedyotis verticil lata 
Basilicum polystachyon 
Schizachyrium brevifolium 
Pteridium aquilinum 
Digitaria violascens 
Erigeron sumatrensis 
Imperata cylindrica 
Arthraxon hispida ssp. ?1angsdorfii 
Borreria laevis 
Chrysopogon aciculatus 
Equisetum debile 
Sporobolus berteroanus 
Borreria alata 
Cyperus cyperoides 
Desmodium triflorum 
Blumea lacera 
Gonostegia hirta 
Urena lobata 
Carex cruciata 
Dianella ensifolia 
Disporum cantoniense 
Elaeagnus latifolia 
Ficus ribes 
Humata sp 
Isachne albens 
Omalanthus populneus 
Passiflora edulis 
Rubus alceaefolius 

Species score on axis I 
in reciprocal averaging 
analysis 

55 
55 
55 
55 
55 
55 
60 
70 
73 
73 
74 
75 
75 
75 
75 
79 
79 
79 
81 
82 
86 
89 
89 
89 
89 
89 
89 
89 
89 
89 
89 
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B. Species apparently preferring dry land sites 

Collection 
Number 

208 
214 
201 
300 
168 
190 
302 
193 
204 
189 
199 
194 
162 
191 
233 
231 
229 
96/244 
232 
234 

230 
228 

Name 

Saurauia vulcani 
Setaria palmifolia 
Breynia microphylla 
Cyperus brevifolius 
Eupatorium inulifolium 
Eleusine indica 
Oxalis corymbosa 
Arnaranthus hybridus 
Cassia floribunda 
Cuphea balsamona 
Cyclosorus sp. 
Desmodium repandum 
Solanum nigrum 
Tithonia diversifolia 
Arundina graminifolia 
Eurya sp. 
Rhododendron sp. 
Rhodoleia championi 
Schefflera sp. 
Symplocos cochinchinensis ssp. 
laurina var. laurina 
Vaccinium sp. 
Wendlandia glabrata 

contd. 

Species score on axis I 
in reciprocal averaging 
analysis 

89 
89 
93 
93 
94 
98 
98 

100 
100 
100 
100 
100 
100 
100 
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C. Species occurring in both wet and dry land sites 

Collection 
Number 

133 
107/164 
122 
135 
143 
129 
112 
148/174 
169 
188 
254 
125 
173 
124 
171 
198 
139 
141 
150 
154/220 
175 
136 

Lycopodium cernuum 
Rhynchospora rugosa 
Viola pilosa 
Hypericum japonicum 
Cyperus kyllingia 
Centella asiatica 

Name 

Paspalum orbiculare 
Spiranthes sinensis 
Pogonatherum saccharoideum 
Plantago major 
Eragrostis unioloides 
Cyclosorus sp . 
Melastoma affine 
Dicranopteris currani 
Bidens pilosa 
Oxalis corniculata 
Polygala paniculata 
Ageratum conyzoides 
Axonopus compressus 
Firnbristylis dichotoma 
Murdannia nudiflora 
Drymaria cordata 

Species score on 
axis I in reciprocal 
averaging analysis 

5 
6 

17 
19 
22 
27 
27 
32 
42 
46 
47 
49 
50 
56 
58 
63 
65 
68 
70 
72 
88 
95 



Species having such a distribution include Centella asiatica and 

Hyper icum japonicum. 

A list of selected taxa and their apparent preferred environment, 

as deduced from these studies, based on field observations and 

reciprocal averaging analysis, is given in Table 4.16. It is not 

suggested that the species listed are totally restricted to these 

sites, but rather that they were most commonly found at them in 

this area of Sumatra. Further studies might lead to 

modifications of these conclusions. 

Several points relating to Table 4.16 are worthy of note. 

Pteridium aquilinum, Urena lobata, Eupatorium inulifolium and 

Dianella ensifolia were recorded only at dry land sites in the 

Danau di Atas region, and were not observed on any of the swamps 

examined. However Morley (1976) found all of these species in 

swamp vegetation at Danau Padang. 

Although Lycopodium cernuum was recorded in only one plot on the 

swamp, it was observed to be qui te common in the dry land 

vegetation of the region, for example, on unshaded banks 

alongside roads. It has therefore been allocated to the category 

of taxa occurring both at wet and dry land sites. 

The sequence in Table 4.16 beginning Arundina graminifolia 

(collection number 233) and ending with Wendlandia glabrata 

(collection number 228) have no species scores in the reciprocal 

averaging analysis as they were present only in plot 19, which 

was excluded from the analysis. 
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4.12 The altitudinal sequence of vegetation on Gunung Kerinci 

The vegetation of G. Kerinci was not examined as part of this 

study. However, since an altitudinal sequence of modern pollen 

samples from the mountain was studied in order to elucidate 

patterns of pollen deposition with altitude, it is pertinent to 

consider the types of vegetation which occur on the mountain. 

4.l2a Sample plots examined by Dr J. R. Flenley 

Dr J. R. Flenley studied the composition of three plots on the 

mountain in 1976. Details of the environmental variables and 

floristic composition of these are provided in Tables 4.17 and 

4.18 respective lye 

Plot 3 was situated at 2700 m a.s.l. in low forest 5-6 m tall, 

and basal area of species present was recorded. A species of 

Myrsine was dominant, providing 40% of the basal area of the 

plot, while Symplocos sp. and Cyathea sp. were also important. 

Other taxa recorded included Meliosma lanceolata and Ardisia sp. 

Poles of a Rubiaceae and Eurya cf. slabra were also common 

although they did not contribute much to the total basal area of 

the plot. 

At plo t 2, 30 1 0 m a. s . 1 . , the low for est, 2 - 4 m tal l, was 

enumerated using estimates of cover. At this altitude Myrica 

1avanica and Rhododendron retusum were both important, both 

providing 25% cover. Other important species included Eurya cf. 

~labra, Myrsine sp. and Vaccinium sp. Other taxa present 
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TABU 11.11 

Env1ronaental var1ables recorded 1n the G. Ker1nc1 plots (by Dr J.R. Flenley) 

Plot 

2 

3 

Altitude 
(m) 

3315 

3010 

2100 

So11 
pH 

6.0 
(0-10ca) 

5.0 
(0-10cm) 

5-5.5 
(0-10cm) 

So11 
temperature 

(oC) 

9.0 
lOom 1n at 
base of 900lIl 
vert1cal 
faoe 

10.5 at 
10ca depth 
1n peat 
10.2 at 
200m depth 
1n peat 

10.1 
at 10011 

So11 descr1ption 

0-2 om Humus 
2+om Fresh ash 

0-20om Humus 
20+0m Weathered ash 

Slope 

o. 150 

c. 100 

0-15ca Leaf 11tter c. 5-100 

15-20om Peat or IIOr hUlllus 
20-ll5om Loam, organ1c ricb 
115-15cm Weathered ash and abundant 

organic utter 
15+ca Grey weathered ash 

Descr1pt1on 

S1ted at the upper limit of 
cont1nuous vegetat1on. 
Vegetation he1ght 0.5-1 m. 
Plot size 20m x 20. 

Vegetation 2-lIm tall. Hyr1ca 
javaniea 3..1i., other 
spec1es 1-3m. Plot 
s1ze 30m x IIm 

Forest 5-6m tall, ground flora of 
Urticaceae and ferns 
Plot s1ze 30. x 4m 



TABLE 4.18 

Floristic composition of G. Kerinci plots 1-3 (Dr J.R. Flenley) 

Collection 
Number 

76/1 
76/2 
76/3 
76/4 
76/5 
76/6 
76/7 
76/8 
76/9 
76/10 
76/11 
76/12 
76/13 
76/14 
76/15 
76/16 
76/17 
76/18 
76/19 
76/20 
76/21 

Name 

Rhododendron retusum 
Vaccinium sp. 
Gaultheria punctata 
Gahnia javanica 
Senecio sp. 
Carex sp. 
Myrica javanica 
Eurya cf. glabra 
Polygonum cf. paniculatum 

Myrsine sp. 
Meliosma lanceolata 

Dendrophthoe sp. 
Ardisia sp. 
Symplocos sp. 

? 
Symplocos sp. 
Cyathea sp. 
Schefflera sp. 

? 
Anaphalis javanica 
Rubus spp. 
Blechnum sp. 
Gleichenia sp. 
Other ferns 

+ = Present 
* = Present as hemiparasite 

Family 

Ericaceae 

Cyperaceae 
Cornpositae 
Cyperaceae 
Myricaceae 
Theaceae 
POlygonaceae 
? Theaceae 
Myrsinaceae 
Sabiaceae 
Rubiaceae 
Loranthaceae 
Myrsinaceae 
Symplocaceae 

Symplocaceae 
Cyatheaceae 
Araliaceae 

Compositae 
Rosaceae 
Dennstaedtiaceae 
Gleicheniaceae 

% Cover % basal area 
Plot 1 Plot 2 Plot 3 

5 25 
20 10 

5 5 
5 5 
+ 
1 

25 
15 3.0 

2 
2 

15 40.3 
7.6 
1.0 

* 
0.7 
5.6 
+ 

19.7 
19.2 
+ 
2.8 

+ 2 
2 
5 
5 
5 



included Gaultheria punctata, Gahnia javanica, Anaphalis 

l!vanica, Gleichenia sp. and Blechnum sp. 

The upper limit of continuous vegetation had been reached in the 

vicinity of plot 1, 3315 m a.s.l. The vegetation in this plot 

was 0.5-1 m in height, and was assessed using estimates of cover. 

About 40% of the plot was bare ground, with Vaccinium sp.(20% 

cover), Rhododendron retusum, Gaultheria punctata and Gahnia 

javanica. Also present were Senecio sp., Carex sp., and 

Anaphalis javanica. 

4.12b The vegetation of G. Kerinci as described by Jacobs (1958) 

Jacobs (1958) described the vegetation of G. Kerinci as observed 

during an ascent of the peak, as outlined below. 

At c. 2050 m a.s.l. the vegetation is a forest in which Fagaceae 

are important, including species of Lithocarpus and Castanopsis 

along with Schima and Symingtonia populnea (R. BR. ex GRIFF.) 

STEEN. The forest at this altitude is however very diverse and 

many species are recorded. This is lower montane forest 11 

according to the Kerinci zonation scheme used in the present 

study. 

At 2400 m a.s.l. a girdle of Gleichenia spp. is encountered, 

which is almost impenetrable. In addition to Gleichenia spp. and 

Dicranopteris sp. this includes Rubus spp. and Toddalia asiatica 

LAMK. The upper limit of this belt is at 2800-2900 m a.s.l. 

Trees and shrubs present within the belt include Lithocarpus 

!9nticola (KING) REHD., Meliosma sp., Viburnum spp., Litsea 
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cubeba PERS., Glochidion rubrum BL., Eurya decurrens DE WIT and 

Symplocos spp. Herbaceous taxa present include Isachne a1bens 

TRIN. and Sanicula europaea L. Loranthaceae are common and 

epiphytes are abundant, including Belvisia sp., Lycopodium sp. 

and Usnea. The origins of this belt are not understood: Jacobs 

(1958) found no traces of fire, which might have caused it, nor 

did he consider that landslides were a likely cause, because of 

the scale of the Gleichenia belt, and its limited altitudinal 

range. Both Jacobs (1958) and Morley (1976) considered that the 

porous, dry soil at these altitudes might have been a possible 

cause of the Gleichenia belt, suggesting that it is too dry to 

support foreat. Below 2400 m the warmer climate may have enabled 

the forest to supersede the Gleichenia and above 2800 m the cold 

perhaps prevents Gleichenia from competing with the ericoid 

forest (Jacobs, 1958). 

At the upper limit of the Gleichenia belt, at 2800-2900 m the 

Gleicheniaceae become lower and low trees and shrubs occur. 

These include Leptospermum sp., Glochidion sp., Gordonia 

densiflora RIDL., Symplocos aff. sessilifolia (BL.) GURKE and 

Rhododendron retusum (BL.) BENN. This develops into a dense 

'ericoid' forest consisting mostly of Rapanea sp. (now possibly 

Myrsine) and Vaccinium miguelii BOERL. with these and other 

species which include Myrica javanica BL., Litsea cubeba, Ardisia 

sp., and scattered tree ferns, Cyathea sp. Herbaceous taxa 

include Nepenthes cf. pectinata, Senecio sumatranus MART. and 

~vena junghuhnii BUSE. 
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The ericoid forest is replaced abruptly by ericaceous shrubby 

vegetation at 3000 m a.s.l. Species present include Gaultheria 

nummularioides D. DON, ~ fragrantissima WALL., Rhododendron 

retusurn, Myrica javanica, Eurya obovata (BL.) KORTH var. 

reticulata (KORTH.) DE \VJT, Nertera depressa BANKS & SOLAND, 

Gentiana sumatrana RIDL. and Anaphalis ~vanica SCH. SIP. Within 

the ericaceous scrub zone the vegetation gradually loses height 

and thins out. Various species disappear at different altitudes, 

for example, Myrica javanica and Gaultheria numrnularioides are 

found to 3200 m a.s.l., while Eurya obovata is found to 3250 m 

a.s.l. Few species are found above this altitude, but include 

Gaultheria fragrantissima, Rhododendron retusum, Vaccinium 

miquelii, Gahnia javanica ZOLL. & MOR., Carex verticillata ZOLL. 

& MOR. and Histiopteris incisa (THUNB.) J.SM. The latter two 

species occur to the highest altitudes, over 3500 m a.s.l. 

although few specimens of any taxa exist above 3400 m a.s.l. 

(Jacobs, 1958). 

This description is approximately in accordance with Flenley's 

plots. His plot 3 is apparently in the ericoid forest of Jacobs 

although at a slightly lower altitude. Flenley (pers. cornrn.) 

suggests that in fact the Gleichenia scrub and ericoid forest 

formed a mosaic of vegetation types at this altitude. The ericoid 

forest is a division of the Upper Montane Rain Forest Formation 

of Grubb (1974) and Whitmore (1975). Flenley's plots 2 and 1 are 

both in the er icaceous scrub of Jacobs; this is a Iso a di vision 

of the Upper Montane Rain Forest Formation. 
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CHAPTER 5 

MODERN POLLEN RAIN STUDIES 

5.1 The techniques a vai lable for the study of modern poll en rain 

Modern pollen rain studies are usually carried out to obtain 

information about relationships between the actual vegetation of 

an area, and the pollen it produces. Without such information 

the interpretation of fossil pollen diagrams may be largely 

guesswork. Before any interpretation of pollen deposited in 

sediments can be made, it is necessary to have some understanding 

as to the nature of pollen production, dispersal, deposition and 

preservation, and more specifically, how these are affected by 

the particular circumstances prevalent in the area of study. 

Quite a considerable body of knowledge has built up in the years 

since von Post (1916) first introduced pollen analysis as a 

geological tool. Approaches to the various problems posed by the 

method are considered in the following sections. 

A variety of collection methods may be used to study modern 

pollen rain, the pollen production of the contemporary 

vegetation. Basically they can be divided into two groups, those 

which employ naturally occurring pollen accumulating sediments, 

and those which employ artificial traps. 

Mosses often occur in the form of polsters, and these and other 

bryophyte forms may act as efficient traps of airborne particles, 

including pollen and spores. By extracting these from such 

polsters, information about the pollen production and deposition 
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of local plant communities can be obtained (eg. Birks, 1973; 

Hicks, 1977; Grabant, 1980). The major drawback with this method 

is that the exact time over which the pollen has been deposited 

is unknown, as too, is the rate of breakdown of pollen trapped 

within the polster. However, the method does have the advantage 

that only one collection has to be made, thus removing the 

necessity of numerous trips to a field area. If sufficient depth 

of the polster is removed it will represent several years 

accumulation, which may also be advantageous, since fluctuations 

in pollen production will be averaged out in the analysis. This 

may also be useful in tropical areas where flowering of some taxa 

is irregular and infrequent. 

Other types of sediment may also trap pollen. Soils occasionally 

yield pollen (Birks, 1973), but generally the pollen in soils 

undergoes rapid decomposition due to high levels of oxidation and 

bacterial action. Other types of surface sediment may however 

yield large quantities of pollen; anaerobic conditions are 

usually prevalent at such sites. 'I'hese include swamp and bog 

surfaces, environments which have long been recognized as being 

suitable for fossil pollen determination. As with moss polsters, 

the time of deposi tion, and rate of breakdown of pollen are 

unknown. Each of these sites receives pollen from a variety of 

sources, which may be both local and regional, the actual 

proportions of each are dependent on a number of factors. 

Modern pollen rain may also be studied by employing pollen traps. 

A number of types have been used. These range from simple, 

sticky microscope slides to specially designed traps such as the 
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aerodynamically designed trap of Tauber (1967a) or traps with 

water overflow facilities capable of being left unattended in the 

field for considerable periods (Flenley, 1973). Advantages of 

using these types of pollen traps are that absolute values of 

pollen deposition per unit time can be calculated. They can also 

be placed at different heights in vegetation stands in order to 

study pollen transport through different parts of the vegetation. 

This would not normally be possible using naturally occurring 

pollen traps, although the rich growths of epiphytic mosses which 

occur in parts of the tropica 1 forests cou Id perhaps be used in a 

similar fashion and might yield interesting results. One 

potential problem with the use of artificial traps is that they 

may act differently on pollen and spores than do natural 

deposition processes, and therefore deposition in them may not be 

comparable with deposition in a natural site. 

5.2 Studies of modern pollen characteristics 

5.2a Relative pollen production, dispersal, deposition and 
preservation 

All taxa do not produce identical amounts of pollen, nor does the 

pollen production by different taxa relate to factors such as 

size. Pollen production by different species may however be 

broadly related to their pollination mechanisms. Wind 

pollinated, or anemophilous plants tend to produce large amounts 

of pollen whereas insect pollinated (entomophilous) plants tend 

to produce small amounts. The latter is particular ly often 

8ticky or spiny. Some plants have very specific pollination 
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mechanisms, for example, species of the genus Ficus have enclosed 

inflorescences in which pollination is brought about by a 

parasitic wasp. The pollen of Ficus is not commonly found in 

sediments, and where it does occur may be a result of the 

breakdown of inflorescences which have fallen from parent trees 

(Morley, 1976). Pollination mechanisms may therefore affect the 

representation of pollen in sediments. 

Pohl (1937) estimated actual pollen production in grains/m2 of 

stand for a variety of North European tree species. From these 

he calculated values for the relative production of pollen by 

these taxa. Although the results obtained were not directly 

applicable to fossil pollen studies, they were at least an aid in 

interpretation and did demonstrate the large pollen production of 

anemophilous taxa compared with entomophilous ones. 

pollen grains are affected differentially by dispersal 

mechanisms, depending on their size, weight and other attributes 

such as possession of air sacs. Some types of pollen are sticky 

or spiny and form clumps which are not dispersed far. Examples 

of extreme clumping are found in the pollen of Orchidaceae and 

Asclepiadaceae which consequently do not disperse widely and are 

rarely found in fossil sediments. The source at which pollen 

enters the dispersal system is also important as it determines 

subsequent dispersal patterns. Clearly, pollen produced at 

canopy height stands a greater chance of wide dispersal than of 

identical pollen produced at ground level. 

Approaches to the study of pollen dispersal have included both 
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theoretical, and field studies. A major contribution to the 

understanding of pollen dispersal in temperate areas was provided 

by Tauber (1965). He produced a composite model for pollen 

dispersal and deposition. This was based on the theoretical 

behaviour of small particles carried in the atmosphere as 

formulated by workers such as Sutton (1932, 1947), and was tested 

by extensive field studies using pollen traps. The model 

proposed three major components of aerial pollen transport. The 

canopy component comprised those grains picked up and transported 

above the tree canopy, the trunk space component was made up of 

pollen grains picked up and carried by wind within the trunk 

space, and the rainout component comprised that pollen washed out 

of the atmosphere by contact with raindrops. Tauber's field 

results (1967a, 1977) certainly appeared largely to support his 

proposed model. The model also predicted that the contribution 

of the three components would vary at different depositional 

sites (Tauber, 1965). Small sites such as small bogs or lakes 

within forested areas would have a more important trunk space 

component than large sites (eg. larger lakes or open deposition 

sites within forested areas) which would conversely show greater 

representation of the canopy component. Tauber (1967b) also 

recognized that pollen taxa would be differentially filtered if 

the air carrying them was to pass through dense vegetation, such 

as a thicket surrounding a small depositional site. This 

filtration would come about by the impaction of grains against 

twigs and trunks and would affect the composition of the 

resul tant pollen spectrum. However, unless a deposi tional site 

was actually densely vegetated, this would be of significance 
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largely to the composition of the trunk space component, and 

therefore would be of importance only at sites where this 

component was itself the major contributor to the total pollen 

spectrum. It would therefore be most significant at small 

depositional sites. Andersen (1974) found that high winds in 

spring and summer transported pollen grains rapidly, and reduced 

the differential filtration effects of large and small pollen 

grains. 

Tauber's model of pollen transfer was developed within a forested 

area in the North Temperate zone and it was not originally known 

how applicable the model would be in a tropical environment, 

where, for example, air movement within the trunk space is often 

small (Richards, 1952; Muller, 1965). However, more recent 

evidence (Flenley, 1973) suggests that the pollen rain in 

tropical regions is of the same nature as in temperate regions, 

except that the components have different relative importance. 

Tauber (1965, 1967a) also recognized the reflotation of pollen, 

due to the washing of leaves and branches by, for example, 

autumn storms. This led to increased deposition of pollen in 

traps at those times of year. However, such reflotation would 

not be of consequence in fossil pollen studies, where such events 

are smoothed out in the pollen record, although it is important 

to recognize them if pollen traps are being used to study pollen 

production of a vegetation type. Leaf litter deposition in 

autumn in seasonal clim~tes may also produce pollen maxima since 

pollen adheres to the leaf surfaces (Kryzwinsky, 1977). 
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Pollen dispersal studies have also been carried out on specific 

taxa, for example, Pinus pollen dispersal from a plantation was 

studied by Turner (1964) in a temperate region, and Morley (1976) 

in a tropical lower montane situation. Pollen concentrations 

fell rapidly with distance in both studies however Morley (1976) 

concluded that pollen dispersion in the tropical example was 

considerably less than in the temperate one. Conant (1978) 

examined the dispersal of isotopically labelled spores of the 

tree fern Cyathea arborea away from the parent plant. He found a 

rapid decline in spore concentration with distance but was able 

to recognize two types of transport. These were poorly dispersed 

whole sporangia, travelling less than 7.5m, and more widely 

dispersed individual spores. 

Aquatic dispersal has been studied far less than aerial 

dispersal, and is the only medium of pollen dispersal in 

relatively few, aquatic, plant taxa (Proctor and Yeo, 1973). 

However, other pollen may be transported by water after being 

deposi ted actua lly on a water surface, or being washed into it by 

surface run off, or bank erosion, from other sites. Inflowing 

streams may contribute a large proportion of the deposited pollen 

in open water lake sediments (Peck, 1973) although at some sites 

they may be of little or no importance. 

Studies of pollen production in mountainous areas have 

demonstrated a tendancy for pollen to be dispersed in an uphill 

direction (Rudolf and Firbas, 1926; Flenley, 1973; Salgado

Labouriau, 1979). Where vegetation is sparse and produces little 
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pollen the effect of this pollen dispersal from other vegetation 

types may be particularly noticeable, especially where only 

relative pollen values are available. Flenley (1973) suggested 

that wind regimes in mountains may be an important factor in 

uphill transport of pollen, up-valley winds being prevalent 

during the day when most pollen is released, and down-valley 

winds being prevalent at night when pollen content of the air is 

normally low. While pollen is often transported uphill on 

mountains froIn its source, movement downhill is much less conunon. 

Other factors which have been investigated include pollen 

incorporation and mixing in sediments, and preservation. Studies 

of pollen incorporation on a bog surface using marked grains 

showed that pollen at a sediment surface could be moved down into 

the sediment, by water, although distances involved were small 

(Rowley and Rowley, 1956). In lake sediments reworking and 

resuspension may occur several times before the sediments are 

buried deeply enough not to be resuspended (Davis, 1968) and 

once deposited may be mixed vertically by the activities of 

burrowing animals. Davis (1974) showed that the latter could 

move pollen as much as 15 cm, but usually the distance was much 

less than thi s. In anaerobic 1 akes there may be lit t 1 e or no 

bottom fauna and this mixing may not occur. The results of these 

studies do suggest that fossil pollen spectra may be very much an 

average of a number of years deposition. 

Pollen types differ in their resistance to corrosion which may be 

caused by oxidation, high temperatures, mechanical forces or 

bacterial decay. For example, pteridophyte spores are often quite 
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resistant while pollen of some taxa, such as members of the 

Lauraceae, rapidly decay under oxidizing conditions. Resistance 

may be related to the sporopollenin content of the grain (eg. 

Havinga, 1967), greater sporopollenin content conferring greater 

resistance. Differential preservation may account for the 

virtual absence of some taxa, such as Lauraceae, from fossil and 

even modern pollen spectra, which can present problems in 

interpretation. 

5.2b Pollen - vegetation relationships 

The studies previously described have largely been involved in 

the formulation of general models for pollen production, 

dispersal and incorporation, which provide a basis for the 

understanding of fossil pollen assemblages. However, other 

approaches have also been used to study modern pollen rain, and 

most of these involve comparing the present vegetation with the 

pollen rain it produces. Early approaches included that of Davis 

and Goodlett (1960) and Davis (1963) who calculated R-values on 

the basis of the species representation in the surrounding 

vegetation compared with representation in the pollen assemblages 

from surface samples of ponds. These conversion factors were 

then applied to fossil pollen spectra, to aid interpretation. 

However, they had to be used with caution as a number of 

assumptions were made in the calculation of these. Furthermore, 

subsequent studies revealed that pollen production by a species 

i8 not constant and can vary with environmental conditions and 

even with the abundance of the particular species within the 
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conununity (Janssen, 1967). 

Relationships between distinct vegetation types and pollen in 

moss polsters or surface sediments have been studied by a large 

number of workers (eg. Hicks, 1977; Salgado-Labouriau, 1979; 

Grabant, 1980). Results of such studies rarely show a 

straightforward relationship between vegetation and its pollen 

rain, due to the complexity of the situation as was outlined in 

the previous section. A background effect of regional pollen, or 

pollen of taxa not recorded in the vegetation is usually present 

(Grabant, 1980). Caratini et al. (1973) showed for a South 

Indian mangrove that nearly 25% of the pollen in surface samples 

was derived from vegetation outside the mangrove, and highest 

values of this allochthonous pollen were in samples taken from 

wide channels. In this case transport of pollen by water was 

particularly important. Although pollen dispersal and deposition 

patterns complicate relationships between vegetation and pollen 

rain, these do emerge (eg. Rymer, 1973; Tinsley and Smith 1974; 

Salgado-Labouriau, 1979; Bradshaw, 1981; Heide and Bradshaw, 

1982). Certain taxa may also emerge as markers in the pollen 

spectrum, strongly indicating the presence of a particular 

vegetation type (Salgado-Labouriau, 1979). All of such 

information aids in the interpretation of fossil assemblages. 

Relationships between vegetation and pollen rain may be difficult 

to quantify and a number of workers have aimed at developing 

robust statistical techniques to serve this purpose. Such 

quantification of relationships also reduces subjectivity. 

8ecause of the complex nature of the data most approaches involve 
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the use of multivariate statistics (eg. Kershaw, 1973: O'Sullivan 

and Riley, 1974; Birks et al., 1975; Caseldine and Gordon, 1978). 

Situations in which the techniques have successfully been applied 

have usually had fairly distinct vegetation types, and it has 

been possible to distinguish vegetation types in terms of pollen 

spectra (eg. O'Sullivan and Riley, 1974; Caseldine and Gordon, 

1978). However, problems may arise from the data itself both due 

to its variabi 1 i ty, and due to other factors such as species wi th 

low or no pollen representation, which cause 'blind spots' in the 

analysis (Birks, 1973) . Having quantified vegetation - pollen 

relationships there is still the possibility that past vegetation 

types do not always have a modern analogue, which may reduce the 

success with which the information can be applied in interpreting 

fossil assemblages. 

In tropical rainforest the problems associated with the study of 

vegetation - pollen relationships may be greater than in 

temperate regions, where much of the work has been carried out. 

The richness of the flora, lack of dominance of particular 

species and complexity of forest structure present difficulties 

in quantifying vegetation, while difficulties in identification 

of much of the pollen to specific level present problems to 

acquisition of pollen data. Often vegetation changes in the 

tropics are very gradual which makes recognition of distinct 

vegetation types difficult. However, Kershaw (1973) applied 

numerical analysis to data from a North Queensland rain forest 

and found quite good correlations between the floristic vectors 

and those from pollen data. However, he had simplified his rain 
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forest vegetation data by including only the larger trees. As 

vegetation does change with altitude, and distinct vegetation 

types are often more easily recognizable at high altitudes, so 

studies of vegetation pollen relationships in the tropics have 

also been concentrated in high montane areas (eg. Hamilton, 1972; 

Salgado-Labouriau, 1979). This study aims to demonstrate 

vegetation- pollen relationships in a tropical lower montane 

region. 

5.3 The aims of the present study 

Modern pollen rain studies were carried out in the Danau di Atas 

region for several reasons. 

i) To elucidate the nature and magnitude of pollen rain 

components within forested areas, and to clarify any 

vegetation-pollen relationships among the arboreal taxa 

involved. 

ii) To elucidate pollen deposition patterns in a variety of non

forest environments, including swamps, in order to assess 

the nature and magnitude of local pollen production and 

regional pollen deposition at such sites. In addition it 

was hoped that pollen spectra characteristic of open 

conditions would become apparent, which might be of use in 

interpreting fossil pollen diagrams. 

iii) To study pollen rain variations with altitude on Gunung 

Kerinci as these were potentially important for the 

interpretation of fossil pollen diagrams, if depression of 

vegetation during the Late Quaternary had occurred in this 
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area. 

In order to carry out these studies, moss polsters and surface 

samples were collected from a variety of locations in the area. 

pollen rain in forested areas was studied using moss polsters 

collected from plots 1-4, 20 and 24. Deposition patterns in non

forest were studied using moss polsters and surface samples from 

swamp sites (plots 5-13) and regrowth sites (plots 14-19). 

However, two of the samples from regrowth sites (plots 14 and 15) 

contained no pollen. The study of pollen rain variations with 

altitude was facilitated by the availability of eleven surface 

samples collected from Gunung Kerinci by Or J. R. Flenley, from 

altitudes ranging from 1935 ID to 3315 m a.s.l. These samples 

were of particular interest as the pollen rain from lower 

altitudes in the area (1230 ID - 2190 m a.s.l.) had already been 

examined by Morley (1976), the combined studies therefore 

encompass a considerable altitudinal range. It was not within 

the realms of this study to set up a pollen trapping programme in 

the field since only one field trip to the area was envisaged. 

Therefore the studies of modern pollen rain are based only on 

relative pollen values in surface samples. A pollen trapping 

programme would however have had some advantages since it would 

have provided estimates of absolute pollen deposition values and 

these would have permitted more accurate elucidation of the 

vegetation-pollen relationships, and of the nature of the pollen 

rain components. 

Collection and preparation of moss polsters and other surface 
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samples was as described in Chapter 3 and Appendix 2. 

Fig. 5.1 shows the pollen assemblages recorded in all surface 

samples from the Danau di Atas region, while Fig. 5.4 shows 

pollen assemblages from the G. Kerinci samples; the pollen sum is 

Total Dry Land Pollen (TDLP). In both diagrams the palynomorph 

taxa are arranged broadly according to life form and habitat. 

Brackets are used to indicate those having source taxa with a 

variety of life forms or habitat preferences. Dry land pollen 

taxa are arranged to the left of the pteridophyte spores. 

Summary diagrams are provided in two forms. Figs 5.2 and 5.6 show 

the composition of the arboreal pollen sum in terms of 

altitudinal forest types. Definition of arboreal pollen and 

allocation of pollen taxa to groups sometimes presented 

difficulties. Some pollen types have a number of possible 

sources which may be arboreal or non-arboreal, or which may occur 

in a wide range of altitudinal forest types. The allocation of 

pollen taxa to the various altitudinal forest categories was made 

on the basis of several sources of information. Clearly the 

vegetation studies carried out in the Danau di Atas area, and 

those from G. Kerinci described in Chapter 4 provided much 

information as to the altitudinal preferences of source taxa. 

However these studies were not entirely comprehensive, so further 

information about source taxa was drawn from sources including 

Morley (1976) which includes studies of vegetation in the Kerinci 

area, Flora Malesiana and Flora of Java (Backer and Bakhuizen 

Van den Brink, 1963-1967). Where source taxa are found in a wide 

range of altitudinal forest types the pollen taxon has been 
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placed in the category 'common to all lower montane forest 

types', even if the sources may occur also in vegetation at 

higher or lower altitudes. Generally, pollen taxa of more 

restricted range have been allocated to the category which most 

probably includes their source, although it is possible that 

occasionally their source may lie within a different altitudinal 

forest group. Particular problems were encountered in allocation 

of taxa to the categories 'ericoid forest and Gleichenia scrub' 

and 'ericaceous scrub'. Myrsine comp. and Vaccinium comp. were 

allocated to the fornler category on the basis of the abundance of 

Vaccinium sp. (y. miguelii) and Myrsine sp. in this vegetation 

on G. Kerinci (Section 4.12). However Vaccinium spp. also occur 

in other vegetation types, and Myrsine affinis was also present 

in swamp forest in the Kerinci area (Morley, l~76). Myrica comp. 

and Rhododendron comp. were allocated to the 'ericaceous scrub' 

category, again because the nominate taxa are prominent in this 

vegetation on G. Kerinci. However, Rhododendron spp. do occur at 

lower altitudes in a variety of habitats and therefore other 

sources for this pollen are possible. Myrica comp. may be 

derived from Myrica javanica or Myrica esculenta and while the 

former is prominent at high altitudes the latter occurs at lower 

altitudes and may be found in well drained situations and in 

light forest (Backer, 1954). Allocation of pollen taxa to these 

two higher altitudinal forest groupings is therefore more 

tentative than for other categories. Appendix 6 shows the actual 

allocation of taxa to the altitudinal forest groups. 

Pigs 5.3 and 5.7 are summary diagrams in which the total pollen, 
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excluding aquatics, unknown and unidentifiable grains is shown in 

terms of most likely source habitat. This pollen sum has been 

termed the Dry Land Pollen or DLP to distinguish it from TDLP. 

Allocation of pollen taxa to categories was again based on the 

ecological preferences of source taxa as determined by the 

present vegetation studies (Chapter 4) and information from the 

available literature. Again some problems arose in the 

allocation of pollen taxa to categories, some had such a wide 

range of possible sources that they had to be allocated to the 

category 'various'. Gramineae and Cyperaceae were allocated to 

the non-forest and swamp category although they do occur less 

commonly in other habitats such as forest. 

5.4 pollen rain within the forests of the Danau di Atas region 

5.4a Results 

Results of pollen analysis of moss polsters from plots 1-4, 20 

and 24 are shown in Fig. 5.1 where the pollen sum is Total Dry 

Land Pollen. Details of the pollen rain recorded in the six 

forest plots are given below. For comparison of pollen 

production with representation of source taxa the percentage of 

Total Arboreal Pollen of the pollen taxon can be compared with 

the percentage basal area of probable source taxa in the plot, 

for trees of 30 cm girth and greater. Values of these for 

selected pollen taxa are provided in Table 5.1. Forest taxa are 

considered as having probably been represented in the pollen rain 

if they produce pollen of one of the types identified in the 

surface sample. Other sources of pollen such as small shrubs, 
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ground flora, climbers and epiphytes cannot be compared with 

pollen production in this way since they were not included in the 

enumerations of forest plots. However, these contribute a 

relatively small amount to the total pollen spectrum, as 

demonstrated in Table 5.2, which shows the nature of the 

components of the pollen rain in terms of arboreal, non-arboreal 

and unclassified origin. Arboreal taxa have also been 

tentatively divided into those types having their origin from 

species which occur predominantly in the canopy, and those which 

are more often understory trees. It should also be noted that 

source taxa of the pollen recorded in a plot do not necessarily 

occur in that plot, and they may be present in the surrounding 

forest. Because of the floristically diverse nature of these 

forests it is a little more difficult to relate pollen production 

to source taxa than would be the case in more uniform vegetation 

stands such as those in temperate regions. 

The pollen sample from plot 1 was dominated by Hacaranga comp., 

with significant amounts of Lithocarpus/Castanopsis comp., 

Quercus comp. and Nyrtaceae. A number of other taxa were present 

in small amounts and incl uded Al tingia comp., Symplocos comp., 

Myrsine comp. and Lauraceae. In addition pteridophyte spores 

contributed the equivalent of about 14% TDLP and sources of these 

probably included both terrestrial and epiphytic taxa, plus the 

tree fern Cyath~ (Fig. 5.1). 

Of the twenty species of arboreal taxa recorded at the site, 

thirteen species, which in total contributed more than 70% of the 

basal area of the plot, were probably represented in the pollen 

181 



rain. Those taxa not apparently represented in the pollen rain 

included two uncollected and therefore unidentified species, 

along with Prunus arborea, Claoxylon longifolium, Turpinia 

sphaerocarpa, Ardisia sp. and Flacourtia rukam. 

At this site, most of the pollen, over 92% TDLP was most likely 

of arboreal origin (Table 5.2). However, a large part of the 

arboreal pollen may have been derived from understory rather than 

canopy taxa. The bulk of this was composed of Macaranga comp., 

itself derived most probably from species of Macaranga. These 

are typically pioneer trees, and they often colonise gaps which 

form within forests (Whitmore, 1975). Morley (1976) considered 

that Macaranga spp. were often highly over-represented in the 

pollen sum. The high values of Macaranga comp. recorded at this 

site may be an indication of over-representation, as the basal 

area of probable source taxa is small (2.9% basal area versus 

49.1% Total Arboreal Pollen, Table 5.1). However, the possibility 

of a source outside the perimeter of the plot or from trees 

having a girth of less than 30 cm cannot be ruled out. Also of 

note is the very low representation of Lauraceae pollen (less 

than 1%), whereas source taxa comprise over 34% of the basal area 

of the plot. This may be due largely to poor pollen preservation 

in this fami lye 

The pollen assemblage obtained from plot 2 was quite diverse, but 

was dominated by Lithocarpus/Castanopsis comp. and Quercus comp. 

The large number of other pollen taxa recorded as low percentages 

included Adinandra comp., Altingia comp., Longetia, Elaeocarpus 
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camp. and Lauraceae. Pteridophyte spores, recorded outside the 

pollen sum, accounted for the equi valent of c. 23% TDLP and were 

of variable source (Fig. 5.1). 

Of the sixteen tree species recorded in this plot, nine were 

represented in the pollen assemblage, and had accounted for over 

90% of the basal area. Taxa which were not apparently 

represented in the pollen assemblage were Styrax paralleloneurum, 

weinmannia blumei, Vernonia arborea, Tetractomia obovata~ Tarenna 

fragrans and Fagraea sp. A large proportion of the pollen rain, 

about 77% TDLP was of arboreal origin. Pollen unclassified as to 

or ig in made up a further 19% and tha t of non-arborea 1 source the 

remaining 4%. Most of the arboreal pollen was derived from 

canopy rather than under story taxa (Table 5.2). 

comparison of selected pollen taxa and probable source for plot 2 

(Table 5.1) showed Lauraceae, uncommon in the plot, to be 

represented by small but significant amounts of pollen. 

Lithocarpus/castanopsis comp. and Quercus comp. were important 

both at the site and in the pollen assemblage. Also notable was 

the relatively low pollen percentage of Myrtaceae recorded (3.9% 

Total Arboreal Pollen) compared with the large basal area (37.1%) 

of this family recorded in the plot. 

Lithocarpus/Castanopsis comp. was one of the dominant taxa 

recorded in the pollen assemblage from plot 3, while Memecylon 

camp. and Myrtaceae also contributed significantly to the pollen 

sum. Other pollen taxa recorded included Adinandra comp., 

Ouercus camp., Schima, Macaranga camp. and Meliaceae/Sapotaceae 
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comp. Pteridophytes contributed the equivalent of 25% TDLP and 

included Cyathea comp., Gleichenia camp. and Asplenium comp. 

(Fig. 5.1). 

Of the thirty six tree taxa recorded in the plot, eighteen were 

apparently represented in the pollen assemblage, and had 

contributed over 70% of the basal area. Taxa not represented in 

the pollen assemblage included two uncollected and therefore 

unidentified species, nine members of the family Lauraceae, 

Drypetes sp., Garcinia lateriflora, Ternstroemia patens, Alangium 

rotundifolium, Timonius cf. sericeus, Gynotroches axillaris and 

Olea javanica. Over 80% TDLP was most likely from an arboreal 

source, and most of this was derived from the canopy rather than 

the understory (Table 5.2). Non-arboreal taxa contributed only 

6% TDLP, the remainder being unclassified as to source. 

comparison of selected pollen taxa and probable source taxa for 

plot 3 shows some quite interesting resul ts (Table 5.1). 

Lauraceae, which contributed 12.7% of the basal area of the plot 

were absent in the pollen assemblage. Lithocarpus/Castanopsis 

comp. was common in the pollen assemblage, and possible source 

taxa were equally well represented in the plot. Schima, which 

was important in the plot (22% basal area) appears to have been 

somewhat under-represented in the pollen spectrum (5.7% Total 

Arboreal pollen). Conversely Macaranga comp. appears to be over

represented in the pollen assemblage (7.7% Total Arboreal Pollen) 

when compared with its basal area in the plot (0.5%). 

Plot 4 yielded a quite diverse pollen assemblage (Fig. 5.1), 
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dominated by Lithocarpus/Castanopsis comp. and Quercus comp. 

Also recorded were Dacrycarpus, Engelhardtia comp., Symingtonia, 

Symplocos comp. and Myrtaceae, plus many other taxa. 

Pteridophyte spores, recorded outside the pollen sum, contributed 

the equi va 1 ent of about 21 % TDLP of which Cyathea comp.made up 

almost half. 

In the plot i tsel f thirty one tree taxa were recorded, of which 

nineteen, contributing c. 68% of the basal area, were represented 

in the pollen assemblage obtained. Those species not apparently 

represented in the pollen assemblage were Weinmannia blumei, 

Platea excelsa, Tetractomia obovata, ~ holtumi, Garcinia 

lateriflora, Ternstroemia patens, Schefflera sp., Caral~ 

brachiata, Goniothalamus sp., Rhodoleia championi and an 

uncollected, unidentified specimen. Arboreal taxa contributed 

over 70% TDLP, a further 8% being of non-arborea 1 source and the 

remainder being of unclassified origin. Most of the arboreal 

pollen was again derived from the canopy (Table 5.2). 

Fagaceae (Lithocarpus/castanopsis comp. and Quercus comp.) were 

well represented in both the vegetation of plot 4 and in the 

pollen assemblage, the same was also true for the Myrtaceae, and 

Elaeocarpus comp. Symingtonia was well represented in the plot 

(9.6% basal area) but appeared to be under-represented in the 

pollen spectrum (1.4% Total Arboreal Pollen). This same pattern 

was found for the Lauraceae and Schima (Table 5.1). 

The pollen assemblage obtained from plot 20 was quite mixed and 

included common Engelhardtia comp. Lithocarpus/castanopsis comp., 
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Dodonaeaand Wendlandia comp. Other taxa recorded included 

Quercus comp., Myrtaceae, Elaeocarpus comp. and Tarenna fragrans. 

Pteridophyte spores were relatively abundant, contributing the 

equivalent of c. 40% TDLP, and included Cyathea camp., Asplenium 

comp. and Lindsay~ sim. (Fig. 5.1). 

Of the eleven species recorded in the plot, six were represented 

in the pollen assemblage and had accounted for over 50% of the 

basal area. Taxa not represented in the pollen assemblage were 

weinmannia blumei, Cinnamomum sp., Symingtonia ~lnea, 

Rhodoleia championi and Schefflera sp. About 74% of the pollen 

recorded in the sample was most likely derived from an arboreal 

source, a further 8% being of non-arboreal source and the 

remainder being unclassified as to origin. Canopy taxa probably 

accounted for about 45% TDLP with understory taxa contributing 

about 29% (Table 5.2). 

comparison of the basal area of species with pollen 

representation shows Dacrycarpus pollen to be very under

represented in the pollen rain in this plot (Table 5.1). This is 

not as expected since in studies elsewhere (Morley, 1982) this 

taxon was consistently over-represented. Lithocarpus/Castanopsis 

comp. is well represented in the pollen assemblage from the plot, 

and the basal area of probable source taxa is of comparable 

magnitude. 

The pollen assemblage obtained from plot 24 was dominated by 

Quercus comp. and Elaeocarpus comp. with small amounts of 

Lithocarpus/Castanopsis comp., Medinilla comp. and Myrtaceae. A 
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number of. other taxa recorded included Dacrycarpus, Ilex cymosa, 

Macaranga comp., Styrax and Symplocos comp. Pteridophyte spores 

contributed the equivalent of c. 26% TDLP and were quite diverse, 

including Cyathea comp., Davallia sim. and Gleichenia comp. 

Sixteen of the thirty tree species recorded in the plot, which 

contributed over 50% of the basal area, were represented in the 

pollen assemblage. Those taxa not represented in the assemblage 

were Turpinia sphaercarpa, Weinmannia blumei, Garcinia 

lateriflora, Symingtonia populnea, Cryptocarya sp., Cinnamomum 

sp., Cratoxylon arborescens, Glochidion sp. and Mischocarpus 

sundaicus. Terminalia sp. and Pternandra sp. were possibly 

represented in the pollen assemblage, having pollen of a 

Melastomataceous type. Almost 85% TDLP was likely to have been 

derived fronl an arboreal source, 4% being of non-arboreal origin 

and the remainder from unclassified source. Canopy components 

contributed the bulk of the arboreal pollen (Table 5.2). 

Fagaceae were well represented in the pollen assemblages and in 

plot 24 itself (Table 5.1). Schima, which contributed over 18% 

of the basal area of the plot, was poorly represented in the 

pollen assemblage (0.4% Total Arboreal Pollen). Conversely, 

Elaeocarpus comp. was a major contributor to the pollen 

assemblage (31% Total Arboreal Pollen) yet source taxa in the 

plot contributed only 3.3% of the basal area. 

S.4b Discussion 

There were sometimes problems in allocating a structural source 

to each pollen taxon, particularly where a taxon had a number of 
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possible source taxa, which on occasions could include more than 

one life form. Despite these limitations some conclusions can be 

drawn. As can be seen from Table 5.2, the bulk of the pollen 

deposited in moss polsters in these forest sites was derived from 

an arboreal source (72-92.5%). Ground and low vegetation 

components contributed relatively little pollen (3.8%). Pollen 

of unclassified origin (4.5-20%) may include elements from either 

or both of these sources. Further examination of the arboreal 

components of the pollen rain show them to have been composed 

predominantly of pollen from canopy taxa at most sites (45 -

75.5%), while pollen derived from understory elements was of much 

l •••• r importanc., except in plot 1 where it w&a 47'_ These 

findings tend to confirm those of Morley (1976) and Kershaw and 

Hyland (1975) that the canopy is the major source of arboreal 

pollen deposited in a tropical forest environment. Of interest, 

is the finding that even within the forest, under quite dense 

vegetation, pollen from the canopy still predominated in pollen 

assemblages. The understory t'rees contributed quite large 

amounts of pollen at some, but not all, sites. This is not 

surprising since samples for analysis were collected within the 

forest vegetation. In these circumstances understory components 

might be expected to contribute a greater proportion of the 

arboreal pollen than they would at a deposition site outside the 

forest. 

Pteridophyte spores recorded in the assemblages (equivalent to 

14-40% TDLP) probably represent deposition of spores produced 

mainly within the plots themselves. The presence of Cyathea 
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TABLE 5.1 

Pollen representation as percentage total arboreal pollen, and percentage basal area of probable source taxa, 
for selected pollen taxa only, for forest plots. 

Pollen Type Plot 1 Plot 2 Plot 3 Plot 4 Plot 20 Plot 24 
A B A 

Dacn:caq~us - - -
Adinandra camp. - - 2.3 
Ilex cymosa 1.1 0.4 -
Lithocarpus/Castanopsis camp. 27.1 11.7 12.9 
Quercus comp. - 13.9 25.6 
Schima - 0.4 -
Styrax - - 0.7 
S~ingtonia - - -
SlC!!!plocos comp. 1.5 1.1 1.9 
Elaeocarpus comp. 2.4 0.7 -
Lauraceae 34.3 0.7 0.3 
Linociera comp. - - 10.7 
Macaranga comp. (all types) 2.9 49.1 -
Medinilla comp. - 0.4 -
Meliaceae/Sapotaceae comp. - - -
Myrtaceae (all types) 2.8 16.4 37.1 
Tarenna fragrans - - 1.4 

A 
B 

Percentage basal area of probable source taxa 
Percen~age of Total Arboreal Pollen 

B 

-
2.6 
0.4 

38.0 
29.4 

---
0.4 
2.2 
4.8 
0.4 
2.2 
0.4 
-

3.9 
-

; 

A B A I B A B A I B 

- 0.4 - 0.9 21.1 0.4 0.7 1.1 - 1.6. - 3.8 - 0.4 - -
5.3 0.4 - 0.5 - 1.3 - 1.9 

23.6 28.5 21.2 30.7 22.7 16.5 5.9 9.1 
- 3.3 9.2 31.6 - 5.5 13.2 36.4 

22.0 5.7 5.1 0.5 - 0.4 18.3 0.4 
- - - 0.5 - - 2.7 0.8 
- 0.4 9.6 1.4 9.0 - 1.3 -

0.8 0.4 0.5 0.5 - 0.8 0.8 0.8 
4.5 2.0 9.1 7.1 - 3.8 3.3 31.1 

12.7 - 2.7 0.5 1.2 - 0.6 -
- - - - - 3.4 - 0.8 

0.5 7.7 - 5.7 - 0.4 3.2 1.5 
1.0 2.4 - 1.4 - - - 4.9 
0.9 0.8 - - - - - -

14.7 18.7 10.9 8.0 2.2 9.3 3.3 2.7 
- - I - - 7.4 0.8 - 0.4 

I ! 

(to 1 decimal place) 

i 
, 

i 



-CD 
o 

TABLE 5.2 

Representation (%) of pollen from various structural components of forest, 
for samples from forest plots. 

Pollen sum = Total Dry Land Pollen 

Plot Arboreal: 
Canopy Understory 

1 45.5 47.0 

2 73.0 4.0 

3 65.5 15.0 

4 63.0 9.0 

20 45.0 29.0 

24 75.5 9.0 

Non- arboreal 
Total 

92.5 3.0 

77.0 4.0 

80.5 6.0 

72.0 8.0 

74.0 8.0 

84.5 4.0 

Unclassified 
as to origin 

4.5 

19.0 

13.5 

20.0 

18.0 

11.5 



comp. is notable, this was probably derived from Cyathea spp., 

tree ferns commonly observed in the understory of the forests and 

occasionally of considerable stature. Other sources of 

pteridophyte spores within the forests included terrestrial, 

epiphytic and climbing taxa. Some spores may also have been 

contributed from a source outside the forest, via raindrops, 

although such a source seems unlikely to be of great significance 

in view of potentially high local production. 

The composition of the arboreal pollen sum in terms of 

altitudinal forest types for the six forest samples examined is 

shown in Fig. 5.2. All plots except plot 20 theoretica lly lay 

within the lower montane forest 11. As was therefore expected 

the bulk of the arboreal pollen at all sites was derived from 

taxa distributed throughout the lower montane forest, with 

smaller contributions from taxa having more restricted 

altitudinal ranges. A small percentage of pollen from taxa more 

or less confined to sub-montane forest (i.e. below 1400 m) was 

found at some sites. This may represent uphill transport of 

pollen from slightly lower altitudes, or may be derived from 

individuals of these taxa occurring, uncommonly, above their 

normal altitudinal limits. Also of interest was the presence of 

pollen from taxa commonest in the ericoid forest and Gleichenia 

scrub belt, and very rarely, ericaceous scrub. As explained in 

Section 5.3, the most likely source of this pollen was from taxa, 

notably Vaccinium and Myrsine, growing in habitats other than 

those indicated. 
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The composition of the pollen sum (OLP) in terms of source 

habitats, is shown in Fig. 5.3, for the six forest plots. The 

bulk of the pollen at all sites was derived from a forest source 

(49-91%). Taxa having a possible forest, secondary forest or 

non- forest source were also represented at all sites, but were 

particularly significant in plot 1, which was one of the more 

disturbed sites. Pollen taxa having a non-forest source, or a 

non-forest or swamp source occurred only in very small amounts in 

the forest samples examined. 

Representation of selected pollen taxa in the pollen assemblages 

c~npared with their probable source taxa in the vegetation is 

shown in Table 5.1. For some pollen taxa, such as Symelocos 

comp., and Meliaceae/Sapotaceae comp., representation in the 

pollen spectrum (as % Total Arboreal Pollen) closely corresponded 

with their representation in the plot (as % basal area). A 

number of taxa appeared to be generally under-represented in the 

pollen assemblages. These included Schima, Symingtonia, 

Lauraceae and Tarenna fragrans. Conversely taxa which tended to 

be over-represented were Quercus comp., Macaranga comp. and 

Adinandra comp. These sometinles occurred in pollen assemblages 

even when not recorded within a plot itself. Representation of a 

number of pollen taxa was variable, these being both under and 

over-represented in different locations. These included 

Myrtaceae, Lithocarpus/Castanopsis comp. and Elaeocarpus comp. 

However, despite these variations, it seems likely that overall, 

the pollen representation of Lithocarpus/Castanopsis comp. and 

Myrtaceae does reflect their status in the vegetation as a whole. 
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Elaeocarpus comp. tends overall, to be over-represented in the 

pollen assemblages. Dacrycarpus was not well represented in the 

pollen spectra at these sites, although elsewhere (Morley, 1976, 

1982) it was shown to be consistently over-represented. 

The absence of pollen of certain taxa in pollen assemblages from 

the forest plots, despite the presence of source taxa, is also of 

interest. Taxa occurring in plots which were never represented 

in pollen assemblages included Prunus arborea, Turpinia 

sphaerocarpa, Flacourtia rukam, Alangium rotundifolium, 

Gynotroches axillaris, Olea ~vanica, Garcinia lateriflora, 

Goniothalamus sp. and Rhodoleia championi. This non

representation of taxa in the pollen record may result in blind 

spots in interpretation of fossil pollen diagrams, if such 

deposition patterns have also occurred in the past, and has long 

been recognized as a potential problem (eg. Birks, 1973). Non

representation of taxa in the pollen spectrum may be a result of 

one or more of several factors. These include: low pollen 

production by the taxon, poor pollen preservation (eg. in 

Lauraceae), irregular or uncommon flowering, unusual pollination 

mechanisms (eg. Ficus) and chance dispersal. The difficulties 

associated with distinguishing taxa having the same type of 

pollen may also result in apparent non-representation of taxa in 

the pollen spectrum. In this study this problem was encountered 

where a number of taxa produced grains of the same type, and 

especially with tricolporate, more or less psilate, more or less 

spherical grains of lO-15~m size. Often these could not be 

identified to a specific or generic level. 
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5.5 Pollen rain at non-forest sites in the Danau di Atas region 

Results of the pollen analysis of moss polsters and surface 

samples from plots 5-19 are shown in Fig. 5.1, as percentages of 

Total Dry Land Pollen. For plots 14 and 15 no pollen was 

recovered from the surface samples collected. Details of the 

pollen rain at all other plots are described in the following 

sections. Summary diagrams, as described in Section 5.3 are also 

provided (Figs 5.2 and 5.3). 

