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FRONTISPIECE.  Lake Wanum, Morobe Province, Papua New Guinea. 

Oblique aerial view from the north-west, 8 October 1974. 
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The p a s t  s t a b i l i t y  of vegetat ion p a t t e r n s  i n  the  Markharn 

Valley ( 6 ° 3 0 ' ~ ,  1 4 6 ° 3 0 ' ~ ) ,  a lowland grassland area  of Papua New 

Guinea, i s  inves t iga ted  by po l l en  analys is  of lake  depos i t s  and 

r e l a t e d  palaeoecological  techniques. 

The predominantly organic sediments of Lake Wanum ( a l t .  

35 m) span the  l a s t  9600 years.  A 14C chronology supports  the  ca l -  

cu la t ion  of annual pol len  deposi t ion ,  sediment accumulation, and 

carbonised p a r t i c l e  i n f l u x  r a t e s .  A t  Yanamugi lake  ( a l t .  170 m ) ,  

14C assays of  the  calcareous muds a re  influenced by va r i ab le  'hard- 

water e r r o r ' .  A t e n t a t i v e  chronology i s  based on palaeomagnetic 

and tephra co r re la t ions .  

Pollen trapping revea l s  very high contemporary annual 

deposi t ion r a t e s  within f o r e s t ,  but  low values over t h e  c e n t r a l  lake  

area .  Surface po l l en  assemblages from d i f f e r e n t  h a b i t a t s  i n d i c a t e  

t h e  loca l i sed  nature  of pol len  d i s p e r s a l ,  although a r e l a t i v e l y  

' long-distance component' from higher a l t i t u d e s  is  a l s o  recognised. 

Analysis of f l o r i s t i c  da ta  from the  herbaceous swamp 

vegetat ion of Lake Wanun suggests  the  exis tence  of two f r e e  

f l o a t i n g  root-mat a s soc ia t ions  and two o r  th ree  rooted associa t ions  

Water depth appears the  primary con t ro l  on t h e i r  d i s t r i b u t i o n .  

Holocene swamp communities analogous with ex tan t  associ-  

a t i o n s  may be i d e n t i f i e d  i n  t h e  palynological  record of Lake Wanum. 

Swm~p l ~ l a r g i n a l  conditic?~.: pzesrail from 9500 RP u n t i l  8200 BP when 

permanent shallow water becomes es tabl i shed.  Rooted vegetat ion 

associa t ions  then predominate u n t i l  about 5000 BP. F loat ing  

vegetat ion assoc ia t ions  f i r s t  become important a t  t h i s  t i m e ,  and 



subsequently (3000 BP t o  2000 BP) come t o  dominate the  s i t e .  A 

general  t rend towards increased water depth i s  indica ted  throughout 

the  sequence. 

Increased representa t ion  of dry-land non-forest pol len  

occurs from 8550 BP, and grassland taxa become more frequent  from 

&out 5350 RP.  S y n c h r m ~ u s  trends i n  carbonised p a r t i c l e  i n f l u x  

i d e n t i f y  f i r e  a s  a probable agent of vegetat ion change. 

L i t t l e  change i n  dry-land vegetat ion i s  recorded i n  t h e  

po l l en  sequence from Yanamugi, although recen t  encroachment by 

swamp vegetat ion occurs. The l a rge  proport ion of 'montane' pol len  

and spore taxa  i n  the  e a r l i e r  sediments i s  a t t r i b u t e d  t o  va r i ab le  

f l u v i a l  inf lux .  

Conditions a t  Lake Wanum u n t i l  8200 BP may r e f l e c t  t h e  

e a r l y  Holocene a r i d i t y  widespread i n  equa to r i a l  a reas ,  although the  

i n d i r e c t  hydrologic e f f e c t s  of r i s i n g  sea l e v e l  cannot be d is -  

counted. Human impact appears the  main determinant of dry-land 

vegetat ion change during much of the  Holocene. 
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CHAPTER 1 

I n  t h e  p a s t  qua r t e r  century o r  so the  biogeographers' and 

eco log i s t s '  view of t r o p i c a l  vegetat ion has undergone considerable 

transformation. The geologica l ly  recent  e f f e c t s  of cont inenta l  

d r i f t  and the  demonstrable influence of Quaternary c l ima t i c  change 

and man's a c t i v i t i e s  i n  t r o p i c a l  regions a r e  now f u l l y  accepted. 

A s  a  consequence, the  t r o p i c a l  r a i n f o r e s t  can no longer be regarded 

a s  a  tenuous r e l i c  of Ter t i a ry  age, subjec t  t o  disturbance only 

within h i s t o r i c  times, a s  Richards (1952) pos tu la te s :  

' a f t e r  e x i s t i n g  thus  f o r  mi l l ions  of years ,  the  r a i n  
f o r e s t  ecosystem has very recen t ly  - i n  most of i t s  
a rea  only within the  l a s t  100 years  o r  s o  - been 
rudely d is turbed by t h e  spread of western c i v i l i z a t i o n  
t o  t h e  t r o p i c s  ... Thus wi th in  a very s h o r t  space of 
time the  primaeval f o r e s t  communities have been re-  
placed over immense a reas  by c u l t i v a t i o n ,  rudera l  
communities and s e r a 1  s tages .  T i l l  t h i s  change took 
place  t h e  Tropical  Rain f o r e s t  was i n  a  s t age  of  
development not  unl ike  the  f o r e s t s  of Europe i n  the  
Mesolithic period,  when hab i t a t ion  was l imi ted  t o  the  
f o r e s t  f r inges  and r e s t r i c t e d  sites access ib le  by 
r i v e r .  The subsequent des t ruc t ion  of the  f o r e s t  a l l  
over the  t r o p i c s  i s  comparable with the  c l ea r ing  of 
the  European f o r e s t  by a g r i c u l t u r a l  peoples beginning 
i n  t h e  Neoli thic per iod ,  except t h a t  the  one process 
has been accomplished i n  a  few decades, while t h e  
o the r  l a s t e d  f o r  thousands of years . '  

Raven and Axelrod (1972) review the  biogeography of 

Aust ra las ia  i n  t h e  l i g h t  of p l a t e  t ec ton ics .  The New Guinea high- 

land f l o r a  cons i s t s  predominantly of the  more temperate Gondwanic 

elements, w h i l s t  the  lowland vegetat ion i s  l a r g e l y  of Malesian 

o r ig in .  A s  a  r e s u l t  of the  juxtaposi t ion  of these  d ive r se  groups 

Raven and Axelrod (1972) suggest t h a t  New Guinea ' a s  a  whole i s  a 

region of fauna1 and f l o r a l  mixing, su rv iva l  and evolut ion i n  the  



middle t o  l a t e  Ter t i a ry . '  These processes presumably continued 

i n t o  the  Quaternary, t h e  p o t e n t i a l  f o r  i n t e r a c t i o n  being ; n ~ d i f i e d  

by c l ima t i c  f luc tua t ion  (Walker, 1972b). 

The Quaternary e r a  i s  one of  dramatic and widespread 

c l ima t i c  change. The e f f e c t s  of t h e  g l a c i a l  per iods ,  p a r t i c u l a r l y  

t h e  most recent ,  have been shown from temperate and from t r o p i c a l  

highland regions. I t  i s  now becoming c l e a r  t h a t ,  a t  l e a s t  i n  some 

a reas ,  c l ima t i c  changes associa ted  with g lobal  g lac ia t ion  had a 

profound e f f e c t  on t h e  t r o p i c a l  lowland environment and vegetat ion 

a l so .  

The vegetat ion h i s t o r y  of the  African t r o p i c s  is  b e t t e r  

known than any o the r  t r o p i c a l  area.  I n  p a r t i c u l a r ,  it i s  apparent 

t h a t  the  ex ten t  of evergreen f o r e s t  i n  East  Africa was severely re- 

s t r i c t e d  during the  l a s t  g l a c i a l  (Livingstone, 1975). The region 

i s  r e l a t i v e l y  a r i d  today, and i t s  f l o r a  depauperate by comparison 

with t h e  rest of the  equa to r i a l  t rop ics .  Richards (1973) 

a t t r i b u t e s  the  r e l a t i v e  l ack  of f l o r a l  d i v e r s i t y  t o  t h e  more pro- 

nounced e f f e c t s  of c l ima t i c  change and the  longer h i s t o r y  of human 

in te r fe rence  over t h e  African continent .  

In  c o n t r a s t  t o  t h i s  view, the  meagre da ta  t h a t  a r e  

accumulating suggest c l ima t i c  f luc tua t ions  of a t  l e a s t  s imi la r  mag- 

n i tude  t o  have occurred i n  o the r  t r o p i c a l  areas.  Vegetation 

response t o  g l a c i a l  age r e f r i g e r a t i o n  i s  documented from South 

America (van d e r  Hammen, 1974) and New Guinea (Bowler et a l . ,  1976, 

Powell and Hope, 1976) . 
I n  common with o ther  t r o p i c a l  a reas ,  the  f i r s t  conclusive 

evidence of Quaternary c l ima t i c  change i n  New Guinea came with the  

i d e n t i f i c a t i o n  of p r i o r  g l a c i a l  landforms. Such fea tu res ,  reviewed 

by ~ 6 f f l e r  (19771, occur i n  both Papua New Guinea and I r i a n  Jaya 



(West I r i a n )  on mountains exceeding the  Ple is tocene  snow-line of 

approximately 3 550 m, al rmst  1 000 m below t h a t  of the present .  

The most extensive i c e  cover, perhaps extending a s  low a s  3 200 m,  

was on M t .  Giluwe i n  t h e  southern highlands. I n  t h e  Saruwaged 

Ranges the  snow-line appears s l i g h t l y  higher a t  3 650 m t o  3 700 m, 

poss ib ly  an a r t e f a c t  of t ec ton ic  u p l i f t  s ince  t h e  g lac ia t ion .  A 

s imi la r ly  higher snow-line ex i s t ed  i n  t h e  s t i l l  ice-capped 

Carstensz Mountains of I r i a n  Jaya (Hope and Peterson,  1976) perhaps 

due t o  r e l a t i v e l y  lower Pleistocene p r e c i p i t a t i o n  i n  t h e  w e s t  of 

the  i s l and .  

The severe c l ima t i c  condit ions indica ted  by t h e  lower 

snow-line a r e  r e f l e c t e d  by changes i n  t h e  highland vegetat ion 

(Bowler e t  a l . ,  1976). The presence of upper-montane species  a t  

only 1 500 m over 30 000 years  ago (Powell and Hope, 1976) and 

2 550 m a t  12 000 BP (Flenley, 1972) implies a l t i t u d i n a l  depression 

of vegetat ion 'zones'  by 500 m t o  1 500 m. On M t .  Wilhelm (Hope, 

1976a) vegetat ion depression a t  2 740 m was a t  l e a s t  700 m u n t i l  

around 10 500 BP, w h i l s t  the  t r ee - l ine  was 1 200 m lower than 

today. 

One can only specula te  on the  ecologica l  e f f e c t s  of these  

migrat ions on the  montane and lower a l t i t u d e  vegetat ion.  It is  

l i k e l y  t h a t ,  r a t h e r  than a simple s h i f t  i n  t h e  a l t i t u d i n a l  ranges 

of cu r ren t ly  ex tan t  vegeta t ion  assoc ia t ions ,  t h e r e  was considerable 

i n d i v i d u a l i s t i c  behaviour by p l a n t  species.  This phenomenon is  

documented from o the r  a reas ,  both temperate and t r o p i c a l ,  e.g. t h e  

response of  Podocarpus on Ruwenzori t o  changing c l ima t i c  condit ions 

c i t e d  by Livingstone (1975). Extrapolat ion of  the  maximum vegeta- 

t i o n  zonal depression i n t o  a reas  below 1 500 m i s  untenable, a s  



t h i s  would p r a c t i c a l l y  e l iminate  lowland f o r e s t  and replace  it with 

vegetat ion of montane a f f i n i t y .  Al ternat ive ly ,  considerabie com- 

press ion  of the  a l t i t u d i n a l  range of mid-montane vegetat ion must be 

pos tu la ted  were the  vegetat ion changes i n  the  highlands t o  have had 

no influence i n  the  lowlands. 

I t  i s  c l e a r  t h a t  both these  hypotheses a r e  too  s i m p l i s t i c  

given the  extreme v a r i a t i o n  i n  p resen t  vegeta t ional  p a t t e r n s  i n  re-  

l a t i o n  t o  a l t i t u d e ,  and the  i n d i v i d u a l i s t i c  response of  many 

p lan t s .  Whilst the  probable e f f e c t s  of the  demonstrated depression 

of higher a l t i t u d e  vegeta t ion  on the  lowlands undoubtedly l i e s  

somewhere along t h i s  spectrum, the  two extremes, i . e .  no inf luence  

on lowland vegetat ion,  o r  complete replacement, can probably be 

ru led  out .  

Within the  more recent  p a s t ,  human impact on t r o p i c a l  

vegetat ion i s  now wel l  demonstrated. Diminishing f o r e s t  cover 

during t h e  p a s t  f e w m i l l e n n i a i s  a t t r i b u t e d  t o  man's a c t i v i t y  both 

i n  Eas t  Afr ica  (Kendall, 1969) and Centra l  and South America 

( B a r t l e t t  and Barghoorn, 1973, van de r  Hammen, 1974). I n  the  New 

Guinea highlands, archaeological  evidence i n d i c a t e s  complex agr i -  

c u l t u r e  perhaps 9000 years  ago (Golson, 1977b), and f o r e s t  

clearance was widespread by 5000 BP (Powell e t  a l . ,  1975). 

There i s  thus  considerable c i rcumstant ia l  evidence t o  

suggest  t h a t  the  vegetat ion of the  lowland t r o p i c s  has been exposed 

t o ,  and may have responded t o ,  changing environmental condi t ions  on 

time-scales of mi l l ions ,  t ens  of thousands, and thousands of years .  

This r e a l i s a t i o n  c a l l s  i n t o  quest ion the  concept of unchanging 

t r o p i c a l  lowland vegetat ion.  I n  p a r t i c u l a r ,  t he  prodigious f l o r -  

i s t i c  d i v e r s i t y  of t h e  t r o p i c a l  r a i n f o r e s t  can no longer be 

a t t r i b u t e d  t o  i t s  ancient  i n t e g r i t y .  



This study at tempts t o  i d e n t i f y  and quant i fy  change i n  

the  vegetat ion of a iowiand a rea  of Papua N e w  Guinea over more 

recen t  ( l a t e  Quaternary) ex ten t  of t h i s  time-scale, and considers  

t h e  poss ib le  determinants of any change. 

POLLEN ANALYSIS IN THE TROPICAL LOWLANDS 

Although palynology i s  an es tabl i shed method f o r  recon- 

s t r u c t i n g  Quaternary vegetat ion h i s t o r y  i n  many temperate regions,  

and has been applied successful ly  i n  highland t r o p i c a l  a reas ,  it is 

almost untested i n  the  lowlands of the  equa to r i a l  t rop ics .  By 

c o n t r a s t  with the  vegetat ion of temperate and, t o  a l e s s e r  extent ,  

t r o p i c a l  highland regions,  the  many species  of t h e  low a l t i t u d e  

equa to r i a l  t r o p i c s  a r e  supposedly charac ter ised  by low po l l en  

production, and entomophilous o r  zoophilous p o l l i n a t i o n  habi t .  

Faegri  (1966) s t a t e s  the  pess imis t i c  view t h a t  'pol len  ana lys i s  i s  

simply not  a method f o r  inves t iga t ing  those ( t r o p i c a l  f o r e s t )  vege- 

t a t i o n a l  types ,  unless  i n d i r e c t  conclusion can be a r r ived  a t  from 

t h e  presence o r  absence of ind ica to r s  t h a t  do cont r ibute  t o  t h e  

po l l en  r a i n ' .  

The f l o r i s t i c  d i v e r s i t y  of t h e  New Guinea vegetat ion 

equals  t h a t  of o the r  equa to r i a l  a reas  (van Balgooy, 19761, and t h i s  

v a s t  a r ray  of species  poses formidable problems f o r  pol len  analys is .  

In  addi t ion  t o  the  t a s k  of i d e n t i f i c a t i o n  of sub-foss i l  g ra ins  the  

l a r g e  number of  taxa involved increases  the  d i f f i c u l t y  of achieving 

statistically r e l i a b l e  es t imates  f o r  the  values of each taxon. On 

t h e  o the r  hand, it may be more l i k e l y  t h a t  ' i n d i c a t o r '  t axa  w i l l  be 

present .  

A more fundamental problem remains the  cha rac te r i sa t ion  

of t h e  vegetat ion s o l e l y  on t h e  b a s i s  of f l o r i s t i c  data.  Pol len  

a n a l y t i c a l  evidence revea l s ,  a t  b e s t ,  only the  p a r t i a l  f l o r i s t i c  



composition of t h e  p l a n t  community. Idea l ly ,  a reconst ruct ion  of the  

nact ven~tation may he derived from these  da ta  by in te rpo la t ion  from E- - -  

ex tan t  communities. Yet, i n  the  t r o p i c s ,  f l o r i s t i c  c l a s s i f i c a t i o n  of 

vegetat ion associa t ions  i s  o f t e n  not  f eas ib le .  In  Papua New Guinea, 

recognit ion of major vegetat ion formations using the  c r i t e r i a  of land- 

u n i t s  and physiognomy (e.g. Paijmans, 1975) o r  physiognomy alone (Webb 

et a l . ,  1976) may produce more t r a c t a b l e  r e s u l t s .  A s  Walker and Guppy 

(1976) have shown, subjec t ive  c l a s s i f i c a t i o n s  frequently do not  re-  

f l e c t  f l o r i s t i c  changes. Analyses of l is ts  of t r e e  genera from 78 

s i t e s  above 1 900 m revealed only one major f l o r i s t i c  break, a t  

2 800 m t o  3 000 m. Although a l t i t u d i n a l  zonation below t h i s  was un- 

subs tant ia ted  by t h e  f l o r i s t i c  da ta ,  two 'nodes' of generic s i m i l a r i t y  

were recognised: the  genus-rich f o r e s t  of  environmentally s t a b l e  

a reas ,  and depauperate de r iva t ives  from it. 

In  view of the  pauci ty  of bas ic  ecologica l  and palynological  

da ta  it seems appropr ia te  t h a t  i n i t i a l  palaeoecological  research  i n  

the  lowland equa to r i a l  t r o p i c s  should focus on major changes i n  t h e  

most immediately recognisable vegetat ion formations. I n  Papua New 

Guinea t h e  most s t r i k i n g  boundaries i n  lowland vegetat ion e x i s t  be- 

tween the  f o r e s t ,  and non-forest grassland,  'woodland', o r  'savanna' 

communities. 

THE O R I G I N  OF NEW GUINEA GRASSLANDS 

It  i s  widely argued t h a t ,  except f o r  swamp and perhaps 

a lp ine  a reas ,  the  present  d i s t r i b u t i o n  of grasslands i n  New Guinea i s  

a product  of f o r e s t  clearance and/or burning by man. Lane-Poole 

(1925), on surveying t h e  f o r e s t  of the  lower Markham Valley near  Yalu, 

hypothesised t h a t  

' A t  one time f o r e s t  of t h i s  type s t r e t ched  a l l  t he  way 
along the  coas t  between t h e  mountains inland and the  
sea ,  and a l l  along the  v a s t  va l l eys  of  the  Markham and 



Ramu Rivers. Today, a r t i f i c i a l l y  formed grasslands 
have taken the  place of the  f o r e s t  on t h e  b e s t  of the  
land,  and, i n  t h e  l e s s  f e r t i l e  a reas ,  a secondary weed 
growth has es tabl i shed i t s e l f . '  

Robbins (1963a) considers  t h a t  ' t a l l '  grassland gives way 

t o  ' s h o r t '  grassland under the  pressure  of continued human i n t e r -  

ference. Although admitting t h a t  the  most extensive grassland 

a reas  e x i s t  under condit ions of low, seasonal  r a i n f a l l  and poor 

s o i l s ,  he regards environmental f a c t o r s  a s  secondary t o  t h e  h i s t o r y  

of human impact. Robbins sees  the  p a t t e r n  of grassland i n  the  

Papua New Guinea highlands a s  r e f l e c t i n g  the  increas ing an t iqu i ty  

of c u l t i v a t i o n  from west t o  e a s t .  This proposi t ion  i s  amplified 

(Robbins, 1963b) by i n t e r p r e t i n g  t h e  Markham Valley grasslands as 

ly ing i n  the  wake of a route  of populat ion migration from the  coas t  

t o  the  highland i n t e r i o r .  'Only t h u s ' ,  s t a t e s  Robbins, 'can the  

now l a r g e l y  abandoned Upper Markham grasslands be read i ly  ex- 

p la ined. '  A s imi la r  contention i s  advanced t o  account f o r  the  

extensive grasslands of the  Sepik P la ins  t h e  o r i g i n  of which 

Reiner and Robbins (1964) c o r r e l a t e  with population movements dated 

a t  500 t o  800 years  ago by l i n g u i s t i c  evidence. 

Closer study reveals  environmental f a c t o r s  t o  be of 

g r e a t e r  importance i n  the  determination of vegetat ion p a t t e r n s  than 

Robbins (1963a,b) and Reiner and Robbins (1964) consider.  

Brookfield (1964) emphasises the  c l ima t i c  v a r i a t i o n  i n  the  high- 

lands i n  r e l a t i o n  t o  grassland d i s t r i b u t i o n .  The Sepik grass lands  

s ide rab le  edaphic influence on t h e  vegetat ion.  Although agreeing 

t h a t  t h e  grassland i s  a f i re-cl imax community, these authors regard 

environmental f a c t o r s  a s  a t  l e a s t  a s  important i n  determining t h e  

charac ter  of the  vegetat ion.  Paijmans (1976) suggests  t h a t  



grasslands such a s  those of  the  Sepik developed from smaller  grass-  

land l o c i  due t o  the  use of f i r e ,  p a r t i c u l a r l y  i n  areas  of poor 

s o i l s  and seasonal  r a i n f a l l  where t h e  f o r e s t  was i n  a precar ious  

balance with the  environment. 

The survey by Holloway et a l .  (1973) r evea l s  c lose  r e l a -  

t ionsh ip  between the  composition of t h e  non-forest vegetat ion and 

edaphic and o the r  environmental gradients  within the  Markham Valley. 

Eden (1974) f i n d s  a general  reduction i n  t h e  ex ten t  of grassland 

and savanna communities i n  southern Papua with increas ing humidity. 

However t h e  juxtaposi t ion of vegetat ion types wi th in  s imi la r  habi- 

t a t s  i s  not  e n t i r e l y  expl icable  by p a t t e r n s  of r a i n f a l l ,  p o t e n t i a l  

evapotranspirat ion,  o r  the  s o i l  moisture a v a i l a b i l i t y .  Eden 

(1974) ca lcu la tes  t h a t ,  a t  r a t e s  of  clearance observed today, man's 

c u l t i v a t i o n  a c t i v i t i e s  could account f o r  the  formation of the  whole 

grassland area  wi th in  the  l a s t  2000 years.  However, i t  i s  recog- 

n ised  t h a t  over a longer per iod ,  c l ima t i ca l ly  induced vegetat ion 

changes may be of importance. 

I t  i s  c l e a r ,  t he re fo re ,  t h a t  s o l e  c o r r e l a t i o n  between 

the  f l o r i s t i c  composition of non-forest vegeta t ion  and the  in tens-  

i t y  of human a c t i v i t y  i s  inva l id ,  although t h i s  concept continues 

t o  surface  i n  t h e  l i t e r a t u r e  (e.g. Seavoy, 1975). Such a corre l -  

a t i o n  can be subs tan t i a t ed  only i f  the  e f f e c t s  of a l l  environ- 

mental va r i ab les  a r e  f i r s t  accounted f o r .  However, the  charac ter  

of many grassland a reas  i s  c l e a r l y  maintained under present  day 

c l ima t i c  condit ions by man's a c t i v i t y ,  p a r t i c u l a r l y  i n  the  use of 

f i r e .  The contemporary d i s t r i b u t i o n  of grassland provides s t rong 

c i rcumstant ia l  evidence t h a t  man has crea ted ,  extended, o r  modified 

much of the  grass land of lowland Papua New Guinea, p a r t i c u l a r l y  

t h a t  i n  environmentally s t r e s s e d  h a b i t a t s .  However, ex t rapo la t ion  



of p a s t  vegetat ion p a t t e r n s  on the  b a s i s  of present  d i s t r i b u t i o n  

i s  a t  b e s t  imprecise. Paiaeoecoioyicai iechiiiques provide bye most 

appropr ia te ,  i f  not  the  only, means t o  reveal  t h e  h i s t o r y  of the  

vegetat ion and i t s  environmental determinants.  

AIMS OF THIS  STUDY 

Three bas ic  quest ions may be posed i n  r e l a t i o n  t o  the  

vegetat ion of lowland Papua New Guinea t h a t  might be amenable t o  

so lu t ion  by palaeoecological  research:  

(1) Have the  present  p a t t e r n s  of lowland vegeta t ion ,  
p a r t i c u l a r l y  those of the  f o r e s t  and grassland 
assoc ia t ions ,  remained s t a b l e  i n  the  pas t?  I f  not ,  
what has been the  d i r e c t i o n  and magnitude of  any 
change? 

(2 )  Has Quaternary environmental change, e spec ia l ly  the  
c l i m a t i c  f luc tua t ions  demonstrable from many 
temperate and t r o p i c a l  a reas ,  had any e f f e c t  on t h e  
lowland t r o p i c a l  vegetat ion? 

(3) What i s  man's r o l e  i n  inf luencing the  vegetat ion 
and i t s  current  d i s t r i b u t i o n  pa t t e rns?  

This study explores the  ex ten t  t o  which palaeoecological  

methods can answer these  problems, and, by coro l l a ry ,  the  con- 

s t r a i n t s  on the  use of such evidence. The c e n t r a l  techniques 

employed a r e  s t r a t i g r a p h i c  and pol len  ana lys i s  of l a c u s t r i n e  sedi-  

m e n t ~ .  Su i t ab le  deposi t s  of l a t e  Quaternary age a r e  thus required.  

A robust ,  independent chronology i s  e s s e n t i a l  t o  allow t h e  recon- 

s t r u c t i o n  of the  sedimentary h i s t o r y  of  the  s i t e  and t o  provide f o r  

the  use of time-area based palynological  techniques. I n  a previ-  

cusly unstudied area it is p a r t i c u l a r l y  important t o  d i s t ingu i sh  

between s i t e - s p e c i f i c  events ,  and those of  more widespread s i g n i f i -  

cance. I n t e r p r e t a t i o n  of s t r a t i g r a p h i c  and po l l en  a n a l y t i c a l  

evidence of  l o c a l  h a b i t a t s  i s  g r e a t l y  f a c i l i t a t e d  by an understand- 

ing  of swamp vegetat ion ecology. A knowledge of  the  fundamental 

aspects  of contemporary pol len  d i s p e r s a l  i s  a l s o  considered 



e s s e n t i a l  i n  view of the  almost t o t a l  lack  of knowledge about such 

processes i n  the  t r o p i c a l  lowlands. Each of these topics  i s  cov- 

ered t o  some ex ten t  i n  t h i s  t h e s i s .  Emphasis i s  placed, however, 

on the  appl ica t ion  and i n t e r p r e t a t i o n  of pollen a n a l y t i c a l  and 

s t r a t i g r a p h i c  methodsin t h e  palaeoecological ly unknown environment 

of lowland Papua New Guinea. 

CHOICE OF STUDY AREA 

The vegeta t ion  map of Papua New Guinea (Paijmans, 1975) 

shows many of the  more densely inhabi ted  lowland areas  t o  be 

covered by a mosaic of f o r e s t  and non-forest vegetat ion types. 

However, four  major regions may be i d e n t i f i e d  where non-forest 

vegetat ion predominates. 

Large a reas  of south-west Papua New Guinea a r e  covered by 

Melaleuca dominated savanna. Extensive a reas  of grassland with 

s c a t t e r e d  t r e e s  of seve ra l  E u c a l y p t u s  species  occur along t h e  coas t  

of the  Centra l  Province, i n  t h e  region of Por t  Moresby. These 

vegetat ion types a r e  c l e a r l y  of Austral ian o r i g i n ,  and a r e  almost 

r e s t r i c t e d  i n  New Guinea t o  monsoonal a reas  south of  the  main div- 

id ing range. Their  p a s t  d i s t r i b u t i o n  was probably s u b s t a n t i a l l y  

influenced by t h e  considerable Ple is tocene  extension of land over 

the  shallow Torres S t r a i t  s h e l f .  For these  reasons, the  develop- 

ment of t h e  vegeta t ion  i n  these  savanna a reas ,  w h i l s t  of g rea t  

i n t e r e s t  e spec ia l ly  i n  r e l a t i o n  t o  l a t e  Quaternary events  i n  t rop i -  

c a l  Pxstralia (Kershaw, 1975); F unl ike ly  t o  be representa t ive  of 

lowland New Guinea a s  a whole. 

The Sepik a r e a  of north-western Papua New Guinea conta ins  

l a r g e  t r a c t s  of grassland.  However, many of  these  a r e  a l l u v i a l  

swamp a reas  and a f fec ted  by changing r i v e r  courses. S i t e s  



possessing depos i t s  of s u i t a b l e  a n t i q u i t y  and cont inui ty  f o r  

palaeoecologicai  research may wei i  exist ,  but would bz hard t~ 

loca te .  

A four th  a rea ,  the  Markham Valley, has a smaller bu t  w e l l  

defined area  of  grassland and o the r  non-forest vegetat ion.  Due t o  

the  high r e l i e f  and sharp environmental gradients ,  various f o r e s t  

types a r e  a l s o  found i n  c lose  juxtaposi t ion.  A s  with much of the  

northern c o a s t  of New Guinea, t h e  land configurat ion was l i t t l e  

changed during the  g l a c i a l  sea l e v e l  minimum due t o  the  s t eep  o f f -  

shore s h e l f .  The f o o t h i l l s  along the  margins of the  va l l ey  contain 

a number of permanent lakes  and swamps of p o t e n t i a l  an t iqu i ty .  

Thus, w h i l s t  recognising the  s c i e n t i f i c  i n t e r e s t  of o the r  

lowland a reas ,  t h i s  study i s  devoted t o  the  palaeoecological  in-  

ves t iga t ion  of s i t e s  within t h e  environs of  the  Markham Valley, 

Morobe Province, Papua New Guinea. 



CHAPTER 2 

THE MARKHAM VALLEY 

The Markham trough forms the  eas te rn  extension of one of 

the  major physiographic and t ec ton ic  lineaments of Papua New 

Guinea. The depression follows a f a u l t  zone running approximately 

300 k m  along the  lower Ramu and Markham va l l eys ,  and extends eas t -  

ward a s  a submarine canyon t o  jo in  t h e  6 000 m deep New B r i t a i n  

trench (von de r  Borch, 1972). 

The Markham Valley (Fig. 2.1) is  bounded t o  the  north by 

t h e  F i n i s t e r r e  and Saruwaged Ranges t h a t  r i s e  s t eep ly  t o  an a l t i -  

tude of over 4 000 m. To the  south a r e  the  Kratke Ranges and 

Herzog Mountains, northern extensions of the  Owen Stanley Ranges 

t h a t  form the  backbone of the  country. About 3 km wide a t  the  Ramu 

d iv ide ,  360 m above sea l e v e l ,  t he  Markham Valley reaches a maximum 

width of 22 k m  a t  the  confluence of the  Leron River. The Markham 

River and i t s  t r i b u t a r i e s  d r a i n  a catchment of about 12 000 km2 

( ~ g f f l e r ,  1977). Leaving the  northern mountains a t  an a l t i t u d e  of 

c. 450 m, t h e  r i v e r  follows a r e l a t i v e l y  s t e e p  p l a i n  course along 

the  southern margin of t h e  va l ley .  The anastomosing channel d i s -  

charges i n t o  the  Huon Gulf a t  Lae, 140 km t o  the  south-east.  

GEOLOGY AND GEOMORPHOLOGY 

The main fea tu res  of t h e  geology of t h e  Markham Valley 

and i ts environs a r e  shown i n  Fig. 2.2. This map and the  following 

account a r e  based l a rge ly  on t h e  work of Tingey and Grainger (19761, 

Robinson (1974), Robinson e t  a l .  (1974) and Jacobson (1971). Addi- 

t i o n a l  geomorphological da ta  f o r  the  area  may be found i n  Holloway 

e t  a l .  (1973) and ~ g f f l e r  (1977). 







The Ramu-Markham f a u l t  zone i s  considered t o  have or ig in-  

a t ed  i n  middle Miocene times when the  north-moving Austrai ian 

P l a t e  co l l ided  with an i s l and  a r c  developed on the  oceanic c r u s t  of 

the  P a c i f i c  P l a t e  (Robinson e t  a l . ,  1974). The oceanic c r u s t  was 

t h r u s t  over the  metamorphic rocks of the  orogenic b e l t  t o  the  south;  

the  Ramu-Markham f a u l t  zone approximating the  pos i t ion  of the  former 

p l a t e  boundary. 

The geology of t h e  ranges t o  t h e  nor th  and south of the  

Markham Valley r e f l e c t s  t h e i r  d i f f e r e n t  o r ig in .  The Oligocene t o  

middle-Miocene sediments of the  c e n t r a l  massif of the  Saruwaged 

Range a r e  l a r g e l y  marine. Outcropping i n  the  e a s t  of the  range, 

the  Oligocene F i n i s t e r r e  Volcanics were a l s o  deposi ted i n  a marine 

environment. The lower f o o t h i l l s  a r e  composed of sandstones and 

conglomerates of t h e  Leron Formation, thought t o  be of Pliocene 

age. Analogous sediments a r e  found south of t h e  Markham i n  the  

lower Watut Valley, suggesting t h a t  a shallow sedimentary bas in  may 

have ex i s t ed  i n  the  region a t  t h i s  time (Tingey and Grainger, 1976). 

To the  south-west of t h e  Markham Valley, the  bedrock 

c o n s i s t s  l a r g e l y  of  the  Omaura Greywacke, an extens ively  folded and 

f a u l t e d  complex of middle-toupper-Oligocene age. Limestones of 

t h i s  s e r i e s  outcrop i n  severa l  p laces  along the  margin of the  

va l ley .  To the  e a s t  of the  Watut River t h e  Mesozoic Owen Staniey 

Metamorphics form the  core of t h e  Herzog Ranges. These rocks, of 

probable J u r a s s i c  t o  Cretaceous age, underwent low grade meta- 

morphism i n  Eocene o r  Oligocene times. A l a t e r  metamorphic event 

may have been r e l a t e d  t o  the  emplacement, during the  middle- 

Miocene, of the  Morobe Granodiori te  b a t h o l i t h ,  i s o t o p i c a l l y  dated 

a t  12 t o  1 4 . 5  mi l l ion  years  by K-Ar and Rb-Sr techniques (Page, 

1971). Granodiorite occurs along t h e  margin of the  Markham Valley 



i n  the  v i c i n i t y  of Lake Wanum although the  g r e a t e s t  ex ten t  of the  

b a t h o l i t h  i s  t o  the  south of t h e  study area  i n  the  Morobe 

Goldfields (Dow e t  a l . ,  1974). 

The nature of the  f a u l t  zone along t h e  Markham Valley i s  

not  c l e a r l y  known. The fau l t ed  southern margin of t h e  va l l ey  may 

fo-r~t! the  m a j e r  hoz?ndary with the  Pliocene Leron Formation underly- 

ing the  va l l ey  sediments ( P e t t i f e r ,  1974). Movements along t h e  

f a u l t  zone a r e  thought t o  be predominantly of a l e f t - l a t e r a l  

t r anscur ren t  na ture ,  although v e r t i c a l  displacement of up t o  1 km 

may a l s o  have occurred (Robinson e t  a l . ,  1974). Chappell (1973) 

sees  the  Markham trough a s  zone o f ,  a t  l e a s t  r e l a t i v e ,  subsidence 

i n  comparison t o  the  rapid  u p l i f t  of the  surrounding mountains, 

p a r t i c u l a r l y  those t o  t h e  north. The Saruwaged Ranges have under- 

gone u p l i f t  of a t  l e a s t  4 000 m s ince  the  late-Miocene, making the  

a rea  one of t h e  most t e c t o n i c a l l y  uns table  i n  Papua New Guinea. 

Veeh and Chappell (1970) show the  coas t  on t h e  north-east of the  

Huon peninsula t o  have r i s e n  by up t o  100 m i n  the  p a s t  35 000 

years.  Continued rap id  u p l i f t  of t h e  massif i s  indica ted  by recent  

f a u l t i n g i n t h e  f o o t h i l l s o f t h e  Saruwaged Ranges. Such evidence is 

not  found i n  the  ranges on the  southern f lank of t h e  va l ley .  A s  a 

r e s u l t  of t h i s  t ec ton ic  i n s t a b i l i t y ,  the  Markham trough has become 

a locus of f l u v i a l  deposi t ion.  Deflect ion of the  Markham River 

along t h e  southern margin of the  va l l ey  suggests  t h a t  t h e  bulk of 

t h e  depos i t s  der ive  from the  r i v e r s  of the  northern ranges. The 

very high sediment load of these  r i v e r s  is  a function of s lope in-  

s t a b i l i t y  caused by t h e  r ap id  u p l i f t ,  although is  i n  p a r t  due t o  

the  r e l a t i v e  e r o d a b i l i t y  of the  rock types t h a t  form the  Saruwaged 

Ranges. 



Much of t h e  alluvium i n  the  Markham Valley i s  c l e a r l y  

f i u v i a t i i e ,  cons is t ing  of wei i  rounded gravei  and bouiders,  and 

f i n e r  sediments. Fan deposi t ion  i s  a c t i v e  where r i v e r s  emerge 

from the  mountain f r o n t  a t  the  northern margin of t h e  va l ley .  

Holloway et a l .  (1973) recognise two ca tegor ies .  Individual  fans  

a r e  deposited by t h e  l a r g e r  r i v e r s  such a s  the  Erap, Rumu, and 

Leron. These semi-circular fans a r e  usual ly  severa l  kilometres i n  

radius ,  the  l a r g e s t ,  20 km wide, being formed by the  Leron River. 

Many smaller  fans ,  deposi ted by streams t h a t  do not  reach the  major 

r i v e r s ,  coalesce l a t e r a l l y  t o  form a sloping 'piedmont'. I n  some 

l a r g e r  f ans ,  p a r t i c u l a r l y  those of the  Leron and U m i  r i v e r s ,  the  

channel i s  entrenched i n t o  te r raced fan  depos i t s  by up t o  20 m 

(Jacobson, 1971) . 
Al luv ia l  deposi t ion  i s  associa ted  with e x i s t i n g  o r  p r i o r  

r i v e r  channels a s  well  a s  with fan  construct ion.  Floodplain a l luv-  

i u m  i s  predominant i n  the  lower Markham Valley e a s t  of t h e  Erap 

fan ,  and i n  the  va l l eys  of t h e  Wampit and Watut r i v e r s ,  the  major 

southern t r i b u t a r i e s  of t h e  Markham River. Changes i n  the  shape 

and pos i t ion  of many a c t i v e  r i v e r  channels s ince  1943 AD can be 

demonstrated (Holloway et a l . ,  1973). 

The maximum thickness of the  sediments of t h e  Markham 

Valley i s  not  known exact ly .  The f loodpia in  aiiuvium is a t  i e a s t  

40 m deep a t  t h e  s i t e  of the  Markham Bridge, w h i l s t  cores t o  a 

depth of 80 m i n  the  piedmont alluvium have not  encountered bedrock 

(Jacobson, 1971). A g r a v i t y  survey ( P e t t i f e r ,  1974) estimated the  

maximum depth of sediments of the  southern Leron fan  t o  be 500 t o  

1 000 m. A very l a rge  amount of alluvium has thus  accumulated i n  

Pleistocene and Holocene times, and the  deposi t ional  and eros ional  

processes involved continue t o  be a c t i v e  today. 
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CLIMATE 

The cl imate of t h e  Markham a rea  i s  discussed by Holloway 

et  a l .  (1973). Ra in fa l l  da ta  a r e  ava i l ab le  f o r  much of the  region 

although the  records of a number of s t a t i o n s ,  e spec ia l ly  those i n  

t h e  c e n t r a l  Markham Valley, a r e  of s h o r t  durat ion.  The southern 

p a r t  of the  valley i s  poorly served by weather s t a t i o n s ,  and there 

a r e  no da ta  from the  area  t o  the  south of the  Markham River, west 

of the  Wampit River. 

Adequate temperature records a r e  ava i l ab le  only from Lae, 

Kaiapi t ,  Bubia and Erap. However, the  general  temperature regime 

i s  very s imi la r  throughout the  va l ley .  The annual mean temperature 

is  26.2 OC a t  Lae, and about 1 OC higher a t  Erap. The h o t t e s t  

months a r e  from November t o  February, although the  mean d iu rna l  

temperature range (6.8 OC a t  Lae, 11.3 OC a t  Erap) i s  much g rea te r  

than the  annual range of mean monthly temperature. The annual 

range of mean monthly maxima (3.4 OC a t  Lae, 3.6 OC a t  Erap) i s  

g r e a t e r  than t h a t  range of minima (2.6 OC a t  Lae, 2.0 OC a t  Erap) . 
Rainfa l l  i n t e n s i t y  and seasona l i ty  show g r e a t  v a r i a t i o n  

throughout the  area.  Figure 2.3 maps the  approximate annual iso-  

hyets  f o r  the  Markham Valley and environs. Monthly mean r a i n f a l l  

t o t a l s  f o r  se lec ted  s t a t i o n s  a r e  given i n  Fig. 2.4. Both f i g u r e s  

a r e  based on unpublished d a t a  c o l l a t e d  by the  Land Use Research 

Division of the  CSIRO. The records of add i t iona l  s t a t i o n s  (Fig. 

2.3) a r e  from Holloway e t  a l .  (1973), and Johns (unpubl. a ) .  

The incidence of r a i n f a l l  i n  the  a rea  can be r e l a t e d  

pr imar i ly  t o  the  two p a t t e r n s  of atmospheric c i r c u l a t i o n  t h a t  in-  

f luence most of Papua New Guinea. From December t o  March, the  

'north-west '  o r  'monsoon' season, low pressure  v o r t i c a l  systems 



associated with the intertropical convergence zone (ITCZ) dominate 

the circulation. Between May and October tine ITCZ is located north 

of the equator and has no direct influence on the area. At this 

time, the 'south-east trades' season, south-easterly winds moving 

towards the equator dominate the circulation. During April and 

Ncve~her, when the ITCZ is moving across the region, either circula- 

tion system may predominate. Due to the great variations in topo- 

graphy, circulation patterns produced by anabatic and katabatic 

winds along the valley margins have a significant effect on local 

rainfall. 

The south-easterlies are the only strong and persistent 

wind system affecting the area. They are also moist, and become 

increasingly unstable towards the equator. A temperature inversion, 

the 'trade-wind inversion', frequently occurs at low altitude. 

Under such conditions much of thewindsvmoisture is released as 

rain along the coastal ranges, whereas precipitation in the leeward 

area of the Markham Valley is unlikely. Although the coastal area 

is very wet throughout the year, maximum rainfall occurs during the 

south-easterly season. Rainfall during this season decreases very 

sharply inland, reflected by the reduction in annual precipitation 

at stations various distances from the coast (Fig. 2.3). Lae 

Botanic Garden receives an average of 4 4i9 mm yr-l, whilst at Ersp, 

40 km to the west, the annual total is only 1 248 mm. 

Due to the decreased influence of the south-easterly 

circulation, stations in the mid- and upper-Markham Valley receive 

nearly 40% of their rainfall during the height of the north-west 

season from January to March. Conversely, the central valley area 

is relatively dry from July to September, the degree of seasonality 



increasing with distance from the coast. At Erap, 21% of the total 

rainfall falls during these months. This proportion declines to 

around 10% or less at Sasiang and stations to the west. Kaiapit, 

and similar marginal valley areas, experience greater annual rain- 

fall due to local circulation effects, although the seasonality of 

the rainfall is very similar to that of the nearby open valley 

stations. The lower valley area around Oomsis and Yalu is influ- 

enced equally by both circulation patterns, and rainfall distribu- 

tion is less seasonal than in other areas. 

A large section of the Markham Valley thus experiences a 

seasonally distributed annual rainfall of less than 1 500 mm. The 

only extensive region of the country drier than the mid-Markham is 

the Central Coast of Papua (Brookfield and Hart, 1966). This 

relative aridity is reflected by increased drought frequency and 

intensity, and by seasonal or annual water budget deficits. 

Estimates for Erap and Leron Plains stations (Holloway et al., 

1973) show the potential annual evapotranspiration to exceed rain- 

fall by 460 mm and 334 mm respectively. McAlpine and Short (1974) 

indicate an excess of theoretical evaporation over rainfall of 

555 m yr-l for Erap. 

VEGETATION AND S O I L S  

Figure 2.5 shows a highly generalised map of the vegeta- 

tion of the Markham region. Due to the paucity of ecological data 

l y 3 1 u  (see Appendix 11) the vegetation units mapped are largely p%--:*- 

gnomic, similar to those proposed by Paijmans (1975). Floristic 

lists for specific locations within the area may be found in 

Lane-Poole (1925) , Holloway et al. (1973) and Johns (unpubl. a) . 





The vegetation units are described in a wider context by Paijmans 

(1975, 1976). Vegetation boundaries are mapped on Fig. 2.5 by 

interpolation from aerial photography, photomosaics, and LANDSAT 

imagery of the area. The following units are recognised: 

Grass land comprises most of the non-forest vegetation of the area. 

Grass dominated vegetation occupies much of the drier central 

valley of the Markham, from the Erap River westwards to the margin 

of the Leron fan. It also covers an extensive area of the lower 

mountain slopes, up to about 500 m, particularly on the northern 

flanks of the valley. South of the Markham River, grassland is 

less widespread. It occurs along the floodplains of several 

rivers, but is most abundant over the granodiorite of the Lake 

Wanum area, and on the foothills in the vicinity of Wasiang 

Mountain. In the latter area, grasslands ascend to almost 1 000 m 

above sea level. 

In mapping the floor of the Markham Valley, Holloway 

e t  a l .  (1973) recognise a number of non-forest vegetation alliances. 

A short grass association, dominated by Themeda a u s t r a l i s ,  is found 

especially on active surfaces of the piedmont, and of the Leron, 

Umi and, to a lesser extent, Erap fans. The tall grass alliance, 

composed of Imperata  c y l i n d r i c a  in association with Ophiuros  

t o n c a l i n g i i  and Saccharurn spontaneum, appears to dominate areas of 

deeper soil. It is particularly abundant around the margin of the 

Leron fan, and from this area eastward to the Erq? River. Scat- 

tered trees, often A l b i z i a  procera or Nauclea o r i e n t a l i s ,  may occur 

either individually or in groups. In the upper valley west of the 

Leron Fan and along the piedmont and Garabampan fan, such trees be- 

come more abundant. Holloway e t  a l .  (1973) classify much of this 

area as 'savanna' or 'woodland'. 



The grassland assoc ia t ions  of t h e  f o o t h i l l  s lopes and 

va l l ey  f l o o r  appear e s s e n t i a l l y  s i m i l a r  i n  f l o r i s t i c  composition. 

In  the  v i c i n i t y  of Lake Wanum, the  grassland i s  almost t o t a l l y  

dominated by Themeda australis, although Arundinella setosa a l s o  

occurs. On s imi la r  s lopes  on the  metamorphic rocks a t  nearby 

Redhill, Izperata cylindrica is the most abundant species.  A wider 

d i v e r s i t y  of g rass  species  i s  seen i n  the  wet ter  depressions i n  

both areas .  In  such s i t u a t i o n s  Coelorhachis rottboellioides and 

Ischaemum barbaturn a r e  p a r t i c u l a r l y  common. 

'Alluvium' forest includes a l l  s u b s t a n t i a l l y  fo res ted  areas  of the  

a l l u v i a l  p la in .  Both Holloway et al. (1973) and Paijmans (1975) 

d i f f e r e n t i a t e  between swamp f o r e s t ,  and the  f o r e s t  of the  flood- 

p l a i n .  However, a p a r t  from small a reas  of f l o r i s t i c a l l y  d i s t i n c t  

mangrove vegetat ion e a s t  of Labu, and along the  coas t ,  none of the  

a rea  i s  permanently inundated. There is  perhaps an environmental 

g rad ien t  r e l a t e d  t o  frequency and depth of flooding. Pure s tands  

of sago (~etroxylon sagu) occur p a r t i c u l a r l y  i n  the  lower Markham 

Valley where inundation i s  frequent ,  and the  palm i s  common i n  the  

understorey a t  o the r  pe r iod ica l ly  flooded s i t e s .  The f l o r i s t i c  

composition of 'alluvium' f o r e s t  appears e s s e n t i a l l y  s imi la r  

throughout t h e  area.  Some of the  more common t r e e s  encountered a r e  

Artocarpus communis, Buchanania heterophylla, Bischofia javanica, 

Octomeles sumatrana, Terminalia spp. Neonauclea spp. and Ficus 

SPP 

'Alluvium' f o r e s t  extends over most of the  lower Markham 

f loodpla in .  West of the  Erap River it i s  much l e s s  widespread, 

although f o r e s t  patches occur on some lower-fan a reas ,  and 



adjacent  t o  the  Markham River. I n  t h i s  p a r t  of the  va l l ey ,  the  

major 'alluvium' f o r e s t  t r a c t s  a re  south of the  r i v e r ,  along the 

f loodpla ins  of the  Wonoat, Watut and Wampit r i v e r s .  

Lowland h i l l  f o r e s t  encompasses a l l  a reas  of closed canopy f o r e s t  

on well  drained s i t e s ,  below about 1 400 m. This omnibus category 

undoubtedly includes a wide v a r i e t y  o f s t r u c t u r a l l y a n d  f l o r i s t i c -  

a l l y  d i f f e r e n t  f o r e s t  types. Most a r e  dominated by evergreen 

broad-leaved species .  However, semi-deciduous f o r e s t  occurs along 

the  southern margin of the  Markham Valley i n  some seasonally dry 

a reas  notably t h e  limestone f o o t h i l l s  of Wasiang Mountain. 

Some of the  more abundant t r e e  taxa recorded by Johns 

(unpubl. a )  from va l l ey  s i d e  f o r e s t  p l o t s  i n  the  Oomsis-Gabensis 

a rea  a r e  C e l t i s  kajewskii,  I n t s i a  b i juga ,  Diospyros, Pimeliodendron 

a l t e rn i fo l ium and Maniltoa. 

Lower montane f o r e s t  (sensu Paijmans, 1975) i s  mapped a t  a l t i t u d e s  

g r e a t e r  than 1 400 m. In  the  study a rea  the  u n i t  extends over 

small a reas  of t h e  Herzog and Saruwaged Ranges. 

Where s u f f i c i e n t  da ta  e x i s t ,  t h e  e f f e c t  of edaphic 

f a c t o r s  on the  vegetat ion appears important.  The apparent c o n t r a s t  

between grassland on g ranod io r i t i c  s o i l s  and t h a t  on s o i l s  derived 

from metamorphic s u b s t r a t e s  has been mentioned. 

The only systematic pedological  study i s  t h a t  reported by 

Holloway et  a l .  (1973), on the  a l l u v i a l  s o i l s  of t h e  Markham Valley 

f l o o r .  Most s o i l s  inves t iga ted  were found t o  be lacking i n  some 

major p l a n t  n u t r i e n t s  and t r a c e  elements. Drainage and topography, 

by t h e i r  con t ro l  of runoff ,  leaching and eros ion,  were found t o  be 

the  most important f a c t o r s  inf luencing s o i l  development. In  the  

d r i e r  a reas  of t h e  va l l ey  s o i l  formation processes were considered 



'more c h a r a c t e r i s t i c  of semi-arid' than humid t r o p i c a l  cl imates.  

The young and unstable na ture  of the  va l l ey  f l o o r  s o i l s  i s  emphas- 

i sed .  In many p r o f i l e s ,  one o r  more ancient  pedogenic phases, in-  

d ica ted  by buried 'A-horizons', were encountered. 

HUMAN ACTIVITY 

Although t h e  cosmopolitan p o r t  of Lae i s  t h e  country ' s  

second most populous town, t h e  majori ty of the  a r e a ' s  inhab i t an t s  

l i v e  i n  t r a d i t i o n a l  v i l l a g e s .  Most v i l l a g e s  a r e  located along the  

f o o t h i l l s ,  o r  i n  t r i b u t a r y  va l l eys ,  r a t h e r  than i n  the  open expanse 

of the  Markham Valley. Population d e n s i t i e s  f o r  the  va l l ey  f l o o r  

a r e  thus  low. The a rea  between the  Erap and Leron r i v e r s  has a  

dens i ty  of only 3 . 4  persons km-2. In the  upper va l l ey  from the  

Leron t o  U m i  r i v e r s  the re  a r e  a  l a r g e r  number of v i l l a g e s  and the  

number of persons r i s e s  t o  18.5 km-2. 