In order to consider the nature of regional and local deposition 

at each site, the pollen taxa recovered in a sample were 

allocated to one of four source area categories, and the 

proportional representation of these was then calculated for each 

plot (Table 5.3). The source area categories used were regional, 

intermediate, on-site and unclassified. These are discussed in 

greater detail in the following sections. 

5.5a Pollen deposition in regrowth sites 

A single moss polster collected from plot 16 yielded a fairly 

di verse pollen assemblage (Fig. 5.1). About 27% of the Total Dry 

Land Pollen was of regional arboreal origin, (Table 5.3) and 

included Dacrydiurn, Altingia comp., Lithocarpus/Castanopsis 

comp., Quercus comp. and Symingtonia. Compositae types 

(Tubuliflorae) contributed more than 32% TDLP and most of this 

was probably of very local origin since the plot was itself 

dominated by this family. Although Cyperaceae were not recorded 

in plot 16, and Gramineae were present only in small quantities, 

pollen of these two taxa was well represented in the assemblage 
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by values of 17% and 6.5% TDLP respectively. This possibly 

reflects relatively high pollen production and dispersal of these 

anemophilous taxa. Other pollen taxa recorded for which source 

taxa were present within the plot were Plantago major, Polygala 

comp., and Urticaceae/Moraceae, the latter perhaps derived in 

this case from Gonostegia hirta or some other urticaceous herb. 

pteridophyte spores, recorded outside the pollen sum, were very 

common, and included Cyathea comp., Gleichenia comp., Pteridium 

and cyclosorus comp. 1. Although possible source taxa for these 

were not common within plot 16, they were often widespread in the 

regrowth vegetation of this area. As might be expected, a number 

of taxa recorded at plot 16 were not represented in the pollen 

assemblage obtained from it. These included Rubus alceaefolius, 

cuphea balsamona and Urena lobata. 

The bulked moss polsters collected from plot 17 yielded a pollen 

assemblage of apparently low diversity. The regional component 

recorded at this site was also low, about 5% TDLP (Table 5.3). 

It was comprised Pinus, Lithocarpus/Castanopsis comp., Quercus 

comp. and Elaeocarpus comp. The most likely source of Pinus 

pollen was one of the small plantations in the area. Pollen of 

compositae (Tubuliflorae) was abundant, totalling over 77% TDLP 

(Fig. 5.1) and was probably from a local source; the plot itself 

had 35% cover of Eupatorium inulifolium. Gramineae were poorly 

represented in the pollen assemblage (2.5% TDLP) despite their 

dominance in the plot itself. Conversely the Cyperaceae which 

provided only 1% cover at the site, were better represented in 
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the pollen assemblage (4.5% TDLP). Polygala comp. and 

Urticaceae/Moraceae were also recorded in the pollen assemblage 

and had possible source taxa within the plot. 

pteridophyte spores were fairly co~non in the pollen assemblage, 

and included Selaginella, Filices undifferentiated, Lycopodium 

cernuum and Gleichenia comp. The most likely source of most of 

these spores was the regenerating vegetation surrounding the 

plot, although some may have had their source within the plot 

itself. A number of taxa present in plot 17 were not represented 

in the pollen assemblage. These included Melastoma affine, 

centella asiatica, Murdannia nudiflora and Pteridium aquilinum. 

The bulked moss polsters collected at plot 18 yielded a fairly 

diverse pollen assemblage (Fig. 5.1). Regional elements, 

inc 1 uding Li thocarpus/Castanopsis comp., Quercus comp. and 

Elaeocarpus comp. contributed 19% TDLP. The vegetation of the 

plot was dominated by Gramineae, which was reflected by the 

presence of 28% TDLP of Gramineae in the pollen assemblage. 

cyperaceae, which provided 16% cover in the plot were also well 

represented in the pollen assemblage (18.5% TDLP). Polygala 

comp., compositae (Tubuliflorae) and Urticaceae/Moraceae were 

recorded in the pollen assemblage and had possible source taxa 

within the plot. Pteridophyte spores were abundant in the 

assemblage and included Lindsaya sim., Filices undifferentiated, 

Dicranopteris comp., Gleichenia comp. and Cyclosorus comp. 1. 

Taxa occurring in the plot which were not represented in the 

pollen assemblage included Desmodium triflorum, Centella 

asiatica, Rubus alceaefolius and Murdannia nudiflora. 
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The bulked moss polsters from plot 19 yielded a fairly diverse 

pollen assemblage with a large regional component (52.5% TDLP, 

Table 5.3). This included Dacrydium, Altingia comp., 

Engelhardtia comp., Lithocarpus/Castanopsis comp., Quercus comp., 

and Schima. The plot itself was dominated by Rhodoleia 

championi, although this was not represented in the pollen 

assemblage. A number of the pollen taxa recorded did however 

have potential source taxa at the site, these included Wendlandia 

comp., Melastoma comp. and Rhododendron comp. in addition to 

Gramineae. Pteridophyte spores were very abundant in the 

assemblage and many taxa were represented. They included 

Micro8orium comp., Cyathea comp., Dava!lia sim. and Lycopodium 

cernuum,with very large quantities of Filices undifferentiated, 

Dicranopteris comp., Gleichenia comp. and Pteridiurn. Among the 

taxa not represented in the pollen assemblage but present in the 

plot were Eurya sp~ Vaccinium sp. and Schefflera sp. 

5.5b Pollen deposition in swamp sites 

The composite surface sample collected from plot 5 revealed a 

moderately diverse pollen assemblage (Fig. 5.1) with a regional 

component of 10.5% TDLP (Table 5.3). This included Engelhardtia 

comp., Lithocarpus/Castanopsis comp., Quercus comp. and 

Elaeocarpus comp. Over 82% TDLP had a possible source occurring 

within the plot itself. Gramineae and Cyperaceae (52% and 28% 

TDLP respectively) provided the bulk of this component, 

reflecting their dominance in the plot, although the actual 

source of these may have included a wider area. Xyris, 
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Eriocaulon and Compositae (Tubuliflorae) also contributed to the 

pollen assemblage and had possible source taxa within the plot. 

A number a taxa including Utricularia bifida, Burmannia disticha 

and Viola pilosa were not represented in the pollen assemblage 

although they occurred in the plot. Pteridophyte spores were 

recorded in the assemblage although these were not so abundant as 

in the regrowth plots described in the previous section. They 

included Filices undifferentiated, Lycopodium cernuum, L. 

clavatum comp., Pteridium and Gleichenia comp. Since 

pteridophytes were not particularly common in the plot or in the 

swamp vegetation as a whole, it seems likely that at least some 

of the pteridophyte spores were derived from the dry land areas 

peripheral to the swamp. 

The composite surface sample from plot 6 revealed a pollen 

deposition pattern similar to that at plot 5, with a regional 

component of comparable magnitude (13.5% TDLP, Table 5.3). The 

pollen assemblage was again dominated by pollen of Cyperaceae 

(27%) and Gramineae (43%), reflecting the predominance of these 

taxa in the plot. Xyris, Eriocaulon and Utricularia were also 

represented in the pollen and had source taxa in the plot. 

Pteridophyte spores, though present, were not abundant, and 

included Lycopodium cernuum, L. clavatum comp. and Pteridium. 

Although the vegetation of plot 7 was composed of members of only 

three families (Cyperaceae, Gramineae and Juncaceae), the pollen 

assemblage recorded was quite diverse (Fig. 5.1). About 28% TDLP 

was derived from regional elements (Table 5.3) such as 
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Dacrycarpus, Lithocarpus/Castanopsis comp., Quercus comp. and 

Symingtonia. Gramineae contributed 47% TDLP and Cyperaceae 14% 

TDLP to form the on-site component of 61% TDLP. Much of the 

remaining pollen was contributed by components of the swamp 

vegetation such as Burmannia, Xyris and Impatiens, although these 

did not actually occur in the plot. Pteridophyte spores were 

recorded in the assemblage in small quantities. They included 

Humata sim., Lycopodium cernuum and Fi lices undifferentiated. 

The composite surface sample from plot 8 yielded a moderately 

diverse pollen assemblage with a regional component of 21% TDLP 

(Table 5.3). This included Dacrycarpus, Lithocarpus/Castanopsis 

comp., Quercus comp., and Evodia comp. The plot was dominated by 

Gramineae with Cyperaceae and together these accounted for 94% 

cover. This is reflected to a large extent in the pollen 

spectrum, the two families together accounting for over 60% TDLP. 

However, while the Cyperaceae provided only 12% cover they 

contributed 29% TDLP (Table 5.4) and they thus appear to be over

represented compared with the Gramineae. Xyris, Utricularia and 

Laurembergia comp. were also represented in the pollen assemblage 

and had possible source taxa within the plot. Pteridophyte 

spores were quite abundant in the pollen assemblage. They 

included Microlepia sim., 

Filices undifferentiated. 

Humata sim., Lycopodium cernuum and 

However, no pteridophytes were 

recorded in the plot so the source of these spores must have been 

elsewhere on the swamp and surrounding dry land areas. 

The plot 9 pollen assemblage contained 20% TDLP derived from a 

regional source (Table 5.3). This included Dacrycarpus, 
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Dacrydium, Engelhardtia comp., Lithocarpus/Castanopsis comp., 

Ouercus comp. and Macaranga comp. Gramineae contributed about 

74% cover in the plot, and 33% TDLP while Cyperaceae (18% cover) 

contributed 31% TDLP (Table 5.4). Xyris, Bydrocotyle comp., 

Laurembergia comp., Eriocaulon and Compositae (Tubulif1orae) were 

also represented in the pollen assemblage (Fig. 5.1) and had 

possible source taxa within the plot. Again pteridophyte spores 

were abundant in the assemblage, and they included Lycopodium 

cernuum (equivalent to 105% TDLP) and Filices undifferentiated. 

Although ~ cernuum was growing in the plot, the large amount of 

spores recorded may have been derived from both within the plot 

and from plants growing in surrounding areas. 

The pollen assemblage from plot 10 was moderately diverse (Fig. 

5.1) and had a regional component of 11% (Table 5.3). This 

included Altingia comp., Lithocarpus/Castanopsis comp., Ouercus 

comp., Schima and Myrsine comp. The dense vegetation of the plot 

itself included over 80% cover provided by Gramineae, reflected 

as 51% TDLP. Cyperaceae provided over 30% cover and 23% TDLP 

(Table 5.4). Other taxa recorded in the pollen assemblage, and 

having possible source taxa in the plot, were Xyris, Hydrocotyle 

comp. and Compositae (Tubqliflorae). A number of taxa were 

present in the plot but not recorded in the pollen assemblage. 

They included Burmannia disticha, Viola pilosa, Ga1ium innocuum 

and Hypericum japonicum. Pteridophyte spores were moderately 

abundant and included Cyathea comp., Filices undifferentiated, 

Lycopodium cernuum, Cyclosorus comp. 1 and Pteridium. Of these, 

only Cyclosorus comp. 1 had a possible source within the plot. 
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The contribution of regionally derived pollen to the assemblage 

from plot 11 was relatively large (26% TDLP). It included 

Dacrycarpus, Dacrydium, Lithocarpus/Castanopsis comp., Quercus 

comp., Celtis comp. and Elaeocarpus comp. Gramineae contributed 

only 23% TDLP although they provided 82% cover in the plot. 

cyperaceae appear to have been relatively over-represented 

contributing 31% TDLP but only 11% of the cover at the site 

(Table 5.4). Eriocaulon and Xyris were both represented both in 

the plot and in the pollen assemblage. Pteridophyte spores were 

moderately abundant in the record, and included Filices 

undifferentiated, Lycopodium cernuum, L. clavatum comp. and 

Gleichenia comp., although no pteridophytes were recorded in the 

plot. 

The composite surface sample from plot 12 contained a moderately 

diverse pollen assemblage with a regional component of 11% TDLP 

(Table 5.3). This included Dacrycarpus, Lithocarpus/Castanopsis 

comp., Quercus comp., Schima and Macaranga comp. Al though 

Gramineae dominated in the plot (86% cover) they were represented 

in the pollen assemblage by only 37% TDLP. Conversely, 

cyperaceae, which provided 4% cover in the plot contributed 39% 

TDLP (Table 5.4). Xyris, Hydrocotyle comp. and Melastoma comp. 

were represented in the pollen assemblage and had possible source 

taxa within the plot. Pteridophyte spores were fairly common in 

the assemblage. They included Filices undifferentiated, 

Lycopodium cernuum, L. clavatum comp., Pteridium and Cyclosorus 

comp. I, although no pteridophytes occurred in the plot itself. 
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TABLE 5.3 

Representation (%) of pollen derived from different sources for 
samples from non-forest plots 

pollen sum = Total Dry Land Pollen 

Plot Regional Intermediate On-site Unclassified as 
to origin 

Regrowth 
sites 

16 27.0 22.0 46.0 5.0 

17 5.0 0.0 88.0 7.0 

18 19.0 2.0 68.5 10.5 

19 52.5 13.0 17.0 17.5 

swamp 
sites 

5 10.5 4.5 82.5 2.5 

6 13.5 8.5 75.0 3.0 

7 28.0 6.0 61.0 5.0 

8 21.0 11. 5 64.0 3.5 

9 20.0 5.0 73.0 2.0 

10 11.0 5.5 82.0 1.5 

11 26.0 8.0 57.5 8.5 

12 11.0 6.5 78.5 4.0 

13 27.0 18.0 50.0 5.0 
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TABLE 5.4 

Representation of Gramineae and Cyperaceae in the vegetation and 
pollen assemblages of non-forest plots in the Danau di Atas region. 

Values are calculated to the nearest 1% 

Plot Gramineae Cyperaceae 
% cover % TDLP % cover % TDLP 

Regrowth 
sites 

16 3 7 0 17 

17 43 3 1 5 

18 89 28 17 19 

19 1 9 0 5 

swamp 
sites 

5 83 52 8 28 

6 51 43 38 27 

7 73 47 34 14 

8 82 33 12 29 

9 74 33 18 31 

10 83 51 32 23 

11 82 23 11 31 

12 86 37 4 39 

13 31 23 13 23 
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A moderately diverse pollen assemblage was recovered from the 

bulked moss polster from plot 13 (Fig. 5.1). This included a 

relatively large regional component (27%) with taxa such as 

Altingia comp., Engelhardtia comp., Lithocarpus/Castanopsis 

comp., Quercus comp., Linociera comp. and Trema comp. 

represented. Both the Cyperaceae and the Gramineae contributed 

significantly to the total pollen sum. Xyris was represented in 

the pollen assemblage and was present also within the plot. 

pteridophyte spores were very co~non and these included Asplenium 

comp., Filices undifferentiated, Lycopodium cernuum and 

G leichenia comp. 

S.Sc Discussion 

pollen deposition in non-forest plots can be considered in terms 

of source area. Most non-forest samples examined yielded a 

diverse pollen assemblage in which distinct pollen rain 

components could be observed. 

All sites yielded a regional component of arboreal pollen which 

was probably derived from forest or forest remnants (Table 5.3). 

Neither of these vegetation types was observed in the immediate 

vicinity of the non-forest plots from which the pollen samples 

were collected. However, forest and forest remnants were present 

about 1 km away from the regrowth plots (16-19) and somewhat 

further away (3-4 km) from the swamp plots (5-13) (Fig 4.1). For 

this reason it was considered justifiable to refer to this pollen 

component as a regional component for which transport over 

considerable distances prior to deposition had possibly occurred. 
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The magnitude of this component was from as little as 5% TDLP 

(plot 17) to 52.5% TDLP (Plot 19). For most sites, however, the 

values were between 10% and 28% TDLP. A montane forest source 

for this pollen component was suggested by the diversity and 

nature of the taxa represented. These included pollen of the 

Fagaceae (Lithocarpus/Castanopsis comp. and Quercus comp.) which 

was recorded in all of the non-forest pollen assemblages. 

Amounts of pollen recorded, although generally small in 

percentage terms, reflected the abundance of this family in the 

forests of the area (Sections 4.2 and 4.4). Other pollen taxa 

commonly recorded were Altingia comp., Engelhardtia comp., 

Elaeocarpus comp., Myrsine comp., Macaranga comp., Hyrtaceae and 

Trema comp. Less common, although still recorded at several non

forest sites were Dacrydium, Dacrycarpus, Medinilla comp. and 

Cel tis comp. Schima and Symingtonia were recorded rather 

uncommonly despite their importance in the forests of the area. 

However these both appear to be under-represented in the pollen 

rain (Table 5.1). Myrtaceae pollen was included as part of the 

regional component although some members of the family were 

recorded in non-forest vegetation (eg. Rhodomyrtus tomentosa was 

recorded in regenerating vegetation). Most species were however 

forest trees. Pinus pollen recorded at five non-forest sites was 

probably derived from one of the small plantations of ~ 

merkussii growing in the area. 

The 'on site' component of the pollen rain comprised all pollen 

which could, though in reality may not actually, have been 

der i ved from taxa growing wi thin the 4m x 4m sampl e plot. The 
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values presented (Table 5.3) are therefore the maximum values 

possible for extremely local pollen production, with pollen being 

deposited within a few metres of its source. Since the component 

includes pollen of taxa which were recorded in the plots but 

which probably occurred also in the surrounding vegetation, the 

actual values of such extremely local pollen production are 

probably lower than the maximum values suggested. The values of 

the on-site component ranged from 17% to 88% TDLP but most were 

within the range 50-80% TDLP. Even accepting that not all of 

this pollen in reality had its source in the plot, it is still 

likely to have been of fairly local origin and demonstrates the 

importance of local pollen production and deposition in these 

open, non-forest sites. Major contributors to the on-site 

component of the s\Jamp plots were Gramineae and Cyperaceae, which 

were both abundant in the vegetation. Pollen of these families 

was also quite important at the regrowth sites, where they were 

not usually so dominant in the vegetation. Compositae (TubUli

florae) pollen was also very important in three of the four 

regrowth sites, reflecting the importance of this family in the 

vegetation, and particularly of Eupatorium inulifolium. Whether 

this type of pollen was also more resistant to decay under 

oxidizing conditions was not known, but would account for the 

high levels of Compositae pollen at these sites, which provided 

less than ideal conditions for pollen preservation. 

The 'intermediate' component included pollen derived from taxa 

not growing within the plots themselves, but which were known to 

be present in the surrounding vegetation. Hence, while some of 
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the pollen may have been of very local origin, some might also 

have been derived from more distant sources. For example, pollen 

Rhododendron comp. and Vaccinium comp. recorded at some swamp 

sites was considered to have been of intermediate source, since 

possible source taxa grew in the regrowth vegetation. An 

alternative, less likely, source of this pollen might have been 

from the montane forests themselves, and in this case the pollen 

could be considered as part of the regional component. However, 

much of the intermediate pollen component recorded at the non

forest sites is probably of fairly local origin. The magnitude 

of this component was normally fairly low, 4-18% TDLP, although 

extreme values of 0% and 22% were recorded. 

The final component of the pollen rain recognized was that of 

unclassified source. This category included pollen of form taxa, 

unidentified grains and grains of unknown ecological affinity. 

It ranged from 1.5-17.5% TDLP but was usually less than 10% TDLP. 

The composition of the arboreal pollen sum at the non-forest 

sites in terms of a1titudinal forest types is shown in Fig. 5.2. 

All plots lay within the range of altitudes associated with lower 

montane forest I. Although the arboreal pollen totals were small 

in these assemblages, the results are broadly similar to those 

from the forest plots. The pollen assemblages for all non-forest 

plots were dominated by pollen derived from taxa distributed 

throughout the lower montane forest, with smaller contributions 

from taxa with more restricted altitudinal ranges. The 

apparently significant amounts contributed by the 'ericoid forest 
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and Gleichenia scrub' and 'ericaceous scrub' components might 

possibly be due to long distance dispersal from higher altitudes. 

However a more probable source is from taxa such as Vaccinium and 

Rhododendron growing in habitats other than those indicated ~. 

in the forest or 'regrowth vegetation of the more immediate area. 

It is also of interest that the contribution of the 'more or less 

confined to sub-montane forest' component was greatest at the 

swamp sites. Possibly this was due to long distance dispersal of 

pollen from lower altitude forests lying to the west of the area. 

If so, it demonstrates the differences in pollen deposition 

within a closed (forest) and open (swamp) environment for well 

dispersed pollen. 

The composition of the pollen sum (DLP) in terms of source 

habitats is shown in Fig. 5.3. For the regrowth sites the 

importance of the different components varied quite considerably. 

At plot 16, taxa having a forest or a 'forest, secondary forest 

or non-forest' source contributed almost 70% DLP. At plot 17 

these two sources contributed even more of the DLP although at 

this site taxa having a 'forest, secondary forest or non-forest' 

source were dominant. This plot was quite shrubby. At the 

fairly open, grazed, plot 18, taxa having a non-forest or swamp 

source were very important, reflecting to some extent the open, 

herbaceous nature of the vegetation. Taxa having a forest source 

were_particularly important at plot 19, a very shrubby plot, and 

here the representation of taxa having a non-forest or swamp 

source was low. 

For the swamp plots, the contributions of the various sources 
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were much less variable. At these sites the bulk of the DLP was 

contributed by taxa having a non-forest or swamp source. Taxa 

having only a swamp source contributed a small amount of pollen 

at each plot while those having a forest or a 'forest, secondary 

forest or non-forest' source were also represented at all sites. 

It is interesting to note the changes in the composition of the 

pollen rain in terms of source habitat components at the 

different types of site examined (Fig. 5.3). These changes can 

be attributed largely to the different nature of local pollen 

production, since this seems to contribute the bulk of the pollen 

at most sites, even in forested areas. 

Non-representation of some taxa in the pollen record occurred 

with non-forest assemblages, as it had in forest assemblages, and 

the reasons for non-representation were presumably the same 

(section 5.4b). Certain taxa which exhibited this phenomenon 

were Viola pilosa, Centella asiatica, Hypericum japonicum, Urena 

lobata, Murdannia nudiflora and Desmodium triflorum, although in 

some of these cases the non-representation may have been apparent 

rather than real, relating to identification problems rather than 

pollen production and dispersal. 

Some taxa seemed to be fairly well represented in the pollen 

spectrum when compared with percentage cover values of source 

taxa. These included Polygala comp., Hydrocotyle comp., Xyris 

and Eriocaulon. 

pollen of Gramineae and Cyperaceae was recorded at all non-forest 
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sites, but was particularly abundant at the swamp sites. The 

high representation of these two families was much as expected in 

view of their anemophilous nature. One interesting pattern which 

did emerge from these studies, was that the Cyperaceae were more 

prone to over-representation in pollen assemblages than were the 

Gramineae, at least in the plots examined. Percentage cover 

values, and % TDLP values for Gramineae and Cyperaceae in the 

non-forest plots are shown in Table 5.4. To what extent these 

apparent relationships applied in the past is, however, unknown. 

pteridophyte spores were not included in the pollen rain 

components as they were counted outside the pollen sum. 

Inclusion of pteridophyte spores in the pollen sum may make the 

interpretation of pollen spectra more difficult since spore 

totals often fluctuate widely between samples and are often very 

high. Reasons for this may include copious spore production in 

many species, effective dispersal and resistance to decay, once 

deposition has occurred. Pteridophyte spores were present in all 

of the non-forest samples examined which yielded palynomorphs, 

and they were often extremely abundant (eg. at plot 19). Often 

the source of the spores recorded in a samp le cou Id not be 

identified as being from within the plot, and even where no 

pteridophytes occurred in a plot the spore recovery was still 

high. Most spores deposited within plots were probably of 

'intermediate' source, as defined for pollen previously, being 

derived from a few metres to perhaps several hundred metres away 

from the sampling site, most however being derived fairly 

locally. 
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Fig. 5.1 
Modern pollen rain for plots in the Danau di Atas region 
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Fig. 5.2 
Sumnary pollen diagram for plots in the Danau di Atas region 
showing the composition of the arboreal pollen in terms of 
altitudinal forest types 
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Fig. 5.3 
Summary pollen diagram for plots in the Danau di Atas region 
showing the composition of the dry land pollen in terms of source 
habitats 
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spores of Cyathea comp. featured commonly in assemblages from 

non-forest sites. If the source was Cyathea spp. then these 

could be considered as a regional component of the spore rain, 

comparable with the regional component of the pollen rain, since 

£yathea spp. often occur in the forests of the area. As 

expected, spores of Gleichenia comp. and Pteridium were 

particularly common at regrowth sites, as were Filices 

undifferentiated. Spores of Lycopodium cernuum were particularly 

abundant in plots on the Danau di Atas Swamp (plots 5-12). 

In conclusion, it does appear that the non-forest sites act as a 

catchment for regional as well as local pollen deposition. 

Despite the openness of the vegetation around these sites the 

representation of the regional pollen component was generally low 

(10-27% TDLP), while locally produced pollen was abundant (50-80% 

TDLP). How the magnitude of pollen rain components may have 

varied in the past is considered in Section 5.7. 

5.6 pollen rain in the Gunung Kerinci area 

Eleven surface samples from an altitudinal sequence on G. Kerinci 

were available as prepared slides. These samples covered the 

range 1935 m a.s.l. to 3315 m a.s.l. The vegetation sequence on 

G. Kerinci is described in Section 4.12. Full results of the 

palynological investigation of the samples are shown in Fig. 5.4, 

in which the pollen sum is Total Dry Land Pollen. Fig. 5.5 shows 

pollen curves for selected taxa, as percentage Total Arboreal 

pollen, and includes data from a further eight samples from the 

area studied by Morley (1976). Two summary diagrams are also 
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provided. Fig. 5.6 shows the composition of the arboreal pollen 

sum in terms of altitudinal forest types. Fig. 5.7 shows the dry 

land pollen sum in terms of most likely source habitats. Both 

summary diagrams also include Morley's data; the original pollen 

counts having been used for the calculation of all three figures. 

Details of the G. Kerinci samples studied are presented in the 

following section. 

5.6a Pollen deposition in the G.Kerinci samples 

The pollen assemblage obtained at 1935 m a.s.l. was dominated by 

pollen of Symingtonia (29% TDLP) although pollen of 

~ithocarpus/castanoPsis comp., and Quercus comp. was also common. 

Significant amounts of Adinandra camp., Engelhardtia comp., Ilex 

camp., Macaranga comp. and Myrtaceae type 1 were also recorded. 

Very little pollen of non-arboreal taxa occurred, but did include 

very small quantities of Compositae type 2 (Tubqliflorae), 

cyperaceae and Gramineae. Pteridophyte spores occurred in 

relatively small amounts and included Asplenium comp. small, 

Dennstaedtiaceae camp., and Filices undifferentiated. 

At an altitude of 2085 m a.s.l. the pollen assemblage included a 

number of co~non taxa, such as Lithocarpus/Castanopsis comp., 

Quercus comp., Schima, Symingtonia, Symplocos comp. and Myrtaceae 

type 1. Smaller amounts of Adinandra camp., Al tingia comp., 

~ngelhardtia comp., Macaranga comp., Psychotria comp., Trema 

camp. and Schefflera comp. 2 were also recorded. Pteridophyte 

spores were abundant and included Asplenium comp. small, 

Dennstaedtiaceae camp., Filices undifferentiated and Gleichenia 
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comp. 

The pollen assemblage obtained at 2240 m a.s.l. was dominated by 

Ilex comp. (35% TDLP) and Symingtonia (19% TDLP). Other taxa 

recorded included Engelhardtia comp., Ilex cymosa, 

Li thocarpus/Castanopsis comp., Quercus comp., Macaranga comp., 

Myrtaceae and Trema comp. Non-arboreal taxa were uncommon, but 

included Compositae type 5 (Tubiliflorae) and Gramineae. 

pteridophyte spores were moderately abundant and included 

Asplenium comp. small, Cyathea comp. striate, Filices 

undifferentiated and Gleichenia comp. 

The pollen assemblage recorded at 2395 m a.s.l. was dominated by 

lirgelhardtia comp. (41% TDLP). Also present in significant 

amounts were Vaccinium comp., Li thocarpus/Castanopsis comp., 

Quercus comp., Symingtonia, Myrtaceae type 1 and Schefflera 

comp. 2. Pteridophyte spores were moderately abundant and 

included Cyathea comp. striate, Filices undifferentiated and 

G 1 eichenia comp. 

At an altitude of 2545 m a.s.l. the pollen assemblage was 

dominated by Lithocarpus/Castanopsis comp. (60% TDLP). Other 

taxa recorded in small amounts included Quercus comp., Macaranga 

comp. and Vaccinium comp. The form taxon, tricolporate, more or 

lesS psilate, l2-l5~m, accounted for 21% TDLP although source 

taxa were undefined. Pteridophyte spores occurred in small 

amounts and included Filices undifferentiated and Gleichenia 

comp. 
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The pollen assemblage obtained from 2700 m a.s.l. was dominated 

by Myrsine comp. (38% TDLP). Other numerically important taxa 

were Ardisia comp. and Symplocos sessilifolia sim.. Taxa 

recorded in smaller amounts included Lithocarpus/Castanopsis 

comp., Quercus comp., Trema comp., Myrica comp. and Macaranga 

comp. Pteridophyte spores were moderately abundant and were 

dominated by Gleichenia comp. (38%). 

At an altitude of 2855 m a.s.l. the pollen assemblage was 

dominated by Ardisia comp. (32% TDLP) and Myrsine comp. (52% 

TDLP). Taxa such as Lithocarpus/Castanopsis comp. and Quercus 

comp. were present in very small amounts while some other taxa, 

such as Symplocos sessilifolia sim. and Myrica comp. were 

represented by small but significant amounts of pollen. 

pteridophyte spores were poorly represented. 

Ardisia comp. and Myrsine comp. remained well represented at 3010 m --
a.s.l., although the sample was dominated by Myrica comp. (51% TDLP). 

~ododendron comp. and V acci ni urn comp. a 1 so featured in thi s 

sample. Non-arboreal taxa and pteridophytes were present in 

small amounts, and Lycopodium cernuum was moderately common. 

The pollen assemblage from 3070 m a.s.l. was dominated by Myrica 

comp. (87% TDLP). Other taxa occurring in small amounts included 

Q..uercus comp., Hyrsine comp., Trema comp. and Rhododendron comp. 

Pteridophyte spores were uncommon. 

The pollen assemblage from 3175 m a.s.l. contained abundant 

!:!yrica comp. (32% TDLP) while a number of other taxa were 

numerically important. These included Ardisia comp., Macaranga 
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J.t'ig. 5.4 
Modern pollen rain from G. Kerinci 
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comp., Myrsine comp. and Rhododendron comp. Other taxa recorded 

included Altingia comp., Lithocarpus/castanopsis comp., Quercus 

comp. and Trema comp. Pteridophyte spores remained relatively 

uncommon and included Filices undifferentiated and Lycopodium 

cernuum. Gentiana pollen was also recovered. 

A relatively mixed assemblage was recorded from 3315 m a.s.l., 

the highest sample examined. This included common Myrsine comp. 

(19% TDLP), Myrica comp. (14% TDLP) and moderate amounts of 

Rhododendron comp., Vaccinium comp., Trema comp., Macaranga 

comp., Quercus comp. and Engelhardtia comp. Other taxa recorded 

included Dacrycarpus, Altingia comp., Lithocarpus/Castanopsis 

comp., Compositae (Tubuliflorae), Cyperaceae and Gentiana. 

Pteridophyte spores remained relatively uncommon. 

5.6b Discussion 

Major changes in the pollen assemblages occur with altitude, and 

comparison of these with the present vegetation shows that the 

two are closely related. The lower altitude samples, from 1935 m 

to 2545 m a.s.l. were dominated by the pollen of lower montane 

forest elements, which were themselves common up to c. 2400 m 

a.s.l. This pollen included Lithocarpus/Castanopsis comp., 

Engelhardtia comp., Quercus comp. and Myrtaceae. These pollen 

types were infrequent in samples from above 2545 m a.s.l., with 

the exception of the highest sample, 3315 m a.s.l. 

Even within the lower montane forest there were some differences 

in pollen deposition, as shown in Fig. 5.5. This shows the 

pollen curves of selected taxa expressed in terms of Total 
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Fig. 5.5 
Modern pollen rain from the G. Kerinci area, showing selected 
arboreal taxa only, and incorporating the results of Morley 
(1976) 
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Arboreal Pollen, and includes data from sites studied by Morley 

(1976). 

Taxa such as Celtis comp., Madhuca comp. and Trema comp. which 

are derived from taxa more or less confined to sub-montane forest 

tended to be represented in the pollen rain only at the low 

altitude sites, 1230 m and 1320 m a.s.l. Trema comp. was found 

in smaller amounts at most sites irrespective of altitude, which 

seems to confirm that it is transported uphill rather easily. 

Pollen taxa such as Aglaia comp., Claoxylon comp. and Nauclea 

comp., which have their source in sub-montane forest and lower 

montane forest I were not particularly well represented in pollen 

assemblages. Even so, they still tended to be found in the lower 

altitude samples especially from below c. 1400 m a.s.l. 

Altingia comp. and Euonymus comp. were likewise not well 

represented in the pollen assemblages. Altingia comp. was 

represented in some samples from high altitudes, presumably a 

result of uphill transport since the sources of this pollen occur 

in lower montane forest I. 

Weinmannia comp. and Engelhardtia comp. were found predominantly 

in assemblages from 1650 m to 2395 m a.s.l. This corresponds 

closely with the altitudinal range of the source taxa which occur 

in lower montane forest I and 11. 

Dacrycarpus and Symingtonia pollen was found predominantly in 

assemblages from lower montane forest 11 which is where the 

source taxa occur. Dacrycarpus was common in pollen assemblages 
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from 1990 m to 2190 m a.s.l. while Symingtonia was corrunon from 

1935 m to 2395 m a.s.l. Both occurred rarely in samples from 

other a 1 ti tudes. 

From 2700 m to 3175 m a.s.l. the pollen assemblages (Fig. 5.4) 

were dominated by pollen of Ardisia comp., Myrsine camp. and 

Myrica comp. with, occasionally, Rhododendron comp. The source 

of most of this pollen was the ericaceous forest and scrub which 

presently occurs above 2800 m a.s.l. on the mountain. Myrsine 

comp. and Ardisia comp. were fairly common in all of the samples 

2700 m to 3175 m a.s.l., although Myrsine comp. peaked in samples 

2700 m to 3010 m a.s.l. Myrsine comp. is derived mainly from the 

genus Myrsine (some Rapanea spp. are now Myrsine spp.). This is 

common in the vegetation of G. Kerinci between the altitudes of 

c. 2700 m and c. 3000 m (Section 4.12). Elsewhere Myrsine is 

also found widely distributed in elfin and mossy forests in Java, 

between 1800 m and 3000 m a.s.l., according to van Steenis 

(1972). 

Myrica comp. peaked in samples from 3010 m to 3175 m a.s.l. 

Myrica ~vanica is the most likely source of this pollen and was 

recorded in Kerinci plot 2 at 3010 m a.s.l. (Section 4.l2a). 

Morley (1976) also describes this species as occurring on G. 

Kerinci between 3000 m and 3100 m a.s.l., while Jacobs (1958) 

found it to occur to a maximum altitude of 3200 m a.s.l. on the 

mountain. Rhododendron comp. pollen also increased in abundance 

in the samples from 3010 m a.s.l. and above. This may have been 

derived to a large extent from Rhododendron retusum, a species 
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which was common in Kerinci plot 2 (3010 m a.s.l.) and at higher 

altitudes, almost to the altitudinal limit of vegetation (Section 

4.12). The Gentiana pollen recorded at 3315 m and 3175 m a.s.l. 

was probably derived from ~ sumatrana, as this occurs on the 

mountain above 3000 m a.s.l. according to Jacobs (1958). It 

seems, therefore, that even within the ericoid forest and 

ericaceous scrub zones, the pollen rain reflects the vegetation 

to a considerable extent. 

The sample from 3315 m illustrates the effect of pollen 

deposition in more open conditions. The vegetation at this 

altitude is not continuous, and in Kerinci plot 1 (Section 4.l2a) 

about 40% of the area was bare ground. The sample from this 

altitude contained relatively high percentages of pollen derived 

from the vegetation of lower altitudes, which had been 

transported uphill. The predominance of uphill movement in 

mountainous areas has long been recognized and described (eg. 

Rudolf and Firbas, 1926; Flenley, 1973). That it was 

particularly noticeable in the sample from 3315 m may have been 

related to relatively low local pollen production. Elsewhere, 

other workers such as Salgado-Labouriau (1979) have recognized 

that where local pollen production is low, such as on sparsely 

vegetated high mountains, the relative importance of imported 

pollen is increased. The sudden increase in the quantities of 

montane forest elements represented in sample 3315 m might well 

be an indication of low local pollen production, although this 

cannot be confirmed since no absolute pollen data is available. 

Some of the pollen recorded in the assemblage of sample 3315 m 
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Fig. 5.6 
Sun~ary pollen diagram for the G. Kerinci area showing the 
composition of the arboreal pollen in terms of altitudinal forest 
types 
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was probably from a local source. This included Rhododendron 

comp., Vaccinium comp., Cyperaceae and Compositae (Tubuliflorae). 

The distribution of pteridophyte spores with altitude is also 

worth noting. These were much more abundant in the lower 

altitude samples studied, and in samples from 2855 m a.s.l. and 

above were relatively rare. Of particular interest is the 

altitudinal distribution of Gleichenia comp., since on G. Kerinci 

there is a girdle of Gleichenia scrub between c. 2400 m and c. 

2800 m a.s.!.. G leichenia comp. peaked in sampl es 2395 rn, 2545 m 

and 2700 m a.s.l., while in samples from higher and lower 

altitudes it was of lesser importance. The Gleichenia girdle is 

not strongly reflected in the pollen diagram as such except by 

this peak. However, in the vegetation the Gleichenia scrub zone 

marks the transition from lower montane forest to upper montane, 

ericaceous, forests and scrubs. This change is clearly visible 

in the pollen curves of many taxa eg. Syrningtonia, Engelhardtia 

comp., Lithocarpus/Castanopsis comp., Quercus comp. and Myrsine 

comp. 

The summary diagram, Fig. 5.6 shows the composition of the 

arboreal pollen sum in terms of altitudinal forest types, for the 

samples examined in the present study, and those studied by 

Morley (1976). The altitudinal sequence, from 1230 m a.s.l. to 

3315 m a.s.l. encompasses a wide range of vegetation types, from 

sub-montane forest to ericaceous scrub, which are also indicated 

on the figure. The summary diagram clearly illustrates the 

relationships between the altitudinal vegetation zones and the 

pollen rain. Where pollen taxa can be allocated to a specific 
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Fig. 5.7 
Summary pollen diagram for the G. Kerinci area showing the 
crnnposition of the dry land pollen in terms of source habitats 
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altitudinal forest type, then most of the pollen is normally 

deposited within the altitudinal range of the forest type. Where 

movement out of the source area occurs, the movement is 

predominantly uphill. There are some exceptions to this, notably 

a downhi 11 tai 1 of ericaceous scrub poll en. However this 

movement of pollen downhill may be apparent rather than real, due 

in major part to problems in allocating pollen taxa to the 

altitudinal categories. The peak of 'ericaceous scrub ' pollen at 

1230 m is due to the presence of Rhododendron comp. in the pollen 

assemblage. In this case the source of the pollen is likely to 

have been Rhododendron sp. growing in other habitats, possibly 

swamps, rather than in the ericaceous scrub zone. This example 

illustrates one type of problem experienced in pollen analysis in 

the montane tropics, caused by the wide range of habitats which 

may be occupied by source taxa of a single pollen type. 

Also of interest in the summary diagram (Fig. 5.6) is the 

occurrence, at almost all altitudes, of small amounts of pollen 

derived from taxa more or less confined to sub-montane forest. 

Much of this pollen is comprised Trema comp. This taxon appears 

to be extremely well dispersed and other studies (Morley, 1976) 

have also shown that it is capable of being transported long 

distances. The implications of this are that small percentages 

of Trema comp. in a pollen assemblage do not indicate that its 

source was growing in proximity to the sampling site. 

The summary diagram, Fig. 5.7, shows the composition of the dry 

land pollen sum in terms of source habitats. As might be 
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expected, pollen derived from forest dominates at all sites below 

2855 m a.s.l. At 3010 m a.s.l. and above taxa having a forest, 

secondary forest or non-forest source increase in importance, due 

to the inclusion of Myrica comp., Rhododendron comp. and 

Vaccinium comp. in this category. Pollen from non-forest or 

swamp also increases in importance in the sample from 3315 m 

a.s.l. reflecting the more open conditions at this altitude, and 

the importance of Cyperaceae (Carex sp.) in the vegetation. 

5.7 Conclusions about the modern pollen rain in the Danau di 
~ region, and on G. Kerinci 

The present studies reveal a number of the characteristics of the 

pollen rain in the Danau di Atas region and on G. Kerinci. These 

are summarized in the following section. 

In these areas, at deposition sites entirely within the forest, 

the bulk of the deposited pollen is derived from arboreal taxa, 

and further, much of this is from higher trees, notably those 

forming the canopy. Small trees and low growth forms contribute 

relatively little pollen. This is in agreement with the findings 

of Morley (1976) and Kershaw and Hyland (1975). Within the 

forests much of the pollen deposited, even from arboreal taxa, 

appears to have a local source, and therefore represents the 

surrounding vegetation reasonably well. However non-

representation and under-representation of some taxa is always a 

problem. Where forest pollen is deposited in a site outside the 

forested area the contribution of canopy taxa is even more 

important relative to that from the understory and low growth 

forms. 
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At non-forest deposition sites a high proportion of the pollen is 

very local in origin and comprises in large part non-arboreal 

taxa. However, at all sites there is a significant regional 

pollen component, derived from arboreal taxa, despite the 

extensive forest clearance which has occurred and the quite large 

distances (up to 4 km) from some of the deposition sites to the 

remaining areas of "forest. The regional component recorded at 

these sites, with few exceptions, makes up 10-27% TDLP. At these 

sites a third pollen component can also be recognized, having a 

source intermediate between local and regional. 

On G. Kerinci, a high mountain having several altitudinal 

vegetation zones, pollen deposited at different altitudes shows a 

close relationship with the surrounding vegetation, demonstrating 

that the altitudinal vegetation types on such a peak do have 

reasonably characteristic pollen spectra. The bulk of the pollen 

produced by a particular vegetation type appears to be deposited 

within the altitudinal range of that type. Some movement of 

pollen away from source areas does however occur, and this is 

predominantly an uphill movement. 

Since these studies were carried out to aid the interpretation of 

fossil spectra from two swamp sites in the area, and particularly 

the Danau di Atas Swamp site, it is worth considering further the 

present sources of pollen at such a site, and how these might 

have varied in the past. 

The Danau di Atas Swamp lies adjacent to the large lake of the 
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same name. At some point in the past it may itself have been a 

body of open water, more or less continuous with the main lake. 

However it seems unlikely that the circulation of water in the 

main lake would be strongly linked with that in the area now 

occupied by the swamp, due to the sheltered nature of the latter 

and the relatively small area of contact between the two. The 

present junction of the swamp and the lake is of short length 

relative to the length of the swamp, and the latter is surrounded 

by dry land for most of its perimeter (Fig. 4.6). These 

surrounding dry land areas take the form of low, undulating land, 

separating the swamp from the lake on the west and from lower 

lying areas of cultivated land to the east. A small stream 

appears to flow into the northern end of the swamp, but 

disappears below the surface, at least at the drier times of the 

year. The source of this stream is a 1 so very loca l, being in the 

low undulating area described previously. 

The present pollen deposition at the Danau di Atas Swamp has been 

studied using the series of surface samples from plots 5-12. At 

these sites a large percentage of the pollen appears to be 

derived from local, non-arboreal vegetation, with some having an 

intermediate source but there are also significant amounts of 

regional pollen. The latter is mainly derived from canopy trees 

but clearly not all taxa currently found in the forests are 

represented in this. At the present time much of the pollen 

deposited on the swamp surface is probably contributed by aerial 

deposition with perhaps some washed from the surrounding areas by 

surface runoff, although these areas are of limited extent. The 
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stream is unlikely to contribute to the surface pollen spectra 

except perhaps at the wettest times of year when the water table 

is higher and some water may f low across the surface of the 

swamp. Even so the stream is local in origin and thus its 

contained pollen and spores may be similar in nature to those in 

the surface runoff. 

Aerial deposition is the only source of regional pollen. This 

may be deposited directly onto the swamp surface, or may be 

deposited onto the surrounding areas and be washed in by the 

stream or surface runoff. The present sources of this regional 

arboreal pollen could lie in any of the remaining forested areas. 

These include the extensive areas to the west of Danau di Atas, 

and on the flanks of G. Talang. There are also areas to the 

south-east and north-east of the lake and remnants on the ridges 

to the east of Danau di Baruh. Many of these lie at higher 

altitudes than the swamp with the exception of areas to the west. 

The extent to which uphill wind movements may affect pollen 

deposition is difficult to determine. It might be of a different 

order from that on G. Kerinci since the topography is less steep. 

However, if there is any tendency for pollen to be moved uphill 

then this is likely to be from the lower lying forested areas to 

the west of the lake. This was also the predominant direction of 

winds during the time that field work was carried out. 

Formerly the forest cover in the Danau di Atas area was probably 

more extensive than at present. If the Danau di Atas Swamp 

remained unforested at this time then deposition of pollen 

components may have been similar to that of today. However, 
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arboreal taxa would have contributed more pollen than at present 

if forests occurred in closer proximity to the swamp. In fact, 

with forest occurring adjacent to the swamp then much of the 

arboreal pollen deposited may have had a fairly local source 

rather than a regional one. However, it is still likely that a 

significant percentage of the arboreal pollen deposited at the 

site would be regional in origin. The better representation of 

arboreal taxa in the pollen spectrum would also provide a better 

picture of the composition of the forest as a whole than is 

provided by modern surface samples from the swamp, although some 

taxa would still be subject to non-representation, thus 

continuing to provide some problems for interpretation. 

occurrence of swamp forest vegetation at the swamp site might 

lead to some reduction in the importance of the regional 

component of the pollen rain, through filtration effects. Even 

so the local arboreal pollen is likely to be well represented in 

the pollen assemblages. Non-arboreal taxa tend to contribute 

little to the pollen assemblages from forested areas at present 

and might be similarly affected if swamp forest occupied the 

site. 

The presence of open water at the Danau di Atas Swamp site may 

also have affected pollen deposition patterns. The contribution 

by inflowing streams might be of increased importance, although 

if the topography of the area has remained fairly similar to the 

present then these would also have a local source. 

The significance of uphill movement of pollen in the past is 
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difficult to ascertain, particularly if wind systems may have 

been affected by changing climate. However it is likely that 

most pollen deposited in the past would be derived from the 

vegetation of the surrounding areas. 

The present pollen deposition patterns at the Telago Swamp were 

not studied. However this site is landlocked, with a single 

small, probably intermittent, inflow stream from the local area. 

Pollen deposition at this site is therefore likely to be 

predominantly aerial, with perhaps some pollen washed in by 

surface runoff from surrounding slopes. Patterns of pollen 

deposition at the site in the past were probably similar. 
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CHAPTER 6 

STRATIGRAPHY AND POLLEN ANALYSIS OF THE DANAU DI ATAS CORE 

6.1 Collection of the Core 

The Danau di A tas core was co 11 ected in two sections from an area 

of the Oanau di Atas Swamp at 1535 m a.s.l., which was thought to 

hold deep sediments. The Danau di Atas Swamp is itself a side 

arm of the lake of the same name, and is about 800 m long and 

200 m wide (see Plate 11). The immediately surrounding area 

consists of low deforested hununocky land. A sketch map of the 

swamp, which shows the location of the coring site was provided 

in Chapter 4 (Fig. 4.6). I am indebted to Or J.R. Flenley, who 

undertook the actual collection of the core. 

Initial sampling, in 1976, provided a core 6.5 m in length. A 

Russian sampler was used to obtain the section from 0 to 5.75 m, 

using one hole rather than the preferred two. This was due to 

the presence of large amounts of wood in the sediment, which 

caused problems from the start of coring. At 5.75 m an auger had 

to be used as wood prevented further use of the Russian sampler. 

Sediment was collected by this method from 5.75 m to 6.5 m, 

although some contamination may have occurred at these depths due 

to the use of the auger. Use of the auger showed at least 10 m 

depth of sediment at the site. 

Subsequently, in July 1977, a further core was taken at the same 

spot, as measured in from the swamp edge and ricefield bunds. Or 

Flenley suggests that the maximum possible horizontal distance 

between the two sampling sites was 10 m. The second section of 
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core was collected using a Hiller sampler, with one hole only, 

and the top 5 m of sediment was ignored. Sediment was collected 

from 5 m to 16.5 m which wa s not thought to be the base 0 f the 

sediment. 

On each occasion the whole sections of core were transported in 

plastic drain piping to the Hull laboratory, where they were 

stored at c. 50 C until they could be analysed. The two core 

sections have been treated as one core, with an overlapping 

section , for the purposes of this study. 

The problems encountered in the extraction of the core were such 

that a borehole transect at the swamp site was not constructed. 

6.2 Stratigraphy of the core 

The stratigraphic characteristics of the Danau di Atas (DDA) core 

sections were not, unfortunately, recorded in the field. 

However, the core was examined in the laboratory, and the 

lithological characters observed are shown in Table 6.1. There 

are no stratigraphic indications that the overlap sections are 

not from sediments of similar age. 

The percentage weight loss on ignition was calculated for a 

number of depths throughout the core, as described in Section 

3.4. This gives an indication of the relative changes in the 

organic carbon content of the sediment. The results obtained are 

shown in Fig. 6.2. Values for percentage weight loss on ignition 

decline gradually from 80-90% at the surface of the core to 70-

80% at 12.20 m. Below this depth the values decline quite 
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TABLE 6.1 

The stratigraphy of the Danau di Atas core 

Depth (m) 

o -1.2 

1.2-2.0 

2.0-2.5 

2.5-3.0 

3.0-3.5 

3.5-4.0 

4.0-5.5 

5.5-6.5 

5.0-11.0 

11.0-12.0 

12.0-13.9 

13.9-14.5 

14.5-16.5 

Description 

Very fibrous vegetation mat, containing many 
roots 

Coarse, herbaceous, detritus· Jnud, containing 
large amounts of leaves and roots, but not 
woody 

Coarse herbaceous, detritus mud, with large 
detritus fragments, but fewer fragments from 
2.3-2.5m 

Coarse, herbaceous, detritus mud 

Very woody, coarse detritus mud 

Very woody, coarse detritus mud, with some very 
large wood fragments 

Coarse, very woody, detritus mud 

Coarse detritus mud with many large woody 
fragments 

Coarse, woody, detritus mud. Detritus slightly 
finer between 9.0 and lO.Om 

Coarse, herbaceous, detritus mud with a few 
woody fragments 

Coarse, herbaceous, detritus mud. Some small 
woody fragments at c.13.0m. Decreased amounts 
of detritus below 13.Sm 

Fine detritus mud with small amounts of silt 

Fine detritus mud with silt 
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rapidly until c. 14.10 m. Thereafter the values are generally in 

the range 4S-SS%. These changes relate broadly to other changes 

in the lithology of the core as described in Table 6.1. In 

particular, the lowest values of percentage weight loss on 

ignition, and therefore the lowest organic carbon content are 

found at the base of the core, below c. 14.00 m. In this section 

the deposit contains silt as well as organic material. 

6.3 Radiocarbon dating of the core 

All samples for l4c dating were taken directly from the core. 

For each determination a section 10 cm in length was selected 

for analysis. The 14C dates obtained are listed in Table 6.2. 

All dates quoted in connection with the DDA core and the Telago 

core are uncorrected radiocarbon years before 19S0. Initially 

two samples, from l3.lS-l3.2S m and lS.60-lS.70 m were sent to 

Geochron Laboratories for analysis. The larger than normal 

counting error in these samples was attributed by Geochron to the 

limited size of the sample. Further samples were analysed at the 

NERC laboratory of the Scottish Universities Research and Reactor 

Centre, who did not suggest any problems in dating due to limited 

sample size. However, the basal age of the initial series of 

five samples which they analysed (SRR - 1350) showed an apparent 

marked discrepancy with the Geochron values. Consequently, a 

sample from an intermediate depth was sent for rechecking. The 

result (SRR - 1487) confirmed an apparent inversion in the ages 

of samples between 13.15 m and 14.25 m (Table 6.2). Two further 

samples were also analysed, giving a total of ten l4C dates on 
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TABLE 6.2 

Radiocarbon dates obtained for the Danau di Atas core 

Sample no. Sample depth (m) Age ( l4C years B.P.) o 13C 

SRR-1900 1.30-1.40 4520 + 50 -27.3%". 

SRR-1346 2.60-2.70 6850 + 60 -27.0%". 

SRR-l347 5.25-5.35 11710 + 110 -26.7%"0 

SRR-1348 7.80-7.90 13160 + 170 -26.5%0 

SRR-l349 10.55-10.65 16930 + 170 -26.5%0-

1'0) GX-4915 13.15-13.25 23250 +1220 -1060 Not available Co) 

CD 

SRR-1487 13.75-13.85 21180 +580 -540 -24.2%c 

SRR-1350 14.15-14.25 18250 + 290 -24.6%0 

SRR-1901 14.60-14.70 22370 + 320 -25.3%0 

GX-4916 15.60-15.70 31450 +2990 -2180 Not available 



the 16.5 m sequence. 

The inversion of dates between 13.15 m and 14.25 m is of 

interest. There are a number of possible explanations for this. 

One possibility is that the inversion is not real, being due 

instead to sample error. However, the number of samples 

involved, and absence of such problems elsewhere in the sequence, 

suggests that this is not the case. A more 1 ikely explanation is 

that some time after c. 18250 years B.P., redeposition of older 

deposits has occurred in the sequence. Redeposition may have 

taken the form of slumping of a mass of material from elsewhere 

in the depositional basin. Such an event could easily be 

precipitated by tectonic activity. However, the ordered age 

sequence of the reversal, 23250 + 1220-1060 at 13.15-13.25 m, 

21180 + 580-540 at 13.75-13.85 m and 18~50 + 290 at 14.15-14.25 m 

suggests the possibility of a more ordered redeposition of the 

sediments. This might have occurred if some of the deposits in 

the basin had been exposed by a lowering of lake level, with 

subsequent erosion and redeposition in the basin of the marginal 

deposits, with the youngest being affected first. Changes in 

lake level might be a result of changes in climate, but equally, 

at this site, could be due to tectonic or volcano-tectonic 

events, or changes in geomorphology. There is some evidence, 

provided by terraces around the shores of Danau di Atas, of lake 

levels 9 m higher than present, possibly related to the capture 

of the lake by the R. Gumanti (Verstappen, 1973) as described 

earlier, in Section 2.2. It is possible to envisage an event of 

this kind leading to a fall in lake level with subsequent erosion 
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and redeposition of marginal sediments. There is no direct 

evidence, however, to favour anyone of these particular 

explanations of the date inversion in this sequence. 

Maloney (1984a) suggests that 'dead' carbon, having no l4c , 

emitted during volcanic eruptions can account for inverted l4C 

dates in volcanically active areas, since it is taken up by 

plants, giving old ages when their remains are dated. However, 

this explanation is not considered to be a likely cause of the 

inverted dates in this sequence. The reasons for this are that 

the sediments contain no volcanic ash which would indicate 

volcanic activity during this period, and because evidence from 

sediment accumulation rates and pollen influx (see later this 

section and sections 6.6 and 6.7) supports the idea of 

redeposition as discussed above. 

Accumulation rates for the sediments can be calculated from the 

l4c dates, and are necessary for calculation of pollen influx 

values. A diagram showing age with depth of sediments for the 

DDA core is presented in Fig. 6.1. From this it can be seen that 

accumulation rates have not been constant for the entire duration 

of sediment deposition at the site, although some very lengthy 

periods of apparently fairly constant accumulation rates have 

occurred (see also Table 6.3). 

From 15.65 m to 14.20 m (c. 31450 to c. 18250 years B.P.) the 

sediment accumulation rate was 0.110 mm yr- l • Extrapolating this 

rate to the base of the core at 16.50 m, a basal age for the core 

of 39188 years B.P. is obtained. This relatively slow 
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TABLE 6.3 

Sediment accumulation rates for the Danau di Atas core. 

Depth ( m) Accumulation rate (nun yr-1 ) 

0.00 -1.35 0.299 

1.35 -5.30 0.550 

5.30 -7.85 1.759 

7.85 -10.60 0.729 

10.60-14.20 2.727 

14.20-15.65 0.110 
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Fig. 6.1 
Age-depth details for the DDA core 
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accumulation rate may be due in part to post-depositional 

compaction of sediments by overlying material. 

The accumulation rate between 14.20 m and 10.60 m was calculated 

on the basis of the apparently normal dates for the section 

14.15-14.25 m and 10.55-10.65m, ignoring the inversion of dates 

between these depths. The accumulation rate itself was high, 

2.727 mm yr-1 • During this period redeposition of pre-existing 

sediments apparently occurred, and the section 14.20 m to 

13.15 m contains reworked sediments. These reworked sediments 

may also extend above 13.15 m. However there is a litho logical 

change at 11.00 m, and this, with the return to a normal sequence 

of dates starting with the sample at 10.55-10.65 m, suggests that 

reworked sediments are unlikely to be present above 10.65 m. 

Sediment accumulation rates remained relatively high until c. 

11710 years B.P. The accumulation rate between 10.60 m and 

7.85 m (c. 16930 to c. 13160 years B.P.) was 0.729 mm yr- l , and 

between 7.85 m and 5.30 m (c. 13160 to c. 11710 years B.P.) was 

1.759 mm yr- l • 

The accumulation rate over the top section of the core 

decreased. Between 5.30 m and 1.35 m (c. 11710 to c. 4520 years 

B.P.) the rate was 0.550 mm yr- 1 • However if this rate is 

extrapolated to the present day then a further c. 1 m of deposit 

would be expected at the surface. The accumulation rate over the 

last 1.35 m had therefore decreased still further, or else 

erosion or human interference has reduced the level of the swamp 

surface. Man may indeed have affected the present development of 
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the swamp surface by interfering with the vegetation such as by 

planting rice, or allowing domestic animals such as water buffalo 

onto the swamp. He may even have removed material, such as wood, 

from the superficial deposits as was observed on swamps elsewhere 

(Section 2.1). However, the change in lithology at 1.20 m depth 

(Table 6.1) indicates that a change in accumulation rate is not 

unlikely. Assuming this to be the case, then the rate of 

sediment accumulation between 1.35 m and 0 m (c. 4520 years B.P. 

to presumed present) is 0.299 mm yr- l • 

6.4 E£!len analysis of the core 

6.4a Introduction 

A total of 36 samples from the core were analysed 

palynologically. They comprised 13 from the upper section, 

including the topmost sample, 0-0.01 m, and 23 from the lower 

section. The sample interval was thus approximately 0.5 m. 

preparation and counting of samples was as described in Chapter 3 

and Appendix 2. 

Figure 6.2 shows the values for all taxa identified from the core 

as a percentage of Total Dry Land Pollen (TDLP). A total of 143 

distinct palynomorph types were identified although a number of 

types remained unidentifiable or unclassifiable. Fig. 6.2 also 

shows the lithology, 14C dates and percentage weight loss on 

ignition as determined for the core. The arrangement of 

palynomorph taxa in the diagram is as described previously 

(Section 5.3). 

Two summary diagrams are also provided. Fig. 6.3 shows the 
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composition of the arboreal pollen sum in terms of altitudinal 

forest types. Fig. 6.4 shows the dry land pollen sum in terms of 

source habitats. Both types of summary diagram were defined in 

Section 5.3. 

6.4b Zonation of the pollen diagram 

Since the main aim of pollen diagrams is to document vegetation 

change through time, it is normally found convenient to zone 

them, as this is one way of aiding interpretation. A pollen zone 

is usually a part of a pollen diagram with internal constancy, 

and was defined by Gordon and Birks (1972) as "a body of sediment 

with a consistent and homogenous fossil pollen and spore content 

that is distinguished from adjacent sediment bodies by the 

differences in the kind and frequencies of its contained pollen 

grains and spores". However, it is also possible to zone pollen 

diagrams such that zones describe sections in which change is 

taking place. 

Zones may be placed by the observer, although if data is large 

and complex it may be difficult to interpret a diagram 

consistently and thus there may be difficulties in placing zones. 

Zones placed by the observer may also be subjective in that they 

tend not to be placed on the basis of all pollen types equally 

but only on the basis of the most abundant. As it is also 

difficult for consistent and comparable results to be produced by 

different analysts, numerical techniques have also been developed 

for the zonation of pollen diagrams. Approaches to the problem 

include the stratigraphical approaches of Gordon and Birks (1972) 
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using constrained agglomerative and constrained divisive 

procedures, and P.C.A. and non-metric multidimensional scaling 

techniques (Birks, 1974). The POLZON programme uses three 

separate analyses to suggest the most appropriate zonation for a 

data set, based on separating the data into zones of internal 

constancy. The analyses are a constrained agglomerative 

procedure, CONSLINK, and two constrained divisive procedures, 

each using a different measure of variance, SPLITINF and SPLITSQ. 

SPLITINF divides the data on the basis of its total information 

content whi 1 e SPLITSQ di v ides the data on the basis of sum of 

squared deviations (Gordon and Birks, 1972). POLZON is a 

commonly used zoning technique, and the method was selected for 

use with the Danau di Atas pollen data. The programme was first 

however, modified by Dr K. Richards at Hull University in order 

to accommodate the large data set involved. 

Four varied data sets were used with the POLZON analysis, to test 

the effect on zonation of excluding certain aspects of the data 

which are known to be highly variable, such as spores. In two of 

the data sets, very rare palynomorphs, not occurring as greater 

than 0.5% TDLP in any sample, were also excluded. The four data 

sets on which analysis was carried out were: 

i) All dry land and aquatic pollen, excluding spores and 

unknown grains. 

ii) Dry land pollen only, excluding unknown grains. 

iii) All pollen and spores occurring as greater than 0.5% TDLP in 

any sample. 
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iv) Dry land pollen only, occurring as greater than 0.5% TDLP in 

any sample. 

For the purposes of this analysis the two core sections were 

treated as one, and samples from overlapping sections were 

arranged for the analysis according to depth. 

Results produced by the POLZON analysis were very disappointing, 

and did not fulfil their intended purpose, namely to be useful as 

an aid in interpretation. The results of the analysis are 

prov ided in Appendix 7, and only a brief discussion of the 

results and problems with the analysis will be outlined below. 

The results of POLZON were not subsequently used to zone the DDA 

data set. 

The extreme variability inherent in the DDA data set appears to 

have been the main problem for pollen zonation using POLZON, and 

particular problems were encountered for samples between 2.20 m 

and 5.60 m. Although the POLZON analysis consistently suggested 

a zone boundary between the surface sample 0 m, and 0.55 m, and 

also one between 3.20 m and 3.70 m, the fluctuations in pollen 

frequencies between samples over the section 2.20 m to 5.60 m 

resulted in zone boundaries being suggested for points between 

whole series of adjacent samples. Hence, the extreme variability 

of the upper section dominated the analysis, and very few main 

zone boundaries were suggested for the lower section of the 

diagram. This problem occurred with all data sets analysed. The 

section of overlap between the two cores caused less of a 

problem, although a possible boundary was suggested in the 
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analysis between samples 5.60 m and 5.70 m. 

Some of the sample variability observed may relate to the rich 

and varied species composition of the montane tropical vegetation 

itself. If many species act independently of each other, and 

react at different rates to environmental change, then it is easy 

to envisage a situation where zonation of pollen diagrams is of 

limited use in ecological terms. In fact, even where such 

diagrams are zoned the pollen curves will also act independently 

so that while pollen frequencies for some taxa may be fairly 

constant within a zone, important changes may occur in the pollen 

curves of other taxa within the same zone. There is perhaps, 

therefore, some justification for interpreting pollen curves 

individually, rather than dividing the whole data set into zones. 

However, such an approach could be a very difficult and time 

consuming method of interpreting large data sets. 

A zonation has been produced for the DDA data set. This is 

largely for convenience of description and in no way is it meant 

to suggest that these zones are necessarily of regional 

importance, since they are based only on changes in this data 

set. The zones were established on the basis of observable 

changes in the proportions of all pollen and spore taxa. To 

reduce subjectivity each pollen or spore curve was considered 

individually, and points where changes occurred between samples 

were recorded. The changes at each level were totalled, and zone 

boundaries were placed at the levels which showed maxima (or 

peaks) in the numbers of changes. The pollen zones are described 

in detail in the following section. 
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6.5 Description of the pollen zones 

Seven pollen zones were established on the data set, one of these 

was divided into two subzones 

Zone DDA-I, 16.50 m to 13.15 m 

This zone is taken as extending from the base of the core, to 

some point between the samples at 13.60 m and 13.10 m. The upper 

boundary is placed at 13.15 m since this marks the minimum upper 

limit of the reworked sequence. 

A date of 31450 + 2990-2180 years B.P. was obtained for the lower 

part of the section at 15.60 m - 15.70 m. A date of 22370 + 320 

years B.P. was obtained for 14.60 m -14.70 m while 14.15 m-

14.25 m provided a date of 18250 ± 290 years B.P. Above this 

level the zone lies within the reversed sequence of 14C dates 

described in Section 6.3 and is thought to include considerable 

proportions of reworked material, and therefore is likely to 

contain redeposited pollen. The reworking is thought to postdate 

c. 18250 years B.P. The basal age of the zone could be 

considerably older than 31450 years B.P. as described in Section 

6.3 and could possibly be as old as 39000 years B.P. 

Lower montane forest elements dominate the arboreal pollen 

component in the zone (Fig. 6.3), while taxa more or less 

confined to lower montane forest 11 are present in low 

percentages. About 60-75% of the Dry Land Pollen is contributed 

by forest sources (Fig. 6.4), while non-forest and swamp sources 

contribute around 20% to the total. Much of the latter may in 
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fact have a hydrophytic source. 

The zone is characterized by moderate to low percentages of 

gymnosperm pollen, including Dacrycarpus (up to 7% TDLP), 

Dacrydium (3-11%) and smaller percentages of Pinus and Podocarpus 

(Fig. 6.2). Moderate amounts of pollen from lower montane forest 

taxa such as Lithocarpus/castanopsis comp. (7-14%) and Quercus 

camp. (5-13%) also occurs. Numerous other arboreal taxa are 

represented by small percentages of pollen. These include 

Adinandra comp., Altingia comp., Symingtonia, Ilex comp., 

Araliaceae comp. and Medinilla comp. Symplocos comp., Linociera 

comp. and Macaranga comp. are recorded sporadically in the zone 

while Tarenna fragrans occurs only in samples from 14.10 m to 

15.25 m. Rhododendron camp. and Vaccinium comp. are both 

represented in the zone; Rhododendron comp. occurring more 

frequently towards the top of the zone. Psychotria camp. also 

occurs consistently in the zone in small amounts. 

Taxa which can have a swamp forest or a dry land source are also 

represented in the zone. They include Ilex cymosa, Elaeocarpus 

comp., Myrsine comp. and occasional Glochidion comp., all of 

which are represented by small percentages of TDLP. Several 

types of Myrtaceae are recorded and are quite abundant overall. 

Some of this pollen may have been derived from swamp taxa, 

although a dry land source probably contributed the bulk of this 

pollen, Myrtaceae being a common component of lower montane 

forests (Chapter 4), with some species eg. Leptospermum sp. 

occurring throughout much of the upper montane forest (Section 

4.12). 
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The non-arboreal element of the pollen sum in this zone is 

represented by a number of taxa. Cyperaceae percentages are 

generally fairly high, but variable, frequently comprising over 

10% TDLP, but ranging from 2-20%. The Gramineae are also 

represented by moderate amounts of pollen, particularly in the 

upper part of the zone where they contribute up to 13% TDLP. 

Other taxa recorded include Laurembergia comp. and Pandanus, 

which occur sporadically, while Eriocaulon (1-2% TDLP) is 

consistently present. Impatiens is conunon at the top of the 

zone, in the section which includes redeposited material. 

Aquatic taxa are poorly represented in the zone by rare Typha 

comp. Pteridophyte spores are however quite varied and abundant. 

They include small percentages of Cyathea comp. and Davallia 

sim., and conunon Filices undifferentiated (up to the equivalent 

of 74% TDLP). Lycopodium cernuum (2-34%) is moderately conunon in 

this zone but is absent or uncommon in younger samples. 

Nephrolepis comp., Pteris comp. and Pteridium are also present. 

Zone DDA-II, 13.15 m to 7.40 m 
Subzone IIA, 13.15 m to 9.90 m 
Subzone lIB, 9.90 m to 7.40 m 

This zone is taken as extending from 13.15 m to a point between 

samples 7.60 m and 7.10 m; this upper boundary has been placed at 

7.40 m. Some minor changes in pollen frequency within the zone 

have been used to delimit two subzones, the boundary being placed 

between the samples at 9.60 m and 10.20 m, at 9.90 m. 

A date of 16930 + 170 years B.P. was obtained for the section 

251 



10.55 m - 10.65m, and one of 13160 + 170 years B.P. was obtained 

at 7.80 m - 7.90 m, just below the top of the zone. The basal 

part of the zone may include some redeposited material, as an 

extension of the redeposited section at the top of DDA-I, and is 

not older than 18250 years B.P. 

The arboreal pollen is dominated by elements common to all lower 

montane forest types, although taxa more or less confined to 

lower montane forest 11 form a significant proportion of the 

total (Fig. 6.3). Taxa which are commonest in the ericoid forest 

and Gleichenia scrub are also a significant element of the 

arboreal component in this zone. About 70-80% of the Dry Land 

Pollen is derived from forest taxa (Fig. 6.4) while pollen from 

non-forest and swamp sources is less abundant than in zone DDA-I. 

There is also a slight increase in taxa which may have either a 

forest, secondary forest or non-forest source. 

The zone is characterized by an abundance of gymnosperm pollen, 

and Dacrycarpus (4-18% TDLP) shows a particularly marked increase 

in abundance compared with zone DDA-I. Both Dacrydium (2-13%) and 

Podocarpus (0-3%) also exhibit slightly increased frequencies. 

Pinus is recorded only in subzone lIB (Fig. 6.2). 

Lithocarpus/castanopsis comp. (4-10%) and Quercus comp. (3-6%) 

are moderately abundant in the zone but show decreased 

percentages from zone DDA-I. Other taxa recorded, in small 

amounts, include Adinandra comp., Altingia comp., Symingtonia, 

Engelhardtia comp., I lex comp., and Araliaceae comp. Taxa such 

as Symplocos comp., Wendlandia comp., Celtis comp., Linociera 
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comp., Macaranga comp., Mallotus comp., Trema comp., Myrica comp. 

and Lonicera are also recorded, but are present only sporadically 

within the zone. Psychotria comp. and Elaegnus comp. occur 

rarely. 

Taxa which may ha ve both dry I and or swamp forest sources are 

again well represented in the zone and include Elaeocarpus comp., 

~ cymosa and Myrsine comp. Myrtaceae are also abundant, values 

being similar to those recorded in DDA-I. Both Rhododendron 

comp. and Melastoma comp. are consistently present throughout the 

zone. 

Non-arboreal taxa recorded include Cyperaceae (3-14%) and 

Gramineae (2-8%), both of which are slightly less common than 

previously, Laurembergia comp., Xyris, Pandanus and Eriocaulon. 

Aquatic taxa are represented by variable amounts of Potamogeton 

and Typha comp. Pteridophyte spores are quite abundant in the 

zone but considerably less so than in DDA-I. They include 

Asplenium comp., Cyathea comp., Davallia sim., Dennstaedtiaceae 

comp., Filices undifferentiated, Dicranopteris comp. and 

pteridium. Lycopodium cernuum is rare in this zone. 

The division of DDA-II into subzones IIA and lIB is made on the 

basis of frequency changes for a number of taxa. Values of 

Medinilla comp. increase through subzone IIA reaching 6% TDLP but 

decline in subzone lIB to 1-2% TDLP. Myrsine comp. exhibits a 

similar pattern reaching values of 10% TDLP in subzone IIA but 

declining to 0-4% TDLP in subzone lIB. Impatiens and Gentiana 

are recorded only at the base of subzone IIA, as is Selaginella 
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planata comp. Pollen of Vaccinium comp. steadily increases in 

frequency to the top of subzone IIA where values of 4-6% TDLP are 

recorded. It declines at the base of subzone lIB but increases 

again towards the top of the subzone. Pinus pollen is recorded 

only in subzone lIB, while Meliaceae/Sapotaceae comp. and 

Symplocos sessilifolia sim. occur sporadically in subzone lIB 

only. 

Zone DDA-III, 7.40 m to 5.40 m 

This zone extends from 7.40 m to a point between samples 5.20 m 

and 5.60 m, placed at the midpoint 5.40 m. No 14c dates were 

available from samples within the zone although a date of 13160 + 

170 years B.P. was obtained from 7.80-7.90 m in zone DDA-II, and 

a date of 11710 + 110 years B.P. was provided by the section 5.25 

- 5.35 rn, just above the zone boundary. 

The arboreal pollen is increasingly dominated by taxa common to 

all lower montane forest types through the zone, and conversely 

the importance of taxa more or less confined to lower montane 

forest 11 declines within the zone. Taxa commonest in ericoid 

forest and Gleichenia scrub are also less common than formerly 

(Fig. 6.3). About 60-80% DLP is derived from forest (Fig. 6.4) 

with a further 3-20% from non-forest and swamp. Taxa which may 

have a source in forest, secondary forest or non-forest still 

contribute small amounts of pollen. 

Within the zone the gymnosperms decline in importance. 

~crycarpus values fall from 10-20% TDLP to less than 7%, while 
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Dacrydium decreases from values of up to 15% TDLP to 1-5%. Pinus 

is absent from the zone, while Podocarpus is rare (Fig. 6.2). 

Percentages of both Lithocarpus/Castanopsis comp. and Quercus 

comp. increase slightly in this zone, compared with DDA-II, as 

does Altingia comp. Symingtonia, Engelhardtia comp., Symplocos 

comp., !!~ comp., Macaranga comp., Ardisia comp., Vaccinium 

comp., Rhododendron comp. and Melastoma comp. are all present 

throughout the zone in small amounts. Adinandra comp., 

Meliaceae/Sapotaceae comp. and Loranthaceae occur sporadically, 

while Trema comp., Strobilanthes, Myrica comp. and 

Melastomataceae camp. occur rarely. Medinilla comp. is present 

in variable amounts throughout the zone, and percentages show an 

increase over those in zone DDA-IIB. 

Taxa which may have a dry land or swamp forest source are present 

in small amounts. They include Elaeocarpus comp., Ilex cymosa 

and Myrsine comp. Glochidion comp. occurs only rarely. Myrtaceae 

remain abundant in the zone, although it is likely that the bulk 

of this pollen is actually derived from dry land rather than 

swamp forest sources. 

Cyperaceae values are generally fairly low, but do start to 

increase towards the top of the zone. Gramineae values (1-10% 

TDLP) are variable. Other non-arboreal swamp taxa represented 

are Eriocaulon and Xyris, both of which are present in small 

amounts. Urticaceae/Moraceae of various types are present as low 

frequencies while Indeterminate type 18 is consistently present 

as 1-4% TDLP. Aquatic taxa are represente~ by both Potamogeton 

255 



and Typha comp. Potamogeton peaks at the base of the zone where 

it contributes the equivalent of over 50% TDLP. However it is 

absent from the top part of the zone. Typha comp. occurs in 

small amounts throughout the zone. All aquatic taxa are absent 

from the overlying zones. 

Pteridophyte spores are relatively low in abundance in this zone 

compared with zones DDA-I and DDA-II. They include Asplenium 

comp., Davallia sim., Dennstaedtiaceae comp. and rare Crypsinus 

comp., Cyathea comp., Pteridium and Nephrolepis comp. Filices 

undifferentiated are less common than in previous zones but are 

still quite abundant in some samples. Lycopodium cernuum, ~ 

clavatum comp. and L. phlegmaria comp. are all recorded rarely. 

Zone DDA-1V, 5.40 m to 3.40 m 

This zone extends from 5.40 m to a point between samples 3.20 m 

and 3.70 m, taken at 3.40 m. A l4C date of 11710 :!:. 110 years 

B.P. was obtained for 5.25-5.35 m. The age of the upper zone 

boundary can only be estimated, using the age-depth graph 

provided in Fig. 6.1. This suggests an age for the upper zone 

boundary of c. 8200 years B.P. 

Arboreal pollen in this zone is dominated by elements common to 

all lower montane types (75-95%). Pollen from taxa restricted to 

lower montane forest 1 or 11 contributes only a few percent of 

the total (Fig. 6.3). Pollen from taxa commonest in ericoid 

forest and Gleichenia scrub is of variable importance (0-16%). 

Some of the variability between samples in this zone may actually 

relate to the relatively low total pollen counts in two of the 
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samples. 

Although pollen from forest taxa contributes significantly to the 

dry land pollen sum in the lower part of the zone (Fig. 6.4), it 

falls to below 45% DLP in the uppermost two samples, associated 

with a large increase in the non-forest and swamp component. 

Although this component also increases in importance in the 

sample at 5.20 m, in this case it may be a function of the low 

pollen count. However, the increase in the top two samples is 

far 1 ess 1 ike ly to be such an anoma ly, since the count was of 

normal size in one of the samples involved. 

Zone DDA-IV (Fig. 6.2) is characterized by very low percentages 

of gymnosperm pollen, comprising up to 5% Dacrydium, with rare 

podocarpus. Dacrycarpus and Pinus do not occur in the zone. 

Lithocarpus/Castanopsis comp. exhibits slightly increased 

frequencies in the zone, while Quercus comp. values are variable 

and little different from those in zone DDA-III. Adinandra 

comp., Altingia comp., Ilex comp. and Medinilla comp. all occur 

fairly consistently, but in small amounts. Engelhardtia comp., 

Symingtonia, Melastoma comp. and Vaccinium comp. occur 

sporadically while Symplocos comp., Macaranga comp., Trema comp., 

Myrica comp. and Rhododendron comp. occur only rarely. 

Loranthaceae are absent from the zone. 

Taxa which may ha ve a dry land or swamp forest source are 

represented by variable amounts of Elaeocarpus comp. (1-9%) and 

Myrsine comp. (0-10%), along with sporadic occurrences of Ilex 

cymosa. Myrtaceae are overall less abundant than in previous 

257 



zones, but still remain common. 

Variable percentages of Cyperaceae and Gramineae are recorded. 

Gramineae comprise 55% TDLP in one sample, but values are 

otherwise low, and Cyperaceae (up to 40% TDLP) are also abundant 

in some samples. The high percentages of Cyperaceae ought however 

be viewed with some caution in this zone as they occur only in 

the two samples where the total pollen count was unusually low. 

Nepenthes, Impatiens, Eriocaulon and Pandanus are recorded rarely 

in the zone, while Urticaceae/Moraceae of various types are 

recorded in most samples. 

No aquatic pollen is recorded in the zone, and pteridophyte 

values are generally quite low. They include Selaginella planata 

comp., Davallia sim., Filices undifferentiated, Lycopodium 

cernuum, L. clavatum comp., Pteridium and Pteris comp. 

Zone DDA-V, 3.40 m to 1.90 m 

This zone extends from 3.40 m to a point between 1.60 m and 

2.20 m, taken at 1.90 m. A single 14C date of 6850 + 60 years 

s.P. was obtained for a sample from 2.60 - 2.70 m. The age of 

the upper and lower zone boundaries can only be estimated, using 

Fig. 6.1. This suggests an age for the lower zone boundary of c. 

8200 years B.P. and for the upper zone boundary of c. 5400 years 

s.P. 

Lower montane forest elements dominate the arboreal pollen of the 

zone, while pollen of taxa restricted to lower montane forest I 

increases in abundance, reaching values of 10% (Fig. 6.3). The 
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contribution of forest pollen to the dry land pollen sum is 

variable, ranging from 56-87% (Fig. 6.4), the bulk of the rest 

being contributed by non-forest and swamp taxa. Pollen which may 

have a source in forest, secondary forest or non-forest 

contributes variable but small amounts to the pollen sum. 

The zone (Fig. 6.2) is characterized by the absence of gymnosperm 

pollen, increasing values of Altingia comp. and decreased values 

of Lithocarpus/Castanopsis comp. (8-9% TDLP). Quercus comp. is 

of variable abundance (4-14%) while Engelhardtia comp. and 

Symingtonia are consistently present throughout the zone in low 

frequencies. Also present in small amounts are Ardisia comp., 

which is not present in zones DDA-IV or DDA-VI, Symplocos comp., 

Celtis comp., Claoxylcn comp., Ilex comp., Macaranga comp., 

Medinilla comp., Loranthaceae, l-lyrica comp. and Vaccinium comp. 

The latter occurs in much lower percentages than in earlier 

zones. Linociera comp. is consistently present in low 

percentages in this zone, whereas in previous zones it occurred 

only sporadically. Trema comp., Schefflera aromatica sim. and 

Rhododendron comp. occur only rarely in this zone. 

Taxa having a possible arboreal swamp forest or dry land source 

include Ilex cymosa, which shows an increase towards the top of 

the zone to 4% TDLP, rare Myrsine comp. and Glochidion comp. 

Elaeocarpus comp. (1-6%) is common while Myrtaceae are abundant 

in the zone. Most of the Myrtaceae po 11 en is of type 1, which 

accounts for up to 50% TDLP, Myrtaceae type 2 is not recorded in 

the zone. Such high Myrtaceae values might indicate a swamp 
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forest source for some of this pollen. 

Cyperaceae values are variable, up to 29% TDLP, but Gramineae 

values are low (2-5%). Pandanus and Urticaceae/Moraceae types 

are also recorded in the zone, but Indeterminate type 18, and 

aquatic pollen are absent. 

Pteridophyte spore values remain relatively low. They include 

rare Selaginella planata comp., ~ semicaudata sim., Cyathea 

comp., Dennstaedtiaceae comp., Lycopodium cernuum, ~ phlegmaria 

comp., Dicranopteris comp., Gleichenia comp. and Cyclosorus comps 

1 and 2. Filices undifferentiated occur in low percentages 

except at 2.20 m where they contribute the equivalent of 201 

TDLP. Filices undifferentiated areolate are also common in this 

sample. 

Zone DDA-VI, 1.90 m to 0.20 m 

This zone is taken as extending from 1.90 m to a point between 

the samples at 0 m and 0.55 m, and placed for convenience at 

0.20 m. A 14C date of 4520 + 50 years S.P. was obtained for the 

section 1.30 - 1.40 m. Ages of the zone boundaries can only be 

estimated, using Fig. 6.1. This suggests an age of c. 5400 years 

S.P. for the lower zone boundary. The major changes in pollen 

assemblages which occur between the samples 0.55 m and 0 m cannot 

be assigned a specific date, but appear, from Fig. 6.1 to have 

occurred at some time after c. 1800 years S.P., which is the 

estimated Qge of the sample from 0.55 m. 

Lower montane forest elements dominate the arboreal component of 
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the zone, with pollen of taxa restricted to lower montane forest 

I contributing about 6% of the Total Arboreal Pollen (Fig. 6.3). 

Pollen from taxa more or less confined to sub-montane forest 

reach a peak of almost 8% in the zone. 

Pollen derived from forest taxa contributes about 80-85% of the 

DLP in the zone. The non-forest and swamp component contributes 

relatively little, about 7-10%. There is also a slight increase 

in the zone of pollen taxa which may have a forest, secondary 

forest or non-forest source (Fig. 6.4). 

The zone (Fig. 6.2) is characterized by the virtual absence of 

gymnosperm pollen, only rare Dacrydium and Podocarpus being 

recorded. Lithocarpus/Castanopsis comp. (9-18% TDLP) increases 

in importance in the zone, and Altingia comp. remains moderately 

common (4-5%). Engelhardtia comp., Symingtonia, Symplocos comp., 

Vernonia arborea sim., Linociera comp., Macaranga comp. and 

Medinil~ comp. occur throughout the zone as small percentages of 

TDLP. Of these, Medinilla comp. (5-7%) shows slightly increased 

frequencies in the zone. Antidesma comp. (up to 2%) is 

consistently present. Other taxa recorded include Adinandra 

comp., eel tis comp., Evodia comp., Fagraea comp., I lex comp., 

Trema comp., Araliaceae comp., Santalaceae comp. Gesneriaceae 

comp., Melastoma comp., Myrica comp., Rhododendron comp., 

Vaccinium comp. and Viburnum comp. 

Taxa which may ha ve ei ther a dry 1 and or swamp forest source are 

represented by ~ cymosa, which peaks at the base of the zone 

before declining, Elaeocarpus comp., Myrsine comp. and Glochidion 

261 



comp. Elaeocarpus comp. is less common than in zone DDA-V. 

Myrtaceae types 1 and 4 are abundant, both exhibit increased 

frequencies towards the top of the zone. 

Cyperaceae are present throughout the zone but frequencies are 

relatively low (4-6%) as are values of Gramineae (up to 3%). 

Monocotyledon undifferentiated and Eriocaulon occur rarely, while 

small amounts of Urticaceae/Moraceae occur throughout the zone. 

Pteridophyte spores are moderately abundant and include rare 

Selaginella planata comp., Selaginella comp., Pteridium, Pyrossia 

sim. and Cyclosorus comp. 2 along with low percentages of Cyathea 

comp., Humata sim., Davall!! sim. and Dennstaedtiaceae comp. 

Filices undifferentiated increase in abundance in the zone, to 

the equivalent of 29-32% TDLP. Lycopodium cernuum is 

consistently present in the zone while ~. phlegmaria comp. and 

Gleichenia comp. occur occasionally. Both Nephrolepis comp. and 

Sphenomeris comp. are moderately common. 

Zone DDA-VII, 0.20 m to 0 m 

This zone comprises one sample only, the surface sample of the 

core from 0 - 0.01 m depth. The age of the sample is presumed to 

be contemporary. 

The arboreal component of the pollen assemblage is dominated by 

pollen from taxa common to all lower montane forest types (65%) 

with small percentages from taxa restricted to lower montane 

forest I, lower montane forest I and 11, and lower montane forest 

11 (Fig. 6.3). Forest pollen contributes only 7% DLP, the bulk 
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Fig. 6.2 
Pollen diagram for DDA 
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Fig. 6.3 
Summary pollen diagram for DDA showing the composition of the 
arboreal pollen in terms of altitudinal forest types 
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Fig. 6.4 
Summary pollen diagram for DDA showing the composition of the dry 
land pollen in terms of source habitats 
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ot the latter is made up by the non- forest and swamp component 

(85% DLP, Fig. 6.4). 

Gymnosperms are represented in this sample by Dacrycarpus and 

Podocarpus, both contributing less than 0.5% TDLP (Fig. 6.2). 

Lithocarpus/Castanopsis comp., Quercus comp., Altingia comp. and 

Engelhardtia comp. are present but in much reduced frequencies 

compared with previous zones. Symplocos comp., Symingtonia, 

Melastoma comp., Myrica comp., Vaccinium comp. and Myrtaceae are 

also recorded. Many taxa which are common in other zones, are 

absent from this assemblage. They include Adinandra comp., ~ 

cymosa, E laeocarpus comp., Medini lla comp., Macaranga comp., 

Myrsine comp. and Linociera comp. 

The assemblage is dominated by non-arboreal taxa, especially 

Gramineae (62% TDLP) and Cyperaceae (19% TDLP). Hydrocotyle 

comp., Laurembergia comp., Xyris and Urticaceae/Moraceae are also 

recorded as small percentages of TDLP. 

Pteridophyte spores are not very diverse and are relatively 

uncommon. They are dominated by Lycopodium cernuum (equivalent 

to 30% TDLP) with some L.clavatum comp. (6%). Filices 

undifferentiated, and unclassified spores are also recorded. 

6.6 Patterns of pollen influx at the site 

Pollen influx was calculated for selected taxa and pollen groups 

only, for the entire DDA core. The methods for actual 

calculation of pollen influx are detailed in Appendix 3. 

Accumulation rates used in the calculations are those listed in 
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Table 6.3. Details of amounts of the exotic marker (Lycopodium 

clavatum) added to samples, and actual counts are also provided 

in Appendix 3. Descriptions of pollen influx patterns at the 

site are provided in the following Sections. In these sections 

age estimates are included for depths at which changes in influx 

occur. These age estimates have been extracted from the age

depth information for the core provided in Fig. 6.1. This 

assumes a constant accumulation rate between dated levels, which 

in reality is not always the case, therefore the dates shown are 

only tentati ve. 

Absolute pollen frequency (also known as pollen concentration) 

expressed as grains 9-1 sediment was also calculated for total 

dry land pollen; the method is also shown in Appendix 3. 

6.6a Influx of major palynomorph groups 

Total Dry Land Pollen influx (Fig. 6.5). 

The Total Dry Land Pollen influx was very variable over the core 

section, ranging from 430 to 38500 grains cm- 2 yr- l . However, 

some patterns do emerge. 

For the section 16.30 m to 14.60 m influx values are extremely 

low, the highest value being 3040 grains cm-2 yr- l • This section 

covers a period from prior to c. 31450 years B.P. to c. 22370 

years B.P. At some point between 14.60 m and 14.10 m influx 

values increase markedly. This point might well coincide with 

the deposition of older sediments within the core, an event 

starting after c. 18250 years B.P. at, or just above, the dated 

14.1S-14.25m section. Influx values in the section 14.10 m to 
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Fig. 6.5 
DDA: Pollen influx curves for major palynomorph groups 
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11.20 m (c. 17100 years B.P.) rise to over 38000 grains cm- 2 yr- l 

and are generally over 25000 grains cm-2 yr- l • 

From 11.20 m to 10.20 m (c. 16000 years B.P.) influx values 

decline steadily to 5240 grains cm-2 yr-1 • Over the section 

10.20 m to 7.60 m (c. 13000 years B.P.) values fluctuate between 

3000 and 17000 grains cm-2 yr-1 • The sample at 7.60 m marks the 

start of a section of relatively high influx values (over 17000 

grains cm- 2 yr- 1 ) which ends at 5.60 m (c. 11800 years B.P.). 

This is followed, from 5.20 m to 2.75 m (c. 11500 to c. 7000 

years B.P.) by a section in which Total Dry Land Pollen influx 

values are much lower, less than 10000 grains cm- 2 yr- l and 

frequently less than 5000 grains cm-2 yr- 1 • Thereafter influx 

values increase steadily, reaching a peak of over 34000 grains 

cm-2 yr- l at 1.10 m (c. 3600 years B.P.) before declining towards 

the surface. Surface values are very low at 517 grains cm- 2 

yr-1 • 

Because the Total Dry Land Pollen influx values are so variable, 

the absolute pollen influx curves for selected taxa are more 

difficult to interpret. However, they are still of great value 

in assessing the real nature of pollen events depicted in the 

percentage pollen diagrams. 

Total aquatic pollen influx (Fig. 6.5). 

Pollen having aquatic taxa as its source is recorded mainly 

between the depths of 14.10 m and 6.10 m (c. 18200 to c. 12400 

years B.P.). Two peaks of pollen influx occur, at 11.70 rn (c. 

17400 years B.P.) and 6.60 rn (c. 12400 years B.P.). In both 
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{<' ig. 6.6 
DDA: absolute pollen frequencies of dry land pollen (grains 9-1 ) 
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events Potamogeton is the major contributor of pollen, and at 

these points an increase in the percentage of aquatic pollen is 

also recorded. These increases may therefore indicate an 

increase in the importance of Potamogeton in the vegetation 

around the site. 

Total pteridophyte spore influx (Fig. 6.5). 

Pteridophyte spore influx throughout the core is even more 

variable than that of pollen. Influx values are low at the base 

of the core (less than 2000 spores cm-2 yr-1 ) up to, and 

including 14.60 m (c. 22370 years B.P.). A large increase in 

influx values occurs between 14.60 m and 14.10 m and reaches a 

maximum of 37030 spores cm- 2 yr-1 at 14.10 m (c. 18200 years 

S.P.), the lowest part of the reworked core section. 

Above 14.10 m influx values decline and between 12.20 m (c. 17500 

years a.p.) and 5.20 m (c. 11500 years a.p.) they are very 

variable, but generally less than 6000 spores cm-2 yr- l • From 

5.20 m to 2.75 m (c. 7000 years a.p.) the pteridophyte spore 

influx is consistently low, less than 540 spores cm- 2 yr- l • 

There is a steady increase in influx values between 2.75 m and 

1.10 m (c. 3600 years B.P.) and a value of 17600 grains cm- 2 yr- l 

is recorded at L10m. Above this the values decline and are very 

low at the surface of the core (198 grains cm- 2 yr- l ). 

Absolute pollen frequencies for Total Dry Land Pollen (Fig. 6.6). 

Absolute pollen frequency is quite variable, even between 

adjacent samples, for much of the DDA sequence. However, below 
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2.75 m depth there are no sections in which pollen concentration 

is consistently increased, although high values do occur in some 

samples, notably at 13.60 m and 9.60 m. Most values below 2.75 m 

are in the range c. 200000 - c. 700000 grains g-l. Only over the 

section 2.75 m to 0.55 m do absolute pollen frequencies increase 

significantly, to reach a maximum of over 3.1 million grains g-l 

at 1.10 m although at the surface of the core there is a return 

to lower values. 

6.6b Influx of selected pollen taxa 

Dacrycarpus (Fig. 6.7). 

Pollen influx values for this taxon are low at the base of the 

core; this may at least partly be a reflection of the low Total 

Dry Land Pollen influx in this section. By 14.10 m (c. 18200 

years B.P.) the influx values start to rise, and although they 

fluctuate they remain high, generally above 2000 grains cm- 2 yr- l 

until 10.70 m (c. 16950 years B.P.). The section 10.20 m to 7.60 

m has lower levels of pollen influx (in the region of 1000 grains 

cm-2 yr-l ). There is another increase in influx around 6.60 m 

(c. 12400 years B.P.) where over 4000 grains cm- 2 yr- l are 

recorded. However, above this the influx values decline to very 

low levels, and pollen is absent from the section above 5.20 m 

(c. 11500 years B.P.), except for the surface sample. 

The increase in percentage representation of Dacrycarpus observed 

in zone DDA-IIA (Fig. 6.2) corresponds therefore with an 

increase in pollen influx to the site, and the decline in 

percentages at the top of zone III (Fig. 6.2) corresponds with a 
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decrease in pollen influx. 

Dacrydium (Fig. 6.7). 

The pattern of pollen influx for Dacrydium is very similar to 

that of Dacrycarpus. An initial phase of low pollen influx is 

followed at 14.10 m (c. 18200 years B.P.) by a period of high 

pollen influx, often over 3000 grains cm-2 yr- l are recorded. 

This persists unti 1 11. 70 m (c. 17400 years B.P.) when va 1 ues 

decline steadily to 8.10 m (c. 13500 years B.P.), frequently 

being less than 1000 grains crn- 2 yr- l • There is another increase 

in pollen influx around 6.60 m (c. 12400 years B.P.) when values 

of over 3000 grains cm- 2 yr- l are again recorded. Influx 

declines rapidly in the overlying samples and is very low from 

6.10 m (c. 12100 years B.P.) until 3.70 m (c. 8800 years B.P.) 

after which Dacrydium is recorded only rarely. 

Pinus (Fig. 6.7). 

Influx values for Pinus, where this is present, are low, rarely 

greater than 100 grains cm-2 yr- l • Pinus is only recorded below 

14.60 m (c. 22370 years B.P.) and over the section 9.60 m to 7.60 

m (c. 15500 to c. 13000 years B.P.). The low influx values may 

be interpreted as infrequent or rare occurrence of Pinus in the 

vegetation, or perhaps even long distance transport of pollen, at 

those times when it is recorded. 

Podocarpus (Fig. 6.7). 

Although influx values for Podocarpus are greater than those for 

Pinus, they are never as great as values of Dacrycarpus and 
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Dacrydium. Podocarpus is found predominantly in the section 

below 6.20 m (c. 12200 years B.P.) and occurs only very rarely 

above this. Influx values are at their greatest over the section 

13.10 m to 10.70 m (c. 17800 to c. 16950 years B.P.) when they 

are often greater than 400 grains cm- 2 yr- l . Elsewhere values 

are generally less than 200 grains cm-2 yr- l • 

Adinandra comp. (Fig. 6.7). 

Pollen influx values for this taxon are low through most of the 

sequence, increasing slightly only between 12.60 m and 11.70 m 

(c. 17700 to c. 17400 years B.P.) and again at 1.10 m (c. 3600 

years B.P.). 

Altingia comp. (Fig. 6.7). 

Pollen influx values for Altingia comp. are low throughout the 

lower part of the sequence. They increase slightly from 7.10 m 

to 5.70 m (c. 12700 to c. 11900 years a.p.), a change also 

reflected in a slight increase in percentage representation over 

this section (Fig. 6.2). However a major increase in pollen 

influx occurs above 2.75 In (c. 7000 years a.p.), where values of 

over 1000 grains cm- 2 yr- 1 are recorded. This coincides with an 

increase in the percentage representation of the taxon, and 

possibly relates to a real increase in Altingia comp. sources in 

the area. Above 1.10 m (c. 3600 years B.P.) the influx values 

fall to low levels. Of further interest is the absence of 

Altingia comp. in samples from 14.10 m to 12.20 m (c. 18200 to c. 

17500 years B.P.). 
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Engelhardtia camp. (Fig. 6.7). 

Influx values for Engelhardtia camp. are generally quite low, and 

never exceed 800 grains cm-2 yr- l • For much of the sequence they 

are less than 200 grains cm- 2 yr- l • Influx values increase 

slightly from 13.60 m to 11.20 m (c. 18000 to c. 17100 years 

S.P.) and again at 1.60 m (c. 3600 years a.p.). However these 

possibly merely reflect peaks of Total Dry Land Pollen influx 

which occur at these parts of the sequence. 

I 1 e x c ymo sa (F i g. 6 • 7 ) • 

Pollen influx values for Ilex cymosa are fairly low for much of 

the sequence, values of less than 500 grains cm-2 yr- l 

prsdominat& below ~.20 m (c. 6000 years S.P.) and are often less 

than 200 grains cm-2 yr- l • Influx increases from 2.20 m to 1.10 

m (c. 6000 to c. 3600 years B.P.); this event is also reflected 

in increased percentage representation of the taxon at this time 

(Fig. 6.2). Influx values return to low levels at the surface of 

the core. 

Lithocarpus/Castanopsis camp. (Fig. 6.7). 

Influx values for this taxon are low at the base of the core but 

increase sharply by 14.10 m (c. 18200 years a.p.), reaching peaks 

of over 5000 grains cm-2 yr- l . Thereafter pollen influx 

decreases steadily to 10.20 m (c. 16000 years a.p.) a feature 

also reflected in percentage representation of this pollen taxon 

(Fig. 6.2). Influx remains fairly low until 7.10 m, and from 

7.10 m to 5.60 m (c. 12700 to c. 11800 years a.p.) both pollen 

influx and percentages are slightly higher. Influx values then 

decline and remain fairly low until 2.20 In (c. 6000 years a.p.). 
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From 2.20 m to 1.60 m (c. 4900 years B.P.) influx values increase 

rapidly to levels of over 4000 grains cm-2 yr- l . However above 

1.60 m they decline rapidly towards the surface of the core where 

values are very low (7 grains cm-2 yr-l ). 

Quercus comp. (Fig. 6.7). 

The patterns of pollen influx for Quercus comp. are broadly 

similar to those for Lithocarpus/Castanopsis comp. Influx values 

are low in the basal section of the core but increase at 14.10 m 

(c. 18200 years B.P.) to over 3000 grains cm-2 yr- l • Over the 

section 13.60 m to 10.70 m (c. 18000 to c. 16950 years B.P.) they 

are fairly high but decline steadily, and for the section 10.70 m 

to 7.60 m (c. 13000 years B.P.) remain fairly low, at less than 

800 grains cm-2 yr- l • There are two more sections of increased 

influx in the sequence, from 7.10 m to 5.20 m (c. 12700 to c. 

11500 years B.P.) and from 2.20 m to 1.10 m (c. 6000 to c. 3600 

years B.P.), otherwise values are rather low, particularly at the 

surface. 

Symingtonia (F ig. 6.7). 

Influx values for symingtonia are generally low to moderate (less 

than 1000 grains cm-2 yr- l ). They are extremely low at the base 

of the sequence but increase over the section 14.10 m to 13.10 m 

(c. 18200 to c. 17800 years B.P.) before steadily declining 

again. There is a slight increase in influx values over the 

section 6.60m to 5.60m (c. 12400 to c. 18000 years B.P.) and 

again at 2.75 m to 1.60 m (c. 7000 to c. 4900 years B.P.). This 

latter increase is also reflected in increased percentage 
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representation of the taxon over this period (Fig. 6.2). 

Otherwise influxes remain at very low levels. 

Elaeocarpus camp. (Fig. 6.7). 

At the base of the core, influx rates for Elaeocarpus camp. 

pollen are low, but they increase at 14.10 m (c. 18200 years 

D.P.) and thereafter fluctuate quite widely until 11.20 m (c. 

17100 years B.P.). Peaks of influx of over 1000 grains cm-2 yr- l 

are recorded over this section. Influx values are generally low 

in the overlying sections but increase to over 1000 grains cm- 2 

yr- l at 2.20 m (c. 6000 years B.P.). This increase is also 

reflected in increased percentage representation (Fig. 6.2). 

Influx values fall markedly above 1.10 m (c. 3600 year. a.p.). 

Il~ camp. (Fig. 6.7). 

Low inf 1 ux va lues of .!..!~ camp. are recorded a t the base of the 

sequence but these increase at 14.10 m (c. 18200 years B.P.) and 

remain at these moderate levels (400-800 grains cm- 2 yr- l ) until 

10.70 m (c. 16950 years B.P.). Thereafter influx values are low, 

except for a slight increase over the section 7.60 m to 5.60 m 

(c. 13000 to c. 11800 years B.P.). Above this, to the surface, 

influx values are very low and there is no peak in the top 

section around 1 m to 2 m, as found in inf 1 ux cur ves for many 

other taxa. This suggests that the source of Ilex camp. pollen 

may have become scarcer at this time. 

Linociera comp. (Fig. 6.7). 

This occurs only sporadically in the basal section of the core, 

where influx values are very low. The taxon exhibits one phase 
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of increased influx, from 2.20 m to 1.10 m (c. 6000 to c. 3600 

years B.P.) but values are very low above this at the top of the 

core. The increased influx at 1.10 m to 1920 grains cm- 2 yr- l , 

and increased percentage representation at this time (Fig. 6.2) 

may indicate a change in the importance of source taxa in the 

vegetation. 

Macaranga comp. (both large and small types) (Fig. 6.7). 

Macaranga comp. occurs only sporadically at the base of the 

sequence, where influx values are low. However it is 

consistently represented from 7.60 m to 5.20 m (c. 13000 to c. 

11500 years B.P.) but influx values remain low, less than 300 

grains cm-2 yr- 1 • Above 5.20 m Macaranga comp. occurs only 

rarely until 3.20 m (c. 7800 years B.P.) but there is then a 

steady increase in influx values rising from 161 grains cm-2 yr- l 

at 3.20 m to 817 grains cm- 2 yr-1at 1.60 m (C. 4900 years B.P.). 

Low influx values of less than 100 grains cm- 2 yr- l occur at the 

top of the section in samples from 0.55 m and 0 m. Of particular 

interest is the significant increase in influx values for 

Macaranga comp. only towards the top of the sequence. 

Medinilla comp. (Fig. 6.7). 

Low influx values of less than 100 grains cm- 2 yr- l occur for 

this taxon at the base of the sequence. At 14.10 m (c. 18200 

years B.P.) influx increases to around 400 grains cm- 2 yr- l and 

remains at about this level until 11.70 m (c. 17400 years B.P.). 

From 11.70 m to 10.70 m (c. 16950 years B.P.) inf 1 ux va 1 ues are 

h ' , -2 -1 d h' , ~gher, over 1000 gra~ns cm yr , an t ~s ~ncrease is also 

reflected in the percentage representation of the taxon (Fig. 

278 



6.2). Thereafter influx values are generally low (less than 200 

grains crn-2 yr-l ) until 1.60 m, except for a slight increase over 

the section 7.10 m to 5.20 m (c. 12700 to c. 11500 years B.P.). 

There is a large increase in influx values starting at 1.60 m (c. 

4900 years B.P.), reaching values of greater than 2000 grains 

cm- 2 yr- l at 1.10 m (c. 3600 years B.P.) a change again reflected 

in the percentage representation of Medinilla camp. Values 

decline above this and are low at the surface of the core. 

Myrsine camp. (F ig. 6.7). 

Pollen influx values for Myrsine camp. are low prior to c. 18200 

years B.P. (14.10 m), but at this time they increase to over 2000 

grains cm-2 yr- l • Influx remains high, 1000-2000 grains 

cm-2 yr- l until 10.70 m (c. 16950 years B.P.). Percentage 

representation of Myrsine comp. is also high throughout this 

section (Fig. 6.2) suggesting the possibility of an increase, in 

the vegetation, of its source. Influx values decline above 

10.20m (c. 16000 years B.P.) but increase again at 7.60 m (c. 

13000 years B.P.) and thereafter fluctuate at moderate levels 

until 4.20 m (c. 9600 years B.P.). Above this influx levels are 

low, exceeding 300 grains cm-2 yr- l only once at 1.10 m (c. 3600 

years B.P.). It seems likely that the sources in the vegetation 

of Myrsine camp. were more widespread before c. 9600 years B.P. 

(4.20 m) and especially prior to c. 16950 years B.P. (10.70 m). 

Myrtaceae (all types) (Fig. 6.7). 

The pollen influx pattern for all Myrtaceae is closely similar to 

that produced by Total Dry Land Pollen (Fig. 6.5). However there 
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is a major deviation from this pattern from 3.20 m to 2.75 m, 

where influx values of Myrtaceae increase sharply compared with 

those for Total Dry Land Pollen, perhaps indicating a real 

increase in the importance of the Myrtaceae in the vegetation. 

Myrtaceae type 1 (Fig. 6.7). 

Influx values for this taxon are very low (less than 100 grains 

cm-2 yr-l ) in the basal part of the core, below 14.10 m (c. 18200 

years B.P.). Over the section from 14.10 m to 10.20 m (c. 16000 

years B.P.) influx increases and values are high but variable, 

(800 - 2770 grains cm- 2 yr- l ). Influx values decrease above 

10.20 m and are at moderate to low levels until 7.60 m (c. 13000 

years a.p.). Values fluctuate quite widely over the next section 

7.60 m to 3.70 m (c. 8800 years B.P.). From 3.20 m to 2.75 m (c. 

7800 to c. 7000 years D.P.) influx is high, over 2500 grains cm- 2 . 
yr- l , corres~onding with a large increase in the percentage 

representation of the taxon (Fig. 6.2). This may indicate a real 

increase in the importance of source taxa in the area at this 

time. Influxes fall slightly at 2.20 m (c. 6000 years a.p.) but 

then increase again, and at 1.10 m over 5000 grains cm-2 yr- l are 

recorded. Values then decline towards the surface of the core. 

Myrtaceae type 2 (Fig. 6.7). 

Pollen influxes for Myrtaceae type 2 are very similar to those 

for Myrtaceae type 1, in the bottom part of the sequence. 

However, from 6.20 m to the top of the core the pattern is quite 

different, influx values for Myrtaceae type 2 are very low above 

6.20 m (c. 12200 years a.p.), and above 3.70 m (co 8800 years 

aop.) the taxon is recorded only rarely, and influx values remain 
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extremely low. The decline is also evident in the percentage 

diagram (Fig. 6.2) and this suggests that a real decline in the 

importance of this pollen type does occur at this time although 

unfortunately the specific source of this pollen taxon is not 

known. 

!:!~..!~ toma comp. (F ig. 6.7). 

Influx of Melastoma comp. remains fairly low through much of the 

sequence. Slightly increased influx occurs from 12.60 m to 

11.20 m (c. 17700 to c. 17100 years B.P.) and from 7.10 m to 

6.10 ID (c. 12700 to c. 12100 years B.P.). 

Rhododendron comp. (Fig. 6.7). 

Pollen influx for this taxon is low throughout the whole 

sequence, and never exceeds 300 grains cm- 2 yr- l • 

Vaccinium comp. (Fig. 6.7). 

Influx values for this taxon are very low at the base of the 

sequence, below 14.10 m (c. 18200 years B.P.), where they do not 

exceed 120 grains cm- 2 yr- l • However at this point influx 

increases to c. 1000 grains cm-2 yr- l , and values remain at 

similar levels until 10.70 ID (c. 16950 years B.P.). Thereafter 

they fall to lower levels of c. 200-400 grains cm-2 yr- l until 

5.60 m (c. 11800 years B.P.). Above this influx levels remain 

very low, less than 150 grains cm-2 yr- l , throughout the 

remainder of the sequence. It appears that a genuine decline in 

the source of Vaccinium comp. takes place at c. 11800 years B.P. 

but that the source was perhaps even more widespread prior to c. 

16950 years B.P. 
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Cyperaceae (F ig. 6.7). 