The major i ty  of t h e  populat ion p r a c t i s e s  subsistence ag- 

r i c u l t u r e  i n  s h i f t i n g  gardens, although excess crops,  p a r t i c u l a r l y  

b e t e l n u t  ( A r e c a  c a t e c h u )  and coconuts, may be traded.  S taple  crops 

include the  many v a r i e t i e s  of banana (Musa spp.) and t h e  coconut 

(Cocos n u c i f e r a ) .  Sweet pota to  ( I p o m o e a b a t a t a s )  i s  a l s o  important,  

bu t  does no t  dominate the  d i e t  t o  t h e  ex ten t  t h a t  it does i n  high- 

land areas .  Sago ( M e t r o x y l o n  s a g u )  i s  u t i l i s e d  i n  the  lower 

Markham Valley and c o a s t a l  a reas ,  although nowhere does it appear 

the  s o l e  s t a p l e  crop. Many o the r  p l a n t s  supplement the  d i e t .  Yams 

( D i o s c o r e a  spp.) and taro (Co2oeas ia  esculents) a r e  c u l t i v a t e d ,  and 

mangoes (Mang i f e ra  i n d i c a )  may be found a s  shade t r e e s  i n  v i l l a g e s .  

A l a rge  number of p l a n t s  a r e  harvested from the  wild;  b r e a d f r u i t  

( A r t o c a r p u s  a l t i l i s )  being one example. An extensive l i s t  of o the r  



food p l a n t s  i s  given by Powell (1976). Domestic p igs  a r e  usual ly  

kept ,  and f i s h i n g  and hunting a r e  p rac t i sed  where appropriate re- 

sources a r e  avai lable .  

P lan ta t ion  agr i cu l tu re  i s  es tab l i shed  p a r t i c u l a r l y  i n  the  

lower Markham Valley wi th in  30 km of Lae. The major crops grown 

--- >VG rncnnnts -- and -...-- cocoa, and Sorghum i s  a l s o  widely cu l t iva ted .  

Many o the r  p l a n t s  have been introduced i n  at tempts t o  promote 

v i l l a g e  c u l t i v a t i o n  of cash crops (Holloway et  a l . ,  1973) and a 

l a rge  c a t t l e  s t a t i o n  i s  i n  operat ion a t  Leron Pla ins .  

The pre-European h i s t o r y  of the  a rea  is almost t o t a l l y  

specula t ive .  The two main peoples of the  v a l l e y  proper,  the  

Adzera and Wampar ( o r  Laewomba) a r e  c lose ly  r e l a t e d  c u l t u r a l l y  

(Holzknecht, 1974). Both speak an Austronesian language, i n  con- 

t r a s t  t o  t h e  non-Austronesian a f f i n i t i e s  of the  mountain inhabi t -  

a n t s  t o  t h e  nor th  and south (Hooley and McElhanon, 1970). No 

archaeological  s i t e s  of any a n t i q u i t y  have been found within the  

a rea ,  although Specht and Holzknecht (1971) have recovered ceramic 

and s tone  a r t e f a c t s  from s u r f i c i a l  deposi t s  a t  abandoned v i l l a g e  

s i t e s .  A shallow rock s h e l t e r  containing ances to ra l  s k u l l s ,  a t  

the  southern end of Yanamugi l ake ,  was encountered during fieldwork 

near Yatsing v i l l a g e .  

Accounts of the  o r a l  and post-contact h i s t o r y  of the  

lower Markham Valley ( W i l l i s ,  1974, Sack, 1976) suggest widespread 

populat ion movement i n  response t o  s p e c i f i c  i n t e r t r i b a l  d isputes .  

No sus ta ined migration p a t t e r n s  a r e  ev iden t ,  however. European 

contac t  has had an increas ing inf luence  on t h e  region s ince  the  

l a t e  n ineteenth  century. 



SELECTION OF S I T E S  FOR PALAEOECOLOGICAL STUDY 

P o t e n t i a l  s i t e s  f o r  palaeoecological  study were evalu- 

a t ed  on the  b a s i s  of the  following des idera ta :  

(i ) probable exis tence  of continuous sedimentary h i s to ry  
of some a n t i q u i t y ,  

(ii ) preservat ion  i n  the  sediments of macroscopic and 
microscopic p l a n t  remains, 

(iii) s u f f i c i e n t l y  low i n  a l t i t u d e  t o  r e f l e c t  changes i n  
lowland vegeta t ion ,  

( i v  loca t ion  i n  r e l a t i o n  t o  vegetat ion assoc ia t ions ,  and 

(v ) reasonable access f o r  equipment. 

Few s i t e s  f u l f i l l e d  a l l  c r i t e r a .  No s u i t a b l e  s i t e s  e x i s t  on the  

f l o o r  of the  Markham Valley. Although some swamp a reas  and al luv- 

i a l  p l a i n s  t o  the  south of t h e  r i v e r  contain organic ma te r i a l ,  t h i s  

i s  unl ike ly  t o  have been deposi ted continuously, o r  t o  be of g r e a t  

age, given the  uns table  na ture  of the  a l l u v i a l  environment. 

Neither a r e  such s i t e s  with a f luc tua t ing  water table  l i k e l y  t o  pre- 

serve much pollen.  Perennial ly inundated s i t e s  only were there-  

f o r e  considered, r e s t r i c t i n g  t h e  search t o  permanent lakes  o r  

swamps. 

Several  lakes  a r e  found i n  the  f o o t h i l l s  of the  Saruwaged 

Range. Yarong Lake and the  two Santagora Lakes (Fig. 2.1) a r e  lo- 

ca ted  between about 600 m and 800 m a l t i t u d e  i n  the  headwaters of 

the  Erap River and Wawin Creek respect ive ly .  These lakes  a r e  i n  an 

i n t e r e s t i n g  p o s i t i o n  a t  the  upper l i m i t  of major c u l t i v a t i o n  i n  t h e  

f o o t h i i i ~ ,  althoiigli may have beeii formed r e l a t i v z l y  r ecen t ly  by 

l a n d s l i p s  i n  t h i s  unstable area .  The s i t e s  might a l s o  be too  e le -  

vated t o  r e f l e c t  vegetat ion events  i n  the  Markham Valley. Due t o  

t h e i r  r e l a t i v e  i n a c c e s s i b i l i t y ,  these  l akes  were not  inves t iga ted ,  

although they would undoubtedly bear  f u r t h e r  study. 



Possible s i t e s  a l s o  occur a t  low a l t i t u d e  i n  the  foot-  

h i l l s  along the  southern margin of the  va l ley .  l i ~ o  smaii iakes  i n  

the  f o r e s t  between the  Wampit and Watut r i v e r s  were observed from a 

l i g h t  a i r c r a f t .  They could not  be located  subsequently on a e r i a l  

photographs and may be ephemeral. 

Two areas  were chosen f o r  i n i t i a l  palaeoecological  inves t -  

iga t ion .  The v i c i n i t y  of Mount Ngaroneno, a t  the  southern margin 

of the  lower Markham Valley,  conta ins  the  g r e a t e s t  expanse of 

swamps and lakes  i n  the  region. Lake Wanum is by f a r  the  l a r g e s t ,  

although o the r  lakes  and swamps a r e  a l s o  found. Several  small 

l akes  o r  ponds occur i n  the  second a r e a ,  the  limestone region of 

Wasiang mountain. The l a r g e s t  of these ,  Yanamugi, appeared s u i t a b l e  

f o r  study. 

Both a reas  a r e  c r i t i c a l l y  located  i n  r e l a t i o n  t o  the  en- 

vironmental f a c t o r s  out l ined i n  t h i s  chapter .  They occur on rock 

types uncharac te r i s t i c  of most of t h e  a r e a ,  granodior i te  and 

limestone. The p reva i l ing  r a i n f a l l  regimes d i f f e r ,  t he  Lake Wanurn 

a r e a  probably rece iv ing 1 500 t o  2 000 mm, d i s t r i b u t e d  throughout 

t h e  year. Yanamugi l i e s  wi th in  the  area  of s t rongly  seasonal pre- 

c i p i t a t i o n ,  with an annual average of l e s s  than 1 500 mm. Grass- 

land vegetat ion i s  abundant around both s i t e s ,  although the  immedi- 

a t e  v i c i n i t y  of Yanamugi i s  fores ted .  These a reas  thus  appear wei i  

s i t e d  t o  d e t e c t  any p a s t  change i n  major environmental condit ions 

o r  vegeta t ion  occurring i n  the  region. 



Lake Wanum, centred on 6O38'S and 146O47 ' E ,  l i e s  about 

25 km inland from the  Huon Gulf on the  southern f lank of the  

Markham Valley. I t  has an i r r e g u l a r  o u t l i n e  and, with a maximum 

width of about 3 km, i s  the  l a r g e s t  of a  number of lakes  and swamps 

i n  the  v i c i n i t y .  The area  cons i s t s  predominantly of granodior i te ,  

extensively f a u l t e d  i n  the  upper Quaternary, which gives r i s e  t o  a  

topography of s t eep  slopes with rounded r idges  and f l a t  bottomed 

val leys .  Various small swamps and lakes  a r e  found a t  the  foo t  of 

these  h i l l s  some poss ib ly  being impounded by f a u l t s  (Chappell, 

1973). 

To the  west of Lake Wanum over a  narrow f a u l t  scarp l i e  

the  Erom-Erom lakes  (P la te  3 . 1 ) ,  a  s e r i e s  of th ree  small ponds and 

associated swamps. More extensive swamps and a t  l e a s t  two other  

lakes  a r e  found bounding the  h i l l s  t o  the  west and south of the  

area .  To the  south-east on the  edge of the  granodior i te  i s  the  

l a rge  expanse of Redhil l  Swamp (Fig. 3.1) . 
The Lake Wanum bas in  i t s e l f  appears t o  be del imited by a t  

l e a s t  two major f a u l t  l i n e s ,  along the  northern and western shores. 

To the  e a s t  the  marginal h i l l s  a r e  l e s s  s t eep  i n  the  immediate 

v i c i n i t y  of the  lake.  The bathyrnetric sketch map1 (Fig. 3.2) shows 

a s i m i l a r  t rend continuing under water,  t he  deepest p a r t  of the  

bas in  (19 m below datum) occurring near the  s t eep ly  sloping north- 

e r n  shore. 

I 
Compiled from echo-sounding t r ave r ses  made by Joe Glucksman of 
the  F i she r i e s  Research Division of D.A.S.F. and the  author i n  
August 1974. 



FIGURE 3.1.  T h e  d i s t r i b u t i o n  of l a k e s  and swamps i n  the Lake  Wanum a r e a  



FIGURE 3.2.  L a k e  Wanum: B a t h y m e t r i c  sketch map. U n d e r w a t e r  c o n t o u r s  are? i n  m e t r e s  





The area  of open water i n  the  bas in ,  about 3.7 km2 , i s  

f a i r l y  la rge  i n  r e l a t i o n  t o  the  t o t a i  catc-hment area  of approxi- 

mately 8 km2 a s  measured from t h e  map. A s  there  i s  no permanent 

stream inflow i n t o  the  lake much of i t s  water must be derived by 

p r e c i p i t a t i o n  d i r e c t l y  onto the  lake surface ,  and the  water i s  

f r e s h  and c l e a r .  The only outflow of the  lake  i s  a small channel 

i n  the  extreme south-west corner of the  bas in  t h a t  runs i n t o  Oomsis 

Creek. This opera tes  only in te rmi t t en t ly .  I t  was observed flow- 

ing  throughout the  l a t t e r  ha l f  of 1974, bu t  had d r i ed  up and be- 

come overgrown by May 1976 when the  lake  l e v e l  was apparently 

s l i g h t l y  lower. Brass (1964) r epor t s  t h a t  t h i s  channel a l s o  serves 

a s  an inflow when the  creek i s  i n  flood. Oomsis Creek i s  the  only 

more o r  l e s s  permanent watercourse i n  t h i s  l o c a l i t y  although Brass 

a l s o  repor t s  t h a t  it too may cease flowing under condit ions of 

sustained dry weather. 

The a l t i t u d e  of the  water surface  of Lake Wanum above sea 

l e v e l  i s  not  known accurately.  The 1944 1:63 360 map1 shows it a s  

between 150 f e e t  and 200 f e e t  (45 t o  60 m ) .  Using the  heights  of 

nearby h i l l s  given on t h i s  map a s  a b a s i s ,  a crude t r i angu la t ion  

with an Abney l e v e l  determined the  lake  surface  a s  34 m o r  36 m 

above sea l eve l .  I f  the  he ight  f o r  M t .  Ngaroneno given on the  

1966 1:250 000 map2 (+ 340 m) i s  taken a s  co r rec t ,  t h e  lake  k v e l  

becomes 16 m above sea l e v e l .  A s imi la r  exerc ise  a t  Erom-Erom lake  

2 ,  shown on the 1 inch map asbetween 250 fee tand300  f e e t  (60 t o  75 m) 

produced f igures  of 41 m o r  2 3  m f o r  the  lake  surface  depending on 

the  datum height  used. 

No. 0452 Nadzab 1 inch s e r i e s .  
SB 55-10 Markham sheet .  



STRATIGRAPHIC INVESTIGATIONS 

Cor ing  techniques 

In  the  recovery of sediment cores f o r  s t r a t i g r a p h i c  

descr ip t ion  the  primary equipment used was a version of  the  

Livingstone-Vallentyne s ta t ionary-pis ton  core r  incorporat ing the  

modificat ions of Walker (1964). The sampler was operated from a 

small,  f l a t  bottomed, aluminium dinghy provided with a c e n t r a l  

coring hole. This apparatus proved successful  i n  obtaining cores 

of reasonable length  when f i rmly  anchored i n  shallow water. I n  

open water deeper than about 5 m s t a b l e  anchorage of the  boat  

became a problem and cores longer than c. 4 m were d i f f i c u l t  t o  

obtain.  I n s t a b i l i t y  was overcome by pos i t ioning the  boat ,  o r  

subsequently a 2 m X 2 m plywood coring platform, on top  of i s l ands  

of f l o a t i n g  o r  loosely rooted vegetat ion.  I n  t h i s  way cores over 

20 m i n  depth were recovered. 

During 1976 a compact pneumatically operated corer  

(Mackereth, 1969) was employed t o  obta in  cores up t o  1 m long with 

an undisturbed sediment/water in te r face .  The 'mini-Mackereth' was 

successful  i n  recovering both a core of highly cohesive sediment 

from the  deepest p a r t  of  Lake Wanum, and cores of t h e  uppermost 

sec t ions  of the  highly unconsolidated marginal sediments. 

A l l  cores were extruded i n  the  f i e l d .  Those co l l ec ted  

s o l e l y  f o r  s t r a t i g r a p h i c  descr ip t ion  were discarded a f t e r  examina- 

t ion .  Others were sealed i n  polythene sheet ing ,  and enclosed i n  

PVC pipe f o r  r e t u r n  t o  Canberra. 



 



FIGURE 3 .4 .  Key t o  s t r a t i g r a p h i c  d i a g r a m s  

L o c a t i o n  o f  r a d i o c a r b o n  d a t e d  sample  

Substantia  humosa (Sh) 

m1 Turfa l ignosa (Tl) a n d / o r  Det r i tus  l ignosus ( D l )  

E552 Turfa herbacea (Th) a n d / o r  Det r i tus  herbosus (Dh) 

u u u  Limus ca lcareus  (LC)  

L L L  Argi l l a  s tea todes  ( A s )  

Grana arenosa (Ga) 

Major componen t s  o n i y  a r e  shown i n  the s t r a t i g r a p h i c  
co lumn .  Where t w o  m a j o r  componen t s  o c c u r  i n  a  s i n g l e  h o r i z o n ,  
both a r e  drawn.  A p a r t  f rom  the symbol  for Grana arenosa, s u p e r -  
imposed  a t  the t r u e  s t r a t i g r a p h i c  d e p t h ,  a l t e r n a t i o n  o f  s y m b o l s  
w i t h i n  a h o r i z o n  i s  d i a g r a m m a t i c  o n l y .  Minor componen t s  o f  the 
d e p o s i t  a r e  i d e ~ t i f i e d  b y  a b b r e v i a t i o n s  a t  the s i d e  o f  the 
co lumn .  Narrow d i s c r e t e  h o r i z o n s  a r e  l o c a t e d  b y  a  dashed  l ine ,  
and i d e n t i f i e d  a d j a c e n t  t o  the column.  The  t o p  o f  e a c h  
s t r a t i g r a p h i c  co lumn r e p r e s e n t s  the s e d i m e n t / w a t e r  i n t e r f a c e .  



FIGURE 3.5. R e d h i l l  Swamp: S t r a t i g r a p h y  of cores RHA 1 a n d  RHB 1 

RHA 1 

RHB 1 



Descript ion o f  depos i t s  

In  descr ib ing  t h e  c h a r a c t e r i s t i c s  and s t r a t i g r a p h y  of t h e  

sediments t he  system of Troels-Smith (1955) i s  adhered t o  a s  f a r  a s  

p rac t i cab le .  Assessment of t h e  phys i ca l  p r o p e r t i e s  and humicity of 

t h e  depos i t s  proved s t r a igh t fo rward  al though record ing  of t he  

gene r i c  terms used i n  t he  d e s c r i p t i o n  of component elements of t h e  

depos i t  was l e s s  s a t i s f a c t o r y .  Many of Troels-Smith's more spe- 

c i a l i s e d  terms a r e  n o t  a p p l i c a b l e  ou t s ide  N.W. Europe, t he  region 

f o r  which they  were o r i g i n a l l y  devised.  Even the  broader  gener ic  

terms such a s  Turfa,  D e t r i t u s ,  and Limus could not  always be used 

with c e r t a i n t y  a s  they imply a f a m i l i a r i t y  wi th  t h e  source of any 

macroscopic v e g e t a l  remains. These u n c e r t a i n t i e s  a r e  r e f l e c t e d  i n  

t h e  use of a l t e r n a t i v e  terms f o r  t h e  same horizon,  o r  i n  t he  case  

of h igh ly  humified d e p o s i t s  use of t h e  pure ly  d e s c r i p t i v e  term 

Subs t an t i a  humosa. A s  a  f u r t h e r  a i d  t o  t h e  i n t e r p r e t a t i o n  of t he  

s t r a t i g r a p h y ,  a  s u b j e c t i v e  desc r ip t ion  of t h e  depos i t s  i s  a l s o  

given. The symbolic r ep re sen ta t ion  of va r ious  depos i t  types  (Fig. 

3.4) i s  a s imp l i f i ed  vers ion  of Troels-Smith's system. 

The s t r a t i g r a p h y  o f  Redhi l l  Swamp 

Coring w a s  c a r r i e d  ou t  i n  t h e  Lake Wanum a r e a  during two 

f i e l d  seasons both i n  t h e  bas in  of t h e  l a k e  i t s e l f  (Fig.  3 .3) ,  and 

i n  t h e  l a r g e  ?.edhill S w a q  t o  t he  south.  

Two reconnaissance cores  were taken near  t h e  south- 

e a s t e r n  margin of Redh i l l  Swamp: RHAl loca t ed  about 100 m from t h e  

edge of t h e  swamp, and RHB1, approximately 200 m from dry  land.  

The gene ra l i s ed  s t r a t i g r a p h y  of t hese  co re s  i s  shown i n  F ig .  3.5. 

Both show a succession of grey c l ay  ( ~ r g i l l a  s t e a t o d e s )  bands, 



i n t e r c a l a t e d  with predominantly organic bands of f ibrous  p e a t  

(Turfa herbacea) of ten  including horizons of wood o r  woody frag- 

ments. Although both sequences contain a s imi la r  range of depos- 

i t s ,  t h e  s t r a t ig raphy  is  complex, and d e t a i l e d  cor re la t ion  i s  not  

poss ib le .  

Passage through the  swamp was extremely d i f f i c u l t .  The 

water depth was too  g r e a t  t o  proceed on f o o t ,  and the  dense herba- 

ceous vegetat ion and frequent  presence of small sapl ings  made 

movement with the  boat  very slow. The s t r a t ig raphy  suggested t h a t  

the  marginal a reas  of the  swamp would be unl ike ly  t o  provide any 

cores with a long, continuous sedimentation record. Therefore, 

subsequent e f f o r t s t o o b t a i n  such cores f o r  pol len  a n a l y t i c a l  

purposes were concentrated i n  t h e  basin of Lake Wanum i t s e l f .  

The s t r a t ig raphy  of  Lake Wanum 

Four reconnaissance boreholes (LWR 1 t o  4) were cored i n  

the  l a rge  area  of herbaceous swamp and open water vegetat ion,  the  

'south swamp', bounding the  southern shore of Lake Wanum. In 

addi t ion ,  a number of probes t o  determine t h e  depth of sediments 

was made using the  corer  extension rods alone. I n  LWR 1 t o  3 a 

cohesive grey p l a s t i c  c lay  (Argilla s t ea todes )  was found t o  under- 

l i e  a shallow horizon (max. thickness 10 cm) of poorly humified 

f ib rous  organic deposi t  (Turfa herbacea).  The c lay  was penetrated 

t o  a depth of c. 80 cm before i t s  cohesive nature a r r e s t e d  the  

co re r ,  preciuding the  recovery of  any deeper sediments. Core LWR 4 

shows a s imi la r  s t r a t ig raphy ,  although dark, g r i t t y  organic l aye r s  

a r e  a l s o  present .  The numerous probes suggested t h a t  the  th ick  

c lay  l aye r  was widespread over the  whole southern a rea  of the  lake  

basin.  



TABLE 3.1. Stratigraphic description of core LW I1 

Troels-Smith Indices 

V) 

U V) 
-i 01 m 
U "J U 

L, '* U .* 
O U ' I V )  
Q W U O  
, ,$ Component 
2 U V) z Elements 

Depth of 
horizon 
(cm below 
datum) Colour 

Radiocarbon 
Samples 
(cm below 
datum) Structure and General Description 

Water and unconsolidated floating 
root-mat 

Water 

600-685 Light 
brown 

Fibrous organic sediment, slight- 
ly humified. Upper portion very 
wet. (No sample 600-635 cm) 

2 2 1-2 1-2 Turfa 
herbacea 
m) 

685-800 Light 
brown/ 
grey 

A heterogenous horizon of fib- 
rous organic material admixed 
with grey inorganic clay. Gradu- 
al transition into the underlying 
horizon. 

1-2 2 2 2 Th + 
Argilla 
stea todes 
(As) 

800-925 Brown Well humified, slightly fibrous 
organic deposit.(No sample 900- 
906 cm). 

925-1000 Reddish- 
brown 

Course fibrous organic deposit, 
wetter and less humified than the 
overlying horizon. Many well 
preserved rootlets present. 
Grades into underlying horizon. 

1000-1080 Brown Well humified organic deposit 
with some macroscopic plant frag- 
ments including rootlets and 
leaves. Fragments of yellow wood 
are found between 1023-1033 cm. 

2 2 2 3 ?Th+Turfa 
lignosa 
(T1) or 
Detritus 
lignosus 
m) 

1080-1115 Olive- 
brown 

Similar to above horizon. Fine 
rootlets present, with woody 
rootlet and wood fragments be- 
tween 1083-1088 cm. Gradual 
change into underlying horizon. 

1115-1191 Brown A fibrous organic horizon, al- 
though well humified, and be- 
coming more so towards the base. 
In the upper part some wood and 
large leaves are present. pene- 
trated by both large and fine 
rootlets. A solid band of light 
coloured wood occurs at 1188- 
1191 cm. 

2 3 2 3 Th+Tl and 
possibly 
Detritus 
herbosus 
(Dh) 

1191-1346 Dark 
brown 

A well humified horizon with 
fewer macroscopic organic re- 
mains. Some fine rootlets are 
present between 1191-1199 cm, 
with both fine and larger root- 
lets between 1219-1269 cm. Wood 
fragments occur from 1261-1269 
cm. Between 1269-1280 cm, the 
deposit becomes slightly more 
humified and darker in colour. 
Large intact pieces of yellow 
wood are present around l300 cm. 
From 1300-1346 cm scattered wood, 
rootlets and leaves occur. (No 
sample 1280-1300 cm). 



TABLE 3.1. (Cont.) 

Troels-Smith Ind ices  

Depth of 
hor izon 
(cm below 
datum) Colour S t r u c t u r e  and General Descr ipt ion 

U) ," 
ii 4  
'3  4  m 
U ' O U  

k .3 U -1 
Radiocarbon 

o u - i m  
il yl 

Samples 
b n Component (cmbelow * 1 

m Elements datum) 

1346-1348 L igh t  
grey/  
brown 

1348-1463 Dark 
brown 

1463-1465 Grey/ 
brown 

1465-1487 Olive- 
brown/ 
g rey  

1487-1488 Grey/ 
brown 

1488-1525 Black 

1525-1711 Olive- 
brown 

1711-17ii Orange 
brown 

1712-1755 Brown 

A sha rp ly  de f ined  band o f  grey 
c l a y ,  with some humlfied organic  
m a t e r i a l  and s e v e r a l  l a r g e  black 
fragments,  p o s s i b l y  of carbon- 
i s e d  wood. 

S imi l a r  depos i t  t o  t h a t  between 
1191-1346 cm, a l though s l i g h t l y  
more humified. From about  1400- 
1430 cm t h e  d e p o s i t  becomes more 
f i b r o u s ,  wi th  some l a r g e  root-  
l e t s .  Towards t h e  base ,  t h e  
co lou r  becomes i n c r e a s i n g l y  
g rey ,  with t h e  i n c l u s i o n  o f  in-  
o rgan ic  c l a y  from t h e  under lying 
hor izon.  

F a i r l y  d i s t i n c t  band of p l a s t i c  
grey c l a y  about  1 .5  cm t h i c k .  

A heterogenous admixture of 
s l i g h t l y  f ib rous  o rgan ic  sediment 
and grey c l ay .  Inorganic  con ten t  
dec reases  towards t h e  base .  

Band of grey c l a y  c .  1 cm i n  
t h i ckness .  

Sharp boundary between over lying 
c l a y  and t h i s  s l i g h t l y  f i b r o u s ,  
w e l l  humified o rgan ic  l a y e r .  
Some l a r g e  and f i n e  r o o t l e t s  pre- 
s e n t .  Gradual t r a n s i t i o n  i n t o  
under lying hor izon.  

A f i n e  t o  coa r se  g r a n u l a r  organic  
d e p o s i t ,  f i b r o u s  i n  p l a c e s ,  w i th  
very few smal l  r o o t l e t s .  Frag- 
ments o f  l i g h t  coloured wood 
occur around 1640-1643 cm. 

Sharp boundary between da rk ,  a l -  
most matted o rgan ic  d e p o s i t  and a 
g r i t t y  sandy c l a y  l a y e r .  

Course o rgan ic  d e p o s i t ,  though 
we l l  humified. Not icably  g r i t t y ,  
w i th  some i n c l u s i o n s  of orange- 
brown sand e s p e c i a l l y  a t  1725- 
1727 cm. I n t a c t  r o o t s  o r  twigs  
o f  l i g h t  coloured wood occur  a t  
1753 cm. 

1-2 0-1 3 - AS +Subs- 
t a n t l a  
humosa 
(Sh) + D 1  

2 2 3 3-4 Dh o r  De- 1561-1570+1571- 
t r i t u s  1580 
granosus  (ANU-1689) 
(Dg) + ? A s  

2 n 3-4 - ?Th + 
Grana 
arenosa 
(Ga) + 
?some As 1711-1727 

(ANU-1720) 
2 3 3 3 D h + G a +  

?D1 



Depth of 
hor lzon 
(cm below 
datum) Colour S t r u c t u r e  and General Descr ipt ion 

Troels-Smith Ind ices  

10 m il W 
-3 10 'I 
u n i u  Radiocarbon " ", 1 Samples 

'1 -* w vi 2 Elements datum) 

1755-1770 Dark 
brown 

1770-1862 Reddj-sh- 
brown 

1862-1881 Brown- 
grey 

1881-1888 Orange/ 
grey- 
brown 

1888-1981 Dark 
brown 

Fine organic  depos i t  w i th  f a i r l y  
sha rp  upper boundary. A few 
l a r g e  r o o t l e t s  occur .  S l i g h t l y  
g r i t t y  i n  p l a c e s .  Gradual t r ans -  
i t i o n  i n t o  under lying hor izon.  

Very f i b r o u s  o rgan ic  d e p o s i t  wi th  
many l a r g e  r o o t l e t s .  A d i f f u s e  
c l a y  band is v i s i b l e  around 1799 
cm, and t h e  d e p o s i t  is s l i g h t l y  
g r i t t y  i n  p l a c e s  e s p e c i a l l y  a t  c. 
1800 cm. Gradual t r a n s i t i o n  i n t o  
under lying hor izon.  

Fibrous  o rgan ic  d e p o s i t  admixed 
wi th  c l ay .  

F a i r l y  ab rup t  t r a n s i t i o n  i n t o  a 
compact, ve ry  g r i t t y  sand/clay 
l aye r .  Lower l i m i t  o f  t h i s  hor i -  
zon more d i f f u s e .  

Fibrous  o rgan ic  depos i t .  Many 
?cyperaceous l eaves ,  and some 
r o o t l e t  pene t r a t ion .  Wood frag-  
ments occur  a t  1890 c m  and be- 
tween 1909-1912 cm. 



FIGURE 3.6.  Lake  Wanum: S t r a t i g r a p h y  o f  c o r e s  i n  n o r t h - e a s t  b a y  T r a n s e c t  A 

L W *  2 L W A  3 L W A  4 L W A  1 LW II L W A  5 L W A  6 



FIGURE 3 .7 .  Lake  Wanum: S t r a t i g r a p h y  of c o r e s  i n  n o r t h - e a s t  b a y  T r a n s e c t  B 



Subsequent inves t iga t ions  revealed the  area  of shallow 

water and sparse  in te rmi t t en t  swamp vegetat ion a t  tire north- 

eas te rn  corner of the  lake ,  ( t h e  'north-east  bay') t o  contain much 

deeper deposi t s  of predominantly organic sediment. Probes a t  

severa l  loca t ions  away from the  shore reached 14 m below water 

l e v e l  ( the  maximum length of rods ava i l ab le  a t  the  time) without 

encountering s u b s t a n t i a l  c lay  bands, o r  harder basa l  sediments. 

The major p a r t  of  the  s t r a t i g r a p h i c  survey was therefore  concen- 

t r a t e d  i n  t h i s  a rea  (P la te  3.2) .  

Although some s h o r t e r  cores were recovered from open- 

water s i t u a t i o n s  t h e  loca t ion  of coring s i t e s  (shown i n  Fig.  3.3) 

was l a rge ly  d i c t a t e d  by the  presence of s u i t a b l e  f l o a t i n g  vegeta- 

t i o n  t o  a c t  a s  a  r e l a t i v e l y  s t a b l e  base f o r  operat ions.  Hence the  

coverage of the  coring t r a n s e c t s  i s  no t  a s  wide a s  is perhaps 

des i rab le ,  being l a rge ly  r e s t r i c t e d  t o  a  marginal a rea  of swamp a t  

the  western edge of the  bay, and a small a rea  i n  the  cent re  of  the  

bay. 

O f  t h e  cores i n  t r ansec t  A recovered i n  1974 two, LW I 

and LW 11, were returned t o  the  laboratory.  Further  cores were 

taken along the  l i n e  of t r a n s e c t  B i n  1976 i n  order  t o  e luc ida te  

the  basa l  s t r a t ig raphy .  A l l  except LW 4 were re ta ined f o r  subse- 

quent analyses. A d e t a i l e d  s t r a t i g r a p h i c  descr ip t ion  of core 

LW 11, se lec ted  f o r  pol len  ana lys i s ,  i s  given i n  Table 3.1 w h i l s t  

a  genera l i sed  representa t ion  of the s t r a t ig raphy  of the  o the r  

north-east bay cores i s  shown i n  Figs. 3 . 6  and 3.7. 

The longer cores  show a genera l ly  s imi la r ,  f a i r l y  uni- 

form s t r a t ig raphy .  The major component throughout most of t h e  se- 

quence is a f ibrous  organic deposi t  (Turfa herbacea) cons i s t ing  



primari ly of the  roots  and a e r i a l  stems of herbaceous swamp p lan t s .  

In  the  upper sec t ions  of the  cores t h i s  deposi t  i s  unconsolidated 

and poorly humified. A t  lower l e v e l s  the re  i s  increas ing occur- 

rence of more s t rongly  humified sediment, and i n  p laces  very few 

macroscopic p l a n t  fragments a r e  preserved. 

The sequence of organic sedimentation i s  punctuated a t  

i n t e r v a l s  by bands, usually narrow, of p l a s t i c  c l ay  ( A r g i l l a  

s t e a t o d e s ) ,  g r i t t y  c lay ,  o r  sand (Grand a r e n o s a ) .  Most of these  

l aye r s  probably represent  sediments derived by inwash from t h e  lake 

shore,  a s  they a r e  more common i n  cores nearer  the  p resen t  wa te r ' s  

edge. Inorganic bands a l s o  occur more frequently i n  the  lower 

sec t ions  of the  long cores than i n  the  upper p a r t .  A t  l e a s t  th ree  

cores (LW 3 ,  5 and 6)  reach a s u b s t a n t i a l  l a y e r  of p l a s t i c  grey 

c l a y ,  sometimes admixed with a f i n e  organic depos i t ,  t h a t  grades 

i n t o  a compact g r i t t y  clay. This basa l  c l ay  i s  presumably a de- 

composition product of t h e  underlying granodior i te .  Neither of the  

two longest  cores  (LW I and LW I11 contacted t h i s  l a y e r ,  the  depth 

of recovery i n  these  cases being governed by t h e  l imi ta t ions  of t h e  

ava i l ab le  coring equipment. 

The b a s a l  s t ra t igraphy suggests t h a t  the  l i n e  of t r a n s e c t  

A from s i t e s  LWA L t o  LW I1 runs p a r a l l e l  t o  a r e l a t i v e l y  s t eep  

sided depression. Not only does the  basa l  g r i t t y  c lay  occur c l o s e r  

t o  the  surface  towards the  present  shore l ine ,  but  a l s o  t o  the  nor th  

and south of t h e  t r a n s e c t  l i n e  i n  the  cores of t r a n s e c t  B. 

The two shor t  cores LWMC 1 and LWMC 3 obtained from the  

north-east  bay with the  'mini-Mackereth' corer  show a s t r a t ig raphy  

s imi la r  t o  t h a t  found a t  the  top  of t h e  longer cores.  A shallow 



l a y e r o f  dark brown unconsolidated organic d e t r i t u s  ( D e t r i t u s  

g r a n o s u s )  i s  under la inby a l igh te rb rown fibrous deposi t  of r o ~ t l e t s  

and o ther  poorly humified remains of swamp vegetat ion ( T u r f a  

h e r b a c e a )  . 

In c o n t r a s t ,  shor t  core LWMC 2 ,  from under c. 19 m of 

water i n  t h e  deepest p a r t  of t h e  lake bas in ,cons i s t s  of very d i f f -  

e r e n t  sediments. A l aye r  of f i n e ,  predominantly organic,  mud 

( L i m u s  d e t r i t o s u s )  grades i n t o  a more clay-rich l aye r  containing 

sca t t e red  fragments of leaves of swamp p l a n t s ,  wood, and well  

humified organic mater ia l .  The proport ion of p l a s t i c  grey c lay  

( A r g i l l a  s t e a t o d e s )  increases  u n t i l  it becomes the  s o l e  cons t i tuen t  

towards the  base of the  90 cm core. 

ANALYSIS OF ORGANIC CONTENT 

During t h e  sampling of core LW I1 f o r  pol len  ana lys i s ,  

71 sub-samples, each of approximately 3.9 m l ,  were s e t  as ide  f o r  

determination of organic and inorganic content  by es t imate  of 

weight l o s s  on ign i t ion .  I n  order  t o  r e l a t e  t h i s  value t o  an 

appropriate gravimetric  base t h e  weighed samples were f i r s t  d r i ed  

i n  an oven a t  c. 100 OC, and t h e  dry weight found. Each was then 

t r ans fe r red  t o  a crucib le  and ign i t ed  a t  650 OC i n  an e l e c t r i c  

furnace f o r  about 30 minutes. The res idua l  ash was weighed and t h e  

l o s s  on i g n i t i o n  ca lcula ted .  This method, although l e s s  accurate 

than chemical t i t r a t i o n  methods i s  ab le  t o  give an approximate 

-- 7 - - -  value f o r  t h e  q u a n t i t i e s  ef organic and inorganic sediment i n  most 

types of deposi t .  

The water content  a s  a percentage of the  wet weight, and 

l o s s  of weight on i g n i t i o n  a s  a percentage of the  dry weight, a r e  

shown i n  Fig. 3.8. The dry weight cf the  inorganic and organic 



f r a c t i o n s  per  m 1  of wet sediment i s  shown i n  Fig. 3.9. A s  sug- 

gested by the  s t r a t i g r a p h i c  descr ip t ion  the  sedlments a r e  very wet,  

containing t y p i c a l l y  90% t o  95% water. A s l i g h t l y  lower proport ion 

of water i s  found i n  the  predominantly inorganic l aye r s .  The curve 

f o r  percentage residue a f t e r  i g n i t i o n  ( ' inorganic '  f r a c t i o n )  shows 

genera l ly  cons i s t en t  t rends ,  with severa l  d i s t i n c t  'peaks ' .  A l l  of 

these  can be r e l a t e d  t o  s t r a t i g r a p h i c  horizons previously described 

(Table 3.1) a s  containing some proport ion of A r g i l l a  s t e a t o d e s  o r  

Grand a r e n o s a .  This curve, and the  one based on the  dry weight 

pe r  m 1  (Fig. 3.9a) which i s  very s imi la r ,  give a b e t t e r  quan t i t a t ive  

indica t ion  of the  inorganic component than t h a t  obtained from the  

s t r a t i g r a p h i c  desc r ip t ion  alone. 

The weight l o s s  on i g n i t i o n  ( 'organic '  f r a c t i o n )  curve 

(Fig. 3.9b) shows few sus ta ined t rends ,  The values f l u c t u a t e  con- 

s iderably  around the  mean, although the re  i s  a tendency f o r  the  

f luc tua t ions  t o  be of smaller  amplitude below about 13  m i n  the  

core. This l a rge  v a r i a t i o n  i n  t h e  organic content  between adjacent  

samples could be the  r e s u l t  of a  number of f ac to r s .  However, it i s  

unl ike ly  t h a t  e r r o r s  i n  weight est imation a r e  involved t o  any g r e a t  

ex ten t ,  s ince  the  cons i s t en t  curve f o r  the  organic f r a c t i o n  f re -  

quently r e l i e s  on even lower values. Inaccurate c o l l e c t i o n  of t h e  

volumetric samplecould account f o r  some of t h e  v a r i a t i o n  since the  

unconsolidated, o f t e n  f ib rous ,  sediment found p a r t i c u l a r l y  i n  the  

upper p a r t  of the  core is  d i f f i c u l t  t o  measure p rec i se ly .  Never- 

t h e l e s s ,  it i s  l i k e l y  t h a t  a  major proport ion of the  observed 

v a r i a t i o n  i s  a c t u a l l y  due t o  short-term f luc tua t ions  i n  sedimenta- 

t i o n  r a t e  of the  loosely  compacted heterogenous organic mater ia l .  

This aspect  w i l l  be discussed f u r t h e r  i n  r e l a t i o n  t o  annual sedi-  

ment accumulation and pol len  deposi t ion r a t e s .  



FIGURE 3.8.  Lake Wanum core LW 11: W a t e r  c o n t e n t  and w e i g h t  loss o n  i g n i t i o n  

70 80 90 100 
% of wet weight 



FIGURE 3 

6 

.9 .  Lake  Wanum core LW 11: S e d i m e n t  

' INORGANIC ' 

d e n s i t y  f o r  r e s i d u e -  ( ' i n o r g a n i c ' )  and l o s s - o n - i g n i t i o n  

1 ( ' o r g a n i c ' )  f r a c t i o n s  

' ORGANIC ' 

0 40 8 0 12 0 20 40 60 80 100 
- 1 

mg dry weight m1 



TABLE 3 .2 .  R a d i o c a r b o n  d e t e r m i n a t i o n s  from L a k e  Wanum 

D e p t h  ( c m  
Core below d a t u m )  Lab. no. D a t e  + 1 S . D .  - 

LW I1 

LW I1 

LW I1 

LW I1 

LW I1 

LW I1 

LW I1 

LW I1 

LW I1 

LW I1 

LW I1 

LWA 1 

LWA 1 

LW 6 

LW I 

LW I 



CORRELATION AND D A T I N G  

Detailed cross-correlation between cores on the basis of 

lithology alone is not straightforward, due to the general simi- 

larity of the organic deposits. Most of the predominantly inorgan- 

ic layers, although readily discernable in individual cores can 

only be correlated with similar horizons in adjacent or nearby 

cores. The junction of the basal clay and the overlying organic 

deposits, whilst a distinct stratigraphic boundary, is not necess- 

arily synchronous in all cores. 

Palaeomagnetically based correlation 

In an attempt to establish correlations between the near- 

basal sediments of the north-east bay, three cores from transect B 

(LW 3, LW 5 and LW 6 )  were subjected to magnetic analysis. The 

intensity of the horizontal component of the natural remanent mag- 

netisation (NRM) and the magnetic declination of the intact cores 

were measured on a computerised slow-speed spinner magnetometer 

similar to that described by Molyneux et al. (1972). The peaks in 

NRM intensity generally correspond with inorganic layers in the 

deposits, whereas the predominantly organic sediments show a very 

low level of magnetic intensity. The basal gritty clay gives a 

reading between that of the smooth plastic clay and the organic 

deposits. This may be due tothe acquisition by the clay of a 

degree of chemical remanence on weathering. It is interesting to 

compare this result wfth that f r m  the deep water core LWMC 2. The 

clay in this core shows a very high NRM intensity, which together 

with its smooth homogenous nature suggest that it does not repres- 

ent the basal clay horizon found in the other cores analysed. 



Apart from t h i s  d i f f e rence ,  the  NRM r e s u l t s  f a i l  t o  discriminate 

between the inorganic horizons and do not  a s s i s t  g rea t ly  w i t h  

s t r a t i g r a p h i c  co r re la t ion .  

Dat ing  

In  order  t o  provide an absolute chronology f o r  the  sedi-  

mentary h i s t o r y  of the  lake  bas in ,  an independent method of da t ing  

was required.  The highly organic deposi t s  proved very s u i t a b l e  f o r  

14c assay and a s u i t e  of s ix teen  determinations was provided by the  

ANU Radiocarbon Laboratory (Table 3 .2) .  These dated samples, the  

loca t ion  of which i s  indica ted  i n  Figs. 3.5 and 3.6, form the  

chronological  b a s i s  of the  s t r a t ig raphy  of the  north-east bay of 

Lake Wanum. 

Due t o  the  complex nature of t h e  f i n e  s t r a t ig raphy ,  and 

the  marginal s e t t i n g  of the  cor ing  s i t e s ,  t h e  majori ty of the  

samples f o r  da t ing  were chosen from the  core LW 11. These served 

a s  a check on the  cont inui ty  of sedimentation i n  the  core ,  and 

provided a b a s i s  f o r  the  accura te  assessment of sedimentation r a t e  

during the  period of deposi t ion.  

The few da tes  obtained from o the r  cores serve t o  empha- 

s i s e  the  problems of c o r r e l a t i o n  based s o l e l y  on s t ra t igraphy.  A 

da te  of 2070 - + 130 (ANU-1449) which immediately o v e r l i e s  a narrow 

bu t  d i s t i n c t  c l a y  band i n  core LW I can be co r re la t ed  d i r e c t l y  with 

a s i m i l a r  da te  of 2070 - + 80 (ANU-1646) from core LW 11, some 300 m 

d i s t a n t ,  where no t r a c e  of t h e  inorganic h c r i z m  i s  v i s i b l e .  Even 

between cores l e s s  than 25 m a p a r t  c o r r e l a t i o n  of the  f i n e  s t r a t i -  

graphy i s  ambiguous. A s a t i s f a c t o r y  descr ip t ion  of t h e  th ree  d i -  

mensional ex ten t  of the  various sedimentary horizons i n  the  north- 

e a s t  bay area  would therefore  seem t o  requi re  a g r e a t e r  number of 



close lyspaced cores ,  o r  many more radiocarbon dates  t o  substan- 

t i a t e  poss ib le  co r re la t ions  between the  e x i s t i n g  cores.  

SWAMP DEVELOPMENT IN THE LAKE WANUM AREA 

A t  t h i s  s tage  it i s  poss ib le  t o  advance a preliminary 

hypothesis i n  an attempt t o  explain the  observed fea tu res  of the  

sedimentary sequences and the  present  swamp d i s t r i b u t i o n  i n  the  

Lake Wanum area.  This model w i l l  then serve as  a t e s t a b l e  frame- 

work f o r  the  subsequent accounts of sediment and pol len  deposi t ion 

r a t e s ,  and of the  evolut ion of the  swamp vegetat ion.  

Of the  sediments recovered from the  north-east bay of 

Lake Wanum, none a r e  s imi la r  t o  the  f i n e  organic mud ( L i m u s  

detritosus) accumulating today i n  the  deeper p a r t  of t h e  basin.  In 

f a c t ,  many of t h e  cores show sedimentary sequences i n  t h e i r  lower 

por t ions  which appear more s i m i l a r  t o  those found i n  the  shallower 

water s i t u a t i o n  of Redhil l  Swamp. I t  i s  probable t h a t  most of the  

sediments of the  north-east bay cores were formed i n  l e s s  than 10 m 

water depth. The base of t h e  longer cores i s  on average 20 m below 

the  present  water surface.  I f  t h e  poss ib le  e f f e c t s  of subsidence 

and sediment compaction can be discounted, t h i s  i n  i t s e l f  suggests 

a progressive increase  i n  the  water l e v e l  of the  lake bas in ,  above 

t h a t  caused by sediment i n f i l l ,  during the  period of the  sediment- 

a ry  record. 

There a r e  severa l  ways i n  which such an increase  could 

poss ib ly  occur. F i r s t l y ,  given a t e t a l l y  enclosed bas in ;  r i s e  i n  

water l e v e l  could be achieved by increased e f f e c t i v e  p r e c i p i t a t i o n  

o r  run-off,  o r  a combination of the  two. Al ternat ive ly  i n  a bas in  

with a t  l e a s t  an i n t e r m i t t e n t  outflow, such a s  i s  the  cu r ren t  

s i t u a t i o n  a t  Lake Wanum, impedance of t h i s  outflow by organic o r  



inorganic sedimentation could cause an increase  i n  water l e v e l  

without any  o ther  change i n  the  hydrological rzgk,e  of the bssir;. 

There i s  perhaps some evidence f o r  the  second proposi t ion i n  the  

topography of the  lake bas in ,  and the  r e s u l t s  of corings from t h e  

southern end of Lake Wanum. The extensive deposi t s  of grey c lay ,  

ove r l a in  by only a t h i n  band of organic mater ia l  could be indica- 

t i v e  of one o r  more episodes of inorganic deposi t ion ,  presumably 

caused by overflow of the  nearby Oomsis Creek. The presence of a  

s i m i l a r  horizon of grey c lay ,  some of which incorporates d e t r i t a l  

fragments of swamp vegeta t ion ,  i n  a  core from the  deepest p a r t  of 

the  lake  bas in  could be seen a s  lending weight t o  t h i s  theory. 

The hypothesis may be extended t o  explain the  o r i g i n  and 

d i s t r i b u t i o n  of o the r  swamps and lakes  i n  the  area.  The only 

ava i l ab le  outflow from the  Redhil l  Swamp bas in  i s  towards Oomsis 

Creek and t h e  same s i t u a t i o n  occurs i n  the  case of the  Erom-Erom 

lakes ,  although here build-up of organic swamp sediments may a l s o  

have a s s i s t e d  impedance of the  drainage. A number of swamps a r e  

found i n  s imi la r  topographic loca t ions  between the  h i l l  s lopes  and 

the  r i p a r i a n  o r  'alluvium' f o r e s t  of t h e  creek a rea ,  p a r t i c u l a r l y  

t o  the  west of Lake Wanum. 

The date  of onset  of organic deposi t ion a t  these  o the r  

swamps i s  i a rge ly  a matter  f o r  conjec ture ,  a s  the  only radiocarbon 

da tes  come from t h e  north-east bay of Lake Wanum. Here the  base of 

the  organic sediments give a da te  s l i g h t l y  o lder  than 9500 BP. 

However, a s  t h i s  s i t e  i s  i n  a  marginal a rea  of the  l a rge  lake ,  it 

i s  q u i t e  poss ib le  t h a t  onset  of accumulation i n  deeper p a r t s  of the  

bas in  occurred e a r l i e r  than t h i s  da te .  
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FIGURE 3.10. Lake Flanurn core LW 11: Age/depth profiles for (a) uncorrected C dates (+2 - S.D.) and 

(b) recalibrated 1 4 ~  dates (+2 S.D.) - 
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ESTIMATION OF ANNUAL SEDIMENT ACCUMULATION RATES 

T h e  r a d i o c a r b o n  c h r o n o l o g y  

The eleven radiocarbon dates from core LW I1 together 

with two correlated from an identifiable horizon in the adjacent 

LWA I core are shown plotted against depth in Fig. 3.10a. The 

physical mid-point of the sample is taken as the horizon to which 

the date refers. These determinations appear to provide a sound 

chronological basis for the estimation of annual rates of sediment 

and pollen deposition throughout the core. The dates follow the 

correct sequence, and there is no evidence of major discontinuities 

in sedimentation, or of any severe disturbance of the deposits. 

Neither is there any suggestion of a significant disequilibrium 

between the 1 4 ~  content of the sediments, and that of the atmos- 

phere. Extrapolation of the rate of accumulation between the two 

uppermost dates to the diffuse sediment/water interface produces an 

apparent date close to the present. It can therefore only be 

assumed that a similar equilibrium has prevailed during the past. 

C o r r e c t i o n s  t o  the r a d i o c a r b o n  t i m e s c a l e  

Before attempting to construct the most appropriate sedi- 

ment accumulation curve consistent with both the radiocarbon dates 

and the observed stratigraphy, it is necessary to consider certain 

limitations of the dating technique itself. These have been re- 

cently summarised by Olsson (1974) and Polach (1976). 

By agreement, radiocarbon laboratories report dates as 

calculated on the basis of Libby's proposal of 5568 + 30 years as 

the half-life (T%) of 14c (Libby, 1949) . Strictly, such determina- 

tions should be corrected in line with the accepted revised 



h a l f - l i f e  of 5730 + 30 years  (Godwin, 1962). In p rac t i ce  t h i s  

r e s u l t s  i n  a small increase of about 3% i n  the  reported age. 

A more ser ious  deviat ion from the  absolute chronology i s  

caused by lack of constancy, o r  secular  va r i a t ion ,  i n  the  produc- 

t i o n  r a t e  of atmospheric 14c over time. Long term increases i n  the  

production r a t e  appear t o  occur i n  response t o  higher e f f e c t i v e  

cosmic ray f l u x ,  perhaps due i n  p a r t  t o  decrease i n  the  i n t e n s i t y  

of the  geomagnetic f i e l d .  This phenomenon was f i r s t  observed by 

de Vries (19581, and i t s  ex ten t  during the  l a s t  1200 years demon- 

s t r a t e d  by W i l l i s  e t  al. (1960) using a radiocarbon dated annual 

t r e e  growth-ring sequence. 

Subsequently a comprehensive t ree- r ing  chronology has 

been constructed f o r  t h e  l a s t  7500 years (Ferguson, 1970) using the  

wood from North American con i fe r s  P i n u s  a r i s t a t a  and S e q u o i a  

g i g a n t e a .  Seuss (1967) produced the  f i r s t  c a l i b r a t i o n  curve f o r  

t h e  conversion of radiocarbon da tes  i n t o  ' absolute '  ages, and h i s  

revised version (Suess, 1970) has been widely used. Several o the r  

correc t ion  curves o r  t a b l e s  have a l s o  been produced from essen- 

t i a l l y  the  same t ree- r ing  d a t a ,  including those of Damon et a l .  

(1972) and Ralph e t  al. (1973). The c a l i b r a t i o n s  d i f f e r  mainly i n  

t h e  degree of emphasis placed on small s c a l e  f luc tua t ions  i n  t h e  

atmospheric 14c/12c r a t i o ,  Suess ' S possessing t h e  most 'wiggles ' 

whi l s t  t h a t  produced by Damon's group exh ib i t ing  only the  longer 

term var i a t ions .  Olsson (1974) synthes ises  these r e s u l t s  by 

drawing a band covering 87% of t h e  da ta  po in t s  t h a t  she deems 

r e l i a b l e .  