Influx values for Cyperaceae are extremely variable but are low, 

less than 500 grains cm-2 yr- l , below 14.10 m (c. 18200 years 

a.p.). Thereafter they are greatly increased, but still 

variable, a peak influx rate of over 6500 grains cm-2 yr- l being 

recorded at 13.60 m (c. 18000 years B.P.). Despite wide 

fluctuations in values over the section 13.60 m to 7.60 m (c. 

18000 to c. 13000 years B.P.), the trend is towards declining 

influx values. Influx continues to fluctuate over the section 

7.60 m to 2.75 m (c. 7000 years B.P.) with a peak at 5.60 m (c. 

11800 years B.P.) of 2780 grains crn-2 yr- l . Values are then 

quite high from 2.20 m to 1.10 m (c. 6000 to c. 3900 years B.P.), 

over 5000 grains cm-2 yr-1 being recorded at 2.20 m. Values then 

decline steadily to low levels at the surface of the core. The 

majority of this pollen is probably of very local origin and the 

fluctuations in influx may relate to small scale changes in the 

local vegetation. 

Grarnineae (Fig. 6.7). 

Influx of this taxon is small (less than 300 grains cm- 2 yr- l ) 

below 14.10 m. Values then rise to a peak of 5158 grains cm-2 

yr- l at 13.60 m (c. 18000 years B.P.). Va 1 ues, al though sti 11 

high, decline steadily to 10.70 rn (c. 16950 years B.P.) and 

thereafter remain at moderate levels until 7.60 m (c. 13000 years 

B.P.). Influx is very variable above 7.60 rn, to the top of the 

core, 320 grains cm- 2 yr- l being recorded at the surface. 

Eriocaulon (Fig. 6.7). 

Influx of Eriocaulon is very low prior to c. 18200 years B.P. 
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Fig. 6.7 
DDA: pollen influx curves for selected pollen taxa 
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(14.10 m). However at this time influx increases and remains at 

moderate levels, over 400 grains cm-2 yr-l until 11.70 m (c. 

17400 years a.p.). Influx values then decline and are low 

throughout the section to 4.70 m (c. 10600 years a.p.) above 

which the taxon occurs only rarely. 

6.6c Influx of altitudinal forest groups (arboreal taxa only) 

Total Arboreal Pollen (Fig. 6.8). 

The influx of arboreal pollen at the site is broadly similar in 

pattern to that of Total Dry Land Pollen (Fig. 6.5) except that 

values are smaller. 

Taxa more or less confined to sub-rnontane forest (Fig. 6.8). 

Pollen having this source is found sporadically throughout the 

sequence, but influx levels are low. Only over the section 

1.60 m to 1.10 m (c. 4900 to c. 3600 years a.p.) is there a 

significant increase in pollen influx for this group. 

Taxa of sub-montane forest and lower montane forest I (Fig. 6.8). 

Pollen having this source occurs only rarely in the sequence, and 

influx values are very low. 

Taxa of lower montane forest I only (Fig. 6.8). 

Influx of pollen having this source occurs only in very small 

amounts through much of the sequence, and the pollen is absent 

from the section 14.10 m to 12.60 m (c. 18200 to c. 17700 years 

S.P.). Influx values begin to increase significantly in the 

upper part of the sequence at 2.75 rn (c. 7000 years a.p.) and 

values are high until 1.10 m (c. 3600 years a.p.) but decline to 

low levels at the top of the core. 
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Tdxa of lower montane forest I and 11 (Fig. 6.8). 

Pollen having this source has low influx values at the base of 

the sequence. However, influx increases over the section 14.10 m 

to 10.70 m (c. 18200 to c. 16950 years a.p.) where up to 860 

grains cm- 2 yr- l are recorded. Influx values are then low, 

genera lly 1 ess than 200 grains cm- 2 yr- l , for the rest of the 

sequence, except for a peak at 1.10 m (c. 3600 years a.p.) of 960 

grains cm-2 yr- l . 

Taxa more or less confined to lower montane forest 11 (Fig. 6.8). 

The influx values of pollen having this source are low below 

14.10 m (c. 18200 years a.p.), but increase to high levels at 

this point (over 2000 grains cm- 2 yr-l ). Influx continues at 

high levels over the section 14.10 m to 10.70 m (c. 16950 years 

a.p.), is lower from 10.20 m to 7.60 m (c. 16000 to c. 13000 

years a.p.) but increases again from 7.10 m to 6.20 m (c. 12700 

to c. 12200 years a.p.). Above this influx falls to low levels, 

generally less than 400 grains cm- 2 yr- l , which are maintained 

throughout the remainder of the sequence. 

Taxa commonest in ericoid forest and Gleichenia scrub (Fig. 6.8). 

InfluX values for pollen having this source are low at the base 

of the sequence but rise to values of 2000-3000 grains cm-2 yr- 1 

over the section 14.10 m to 10.70 m (c. 18200 to c. 16950 years 

a.p.). Influx levels decline above this to moderate levels, 

generally still greater than 300 grains cm-2 yr- l . Above 4.70 m 

(c. 10600 years a.p.) influx declines further, and is usually 

-2 -1 Th' 11' . less than 200 grains cm yr. ~s po en ~s cons1dered as 

being derived from ericoid forest and Gleichenia 
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r'ig. 6.8 
DDA: pollen influx curves for altitudinal forest groups 
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scrub, a type of upper montane forest, but some of it could also 

have a source in Myrsine swamp forest at lower altitudes, if this 

ve~etation exists. The influx curve could therefore relate to 

two different vegetation types. 

Taxa commonest in ericaceous scrub (Fig. 6.7). 

Influx values for this forest type are low throughout the 

sequence. However this group of pollen taxa might also have more 

than one possible source. Ericaceous scrub includes taxa which 

produce these pollen types, but ~yrica comp. might also have a 

~ource in vegetation colonisiny freshly exposed surfaces, while 

Hhododendron comp. sources could also include epiphytic and swamp 

taxa (Morley, 1976). 

Taxa conunon to a 11 lower montane forest types (Fig. 6.7). 

This group comprises pollen which does not have altitudinally 

restrained source taxa. It may be derived therefore from any 

part of the lower montane forest, and possibly other forest types 

in many cases. The pattern of pollen influx is broadly similar 

to that of total arboreal pollen as a whole, and peaks of influx 

are found in the same sections of the sequence. 

6.7 Pollen influx at Danau di Atas, discussion 

Pollen influx, expressed as grains cm-2 yr- l is a measure of 

pollen deposition at a site, although it excludes any grains 

which subsequently decompose. It is influenced by a number of 

factors, some of which are independent of the nature of the 

surrounding veyetation. It is therefore essential to consider 
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the effects of these before drawing any conclusions as to the 

meaning of influx recorded at a site. 

The attributes of the deposition site itself, for example, the 

type of lake, swamp or bog, can affect the levels of pollen 

influx it receives, through its effects on deposition patterns. 

Sites may vary widely in their levels of pollen influx even when 

situated in the same type of vegetation (eg. Davis et al., 1973). 

The effects of sedimentation patterns in lakes on pollen influx 

have been the subject of a number of studies (eg. Maher, 1977). 

Total deposition in lakes is a sum of several pollen components, 

and includes pollen deposited directly On the water surface, 

pollen washed in from the catchment by surface run-off and often 

also pollen contributed by inflowing streams. Lakes which have a 

large throughflow of water tend to collect less pollen than lakes 

without this as much pollen may be washed straight through 

(Pennington, 1973). Sedimentary processes within a lake vary, 

but there is a tendency for fine sediment, which includes pollen, 

to be accumulated in deeper water, while coarser sediments are 

deposited marginally. Because of this it is possible for pollen 

influx to vary even at different parts of the same sedimentary 

basin. Lehman (1975) demonstrated that different shapes of lake 

basin would accumulate sediments at different rates. It is 

therefore possible that pollen influx may be affected by changes 

in sedimentary processes within a lake, and if a water body 

shallows, or otherwise alters its shape, then pollen influx is 

likely to be affected. Reworking and redeposition of sediments 

may also affect pollen influx; often this takes the form of a net 
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movement from marginal deposits to the centre of the depositional 

basin (Davis, 1968). As a lake becomes infilled, perhaps 

developing into a swamp or bog, then pollen influx is again 

likely to be affected. A whole source of pollen input may be 

lost if, as a lake, the site was provided with pollen by inflow 

streams, but as a swamp or bog collects pollen only from the 

aerial and perhaps surface run-off components. 

Changes in sedimentary processes are not however the only changes 

which may have an effect on pollen influx, and the latter is also 

affected by the type of vegetation surrounding the site. Work 

from temperate regions clearly demonstrates that treeless 

environments produce less pollen than those with tree or shrub 

vegetation (Davis et al., 1973). Changes from one type of 

vegetation to the other may be apparent in pollen influx curves 

even when such changes are not clear, due to long distance 

transport of arboreal pollen, in percentage diagrams (Pennington 

and Bonny, 1970). Migration of taxa into an area, and movement 

of treelines can also be elucidated by such use of pollen influx 

values (eg. Maher, 1972; Davis et ~.!., 1973; Halker and F'lenley, 

1979) • 

One other feature which has been recognized as having an effect 

on pollen influx levels is the presence of arboreal vegetation 011 

the site. This is well illustrated by the work of Hicks (1975) 

in Finland. The study showed that pollen influx recorded at the 

site increased as trees colonised the area in post-glacial times, 

but then fell when they occupied the bog surface, and filtered 
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pollen from surrounding areas. When the trees declined on the 

bog surface, the pollen influx rose again, since the filtration 

effect was removed. 

The total pollen influx at Danau di Atas will have been affected 

by environmental events which occurred during the duration of 

deposition at the site. 

Prior to c. 18200 years B.P. (below 14.10 m) the sediment had a 

slow accumulation rate, perhaps apparent rather than real, if due 

in part to post depositional compression. All samples from this 

section do however show very low levels of pollen influx of the 

order of 1000-2000 grains cm-2 yr-1 • This might be an indication 

of low pollen production by the surrounding vegetation but could 

also be a result of some aspect of the depositional environment 

at the site. Perhaps at this time it was a poor pollen 

collector. 

By c. 18200 years B.P. (14.10 m) pollen influx to the site had 

increased dramatically, to very high levels, and these levels 

persisted for some time, possibly over a thousand years, but had 

declined by c. 16950 years B.P. (10.70 m). It is in the basal 

part of these deposits that a 14c age reversal is recorded. As 

previously described (Section 6.3) this age reversal might have 

been a result of slumping of older sediment into the site, but 

might also have been due to a slower event such as erosion of 

pre-existing sediments and their redeposition into the profile. 

This latter hypothesis is linked with the idea of lowered lake 

level and would explain the high pollen influx encountered over 
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this section; pollen would have been rapidly redeposited from the 

older sediments, and contemporaneous pollen would also have been 

deposited at the same time. However, slumping of older sediments 

into the profile would also produce an apparently increased 

pollen influx, even if their actual pollen content was itself 

fairly low, since a large amount of polliniferous sediment would 

be deposited in the profile over a relatively short time span. 

The high influx values recorded over the section 10.70 m to 

14.10 m do not necessarily therefore reflect increased pollen 

production by the surrounding vegetation, and it is also unlikely 

that an explanation in terms of an increase in densi ty of the 

vegetation, increased flowering, or colonisation of bare ground 

is needed to explain the changes in pollen influx. Absolute 

pollen frequencies (grains g-l) for Total Dry Land Pollen over 

the section from and above 14.10 m do not show the same pattern 

as pollen influx, being instead very variable and, except for the 

sample at 13.60 rn, values are no higher than those in samples 

from 14.60 m and below. This supports the idea that the 

increased pollen influx at and above 14.10 m is due to 

sedimentary events in the de~ositional basin and not to changes 

in pollen production by the surrounding vegetation. 

The exact point where the redeposition phase ended cannot be 

determined but it is unlikely to have extended much above 10.70 m 

(c. 16950 years B.P.), as described in Section 6.3. Influx 

values recorded over overlying sections probably reflect more 

realistically the pollen production of the vegetation. 

Pollen influx was of the order of 5000-10000 grains cm- 2 yr- l 
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from 10.20 m to 7.60 m (c. 16000 to c. 13000 years S.P.), 

although it fluctuated. This is a real increase compared with 

the period prior to 18200 years B.P. and might actually relate to 

pollen production by the surrounding vegetation. However, 

changes in the physical environment within the deposition site 

might also have affected pollen influx. The possible changes 

might have included alterations in water depth due to infilling 

of the basin, a process which had progressed considerably by this 

time. 

pollen influx increased further over the section 7.10 m to 5.60 m 

(c. 12700 to c. 11800 years SIP.) and was often 15000-20000 

grains cm- 2 yr- 1 • This might be an indication that densely 

forested conditions prevailed in the vicinity of the site at this 

time, although it is impossible to confirm this as the cause, and 

not changed depositional environments, on the basis of influx 

values only. Above 6.10 m (c. 12100 years B.P.) deposition of 

aquatic pollen taxa ceased and could indicate vastly changed 

water conditions at or near the site at this time. 

Samples from the section 5.20 ill to 3.20 ill (c. 11500 to c. 7800 

years B.P.) have low pollen influx levels, frequently less than 

5000 grains cm-2 yr- l • There are indications at this time that 

the sedimentary basin had little or no open water. No aquatic 

taxa are recorded, while the lithology above 11.0 nl contains wood 

fragments. These become increasingly numerous, and larger, 

particularly in the upper core section above 5.50 m, before 

disappearing from the profile at 3.00 m (Table 6.1). It seems 
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quite probable therefore that the sedimentary basin had infilled 

to a large extent by this time, and presence on the site of a 

swamp forest of some type seems very likely. This could in fact 

also account for the decrease in pollen influx over the section, 

if the forest was acting as a filter to pollen from surrounding 

areas, similar to that described by Hicks (1975). 

Pollen influx steadily increases over the section 3.20 m to 

1.10 m (c. 7800 to c. 3600 years a.p.). If, indeed, a swamp 

forest had occupied the site, as described above, the 

disappearance of woody fragments from the sediment at 3.00 m 

could indicate the decline of swamp forest at this time. This 

would in turn remove any filter effect and could explain the 

increase in pollen influx. Absolute pollen frequencies of dry 

land pollen (grains g-l) also increase over this section. 

The return to low poll en inf 1 ux va lues above 1.10 m (c. 3600 

years B.P. to the present) may at least in part be due to the 

effect of human interference on the vegetation, with removal of 

forest and replacement with open vegetation, and agricultural 

crops which presumably have lower levels of pollen production. 

The large number of changes in the Total Dry Land Pollen influx 

curve complicates the interpretation of changes in the influxes 

of individual taxa and groups of taxa. However, some points do 

emerge and these are discussed below. 

There are significant changes in both the representation (as a 

percentage) and the pollen influx of the altitudinal forest 

groups over the duration of the sequence. Of particular note are 
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the high influx levels of the higher altitude forest groups in 

the lower section of the core. Influx for the group more or less 

confined to lower montane forest 11 is especially high in the 

section below 6.20 m (c. 12200 years a.p.). For taxa commonest 

in ericoid forest and Gleichenia scrub high influxes occur below 

9.60 m (c. 15500 years a.p.). However for all groups influxes 

are extremely low from 14.60 m to the base of the sequence, 

representing the period prior to c. 18250 years B.P. 

Taxa co~non to the lower altitudinal forests have a greater 

inf 1 ux in the upper part of the core, and are generally 

represented by very small influx values over the lower sections. 

F'or the group of taxa more or less confined to sUb-montane 

forest, pollen influx increases above 1.60 ill (c. 4900 years B.P.) 

and for taxa of lower montane forest I only, influx increases at 

2.75 m (c. 7000 years B.P.). Little can be concluded from the 

pollen influx curve of taxa common to all lower montane forest 

types since ecological preferences for this large group of taxa 

are wide. 

Influx curves for individual pollen taxa also show changes over 

the sequence, and these are also often reflected in changes in 

percentage representation. These changes are particularly marked 

for the altitudinally restricted taxa, but do also occur in 

pollen curves of more widespread taxa (Fig. 6.7). 

The patterns of pollen influx often seem to reflect many of the 

changes observed in the percentage curves for taxa and groups of 

taxa, throughout the sequence. It therefore seems highly 
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probable that in these cases the significance of the respective 

source taxa in the vegetation has also varied over the period 

represented. The implications of these changes in pollen influx 

and percentage representation in terms of past vegetation and 

environment are discussed in Chapter 8. 
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CHAPTER 7 

STRATIGRAPHY AND POLLEN ANALYSIS OF THE TELAGO CORE 

7.1 Collection of the core 

The short Telago core was studied briefly in order to assess the 

regionality of changes as observed in the top section 

(approximately the top 4 m) of the Danau di Atas core section. 

Telago Swamp (Plate 12), from which the core originates, lies at 

the western edge of the broad, flat plain which runs northwards 

from Alahan Panjang village (Fig. 2.1). It is about 2km from the 

Danau di Atas site, and at a similar altitude, 1550 m a.s.l. 

The core was collected by R.J. Morley, J.R. Flenley and M.Kt 

Kardin in 1972 using a Russian sampler. The swamp was found to 

contain 10.10 m of coarse and fine detritus muds, lying above an 

impenetrable base. Slices of 1 cm thickness were removed from 

the core at 10 cm intervals, in the field. These were sealed in 

polythene bags for transportation back to England, where they 

were subsequently stored at the Hull laboratory at c. SoC. In 

addition a section 5 cm long was taken from 10.00 m-lO.OS m for 

l4c analysis. Remaining pieces of the core were discarded. 

The vegetation of the Telago Swamp was not studied by the present 

author but is described briefly in Morley et al. (1973) as 

outlined below. No authorities were given for the plant 

identifications. 

"A yellow Utricularia sp. and two species of Eriocaulon (!!.. 

brownianum and E. hollyanum) were abundant ••• Xyris cft capensis 

296 



was common. Also present were Leersia hexandra, Polygala sp. 

and Burmannia cf. disticha. In small open water areas Azolla 

cf. pinnata was very common. The surrounding vegetation ... 

consisted of low shrubs of Melastoma, together with Gleichenia 

sp. and Dipteris conjugata. Lycopodium sp. were common. 

Particularly striking was the general absence of tree seedlings. 

An occasional Weinmannia sp. seedling was seen." 

7.2 Stratigraphy of the core 

Field stratigraphic characters of the core, as provided by Or 

J.R. Flenley are presented in Table 7.1. No further examination 

was possible in the laboratory due to the small size of the 

samples and the considerable dehydration which had occurred after 

collection. 

The percentage weight loss on ignition was calculated for a 

number of depths throughout the core, as described in Section 

3.4. The results are shown in Fig. 7.1, and provide an 

indication of the relative changes in the organic carbon content 

of the sediment. Values of percentage weight loss on ignition 

are generally fairly high in the top part of the core, above c. 

5.00 m depth, often of the order of 80-90%, and always greater 

than 50%. In the bottom section the values are much lower and 

are mostly less than 45%. These values may reflect to some 

extent the detritus content of the sediments and particularly the 

wood content, which is greatest over the section 4.88 m to 

1.90 m. 
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TABLE 7.1 

The stratigraphy of the Telago Core 

Depth 
(m) 

Descr1pt10n 

0-1.15 Vegetation aat, failed to sample 

1.15-1.65 Coarse, very soft detritus 

1.65-2.35 Very soft detritus, finer than above with wood 
fragments at 1.90m 

2.35-2.65 More compact detritus with wood fragments 

2.65-3.50 Medium detritus with wood fras-ents 

3.50-3.65 Flner detritus mud with wood fragments 

3.65-4.88 Flner detritus mud with wood fragments, less wood 
fragments from 4.15-4.88 

4.88--4.93 Coarse detritus with seeds 

4.93-5.35 Finer detritus mud with some wood 

5.35-5.61 Flne detritus IDud w1th occaslonal fragments 

5.61-5.65 Coarse detritus, no wood 

5.65-6.15 Fine detritus with fragments 
(80nocotyledon fragments and dicotyledon leaves) 

6.15-7.15 As 5.65-6.15, with distinct stratiflcation 

7.15-8.15 Fine detritus with 8Onocotyledoo fragments 

8.15-8.1'5 As 7.15-8.15, .,re huaified 

8.~5-8.85 Fine detritus wlth few coarse fragments 

8.85-9.15 Gyttja 

9.15-10.10 Gyttja 
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7.3 Radiocarbon dating of the core 

One sample, from 10.00 m - 10.05 m was sent to the Scottish 

Universities Research and Reactor Centre for 14C dating in order 

to determine a basal age for the core. It was subsequently not 

possible to send other material for 14c dating because of the 

small size of the samples collected. Details of the dated sample 

are provided below. 

Sample no. Depth 

SRR-466 10.00 m-lO.OS m 

14C age 

9105 + 200 -27.4%0 

Clearly the 10 m long Telago core corresponds in age with 

approximately the top 4 m of the Danau di Atas core (Fig. 6.1). 

The sediment accumulation rate, based on this one date, and 

assuming the top of the core to be contemporary is of the order 

of 1.10 mm yr- l • This rate is considerably higher than that for 

the top part of the Danau di Atas core. However, this assumes no 

changes in the sediment accumulation rate, which is unlikely in 

view of the changes observed in the stratigraphy. It is probable 

that the accumulation rate has varied considerably from this 

value over the period represented by the sequence. It cannot 

therefore be used as a basis for calculating pollen influx. 

7.4 Pollen analysis of the core 

7.4a Introduction 

A total of eleven samples from the Telago (TEL) core were 

analysed palynologically. They included the surface sample which 
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was collected by hand since the Russian sampler failed to obtain 

any material from this vegetation mat. The sample interval was 

thus approximately 1.0 m. Preparation and counting were as 

described in Chapter 3 and Appendix 2. 

Fig. 7.1 shows the values for all taxa indentified from the core 

as a percentage of Total Dry Land Pollen. A total of 113 

distinct palynomorph types were identified. The figure also 

shows the lithology, 14C date and percentage weight loss on 

ignition of the core. Figs 7.2 and 7.3 are summary diagrams. 

Fig. 7.2 shows the composition of the arboreal pollen sum in 

terms of altitudinal forest types while Fig. 7.3 shows the dry 

land pollen sum (excluding unidentified grains) in terms of 

source habitats. 

7.4b Zonation of the pollen diagram 

Despite the problems associated with the use of the POLZON 

progranune on the Danau di Atas data (Section 6.4b), it was 

decided to use the analysis to aid zonation of the Telago data 

set. In all four different data sets were used in the analysis, 

these being : 

i) All pollen and spores. 

ii) Dry land pollen only, excluding unknown types. 

iii) All pollen and spores occurring as greater than 0.5% TDLP in 

any sample. 

iv) Dry land pollen only occurring as greater than 0.5% TDLP in 

any sample. 

The POLZON technique proved to be successful when used with the 
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Telago data, possibly because variation inherent in the data was 

smaller than for Danau di Atas. A summary of the results of 

POLZON is given below. The results are presented in Appendix 7. 

i} All pollen and spores. 

Highest order amalgamations using CONSLINK were between 0 m-

1.20 m, 9.10 m-lD.lO m, 8.10 m-9.l0 m and 4.10 m-S.lO m. 

Highest order divisions with SPLITINF were between 4.10 m-S.lO m, 

o m-l.20 m, 8.10 m-9.10 m and 9.10 m-lO.lO m. 

Highest order divisions with SPLITSQ were 8.10 m-9.l0 m, 9.10 m-

10.10 m~ 0 m-l.20 m and 4.10 m-S.lO m. 

ii) Dry land pollen only, excluding unknowns. 

Highest order amalgamations using CONSLINK were 9.10 m-lO.lO m, 

8.10 m-9.10 m, 0 m-l.20 ID and 4.10 m-S.lO m. 

Highest order divisions with SPLITINF were 4.10 m-S.lO m, 0 m-

1.20 rn, 8.10 m-9.10 m and 9.10 m-lO.lO m. 

Highest order divisions with SPLITS~ were 8.10 m-9.10 m, 9.10 m -

10.10 m, 0 m-l.20 m and 4.10 m - 5.10 m. 

iii} All pollen and spores occurring as greater than 0.5% TDLP 

in any sample. 

Highest order amalgamations with CONSLINK were 0 m- 1.20 m, 

9.10 m-lO.lO m, 4.10 m-S.lO m and 3.10 m-4.10 m. 

Highest order divisions with SPLI'l'INF were 0 m-1.20 m, 4.10 m-

5.10 m, 8.10 m-9.10 m and 6.10 m-7.10 m. 

Highest order di visions with SPLITSQ were 0 m-1.20 rn, 4.10 m-

5.10 m, 9.10 m-lO.lO m and 8.10 m-9.10 m. 
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iv) Dry land pollen only occurring as greater than 0.5% TDLP in 

any sample 

Highest order amalgamations with CONSLINK were 0 m-1.20 m, 

4.10 m-S.lO m, 3.10 m-4.10 m and 9.10 m-lO.lO m. 

Highest order divisions with SPLITINF were 0 m-1.20 m, 4.10 m-

5.10 m, 6.10 m-7.10 m and 9.10 m-lO.lO m. 

Highest order divisions with SPLITSQ were 4.10 m-S.10 m, 0 m-

1.20 m, 9.10 m-lO.lO m and 6.10 m-7.10 m. 

In each of the above examples the four highest order 

amalgamations or divisions are listed in order of importance. 

All three analyses on each of the four data sets picked out 0 m-

1.20 m as a Ist-3rd order amalgamation or division, accounting 

for a considerable proportion of the variance in the data set. A 

zone boundary was therefore placed between the samples at 0 m and 

1.20 m. All analyses on the four data sets suggested 4.10 m-

5.10 m as a 1st-4th order amalgamation or division. A zone 

boundary was therefore placed between these two samples. Two 

possible positions were suggested for a third zone boundary, 

8.10 m-9.10 m and 9.10 m-lO.lO m. Neither was as consistently 

suggested by the analyses as were 0 m-1.20 m and 4.10 m-S.lO m. 

The boundary was actually placed between the samples 9.10 m and 

10.10 m since this position was selected more consistently than 

8.10 m-9.10 m. 

Other positions of 1st-4th order amalgamations or divisions 

picked out in the analyses were 3.10 m-4.10 m and 6.10 m-7.10 m, 

but these were suggested infrequently and were not therefore used 
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as zone boundaries. 

Zone boundaries were actually placed in the Telago sequence 

between samples 0 m and 1.20 m, 4.10 m and 5.10 m and 9.10 m and 

10.10 m. Since these were suggested for all or most analyses on 

four slightly different data sets they would therefore be useable 

with pollen data alone, pollen and spore data, and data which 

included or excluded rare pollen or spores (i.e. those not 

occurring as greater than 0.5% TDLP in any sample). 

7.5 Description of the pollen zones 

Four pollen zones were established on the Telago data set, using 

the POLZON analysis. These zones, TEL-I to TEL-IV are described 

below. 

Zone TEL-I, 10.10 m to 9.60 m 

This zone is taken as extending from the base of the core at 

10.10 m to some point between the samples at 10.10 m and 9.10 m, 

taken as 9.60 m. A 14C date of 9105 :!:. 200 years B.P. was 

obtained from the section 10.00 m-10.05 m, and is the only date 

available for the core. The sediments of this zone comprised 

gyttja. 

The arboreal pollen component of the zone is dominated by taxa 

common to all lower montane forest types, although small 

percentages of pollen from taxa of restricted altitudinal range 

also occur (Fig. 7.2). About 52% DLP is derived from forest, 

with a further 38% from non-forest and swamp. Small amounts are 

also contributed by taxa which may have a source in forest, 
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secondary forest or non-forest (Fig. 7.3). 

Small amounts of gymnosperm pollen, totalling less than 2% TDLP 

are recorded in this zone (Fig. 7.1). Fagaceae are well 

represented by Lithocarpus/Castanopsis comp. (14% TDLP) and 

Quercus comp. (9%). Vernonia arborea sim. is also well 

represented. Small percentages of TDLP are contributed by other 

arborea 1 taxa, inc 1 ud ing Adinandra comp., A 1 ting ia comp., 

Engelhardtia comp., Helicia ~vanica sim., Symingtonia, Symplocos 

comp., Linociera comp. and Macaranga comp. 

pollen taxa having a dry land or swamp forest source include 

Elaeocarpus comp. (4%) and Ilex cymosa. Myrtaceae types 1. and 4 

are also represented although they are not particularly common 

(5 % TDLP). 

Non-arboreal taxa recorded include Galium comp., Liliaceae comp. 

and Hydrocoty1e comp. along with common Cyperaceae and 

Gramineae. Urticaceae/Moraceae of various types are also 

recorded and could have a non-arboreal source. 

Pteridophyte spores are abundant in this zone, Filices 

undifferentiated being particularly well represented (equivalent 

to 106% TDLP). A number of other taxa are. also quite common. 

These include Humata sim., Davallia sim., Dennstaedtiaceae comp. 

and Cyclosorus comp. 1 and 2. Also recorded are Gleichenia 

comp., Cyathea comp., Pteridium and Pteris comp. 

No aquatic pollen is recorded in this zone despite evidence from 

the sediment that open water prevailed at the site at this time. 
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Zone TEL-II, 9.60 m to 4.60 m 

This zone extends from 9.60 m to a point between samples at 

5.10 m and 4.10 m, taken as 4.60 m. No l4c dates were available 

for this section. The sediment comprised gyttja over lain by 

mostly fine, herbaceous, detritus mud at 8.85 m and fine, woody 

detri tus mud at 5.61m. 

Pollen of taxa COllunon to all lower montane forest types continues 

to dominate the arboreal pollen component throughout this zone. 

Pollen derived from taxa more or less confined to sub-montane 

forest is slightly more common in this zone than in zone TEL-I, 

while pollen of taxa more or less confined to lower montane 

forest 11 is more common at the base of the zone, diminishing in 

importance through it (Fig. 7.2). Pollen derived from a forest 

source comprises 46-77% DLP throughout the zone (Fig. 7.3) • 

Pollen from a non-forest and swamp source is also important in 

the zone (up to 50% DLP) but becomes less important towards the 

top of it. 

Small amounts of gymnosperm pollen are recorded and Dacrycarpus, 

Dacrydium, Pinus and Podocarpus are all represented (Fig. 7.1). 

However tota 1 gynmosperm pollen nowhere exceeds 2% TDLP. The 

Fagaceae remain well represented, Lithocarpus/Castanopsis comp. 

accounting for 9-17% TDLP and Quercus comp. a further 7-11%. 

Vernonia arborea sim. is considerably less common in this zone 

than in zone TEL-1, and accounts for less than 1% TDLP. 

Adinandra comp., which increases steadily through the zone, and 

Engelhardtia comp. are recorded consistently. A number of other 

taxa are recorded sporadically in the zone, they include Randia 
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comp., Symingtonia, ~locos comp., Antidesma comp., I lex comp., 

Linociera malabarica sim., Macaranga comp. and Myrica camp. 

Linociera comp. becomes quite COnllllOn towards the top of the zone 

while Medinilla camp. is also frequently recorded. Altingia 

comp. is virtually absent from this zone. 

Pollen taxa having a possible dry land or swamp forest source are 

represented in the zone by Ilex cymosa (0-2% TDLP), Elaeocarpus 

comp. (3-8%) and occasional Myrsine comp. Myrtaceae increase 

slightly in percentage representation through the zone and are 

loore common than in zone I. 

Non-arboreal taxa are represented by Impatiens and Compositae 

(Tubuliflorae) along with Cyperaceae and Gramineae. Cyperaceae 

(3-6% TDLP) are less well represented in this zone than in the 

previous zone whereas Gramineae (10-38%) are much more common. 

Pandanus (1-18%) is also abundant in this zone. 

Pteridophyte spores are very common throughout the zone and 

include large quantities of Filices undifferentiated (equivalent 

to 36-65% TDLP) and Cyclosorus comp. 2 (up to 60%). Also common 

are Davallia sim., and Cyclosorus comp. 1, while Cyathea comp. 

psilate and Gleichenia comp. are common in some samples. 

Cyathea comp. verrucate, Hurnata sim., Lycopodium cernuum, L. 

Ehlegmaria comp., Athyrium comp., Dicranopteris comp., Pteridium 

and Pteris comp. are also recorded. 

Aquatic pollen is not recorded in this zone. 
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Zone TEL-III, 4.60 m to 0.60 m 

This zone extends from 4.60 m to a point between samples at 

1.20 m and 0 m, taken as 0.60 m. No 14c dates were available for 

this section. The sediment comprised a fine, woody detritus mud 

at the base of the zone, over lain by a medium, woody detritus mud 

at 3.50 m, coarse detritus mud at 2.35 m and very fibrous 

vegetation mat at 1.15 m. 

Pollen of taxa common to a 11 lower montane forest types dominates 

the arboreal pollen component throughout the zone. Pollen of 

taxa more or less confined to sub-montane forest reach a peak at 

the base of the zone but decline in importance above this. 

pollen of lower montane forest I taxa also becomes slightly more 

common in this zone (Fig. 7.2). Pollen derived from a forest 

source is more important in this zone than in zones TEL-I and 

TEL-II while that from a non-forest and swamp source is less so. 

However pollen having a source in forest, secondary forest or 

non-forest increases steadily in abundance throughout the zone 

(Fig. 7.3). 

Gymnosperm pollen is recorded only rarely at the base of this 

section, and consists of Dacrycarpus and Dacrydium (Fig. 7.1). 

Fagaceae are again well represented although Lithocarpus/ 

Castanopis comp. (6-13% TDLP) is less common than in zone 

TEL-III, and Quercus comp. (4-18%) is more variable in its 

representation. Altingia comp., which is virtually absent in zone 

TEL-II is present throughout zone TEL-III as small percentages of 

TDLP and Linociera camp. is also present. Macaranga camp. 

contributes sma 11 amounts of TDLP at the base of the zone but 
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becomes more common at the top (4-5%). Other taxa consistently 

recorded are Adinandra comp., Engelhardtia comp., Symingtonia, 

ll!! comp. and Medinilla comp. Schima, Randia comp. and 

Memecylon comp. are also present but Symplocos comp. and 

Vernonia arborea sim. are not recorded in this zone. 

Pollen taxa having a possible dry land or swamp forest source are 

represented in the zone by cornnlon Elaeocarpus comp. (4-9%), Ilex 

cymosa (0-3%) and occasional Myrsine comp. and Glochidion comp. 

Myrtaceae are abundant throughout the zone and Myrtaceae type I 

is particularly so (21-36%) showing a large increase in 

percentage representation compared with zone TEL-II. 

Non-arboreal taxa are represented by occasional occurrences of 

Compositae (Tubuliflorae), Oldenlandia uncinella sim., and Galium 

comp. and relatively low frequencies of Cyperaceae (2-8%) and 

Gramineae (1-12%). The latter exhibits very much lower 

frequencies through most of the zone compared with zone TEL-II. 

Pandanus is not recorded in this zone. 

Pteridophyte spores are abundant, Filices undifferentiated 

(equivalent to 35-56% TDLP) being particularly common. Other 

taxa recorded include Cyathea comp. psilate, Davallia sim., 

Lycopodium cernuum, Gleichenia comp., Nephrolepis comp., 

Ophioglossum comp., Sphenomeris comp. and Dennstaedtiaceae comp. 

fyclosorus comp. 1 and comp. 2 are present in low frequencies 

throughout this zone but are nowhere near so abundant as in zone 

TEL-II. 
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Zone TEL-IV, 0.60 m to 0.0 m 

This zone extends from 0.60 m to the surface of the core at 

0.0 rn, but consists of one sample only, that from 0.0 m. This is 

thought to be of contemporary age. The sediment consists of very 

fibrous vegetation mat. 

The arboreal pollen of the zone is dominated by pollen of 

Rhododendron comp., which is normally allocated to the category 

'commonest in ericaceous scrub'. However, this vegetation type 

is clearly not contributing over 50% of the arboreal pollen to 

the site at present, and the Rhododendron comp. is more likely to 

be derived from regrowth vegetation in these circumstances. A 

further 25% of the arboreal pollen is of taxa common to all lower 

montane forest types, while more restricted groups contribute 

only very small amounts of pollen to the total (Fig. 7.2). 

Pollen having a forest source contributes only about 15% of the 

DLP (Fig. 7.3). That having a possible source in forest, 

secondary forest or non-forest is more important than formerly, 

contributing c. 40%, much of this being Rhododendron comp. Non

forest and swamp taxa also contribute significantly to the 

assemblage (32%) as do taxa restricted to swamp only (9%). 

Gymnosperms are represented in this zone only by Pinus (less than 

0.5% TDLP), this is probably derived from plantations. Fagaceae 

are represented by much reduced percentages of 

Lithocarpus/Castanopsis comp. (2%) and Quercus comp. (4%) (Fig. 

7.1). Very few other arboreal taxa are represented, but include 

Altingia comp., Engelhardtia comp., Adinandra comp., Symingtonia, 

~.!..lli comp., Macaranga comp., Mallotus comp., Trema camp. and 

309 



Fig. 7.1 
Pollen diagram for Telago 
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Fig. 7.2 
Summary pollen diagram for Telago showing the composition of the 
arboreal pollen in terms of altitudinal forest types 
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Fig. 7.3 
summary pollen diagram for Telago showing the composition of the 
dry land pollen in terms of source habitats 
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Myrica comp. Myrtaceae, which were abundant in zone TEL-III are 

represented only by Myrtaceae type 1 (1% TDLP). No other taxa 

which may have a dry land or swamp forest source are recorded. 

Of particular note is the abundance of Rhododendron camp. (21% 

TDLP) while Vaccinium comp. is also recorded. 

Non-arboreal taxa recorded include Compositae type 1 

(Tubuliflorae) (9% TDLP), Impatiens, Laurembergia camp. and 

common Xyris. Cyperaceae and Gramineae are also much more 

abundant than in zone TEL-III. Several types of 

Urticaceae/Moraceae are recorded and some might have a non-

arboreal source. Also present is Alnus, which is likely to have 

been derived from an ornamental plant. 

Pteridophyte spores are not very common in this zone, and Filices 

undifferentiated shows a markedly reduced frequency compared with 

zone TEL-III. Lycopodium clavatum comp. (equivalent to 12% TDLP) 

is common, while Selaginella camp., Davallia sim. and Gleichenia 

camp. are all recorded as less than 2% TDLP. 

7.6 Pollen analysis: absol ute pollen frequencies 

It was not possible to calculate pollen influx values for the 

Telago core, since the one 14C date available was not sufficient 

for accurate assessment of sediment accumulation rates over the 

10 m sequence. However it was possible to calculate absolute 

pollen frequencies for the samples examined. This can be 

expressed as grains cm-3 sediment or grains g-l sediment. Since 

Borne of the Telago samples were rather dehydrated by the time 
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palynological analysis was carried out, it proved difficult to 

measure 1 cm3 of sediment accurately for processing. To avoid 

inaccuracies due to measurement of initial sediment prepared, the 

absolute pollen frequencies were therefore calculated in terms of 

grains g-l sediment, as shown in Appendix 3. Because the Telago 

core was studied in order to assess regionality of changes 

observed in the top section of the DDA core, absolute pollen 

frequencies expressed as grains g-l were also calculated for the 

upper 4.20 m of the latter. This approximately corresponds in 

age with the Telago core. In each case absolute pollen 

frequencies were calculated for total pollen, total spores, 

selected taxa and groups of taxa. These results are shown in 

Figs 7.4, 7.5, and 7.6 and are described briefly below. 

7.6a Absolute pollen frequencies of major palynomorph groups 

Total Pollen (Fig. 7.4). 

The absolute pollen frequencies (APFs) of this group increase 

steadily in the Telago sequence from c. 0.2 million grains g-l at 

10.10 m to c. 0.4 million grains g-l at 5.10 m. Thereafter APF 

increases enormously to values of 2.B million grains g-1 at 

3.10 m. Above this, values fall rapidly towards the top of the 

core and are low in the surface sample. It is of interest that 

the upper section of the DDA core exhibits some similarities with 

this. Values are relatively low (c. 0.25 million grains g-l) at 

4.10 m but thereafter increase rapidly, to over 3.0 million 

grains g-l at 1.10 m before declining rapidly again towards the 

top of the sequence. 
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Fig. 7.4 
Telago: absolute pollen frequencies for major palynomorph groups 
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Total pteridophyte spores (Fig. 7.4). 

The pattern of absolute frequency for pteridophyte spores is 

similar to that of pollen, for the Telago sequence, although the 

frequencies are lower. Absolute spore frequency reaches a 

maximum of over 1.7 million spores g-l at 3.10 m. In the upper 

DDA sequence absolute spore frequencies are relatively low until 

2.20 m, where they increase, reaching a maximum value of c. 1.6 

million at 1.10 m. Again there is a decline to low levels at the 

top of the sequence. 

7.6b Absolute pollen frequencies of selected taxa (Fig. 7.5) 

APF for Dacrycarpus is low throughout the Telago core, leaa than 

6000 grains g-l being recorded. The taxon does not occur above 

4.10 m. It is virtually absent in the upper DDA sequence. 

Values of APF for Adinandra comp. are also relatively low 

throughout the Telago sequence, with just a slight increase over 

the section 7.10 rn to 2.10 m. Values are variable but generally 

low in the upper part of the DDA core, although a maximum value 

of c. 60000 grains g-l is recorded at 1.10 m. 

For Altingia comp. APF values are low throughout the lower part 

of the sequence but increase at 3.10 m to over 115000 grains g-l, 

before declining towards the surface. In the upper DDA sequence 

there is an increase in Altingia comp. from low levels, above 

3.20 m. At 1.10 m the APF is almost 160000 grains g-l. Above 

this the values decline to very low levels at the surface of the 

Core. 
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Engelhardtia comp. exhibits relatively low APFs throughout the 

Telago sequence, except at 3.10 m where over 45000 grains g-l are 

recorded. In the upper DDA sequence values are low below 2.20 m 

but increase above this. A maximum value of almost 70000 grains 

-1 g is recorded at 1.10 m. Values are low at the surface of the 

core. 

I lex cymosa also exhibits relatively low APFs throughout the 

Telago sequence except at 3.10 m, where over 72000 grains g-l are 

recorded. In the upper DDA sequence APF values are very high 

from 2.20 m to 1.10 m, and over 245000 grains g-l are recorded at 

1.60 m. 

Lithocarpus/Castanopsis comp. exhibits higher APFs than any of 

the taxa described so far. In the Telago sequence values of c. 

20000 grains g-l are recorded at the base of the core, but these 

increase steadily to 60000 grains g-l at 4.10 m. A value of 

225000 grains 9-1 is recorded at 3.10 m: above this values 

decline to the top of the section. In the upper DDA sequence 

values increase steadily above 3.70 m where they are c. 19000 

grains g-l, reaching a maximum of over 345000 grains g-l at 

1.60 m. Values remain high to 0.55 m but are very low (c. 2300 

grains g-l) in the surface sample. 

Quercus comp. values increase steadily over the base of the 

Telago sequence from 13000 grains g-l at 10.10 m to 42000 grains 

g-l at 4.10. A maximum APF of 520000 grains g-l is recorded at 

3.10 m, declining to 80000 grains g-l at 2.10 m and very low 

values at the top of the sequence. In the upper DDA sequence APF 
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increases from 9000 grains g-l at 4.20 m to 60000 grains g-l at 

2.75 m. The section 2.20 m to 1.10 m has high frequencies, up to 

267000 grains g-l. Values are lower above this, and particularly 

at the surface of the core. 

APF's for Symingtonia are low throughout much of the Telago core, 

the highest value of 18000 grains g-l being recorded at 3.10 rn. 

Values are slightly higher in the upper DDA section, and 

particularly from 2.75 m to 1.60 rn, but even so do not exceed 

36000 grains g-l. 

Elaeocarpus comp. exhibits moderate APFs at the base of the 

Telago sequence. These increase steadily from 6000 grains gal at 

10.10 m to 48000 ~rains g-1 at 4.10 m. Above this values 

increase, with a maximum of 250000 grains g-l at 3.10. Values at 

the surface of the core are however low. In the upper DDA 

sequence values of this taxon are low except over the section 

2.75 m to 1.10 m, al though eveu here they are lower than in the 

Telago sequence, being in the range 22000-93000 grains g-l. 

APFs of Ilex comp. are generally low in both core sections. In 

the Telago sequence they do however increase slightly at 3.10 m 

to 2.10 m where up to 36000 grains g-l are recorded. 

Macaranga camp. (small) has its highest APF in the Telago core 

from 2.10 rn to 1.20 m where 23000-35000 grains 9-1 are recorded. 

The taxon is absent at the base of the Telago core. In the upper 

DDA sequence the taxon is recorded at 3.20 m and above and APF's 

of c. 14000 grains g-l or more prevail. A maximum of 60000 
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grains g-l is recorded at 1.10 m but above this values decline. 

Values for Linociera camp. peak in the Telago sequence at 4.10 m 

to 3.10 m where up to 63000 grains g-l are recorded. In the 

upper DDA sequence there is a peak at 1.10 m of 178000 grains 

g-l. L. malabarica sim. is not recorded in the upper DDA 

sequence. Values for this in the Telago core are generally very 

low except at 4.10 m where 24000 grains g-l are recorded. 

Medini11a comp. has low APFs in much of the Telago sequence 

although they do increase to 29000 grains g-l at 2.10 m. This 

taxon is much more abundant in the upper DDA sequence, 

particularly from 1.60 m to 0.55 m. Here a maximum of 238000 

grains g-1 is recorded. 

Values of APF for Myrsine comp. are also low throughout much of 

the Telago sequence, there being an increase only at 3.10 m to 

36000 grains g-l. The taxon seems to be generally more abundant 

in the upper DDA sequence but even here the va 1 ues do not exceed 

30000 grains g-1. 

The APFs of Myrtaceae (all types) are at moderate levels at the 

base of the Telago sequence, to 5.10 m, where they do not exceed 

52000 grains g-l. Much higher values are found over the section 

from 4.10 m to 2.10 rn, up to 685000 grains g-l. Values are lower 

above this and are low at the surface of the core. In the upper 

DDA sequence there are two maxima in APF, at 3.20 m to 2.75 m 

(327000 - 422000 grains g-l) and at LlO m to 0.55 m (478000 -

684000 grains g-l). Values are very low at the surface of the 

core. The bulk of the Myrtaceae pollen is composed of Myrtaceae 
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Fig. 7.5 
Telago: absolute pollen frequencies for selected taxa 
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type 1, which accounts for over 80% of the Myrtaceae pollen in 

most samples. 

Values for Vaccinium comp. are relatively low throughout most of 

the Telago sequence, increasing slightly only at 4.10 m and 

2.10 m, with a maximum value of 18000 grains g-l at 4.10 m. The 

taxon appears to be better represented in the upper DDA section, 

but values still do not exceed 20000 grains 9-1 • 

Cyperaceae APF values are relatively low throughout much of the 

Telpgo core, increasing at 3.10 m to 153000 grains g-l. At the 

surface only 1700 grains g-l are recorded. In the upper DDA 

&&quenc& th& APFs are very variabl&, and 9&nerally much hi9her 

than in the Telago sequence. Over 477000 grains g-l are recorded 

at 2.20 m. 

APF' values for Gramineae are higher in the Telago sequence than 

are Cyperaceae values. Below 3.10 m they are quite variable, 

12000 - 114000 grains g-l. Above 3.10 m they are less variable 

but decline steadily from 36000 grains g-l at 3.10 m to 1600 

grains g-l at the surface of the core. Values for this taxon are 

Illore variable in the upper part of the DDA sequence, ranging from 

6000 - 178000 grains g-l. Values at the surface are also quite 

high, 110000 grains g-l. 

Values of APF for Pandanus are moderate in both core sections 

al though in both the taxon is only recorded in part of the 

sequence. In the Telago core Pandanus occurs from 9.10 m to 5.10 

m, and APFs of up to 36000 grains g-l are recorded. In the upper 
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DDA section the taxon is found only from 3.70 m to 2.20 m with 

maximum APFs of 26000 grains g-l. 

7.6c Absolute pollen frequencies of altitudinal forest groups 
(arboreal taxa only) (Fig. 7.6) 

APF values for total arboreal pollen in the Telago sequence are 

of the order of 66000 - 229000 grains g-l below 4.10 m. At 

4.10 m there is a large increase, and values of over 600000 

grains g-l are recorded from 4.10 m to 2.10 m, with a maximum of 

2.2 million grains g-l recorded at 3.10 m. Above this the c. 

APF declines, and at the surface of the core is low, c. 5000 

grains g-l. In the upper DDA sequence values increase steadily 

from 113000 grains g-l at 4.20 to c. 2.4 million at 1.10 m. They 

then dec1 ine above this and are low at the top of the sequence 

(c. 15000 grains g-l). 

The APF values for taxa common to all lower montane forest types 

show a pattern similar to that for total arboreal pollen, but 

actual values are lower. 

APF values for the group of taxa more or less restricted to sub-

montane forest are low throughout much of the Telago sequence, 

except at 4.10 m to 3.10 m where over 60000 grains g-l are 

recorded. Values for the group also show an increase in the 

upper DDA sequence from 2.75 m to 0.55 rn, and especially at 

1.10 m where 178000 grains g-l are recorded. 

APFs of the taxa of sub-montane forest and lower montane forest I 

are very low in both sequences, and are rarely greater than 3000 
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grains g-l. The group is represented throughout the Telago core 

but only at 2.75 m in the upper DDA sequence. 

Taxa restricted to lower montane forest I, have low APFs through 

much of the Telago sequence but are markedly increased at 3.10m 

and 2.10 m, with 117000 grains g-l recorded at 3.10 m. In the 

upper DDA sequence the group has increased APF's from 2.75 m to 

0.55 m. 

For taxa of lower montane forest I and 11 fairly low APFs prevail 

throughout most of the Telago sequence, with an increase only at 

3.10 m. In the upper DDA sequence the highest val ues occur over 

the section 2.20 m to 0.55 m. 

AP!t's of the group of taxa more or less confined to lower montane 

forest 11 are low throughout the Telago sequence, increasing only 

slightly at 3.10 m. In the upper DDA sequence APF values are 

higher than in 'l'e 1ago, especially from 2.75 m to 1.60 m but sti 11 

do not exceed 40000 grains g-1. 

Values for the group of taxa conunonest in ericoid forest and 

Gleichenia scrub are low throughout most of the Telago sequence, 

increasing on ly from 4.10 m to 2.10 rn, with a maximum va lue of 

36000 grains g-l at 3.10 m. Values are more variable in the 

upper DDA sequence but still do not exceed 50000 grains g-l. 

APFs for the group of taxa commonest in ericaceous scrub are 

extremely low throughout the Telago sequence, but are slightly 

higher in the upper part of DDA. Values of 20000 - 30000 grains 

g-1 are recorded in the latter from 2.20 m to 1.10 m. 
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Fig. 7.6 
Telago: absolute pollen frequencies for altitudinal forest groups 

324 



"" ~o 
~ 

/0" 
"'0 

9"'0 
/0 

'C} L-__________________ _ 

S'3~3' 3'dH~Srl--~~----~~--~--~--~~ 

5:·1~~__r_, -'---'----1 -r-r---11 .----I 

0 
0 
no ., 
on 
~ 

'" , 
i 

o .. It) cD ~ 

1 1 1 1 

0 
on ., 
0 
no 
on .. 

<t 
1 

, 
0 i i 

0 0 '" 

11 1 I 
0 

'" ., 
0 
on ., 
'" , 

1 1 ., 

21 
~ 
o 

o 

'" 
'" 

., 
<> 

.. 
<> 

.. 
no 

'? 
no 

., 
<> 

.. 
o 

, 
'" VI 
C 

' 0 
I.. 

'" 
>. 
v 
c 

" " ~ 
I.. 

c 
.!:' 
'0 
a. .. ... 
2 
o 
VI 
£I 
Cl 

VI 
C 
'0 
I.. 

'" 
'0 
oil 
c 
o 
= 
>. 
v 
C 

" " Z' 
I.. ... 
c 

" '0 
a. .. ... 
" '0 
'" £I 
Cl 



7.7 Absolute pollen frequencies: discussion 

Absolute pollen frequencies (grains g-l) are a measure of pollen 

concentration in the sediment at a site. Total Dry Land Pollen 

concentration may be affected by changes in sedimentation 

processes, input of non-polleniferous sediment and input of 

pollen, the latter of which may be due to changes in the nature 

of the source vegetation. Because the APF may change even if 

there is no change in pollen production by the vegetation, APF 

curves may be difficult to interpret with certainty. For example 

APF changes associated with changes in sediment type may be of 

little significance, and need not indicate changes in the 

surrounding vegetation. 

At the Telago site there are three main phases in APF of Total 

Dry Land Pollen. Below 4.10 m APFs are relatively low but 

increasing steadily. The stratigraphy of much of this section is 

gyttja or fine detritus muds with few or no wood fragments. APFs 

are much higher over the section 4.10 m to 2.10 m. The 

stratigraphy of the section comprises detritus muds with wood 

fragments. The increased pollen frequencies at this time could 

be a result of increased pollen production by the local 

vegetation and/or a decrease in the accumulation rate of non

polleniferous material. The decline in APF to very low levels at 

the top of the core, above 2.10 m, is likely to be related to 

both the change in the sediment to a very fibrous vegetation mat, 

and a decline in pollen production by the surrounding vegetation 

as a result of deforestation. It is of interest that APFs show a 

similar pattern in the top part of the DDA core, despite the 
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difference in the stratigraphy of most of the sequence (Table 

6.1). It could be, therefore, that these parallels in pollen 

concentration relate to a considerable extent to changes in 

pollen production by the vegetation, as well as to depositional 

features at the two sites. 

The similarities in the APF curves for many taxa at the two sites 

also tends to support this idea. Some taxa show dissimilar 

curves at the two sites, for example, Cyperaceae and Gramineae, 

and this may be an indication that the source of this pollen is 

largely very local. In the case of Cyperaceae and Gramineae a 

local source for most pollen would be expected, and would reflect 

the hydroseral development at the sites. Differences in the APF 

curves at the two sites for taxa such as Myrtaceae, Medinilla 

comp. and Elaeocarpus comp. are also of interest and may also 

indicate a local rather than regional source for some of this 

pollen. In these cases a possible local source is in swamp 

forest growing at one or other site. 

The cause of the high APFs in the top sections of both cores is 

not clear. 
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CHAPTER 8 

THE VEGETATIONAL AND ENVIRONMENTAL HISTORY OF THE DANAU DI ATAS 

REGION DURING THE'LATE QUATERNARY PERIOD 

8.1 The vegetational history of the Danau di Atas region 

Both the DDA and Telago cores contribute valuable palynological 

information which may be interpreted in terms of the past 

vegetation of the surrounding areas. In Chapter 5 the present 

day patterns of pollen production and deposition were considered, 

and it was concluded that much of the pollen deposited at the 

Danau di Atas Swamp site is from the aerial component of the 

pollen rain with some contributions from surface runoff and, 

perhaps more importantly in the past, from inflowing streams. 

Although the Telago Swamp site was not the subject of any modern 

studies, it is quite likely that the sources of pollen at this 

site are rather similar. 

The modern pollen studies also showed that vegetation growing 

locally contributes quite large amounts of pollen to all modern 

samples. For samples froul the Danau di Atas Swamp surface a 

significant proportion of the pollen also has a regional arboreal 

source. 

These findings are ilnportant for the interpretation of the two 

core sequences examined. If pollen deposition patterns have been 

the same in the past then it is likely that a considerable 

proportion of their contained pollen and spores are derived from 

vegetation growing locally; this will include both swamp and dry 

land vegetation. However some pollen, and these studies suggest 
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10-25% TDLP will be regionally derived and will therefore 

represent the arboreal vegetation at further distances from the 

si tes. The pollen assemblages from the cores can thus be used to 

reconstruct both the local and regional vegetation. Since the 

pollen is derived from a wide source area and the topography of 

the region is varied, the pollen may be representative of not 

only a range of habitats such as swamp and dry land, but quite 

possibly, where the dry land is largely forested, more than one 

a1titudinal forest type. It is clearly possible to have a 

situation where the lower lying areas in the vicinity of the site 

have a different vegetation to that of the higher mountain and 

ridge areas which lie slightly further afield. Yet all may be 

represented to a greater or lesser extent in the pollen deposited 

at the sites. 

Although on G. Kerinci most pollen appears to be deposited within 

the altitudinal range of its source vegetation, some movement out 

of the sourc~ areas occurs and is predominantly uphill. Studies 

in the Danau di Atas area did not conclusively demonstrate that 

this occurs in this region, but the possibility of some movement 

of pollen uphill also has to be considered when the fossil pollen 

assemblages are interpreted. To a much lesser extent there may 

also be movement of pollen out of the source vegetation to 

slightly lower altitudes. 

8.2 Interpretation of the Danau di Atas core 

For convenience the vegetational history is considered in terms 

of the pollen zones described in Chapter 6. 
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Zone DDA-l, 16.50 m to 13.15 m (Fig. 6.2) 

The lithology of zone DDA-I comprises fine detritus muds with 

silt. This strongly suggests deposition in open water conditions 

with perhaps a considerable water depth (West, 1977). The 

detritus content of the muds is fairly low compared with 

elsewhere in the profile (Table 6.1) and percentage weight loss 

on ignition, an indicator of organic carbon present is also 

fairly low: both are also suggestive of open water conditions. 

The detritus content and percentage weight loss on ignition of 

the sediment increase above c. 13.90 m and c. 14.10 m 

respectively. 

The top section of this zone, above 14.15 m shows a reversal of 

14c da tes which is thought to be the resu 1 t of incorporation of 

older reworked sediments in the sequence. This event coincides 

with an increase in pollen influx from very low levels over the 

section 16.30 m to 14.60 m to some of the highest values recorded 

in the entire sequence (at 14.10 m and above). The cause of 

these high influx values appears to be the very rapid 

accumulation rate of sediments over this section, as pollen 

concentration (as grains g-1) does not increase significantly in 

these samples (Fig. 6.6). The possible causes of the reworking 

of sediments are discussed in Section 6.3 and include mass 

movement of sediments into the profile by slumping, and erosion 

and redeposition of marginal sediments perhaps associated with 

lower water level. Whatever the cause, the event presents some 

problems for interpretation of the pollen diagram as the 

sequence, as a result, contains fossil pollen of different ages. 
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It is therefore important to know the extent of the redeposited 

sediments, if possible. 

In this sequence the maximum depth of the redeposited sediments 

would appear to be 14.15 m as the l4c date from 14.15 m - 14.25 m 

of 18250 + 290 years B.P. appears to fit quite normally with the 

basal sequence of l4c dates (Fig. 6.1). That the redeposited 

sequence starts fairly close to 14.15 m seems likely since old 

l4c dates are obtained at 13.75 m - 13.85 m and 13.15 m - 13.25 m 

(Table 6.2). How far above 13.15 m, into zone DDA-II the 

reworked material extends is discussed in Section 6.3, and the 

conclusion is that it is unlikely to extend above 10.65 m. There 

is a change in the sediment type at 13.90 m, from a fine detritus 

mud with silt, to a coarse detritus mud. This might mark the 

point at which the reworked sequence starts. Similarly there is 

a change in sediment type at 11.00 m from coarse detritus mud to 

coarse woody detritus mud, which might mark the top of the 

reworked sequence, although it might be purely a result of swamp 

vegetation development adjacent to the site. It appears 

nonetheless, safe to assume that pollen assemblages in the upper 

part of zone DDA-I above 14.15 m are not a true reflection of the 

vegetation of that time, being either totally reworked, or a 

mixture of fossil pollen of different ages. Below 14.15 m the 

pollen assemblages should be a reflection of the vegetation of 

that period. 

Pollen assemblages recorded in the zone, covering a time span 

possibly from c. 39000 and certainly from c. 31000 to c. 17900 

330 



years B.P. (Fig. 6.1) suggest the presence of a largely 

herbaceous swamp vegetation in the vicinity of the site. The 

major components of this vegetation appear to have been 

Cyperaceae and Gramineae although Laurembergia sp., Eriocaulon 

sp. and possibly Impatiens sp. were also present. The presence 

of Typha comp. in the zone suggests the presence of Typha or 

Sparganium in the vicinity perhaps at the margins of the body of 

water. Pandanus pollen is also recorded, and could indicate the 

presence of this taxon in the swamp vegetation, although Pandanus 

sp. also occur in the understory of dry land forests so the exact 

source of this pollen cannot be elucidated. 

Many of the abundant pteridophyte spores recorded in the zone are 

probably also derived from the swamp vegetation. A large 

proportion of the group Filices undifferentiated comprise 

monolete spores in which the exosporium has been lost, a feature 

also described by Morley (1976), who noted that this was a 

frequent occurrence thus making reconstruction of the 

pteridophyte flora quite difficult. It seems likely that a large 

proportion of the Filices undifferentiated recorded were from a 

local source, principally the swamp vegetation. Other 

pteridophyte components of the swamp vegetation may have included 

Lycopodium cernuum and Nephrolepis sp., both of which are 

recorded in the pollen assemblages of the zone. Pteridium spores 

recorded in the zone may ha ve had their source in P ter idi urn 

growing in the swamp vegetation. Although this was not observed 

on swamps in the Danau di Atas area at present, Morley (1976) 

found that P. aquilinum was common on the swamp at Danau Padang 
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in the Kerinci area where it was associated with burnt areas. 

Swamp vegetation present in the vicinity of the site during the 

period appears to have been herbaceous, and there are no 

indications from the sediment that woody taxa were prevalent 

around the site, since the detritus is entirely herbaceous. 

Pollen of Ilex cymosa, Elaeocarpus comp., Myrtaceae, Myrsine 

COlnp. and G lochidion comp. would appear therefore to be derived 

from dry land rather than swamp vegetation, or from swamp forest 

elsewhere in the region. 

About 60-75% of the Dry Land Pollen in the zone was derived from 

forest sources suggesting that the area may have been largely 

forested at this time. This appears to be the most likely 

situation although another possibility does exist. The very low 

levels of pollen influx recorded in the zone below 14.60 m could 

possibly indicate that the area was not forested at all during 

this period. This would be the case if open vegetation with few 

or no arboreal taxa and possibly considerable areas of bare 

ground, such as is now found at high altitudes on G. Kerinci, 

prevailed in the area. Arboreal pollen would then have its 

source at lower altitudes, and be transported into the area as 

part of the regional pollen rain. However the low influx levels 

might be unrelated to the nature of the surrounding vegetation if 

due to sedimentary processes within the depositional basin, so 

this interpretation of the vegetation during the period of zone 

DDA-l is rather tenuous. Further indications that the influxes 

are a reflection of sedimentation processes are provided by the 

influx curves for some individual taxa. Curves for Cyperaceae 
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and Gramineae, both of which might be expected to be widespread 

in vegetation having an open nature, increase above 14.60 m, not 

only in the reworked section, but also in the section above this. 

Influxes of these taxa would not be expected to increase if there 

was a change from non-forest to forested conditions unless the 

environment accompanying the non-forested conditions was 

extremely severe such that very little pollen was produced. The 

indications are therefore in favour of forested conditions at 

this time, the composition of these forests is discussed below. 

Representation of gymnosperm pollen is moderate to low in this 

zone. Morley (1976) found that Oacrycarpus imbricatus (there 

called Podocarpus imbricatus) was a prolific pollen producer, 

although this was not found to be the case in the Oanau di Atas 

region where Oacrycarpus was not well represented in the modern 

pollen assemblages. However gymnosperms often produce large 

amounts of pollen since they are wind pollinated, and therefore 

the relatively low levels of Dacrycarpus, Podocarpus and Pinus, 

and moderate amounts of Dacrydium recorded in this zone may 

indicate low representation of these taxa in the vegetation. 

Some Oacrydium spp. are found in swamp forests (Whitmore, 1975) 

and this may therefore have been a component of swamp or dry land 

vegetation in the region although it is unlikely that the Danau 

di Atas Swamp supported vegetation of this type during zone DOA-

I. 

Fagaceae are well represented in the pollen assemblages of the 

zone. Studies of modern pollen dispersal and vegetation in the 
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Danau di Atas area (Chapters 4 and 5) indicated that Quercus 

comp. had a tendency to be over-represented in samples, which 

tends to agree with Soepadmo (1973) that Quercus are 

anemophilous, and that therefore pollen of Quercus may be 

abundantly produced and widely dispersed (Morley, 1976). 

Lithocarpus/Castanopsis comp. was variably represented in these 

studies but was not consistently over-represented as was Quercus 

comp. The representation of Fagaceae in the zone probably does 

indicate that this family was well represented in the forest 

vegetation at this time, probably by the genera Lithocarpus, 

Castanopsis and Quercus although other genera could also have 

been present, while Quercus might have been leaa aignifigant than 

its pollen representation suggests. The members of the Fagaceae 

are common in all lower montane forest types and could therefore 

be indicative of sub-montane, lower montane I or lower montane 11 

type forests. 

Although Adinandra comp. tended to be over-represented in the 

modern pollen rain of the area, the forest vegetation probably 

also included some Adinandra sp. Other sources of this pollen 

type are Ternstroemia sp. and other Theaceae. This group may 

have been well distributed throughout the vegetation at this 

time, but is unlikely to have been a major component. Schima 

pollen is recorded only once in the zone and indicates the 

presence of Schima sp., also a member of the Theaceae. This 

taxon appears to be very under-represented in the modern pollen 

rain in the Danau di Atas region, and also in the Kerinci area 

(Morley, 1976). It might therefore have been a more important 
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component of the vegetation than its representation suggests. 

Myrtaceae pollen provides some interesting problems for the 

interpretation of the assemblages, since the different forms of 

pollen recovered cannot be related to particular genera or 

species with certainty. Myrtaceae type 1 was commonly observed 

in Eugenia spp. and Syzygium spp. (some Eugenia spp. have been 

reclassified as the latter), although other taxa also have 

similar pollen. Myrtaceae type 2 was likewise observed in 

Syzygium spp., but other taxa including Leptospermum spp. also 

have pollen of this type. The diversity of forms of Myrtaceae 

pollen observed in this zone could indicate that a variety of 

species were acting as source taxa. Eugenia spp. may have 

featured strongly amongst these, but other genera such as 

Rhodomyrtus and Leptospermum may also have been included. 

Whatever the composition in terms of genera and species, the 

Myrtaceae appear to have been an important component of the 

forest vegetation during this period. 

Other taxa which appear to ha ve occurred in the zone DDA-I 

forests include Altingia sp. (probably A. excelsa), Symingtonia 

sp. (probably ~. populnea), Ilex sp., Araliaceae, Medinilla sp. 

and other Melastomataceae, Ilex cymosa, Elaeocarpus sp., 

Symplocos sp. and Cyathea sp. As was discussed previously, this 

forest was unlikely to have been of uniform composition, and 

these taxa need not have occurred together. Most of these would 

have formed a minor part of the forest as a whole, although some 

may have been more significant than is suggested by the low 
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percentages of pollen recorded. Symingtonia is one such taxon, 

and tends to be under-represented in modern surface samples. ~ 

populnea is considered to be a taxon primarily of lower montane 

forest 11, and is often found in conjunction with Dacrycarpus 

imbricatus. Tarenna fragrans was recorded in only three samples 

in this zone, and is another taxon which tended to be under

represented in modern surface samples (Chapter 5). At present 

the taxon occurs throughout the lower montane forest of the area, 

as a minor forest constituent. During the duration of zone DDA-I 

it appears also to have been a minor component of the forest. 

Members of the family Lauraceae produce pollen which is thin 

wa 11 ed and appears not to preserve we 11. As a resu 1 t of this it 

is recorded in very few modern surface samples in this study, 

despite the abundance of the family in the surroundin~ forest 

vegetation, and in none of the fossil assemblages. This presents 

some problems to the interpretation of the latter since the 

family might be an important component of the forest vegetation 

and yet not be represented at all in the pollen assemblages. The 

forest present during the period represented by zone DDA-I appear 

to have been largely lower montane in nature, with Myrtaceae and 

Fagaceae as important components. Lauraceae may have also been 

present at this time, indeed this seems quite likely on the basis 

of modern vegetation studies in the area, which show Lauraceae to 

be a common component of lower montane forest. 

Linociera comp. is recorded rarely in the zone. The most likely 

source, Linociera spp., has lowland rather than montane 

affinities although some species do extend into sub-montane 
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forest, while !!..!. oxycarpa was recorded in one lower montane 

forest I plot studied in the area. The existence of low 

frequencies of Linociera comp. in the zone may indicate the 

presence of rare individuals of the genus in the vegetation at or 

around the site, but could also be the result of long distance 

transport of pollen grains from lower altitude forest notably to 

the west of the lake, Danau di Atas. 

The presence of Macaranga comp. in the zone may be of 1 it t 1 e 

significance, as this taxon tends to be over-represented in the 

pollen rain (Chapter 5). Large increases in M~anga comp. may 

be an indication of increased areas of seral vegetation 

conU1lunities as Macaranga spp. are conunon in secondary forest. In 

zone DDA-I the low representation of Macaranga comp. is not 

indicative of the widespread existence of such vegetation. Trema 

sp. is also indicative of seral vegetation (Morley, 1976) but its 

pollen is recorded only rarely in this zone and is therefore 

unlikely to be of significance. This taxon is presently found 

predominantly in vegetation below 1300 m a.s.l., although its 

pollen was readily transported to high altitudes in the Kerinci 

area (Morley, 1976). The occurrence of Trema comp. in fossil 

samples should therefore be interpreted with some caution, as it 

may be entirely a result of long distance transport. 

Vaccinium comp. is recorded in moderately low amounts in the 

zone, and Rhododendron comp. is recorded sporadically; both taxa 

tend to be under-represented in the pollen rain. There are 

several possible sources for this pollen. It could be from 
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epiphytic Rhododendron spp. and Vaccinium spp. in the forest 

vegetation, from Rhododendron spp. and Vaccinium spp. growing in 

swamp vegetation or from the same genera growing in one of the 

upper montane forest types, either ericoid forest or ericaceous 

scrub. Nyrsine comp. which is also recorded in the zone may also 

ha ve a source ei ther in the swamp forest or in the ericoid 

forest, where its source may include Myrsine affinis. 

The dry land vegetation of the Danau di Atas area during the 

duration of zone DDA-I appears to have comprised forests in which 

lower montane forest elements predominated. These forests 

included some lower montane forest 11 elements, although the 

extent of these is difficult to assess with certainty. The 

presence of Vaccinium comp., Rhododendron comp. and Myrsine comp. 

could indicate the presence of ericaceous upper montane forests 

in the area. It is likely that this, if present, was not 

prevalent around the site itself as the percentage 

representation, and influx values for these taxa are relatively 

low. Such vegetation might have occurred on mountains and ridges 

at some distance from the site. The site appears to have been 

surrounded by lower montane forest, but the exact nature of this, 

whether having lower montane forest I or 11 affinities is not 

clear. The other possibility, that the area was not forested at 

all during this period, and that almost all arboreal pollen was 

transported over long distances to the site was discussed earlier 

in the section, but is considered to be a rather more tenuous 

interpretation of the pollen assemblages. 

Pollen influx values in the zone are complicated by the 
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redeposition of sediments in the profile. They are very low, c. 

1000-3000 grains cm-2 yr- l for TDLP, until c. 18250 years a.p. 

but thereafter increase to high levels, over 30000 grains cm- 2 

yr- l for TDLP in the reworked section. Most taxa show increased 

pollen influx at this time, but some, such as Macaranga comp. and 

Altingia comp. remain at low levels, an indication that they were 

probably of little significance in the vegetation at this time. 

Zone DDA-II,13.15 m to 7.40 m 

The basal part of this zone, below 10.65 rn, may include reworked 

sediments, and therefore reworked pollen and spores, as was 

discussed in the previous section. If a section is entirely 

reworked, without any addition of contemporaneous pollen, then 

the contained palynomorph assemblages should be similar to those 

of unaffected, similar deposits of the same age, in this case 

simi lar to those at the base of zone DDA-I. However, if during 

the reworking of the sediment, contemporaneous pollen is also 

deposited then the resulting assemblages may be quite different 

from the unaffected older deposits, and also from purely 

contemporaneous deposits. In the DDA sequence there are some 

quite distinct pollen changes at the zone DDA-I/II boundary, and 

more gradual changes in other pollen curves occur over this 

section, so that many of the individual pollen curves in zone 

DDA-II are quite different from those in the early part of zone 

DDA-I. This suggests that even if the basal part of zone DDA-II 

includes some reworked pollen, a considerable contemporaneous 

component may also have been deposited, changes in this perhaps 

resulting in the changes in the pollen curves observed. The 
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basal part of the zone can still therefore be intervreted in 

terms of its source vegetation. 

'l'he lithology of this zone comprises coarse detritus muds. Below 

11.00 m the detritus consists of herbaceous fragments but above 

this it is very woody. The lithology alone suggests that below 

11.00 m (c. 17000 years B.P.) the hydrophytic vegetation in the 

vicinity of the site was largely herbaceous in nature, with swamp 

forest, if existing, only of very limited extent, perhaps at the 

periphery of any swamp vegetation. The appearance of large 

amounts of wood in the detritus above 11.00 m suggests a greater 

prevalence of woody taxa. If the wood is in situ then there is a 

possibility that it may be derived from roots, growing down into 

the sediment at a later date than that at which the rest of the 

sediments were deposited. This would certainly confirm the 

presence of swam~ forest or shrubby veyetation at the site but 

its arrival would post date the sediment and would be after 

c.17000 years B.P. I f however the wood is from fragments which 

have fallen into the deposition basin, then these will be the 

same age as the sediments. The likely source is still swamp 

forest, shrubby swamp vegetation or perhaps, less likely, 

peripheral dry land forest. This could indicate the presence of 

swamp forest in some parts of what is now the Danau di Atas 

Swamp, c. 17000 years B.P. Even so, herbaceous swamp taxa remain 

well represented in pollen assemblages and must have constituted 

an important component of the swamp vegetation. 

Pollen assemblages in the zone, covering the period c. 17900 to 
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c. 12900 years B.P. suggest that throughout the interval 

Gramineae and Cyperaceae were major components of the herbaceous 

swamp vegetation. Eriocaulon spp. also appear.to have been 

consistently present in this vegetation, but might have been 

slightly less common during the later part of the zone (subzone 

DDA-IIB). Less common components of this vegetation appear to 

have included Xyris sp. and possibly Laurembergia sp. although 

these are recorded only occasionally in the pollen record. The 

rare records of Monocotyledon undifferentiated might also have 

had a swamp source, although the actual source of this pollen 

could not be determined. Another possible component of the swamp 

vegetation was Pandanus sp. although this can also occur in dry 

land vegetation and does not in any case appear to have been 

common, pollen being recorded in only one sample. 

Pteridophytes were probably well represented in the swamp 

vegetation, and may have included, at various times, Lycopodium 

cernuum, h!. c la vatum, eyc losorus sp., Nephrol epis sp., 

Dicranopteris sp. and possibly even Pteridium sp. In addition 

much of the Filices undifferentiated is likely to have had its 

source in swamp vegetation. 

The presence throughout the zone of Typha comp. and Potamogeton 

is indicative of some open water with the named taxa, and perhaps 

Sparganium sp. 

The occurrence of woody fragments in the lithology above 11.00 m 

is, as previously described, suggestive of the presence of swamp 

forest in the vicinity. Although this vegetation no longer 
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occurs in the Danau di Atas region, and was therefore not 

studied, Morley (1976, 1982) describes swamp forest from 950 m 

a.s.l. in the Kerinci area. Arboreal taxa which were important 

in this swamp vegetation included Ilex cymosa, Elaeocarpus sp., 

~rsine affinis D.C., Eugenia sp., Glochidion brunneum HK.f. and 

Euodia cf. macrophylla BL. Minor taxa included Melastoma 

malabathricum L., Rhododendron javanicum (BL.)BERM, Vaccinium 

accuminatissum MIQ., Ficus sp. and Ficus deltoidea JACK. A swamp 

forest at or near the site during the later part of the period 

covered by zone DDA-II, may have included according to pollen 

assemblages, I lex cymosa, E laeocarpus sp., Myrsine sp., Eugenia 

sp. and possibly Melastoma sp., Rhododendron sp. and Vaccinium 

sp. It is also possible that Dacrydium sp. may have occurred in 

swamp vegetation. All of these taxa are represented in the 

pollen assemblages of the zone, however since none of these taxa 

are better represented above 11.00 m than below it the actual 

composition of swamp forest, if this existed, is not clear. 

The bulk of the Dry Land Pollen recorded throughout the zone has 

its origins in forest (Fig. 6.4). Pollen of the gymnosperms is 

abundant, increases being particularly marked for Dacrycarpus and 

Podocarpus, and pollen influx values for these taxa are also 

higher than in zone DDA-I. Although Dacrycarpus imbricatus may 

be a prolific producer of pollen the high levels of this pollen 

recorded do suggest a real increase in the importance of this 

taxon in the vegetation of the area at this time, perhaps 

indicating an extension of lower montane forest 11. Dacrydium 

values are also high throughout the zone. This genus has a much 
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wider distribution than Dacrycarpus, and in addition at least one 

species is common in swamp vegetation (Whitmore, 1975). This 

genus al so appears to ha ve been of some importance in the area 

during the period represented by zone DDA-II, either in the dry 

land or swamp forest vegetation or both. Podocarpus sp. also 

appears to have been a component of the regional vegetation, but 

probably of less importance than either Dacrydium or Dacrycarpus. 

Pinus sp. (possibly ~ merkussii) has an interesting temporal 

distribution. It appears to have been rare or absent from the 

vegetation during the duration represented by subzone DDA-IIA, 

but present either as a minor forest component or at some 

distance from the area during the subzone DDA-IIB. 

The Fagaceae are well represented in the zone but by reduced 

pollen percentages compared with in zone DDA-I. Influx values 

however are fairly high and it therefore seems likely that the 

source genera Lithocarpus, Castanopsis, Quercus and perhaps 

others, remained an important component of the forest vegetation 

at this time, despite the increasing importance of taxa such as 

Dacrycarpus. Another component of the forest vegetation may have 

been the Theaceae, represented by Adinandra sp. and perhaps other 

genera. Engelhardtia sp. may also have been present. However 

the pollen of this taxon, Engelhardtia comp. is not consistently 

recorded in the zone. Engelhardtia is considered by Morley (1976) 

to be a prolific pollen producer which suggests that this may 

have been only a minor component of the vegetation. Symingtonia 

is recorded throughout zone DDA-II, and since this tends to be 

under-represented in surface samples, this may indicate that 
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Symingtonia (perhaps ~ populnea) was a widespread or locally 

important component of the forest vegetation. Its consistent 

presence in the pollen record may be an indication of lower 

montane forest 11 in the area. 

Altingia comp., most likely derived from A. excelsa, is present 

in low frequencies in the zone, and the influx values for this 

taxon are also low. A. excelsa occurs principally, it is 

thought, in lower montane forest I. However this is an important 

timber tree which has been largely removed from many forests at 

present, as a result of which it was not recorded in the study 

area forest plots. Consequently no data on its pollen production 

and representation in samples was available. The low 

representation of the taxon in this zone perhaps indicates that 

A. excelsa was rare in these forests. 

Other components of the dry land forests during this period, 

suggested by the pollen assemblages, were llex sp., Symplocos 

sp., \iendlandia sp. and possibly other Rubiaceae, Eugenia sp. and 

probably other Myrtaceae, perhaps Leptospermum sp. The Myrtaceae 

in particular may have been important components of the forest. 

Pollen of Lauraceae is not recorded in any of the assemblages, 

nonetheless the family may well have been represented in the 

forest vegetation. Ilex cymosa and Elaeocarpus sp. could have 

been present in either the dry land or swamp forest vegetation of 

the area, and possibly both, while the tree fern genus Cyathea 

seems to have been a feature of the dry land pteridophyte flora. 

Linociera comp. and Celtis comp. are both recorded in the zone, 
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but the percentage representation of these prilnarily sub-montane 

taxa is very low, and could be the result of long distance, 

uphill transport from sub-montane forest at lower altitudes. 

Even if this is not the case, the pollen percentages indicate 

that Linociera and Celtis are rare components of the vegetation. 

The very low representation of Macaranga comp. in the zone 

suggests rarity of this taxon in the vegetation, and therefore 

seral vegetation does not appear to have been widespread during 

this period. 

The presence of abundant Myrsine camp. and Vaccinium camp., with 

smaller amounts of Rhododendron comp. in the zone could indicate 

the presence of these taxa in swamp vegetation. However, these 

pollen taxa were very common in the pollen rain from upper 

montane forest (ericoid forest and Gleichenia scrub, and 

ericaceous scrub zones, Fig. 5.6) and thus could also indicate 

the presence of some type of upper montane forest fairly close to 

the site. 

Dry land forest herbs and shrubs are rarely present in the pollen 

record of the zone, but of some interest is the quite frequent 

representation of Strobilanthes and other Acanthaceae. 

Strobilanthes often occurs gregariously and has a very unusual 

flowering pattern, all plants in the same area flower at the same 

time, approximately every seven or more years (van Steenis, 

1972). The taxon would not therefore be expected in the pollen 

record unless it was quite common in the vegetation. 

Loranthaceae, a family in which the members are hemiparasitic on 

arboreal taxa, is also recorded, indicating the presence of these 
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hemiparasites on some of the arboreal vegetation. 

The dry land vegetation throughout the time represented by zone 

DDA-11 appears to consist largely of forests which are 

predominantly of lower montane character. However, some upper 

montane forest may also have been present during this period. 

The quite high representation of taxa having sources in lower 

montane forest 11 at present suggests that the lower montane 

forest may have included significant proportions with 

characteristics akin to lower montane forest 11. Many of the 

other taxa recorded neither confirm or disprove this as they are 

conunon to all lower montane forest types. Possibly forests 

surrounding the site had a character similar to that presently 

found in lower montane forest 11, with abundant Dacrycarpus and 

Symingtonia. Upper montane forest of a predominantly ericaceous 

nature but also with Myrsine sp. probably also occurred in the 

area, possibly on the ridges and mountains rather than adjacent 

to the site. 

Few differences are apparent in the vegetation of subzones DDA

IIA and DDA-IIB. Subzone DDA-11A appears to have had a slightly 

greater representation of Medinilla sp. and possibly other 

Melastomataceae. Myrsine sp. may also have been commoner at this 

time. Impatiens, a herb which may have occurred in the forest or 

swamp vegetation, is only recorded in this subzone, as is 

Gentiana. The present distribution of the latter genus in 

Sumatra and Java (van Steenis, 1934, 1972) varies with the 

particular species. G. quadrifaria is found from 1650 m to 3350 
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m a.s.l., while ~ sumatrana at present occurs at high altitudes 

on G. Kerinci, from c. 3000 to 3300 m a.s.l. Clearly the 

presence of Gentiana pollen could indicate the presence of any of 

a wide range of altitudinal vegetation types, including high 

altitude vegetation of an open nature. 

Pinus appears to be more significant in the vegetation during the 

duration of subzone DDA-IIB, and may have been absent during DDA

IIA, although these small amounts of pollen might have been 

transported into the area. Meliaceae/Sapotaceae and a Symplocos 

sp. having pollen similar to that of ~ sessilifolia, seem to 

h~ve been pre~ent only durin9 subzone DDA-IIB. The latter is 

presently found in forests above 1500 m a.s.l. and par~iQula~ly 

above 2000 m a.s.l. in Java (Backer and Bakhuizen van den Brink, 

1965) and certainly occurs at high altitudes on G. ·Kerinci 

(Jacobs, 1958; see also Section 4.12). It provides, perhaps, 

further evidence for the presence of lower montane forest 11 and 

upper montane forest in the area during the duration of subzone 

DDA-IIB. 

Zone DDA-III, 7.40 m to 5.40 m 

The lithology of this zone comprises coarse detritus muds with 

abundant woody fragments, suggesting that some form of woody 

swamp vegetation was present in the vicinity of the site. 

However, the pollen assemblages of the zone, which represents the 

period from c. 12900 to c. 11750 years B.P. (Fig. 6.1), indicate 

that herbaceous swamp vegetation also existed during this period. 

The swamp vegetation may therefore have taken the form of swamp 

forest or shrubs with a well developed ground flora, swamp forest 
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of a fairly open nature, or different parts of the swamp may even 

have had distinct types of vegetation such as forest, scrub or 

herbaceous swamp communities, related to different environmental 

conditions. 

The herbaceous aspect of the swamp vegetation appears to have 

been composed largely of Cyperaceae and Gramineae with Eriocaulon 

sp. and Xyris sp. as minor components. Pteridophytes may well 

have been less important in the vegetation than formerly, as the 

percentage representation and influx of pteridophyte spores in 

the zone is generally low. However, the pteridophyte swamp flora 

probably did include, at times, Lycopodium cernuum, other 

Lycopodium spp., Cyclosorus sp., Nephrolepis sp. (either arboreal 

or terrestrial forms), and possibly also Pteridium. Epiphytic 

pteridophyte taxa may have occurred in any swamp forest and could 

have included Asplenium sp. Filices undifferentiated would have 

had various sources but probably most were within the swamp 

vegetation. Both Potamogeton sp. and Typha sp. (and/or 

sparganium sp.) appear to have been present, but may have 

declined in the later part of the period represented. Zone DDA

III in fact marks the most recent,occurrence of aquatic pollen in 

the DDA core. 

Any swamp forest present may itself have been composed of one or 

more of several species. The pollen assemblages suggest that any 

or all of the following taxa may have been represented: 

Elaeocarpus sp., Ilex cymosa, Eugenia sp., Myrsine sp. (probably 

~. affinis), Vaccinium sp., Rhododendron sp., Melastoma sp. and 

Dacrydium sp. It is not possible to state more specifically the 
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composition of the swamp forest, all of the taxa listed are known 

to occur as components of swamp forest elsewhere. However, a 

swamp vegetation dominated by Nelastoma sp., Myrsine sp., 

Vaccinium sp. or Rhododendron sp. would be shrubbier in nature 

than one composed of Ilex cymosa, Elaeocarpus sp., Eugenia sp. or 

Dacrydium sp. The swamp vegetation may have consisted of a 

Jnixture of communities as described previously, each perhaps 

related to slightly different environmental conditions. 

Pollen having a forest source predominates in the zone, 

contributing 60'-80% of the Dry Land Pollen (Fig. 6.4), indicating 

that the dry land vegetation of the area consisted largely of 

forest. The composition of these forests was not, however, 

identical with that of zone DDA-II. Decreases in the pollen 

frequencies of Dacrycarpus and Dacrydium in the upper part of 

zone DDA-III are also reflected by sharp decreases in actual 

pollen influxes, and it therefore appears likely that during this 

period these taxa had become less important components of the 

vegetation. The zone may also have seen Pinus sp. disappear from 

the vegetation had it formerly been present, or become more rare 

in it, as Pinus pollen is not recorded at all in the pollen 

assemblages. Podocarpus sp., if present, may also have become 

extremely rare. The decline in Dacrycarpus possibly indicates a 

diminished area of lower montane forest 11 in the region. 

Pollen of the family Fagaceae increases as both percentage TDLP 

and influx in the zone. It seems quite likely that the genera 

Lithocarpus, Castanopsis, Quercus, and perhaps others, were 
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better represented in the vegetation at this time than during the 

duration of zone DDA-II. Other components of the forest 

vegetation, suggested by the pollen assemblages, were Symingtonia 

sp. (probably ~ populnea), Engelhardtia sp., Symplocos sp., Ilex 

sp. and Ardisia sp. although these were probably of much less 

importance in basal area terms than the Fagaceae. Schima sp. may 

have been important during the later part of the period. 

Although recorded in only one sample, this taxon is subject to 

very poor representation, so even a seemingly unimportant 

occurrence such as this could be of some significance. Lauraceae 

may also have been a component of these forests, even though not 

recorded in the pollen assemblages. Minor forest components 

present included Adinandra sp. (and possibly other Theaceae), 

Meliaceae/Sapotaceae and Cyathea sp. 

The increase in Altingia comp. pollen in the zone may indicate 

that A. ~lsa became more common in the yegetation than 

formerly. Myrtaceae also appear to have been well represented in 

the vegetation of the area. Although some of the Myrtaceae 

pollen may have been contributed by Eugenia spp. occurring in 

swamp forest, it is probable that significant amounts were also 

contributed from Eugenia and other genera, ego Leptospermum sp., 

in dry land forests. Ilex cymosa, Elaeocarpus sp. and Dacrydium 

sp. may also have occurred in these forests. 

Myrsine sp. (probably ~ affinis), Rhododendron sp. and Vaccinium 

sp. may have been components of swamp vegetation, as described 

previously, or of some type of upper montane forest, or even 

both. The percentage representation of these taxa, and their 
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influx values, suggest that whatever their sources, these were 

becoming less important in the vegetation of the area during this 

period than they were formerly. 

Macaranga spp. may have been slightly better represented in the 

vegetation during this period, but even so were probably still 

only a minor component, which does not suggest the presence of 

significantly increased amounts of seral vegetation in the area. 

Forest shrubs and herbs are not well represented in the pollen 

assemblages and therefore the nature of this vegetation cannot be 

reconstructed. However Strobilanthes sp. certainly occurred at 

the beginning of the interval, while occasional records of 

Loranthaceae pollen suggest the presence of these hemiparasites 

on arboreal taxa. 

The dry land vegetation prevalent during the duration of zone 

DDA-III appears to have been forests of predominantly lower 

montane character. Lower montane forest 11 elements were of much 

less significance in the pollen spectra than they were formerly, 

suggesting reduced extent of lower montane forest 11 during this 

period. Some sort of upper montane forest perhaps persisted, but 

pollen from this source also exhibits reduced frequencies in the 

zone, suggesting that this vegetation type was also of lesser 

extent than previously. Taxa conwon to all lower montane forest 

types are common throughout the period, and taxa of lower montane 

forest I are better represented in pollen assemblages (Fig. 6.3). 

The zone may therefore have seen a reduction in the extent of 

forest with the characteristics of lower montane forest 11, with 
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this perhaps occurring on higher areas at a greater distance from 

the site than during zone DDA-ll, and its replacement around the 

site during the period by lower montane forest I. 

Zone DDA-lV, 5.40 m to 3.40 m 

The lithology of this zone comprises very woody, coarse detritus 

muds, suggesting the presence of woody sw~np vegetation in the 

vicinity of the site during the period, from c. 11750 to c. 8200 

years B.P. Herbaceous taxa are also well represented in the 

pollen assemblages of the zone, and much of this pollen is also 

likely to be derived from swamp vegetation. This indicates 

either the presence of a well developed ground flora within the 

swamp forest, or separate areas of herbaceous swamp vegetation. 

This herbaceous aspect of the swamp vegetation was dominated by 

Cyperaceae and Gramineae. Eriocaulon sp. and possibly also 

Nepenthes sp. also formed part of this vegetation, although they 

were of lnuch less importance. Nepenthes sp. may have had a 

terrestrial or climbing form, so could also have been part of the 

swamp forest vegetation. Pandanus is recorded in the pollen 

assemblages from the zone, and this taxon may also have bee'n a 

component of the swamp vegetation, although a dry land source is 

also possible. 

Pteridophytes do not appear to have been an important part of the 

swamp vegetation during this period, as pteridophyte spores are 

not abundant. However the pteridophyte swamp flora may have 

included Lycopodium cernuum, L. clavatum, Cyclosorus sp. and 

perhaps Pteridium, and in addition was probably a source of many 
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of the spores which contribute to the Filices undifferentiated 

category. 

A well developed swamp forest seems to have been present at the 

site during this period. Pollen assemblages suggest that it may 

have included Elaeocarpus sp., Myrsine sp. (probably ~ affinis), 

Eugenia sp., Vacciniurn sp., Dacrydium sp. and perhaps also Ilex 

cymosa, Rhododendron sp. and Melastoma sp., al though pollen of 

these three taxa is not recorded consistently in the zone. The 

low pollen influx values recorded throughout the zone for all 

taxa would also be explained by the presence of dense swamp 

forest growing at the site, as this might filter pollen from 

surrounding areas, and also affect aerial deposition patterns. 

The exact nature of the swamp forest is difficult to ascertain 

from the pollen data since pollen curves of the possible swamp 

taxa do not clearly show any taxon to dominate the pollen rain. 

Possibly the swamp forest was of mixed composition and also 

changeable in nature. 

The percentage of Dry Land Pollen derived from forest falls in 

this zone, largely due to the high percentages of Gramineae and 

Cyperaceae recorded. This may be an effect of filtration of the 

regional pollen by swamp forest vegetation such that local pollen 

of herbaceous taxa have assumed greater importance in the pollen 

assemblages. Interference in the vegetation by man seems to be 

rather less likely as there is no other evidence to support this. 

The pollen assemblages recovered from the zone indicate that dry 

land areas were still largely forested. 
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Gymnosperms are poorly represented in the pollen assemblages of 

the zone, and in pollen influx terms, only Dacrydium and rare 

Podocarpus being recorded. It therefore seems likely that the 

gymnosperms were of limited importance in the vegetation during 

this period, and that taxa such as Pinus and Dacrycarpus were 

rare or even absent from the area at this time. 

The family Fagaceae continues to be well represented in the 

pollen assemblages although influx values are actually lower than 

in the preceeding zone. However low influx values are recorded 

for all taxa during the period and it thus seems likely that the 

genera Lithocarpus, Castanopsis and Quercus remained important 

components of the dry land forest veg~tation. Other for •• t 

components inc 1 uded Adinandra sp. (and possibly other Theaceae), 

Altingia (probably A. excelsa), Ilex sp., Medinilla sp. and 

symingtonia (probably ~ populnea). Eugenia spp. and other 

Myrtaceae were also probably represented in this dry land 

vegetation, although Eugenia spp. may also have formed part of 

the swamp forest vegetation. It is interesting that Myrtaceae 

type 2 pollen is much less common in this zone than formerly, and 

is actually uncommon in higher samples. The meaning of this in 

ecological terms is difficult to ascertain due to the taxonomic 

problems associated with the pollen of this family. One possible 

explanation, although admittedly rather speculative, is that this 

pollen is derived largely from a genus or species which had 

become less common in the area than formerly, during the duration 

of this zone. One such possible genus is Leptospermum which 

presently occurs mainly in upper montane forest, as some 
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Leptospermum spp. do have pollen of this type. However other 

genera could also be involved. Elaeocarpus sp. and Ilex cymosa 

may have occurred in either the dry land or swamp forest during 

this period. 

Altingia (probably A. excelsa) continued to increase in 

importance in the vegetation of the area, possible an indication 

of further extension of lower montane forest I. Lauraceae may 

also have featured in the zone DDA-lV forests although again no 

pollen of this group is recorded in the assemblages. Engelhardtia 

sp. and Symplocos sp. appear to have been uncommon components of 

the forest vegetation at this time as is indicated by their rare 

or sporadic representation in the pollen spectra of the zone. 

Macaranga comp. is also recorded only rarely, and therefore the 

occurrence of widespread seral vegetation with Macaranga spp. 

seems very unlikely. 

Myrsine sp., Vaccinium sp. and Rhododendron sp. occurred in the 

vegetation of the area where they could have been minor 

components of the swamp vegetation or of some type of upper 

montane forest, or both. Vaccinium sp. and Rhododendron sp. 

could possibly also have occurred as epiphytes in forests of the 

area. Overall, the pollen of these taxa declines in the zone, 

so, whatever the actual sources were, they appear to have been 

declining in importance during this period. 

The dry land vegetation of the area during the duration of zone 

DDA-IV appears to have consisted of lower montane forest types, 

with possibly limited extents of upper montane forest remaining, 
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perhaps at higher altitudes. The lower montane forest 11 pollen 

component is not well represented in the zone, suggesting that 

lower montane forest 11 may also have been of limited extent 

during this period. The forests prevalent around the site appear 

to have been similar in character to the present lower montane 

forest I. 

Zone DDA-V, 3.40 m to 1.90 m 

The lithology of this zone, which extends over the period from c. 

8200 to c. 5400 years B.P., comprises coarse detritus muds which 

are woody below 3.00 m (c. 7500 years B.P.), but herbaceous above 

this. Swamp forest may have been present in the vicinity of the 

site prior to c. 7500 years B.P. but after this the sediment 

suggests the presence of a herbaceous swamp vegetation in the 

i!nrnediate vicinity, perhaps with swamp forest persisting in 

vegetation further from the site. 

The herbaceous aspect of the swamp vegetation was apparently 

composed mainly of Cyperaceae and Gramineae, Cyperaceae being 

particularly well represented in the pollen assemblages of the 

zone. Pandanus appears at times to have been of some 

significance in the vegetation during this period, and might have 

been a component of the swamp vegetation, although it could also 

have occurred in dry land forest vegetation. The pollen 

assemblages indicate that the herbaceous swamp vegetation may 

have been less species rich than formerly. 

Pteridophyte spores are not abundant in the zone and 

pteridophytes therefore seem to have been of minor importance in 
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the swamp vegetation. These may have included, at times, 

Lycopodium cernuum, ~ clavatum, Cyclosorus sp., Nephrolepis sp. 

and possibly Pteridium sp; in addition the swamp vegetation was 

probably a source of much of the Filices undifferentiated 

recorded in the zone. 

Swamp forest, which occurred in the vicinity of the site at least 

to c. 7500 years B.P. and which may have existed throughout the 

duration of the zone at least in some areas of the Danau di Atas 

Swamp, may have included Elaeocarpus sp., Eugenia sp. and Ilex 

cymosa. Although Myrsine sp. (possibly M. affinis), Glochidion 

sp.,Melastoma sp., Rhododendron sp. and Vaccinium sp. may also 

have occurred in the swamp vegetation, their pollen is recorded 

infrequently in the zone; it therefore seems unlikely that they 

were widespread in this vegetation, even if present. Eugenia sp. 

may have been the most significant swamp forest component at this 

time, as Myrtaceae type 1 pollen, which is probably composed 

largely of pollen of Eugenia spp., exhibits a very sudden large 

increase in both percentage representation and influx in the 

basal two samples of the zone. The pollen then declines almost 

as suddenly at the top of the zone. This large peak in just one 

type of Myrtaceae pollen is suggestive of a local source. 

Pollen having a forest source predominates in the assemblage, 

although values are variable. No gymnosperm pollen is recorded 

in the zone, which suggests that the gymnosperm taxa were rare 

in, or absent from the forests of the area. Fagaceae have a 

rather variable pollen representation, but influxes increase in 

the zone, suggesting that the genera Lithocarpus, Castanopsis and 
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Quercus probably remained important forest components. Altingia 

sp. (probably A. excelsa) also appears to have become more 

important in the vegetation of the area, as evidenced by further 

increases in both percentage representation and influx. Other 

components of the dry land forests at this time probably included 

Engelhardtia sp., Symingtonia sp. (possibly ~ populnea), Eugenia 

spp. and other Myrtaceae. Less common components may have 

included Ardisia sp., Symplocos sp., Ilex sp., Medinilla sp. and 

possibly other Melastomataceae, Ilex cymosa, Elaeocarpus sp. and 

Cyathea sp. Lauraceae may also have been represented. The 

increase in the percentage representation of Linociera comp. in 

the pollen assemblages is also of interest. This occurs 

consistently but in small amounts for the first time in the DDA 

sequence, and might indicate that Linociera sp. (possibly L. 

oxycarpa) was present in the area, or at least in closer 

proximity to the site than previously. 

Macaranga sp. a 1 so appear s to ha ve been more common in the 

vegetation during this period, as evidenced by increased 

percentage representation and influx values. This might suggest 

an increase in the seral vegetation in the area, although this 

event would have to be minor, since Macaranga tends to be over

represented in the pollen rain and actual increases in 

representation in the zone remain of small order. 

Vaccinium sp., Rhododendron sp. and Myrsine sp. appear to have 

been less important in the vegetation than formerly, as is shown 

by decreases in both the percentage representation in pollen 
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assemblages and influx of their pollen. This could be due to 

their reduced importance in either sw~np vegetation or dry land 

vegetation. In the latter example this would indicate further 

reductions in the extent of upper montane forest types in the 

area. Possibly the decline of these taxa is due to changes in 

both the swamp and dry land vegetation. 

The dry land vegetation of the Danau di Atas area during the 

duration of zone DDA-V appears therefore to have consisted of 

lower montane forests in which lower montane forest I elements 

were increasing in importance, while lower montane forest 11 

elements were declining. Upper montane forests, if present in 

the area, were of very limited extent. Forest similar in 

composition to present lower montane forest probably existed 

around the site, with forest akin to lower montane forest 11 more 

distant from the site, perhaps on higher areas, as is the 

situation in the area at present. Sub-montane type forests, 

which are a 1 so a type of lower montane forest, may ha ve been in 

closer proximity to the site than formerly, as is indicated by 

the presence of Linociera comp. in the zone. 

Zone DDA-V I, 1.90 m to 0.20 m 

The period represented by this zone began c. 5400 years B.P. 

Because the upper zone boundary marks a major change in the areas 

vegetation, its actual position and the age of this event are 

important. Unfortunately this cannot be accurately measured but 

seems to post-date 1800 years B.P. the estimated age of the top 

sample examined in zone DDA-V1. 
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The lithology of this zone consists of coarse detritus muds, 

over lain at 1.20 m by a fibrous vegetation mat. This does not 

suggest the presence of swamp forest at or close to the site, 

although this could have existed elsewhere on the swamp surface 

during this period. Despite this, herbaceous swamp taxa are 

relatively poorly represented in terms of percentage TDLP. 

Herbaceous swamp vegetation appears to have been composed mainly 

of Cyperaceae and Gramineae, while Eriocaulon sp. may have been a 

rare, or local component. Pollen of Monocotyledon 

undifferentiated may also have been derived from the swamp 

vegetation although its source could not be identified. 

Pteridophyte spores are more common in zone OOA-VI than 1n the 

preceeding zones, and many are probably derived from swamp 

sources. 'l'he swamp vegetation during this period may therefore 

have had a more significant pteridophyte component than during 

the preceeding periods. This may have included Lycopodium 

cernUUlll, Nephrolepis sp. and perhaps less commonly Cyclosorus 

sp. and Pteridium sp. In addition much of the Filices 

undifferentiated recorded probably also had its source in the 

swamp vegetation. Another possible component of swamp vegetation 

was Selaginella sp. Although this was not recorded in this 

vegetation in the present vegetation study it is thought to be a 

component of swamp vegetation elsewhere (Morley, 1976). The 

source of Sphenomeris comp. is of some interest as Sphenomeris 

spp. do not tolerate deep shade (Holttum, 1954). The species 

might have occurred in more open areas, perhaps exposed banks 

around the swamp site. 
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If swamp forest was in existence during the duration of zone DDA

VI then it was of limited extent on the Danau di Atas Swamp. 

Possible components of such a vegetation were Ilex cymosa, 

Elaeocarpus sp., Eugenia sp. and Glochidion sp. Myrsine sp., 

Rhododendron sp., Vaccinium sp. and Melastoma sp., if present in 

this swamp vegetation must have been only minor components, as 

they are not COllUllon in pollen assemblages recorded in the zone 

and their influx values are also fairly low. The pollen of 

Glochidion comp. appears quite suddenly in zone DDA-V and is 

consistently present throughout zone DDA-VI. Possibly Glochidion 

sp. occurred in the swamp vegetation even when swamp forest was 

in decline. It is of interest that stumps of Glochidion sp. 

(collection number 155) were observed in the present herbaceous 

swamp vegetation on the Danau di Atas Swamp (Chapter 4). 

Dry land vegetation appears to have been dominated by forest 

during the duration of zone DDA-VI, with over 80% DLP being 

derived from forest sources (Fig. 6.4). Pollen of the 

gymnosperms Dacrydium and Podocarpus is recorded rarely in the 

zone, suggesting that these remained a rare component of the 

vegetation, or that their pollen had been transported over 

considerable distances prior to deposition. The family Fagaceae 

remains important in percentage terms and pollen influx is high 

in the zone; it therefore seems likely that the genera 

Lithocarpus, Castanopsis and Quercus were important components of 

the forest vegetation. Other taxa present in these forests 

appear to have included Engelhardtia sp., Syrnplocos sp., 

Antidesma sp., Medinilla sp. and possibly other Melastomataceae, 
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Vernonia arborea and Myrtaceae, probably largely Eugenia spp. 

Altingia sp. (probably A. excelsa) may have been quite important 

in the forest vegetation during this period, suggesting the 

predominance of lower montane forest 1. Symingtonia sp. 

(probably ~ ~lnea), typically a lower montane forest 11 

taxon, was also apparently present in the forests at this time, 

though was perhaps less common than previously. Minor forest 

components also included Adinandra sp. (and other Theaceae), ~ 

sp., ~ cymosa, Araliaceae, Celtis sp., Evodia sp., Elaeocarpus 

sp. and Cyathea sp. Lauraceae may have been an important 

component of these forests but again, unfortunately, no pollen of 

this family was recorded. 

Linociera comp. is consistently recorded in this zone, again 

suggesting the presence of Linociera sp. at or near the site. 

Macaranga sp. appears to have been present at similar levels to 

those in zone DDA-V indicating perhaps some limited areas of 

seral vegetation in the vicinity. The low percentages of Myrsine 

comp., Vaccinium comp. and Rhododendron comp. recorded suggest 

that these named taxa were not particularly abundant components 

of the vegetation, whatever the habitat they occurred in. 

The dry land forests existing in the Danau di Atas area during 

the duration of zone DDA-V1 were undoubtedly of lower montane 

affinity, with forests similar to the present lower montane 

forest 1 present around the site. Lower montane forest 11 

probably existed in the area, as pollen derived from this is 

recorded in the zone. However it seems likely that such forest 

existed at higher altitudes within the area, at some distance 
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from the site. Sub-montane forest may also have occurred, in 

closer proximity to the site than in any previous period covered 

by the core sequence, as is suggested by records of Linociera 

comp. and rare Fagraea comp., and Celtis comp. Little evidence 

remains for the presence of any type of upper montane forest in 

the area, and if present this must have been of extremely limited 

extent, perhaps occurring only on the highest mountain and ridge 

tops. 

~e DDA-y'~!', 0.20 m to 0 m 

This zone is based on the palynomorph content of a single sample, 

from the surface of the core, which is presumed to be of 

contemporary age. The characteristics of the pollen assemblage 

recovered are very similar, as expected, to the modern surface 

pollen samples examined from other parts of the Danau di Atas 

Swamp (Section 5.5). The effects of widespread forest clearance 

are shown, as forest pollen contributes less than 10% Dry Land 

Pollen (Fig. 6.4). The large percentages of Gramineae and 

Cyperaceae recorded reflect the open nature of the swamp 

vegetation and of surrounding deforested areas, Gramineae pollen 

being particularly abundant. The pollen assemblage also reflects 

the presence in the vegetation of other swamp taxa such as 

Hydrocotyle sp. (possibly ~ sibthorpioides), Laurembergia sp. 

(possibly ~ coccinea) and Xyris sp. (probably ~ capensis). 

Pteridophyte spores, although neither diverse nor common, 

indicate the presence in the swamp vegetation of Lycopodium 

cernuum (which was present in the swamp vegetation, Section 4.7) 

and L. clavatum (which was not recorded in this vegetation), in 
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addition to sources of Filices undifferentiated. The low levels 

of pteridophyte spores recorded seem to be related to the 

relatively uncommon occurrences of pteridophytes in the swamp 

vegetation (Section 4.7). 

No swamp forest occurs at present, and it is interesting to note 

that pollen of Elaeocarpus comp., Ilex cymosa and Myrsine comp. 

disappears from the pollen record in zone DDA-VII. However many 

dry land taxa recorded in previous zones are also absent in this 

one. 

A number of taxa indicative of dry land forest which are recorded 

in the zone include Lithocarpus/castanopsis comp., Quercus comp., 

Engelhardtia comp., Altingia comp., Medinilla comp., Symplocos 

comp., Symingtonia and Myrtaceaei possible sources for most of 

these pollen taxa were recorded in the forest plots studied in 

the area (Chapter 4). Many species known to occur in the forest 

of the area were not recorded in the assemblage, notably 

Lauraceae and schima sp., perhaps due to factors of pollen 

production and preservation. 

Po lIen of taxa such as Me lastoma comp. and Vaccinium comp. is 

probably derived largely from these species in regrowth 

communities in the area; it is therefore interesting that despite 

the widespread occurrence of such vegetation the representation 

of these taxa in the pollen assemblage is very poor. 

Influx values for most pollen types are very low in the zone. 

Only the influx of Gramineae remains at the level of previous 
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zones, all other pollen groups exhibit reduced pollen influx at 

the surface of the core. The reason for such low influx may be 

due in large part to the general deforestation, cUltivation and 

grazing carried out over much of the area. It seems that forest 

produces more pollen, which is better dispersed, than the open 

vegetation which replaces it after deforestation. This clearly 

agrees with findings from temperate regions where treeless 

environments also produce less pollen than those with tree or 

shrub vegetation (Davis et ~.!., 1973). 

8.3 Interpretation of the Telago core 

10.10 m to 9.60 m 

This zone includes the single 14C measurement obtained for the 

core, which provides a date of 9105 ~ 200 years B.P. for the 

section 10.00 m to 10.05 m. 

'1'he lithology ot this zone is gyttja which suggests that open 

water conditions prevailed at the site during this time. 

However, the pollen assemblage suggests that some swamp 

vegetation may have been present, this may have been purely 

herbaceous in nature, or primarily herbaceous with some woody 

taxa. The high percentages of Cyperaceae and moderate amounts of 

Gramineae recorded in the zone suggest that the swamp vegetation 

was dominated by these two families. Hydrocotyle sp., Liliaceae 

and ~lium sp. may also have featured in this swamp vegetation. 

Pteridophyte spores are recorded abundantly in the zone, 

suggesting a local source, and it seems likely that many were 

derived from swamp vegetation. This may have included Cyclosorus 
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sp. and possibly Pteridium sp. as well as sources for much of the 

Filices undifferentiated. 

There is no direct evidence for the occurrence of swamp forest in 

the vicinity of the site. If this had been present, it might 

have been composed of Elaeocarpus sp. and perhaps rare Ilex 

cymosa. It is of interest that no pollen of aquatic taxa is 

recorded in the zone, despite the prevalence of open water 

conditions at this time. 