The subjective method of obtaining the then existing 

calibration curves is criticised by Renfrew and Clark ii974j as 

being statistically unsatisfactory. As a result, Clark (1975) 

attempts to construct a curve using valid statistical techniques. 

He considers all the available data relating tree-ring ages to 

radiocarbon determinations, omitting over one-third not considered 

suitable for analysis. A calibration line is then derived using a 

curve fitting technique based on spline functions. The resulting 

curve is very similar to that drawn by Olsson (19741, but has the 

advantage of statistically defined confidence limits for the 

corrected ages. 

No continuous radiocarbon dated dendrochronological 

sequence exists for the period before about 7500 years ago, al- 

though an extension of the existing chronology back to about 10 000 

years ago is quite feasible (Ferguson, 1970). The information 

about atmospheric 14c production beyond this date is therefore 

largely based on directly or indirectly dated varve sequences. The 

most comprehensive of these is the revised version of the 

Scandinavian varve chronology originally established by De Geer 

(1912) and discussed in relation to the radiocarbon time-scale by 

Tauber (1970). The chronology is dated indirectly by correlation 

of pollen zones between the lake sediments and nearby radiocarbon 

dated autochthonous deposits. 

A sequence of varves from the Lake of the Clouds, north- 

ern Minnesota, U.S.A., counted by Craig (1972), has also been em- 

ployed for calibration of the radiocarbon time-scale. The varved 

sediments, estimated to have been deposited over the last 9500 to 

10 000 years, have been directly radiocarbon dated by Stuiver 

(1970). 



Both varve chronologies imply atmospheric 1% deviat ions 

f o r  the  period up to 7566 year;s similar to "I---- L L A L J ~ G  ch-~.,, ~ ~ L V Y Y I I  b7 the  

dendrochronologically based curves. Beyond t h i s  age, however, the  

two sequences diverge. Tauber's curve shows a t rend towards the  

datum (19th century AD 14c production r a t e )  u n t i l  8500 o r  9000 

varve years  BP when the  curve l e v e l s  o u t ,  and uncorrected radio- 

carbon ages (T$ = 5568) become almost synchronous with varve ages. 

A s imi la r  t rend i s  shown by S t u i v e r ' s  curve u n t i l  about 8500 varve 

years  ago, when the  d i rec t ion  becomes reversed,  and a continuing 

enrichment of atmospheric 1 4 ~  i s  indica ted .  The r e s u l t i n g  d is -  

crepancy between the  two chronologies thus  becomes about 900 years  

a t  10 000 varve years  ago. 

Whilst it i s  premature a t  t h i s  s t age  t o  accept  e i t h e r  

chronology a s  c o r r e c t ,  t h e  Scandinavian one does appear t o  be r ig -  

orously constructed,  being derived from many geographically wide- 

spread varve sequences. Tauber's conclusions (Tauber, 1970) a l s o  

appear t o  be supported by r e s u l t s  from two o the r  varve s tudies .  

Vogel (1970) compares varve ages and radiocarbon da tes  

from a Swiss s i t e ,  using the  varve chronology of Welten (1944). 

The t rend i n  atmospheric 14c concentrat ion follows t h a t  pos tu la ted  

by Tauber u n t i l  about 8500 BP. P r i o r  t o  t h i s  da te  the re  appears 

t o  be a d r a s t i c  reduction i n  production, which leads  x7--n1 v,,b, t , ~  

c a s t  doubtsonthe  v a l i d i t y o f t h e e a r l i e r  sec t ion  of the  varve 

chronology. 

A s e t  of dated marine varves from Saanich I n l e t ,  B r i t i s h  

Columbia, Canada (Yang and F a i r h i l l ,  1973) ,  a l s o  produces r e s u l t s  

compatible with Tauber's. A decrease i n  atmospheric 1 4 ~  enrichment 

occurs u n t i l  about 8500 varve years  ago, values t h e r e a f t e r  remain- 

ing  c lose  t o  t h e  datum. 



Such a  t r end  may be supported by the  t h e o r e t i c a l  models 

of Yang and F a i r h i l l  (1973),  and Damon (1970). F luc tua t ions  i n  t h e  

geomagnetic f i e l d  i n t e n s i t y  a r e  assumed t o  fo l low a s inuso ida l  

curve with a  per iod  of approximately 8000 yea r s ,  peaking a t  about 

2500 BP. The Saanich I n l e t  and Scandinavian r e s u l t s  do not  appear 

t o  confirm t h e  t h e o r e t i c a l  i nc rease  i n  atmospheric 14c concentra- 

t i o n  p r i o r  t o  about 9000 BP. This may be due t o  d e f i c i e n c i e s  i n  

t h e  model e s p e c i a l l y  i n  r e l a t i o n  t o  t h e  time-lag i n  atmospheric 

response. This  may no t  be cons t an t ,  p a r t i c u l a r l y  i f ,  a s  Damon 

(1970) sugges t s ,  t h e  c l i m a t i c  in f luence  on atmospheric 1 4 ~  l e v e l s  

may have been g r e a t e r  dur ing  t h e  l a t e  P l e i s tocene  pe r iod ,  than  i n  

more r e c e n t  t imes.  

The a p p l i c a t i o n  o f  r e c a l i b r a t e d  radiocarbon d a t e s  

I n  o rde r  t o  i n v e s t i g a t e  t h e  p o s s i b l e  e f f e c t s  of s e c u l a r  

radiocarbon v a r i a t i o n  on t h e  average accumulation r a t e  from core  

LW 11, t h e  fol lowing c o r r e c t i o n s  were appl ied .  Dates younger than  

6500 radiocarbon yea r s  BP were ad jus t ed  f o r  t h e  r ev i sed  h a l f - l i f e  

and f o r  s e c u l a r  v a r i a t i o n  us ing  t h e  c a l i b r a t i o n  t a b l e s  of Clark 

(1975).  For r e c a l i b r a t i o n  of d a t e s  o l d e r  than  t h i s ,  it was assumed 

t h a t  t h e  r a t e  of 14c product ion  i n  t h e  atmosphere a t  about 9000 BP 

%as s i rn i la r  to t h a t  of t h e  1 9 t h  century AD datum. A s  t h e  uncor- 

r e c t e d  d a t e s  l i e  i n  a r e l a t i v e l y  s t r a i g h t  l i n e ,  an age/depth curve 

f o r  t h e  pe r iod  7500 t o  9500 ca lendar  yea r s  BP was approximated by 

connect ing t h e  o l d e s t  dendrochronologicai ly  c a l i b r a t e d  da t e  (ANU- 

1810) t o  t h e  o l d e s t  d a t e  (ANU-1586) by a  s t r a i g h t  l i n e .  Poss ib le  

co r r ec t ions  t o  t h e  b a s a l  d a t e  f o r  t h e  r ev i sed  h a l f - l i f e  of 

5730 - + 40 yea r s  and the  c a l i b r a t i o n  suggested by S t u i v e r  (1970) 

a r e  a l s o  ind ica t ed  (Fig. 3.10b).  



TABLE 3 . ' .  Comparison of average  sedimenta t ion  r a t e s  o f  i n t e r v a l s  between radiocarbon samples based on d a t e s  ( A )  a s  r epo r t ed ,  and 
(B) c o r r e c t e d  f o r  r e v i s e d  h a l f - l i f e  and s e c u l a r  variations 

Mid- 
14C p o i n t  Depth 
sampl? of  i n t e r -  
i n t e r -  scample v a l  

(mm) (mm) 

- 

6 000 
525 

6  525 
1 300 

7  R25 
l 480 

9  705 
2 000 

11 105 
2  095 

13 400 
200 

13  600 
905 

14 505 
1 200 

15 705 
1 405 

17 190 
715 

17 905 
020 

1 8  725 
225 

18 950 
745 

19 695 

Average 
sedimenta t ion  
r a t e .  

Time mm 14~-yr-1 
1 4 ~  d a t e  i n t e r v a l  (+ 1 S . D . )  

2 1 S.D. (14, y r )  
(T'r=5568) + 1 S.D. Min. Mean Max. 

mean. 
1 4 ~  y r  cm- 

-- 

5.43 

7.69 

5.47 

6.45 

2.20 

11 .00 

2.76 

5.83 

3.30 

13.99 

15.37 

17.78 

16.91 

Averaqe 
sedjmen t a t i o n  % d i f f e r -  
r a t e .  ence of 

Time mm 14~-yr-J  mean 
o r r e c  Led i n t e r v a l  (5 1 S . D . )  mm yr-l 
latea ( v r )  mean from mean 

y r  cm-1 mm 1 4 ~ - ~ r - l  1 S . D .  + l S.D. Min. Mean Max. 

aCor rwted  d a t e s  de r ived  from t h e  c a l i b r a t i o n  curve and t a b l e s  of Clark  (1975) 
b ~ p p r o x i m a t e  t op  of sediment taken a5  1975 A.n. 
c ~ a t e  a s  r epo r t ed .  



The average apparent sediment accumulation r e s u l t s  de- 

r ived from the  o r i g i n a l  radiocarbon da tes  a r e  compared with those 

produced using the  r eca l ib ra ted  dates  i n  Table 3.3. The e f f e c t  of 

applying t h e  c a l i b r a t i o n s  i s  t o  produce d i f ferences  i n  sediment 

accumulation r a t e s  of over 30% f o r  some dat ing  i n t e r v a l s  within the  

t ree- r ing  ca l ib ra ted  sec t ion ,  and of 45% i n  the l e s s  r igorously 

adjus ted  period before 6500 radiocarbon years BP. The average 

accumulation r a t e s  based on t h e  uncorrected da tes  d isplay  g rea te r  

v a r i a t i o n  than do those based on reca l ib ra ted  dates .  Maximum 

devia t ion  of the  two occurs between approximately 2000 and 4500 

radiocarbon years BP, the  period t h a t  sees  t h e  most rapid  sustained 

increase  i n  the  r a t e  of atmospheric 14c production. This period 

a l s o  encompasses the  f a s t e s t  average accumulation r a t e s  i n  the  core 

(da t ing  i n t e r v a l s  D and F) and under the  corrected chronology these  

r a t e s  become reduced subs tan t i a l ly .  Conversely, between 6500 and 

9600 radiocarbon years  BP, i f  the  decl in ing t rend of atmospheric 

1 4 ~  production be accepted, the  correc ted  average accumulation r a t e  

shows an increase  of 45% over t h a t  implied by the  o r i g i n a l  da tes .  

The genera l  t r end  of atmospheric 14c concentrat ion over 

t h e  p a s t  7500 years  i s  now wel l  e s t ab l i shed ,  and i s  e s s e n t i a l l y  

synchronous and of the  same extent  over the  globe. However, the re  

s t i l l  remain uncer t a in t i e s  a s  t o  the  s c a l e  and d i r e c t i o n  of 

f luc tua t ions  before  t h i s  da te .  In add i t ion ,  the  importance of 

changes i n  the  14c production r a t e  showing a shor te r  p e r i o d i c i t y  i s  

y e t  t o  be resolved. I t  may be,  a s  Olsson (1974) has proposed, t h a t  

f o r  samples thought t o  represent  a small  dura t ion  one should employ 

a c a l i b r a t i o n  curve, such a s  Suess ' s ,  t h a t  emphasises these  minor 

f luc tua t ions .  The radiocarbon samples analysed from Lake Wanum 



variously represent time-spans of from about 60 to 300 years, de- 

pending on the prevailing accumulation rate. Short duration 

fluctuations would obviously influence the former samples to a 

greater extent than the latter. 

Such unresolved problems in the application of radio- 

carbon calibration curves raise the question of the profitability 

of applying systematic corrections at all. The main constraint, in 

the current context, is the lack of an adequate calibration for the 

period prior to 6500 radiocarbon years ago. The trends in average 

sediment accumulation rate remain similar after application of the 

corrected dates, and there are no changes in the rate as great as 

an order of magnitude for any dating interval. 

It was therefore decided to present the results of the 

sediment and pollen deposition studies on the basis of the reported 

radiocarbon ages alone, whilst taking into account the possible 

effects of gross secular variations in the interpretation. Thus 

all ages subsequently discussed in this thesis refer to uncorrected 

(T% = 5568) radiocarbon years BP (before present; 'present' = 

1950 AD), unless indicated to the contrary. 

T h e  d e r i v a t i o n  o f  s e d i m e n t  a c c u m u l a t i o n  r a t e s  

The reliability of an average sediment accumulation rate 

based on radiocarbon determination obviously depends on the fre- 

quency and magnitude of fluctuations in the true rate, and the 

number of dated horizons available. Given a series of dates, there 

is a number of ways in which a 'best fit' curve for the accumula- 

tion rate may be derived. 



In a situation where the accumulation rate is thought to 

be essentially static, it may be possible to fit a simple regres- 

sion line to the given dates. Thus Davis and Deevey (1964) used a 

least-squares regression line to produce an accumulation curve for 

the late-glacial section of their Rogers Lake core. Ogden (1967) 

attempted a similar method for two other north-eastern American 

lakes, but found standard deviations from the regression lines to 

be large, and his original assumptions 'too simple'. Maher (1972) 

also fitted a least-squares regression to dates from Redrock Lake, 

Colorado, and found a good linear correlation between age and depth. 

However, systematic deviations from the linear trend, probably 

caused by increasing compaction of the older deposits, could be 

best explained by fitting a power (log-log) function to the data. 

Using a polynomial regression curve on dates from Lake Immeln, 

Sweden, Digerfeldt (1974) obtained a good agreement between ob- 

served and predicted ages. 

Where a very large number of radiocarbon dates are avail- 

able it should ke acceptable to employ statistically more complex 

curve-fitting techniques. On the other hand, such close dating 

also better enables the fitting of a subjective curve expressing 

the 'general relationship' between the sample depth and age (e.9. 

Davis, 1969). Alternatively, a simple curve smoothing technique 

such as the calculation of a running mean for five consecutive 

dates, may be employed. Aaby and Tauber (1975) used this method to 

reconstruct rates of peat formation at Draved Mose, Denmark, as 

they did not wish to make the assumption of a linear accumulation 

rate presupposed by the use of a straight line regression. Where 

a substantial number of dates indicates a fairly smooth curve, 



t he re  may be,  a s  Kendall (1969) suggests ,  'no apparent o r  s t a t i s t -  

1 A  i c a l  method more accurate than simply connecting the  --C po in t s  ... 
with s t r a i g h t  l i n e s ' .  

E s t i m a t i o n  o f  s e d i m e n t  a c c u m u l a t i o n  r a t e s  f o r  core LW 11 

Examination of both t h e  age/depth curve based on the  

reported radiocarbon dates ,  and on the  r eca l ib ra ted  da tes  (Fig. 

3.10) leads  t o  t h e  conclusion t h a t  no simple l i n e a r  r e l a t ionsh ip  

e x i s t s  between depth and age. Neither can the  f luc tua t ions  i n  the  

average sediment accumulation r a t e  (Table 3.3) be explained by 

autocompaction of the  depos i t s  alone. Although the  accumulation i s  

considerably lower towards the  base of the  core (da t ing  i n t e r v a l s  

I-L) the  sediment dens i ty  p r o f i l e s  (Fig. 3.9) do not show a corres-  

ponding degree of increase  during t h i s  time. Furthermore, the 

per iods  of most rapid  apparent accumulation occur i n  the  middle 

sec t ions  of the  core,  not  towards the  top  a s  would be the  case were 

a constant  deposi t ion  r a t e  modified only by compaction t o  be postu- 

l a t ed .  

I t  i s  therefore  concluded t h a t  measurable change i n  t h e  

r e a l  accumulation r a t e  has been opera t ive  during the  time-scale 

represented by the  core. Consequently it does not  seem appropriate 

t o  de r iveanannua l  accumulation curve by f i t t i n g  a simple regres- 

s ion  model t o  the  age/depth curve. Lack of s u f f i c i e n t  r ep l i ca ted  

samples precludes ana lys i s  of t h e  age/depth r e s u l t s  using more 

soph i s t i ca ted ,  non-linear s t a t i s t i c a l  techniques. 

A f i r s t  approximation (Accumulation Rate ' A ' )  of the  

annual accumulation r a t e  (Fig. 3.11a) was therefore  derived from 

the  f igures  i n  Table 3.3. This represents  the  average r a t e  of 



 



apparent  annual sediment accumulation, d i s regard ing  autocompaction, 

between p a i r s  of radiocarbon da t e s .  A curve produced i n  a s i m i l a r  

fash ion  from t h e  r e c a l i b r a t e d  d a t e s  (Accumulation Rate ' B ' )  i s  

shown i n  Fig. 3.11b. The va lues  f o r  minimum and maximum average 

r a t e s  a r e  based on p l u s  o r  minus one s tandard  dev ia t ion  of t he  in-  

t e r v a l  between da tes .  This r ep re sen t s  an overest imation a s  t h e  

c a l c u l a t i o n  method t r e a t s  each p a i r  of d a t e s  a s  independent from t h e  

ad jacent  p a i r s ,  which is  obviously no t  t h e  case. It must be em- 

phas ised  t h a t  t he  maximum and minimum l i m i t  i s  based only on t h e  

s i z e  of t h e  combined radiocarbon counting e r r o r s ,  i n  r e l a t i o n  t o  

t h e  length  of t h e  time i n t e r v a l  between da t e s .  It t h e r e f o r e  

a p p l i e s  only t o  t he  average accumulation r a t e  and g ives  no d i r e c t  

i n d i c a t i o n  of t h e  amplitude and frequency of f l u c t u a t i o n s  around 

t h i s  mean. It may be reasonable t o  suppose t h a t  where consecut ive 

average va lues  a r e  s i m i l a r ,  f l u c t u a t i o n s  around t h e s e  a r e  gene ra l ly  

s i m i l a r  a l s o .  Conversely, where averages f o r  ad jacent  d a t i n g  

i n t e r v a l s  a r e  very d i s s i m i l a r ,  t h i s  may be caused by d i f f e r e n c e s  i n  

t h e  amplitude and lo r  frequency of f l u c t u a t i o n s  i n  t h e  accumulation 

r a t e .  

A curve b e t t e r  r e p r e s e n t a t i v e  of t h e  a c t u a l  accumulation 

r a t e  needs t o  t ake  i n t o  account 

( a )  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  of t h e  i n d i v i d u a l  radiocarbon 
d a t e s  and of  t h e  i n t e r v a l s  between da t e s ,  and 

(b) any evidence i n  t h e  s t r a t i g r a p h y  of d i s c o n t i n u i t i e s  i n  t h e  
depos i t s ,  o r  abrupt  changes t o  t h e  r a t e  of sediment 
accumuiatlon. 

Although the  gene ra l  sequence of d a t e s  appears  v a l i d ,  

s e v e r a l  of t he  pa i r ed  ages a r e  c l o s e  i n  r e l a t i o n  t o  t h e i r  count ing 

e r r o r s .  In  p a r t i c u l a r ,  t h e  est imated du ra t ion  of i n t e r v a l s  E and F 

is  l e s s  than twice the  s tandard  dev ia t ion  of each i n t e r v a l .  Using 



t h e  c r i t e r i a  of Polach and Golson (1966) it i s  thus  ' f a i r l y  prob- 

a b l e '  t h a t  t h e  two age de termina t ions  def in ing  each i n t e r v a l  

u i f f e r  wi th  s t a t i s t i c a l  s i g n i f i c a n c e ,  bu t  t h e  exac t  i n t e r v a l  

between then  cannot be es t imated  wi th  accuracy. 

The horizon encompassed by i n t e r v a l  E i s  a w e l l  def ined  

grey  c l a y  ( A s )  band which poss ib ly  r ep re sen t s  a s l i g h t  unconform- 

i t y ,  due t o  e ros ion  of e a r l i e r  sediment,  o r  ce s sa t ion  of  organic  

sedimentation. Lacking c l e a r  evidence, an accumulation r a t e  

f o r  t h i s  i n t e r v a l  i s  assumed t n a t  i s  n o t  too  d i s s i m i l a r  from the  

ad jacent  per iods .  A mean of  t h e  two d a t e s  ANU-1447 and ANU-1446 

was t h e r e f o r e  taken. Average accumulation r a t e s  were then  ca lcu la-  

t e d  f o r  two i n t e r v a l s ,  DE and EF, i n s t e a d  of  t h r e e ,  becoming 

3.85 mm yr'l and 3.07 mm yr-l r e spec t ive ly .  This  procedure se rves  

t o  i nc rease  t h e  timespan of each i n t e r v a l  i n  r e l a t i o n  t o  its 

s tandard  dev ia t ion  and a l s o  reduces t h e  f l u c t u a t i o n  i n  t h e  average 

accumulation r a t e .  

A l l  o t h e r  da t ing  i n t e r v a l s  a r e  of comparatively long 

du ra t ion  i n  r e l a t i o n  t o  t h e i r  e r r o r  terms, and may t h e r e f o r e  be 

taken a s  s t a t i s t i c a l l y  w e l l  def ined.  

A t  two boundaries C/DE, and H / I ,  a  change i n  t h e  accumu- 

l a t i o n  r a t e  by an o rde r  of  magnitude appears  t o  be ind ica t ed .  Only 

one of t hese  shows a concurrent  i n d i c a t i o n  i n  t h e  s t r a t i g r a p h y  that 

might be a s soc i a t ed  with such a major change i n  sediment accumula- 

t i o n .  The fou r fo ld  inc rease  i n  t he  r a t e  between i n t e r v a l s  H and I 

appears  t o  be marked by an  horizon of g r i t t y  orange-grey c l a y  

( G a  f A s )  wi th  a sharp  upper boundary. This  horizon produces t h e  

g r e a t e s t  peak on t h e  inorganic  sediment dens i ty  curve (Fig. 3-91.  

Although an unconformity i n  t h e  sequence dur ing  i n t e r v a l  I i s  



poss ib le ,  t h i s  seems unl ike ly  given the  concordance of accumulation 

r a t e s  between t h i s  and the  underlying periods.  A s  the  gritty c lay  

pene t ra te s  well  i n t o  the  I i n t e r v a l ,  it seems more reasonable t o  

propose a rapid  increase i n  accumulation subsequent t o  t h i s  s t r a t -  

um, although the  c lay  may r e f l e c t  i n i t i a t i o n  of the  change. The 

sediment analys is  sample taken 

a proport ion of the  c lay  band, 

t i o n  r a t e  intermediate between 

A grey c lay  band ( A s  

from 1710 t o  1711 cm t h a t  includes 

was regarded a s  having an accumula- 

t h a t  of i n t e r v a l s  H and I. 

i n  i n t e r v a l  G may a l s o  be respons- 

i b l e  f o r  a s l i g h t  d i scon t inu i ty  i n  accumulation around 1487 t o  

1488 cm. This may account f o r  t h e  lower average accumulation r a t e  

f o r  t h i s  period. However, no cor rec t ion  has been attempted. 

S t ra t ig raph ic  evidence f o r  abrupt  changes i n  the  accumu- 

l a t i o n  r a t e  a t  the  C/DE boundary i s  lacking. Theore t ica l ly ,  a 

'smoother' curve would probably represent  a b e t t e r  approximation of 

the  ac tua l  accumulation r a t e  a t  t h i s  boundary. Any such modifica- 

t i o n  of the  curve would however have t o  be extreme t o  a f f e c t  the  

widely spaced samples i n  t h i s  sec t ion  of  the  core. Given the  

acceptable radiocarbon da tes ,  major modification was considered 

inappropr ia te ,  and no cor rec t ion  has been applied. 

The average annual sediment accumulation curve, incorpor- 

a t i n g  the  modificat ions described above, i s  shown i n  F ig .  3 . 1 1 ~ .  

The average accumulation r a t e  of wet sediment f o r  any p a r t  of the  

core may be read from t h i s  curve. Any sample occurring a t  a bound- 

ary  between dat ing  i n t e r v a l s  i s  assumed t o  have an accumulation 

r a t e  intermediate between t h e  two. 



G r a v i m e t r i c  e s t i m a t e s  o f  a n n u a l  s e d i m e n t  d e p o s i t i o n  

By applying the  correc t ions  f o r  the  average annual s&i= 

1 
ment accumulation r a t e s  t o  t h e  f igures  f o r  densi ty (mg dry weight 

m l - l )  of organic and inorganic sediment (Fig. 3.9) an est imate of 

annual gravimetric  deposi t ion r a t e  f o r  these  sediment f r a c t i o n s  may 

be obtained. Such es t imates  a r e  shown assuming accumulation r a t e  

' A '  (Fig. 3.12) and accumulation r a t e  ' C '  (Fig. 3.13). 

The main d i f ferences  between the  est imates based on the  

two accumulation r a t e s  a r e  i n  t h e  values f o r  the  inorganic sediment 

f r a c t i o n .  This curve i s  charac ter ised  by sharp peaks t h a t  probably 

represent  deposi t ional  phases of s h o r t  dura t ion  i n  r e l a t i o n  t o  the  

da t ing  i n t e r v a l  i n  which they occur. Applying accumulation r a t e  

' A ' ,  t h e  h ighes t  value f o r  inorganic deposi t ion  i s  found i n  the  

sample from 1710 t o  1711 cm. Using the  modified r a t e  ' C ' ,  t h i s  

value decreases,  and the  d i s t i n c t  c lay  band a t  1346 t o  1348 cm 

gives  the  l a r g e s t  peak. With t h e  cu r ren t  method of da t ing  it is 

impossible t o  resolve  accura te ly  the  absolute annual deposi t ion 

r a t e ,  o r  even t h e  r e l a t i v e  deposi t ion  r a t e  f o r  such sedimentary 

episodes. 

A s  t h e  mean value f o r  organic sediment dens i ty  (Fig. 

3.9b) remains e s s e n t i a l l y  s i m i l a r  throughout the  core ,  v a r i a t i o n  i n  

t h e  annual deposi t ion r a t e  i s  very l a rge ly  a product of the  correc-  

t i o n  f o r  average accumulation r a t e .  Thus t h e  major d i f ference  

r e f l e c t e d  i n  the  curves derived from t h e  two accumulation r a t e s  i s  

i n  the  middle sec t ion  of the  core. Here the  higher accumulation 

r a t e s  suggested by r a t e  'A '  a r e  r e f l e c t e d  i n  increased organic 

deposi t ion a l so .  

l 
i . e .  bulk dens i ty  



FIGURE 3 .12 .  L a k e  Wanum core LW 11: G r a v i m e t r i c  s e d i m e n t  d e p o s i t i o n  r a t e s  b a s e d  on a c c u m u l a t i o n  r a t e  ' A '  

1 
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FIGURE 3 .  Lake Wanum c o r e  LW 11: G r a v i m e t r i c  s e d i m e n t  d e p o s i t i o n  r a t e s  based  o n  a c c u m u l a t i o n  

l 
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SUMMARY OF MAJOR TRENDS IN THE SEDIMENTATION OF CORE LW 11 

The main trends in the average sediment acc-axlation 

rates and annual gravimetric deposition rates in core LW I1 may be 

summarised by dividing the sequence into three zones as follows. 

(1) From the base of the core at about 9500 BP until c. 5500 BP 
(6300 years corrected age). 

(2) A period following this of about 2000 years until 
approximately 3400 BP. 

(3) The uppermost part of the core representing deposits 
from about 3400 BP to the present. 

The lowest zone exhibits a low but fairly constant 

average sediment accumulation rate of between 0.5 mm yr'l and 

1.0 mm yr'l. Although the deposits are predominantly organic two 

peaks occur in the inorganic deposition rate. These are produced 

by horizons containing gritty orange-grey clay ( G a  + As) rather 

than the plastic grey clay (As) more common above. 

The middle zone possesses the most rapid accumulation 

rate and the highest values for both organic and inorganic frac- 

tions. A number of phases of grey clay sedimentation occur within 

the predominantly organic matrix. The most intense of these appear 

to be of short duration. This zone also displays the largest ap- 

parent fluctuations in accumulation rate. 

In the uppermost zone, the average accumulation rate 

appears to stabilise at between 1 mm yr-l to 2 mm yr-l. Although 

the sediment is mainly organic without discrete clay bands, there 

is a gradual increase in inorganic sedimentation rising to a peak 

at about 1300 BP, and thence declining towards the top of the core. 

This three-zone generalisation may be the most appropri- 

ate level of resolution at which to review the accumulation and 

deposition rates from the core. Stratigraphic corroboration for 



gross  changes i n  the  accumulation r a t e  i s  general ly lacking.  Cer- 

t a i n l y ,  the  changes apparently represented i n  the  c e n t r a l  sec t ion  

of the  core must be in te rp re ted  with circumspection, t h i s  being the  

period both of g r e a t e s t  f luc tua t ion  i n  sediment accumulation, and 

of t h e  most r ap id  sustained change i n  atmospheric radiocarbon con- 

cen t ra t ion  y e t  demonstrated. 

COMPARISONS WITH OTHER CORES 

Although the re  a r e  few horizons i n  the  o the r  cores from 

Lake Wanum t h a t  can be co r re la t ed  e i t h e r  by radiocarbon da tes  o r  

s t r a t i g r a p h i c  markers, it i s  poss ib le  t o  der ive  gross  accumulation 

r a t e s  f o r  seve ra l  o the r  cores.  

Within the  western p a r t  of t h e  north-east bay, cores 

LW I1 and LW 6 possess c lose ly  s imi la r  average accumulation r a t e s  

(1.46 mm yr-l and 1.48 mm yr-l respect ive ly)  f o r  t h e i r  t o t a l  

periods of sedimentation. During about 4000 BP t o  t h e  p resen t ,  

core LWA 1 appears t o  record a s l i g h t l y  higher accumulation r a t e  

n 
t h a g  LW 11, although t h i s  could be explained by lack  of recovery of 

the  uppermost highly unconsolidated mater ia l .  LWA 4 a l s o  shows a 

s imi la r ,  o r  perhaps s l i g h t l y  higher accumulation r a t e  than LW I1 

f o r  t h i s  period. 

The most rapid  accumulation r a t e  f o r  any period i s  shown 

by the  upper sec t ion  of core LW I. Here the  i n t e r v a l  between a 

da te  of 2070 BP and the  p resen t  is  represented by 955 cm of loosely  

compacted f ib rous  organic deposi t  (Th) giving an average accumula- 

t i o n  r a t e  of 4.6 mm yr-l. This f i g u r e  i s  more analogous t o  the  

h ighes t  est imate f o r  the  accumulation r a t e  of da t ing  i n t e r v a l  D i n  

core LW I1 than with the  synchronous deposi t s  from the  l a t t e r  core. 



Extrapolat ion of poss ib le  accumulation r a t e s  t o  the  south 

swamp suggests an accumulation time of perhaps only  two t o  s i x  

years  f o r  the  t h i n  cover of organic deposi t  i n  t h a t  area.  

Such comparisons ind ica te  t h a t  the  sedimentation r e s u l t s  

from core LW I1 may be representa t ive  of more general  condit ions i n  

the  western p a r t  of the  north-east  bay. Although the  range of 

deposi t s  found i n  the  cores from t h e  c e n t r a l  a rea  of the  bay i s  

s imi la r  the re  a r e  d i f ferences  i n  the  s t r a t ig raphy  and accumulation 

r a t e s  by comparison with the  cores from the  western margin of the  

bay. This divergence could be explained by the  presence of dry 

land between t h e  two coring areas .  Given a lower water l e v e l ,  t h i s  

i s  q u i t e  f e a s i b l e ,  a s  s o l i d  ground occurs under l e s s  than 1 m of 

water about 50 m south-west of LW I coring s i t e .  The p o s s i b i l i t y  

of a l e s s  continuous water surface  must therefore  be taken i n t o  

account when attempting t o  i n t e r p r e t  t h e  r e s u l t s  from core LW I1 i n  

terms of events  i n  the  Lake Wanurn bas in  a s  a whole. 



Yanamugi (6°241S, 146°171E) i s  a small lake located on 

the  southern margin of the  Markham Valley, about 85 km W.N.W.  of 

the  Huon Gulf and 1 km N.W. of the  v i l l a g e  of Yatsing. The s i t e  

was f i r s t  v i s i t e d  b r i e f l y  during 1974, s t r a t i g r a p h i c  coring being 

c a r r i e d  out  i n  1976. Work i n  both years  took place during the  dry 

season (May t o  September) a s  access t o  the  a rea  from the  Highlands 

Highway i s  by fording the  Markham River. 

The va l l ey  a t  t h i s  po in t  i s  flanked on the  south by a 

loca l i sed  outcrop of limestone, p a r t  of the  extensive Omaura 

Greywacke u n i t  of Middle t o  Upper Oligocene age (Tingey and 

Grainger, 1976) t h a t  forms nearby Wasiang Mountain ( a l t .  990 m ) .  

A s  shown by Fig. 4.1 Yanamugi l i e s  t o  the  w e s t  of the  f i r s t  r idge ,  

enclosed on th ree  s i d e s  by limestone scarps  ( P l a t e s  4.1 and 4 .2) .  

The area  t o  the  nor th ,  a  shallow l i p  leading t o  the  Markham Valley, 

i s  a small swamp dominated by sago (Metroxylon s a g u ) .  I t  i s  l i k e l y  

t h a t  t h i s  provides an i n t e r m i t t e n t  outflow f o r  the  lake.  Sina 

Creek, a  permanent watercourse o r ig ina t ing  i n  Wasiang Mountain some 

kilometres t o  the  nor th ,  flows c lose  t o  the  lake  bas in  a t  the  edge 

of the  va l ley .  There does not  appear t o  be a permanent connection 

between the  lake and the  creek. 

Yanamugi lake  i s  approximately 300 m by 190 m i n  ex ten t ,  

with a surface  area  of about 3 . 5  ha. Its exact  a l t i t u d e  i s  no t  

known. Pocket aneroid barometer readings showed the  water surface  

a s  about 170 m above sea  l e v e l ,  5 m above the  p l a i n  of the  nearby 

Markham River, s imi la r ly  measured. The recent  d e t a i l e d  survey by 

Holloway e t  a l .  (1973), however, g ives  the  l a t t e r  value a s  200 m 

above mean sea l eve l .  



FIGURE 4 .1 .  Sketch map of the Y a t s i n g  area  





FIGURE 4.2.  Yanamugi:  Ba thyme t ry  and core l o c a t i o n s .  T h e  d o t t e d  
l i n e  shows the a p p r o x i m a t e  e x t e n t  o f  emergen t  a q u a t i c  
v e g e t a t i o n .  Underwater  c o n t o u r s  a r e  i n  m e t r e s .  
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Three sounding t r a n s e c t s  e s t a b l i s h e d  t h e  g ros s  bathymetry 

of  t h e  l ake  bas in  (Fig. 4 .2 j .  The ~nax i i i i i i i i  water  depth recorded was 

5.25 m and much of t h e  c e n t r a l  a r e a  i s  a l e v e l  bottomed bas in  j u s t  

over  5 m deep. The s i d e s  of  t h e  bas in  tend t o  be s t e e p e r  along t h e  

western and e a s t e r n  shores .  Water marks on t h e  surrounding lime- 

s tone  suggest  t h a t  t h e  l ake  l e v e l  may have been h ighe r  i n  t h e  p a s t ,  

a l though whether t h i s  i s  a c o n s i s t e n t  wet season occurrence,  o r  a 

l e s s  f r equen t  phenomenon, i s  no t  known. 

The o r i g i n  of t h e  l ake  bas in  remains a ma t t e r  f o r  specu- 

l a t i o n .  It may have formed a s  a s o l u t i o n  f e a t u r e  i n  t h e  l imestone,  

a s  conspicuous d o l i n e s  do e x i s t  w i th in  t h e  a rea .  One, about 

5.5 km south of  Yanamugi, forms a small  c i r c u l a r  pond wi th  a f l uc -  

t u a t i n g  water  l e v e l .  A legend of t h e  l o c a l  Adzera people 

(Holzknecht, 1973) invokes sp i r i t - i nduced  e a r t h  movements. This  

may indeed have some b a s i s  i n  f a c t ,  e i t h e r  i n  r e l a t i o n  t o  k a r s t i c  

co l l apse  o r  a s  a r e f l e c t i o n  o f  t h e  t e c t o n i c a l l y  a c t i v e  na tu re  of 

t h e  whole region.  

STRATIGRAPHIC INVESTIGATIONS 

C o r i n g  techniques 

Apparatus s i m i l a r  t o  t h a t  used a t  Lake Wanum was employed 

f o r  s t r a t i g r a p h i c  i n v e s t i g a t i o n s  a t  Yanamugi. However, cor ing  was 

performed from t h e  anchored boa t ,  and no cas ing  was used. The 

l o c a t i o n s  of a l l  co re s  obta ined  a r e  shown i n  F ig .  4.2. A 4.5 m 

core  (YAN 1) was reccvered from under 5.25 m of water  us ing  t h e  

hand opera ted  p i s t o n  sampler. I t  proved impossible  t o  p e n e t r a t e  

sediments deeper  than  t h i s  under open water  due t o  i n s t a b i l i t y  of 

anchorage and t h e  l ack  of core  casing.  A second long core  (YAN 2) 

10.35 m i n  l eng th  was t h e r e f o r e  obta ined  by secur ing  t h e  b o a t  t o  



swamp vegetat ion over shallow water a t  the  margin of the  sago 

swamp i n  the  nor th  of t h e  basin.  The CO----- rcr --'- was thus able t o  sxmple 

the  compact sediments t o  a depth of 11.52 m below water l e v e l ,  

w h i l s t  an auger b i t  penet ra ted  a f u r t h e r  1.65 m without s t r i k i n g  

bedrock. 

In  addi t ion ,  two sediment/water i n t e r f a c e  cores (YANMC 1 

and YANMC 2 )  were co l l ec ted  using the  Mackereth one-metre corer .  

A l l  cores were returned t o  Canberra f o r  ana lys i s .  

The s t r a t ig raphy  of  Yanamugi 

A diagrammatic representa t ion  of t h e  genera l i sed  s t r a t i -  

graphy of a l l  Yanamugi cores i s  shown i n  Fig. 4 . 3 .  A more d e t a i l e d  

account of YAN 2 ,  the  longes t  core and t h a t  se lec ted  f o r  pol len  

ana lys i s ,  is  given i n  Table 4.1. 

The th ree  cores from the  c e n t r a l  a rea  of the  lake  basin 

cons i s t  predominantly of inorganic deposi t s ,  two bas ic  sediment 

types being recognised under Troels-Smith's c l a s s i f i c a t i o n  

(Troels-Smith, 19551 : 

(i ) Limus ca lcareus  (Lc)  i s  a usual ly  l i g h t  yellowish-brown 
coloured, sometimes granular ,  calcareous mud o r  mar1 
t h a t  r e a c t s  vigorously with cold d i l u t e  hydrochloric 
acid.  When dry ,  t h e  mud can be crushed read i ly  with 
only s l i g h t  pressure.  A predominantly autochthonous 
o r i g i n  is suggested f o r  t h i s  sediment. 

(ii) The second major inorganic component of the d e p ~ s i t s  
i s  a s t i c k y ,  p l a s t i c  grey c lay ,  Arg i l l a  s t ea todes  
( A s ) ,  cons i s t ing  of very f i n e  mineral p a r t i c l e s .  I n  
the  Yanamugi cores a proport ion of diatomaceous c lay  
Limus s i l i c e u s  organogenes (Lso) may a l s o  be present  
i n  these  horizcns.  The c lay  produces no react ion  with 
hydrochloric ac id  and becomes extremely hard on drying. 
With t h e  exception of any diatom f r a c t i o n  t h i s  c lay  i s  
probably allochthonous i n  o r i g i n ,  perhaps derived from 
the  insoluble  res idue  of the  surrounding limestone. 



FIGURE 4.3.  Generalised stratiqraphy of Yanamugi 
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Troels-Smith Indices 
2 

Depth of 
horizon 
(cm b l o w  
datum1 Colour 

Radiocarbon 
Samples 
(cm below 
datum) Structure and General description 

2 2 2 2 Limuscalcar- 
eus (Lc), 
Turfa herba- 
cea (Th) + 
Arqilla 
steatodes 
(AS) 

115-240 Light 
yellow- 
ish- 
brown 

Granular calcareous mud contain- 
ing fine rootlets and wood frag- 
ments in places. Darker bands of 
higher organic content are found 
at several levels within this 
horizon. Some shell fragments 
occur at 219 cm. 

240-375 Light 
brown 

Less granular than above hori- 
zon. Darker organic bands occur 
in places, and macrophytic re- 
mains are scattered throughout. 

1 2 2 3 Lc + Detritus 
herbosus (Dh) 

375-382 Dark 
brown 

Fibrous, crumbly organic hori- 
zon containing woody fragments. 

3 3 2 2 Dh,LC+ 
Detritus liq- 
nosus (Dl) 

382-394 Light 
brown 

Granular calcareous mud. 1 2 2 - Lc + Limus 
detri tosus 
(Ldl 

394-411 Dark 
brown 

An organic layer with a distinct 
upper boundary. Towards the 
base of this horizon occur large 
fragments of hard, reddish wood. 

411-469 Light 
grey 

Gradual transition into wet grey 
clay containing some small woody 
fragments and other minor orqan- 
ic inclusions. Small shells 
occur around 468 cm. 

469-512 Light 
grey 

Clay matrix containing various 
plant remains, including rootlets 
and spines. (No sample 480-503 
cm). 

512-578 Light 
grey- 
brown,' 
dark 
brown 

A sharp angular transition into a 
clay horizon containing large 
quantities of macrophytic remains 
including rootlets and ?spines. 
Bands of dense plant detritus 
occur at 516-547 cm and 552-559 
cm. 

578-608 Light 
grey- 
brown 

Angular transition into clay 
matrix containinq many small red- 
dish-brown rootlets. 

608-640 Light 
grey 

Clay matrix containing plant 
detritus of stems, rootlets and 
wood throughout. Large fragments 
of pale wood occur between 635- 
640 cm. 

2 1 2 1 As, T h  + D1 



Troels-Smith Indices 
U 
2 II 

Depth of 
'1 U m 
U Q U  

. '" 

Radiocarbon 
horizon 4 U U O  

Samples 
(cm below h a o 5 Component (cm below 
datum) Colour Structure and General description s Elements datum) 

640 - 832 Light Complex alternation between 
grey/ sticky clay, and granular cal- 
yellow- careous mud. Minor organic 
brown fragments occur, and some shells 

are found between 736-790 cm. 

832 - 871 Light A homogenous horizon of smooth 
grey/ plastic clay. Colour varies 
grey slightly through the horizon. 

871 - 917 Yellow- Granular calcareous mud. 
brown 

917 -1017 Yellow- A heterogenous mixture of cal- 
brown/ careous mud and plastic clay, 
light although fairly discrete bands of 
grey both clay and mud are present in 

places. A few macrophytic re- 
mains are found. 

1017-1052 Light Predominantly plastic clay layer, 
grey with some admixture of calcareous 

mud. A distinct gritty horizon, 
darker in colour, and containing 
macrophytic remains occurs be- 
tween 1032-1037 cm. 

1052-1152 Yellow- Sediments predominantly of cal- 
brown/ careous mud, more granular and 
light stratified than in upper horiz- 
grey ons. Bands of increased clay 

content, some quite discrete, 
also occur. A few macroscopic 
organic fragments occur within 
the calcareous mud. 

1152-1153 Dark ' A very compact, well humified 
brox? organic horizon. 

3 1 3 3 Dh or Sub- 
stantia 
humosa (Sh) 



The marginal co re ,  YAN 2 ,  a l s o  c o n s i s t s  mainly of t hese  

two sediment types from i t s  base up t o  approximately 640 cm. The 

upper l e v e l s  of t h e  core  con ta in  an inc reas ing  quan t i t y  of macro- 

scopic  p l a n t  and o t h e r  organic  remains. A s  noted e a r l i e r ,  

Troels-Smith's c l a s s i f i c a t i o n  i s  d i f f i c u l t  t o  use accu ra t e ly  i n  t he  

case  of orqanogenic d e p o s i t s  conta in ing  unfami l ia r  macroscopic 

p l a n t  remains. I n  t he  YAN 2 core  most such horizons suspected of 

being d e t r i t a l  i n  o r i g i n  probably f a l l  wi th in  t h e  c a t e g o r i e s  of 

D e t r i t u s  herbosus (Dh) o r  D e t r i t u s  l i gnosus  (Dl) when p l a n t  f rag-  

ments g r e a t e r  than  2 mm i n  s i z e  a r e  p r e s e n t ,  o r  L i m u s  d e t r i t o s u s  

( L d )  where such fragments a r e  absent .  Where a  d e p o s i t  con ta ins  

macroscopic p l a n t  remains apparent ly  i n  s i t u ,  it may be c l a s s i f i e d  

a s  Turfa herbacea (Th) . 

I n  s e v e r a l  s e c t i o n s  of t h e  co re s  t he  va r ious  hor izons  

appear t o  fol low a rhythmic p a t t e r n  on too  small  a  s c a l e  t o  in-  

d i c a t e  i n  e i t h e r  Fig.  4 . 3  o r  Table 4 .1 .  A t y p i c a l  sequence, from 

the  base ,  may be descr ibed  a s :  

(i 1 a d i s t i n c t  band of l i g h t  grey c l a y  (AS)  0 .3  cm - 0.5 cm 
t h i c k ;  

(ii ) a grey-brown admixture of c l a y ,  ca lcareous  mud and o f t e n  
f i n e  organic  d e t r i t u s  ( A s ,  Lc and Ld) 3 - 8 cm t h i c k  
grading i n t o  

(iii) l i g h t  brown ca lcareous  mud (Lc) 3 - 10 cm t h i c k  having 
a  d i s t i n c t  upper boundary wi th  t h e  grey c i ay  band of 
t he  next  sequence. 

However, i n  o t h e r  p a r t s  of t h e  co re s  where a l t e r n a t e  horizons of 

grey c l ay  and c*icareous mud e x i s t ,  no such r e g u l a r  s m a l l  s c a l e  

sequence i s  apparent .  

A f u r t h e r  no tab le  horizon occurs  a s  a  narrow d i s t i n c t  

band i n  t h e  t h r e e  open-water co re s  a t  about 50 cm below t h e  

sediment/water i n t e r f a c e .  The compact g r i t t y  mineral  l a y e r ,  



1 cm t o  1.5 cm th ick ,  appears almost black when wet, but  d r i e s  t o  a 

dark greenish colour. The suspicion t h a t  t h i s  might represent  t h e  

T ib i to  tephra,  a widespread volcanic ash thought t o  have emanated 

from Long Is land about 150 km t o  the  north-east  (Blong, i n  prep. ) ,  

was confirmed by p a r t i c l e  s i z e  and t r a c e  element analyses1 of a 

sample from core YANMC 1 (R . J .  Blong, pers.  comm.). A t  l e a s t  one 

other  dark-coloured g r i t t y  horizon occurs i n  the  s t r a t ig raphy  of 

the  two longer cores from Yanamugi. Although t h i s  may a l s o  be of 

volcanic o r i g i n ,  no s imi la r  attempt has been made t o  match t h i s  

horizon with any of the  many known ash- fa l l s  of Holocene age. 

A N A L Y S I S  OF ORGANIC CONTENT 

A t o t a l  of 54 samples was taken from core YAN 2 f o r  

measurement of water content  and est imation of the  organic f rac t ion  

by l o s s  of weight on ign i t ion .  Methods were s imi la r  t o  those de- 

scr ibed f o r  the  Lake Wanum samples, except t h a t  a l a r g e r  volume 

(7.8 m l )  of sediment was used. Although the  samples were ign i t ed  

0 
a t  a s l i g h t l y  lower temperature (550 C) i n  order t o  minimise de- 

composition of CaCO t h i s  method may s t i l l  overestimate t h e  organic 
3 ' 

content  of highly calcareous samples. 

Both t h e  pe rcen t i l e  water content  and residue on i g n i t i o n  

curves (Figs. 4.4a and 4.4b) show good cor re la t ion  with the  

s t r a t ig raphy  of the  core. The water content  i s  general ly corre l -  

a ted  with t h e  'organic '  f r a c t i o n  (percentage weight l o s s )  of the  

P a r t i c l e  s i z e  analys is :  (only f rac t ion  coarser  than 46 
measured) : 

MO (mean p a r t i c l e  s i z e )  3.56 
D10 (coarses t  10%) 2-58 
o ( so r t ing  coef f i c ien t )  3.395 
Trace element analys is :  
S r  661 ppm, Z r  51 ppm, Rb 34 ppm, Y 25 ppm. 



FIGURE 4 . 4 .  Yanamuqi c o r e  YAN 2: W a t e r  c o n t e n t  and w e i g h t  loss  o n  i g n i t i o n  
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FIGURE 4 .5 .  Yanamuqi  core YAN 2 : S e d i m e n t  d e n s i t y  f o r  r e s i d u e -  ( ' i n o r g a n i c ' )  and  
l o s s - o n - i g n i t i o n  ( ' o r g a n i c ' )  f r a c t i o n s  
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sediment. Both of these  curves show increases  above c. 640 cm i n  

t h e  core ,  r e f l e c t i n g  the  g r e a t e r  preponderance above t h i s  l e v e l  of 

horizons containing s u b s t a n t i a l  p l a n t  remains. Conversely t h e  

percentage residue a f t e r  i g n i t i o n  ( ' i no rgan ic '  f r a c t i o n )  shown i n  

Fig. 4.4b i s  higher below 640 cm where the  deposi t s  c o n s i s t  pre- 

dominantly of  grey c l a y  ( A s )  and calcareous mud ( L C )  and, a p a r t  

from the  basa l  sample, the  'organic '  f r a c t i o n  comprises l e s s  than 

10% of the  t o t a l  dry weight. 

The gravimetric  sediment concentrat ion es t imates  (mg dry 

weight m l - l )  f o r  the  ' organic ' and ' inorganic ' f r a c t i o n s  (Figs. 

4.5a and 4.5b) show a general  concordance with t h e  percentage 

curves. Despite some d i f fe rences  they tend t o  emphasise the  prev- 

ious ly  described cor re la t ions  with the  s t r a t ig raphy .  The h ighes t  

value f o r  ' inorganic '  sediment concentrat ion i s  now shown t o  be 

produced by the  dark g r i t t y  horizon around 1030 cm. Although these  

da ta  e l iminate  ambiguities caused by v a r i a t i o n  i n  the  water content  

of t h e  sediments, t h e i r  f u l l e r  i n t e r p r e t a t i o n  obviously r equ i res  

knowledge of annual deposi t ion r a t e s .  

PALAEOMAGNETISM OF YANAMUGI CORES 

Despite t h e  f a i r l y  complex s t r a t ig raphy  of Yanamugi the  

range of limnic deposi t s  i s  very s i m i l a r  i n  a l l  cores ,  making 

c r o s s - c o r r e l a t i o n d i f f i c u l t .  A s  i n i t i a l  s t u d i e s  showed the  sedi-  

ments t o  possess an adequate l e v e l  of na tu ra l  remanent magnetisa- 

t i o n  (NKMj, measurements of the h o r i z m t a l  component of NW 

i n t e n s i t y  and of magnetic dec l ina t ion  were made on a l l  cores ,  using 

the  apparatus described i n  Chapter 3 .  The aims i n  applying t h i s  

technique t o  the  Yanamugi sediments were t o  f a c i l i t a t e  f i n e  



correlation between cores, and to elucidate the gross sedimentology 

of the deposits. 

The utility of rapid, non-destructive methods of measur- 

ing various magnetic parameters on intact sediment cores has been 

demonstrated by Molyneux et al. (1972). Thompson et al. (1975) 

were able to correlate stratigraphy within a large lake (Lough 

Neagh, Northern Ireland) on this basis alone, whilst Oldfield and 

his co-workers (Oldfield, 1977, Oldfield et al., 1978) have used 

the technique to detect tephra sequences in lakes up to 80 km apart 

in the Papua New Guinea highlands. 

The importance of palaeomagnetic indices in palaeolim- 

nology lies in their relationship to events within the catchment 

area of the lake. As Thompson (1973) and Oldfield et al. (1978) 

have shown, in many lakes the parameters of NRM intensity and 

susceptibility are largely a function of events within the drainage 

basin. Specifically, they may be associated with the influx of 

allochthonous detrital material consequent on soil erosion. How- 

ever, the relationship between intensity and susceptibility, or the 

susceptibility-related parameter IRMsat (saturation isothermal 

remanent magnetism), appears to vary in different situations. In 

Lake Windermere, north-west England, and Lough Neagh the horizontal 

NRM intensity is directly correlated with the carbon content of the 

sediments (Thompson,1973). Measurements of susceptibility and IRM 

on Lough Neagh sediments, however, point to a positive relationship 

between high values of these indices and an accelerated supply of 

mineral detritus from the catchment area (Thompson et al., 1975). 

In nearby Lough Fea, a much smaller lake, horizontal intensity, 



s u s c e p t i b i l i t y  and I R M  a l l  c o r r e l a t e  wel l  with chemical and pollen-  

a n a l y t i c a l  zvidence f ~ r  ercs ion  of the  drainage basin (Oldfield 

e t  a l . ,  1978). 