Forest taxa contribute just over 50% Dry Land Pollen in the zone 

(Fig. 7.3), much of the remainder being c9ntributed by non-forest 

and swamp taxa, as described above. Gymnosperms, represented by 

Dacrycarpus and Podocarpus are recorded only rarely in the zone, 

suggesting that if they were present in the forests of the area 

then they were a fairly rare component of these. Fagaceae are 

well represented in the pollen assemblage, which suggests that 

the genera Lithocarpus, Castanopsis and Quercus were important in 

the forests of the area. Other likely forest components were 

Vernonia arborea, Altingia sp. (probably A. excelsa), Symplocos 

sp., Adinandra sp. and possibly other Theaceae, Engelhardtia sp., 

Myrtaceae (probably mostly Eugenia spp.), Symingtonia sp. 

(probably ~ populnea), Helicia sp. and Cyathea sp. Elaeocarpus 

sp. and .!..!..!.! cymosa may also have been components of the dry land 

forests. 

Since the Fagaceae were well represented, and Myrtaceae were also 

present, it is likely that Lauraceae also occurred in these 

forests, although not recorded in the pollen assemblage. The 
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presence of Linociera comp. in the zone suggests that Linociera 

sp. (perhaps ~ oxycarpa) could have been present in these 

forests. Widespread occurrence of seral vegetation seems 

unlikely at this time as Macaranga comp. is not common in the 

pollen assemblage. 

Dry land forest around the Telago site during zone TEL-I appears 

to have been of lower montane forest character. Indicators of 

more specific types of forest are not well represented and 

therefore the more detailed nature of this vegetation is not 

clear. However, both lower montane forest I and 11 may have been 

present within the area at this time, perhaps with lower montane 

forest I in close proximity to the site, and lower montane forest 

lIon nearby ridge areas. 

Zone Tel-II, ------ 9.60 m to 4.60 m 

In this zone the gyttja is replaced above 8.85 m by fine 

herbaceoUs detritus mud, and above 5.61 m by a generally fine but 

woody detritus mud. This change in lithology may relate to the 

development of the swamp vegetation around the site, from a 

predominantly herbaceous swamp with perhaps limited numbers of 

arboreal taxa, to one in which arboreal taxa are dominant. The 

sediment changes probably also indicate the shallowing of the 

water body. 

Pollen assemblages recorded in the zone suggest that the 

herbaceous aspect of the swamp vegetation was composed largely of 

Cyperaceae and Gramineae. Impatiens sp. a herb, may also have 

formed part of the swamp vegetation, as perhaps were some members 
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ot the Compositae family (possibly Spilanthes sp. or Enydra sp., 

genera which presently occur on the Danau di Atas Swamp). 

Pandanus sp. was also possibly a component of the swamp 

vegetation at this time, although this could also have occurred 

in the dry land forests. 

Pteridophyte spores remain abundant in the zone, and many may 

have been from a local source. The pteridophyte swamp flora 

probably included quite common Cyclosorus sp. with some 

Lycopodium cernuum and perhaps Pteridium sp. Many of the Filices 

undifferentiated recorded may also have been derived from the 

swamp vegetation. 

Swamp forest was perhaps present around the site during zone TEL-

11 and seems particularly likely to have been present during the 

later part of the zone, when woody fragments were deposited in 

the sediment. Such a forest may have included lIe!, cymosa and 

Elaeocarpus sp. Eugenia spp. may also have been involved 

although the percentages of Myrtaceae recorded in the zone are 

low, and could equally have had a dry land source. Other 

possible components of the swamp vegetation included Melastoma 

sp. and Myrsine sp., although they are represented only 

sporadically in the pollen assemblages and it therefore seems 

unlikely that t.hey were important components of the vegetation. 

Forest taxa contribute 46-77% Dry Land Pollen in the zone (Fig. 

7.3) suggesting prevalence of forest in the surrounding dry land 

area. Gymnosperm pollen, of Dacrycarpus, Dacrydium, Pinus and 

Podocarpus is recorded sporadically in the zone, but the low 
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percentages involved suggest that these taxa were rare in the 

vegetation or else the pollen had been transported over long 

distances into the area prior to deposition. Fagaceae are well 

represented in the pollen assemblages and it seems likely that 

the genera Lithocarpus, Castanopsis and Quercus were common 

components of the dry land forests. Other taxa present probably 

included Vernonia arborea, which seems to have been less 

important than during zone TEL-I, Adinandra sp. and possibly 

other Theaceae, Engelhardtia sp., Randia sp., Symplocos sp., 

Antidesma sp., ~ sp., Symingtonia sp. (probably ~ populnea), 

Medinilla sp., Myrtaceae and Cyathea sp. Linociera comp. becomes 

quite common in the pollen assemblages in the later part of the 

zone indicating the increasing importance of its sources in the 

vegetation. Both Ilex cymosa and Elaeocarpus sp. may also have 

been present in the dry land forests. Lauraceae, although not 

recorded in the pollen assemblages, may also have been present. 

The low percentages of Macaranga comp. recorded do not indicate 

any increase in seral vegetation in the area. 

The dry land vegetation during the duration of zone TEL-II 

appears to have consisted of lower montane forests, and the lack 

of pollen from taxa restricted to lower montane forest 11 may 

indicate that these were predominantly lower montane forest I or 

sub-montane in character. However there is also a lack of lower 

montane forest I or sub-montane forest indicators which would 

clarify the situation. All three lower montane forest types 

possibly occurred within the region at this time, occupying 

different positions within it. Sub-montane forests could have 
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occurred in the lower lying areas to the west of the lake, Danau 

di Atas, with lower montane forest I around the lake and lower 

lIlontane forest 11 restricted to higher mountain areas and ridges. 

The slight decline, within the zone, of lower montane forest 11 

elements and increase of sub-montane elements (Fig. 7.2) may 

indicate a gradual change in the vegetation of the area during 

the duration of the zone, with decline of lower montane forest 11 

and its replacement by forests of lower altitudinal affinities. 

4.60 m to 0.60 m 

In this zone the woody, fine detritus mud is overlain at 3.50 m 

by woody, medium detri tus mud, at 1.65 m by coarse detritus mud 

and at 1.15 m by a vegetation mat. The change from finer to 

coarser detritus suggests the shallowing of water at the site 

(Hest, 1977). The low percentages of pollen from herbaceous 

swamp taxa recorded and the presence of wood in the sediments 

indicates the prt::sence of some form of swamp forest or shrubby 

swamp vegetation around the site during much of the period. Some 

llerbaceous taxa were however present either within this swamp 

forest or as a separate swamp community. These appear to have 

included Cyperaceae, Gramineae and possibly Galium sp., 

Compositae and Oldenlandia sp. Pandanus sp. does not appear to 

have been important in the vegetation during this period, either 

in swamp vegetation or elsewhere. 

Pteridophytes were probably quite important in the swamp 

vegetation as pteridophyte spores are abundant in the zone, and 

11Iany would have had a local source.. These appear to have 
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included Lycopodium cernuum, Cyclosorus sp. and Nephrolepis sp. 

Other taxa may also have occurred either as terrestrial or 

climbing forms or as epiphytes on arboreal swamp taxa, and 

probably included sources of much of the Filices undifferentiated 

recorded. 

The arboreal component of the swamp vegetation may have included 

Elaeocarpus sp., Ilex cymosa and Eugenia sp. all of which are 

well represented in the pollen assemblages of the zone. Myrsine 

sp. and Glochidion sp. might have been less common components of 

the swamp vegetation, as perhaps were Vaccinium sp. and Melastoma 

sp.; pollen derived from these is recorded only sporadically in 

the pollen assemblages. The arboreal swamp vegetation appears to 

ha ve become less important towards the top of the zone, as 

evidenced by the disappearance of wood from the lithology at 

1. 65 m. 

Pollen having a forest source is more abundant in this zone than 

in zones TEL-I and 'l'EL-II (Fig. 7.3). This could in part be a 

result of an increase in the extent of arboreal swamp vegetation 

in the vicinity of the site. Dacrydium and Dacrycarpus are 

cecorded rarely in the pollen assemblages of the zone, suggesting 

that they remained a rare component of the vegetation, if present 

in the area at all. The Fagaceae, represented primarily by 

Lithocarpus, castanopsis and Quercus, appear to have been an 

important component of the forest vegetation. A1tingia sp. 

(probably A. excel sa) may have been more cOlrunon than former 1y, as 

is suggested by its consistent representation in the pollen 

assemblages of the zone. Linociera sp. also appears to have been 
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present within the forests of the area. Other, mostly minor, 

constituents of these forests included Adinandra sp. and possibly 

other Theaceae, Engelhardtia sp., Symingtonia sp. (probably ~ 

populnea), Ilex sp., Memecylon sp., Medinilla sp. and possibly 

other Melastomataceae, and Schima sp. The latter may have been 

more important than its scant occurrence in the pollen record 

suggests. Symplocos comp. and Vernonia arborea sim. were not 

recorded in the pollen assemblages, suggesting that their sources 

may have been much rarer in the forest vegetation than formerly. 

Cyathea spp. were also present in the vegetation of the area 

during this period, and probably occurred either in the forests, 

at the forest edges or in gaps within the forests. Eugenia spp. 

and other Myrtaceae may also have been quite important in the dry 

land forests of the area. A dry land occurrence for Elaeocarpus 

sp. and Ilex cymosa was also possible, although these may have 

occurred in swamp vegetation as well. 

Pollen of Macaranga comp. becomes more abundant at the top of the 

zone, possibly an indication of an increase in seral vegetation 

in the area. However, in view of the tendency of this taxon to be 

over-represented, and the relatively low amounts of Macaranga 

comp. involved, the extent of this appears to have been limited. 

The Danau di Atas area appears to have been largely forested 

during the duration of zone TEL-llI, and this appears to have 

been lower montane forest, perhaps rather similar to present 

lower montane forest I. Lower montane forest 11, if present, was 

perhaps of limited extent, on higher areas. Some sub-montane 
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forest may also have been present, possibly on lower lying areas 

principally to the west of the lake, Danau di Atas, but perhaps 

also on the extensive flat area to the east of Telago Swamp. 

0.60 m to 0 m 

This zone is based on the palynomorph content of only the surface 

sample, which is thought to be of contemporary age. The pollen 

assemblage recovered reflects the present vegetation of the area. 

High percentages of Gramineae and Cyperaceae recorded refleGt the 

open nature of the swamp vegetation and of surrounding deforested 

areas. The pollen assemblage also indicates the presence of 

other swamp taxa such as Xyris sp. and possibly also Impatiens 

sp. and Laurembergia sp. A general description of the site in 

fl10rley et ~!. (1973) provided in Section 7.1 describes a 

Cyperaceae-Gramineae dominated swamp with common Xyris, although 

not all species observed at the site were recorded in the pollen 

assemblage. 

Pteridophyte spores were not very common in the assemblage, 

probab 1 e sources of some of these did occur in the swamp and 

surrounding vegetation, and included Lycopodium sp. and 

Gleichenia sp. Since the present vegetation of the site has not 

been studied in detail, it is possible that sources of many of 

the other taxa recorded in the pollen assemblage are also present 

in the local area. 

The dry land pollen assemblage includes considerable quantities 

of Rhododendron comp. Rhododendron spp. were not observed in the 

inunediate vicinity of the site but were quite possibly common in 
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the regrowth vegetation of the area. The Total Arboreal Pollen, 

if Rhododendron comp. is excluded, is low, reflecting the 

extensive forest clearance in the area. Components of the 

forests remaining, as suggested by the pollen assemblage include 

Fagaceae (the genera Lithocarpus, Castanopsis and Quercus in 

particular), Altingia sp., Engelhardtia sp., Adinandra sp. and 

possibly other Theaceae, Symingtonia sp., Celtis sp., Eugenia 

spp. and possibly other Myrtaceae, Macaranga sp. and Mallotus sp. 

Many of these were actually recorded in the forest plots examined 

(Chapter 4). 

8.4 Comparison of the Telago core with the top section of the 
Danau di Atas core, in order to assess the regionality of 
vegetation events 

A 14c age of 9105 + 200 years B.P. was obtained for the section 

10.00 - 10.05 m in the Telago core. A corresponding age in the 

DDA core, according to 1o'ig. 6.1, should be found at c. 3.90 m 

depth. The nearest sample below this which was analysed 

palynologically is at 4.20 m. It is therefore considered that 

the DDA section 0 m to 4.20 m should correspond in age very 

closely with the Telago sequence (0 m to 10.10 m). A comparison 

of pollen changes in the two sections should provide some insight 

into the nature of local and regional vegetation changes in the 

area during this period. The major problem associated with a 

direct comparison of the two core sections is that although a 

fairly close series of l4c dates is available for the DDA 

sequence, only one date is available for the Telago core. Thus 

estimates of age at any particular depth can be made for the DDA 

core using Fig. 6.1, but estimates cannot be made for depths in 
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the Telago core with any degree of certainty. However it is 

still possible to compare the two cores in a generalized way, on 

the basis of the one 14C date from the Telago sequence. 

Zone TEL-I appears to correspond approximately with the top part 

of zone DDA-IV, which is known to be of similar age, on the basis 

of 14c dates. Zones TEL-IV and DDA-VII both consist of surface 

samples, presumed to be of contemporary age, and thus also 

correspond. It is not possible to compare the intermediate 

section, zones TEL-II and TEL-III with the DDA core except at a 

general level, but they seem to correspond to zones DDA-V and 

DDA-VI. 

Although the hydrophytic vegetation histories at both sites may 

reflect regional environmental changes if these affect the 

hydrology of the area, most details of the hydrophytic vegetation 

changes at the two sites are likely to be quite different, 

relating to the independent development of hydroseral vegetation 

at each site. Factors affecting this local development may 

include depth of water and rate of infilling by sediment. 

Comparison of the swamp vegetation at the two sites is therefore 

unlikely to reveal much direct evidence as to the nature of the 

regional vegetation. However this could be of use in elucidating 

the source of taxa which may occur in swamp or dry land 

vegetation. In such a case a peak in pollen of the taxon at one 

site only might indicate a local source, such as swamp, rather 

than a regional source. 
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Zone TEL-I compared with the top part of zone DDA-IV. 

The pollen assemblages obtained in zones DDA-IV and TEL-I show 

many similarities. Gymnosperm pollen is rare in the pollen 

assemblages of both, indicating that these really were rare 

components of the regional vegetation at this time, c. 9000 years 

S.P. Conversely, Fagaceae pollen is common at both sites, and 

this is an indication of the regional importance of this family 

in the vegetation. Other components of the regional forest 

vegetation, suggested by representation in the pollen assemblages 

at both sites, were Adinandra sp. and possibly other Theaceae, 

Altingia sp. (probably A. excelsa), Symingtonia sp. (probably S. 

populnea), Eugenia spp. and possibly other Myrtaceae, 

Engelhardtia sp. and Symplocos sp. Macaranga comp. is recorded 

only as low percentages in the assemblages at both sites which 

supports tlle idea that there was not widespread seral vegetation 

on dry land at this time. Elaeocarpus comp. and 1lex cymosa are 

not abundant in the pollen spectra at either site, which does not 

help to clarify the problem of whether their source taxa were 

components of the swamp or dry land forest. 

The dry land vegetation suggested by pollen assemblages at both 

sites during the period was lower montane forest. The exact 

nature of this forest is difficult to ascertain due to the 

scarcity of pollen taxa more or less restricted to particular 

altitudinal formation types. However, the relatively low 

representation of lower montane forest 11 taxa in both cores, 

compared with its earlier higher levels in the DDA core, suggests 

that lower montane forest 11 was of limited extent. Thus the 
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forest occurring in the vicinity of both sites, at altitudes of 

1535 m and 1550 m a.s.l., at this time was probably of lower 

montane forest I, or perhaps less likely, of sUb-montane 

character. The topography of the area complicates the situation 

as more than one formation type may exist in the area at any 

time, and each may contribute some pollen to the deposition 

sites. Thus it is possible that within the period, all three 

types of lower montane forest occurred within the area, each 

occupying a different altitudinal range. 

Zones TEL-II and TEL-III compared with zones DDA-V and DDA-VI. 

The zone boundaries TEL-II/III and DDA-V/VI could possibly relate 

to the same regional changes in pollen rain. However, since only 

the age of the zone DDA-V /VI boundary can be estimated, it seems 

more justifiable to compare the whole of zones TEL-II and TEL-III 

with zones DDA-V and DDA-VI, in order to assess regionality of 

vegetation events. 

Very local changes, apparently taking place in the swamp 

vegetation, were different at the two sites. Swamp forest 

appears to have been established at the Danau di Atas Swamp at 

the beginning of the period, but thereafter diminished in extent 

and possibly disappeared. At Telago, swamp forest appears to 

have developed adjacent to the site at some time during the 

duration of zone TEL-II, and to have persisted throughout much of 

the interval. But here too swamp forest appears to have 

diminished in the later part of the period. There is a large 

peak in the po 11 en of Myrtaceae type 1 in the zone DDA-V, which 

is followed by a fall to low levels. No corresponding peak for 
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this taxon occurs in the Telago sequence, which suggests a local 

source of this po 11 en a t the Danau di Atas Swamp, a 1 ike 1y source 

being Eugenia spp. in swamp forest vegetation near the site. It 

is of interest that this peak begins just prior to the 

disappearance of wood from the DDA core and ends just above this 

stratigraphic event. A subsequent increase in Myrtaceae type I 

uccurs in both the DDA and Telago sequences, within zones TEL

[11 and DDA-VI. This is perhaps related to increased regional 

production of this pollen, and could indicate the increased 

importance of some species of Myrtaceae in the vegetation of the 

The peak of ..!..!!:~ !==ymosa recorded in zones DDA-V and DDA-VI i8 not 

reflected in the Telago sequence, and might also be an indication 

of a local source of this pollen, again possibly in swamp forest 

close to the DDA site. This might indicate that SOIne swamp 

forest was still in existence at the Danau di Atas Swamp, or in 

nearby swamps such as the one in the lake outlet bay, at this 

time. 

Gymnosperm pollen is recorded only rarely at both sites during 

the interval, suggesting a regional, but probably rare, source of 

this pollen. Fagaceae are we 11 represented in pollen assemblages 

at both sites and this suggests that they were well represented 

in the regional vegetation at this time. Altingia sp. (probably 

~ ~lsa) appears to have been increasing in regional 

importance, particularly in the later part of the interval, as 

its representation increases in assemblages from both of the 

sites. Linociera spp. also appear to have been more important in 
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the vegetation during this period than formerly, as percentage 

representation of Linociera comp. and L. malabarica sim. increase 

in the upper part of the sequences. 

Other components of the regional vegetation, indicated by both 

sets of pollen data included Engelhardtia sp., Symingtonia sp. 

(probably ~ populnea), Eugenia spp. and possibly other 

Nyrtaceae, ~locos sp., Ilex sp., Medinilla sp. and other 

Melastomataceae, Elaeocarpus spp. (although some may also have 

been components of swamp vegetation), Antidesma sp., Adinandra 

sp. and possibly other Theaceae, and the tree ferns Cyathea spp. 

Some of these, such as the Eugenia spp., are likely to have been 

more important in terms of basal area than others, such as 

~locos sp. Lauraceae are not recorded in pollen assemblages 

at either site but it is possible that the family was represented 
/ 

in the vegetation during this period. 

Macaranga comp. is at its most abundant in zones DDA-V and DDA-VI 

and zone TEL-III, and may indicate that there was more seral 

vegetation in the region at this time, than was present 

previously. Vaccinium comp. and Myrsine comp. are not 

particularly common in assemblages from either site during the 

interval, and Rhododendron comp. is recorded, sporadically, at 

DDA only. Clearly these taxa were not of great importance in 

either the regional or local vegetation throughout this time, a 

contrast to their importance during the earlier periods 

represented in the DDA sequence. 

The trends in pollen concentration also show some striking 
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similarities at the two sites, although actual values differ. 

Pollen concentration increases quite markedly through zone DDA-V 

and peaks in DDA-VI at 1.10 m before declining sharply. In the 

Telago core the values increase only slightly through zone TEL-II 

but increase sharply in zone TEL-III, peaking at 3.10 m, then 

decline above this. However the causes of these changes in 

pollen concentration remain unclear. 

The dry land vegetation indicated by both sets of pollen data was 

lower montane forest. This appears to have consisted largely of 

lower montane forest I, in the vicinity of both sites. Possibly 

suu-montane forest was more extensive in the area than formerly, 

and eome lower montane loroet It lnay have existed at higher 

altitudes. 

Zone TEL-IV compared with Zone DDA-VII. 

The two surface samples show broadly the same features, most 

pollen recorded having a local or intermediate source, with 

regional pollen forming a small percentage of the total. 

Differences in local vegetation at the two sites have resulted in 

a high percentage of Rhododendron comp. being recorded in zone 

TF~L-IV, where Gramineae and Cyperaceae pollen is less important 

in percentage terms than in zone DDA-VII. Other interesting 

similarities are the low pollen concentration at both sites, and 

the relatively poor representation of pteridophytes despite their 

now widespread occurrence in both local swamp and regrowth 

vegetation. Forest taxa recorded at both sites include 

Lithocarpus/Castanopsis camp., Quercus comp., Engelhardtia comp., 
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Al tingia comp., Macaranga comp. and Myrtaceae type 1. 

Percentages of TDLP involved are low, as expected, due to the 

extensive deforestation in the region. 

8.5 A summary of the vegetation occurring on dry land during at 
least the last c. 31000 years in the Danau di Atas region 

The following are conclusions as to the nature of the dry land 

vegetation during the period represented by the Danau di Atas 

pollen sequence, incorporating evidence from the Telago section 

where this is available. 

l"rom pre-31000 to c. 17900 years B.P. the forest in the area 

appears to have been predominantly of lower montane character. 

Some upper montane forest may have been present, perhap8 on 

higher ridges and mountains,and lower montane forest 11 was 

certainly present within the area and may even have surrounded 

the DDA site. However the exact nature of the forest around the 

DDA site is not clear. It seems unlikely that the area was not 

forested during this period. 

From c. 17900 to c. 12900 years B.P. considerable extents of the 

dry land vegetation of the area were still composed of lower 

lnontane type forests, but those of lower montane forest 11 

character appear to have predominated. This type of forest 

appears to have surrounded the DDA site at 1535 m a.s.l. Upper 

montane forest, perhaps similar to the ericoid forest now found 

on G. Kerinci, was probably also important in the area but does 

not appear to have extended to the altitude of the DDA site. 

There is no evidence to suggest more open conditions at this 
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time. 

From c. 12900 to c. 11750 years B.P. the dry land vegetation was 

forest, still largely of lower montane character. Lower montane 

forest 11 elements appear to have been less significant than 

formerly, and it therefore seems likely that this type of forest 

had retreated from the areas around the DDA site, perhaps to 

slightly higher altitudes than the site itself. Forests similar 

to the present day lower montane forest I possibly surrounded the 

site, although the latter may have been close to the lower 

montane forest 1/11 transition. Some upper montane forest, 

perhaps similar to the present ericoid forest, may have been 

locally conunon in the area, presumably largely at higher 

altitudes on ridges and mountains than the lower montane forest 

11. 

From c. 11750 to c. 8200 years B.P. the dry land vegetation seems 

to have consisted of forests having lower montane 

characteristics. The extent of lower montane forest 11 appears 

to have been further reduced, perhaps occurring at altitudes 

considerably above that of the site, and any upper montane 

forest, if present, was of limited extent, perhaps restricted to 

high altitude sites such as mountain tops and ridges. The area 

around the DDA site appears to ha ve been occupied by forests of 

lower montane forest I type, and this was also true of the area 

surrounding the Telago site at 1550 m a.s.l. 

From c. 8200 to c. 5400 years B.P. the dry land vegetation around 

the two si tes continued to consist of forests which were of lower 
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rnontane character. Lower montane forest I continued to increase 

in importance in the area, with lower montane forest 11 present 

but of limited extent, probably only on higher areas. Sub

montane forest appears to have been closer to the two sites than 

at any previous time, suggesting a continuing gradual migration 

of altitudinally restricted forest taxa in an uphill direction. 

After c. 5400 years B.P. the vegetation was still largely 

forests, of lower montane character, which were little changed 

frolCl those described in the previous period. Lower montane 

forest I appears to have been present in the vicinity of both 

sites, and some sub-montane forest may also have existed in the 

area. Possibly the latter diminished in importance towards the 

end of the period. Lower montane forest 11 appears to have been 

of very limited extent and probably only occurred on higher 

areas, at some distance. froln the sites. There is no strong 

evidence for the existence of any type of upper montane forest in 

the area, and if present this must have been of very localized 

distribution, perhaps on the highest mountain peaks. The forest 

therefore appears to have been similar to that which remains in 

the area at present. Large scale deforestation has since taken 

place, and this appears to have been largely a recent event, 

although quite extensive areas were under cultivation by the mid 

1890's A.D. (Fig. 8.2) according to early maps of the area 

produced by the Batavia Topographic Bureau. Extensive, 

apparently little altered forest is indicated by the pollen 

assemblages at 0.55 m in the DDA sequence and at 1.20 m in the 

Telago sequence. The former has an estimated age of c. 1800 
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years B.P., thus the major deforestation post-dates this. 

However, increased extents of seral vegetation are indicated 

after c. 8200 years B.P. and one possible cause could be human 

activity in the area. 

8.6 A sunuIIary of the hydrosera 1 vegetation changes at the two 
sites 

8.6a Danau di Atas Swamp 

F'rolO pre-31000 to c. 17000 years B.P. the site appears to have 

been occupied by open water, with some herbaceous swamp 

v~~etation. There is no strong evidence for the existence of any 

type of arboreal swamp vegetation at this time. 

I:'rolll c. 17000 to c. 11750 years B.P. considerable quantities of 

wood fragments were deposited in the sediments, suggesting the 

presence of swamp forest or shrubby swamp vegetation in proximity 

to the site. Herbaceous swamp taxa were also present, either as 

separate communities or as ground flora within the woody swamp 

vegetation. Some open water still prevailed at the site. 

From c. 11750 to c. 7500 years S.P. some sort of swamp forest was 

present at the site, but there was still a well developed 

herbaceous aspect of the swamp vegetation. There is no evidence 

to suggest the presence of open water conditions during this 

period. 

After c. 7500 years B.P. there appears to have been a decline in 

the swamp forest at the site, as woody fragments ~isappear from 

the sediment profile above 3.00 m. Herbaceous swamp persisted 
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dEter this event, but there is no evidence to suy'::)est open water 

at the site during this period. Although no wood is recorded in 

the core sediments it is possible that a limited extent of swamp 

forest, or some type of woody swamp vegetation, persisted locally 

on the swamp until quite recently. Evidence is provided by the 

presence of rare, cut tree stumps on the swamp, and even a 

sprouting trunk of Glochidion sp., described in Section 4.7. At 

present the swamp surface at the core site is a fibrous 

vegetation mat, elsewhere on the Danau di Atas Swamp lenses of 

water may persist below such sediments. However the vegetation 

mat does not extend over the whole swamp surface as is shown by 

the sediment profiles of the swamp plots studied (Table 4.11). 

U.6b Telago Swamp 

Changes which occurred in the hydroseral vegetation of the Telago 

Swamp cannot be dated due to lack of 14c dates. 

frOlO the base of the core at 10.10 rn, just be low the dated 

section of 9105 + 200 years a.p. at 10.00 m - 10.05 m, to 8.85 m 

depth, the site had open water conditions, and the sediment was 

gyttja. At this time herbaceous swamp vegetation existed around 

the site but there is no strong evidence for the existence of 

swamp forest. 

At 8.85 m the sediments become herbaceous detritus muds, 

indicating some shallowing of water conditions. During the 

period represented by the section 8.85 m to 5.61 m the swamp 

vegetation in the vicinity appears to have been largely 

herbaceous. 
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Between 5.61 m and 1.65 m wood is COllUllon in the sediment profile, 

suggesting the development of some type of woody swamp vegetation 

in close proximity to the site, this was probably swamp forest. 

Herbaceous s\vamp vegetation sti 11 persisted in the area, either 

as the ground flora of the swamp forest or as a distinct 

vegetation type. 

Above 1.65 m there is no wood in the sediment, which suggests 

that a predominantly herbaceous vegetation existed during the 

veriod represented by this section. At present no open water 

persists at the site although possibly some lenses of water exist 

under parts of the swamp surface. 

'l'he development of hydroseral vegetation at the two sites appears 

therefore to have progressed quite independently. Of interest is 

the disappearance of swamp forest at the two sites. Whether this 

happened at different times at the two sites, or at the same 

time, cannot however be elucidated, due to the lack of dates on 

the Telago section. 

8.7 Evidence of climatic change in the Danau di Atas region, and 
comparison with other areas 

O.7a Evidence from the Danau di Atas region. 

It is shown in section 2.4 and Chapter 4, that at present there 

are a number of a 1 ti tudina 1 forest types which can occur in the 

mountain regions of Sumatra, and the principal controlling factor 

appears to be climate, particularly temperature. The altitudinal 

ranges of some of these forest types are summarized below. 
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Altitudinal range 
(m a.s.l.) 

Sub-montane forest 

~J {c. 1000 - c. 1400 
Lower montane forest Lower Montane Rain c. 1400 - c. 1800 
Lowl:lr montane forest Forest Formation c. 1800 - c. 2400 
Gleichenia scrub } {c. 2400 - c. 2800 
Ericoid forest Upper Montane Rain c. 2800 - 3000 
Ericaceous scrub Forest Formation 3000 - 3600 

G~eichenia scrub may be a rather localized feature, common to G. 

Kerinci but found on few other peaks, therefore for purposes of 

interpretation of fossil and modern pollen spectra, the 

Gleichenia scrub has been grouped with ericoid forest. 

The evidence presented in the previous sections shows that during 

at least the last c. 31000 years these vegetation types have not 

been stationary within the area, instead there have been vertical 

migl-ations of the taxa which characterize these zones. Al though 

the taxa may not always act with unity the overall result of 

these migrations is apparent as altitudinal shifts of the 

vegetation zones. Clearly, only a major environmental change is 

likely to have such a widespread and long lasting effect on the 

vegetation of the area. Climatic change appears to be the cause, 

since it is climatic factors, and particularly temperature, which 

control the altitudinal distribution of vegetation types at 

present. 

A lapse rate of 0.60 C/IOO m is suggested for the region at 

present (van Steenis, 1962). Although lapse rates can vary, 

being higher with dry air, higher lapse rates seem ulllikely in 

Sumatra, as humidity is likely to be continuously high in this 

area. By multiplying this lapse rate by the altitudinal 
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vegetation shifts (as 100 m units) suggested by the pollen 

evidence, some idea of possible temperature variations in the 

past can be obtained. The altitudinal vegetation shifts 

suggested by the pollen evidence, and magnitude of temperature 

change necessary to cause these, are discussed b~low. Again 

pollen evidence from both Danau di Atas at 1535 m a.s.l., and 

rrelago, at 1550 m a.s.l. has been used. 

~roffi pre-31000 to c. 17900 years B.P. lower montane forest 

occurr~d around the DDA site at 1535 m a.s.l. This possibly 

included lower montane forest 11 elements but its exact nature is 

not certain. If lower montane forest 11 did occur around the 

site at this time, this would represent a depression of 

vegetation by a minimum of c. 265 m and a maximum of c. 865 m. 

However the pollen evidence does not conclusively demonstrate the 

presence of lower montane forest 11 around the site, and this may 

have been surrounded by lower montane forest I, with lower 

lIIontane forest 11 present within the area, above the altitude of 

the site. If this condition prevailed then the depression of 

vegetation would be less than c. 265 m. A 265 m depression of 

vegetation zones would suggest that mean annual temperatures were 

c. 1.6oe cooler than at present, but the nature of the 

temperatures during the period cannot be elucidated with 

certainty. 

From c. 17900 to c. 12900 years B.P. lower montane forest 11 

surrounded the DDA site. During this period upper montane forest 

also appears to have been quite widespread. Although this does 

not appear to have ever extended down to the altitude of the 
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site, at some periods it may have been quite close by, perhaps on 

the nearest hills. It is likely that the vegetation was not 

cOlllvletely static during this period. The depression of 

vegetation zones suggested by the presence of lower montane 

forest 11 around the site at 1535 m a.s.l. is in the range c. 265 

m-c. 865 m. In view of the presence of upper montane forest in 

the vicinity, actual shifts may have been closer to the maximum 

suggested than to the minimum, for much of the period. Mean 

annual temperatures may have been c. 1.6o C - c. 5.2o C cooler than 

a t present, and for much of the per iod may ha ve been c loser to 

the higher value suggested. For example, a depression of 

vegetation by 600 m would place the site well within the lower 

montane forest 11 and would suggest temperatures c. 3.6o C cooler 

than at present. Towards the end of the periodthel-e may have 

been upward miyration of the vegetation, but with the site 

continuing to be surrounded by lower montane forest 11. 

From c. 12900 to c. 11750 years B.P. the lower lIlontane forest 11 

appears to have retreated from its position around the site, 

being replaced for much of the period by lower montane forest 1. 

The site, at this time, possibly lay close to the transition 

between lower montane forest 1 and 11, which would suggest a 

depression of vegetation by slightly less than 265 m. Mean 

annual temperatures may have been less than or about 1.6o C 

cooler than at present during this period. 

From c. 11750 to c. 8200 years B.P. the DDA site appears to have 

been surrounded by lower montane forest I. The Telago site, at 
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1550 m a.s.l. was also surrounded by lower montane forest I at 

the start of its sequence c. 9100 years B.P. Vegetation zones 

may still have been slightly depressed during this period. 

However the maximum depression at the start of the period was 

less than 265 m at 1535 In a.s.l. At Telago the maximum possible 

depression of vegetation at c. 9100 years B.P. was 250 m, but 

actual depression was probably much less than this. These suggest 

that at the start of the period mean annual temperatures were 

probably less than 1.6o C cooler, and by c. 9100 years B.P. were 

probably considerably less than 1.50 C cooler than at present in 

the area. Throughout this period the vegetation zones may have 

continued to migrate uphill, in response to continuing climatic 

amelioration. 

From c. 8200 to c. 5400 years lLP. lower montane forest I 

sur-rounded both sites. Possibly sub-Inontane forest was in closer 

proximity than at any previous time. Vegetation seems to have 

miljrated further uphill, and the vegetation of the area may have 

been similar to that remaining there at present. There seems to 

be a slight possibility that sub-montane forest extended a short 

distance above its present range, either towards the end of this 

period, or early in the next one. If the vegetation zones lay at 

approximately similar levels to those at present, or even 100 m 

higher or lower, mean annual temperatures would have been within 

O.6oC of their present values. 

From c. 5400 years B.P. to the present, lower montane forest I 

appears to have surrounded the two sites, except during the most 
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c~cent period when forest clearance had occurred in the vicinity. 

Sub-montane forest might, at some point, have extended above its 

present altitudinal limit, although the evidence for this is 

slight. Mean annual temperatures during this period were 

probably more or less similar to those at present, with perhaps 

slight (up to O.SOC) variations. 

There therefore seems to be good evidence of formerly cooler 

conditions in the Danau di Atas region, and especially over the 

period c. 17900 to c. 12900 years B.P. However temperature is 

not the only climatic factor which may have varied in the past, 

other types of climatic change may have occurred, and those 

associated with precipitation are the most likely to have had an 

effect on the vegetation. The pollen assemblages recovered from 

the Danau di Atas region during the period to at least 31000 

years B.P. do not however indicate any vegetation changes which 

could result only from a formerly drier or more seasonal climate. 

This does not necessarily exclude the possibility that climates 

in the region were drier during this period, for the following 

reason. The present climates of the area are extremely wet 

(humid to hyper humid as defined by Fontanel and Chantefort, 

1978), and the water supply may be surplus to the needs of many 

of the taxa in the area. Therefore there could be a decrease in 

the total precipitation which the area receives, without there 

necessarily being any recognizable effect on the vegetation. 

However it seems less likely that increased seasonality would be 

so well tolerated by the vegetation, as the areas of Indonesia 

having more seasonal rainfall regimes with a distinct dry season, 
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for example East Java, bear monsoon forests not rain forest, with 

a flora different from that of Sumatra's everwet regions 

(Whitmore, 1975). 

The redeposition of older sediments within the DDA sequence 

miUht, as explained in Section 6.3, have been the result of 

~rosion associated with lower lake levels and a drier climate. 

However this was only one of several possible explanations for 

this event, and there was no direct evidence to favour this 

pal-ticular explanation. 

There is therefore no evidence from these studies of formerly 

dr ier cl ima tes in the Danau d i A ·tas region, and no vegeta tion or 

other events have occurred which could only be explained in terms 

of this type of climatic change. 

8.7b Comparison of the Danau di Atas evidence with that from 
other areas 

The evidence for vegetation and climatic change in the Danau di 

Atas region, presented in the previous section can be compared 

with evidence frolfi montane environments elsewhere in the region, 

West Malesia, and other tropical areas, in order to look for 

similarities which would confirm that these events were of 

regional importance. Other Quaternary palynological work in West 

Malesia comes principally from two areas, Sumatra and ~Jest Java, 

and the number of sites which have been examined are few. FrOOl 

Sumatra comes evidence from sites in the Toba Highlands (Maloney, 

1979, 1980, 1981) and the Ker inci area (Mar 1 ey 1976, 1982; F. 

James, pers. comm.). Several sites are being studied in West 
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.Java; preliminary results have so far been published for three of 

these (van Zeist et al., 1979; Stuijts, 1984). 

For the period dating beyond c. 13000-12000 years B.P. 

information is available only from two other sites, both from 

intermediate altitudes. These are Situ Bayongbong at 1250 m 

a.s.l. in West Java (Stuijts, 1984) and Pea Sim-sim at 1450 m 

a.s.l. in the Toba Highlands region of Sumatra (Maloney, 1979, 

1980). The sequence at Pea Sim-sim begins c. 18500 years B.P. 

Maloney describes the vegetation around the site on this plateau 

area over the period c. 18500 to c. 16500 years B.P. as being 

?alpine vegetation with forest patches, which he thinks may be 

upper montane forest. However the interpretation of alpine 

vegetation during this period is tentative and Maloney (1980) 

admits that there are no alpine indicators recorded. The pollen 

assemblages for this period include Dacrydium, Dacrycarpu! 

imbri~tus, Lithocarpus/castanopsis comp. and Quercus comp. but 

Ma loney considers IllOSt of this to ha ve been transported in from 

lower altitudes. The assemblages also include small amounts of 

ericaceous taxa and possibly some indicators of open conditions. 

The pollen assemblages bear some similarities with those from the 

JH)A core for the same period as regards particularly their 

content of gymnosperm and Fagaceae pollen. From c. 16500 to c. 

12000 years B.P. the vegetation of the area is described as 

!-'agaceae forest with Symingtonia and assemb lages are again not 

dissimilar from those of the same period in the DDA sequence. 

At Situ Bayongbong (Stuijts, 1984) the pollen assemblages for the 

period c. 16800 to c. 12360 years B.P. indicate forests of lower 
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lIIontane forest 11 affinity (Stuijts terms these upper montane 

forest) in the vicinity of the site. Lower montane forest I 

(Stuijts refers to this as lower montane forest) is thought to 

occur at lower elevations during this period. At Danau di Atas 

the exact nature of the vegetation prior to c. 17900 years B.P. 

was unclear, but from c. 17900 to c. 12900 years B.P. forests of 

lower montane 11 aspect surrounded the site, while upper montane 

forest occurred elsewhere in the area, probably at slightly 

higher elevations. 

Th~ evidence from all three sites suggests depression of 

vegetation zones during the period approximating to 18000 to 

12000 years ago. The magnitude of this depression is within the 

range 265.,..865 m at Danau di Atas, probably being closer to the 

maximum than Illinimum value for much of the period; c. 500 m at 

Si tu Bayongbong and perhaps simi lar at Pea Sim-sinl At Danau di 

Atas and Situ Bayongbong the most likely explanation is 

considered to be cooler temperatures during this period, and the 

magnitude of these changes seems to have been similar at both 

sites. Maloney (1980) is wary of interpreting the vegetation 

shifts observed in the Toba area purely in terms of temperature 

changes and considers that in this region it is possible that 

regional water table conditions linked to sea level changes may 

have also affected the vegetation in the past. Since there is no 

information about how these have varied in relation to past sea 

levels, he concludes that it is very difficult to elucidate past 

environments on the plateau. This argument may be valid for the 

Toba plateau area, possibly even for Situ Bayongbong which also 
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lies in a fairly flat area, but in the mountainous terrain of the 

Danau di Atas region it seems less likely that sea level changes 

would significantly affect the level of water tables. 

At all three sit~s the period starting c. 12000-13000 years B.P. 

saw changes in pollen assemblages which indicate that there was 

an altitudinal shift of vegetation in an uphill direction. At 

Situ Bayongbong there was a decline in lower montane forest 11 

taxa over the period c. 12360 to c. 10890 years a.p. similar to 

that which occurred in the Danau di Atas region after c. 12900 

years S.P. At Pea Sim-sim lower montane forest 11 taxa also 

declined after c. 12000 years B.P. and the forests of the area 

after this time were Fagaceous, with much Eugenia. The Tao 

Sipinggan sequence (Haloney, 1979, 1981) frOlIl 1445 m a.s.1. in 

the Toba Highlands begins c. 12000 years B.P. and shows changes 

similar to those at Pea Sim-sim From c. 12000 to c. 11000 years 

H.P. the site appears to have been surrounded by Fagaceae forest 

with symingtonia and possibly gymnosperms, but this changes to a 

Fagaceae forest with much Eugenia after c. 11000 years S.P. All 

four sites, at altitudes from 1250 m to 1535 m a.s.1., appear 

th~refore to have seen the replacement of lower montane 11 type 

forest, with gynmosperllls and l"agaceae, by lower montane I type 

forests which are still Fagaceous but in which gymnosperms are 

not prominent. This uphill shift of vegetation zones occurred at 

all sites at some time during the period c. 13000 - c. 11000 

years B.P. The most likely explanation of this apparently 

regional event would appear to be climatic amelioration. 
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After c. 11000 years B.P. events at the sites become less easy to 

correlate because a new environmental factor, man, begins to 

influence the vegetation, at different times in the different 

areas. At Danau di Atas, the higher altitude vegetation (upper 

ll10ntane forest and lower montane forest 11) continued to decline 

in importance in the region after c. 11750 years B.P. and 

vegetation similar to that of the present day may have occurred 

by c. 8200 years B.P. At Situ Bayongbong lower montane forest I 

Vr~dominated in the area after c. 10890 years a.p. and the same 

dppears to have been true at the two Toba sites. All three sites 

l,-1ter show disturbance phases which possibly may be attributable 

to man, but no further changes which can be attributed to 

cl imate. 

At Danau Padang, 950 ill a.s.l. in the Kerinci area of Sumatra 

(Morley, 1982) the pollen record begins c. 10000 years B.P. At 

the start of the sequence the area, which now lies near the sub

montane/lowland forest transition, appears to have supported 

forests of lower montane I affinity, and possibly some peaks in 

the area may have supported some lower montane forest 11, since 

SOllle Dacrlcarp~~ imbricatus pollen was recorded. However, 

between c. 10000 and c. 8600 years B.P. trees characteristic of 

lower montane forest I and sub-montane forest increased in 

importance while any lower montane forest 11 disappeared from the 

area. After c. 8600 years a.p. the forest appears to have been 

little different from undisturbed forests at present occurring in 

the area; disturbance was indicated c. 4000 years ago. Morley 

related the vegetation changes over the period c. 10000 to c. 
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U600 years B.P. to a general climatic amelioration, and suggested 

that mean annual temperatures may have risen by 20 C during this 

period. Possibly the Danau Padang sequence included the later 

part of the climatic amelioration recorded in the Danau di Atas, 

Pea Sim-sim, Tao Sipinggan and Situ Bayongbong s~ctions. It does 

however seem a little unusual that lower montane forest 11 should 

have been indicated in the area, after it had diminished in 

importance at the other sites, which all lie at higher altitudes. 

Other sites which have been studied palynologica11y include Situ 

Gunung, at c. 1000 m a.s.1. in Hest Java (van Zeist et ~.!., 1979) 

which has a basal date of 7720 ± 40 years B.P. and Danau Bento, 

at 1350 m a.s.l. in the Kerinci area (F. James, pers. comm.) and 

dates to c. 8700 years B.P. Both indicate vegetation changes but 

these do not appear to be related to climatic events. At Danau 

Hento the vegetation changes indicated appear to r~late to 

hydroseral development and volcanic events. The vegetation 

chanyes indicated in the Telaga Patengan sequence, from 1575 m 

a.s.L in \'Jest Java (van Zeist et al., 1979) similarly do not 

appear to be related to climate. In fact this sequence proved to 

be rather young, some 3300 years B.P. only (Stuijts, 1984). 

Analysis of Pea Sijajap (Maloney, 1984b) in the Toba area at c. 

1300 m a.s.1. is not yet complete and no radiocarbon dates have 

been obtained, so this sequence will not be considered here. 

It can be concluded from the available information that similar 

changes have occurred during the early part of the period (prior 

to c. 11000 years B.P.) in the vegetation throughout the region, 

probably in response largely to temperature conditions. Climatic 
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<Hllf:llioration probably continued in the region after c. 11000 

years B.P. and at some time after this the vegetation appears to 

have taken on its present character at most sites. Evidence from 

Danau Padang, Danau di Atas and Telago Swamp sugyests that this 

had perhaps happened by c. 8000 years ago. Fig 8.1 sUl~arizes the 

vegetational events at these sites. 

The younger sequences from West Malesia do not indicate 

vegetation changes which may be attributable to climatic events. 

They do however often indicate disturbance, at various times 

within the last few thousand years, which may in many instances 

have been due to the impact of man. Man's impact on the 

vegetation of the area will be discussed in a later section. 

The evidence from the Danau di Atas and Telago pollen sequences 

suggests vegetation and climatic changes which correspond with 

those suygested by other recently published data from Sumatra and 

West Java. Although these suggest that mean annual temperatures 

varied in the past, none provide any direct evidence for the 

existence of formerly drier climates. 

Elsewhere in Malesia, from New Guinea, there is also 

palynological evidence for climatic change in the past; this was 

discussed in Chapter 1. It is not proposed here to compare in 

detail the particular changes observed at the New Guinea sites 

with those from \vest t-1alesia. However there are general 

similarities between the two areas which are worthy of comment. 

In the mountains of New Guinea are a number of sites but these 

provide little information as to the nature of environmental 
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Pig. 8.1 
Sumatra and Hest Java: a sun~ary of Late Quaternary vegetational 
changes (partly after Flenley, 1984) 
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conditions prior to c. 27000 years B.P. Information froIn high 

altitude sites, at 2500 m a.s.l. and above (eg. Walker and 

Flenley, 1979) suggest that from c. 27000 to c. 25500 years ago 

temperatures similar to today's prevailed, but these fell after 

c. 25500 yedrs B.P. The coldest period in New Guinea seems to 

hc.tve been from c. 18500 to c. 16000 years B.P. when mean annual 

telilperatures appear to have been up to looe colder than present, 

at 2500 m a.s.l., although at lower altitudes the cooling was 

less than this. This approximately coincides with the period of 

~reatest altitudinal depression of vegetation in West Malesia, 

v/hich started c. 18000 years B.P. Evidence for climatic 

amelioration starts at different times at different sites in New 

Guinea; at some there is evidence as early as 16000 years B.P. 

(eg. Walker and Flenley, 1979), but sometimes it is later than 

this. There is also some evidence of a period of milder 

conditions than the present, from c. 8500 to c. 5000 years B.P. 

Possibly the Danau di Atas area may also have experienced this, 

dfter c. 8200 years B.P., when sub-montane forest elements 

increased in importance, although the evidence for this is rather 

weak. There is no palynological evidence for significantly drier 

climates during any period from montane New Guinea, which is 

agdin in agreement with the Sumatran and West Javan evidence. 

However, there is also the possibility in New Guinea that 

precipitation did decrease or became more seasonal, but not 

I:lufficiently to have an effect on the vegetation of the everwet 

montane regions which have so far been examined. 

Palynological evidence from the montane regions of tropical 
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Africa and south America suggests that in both areas past 

climates have been both colder and drier than at present. In 

Africa the period from c. 27000 to c. 14000 years S.P. appears to 

have been colder and drier than at present, with warmer and more 

humid conditions prevailing after c. 12000 years S.P. In South 

AlIlerica the period from c. 21000 to c. 13000 years B.P. appears 

also to have been very much colder and probably drier than at 

present, with warmer, wetter conditions returning after c. 9500 

years B.P. In South America there is some evidence to support 

the idea that conditions were warmer than at present from c. 7500 

to c. 3000 years S.P. Most of this evidence, from both 

continents, is from sites above 2000 m a.s.l. Lowland areas also 

appear to have experienced climatic change during the last c. 

30000 years. However, in these areas moisture rather than 

tewperature appears to have been important. Both continents 

appear to have experienced dry and humid phases, with a change 

froiO drier to more humid climate c. 12000 - 10000 years ago. 

On the basis of palynological evidence, the montane areas of 

t-Jalesia appear to have experienced cl imatic changes of a sI ightly 

different nature froln those in the two other tropical regions. 

Evidence of a cooler phase c. 25000 to c. 13000 years ago is in 

broad agreement in the three regions, but in the montane areas of 

Malesia there is as yet no pa1ynological evidence which demands 

the existence of a formerly drier climate. 
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8.8 The impact of man on the vegetation of the Danau di Atas 
region, and elsewhere in West Malesia 

'l'he pollen assemblages recovered from both the DDA and Te lago 

cores do not provide any finn evidence of the early presence of 

Iilan in the area. However there are pollen features in both 

sections which suggest possible disturbance of the vegetation. 

The increase in pollen of Macaranga comp. in the zones DDA-V and 

DDA-VI, and TEL-III suggests that Macaranga spp. increased in 

importance in the vegetation of the area at this time. Macaranga 

spp. are important pioneer species in the forests of South-East 

Asia especially below 1000 m a.s.l. but also at higher altitudes 

(Whitmore, 1975), therefore this possibly indicates an increase 

in the amount of seral vegetation in the area. How extensive 

this could have been is difficult to assess, as Macaranga spp. 

may tend to be over-represented in the pollen rain (Morley, 

1976). The increase in pollen of Macaranga comp. takes place at 

the base of zone DDA-V which has an estimated age of c. 8200 

years B.P. In the Telago sequence the increase occurs only in 

zone TI::L-III, and this cannot be dated. Since Macara!!9~ camp. 

does show an increase in the later part of both sequences, it is 

possible that seral vegetation did become more important 

regionally during the period. 

There are a number of factors which could resu 1 t in an increase 

in seral vegetation, and human disturbance of the forest 

vegetation is one of these. It is therefore possible that man 

had begun to affect the vegetation of the area at some time after 

c. 8200 years B.P. however other factors could resul t in 
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increased seral vegetation; these include tectonic disturbance, 

landslides and volcanism. It seems unlikely, though, that any of 

these would cause the increased importance of seral vegetation 

over such a long time span, several thousand years, unless the 

events were repeated. No volcanic ash was observed in the 

sediment, as might have been expected had volcanic activity been 

pronounced. Intermittent human disturbance is thus perhaps the 

Illost likely explanation. 

The sampl es examined from the top of the cores a t both si tes 

reflect the present, open, nature of the vegetation. However the 

penultimate samples examined in each core do not reflect this. 

It appears that widespread, devastating human interference with 

the vegetation, which has resulted in the present characteristics 

of the area, has been a relatively recent phenomenon. Perhaps 

this has occurred only within the last few hundred years, 

associated with increasing human populations and a settled way of 

life. 

One other feature is recognized which is possibly also related to 

the activities of man. This is the disappearance of wood from 

the sediment profile at both sites, and present absence of swamp 

forest in the area. There is nothing to suggest that the present 

swamps are incapable of bearing smne type of swamp forest 

vegetation, and the sediments of both suggest that they bore some 

type of swamp forest in the past. E 1 sewhere in Sumatra swamp 

forest does occur, for example at Danau Padang (Mor1ey, 1976) and 

Danau Bento (Morley et !!..!., 1973). Moreover tree stumps occur on 
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the Danau di Atas Swamp, and one of these was sprouting leaves at 

the time that field work was carried out. The absence of swamp 

forest at present therefore appears to be a result of man's 

activities, such as wood cutting, rice cultivation, and grazing 

l.>y domestic animals. 'I'he question remains as to whether the 

initial disappearance of swamp forest vegetation in the area was 

a direct result of man's activities, or whether this was caused 

by some other factor, but man's activities have since prevented 

rc-establishment of the forest. The swamp forest at Danau di 

Atas appears to have declined at some time after c. 7500 years 

B.P. The event at Telago Swamp cannot be dated but was possibly 

more recent than this, as it occurs above 1.65 m depth in a core 

of total length 10.10 m and basal age 9105 + 200 year. B.P. 

There is no archaeological evidence from the Danau di Atas region 

to indicate the long term presence of man in this area, although 

evidence does exist for the Toba region (van lIeekeren, 1972; 

Schnitger, 1938), and the Kerinci valley (van der Hoop, 1940). 

Possibly the absence of such evidence from the Danau di Atas 

region relates to the relative lack of archaeological work 

carried out in the area. However palynological evidence 

suggesting possible human disturbance of the vegetation pre-dates 

the archaeological evidence in both of the other areas. 

Some forest clearance seems to have occurred by c. 4000 years 

B.P. at Danau Padang (Morley, 1982), where it was followed by 

regrowth. Maloney (1980) suggests that forest clearance had 

certainly begun by c. 7500 years B.P. and possibly earlier, in 

the Toba Highlands. As yet no pollen which can be conclusively 
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~ssi9ned to cultivars has been recorded from such old deposits in 

Sumatra, so the exact nature of man's effect on the vegetation 

cannot be ascertained. 

Evidence provid~d by hominid remains suggests that prilnitive man 

\hi::> present in central Java at a very early stage. Hominid 

r~mains include those recovered from deposits at Trinil and 

Sdngiran which date to the Middle Pleistocenei some may be of 

Early Pleistocene age (Day, 1977). Pollen evidenc~ which might 

illdicate the presence of man during the mor~ recent period is, 

pedlaps surprising ly, rather lacking. However there are changes 

ill the pollen assemblages at Situ Bayongbong (Stuijts, 1984) 

c. 7890 years B.P. and Si tu Gunung (van Zeist et ~!., 1979) 

c. 5000 years H.P. which might indicate human disturbance of the 

lllolltane vegetation. 

Althou~h palynological evidence ther~fore exists from Hest 

t·ld 1 esia which suggests human inter ference wi th the vegetation, 

locally, possibly as early as 8000 years ago, there is little to 

indicate the specific type of activity which occurred. There is 

certainly as yet no convincing palynological evidence of 

cultivation in the area so long ago. However, many cultivars do 

not have distinct pollen types, for ~xample, as yet it is not 

possible to distinguish pollen of rice (oryza sativa) from that 

of other grasses. Other cultivars may be from families which 

produce relatively little pollen while root crops may be 

harvested before they have chance to flower (van Zeist, 1984). 

As a result pollen of cultivars may be indistinguishable, or 
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Pig.8.2 
Distribution of major vegetational types in the Danau di Atas 
region, mid 1890's A.~ 

Based on 1:20000 maps of the area, produced by the Batavia 
Topographic Bureau, 1893-1896 
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unlikely to be found in deposits. 

The landscape of the Danau di Atas region, with its mixture of 

forest, regenerating vegetation and cultivation was broadly 

similar to that at present by the mid 1890's A.D., about 90 years 

ago.' The vegetation of the area at that time is shown in Fig. 

8.2 which is based on maps from that period. Then, the area 

north of Alahan Panjang was, as now, largely cultivated for rice, 

and many of the settlements of that time still exist tOday. The 

main roads into the area were also in existence by the mid 1890's 

A.D. Changes since that time can be seen by reference to Fig. 

4.1 which is based on air photographs of the area taken in 1970-

71. Changes have taken place particularly with regard to the 

amount of land under cultivation, which has incr~ased, and the 

amount of forest cover, which has been considerably reduced in 

some parts of the area. However the uses of tlle cultivated land 

have remained much the same over this period, with a predominance 

of rice cultivation. One of the few changes as regards 

cultivation which has taken place is an apparent reduction in the 

area of plantation crops, notably coffee. Areas of regenerating 

vegetation are at present very extensive within the region, but 

also covered considerable areas in the mid 1890's A.D. The 

landscape of the region was therefore one substantially altered 

by man even c. 90 years ago. 

Earlier in this section it was mentioned that widespread human 

disturbance, which had resulted in the present open nature of the 

vegetation over considerable areas, appeared to be a relatively 

recent phenomenon. The pollen assemblage from the sample 0.55 m 
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in the DD A cor e, h a v in g an est i ma t e d age 0 f c. 1800 yea r s B. P • , 

indicated that the vegetation of the area consisted of apparently 

little disturbed forests, perhaps with limited areas of seral 

vegetation which could have been due to man's activities. The 

samp 1 e from 1.20 m in the Te 1 ago core a 1 so indica ted the presence 

of this type of vegetation, although unfortunately it could not 

be dated. Man therefore seems to have had a major effect on the 

vegetation of this region only in the period post-dating c. 1800 

years B.P. This may have been gradual at first, perhaps 

accelerating only within the last few hundred years. 

Since the air photographs were taken in 1970-71 the major land 

use changes in the area seem principally to have affected the 

forest ve~etation. In 1979, when field work was carried out, the 

forest area seemed to be reduced in extent compared with that 

indicated in 1970-71. This was particularly noticeable where the 

photographs showed forest adjacent to the roads, a feature 

largely absent in the area by 1979. During 1979 the forests were 

being affected by timber removal, although no clear felling 

specifically for timber was observed. There was also 

encroachment by fields and gardens. New gardens, sometimes 

entirely surrounded by forest, which had been recently cleared 

and burned, were commonly observed along the edges of the 

remaining forest. Plate 13 shows one of these, in which a crop 

of tobacco was being cultivated. It was also noted, during 1979, 

that considerable areas of the forest remaining were degraded due 

to selective timber removal. Only those at higher altitudes, 

above c. 1600 rn, and at considerable distances from human 
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settlement appeared to have escaped this type of human 

interference, along with some small forest patches at lower 

altitudes. The removal of selected species seems to reduce the 

di ver si ty of the forest trees in an area qui te marked ly, as was 

shown by the Simpson's index of diversity for forest plots land 

2 ('l'ab 1 e 4.6) which were both disturbed si tes. 

One question, which could now be asked, is how much forest 

remains in the region at present, and how much of this remains 

only slightly affected or unaffected by man. It is easy to 

foresee that in a relatively short time span, the encroachment of 

open land on the forest vegetation could result in a totally 

unforested environlHent in this part of Sumatra, particularly if 

the rate of forest removal accelerates, as it appears to be doing 

at present. 

8.9 Some plan~eographical considerations 

A number of other points ha ve become apparent on the basis of the 

results of this study. 

Although there have been migrations of plants within the Danau di 

Atas area during the period covered by this study, the species 

composition of the vegetation as a whole does not appear to have 

altered significantly during at least the last 31000 years, 

therefore most plants have been in the area for a considerable 

time. The pollen produced by the vegetation during this time has 

largely been identifiable to generic or family level. Where 

pollen could only be identified to family level, identification 
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rroblems were usually a result of similarity of pollen produced 

by different genera and species in the group. In the case of the 

relatively few unidentifiable pollen types the problem was that 

no match could be found in the modern pollen reference 

collection. This was probably because the latter does not 

include pollen of all species which could occur in the area, 

rather than that no modern source of this pollen exists. There 

arpear therefore to have been no evolutionary changes in the 

flora during at least the last c. 31000 years. However 

evolutionary changes to whole floras appear to be very slow, as 

is illustrated by palynological studies of a Holocene peat from 

Sarawak and a 7 million year old Miocene coal from Brunei 

(Anderson and Muller, 1975). These showed that floristic 

compositions of the mixed swamp forests of both were closely 

comparable despite the great difference in age. In the light of 

these results it is perhaps rather unlikely that evolutionary 

change would have affected these montane floras over such a 

geologically short period. 

The pollen asselllLlages from the Danau di Atas area indicate that 

the montane taxa have migrated in a vertical direction during 

this period in response to changing climatic conditions. It 

therefore seems likely that similar plant migrations would have 

happened in the period prior to c. 31000 years B.P. should 

climates have altered sufficiently, as indeed they appear to have 

done elsewhere. The migrations in the Danau di Atas area have 

been in response to wide ranging climatic changes, as similar 

plant behaviour has been observed elsewhere in montane Malesia, 
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and other tropical montane areas, at approximately similar times. 

The vegetation zones of the Sumatran mountains have not been 

static in the past, and are unlikely to be so in the future. 

The origin of the Malesian mountain floras have been considered 

by van Steenis (1934-36). One of the biogeographical problems 

posed by these floras is that of disjunction. Similar floras may 

exist on distinctly separate mountain peaks, especially at higher 

al titudes, and above the forest limit. The high, individual 

vulcanic peaks of Java represent this situation extremely well, 

but the same is also true in Sumatra. These mountain floras also 

bear similarities with mountain floras outside the region, for 

example in the Himalayas. The question arises as to how these 

distributions arose. Van Steenis (1964) proposed three migration 

tracks to explain the routes taken by these species into Malesia. 

One of these, from the Himalayan region was through Sumatra. 

Originally it was thought that migration had occurred along some 

continuous llIountain ranges which had subsequently disappeared, 

but the idea was rejected on the basis of lack of geological 

evidence for the existence of these. More recently the idea of 

the isolated high mountain areas acting as stepping stones for 

plant dispersal was also considered. However the evidence of 

depressed vegetation zones during the Late Quaternary period, 

suggested by recent palynological studies throughout Malesia does 

go a long way towards explaining many of the disjunct plant 

distributions observed at high altitudes. Clearly when 

vegetation zones were depressed the high altitude vegetation 

types wou Id ha ve been more extensi ve than at present. Some 
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formerly isolated patches of high altitude vegetation would thus 

have been brought into contact, while others would have been 

brought much closer together, allowing the high altitude species 

to spread into new areas. As vegetation zones rose with climatic 

amelioration the populations would have again become isolated. 

Since it is likely that there were a number of vegetation 

movements during the Quaternary period, then there would have 

been repeated opportunities for the upland taxa to spread, 

although at present they are restricted to high altitude areas of 

fairly limited extent. 
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CHAPTER 9 

CONCLUSIONS 

It is proposed in this chapter to recap the aims of this study 

and to summarize the results which were obtained. In addition 

possible future approaches and work are considered. 

The region around Danau di Atas was chosen for palynological 

investigation because it lay in an area of middle altitudes, and 

suitable polliniferous sediments were available for study. 

Previously, palynological work in the tropics had been 

concentrated at high altitude sites, mostly above 2000 m a.s.l., 

although some had been carried out in lowland areas, generally 

below c. 1100 m a.s.l. Results from these studies indicated 

that the lowland sites had experienced drier climates at some 

times during the Late Quaternary, while results from high 

altitude sites showed that climates had been much cooler in the 

past. outside Malesia there was also some evidence .to suggest 

drier phases in these montane areas. The question arose as to 

whether the middle altitudes had also experienced climatic change 

in the past, and if so had it been predominantly concerned with 

temperature, or moisture, or both. Polak (1933) initially noted 

the existence of polleniferous deposits in the Danau di Atas 

area. Subsequently Morley, Flenley and Kardin investigated a 

number of sites during 1972 (as described in Morley et al., 1973) 

and collected some material. Further cores were collected by 

Flenley in 1976 and 1977; these and some material collected in 

1972 were available for palynological analysis in this study. 
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In order to aid the interpretation of the results from the fossil 

sequences, a study of the present vegetation of the area, using 

plots, and its pollen rain, was carried out in 1979. This 

provided some information as to species composition of the forest 

and non-forest vegetation of the area, which was supplemented 

also from the available literature. 

The forests of the area are of lower montane type, dominated by 

one family, the Fagaceae, which is represented by many species of 

several genera. Other families of importance in these forests 

include Myrtaceae, Lauraceae and Theaceae, but many other groups 

are also represented. From the study of forest vegetation, and 

the information in the literature, it is clear that certain taxa 

are restricted in their altitudinal range. These include 

Dacrycarpus imbricatus, Symingtonia populnea, Weinmannia blumei, 

Claoxy~ longifolium and Linociera spp. In contrast, many other 

species are wide ranging. 

The non-forest vegetation of the area includes cultivated land, 

swamp and regrowth communities. Gramineae and Cyperaceae 

dominate in the herbaceous swamp vegetation. No swamp forest was 

observed within the area in 1979, although it certainly occurred 

there in the past. The regrowth communities are quite varied in 

nature, from very low, mostly herbaceous regrowth to high, 

largely woody vegetation. Many species are involved, Imperata 

£ylindrica, Pteridium aquilinum and Eupatorium inulifolium being 

commonly found in regrowth having a low appearance. The higher, 

more woody regrowth includes taxa such as Rhodoleia championi, 

Wendlandia glabrata, Rhododendron sp. and Vaccinium sp. 
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A survey of ricefield and dry land gardens was carried out. 

Many of the taxa occurring as weeds in these are also commonly 

found in the swamp and regrowth communities, respectively, and 

may be considered as primary colonisers of highly disturbed 

ground. 

The pollen deposited in surface samples and moss polsters 

collected from many of the vegetation plots was also examined. 

In addition, material was available from a variety of altitudes 

on G. Kerinci. These studies provided several types of 

information. Firstly they allowed an assessment to be made of 

which species are over- or under-represented in the pollen rain, 

and also those which are not represented at all. The latter may 

be due to low pollen production by the taxon, poor pollen 

preservation or allied factors, but may also occur if the taxon 

produces indistinct pollen which cannot be determined. The 

information thus obtained could then be used in assessing the 

likely importance of a taxon in the vegetation on the basis of 

its representation in fossil pollen assemblages. 

The second type of information provided by these studies related 

to the nature of pollen dispersal and deposition in the area. An 

assessment could be made as to how much was from a local, 

intermediate or regional source. At all sites a large proportion 

of the pollen deposited is local in origin. In the non-forest 

sites, for example, the local component is generally contributing 

at least 50% TDLP. However at these sites there is also a 

significant regional component and this generally contributes 
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10-27% TDLP. The source of this may at times be several km away 

from the deposition site. Results from G. Kerinci also show that 

most pollen is deposited reasonably close to its source, such 

that it is generally deposited within the vegetation type from 

which it originates. Some movenlent away from source areas occurs 

on this mountain, being predominantly in an uphill direction. 

The information as to the nature of pollen dispersal and 

deposition in the Danau di Atas region provided by these studies 

could also be used in the interpretation of fossil pollen 

assemblages. The modern pollen studies also demonstrated that 

for forest vegetation it is principally the canopy reaching taxa 

which contribute to the regional pollen rain, in this area. 

Understory taxa may contribute some pollen at deposition sites 

within forest, but even here the canopy reaching taxa contribute 

the bulk of the pollen deposited. 

Two cores from the area were analysed palynologically. The Danau 

di Atas (DDA) core from 1535 m a.s.l. is 16.50 m long, and the 

section 15.60 m to 15.70 m provided a 14C age of 31450 + 2990 

-2180 years B.P. Possibly the base of this core is c. 39000 years 

old. This sequence is quite well radiocarbon dated which has 

enabled pollen influx to be calculated for the samples examined. 

The Telago core from 1550 m a.s.l. was examined only briefly. 

Although 10.10 m long this proved to be relatively young, having 

a basal age of 9105 ± 200 years B.P. 

The pollen assemblages of both cores showed a number of changes, 

so for cOllvenience of description both sequences were zoned. 
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Pollen assemblages were interpreted with the aid of the 

information obtained from the modern pollen rain and vegetation 

studies carried out in the area, supplemented by information 

available in literature ego Morley (1976), Flora Malesiana, and 

Flora of Java (Backer and Bakhuizen van den Brink, 1963-67). 

The vegetation of the Danau di Atas region was not static during 

the period covered by the study; there were changes in the 

hydroseral and dry land vegetation. Hydroseral changes may have 

been related to infilling of the two sediment basins and appear 

to have been independent at the two sites. Changes in the dry 

land vegetation have mostly been of regional extent, and have 

principally taken the form of vertical migrations of the 

altitudina1 vegetation zones, apparently in response to climatic 

change. More recently there have been changes which indicate 

that the vegetation has been disturbed, probably by man. 

1'he dry 1 and vegetation changes which ha ve occurred in the area 

are sununarized below, along with the implications of these in 

terms of depression of the vegetation and past climates. 

From pre-3lOOO to C. 17900 years B.P. lower montane forests 

predominated in the region. These were dominated by Fagaceae, 

but gynmosperms may have also been important, at least locally. 

The exact nature of the forests in the vicini ty of the Danau di 

Atas site is not clear, but they may have included some lower 

montane 11 type forest, but could also have been of lower rnontane 

forest I affinity. Some altitudinal depression of the vegetation 

is suggested at this time but the extent of this is difficult to 
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assess. However if there was some lower montane forest 11 around 

the site then a depression of at least 265 m had taken place. 

This would suggest mean annual temperatures at least 1.60 e cooler 

than at present, based on current lapse rates of 0.60 e/lOO m. 

From c. 17900 to c. 12900 years B.P. lower rnontane forests 

predominated in the area. These were Fagaceous with abundant 

gymnosperms, possibly very similar to the present lower montane 

forest 11. Upper montane forests also occurred in the area 

during this period and may at times have been widespread, 

although the evidence does not suggest that they ever surrounded 

the Danau di Atas site. The depression of vegetation zones 

suggested by the presence of lower montane forest with abundant 

gymnosperms around the site is in the range 265-865 m. The 

presence of upper rnontane forest in the area suggests that the 

actual maximum depression was closer to the upper limit, 865 m, 

than to the lower one. During this period mean annual 

tell1peratures were in the range of 1.6-5.20 e cooler than at 

present, and probably lay closer to the maximum rather than the 

minimum value. 

From c. 12900 to c. 11750 years B.P. gynmosperrns declined in the 

vegetation of the area. This is interpreted as a retreat of 

lower montane forest 11 from the area around the site, to 

slightly higher altitudes. Throughout much of this period the 

site, at 1535 m a.s.l., may have lain close to or within the 

transition of lower montane forests I and 11. This suggests a 

vegetation depression of the order of 265 m and mean annual 

temperatures may have been about 1.60 e cooler than present. 
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!<'rom c. 11750 to c. 8200 years B.P. gynmosperms appear to have 

been of little importance in the vegetation of the region. 

I-'agaceous forests of lower montane forest I type appear to have 

surrounded the Danau di Atas site during the period, and also 

surrounded Telago at 1550 m a.s.l. when deposition started at 

this site. The maximum depression of vegetation at Danau di Atas 

at the start of the period was 265 m, and at Telago by c. 9100 

years B.P. was 250 m. However the true depression of vegetation 

may have been less than this, and mean annual temperatures 

therefore appear to have been no more than 1.6oe cooler than 

present values during this period. By the end of the period 

temperatures may have been similar to todays. 

From c. 8200 to c. 5400 years B.P. forests similar to the present 

lower montane forest I surrounded both sites. Sub-montane 

forests were a 1 so c loser to these than dur ing any of the 

preceding periods. The forest vegetation of the area appears 

therefore to have had a composition similar to that of the forest 

remaining in the area at present. Vegetation zones seem to have 

been at approximately similar levels to those present today, 

although they could have possibly lain either slightly higher or 

slightly lower. Mean annual temperatures thus appear to have 

been similar to today's levels and it seems unlikely that they 

were more than c. 0.50 e warmer or cooler. At some time after c. 

8200 years B.P. there may have been an increase in seral 

vegetation in the region, notably Macaranga spp., which could be. 

related to human disturbance of the forests. 
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After c. 5400 years B.P. forests of lower montane forest I type 

appear to have surrounded both sites. Mean annual temperatures 

during this period were probably more or less similar to those at 

present. There are some indications that seral vegetation 

existed in the region throughout the period, but only the pollen 

assemblages from the surface samples of the two cores reflect the 

pr~sence of large areas of non-forest vegetation. Widespread 

forest clearance, for agriculture, appears therefore to have been 

a relatively recent phenomenon. 

Evidence from palynological studies in the Danau di Atas region 

suggests that climates have varied in the past. They appear to 

have been cooler during the period from pre-3l000 years B.P. 

until some time after c. 11750 years B.P., and appear to have 

been at their coldest at some time during the period c. 17900 to 

c. 12900 years B.P. Mean annual temperatures have however been 

similar to present values during at least the last c. 8200 years. 

There is no palynological evidence from this region to suggest 

that the climate was formerly drier than at present. However 

there could have been a decrease in the precipitation which the 

area receives, without there being any recognizable effect on the 

vegetation of the area, since its present climate is extremely 

wet. Walker and Flenley (1979) have suggested that a 30% increase 

or decrease in precipitation could be tolerated by the present 

vegetation of this region. 

The evidence of vegetation change from this region is similar to 

that described from middle altitude sites in the Toba region of 
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Sumatra (Maloney, 1980) and \Jest Java (Stuijts, 1984). All show 

considerable depression of altitudinal vegetation zones during 

the period c. 18500 to c. 12000 years B.P. At all sites there is 

subsequently an upward migration of the vegetation, so that the 

sites become surrounded by forests similar to those found in the 

areas at present. Stuijts (1984) considers variation in mean 

annual temperature to have been the causal factor in West Java, 

although Maloney (1980) is wary of interpreting the vegetation 

shifts observed in the Toba region purely in terms of temperature 

changes. 

There are several directions which could be taken by any future 

work in this field. 

The DDA core is relatively well dated but due to lack of time 
. ~ 

available the spac1ng of samples is fairly large. Further 

sampling of this core, particularly over the basal section and 

the uppermost section might clarify, respectively, the nature of 

vegetation and climate prior to c. 17900 years B.P., and the 

point when man started to influence the vegetation in a major 

way. Closer sampling might also provide more accurate 

information as to the timing of vegetation events. The Telago 

core would be far less useful in these respects since it is 

insufficiently dated and further dates cannot be obtained. 

More extensive vegetation studies in this part of Sumatra might 

reveal more indicator species, either of climatic or other 

conditions, which again would possibly improve the interpretation 

of fossil assemblages from this area. 
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The question of whether climates were drier during the Quaternary 

in this region may perhaps not be answerable on the basis of 

palynological studies in this area of Sumatra, which is presently 

extremely wet, since the vegetation may be able to tolerate a 

reduction in precipitation without showing any effect. Perhaps 

the answer to this question will be found elsewhere in Malesia 

where present climates are drier and more seasonal than those in 

sumatra, and where the vegetation may thus be more sensitive to 

small changes in precipitation. Areas such as East Java and 

sulawesi might prove suitable in this respect, if suitable 

polliniferous deposits can be found. 
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PLA'rE 1 

View of the forest interior of plot 4. 
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PLATE 2 

View of the forest interior in the vicinity of plot 24 . 
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PLATE 3 

View of the for e st near plot 20. 
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PLATE 4 

Vegetation in the vicinity of plot 15. 
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PLATE 5 

Vegetation in the vicinity of plot 16 . 
Note the abundance of Eupatorium inulifolium . 
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PLATE 6 

Vegetation in the vicinity of plot 17 . 
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PLATE 7 

The v ege tation at plot 19. 
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PLATE 8 

Vegetation in the vicinity of plot 19 . 
The b se of the shrub ( centre ) showed signs of having 
been burn t . 
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PLATE 9 

A view of the vegetation on the Danau di Atas Swamp. 
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PLATe 10 

A view of the vegetation on the Danau di Atas Swamp. 
On the left are the seasonally abandoned ricefields. 
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PLA'l't:; 11 

Tht! Danau di Atas Swamp, viewed from the northern end. 
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PLATE 12 

The Telago Swamp . 
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PLATE 13 

View of a recently cleared garden, with tobacco plants. 
This garden was still surrounded by forest. 
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APPENDIX 1 

Plant taxa collected in the field area 

Names and authorities of spermatophyte taxa are after the 
published sections of Flora Malesiana, series I, vols 4-9 (1954-
1983). Where families have not yet been reviewed by Flora 
Halesiana then the names and authorities are after Flora of Java 
(Backer and Bakhuizen van den Brink, 1963-1968) and Index 
Kewensis. Pteridophyte nomenclature follows Flora of Malaya vol 
11 Ferns (Holttum, 1954) and Flora Malesiana, Series 11, vol 1 
(1959-1978). Identifications were provided by Mr Nedi of the 
Herbarium Bogoriense, Bogor and occasionally these could not be 
traoed in the literature. Here the nomenclature is that given by 
Bogor, preceded by a question mark. 

Spermatophyte taxa 

Family Name and authorities Colleotion 
Number 

Acanthaceae 
Alangiaceae 
Amaranthaoeae 
Anonaceae 
Araceae 
Araliaceae 

Aquifoliaceae 
Balsaminaceae 
Burmanniaceae 
Caprifol1aceae 

Caryophyllaceae 
Combretaceae 
Commelinaceae 
Compositae 

Cunoniaoeae 
Cyperaceae 

Gendarussa vulgaris NEES 
Alangium rotundifolium (HASSK.)BLOEMB. 
Amaranthus hybridu8 LINNE 
Goniothalamus sp. 
Homalomena cordata SCHOTT 
Schefflera sp. 
Schefflera sp. 
Schefflera sp. 
!lex cymosa BL. 
Impatiens javensis (BL.)STEUD~ 
Burmannia disticha LINNE 
Viburnum beccarii GAMBLE 
Viburnum coriaceum BL. 
Viburnum sp. 
Drymaria cordata (L.)WILLO. ex R.&S. 
Terminal1a Sp. 
Murdannia nudiflora (L.)BRENAN 
Ageratum conyzoides L. 
Anaphallis longifolia (BL.)DC. 
Bidens pilosa L. 
Blumea lacera (BURM. f.)OC. 
Emelia sonchifolia (L.)OC.ex WIGHT 
Enydra fluctuans LOUR. 
Erigeron sumatrenis RETZ. 
Eupatorium inulifolium H.B.K. 
Spilanthes iabadicensis A.H. MOORE 
Tithonia diversifolia (HEMSLEY) A. GRAY 
Vernonia arborea BUCH.-HAM. 
Vernonia arborea BUCH.-HAM. var. javanica 

(DC. )CLARKE. 
Weinmannia blumei PLANCH. 
Carex cruciata WAHLENB 

l.Carex cf. dimorpholepis STEUO. 
Cyperus brevifolius (ROTTB.)HASSK. 
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195 
52,58 

193 
84 

219 
77 

232 
243 

3,62 
149 
108 
278 
281 
289 
136 
276 
175 
141 
196 
171 
179 
185 
156 
172 
168 
140 
191 
32 
25 

24,101 
212 
144 
300 



Elaeagnaceae 
IUaeocarpaceae 

Ericaceae 

Er10caulaceae 

Euphorb1aceae 

Fagaceae 

Flacourt1aceae 
Gramineae 

Cyperus cyperoides (L.)O.KUNTZE 
2.Cyperus cf. fIavidus RETZ. 

Cyperus javanicus 80UTT. 
Cyperus kylI1ngla ENDL. 
EIeochar1s duIc1s (BURM.f.)HENSCHEL 
EIeochar1s retroflexa (POIR.)URB. 
Eleocharis tetraquetra NEES 
Fimbristylis aphyIla STEUD. 
Fimbrlstylis dichotoma (L.)VAHL. 
Fimristylis poIytr1choldes (RETZ.)R.BR. 
Fuirena Sp. 
Lipocarpha chinensis (OSB.)KERN. 
Machaer1na rubiginosa (SPRENG.)KOYAMA 
Rhynchospora rugosa (VAHL)GALE 
Sclrpus juncoldes ROXB. 
Scirpus mucronatus LINNE 
Elaeagnus latifoI1a L. 
EIaeocarpus glaber BL. 
Elaeocarpus ovalls MIQ. 
EIaeocarpus punctatus WALL. 
Elaeocarpus Sp. 
Sloanea sigun (BL.)K.SCHUM. 
Rhododendron sp. 
Vacclnlum ap. 
Vacc1nlum ap. 
Eriocaulon brownianum MART. 
Eriocaulon heterolepis STEUD. var. 

nigricans KOERN. 
Aleurites moluccana (L.)WILLD. 
Breyn1a microphylla (KURZ ex T.&B.)M.A. 
Claoxylon longifolium (BL.)ENDL. ex HASSK. 
Drypetes sp. 
Glochid1on sp. 
Glochidlon sp. 
Macaranga tanarlus (L.)M.A. 
Macaranga triloba (REINW. ex BL.)M.A. 
Macaranga sp. 
Omalanthus populneus (GEISEL)PAX 
Castanopsls lucida (NEES)SOEPADHO 
Castanops1s malaccens1s GAMBLE 
Llthocarpus javensis BL. 
L1thocarpus elegans (BL.)HATUS ex SOEPADMO 
Llthocarpus sp. 
Lithocarpus sp. 
Llthocarpus sp. 
Lithocarpus sp. 
L1thocarpus sp. 
Lithocarpus sp. 
Lithocarpus sp. 
Lithocarpus sp. 
Lithocarpus sp. 
Quercus lineata BL. 
Flacourtia rukam ZOLL. & MOR. 
Arthraxon hlsplda (THUNB.)MERR. 

ssp.?langsdorfii 
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178 
116,117 

299 
143 
147 
145 
146 
157 

154,220 
253 
114 
115 
113 

107, 164 
119 
105 
207 

81 
42,266 

75 
267 

4,262 
229 
230 
284 
103 

134 
240 
201 

2 
45 

155 
274 

53 
271 

15 
210,288 
50,265 

286 
65 
72 

5 
17 
18 
41 
82 
88 
89 

255 
277 

28,86,261 
14 
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GutUferae 

Haloragaceae 
Hamamelidaceae 

Icacinaceae 
Juglandaceae 
Juncaceae 

Lablatae 
Lauraceae 

Legumlnosae/ 
Caesalplnoldeae 

Axonopus compressus (SWARTZ)BEAUV. 
Brachiarla Sp. 
Chrysopogon aclculatus (RETZ.)TRIN. 
Coelachne inflrma BUESE 
Cymbopogon Sp. 
Dlgitaria vlolascens LINK 
Eleusine indica (L.)GAERTN. 
Eragrostis unioloides (RETZ.)NEES ex STEUD. 
Hymenachne sp. 
Imperata cylindrica (L.)RAEUSCH. 
Isachne albens TRIN. 
Isachne globosa (THUNB.)O.K. 
Leersia hexandra SWARTZ 
Oplismenus composltus (L.)BEAUV. 
Oryza sat1va L. 
Pan1cum repens L. 
Paspalum orbiculare FORST.f. 
Pogonatherum saccharoideum BEAUV. 
Sch1zachyr1um brevifo11um (SWARTZ)NEES 
Setaria genlculata SIEBER ex KUNTH 
Setaria palmifo11a (WILLD.)STAPF 
Sporobolus berteroanus TRIN. 
Themeda villosa (POIR.)DURAND & JACKS. 
Cratoxylum arborescens (VAHL)BLUM~ 
Garcinia lateriflora BL. 
Garc1n1a sp. 
Hypericum japonicum THUNB. ex MURRAY 
Laurembergia coccinea (BL.)KAN. 
Rhodolela champion1 HOOK. f 

150 
250 
184 

142,291 
159 
161 
190 
254 
111 
163 
211 
128 

110,251 
192,22" 

116 
106,252 

112 
169 
163 
222 
214 
160 
187 
213 

46 
256 
135 
138 

Symington1a populnea (R.BR. ex GRIFF.)STEEN. 
Platea excelsa BL. var. riedellana (BECC.)SLEUH. 
Engelhardt1a spicata LECHEN ex BL. 

96,244 
95 

26,16 
283 
120 Juncus pr1smatocarpus R. BR. var. 

leschenaultli (GAY)BUCHENAU 
Basilicum polystachyon (L.)MOENCH 
Actinodaphne sp. 
Actinodaphne ap. 
Be11schmiedia ap. 
Cinnamomum ap. 
Cinnamomum sp. 
Cryptocarya ap. 
Cryptocarya ap. 
Cryptocarya sp. 
Cryptocarya sp. 
Cryptocarya ap. 
Endiandra ap. 
Endiandra sp. 
End1andra ap. 
Lindera novoguineenaia KOSTERH. 
Litaea ap. 
Litsea sp. 
Litaea ap. 
Neol1tsea ap. 
Cassia floribunda CAV. 
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180 
36 

263 
6 

21 
272 

39 
160 
168 
70 

2616 
416 
49 

102 
13,516,55,69 

8 
71 

100 
98 

204 



IMimosoideae 
IPapilionatae 

Lentibulariaceae 
Liliaceae 

Loganiaceae 
Loranthaceae 
Lythraceae 
Halvaceae 
Melastomataceae 

Meliaceae 

Moraceae 

Myrslnaceae 

Myrtaceae 

Dleaceae 

Orchidaceae 

Dxal1daceae 

Pandanaceae 
Passifloraceae 
Plantaginaceae 
Podocarpaceae 

Polygalaceae 
Polygonaceae 
Potamogetonaceae 

Rhizophoraceae 

Albizia lophantha (WILLD.)BTH. 
Crotalaria chinensis L. 
Crotalaria sp. 
Desmodium repandum (VAHL)DC. 
Desmodium triflorum (L.)DC. 
Utricularia bifida LINNE 
Dianella ensifolia (L.)DC. 
Disporum cantoniense (LOUR.)MERR. 
Fagraea sp. 
Helixanthera parasitica LOUR. 
Cuphea balsamona CHAM. & SCHLECHT. 

3.Urena lobata L. 
Medinilla sp. 
Melastoma affine D. DON 
Pternandra sp. 
Dysoxylum ap. 
Dysoxylum sp. 
Ficus deltoidea JACK var.luteacens 
Ficus ribes REINW. ex BL. 
Ardisia javanica DC. 
Ardisia ap. 
Eugenia ap. 
Eugenia sp. 
Eugenia sp. 
Eugenia sp. 
Eugenia ap. 
Eugenia sp. 
Eugenia sp. 
Eugenia sp. 
Eugenia sp. 
Eugenia sp. 
Eugenia sp. 
Rhodomyrtus tomentosa (W.AIT.)HASSK 

4.Syzygium racemosum (BL.)DC. 
Tristania bakhuizenii BACK. ex AMSH 
Linociera oxycarpa LINGELSH. 

248 
165 
166 
194 
223 
109 
215 
209 
35 

285 
189 
116 
61 

113 
268 
66 
14 

(DES. f.)CORNER 294 
211 
246 

9 
16 
20 
23 
51 
13 
18 
81 
90 
91 

152 
260 
238 

59,245 
33 
22 

Olea javanica (BL.)KNOBL. var. ?lanciflora 
Arundina graminifolia (D.DON)HOCHR. 
Coelogyne sp. 

K.&V. 68 
233 
131 
202 
216 
206 

Microstyl1s sp. 
Microstylis sp. 
Phaius tankervilliae (W. AIT. )BL. 
Spiranthes sinensis (PERS.)AMES 
Oxalis corniculata LINNE 
Oxalis corymbosa DC. 
Pandanus Bp. 
Passiflora edulis SIMS 
Plantago major L. 
Podocarpus (sect. Dacrycarpus ENDL.) 

D. imbricatus (BL.)DE LAUBENF. 
Polygala paniculata L. 
Polygonum cespitosum BL. 
Potamogeton malaianus MIQ. 
Potamogeton oblongus VIVo 
Carallia brachiata (LOUR.)MERR • 
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148,114 
198 
302 
295 
213 
188 
241 

139 
205 
296 
249 
19 



Rosaceae 

Rubiaceae 

Rutaceae 

Sapindaceae 

Saurauiaceae 
Saxifragaceae 
Scrophulariaceae 
Solanaceae 

Staphyleaceae 
Styracaceae 
Symplocaceae 

Taxaceae 
Theaceae 

Umbelliferae 

Urticaceae 
Verbenaceae 

Violaceae 
Xyridaceae 

Gynotroches axillaris BL. 
Prunus arborea (BL.)KALKMAN 
Pyrus granulosa BERTOL. 
Rubus alceaefolius POIR. 
Borreria alata (AUBL.)DC. 
Borreria laevis (LAMK)GRISEB. 
Galium innocuum MIQ. 
Hedyotis vertic1llata (L.)LAMK 

?Oldenlandia agrostemmo1des KAR. 
Psychotria divergens BL. 
Tarenna fragrans (BL.)K.&V. 

5.Timonius cf. sericeus 
Wendlandia glabrata DC. 
Tetractomia holtumi RIDL. 
Tetractomia obovata MERR. 
Dodonaeq viscosa JACQ. 
Mischocarpus sundaicus BL. 
Saurauia vulcani KTH. 
Hydrangea sp. 

& HAT. 

Lindern1a anagallis (BURM. f)PENNELL 
Solanum melongena L. 
Solanum nigrum L. 
Turpinia sphaerocarpa HASSK. 
Styrax paralleloneurum PERK. 
Syruplocos cf. ?baratogi 
Syruplocos cochinchinensis (LOUR.)S.MOORE 

ssp.laurina (RETZ) NOOT var. laurina 
Symplocos fasciculata ZOLL. 

6.Symplocos henscheli (MOR.)BTH ex CLARKE 
var maingayi? 

63 
1,85 
290 
197 

170,301 
224 
130 
182 
123 
280 

30,153,242 
56 

228 
83,93 
29,34 

241 
269 
208 
239 
137 
200 
162 

1 
21,258 

43 
234 

10 
259 

Symplocos laeteviridis STAPF var. laetevir1dis 
Symplocos ap. 

279 
31 
97 

291 
Symplocos sp. 
Taxus baccata L. 
Adinandra villosa CHOISY 
Ad1nandra ap. 
Adinandra ap. 
Eurya ap. 
Eurya sp. 
Haemocharis sp. 
Schima wallichii (DC.)KORTH. 

sap.noronhae (REINW. ex BL.) BLOEMBERGEN 
Schima sp. 
Ternatroem1a patens (KTH.)CHOISY 
Centella aaiatica (L.)URB. 
Hydrocotyle sibthorpio1des LAMK 
Gonostegia h1rta (BL.)MIQ. 
Lantana camara L. 
Vitex trifolia L. var. ?heterophylla 
Viola piloaa BLUME 
Xyria capensis THUNB. var. schoenoidea 

(MART) NILSSON 
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292 
37 
38 

231 
293 
281 

51,282 
94 

41,64,80 
129 
121 
167 
181 
237 
122 

104 



Pteridophyte taxa 

Azollaceae 
Cyatheaceae 
Dennstaedtiaceae 

Equisetaceae 
Gleicheniaceae 
Lycopodiaceae 

OphiogloBsaceae 
Polypodiaceae 

Schizaeaceae 
Thelypteridaceae 

Notes 

Azolla pinata R.BR. 
Cyathea ap. 
subf. Davallioideae 

Humata sp. 
7.aubf. Lindsayoideae 

Schizoloma ensifolium (SW.)J.SM. 
subf. Oleandroideae 

Nephrolepis cordifolla (L.)PR. 
subf. Pteridioideae Pter1dium aquilinum 
Equiaetum deb1le VAUCH. 
Dicranopteris curranii COPEL. 
Lycopodium ?casuarinoides SPRENG. 
Lycopodium cernuum L. 
Lycopodium clavatum L. 
Botrychium ?ternatum SW. 
Microsorium nigrescens (BL.)COPEL 
Pyrrosia ?winkleri 
Lygodium microphyllum (CAV.)R.BR. 

8.?Chaistella arida CHING. 
Cyclosorus sp. 
Cyclosorus sp. 

1. Carex cf. dimorpholepis STEUD. 

(L. )KUHN. 

127 
19 

203 

151 

126 
158 
225 
124 
235 
133 
236 
171 
218 
226 
121 
132 
125 
199 

Flora Malesiana states that the collections of f. dimorpholepis in Leiden 
herbarium probably did not originate in the Malayan archipelago. C. 
dimorpholepls is known from India, Upper Burma, and China to Korea~nd 
Japan. Although collection number 144 compares with this taxon 1ts aotual 
identi ty remains uncertain. 

2. Cyperus cf. flavidus RETZ. 

Bogor gave this identification as f. cf. globosus ALL. Flora Halesiana 
now gi ves £:.. globosus ALL as £:.. flavidus RETZ. The identification has 
therefore been changed to C. cf. flavidus RETZ. 

3. Urena lobata L. 

Bogor gave the full identification of this as ~ lobata L. ssp. vimenea 
(CAV)BORSS. f. vimenea. Borssum Waalkes (Blumea 14, 1-213, 1966-61) gives 
two subspecies for ~ lobata L. each with two varieties as shown below. 

1) Q.lobata L. ssp. lobata var. lobata 
11) Q.lobata L. ssp. lobata var. vimenea (CAV.)GURKE 
iii) U. lobata L. ssp. sinuata (L.)BORSS.var. sinuata 
iv) U.lobata L. ssp. sinuata (L.)BORSS.var. glauca (BL.)BORSS. 

The subspecies and variety of collection number 116 therefore remains 
unclear. 
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4. Syzygium racemosum {BL.)DC. 

This was formerly Eugenia jamboloides K.&V. 

5. Timonius cf. sericeus 

No authorities are given by Bogor for this identification. However T. 
sericeus (DES. f.)K.SCH. is now!. timon {SPRENG.)MERR. 

6. Symplocos henscheli {MOR.)BTH. ex CLARKE var. mainsayi? 

Bosor save this identification as ~. henscheli (MOR) CLARKE ssp. hensoheli 
var. mainsayi {BTH.)CLARKE, a combination not given in Flora Malesiana. 
The latter gives only two varieties henscheli and maingayi and no 
subspecies. The actual identity of collection number 259 in terms of 
varieties is not clear but var. maingayi is possibly the most likely. 

7. Schizoloma ensifolium (SW.)J.SM. 

In Flora Malesiana series 11 this is given as 

Lindsaea group 
Lindsaea subgenus Linasaea section Sohizoloma 
Lindsaea ensifolia SWARTZ. 

8. ?Chaistella arida CHING. 

This identification as given by Bogor could not be traced. Possibly due to 
a typing error. The collection may actually have been Cyclosorus aridus 
(DON) CHING (not yet confirmed). 
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APPENDIX 2 

Preparation methods for pollen samples 

A. Preparation of fossil pollen samples using addition of 
tablets containing Lycopodium clavatum L. spores. 

1. The surface of the core was scraped horizontally to remove 

possible contaminants. A 1 cm thick slice of material was 

then removed from the core (ei ther in the fie Id or the 

laboratory) at the depth to be sampled. I cm3 of this 

material was then removed for processing using a cork borer 

of 1 cm2 cross-sectional area (No. 6) or by cutting a cube 

of 1 cm dimensions. 

2. The sample for preparation was then placed on a weighed 

watchglass, and weighed, before being dried overnight at 

10SoC. It was then reweighed to determine the initial dry 

weight of the sample. 

3. The dry sample was then placed in a pOlypropylene centrifuge 

tube and a number of tablets containing ~. clavatum spores 

were added. The number of tablets and their batch number 

was recorded. 

4. Approximately 5 ml of 10% potassium hydroxide solution was 

added to the tube, which was placed in a 'dri-block' tube 

heater at 1000C for 10 minutes. The KOH solution helps to 

deflocculate the fossil sample. The sample was stirred well 

to disperse the contained pollen and spores evenly 

throughout. 
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5. Coarse organic fragments were then removed by sieving, and 

washing the fragments with distilled water to remove as much 

adherent pollen as possible. 

6. The liquid containing the pollen was then centrifuged in 

large (100 ml) centrifuge tubes for 3 minutes at 2500 r.p.m. 

The supernatant liquid was then decanted and the sample 

transferred to a 15 ml centrifuge tube. 

7. The sample was washed in distilled water, stirred, 

centrifuged, and supernatant decanted. 

8. The sample was washed in 10% acetic acid, stirred, 

centrifuged and the supernatant decanted. 

9. The sample was washed in glacial acetic acid, stirred, 

centrifuged and the supernatant decanted. 

10. Approximately 2.5 ml of a mixture of 9 parts acetic 

anhydride to 2 parts of concentrated sulphuric acid was 

added carefully to the sample. It was then heated in a 

'dri-block' heater for approximately 4 minutes at 100oC. An 

equivalent volume of glacial acetic acid was then added to 

stop the reaction, stirred, centrifuged and the supernatant 

decanted. 

11. The sample was washed in 10% acetic acid, stirred, 

centrifuged and the supernatant decanted. 

12. The sample was washed in distilled water, stirred, 

centrifuged and supernatant decanted. 
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13. If silica was present in the sample, it was then treated 

with hydrofluoric acid. It was washed with 5% hydrochloric 

acid, and stirred until all effervescence ceased, 

centrifuged and the supernatant decanted. The tube was then 

placed in a fume cupboard and approximately 5 ml of 40% 

hydrofluoric acid was added. The tube was then sealed with 

a rubber cap, and left overnight. Then the cap was removed 

and the contents heated to lOOoC for 30 minutes in a 'dri

block' heater. The cap was then replaced, and the tube 

centrifuged. The supernatant was decanted into the fume 

cupboard sink into a stream of running water. The sample 

was washed with hot 5% hydrochloric acid, stirred, 

centrifuged and supernatant decanted, and then washed in 

distilled water, stirred, centrifuged and supernatant 

decanted. 

14. The sample was washed in 80% ethyl alcohol, stirred, 

centrifuged and the supernatant decanted. 

15. The sample was washed in 100% ethyl alcohol, stirred, 

centrifuged and the supernatant decanted. 

16. The sample was washed in a 50:50 mixture of ethyl alcohol 

and tertiary butyl alcohol (TBA). The latter solidifies at 

cool temperatures and in a cool laboratory may have to be 

placed, in its container, into warm water to bring it back 

into a liquid state. The sample was stirred, centrifuged 

and supernatant decanted. 

17. The sample was washed in approximately 1 ml of TBA and 
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transferred to a small labelled sample tube, stirred, 

centrifuged and supernatant decanted. 

18. A small amount of TBA was added to the sample, plus 1-2 ml 

of silicone oil (AK 2000), stirred and centrifuged. At this 

point the organic sediment would be at the base of the tube. 

19. The sample tube was placed in a warm oven overnight to allow 

the TBA to evaporate. The sample was then ready for 

mounting, or could be capped and stored. 

20. Four microscope slides and four square, grade 0, coverslips 

were placed on a slide warmer, along with a beaker of molten 

paraffin wax. 

21. The pollen sample was stirred thoroughly with a glass rod. 

22. A small drop of fresh silicone oil was placed in the centre 

of each slide, to each a sma 11 quanti ty of the sampl e was 

added, and the two were mixed. 

23. The coverslip was applied to each sample, which would spread 

out gradually. Slides were sealed with molten paraffin wax, 

which was run under the edge of the coverslip and solidified 

when removed from the heat. Any further leaks of sample 

could be sealed with clear nail varnish. 

24. Each of the slides was labelled and was then ready for 

counting. 
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B. Preparation of fossil pollen samples using the weighing 
technique. 

Preparation of the sanlples proceeded as in Section A except that 

tablets were not added at stage 3. At stage 17 the sample was 

transferred to a weighed sample tube before centrifuging. The 

TBA and silicone oil was added to the residue as in stage 18. 

1'he sample tube with the sample was weighed again after stage 19, 

when the TBA had evaporated, and from this the total weight of 

the prepared sample could be calculated. 

Slide preparation was modified so that the weight of sample on 

each could be measured, as follows. 

1. A gla88 rod, plus t.he sample and sample tube were weighecS. 

The sample was then thoroughly mixed using the glass rod. 

2. Four slides and four coverslips were placed on a slide 

warmer. 

3. Using the glass rod a quantity of sample was placed on each 

slide. Coverslips were applied and the slides sealed using 

molten paraffin wax as described previously. 

4. The glass rod, sample and sample tube were reweighed in 

order to determine the weight of sample transferred to the 

slides. 

For making estimates of absolute pollen frequencies in the sample 

it was necessary to know also the area of sample on each slide 

and the proportion of this which had been examined 

microscopically. 
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The initial slide preparations proved to be too dense to examine 

satisfactorily. As the sample tubes were too small to allow 

dilution of the sample simply by adding additional silicone oil, 

and transferal of the entire sample to a larger tube would have 

been difficult to accomplish, the samples were diluted as 

follows: 

1. The prepared sample was stirred thoroughly for at least 10 

minutes. 

2. A proportion was transferred to a second weighed sample tube 

and reweighed so that the amount transferred was known. 

3. Silicone oil was added to the second sample tube to dilute 

the sample, and the whole was reweighed. This provided the 

total weight of the diluted sample which was then used in 

slide preparation. 

C. Preparation of surface sediment pollen samples 

Moss polsters and other surface samples collected in the field 

area were prepared according to the technique outlined in Section 

A, with the modifications described below. 

Where samples comprised moss polsters or other bulky fibrous 

material they were first broken down by treatment in an Atcomix 

blending machine. To do this the whole sample was placed in the 

container, covered with distilled water and run at half speed for 

30 seconds. The sample was transferred to large (100 ml) 

centrifuge tubes and centrifuged for 3 minutes at 2500 r.p.m. 
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The supernatant was decanted and the residue was treated with 10% 

potassium hydroxide solution and heated to 1000C for 10 minutes. 

Subsequent procedure was as outlined in Section A from stage 5 

on. 

Smaller soil and surface mud samples were prepared as for stage 4 

on, with the addition of 10% potassium hydroxide solution to the 

sample, but omitting the addition of tablets. 

For a number of the surface samp 1 es it was necessary to inc 1 ude 

an oxidation treatment in the preparation procedure. This was 

done after stage 10 as in Section A. 

After treatment with the acetolysis mixture (stage 10) the .ample 

was washed with glacial acetic acid, stirred, centrifuged and the 

supernatant decanted. In a fume cupboard, 1 ml of concentrated 

hydrochloric acid was added to the sample, and stirred. Then 2 

drops of saturated sodium chlorate solution were added carefully, 

the sample was stirred gently until effervescense stopped. If 

effervescense was slight, more drops were added, to a maximum of 

6. After 45 seconds the sample was centrifuged, and supernatant 

decanted. The sample was then washed in distilled water and 

preparation continued as from stage 12. 

The Gunung Kerinci samples were prepared by D. Moser at the 

Australian National University, Canberra, following standard 

preparation techniques. Saffranin staining was also used in the 

preparation of these samples. 
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D. Preparation of reference pollen 

A large collection of reference pollen slides was available at 

Hull, however some plant material collected in the field was also 

prepared. Anthers were removed from other flower structures and 

prepared as in Section A, starting with the addition of 10% 

potassium hydroxide solution at stage 4, omitting the addition of 

tablets. The anthers were crushed well with the glass stirring 

rod and sieving (stage 5) was not normally necessary. 
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l\PPENDIX 3 

Calculation of absolute pollen frequencies and pollen influx 

A. By the addition of Lycopodium clavatum L. spores in tablet 
form. 

1. Pollen influx 

In order to calculate pollen influx it is necessary to know the 

number of pollen grains in each cm3 of sediment (a measure of 

pollen concentration), and the sediment accumulation rate. 

Pollen concentration is obtained using the following formula: 

Pollen concentration = No. of grains counted 
(grains cm-3 ) No. 'exotics' counted 

since the amount of sample processed was lcm3 • 

x Total no. of 
'exotics' added. 

In this case the 'exotics' are the added Lycopodium clavatum 

spores. 

Pollen influx is then calculated using the formula below 

Pollen inf!~x -1 = Pollen concen1ration x Sediment accumrlation 
(grains cm yr) (grains cm- ) rate (cm yr- ) 

2. Absolute pollen frequency as grains g-l 

To calculate absolute pollen frequency as grains g-l sediment, a 

value is first calculated for each sample which represents the 

dry weight of sediment which was actually examined 

microscopically. This value is obtained from the following 

formula: 

Weight of sample 
examined micro
scopically (g) 

= No. of 'exotics' CX>UIlted 
Total 00. of 'exotics' added 

x Dry weight of 
sediment processed (g) 

The concentration of naturally occurring grains is then 

calculated using the formula below: 
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Absolute pollen 
frequency 1 
(grains g- ) 

= No. of rains counted 
Weight of sample examined microscopically 9 

B. Using the weighing technique 

1. Pollen Influx 

Where the weighing technique is used, and lcm3 of sample is 

processed, pollen concentration as grains cm-3 is calculated 

from: 

Pollen concfntration = 
(grains cm- ) 

Pt x Wt x Percentage area of slides 
Ws counted 

~Jhere : 

Pt - Total pollen counted 

Ut = Total weight of sample after preparation (g) 

Ws = Total weight of prepared sample on the slides (g) 

Since the original sample prepared was too dense for satisfactory 

microscopic examination, a dilution had to be carried out in 

order to produce useable slides. The following modified formula 

was then used to calculate pollen concentration. 

Pollen concfntration 
(grains cm- ) 

Where: 

= A x Pt x Wt 
B x Wsd 

x Percentage area of slides 
counted 

A = Total weight of diluted sample (g) 

B = Weight of the prepared sample transferred prior to dilution 
(g) 

Hsd = Weight of diluted sample A on the slides (g) 

Pollen influx can then be calculated as: 
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Pollen inf1
2
ux = Pollen concentration x Sediment accum. rate 

(grains cm- yr-l ) (grains cm-J ) (cm yr -1) 

2 f -1 • Absolute pollen reguency as grains g • 

To calculate absolute pollen frequencies as grains g-l sediment, 

the initial dry weight of the sample prepared needs to be 

included in the formula. This becomes: 

Absolute pollen 1 = Pt x Wt x Percentage area of slides counted 
freq. (grains g-) Ws x Sw 

Where: 

Sw = Dry weight of initial sample (g) 

This formula was modified to allow for the dilution of the final 

sample, as shown below. 

Absolute pollen = 
frequency (grains g-l) 

A x Pt x Wt 
B x Wsd x Sw 
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C. Number of Lycopodium c1avatum spores added and counted in fossil pollen samples, and 
initial dry weight of sample prepared. 

1. Danau di Atas 

Depth Number of L.c1avatum spores added Number of L. c1avatum Dry weight of sample 
(m) and standard deviation (Ns / IN ) spores counted processed (g) 

0 25000 + 707 448 0.098 
0.55 25000 + 707 34 0.142 
1.10 25000 + 707 7 0.360 
1.60 50000 + 1000 37 0.237 
2.75 25000 + 707 56 0.126 
3.70 25000 + 707 245 0.099 
4.70 25000 + 707 77 0.125 
5.60 21700 + 283 70 0.136 
5.70 25000 + 707 139 0.300 -6.10 25000 + 707 225 0.154 

• 6.20 25000 + 707 80 0.261 Cl! • 6.60 21700 + 283 62 0.358 
7.10 25000 + 707 74 0.171 
7.60 21700 + 283 150 0.123 
8.10 25000 + 707 193 0.139 
8.60 21700 + 283 52 0.259 
9.10 25000 + 707 106 0.185 
9.60 21700 + 283 29 0.255 

10.20 25000 + 707 III 0.144 
10.70 21700 + 283 103 0.175 
11.20 25000 + 707 79 0.219 

21700 - 283 48 0.328 11.70 + 
12.20 25000 + 707 135 0.167 
12.60 21700 + 283 57 0.220 
13.10 25000 + 707 59 0.323 
13.60 21700 + 283 47 0.123 
14.10 25000 + 707 55 0.719 - 283 33 0.293 14.60 21700 + 
15.25 25000 + 707 116 0.238 -15.75 21700 + 283 24 0.653 
16.10 21700 + 283 38 0.337 -16.30 25000 + 707 193 0.117 



.,. 
CII 
CII 

2. Telago 

Depth Number of L. clavatum spores added Number of L. clavatum Dry weight of 
(m) and standard deviation (Ns In) spores counted sample processed (g) 

0 25000 + 707 744 0.828 
1.20 25000 + 707 58 0.267 -2.10 25000 + 707 45 0.209 
3.10 25000 + 707 7 0.396 
4.10 25000 + 707 40 0.208 -5.10 25000 + 707 39 0.492 
6.10 25000 + 707 35 0.546 
7.10 25000 + 707 46 0.644 
8.10 25000 + 707 60 0.635 
9.10 25000 + 707 41 0.543 

10.10 25000 + 707 70 0.709 

D. Weight details for samples prepared using the weighing technique. 

Danau di Atas 

Depth 
(m) 

2.20 
3.20 
4.20 
5.20 

Depth 
(m) 

2.20 
3.20 
4.20 
5.20 

Dry weight of sample 
processed (g) 

0.206 
0.170 
0.195 
0.217 

Total weight of 
diluted sample (g) 

1.926 
1.340 
1.062 
1.271 

Total sample weight 
after preparation (g) 

3.623 
3.389 
3.611 
3.940 

Weight of diluted sample 
on 4 slides (g) 

0.024 
0.042 
0.030 
0.044 

Weight of sample transferred 
prior to dilution (g) 

0.364 
0.489 
0.312 
0.314 

Area of slide examined 
microscopically (%) 

54.5 
60.0 
44.5 
50.0 



APPENDIX 4 

Photographs of selected pollen taxa 

Plate I 

1-3. Altingia comp. DDA 0.55 m. Diameter 261"m 

4. 

1 - Medium focus 2 - Intermediate focus 3 - High focus 

Linociera malabarica. Reference slide. 
Medium focus 

Lt 20j"\m 

5-6. Helicia comp. Telago 1.20 m. Lt 25f{m 
5 - High focus, oblique polar view 
oblique polar view 

6 - Medium focus, 

7-8. Helicia javanica sim. Telago 9.10 m. Lt 21~m 
7 - High focus, polar view 8 - Medium focus, polar view 

9-11 Randia comp. Telago 2.10 m. Lt l5~m 
9 - Intermediate focus, equatorial view 10 - Medium focus, 
equatorial view 11 - High focus, equatorial view 

12-15. Dodonaea Plot 20. Lt 24~m 

16-19. 