I t  seems premature therefore  t o  formulate a general  

hypothesis on the  r e l a t ionsh ip  between eros ion and the  various 

magnetic parameters. Many d i f f e r e n t  f a c t o r s  a r e  involved, t h e i r  

importance varying between individual  lake  basins.  Oldf ie ld  

e t  a l .  (1978) conclude t h a t  most ava i l ab le  evidence po in t s  t o  the  

t r anspor ta t ion  of primary magnetite i n t o  the  sediments a s  the  main 

agent ,  although secondary enhancement of magnetic minerals during 

s o i l  formation i s  a l s o  involved. A t h i r d  p o t e n t i a l  source, 

formation of ferr i-magnetic  minerals  a t  the  sediment/water i n t e r f a c e  

i s  a l s o  suspected, b u t  remains unproven. 

Resul ts  of the  palaeomagnetic ana lys i s  of t h e  Yanamugi 

s h o r t  cores a r e  given i n  Fig. 4.7, and r e s u l t s  from the  two longer 

-1 
cores appear i n  Fig. 4.8. Horizontal i n t e n s i t y  of NRM i n  mA m 

-6 
(1 mA m' = 1 x 10 Gauss) i s  shown on a logari thmic s c a l e ,  w h i l s t  

dec l ina t ion  (secular  va r i a t ion)  i s  p l o t t e d  r e l a t i v e  t o  the  mean 

f o r  each core sec t ion .  A s  these  sec t ions  were ne i the r  o r i en ted  i n  

r e l a t i o n  t o  a known compass bearing nor t o  each o the r ,  and were 

a l s o  extruded under f i e l d  condit ions,  t h e  dec l ina t ion  r e s u l t s  have 

. . l i m i t e d  s igni f icance .  The r e s u l t s  a r e  presented f o r  poss ib le  ev- 

idence of sediment disturbance not  an a r t e f a c t  of the  coring 

techniques. 

Comparison of t h e  NRM i n t e n s i t y  r e s u l t s  with s t r a t ig raphy  

i n  the  two long cores suggests  some cor re la t ions .  In  YAN 2 high 

NRM i n t e n s i t y  readings appear t o  be associa ted  with horizons of 



FIGURE 4 .6 .  Y a n a m u q i  core YAN 2: (a)NRM i n t e n s i t y  m e a s u r e m e n t s  n o r m a l i s e d  on the b a s i s  o f  
d r y  w e i g h t .  ( b )  N o r m a l i s e d  NRN i n t e n s i t y  versus i n o r g a n i c  s e d i m e n t  d e n s i t y  
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FIGURE 4.7.  Y a n a m u g i :  P a l a e o m a g n e t i s m  of short cores 
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FIGURE 4.8.  Yanamuqi: Palaeomaqnetism o f  
long cores. Palaeomagnetic declination 
( l e f t  column) and horizontal NRM in tens i ty  
(right column) o f  ( a )  core YAN 1 and (b)  
core YAN 2.  Legends for the columns are as 
i n  F i g .  4 .7 .  Solid circles  indicate major 
declination s h i f t s  not artefacts  o f  the 
coring procedure. Letters indicate suq- 
qested NRM intensi ty  correlations between 
cores (see t ex t )  . 



FIGURE 4 . 8 .  



s u b s t a n t i a l  grey c lay  ( A s )  content.  Conversely, low i n t e n s i t y  

values occur i n  l e v e l s  cons is t ing  predominantly of calcareous mud 

(Lc), e.g. 880-910 cm, o r  with a higher organic content  (220- 

400 cm and 540-640 cm). This t rend may be seen more c l e a r l y  by 

normalising the  i n t e n s i t y  measurements of the  54 weighed samples 

t o  a dry weight b a s i s  (Fig. 4.6a) r a t h e r  than the  volumetric one 

of Fig. 4.8. The re la t ionsh ip  between gross  sediment composition 

and NRM i n t e n s i t y  i s  shown i n  Fig. 4.6b by p l o t t i n g  the  magnetic 

values agains t  the  dry weight of the  ' inorganic '  f r ac t ion .  Samples 

apparently cons i s t ing  predominantly of e i t h e r  grey c lay  o r  ca lcar -  

eous mud a r e  ind ica ted ,  w h i l s t  o the r  samples a r e  heterogenous i n  

composition. Although few da ta  po in t s  thus  remain, a more o r  l e s s  

l i n e a r  r e l a t ionsh ip  between mass and NRM i n t e n s i t y  of the  c lay  

samples emerges. The calcareous mud samples e x h i b i t  no such t r end ,  

the  da ta  po in t s  being highly sca t t e red .  

The c o r r e l a t i o n  between grey c lay  horizons and peak NRM 

i n t e n s i t y  measurements i s  a l s o  apparent i n  core YAN 1. The only 

high NRM i n t e n s i t y  values not  associa ted  with sediment of high c lay  

content  a r e  those j u s t  above 580 cm, corresponding with the  narrow 

T i b i t o  tephra band. This concurs with t h e  r e s u l t s  of Oldf ie ld  

e t  a l .  (1978) who obtained high measurements of i n t e n s i t y  and sus- 

c e p t i b i l i t y  on the  T i b i t o  tephra ( t h e i r  'Ash 4 ' )  and other  recent 

ash f a l l s .  

I t  t h s  t e n t a t i v e l y  appears t h a t  the  presumably al loch- 

thonous grey c lay  c a r r i e s  a t  l e a s t  the  g r e a t e r  proport ion of the  

NRM i n t e n s i t y  measured. However, f u r t h e r  magnetic analyses,  i n  

p a r t i c u l a r  s u s c e p t i b i l i t y  measurements on separa te  samples, and 



other sedimentological studies are obviously desirable to vali- 

date this hypothesis and to estabiish the nature of the magnetic 

minerals involved. 

CORRELATION AND DATING 

Palaeomagnetically based core correlation 

Comparison of declination measurements between cores does 

not appear to be very useful for correlation purposes. Values for 

YAN 1 and the lower part of YAN 2 are internally consistent, al- 

though some sections of YAN l show considerable drift in declina- 

tion. This may be attributable to non-vertical coring or distur- 

bance during core extrusion. Values in the upper part of YAN 2 are 

often associated with low intensity measurements and are therefore 

likely to be unreliable. Between 500 cm and 700 cm in core YAN 2, 

a number of apparent excursions in the declination measurements 

cannot be explained as damage to the core during collection or 

handling. Three of these, indicated in Fig. 4.8b, are particu- 

larly intense showing 1800 shifts withina few centimetres. Occur- 

ring in one core only, they cannot be related to secular variations 

in the geomagnetic field. These horizons therefore reflect some 

feature of the sedimentary regime either during or post- 

deposition, such as slumping, or other disturbance. 

As demonstrated above, the NRM intensity of the sediment 

appears to be largely dependent on the proportion of grey clay, or 

in specific horizons volcanic tephra, in the sample. If the 

sedimentary regime throughout the basin has been substantially 

similar at any given time, correlation between cores on the basis 

of their NRM intensity should therefore be possible. 



The concordance between NRM i n t e n s i t y  measurements on 

the  s h o r t  cores YANXC 1 and YLhxT?lC 2 (Fig. 4 .7)  is remarkable con- 

s ide r ing  the  d is tance  of over 100 m between the  two sampling s i t e s .  

The h ighes t  NRM i n t e n s i t y  peak i n  each core i s  given by the  T i b i t o  

tephra horizon,  l abe l l ed  ( c ) ,  a t  about 50 cm below t h e  sediment/ 

water i n t e r f a c e ,  although t h e  absolute value is s l i g h t l y  g r e a t e r  i n  

Y A N M C  1. The general  t rend of dec l ina t ion  (Fig. 4.7) i s  a l s o  

s imi la r  between these cores.  The long core Y A N  1, adjacent  t o  

Y A N M C  1, shows good c o r r e l a t i o n  of NRM i n t e n s i t y  measurements with 

the  s h o r t  cores.  The value f o r  the  tephra horizon i s  very s i m i l a r  

t o  t h a t  of Y A N M C  1, although absolute values tend t o  decl ine  below 

t h i s  horizon t o  a g r e a t e r  ex ten t  than i n t h e  s h o r t  core. Although 

the  top-most sediment was not  co l l ec ted  a t  Y A N  1, t he re  i s  perhaps 

s t i l l  a s l i g h t  ind ica t ion  of the  second NRM i n t e n s i t y  peak ( b ) .  

The g r e a t e s t  d i f f e rences  i n  the  NRM i n t e n s i t y  r e s u l t s  f o r  

the  most recent  sediments a r e  shown by the  marginal core Y A N  2. 

However, t e n t a t i v e  c o r r e l a t i o n  with the  o the r  cores i s  s t i l l  poss- 

i b l e .  Absolute NRM i n t e n s i t y  values f o r  the  top  por t ion  of t h i s  

core a r e  f a r  smaller  than those from the  cores of the  deeper bas in ,  

presumably due t o  the  higher proport ion of water and organic d e t r i -  

t u s  i n  the  marginal sediments. The g r e a t e s t  peak (c )  may again be 

a t t r i b u t e d  t o  the  T i b i t o  tephra ,  although t h i s  does not appear a s  a 

d i s c r e t e  s t r a t i g r a p h i c  horizon. The d i s t i n c t  NRM i n t e n s i t y  peak 

a t  the  top  of Y A N  2 i s  probably cor re la t ed  with (a)  i n  the  o ther  

cores although a l t e r n a t i v e l y  it may represent  horizon ( b ) .  

Cross c o r r e l a t i o n  between the  two longer cores below the  

T i b i t o  tephra  horizon on the  b a s i s  of N R M  i n t e n s i t y  r e s u l t s  

(Fig. 4.8) i s  l e s s  s traightforward.  Differences i n  water content  



and sediment compaction lead t o  g r e a t  v a r i a t i o n  i n  absolute NRM 

m t e n s i t y  values. Oniy the  general seqienee of changes can be 

used f o r  co r re la t ion  and the  method i s  therefore  s e n s i t i v e  t o  

missing o r  poorly represented horizons i n  e i t h e r  core. 

An empirical  approach was taken i n  an attempt t o  match 

NRM i n t e n s i t y  changes i n  the  two cores.  YAN 1 was designated the  

' re ference '  sequence a s  t h i s  core shows a more c o n s i s t e n t  s t r a t i -  

graphic and palaeomagnetic record. Being from t h e  deepest p a r t  of 

the  l ake ,  it i s  a l s o  more l i k e l y  t o  be representa t ive  of the  sedi-  

ments of the  bas in  a s  a whole. NRM i n t e n s i t y  peaks g r e a t e r  than 

100 mA m-', were l abe l l ed  from (c)  , t he  T i b i t o  a sh - fa l l ,  t o  (g) , 

with 'minor' peaks l e s s  than t h i s  value being given subscripted 

l e t t e r s  (e.g. e l ) .  Horizons of r e l a t i v e l y  low NRM i n t e n s i t y ,  gen- 

e r a l l y  l e s s  than 10 mA m-', were i d e n t i f i e d  by the  l e t t e r s  (t) t o  

(z)  

Transfer  of these  designated horizons t o  core YAN 2 i s  

made d i f f i c u l t  by the  genera l ly  low and e r r a t i c  values f o r  NRM 

i n t e n s i t y  p resen t  i n  the  upper p a r t  of the  core. The T ib i to  tephra  

horizon (c)  has already been i d e n t i f i e d ,  and th ree  subsequent minor 

peaks (g rea te r  than 1 mA mml) below t h i s  may c o r r e l a t e  with horiz-  

ons (d)  , (dl) and (d2) from core YAN 1. The f i r s t  major peak i n  

YAN 2,  around 450 cm, probably represents  horizon (e) although the  

absolute values i n  YAN 2 a r e  again smaller .  The next  i n t e n s i t y  

peak (812 cm) i n  YAN 2 is probably (ell and the  succeeding high 

values representa t ive  of horizon ( f ) ,  underlain a s  they a r e  by some 

of the  lowest readings (X) i n  t h i s  p a r t  of the  core.  From (X) t o  

(z)  t h e  NRM i n t e n s i t y  t r a c e s  of the  two cores a r e  very s i m i l a r ,  

both i n  r e l a t i v e  t rend and i n  absolute values.  A t r a n s i e n t  peak 



a t  ( f l )  i s  followed by slowly increas ing values u n t i l  t he  sus ta ined 

peak of igj and subsequent deciirle i n  i n t e n s i t y  a t  the  ( z )  

horizon. 

Other i n t e r p r e t a t i o n s  of the  i n t e n s i t y  da ta  a r e  poss ib le :  

e.g. the  sequence (W) t o  ( f )  i n  YAN 2  is  somewhat s i m i l a r  t o  t h a t  

l a b e l l e d  (X)  t o  (g)  i n  YAN 1. However the  proposed c o r r e l a t i o n  i s  

the  simplest  supported by the  NFU4 i n t e n s i t y  da ta .  I t  allows f o r  

l e a s t  v a r i a t i o n  i n  sedimentation r a t e s  between the  two cores ,  a l -  

though considerable f l u c t u a t i o n  does s t i l l  e x i s t ,  p a r t i c u l a r l y  i n  

the  middle sec t ion  of t h e  cores.  The suggested c o r r e l a t i o n  of 

these  middle sec t ions  i s  l e s s  f i rmly  based than t h a t  f o r  the  upper- 

most horizons,  o r  f o r  the  l e v e l s  below about 800 cm i n  both cores.  

I t  i s  apparent t h a t ,  wh i l s t  such a  c lose ly  co r re la t ed  

sequence would be of g r e a t  value i n  est imating r e l a t i v e  sedimenta- 

t i o n  r a t e s  wi th in  d i f f e r e n t  p a r t s  of the  lake  bas in ,  the  proposed 

cor re la t ion  i s  not  s u f f i c i e n t l y  robust  t o  s tand alone. Independ- 

e n t  evidence on s t r a t i g r a p h i c  c o r r e l a t i o n  and chronology from o the r  

sources i s  r e q u i r e d t o  subs tan t i a t e  any such inferences  based on the  

palaeomagnetic da ta .  

~ a d i o c a r b o n  d a t i n g  

Results  of radiocarbon assays on samples from Yanamugi 

a r e  shown i n  Table 4.2. Eight determinations were made on sedi-  

ments from core YAN 2 ,  and one from each of cores YAN 1 and YANMC 1. 

When t h e  reported ages a r e  p l o t t e d  aga ins t  depth (Fig. 4.9~11, a  

number of inconsis tencies  become apparent ,  suggest ing t h a t  the  

14c da tes  do not  r e f l e c t  accura te ly  the  t r u e  age/depth re l a t ionsh ip  

of t h e  sediments. 



TABLE 4 .2 .  Radiocarbon determinations from Yanamugi 

Core and Laboratory 
depth (cm) No. Reported Age Mater ia l  dated 

YAN 2 
147 - 160 

YAN 2 
193 - 208 

YAN 2 
348 - 360 

YAN 2 
625 - 640 

YAN 2 
740 - 760 

YAN 2 
880 - 900 

YAN 2 
1011 - 1030 

YAN 2 
1138 - 1150 

YANMC 1 
44 - 49 

YAN 1 
988 - 1000 

ANU-1875 

ANU-:L864 

ANU-1876 

ANU-1841 

ANU-,1866 

ANU-1867 

ANU-1868 

ANU- 1842 

ANU-1863 

ANU-1840 

Calcareous mud with some r o o t l e t  penetat ion.  

Calcareous mud with ?organic d e t r i t u s  including some 
wood fragments. 

Mainly calcareous mud, with a few organic in-  
c lus ions .  

Grey p l a s t i c  c l ay ,  with some organic d e t r i t u s  and 
wood fragments. 

Grey c lay  and calcareous mud. 

Calcareous mud with some grey clay.  

Grey p l a s t i c  c lay .  

Calcareous mud and grey c lay .  

Calcareous mud. 

Calcareous mud. 



FIGURE 4.9. Yanamugi :  ( a )  R a d i o c a r b o n  d e t e r m i n a t i o n s  (i- - 2 S . D . )  and (b) i n f e r r e d  a g e / d e p t h  p r o f i l e  (i- 2 S.D.) 
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Several 'inversions' occur in the series of dates from 

core YAN 2. However, due to the close temporal spacing of the 

detenninations in relation to their stated counting errors, only 

one such pair of dates, ANU-1875 and ANU-1864, possesses an age 

difference significantly larger (more than 2 S.D.) than the com- 

bined counting error associated with their interval. Indeed, three 

dates (ANU-1866, ANU-1867, and ANU-1868) are so close as to be in- 

distinguishable with any statistical confidence. 

More serious is the 'apparent age' anomaly of the surface 

sediment of the deeper lake basin as shown by the date of 1860 - + 

170 (ANU-1863) from core YANMC l. Accepting this date would imply 

either a dramatic decrease in sedimentation rate in the upper 

50 cm of this core, or a substantial hiatus in the stratigraphic 

record, or both. Neither appears likely in view of the relatively 

uniform stratigraphy and excellent palaeomagnetic correlation of 

the upper part of the three deep-basin cores. 

By simple extrapolation of dates ANU-1840 and ANU-1863, 

the apparent age of the surface sediments is 1780 BP. The error 

is verified by the identification of the Tibito tephra at about 

50 cm below the sediment-water interface in all three deep-basin 

cores, and underlying ANU-1863 in YANMC 1. This ash-fall has been 

tentatively dated at 1700 AD (Blong, in prep.) although Ball and 

Johnson (1976) report two slightly younger radiocarbon dates, 

1720 - + 75 AD, and 1750 + 65 AD. The rounded estimate of 1700 AD, 

or about 130 14c years BP allowing for the probable effect of 

variations in the atmospheric radiocarbon ratio (Clark, 19751,is 

accepted here. The radiocarbon date of 1860 - + 170 (ANU-1863) i s  

thus at least 1730 years too old. 



I t  may be poss ib le  t o  use t h i s  apparent age a s  a correc- 

t i o n  f a c t o r  f o r  o the r  radiocarbon determinations from s i m i l a r  

sediments a s  Davis (1969) has done. However it i s  obvious t h a t  a 

uniform correc t ion  f i g u r e  cannot be applied t o  a l l  of the  radio- 

carbon r e s u l t s  from Yanamugi. Age determinations s u b s t a n t i a l l y  

younger than 1730 BP have been obtained from the  upper sec t ions  of 

core YAN 2 ,  although these  da tes  a l s o  appear too  old. I f  the  

palaeomagnetic c o r r e l a t i o n  of the  T i b i t o  tephra horizon (c)  is  

v a l i d ,  then ANU-1864 from core YAN 2 should give an age comparable 

with t h a t  of ANU-1863 from YANMC 1. Whilst ANU-1864 i s  1350 14c 

years younger than the  l a t t e r  d a t e ,  it is s t i l l  380 14c years 

o lde r  than the  proposed age of t h e  tephra.  

There may be severa l  poss ib le  explanations f o r  t h i s  non- 

uniform e r r o r  i n  the  radiocarbon values. Contamination with p a r t i -  

c u l a t e  carbonate from t h e  Oligocene limestone country rock can be 

excluded a s  a r e s u l t  of the  ac id  pretreatment of a l l  samples. The 

influence of allochthonous organic d e t r i t u s  o r  dissolved humic 

products cannot be ru led  o u t ,  although the re  does not  seem t o  be a 

s u f f i c i e n t  sourceof ancient  organic ma te r i a l  wi th in  the  Yanamugi 

catchment. Frac t ionat ion  of 13c by submerged freshwater  p l a n t s  may 

produce apparent radiocarbon ages perhaps 145 f 130 years  o lde r  

than contemporary t e r r e s t r i a l  carbon sources. A s  t h e  l a t t e r  are 

used a s  s tandards when ca lcu la t ing  radiocarbon ' a g e s ' ,  such an 

e f f e c t  should i d e a l l y  be taken i n t o  account. However, although i n  

p r a c t i s e  the  ex ten t  of t h e  e r r o r  i s  'almost indeterminable'  

(Polach, 1976) i t  i s  not  thought t o  produce 14c dat ing  discrepan- 

c i e s  a s  l a rge  a s  those exhibi ted  i n  Yanamugi. 



The most l i k e l y  f a c t o r  causing these  anomalous r e s u l t s  

i s  t h e  e f f e c t  of the  surrounding limestone on t h e  water chemistry 

of t h e  lake ,  and thus  on t h e  i s o t o p i c  content  of the  l a c u s t r i n e  

organisms. Radiocarbon-free ancient  carbonate e n t e r s  the  water 

causing it t o  become depleted i n  1 4 C  with r e l a t i o n  t o  t h e  atmos- 

pher i c  r e se rvo i r .  Submerged aquat ic  p l a n t s  and animals can 

metabolise t h i s  source of carbon (Deevey and Stuiver .  1964) and, 

i n  so doing. become markedly depleted i n  1 4 ~  compared t o  organisms 

u t i l i s i n g  atmospheric C02 a s  t h e i r  source. Deevey e t  a l .  (1954) 

ca lcula ted  apparent ages of up t o  2000 years  from radiocarbon 

assays of contemporary aquat ic  organisms from a hard-water lake. 

Extrapolat ing from raised-bog radiocarbon chronologies co r re la t ed  

by pol len  ana lys i s ,  Willkom and Erlenkeuser (1973) found age 

anomalies of up t o  1600 years  f o r  the  sediments of 22 lakes .  

S imi lar ly ,  es t imates  of apparent ages of up t o  3000 yea r s  have been 

demonstrated from surface  sediments and aquat ic  p l a n t s  of a 

Finnish lake  (Donner e t  a l . ,  1971). These f i g u r e s  from temperate 

lakes  a r e  a l s o  matched by r e s u l t s  from t r o p i c a l  hard-water lakes  i n  

lowland Guatemala t h a t  show s i m i l a r  age anomalies of up t o  2000 

years  (Deevey, 1978)- 

Only submerged organisms obta in  a proport ion of t h e i r  

carbon from dissolved carbonates. Deevey e t  a l .  i i954j f u r t h e r  

demonstrated t h a t  emergent aquat ic  p l a n t s  and Nuphar, and pre- 

sumably o ther  genera of water l i l i e s ,  incorporate s o l e l y  atmos- 

pher i c  carbon, a s  do t e r r e s t r i a l  p l a n t s .  Shotton (l9721 r e p o r t s  

the  e f f e c t  of t h i s  'hard-water e r r o r '  i n  a Danish l a t e - g l a c i a l  

sequence. Radiocarbon determinations from a l g a l  muds produced 

da tes  over 1500 years  o lde r  than assays of t e r r e s t r i a l  ma te r i a l  



from synchronous horizons. Thus where the  sediment i s  derived 

from more than one of these  sources,  the  apparent radiocarbon age 

of t h e  deposi t  may, a s  Olsson (1974) s t r e s s e s ,  'vary throughout one 

core ,  and from place t o  p lace ,  even wi th in  a lake,  f o r  deposi t s  of 

t h e  same r e a l  age ' . 
Such i s  c l e a r l y  the  case a t  Yanamugi. The age anomaly of 

each radiocarbon sample i s  dependent on the  proport ion of the  or- 

ganic carbon from d i f f e r e n t  sources t h a t  it contains.  The l a r g e s t  

anomalies can be expected from t h e  cores of the  deeper bas in  where 

much of t h e  organic sediment probably der ives  from submerged 

macrophytes and plankton. Conversely, the  youngest apparent ages 

should occur i n  ma te r i a l  containing v i s i b l e  evidence f o r  the  pres-  

ence of emergent- o r  f loat ing-leaved aquat ic ,  o r  t e r r e s t r i a l  p l a n t  

remains. 

AN ECLECTIC CHRONOLOGY FOR THE YANAMUGI SEDIMENTS 

Below the  dated T i b i t o  tephra  horizon radiocarbon deter -  

m i n a t i o n ~  provide t h e  s o l e  chronological con t ro l  on which t o  base 

es t imates  of annual sedimentation r a t e  wi th in  the  lake basin.  I t  

is  imperative, the re fo re ,  t o  obta in  t h e  b e s t  est imate of the  

apparent age anomaly f o r  each radiocarbon sample. 

The maximum cor rec t ion ,  f o r  the  near  surface  sediments 

of the  deep bas in ,  i s  shown by ANU-1863 t o  be about 1730 years.  A s  

t he  sediments appear genera l ly  s i m i l a r  throughout YAN 1, t h i s  

co r rec t ion  has been appl ied  t o  ANU-1840, adjus t ing  the  b a s a l  da te  

of t h i s  core t o  760 + 250 BP. 

The minimum demonstrable e r r o r  of 380 years  (ANU-1864) 

comes from the  swamp-margin depos i t s  of the  upper p a r t  of YAN 2. 

This co r rec t ion  f igure  has been appl ied  t o  the  o the r  two 



determinations (ANU-1875 and Am-1876) from t h i s  s t r a t i g r a p h i c  

zone. Recalculated a t  420 - + i00 BP, AiG-1875 s t i l l  appears too  o ld  

by a t  l e a s t  200 years  a s  it l i e s  above the  T ib i to  tephra.  The 

minimal e r r o r  of ANU-1864 may be due t o  the  presence i n  the  sample 

of wood fragments, absent  from the  o the r  determinations. 

In  the  lower l e v e l s  of YAN 2, where macroscopic organic 

remains a r e  genera l ly  absent ,  a d i f f e r e n t  correc t ion  f a c t o r  must be 

applied. Assuming the  revised  basa l  da te  of YAN 1 t o  be v a l i d  then 

the  dark g r i t t y  horizon around 951 cm i n  t h i s  core,  40 cm above 

ANU-1840, must be younger than 760 BP. This horizon i s  found i n  

YAN 2 a t  a depth of 1035 cm, 15 cm below the  midpoint of sample 

ANU-1868, reported a s  1930 - + 160 BP. The apparent age e r r o r  of the  

sample i s  thus g r e a t e r  than 1170 years ,  and therefore  a c o r r e c t i o n o f  

1200 years  has been deducted from the  reported age of ANU-1868, and 

from the  o the r  da tes  (ANU-1867 and ANU-1866) i n  t h i s  s t r a t i g r a p h i c  

zone. 

Sample ANU-1841 l i e s  i n  a region of heterogenous s t r a t i -  

graphy containing both considerable grey c lay  and p l a n t  d e t r i t u s .  

Thus the  age e r r o r  cannot be ext rapola ted  r e l i a b l y  from samples 

e i t h e r  above o r  below it. Recalculation applying both t h e  380 

year  and 1200 year  correc t ion  suggests  t h a t ,  using t h e  c r i t e r i o n  

of b e s t  f i t  with t h e  o the r  revised  dates ,  the  age zncmaly of t h i s  

sample l i e s  between these  two f i g u r e s ,  though c lose r  t o  t h e  l a r g e r .  

Applying the  1200 year  correc t ion ,  the  b a s a l  da te  of 

YAN 2, ANU-1842, becomes 1610 - + 280. However, the  sediments of 

t h i s  zone more c lose ly  resemble t h e  calcareous mud of the  deeper 

bas in  and a correc t ion  c l o s e r  t o  1730 years may be more appropr ia te  

f o r  t h i s  sample. 



Although a l l  da tes  l i e  wi th in  the  period of known secu la r  

v a r i a t i o n  i n  the  atmospheric radiocarbon r a t i o ,  no fu r the r  cmrec -  

t i o n  has been made i n  view of the  l a r g e  a r b i t r a r y  adjustments a l -  

ready applied.  The amended radiocarbon determinations produce the  

apparently reasonable age/depth re l a t ionsh ip  shown i n  Fig. 4.9b. 

Where a l t e r n a t i v e  correc t ions  a r e  proposed (ANU-1841 and AN-1842), 

both a r e  indica ted .  However, counting e r r o r s ,  already l a rge  on 

most samples due t o  the  low carbon content  of t h e  sediments, be- 

come propor t ional ly  much l a r g e r  f o r  the  now younger da tes .  Calcu- 

l a t i o n  of p rec i se  sedimentation r a t e s  f o r  radiocarbon dated 

i n t e r v a l s  thus  becomes impossible. 

An a l t e r n a t i v e  approach t o  the  chronology of the  sedi-  

ments was therefore  attempted. This model, based on the  s t r a t i -  

graphic and NRM i n t e n s i t y  c o r r e l a t i o n  between t h e  long cores ,  r e s t s  

on th ree  assumptions : 

(1) t h a t  the  in fe r red  age of AN-1840 (760 - + 250) i s  
c o r r e c t ,  

(2) t h a t  a l l  s t r a t i g r a p h i c  and NRM i n t e n s i t y  c o r r e l a t i o n s  
proposed above a r e  v a l i d  and 

( 3 )  t h a t  the  sedimentation r a t e  of core YAN 1 between 
i ts  base and the  T i b i t o  tephra  i s  l i n e a r .  

A l l  of these  proposi t ions  may be disputed.  The f i r s t  does not  

a f f e c t  r e l a t i v e  sedimentation r a t e  es t imates  between cores bu t  an 

increase  i n  the  in fe r red  age would produce uniformly lower annual 

values. The p o s s i b i l i t y  of d i f f e r e n t  i n t e r p r e t a t i o n s  of the  NRM 

i n t e n s i t y  da ta  i s  discussed above. The t h i r d  proposal i s  unl ike ly  

t o  be t r u e ,  although a core from a c e n t r a l  loca t ion  should e x h i b i t  

l e s s  v a r i a t i o n  than one from a marginal s i t u a t i o n .  To some ex ten t  

t h i s  assumption i s  borne ou t  by the  s t r a t ig raphy  of t h e  two cores.  



Without many f u r t h e r  radiocarbon determinations,  such a proposi- 

t i o n  forms the  only ava i l ab le  b a s i s  f o r  zmpar ison.  

The age-depth curve f o r  YAN 2 derived from t h i s  model i s  

shown on Fig. 4.9b, alongside the  revised  radiocarbon chronology. 

The model shows good agreement with the  radiometric  da tes  although 

t h e  broad counting-error terms of the  l a t t e r  could obviously en- 

compass a l t e r n a t i v e  i n t e r p r e t a t i o n s  a l so .  

ESTIMATION OF SEDIMENTATION RATES 

The t e n t a t i v e  chronology now constructed allows f o r  

est imation of r e l a t i v e  sedimentation r a t e s  between cores and, f o r  

some i n t e r v a l s ,  of annual sediment in f lux .  

The dated T ib i to  tephra horizon, and good NRM i n t e n s i t y  

c o r r e l a t i o n  form a sound b a s i s  f o r  ca lcu la t ion  of the  sedimenta- 

t i o n  r a t e  of a l l  cores f o r  the  l a s t  275 years  o r  so  (Table 4.3) .  

Average annual deposi t ion r a t e s  of the  th ree  cores from the  deep 

bas in  (YAN 1, YANMC 1, and YANMC 2 )  a r e  very s i m i l a r  f o r  t h i s  

per iod  a t  between 1.64 t o  1.93 mm. The marginal core YAN 2 

e x h i b i t s  a much more rapid  mean deposi t ion  r a t e  than the  o the r  

cores a t  3.85 mm yr-l. An apparent decrease during the  most 

recent  i n t e r v a l  i n  t h i s  core may be due t o  f a i l u r e  t o  c o l l e c t  the  

uppermost unconsolidated por t ions  of t h e  sediment. 

Estimates of the  sedimentation r a t e s  f o r  the  two long 

cores below the  T i b i t o  tephra   a able 4.4) a r e  ca lcu la ted  on t h e  

b a s i s  of s t r a t i g r a p h i c  and NRM i n t e n s i t y  co r re la t ions  proposed 

above. I n  both cores the  mean annual deposi t ion  r a t e s  appear over 

th ree  t imeshigher  f o r  the  period below the  ash horizon than f o r  

t h a t  above. Only below 10 m i n  core YAN 2 do annual r a t e s  approach 

the  values est imated f o r  the  most recent  period.  The r a t i o  of the  



TABLE 4.3. Relative and absolute sedimentation rates for the last 275 years 

E s t i m a t e d  
H o r i z o n  age A.D. 

Surface 1975 

T i b i t o  
T e p h r a  c 1700 

T o t a l  sediment 
depth 

M e a n  sedimentation 
rate (mm yr-l) 

YAN 2 

D e p t h  Interval 
( c m )  ( c m )  

YANMC 2 

D e p t h  In te rva l  
( c m )  ( c m )  

YAN 1 

D e p t h  In terval  
( c m )  ( c m )  

YANMC 1 

D e p t h  In te rva l  
( c m )  ( c m  



TABLE 4 .4 .  Comparison of sedimentation rates in cores YAN 1 and YAN 2 prior to 1700 A.D. 

I n f e r r e d  

age I n t e r v a l  
Horizon (14c y r  BP) ( 1 , 4 ~  y r )  

T i b i t o  
Tephra c  

YAN 1 

Depth I n t e r v a l  Sedn. r a t e  
(cm) (cm) (mm yr-1) 

YAN 2 

Depth I n t e r v a l  Sedn. r a t e  
(cm) (cm) (mm yr - l l  

Xatio of sed i -  
nentat ion r a t e s  
fAN 2:YAN 1 



mean sedimentation rateofYAN 2:YAN 1 is  very s imi la r  (2.03) t o  

t h a t  f o r  the  per iod  above t h e  tephra (i.99). However, considerable 

d i f ferences  i n  sedimentation r a t e  between the  two cores do appear 

t o  e x i s t .  I n  t h e  i n t e r v a l  between NRM i n t e n s i t y  peaks (e )  and 

(ell , values f o r  YAN 2 a r e  near ly  f i v e  t o  seven times higher than 

those f o r  YAN 1, with estimated mean deposi t ion r a t e s  of up t o  

45 mm per  year.  Given such a rapid  accumulation r a t e ,  an annual 

o r i g i n  could be pos tu la ted  f o r  some of the  rhythmic sedimentary 

sequences c h a r a c t e r i s t i c  of p a r t s  of t h i s  sec t ion .  Towards the  

base of the  palaeomagnetically co r re la t ed  sec t ion  the  sedimentation 

r a t e  of YAN 2 appears t o  decl ine  considerably i n  r e l a t i o n  t o  t h a t  

of YAN 1. 

Below 1057 cm i n  YAN 2 sedimentation r a t e  can be e s t i -  

mated only by ext rapola t ion  t o  t h e  revised  ages f o r  ANU-1842. The 

two a l t e r n a t i v e  in fe r red  ages f o r  t h e  basa l  da te  produce mean sedi-  

mentation r a t e s  f o r  t h i s  period of 1 .02  mm o r  2.72 mm per  year  

respect ive ly .  

Although these  es t imates  may provide an indica t ion  of the  

major t rends  i n  sediment i n f l u x  t o  YAN 2, some devia t ions  from the  

b a s i c  assumptions of the  co r re la t ion  model a r e  apparent. The 

sedimentation r a t e  of YAN 1 i s  demonstrably not  l i n e a r ,  the  most 

recent  deposi t s  showing a much slower accumlilation r a t e ,  I n  addi- 

t i o n  t h e  b a s a l  age of YAN 2 i s  not  known with s u f f i c i e n t  p rec i s ion  

t o  allow ca lcu la t ion  of accumulation r a t e s  f o r  t h e  lowest sec t ion  

of t h e  core. Therefore, systematic t r a n s l a t i o n  of the  proposed 

age/depth r e s u l t s  i n t o  annual deposi t ion  r a t e s  is  not  considered 

appropr ia te ,  except perhaps f o r  t h e  period above the  T ib i to  tephra.  



THE SEDIMENTARY HISTORY OF YANAMUGI 

Data presented i n  t h i s  chapter  provide reasonable i f  

c i rcumstant ia l  evidence on the  deposi t ional  h i s t o r y  of t h e  

Yanamugi basin.  The chronology i s  tenuous, and therefore  absolute 

ages and sedimentation r a t e s  cannot be ascribed with much ce r t a in -  

t y .  

The lake  bas in  appears t o  be f a i r l y  young. The o l d e s t  

deposi t s  augered a r e  probably over 2500 years  o ld ,  although the  

maximum age of those recovered i n  the  cores may be nearer  t o  

1600 BP. 

The s t r a t i g r a p h i c  record of the  deep-basin core YAN 1 

suggests  t h a t  the  sedimentary regime has remained e s s e n t i a l l y  

s imi la r  f o r  the  p a s t  800 years  o r  so. In c o n t r a s t ,  a t  the  s i t e  of 

core YAN 2 now a swamp margin, s t r a t i g r a p h i c  evidence ind ica tes  a 

t r a n s i t i o n  from a previously open water deposi t ional  regime. Apart 

from a compact organic band a t  the  base of t h i s  core ,  the  e a r l i e s t  

horizons r e f l e c t  slow sedimentation of predominantly calcareous 

mud. From around 700 BP, in f lux  i n t o  t h e  sediments of t h e  pre- 

sumably allochthonous grey c lay  increases.  There is some evidence 

f o r  a phase of r ap id  c lay  deposi t ion  around 400 BP when ca lcul -  

a t ed  accumulation r a t e s  reach near ly  45 mm per  year.  Although 

based s o l e l y  on the  proposed paiaeomagnetic c o r r e l a t i o n  iimdzl, such 

an i n t e r p r e t a t i o n  a l s o  accords with both t h e  radiocarbon da ta  and 

the  anomalous s h i f t s  i n  magnetic dec l ina t ion  recorded i n  t h i s  

region of the  core. In f lux  during t h i s  period of predominantly 

grey c lay  i s  a l s o  indica ted  i n  YAN 1, although the  deposi t ion r a t e  

appears much lower than t h a t  from t h e  marginal core. I n  the  abs- 

ence of evidence f o r  major water l e v e l  changes it may be hypothes- 

i s e d  t h a t  t h e  i n f l u x  of allochthonous c lay  hastened the  i n f i l l i n g  



of t h e  nor thern  end of t h e  bas in .  Thus from about 300 BP t h e r e  

. . 
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vege ta t ion ,  revea led  by t h e  g r e a t e r  propor t ion  of organic  d e t r i t u s  

i n  t h e  sediments.  

The d e p o s i t s  of t h e  l a s t  few c e n t u r i e s  suggest  a  decrease  

i n  t h e  inpu t  of grey  c l a y  t o  a l l  a r e a s  of t h e  l a k e ,  t oge the r  wi th  a  

genera l  reduct ion  i n  annual sedimentat ion r a t e s .  



A knowledge of the ecology of contemporary aquatic vege- 

tation is an essential prerequisite to the palaeoecological study 

of any swamp or lacustrine system. Macroscopic and microscopic 

plant remains comprise the greater part of most organic deposits 

and changes in their assemblages can reveal information on the 

hydrology and nutrient status of the lake or swamp. However, such 

potential can be realised only with a sound understanding of the 

ecology of the component species, both individually and collect- 

ively. 

There is a paucity of such ecological data from tropical 

freshwater habitats in general, and from those of the Australasian 

region in particular. Although the state of knowledge has im- 

proved since the review by Walker and Gregory (1965), most accounts 

present a geographical-scale synthesis without comprehensive 

floristic data or quantitative estimates of species importance 

(e.g. Taylor, 1959, Holloway et al., 1973, and Paijmans, 1976). 

More detailed, and of necessity localised, ecological 

studies exist (Wade and McVean,1969, Flenley, 1972, and Hope, 

1976b) but these are of sub-alpine and highland bogs under climatic 

and other environmental conditions very different from those pre- 

vailing in the lowlands. The most comparable data may therefore 

come from north-east Queensland, Australia, where Kershaw (1978) 

has studied a wide range of aquatic vegetation types from three 

sites on the Atherton Tableland. 



The swamp vegetat ion of four s i t e s  i n  the  Markham Valley 

was inves t iga ted  a s  a b a s i s  f o r  the  i n t z q r e t a t i m  ef modern and 

p a s t  swamp communities. Systematic ecologica l  sampling was re-  

s t r i c t e d  t o  Lake Wanum, the  l a r g e s t  s i t e  and t h a t  with t h e  grea t -  

e s t  d i v e r s i t y  of herbaceous swamp vegetat ion.  A t  the  o the r  three  

s i t e s ,  the  Erom-Erom lakes ,  Redhil l  swamp and Yanamugi lake ,  

p a r t i a l  species  l ists were compiled and the  vegetat ion associa-  

t i o n s  described subjec t ive ly .  

SURVEY OF HERBACEOUS SWAMP VEGETATION AT LAKE WANUM 

A survey was made of the  two main herbaceous swamp areas  

a t  Lake Wanum, the  south swamp (P la te  5.1) and the  western margin 

of the  north-east  bay. S ix  t r a n s e c t  l i n e s  were l a i d  subjec t ive ly  

t o  include what appeared t o  be the  major vegetat ion associa t ions .  

Of the  t r a n s e c t s  across  the  south swamp, A and F were al igned 

approximately north-south, t r a n s e c t  B south-west t o  north-east ,  

and t r a n s e c t  C south-south-west t o  north-north-east, In  t h e  north7 

e a s t  bay, t r a n s e c t  D followed the  alignment of the  western end of 

s t r a t i g r a p h i c  t r a n s e c t  ' A '  (see Fig. 3.31, t r a n s e c t  E being para- 

l l e l  and about 40 m t o  the  north.  F i f ty-e ight  quadrats  1.5 m 

square were s e t  a t  r egu la r  i n t e r v a l s  of 20 m ,  o r  i n  t h e  north-east  

bay 10 m,  along these  t r ansec t s .  A l l  vascular  p l a n t  species  en- 

countered were co l l ec ted  f o r  i d e n t i f i c a t i o n .  A t o t a l  enumeration 

of each quadrat  was made, t h e  percentage cover of each taxon being 

estimated on a f ive-point  sca le :  

+ presence only,  cover l e s s  than 5% 
1 cover 5 - 24% 
2 cover 25 - 49% 
3 cover 50 - 74% 
4 cover 75 - 100% 

The score f o r  each quadrat  was not  constrained t o  t o t a l  four o r  

l e s s ,  s ince  many minor species  might occur,  and d i s t i n c t  layer ing  



was o f t e n  present  i n  t h e  vegetat ion.  The growth h a b i t  of each 

individual taxon was noted, as w a s  t he  average shoot height  of 

emergent p l a n t s ,  and evidence of flowering o r  spore production. 

I n  addi t ion  t o  t h e  vegetat ion observations,  the  percentage of 

bare  ground and open water i n  each quadrat  was estimated and the  

approximate water depth determined using coring rods a s  probes. 

The complete f l o r i s t i c  d a t a  f o r  a l l  swamp quadrats  a r e  

shown i n  Table 5.1. Taxa encountered, b u t  not  sampled i n  any 

quadrat  include F i c u s  d r u p a c e a ,  H y p t i s  c a p i t a t a ,  ? S a r c o c e p h a l u s  

1 
sp. (21053) , ? A n t h o c e p h a l u s  cadamba (21074) and M e t r o x y l o n  

s a q u .  Two add i t iona l  quadrats  located  i n  the  damp grassland- 

swamp boundary recorded the  g rasses  Themeda a u s t r a l i s ,  

P h r a g m i t e s  k a r k a ,  and C o e l o r h a c h i s  r o t t b o e l l i o i d e s ,  t he  sedge 

F i m b r i s t y l i s  d i c h o t o m a ,  f e r n s  C y c l o s o r u s  sp. (21050) and 

S t e n o c h l a e n a  p a l u s t r i s ,  and herbs U r a r i a  l a g o p o d i o i d e s ,  Premna 

h e r b a c e a ,  Ipomoea q r a c i l i s ,  P o u z o l z i a  h i r t a ,  and Euphorbia  

h y p e r i c i f o l i a .  

ANALYSIS OF SWAW QUADRAT DATA 

I n  order  t o  e r e c t  a numerically based c l a s s i f i c a t i o n  

of the  herbaceous swamp vegeta t ion ,  a mul t iva r i a t e  ana lys i s  

was performed on t h e  f l o r i s t i c  d a t a  of Table 5.1. A l l  values 

recorded a s  '+ '  were f i r s t  s e t  t o  0.5. The technique of sums- 

of-squares ana lys i s  (program SSA) presented by Orloci  (1975) was 

then employed. This h i e r a r c h i c a l  po ly the t i c  c l u s t e r i n g  method 

uses the  c o e f f i c i e n t  of Euclidian d is tance  a s  a s i m i l a r i t y  

measure f o r  the  formation of groups. The c o e f f i c i e n t ,  

ca lcu la ted  by program EUCD, may be derived from e i t h e r  

ANU c o l l e c t i o n  number. Voucher specimens a r e  i n  t h e  Herbarium, 
Botany Division,  Lae, with s e l e c t e d  dup l i ca tes  a t  the  Herbarium 
Austral iense,  CSIRO, Canberra. 



TABLE 5 . 1 .  F lo r i s t i c  and c o v e r - a b u n d a n c e  d a t a  f r o m  h e r b a c e o u s  swamp q u a d r a t s  a t  L a k e  Wanum 
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FIGURE 5 .1 .  Dendrogram o f  s u m s - o f - s q u a r e s  a n a l y s i s  on f l o r i s t i c  d a t a  f r o m  
L a k e  Wanum, n o r m a l i s e d  b y  q u a d r a t  



TABLE 5 . 2 .  H e r b a c e o u s  swamp d a t a  m a t r i x  g r o u p e d  b y  s u m s - o f - s q u a r e s  a n a l y s i s ,  n o r m a l i s e d  b y  q u a d r a t  
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the raw data, or from normalised quadrat vectors (the 'chord1 

distance). Normalisation sets the sum of ail vectors to u n i t y ,  

thus effectively comparing relative rather than absolute abundance 

of taxa between quadrats. Unfortunately, no facility is available 

for normalisation of data on the basis of within-taxon rather than 

within-quadrat vectors. An 'inverse' (taxon-grouping) analysis of 

the raw data produced an unsatisfactory dendrogram showing excess- 

ive 'chaining' of the more abundant commonly occurring taxa only. 

The quadrat groups, or vegetation associations, formed are there- 

fore interpreted subjectively on the basis of apparent similarit- 

ies in the floristic and environmental attributes. 

Sums-of-squares analysis was performed on three versions 

of the floristic data set: the raw data, the normalised data, and 

a subset of the normalised data. This last group of eight taxa 

represents the 'common1 species, defined as those with ten or more 

occurrences. The subset also happens to include the most gener- 

ally abundant, or physiognomically dominant, taxa. Analysis of 

the full, normalised data appears to give the most tractable 

classification of the vegetation. The dendrogram of quadrat 

groupingsthusproduced is shown in Fig. 5.1 and their floristic 

composition is displayed in Table 5.2. Five groups of quadrats 

are defined at the sums-of-squares vaiue iO: 

Group A :  Deep-water,  f l o a t i n g  roo t -ma t  , a s s o c i a t i o n  

This group of 16 quadrats is characterised by the CO- 

occurrence of three species: the large sedge Hypoly trum nemorum, 

the erect fern, N e p h r o l e p i s  h i r s u t u l a ,  and the straggling fern 

S t e n o c h l a e n a  p a l u s t r i s .  Associated with these species in the 



denser stands are Microsorium sp. (21067), also an erect fern, and 

several dicotyledons, amongst them Nepenthes  m i r a b i i i s ,  and 

Uncaria gambir. The orchids S p a t h o g l o t t i s  p l i c a t a  and Thrixspermum 

a m p l e x i c a u l e  are often found along the margins of the floating 

root-mat islands.   his association predominates in many areas 

where the water is deeper than 2 m, although vegetation of somewhat 

similar floristic composition may occur in shallower water. It is, 

however, the only association consistently found in water deeper 

than 4 m, and may occur in areas up to 8 m deep. 

Group B :  Sha l low w a t e r ,  Hypolytrum nemorum, a s s o c i a t i o n  

Quadrats in this group are dominated by dense tussocky 

stands of Hypolytrum nemorum with shoots up to 2 m above water 

level. The only widespread associates are Nelumbo n u c i f e r a  and the 

submerged Ceratophyl lum demersum, found in open water between the 

Hypolytrum tussocks, although S tenoch laena  p a l u s t r i s  is locally 

common. This vegetation is characteristic of many areas with a 

water depth of about 1.5 m. Two quadrats (29 and 39) from areas of 

floating root-mat in deeper water consist of similar, almost mono- 

specific Hypolytrum stands, and are classified with this associa- 

tion. 

Group C :  M i x e d  a q u a t i c  a s s o c i a t i o n  

The 10 quadrats of this group are floristically diverse, 

and heterogenous in their species composition. Nelumbo n u c i f e r a ,  

Nymphoides i n d i c a  and Hypolytrum nemorum are frequent occurrences, 

although none dominates. Cyperus  p l a t y s t y l i s ,  Pandanus sp. (21062) 

and Araceae sp. (21064) are locally abundant. A number of quadrats 

from the submerged margin of floating root-mats are also included 



in this group. With the exception of these sites, the association 

is generally found in water l m to 2 m deep. 

Group D :  Leersia hexandra r o o t - m a t  a s s o c i a t i o n  

A small but distinctive group of five quadrats dominated 

by L e e r s i a  hexandra  comprise this association. This grass often 

forms a low floating root-mat in areas shallower than 2.5 m. 

S t e n o c h l a e n a  p a l u s t r i s ,  though never abundant, is a consistent 

associate. 

Group E :  Nelumbo nucifera o p e n  w a t e r  a s s o c i a t i o n  

The 18 quadrats of this large association are character- 

ised by almost pure stands of Nelumbo n u c i f e r a  in otherwise open 

water, typically 1.5 m deep. Other species, in particular 

floating-leaved and submerged aquatics, occur, but none is common. 

L e e r s i a  hexandra  is found in some quadrats. 

Analysis of the non-normalised raw data produces a 

slightly different allocation of quadrats to groups (Fig. 5.2). At 

the sums-of-squares value 100, four groupings are recognised. 

Floristic groups B, the Hypo ly t rum nemorum association, and D, the 

L e e r s i a  hexandra  association remain unchanged. However, quadrats 

of the heterogenous group C, the mixed aquatic association, become 

equally redistributed between groups A, the deep-water root-mat, 

and E, the Nelumbo n u c i f e r a  associations. 

A third analysis, using the normalised records of the 

'common' species only, results in the classification shown in Fig. 

5.3. At the sums-of-squares value 12, group D is the only one to 

remain totally intact. The quadrats of group C again become re- 

distributed, this time between groups B and E. Quadrats 4, 27 and 



FTGIJRE 5 . 2 .  Dendrogram of sums -o f - squares  a n a l y s i s  o n  f l o r i s t i c  d a t a  f rom 
Lake  Wanum, non -norma l i s ed  



FIGURE 5.3. Dendrogram o f  s u m s - o f - s q u a r e s  a n a l y s i s  on f l o r i s t i c  
d a t a  f r o m  L a k e  Wanum, common t a x a  o n l y ,  n o r m a l i s e d  b y  
q u a d r a  t 



31 with their relatively high values for H y p o l y t r u m  are allocated 

to group B, the H. nemorum association, rather than to the florist- 

ically more diverse association of group A. 

Despite these differences, the major features of the 

floristic classification remain intact. This suggests that the 

classification is relatively robust and insensitive to minor 

differences in the analytical technique. Four or five main vegeta- 

tion associations occur, of which four can be defined by the small 

number of species that dominate them floristically and physiognom- 

ically . 

THE DISTRIBUTION OF HERBACEOUS SWAMP ASSOCIATIONS I N  THE LAKE WANUM 
AREA 

The herbaceous swamp associations described above 

frequently occur in small scale mosaics, and are therefore diffi- 

cult to map. This is especially true in the south swamp area of 

Lake Wanum where all associations are represented to some extent. 

The N e l u m b o  n u c i f e r a  association, group E ,  occurs here over a wide 

area (Plate 5.2) ,  and also along the southern and eastern shores of 

the lake. Group C, the mixed aquatic association is also pre- 

dominant in the south swamp. The L e e r s i a  h e x a n d r a  floating root- 

mat association, group D, is also more common in the south swamp, 

although small areas do occur in the vegetation of the north=east 

bay. The shallow water H y p o l y t r u m  nemorum association of group B 

dominates large areas of the south swamp but is also found along 

the eastern shore of the lake, and forms the small islands of vege- 

tation in the middle of the north-east bay. The generally deeper 

water of the western margin of the north-east bay is dominated by 

the floating root-mat vegetation of group A (Plate 5.3). All but 

two quadrats sampled from the area fall into this association. 





 



FIGURE 5.4. Cover-abundance o f  common h e r b a c e o u s  swamp t a x a  f rom 
Lake Wanum i n  r e l a t i o n  t o  w a t e r  d e p t h  
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Associat ions s i m i l a r  t o  those recognised a t  Lake Wanum 

appear t o  make up the  herbaceous swamp vegetat ion around the  Erom- 

Erom lakes.  Here, the  slope of the  shore l ine  i s  gradual ,  and a 

d i s t i n c t  zonation of vegetat ion i s  apparent. Waterlogged grassland 

with such species  a s  Coelorhachis r o t t b o e l l i o i d e s g i v e s  way t o  a 

f l o a t i n g  Leersia hexandra root-mat, s imi la r  t o  group D. Other 

taxamaybe p r e s e n t ,  including species  of Saccio lepis ,  and the  

twining Merremia sp. (21165). I so la ted  shoots  of Nelumbo nuci fera  

may a l s o  occur,  and i n  deeper water the  species  forms an almost 

monospecific a s soc ia t ion ,  s imi la r  t o  t h a t  of group E a t  Lake Wanum. 

The a rea  between each of t h e  small lakes  and the  r i p a r i a n  f o r e s t  of 

Oomsis Creek is  occupied by dense herbaceous swamp vegetat ion.  

Although these  a reas  were not  surveyed, they appear t o  be dominated 

by Hypolytrum nemorum, e i t h e r  rooted o r  i n  f l o a t i n g  vegetat ion 

s imi la r  t o  groups B and A a t  Lake Wanum. 

ENVIRONMENTAL DETERMINANTS OF VEGETATION DISTRIBUTION 

A s  indica ted  above, t h e  major environmental f a c t o r  con- 

t r o l l i n g  the  d i s t r i b u t i o n  of the  various herbaceous swamp 

assoc ia t ions  i s  water depth. In  some a reas  zonation of vegetat ion 

i s  r e l a t e d  t o  increas ing water depth. More usua l ly ,  a mosaic of 

vegetat ion assoc ia t ions  occurs and it becomes more d i f f i c u l t  t o  

a s sess  t h e  influence of the  water depth on t h e i r  f l o r i s t i c  composi- 

t ion .  The edges of f l o a t i n g  root-mats can form a shallow 'micro- 

environment' i n  otherwise deeper water. 

The abundance of each of the  'common' species  i n  r e l a t i o n  

t o  water depth i s  shown i n  Fig. 5.4. Some of the  taxa can be seen 

t o  occupy f a i r l y  r e s t r i c t e d  depth ranges, whi l s t  o the r s  a r e  more 

ubiquitous. 



Most occurrences of Nelumbo nuci fera  a r e  recorded from 

0.75 m t o  2 m of water ,  t he  two da ta  po in t s  from deeper areas  

being associa ted  with the  edge of f l o a t i n g  root-mat communities. 

The species  i s  l e a s t  common i n  the  deep water root-mat associa t ion  

of group A. Nymphoides indica  although never abundant i s  found 

growing i n  up t o  5 m of water. I t  i s  su rp r i s ing ly  infrequent  i n  

shallow places  dominated by Nelumbo nuci fera .  The widespread 

Hypolytmm nemorum exh ib i t s  a bi-modal d i s t r i b u t i o n .  The f i r s t  

abundance peak is  associa ted  with the  quadrats  of group B where the  

sedge dominates, and the  second coincides with t h e  deep water 

f l o a t i n g  root-mat associa t ion  of group A. The CO-dominants of 

H. nemorum i n  t h i s  a s soc ia t ion ,  Nephrolepis h i r s u t u l a  and 

Stenochlaena p a l u s t r i s  show s i m i l a r  abundance p a t t e r n s ,  although 

ne i the r  i s  a s  common a s  H. nemorum i n  shallow water. Nephrolepis 

h i r s u t u l a  i s  almost e n t i r e l y  r e s t r i c t e d  t o  the  quadrats  of group 

A ,  and was not  recorded growing i n  a reas  of water shallower than 

1.5 m. Stenochlaena p a l u s t r i s  is present  throughout a l l  groups 

although i s  more common i n  f l o a t i n g  root-mat vegetat ion.  In  the  

quadrats  sampled, Leersia hexandra i s  r e s t r i c t e d  t o  water shallower 

than 2 .5  m. Cyclosorus sp. (21050) occurs i n  quadrats  of group A 

i n  the  south swamp with water depths genera l ly  of l e s s  than 2.5 m. 

However it is  t o t a l l y  absent  from t h i s  associa t ion  i n  the  north- 

e a s t  bay, where t h e  water i s  deeper than 4 m. Its place appears t o  

be taken by ~ i c r o s o r i u m  sp. (21067), r e s t r i c t e d  t o  the  group A 

quadrats  i n  t h i s  a rea .  Although o f t en  f ree - f loa t ing ,  Ceratophyllum 

demersum i s  commonly associa ted  with shallow water areas  l e s s  than 

2 m deep. 



The a v a i l a b i l i t y  of s h e l t e r  from wind and wave ac t ion  

may a l s o  a f f e c t  the  d i s t r i b u t i o n  of sortie species.  N g x p h i d e s  

indica  and Eleocharis  d u l c i s  a r e  seldom found i n  exposed s i tua -  

t i o n s ,  bu t  tend t o  congregate i n  between t a l l  s tands  of o the r  

vegetat ion.  

The composition of t h e  subs t ra t e  provides a f u r t h e r  

f a c t o r  t h a t  may influence the  d i s t r i b u t i o n  of a species.  The south 

swamp i s  l a rge ly  underlain by minerogenic grey c lay ,  a s  a r e  the  

shallow margins of the  south and e a s t  shores of the  lake.  In  the  

north-east  bay t h e  s u b s t r a t e  is predominantly organic. Differences 

i n  the  vegetat ion and f l o r i s t i c s  of the  two a reas  have been de- 

scr ibed above, and some may r e f l e c t  the  con t ras t ing  subs t ra t e s .  

Kershaw (1978) recorded Nymphaea gigantea only from s i t e s  lacking a 

l a rge  accumulation of organic ma te r i a l ,  and suggested t h a t  the  

species  might r equ i re  a mineral subs t ra t e .  A t  Lake Wanum, Nymphaea 

pubescens and Nymphaea sp. (21060) a r e  present  i n  the  vegetat ion of 

the  south swamp, b u t  not  i n  t h a t  of the  north-east  bay. However, 

the  g r e a t  d i f ference  i n  genera l  water depth r a t h e r  than t h e i r  

con t ras t ing  s u b s t r a t e s  probably accounts f o r  the  major v a r i a t i o n s  

i n  herbaceous swamp vegeta t ion  between these  two areas .  

HISTORICAL CHANGES I N  HERBACEOUS SWAMP VEGETATION AROUND LAKE WANUM 

The exis tence  of a chronological s e r i e s  of a e r i a l  photo- 

graphs of the  lower Markham Valley makes it poss ib le  t o  t r a c e  

recent  changes i n  the  herbaceous swamp vegeta t ion  around Lake 

Wanum. 

The e a r l i e s t  photographs ava i l ab le  a r e  those reproduced 

i n  t h e  wartime Al l i ed  Geographical Sect ion t e r r a i n  s tud ies  hand- 

books and repor t s  (A.G.S. 1942, 1943a, 1943b, 1 9 4 3 ~ ) .  Oblique 



a e r i a l  photographs dated February and March 1943 ind ica te  the  

ex ten t  of  herbaceous swamp along the  southern margin of the  lake t o  

be very s imi la r  t o  t h a t  of 1974. However, no open water i s  v i s i b l e  

i n  Lake Erom-Erom 1, apparently a swamp a t  t h a t  da te .  A s e r i e s  of 

v e r t i c a l  a e r i a l  photographs dated September 1956l show s imi la r  

f ea tu res  although the re  appears t o  have been s l i g h t  encroachment of 

swamp vegetat ion i n t o  the  open water of t h e  south-east corner of 

Lake Wanum. Subs tan t i a l  i s l ands  of vegetat ion a r e  present  i n  the  

cent re  of t h e  north-east bay, and a swamp remains on the  s i t e  of 

Erom-Erom 1. 

The most dramatic changes a r e  documented by a run of 

2 photographs from November 1969 . A v a s t  encroachment of vegetat ion 

i n t o  open water along the  southern and eas te rn  margins is  shown ex- 

tending towards t h e  4 m bathymetric contour (Fig. 3 .2 ) .  Many of 

the  small embayrnents along the  nor th  shore of the  lake  a r e  a l s o  

vegetated,  and t h e r e  i s  an extension of t h e  swamp i s l ands  i n  the  

north-east  bay. The open water of Lake Erom-Erom 3 i s  a l s o  reduced 

by swamp growth. However, a t  Lake Erom-Erom 1, a considerable body 

of open water i s  v i s i b l e  f o r  the  f i r s t  time. 

Large s c a l e  v e r t i c a l  photographs of sec t ions  of Lake 

Wanum taken during 1971 ind ica te  a r eve r sa l  of previous condit ions.  

The south-east corner of the  lake3 i s  s t i i i  considerably i n f i l l e d  

with what appear t o  be s tands  of Nelumbo nucifera. However, some 

C A J  53-5053 NADZAB 25 000 f t .  27 September 1956 
QASCOPHOTO NG 99 2163 25 000 f t .  30 November 1969 
QASCOPHOTO NG 155 8729 6 500 f t .  27 July  1971 



t r a c t s  of  open water  a r e  once aga in  p r e s e n t ,  e s p e c i a l l y  along the  

e a s t e r n  shore.  A photograph1 of the  north-west a r e a  sugges ts  a 

s l i g h t  diminution of aqua t i c  vege ta t ion  cover  i n  some of t h e  

embayments . 
Ground and a e r i a l  observa t ions  made dur ing  1974 and 1976 

ind ica t ed  t h e  a r e a  of open water  i n  Lake Wanum t o  be very s i m i l a r  

t o  t h a t  i n  1943. The south-east  corner  was aga in  f r e e  of swamp 

vege ta t ion ,  and t h e  i s l a n d s  i n  t h e  nor th-eas t  bay were not iceably  

l e s s  ex t ens ive  than  i n  1956 o r  1969. Lake Erom-Erom 1 contained 

much open water ,  a s  i n  1969, a l though between 1974 and 1976 t h e r e  

appeared t o  be a s l i g h t  i nc rease  i n  t h e  a r e a  of Nelumbo nuc i f e ra  i n  

t h e  e a s t e r n  branch. 

Most of t h e  observed vege ta t ion  changes could be ex- 

p l a ined  by f l u c t u a t i o n  i n  t h e  water  l e v e l  of Lake Wanum and t h e  

Erom-Erom lakes .  The ex tens ion  of  Nelumbo nuc i f e ra  and o t h e r  

vege ta t ion  i n t o  t h e  a r e a s  i nd ica t ed  i n  1969 would r equ i r e  a drop i n  

t h e  l ake  l e v e l  t o  a t  l e a s t  2 m below t h a t  of 1974. Evidence does 

e x i s t  f o r  a r e c e n t  s l i g h t  r i s e  i n  water  l e v e l .  Dead Phragmites 

karka stems may be found i n  a r e a s  of  open water  where t h e  g r a s s  

does n o t  now grow. Numerous dead t r e e s  occur  along t h e  margin of  

t h e  swamp f o r e s t  and around t h e  sho res  of t h e  l a k e ,  presumably 

k i l l e d  by inundat ion.  A smali  decrease  iii the  l e v e l  c5 Lake Wanm 

was recorded between 1974 and 1976. During 1974, t he  o u t l e t  t o  

Oomsis Creek flowed cons t an t ly ,  whereas 18  months l a t e r  t h e  

channel was found dry  and overgrown. 

QASCOPHOTO NG 144 4747 10 000 f t .  21 March 1971. 



The opposite d i r e c t i o n s  of apparent water l e v e l  change i n  

Lake Wanum and Lake Erom-Erom 1 suggest t h a t  l o c a l  hydroiogical  

condit ions a r e  more important than any general  c l ima t i c  e f f e c t s .  

Factors  poss ib ly  influencing l o c a l  hydrology a r e  mul t i far ious  and 

almost impossible t o  quantify.  Considerable extension of the  

Gabensis cocoa p lan ta t ion  immediately adjacent  t o  the  Lake Wanum 

south swamp took place  between 1956 and 1969. Resulting erosion 

may have had a d i r e c t  e f f e c t  on the  swamp f o r e s t  o r  on t h e  hydrol- 

ogy of Oomsis Creek. The suggested increase  i n  water l e v e l  of Lake 

Erom-Erom 1 could have been caused by f u r t h e r  impoundment by the  

extensive swamp vegetat ion between the  lake  and Oomsis Creek. 

One o the r  b i o t i c  f a c t o r  may be of importance i n  recent  

vegeta t ion  change. Lake Wanum i s  now wel l  stocked with T i l a p i a  

m o s s a m b i c a  desp i t e  heavy exp lo i t a t ion  by the  l o c a l  inhabi tants .  

These e x o t i c  f i s h  were introduced i n t o  the  lake  by t h e  D.A.S.F., 

repor tedly  during 1966, and t h e i r  increas ing population may have 

made some impact on the  swamp and aquat ic  vegetat ion.  

Whatever the  causes, t h e  evidence documents considerable 

and rapid  change i n  swamp vegeta t ion  over the  l a s t  few decades. 

The vegeta t ion  assoc ia t ions  appear dynamic r a t h e r  than succes- 

s i o n a l ,  responding t o  minor changes i n  environmental condit ions.  

This  conclusion becomes of g r e a t  importance when attempting t o  

reconst ruct  the  development of the  swamp vegeta t ion  over a much 

longer time-scale. 

THE VEGETATION OF REDHILL SWAMP 

The vegeta t ion  of Redhil l  swamp d i f f e r s  from t h a t  of the  

lake  marginal a reas  of Lake Wanum and Erom-Erom. A t  Redhil l  t he re  

i s  p r a c t i c a l l y  no open water and the  bas in  appears f a i r l y  shallow. 



The stratigraphy (Chapter 3 )  suggests that much of the swamp is 

floating on at least 3 m of water. Examination of the ---- v=.j€ + ~a,,cn +-; 

showed it to be a well developed root-mat association with a flor- 

istic composition similar to that of group A at Lake Wanum. The 

CO-dominants of this group, Hypoly trum nemorum, S t e n o c h l a e n a  

p a l u s t r i s  and N e p h r o l e p i s  h i r s u t u l a  are all present. However, the 

floating vegetation of Redhill is more complex both floristically 

and physiognomically than that of Lake Wanum. The herbaceous vege- 

tation may be up to 3 m high and many additional species are found 

including A l s t o n i a  s p a t u l a t a ,  a small tree with a balsa-like trunk 

and root-system, and the sago palm, M e t r o x y l o n  s a g u .  

The gentle slope of the south-eastern edge of the swamp 

basin provides a habitat for shallow water and periodically inun- 

dated vegetation. Within the perennial swamp are found, along with 

the species named above, A l s t o n i a  s c h o l a r i s ,  N e p e n t h e s  m i r a b i l i s  

and Dysophy l la  v e r t i c i l l a t a .  Also included in the swamp margin 

and periodically waterlogged grassland areas are Lycopodium 

cernuum,  C o e l o r h a c h i s  r o t t b o e l l i o i d e s , A l y x i a  f l o r i b u n d a  and C o l e u s  

s c u t e l l a r i o i d e s .  In the damp shrubby grassland fringing the swamp 

T i m o n i u s  t i m o n  and Ilex a r n h e m e n s i s  are very common, and 

T e r m i n a l i a ,  Tr ichospermum,  Schuurmansia  h e n n i n g s i i  and Desmodim 

g y r o i d e s  are also encountered. 

There is no evidence for any major change in the swamp 

vegetation from the aerial photographs available for 1956 and 1971. 

This is not surprising since, if as suggested most of the swamp is 

floating, only extreme changes in the hydrology would be reflected 

by visible changes in the vegetational associations. 



SWAMP AND AQUATIC VEGETATION AT YANAMUGI 

The l a r g e s t  a rea  of swamp vegetat ion a t  Yarianugi i s  the  

M e t r o x y l o n  s a g u  dominated assoc ia t ion  t o  the  nor th  of t h e  lake.  

Phragmi t e s  k a r k a  i s  a l s o  common i n  t h i s  a rea .  In  water deeper than 

c. 1 . 2  m the  sago swamp gives  way t o  a zone of  E l e o c h a r i s  d u l c i s  

w h i l s t  i n  open water up t o  3 m deep Nymphoides i n d i c a  dominates 

(P la te  5.4) . 
There i s  l i t t l e  swamp vegetat ion along the  western and 

e a s t e r n  shores of the  lake where the  slope of the  basin i s  s t eeper  

(Fig. 4 .2) .  However, o the r  small a reas  of herbaceous swamp vegeta- 

t i o n  occur along the  shallower margins of the  lake. A bay i n  the  

south-east corner i s  dominated by the  emergent aquat ic  herbs 

Polygonun a t t e n u a t u m  and Phy la  n o d i f l o r a ,  a s  wel l  a s  P h r a g m i t e s  

k a r k a  and E l e o c h a r i s  d u l c i s .  

In  areas  of open water Nymphoides i n d i c a  i s  t h e  most 

common float ing-leaved hydrophyte, although Nymphaea pubescens  

i s  a l s o  found. The submerged aquat ics  N a j a s  graminea and 

Cera tophy l lum demersum occur i n  water up t o  4.2 m deep. 

Small a reas  of f l o a t i n g  root-mat vegeta t ion  e x i s t  i n  

she l t e red  embayments along t h e  south-west shore of t h e  lake.  

Species forming these  as soc ia t ions  include A c r o s t i c h m  aureum,  

C e r a t o p t e r i s  t h a l i c t r o i d e s ,  ? S c i r p u s  g r o s s u s  and severa l  g rasses ,  

probably L e e r s i a  hexandra  and species  of S a c c i o l e p i s .  Scat tered  

individuals  of M e t r o x y l o n  s a g u ,  S t e n o c h l a e n a  p a l u s t r i s  and 

N e p h r o l e p i s  occur i n  shallow water o r  pe r iod ica l ly  inundated 

s i t u a t i o n s  around the  lake.  



Available a e r i a l  photography1 reveals  no appreciable 

change i n  sv?ax~p and aquat ic  vegetat ion between 1962 and 1971. 

SWAMP VEGETATION OF THE MARKHAM VALLEY AND OTHER TROPICAL AREAS 

It would be improper t o  genera l i se  about lowland fresh- 

water swamp communities i n  Papua New Guinea on the  b a s i s  of four 

loca l i sed  s i t e s ,  only one of which has been s tudied  i n  any d e t a i l .  

However, t e n t a t i v e  comparisons can be made both between t h e  d i f f e r -  

e n t  s i t e s  i n  the  Markham Valley, and with s imi la r  environments i n  

o the r  t r o p i c a l  a reas .  

The vegeta t ion  associa t ions  of Lake Wanum and the  Erom- 

Erom lakes  appear very s i m i l a r ,  r e f l e c t i n g  t h e i r  proximity and 

i d e n t i c a l  geology. The d i f fe rences  between these  two sites and 

Redhil l  swamp may r e s u l t  from severa l  f ac to r s .  The l a t t e r ' s  loca- 

t i o n  on the  boundary of the  granodior i te  and metamorphic rocks may 

give  r i s e  t o  the  suggested shallower bas in  morphometry and perhaps 

even t o  d i f f e r i n g  n u t r i e n t  supply t o  the  swamp. 

Yanamugi i s  very d i f f e r e n t  from t h e  o the r  s i t e s  i n  i t s  

geology, morphometry, sedimentology and c l ima t i c  regime. Two of 

t h e  major dominant species  i n  t h e  Lake Wanum area ,  Hypolytrum 

nemorum and Nelumbo nuci fera ,  a r e  missing from the  swamp vegeta t ion  

a t  Yanamugi and two o the r s ,  Stenochlaena p a l u s t r i s  and Nephro1ep.i~ 

h i r s u t u l a ,  a r e  much l e s s  common. Nevertheless, t h e  vegetat ion i s  

otherwise f l o r i s t i c a l l y  and physiognomically f a i r l y  s i m i l a r ,  with 

t h e  Metroxylon sagu palm and var ious  swamp grasses  being more 

abundant. 

I 
C . A . J .  195 LERON 5031 25 000 f t .  1E'ebruary 1962 
QASCOPHOTO C . A , J .  1284 ONGA 1284 23 000 f t .  25 May 1969 
QASCOPHOTO MARKHAM VALLEY NG 138 1578 10 000 f t .  22 January 

1971 



There a r e  very few s i m i l a r i t i e s  between t h e  lowland 

swamps s tudied  and the  a lp ine  and sub-alpine bogs of Papua New 

Guinea and West I r i a n  described by Wade and McVean (1969) and 

Hope (1976b). These communities a r e  s t r u c t u r a l l y  very d i f f e r e n t ,  

and do not  possess any species  i n  common with the  lowland s i t e s .  

The few congeneric p l a n t s  a r e  mainly grasses  and sedges. 

A t  Kayamanda, an extensive va l l ey  swamp a t  a lower 

a l t i t u d e  ( 2  500 m ) ,  Walker (1972a) i d e n t i f i e s  15 f l o r i s t i c  groups 

f a l l i n g  i n t o  8 major vegetat ion u n i t s .  Only four species  recorded, 

Lycopodium cernuum , S a c c i o l e p i s  i n d i c a  , Phragmi tes  k a r k a  and 

D y s o p h y l l a  v e r t i c i l l a t a ,  and s i x  genera including four sedges, 

Nymphoides and Polygonum a r e  common t o  the  Markham Valley. No 

f l o a t i n g  vegetat ion was encountered, although the  northern sec to r  

of t h e  swamp around Lake Ipea was not  sampled. Flenley (1972) 

descr ibes  f l o a t i n g  vegetat ion from nearby Lake Inim ( 2  550 m) a l -  

though the  f l o r i s t i c  composition d i f f e r s  t o t a l l y  from t h a t  found i n  

the  lowland s i t e s  s tudied.  

I n  c o n t r a s t ,  s t r i k i n g  s i m i l a r i t i e s  e x i s t  between the  

swamp and aquatic  vegetat ion of  t h e  Atherton Tableland ( a l t .  750 m) 

north-east  Queensland (Kershaw, 1978) and t h a t  of the  Markham 

Valley. Six species  ( C e r a t o p h y l l u m  demersum, C y p e r u s  p l a t y s t y l i s ,  

E l e o c h a r i s  d u l c i s ,  L e e r s i a  h e x a n d r a ,  Nymphoides l n d i c a  and 

Ludwidgia  o c t o v a l v i s )  and s i x  add i t iona l  genera found a t  these  

s i t e s  a r e  a l s o  recorded from the  Markham Valley. Kershaw (1978) 

recognises th ree  ecologica l ly  def inable  communities: f r e e  water 

dominated by Nymphoides i n d i c a ,  C y c l o s o r u s  g o n g y l o d e s  dominated 

f l o a t i n g  root-mat, and f ixed root-mat comprised of tussocks of 

Blechnum i n d i c u m .  These communities appear s t r u c t u r a l l y  s i m i l a r  t o  

th ree  of the  vegetat ion assoc ia t ions  defined a t  Lake Wanum. In  



both areas, ferns play an important role in the swamp vegetation. 

Cyclosorus species are frequently found in herbaceous s imip  areas 

of Papua New Guinea (Paijmans, 1976) and occur at Lake Wanum. 

Stenochlaena palustris is a widespread inhabitant of swamp forest 

and mangrove communities of south-east Asia (Holttum, 1932) and 

Papua New Guinea (Paijmans, 1976) although it is not found in 

northern Queensland. 

The herbaceous swamp vegetation of the four sites invest- 

igated exhibits basic similarities both in floristic composition 

and physiognomy. Differences tend to be expressed floristically 

rather than structurally, even though the missing species may be 

important dominants in other sites. Floristic and structural 

similarities between these swamps and related environments in 

northern Queensland and south-east Asia appear much greater than 

those between lowland and high-altitude sites within New Guinea. 



CHAPTER 6 

THE DETERMINATION OF POLLEN AND CHARCOAL DEPOSITION M T E S  

Ever s ince  the  incept ion  of Quaternary pol len  analys is  it 

has been r e a l i s e d  t h a t ,  f o r  both s t a t i s t i c a l  and ecologica l  

reasons, the  i n t e r p r e t a t i o n  of f l u c t u a t i o n s  i n  the  interdependent 

curves of the  standard 'percentage'  pol len  diagram, has se r ious  

l imi ta t ions .  L. von Post  i n  h i s  famous address of 1916 (von Post ,  

1918, 1967) s t a t e d  t h a t  'obviously it would have been des i rab le  

from various p o i n t s  of view t o  use f i g u r e s  giving the  absolute 

frequencies ins tead  of t h e  r e l a t i v e  measures t h a t  a r e  indica ted  by 

percentage f i g u r e s ' .  Although he a l s o  discussed the  t o t a l  pol len  

content  of p e a t  l aye r s  von Post  r e a l i s e d  t h a t  such f igures  would be 

d i f f i c u l t  t o  i n t e r p r e t  due t o  d i f fe rences  i n  the  r a t e  of pea t  ac- 

cumulation wi th in  and between bog s i t e s .  He therefore  considered 

it ' e spec ia l ly  des i rab le  t o  inves t iga te  the  f e a s i b i l i t y  of produc- 

ing comparable absolute frequency f i g u r e s '  (von Post ,  1967). 

Some authors have s ince  published diagrams ca lcula ted  on 

the  b a s i s  of  pol len  content  per  u n i t  of sediment, assuming changes 

i n  sedimentation r a t e  t o  be of only minor importance a t  the  p a r t i c -  

u l a r  s i t e  (Livingstone and Estes ,  1967, Sims, 1973). However, it 

i s  only with the  widespread app l i ca t ion  of independently derived 

chronologies, i n  p a r t i c u l a r  from radiocarbon da t ing  and o the r  i so-  

t o p i c  techniques , tha t  the  production of comparable absolute f r e -  

quency f i g u r e s  for pol len  deposi t ion ,  a s  envisaged by von Post ,  has 

become f e a s i b l e .  

Due t o  the  increased e f f o r t  necessary i n  absolute pol len  

ana lys i s ,  and the  s c a r c i t y  of s i t e s  s u i t a b l e  f o r  p r e c i s e  da t ing ,  it 

i s  perhaps n a t u r a l  t h a t  the  i n i t i a l  work i n  t h i s  a rea  focussed on 



problems t h a t  could not be adequately resolved using the  e x i s t i n g  

r e l a t i v e  poi ien  frequency technique alone. Thus t h e  t r a n s i t i o n  

from l a t e - g l a c i a l  t o  e a r l y  pos t -g lac ia l  condit ions was inves t iga ted  

both i n  North America (Davis and Deevey, 1964) and the  B r i t i s h  

I s l e s  (Pennington and Bonny, 1970). Absolute pol len  frequencies 

have a l s o  been used t o  r e i n t e r p r e t  Mesolithic clearance phases of 

previously analysed B r i t i s h  s i t e s  (Pennington, 1973, Sims, 1973). 

A number of longer diagrams from la te-Ple is tocene  and Holocene se- 

quences i n  the  U.S.A. have now been published (Davis, 1969, 

Waddington, 1969, Maher, 1972, and Craig,  1972). 

The quest ion therefore  a r i s e s  a s  t o  whether it i s  worth- 

while t o  attempt a  systematic es t imat ion  of pol len  deposi t ion r a t e s  

from a t r o p i c a l  lowland s i t u a t i o n ,  given the  cu r ren t  s t a t e  of paly- 

nological  knowledge about such areas .  The only published pol len  

deposi t ion r a t e  diagram from t h e  equa to r i a l  t r o p i c s  is  t h a t  of 

Kendall (1969) from Lake Vic to r i a ,  Eas t  Africa.  Livingstone (1975) 

comments t h a t  Kendall 's  r e s u l t s  show 'an accuracy of vegetat ion 

reconst ruct ion  t h a t  has not  y e t  been matched from any other  s i t e  i n  

Afr ica ' .  Of p a r t i c u l a r  i n t e r e s t  t o  the  p resen t  s tudy,  the  r e s u l t s  

show t h a t  an apparent increase  i n  g rass  pol len  i n  the  upper l e v e l s  

of the  core i s  an a r t e f a c t  of t h e  r e l a t i v e  ca lcu la t ion  method, and 

i n  f a c t ,  whereas f o r e s t  po i l en  decreases i n  absolute frequency, the  

deposi t ion r a t e  of grassland types remain comparatively s t a b l e .  

Given the  a v a i l a b i l i t y  of radiocarbon chronologies from 

the  two Markham Valley s i t e s ,  it was the re fo re  considered appropri- 

a t e  t o  attempt the  est imation of pol len  deposi t ion r a t e s  i n  t h e  

analysed cores.  A prepara t ion  technique f a c i l i t a t i n g  q u a n t i t a t i v e  

handling of t h e  sediment samples was the re fo re  adopted. 



The terms 'absolute' diagram or pollen frequency and 

'pollen influx' should not be used without qualification. As ~aher 

(1972) has emphasised, 'absolute' is really a misnomer: such 

pollen results are estimates that are always stated relative to 

some other quantity. In addition, the term may also be ambiguous 

(Davis, 1969) as it does not specify whether pollen concentrations 

or pollen deposition rates are involved. Nor is 'pollen influx' 

considered appropriate as, according to ~ennington (19731, not all 

pollen entering a lake basin becomes permanently incorporated into 

the sediments. 

Pollen analytical results from this study are therefore 

expressed: 

(a) in relative frequency terms, as percentages of a given 
base sum, 

(b) as concentration of grains and spores per unit volume of 
sediment, in this case1 m1 ('pollen concentration'), and 

(C) as a figure for pollen deposition rate (PDR) defined as 
number of palynomorphs deposited per cm2 of sediment 
surface per year. This value is obtained by adjusting 
the pollen concentration for the appropriate sediment 
accumulation rate. 

DETERMINATION OF POLLEN CONCENTRATION 

The determination of the concentration of pollen and 

spores in a sediment sample involves a three-stage process: 

(1) the sampling of an accurately measured amount of the 
sediment, 

(2) the counting of a known proportion of the pollen and 
spores in the processed sedirient, and 

(3) extrapolation from this count, within statistically 
stated limits, to give an estimate of the total number of 
pollen grains in the original sample of sediment. 



S e d i m e n t  s a m p l i n g  

Since the final a i m  is &- --l -+A n - 1 1 0 -  A - n n c i  + i n n  
L" A = r u L G  y v r ~ ~ a ~  u ~ y v d r L r v l ~  t G  2 

volumetric measure, i . e .  number of g ra ins  pe r  u n i t  a rea  per  u n i t  

depth ( represent ing  t i m e ) ,  most workers have based t h e i r  es t imates  

on an i n i t i a l  volume of sediment (e.g. Davis, 1969, Waddington, 

1969, Maher, 1972) a l thoughothers  (Durkee, 1964, Jgkgensen, 1967) 

have prefer red  a sample of known dry weight. A volumetric sample 

i s  more d i f f i c u l t  t o  c o l l e c t  and measure accura te ly  than i s  one 

taken on the  b a s i s  of dry weight, and a v a r i e t y  of techniques have 

been devised t o  produce samples of a s tandard s i z e .  Davis (1969) 

packed the  sediment i n t o  a spa tu la  of known volume. A method 

involving l e s s  r i s k  of e r r o r  caused by compaction i s  the  use of a 

small-scale coring device t o  remove c y l i n d r i c a l  samples of sediment 

from measured s l i c e s  of the  core. Such a technique has been used 

by Waddington (1969), and i n  a more mechanised form by Engstrom 

and Maher (1972). Al t e rna t ive ly  the  volume of the  sample can be 

measured by displacement i n  an accura te ly  ca l ib ra ted  measuring cyl-  

inder  (Bonny, 1972, Pennington, 1973). 

Once a measured sediment sample has been obtained,  it may 

be prepared i n  e i t h e r  of two ways t o  produce s l i d e s  i n  which the  

pol len  content  can be r e l a t e d  t o  t h a t  of t h e  o r i g i n a l  sample. 

Q u a n t i t a t i v e  p r e p a r a t i o n  t e c h n i q u e s  

Marker g r a i n  m e t h o d :  Benninghoff (1962) ou t l ined  the  now common 

technique of adding, before processing,  a known quan t i ty  of exo t i c  

po l l en  g ra ins  a s  markers. The r a t i o  of marker g ra ins  t o  f o s s i l  

g ra ins  counted i s  then used t o  c a l c u l a t e  the  number of f o s s i l s  i n  

the  o r i g i n a l  sediment sample. This method has been f u r t h e r  elabor-  

a ted  by Matthews (1969), Waddington (1969), and Maher (1972). 



Craig (19721, and Swain (1973) use polystyrene microspheres a s  

markers r a t h e r  than an exo t i c  pol len  type. Both versions of t h i s  

method provide an easy means t o  compensate f o r  any l o s s  of ma te r i a l  

during prepara t ion  of the  sample, i f  it can be assumed t h a t  the  

markers become evenly d i s t r i b u t e d  throughout the  sediment, and a c t  

i n  t h e  same way a s  f o s s i l  sporomorphs. Not wishing t o  make such 

assumptions, Kirkland (1967) and Bonny (1972) added the  exo t i c  

g ra ins  only i n  the  l a t e r  s t ages  of s l i d e  preparat ion.  

The 'marker g r a i n '  method requ i res  an accurate assess-  

ment of the  number of exo t i c  g ra ins  added t o  the  preparat ion.  

Often a homogenous suspension of t h e  marker i s  made and an e s t i -  

mate of the  pol len  concentrat ion derived by counting a l iquo t s  of 

t h i s  suspension on haemocytometer o r  ordinary microscope s l i d e s .  

Known f r a c t i o n s  determined by mass (Matthews, 1969, Bonny, 1972) o r  

volume (Waddington, 1969, Maher, 1972) a r e  then added t o  the  sedi-  

ment prepara t ion .  A simpler method i s  t o  add an appropriate num- 

be r  of commercially ava i l ab le  t a b l e t s ,  described by Stockmarr 

(19711, containing known q u a n t i t i e s  of a p a r t i c u l a r  spore o r  pol len  

type a s  a marker. For b e s t  r e s u l t s  t h e  r a t i o  of f o s s i l  g ra ins  t o  

added marker g ra ins  should be about 2 : l  (Maher, 1976). 

Aliquot technique: A second es tab l i shed  method does not  involve 

t h e  use of any e x o t i c  marker, but  r equ i res  s t r i c t  q u a n t i t a t i v e  

handling of the  sample throughout a l l  s t ages  of the  prepara t ion  

procedure. A homogenous suspension of the  processed sediment i s  

produced and known a l i q u o t s  t r ans fe r red  onto microscope s l i d e s .  

This may be done e i t h e r  by p i p e t t i n g  a measured volume (Davis, 

1965, 1966) ,  by weight (Jbrgensen, 1967),  o r  by s e t t l i n g  the  whole 

of  the  suspension onto cover-sl ips of known a rea  i n  an evaporation 



tray using the method described by Battarbee (1973) and Battarbee 

and McCallan (1974). To maintain accuracy, loss o' L baltple ---- diirincj 

processing must be minimised, or some estimate of this loss in- 

dependently obtained. 

The method adopted for routine counting of slides 

depends on the initial choice of preparation technique. The evap- 

oration tray method produces a random distribution of grains over 

the whole area of the cover-slip thus permitting analysis of only a 

proportion of the slide. Any other method leads to slides in 

which the pollen grains or other microfossils are not randomly dis- 

tributed (Brookes and Thomas, 1967, Battarbee, 1973). Thus it is 

desirable to count as much of the whole slide as possible, al- 

though if marker grains have been used regularly spaced traverses 

over a portion of the slide may be adequate. 

Choice of method 

Both the 'marker grain' and aliquot methods are capable 

of producing accurate and reproducible results if all sources of 

error are identified and quantified in the manner of Davis (1965) 

and Maher (1972, 1976). An attempt at such precision in the deter- 

mination of the pollen concentration of lake sediments and pollen 

traps from the Markham Valley could not be theoretically justified. 

It was considered that only large and consistent fluctuations of 

pollen deposition rate would be interpretable, given the current 

state of knowledge about precesses of pollen dispersal and sedi- 

mentation in the tropical lowland environment. 

The 'marker grain' method was considered the more time- 

consuming, and suitable exotic grains or microspheres were not 

readily available. Use of the aliquot method therefore seemed 



appropr ia te ,  i f  proven s u f f i c i e n t l y  accurate t o  reveal  moderate 

va r i a t ions  i n  pol len  concentrat ion.  Of the  a l i q u o t  methods, the  

evaporation-tray technique of Battarbee and McCallan appears 

s traightforward and accurate.  However, the  random d i s t r i b u t i o n  of 

g ra ins  on the  s l i d e  i s  upset  i f  any a r e  moved t o  f a c i l i t a t e  i d e n t i -  

f i c a t i o n .  A s  t h i s  i s  e s s e n t i a l  when deal ing with the  l a rge ly  

unknown pol len  f l o r a  of t h e  lowland t r o p i c s ,  t h i s  method was re-  

jec ted  i n  favour of  a version of the  volumetric a l i q u o t  technique 

of Davis. 

The volumetric preparation technique 

Before sampling the  sediment cores t h e i r  dimensions were 

checked f o r  any shrinkage due t o  water  l o s s  s ince  co l l ec t ion .  I n  

most cases shrinkage was minimal. Selected cores were sampled f o r  

pol len  a t  10 cm o r  20 cm i n t e r v a l s  and around marked s t r a t i g r a p h i c  

boundaries. For each sample a hor izonta l  s l i c e  10 mm th ick  was c u t  

from the  core with a sharp kn i fe  and t r ans fe r red  t o  a small p e t r i e  

dish.  A c y l i n d r i c a l  por t ion  was then excised using an accura te ly  

made g l a s s  tube with an i n t e r n a l  diameter of 11.28 mm. This pro- 

duced a sample of about 1 m 1  t h a t  was t r ans fe r red  t o  a weighed 

g l a s s  v i a l ,  sea led  and weighed. The remainder of t h e  s l i c e  was 

used f o r  the  determination of water and organic carbon content .  

The measured sediment was then processed using,  i n  the  

main, s tandard palynological  prepara t ion  techniques (Faegri  and 

Iversen,  i964j summarised i n  Table 6.1. N o  e s t i m a t i = n  was made f o r  

l o s s  of sample during prepara t ion,a l thoughmajorspi l lagewas  noted 

and the  sample not  used f o r  est imation of pol len  concentrat ion.  

A l l  samples required s ieving t o  produce countable s l i d e s .  Large 

volumes of water were used t o  ensure maximum recovery of pol len  



TABLE 6.1. Summary of preparation techniques 

Treatment Time Purpose Samples treated 

Cold 10% HC1 10 mins Removal of CaC03 Calcareous samples 
only (all samples 
from YAN 2, YANMC 1) 

Hot 5% KOH or 20 mins Removal of humic All samples 
NaOH acids and 

deflocculation 

Sieving through - Removal of coarse All samples 
c. 150 p organic and inorganic 
terylene mesh particles 

Cold 40% 12 to Removal of moderate Most fossil 
hydrofluoric 18 hours quantities of silica samples 
acid 

ZnBr2 heavy- - Separation of organic Highly inorganic 
liquid separa- matter from large sediments only (most 
tion amounts of mineral samples from YAN 2, 

sediments YANMC 1) 

Acetylation 3 mins Removal of excessive All samples 
( 'Acetolysis ' ) cellulose 
technique 
(Erdtman, 19.52) 

Ultra-sonic 10 secs Break-up of large 
bath or less particles 

Dehydration Removal of water 
in ethanol prior to mounting 
series in silicone oil 

Excessively clumped 
samples only 

All samples 



and spores from the sieve. The heavy liquid separation procedure 

was also a potential source of error due to retention of poiien, 

and this was used on all sediment samples from Yanamugi cores. 

After dehydration in ethanol, the sample was suspended in 

a measured volume (10 m1 or 15 m1 depending on the quantity of 

sediment remaining) of tertiary-butyl-alcohol (TBA) . A small mag- 

netically operated stirring rod or 'flea' was introduced and the 

suspension stirred automatically until homogenous. Working within 

a laminar flow cabinet,aliquots of 0.02 m1 taken using an 

'Eppendorf' automatic micropipette with disposable plastic tips 

were transferred onto a drop of silicone oil (Wacker AK 2000) on a 

warmed microscope slide, and the TBA evaporated. Sufficient ali- 

quots were added to produce a slide of suitable density for pollen 

analysis. In practise this ranged from one to seventeen aliquots 

(0.02 to 0.34 ml) with most slides containing the material from be- 

tween 0.1 to 0.2 m1 of TBA. When all TBA had evaporated, a 

38 X 22 mm cover-slip was positioned and sealed with clear lacquer. 

Samples were analysed using a Car1 Zeiss (Oberkochen) 

photo-microscope, employing a magnification of X 160 or X 400 for 

routine scanning of the slide. Identification of well known types 

was made at X 400 whilst a X 100 planapochromatic oil-immersion 

objective was used for final identification of problem grains and 

investigation of unknowns at a magnification of X 1600. 

Only a proportion of each slide was counted. Traverses 

across the narrow axis of the slide were made, usually at 1 mm 

intervals, along the whole width of the cover-slip. For a few 

slides, mainly the very dense pollen trap content preparations, the 

interval was increased to 2 mm or even more, but traverses were 

always regularly spaced over the whole slide area. With an 



interpupillary distance of 70 mm, the proportion of the slide 

scanned with the various combinations of magnification and traverse 

interval was measured as: 

Traverse Interval 
Proportion counted 1 mm 2 mm 4 mm 

The pollen content of each preparation was thus estimated 

by calculating: 

concentration = T X 
v~ 

vs X C 

Where T = total number of pollen and spores counted per 
sample 

= Volume of preparation suspension 

'S = Volume of TBA transferred to slides 

C = Proportion of each slide counted. 

As the volume of sediment taken was in all cases 1 m1 this formula 

represents the concentration of sporomorphs per ml. 

Assessment of accuracy: The percentage of the total suspension 

analysed ranged from 0.01% to 0.35% for pollen traps, and 0.19% to 

3.65% for sediment cores. 'Typical' values were 0.03% for traps 

and 0.5% to 1.75% for cores. These figures are of the same order 

as those used by Davis (19651, although the method used varied from 

Davis'in several ways. The most significant were use of smaller 

volumes of suspension and aliquot, and counting of only a prop- 

ortion of each slide. As all of these factors could lead to 

greater inaccuracy, the precision of the adopted technique was 

tested. 



Three t a b l e t s  of Lycopodium clavatum, batch 212761 

(Stockmarr, 1971) were dissolved i n  10% H Z i  and the spores suspen- 

ded i n  10 m 1  of TBA. Maher (1976) has ca l ib ra ted  the  spore con- 

cen t ra t ion  of t h i s  batch a t  1 2  489 per  t a b l e t ,  with a s tandard 

devia t ion  (S.D.) of 491. The concentrat ion of the  suspension was 

thus  37 467 with the  standard devia t ion  ca lcula ted  a s  

Where S.D., = standard devia t ion  of n t a b l e t s  

S.D.1 = standard devia t ion  of one t a b l e t  

n = number of t a b l e t s  

although Maher s t a t e s  t h a t  t h i s  may tend t o  underestimate the  t r u e  

value f o r  s tandard deviat ion.  

The t o t a l  number of spores used represents  a t y p i c a l  

value f o r  pol len  concentrat ion pe r  m 1  i n  the  sediment cores  

s tudied.  

Four s e r i e s  of volumetric a l i q u o t  s l i d e s  were then pro- 

duced from t h i s  suspension, represent ing  t h e  mid range of a c t u a l  

volumes counted from the  sediment preparat ions.  The s l i d e s  were 

analysed a t  a magnification of X 160, and a t r ave r se  i n t e r v a l  of 

- 
1 mm. For each s e r i e s  of counts ,  t h e  ar i thmet ic  mean (X), standard 

devia t ion  ( S .  D. ) , variance (S. D. 2, and c o e f f i c i e n t  of v a r i a t i o n  (V) 

were ca lcu la ted  (Table 6.2) . 
A s  expected, the  mean number of spores counted pe r  s l i d e  

was d i r e c t l y  propor t ional  t o  t h e  number of a l i q u o t s  per  s l i d e .  The 

c o r r e l a t i o n  c o e f f i c i e n t  (r)  between these  two va r i ab les  i s  g r e a t e r  

than +0.99. The c o e f f i c i e n t  of v a r i a t i o n  genera l ly  decreases with 

increased number of spores,  ind ica t ing  g r e a t e r  p rec i s ion  f o r  



l a r g e r  counts. The exception i s  t h e  most concentrated s e r i e s  

(0 .2  m 1  pe r  s l i d e j  where the  higher vaiue f o r  V may be due t o  ex- 

cess ive  clumping of t h e  l a rge  number of spores on the  s l i d e .  

The variance of a Poisson d i s t r i b u t e d  population approxi- 

mates the  mean (Gregory, 1968). Calcula t ions  of variance f o r  the  

Lycopodium counts give values around and below the  mean, suggesting 

a d i s t r i b u t i o n  varying between 'homogeneous' and Poisson (Kendall, 

1969). I n  order  t o  t e s t  t h e  f i t  of the  counts t o  a Poisson d i s -  

t r i b u t i o n ,  the  method used by Davis (1965) was employed. For 

Poisson d i s t r i b u t e d d a t a t h e  product of the  formula 

2 i s  approximately ch i2  d i s t r i b u t e d  (Cochran, 1954). Chi was there-  

fo re  ca lcu la ted  using t h i s  formula (Table 6 .2 ) .  Deviation from a 

Poisson f i t  was not s i g n i f i c a n t  f o r  any s e r i e s  of s l i d e s .  

Table 6.3 compares the  r e s u l t s  obtained by counting the  

a l i q u o t  s e r i e s  with those expected from the  spore content  of the  

t a b l e t s  determined with an e l e c t r o n i c  p a r t i c l e  counter (Maher, 

1976). The counts a r e  cons i s t en t ly  l a r g e r  than the  expected 

values ,  the  percentage d i f fe rence  increas ing with s i z e  of a l iquo t .  

This p a t t e r n  of divergence i s  not  easy t o  expla in ,  bu t  a s  a l l  

values were wel l  wi th in  10% of those predic ted ,  they were consid- 

ered  acceptable within t h e  centext  of the study. 

Estimation of confidence limits: Accepting the  Poisson f i t  of the  

d a t a ,  it may be assumed t h a t  the  number of pol len  and spores 

counted (T)  i s  equivalent  t o  t h e  mean number f o r  a given a l i q u o t  

s i z e ,  and therefore  t o  the  variance.  The 95% confidence i n t e r v a l  



TABLE 6 .2 .  Results o f  replicate counts on slides containing 
d i f ferent  volumes o f  Lycopodium clavatum suspension 

Vol. of No. of Range 
s l i d e  s l i d e s  of - 
( m 1  ) counted counts X S.D? S.D. V (%)  ch i2  d . f .  

TABLE 6.3.  Comparison o f  resul ts  obtained b y  counting s l ides 
containing d i f f e ren t  volumes o f  Lycopodium clavatum 
suspension with those expected from the given 
content o f  the spore tablets  

% of - % d i f fe rence  
suspension X no. X no. of count 
counted counted expected from expected 



for a count can therefore be given as approximately twice the 

square root of the count. Thus the formula for the estimation of 

pollen concentration, with 95% confidence limits, becomes 

This formula provides an overestimate of the confidence limit if 

the grains are more homogenously distributed, and an underestimate 

if the occurrence of grains is more variable than in a Poisson dis- 

tribution. Precision may be increased by counting a larger number 

of grains by increasing the proportion of the total suspension 

analysed. 

Sources of error: Counts of sub-fossil grains from core samples 

were examined for excessive variance, indicating possible diverg- 

ence from Poisson distribution. Of eleven samples with counts from 

two or three slides of equal volume, one-third showed excessive 

variance above the mean. This may indicate a non-Poisson dis- 

tribution, although the number of replicate slides and counts is 

low. 

The experimental results suggest that homogenisation of 

the suspension and aliquot pipetting can be achieved with accuracy. 

Similarly the counting technique, at least where a large proportion 

of the slide has been scanned, seems reliable. Excessive small- 

scale clumping on the slide, either through high pollen concentra- 

tion or large aiounts of debris, causes greater variability in the 

count. The effect of this can be reduced by counting the whole 

slide, or reducing the concentration of material. 



Any deficiency in the estimate of pollen concentration 

per unit volume of sediment is therefore more likely to be the 

result of other factors. Although none was quantitatively asses- 

sed, and is not therefore encompassed by the stated confidence 

limits, the main sources of error are thought to be: 

(a) Inaccuracy in sediment sampling. Replicates were not 

taken, but inspection of the samples suggests that, 

in reasonably fine homogenous organic or mineral sedi- 

ment~, the error was within - + 5%. For coarser mat- 

erial, especially poorly humified and fibrous organic 

deposits, the method was less accurate. 

(b) Loss of material during preparation. The extent of 

this depends on the processing techniques used. 

Raine (1974) estimates loss of material during 

preparation to be low, although he did not use the 

heavy-liquid separation technique. As no estimate 

of small losses was made, all values for pollen 

concentration must be regarded as minimum figures. 

However, as similar methods were used on all 

samples within the same core, these results should 

be consistent, even if not strictly comparable 

with results from other cores or pollen traps. 

The technique adopted for the estimation of pollen con- 

centration is a flexible one able to handle large variation in the 

pollen content of the sediment and at the same time allow full 

manipulation of grains for identification and recording. The 

method is not greatly time-consuming and yet appears sufficiently 

reliable to disclose moderate changes in pollen concentration. The 



confidence l i m i t s  ca lcula ted  provide a use fu l  ind ica t ion  of t h e  

probable va r i a t ion ,  although they may represent  an underestii-riate 

f o r  some samples due t o  t h e  poss ib le  sources of e r r o r  mentioned. 

DETERMINATION OF CHARCOAL CONCENTRATION 

Carbonised p l a n t  fragments a r e  frequently encountered i n  

lake sediments, and t h e i r  occurrence has been associa ted  (e.g. 

Waddington, 1969, Swain, 1973) with n a t u r a l  o r  a r t i f i c i a l  f i r e s  

within t h e  catchment. Charcoal p a r t i c l e s  were noticed during 

i n i t i a l  sediment analyses from Lake Wanum, and, i n  view of the  r o l e  

of f i r e  i n  the  maintenance of present  day grassland,  some index of  

t h e i r  p a s t  abundance was considered des i rable .  

Such carbonised fragments usual ly  survive rout ine  pol len  

a n a l y t i c a l  prepara t ion  treatments,  and it i s  poss ib le  t o  record the  

occurrence of both charcoal  and pol len  from the  same s l i d e .  I f  in-  

s u f f i c i e n t  p a r t i c l e s  a r e  found, o r  i f  g r e a t e r  p rec i s ion  i s  sought, 

separa te  s l i d e s  may be prepared by treatment with h o t  concentrated 

n i t r i c  acid.  However, Swain (1973) notes t h a t  both procedures 

produce c lose ly  s i m i l a r  r e s u l t s .  I n  t h i s  s tudy,  a l l  charcoal  

counts were made on t h e  s l i d e s  q u a n t i t a t i v e l y  prepared f o r  pol len  

analys is .  

Carbonised p a r t i c l e s  from Lake Wanum core LW I1 w e r e  

t a l l i e d  by t h e i r  'apparent surface  a rea '  a s  measured by an eyepiece 

2 
micrometer. Three s i z e  c l a s s e s  were dist inguished:  25 - 600 p , 

Cnn = 
2 

uuu 3 000 and 3 000 - 6 000 pm . P a r t i c l e s  smaller  than I-' 

2 
25 p were ignored, these  being d i f f i c u l t  t o  d i s t ingu i sh  from 

mineral gra ins .  Examination of the  l a r g e r  p a r t i c l e s  r e t a ined  

during s ieving of samples revealed a genera l  c o r r e l a t i o n  between 

the  abundance of the  fragments i n  t h e  s i eve ,  and t h a t  of the  

smaller  ones on the  s l i d e .  



Estimates f o r  charcoal  concentrat ion and deposi t ion r a t e  

were derived i n  a s imi la r  manner t o  those f o r  palynomorphs. How- 

ever ,  a s  fewer t r a n s e c t s  were usual ly  counted per  s l i d e ,  the  car- 

bonised p a r t i c l e  r e s u l t s  a r e  probably l e s s  accurate.  These 

es t imates  may be expressed i n  various ways. Although Waddington 

(1969) and Swain (1973) counted a l a rge  number of s i z e  c l a s ses ,  

both  subsequently summed t h e  c l a s s  t o t a l s  t o  produce a s i n g l e  

-2 -1 
'charcoal  index ' ,  expressed a s  area  of p a r t i c l e s  cm y r  . This 

procedure w a s  i n i t i a l l y  adopted f o r  the  Lake Wanum samples. How- 

ever it was c l e a r  t h a t  the  th ree  s i z e  c l a s s e s  d id  not  always show 

p a r a l l e l  t rends .  More information i s  re t a ined  i f  each s i z e  c l a s s  

i s  shown individual ly  a s  t h e  number of carbonised p a r t i c l e s  

-2 -1 
cm y r  , a s  i n F i g .  8.1. 