12 - High focus, equatorial view 13 - High focus, 
equatorial view 14 - Medium focus, equatorial view 
15 - Low focus, equatorial view 

Araliaceae comp. DDA 3.70 m. Lt 22rm 
16 - High focus, polar view 17 - Medium focus, polar view 
18 - Medium focus, equatorial view 19 - High focus, 
equatorial view 

20-22. Alangium sim. Plot 24. Lt 50rm 
20 - Intermediate focus, polar view 21 - High focus, 
polar view 22 - Medium focus, polar view 
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Plate 11 

1-2. Compositae type 3 (Tubuliflorae). G. Kerinci 2085 m. Lt 30~m 
1 - Medium focus, equatorial view 2 - High focus, 

3. 

equatorial view 

Compositae type 2 (Tubuliflorae). 
Medium focus, polar view 

Plot 6. Lt 16f'\m 

4-6. Compositae type 5 (Tubuliflorae). G. Kerinci 3010 m. Lt 25~m 
4 - Medium focus, equatorial view 5 - Intermediate focus, 
equatorial view 6 - High focus, equatorial view 

7-10. Compositae type 4 (Tubuliflorae). G. Kerinci 2395 m. Lt 30~m 
7 - Medium focus, equatorial view 8 - Low focus, 
equatorial view 9 - High focus, equatorial view 
10 - Medium focus, oblique 

11-13. Compositae type 6 (Tubuliflorae). Plot 5. Lt 26~ 
11 - Medium focus, polar view 12 - Intermediate focus, 
polar view 13 - High focus, polar view 

14-15. Compositae type 7 (Tubuliflorae). Plot 13. Lt 26~m 
14 - Medium focus, equatorial view 15 - High focus, 
equatorial view 

16-18. Hedyotis vestita. Reference slide. Lt 25~m 
16 - High focus, equatorial view 17 - Medium focus, 
equatorial view 18 - Low focus, equatorial view 

19-20. Oldenlandia uncinella. Reference slide. Lt 38~m 
19 - High focus, equatorial view 20 - Medium focus, 
equatorial view 

21-22. Lonicera. DDA 9.60 m. Lg 52~m 
21 - High focus, polar view 22 - Medium focus, polar view 

23-24. Gentiana. G. Kerinci 3175 m. Lt 40~m 
23 - High focus, equatorial view 24 - Medium focus, 
equatorial view 

25-27. Gentiana. G. Kerinci 3315 m. Lt 32~ 
25 - High focus, equatorial view 26 - Medium focus, 
equatorial view 27 - High focus, equatorial view 
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Plate III 

1-2. Schefflera comp.1. Telago 9.10 m. Lt 26""m 
1 - Medium focus, equatorial view 2 - Low focus, equatorial 
view 

3-4. Schefflera comp. 2. G. Kerinci 2700 m. Lt 24}tm 
3 - Medium focus, equatorial view 4 - High focus, 
equatorial view 

5-6. Schefflera comp. 3. G. Kerinci 2085 m. Lt 20~m 
5 - High focus, equatorial view 6 - Medium focus, 
equatorial view 

7. Gouania javanica. Reference slide. Lt 19"m 
Medium focus, polar view 

8-10. Indeterminate 18. DDA 4.70 m. Lt 27~m 
8 - High focus, equatorial view 9 - Medium focus, 
equatorial view 10 - Intermediate focus, equatorial view 

11-13. Indeterminate 79. Telago 9.10 m. Lg 23~m 
11 - High focus, polar view 12 - Medium focus, polar view 
13 - Intermediate focus, polar view 

14-15. Compositae type 1 (Tubuliflorae). DDA Om. Lg l~m 
14 - Medium focus, polar view 15 - High focus, polar view 

16-17. Elaeagnus comp. DDA 5.60 m. Lg 26~m 
17 - High focus, 16 - Medium focus, oblique polar view 

oblique polar view 

18-19. Viburnum comp. 1. DDA 1.10m. Lg 25~m 
18 - High focus, polar view 19 - Medium focus, polar view 

20-22. Utricularia. Plot 6. Lg 2~m 
20 - High focus, polar view 21 - Medium focus, polar view 
22 - Low focus, polar view 

23-25. Lycopodium comp. 
23 - High focus 

26-27. Humata pulchia. 
26 - Low focus 

DDA 8.10 m. 
24 - Medium focus 

30}4m 
25 - Low focus 

Reference slide. 
27 - High focus 

50~m 

28. Microsorium nigrescens. Reference slide 
Medium focus 
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APPENDIX 5 

Palynomorph types encountered, their level of identification, 
and possible source taxa 

The most likely sources are given for the palynomorph types. 
Where no sources are listed then the most probable source is 
considered to be the species, genus or family named in the 
determination. However possible sources are not suggested for 
the pteridophyte taxa. This is because the reference collection 
for this group lacked examples of many genera which can occur in 
Sumatra. 

Palynomorph ~ 

Dacrycarpus 

Dacrydium 
Pinus 
podocarpus 
Adinandra comp. 

possible sources 

This is referred to in some accounts as 
Podocarpus imbricatus and has D. imbricatus 
as its source 

Probably P. merkusii 
P.neriifolius, P. amarus 
Adinandra, Ternstroemia, possibly other 
Theaceae 

Alangium rotundifolium 
Altingia comp. Altingia excelsa is the most probable 

source of this, although some other taxa 
eg. some Caryophyllaceae may possess 
similar pollen 

Arenga 
Engelhardtia comp. 
Helicia comp. 

Helicia javanica sim. 

Ilex cymosa 
L'Ithocarpus/ 
Castanopsis comp. 
Longetia 
Macropanax comp. 
Mastixia comp. 
Oroxylon sim. 
PALMAE comp. 
polyosma comp. 
Pometia 
Quercus comp. 

Randia comp. 
Schima 
Shorea comp. 
Styrax 
symingtonia 
Symplocos comp. 
Vernonia arborea sim. 

Wendlandia comp. 

eg. !. serrata, !. spicata 
Some other Proteaceae may also have pollen 
of this type 
Other Helicia and Proteaceae may have 
simi lar pollen 

Many species of Lithocarpus and Castanopsis 
have pollen of this type 
eg. L. nitida, ~. malayana 
Other Araliaceae 
Other Cornaceae and Bignoniaceae 
Other Bignoniaceae 

Many species of Quercus have pollen of this 
type 
Comparable with R. cochinchinensis 

Other Dipterocarpaceae 
eg. Styrax paralleloneurum 
Probably Symingtonia populnea 
Matches many species of Symplocos 
Compositae, Tubuliflorae, comparable with 
V. arborea 
Wendlandia and possibly other Rubiaceae 
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Alangium sim. 
Antidesma camp. 
Ardisia camp. 

Celtis camp. 
Claoxylon camp. 

Claoxylon longifolium 
Daphniphyllum camp. 

Dillenia camp. 
Dodonaea 
Elaeocarpus camp. 

Evodia camp. 

Fagraea camp. 
Garcinia 
Ilex comp. 
LaSIanthus camp. 
LAURACEAE 
Linociera camp. 

Unlike A. rotundifolium 
Antidesma and probably some other genera 
Ardisia and other genera. Some Ardisia 
grains may be classed under 'tricolporate, 
psilate lO-12}-lm' and 'l2-lS..um' 

Probably Claoxylon but other Euphorbiaceae 
may also have pollen of this type 

As Q. gracile. Other genera may have 
pollen of this type 
eg. Dillenia excelsa, (D. exima) 

Elaeocarpus angustifolius, ~. paniculatus 
ha ve grains of this type as do some 
Saurauia spp. and other genera 
~. latifolia, other Evodia spp., other 
Rutaceae 

Prolate grains of Ilex 

Resembles L. microphylla, ~. axillaris, 
other pollen types such as Nauclea, Uncaria 
are not dissimilar 

Linociera malabrica 
Macaranga comp. 

small. 

sim. 

Macaranga camp. 
large. 

Mallotus comp. 

Medinilla camp. 

MELIACEAE/SAPOTACEAE 
camp. 

Memecylon camp. 

Myrsine camp. 
MYRTACEAE type I 

MYRTACEAE type 2 

MYRTACEAE type 3 

MYRTACEAE type 4 

MYRTACEAE type 5 

Small more or less psilate grains as found 
in ego M. tanarius, M. triloba 
Larger rl~m) scabrate grains as found in 
ego M. javanica, ~. denticulata 
eg. M. paniculatus. Similar pollen is 
found in some Macaranga spp. 
Matches well with Medinilla but may include 
other Melastomataceae 
Pollen type with characteristics of these 
families 
Memecylon, edinilla, possibly other 
Melastomataceae 
M. affinis is identical 
Less than 14~m, apocolpium present. Most 
like Eugenia, Syzygium. Tristania, 
Callistemon and Melaleuca also have 
comparable pollen 
Less than l4~m, apocolpium slitlike. As in 
Syzygium, but type found also in Melaleuca 
and Leptospermum 
Less than l4km, no apocolpium. 
Occasionally grains of Myrtaceae occur in 
this form 
14-20~m, apocolpium present. As in 
Eugenia, Syzygium, Decaspermum. Also found 
in Melaleuca and Rhodamnia 
14-20.£.1 m, apocolpium sI itl ike. As in 
Melaleuca 
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MYRTACEAE type 6 Larger than 20~m, distinct apocolpium. As 
in Eugenia and Melaleuca 

Neonauclea comp. Neonauclea and others eg Uncaria, Nauclea 
Picrasma javanica sim. 
polyalthia sim. 
SANTALACEAE comp. Like Santalum 
Symplocos sessilifolia sim. 
Tarenna fragrans 
Trema camp. 
Weinmannia comp. 
ARALIACEAE comp. 

Psychotria comp. 
Zanthoxylum camp. 

Daphne comp. 
Elaeagnus comp. 
LORANTHACEAE 
Schefflera aromatica 
Schefflera comp. 1) 
Schefflera comp. 2) 
Schefflera comp. 3) 
Strobilanthes 
croton comp. 
ACANTHACEAE comp. 
Begonia comp. 

GESNERIACEAE comp. 
Eurya comp. 

Glochidion comp. 
Melastoma comp. 

Myrica comp. 

Rhododendron comp. 

Vaccinium comp. 
Viburnum comp. 1 

Viburnum comp. 2 

RHAMNACEAE comp. 
Gouania comp. 
Gendarussa comp. 

Lonicera 
Rubus comp. 
Acalypha comp. 

Like W. blumei 
No definite match was found for this pollen 
type, but its characteristics suggest 
Araliaceae 
Possibly also other Rubiaceae 
Possibly!. myriacanthum, but other 
Rutaceae possible 
Compares well with Daphne and Drapetes 
Comparable with E. latifolia 

sim. 
Resemble various Schefflera sp. in the 
reference collection for which no specific 
name is available 

Croton, and possibly other Euphorbiaceae 

Begonia but possibly other taxa have pollen 
of this type 

Eurya and possibly other Theaceae. Some 
grains of this type may be inc luded in 
'tricolporate psi late lO-l2J(m' & '12-15~m' 
Most likely Glochidion sp. 
Melastoma, other Melastomataceae eg. 
Astromia, Pternandra, Combretaceae eg. 
Terminalia 
Might possibly include some grains of 
Casuarina 
Includes Rhododendron, Gaultheria and some 
Vaccinium 
Principally Vaccinium 
Similar to some Viburnum pollen although no 
definite match was found. 
Viburnum and Ligustrum (Oleaceae) have 
pollen of this type 
Also some Sapindaceae 
Possibly other Rhamnaceae 
Also referred to as Justicia comp. in some 
accounts. May include other Acanthaceae 
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MELASTOMATACEAE comp. ego Melastoma, Osbeckia, Sarcopyramis, 
other Melastomataceae and possibly 

Polygala comp. 
AMARANTHACEAE comp. 
Boea sim. 
COMPOSITAE type 1 

(TUBULIFLORAE) 

COMPOSITAE type 2 
(TUBULIFLORAE) 

COMPOSITAE type 3 
(TUBULIFLORAE) 

COMPOSITAE type 4 
(TUBULIFLORAE) 

COMPOSITAE type 5 
(TUBULIFLORAE) 

COMPOSITAE type 6 
(TUBULIFLORAE) 

COMPOSITAE type 7 
(TUBULIFLORAE) 

COMPOSITAE 
(LIGULIFLORAE) 

Crotalaria comp. 
Hedyotis comp. 
Hedyotis vestita sim. 
Impatiens 
Oldenlandia uncinella 
Drymaria comp. 

Galium comp. 

Gentiana 
LILIACEAE comp. 
LILIACEAE/PALMAE comp. 
Plantago major 
UMBELLIFERAE comp. 1 

UMBELLIFERAE comp. 2 
CYPERACEAE 
GRAMINEAE 
Hydrocotyle comp. 

Laurembergia comp. 
Nepenthes comp. 
MONOCOTYLEDON 

undifferentiated 
Burmannia 
Eriocaulon 
Utricularia 
Xyris 

Combretaceae 
Other Polygalaceae 

Boea and other Gesneriaceae 
All Compositae have similarities with a 
number of reference pollens. This is 
similar to Erigeron 
Not unlike Ageratum conyzoides, Eupatorium 
inulifolium, Senecio sonchifolius, 
Anaphalis longifolia 
Like some spp. of Blumea, but other 
Compositae also possible 
Not unlike some Blumea, but other 
Compositae also possible 
Similar to Spilanthes acmella but other 
Compositae also possible 
Like Crassocephalum but other Cornpositae 
also possible 
Like Bidens but other Compositae also 
possible 

As Hedyotis macrostegia 

sim. 
Other Caryophyllaceae may have similar 
pollen 
Other Rubiaceae may possess pollen of this 
type 

A small pollen grain (19 x lll\m) of umbell 
type 
Larger grain not unlike Trachymene 

Like Hydrocotyle, but other Umbelliferae 
may be similar 
Laurembergia and other Haloragidaceae 

As in g. vulgaris, U. exoleta 

Pandanus 
Tricolporate, 

lO-l2}-tm 
psilate Some possibilities are Elaeocarpus grandis, 

Ardisia, Saurauia, Eurya and others 
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Tricolporate, psilate Some possibilities are Elaeocarpus 
12-15~m spaeroca~pus, Saurauia, Maesa, Aglaia" 

Flacourt~aceae and Eurya 
Alnus 
MENISPERMACEAE comp. 
URTICACEAE/MORACEAE 

2-porate 
URTICACEAE/MORACEAE 

3-porate 
URTICACEAE/MORACEAE 

4-porate 
Indeterminate 18 
Indeterminate 79 
potamogeton 
Typha comp. 
Athyrium comp. 
Lindsaya sim. 
Microlepia sim. 
Microsorium comp. 

Typha, Sparganium 

Selaginella caulescens sim. 
Selaginella planata comp. 
Selaginella semicaudata sim. 
Selaginella comp. 
Asplenium comp. small 
Asplenium comp. large 
Blechnum comp. 
crypsinus comp. 
Cyathea comp. psi late 
Cyathea comp. verrucate 
cyathea comp. striate 
Cyathea comp. irregular striate 
Davallia sim. 
Humata sim. 
Hymenophyllum comp. 
DENNS'l'AEDTIACEAE comp. 
Filices undifferentiated Includes many monolete spores in which 

the exosporium is missing 
Filices undifferentiated 
areolate Various sources 
Lycopodium cernuum 
Lycopodium clavatum comp. 
Lycopodium phlegmaria comp. 
Lycopodium comp. 
Unclassified spores Various sources 
Dicranopteris comp. 
Gleichenia comp. 
Lygodium 
Nephrolepis comp. 
Ophioglossum comp. 
Pteridium 
Pteris comp. psilate 
Pteris comp. verrucate 
Pyrrosia sim. 
Sphenomeris comp. 
Cyclosorus comp. 1 
Cyclosorus comp. 2 
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APPENDIX 6 

Details of pollen counts and allocation of taxa to categories 
for summary diagrams 

Actual pollen counts for all samples studied are listed in the 
following tables. For convenience each pollen or spore type has 
been given a code number, as listed below. 

1 Dacrycarpus 
2 Dacrydium 
3 Pinus 
4 Podocarpus 
5 Adinandra comp. 
6 Alangium rotundifo1ium 
7 Altingia comp. 
8 Arenga 
9 Enge1hardtia comp. 
10 Helicia comp. 
11 Helicia javanica sim. 
12 I1ex cymosa 
13 Lithocarpus/Castanopsis comp. 
14 Longetia 
15 Macropanax comp. 
16 Mastixia comp. 
17 oroxylon sim. 
18 Palmae comp. 
19 Polyasma comp. 

20 Pometia 
21 Quercus comp. 
22 Randia comp. 
23 schima 
24 Sharea camp. 
25 styrax 
26 symingtonia 
27 Symp1ocos camp. 
2B Vernonia arbarea sim. 
29 Wend1andia comp. 
30 Alangium sim. 
31 Antidesma comp. 
32 Ardisia comp. 
33 Celtis camp. 
34 Claoxylon comp. 
35 C1aoxylon longifolium 
36 Daphniphy11um camp. 
37 Dil1enia camp. 
38 Dodonaea 
39 E1aeocarpus comp. 
40 Evodia camp. 
41 Fagraea comp. 
42 Garcinia 
43 I1ex comp. 
44 Lasianthus camp. 
45 Lauraceae 
46 Linociera comp. 

464 

47 Linociera ma1abarica sim. 
48 Macaranga comp. small 
49 Macaranga camp. large 
50 Mal10tus comp. 
51 Medini11a comp. 
52 Meliaceae/Sapotaceae comp. 
53 Memecy10n comp. 
54 Myrsine camp. 
55 Myrtaceae type 1 
56 Myrtaceae type 2 
57 Myrtaceae type 3 
58 Myrtaceae type 4 
59 Myrtaceae type 5 
60 Myrtaceae type 6 
61 Neonauclea comp. 
62 Picrasma javanica sim. 
63 Polyalthia sim. 
64 Santalaceae comp. 
65 Symplocos sessi1ifo1ia 

sim. 
66 Tarenna fragrans 
67 Trema comp. 
68 Weinmannia comp. 
69 Ara1iaceae comp. 
70 Psychotria camp. 
71 Zanthoxylum comp. 
72 Daphne camp. 
73 Elaeagnus comp. 
74 Loranthaceae 
75 Schefflera aromatica sim. 
76 Schefflera comp. 1 
77 Schefflera comp. 2 
78 Schefflera comp. 3 
79 Strobi1anthes 
80 Croton comp. 
81 Acanthaceae comp. 
82 Begonia comp. 
83 Gesneriaceae comp. 
84 Eurya camp. 
85 Glochidion comp. 
86 Me1astoma comp. 
87 Myrica comp. 
88 Rhadodendron comp. 
89 Vaccinium comp. 
90 Viburnum comp. 1 
91 Viburnum comp. 2 
92 Rhamnaceae comp. 



93 Gouania comp. 
94 Gendarussa comp. 
95 Lonicera 
96 Rubus comp. 
97 Acalypha comp. 
98 Melastomataceae comp. 
99 Polygala comp. 
100 ~naranthaceae comp. 
101 Boea sim. 
102 Compositae type 1 

(Tubuliflorae) 
103 Compositae type 2 

(Tubuliflorae) 
104 Compositae type 3 

(Tubuliflorae) 
105 Compositae type 4 

(Tubuliflorae) 
106 Compositae type 5 

(Tubuliflorae) 
107 Compositae type 6 

(Tubuliflorae) 
108 Compositae type 7 

(Tubuliflorae) 
109 Compositae (Liguliflorae) 
110 Crotalaria comp. 
III Hedyotis comp. 
112 Hedyotis vestita sim. 
113 Impatiens 
114 Oldenlandia uncine11a sim. 
115 Drymaria comp. 
116 Galium comp. 
117 Gentiana 
118 Liliaceae comp. 
119 Liliaceae/Palmae comp. 
120 Plantago major 
121 Umbe11iferae comp. 1 
122 Umbe11iferae comp. 2 
123 Cyperaceae 
124 Gramineae 
125 Hydrocotyle comp. 
126 Laurembergia comp. 
127 Nepenthes comp. 
128 Monocotyledon 

undifferentiated 
129 Burmannia 
130 Eriocaulon 
131 Utricularia 
132 Xyris 
133 Pandanus 
134 Tricolporate, psilate, 

10-12 m 
135 Trico1porate, psilate 

12-15 m 
136 A1nus 
137 Menispermaceae comp. 

138 Urticaceae/Moraceae 
2-porate 

139 Urticaceae/Moraceae 
3-porate 

140 Urticaceae/Moraceae 
4-porate 

141 Indeterminate 18 
142 Indeterminate 79 
143 Potamogeton 
144 Typha comp. 
145 Unidentified pollen 
146 Athyrium comp. 
147 Lindsaya sim. 
148 Micro1epia sim. 
149 Microsorium comp. 
150 Selaginella caulescens 

sim. 
151 Selagine11a planata comp. 
152 Selaginella semicaudata 

sim. 
153 Se1aginel1a comp. 
154 Asplenium comp. small 
155 Asplenium comp. large 
156 B1echnum comp. 
157 Crypsinus comp. 
158 Cyathea comp. psi1ate 
159 Cyathea comp. verrucate 
160 Cyathea comp. striate 
161 Cyathea comp. irregular 

striate 
162 Davallia sim. 
163 Humata sim. 
164 Hymenophyllum comp. 
165 Dennstaedtiaceae comp. 
166 Filices undifferentiated 
167 Filices undifferentiated 

areolate 
168 Lycopodium cernuum 
169 L. clavatum comp. 
170 L. phlegmaria comp. 
171 L. comp. 
172 Unclassified spores 
173 Dicranopteris comp. 
174 Gleichenia comp. 
175 Lygodium 
176 Nephrolepis comp. 
177 Ophiog1ossum comp. 
178 pteridium 
179 Pteris comp. psilate 
180 Pteris comp. verrucate 
181 Pyrrosia sim. 
182 Sphenomeris comp. 
183 Cyclosorus comp. 1 
184 Cyclosorus comp. 2 
185 Corroded/degraded/crumpled 

/obscurred grains 
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APPENDIX 6A 

Modern pollen rain, Danau di Atas area : actual pollen counts 

Plot 1 2 3 4 5 6 7 8 9 12 13 14 18 19 21 

1 8 1 33 39 

2 1 6 3 1 88 17 68 

3 1 4 1 1 70 8 

4 2 1 8 2 3 1 65 67 

5 1 3 8 9 

6 1 1 1 3 8 10 

7 1 1 3 1 5 5 12 1 18 

8 1 2 1 2 9 9 

9 1 1 1 2 5 7 20 

10 5 1 5 16 

11 1 1 1 4 3 15 23 

12 1 1 2 1 9 6 

13 2 6 4 8 16 

16 3 3 1 11 1 18 

17 1 2 2 

18 3 1 1 9 1 12 

19 1 1 1 18 3 3 12 1 27 

20 1 1 1 1 1 37 3 39 13 

24 3 1 1 3 5 24 96 
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Plot 22 23 25 26 27 28 29 30 31 32 33 34 38 39 40 

1 1 3 1 1 2 

2 1 4 5 

3 14 1 1 7 5 

4 1 1 3 1 2 15 

5 1 2 

6 2 4 1 

7 1 1 2 

8 1 1 1 1 1 

9 4 

10 1 1 2 

11 2 1 2 1 

12 2 2 1 2 

13 1 1 1 6 2 

16 1 3 1 

17 3 

18 1 3 

19 4 4 4 2 

20 1 2 38 53 9 

24 2 1 2 2 3 1 1 2 82 
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Plot 42 43 45 46 48 49 50 51 52 53 54 55 56 57 

1 2 134 4 1 4 13 2 

2 1 11 1 4 1 1 1 5 5 2 

3 2 18 1 6 2 34 3 34 2 

4 2 1 8 4 1 3 1 12 1 

5 3 2 

6 2 1 1 1 1 

7 1 2 2 4 17 

8 8 3 3 6 

9 7 3 2 1 5 1 

10 1 1 1 1 

11 5 3 1 1 5 

12 3 3 1 2 

13 1 14 1 1 2 4 1 

16 2 2 1 4 

17 1 1 

18 5 2 2 

19 2 1 1 2 1 3 

20 8 1 1 12 

24 2 4 13 4 6 

468 



Plot 58 59 63 66 67 69 70 71 73 74 75 77 79 83 

1 , 7 24 1 2 

2 2 1 1 

3 8 2 2 

4 4 1 1 

5 2 

6 1 2 

7 3 1 1 

8 1 

9 2 5 

10 1 

11 6 3 

12 

13 7 

16 

17 

18 3 1 1 

19 1 

20 10 2 1 1 2 

24 1 1 3 1 
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Plot 85 86 87 88 89 91 92 93 94 96 97 98 99 100 101 

1 1 

2 1 1 2 2 

3 1 17 2 1 

4 2 2 3 1 1 

5 1 2 

6 1 

7 1 2 4 1 2 1 

8 I 2 1 

9 I 2 

10 1 1 1 1 

11 1 2 1 1 

12 1 1 

13 4 

16 1 3 1 4 

17 
3 

18 1 1 6 1 

19 7 2 2 1 2 

20 1 1 8 4 3 

24 1 1 
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Plot 102 103 107 108 109 113 115 118 120 123 124 125 126 128 129 

1 2 3 1 

2 2 5 1 1 1 

3 7 1 

4 6 14 1 

5 4 1 85 158 1 

6 3 80 130 3 1 

7 1 1 42 143 1 

8 5 1 71 81 2 

9 6 95 101 1 15 2 

10 7 71 156 4 

11 6 94 70 1 1 

12 9 1 121 114 2 3 

13 3 5 2 69 69 

16 21 25 13 1 1 31 12 1 

17 85 68 2 9 5 

18 22 6 2 43 65 

19 5 9 16 

20 3 2 2 

24 6 1 3 2 
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Plot 130 131 132 133 134 135 137 138 139 140 141 145 147 148 

1 1 7 1 4 

2 8 11 4 1 2 18 13 3 

3 9 12 5 1 1 14 

4 1 15 2 1 1 7 33 

5 2 1 1 2 3 3 4 5 

6 3 3 9 2 1 12 6 1 5 2 

7 2 1 3 3 3 3 1 8 

8 4 2 2 1 2 6 7 8 5 

9 1 6 3 3 1 6 

10 1 13 1 3 5 2 3 7 

11 2 6 5 4 6 3 18 

12 1 4 2 5 1 3 5 5 

13 13 1 3 4 7 24 11 9 

16 1 4 1 7 5 

17 4 3 1 10 

18 2 2 13 2 21 7 

19 6 1 1 4 1 22 

20 11 8 10 16 8 9 5 

24 17 4 1 4 9 
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Plot 149 151 154 155 157 158 159 160 161 162 163 164 165 166 

1 1 1 2 10 3 11 

2 3 5 9 21 1 13 

3 2 13 7 1 6 1 8 1 19 

4 4 1 7 23 4 4 7 

5 2 1 1 15 

6 1 2 25 

7 1 1 3 1 36 

8 1 2 3 2 1 75 

9 9 1 1 2 2 43 

10 1 71 

11 5 6 2 4 1 82 

12 1 3 2 1 2 67 

13 3 1 135 

16 1 6 3 99 

17 1 1 1 82 

18 1 2 3 238 

19 35 1 6 1 11 1 210 

20 2 10 9 3 2 18 33 

24 4 8 3 4' 51 
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Total 
Pollen 

& 
Plot 167 168 169 170 172 173 174 175 176 178 180 182 183 185 Spores 

---- .. --

1 1 1 2 4 3 4 3 349 

2 2 2 4 2 4 5 377 

3 1 2 1 7 3 4 2 3 380 

4 1 4 2 2 1 3 1 6 372 

5 85 13 3 4 1 1 1 431 

6 18 7 4 11 3 373 

7 17 2 2 7 1 4 3 1 384 

8 171 4 17 1 1 2 531 

9 323 9 1 12 1 6 4 2 1 726 

10 127 11 25 1 4 3 4 560 

11 69 7 24 23 1 4 4 1 2 535 

12 137 19 32 3 1 7 1 1 10 601 

13 11 12 76 4 9 553 

16 2 2 26 15 160 5 502 

17 5 15 69 8 3 385 

18 5 1 2 125 8 11 634 

19 4 27 1 82 270 199 1 17 34 1071 

20 3 11 25 8 13 466 

24 2 2 5 1 16 409 
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APPENDIX 6B 

Modern pollen rain, Kerinci: actual pollen counts 

Sample 1 2 3 5 7 9 12 13 15 16 20 21 22 23 26 

3315 5 1 9 17 4 21 2 
3175 1 1 3 1 3 9 
3070 1 1 1 6 2 
3010 1 3 1 1 7 
2855 2 1 3 
2700 1 1 6 5 7 
2545 1 215 5 2 1 
2395 127 15 15 1 15 
2240 1 14 28 14 17 5 63 
2085 6 5 13 1 27 2 25 26 34 

~ 1935 12 12 28 25 1 94 ~ 
UI 

27 32 33 34 36 39 40 41 43 46 48 49 52 53 54 

3315 25 3 62 
3175 43 19 38 
3070 2 1 31 
3010 20 12 1 76 
2855 119 1 4 196 
2700 34 2 12 1 120 
2545 1 1 1 7 2 2 
2395 2 3 4 3 
2240 1 1 125 11 1 3 
2085 20 1 3 10 1 3 
1935 3 1 4 9 6 15 2 



55 57 58 59 62 65 66 67 69 70 73 74 77 78 79 

3315 1 18 1 1 
3175 8 1 
3070 2 
3010 1 7 
2855 1 3 14 4 
2700 3 1 35 7 3 9 
2545 1 1 2 
2395 18 2 3 1 27 
2240 13 10 1 
2085 42 1 6 1 8 13 1 4 1 
1935 10 1 4 1 8 7 2 1 

~ 85 86 87 88 89 94 97 102 103 104 105 106 112 113 117 ..., 
g) 

3315 45 33 14 1 5 1 1 
3175 III 35 1 2 1 2 
3070 414 5 
3010 183 15 3 5 
2855 19 1 1 1 
2700 1 9 1 1 4 
2545 1 2 10 
2395 1 15 1 1 1 5 
2240 3 
2085 3 2 1 1 4 1 3 
1935 1 1 3 



123 124 134 135 138 139 145 147 149 151 152 153 154 155 157 

3315 25 1 7 4 14 1 3 
3175 6 51 12 2 
3070 2 2 
3010 7 1 11 
2855 2 1 1 1 7 
2700 1 1 26 1 2 22 1 1 2 
2545 6 77 3 14 1 
2395 3 1 10 1 33 1 1 
2240 1 10 19 9 22 
2085 1 1 5 12 4 17 35 1 
1935 2 1 11 19 1 1 34 1 10 

~ 158 159 160 162 163 165 166 ...., ...., 167 168 169 170 172 173 174 176 

3315 7 2 15 1 1 1 25 6 
3175 4 1 3 10 3 
3070 2 2 
3010 2 3 3 26 2 
2855 1 2 3 1 1 11 
2700 8 32 3 3 25 120 
2545 2 1 3 2 39 
2395 3 27 5 11 42 48 
2240 3 28 1 40 39 2 25 
2085 6 2 49 159 6 
1935 1 2 9 17 



~ ..... 
CD 

3315 
3175 
3070 
3010 
2855 
2700 
2545 
2395 
2240 
2085 
1935 

17B 

1 

IBO 182 183 

4 2 

2 

1 
1 4 
1 1 

3 
1 

185 Total Pollen 
and Spores 

11 400 
4 375 
1 477 
7 398 

401 
4 515 
2 406 
7 457 
3 515 
8 57~ 

9 370 



APPENDIX 6C Danau di Atas: actual pollen counts 

Depth (m) 1 2 3 4 5 7 8 9 12 13 14 16 17 18 

0 1 1 2 2 4 1 
0.55 12 3 5 1 48 
1.10 2 6 16 7 9 31 
1.60 1 15 43 61 
2.20 13 3 11 19 1 
2.75 2 17 2 3 28 
3.20 1 1 1 26 
3.70 1 1 5 1 1 19 1 
4.20 1 1 1 8 
4.70 5 1 3 7 4 4 54 
5.20 1 1 4 
5.60 9 3 3 3 29 
5.70 2 9 2 8 5 1 32 
6.10 6 2 13 2 1 34 
6.20 22 17 2 2 4 3 32 

~ 6.60 68 53 3 4 2 21 
..... 7.10 33 15 6 1 3 1 27 co 

7.60 41 24 1 7 1 5 2 3 28 
8.10 36 15 1 1 1 1 3 19 4 
8.60 37 38 1 3 2 3 6 18 
9.10 57 31 4 2 2 2 5 17 
9.60 35 37 2 3 1 2 3 18 

10.20 14 43 6 2 2 16 
10.70 40 25 8 2 1 4 22 
11.20 35 16 2 1 2 2 3 23 
11.70 27 31 6 4 4 1 13 
12.20 !15 5 3 1 3 31 

I 27 12.60 41 30 4 3 2 1 
13.10 25 33 4 1 4 29 
13.60 7 20 1 4 1 44 
14.10 11~ 25 2 3 35 
14.60 32 2 2 2 39 1 
15.25 I 2 10 2 4 4 37 3 
15.75 \ 5 31 4 1 4 1 34 
16.10 \12 36 8 1 4 1 24 
16.30 :21 , 15 2 1 3 6 28 

l 



19 21 22 23 24 26 27 28 29 31 32 33 34 36 

0 6 1 1 
0.55 16 2 2 1 1 1 
1.10 27 1 1 1 5 
1.60 24 5 1 2 4 
2.20 34 5 1 
2.75 17 1 9 4 1 3 1 1 1 
3.20 12 5 
3.70 21 1 1 
4.20 2 
4.70 27 2 
5.20 3 1 
5.60 28 5 1 2 4 
5.70 33 6 2 2 5 1 
6.10 22 4 1 1 
6.20 19 14 4 1 3 

~ 6.60 21 6 1 3 Cl 
0 7.10 23 3 1 2 1 

7.60 22 2 1 1 
8.10 11 6 
8.60 20 2 1 
9.10 12 3 
9.60 18 5 2 2 1 1 

10.20 1 11 4 1 2 
10.70 17 6 1 
11.20 1 11 4 3 
11.70 17 3 1 
12.20 9 1 1 4 2 1 
12.60 19 3 1 
13.10 16 6 1 1 
13.60 27 1 7 
14.10 24 1 6 1 1 
14.60 1 34 7 1 
15.25 30 3 3 
15.75 38 1 3 
16.10 25 1 3 1 1 
16.30 15 1 2 2 



37 39 40 41 43 44 46 48 49 50 51 52 53 54 

0 2 
0.55 3 1 4 3 14 4 
1.10 6 2 18 6 24 1 3 
1.60 4 4 5 1 11 15 1 
2.20 13 1 2 2 1 2 1 
2.75 12 5 3 6 1 13 5 
3.20 3 1 8 
3.70 2 17 3 4 
4.20 1 2 
4.70 11 6 2 1 7 1 31 
5.20 2 
5.60 1 5 4 1 4 1 6 
5.70 10 3 1 1 7 1 19 
6.10 5 15 1 17 10 
6.20 14 1 6 2 2 7 5 
6.60 1 2 1 2 3 13 

~ 
7.10 6 8 2 2 2 12 7 

Q) 7.60 2 9 1 1 1 3 1 4 10 - 8.10 12 6 5 10 
8.60 2 1 5 5 6 2 
9.10 11 5 1 1 6 12 
9.60 7 6 1 1 7 14 

10.20 7 10 1 14 33 
10.70 4 11 1 1 20 30 
11.20 7 2 6 1 1 11 3 17 
11.70 10 5 1 15 7 
12.20 15 11 1 10 21 
12.60 3 1 2 5 16 
13.10 8 5 2 1 5 20 
13.60 6 3 6 
14.10 9 4 1 3 2 19 
14.60 7 2 5 3 
15.25 12 1 3 1 5 5 
15.75 3 4 1 1 6 
16.10 2 7 1 4 5 
16.30 1 6 4 6 . 1 2 5 10 



55 56 57 58 60 62 63 64 65 66 67 69 70 71 

0 3 
0.55 61 2 29 2 1 4 
1.10 49 1 19 1 2 
1.60 21 4 1 5 6 
2.20 6 1 
2.75 III 8 2 
3.20 151 1 
3.70 2 4 4 4 12 
4.20 6 1 1 
4.70 44 6 6 1 
5.20 1 
5.60 39 7 16 12 2 
5.70 7 6 3 24 2 1 
6.10 51 23 10 1 2 9 
6.20 10 43 19 2 2 

~ 6.60 4 21 2 1 3 
co 7.10 40 IB 2 1 3 1 
N 

7.60 25 IB 2 1 3 1 1 
B.10 12 45 2 2 2 5 
B.60 14 15 1 1 
9.10 17 37 1 1 6 
9.60 13 19 2 2 

10.20 27 25 2 10 1 
10.70 14 10 1 1 
11.20 12 25 2 1 3 
11.70 1B 23 3 1 2 
12.20 16 37 5 1 5 
12.60 9 B 1 1 2 1 
13.10 15 24 2 7 
13.60 22 15 1 1 1 
14.10 14 19 2 3 5 1 
14.60 9 15 2 3 1 4 7 1 
15.25 19 35 2 2 1 
15.75 10 B 5 
16.10 7 24 2 2 1 
16.30 21 34 10 4 1 



72 73 74 75 77 79 80 81 83 84 85 86 87 88 89 

0 , 1 1 1 
0.55 I 1 5 3 4 1 1 I 

1.10 
! 

2 4 1 1 2 i 1 
I 

1.60 I 1 3 5 4 1 
2.20 

\ 
2 2 2 2 1 

2.75 I 1 12 1 3 
3.20 I 2 
3.70 1 3 14 
4.20 
4.70 2 7 1 8 
5.20 
5.60 1 2 1 3 3 
5.70 1 5 14 
6.10 1 10 7 
6.20 6 1 9 
6.60 1 10 1 2 

~ 7.10 1 1 7 7 
(X) 
(0) 7.60 2 2 16 

8.10 1 2 1 1 1 23 
8.60 1 2 1 2 2 3 1 1 10 
9.10 8 8 
9.60 1 1 2 5 2 8 

10.20 5 1 19 
10.70 1 1 1 5 16 
11.20 1 3 1 14 
11.70 1 7 1 1 8 
12.20 1 4 1 7 7 
12.60 2 1 2 1 2 1 3 
13.10 1 1 1 2 1 1 1 9 
13.60 1 2 6 
14.10 4 3 1 9 
14.60 2 4 3 
15.25 1 1 3 6 
15.75 2 1 12 
16.10 1 1 1 4 
16.30 1 1 11 7 



I 90 91 92 94 95 97 98 101 102 107 110 III 112 113 . 
0 \ 3 
0.55 I 

I 

1.10 
, 

1 
1.60 I 1 1 1 
2.20 3 
2.75 
3.20 1 
3.70 2 2 
4.20 1 
4.70 
5.20 
5.60 1 3 6 3 1 
5.70 3 1 
6.10 1 3 
6.20 1 

~ 6.60 
Q) 

7.10 1 ~ 

7.60 1 
8.10 1 1 
8.60 1 1 3 2 2 
9.10 
9.60 1 1 

10.20 1 
10.70 
11.20 1 
11.70 2 1 
12.20 4 
12.60 2 1 2 
13.10 1 
13.60 3 1 
14.10 1 
14.60 1 
15.25 1 1 1 
15.75 
16.10 2 
16.30 



1114 116 117 118 119 121 123 
! 

124 125 126 127 128 130 132 133 , 
0 59 192 1 1 8 
0.55 16 10 
1.10 21 5 1 
1.60 15 1 1 
2.20 67 11 3 
2.75 1 8 
3.20 57 10 12 
3.70 4 173 3 
4.20 23 3 1 
4.70 2 5 7 
5.20 5 1 1 
5.60 51 28 7 
5.70 9 4 4 
6.10 1 6 4 1 
6.20 8 3 1 
6.60 14 31 1 

A 7.10 1 19 4 
Cl 7.60 21 7 2 UI 

8.10 10 15 
8.60 2 1 36 17 6 2 2 
9.10 11 8 1 2 1 
9.60 1 31 19 2 

10.20 1 9 6 1 
10.70 32 17 4 5 
11.20 11 26 2 
11.70 1 32 16 4 
12.20 2 15 21 9 
12.60 1 44 24 1 4 
13.10 21 24 4 
13.60 52 41 2 
14.10 1 18 16 7 
14.60 39 21 1 5 2 
15.25 17 28 4 8 1 
15.75 50 30 2 
16.10 1 65- 18 6 
16.30 7 16 5 



134 135 137 138 139 140 141 143 144 145 146 149 150 151 

0 3 1 4 1 1 9 
0.55 7 13 4 4 20 1 
1.10 8 14 1 1 1 18 
1.60 4 18 1 3 31 
2.20 11 3 4 3 
2.75 15 7 4 20 
3.20 1 2 3 5 
3.70 2 1 2 
4.20 1 1 3 1 
4.70 18 17 2 2 10 12 
5.20 1 1 
5.60 6 12 1 1 2 8 
5.70 23 11 1 9 23 
6.10 12 7 2 1 8 1 10 
6.20 14 7 3 5 6 1 21 
6.60 4 15 2 13 183 2 13 

~ 7.10 18 10 1 3 3 2 2 2 13 
Q) 7.60 2 11 2 20 8 26 6 
Q 

8.10 15 11 10 1 3 18 1 
8.60 5 9 2 9 3 8 5 2 
9.10 18 5 1 6 7 14 
9.60 8 11 4 4 1 1 5 4 12 

10.20 14 8 6 1 15 1 
10.70 1 6 3 2 19 1 2 
11.20 23 5 2 3 1 18 
11.70 11 6 2 3 1 21 3 12 3 
12.20 18 12 1 3 1 2 2 17 
12.60 1 12 1 2 1 7 1 24 1 
13.10 17 9 1 19 
13.60 7 10 2 2 10 1 
14.10 12 24 1 1 21 
14.60 10 14 4 31 
15.25 13 11 3 21 
15.75 5 18 4 22 4 
16.10 21 1 1 5 17 7 
16.30 14 6 5 12 5 3 9 



1 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 

0 

1 
3 

0.55 3 1 12 4 5 90 
1.10 3 1 10 102 
1.60 1 12 2 9 98 I 
2.20 I 4 45 
2.75 1 2 12 
3.20 1 ·7 10 
3.70 4 
4.20 3 
4.70 
5.20 1 2 
5.60 3 1 6 6 7 102 
5.70 1 1 5 
6.10 
6.20 1 
6.60 1 1 1 28 

~ 7.10 1 7 
Q) 

7.60 2 2 2 7 1 78 ..., 
S.10 3 5 31 
8.60 2 4 6 2 66 
9.10 1 5 10 
9.60 3 6 4 88 

10.20 1 1 2 2 7 13 
10.70 1 7 1 58 
11.20 2 1 2 
11.70 6 1 1 106 
12.20 2 
12.60 12 4 1 1 107 
13.10 1 3 1 147 
13.60 1 6 1 2 3 120 
14.10 1 13 8 232 
14.60 1 5 10 2 66 
15.25 4 
15.75 7 1 2 1 3 99 
16.10 6 1 2 1 2 87 
16.30 2 4 



167 168 169 170 171 172 173 174 176 178 179 180 181 182 

0 I 93 19 4. 
0.55 , 1 1 1 11 5 6 
1.10 I 9 3 1 4 9 1 21 
1.60 I 1 2 2 1 14 25 
2.20 i 28 1 1 4 
2.75 

! 
4 1 1 

3.20 1 1 
3.70 i 2 
4.20 I 
4.70 1 1 
5.20 1 1 1 1 1 
5.60 5 2 3 2 1 11 
5.70 2 2 
6.10 1 
6.20 1 2 
6.60 1 1 2 2 .. 7.10 1 

Q) 7.60 1 3 1 2 2 1 Q) 

8.10 1 3 2 
8.60 5 2 2 1 
9.10 1 1 1 5 
9.60 2 2 2 3 

10.20 2 1 2 
10.70 6 1 2 9 
11.20 1 
11.70 1 5 
12.20 1 
12.60 2 4 1 3 5 
13.10 1 1 9 2 2 
13.60 14 34 30 4 37 
14.10 19 2 2 1 2 2 16 
14.60 9 1 2 8 2 1 2 
15.25 108 1 
15.75 59 3 2 9 2 
16.10 10 11 4 1 12 6 
16.30 5 2 



183 184 185 Total Pollen 
and Spores 

0 9 438 
0.55 4 454 
1.10 1 1 486 
1.60 5 497 
2.20 1 16 330 
2.75 1 17 367 
3.20 12 335 
3.70 1 1 16 335 
4.20 6 67 
4.70 19 337 
5.20 5 35 
5.60 1 6 481 
5.70 18 330 
6.10 23 329 
6.20 15 341 

oil- 6.60 3 356 CD 
CD 7.10 12 336 

7.60 1 7 456 
8.10 19 378 
8.60 2 417 
9.10 10 357 
9.60 11 442 

10.20 9 360 
10.70 4 424 
11.20 15 326 
11.70 11 459 
12.20 15 343 
12.60 3 465 
13.10 16 515 
13.60 2 11 574 
14.10 1 19 629 
14.60 6 440 
15.25 19 436 
15.75 4 502 
16.10 8 474 
16.30 16 332 



APPENDIX 6D 

Te1ago: actual pollen counts 

Depth (m) 1 2 3 4 5 7 8 9 10 11 12 13 19 21 

0 1 1 9 6 6 11 
1.20 2 3 6 1 5 28 30 
2.10 2 12 4 1 41 30 
3.10 2 13 5 8 25 58 
4.10 2 2 4 2 1 20 14 
5.10 1 6 5 1 6 52 32 
6.10 1 6 1 41 32 
7.10 1 1 2 3 1 2 3 28 22 
8.10 4 1 1 3 2 30 2 24 
9.10 5 1 2 2 4 2 5 31 34 

10.10 2 2 1 1 2 1 42 26 

• CD 
0 

22 23 26 27 28 29 31 33 34 35 36 39 40 43 

0 2 2 
1.20 1 1 2 12 2 
2.10 1 1 1 24 8 
3.10 2 2 28 4 
4.10 1 16 3 
5.10 1 1 3 2 2 19 
6.10 1 1 3 1 23 1 7 
7.10 1 2 2 9 
8.10 2 4 3 2 14 1 
9.10 1 3 1 1 1 16 1 1 

10.10 3 3 12 1 12 



46 47 48 50 51 52 53 54 55 56 58 59 60 61 

0 5 3 2 
1.20 3 14 6 2 63 3 4 6 2 
2.10 4 13 1 11 2 3 67 10 1 
3.10 7 1 2 1 4 75 1 
4.10 16 8 1 4 1 110 2 
5.10 7 2 4 2 23 1 5 
6.10 4 2 7 35 4 
7.10 1 2 2 19 2 
8.10 6 6 11 
9.10 1 2 2 3 2 22 1 2 1 1 

10.10 1 1 1 3 1 12 3 

67 68 70 71 74 76 77 79 82 84 85 86 87 88 .,. 
CD • 0 6 1 5 61 

1.20 4 1 
2.10 1 2 1 
3.10 1 3 
4.10 1 1 1 1 
5.10 2 1 1 4 
6.10 1 
7.10 1 
8.10 3 1 2 1 
9.10 1 2 1 3 1 2 1 

10.10 1 2 



, 
" 

• CD 
N 

0 
1.20 
2.10 
3.10 
4.10 
5.10 
6.10 
7.10 
8.10 
9.10 

10.10 

0 
1.20 
2.10 
3.10 
4.10 
5.10 
6.10 
7.10 
8.10 
9.10 

10.10 

89 92 

3 

3 

6 
3 
1 

1 
1 
1 

I 118 119 

1 

1 

97 98 101 

1 1 

2 1 
2 

1 
1 

122 123 124 

42 41 
23 13 

9 8 
17 4 

5 38 
13 31 
18 36 

2 17 117 
3 13 41 
1 12 90 

65 23 

102 103 104 106 107 108 113 114 116 

26 2 1 
5 11 1 1 

3 

1 
2 

2 6 2 
2 
1 1 

125 126 130 132 133 134 135 136 138 

5 24 1 4 1 2 
8 11 

19 4 3 
13 15 
19 6 

1 23 12 25 1 
1 3 16 27 

24 22 9 
2 55 19 12 

3 16 20 13 
1 1 17 26 



139 140 141 142 145 146 149 153 154 157 158 159 162 163 165 

0 2 5 13 1 3 
1.20 6 1 4 14 4 7 8 
2.10 6 1 1 12 11 5 
3.10 16 3 1 1 2 
4.10 5 1 15 4 7 
5.10 3 2 12 1 8 2 13 11 
6.10 1 24 5 5 1 
7.10 1 1 10 3 2 7 
8.10 5 2 1 13 3 2 1 3 25 7 
9.10 3 1 3 19 18 1 13 9 

10.10 6 1 1 32 1 1 3 6 10 16 17 

166 167 168 169 170 172 173 174 176 177 178 179 180 182 183 ... 
co 
Co) 0 12 5 35 3 3 

1.20 132 3 7 1 2 
2.10 162 3 5 17 1 2 
3.10 174 3 3 1 4 2 
4.10 107 1 1 8 1 7 
5.10 159 4 5 1 2 1 13 
6.10 113 2 2 18 3 1 3 
7.10 180 3 3 1 8 20 1 2 1 
8.10 195 6 36 11 6 3 13 
9.10 122 1 1 8 3 8 

10.10 329 4 22 3 1 6 1 8 



184 185 Total Pollen 
and Spores 

0 11 364 
1.20 12 477 
2.10 1 17 535 
3.10 14 518 
4.10 6 9 459 
5.10 120 14 664 
6.10 1 26 480 
7.10 183 11 734 
8.10 124 17 753 
9.10 1 16 544 

10.10 13 12 763 

~ 

~ 



APPENDIX 6E 

Allocation of arboreal pollen taxa to altitudinal forest groups 

Taxa have been allocated to groups on the basis of the 
altitudinal ranges of their source taxa. 

Arboreal taxa 

Arboreal taxa were those listed at the beginning of the Appendix 
and having the following code numbers 

1-69 
75-78 

80 
84 
85 
87-89 
98 

(inclusive) 
(inclusive) 

(inclusive) 

Dacrycarpus to Araliaceae comp. 
Schefflera aromatica sim. to Schefflera 
comp. 3 
Croton comp. 
Eurya comp. 
Glochidion comp. 
Myrica comp. to Vaccinium comp. 
Melastomataceae comp. 

More or less confined to sub-montane forest 

celti. comp. 
Madhuca comp.* 
Fagraea comp. 
Linociera comp. 
L. malabarica sim. 
Trema comp. 

sub-montane forest and lower montane forest I 

Macropanax comp. 
pometia 
Randia comp. 
Claoxylon comp. 
C. longifolium 
Aglaia comp.* 
Heliosma comp.* 
Nauclea comp.* 

Lower montane forest I only 

Altingia comp. 
Euonymus comp.* 

Lower montane forest I and 11 

podocarpus 
Engelhardtia comp. 
polyosma comp. 
symplocos sessilifolia sim. 
Weinmannia comp. 
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More or less confined to lower montane forest 11 

Dacrycarpus 
Symingtonia 

Co~nonest in ericoid forest and Gleichenia scrub 

Myrsine comp. 
Vaccinium comp. 

Commonest in ericaceous scrub 

Rhododendron comp. 
Ml'rica comp. 

Common to all lower montane forest types 

All other arboreal taxa were allocated to this group. 

* These taxa were not recorded in any samples examined by the 
present author but were present in the surface samples from G. 
Kerinci studied by Horley (1976) and which have been included in 
the su~nary diagrams in Section 5.6 (Pig 5.6 and 5.7). 

496 



APPENDIX 6F 

Allocation of dry land pollen taxa to source habitat groups 

Taxa have been allocated to groups on the basis of habitat 
preferences of their source taxa. 

The taxa which make up the dry land pollen are those listed at 
the beginning of the Appendix and having the following code 
numbers. 

1-132 (inclusive) 
137-140 (inclusive) 

Dacrycarpus to Xyris 
Menispermaceae comp. to Urticaceae/Moraceae 
4-parate 

Forest, secondary forest or non-forest 

Oroxylon sim. 
Vernonia arbor ea sim. 
Macaranga comp. small 
Macaranga comp. large 
~llotus comp. 
Trema comp. 
Eurya comp. 
Glochidion comp. 
Melastama comp. 
Myrica comp. 
Rhododendron camp. 
Vaccinium camp. 
Viburnum comp.l 
VIbUrnum comp. 2 
Rhamnaceae comp. 
Gouania comp. 
Gendarussa comp. 
Lonicera 
Rubus comp. 
Acalypha camp. 
Melastomataceae camp. 
Palygala comp. 
Amaranthaceae camp. 
Boea sim. 
compositae types 1-7 (Tubuliflarae) 
Compasitae (Liguliflorae) 
Crotalaria comp. 
Hedyotis camp. 
Hedyotis vestita sim. 
Impatiens 
Oldenlandia uncinella sim. 

Non-forest only 

Drymaria camp. 
Galium camp. 
Gentiana 
Liliaceae comp. 

497 



Liliaceae/Palmae comp. 
Plantago major 
Umbelliferae comp. land 2 

Non forest and swamp 

Cyperaceae 
Gramineae 
Hydrocotyle comp. 
Laurembergia comp. 
Nepenthes comp. 
Monocotyledon undifferentiated 

Swamp only 

Burmannia 
Eriocaulon 
Utricularia 
~ris 

Various 

Menispermaceae comp. 
Urticaceae/Moraceae 2-, 3- and 4-porate 

Forest 

All remaining pollen taxa were allocated to the forest category. 
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APPENDIX 7 

Results of POLZON analysis of the DDA and Telago pollen data 

Results provided by the POLZON analysis are shown in diagrammatic 

form in the following figures. 

A. Danau di Atas 

Figs Al - M show the results of POLZON analysis on the four 

different data sets from the DDA sequence. Major problems 

occurred with the CONSLINK procedure for all data sets. Because 

of changes in the information content after grouping of samples, 

subsequent amalgamations were often at lower levels of variance 

than earlier ones. The overall effect of this was to make it 

very difficult to distinguish distinct groupings of samples, 

especially in the lower part of the sequence. SPLITINF and 

SPLITSQ procedures did produce interpretable results, but 

unfortunately the boundaries suggested were often between whole 

series of consecutive samples. This was not particularly usefUl 

to the subsequent interpretation of the data, and may have been 

the result of variation inherent in the data, as discussed in 

Section 6.4b. Because of this the analyses were not used to zone 

the DDA pollen data. 

B. Telago 

Figs 16 - 18 show the results of POLZON analysis on four data 

sets from the Telago sequence. In contrast with the DDA 

analyses, no particular problems occurred in these, and the 

results were used in subsequent zonation, as described in section 

7.4b. 
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