A cruder index of charcoal  abundance was used f o r  the  

sediments of Yanamugi, where more r igorous sample treatment had 

been used. For each sample, numbers of carbonised fragments were 

counted (by J. Guppy) along two t r a n s e c t s  of a s l i d e .  The concen- 

t r a t i o n  of p a r t i c l e s  was ca lcula ted ,  and the  r e s u l t s  expressed a s  

a percentage of the  maximum concentrat ion,  occurring i n  t h e  sample 

from 670 cm, (Fig. 8.6).  This r ap id  method appears adequate t o  re- 

vea l  major f luc tua t ions  i n  the  carbonised p a r t i c l e  content  of the  

sediments, and i s  perhaps more appropriate where the  chronology t o  

der ive  annual deposi t ion  r a t e s  i s  lacking. 



CHAPTER 7 

CONTEMPORARY POLLEN DEPOSITION IN THE MARKHAM A m A  

Pollen analysis as a tool of palaeoecology, rather than 

biostratigraphy, rests on a number of important assumptions con- 

cerning the production, dissemination and deposition of pollen 

grains and spores. In northern temperate regions studies on the 

dispersal of pollen grains under different conditions (e.g. Tauber, 

1965, Andersen, 1973) have refined formerly intuitive models of 

pollen transfer. Further detailed work has elucidated the proces- 

ses of pollen recruitment to lake sediments, and the mechanisms of 

deposition and redeposition (Davis and Brubaker, 1973, Davis 

et al., 1973, and Bonny 1976, 1978). 

Many empirical studies of regional contemporary pollen 

deposition have revealed facets of the relationship between pollen 

assemblages and the source vegetations crucial to the ecological 

interpretation of fossil palynological data. Recent approaches 

have employed multivariate statistical techniques to illuminate 

correlations between modern pollen spectra and vegetation composi- 

tion (Kershaw 1973a, Webb, 1974, Davis and Webb, 1975, and Webb and 

McAndrews, 1976) or climate (Webb and Bryson, 1972). 

A number of contemporary pollen deposition studies, re- 

viewed by Flenley (1973), has been carried out in tropical regions, 

although the majority relate to predominantly upland or alpine, 

rather than lowland, areas. Of particular regional significance to 

lowland Papua New Guinea is the work of Hope (1973), Kershaw 

(1973a), Kershaw and Hyland (1975) and Morley (1976). 



Despite these  recent  advances the re  s t i l l  e x i s t s  ne i the r  

a  sound t h e o r e t i c a l  b a s i s  f o r  the  i n t e r p r e t a t i o n  of pol len  

a n a l y t i c a l  evidence from the  t r o p i c a l  lowlands, nor a  comprehensive 

regional  study of contemporary pol len  assemblages from any lowland 

t r o p i c a l  a rea .  Inves t iga t ions  wi th in  the  study a rea  were therefore  

d i rec ted  towards an understanding of t h e  main aspects  of pol len  

production and t r a n s f e r ,  and of the  nature of contemporary pol len  

assemblages i n  the  environs of t h e  Markham Valley. 

SAMPLING CONTEMPORARY POLLEN DEPOSITION 

The lack of pol len  preservat ion  i n  many s i t u a t i o n s  proved 

a major problem i n  sampling pol len  deposi t ion  i n  the  d iverse  vege- 

t a t i o n  of the  Markham Valley. A s  Flenley (1973) notes ,  moss 

p o l s t e r s ,  commonly employed f o r  t h e i r  na tu ra l  pollen-trapping 

p roper t i e s ,  a r e  su rp r i s ing ly  r a r e  i n  lowland t r o p i c a l  f o r e s t .  Damp 

moss tussocks from ' h i l l '  f o r e s t  between 180 mand l 0 0 0  m a l t i t u d e  

contained abundant wel l  preserved pol len  and spores. I n  lower 

a l t i t u d e  f o r e s t s  adequate samples could sometimes be obtained from 

the  t h i n  moss cover of t r e e  t runks o r  rocks,provided severa l  

samples wi th in  c lose  proximity were amalgamated f o r  analys is .  

Pollen i s  genera l ly  no t  wel l  preserved i n  lowland t r o p i c a l  s o i l s  

(Hedberg, 1954, Hamilton, 1972). Some pe r iod ica l ly  inundated 

l i t t e r  and surface-soi l  samples yielded small q u a n t i t i e s  of po l l en ,  

although spores were more abundant, perhaps suggesting d i f f e r e n t i a l  

des t ruc t ion  of pol len  gra ins .  Sediments from perennia l ly  water- 

logged swamps and lakes  provided the  most s a t i s f a c t o r y  na tu ra l  

t r a p s  f o r  pol len  and spores ,  although even here the  concentrat ion 

may be low due t o  rapid  accumulation of the  sediment. Such s i t e s  

were unfortunately not  widespread. 



TABLE 7 . l .  Contemporary po l l en  samples from thc Ilarkharn V a l l e y  

Sample A l t .  
No. Type Locat ion (m)  Vegetation type Local p l a n t  taxa  

PT l Po l l en  Markham Po in t  
t r a p  

PT 4 Pol l en  Lake Wanum 
t r a p  e a s t e r n  shore  

c .  500 m from 
water  

PT 5 Po l l en  Lake Wanurn, 
t r a p  promontory a t  

t h e  western  

Po l l en  
t r a p  

L i t t e r  and 
d e t r i t u s ,  
r o o t  mat 

Lake sedi-  
ment s u r f -  
ace  
d e t r i t u s  

Lake 
sediment 
su r f ace  
d e t r i t u s  

Surface  
d e t r i t u s  
and litter 
from root-  
mat 

Thin moss 
cover from 
dead t r e e  
t runks  ( 3  
samples, a 
few me t re s  
a p a r t  

margin of north- 
e a s t  bay 

Lake Wanum, on 
f l o a t i n g  r a f t  
i n  c e n t r e  of 
no r th -eas t  bay; 
250 m from 
shore  

Lake Wanum, 
western  margin 
of no r th -eas t  
bay,  vege ta t ion  
quadra t  35 

Lake Wanum, 
sou th  swamp, 
vege ta t ion  
quadra t  40 

Lake Wanum, 
sou th  swamp, 
v e g e t a t i o n  
quadra t  50 

Lake Wanum, 
sou th  swamp, 
vege ta t ion  
quadra t  51  

F o r e s t  p l o t  
v i c i n i t y  of 
lower Sankwep 
River  

S l i g h t l y  d i s t u r b e d  Aporosa papuana. Melicope (21144) .  
' h i l l '  o r  ' r i d g e '  Gnetum gnemon, Lucinaea (211461, 
f o r e s t  Urophyllum (21149) , Endiandra 

( 2 l l 4 7 ) ,  Dysoxylum ( 2 l l 4 8 ) ,  
Myris t ic3ceae (21143) 

Lowland c losed  f o r e s t  Clerodendrum buchani i ,  ?Papoluia 
on g e n t l e  s lope  (21130), Polyal  t h i a  (21131), 

Commelina (21132) , .Vacarancja 
Alpinia  ( 2 l l 2 7 ) ,  Neliacede (21123) 

P a r t i a l l y  c l e a r e d ,  Asplenium nidus ,  Rhaphidophora 
open f o r e s t  (211081, Alpinia  ( 2 1 1 0 9 ) ~  Diplo- 

cyc los  palmatus, Mukia rnaderaspa- 
tana ,  Pas s i f lo ra  f o e t i d a ,  
Mezonevron (21110). Malais ia  
scandens ,  ?Ganophyllum (211161, 
Cissus  ( Z l l l S ) ,  C e l t i s  ( Z l l l 7 ) ,  
Murraya pan icu la t a  

Open water  None 

Deep wa te r  f l o a t i n g  Nephrolepis h i r s u t u l a ,  Hypolytrum 
root-mat (Group A) nemorum, Stenochlaena p a l u s t r i s ,  
swamp vege ta t ion  Microsorium (21067) 

Hypolytrum nemorum H. nemorum, Cyclosorus (21050), 
a s s o c i a t i o n  (Group B) Ceratophyllurn demersum 
swamp vege ta t ion  

Nelumbo n u c i f e r a  N. nuc i f e ra ,  Lee r s i a  hexandra 
a s s o c i a t i o n  (Group E) 
swamp vege ta t ion  

Lee r s i a  hexandra L. hexandra, Phragmites karka, 
f l o a t i n g  mat (Group Nelumbo nucifera ,  Stenochlaena 
D) swamp vege ta t ion  p a l u s t r i s ,  Hypolytrum nemorum 

Rain-fores t  Homalium, Pometia, Artocarpus ,  
Dysoxylum, Hors f i e ld i a ,  S t e r c u l i a ,  
Cryptocarya, Pangium, A n t i a r i s ,  
Gmelina, Gnetum, Gastonia ,  ( i d e n t i -  
f i c a t i o n s  by R.J. Johnsl 



T ~ D L E  7.1. (Cont.) 

Sdmpl2 A l t .  
No. Type Locatlon ( m )  Vegetation type Local p l a n t  taxa  

Leaf litt- 
e r  and 
s u r f a c e  
s o i l  

MOSS 
p o l s t e r  

MOSS 
p o l s t e r  

Organic 
d e t r i t u s  
from swamp 
margin 

Markhm r i v e r  
f l ood  p l a i n ,  
about  0.5 km 
sou th  of Mark- 
ham b r idge  

F o o t h i l l s  of 
Hertzog ranges  
sou th  of 
c,ahensis 

F o o t h i l l s  of 
Herzog ranges  
sou th  of 
Gabensis 

Redh i l l  swamp, 
e a s t e r n  
margin 

720 'Alluvium' f o r e s t ;  
p e r i o d i c a l l y  inun- 
da t ed  

970 T a l l  ' h i l l '  f o r e s t  

790 T a l l  ' h i l l '  f o r e s t  
d i s t u r b e d  by logging 

35 Swamp margin vegeta- 
t i o n  under 20 cm of 
water  

SS 27 + Dry moss 50 m west  o f  175 Semi-deciduous 
2 8  from t r e e  l a k e ,  f o r e s t  on t h i n  s o i l  

r o o t s  and Yanamugi on s lope  
l imestone 
boulders  
( 2  samples, 
100 metres  
a p a r t )  

LWMC 3 Organic Shor t  co re  35 Open water  
SS d e t r i t u s  LWMC 3 ,  western  

and margin o f  
s u r f a c e  no r th -eas t  bay,  
sediments Lake Wanum 

YANMC 1 Calcareous  Shor t  co re  170 Open water 
SS s u r f a c e  YANMC 1, south-  

mud e r n  end o f  
Yanamugi l a k e  

Antidesma (21155) ,  Psychotr la  
(21156). Voacanga papuana, Alpinia  
(21154) 

Acronychia t r i f o l i o l a t a , ? p o r o s a  
papuana, Maesa (21161) i n  a r e a  

a s  above 

Alyxia ?f lor ibunda,  Coleus 
s c u t e l l a r i o i d e s ,  Dysophylla 
v e r t i c i l l a t a  

none 

none 



A r t i f i c i a l  pol len  t r a p s  proved well  s u i t e d  t o  the  col lec-  

t i o n  of pol len  and spores under a  v a r i e t y  of condit ions.  F a c i i i t -  

i e s  were not  ava i l ab le  f o r  t h e  exclusive use of these  devices,  nor 

f o r  monitoring rain-gauge ca tches ,  another a l t e r n a t i v e .  Therefore 

both na tu ra l  and a r t i f i c i a l  t rapping methods were employed. A 

random c o l l e c t i o n  scheme was thus not  f e a s i b l e ,  and most samples 

der ive  from e i t h e r  swamp o r  f o r e s t  vegeta t ion ,  leaving o the r  dry 

land vegetat ion l a rge ly  unrepresented. Open grassland a reas  remain 

unsampled, a s  the  dry s o i l  preserved no pol len ,  and placement of 

t r a p s  would have been f u t i l e  i n  the  annually f i r e d  vegetat ion.  

The loca t ions  of the  16 samples analysed, four from 

pol len  t r a p s  and 12 from s u r f i c i a l  sediments o r  moss p o l s t e r s ,  a r e  

given i n  Table 7.1. With the  exception of four samples from swamp 

vegetat ion quadrats ,  no ecologica l  measurements were made on the  

vegeta t ion  a t  these  s i t e s ,  although many p l a n t s  from the  v i c i n i t y  

of the  samples were co l l ec ted  and i d e n t i f i e d .  

E s t i m a t i o n  of annua l  p o l l e n  d e p o s i t i o n  r a t e s  

In  order  t o  obta in  es t imates  of annual pol len  and spore 

deposi t ion  (PDR) r a t e s  under various condi t ions ,  pol len  t r a p s  of 

t h e  Tauber (1974) design were deployed. These c o n s i s t  of a  PVC 

cyl inder  10 .1  cm i n t e r n a l  diameter by 58.5 cm high,  sealed a t  the  

base and with a c i r c u l a r  aerodynamic l i d  having a 5 cm diameter 

o r i f i c e .  The t r a p s  were s t a t ioned  f o r  511 t o  519 days between 

December 1974 and April/May 1976, and were not  subsampled within 

t h i s  period.  

Of s i x  Tauber t r a p s  s e t ,  only four were recovered. One 

(PT 1) was located i n  ' h i l l '  f o r e s t  a t  an a l t i t u d e  of c. 180 m a t  

Markham Point .  The f o r e s t  canopy, i n i t i a l l y  c losed,  was opened up 



by the  na tu ra l  f a l l  of a l a rge  t r e e  immediately adjacent  t o  the  

pol len  t r a p  p r i o r  t o  the  recovery date .  Three t r a p s  were s i t u a t e d  

i n  t h e  v i c i n i t y  of Lake Wanum, two on land and the  t h i r d  on an 

anchored r a f t .  Trap PT 4 was located i n  closed f o r e s t  a t  the  base 

of Mount Misantum, about 500 m from the  eas te rn  shore of the  lake.  

Open f o r e s t  surrounded t r a p  PT 5 on the  narrow promontory west of 

the  north-east  bay. This s i t e  had been extens ively  c leared  by 

1976. A l l  f o r e s t  t r a p s  were located  a t  ground l e v e l ,  wi th  the  t r a p  

l i d  about 30 cm above the  f o r e s t  f loor .  The f l o a t i n g  t r a p  (PT 6) 

was posi t ioned i n  the  cen t re  of the  north-east bay, a t  l e a s t  250 m 

from land,  although it appeared t o  have d r i f t e d  s l i g h t l y  by 1976. 

On recovery the  t r a p s  were sealed and shipped t o  Canberra 

i n t a c t .  The e n t i r e  contents  were then consolidated by centr ifuga- 

t i o n  and pol len  s l i d e s  prepared using the  volumetric technique des- 

cr ibed previously.  

A number of u n c e r t a i n t i e s  a r e  associa ted  with the  use of 

such pol len  trapping methods. Human in te r fe rence  may be implicated 

i n  the  disappearance of two of the  t r a p s ,  and might have a f fec ted  

the  r e s u l t s  from o the r s ,  e spec ia l ly  the  highly conspicuous f l o a t i n g  

t r a p .  In  theory,  a f u l l  year  i s  the  most appropriate sampling 

per iod ,  r a t h e r  than 16 months. However, a s  the  c l imate ,  and pre- 

sumably flowering, i s  r e l a t i v e l y  aseasonal i n  t h i s  p a r t  of the  

v a l l e y ,  a reasonable es t imat ion  of annual PDR should be poss ib le .  

The t r a p s  could accommodate up t o  2390 mm of r a i n f a l l ,  equivalent  

t o  an annual p r e c i p i t a t i o n  of 1700 mm assuming zero evaporation. 

This f i g u r e  i s  s u b s t a n t i a l l y  lower than the  a c t u a l  r a i n f a l l  over 

the  whole a r e a ,  and one t r a p  (PT 1) was found f u l l ,  and another 

(PT 4) near ly  so. Estimates of PDR from these  s i t e s  must the re fo re  



represent  minimum values. The two t r a p s  PT 5 and PT 6 from more 

exposed s i t u a t i o n s  contained considerably l e s s  water ,  presumably 

due t o  g r e a t e r  evaporat ion,  and had probably not  overflowed. 

Recently Krzywinski (1977) has questioned the  u t i l i t y  of 

Tauber's pol len  t r a p  design,  suggesting t h a t  i n f l a t e d  in f lux  

values may be produced due t o  rain-splash redeposi t ion of po l l en  

from the  l i d .  The t r a p  i s  however regarded a s  an i n e f f i c i e n t  

c o l l e c t o r  i n  condit ions of high wind speed (Peck, 1973). The s i z e  

of e r r o r s  i s  unknown, but  can be presumed t o  be e s s e n t i a l l y  s imi la r  

f o r  a l l  t r a p s  i n  t h i s  study. I n  severa l  cases the  aerodynamic 

p roper t i e s  of the  l i d  had been a l t e r e d  e i t h e r  by d e t r i t a l  twigs and 

leaves ,  o r ,  i n  the  f l o a t i n g  t r a p ,  by b i r d  excre ta .  

Estimates of t o t a l  po l l en  content  and annual PDR values 

a r e  given f o r  each of the  t r a p  s i t e s  i n  Table 7.2. Very g r e a t  

v a r i a t i o n s  i n  PDR between t r a p s  a r e  apparent.  The two t r a p s  from 

closed f o r e s t  s i t e s ,  PT 1 and PT 4, g ive  almost s imi la r  es t imates  

of annual pol len  and spore deposi t ion  a t  132 000 and 102 000 cm-2 

respect ive ly .  Figures f o r  po l l en  alone a r e  even c l o s e r ,  a s  the  

wet ter  s i t e  (PT 1) records over f i v e  times a s  many pteridophyte 

spores a s  the  d r i e r .  

The h ighes t  i n f l u x  es t imates  come from PT 5 ,  the  d i s -  

turbed f o r e s t  s i t e  west of t h e  north-east bay. Here the  annual PDR 

apparently exceeds 400 000, a  f i g u r e  t h a t  may have been i n f l a t e d  by 

the  ac t ion  of red a n t s ,  found i n f e s t i n g  the  t r a p ,  i n  importing 

appreciable q u a n t i t i e s  of pol len .  

I n  c o n t r a s t ,  t he  f l o a t i n g  t r a p  (PT 6)  records  a pol len  

i n f l u x  one thousand times smaller  than t h a t  of PT 5. Spores rep- 

r e sen t  a  higher proport ion of t h e  t o t a l  ca tch  i n  the  f l o a t i n g  t r a p ,  

with an i n f l u x  only 25 times lower than f o r  the  land t r ap .  Despite 

the  v u l n e r a b i l i t y  of t h e  r a f t  t r a p ,  the re  was no evidence of over t  



TABLE 7.2. Annual pollen and spore deposition rates estimated from pollen traps 

Pollen Pollen and 
t r a p  spores per  Pollen and spores 
no. Location t r a p  spores y r - l  pol len  cmm2 yr-l  c m ~ 2  yr-l 

PT 1 H i l l  Fores t ,  3 638 568 6 835 f 2 061 125 056 f 8 815 131 892 f 9 053 
Markham Point  f 249 751 

PT 4 Closed f o r e s t ,  2 845 711 1 228 f 868 100 696 + 7 830 l 0 1  924 f 7 911 
e a s t  shore,  * 220 870 
Lake Wanum 

PT 5 Disturbed 11 046 433 1 945 + 1 739 399 042 * 24 915 400 986 + 24 976 
f o r e s t ,  prom- + 688 054 
ontory,  Lake 
Wanum 

PT 6 Open water,  
north-east  
bay, Lake 
Wanum 



FIGURE 7 .l. Major e c o l o g i c a l  g roups  r e p r e s e n t e d  i n  
con temporary  p o l l e n  samples  
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tampering and no reason t o  suspect  t h a t  these  f igures  do not  rep- 

r e sen t  a v a l i d  est imate of airborne pol len  and spore deposi t ion i n  

t he  c e n t r a l  a rea  of the  north-east  bay of Lake Wanum. 

CONTEMPORARY POLLEN ASSEMBLAGES 

Pollen assemblages from a l l  t r a p s  and surface  samples a r e  

summarised i n  Fig. 7.1. Pollen and spore taxa a r e  grouped1 i n t o  

t e n t a t i v e  ecologica l  c l a s ses ,  based on known p l a n t  d i s t r i b u t i o n s  

(Table 11.1) . 
Herbaceous swamp taxa  comprise over 70% of the  t o t a l  

count from a l l  Lake Wanum swamp s i t e s ,  with the  exception of the  

f l o a t i n g  pol len  t r a p  where they represent  only 9%. These taxa  a l s o  

cont r ibute  40% of the  catch t o  the  swamp marginal sample a t  Redhil l .  

Small percentages recorded from the 'al luvium fores t '  (SS 18) and wet 

f o r e s t  a t  Sankwep (SS 13-15) s i t e s  r e f l e c t  the  presence of 

Nephrolepis, Stenochlaena p a l u s t r i s  (SS 18) and Uncaria T .  

(SS 13-15). Although these  th ree  taxa  a r e  included i n  the  herbac- 

eous swamp category,  t h e i r  sources a r e  obviously not  r e s t r i c t e d  t o  

t h i s  vegeta t ion  type. 

The dry  land non-forest category i s  harder t o  def ine .  

Taxa included a r e  those f requent ly  represented i n  such s i t u a t i o n s ,  

although many show a more widespread d i s t r i b u t i o n ,  e i t h e r  within 

the  s i n g l e  species  o r  i n  o the r  p l a n t  taxa  cont r ibut ing  t o  the  

pol len  taxon. The group i s  represented t o  some ex ten t  i n  almost 

a l l  sur face  assemblages, being understandably more abundant i n  

d is turbed f o r e s t  and non-forest s i t e s .  Good representa t ion  occurs 

i n  open lake  ca tches  a l s o ,  e.g. pol len  t r a p  PT 6 and the  surface  

I L i s t s  of taxa comprising each group may be found i n  Table 11.2 



sediments from s h o r t  cores ,  b u t  not  where samples a r e  over- 

whelmed by taxa  from l o c a l l y  growing herbaceous swamp vegeta- 

t i o n .  

Included i n  the  f o r e s t  t r e e s  category a r e  a number of 

genera more common i n  the  canopy of lowland f o r e s t ,  although again 

many show a much wider d i s t r i b u t i o n .  This group of taxa appears t o  

r e f l e c t  b e s t  the  composition of the  f o r e s t  i n  the  v i c i n i t y  of Lake 

Wanum, and i s  wel l  represented i n  a l l  pol len  t r aps .  The high 

values of t h e  group i n  PT 1 a r e  pr imar i ly  due t o  the  inc lus ion of 

Aporosa, a genus with a wide a l t i t u d i n a l  range, and Macaranga 

o v a t i f o l i a  T. t he  source and range of which i s  unknown. 

'Alluvium' f o r e s t  is a group of taxa f requent ly  found i n  

r i p a r i a n ,  f loodplain and mangrove environments, although many 

cons t i tuen t  p l a n t s  possess a much l e s s  r e s t r i c t e d  d i s t r i b u t i o n  than 

t h i s .  The group i s  not  p a r t i c u l a r l y  d iagnost ic  a s  even a t  the  

'alluvium' f o r e s t  s i t e  (SS 18) i t s  taxa  make up l e s s  than 10% of 

the  t o t a l  catch.  The representa t ion  i n  open s i t e s  a t  Lake Wanurn 

may der ive  from nearby sources i n  t h e  Markham and Oomsis va l leys .  

Non-canopy f o r e s t  taxa  include those t r e e s  r e s t r i c t e d  t o ,  

o r  more common i n ,  the  understorey together  with shrubs,  palms and 

vines.  Components of the  group a r e  represented i n  a l l  samples from 

f o r e s t  s i t e s .  A small b u t  d i s t i n c t  group of taxa comprises the  

f o r e s t  f e r n s ,  although many such p l a n t s  must a l s o  cont r ibute  t o  t h e  

'ubiquitous pteridophytes '  c l a s s .  The h ighes t  proport ions of 

these  spore taxa  occur i n  the  wet ter  lowland (SS 13-15) and 'a l luv-  

ium' f o r e s t  (SS 18) samples. 

Pollen taxa from p l a n t s  not  occurring i n  the  lowest 

a l t i t u d e  vegeta t ion  a r e  included i n  the  'montane' f o r e s t  category. 

Some t axa ,  such a s  Lithocarpus,extend down t o  a l t i t u d e s  of 180 m 



and lower, and Castanopsis T. pol len  i s  found i n  t r a p  PT 1 from 

' h i l l '  f o r e s t .  Other taxa a r e  more common above the 1 000 m a l t i -  

tude of the  h ighes t  s i t e  sampled, bu t  cont r ibute  t o  pol len  

assemblages a t  lower e levat ions .  

The ubiquitous angiosperm and pteridophyte c l a s s e s  in- 

clude pol len  and spore taxa the  sources of which a r e  e i t h e r  

undetermined, o r  cannot be assigned with confidence t o  any ecologi  

c a l  category. Some such taxa  embrace many p l a n t  genera o r  famil- 

i e s ,  e.g. Urticaceae/Moraceae po l l en ,  o r  p s i l a t e  monolete f e r n  

spores.  I n  o the r  cases the  pol len  o r  spore taxon i s  i d e n t i f i a b l e  

t o  t h e  gener ic ,  o r  even s p e c i f i c  l e v e l ,  b u t  t h e  p l a n t  occupies a 

wide v a r i e t y  of d i f f e r e n t  h a b i t a t s .  The ubiquitous pteridophytes 

appear most common i n  the  wet ter  f o r e s t  types and i n  herbaceous 

swamp samples where many spores from l o c a l l y  abundant f e r n s ,  

e spec ia l ly  Nephrolepis, l o se  t h e i r  d iagnost ic  pe r i spor ia .  

Pollen o r  spores not  assignable t o  any lower l e v e l  

taxonomic u n i t  a r e  included i n  the  'unknown' c l a s ses .  The only 

s i g n i f i c a n t  values a r e  encountered i n  the  two samples from 

Yanamugi, where po l l en  type UK 194 i s  abundant, and i n  t h e  ' h i l l '  

f o r e s t  s i t e  SS 22, where pol len  type UK 106 dominates the  assemb- 

lage .  Both taxa almost c e r t a i n l y  de r ive  from the  l o c a l  f l o r a  a t  

each s i t e .  

Most of t h e  ecologica l ly  def inedgroupsof  pol len  and 

spores appear t o  cha rac te r i se  t h e  vegetat ion type t o  some ex ten t ,  

even though few taxa a r e  r e s t r i c t e d  t o  a s i n g l e  h a b i t a t .  Minor 

refinements of the  group al lotment of taxa could be proposed, b u t  

few would s u b s t a n t i a l l y  a l t e r  the  o v e r a l l  r e s u l t s .  



Divers i ty  o f  contemporary pol len  assemblages 

Diver s i ty ,  o r  the  r e l a t ionsh ip  between numbers of taxa 

and individuals  i s  a d i f f i c u l t  measure t o  def ine  f o r  pol len  spec- 

t r a .  The o f t en  non-specific composition of pol len  and spore taxa 

and the  vagar ies  of pol len  d i s p e r s a l  render improbable a corre la-  

t i o n  between the  d i v e r s i t y  of a pol len  assemblage, and t h a t  of the  

vegetat ion from which it der ives .  However, i n  some cases such a 

r e l a t ionsh ip  does e x i s t .  Using Williams' (1964) index of divers-  

i t y ,  Birks (1973) showed such a c o r r e l a t i o n  i n  a lp ine  and sub- 

a lp ine  vegetat ion types of western Scotland. W i l l i a m s '  index i s  

appropriate only where t h e  assemblage conta ins  a l a rge  number of 

taxa  whose abundance follows a logari thmic s e r i e s .  A s  t h e  number 

of  taxa was l imi ted  f o r  some of the  Markham Valley samples a 

cruder index was ca lcula ted  by 

no. of  pol len  and spore taxa 
log. t o t a l  no. of ind iv idua l s  

t o  g ive  r e l a t i v e  measures of the  d i v e r s i t y  of ca tch  i n  the  contemp- 

orary  pol len  assemblages. 

The lowest d i v e r s i t y  values shown i n  Fig. 7.1 a r e  

recorded from herbaceous swamp s i t e s  where the  number of l o c a l  

p l a n t  species  i s  a l s o  low. A low value i s  a l s o  obtained from t h e  

d is turbed f o r e s t s i t e ,  PT 5. Highest ind ices  of d i v e r s i t y  a r e  pro- 

duced by samples from within f o r e s t  vegetat ion,  o r  from those open 

s i t e s  t h a t  might be expected t o  c o l l e c t  po l l en  and spores from a 

number of d i f f e r e n t  vegeta t ion  types. Although no d i v e r s i t y  meas- 

ures  f o r  the  vegetat ion e x i s t  f o r  comparison, i n t u i t i v e l y  the  div- 

e r s i t y  of t h e  pol len  assemblages appears t o  r e f l e c t ,  t o  some degree, 



FIGURE 7 . 2 .  Contemporary  p o l l e n  s p e c t r a  ( s e l e c t e d  t a x a )  f rom h e r b a c e o u s  swamp s i tes  
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vegetat ion d i v e r s i t y ,  except where a pol len  spectrum der ives  

from a number of d i f f e r e n t  vegetat ion types. 

Herbaceous swamp site assemblages 

The herbaceous swamp vegetat ion of the  Lake Wanum area  is  

one of  the  vegetat ion types b e t t e r  defined by i t s  pol len  spec t ra ,  

although a t  Yanamugi the re  i s  poorer representa t ion  of the  much l e s s  

extensive swamp community. It i s  fo r tuna te  t h a t  1 2  o u t  of 37 p l a n t  

taxa recorded i n  the  vegetat ion quadrats  a t  Lake Wanum and 7 out  of 

8 designated 'common' taxa produce recognisable and preservable 

pol len  o r  spores. A s  herbaceous swamp vegeta t ion  associa t ions  have 

been previously described,  it may be poss ib le  t o  cha rac te r i se  these  

by t h e i r  pol len  assemblages. Selected taxa  recorded from surface 

spec t ra  a t  Lake Wanum and Redhil l  a r e  shown i n  Fig. 7 .2  a s  percent- 

ages of t h e  t o t a l  pol len  and spore count. 

Samples SQ 35 and LWMC 3 SS both come from the  western 

margin of the  north-east  bay of Lake Wanum. The f i r s t  comprises 

surface  l i t t e r  from f l o a t i n g  root-mat of Group A vegeta t ion ,  w h i l s t  

the  second is surface  d e t r i t u s  from a s h o r t  core i n  open water ,  

15 m t o  the  e a s t .  Both assemblages a r e  dominated by the  pol len  and 

spores of herbaceous swamp taxa.  The assemblage from SQ 35 con- 

sists almost exclus ively  of the  four  species  dominating the  root-  

mat vegetat ion:  Nephrolepis, Hypolytrum nemorum T. ,  Stenochlaena 

p a l u s t r i s ,  and Microsorium T. Nephrolepis i s  by f a r  the  most ab- 

undant, even more s o  i f  a proport ion of the  monolete f e r n  spores 

lacking a perisporium is included. I n  c o n t r a s t ,  t he  core surface  

sample r evea l s  a very d i f f e r e n t  pol len  and spore assemblage desp i t e  

i t s  proximity t o  the  same vegeta t ion  type. Hypolytrum nemorum T. 



pol len  dominates the  count,  with S t e n o c h l a e n a  p a l u s t r i s  and 

N e p h r o l e p i s  well  represented. Also present  i s  a number of po l l en  

and spore taxa from other  l o c a l  swamp p l a n t s ,  including Gramineae 

1 and 2 (probably L e e r s i a  h e x a n d r a ) ,  severa l  Cyperaceae types and 

Nymphoides. 

The root-mat l i t t e r  sample i s  obviously dominated by 

extremely l o c a l  taxa t o  a g rea te r  ex ten t  than t h e  core sample t h a t  

probably rece ives  water-borne pol len  andspores from a wider area.  

N e p h r o l e p i s  h i r s u t u l a  i s  found i n  the  lower l e v e l  of the  root-mat 

vegetat ion and appears an abundant spore producer. I n  c o n t r a s t  

Hypoly trum nemorum produces flowers above t h e  genera l  he ight  of t h e  

dense vegeta t ion  mat, and was not  observed i n  flower during 1974 

when t h e  l i t t e r  sample was gathered. Profuse flowering d id  occur 

during 1976, when the  s h o r t  core was co l l ec ted .  These f a c t o r s  alone 

could account f o r  observed d i f fe rences  i n  t h e  two assemblages. It 

i s  a l s o  poss ib le  t h a t  the  l i t te r  sample records a s h o r t e r  time span 

than the  surface  d e t r i t u s  from t h e  core  and may thus  be unduly in-  

fluenced by temporary p a t t e r n s  of po l l en  and spore accumulation. 

Four samples come from vegeta t ion  quadrats  i n  t h e  south 

swamp area  of Lake Wanum. Hypoly trum nemorum dominates the  (Group 

B) vegetat ion a t  t h e  s i t e  of SQ 40. H .  nemorum T. i s  wel l  repres-  

ented i n  the  surface  assemblage, b u t  S t e n o c h l a e n a  p a l u s t r i s  i s  

equally s o  and the  count i s  dominated by N e p h r o l e p i s  spores although 

ne i the r  f e r n  occurs i n  the  quadrat.  Pollen of  grasses  and of o the r  

sedges occurs i n  small proport ions.  

Vegetation of Group D ( L e e r s i a  hexandra  f l o a t i n g  mat) 

occupies the  s i t e  of sample SQ 51. S t e n o c h l a e n a  p a l u s t r i s  spores 

dominate t h e  count of l i t t e r  from t h e  root-mat. L e e r s i a  hexandra  



i s  probably we l l  represented i n  the  Gramineae 1 and 2 g r a i n s ,  and 

Phragmites karka could account f o r  a proport ion of the  l a r g e r  g rass  

pol len  c la s ses .  Nephrolepis and various sedges a r e  a l s o  repres-  

ented desp i t e  t h e i r  absence from the  quadrat.  No pol len  of 

Nelumbo nucifera was encountered although the  species  occurs 

loca l ly .  Nelumbo nucifera and Leersia hexandra a r e  the  only 

species  growing a t  the  s i te  of SQ 50, a quadrat  of the  Group E open 

water associa t ion .  Both taxa  a r e  represented i n  the  pol len  assem- 

b lage ,  although the  count i s  dominated by Stenochlaena palustris 

with Nephrolepis spores and various Cyperaceae pol len  a l s o  present .  

A sample of f i n e  organic d e t r i t u s  from t h e  margin of 

Redhil l  swamp (SS 23)  conta ins  herbaceous swamp taxa  a s  40% of t h e  

pol len  assemblage. Hypolytrurn nemorum T.,  Nephrolepis and 

Stenochlaena palustris, a l l  components of the  swamp vegeta t ion ,  a r e  

represented together  with a r e l a t i v e l y  high proport ion of o the r  

Cyperaceae pollen.  The small aquat ic  herb Dysophylla verticillata 

i s  abundant i n  the  v i c i n i t y  of the  sample s i te  and presumably con- 

t r i b u t e s  the  proport ion of Dysophylla T. pol len .  

Surface pol len  assemblages from swamp sites do r e f l e c t ,  

t o  a l imi ted  ex ten t ,  t he  herbaceous swamp vegeta t ion  associa t ions  

described previously.  Corre la t ion  between t h e  f l o r i s t i c s  of the  

vegeta t ion  and of t h e  pol len  spectrum appears b e t t e r  where the  

sample analysed c o n s i s t s  of l i t t e r  o r  d e t r i t u s  from a f l o a t i n g  mat. 

I n  the  case of samples derived from the  underlying sediment surface 

a number of f a c t o r s  may expla in  the  l e s s  s a t i s f a c t o r y  cor re la t ion .  

The pol len  assemblage is  l e s s  dominated by very loca l i sed  pol len  

and spore sources,  and may a l s o  c o l l e c t  pol len  from a l a r g e r  area  

containing d i f f e r e n t  vegeta t ion  types. A higher proport ion of 



water-borne pol len  may a l s o  become incorporated i n t o  the  sediment 

samples. The sediments may i n t e g r a t e  severa l  years '  deposi t ion ,  

during which time the  f l o r i s t i c  composition of the  adjacent  vege- 

t a t i o n  may wel l  have changed. 

The surface  pol len  assemblages from swamp s i t e s  contain 

varying proport ions of non-swamp taxa. In the  sample from Redhil l  

(SS 231, t h a t  with the  h ighes t  proport ion of non-swamp and ubiquit-  

ous taxa ,  a number of these  taxa  probably emanate from per iod ica l ly  

inundated vegeta t ion  e.g. Lycopodium cernuum T., c f .  L i l i aceae ,  

Ilex, Cyclosorus T., and Asplenium T. 

The s h o r t  core surface  sample from Lake Wanum (LWMC 3 SS) 

shows the  g r e a t e s t  d i v e r s i t y  of pol len  and spore t axa ,  desp i t e  con- 

s i s t i n g  of over 50% of Stenochlaena palustris spores. Notable is  

the  representa t ion  of sub-canopy components of t h e  nearby f o r e s t ,  

namely Flagellaria, Asplenium T. and probably Davallia T. Pollen 

assemblages from samples SQ 50 and SQ 51 r e f l e c t  the  influence of 

r i p a r i a n  and swamp f o r e s t  along Oomsis Creek i n  the  proport ions of 

c f .  Bischofia pol len  and Cyatheaceae spores. The percentages of 

l a r g e r  Gramineae pol len  i n  these  two samples may r e f l e c t  the  prox- 

imi ty  of grassland.  However, the re  a r e  no pat terned g ra ins  l a r g e r  

than 30 p (Gramineae 5) t y p i c a l  of Themeda australis, t he  major 

dry land g rass  species  i n  the  area.  I n  SQ 51 a t  l e a s t ,  t h e  g r a s s  

po l l en  may represent  t h e  l o c a l  occurrence of Phragmites karka. 

The remaining swamp s i t e  pol len  assemblages conta in  few 

non-swamp taxa. This may be due e i t h e r  t o  the  l a rge  d is tance  from 

dry land vegeta t ion  (SQ 40) o r  t o  the  in tense ly  l o c a l  representa- 

t i o n  and low t o t a l  count (SQ 35).  



FIGURE 7 .3 .  Contemporary  p o l l e n  s p e c t r a  ( s e l e c t e d  t a x a )  f rom non-swamp si tes 
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Non-swamp site assemblages 

The composition of pol len  assemblages from s i t e s  not  

dominated by herbaceous swamp taxa i s  very var ied ,  a s  might be ex- 

pected given the  wide range of vegetat ion types encompassed. Sel- 

ec ted  taxa represented i n  these  samples a r e  shown, a s  percentages 

of the  t o t a l  pol len  and spore count,  i n  Fig. 7.3. 

Many spec t ra ,  e spec ia l ly  those from wi th in  f o r e s t ,  a r e  

dominated by one o r  more highly abundant taxa.  In  pol len  t r a p  

PT 5 ,  80% of gra ins  a r e  from th ree  taxa  (Hypserpa, Mallotus T. and 

Ganophyllum falcatum), whi l s t  Celtis comprises 54% of the  ca tch  i n  

PT 4. Both samples from Yanamugi a r e  dominated by the  unident i f ied  

pol len  type UK 194.  I n  samples from higher a l t i t u d e s  Castanopsis 

T. i s  s t rongly  represented with 31% i n  PT 1 and 41% i n  SS 20. The 

un iden t i f i ed  pol len  taxon UK 106 accounts f o r  64% of the  t o t a l  i n  

sample SS 22, a l s o  from high a l t i t u d e  ' h i l l '  f o r e s t .  Two extreme 

lowland f o r e s t  s i t e s  (SS 13-15 and SS 18) a r e  dominated by f e r n  

spores and o the r  understorey components, such a s  c f .  Li l iaceae ,  

r a t h e r  than arboreal  pollen.  

I n  c o n t r a s t  t o  the  f o r e s t  and herbaceous swamp samples, 

non-forest s i t e  assemblages appear l e s s  dominated by a few l o c a l l y  

occurring taxa. These samples include the  f l o a t i n g  pol len  t r a p  

PT 6 ,  the  s u r f i c i a l  sediment from Yanamugi, and the  samples LWMC 3 

SS and SS 23 t h a t ,  although swamp dominated, include a wide v a r i e t y  

of dry-land taxa a lso .  

Few pol len  o r  spore taxa  a r e  p resen t  i n  a l l  dry-land 

assemblages. Those wi th  the  widest  occurrence tend t o  be taxa such 

a s  Gramineae, ~ r t i c a c e a e / ~ o r a c e a e ,  o r  monolete f e r n  spores t h a t  

represent  a l a rge  group of p l a n t s  from many ecologica l  s i t u a t i o n s .  



Nor a r e  many taxa  r e s t r i c t e d  t o  a s i n g l e ,  well  defined community, 

although a few such poss ib le  ' i n d i c a t o r '  taxa may be i d e n t i f i e d .  

One group termed 'montane' ( a t  l e a s t  with r e spec t  t o  the  present  

study) includes N o t h o f a g u s ,  Podocarpus  and P h y l l o c l a d u s .  These 

th ree  genera of t r e e s  a r e  more common above1000 m ,  although a l l  

have been recorded growing a t  lower e levat ions .  Both N o t h o f a g u s  

and P h y l l o c l a d u s  pol len  a r e  we l l  represented i n  t h e  higher a l t i -  

tude ' h i l l '  f o r e s t  samples SS 20 and SS 22, although n e i t h e r  t r e e  

appears t o  grow i n  the  l o c a l  f o r e s t .  These taxa a r e  a l s o  found i n  

pol len  spec t ra  from much lower a l t i t u d e s .  N o t h o f a g u s  occurs i n  

both contemporary assemblages from Yanamugi and from the  f l o a t i n g  

pol len  t r a p  PT 6 ,  a t  Lake Wanum,whilst P h y l l o c l a d u s  i s  even more 

widespread occurring i n  over ha l f  the  low a l t i t u d e  samples. 

Podocarpus  pol len  i s  represented by two g ra ins  from t h e  swamp 

margin sample SS 23 a t  Redhil l .  

The designation of  taxa  r e s t r i c t e d  t o  lowland environ- 

ments i s  more d i f f i c u l t .  Two predominantly mangrove genera, 

S o n n e r a t i a  and Rhi zophora  a r e  s u f f i c i e n t l y  r e s t r i c t e d  t o  c o a s t a l  

h a b i t a t s .  The occurrence of considerable S o n n e r a t i a  c a s e o l a r i s  

pol len  i n  t r a p  PT 5 may be a t t r i b u t a b l e  t o  the  ac t ion  of red a n t s ,  

although wind-borne i n f l u x  cannot be excluded. The species  does 

not  grow a t  Lake Wanum today although it may occur nearby i n  the  

Markham Valley. The c l o s e s t  d e f i n i t e  source i s  e a s t  of Labu, 13 km 

d i s t a n t .  A s i n g l e  occurrence of Rhi zophora  a p i c u l a t a  T. pol len  

from sample SS 20 a t  an a l t i t u d e  of 970 m is  unl ike ly  t o  be a 

mis iden t i f i ca t ion  a s  the  genus i s  q u i t e  d i s t i n c t i v e  (Anderson and 

Muller,  1975). Although contamination cannot be ru led  ou t ,  Muller 

and Cara t in i  (1977) a l s o  repor t  f inding po l l en  of ~ h i z o p h o r a  from a 

Sphagnum p o l s t e r  from 870 m a l t i t u d e  on Mount Santabong, West 



Sarawak. Octomeles sumatrana, a species of large tree particu- 

larly common along lowland river channels, is also represented in 

the high altitude 'hill' forest pollen assemblages, although its 

pollen is less distinctive than the aforementioned taxa. 

POLLEN PRODUCTION AND DISPERSAL IN THE MARKHRM VALLEY 

Data presented above are too fragmentary to allow con- 

struction of an integrated model of contemporary pollen deposition 

in the area. They do however illustrate various aspects of pollen 

production and transfer in the lowland tropics that may be compared 

instructively with similar studies from other tropical and temper- 

ate regions. 

Pollen production rates 

The PDR estimates from the three pollen traps within 

arboreal vegetation suggest a high level of pollen production for 

at least some taxa. The maximum PDR for a single taxon is 

143 000 grains cm-2 yr'l for Mallotus T. in trap PT 5 although this 

value may have been inflated by insect activity. Estimates from un- 

disturbed, although possibly overloaded, traps include 55 000 grains 

cm-2 for Celtis in PT 4, and an annual deposition rate of 

41 000 grains cm-2 in PT 1 for Castanopsis T. 

The total PDR estimates from these three traps range be- 

tween 100 000 and 400 000 grains cm-2 yr-L. These figures are much 

higher than estimates from pollen trapping studies in a variety of 

other climatic and vegetation types (Table 7.3) although few of the 

tabulated samples derive from unroofed traps within forest. Inter- 

mediate PDR estimates have been calculated for lake sediments from 

deciduous forest sites in North America (~avis, et al., 1973). 



TABLE 7 .3 .  Comparat ive  a i r b o r n e  p o l l e n  and s p o r e  d e p o s i t i o n  r a t e s  from other a r e a s  

Author Vegetation 
Trap type and 
loca t ion  

PDR, Pollen and 
spores cm-2 yr-l 

Flenley 
(1973) 

Kershaw 
and 
Hyland 
(1975) 

Hope 
(1973) 

Flenley 
(1973) 

Hope 
(1968) 

Tauber 
(1967) 

Berglund 
(1973) 

Tropical  r a in - fo res t ,  
Selangor, Malaysia 

Tropical  r a in - fo res t  margin, 
Atherton Tableland, Qld, 
Aus t ra l i a  

Alpine and sub-alpine f o r e s t  
and non-forest,  M t .  Wilhelm, 
Papua New Guinea 

Montane f o r e s t ,  Papua New 
Guinea 

Fores t  and non-forest vege- 
t a t i o n ,  Wilson's Promontory 
Vic., Aus t ra l i a  

Temperate broad-leaved 
f o r e s t ,  Zealand, Denmark 

Temperate f o r e s t  and non- 
fores t ,Blekinge ,  south- 
eas te rn  Sweden 

Oldf ie ld  t r a p s  
Canopy 
Ground 

Tauber t r a p s  f l o a t i n g  on 
small lake  
Roofed 
Unroof ed 

Tauber t r a p s  
Roofed 
Unroof ed 
Float ing  unroofed 

Rain gauge sample 

Tauber t r a p s  
Unroofed 

Tauber t r a p s  
Unroofed f l o a t i n g  on lake 
Roofed wi th in  f o r e s t  

Tauber t r a p s  f l o a t i n g  on 
four  l akes  

a ~ x c l u d e s  aqua t i c ,  weed, and g r a s s  pol len  
b ~ o l l e c t i o n  per iod  March - November only 
' ~ e a n  of roofed and unroofed t r a p s .  Unroofed t r a p s  co l l ec ted  10 - 40% more pol len  than roofed 



Inves t iga t ions  within Malaysian lowland f o r e s t  (Flenley,  1973) pro- 

duced PDR es t imates  of 1 100 and 2 G20 g ra ins  cm'2 yr-l from 

ground l e v e l  t r aps .  Although pol len  t r a p s  of d i f f e r e n t  design 

were employed, t h i s  f a c t o r  alone i s  unl ike ly  t o  explain the  g r e a t  

d i f ference  between these  f igures  and the  values obtained i n  the  

cu r ren t  study. Estimates of contemporary PDR f o r  Papua New Guinea 

highland a reas  (Hope, 1973, Flenley ,  1973) ind ica te  values i n  the  

range of  750 t o  6 400 g ra ins  yr-ll only s l i g h t l y  lower than 

comparable northern European and temperate Austral ian s i t u a t i o n s  

(Tauber, 1967, Berglund, 1973, Hope, 1968). 

Pollen d i s p e r s a l  

I t  is  evident  from t h e  PDR r e s u l t s  t h a t  pol len  d i s p e r s a l  

within the  study a rea  is  a highly loca l i sed  process. The very low 

annual i n f l u x  values obtained from t h e  i s o l a t e d  f l o a t i n g  t r a p  PT 6 ,  

one thousand t i m e s  smaller  than t h e  maximum f o r e s t  PDR e s t ima tes ,  

can be explained only by an extremely low e f f i c i ency  of a e r i a l  

po l l en  t ranspor t .  Values of a s i m i l a r  order  of magnitude (hun- 

dreds of g ra ins  cm-2 yr-l) a r e  reported from f l o a t i n g  pol len  t r a p s  

a t  o the r  t r o p i c a l  s i t e s  (Hope, 1973, Kershaw and Hyland, 1975) and 

the  canopy l e v e l  t r a p  of Flenley (1973). I n  con t ras t ,  from 

Blelham Tarn, a small lake  i n  north-west England, Bonny (1978) re-  

p o r t s  an annual pol len  i n f l u x  r a t e  t o  f l o a t i n g  t r a p s  only twenty 

t i m e s  l e s s  than the  r a t e  recorded from adjacent  f o r e s t  o r  lake- 

marginal s i t e s .  

A proport ion of t h e  pol len  i n  the  f l o a t i n g  t r a p  a t  Lake 

Wanum der ives  from vegetat ion types not  immediately adjacent  t o  the  

lake.  A s imi la r  component i s  i d e n t i f i a b l e  i n  surface  assemblages 

from non-forested s i t e s  not  overwhelmingly dominated by l o c a l  herb- 

aceous swamp taxa.  Within the  f o r e s t ,  a high proport ion of taxa  



der ive  from p l a n t s  growing i n  the  understorey. This s i t u a t i o n  is  

analogous with Tauber's three-component model of pol len  t r a n s f e r  

(Tauber, 1965). A ' t runk space'  component i s  recognisable i n  

f o r e s t  sites, and a more regional  ' r a inou t  component' becomes 

s i g n i f i c a n t  i n  open s i t e s  where the  pol len  and spore i n f l u x  from 

l o c a l  vegetat ion is not  overwhelming. I d e n t i f i c a t i o n  of an 'above 

the  canopy' f o r e s t  component i s  less s a t i s f a c t o r y ,  a s  many canopy 

taxa  a r e  a l s o  common i n  the  ' t runk  space'  component. Proportions 

of taxa thought t o  represent  both of these  components a r e  found i n  

open deposi t ional  s i t e s  adjacent  t o  the  f o r e s t  and i n  the  i s o l a t e d  

f l o a t i n g  pol len  t r ap .  

In  a study of p o l l e n t r a n s f e r a t  s i t e s  i n  West Malesia 

Morley (1976) found t h a t  pol len  from l a r g e r  t r e e s  dominated assem- 

blages i n  f o r e s t ,  although the re  was a s u b s t a n t i a l  representa t ion  

of trunk space taxa.  Herbaceous swamp pol len  was a l s o  found t o  

predominate over f o r e s t  pol len  i n  swamp s i t e s ,  although l e s s  so  i n  

open water.  Unlike t h e  s i t u a t i o n  i n  the  Markham Valley t h e r e  was 

l i t t l e  t r a n s f e r  of trunk space pol len  and spores t o  swamp deposi- 

t i o n a l  s i t e s ,  poss ib ly  due t o  t h e  denser na ture  of  the  f o r e s t  

margin. Morley a l s o  found t r anspor t  of Trema pol len  above the  

a l t i t u d i n a l  l i m i t  of t h e  genus, b u t  no evidence f o r  downslope d i s -  

p e r s a l  of any pol len  taxa.  

A t  Lake Euramoo, i n  north-east  Queensland, Kershaw and 

Hyland (1975) i d e n t i f y  a small ' r a i n o u t '  component, with t h e  

'above the  canopy' component dominating pol len  f a l l o u t  onto the  

c e n t r a l  lake  surface.  A t  Yanamugi, s l i g h t l y  smaller  than Euramoo, 

t h e  surface  sediment assemblage conta ins  some non-canopy f o r e s t  

taxa  and a high proport ion of non-forest taxa.  The open nature  of 

the  semi-deciduous f o r e s t  around t h e  s i t e  could allow f o r  s ig -  

n i f i c a n t  t r a n s f e r  of ' t runk space'  pol len  and spores. 



Pollen representa t ion  

Pollen ' r ep resen ta t ion '  i s  an i l l -de f ined  concept de- 

pending a s  it does on the  n e t  outcome of pol len  production, d i s -  

p e r s a l  and preservat ion.  In  c e r t a i n  cases it may be f e a s i b l e  t o  

compare frequencies of pol len  i n  a modern assemblage with the  

proport ions of source taxa  i n  the  surrounding vegetat ion (e.g. Davis 

and Goodlett ,  1960). I n  the  absence of comprehensive data  on 

vegetat ion composition and f l o r i s t i c s  any such es t imates  here a r e  

highly subjec t ive .  

In  the  lowland t r o p i c a l  s i t u a t i o n  it could be argued t h a t  

any pol len  o r  spore taxa  cons i s t en t ly  encountered i n  sediments a r e  

'over-represented' .  Perhaps the  majori ty of species  hardly ever 

cont r ibute  t o  the  pol len  assemblage e i t h e r  because t h e i r  pol len  

production i s  very low, maybe coupled with zoophilous pol l ina-  

t i o n  mechanisms, o r  becausetheirwind-borne pol len  is  poorly d is -  

persed o r  e a s i l y  degraded by s o i l  organisms. Nevertheless, cer-  

t a i n  po l l en  t axa  possess a combination of production and d i s p e r s a l  

a b i l i t i e s  t h a t  enable them t o  be deposi ted we l l  beyond the  borders 

of the  pa ren t  population. I n  t r o p i c a l  montane pol len  s t u d i e s  these  

'high r e l a t i v e  expor t '  taxa (sensu Flenley,  1973) a r e  usual ly  

those found above the  a l t i t u d i n a l  l i m i t  of the  source vegetat ion.  

In  t h e  p resen t  study pol len  taxa s imi la r ly  'over-represented'  a r e  

i d e n t i f i e d  a s  those found e i t h e r  above o r  below the  a l t i t u d i n a l  

limits of t h e i r  source,  o r  a s  pol len  taxa  much more widespread than 

the  corresponding vegetat ion.  Most not iceable  a r e  Rhizophora 

ap icu la ta  T. and Octomeles sumatrana (above a l t .  l i m i t ) ,  

Nothofagus, Phyllocladus and Podocarpus (below a l t .  l i m i t )  and 

Trema and Casuarina (genera l ly  widespread). With the  exception of 

0. sumatrana, a l l  taxa have been c i t e d  by o the r  authors a s  showing 



a s i m i l a r l y  high r e l a t i v e  export  capaci ty  (Hafsten, 1960, 

Hamilton, 1972, Flenley,  1973, Hope, 1973, Morley, 1976, Colinva-ux 

and Schofield,  1976a, Cara t in i  e t  a l . ,  1973 and Muller and 

C a r a t i n i ,  1977) . 

Many o the r  taxa show a l o c a l l y  very high representa t ion  

i n  the  vegetat ion type i n  which the  source p l a n t  occurs. Con- 

verse ly  some pol len  taxa occur a s  very small proport ions of the  

t o t a l  even when t h e  source p l a n t s  a r e  abundant and c lose  t o  the  

sampling s i t e .  The b e s t  evidence comes from the  herbaceous swamp 

assemblages, from which comprehensive ecologica l  da ta  a r e  a l s o  

avai lable .  Here taxa considered 'under-represented'  include 

Cyperaceae (excepting Hypolytrum nemorum T.), Nelumbo nuci fera ,  

Nymphoides, and Gramineae. Hope (1973) and Colinvaux and 

Schofield (1976a) a l s o  comment on t h e  apparently poor d i s p e r s a l  

p roper t i e s  o f  g rass  pol len .  I t s h o u l d  be emphasised t h a t  these  taxa 

remain 'over-represented'  i n  r e l a t i o n  t o  the  l a r g e  number of 

p l a n t s  'non-represented' i n  contemporary and f o s s i l  pol len  assem- 

blages.  

POLLEN TRANSFER I N  THE LOWLAND TROPICS 

Flenley (1973) concludes t h a t  the re  appears t o  be no 

fundamental d i f f e rence  between t r o p i c a l  and temperate pol len  

' r a i n ' .  Whilst t h i s  i s  t r u e , t h e  cu r ren t  study revea l s  g r e a t  d i f f -  

erences i n  the  degree of inf luence  of various f ac to r s .  Pollen and 

spore production, a t  l e a s t  i n  f o r e s t  condi t ions ,  i s  shown t o  be 

very h igh,  whereas preservat ion  and a e r i a l  d i s p e r s a l  a r e  of a very 

low order.  A t  f o r e s t  and herbaceous swamp vegetat ion s i t e s  t h e  

g r e a t  major i ty  of the  pol len  appears t o  be derived from the  l o c a l  

vegeta t ion  wi th in  t e n s  of metres. I n  more open s i t e s  the  propor- 

t i o n  of  taxa  from increas ingly  d i s t a n t  sources i s  much g rea te r .  



Pollen is  c a r r i e d  both upslope and downslope. Although downslope 

t r anspor t  appears more s i g n i f i c a n t ,  t h i s  may be due only t o  the  

number of d i s t i n c t i v e  taxa  involved. With t h e  s t eep  a l t i t u d i n a l  

gradients  of Papua New Guinea t h i s  process could produce consider- 

able  mixing of pol len  from a wide range of vegetat ion types. Such 

a ' r eg iona l '  component i s  never the less  a much lower proport ion of 

the  t o t a l  PDR than it appears t o  be i n  higher a l t i t u d e  s i t e s  

(Hope, 1973) . 
Because of the  genera l ly  low e f f i c i ency  of a e r i a l  pol len  

d i s p e r s a l ,  o the r  routes  f o r  the  incorporat ion of pol len  i n t o  sedi -  

ments may be important. Extensive water-borne in f lux  of pol len  has 

been demonstrated f o r  temperate lakes  (Bonny, 1976, 1978, Peck, 

1973) and may be propor t ional ly  more important i n  the  t r o p i c s  

(Germeraad e t  a l . ,  1968). Although ne i the r  lake  i n  t h i s  study 

possesses a permanent inflow stream, t h e  e f f e c t  of slopewash and 

per iodic  f looding on pol len  t r a n s f e r  i s  unknown. Landslips and 

o the r  na tu ra l  o r  a r t i f i c i a l  e ros ional  events  could re l ease  l a rge  

q u a n t i t i e s  of f r e sh ly  deposited pol len  from the  s o i l  sur face  i n t o  

lakes  o r  watercourses. These agents su re ly  requi re  inves t iga t ion  

f o r  a b e t t e r  understanding of pol len  t r a n s f e r  and deposi t ion  i n  

the  t r o p i c a l  lowland environment. 



CHAPTER 8 

INTERPRETATION OF VEGETATION CHANGE FROM POLLEN 
ANALYTICAL DATA 

The i n t e r p r e t a t i o n  of vegetat ion change from palynolog- 

i c a l  evidence involves: 

( i) the  recognit ion of sequent ia l  t rends  i n  the  p l a n t  
microfoss i l  record not  expl icable  by random o r  
non-biological f a c t o r s ,  

( ii) the  equation of such pol len  assemblages with 
e x i s t i n g  o r  hypothet ica l  vegetat ion communities 
t o  reveal  the  nature of the  ecologica l  change 
involved and 

(iii) the  i d e n t i f i c a t i o n  of causal  mechanisms f o r  any 
vegetat ion changes found. 

This chapter  at tempts t o  recognise and explain the  na ture  of 

changes i n  the  palynological  record of the  two Markham Valley lake 

s i t e s .  In so  doing poss ib le  causes a r e  necessar i ly  invoked. 

However, these  a r e  discussed i n  a broader context  i n  the  succeeding 

chapter .  

THE NATURE OF THE DATA 

The form of the  palynological  da ta  d i c t a t e s  t h e i r  poten- 

t i a l  usefulness and manner of in te rp re ta t ion .  I n  comparison with 

most temperate regions,  pol len  assemblages from the  lowland t r o p i c s  

a r e  comprised c h a r a c t e r i s t i c a l l y  of few r e l a t i v e l y  abundant taxa  

and a l a rge  number of much l e s s  f requent ly  encountered types. 

Unless very many g ra ins  a r e  counted, s t a t i s t i c a l  confidence l i m i t s  

on the  occurrence of most taxa  a r e  very wide. Thus, r e f e r r i n g  t o  

the  formula f o r  the  est imation of pol len  concentrat ion (Chapter 61, 

it can be seen t h a t  where four o r  l e s s  g ra ins  of a taxon a r e  en- 

countered i n  a sample the  95% confidence l i m i t  i s  equal t o ,  o r  

g rea te r  than,  the  a c t u a l  count. Confidence l i m i t s  can be reduced 



only by counting a l a r g e r  proport ion of the  sample, o r  by amalga- 

mation of the  counts f o r  co-varying taxa.  Confidence l i m i t s  should 

a l s o  be applied t o  r e l a t i v e  pol len  frequency da ta  (Mosimann, 1965, 

Maher, 1972). 

The coexistence of pol len  concentrat ion es t imates  and a 

sound chronology allows ca lcu la t ion  of es t imates  f o r  annual pol len  

and spore deposi t ion r a t e s  (PDR) f o r  a sedimentary sequence. 

Libera t ing  pol len  da ta  from the  c o n s t r a i n t s  of r e l a t i v e  frequency 

ca lcu la t ion ,  PDR f i g u r e s  provide a g rea te r  p o t e n t i a l  f o r  the  i n t e r -  

p r e t a t i o n  of the  s p e c t r a l  r e s u l t s .  Truly q u a n t i t a t i v e  changes i n  

pol len  deposi t ion a r e  open f o r  s tudy,  and f l u c t u a t i o n s  i n  the  f r e -  

quency of se lec ted  taxa  may be inves t iga ted  independently of 

changes i n  the  rest of the  assemblage. This i s  espec ia l ly  use fu l  

when the  knowledge of ecologica l  s t a t u s ,  and even the  i d e n t i f i c a -  

t i o n  of many pol len  taxa ,  i s  incomplete o r  obscure. 

Despite the  a v a i l a b i l i t y  of  PDR es t imates ,  it i s  recog- 

nised t h a t  the  palynological  da ta  i n  t h i s  study requ i re  caut ious  

i n t e r p r e t a t i o n .  S u f f i c i e n t l y  narrow confidence l i m i t s  can be 

assigned t o  only t h e  most commonly occurring taxa ,  o r  groups of 

taxa. A l a rge  number of pol len  o r  spore types a r e  represented i n  a 

sample by one o r  two g r a i n s  only. I n  view of the  l a rge  confidence 

i n t e r v a l  associa ted  with such occurrences it make l i t t l e  d i f f e r -  

ence t o  the  i n t e r p r e t a t i o n  whether these  minor taxa  a r e  expressed 

a s  PDR values o r  a s  r e l a t i v e  frequencies. 

METHODS OF INTERPRETATION 

The most convincing method of recognising vegeta t ional  

analogues of sub-foss i l  po l l en  spec t ra  i s  through the  medium of 

contemporary pol len  assemblages. Subject ive comparisons may 



suggest similarities between modern and ancient pollen assemblages 

and thus infer some similarity between vegetation types. Convers- 

ely, lack of correlation may eliminate a certain vegetation type 

from consideration as a modern analogue of past communities. The 

most accurate results are to be expected where a large number of 

widespread contemporary assemblages are available for comparison. 

In such cases statistical techniques may be used to equate sub- 

fossil spectra with extant vegetation communities (e.g. Kershaw, 

1973b). 

Once periods of similarity are identified, the pollen 

sequence may be divided into temporal 'pollen assemblage zones' 

thought to reflect a vegetation unit of either local or regional 

importance (West, 1970). Alternatively a zone may be defined as a 

period of consistent directional change in the sequence. Samples 

showing relative homogeneity can be united to form pollen assem- 

blage zones either subjectively, or by means of probability stat- 

istics such as chi-square values (Kershaw, 1970). Use of more 

complex multivariate techniques has also been explored (e.g. Dale 

and Walker, 1970, Gordon and Birks, 1972). However, as Walker 

(1971) reminds us, statistical comparison between the pollen assem- 

blages of neighbouring samples is legitimate only if the variation 

within each sample is first taken into account. This is rarely 

undertaken, since it involves counting numbers of replicate sub- 

samples from each horizon. 

Whilst pollen assemblage zones have a demonstrated 

utility in delimiting periods dominated by few abundant pollen 

taxa, their efficacy may be questioned where most samples are com- 

prised of a large number of infrequently found taxa. Neither is 

there any theoretical reason to presume synchronous change in 



d i f f e r e n t  vegeta t ion  assoc ia t ions  cont r ibut ing  t o  the  pol len  assem- 

blage, unlessperhaps  a s  a  r e s u l t  of overwhelming regional  environ- 

mental change. In  r e l a t i v e  frequency pol len  diagrams the  

f luc tua t ions  of one interdependent taxon lead  t o  corresponding 

changes i n  o t h e r  taxa thus re inforc ing t h e  impression of synchron- 

ous events .  Such s t a t i s t i c a l  a r t e f a c t s  a r e  taken i n t o  account 

during subjec t ive  i n t e r p r e t a t i o n ,  b u t  become more d i f f i c u l t  t o  

a s sess  a s  the  number of taxa involved increases .  One major advant- 

age of the  PDR diagram i n  t h i s  r e spec t  i s  i n  allowing f o r  the  

examination of individual  taxa o r  groups of taxa  independently of 

o the r s .  Separate zonations can be applied with g r e a t e r  confidence 

t o  groups of ecologica l ly  s i m i l a r  taxa.  In  addi t ion ,  the  temporal 

representa t ion  of s i n g l e  taxa  can be described,  o r  analysed s t a t -  

i s t i c a l l y  (Walker and Wilson, 1978). 

INTERPRETATION OF POLLEN SEQUENCES FROM THE MARKHAM VALLEY 

A v a r i e t y  of approaches was taken i n  the  desc r ip t ion  and 

i n t e r p r e t a t i o n  of the  sub-foss i l  pol len  records from the  two 

Markham Valley lake  s i t e s .  A s o l i d  radiocarbon chronology f o r  Lake 

Wanum allows the  es t imat ion  of PDR f igures .  A t  Yanamugi the  t en ta -  

t i v e  chronology based on radiocarbon, s t r a t i g r a p h i c  and palaeo- 

magnetic evidence is  too  unsound f o r  systematic ca lcu la t ion  of such 

r a t e s .  However, comparable f i g u r e s  a r e  derived f o r  some of the  

more r e l i a b l y  dated sec t ions  of the  core. Confidence i n t e r v a l s  a r e  

shown only on summary PDR diagrams where a number of taxa  a r e  

grouped together .  Corresponding confidence l i m i t s  f o r  individual  

taxa  a r e  propor t ional ly  g r e a t e r .  The 95% confidence i n t e r v a l  f o r  

counting error on o t h e r  PDR and pol len  concentrat ion f i g u r e s  may be 

ca lcu la ted  using the  da ta  i n  Appendix 111. 



In describing the pollen sequences, the representation of 

the more important taxa is first considered in relation to their 

supposed vegetational source. The array of taxa, or selected com- 

ponents thereof, is then divided into pollen assemblage zones. 

These zones are defined as periods of similarity or consistent 

trends in the PDR or relative abundance of taxa. The ecological 

implication of trends shown by individual taxa and groups of taxa 

is sought, as far as possible, by reference to contemporary pollen 

assemblages. The pollen data are not considered sufficiently ro- 

bust to allow comprehensive use of statistical techniques either 

for erection of assemblage zones or comparison with contemporary 

spectra. 

THE POLLEN RECORD FROM LAKE WANUM 

Twenty-eight samples were analysed from the 13.81 m long 

core LW 11, the most ancient sediments retrieved during 1974. The 

sampling interval varied between 13 cm and 119 cm, being closest in 

the more slowly sedimented sections of the core. The approximate 

age difference between neighbouring samples is typically 350 years. 

A suite of radiocarbon dates (Chapter 3) provides an excellent 

chronology for the core, Sediment accumulation rate 'C' (Fig. 

3.11~) derived from these determinations enables calculation of PDR 

estimates for the whole sequence. The total PDR, and sub-totals 

for herbaceous swamp taxa and dry land taxa are plotted against the 

inferred radiocarbon age in Fig. 8.1. Also shown are the sediment 

accumulation rates for 'organic' and 'inorganic' fractions (from 

Fig. 3.13) and the incidence of carbonised particles in each of 

three size classes. 



Considerable variation in total PDR exists between 

samples. Values estimated range from less than 1 000 grains 

yr'l to a maximum of over 40 000 grains yr'l. Before 

accepting these figures as representative of the true PDR, possible 

causes of error are briefly considered. 

The 95% confidence interval for counting error shown on 

these curves may represent an underestimate of this error in some 

circumstances. 

The radiocarbon-based sedimentation rate employed ob- 

viously influences the PDR results. Sediment accumulation rate ' C '  

is chosen as the most acceptable for the core as a whole. However, 

this takes no account of known secular variations in atmospheric 

radiocarbon as does rate 'B' (see Chapter 3) . Use of the latter 

curve as the basis for PDR calculations would lead to a slight 

reduction in total PDR estimates between the radiocarbon ages of 

2000 BP and 4300 BP. Even after such adjustment, these PDR values 

would remain amongst the highest encountered in the sequence. 

The accumulation rate used for calculation of PDR assumes 

a constant sedimentation rate between radiocarbon samples. No 

account is thus taken of fluctuations of shorter periodicity. As 

such variations in sedimentation are more effectively averaged 

during periods of slow accumulation they may become significant 

when the accumulation rate is high, e.g. between 3400 BP and 4300 

BP. Large fluctuations in PDR are indeed found during this period 

and this factor may remain the largest unaccountable source of 

error affecting the PDR estimates. 



 



FIGURE 8 .2 .  Lake Wanum c o r e  LW 11: PDR f o r  h e r b a c e o u s  swamp p o l l e n  and  s p o r e  taxa 
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FIGURE 8 .3 .  L a k e  Wanum core LW 11: R e l a t i v e  f r e q u e n c y  d i a g r a m  f o r  h e r b a c e o u s  swamp p o l l e n  and s p o r e  t a x a  
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Post-deposi t ional  des t ruc t ion  of pol len  o r  spores,  e i t h e r  

s e l e c t i v e l y  o r  i n  t o t o  i s  a problem i n  some deposi t ional  environ- 

ments. This p o s s i b i l i t y  should ke considered where s t r a t i g r a p h i c  

evidence revea l s  oxidis ing  condit ions o r  where the  PDR appears ab- 

normally low. 

EVIDENCE FOR CHANGES I N  HERBACEOUS SWAMP VEGETATION AT LAKE WANUM 

A s  shown i n  Fig. 8 . 1  t h e  herbaceous swamp po l l en  and 

spore taxa  dominate the  majori ty of pol len  assemblages from core 

LW 11. The r e l a t i v e l y  few s t r u c t u r a l  and f l o r i s t i c  dominants of 

the  swamp vegetat ion a r e  well  represented i n  t h e  sub-foss i l  record. 

Of equal  importance, t h e  main fea tu res  of the  ecology and, t o  a 

l e s s e r  ex ten t ,  t he  contemporary pol len  deposi t ion a r e  known. The 

palynological  evidence f o r  vegeta t ion  change wi th in  the  swamp en- 

vironment i s  therefore  considered f i r s t ,  s epa ra te ly  from the  po l l en  

record of the  l e s s  w e l l  represented dry-land vegetat ion.  

The estimated PDR of individual  herbaceous swamp taxa  a r e  

shown on an age a x i s  i n  Fig. 8.2. Rela t ive  frequencies of t h e  same 

taxa  a r e  p l o t t e d  i n  Fig. 8.3 aga ins t  s t r a t i g r a p h i c  depth. The 

l a t t e r  diagram allows comparison with the  contemporary pol len  

assemblages, a l s o  ca lcula ted  on a r e l a t i v e  frequency bas i s .  

The palynological  record of  herbaceous swamp taxa 

Hypolytrum nemosum T. po l l en  i s  recorded from a l l  b u t  one 

(1950 cm) of  the  core samples. Although poorly represented i n  

sediments o lde r  than 8200 BP it becomes abundant between 8200 BP 

and 5800 BP and reaches i t s  h ighes t  PDR from 5000 BP t o  2700 BP. 

The taxon i s  an important component of the  po l l en  assemblage from 

2700 BP t o  the  top  of t h e  core ,  although the  PDR a r e  lower than 

during t h e  previous 2000 years .  The species  appears an o b l i g a t e  



hydrophyte, although it i s  occasionally found i n  only pe r iod ica l ly  

inundated swamp l o c a l i t i e s .  Although contemporary observations 

show H.  nemorum t o  be an e r r a t i c  po l l en  producer, the  record 

suggests  t h a t  the  l a rge  sedge has been a s i g n i f i c a n t  component of 

the  vegetat ion of the  north-east  bay s ince  a t  l e a s t  8200 BP. 

S t e n o c h l a e n a  p a l u s t r i s  spores a r e  a l s o  well  represented 

throughout the  sequence, comprising a very high proport ion of t h e  

t o t a l  swamp taxa  p r i o r  t o  7200 BP (Fig. 8 .3 ) .  However, t h i s  abund- 

ance may be l a r g e l y  an a r t e f a c t  of low t o t a l  PDR a s  the  PDR of t h e  

spore increases  t o  i ts highes t  values around 8200 BP, and continues 

a t  a genera l ly  high l e v e l  u n t i l  approximately 3000 BP. A t  t h i s  

time the  representa t ion  of S .  p a l u s t r i s  decreases t o  f a i r l y  con- 

s t a n t ,  though lower, PDR values.  

N e p h r o l e p i s  h i r s u t u l a  i s  probably the  species  represented 

by the  g r e a t  majori ty of N e p h r o l e p i s  spores ,  although N .  b i s e r r a t a  

may contr ibute  t o  the  spore taxon i n  non-swamp locat ions .  Whilst 

N e p h r o l e p i s  spores a r e  present  throughout the  core ,  t h e i r  repres-  

en ta t ion  increases  considerably subsequent t o  5000 BP. 

Occurrence of g rass  pol len  smaller  than 20 p (Gramineae 

1) associa ted  with a l a r g e r  proport ion of Gramineae 2 (max. 

dimension 20-25 p) may i n d i c a t e  presence of the  swamp grass  

L e e r s i a  h e x a n d r a ,  Subs tan t i a l  PDR f i g u r e s  f o r  both s i z e  c l a s s e s  

a r e  found between 5000 and 4000 BP and from about 2000 BP t o  the  

present .  

Pollen of Cyperaceae o the r  than Hypo ly t rum nemorum occurs 

throughout the  deposi t .  Differences i n  the  representa t ion  of the  

severa l  pol len  morphological c l a s s e s  must be i n t e r p r e t a t e d  with 

caution.  The morphology of only the  more common species  has been 

s tudied ,  and many f a l l  i n t o  more than one category. A wider range 



of cyperaceous pol len  c l a s s e s  may be seen i n  the  sediments p r i o r  t o  

8200 BP. Categories B 1  and B2 a r e  the  most common, A 1  and A2 being 

p resen t  i n  some samples. Since 8200 BP the  g ra ins  most f requent ly  

found belong t o  the  smaller  s i z e  c l a s s e s ,  i n  p a r t i c u l a r  B1,  a l -  

though Cyperaceae A 1  become more common subsequent t o  5000 BP. 

C y p e r u s  p l a t y s t y l i s  and C .  p o l y s t a c h o s  a r e  the  only common species  

cont r ibut ing  t o  c l a s s  A l ,  and t h e i r  pol len  forms a l a rge  proport ion 

of c l a s s  B 1  a l so .  

Microsor ium T. spores f i r s t  appear i n  the  sequence around 

8200 BP b u t  show t h e i r  g r e a t e s t  abundance s ince  5000 BP. Although 

a species  of Microsor ium i s  a component of f l o a t i n g  root-mat 

vegetat ion a t  the  present  time, it i s  unl ike ly  t h a t  the  spore 

taxon i s  unique t o  t h i s  species.  

N e p e n t h e s  pol len  i s  confined t o  the  most recent  2000 

years  of the  sequence and i s  thought t o  represent  N .  m i r a b i l i s .  

This spec ies  is found i n  well  developed f l o a t i n g  root-mat vegeta- 

t i o n  although it a l s o  occurs i n  pe r iod ica l ly  inundated o r  otherwise 

damp grassland l o c a l i t i e s .  U n c a r i a  gambir  i s  a l s o  a component of 

f l o a t i n g  root-mat vegetat ion and con t r ibu tes  a proport ion of 

U n c a r i a  T. pollen.  This taxon occurs throughout the  core ,  bu t  

becomes more abundant subsequent t o  5000 BP. 

Neither Nelumbo n u c i f e r a  po l l en ,  norNympho ides  pol len  

(almost c e r t a i n l y  from N .  i n d i c a )  a r e  common i n  the  deposi t s .  

However both a r e  ob l iga te  aquat ics  and useful  ind ica to r s  of water 

depth. Two N .  n u c i f e r a  g r a i n s  a r e  recorded from the  sample a t  

1950 cm showing the  spec ies '  presence by a t  l e a s t  9100 BP. In  

c o n t r a s t ,  Nymphoides pol len  i s  not  found u n t i l  about 4800 BP. 

Typha pol len  occurs i n  small q u a n t i t i e s  i n  a number of 

samples, and reaches a f a i r l y  high PDR within the  l a s t  2000 yea r s ,  

although it i s  absent  from the  most r ecen t  sample. Neither 



Typha, nor Sparganium antipodum T., represented by a s ing le  

pol len  g ra in ,  appears t o  grow i n  the  v i c i n i t y  of Lake Wanum 

today. 

Herbaceous swamp pollen assemblage zones 

Zone Sla:  9500-8200 BP (1970-1900 cm) 

During the  period of 1300 years represented by the  four  

o l d e s t  pol len  analysed samples, sediment accumulation r a t e s  a r e  

very slow. Estimated PDR f i g u r e s ,  both f o r  swamp and non-swamp 

taxa ,  a r e  low although they show a genera l  increase  towards the  top  

of the  zone. 

The most abundant taxa encountered a r e  Stenochlaena 

palustris spores ,  and Cyperaceae pol len  of morphological c l a s s e s  

A l ,  B 1  and B2. Minor q u a n t i t i e s  of o the r  herbaceous swamp taxa ,  

Typha, Sparganium antipodum T., c f .  Colocasia, Nelumbo nucifera and 

Nephrolepis a r e  a l s o  represented. A peak of Dysophylla T. pol len  

occurs a t  the  top  of the  zone i n  conjunction with an increase i n  

Cyperaceae c l a s s  B2 pol len  and a genera l  r i s e  i n  PDR. Grass 

po l l en  i s  p resen t  throughout the  zone, although none f a l l s  i n t o  the  

smal l e s t  s i z e  c l a s s  (Gramineae 1) suggesting t h a t  Leersia hexandra 

may have been absent  from the  s i t e .  

Comparison of r e l a t i v e  frequency pol len  assemblages from 

t h i s  zone with contemporary spec t ra  reveals  no d i r e c t  p a r a l l e l .  

Sample SS 23 from the  swamp marginal vegetat ion a t  Redhil l  shows 

t h e  c l o s e s t  s i m i l a r i t y ,  containing high proport ions of Cyperaceae 

and l a r g e r  g rass  pol len  c l a s s e s ,  Hypolytrum nemorum T. ,  and spores 

of Nephrolepis. Most s i g n i f i c a n t  is  the  large  representa t ion  of 

Dysophylla T. pol len  matching t h a t  found a t  the  top of zone Sla.  



The proport ion of S t e n o c h l a e n a  p a l u s t r i s  spores,  however, i s  

considerably lower i n  the  contemporary assemblage than i n  the  core. 

Although not  p a r t i c u l a r l y  common i n  t h e  swamp marginal vegetat ion 

a t  Redhi l l ,  S. p a l u s t r i s  can be found i n  such h a b i t a t s  and i s  

reported t o  be exceedingly common i n  open swamp f o r e s t  throughout 

the  Malayan peninsula (Holttum, 1932). 

Zone Slb:  8200-5750 BP (1900-1740 cm) 

Organic sediment accumulation r a t e s  i n  t h i s  zone remain 

s imi la r  t o  those of the  preceding per iod ,  although inorganic accumu- 

l a t i o n  shows a s l i g h t  peak a t  about 7700 BP. In  c o n t r a s t ,  e s t i -  

mates both of t o t a l  PDR and herbaceous swamp PDR, although 

f luc tua t ing ,  show la rge  increases  over r a t e s  f o r  the  previous zone, 

Sla.  

The h ighes t  sus ta ined PDR f i g u r e s  f o r  S t e n o c h l a e n a  

p a l u s t r i s  spores ,  up t o  9 500 cm-2 yr-l, a r e  found i n  t h i s  zone, 

and the  species  comprises 70% t o  90% of the  herbaceous swamp 

pol len  and spore sum. Hypo ly t rum nemorum T. pol len  i s  well  repres-  

ented with higher PDR f i g u r e s  becoming more common i n  the  upper 

p a r t  of the  zone. Spores of N e p h r o l e p i s  a r e  recorded from a l l  

samples. Cyperaceae pol len  of c l a s s  B 1  occurs throughout although 

PDR values show a decl ine  towards the  end of the  zone. 

Zone Slb  sees  the  f i r s t  occurrence, a l b e i t  i n  small 

q u a n t i t i e s ,  of o the r  herbaceous swamp taxa.  Microsor ium T. spores 

a r e  present  i n  a l l  samples and g rass  pol len  of the  smal les t  s i z e  

category (Gramineae 1) may i n d i c a t e  the  presence of L e e r s i a  

hexandra  . 



Again, no d i r ec t  pa ra l l e l  ex i s t s  between the pollen 

spectra of t h i s  zone and any modern assemblage. No contemporary 

sample adequately r e f l ec t s  the predominance of Stenochlaena 

pa lus t r i s  i n  association with substant ia l  frequencies of Hypolytrum 

nemorum T. and a low proportion of Nephrolepis and Microsorium T. 

spores. Although samples SQ 51 (Leersia hexandra root-mat vege- 

ta t ion)  and SQ 50 (open water Nelumbo nucifera association) show 

similar ly  high values fo r  S. pa lus t r i s ,  they contain few o r  no 

Nephrolepis spores and none of Microsorium T. Towards the top of 

zone Slb the proportion of S. pa lus t r i s  declines and t h a t  of 

Nephrolepis increases. These spectra more closely resemble the 

contemporary sample SQ 40 ,  taken from the rooted Hypolytrum nemorum 

vegetation association. 

Lack of a directmodernanalogue for  the pollen assem- 

blages of t h i s  zone makes characterisation of the probable swamp 

vegetation d i f f i c u l t .  The re la t ive  dominance of Stenochlaena 

pa lus t r i s  spores appears, by analogy with contemporary spectra,  t o  

be associated with sparse vegetation cover o r  open water condi- 

t ions .  Alternatively,  it may r e f l e c t  the proximity of open swamp 

fo re s t  o r  swamp marginal vegetation r ich  i n  S. pa lus t r i s ,  a s  

proposed for  zone Sla. In e i ther  case the herbaceous swamp vege- 

ta t ion  of zone Slb could resemble the present day rooted Hypolytrum 

nemorum association of shallow water. This association also con- 

t a in s  S. pa lus t r i s  but l i t t l e  or  no Nephrolepis hirsutula .  The 

increased incidence of Nephrolepis spores during the l a t t e r  pa r t  of 

zone may r e f l e c t  the proximity of f loa t ing  root-mat vegetation a s  

appears the case i n  contemporary samples. 



Zone S2a: 5750-5000 BP (1740-1570 cm) 

A g r e a t e r  than f ive-fo ld  increase  i n  the  r a t e  of organic 

sedimentation occurring a t  about 5500 BP i s  maintained u n t i l  c. 

5000 BP. Inorganic i n f l u x  a l s o  increases  s u b s t a n t i a l l y ,  reaching 

the  h ighes t  sus ta ined r a t e s  i n  t h e  core  between about 5700-5200 BP. 

The two pol len  analysed samples from the  zone a r e  charac ter ised  by 

very low PDR values both f o r  herbaceous swamp and dry-land taxa.  

Hypolytrum nemorum T. pol len  and Nephrolepis spores a r e  

recorded from both samples, whi l s t  Stenochlaena p a l u s t r i s  i s  

p resen t  only i n  t h e  lower. The upper sample of the  zone shows 

var ious  o the r  cyperaceous pol len  and a s u b s t a n t i a l  proport ion of 

Gramineae 2. However, no g rass  pol len  of the  smal les t  s i z e  c l a s s  

i n d i c a t i v e  of Leersia hexandra was found. 

The taxonomic composition of zone S2a appears s i m i l a r  t o  

t h a t  of t h e  previous zone, b u t  with an increase  i n  the  proport ion 

of Cyperaceae B 1  and B2, and a s u b s t a n t i a l  decrease i n  t h a t  of 

S. p a l u s t r i s .  The cause of the  dramatic decl ine  i n  PDR t o  f i g u r e s  

s imi la r  t o  those of zone S l a  remains enigmatic. Revertance t o  the  

marginal swamp condi t ions  of the  e a r l i e r  zone appears unl ike ly  i n  

view of the  continued presence of H. nemorum T., and lack of pol len  

i n d i c a t i v e  of marginal condit ions.  Reduced pol len  deposi t ion could 

r e s u l t  from a decrease i n  the  cover of swamp vegeta t ion ,  poss ib ly  

caused by a r i s e  i n  water l e v e l .  A rapid  i n f l u x  of inorganic 

sediment such a s  occurs a t  t h i s  time may have had an e f f e c t  on the  

vegetat ion.  However, a hypothesis of reduced swamp vegetat ion i s  

hard t o  reconci le  with the  increase  i n  the  organic sediment accumu- 

l a t i o n  r a t e  during the  l a t e r  p a r t  of the  zone. 



Zone S2b: 5000-2700 BP (1570-1030 cm) 

Organic sedimentation r a t e s  and the  PDR of herbaceous 

swamp taxa reach t h e i r  h ighes t  values during t h e  e a r l i e r  p a r t  of 

zone S2b. Although Nephrolepis, Stenochlaena palustris and 

Hypolytrum nemorum T. a r e  the  most abundant, the  zone shows the  

g r e a t e s t  d i v e r s i t y  of herbaceous swamp taxa encountered i n  the  

whole sequence. Pollen of various Cyperaceae, Gramineae 1 and 2 ,  

Uncaria T.,  Typha and even Dysophylla T. a r e  p resen t ,  a s  a r e  

Microsorium T. spores. Nymphoides pol len  f i r s t  occurs a t  the  base 

of the  zone. 

Comparison of the  pol len  spec t ra  of zone S2b with 

contemporary assemblages suggests  s i m i l a r i t i e s  with a range of 

herbaceous swamp vegetat ion types. The high proport ion of 

Hypolytrum nemorum T. pol len  i n  the  e a r l i e r  p a r t  of the  zone 

p a r a l l e l s  t h a t  of sample SQ 40 from the  rooted H. nemorum vegeta- 

t i o n  associa t ion .  The considerable proport ion of Nephrolepis 

spores recorded i n  the  sub-foss i l  assemblages suggest the  presence 

of f l o a t i n g  root-mat vegetat ion such a s  t h a t  represented by the  

contemporary sample SQ 35. The wide range of pol len  taxa  recorded 

may r e f l e c t  a v a r i e t y  of vegeta t ion  assoc ia t ions  cont r ibut ing  t o  

the  palynological  record of the  zone. It i s  q u i t e  poss ib le  t h a t  

herbaceous swamp vegeta t ion  during zone S2b consis ted  of a mosaic 

of associa t ions  with f l o r i s t i c  composition e s s e n t i a l l y  s imi la r  t o  

those occupying the  south swamp a rea  of Lake Wanum a t  the  present  

day. 



Zone S3: 2700 BP t o  present  (1030-640 cm) 

I n  t h i s  most recent  pol len  assemblage zone the  organic 

sedimentation r a t e ,  although f luc tua t ing ,  decl ines  t o  values i n t e r -  

mediate between those of zone S2b and of the  lower zones. Herba- 

ceous swamp PDR a l s o  shows a decl ine  t o  values between 5 000 and 

20 000 g ra ins  yr-l. 

By f a r  t h e  most abundant taxon throughout the  zone is  

Nephrolepis. A considerable decl ine  i n  the  PDR of Hypolytrum 

nemorum T. i s  seen, b u t  the  sedge remains cons i s t en t ly  represented.  

Stenochlaena p a l u s t r i s  spores a l s o  occur i n  a l l  samples although 

l e s s  abundantly than i n  zone S2b. Microsor im T. i s  represented 

throughout and shows a r e l a t i v e  increase  i n  abundance over the  

previous zone. Pollen of Nepenthes and Uncaria T. i s  found i n  a 

number of samples. Cyperaceae pol len  of c l a s s e s  A 1  and B 1  become 

more frequent  towards the  top  of  the  zone, a s  does t h a t  of Typha 

and of the  two smal les t  s i z e  c l a s s e s  of Grarnineae. I so la ted  g ra ins  

of Nymphoides, Nelumbo nuci fera  and Dysophylla T. a l s o  occur. 

There is  c lose  c o r r e l a t i o n  between the  proport ions of 

major taxa represented i n  zone S3 and two contemporary assemblages 

associa ted  with f l o a t i n g  root-mat vegetat ion.  Sample SQ 35 

e x h i b i t s  a very high proport ion of Nephrolepis spores and a sub-  

s t a n t i a l  number of Microsorium T. Sub-fossil  spec t ra  with a h igher  

r a t i o  of Hypolytrum nemorm T. t o  Nephrolepis resemble more c lose ly  

the  s u r f i c i a l  sample from s h o r t  core LWMC 3. This assemblage a l s o  

conta ins  a v a r i e t y  of o the r  sedge and smaller  g rass  pol len  c l a s s e s  

a s  do the  l a t e r  samples of zone S3. 

I t  i s  therefore  suggested t h a t  the  dominant vegeta t ion  

type throughout zone S3 has been a wel l  developed f l o a t i n g  root-mat 

vegeta t ion  of f l o r i s t i c  composition s imi la r  t o  t h a t  of the  



'Group A'  associa t ion  (Chapter 5 ) .  Pollen ind ica t ive  of Leersia 

hexandra mat, various sedges and Nymphoides ind ica  completes the  

p a r a l l e l  between the  po l l en  spec t ra  of t h i s  zone and those from the  

mosaic of l a rge ly  f l o a t i n g  vegeta t ion  seen i n  the  north-east  bay of 

Lake Wanurn a t  the  p resen t  day. 

Const ra in ts  on the  use of contemporary assemblages 

Comparison of  contemporary herbaceous swamp pol len  

spec t ra  with sub-foss i l  assemblages i s  shown t o  be an e f f e c t i v e  

means f o r  reconst ruct ion  of p a s t  vegetat ion associa t ions .  I n  cases 

where the  zonal pol len  assemblages do not  resemble c lose ly  any 

modern pol len  spectrum (zones S l a ,  Slb)  it i s  poss ib le  t h a t  they 

represent  vegeta t ion  a s s o c i a t i o n s n o t e x t a n t  today. 

Most sub-foss i l  assemblages do however resemble one o r  

more contemporary spec t ra  t o  some ex ten t ,  and the  lack  of exact  

c o r r e l a t i o n  i s  probably due t o  o the r  f ac to r s .  Most core samples 

i n t e g r a t e  seve ra l  years '  pol len  deposi t ion.  I n  the  more slowly 

accumulating sediments they may represent  15 yea r s  o r  more, during 

which time the  l o c a l  vegeta t ion  may have changed. 

Comparisons between assemblages from d i f f e r e n t  a reas  may 

be misleading. The south swamp of Lake Wanm is a l a r g e  a r e a  of 

f a i r l y  uniform water depth whereas a t  the  margin of  the  north-east 

bay water depth increases  sharply  offshore.  I n  the  l a t t e r  s i t u a -  

t i o n  one might expect a c l o s e r  juxtaposi t ion  of vegeta t ion  associa-  

t i o n s  c h a r a c t e r i s t i c  of  d i f f e r e n t  water depths. Thus assemblages 

might incorporate po l l en  and spores from a wider s e l e c t i o n  of taxa.  



THE DEVELOPMENT OF SWAMP VEGETATION I N  THE NORTH-EAST BAY OF  
LAKE WANUM 

The pol len  record of the  l a s t  9500 years can be i n t e r -  

pre ted  l a rge ly  by analogy with t h e  present  herbaceous swamp associ-  

a t i o n s  of the  Lake Wanum area. 

The o l d e s t  per iod  of 1300 years (zone S la )  i s  thought t o  

represent  pe r iod ica l ly  inundated o r  marginal swamp condit ions.  A 

change t o  a permanent, though shallow water ,  swamp environment 

takes  p lace  a t  around 8200 BP a t  the  onset  of zone Slb. This 

vegeta t ion ,  probably dominated by rooted Hypolytrum nemorum associ-  

a t i o n  p e r s i s t e d  f o r  approximately 2500 years. A subsequent period 

of up t o  750 years (zone S2a) records very low PDR f i g u r e s  co- 

inc iden t  with high i n f l u x  r a t e s  of inorganic sediment. 

From 5000 BP, t h e  beginning of zone S2b, the  herbaceous 

swamp f l o r a  appears t o  d ive r s i fy .  There i s  suggestion of  both 

rooted and open water vegetat ion associa t ions .  With the  increase  

i n  t h e  PDR of Nephrolepis spores,  f r ee - f loa t ing  root-mat vegetat ion 

appears important f o r  the  f i r s t  time. Conditions during t h i s  zone 

may resemble t h e  swamp vegeta t ion  mosaic of the  Lake Wanum south 

swamp today. 

A t  some time between 3000 and 2000 BP the  vegetat ion 

becomes dominated by the  f l o a t i n g  root-mat vegetat ion character-  

i s t i c  of the  l a t t e r  p a r t  of zone S3, an assoc ia t ion  e s s e n t i a l l y  

s i m i l a r  with t h a t  found a t  t h e  coring s i t e  today. Leersia hexandra 

root-mat may have become somewhat more abundant i n  t h e  most r ecen t  

millennium. 

The preceding synopsis suggests  an increase  i n  the  

absolute water l e v e l  and a genera l  t rend t o  increased e f f e c t i v e  

water depth a t  t h e  core  s i t e  during the  p a s t  9500 years.  This 



FIGURE 8 .4 .  Schematic Holocene water depth record for the s i t e  
o f  core LW I I  
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conclusion i s  i n  agreement with t h e  s t r a t i g r a p h i c  record of 

r e l a t i v e l y  shallow water swamp depos i t s  r a t h e r  than deeper water 

limnic sediments. 

A WATER LEVEL RECORD FOR LAKE WANUM 

Knowledge of the  ecology o f  t h e  contemporary herbaceous 

swamp vegetat ion allows t e n t a t i v e  reconst ruct ion  of a more d e t a i l e d  

water depth record. This i n t e r p r e t a t i o n  r e l i e s  both on the  records 

of individual  taxa  possessing known water depth to le rances ,  and on 

analogy between the  h a b i t a t  of modern vegeta t ion  assoc ia t ions  and 

those reconstructed from the  palynological  record. Several  import- 

a n t  assumptions a r e  thus  i m p l i c i t :  

( i) t h a t  water depth to lerances  f o r  both individual  t axa  and 
vegetat ion assoc ia t ions  have remained constant  throughout 
the  Holocene, 

( ii) t h a t  a l l  ancient  swamp vegetat ion assoc ia t ions  a r e  
broadly analogous with t h e  ex tan t  a s soc ia t ions  surveyed 
and 

(iii) t h a t  the  area  of vegetat ion r e f l e c t e d  i n  each sediment 
pol len  assemblage is  l a r g e l y  known. 

The water depth ranges f o r  species  and associa t ions  have probably 

remained constant .  Although the  vegetat ion of zones S l a  and Slb  

cannot be equated d i r e c t l y  with any contemporary assoc ia t ion ,  it i s  

considered broadly s i m i l a r  t o  an e x i s t i n g  herbaceous swamp associ-  

a t i o n .  The a rea  cont r ibut ing  t o  sub-foss i l  po l l en  assemblages i s  

almost c e r t a i n l y  influenced by inconstant  f a c t o r s  such a s  l o c a l  

bathymetry and vegeta t ion  s t r u c t u r e .  

A schematic cons t ruct ion  of t rends  i n  the  e f f e c t i v e  water 

depth a t  the  s i t e  of core LW I1 i s  shown i n  Fig. 8.4. The c e n t r a l  

curve represents  the  proposed path  of general  water depth during the  



Holocene. The broader l i m i t s  i nd ica te  the  maximum and minimum 

water depths considered probable, assuming most sub-foss i l  assem- 

blages t o  r e f l e c t  t h e  vegeta t ion  i n  the  c lose  v i c i n i t y  (perhaps 

l e s s  than 10 m) of t h e  coring s i t e .  

From 9500 t o  8500 BP a f luc tua t ing  water l e v e l  with a 

maximum depth of 20 cm t o  30 cm is suggested. Standing water i s  

indica ted  by Nelumbo nuci fera  po l l en  b u t  may have been in te rmi t t -  

e n t ,  becoming permanent only a f t e r  8500 BP when pol len  of the  

aquat ic  herb Dysophylla v e r t i c i l l a t a  i s  abundant. From 8200 BP t o  

about 5750 BP (zone Slb)  the  swamp vegetat ion i s  thought t o  c o n s i s t  

a t  l e a s t  i n  p a r t  of a rooted Hypolytrum nemorum associa t ion .  By 

inference ,  t h e  water depth remained f a i r l y  cons tant  a t  1.0 m t o  

1.5 m during t h i s  period.  The decl ine  i n  the  PDR of Stenochlaena 

p a l u s t r i s  spores could be i n t e r p r e t e d  a s  a r e t r e a t  of t h e  swamp 

margin perhaps due t o  increas ing water depth. 

Any changes i n  water depth during the  750 years of zone 

S2a remain enigmatic. By the  s t a r t  of zone S2b (5000 BP) the  

water was probably 1.5 m t o  2.0 m deep, although t h e  suggested 

coexistence of rooted and f l o a t i n g  vegeta t ion  communities makes 

accurate assessment d i f f i c u l t .  A f u r t h e r  increase  t o  a depth of 

3.0 m t o  3.5 m by 2700 BP i s  indica ted  by the  predominance of 

f l o a t i n g  root-mat vegetat ion.  This r i s e  may have s t a r t e d  a t  

around 4000 BP, o r  may have taken p lace  more rap id ly  a t  a l a t e r  

da te .  With the  onset ,  i n  zone S3, of f l o a t i n g  vegeta t ion  insens i t -  

i v e  t o  r i s i n g  water l e v e l  the  assessment of e f f e c t i v e  depth becomes 

impossible. It  i s  v i r t u a l l y  c e r t a i n  t h a t  the  water depth has not  

f a l l e n  below 3.5 m t o  4.0 m during the  l a s t  2500 years.  A s teady 

r i s e  t o  t h e  p resen t  depth of 6.25 m i s  assumed f o r  t h i s  period.  

However the  cu r ren t  water depth may have been achieved o r  even ex- 

ceeded e a r l i e r  i n  zone S3. 



The t rend of water l e v e l  a t  the  s i t e  of core LW I1 over 

the  Holocene shows a general  r i s e  i n  excess of t h a t  accountable 

s o l e l y  due t o  i n f i l l i n g  of the  lake  basin. The g r e a t e r  p a r t  of the  

increase  i n  water l e v e l  and e f f e c t i v e  water depth has taken p lace  

during the  p a s t  5000 years.  N o  prolonged decl ine  i n  water l e v e l  i s  

apparently recorded although minor f luc tua t ions  of shor t  periodic-  

i t y ,  such a s  shown by the  p resen t  lake l e v e l ,  may a l s o  have occur- 

red i n  the  p a s t .  

Absolute r ise  i n  lake level 

Whilst the  e f f e c t i v e  water depth curve (Fig. 8 .4)  appears 

v a l i d  f o r  the  western margin of t h e  north-east bay, t rends  may have 

d i f f e r e d  i n  o the r  a reas  of lake.  

The absolute  lake  surface  l e v e l  r e l a t i v e  t o  t h e  1974 

datum may be ca lcu la ted  f o r  any da te  by subt rac t ing  the  est imated 

e f f e c t i v e  water depth a t  s i t e  LW I1 (Fig. 8.4) from t h e  radiocarbon 

age/depth curve of Fig. 3.10a. This procedure takes  no account of 

any post-deposi t ion compaction of t h e  sediments. Using t h e  abso- 

l u t e  lake  surface  l e v e l  ca lcu la ted  i n  t h i s  way, some es t imates  of 

e f f e c t i v e  water depth a t  the  s i t e  of core LW I can be derived. A t  

2070 BP the  lake  l e v e l  l a y  perhaps 5 m below the  1974 datum, when 

the  sediment/water i n t e r f a c e  was 9.3 m below datum a t  LW 11, and 

12.3 m a t  LW I. The e f f e c t i v e  water depth a t  LW I was thus  a t  

l e a s t  3 m ,  and probably c l o s e r  t o  8 m- The present  e f f e c t i v e  depth 

a t  LW I i s  2 m,  and a t  LW I1 6.25 m. There thus appears t o  have 

been a decrease i n  water depth a t  t h e  s i t e  of LW I over the  p a s t  

2000 years i n  c o n t r a s t  t o  the  t rend seen a t  LW 11. However, l ack  

of a  comprehensive s e r i e s  of radiocarbon d a t e s  from core LW I pre- 

cludes the  cons t ruct ion  of a  comparable e f f e c t i v e  water depth 

curve. 



HERBACEOUS SWAMP VEGETATION AND ORGANIC ACCUMULATION 

The g r e a t e r  proport ion of t h e  organic sediment i n  marg- 

i n a l  a reas  appears t o  be d e t r i t u s  derived from aquat ic  macrophytes. 

Water depth i s  shown t o  be the  major con t ro l  on the  d i s t r i b u t i o n  of 

t h i s  herbaceous swamp vegetat ion.  It may be hypothesised t h a t  

water depth, through i t s  e f f e c t  on vegeta t ion ,  inf luences  organic 

deposi t ion.  Comparison of t h e  e f f e c t i v e  water depth curve (Fig. 

8.4) with the  organic sediment accumulation r a t e  (Fig. 8.1) may 

the re fo re  be i n s t r u c t i v e .  

In  a pe r iod ica l ly  inundated o r  s t a t i c  shallow water swamp 

environment (zones S l a  and Slb)  l i t t l e  organic d e t r i t u s  accumu- 

l a t e s .  When a r i s e  i n  water l e v e l  occurs only those rooted associ-  

a t i o n s  t h a t  can accommodatethe increased water depth by v i r t u e  of 

f a s t  d e t r i t a l  sediment accumulation can p e r s i s t .  This could be the  

case f o r  the  H y p o l y t r u m  n e m o r u m  assoc ia t ion  i n  zones S2a and S2b. 

I f  the  water l e v e l  increases  dramat ica l ly ,  rooted vegeta t ion  i s  ex- 

cluded, and only f r e e  f l o a t i n g  root-mat a s soc ia t ions  can continue 

t o  occupy t h e  area .  This process may have taken p lace  within zone 

S3. Float ing  root-mat vegeta t ion ,  due t o  i t s  r e l a t i v e  s t a b i l i t y  

and i n s u l a r  d i s t r i b u t i o n ,  poss ib ly  con t r ibu tes  l e s s  organic d e t r i t -  

us t o  t h e  sediment surface .  

EVIDENCE FOR CHANGES IN  DRY-LAND VEGETATION AT LAKE WANUM 

The pol len  a n a l y t i c a l  record of dry-land vegetat ion i s  

much more fragmentary than t h a t  ava i l ab le  f o r  the  herbaceous swamp. 

In most samples from core LW 11, dry-land t axa  c o n s t i t u t e  only a 

small proport ion of t h e  t o t a l  po l l en  and spore count. Even so ,  t h e  

number of d i f f e r e n t  dry-land taxa  encountered f requent ly  exceeds 

t h a t  of swamp taxa.  With many t axa  poorly represented,  it becomes 



d i f f i c u l t  t o  recognise s t a t i s t i c a l l y  s i g n i f i c a n t  va r i a t ions  i n  

pol len  frequencies.  In  add i t ion ,  the  i d e n t i t y  of many dry-land 

pol len  and spore types i s  uncer ta in ,  and da ta  on t h e i r  ecologica l  

s t a t u s  l imi ted  (see  Table 11.1). 

Due t o  t h i s  pauci ty  of da ta  the  pol len  record of dry-land 

vegetat ion requi res  circumspect i n t e r p r e t a t i o n .  Comparison of sub- 

f o s s i l  assemblages with contemporary spec t ra  i s  found t o  be of 

l imi ted  i n t e r p r e t a t i v e  use. Nevertheless changes a r e  recognised i n  

the  pol len  records of a number of t axa  t h a t  appear t o  possess eco- 

l o g i c a l  s igni f icance .  Estimated PDR f o r  se lec ted  taxa from various 

ecologica l ly  defined groups a r e  p l o t t e d  aga ins t  age i n  Fig. 8.5. 

The palynological record of dry-land taxa 

Non-forest pollen: Although grasses  a r e  represented throughout the  

sequence, few Gramineae g r a i n s  a t t r i b u t a b l e  t o  dry-land species  a r e  

present  p r i o r  t o  6300 BP, and do not  become abundant u n t i l  5100 BP. 

Pat terned g rass  g ra ins  l a r g e r  than 30 +m (Gramineae 5 ) ,  perhaps 

der iv ing from Themeda australis, f i r s t  occur a t  about 6800 BP, and 

a r e  cons i s t en t ly  represented only i n  the  sediments of t h e  l a s t  

3000 years.  

Few o the r  dry-land taxa  show continuous representa t ion  

throughout t h e  sequence. Trema pol len  i s  f i r s t  recorded a t  about 

8050 BP bu t  i s  b e s t  represented subsequent t o  5350 BP. The h ighes t  

PDR values (up t o  350 g ra ins  yr-l) a r e  achieved between 5100 

BP and 4500 BP, and from 2000 BP t o  the  present .  

Similar  t rends  a r e  apparent f o r  Macaranga pol len .  

Although p resen t  from almost the  base of the  core ,  the  PDR in-  

creases  sharply between 6700 BP and 6200 BP and a f t e r  5350 BP. 

Maximum PDR es t imates  f o r  Macaranga reach 750 g ra ins  cm-2 p-'. 



FIGURE 8 . 5 .  Lake  Wanum c o r e  LW 11: PDR of s e l e c t e d  d r y  l a n d  p o l l e n  and s p o r e  t a x a  
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FIGURE 8.5 ( C o n t . ) .  Lake  Wanum core LW 11: PDR o f  s e l e c t e d  d r y  l a n d  p o l l e n  and s p o r e  t a x a  
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FIGURE 8 .5  ( C o n t . ) .  L a k e  Wanum c o r e  LW 11: PDR o f  s e l e c t e d  d r y  l a n d  p o l l e n  a n d  s p o r e  t a x a  
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Nauclea T. po l l en  is  i n t e r m i t t e n t l y  represented  through- 

out  t he  core ,  wi th  h ighes t  PDR values  being found between 5350 BP 

and 1800 BP. 

Many dry-land f o r e s t  t axa  occur i n  t h e  po l l en  record 

only occas iona l ly ,  and i n  s m a l l  quan t i t y .  Although M a l l o t u s  T. 

and Acalypha a r e  p re sen t  throughout t he  core they  show an in-  

creased PDR around 3000BPto 2000 BP. Po l l en  of c f .  C r o t a l a r i a  T. 

occurs  f i r s t  a t  about 3600 BP. Several  r e p r e s e n t a t i v e s  of woody 

shrub o r  herb t axa ,  P h y l l a n t h u s  c f .  u r i n a r i a ,  G l o c h i d i o n  T. and 

P o i k i l o g y n e  T . ,  show i s o l a t e d  but  high peaks i n  PDR s i n c e  4700 BP. 

The po l l en  record of I l e x  c o n t r a s t s  wi th  t h e  t r end  shown 

by most non-forest  t axa .  This  taxon reaches very l a r g e  PDR 

-2 -1 
va lues ,  up t o  2 700 g r a i n s  cm y r  , between 8050 and 6250 BP. It 

i s  almost unrepresented from t h i s  d a t e  u n t i l  2600 BP when i t  re- 

appears ,  a l though wi th  much l e s s e r  abundance. 

Forest trees: C e l t i s  i s  t h e  only commonly occurr ing  po l l en  taxon 

i n  t h e  ca tegory  and i s  p re sen t  throughout most of t h e  core.  Small 

peaks i n  abundance a r e  seen around 8500 BP t o  8100 BP and 6800 BP 

t o  6250 BP, w h i l s t  a major i nc rease  i n  PDR occurs  between 4600 BP 

and 3500 BP. From about 2700 BP t h e  PDR of Cel t i s  d e c l i n e s  con- 

s t a n t l y .  

Only minor occurrences of o t h e r  t r e e  t axa  i n  t h i s  cate-  

gory are found. Ganophyllum fa lca tum,  c f .  S t e r c u l i a  e d e l f e l t i i  

and Olea po l l en  occur  i n  t h e  lower s e c t i o n s  of t h e  co re  w h i l s t  

S p i r a e o p s i s  T. and Stemonurus a r e  found i n  t h e  sediments of t h e  

l a s t  1500 yea r s .  



Non-canopy forest p o l l e n ,  and f o r e s t  f e r n s :  Both ca tegor ies  a r e  

poorly represented i n  the  pol len  record from core LW 11. H e l i c i a  

occurs sparse ly  p r i o r  t o  8750 BP. Myrtaceae pol len  i s  found i n t e r -  

m i t t e n t l y  throughout the  sequence with a s l i g h t  increase  i n  PDR 

around 4600 BP t o  4000 BP. Other taxa ,  Hypserpa,  Cyatheaceae and 

Asp len ium T. appear more common s ince  5350 BP. 

' A l l u v i u m '  f o r e s t :  Oc tome les  sumatrana i s  the  most abundant taxon 

i n  t h i s  ecologica l  category, and occurs throughout t h e  core. The 

t r e e  i s  cons i s t en t ly  represented during the  o l d e s t  3000 years  of the  

sequence, i t s  PDR increas ing t o  a peak of near ly  4 000 gra ins  

-2 -1 
cm y r  around 6800 BP. K l e i n h o v i a  h o s p i t a  and D i o s p y r o s  c f .  

f e r r e a  occur a t  about 7800 BP, and a l a r g e  peak i n  the  PDR of 

Trichospermum i s  seen a t  6300 BP. Pol len  of  c f .  B i s c h o f i a  is  more 

abundant between 5700 BP and 1500 BP, w h i l s t  most occurrences of 

Rhizophora  a p i c u l a t a  T. po l l en  a r e  recorded i n  the  l a s t  3000 years  

of t h e  core. 

'Montane'  f o r e s t :  N o t h o f a g u s  and C a s t a n o p s i s  T .  show the  g r e a t e s t  

occurrence, o the r  taxa ,  Podocarpus ,  P h y l l o c l a d u s ,  E laeocarpus  T . ,  

A n i s o p t e r a  T .  and c f .  E n g e l h a r d i a  being found only very infrequent-  

ly .  Although the  ecologica l  category appears b e t t e r  represented 

subsequent t o  5100 BP, t h i s  may be an a r t e f a c t  of t h e  f a s t e r  dep- 

o s i t i o n  r a t e  a s  no more than two g ra ins  of a s ing le  taxon a r e  found 

i n  any sample. 

U b i q u i t o u s  p o l l e n  and s p o r e s :  A few taxa  whose ecologica l  s t a t u s  

i s  unclear  show cons i s t en t  t r ends  of poss ib le  s igni f icance .  

Pandanus r a d u l a  T. pol len  occurs sparse ly  s ince  7000 BP and appears 



more common i n  the  l a s t  1300 years.  Undifferentiated Urticaceae/ 

Moraceae pol len  a r e  more abundant p r i o r  t o  5000 BP, whereas 

Streblus T. l a rge ly  occurs subsequent t o  4600 BP a s  does c f .  

Muehlenbeckia. Sparse representa t ion  of Brachychiton T. and 

Planchonella T . ,  poss ib ly  from 'alluvium' f o r e s t  t r e e s ,  occurs 

around 7000 BP. 

Spores of  Lygodium microphyllum T. a r e  found throughout 

the  sequence with very high PDR values i n  samples around 6300 BP 

and 3900 BP. Pteris spores a l s o  show very high PDR from 4600 BP 

u n t i l  3500 BP and a r e  a l s o  frequent  i n  the  sediments of the  l a s t  

2000 years.  

The major i ty  of monolete p s i l a t e  spores undoubtedly 

der ive  from f e r n s  of the  herbaceous swamp vegeta t ion ,  i n  p a r t i c u l a r  

from Nephrolepis hirsutula and Microsorium. Their PDR c lose ly  

r e f l e c t s  t h a t  of the  swamp fe rns .  

Dry-land pollen assemblage zones 

The po l l en  record of dry-land taxa i s  divided i n t o  assem- 

blage zones l a r g e l y  on t h e  bas is  of changes i n  the  most abundant 

ecologica l  category,  t h a t  of  non-forest pollen.  The representa t ion  

of o the r  ecologica l ly  defined groups is  too  low t o  allow separa te  

zonation. 

Zone D 1 :  9500-5350 BP (1970-1670 cm) 

Pollen representa t ive  of 'alluvium' f o r e s t  i s  p resen t  

from the  base of the  core u n t i l  about 6100 BP. Octomeles sumatrana 

predominates, although Kleinhovia hospita and Diospyros c f .  

ferrea a r e  a l s o  recorded. The presence of Brachychiton T. and 

Planchonella T.  g r a i n s  around 7000 BP t o  6100 BP couid a l s o  be 



associa ted  with 'alluvium' o r  r i p a r i a n  f o r e s t ,  a s  might 

Antidesma. The PDR of 0. sumatrana increases  t o  a peak a t  

6800 BP bu t  the  taxon i s  absent  from t h e  remainder of the  zone. 

A subsequent peak i n  Trichospermum pol len  i s  seen bu t  'alluvium' 

f o r e s t  taxa a r e  genera l ly  unrepresented between 6100 and 

5350 BP. 

Zone D 1  may be subdivided on the  b a s i s  of the  represent-  

a t i o n  of var ious  non-forest taxa. Two phases of increased PDR 

f o r  t h i s  ecologica l  category a r e  recorded. The f i r s t ,  zone Dlb, 

occurs between 8550 and 7850 BP (1920 cm t o  1880 cm). During 

t h i s  episode, PDR values f o r  Macarangaincrease s u b s t a n t i a l l y  and 

Trema pol len  f i r s t  appears i n  the  sequence. There i s  a l s o  a 

s l i g h t  increase  i n  t h e  representa t ion  of g r a s s  po l l en ,  although 

not  i n  t h e  Gramineae 5 c l a s s .  Several  poss ib le  pol len  ind ica to r s  

of herbs and shrubs a r e  recorded, including c f .  Euphorbia, 

Acalypha and Poikilogyne T. 

The second episode, zone Dld (6940 t o  6100 BP, 1820 cm 

t o  1760 cm), is s imi la r  i n  charac ter .  Increases i n  the  PDR of 

the  non-forest taxa  a r e  even more marked. Trema and, i n  par t icu-  

l a r ,  Macaranga po l l en  show dramatic inc rease ,  and Gramineae c l a s s  

5 pol len  occurs f o r  the  f i r s t  time. An increase  i n  the  PDR of 

o the r  dry-land g r a s s  pol len  c l a s s e s  i s  seen. Casuarina, c f .  

Euphorbia, Mallotus T. and Lygodium microphyllum T . ,  poss ib ly  a 

component of the  dry-land non-forest vegeta t ion ,  a r e  a l s o  en- 

countered. 

The pol len  records of two well  represented non-forest 

t r e e s ,  Nauclea T. and I l e x  do not  follow t h i s  p a t t e r n  of episodic  

increase .  The very high PDR of I l e x  between 8050 BP and 6250 BP 

i s  l i k e l y  t o  be derived l o c a l l y ,  poss ib ly  from I l e x  arnhemensis. 



This shrubby tree occurs today in grassland bordering Redhill 

swamp and its pollen is abundant in contemporary assemblage 

SS 23 from the site. Nauclea  T. is present from the base of the 

sequence until about 6700 BP. A larger number of ecologically 

diverse genera of the sub-family Naucleae contribute to the 

Nauclea T. pollen taxon (Table 11.1). Nauclea  o r i e n t a l i s  is 

commonly found in riparian or lake marginal situations in the 

Lake Wanum vicinity. 

With the exception of the mentioned 'alluvium' forest 

taxa the PDR of forest pollen is very low during zone D1. C e l t i s  

is the most abundant taxon represented throughout the period. 

During both zones Dlb and Dld the representation of C e l t i s  pollen 

increases synchronously with the non-forest pollen taxa. 

The three zones not dominated by pollen of non-forest 

taxa, although difficult to characterise by their pollen assem- 

blages, include a number of forest taxa. In zone Dla (9500 BP to 

8550 BP, 1970 cm to 1920 cm) the forest tree taxa Ganophyllum 

f a l c a t u m  and Olea  occur, with various vines and understorey taxa; 

Calamus ,  H e l i c i a ,  Cyatheaceae and Asp len ium T. A proportion of 

the undifferentiated ~rticaceae/Moraceae pollen may also derive 

from forest species. Zone Dlc (7850 BP to 6950 BP, 1880 cm to 

1820 cm) records pollen of cf. S t e r c u l i a  e d e l f e l t i i ,  Myrtaceae 

and Urticaceae/Moraceae. 

Very low PDR estimates are shown for zone Dle (6100 BP 

to 5350 BP, 1760 cm to 1670 cm). An assemblage of non-forest and 

forest taxa is seen, including Gramineae, Trema,  A n t i d e s m a ,  

C e l t i s ,  Cyatheaceae, cf. B i s c h o f i a  and Urticaceae/Moraceae. 



Zone D2:  5350-4650 B P  (1670-1510 cm) 

During t h i s  period the  pol len  assemblage i s  dominated by 

a few non-forest taxa.  Subs tan t i a l  increases  a r e  seen i n  the  PDR 

of t h e  g rasses ,  Trema,  and Macaranga. C a s u a r i n a ,  M a l l o t u s  T., 

P l a n t a g o  and Nauc lea  T. a r e  a l s o  present .  The PDR of f o r e s t  pol len  

i s  low, although C e l t i s  i s  found. 'Alluvium' f o r e s t  i s  represented 

by pol len  of O c t o m e l e s  sumatrana  and c f .  B i s c h o f i a .  

Zone D 3 :  4650-2300 BP (1510-960 cm) 

Although PDR values f o r  the  major non-forest taxa remain 

a s  high o r  higher than f o r  zone D2 during the  f i r s t  1000 years of 

zone D3, a decl in ing t rend i s  evident .  Notable i s  t h e  representa- 

t i o n  of some f o r e s t  taxa.  The PDR of Cel t i s  increases  t o  the  high- 

e s t  f i g u r e s  seen i n  t h e  core (nearly 600 g r a i n s  cm'2 yr-l). 

Myrtaceae po l l en ,  poss ib ly  from subcanopy t r e e s ,  increases  i n  

representa t ion  a s  do the  f o r e s t  f e r n s  Cyatheaceae and A s p l e n i u m  T. 

O f  t he  ecologica l ly  'ubiquitous '  taxa S t r e b l u s  T . ,  c f .  M u e h l e n b e c k i a ,  

Lygodium m i c r o p h y l l u m  T .  and Pteris a l s o  show peaks i n  occurrence 

during t h i s  period.  

From about 3600 BP, the  PDR of most taxa  dec l ine ,  a l -  

though t h a t  of C e l t i s  l e s s  so  than the  non-forest representa t ives .  

In  c o n t r a s t ,  O c t o m e l e s  s u m a t r a n a ,  present  throughout the  zone, 

records a l a rge  increase  i n  PDR. 

Zone D4: 2300 BP t o  Present  (960-640 c m )  

A renewed increase  i n  the  PDR of many non-forest taxa 

begins by 2000 BP. Although r a t e s  f o r  individual  pol len  types a r e  

genera l ly  s l i g h t l y  l e s s  than f o r  zone D 2  and t h e  lower p a r t  of zone 

D3, a l a r g e r  number of taxa  show increased representa t ion .  Grass 

po l l en ,  e spec ia l ly  Gramineae 5 ,  Trema and Macaranga record the  



g r e a t e s t  increase  i n  PDR. Pollen c h a r a c t e r i s t i c  of herbs and 

shrubs, c f .  Cro ta la r i a  T.,  c f .  Euphorbia, Euphorbia h i r t a  T . ,  

Plantago and Acalypha, i s  wel l  represented i n  t h e  zone. A l a rge  

peak of Glochidion T. pol len  occurs i n  the  i n i t i a l  sample of t h e  

zone a t  about 2000 BP. Nauclea T. shows a f a i r l y  cons tant  PDR 

throughout the  period. 

Of the  f o r e s t  pol len  taxa ,  C e l t i s  i s  present  a t  the  base 

of t h e  zone, b u t  i t s  PDR subsequently dec l ines  sharply.  

Stemonurus i s  abundant between 1500 BP and 600 BP and Myrtaceae 

pol len  and spores of Cyatheaceae a l s o  occur i n  t h e  zone. 

Octomeles sumatrana i s  not  wel l  represented a f t e r  

1750 BP although the re  a r e  i s o l a t e d  occurrences of the  predomin- 

a n t l y  mangrove taxa ,  Sonnerat ia  c a s e o l a r i s  and Rhizophora 

apicula ta  T. 

Ecological ly 'ubiquitous '  taxa  represented include 

Pandanus radula T . ,  S t r eb lus  T., and spores of P t e r i s  and Lygodium 

microphyl l urn T . 
The in fe r red  age of the  uppermost sample analysed from 

core LW I1 i s  225 BP. However the re  appears t o  be l i t t l e  s i g n i f i -  

can t  d i f ference  between t h i s  pol len  assemblage, and one from the  

s u r f i c i a l  sediments of the  nearby short-core,  LWMC 3 .  Comparison 

of r e l a t i v e  pol len  frequencies f o r  both samples shows a s l i g h t  

increase  i n  Gramineae and Macaranga pol len  i n  t h e  more recen t  

sediment. The proport ions of Trema and C e l t i s  a r e  s imi la r  i n  both 

samples although those of Octomeles sumatrana and Urticaceae/ 

Moraceae a r e  g rea te r  i n  the  contemporary assemblage. However no 

major changes a r e  r e f l e c t e d  i n  the  po l l en  record of the  l a s t  250 

years .  



DRY-LAND VEGETATION CHANGE I N  THE LAKE WANUM VICINITY 

The pol len  evidence comprises the  combined records of 

individual  taxa t h a t  a r e  f requent ly  ambiguous o r  obscure. Despite 

these  l i m i t a t i o n s ,  c l e a r  t rends  a r e  shown i n  the  dry-land taxa 

pol len  diagrams. These t rends  may be t e n t a t i v e l y  in te rpo la ted  t o  

produce a fragmentary p i c t u r e  of changes i n  the  ecology of nearby 

dry-land vegetat ion.  

Most of the  pol len  and spore taxa recorded from the  core  

can be found i n  contemporary assemblages from the  near v i c i n i t y  of 

the  lake.  Conversely, none of the  modern assemblages from higher 

a l t i t u d e s  (180 m t o  1 000 m) show any c lose  counterpart  i n  the  

sub-fossi l  record. Small q u a n t i t i e s  of 'montane' f o r e s t  t r e e  

po l l en ,  i n  p a r t i c u l a r  N o t h o f a q u s ,  P h y l l o c l a d u s  and Podocarpus ,  a r e  

recorded throughout the  core. However, pol len  of these  taxa i s  

seen t o  be e f f i c i e n t l y  t ranspor ted  i n t o  contemporary low a l t i t u d e  

spec t ra ,  and the re  is no suggestion t h a t  these  genera were formerly 

more abundant i n  the  v i c i n i t y  than today. 

'Alluvium' o r  r i p a r i a n  f o r e s t ,  charac ter ised  c h i e f l y  by 

Octome le s  sumatrana pol len  appears b e t t e r  represented i n  the  e a r l y  

Holocene, p r i o r  t o  about 6500 BP. The high PDR values f o r  Ilex be- 

tween 8050 BP and 6250 BP a r e  in te rp re ted  a s  possibly ind ica t ive  

of woody swamp-marginal vegetat ion.  Subsequently, the  pol len  

representa t ion  of both taxa dec l ines  considerably although 0. 

sumatrana reappears a f t e r  5350 BP and again achieves a high PDR 

between 3700 BP and 2700 BP. It i s  i n t e r e s t i n g  t o  compare the  rep- 

r e sen ta t ion  of these  two taxa  with the  reconstructed swamp vegeta- 

t i o n  communities and the  water depth curve f o r  the  LW I1 s i t e  

(Fig. 8 .4 ) .  Although both taxa  occur during the  i n i t i a l  1300 years 

of the  sequence (swamp zone S l a ) ,  an increase  i n  r e l a t i v e  frequency 

and PDR i s  seen between 8200 BP and 6250 BP, i n  the  i n i t i a l  



phase of zone Slb. The rise i n  water l e v e l  pos tu la ted  f o r  about 

8200 BP may have l e d  t o  the increased importance of  'alluvium' 

f o r e s t  and Ilex within the  v i c i n i t y .  A s  suggested previous ly ,  

high PDR values f o r  Stenochlaena palustris spores a t  t h i s  time 

could possibly have been associa ted  with 'alluvium' o r  r i p a r i a n  

f o r e s t  r a t h e r  than with herbaceous swamp vegetat ion.  Fur ther  r i s e  

i n  water l e v e l ,  such a s  may have occurred a t  about 6500 BP, could 

expla in  the  apparent recess ion of 'alluvium' f o r e s t  and swamp 

marginal vegetat ion from the  immediate v i c i n i t y  of t h e  cor ing  site.  

Whilst t h i s  hypothesis may explain the  sequence of dev- 

elopment during the  f i r s t  3000 years  of the  swamp's h i s t o r y ,  it 

does not  adequately account f o r  increased representa t ion  of 

Octomeles sumatrana l a t e r  i n  the  core ,  a t  a time of pos tu la ted  

deeper water condit ions.  

The most evident  t rend i n  the  dry-land pol len  sequence 

i s  the  increas ing representa t ion  i n  the  l a t e r  Holocene of c e r t a i n  

non-forest taxa.  The most abundant of these  a r e  t h e  g rasses ,  and 

the  t r e e  genera Trema and Macaranga. Also showing the  same p a t t e r n  

a r e  o ther  woody and herbaceous taxa ,  including var ious  Euphorbiaceae, 

c f .  Crotalaria T. and Poikilogyne T, Many of these  pol len  taxa can 

be i d e n t i f i e d  with light-demanding species  of f o r e s t  regenerat ion 

o r  grassland communities. In  Papua New Guinea highland pol len  

records Trema and Macaranga i n  p a r t i c u l a r  o f t e n  appear t o  be associ-  

a ted  with human induced f o r e s t  disturbance o r  clearance (Powell 

et a l . ,  1975, Walker and Flenley,  i n  p ress )  and Morley (1976) postu- 

l a t e s  a s imi la r  associa t ion  f o r  lowland s i t e s  i n  Malesia. Although 

c i rcumstant ia l ,  severa l  l i n e s  of evidence suggest human disturbance 

t o  be the  primary cause of  the  expansion of  non-forest vegetat ion 

i n  the  Lake Wanum a rea  a l so .  



The re la t ionsh ip  between pol len  of the  f o r e s t  t r e e  genus 

C e l t i s  and t h a t  of the  non-forest taxa i s  of e spec ia l  i n t e r e s t .  

During zone Dlb, increase  i n  the  PDR of the  non-forest taxa is  

matched by s i m i l a r  increase  i n  the  PDR of C e l t i s .  In  zone Dld 

C e l t i s  pol len  shows an increased PDR, bu t  i t  i s  much less than the  

increase  i n  the  se lec ted  'd is turbance '  taxa ,  p a r t i c u l a r l y  

Macaranga . 

The onset  of zone D2 a t  5350 BP sees  a l a rge  increase i n  

t h e  PDR of non-forest pol len .  During t h i s  period C e l t i s  r e g i s t e r s  

only a very s l i g h t  increase  i n  PDR. Much higher values f o r  C e l t i s  

pol len  a r e  seen i n  the  i n i t i a l  p a r t  of  t h e  succeeding zone (D3) 

i n  a s soc ia t ion  with s i m i l a r l y  high PDR of Gramineae, Macaranga, and 

t o  a l e s s e r  ex ten t  Trema. Although the  PDR of most taxa decl ine  i n  

the  l a t t e r  p a r t  of the  zone, the  decrease i n  C e l t i s  is  l e s s  marked. 

The t r e e  pol len  thus  becomes propor t ional ly  more abundant during 

t h i s  time, accounting f o r  up t o  15% of t h e  dry-land pol len  sum. 

The most recent  2300 years  (zone D4) sees  a renewed 

increase  i n  the  PDR of grasses, Trema, Macaranga, and a number of 

o the r  non-forest pol len  taxa.  The PDR values f o r  C e l t i s ,  however, 

dec l ine  during t h i s  zone. The taxon represen t s  only 1.5% of the  

dry-land pol len  seen i n  the  s u r f i c i a l  sediment from core LWMC 3 .  

C e l t i s  po l l en  i s  absent  from PT 5, t h e  c l o s e s t  t r a p  t o  t h e  coring 

s i t e ,  even though it dominates t h e  count from PT 4, i n  f o r e s t  t o  

the  e a s t  of Lake Wanum. 

The pol len  record thus  appears t o  suggest  t h a t  C e l t i s  is  

promoted during the  i n i t i a l  two 'disturbance '  phases, p r i o r  t o  

5350 BP. Af ter  t h i s  d a t e ,  however, the  C e l t i s  PDR i s  inverse ly  

co r re la t ed  with t h a t  of the  major non-forest taxa. It i s  poss ib le  



t h a t  the  apparent synchroneity i n  the  lower sediments is  due 

only t o  the  averaging e f f e c t  of the  slower sedimentation r a t e .  

The second major change seen i n  succeeding 'd is turbance '  

zones i s  i n  the  representa t ion  of pol len  t h o u g h t t o d e r i v e  from dry- 

land g rass  species.  The PDR values f o r  such g rass  pol len  a r e  very 

low i n  zone Dlb, and only s l i g h t l y  higher i n  zone Dld. The l a t t e r  

zone sees  the  f i r s t  occurrence of Gramineae c l a s s  5 g r a i n s ,  some of 

which may be associa ted  with the  main grassland species  today, 

Themeda a u s t r a l i s .  The g r a s s  PDR tends t o  increase  synchronously 

with o the r  dry-land taxa ,  bu t  Gramineae pol len  becomes proport ion- 

a l l y  more important i n  the  l a t e r  zones. The representa t ion  of 

Gramineae 5 i s  s i g n i f i c a n t l y  higher i n  zone D4. 

Of espec ia l  i n t e r e s t  i s  the  c lose  c o r r e l a t i o n  between 

the  PDR of the  'dis turbance '  t axa ,  and t h e  estimated i n f l u x  of 

carbonised p l a n t  fragments (Fig. 8 .1) .  These charcoal  p a r t i c l e s  

a r e  presumably produced a s  the  r e s u l t  of f i r e  i n  the  dry-land vege- 

t a t i o n .  The f i r s t  l a r g e  peak i n  carbonised p a r t i c l e s  occurs i n  

the  lower sample of zone Dlb, and increased i n f l u x  i s  a l s o  seen 

during the  second 'disturbance '  episode, zone Dld. The major peak 

i n  carbonised p a r t i c l e  i n f l u x  i s  recorded i n  zone D 2 ,  and the e a r l y  

p a r t  of zone D3, where PDR values f o r  'dis turbance '  t axa ,  e spec ia l ly  

Macaranga, a r e  a l s o  very high. The incidence of carbonised p a r t -  

i c l e s  i s  low f o r  the  l a t t e r  p a r t  of zone D3, bu t  inc reases ,  a l -  

though s t i l l  a t  a f a i r l y  low l e v e l ,  a t  the  s t a r t  of zone D4. The 

charcoal  p a r t i c l e s  a r e  assigned t o  th ree  s i z e  c l a s s e s ,  each showing 

a genera l ly  s imi la r  p a t t e r n  of representa t ion .  The l a r g e s t  frag-  

ments a r e ,  however, almost absent  from the  e a r l i e s t  zones, and 

become most abundant i n  the  i n i t i a l  p a r t  of zone D 3 .  Many of these  

l a r g e  p a r t i c l e s  can be i d e n t i f i e d  a s  fragments of monocotyledonous 

c u t i c l e ,  poss ib ly  from grasses .  



Thus it seems l i k e l y  t h a t  the  increased representa t ion  

of non-forest pol len  i n  the  sequence a t  l e a s t  p a r t i a l l y  r e f l e c t s  

anthropogenic impact on the  vegetat ion.  The e a r l y  'd is turbance '  

zones, p r i o r  t o  5350 BP appear t o  favour increased representa t ion  

of secondary f o r e s t  t r e e s ,  such a s  C e l t i s ,  and o the r  woody taxa.  

I t  i s  poss ib le  t h a t  the  preponderance of C e l t i s  i n  the  f o r e s t  t o  

e a s t  of Lake Wanum today r e f l e c t s  a h i s t o r y  of human impact. A s  

vegeta t ion  disturbance becomes perhaps more frequent ,  o r  in tense ,  

woody taxa such a s  Trema and Macaranga a r e  favoured. This appears 

t h e  case during zone D2, and t h e  e a r l i e r  p a r t  of zone D3. In  zone 

D3, and espec ia l ly  from the  s t a r t  of zone D4 (2300 B P ) ,  a g r e a t e r  

proport ion of the  pol len  of dry-land g rasses  and of grassland 

herbs i s  found. 

The ex ten t  of grassland and non-forest vegetat ion 

Some es t imate  of t h e  area1 ex ten t  of the  vegeta t ion  con- 

t r i b u t i n g  t o  the  pol len  assemblages i s  c r u c i a l  i n  the  reconstruc- 

t i o n  of  p a s t  communities. This i s  espec ia l ly  t r u e  when attempting 

t o  a s sess  the  ex ten t ,  and thus  any e x t e n s i o n , o f t h e  non-forest and 

grassland vegetat ion previously recognised i n  the  pol len  record.  

Some i n s i g h t  can be gained from the  comparison of PDR 

f igures .  The PDR es t imates  i n  the  LW I1 core f o r  t o t a l  dry-land 

po l l en  and spores ( including 'ubiqui tous '  angiosperm taxa ,  b u t  not  

'ubiqui tous '  spores a s  many a r e  produced by herbaceous swamp fe rns )  

range from 30 g ra ins  cm-2 yr-l t o  3 800 g ra ins  cm-2 p-'. I n  con- 

t r a s t ,  estimated annual a e r i a l  i n f l u x  r a t e s  t o  the  th ree  pol len  

t r a p s  i n  the  Lake Wanum a rea  f o r  t h i s  group of taxa were 

377 800 gra ins  f o r  PT 4 i n  d is turbed f o r e s t ,  98 000 g ra ins  

cm-2 f o r  PT 4 i n  Cel tis dominated f o r e s t  and 240 g r a i n s  cm-2 f o r  



t h e  f l o a t i n g  t r a p ,  PT 6. A s  can be seen, PDR es t imates  from the  

sediments f a l l  i n t o  the  lower end of t h i s  range. A few values a r e  

even lower than those shown i n  the  i s o l a t e d  f l o a t i n g  t r a p ,  bu t  i n  

no sample do the  PDR es t imates  f o r  dry-land taxa approach those 

recorded by the  two t r a p s  located within f o r e s t .  

Assuming t h a t  PDR es t imates  from sediments may be com- 

pared with the  s o l e l y a e r i a l  pol len  i n f l u x  of the  t r a p s ,  seve ra l  

conclusions a r e  suggested. A t  no time was dry-land vegeta t ion  grow- 

ing on the  s i t e  of core LW I1 a s  sediment PDR values do not  approach 

the  high in f lux  r a t e s  found i n  the  pol len  t r aps .  However, dry-land 

vegetat ion may have been c l o s e r  t o  t h e  s i t e  i n  the  p a s t  than i t s  

dis tance  (c.  50 m) today. In zone Dld, D2 a n d t h e e a r l y  p a r t  of zone 

D3, PDR values f o r  non-forest 'd is turbance '  taxa a r e  considerably 

higher than those f o r  the  most r ecen t  period. Pollen assemblages 

of these  e a r l i e r  zones may thus  record events  t h a t  a r e  e i t h e r  d i f -  

f e r e n t  i n  cha rac te r ,  more extens ive ,  o r  c l o s e r  t o  the  coring s i te ,  

than those seen i n  the  younger sediments. None of these  poss ib i l -  

i t i e s  can be c e r t a i n l y  excluded. Qua l i t a t ive  d i f fe rences  between 

succeeding zones have been shown, and the  lower water l e v e l  espe- 

c i a l l y  p r i o r  t o  about 3500 BP could have allowed dry-land vegeta t ion  

c l o s e r  t o  the  s i t e .  I t  i s  thus  not  admissible t o  equate the  in-  

creased PDR values f o r  'd is turbance '  taxa with a general  extension 

of non-forest o r  grassland vegetat ion.  

Dry-land PDR es t imates  i n  the  core a r e ,  f o r  the  most 

p a r t ,  g rea te r  than those from the  cen t re  of the  north-east bay 

today (PT 6 ) .  The pol len  assemblages of the  core may the re fo re  

r e f l e c t ,  t o  some e x t e n t ,  more l o c a l i s e d  events .  Very low PDR values 

f o r  Celtis, a taxon with abundant sources wi th in  the  l a k e ' s  



catchment, occur i n  t h e  upper samples of the  core and i n  a l l  con- 

temporary spec t ra  b u t  PT 4. This a l s o  suggests t h a t  the  major i ty  

of the  dry-land pol len  cont r ibut ing  t o  the  core assemblages or ig-  

i n a t e s  i n  the  f a i r l y  l o c a l  a r e a ,  c e r t a i n l y  within severa l  hundred 

metres, and poss ib ly  much l e s s .  Conversely, a small ' regional '  o r  

long-distance component, i s  r e f l e c t e d  i n  the  occurrence of pol len  

of taxa r e s t r i c t e d  t o  higher a l t i t u d e s .  

Fur ther  c i rcumstant ia l  evidence a s  t o  the  ex ten t  of the  

'd is turbance '  events  may be suggested by the  carbonised p a r t i c l e  

da ta  (Fig. 8 .1) .  It i s  probable t h a t  only a small proport ion of 

the  charcoal  produced by a f i r e  i s  a e r i a l l y  dispersed ( C o r l e t t ,  

unpubl.) and t h a t  most e n t e r s  the  lake  v i a  slopewash (Swain, 1973). 

Assuming, perhaps u n r e a l i s t i c a l l y ,  t h a t  charcoal  i s  not  c a r r i e d  f a r  

once i n  the  l ake ,  the  proport ion of carbonised p a r t i c l e s  t o  pol len  

of 'd is turbance '  taxa  may ind ica te  the  proximity of the  f i r e s .  

Thus zone Dlb shows a high proport ion of carbonised p a r t i c l e s  t o  

po l l en ,  perhaps r e f l e c t i n g  a l o c a l  event.  The p ropor t ionofchar -  

coa l  i s  lower during the  l a t e r  zones, e spec ia l ly  i n  zone D4, per- 

haps ind ica t ing  t h a t  the  'd is turbance '  events  occurred f u r t h e r  away 

from the  coring s i t e .  

VEGETATION DISTURBANCE AND INORGANIC SEDIMENTATION 

The sedimentary record (Figs.  8.1 and 3.6) shows d i s -  

c r e t e  phases of inorganic i n f l u x  t h a t  appear r e s t r i c t e d  t o  the  

western margin of the  north-east  bay of Lake Wanum. A s  the  vegeta- 

t i o n  'd is turbance '  a l s o  appears predominantly l o c a l ,  comparison 

with these  allochthonous horizons may be p r o f i t a b l e .  



The f i r s t  inorganic deposi t ion peak i n  the  LW I1 core 

occurs a t  about 7700 BP i n  zone Dlc, although a s l i g h t  r i s e  i n  

deposi t ion r a t e  i s  seen towards the  end of the  previous 'd is turb-  

ance' zone Dlb. The longes t  sustained phase of inorganic sediment 

deposi t ion  i s  found from about 6300 BP t o  5250 BP. This horizon,  

although apparently i n i t i a t e d  during zone Dld, reaches i t s  g r e a t e s t  

in f lux  i n  zone Dle, a sec t ion  of the  core with very low PDR values  

f o r  both swamp and dry-land taxa.  

The inorganic sediments of these  e a r l y  zones a r e  com- 

posed of orange-orgrey-brown g r i t t y  sand (Grana a r e n o s a )  with 

l e s s e r  proport ion of grey c lay  ( A r g i l l a  s t e a t o d e s ) .  However, the  

composition of the  i n f l u x  phases subsequent t o  5000 BP is q u a l i t -  

a t i v e l y  d i f f e r e n t .  Grey c lay  ( A s )  predominates, whi l s t  Grana 

a r e n o s a  i s  absent .  Narrow c l a y  bands occur wi th in  zone D 3  a t  

about 4400 BP and 3900 BP. Both a r e  synchronous with increases  i n  

t h e  PDR of 'dis turbance '  taxa. The most r ecen t  phase of sus ta ined 

inorganic sediment i n f l u x  occurs during zone D4. Here too  the  peak 

i n  c lay  deposi t ion  i s  approximately contemporaneous with increased 

PDR values f o r  'dis turbance '  taxa.  

There i s  thus  some c i rcumstant ia l  evidence t o  l i n k  in-  

creasedpollenrepresentation of d is turbed vegetat ion and grassland 

with deposi t ion  of grey c lay  during the  l a s t  5000 years.  P r i o r  t o  

t h i s ,  t he  peaks i n  inorganic i n f l u x  a r e  d i f f e r e n t  i n  na ture  and do 

not  appear t o  be co r re la t ed  with pol len  o r  charcoal  evidence f o r  

vegeta t ion  disturbance.  Even i n  the  upper p a r t  of the  sequence 

the re  i s  no simple c o r r e l a t i o n  between phases of disturbance and 

grey c lay  deposi t ion.  Zone D2 shows the  h ighes t  PDR values f o r  



many 'd is turbance '  taxa and a l a rge  number of carbonised p a r t i c l e s ,  

y e t  lacks  any in f lux  of grey c lay ,  although a narrow peak i s  shown 

s h o r t l y  a f t e r ,  i n  zone D3. 

Inorganic sedimentation i s  influenced t o  a  l a rge  ex ten t  

by the  deposi t ionary environment of the  s i t e .  Increases i n  water 

depth and i n  d is tance  from shore t h a t  have taken p lace  par t icu-  

l a r l y  s ince  5000 BP may be the  prime cause of the  change i n  the  

inorganic sediments subsequent t o  t h i s  da te .  

THE POLLEN RECORD FROM YANAMUGI 

The 10.38 m long core YAN 2 ,  co l l ec ted  from the  margin 

of the  sago swamp a t  Yanamugi, was se lec ted  f o r  po l l en  analys is .  

Twenty-three samples were taken, most a t  i n t e r v a l s  of 40 cm, a l -  

though i n  some upper sec t ions  of the  core the  i n t e r v a l  was increased 

t o  80 cm. 

The basa l  age of core YAN 2 probably l i e s  between 1000 

BP and 2000 BP. The core thus possesses a  much shor te r  pol len  

record than t h a t  ava i l ab le  from Lake Wanum. The temporal i n t e r v a l  

between samples i s  i n  the  order  of decades, r a t h e r  than hundreds of 

years .  The sequence the re fo re  may thus  be useful  f o r  the  f i n e r  

r e so lu t ion  of s h o r t  term vegeta t ional  events .  

The chronology of the  sediments i s  not  f i rmly  estab- 

l i shed .  A c o r r e l a t i o n  between t h e  r e l a t i v e  chronologies of cores  

YAN 2 and YAN 1 has been suggested (Fig. 4.9b, Table 4.4) bu t  t h i s  

i s  no t  s u f f i c i e n t l y  r e l i a b l e  t o  allow genera l  ca lcu la t ion  of annual 

pol len  deposi t ion  r a t e s .  The pol len  d a t a  f o r  Yanamugi core YAN 2 

a r e  the re fo re  presented a s  pol len  concentrat ions f o r  the  major 

ecologica l  groups (Fig. 8 . 6 ) ,  w h i l s t  se l ec ted  individual  taxa  a r e  

shown i n  Fig. 8.7 a s  percentages of t h e  t o t a l  pol len  sum. The 



total pollen and spore concentration is seen to fluctuate consider- 

ably. Some of the lowest values occur between 450 cm and 600 cm, 

partially coinciding with the section of suggested rapid clay in- 

flux between 450 cm and 800 cm. Pollen concentrations in samples 

between 600 cmand800 cm are generally higher, although some lesser 

values are recorded. An increase in pollen concentration is seen 

in the uppermost sediments, between 240 cm and 120 cm. In the 

lower part of the core, below 1035 cm, the inferred sedimentation 

rate drops substantially. This decline is not reflected by con- 

sistently higher pollen concentrations, however. 

Adjustment of the pollen concentration values for the 

inferred sedimentation rate (Table 4.4) produces a wide range of 

-2 -1 
PDR estimates. The least, 420 grains cm yr occurs in the basal 

sample of the core, whilst the greatest, over 44 000 grains 

-2 -1 cm yr , is from the sample at 670 cm, due to the assumption of an 

extremely rapid sediment accumulation at this time. Many PDR val- 

ues, including those from the better dated top metre of the core, 

occur within the range of 2 500 to 7 000 grains cm-2 yr-l. These 

values are similar to those found for the non-swamp component of 

many spectra in the Lake Wanum core LW 11. 

The p o l l e n  record o f  i n d i v i d u a l  t a x a  

Herbaceous swamp t a x a :  The most common taxa represented are the 

various grass pollen classes. Few Gramineae 1, possibly indicat- 

ive of Lees ia  hexandra,  occur. The main swamp grass at Yanamugi 

today is Phragmites karka .  Most pollen from this species falls 

into classes 3 and 4 (not included in the herbaceous swamp cate- 

gory) and into Gramineae 2. These three categories of grass pollen 

show an increase above about 400 cm, although all are present 

throughout the core. 



FIGURE 8.6. Yanamugi  c o r e  YAN 2 :  P o l l e n  c o n c e n t r a t i o n  o f  m a j o r  e c o l o g i c a l  g r o u p s ,  and  f r e q u e n c y  o f  
c a r b o n i s e d  p a r t i c l e s  

P E R C E N T  O F  M A X  
C O N C E N T R A T I O N  



FIGURE 8 .7 .  Yanamuyi core YAN 2:  R e l a t i v e  f r equency  d iagram for s e l e c t e d  p o l l e n  and spore t a x a  
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FIGURE 8.7 ( C o n t . ! .  Yanamuqi  core YAN 2 :  R e l a t i v e  f r e q u e n c y  d i a g r a m  for s e l e c t e d  p o l l e n  and  s p o r e  t a x a  

/ DRY LAND.  NON-FOREST / 

nn nnnnnn nnnnnn n n t  I I I I I i 
20 6 0 

PERCENT O F  TOTAL P O L L E N  AND SPORES 



FIGURE 8.7 (Con t . )  . Yanamuyi c o r e  YAN 2:  R e l a t i v e  f r e q u e n c y  d iagram f o r  s e l e c t e d  p o l l e n  and s p o r e  t a x a  
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FIGURE 8.7 ( C o n t . ) .  Yanamugi  core YAN 2:  R e l a t i v e  f r e q u e n c y  d i a g r a m  f o r  s e l e c t e d  p o l l e n  and  s p o r e  taxa 
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Sedge pol len  a l s o  occurs throughout the  sequence. 

Cyperaceae B2 comprises a l a rge  proport ion of the  basa l  sample 

assemblage. I t  i s  p resen t  i n  l e s s e r  quan t i ty  between 700 cm t o  

775 cm, and above 320 cm. Pollen of Cyperaceae c l a s s  B 1  shows a 

s imi la r  d i s t r i b u t i o n  a p a r t  from i t s  absence from the  basa l  sample. 

Some g ra ins  a t t r i b u t e d  t o  Cyperaceae c l a s s  C a r e  found i n  the  lower 

sediments. 

Nymphoides pol len  i s  t h e  only ind ica to r  of f l o a t i n g  

leaved aquat ic  vegetat ion.  Scat tered  occurrences a r e  found through- 

ou t  the  core ,  b u t  the  taxon i s  cons i s t en t ly  represented only i n  

samples from 400 cm and above. 

Lake marginal p l a n t s ,  o r  shallow water f l o a t i n g  vegeta- 

t i o n ,  a r e  probably represented by the  taxa Uncar ia  T. ,  

N e p h r o l e p i s ,  S t enoch laena  p a l u s t r i s ,  and Microsor ium T. A l l  show 

increased abundance above 300 cm i n  the  core although Microsor ium 

T . ,  Uncar ia  T . ,  and t o  a l e s s e r  ex ten t  N e p h r o l e p i s  a r e  found 

throughout the  sequence. 

Metroxy lon  sagu i s  a major component of the  contemporary 

lake  marginal and swamp vegeta t ion  a t  Yanamugi. Only one g ra in  

t e n t a t i v e l y  a t t r i b u t e d  t o  the  palm was found ( a t  910 cm). 

Dry- land,  n o n - f o r e s t  t a x a :  Grass pol len  i s  the  most abundant com- 

ponent of t h i s  ecologica l  category a l s o ,  although a s  suggested 

above a proport ion may de r ive  from swamp species .  Gramineae c l a s s  

5 i s  l e s s  abundant beiow 990 cm, and is  absent  from the  two most 

r ecen t  samples. 

Macaranga and Trema a r e  well  represented throughout t h e  

sequence. Their occurrence follows a p a t t e r n  s imi la r  t o  t h a t  shown 

by t h e  dry-land g rasses ,  both being l e s s  abundant below 990 cm. 



Various taxa possibly representative of non-forest shrub 

and herb species are found although none is common. Those most 

frequently encountered are cf. Crotalaria T., Mallotus T., 

Claoxylon, Acalypha, Poikilogyne T. and Timonius T. Casuarina 

pollen occurs only below 800 cm and Plantago also appears more fre- 

quent in the lower part of the core. 

Pollen of Nauclea T. is present in abundance throughout 

much of the core. The taxon shows greater fluctuation in repres- 

entation than do the grasses, Trema or Macaranga. It forms a large 

proportion of the pollen sum in samples from 1160 cm, 160cmand120 

cm. The most likely source of this pollen may be the riparian 

forest associated with Sina Creek, although there are many trees of 

NaUcleae species, e.g. Nauclea orientalis, in the grasslands of 

the Markham Valley floor. 

Forest tree taxa: Celtis pollen shows a pattern of representation 

similar to that of Trema and Macaranga, although it is proportion- 

ally slightly more abundant in the lower sediments. A number of 

other forest tree taxa are infrequently found. Of these, 

Weinmannia T., Rutaceae/Araliaceae, cf. Sterculia edelfeltii and 

Olea are the most cormnon. Theunidentified pollen taxon UK 194, 

present throughout the core, may also derive from a forest tree 

species as it dominates the contemporary pollen assemblage of the 

local forest. 

Non-canopy forest taxa: Pollen of the vine Flagellaria is dis- 

tinctly more frequent in the samples from 400 cm and above. 

Myrtaceae pollen occurs in small quantities throughout the se- 

quence. 



The spores of f o r e s t  f e r n s ,  predominantly Cyatheaceae 

and Asplenium T. a r e  much more abundant i n  the  sediments below 

440 cm. Both show much reduced percentages i n  the  more recent  

samples and contemporary assemblages. 

' A l l u v i u m '  f o r e s t  t a x a :  Octomeles  sumatrana i s  the  most abundant 

taxon i n  t h i s  category,  occurring cons i s t en t ly  below 800 cm bu t  

a l s o  s u b s t a n t i a l l y  represented i n  the  sample a t  400 cm. A s l i g h t  

increase  i n  abundance is  a l s o  seen i n  the  most r ecen t  three  samples. 

Pollen of c f .  B i s c h o f i a  shows a s imi la r  d i s t r i b u t i o n  and K l e i n h o v i a  

h o s p i t a  occurs inf requent ly  i n  t h e  lower p a r t  of the core.  The 

presence of two g ra ins  of Rhizophora a p i c u l a t a  T. may be a t t r i b u t e d  

t o  long-distance t r a n s p o r t  from the  lower Markham Valley. 

'Montane' f o r e s t  t a x a :  A much l a r g e r  number of 'montane' taxa  a r e  

recorded i n  the  Yanamugi sediments than a t  Lake Wanum. The most 

abundant a r e  Notho fagus  and A n i s o p t e r a  T . ,  found throughout the  

core ,  and Epacridaceae, P h y l l o c l a d u s  and Podocarpus,  r e s t r i c t e d ,  o r  

almost so,  t o  the  sediments below 440 cm. The po l l en  concentrat ion 

f i g u r e s  f o r  the  t o t a l  of t h i s  ecologica l  category remain f a i r l y  

cons tant ,  with the  exception of a l a rge  peak i n  the  sample from 

1030 cm. 

' U b i q u i t o u s '  angiosperm t a x a :  Undif ferent ia ted  pol len  of Urticaceae/ 

Moraceae is  the  most abundant taxon i n  t h i s  category. Diporate and 

t r i p o r a t e  g r a i n s  of the  taxon occur throughout the  core and con- 

s t i t u t e  near ly  20% of the  contemporary assemblage from core 

YANMC 1. Fores t  t r e e s ,  such a s  P i p t u r u s ,  probably cont r ibute  t o  

the  taxon, h u t  the  major i ty  of the  pol len  may der ive  from non- 

f o r e s t  ur t icaceous  genera. Pollen of c f .  L i l i aceae  i s  f i r s t  rep- 

resented a t  870 cm. The taxon genera l ly  occurs i n  small 



proport ions,  bu t  accounts f o r  near ly  45% of the  pol len  sum i n  the  

sample a t  160 cm. I t  i s  poss ib le  t h a t  the  source i s  a lake  margin- 

a l  o r  swamp taxon. Pandanus r a d u l a  T. pol len  i s  sparse ly  repres-  

ented throughout the  sequence. That of c f .  Myrs ine  T. i s  more 

abundant i n  the  lower core ,  e spec ia l ly  i n  the  sample from 1030 cm, 

and may be associa ted  with the  'montane' group of taxa.  

' U b i q u i t o u s '  p t e r i d o p h y t e  t a x a :  Almost a l l  'ubiquitous '  spore taxa 

a r e  absent ,  o r  l e s s  abundant above 440 cm. The p a t t e r n  of repres-  

en ta t ion  i s  thus  s i m i l a r  t o  t h a t  of the  f o r e s t  f e r n s ,  and 'montane' 

f o r e s t  ca tegor ies .  Most abundant above 440 cm a r e  the  l a rge  mono- 

l e t e  p s i l a t e  spores,  poss ib ly  der iv ing from Microsor ium o r  

Asp len ium species.  

P o l l e n  as semblage  zones 

Zone Y 1 :  1150-1050 cm 

I n  the  deepest  sample from core YAN 2, t h e  po l l en  con- 

cen t ra t ion  i s  low, and the  assemblage i s  dominated by herbaceous 

swamp taxa.  Pollen of Cyperaceae c l a s s  B2 poss ib ly  r e f l e c t s  the  

presence of E l e o c h a r i s  d u l c i s .  Typha pol len  occurs and Gramineae 

2 pol len  and Microsor ium T. spores may der ive  from herbaceous swamp 

vegetat ion.  The high proport ion of swamp pol len  taxa i n  t h i s  

sample may be associa ted  with the  band of compact organic d e t r i t u s  

from 1152-1153 cm a t  the  base of the  core.  This horizon i s  thought 

t o  represent  redeposi ted d e t r i t u s ,  poss ib ly  from lake  marginal 

vegetat ion.  

Swamp taxa  a r e  l i t t l e  represented i n  the  two succeeding 

samples, the  predominant pol len  taxon being Nauclea  T. Proportions 

of o the r  dry-land non-forest taxa a r e  low, although Trema, 

Macaranga, and var ious  Gramineae occur. Fores t  t r e e s  a r e  



represented by pol len  of Celtis,Rutaceae/Araliaceae, O l e a ,  and 

poss ib ly  by the  un iden t i f i ed  pol len  taxon UK i94. O c t o m e l e s  

sumatrana  occurs i n  the  zone, and und i f fe ren t i a t ed  Urticaceae/ 

Moraceae g ra ins  a r e  a l s o  present .  

Zone Y 2 :  1050-1010 cm 

This zone c o n s i s t s  of a s i n g l e  sample (1030 cm t o  1031 

cm) from the  proximity of the  dark g r i t t y  horizon a t  1032 cm t o  

1037 cm. The sample i s  uniquely charac ter ised  by the  high propor- 

t i o n  and pol len  concentrat ion of taxa  assigned t o  the 'montane' 

f o r e s t  category. P h y l l o c l a d u s  pol len  i s  b e s t  represented,  b u t  

pol len  of N o t h o f a q u s ,  Q u i n t i n i a ,  Dr imys  T . ,  Epacridaceae and 

Podocarpus  a l s o  occur. The 'ubiquitous '  po l l en  taxa c f .  Mys ine  

T. and H a l o r a g i s  present  i n  the  sample may a l s o  der ive  from 

'montane' vegetat ion.  Many spore taxa  a r e  a l s o  b e t t e r  represented 

i n  t h i s  zone. A r i s e  i n  t h e  proport ion of the  f o r e s t  f e r n  

Cyatheaceae occurs,  although n o t  i n  the  values f o r  A s p l e n i u m  T. 

Increases a r e  seen i n  t h e  concentrat ions of 'ubiquitous '  p t e r id -  

ophytes, e spec ia l ly  of monolete p s i l a t e  spores ,  and various un- 

i d e n t i f i e d  spore taxa. 

Zone Y 3 :  1010-655 cm 

The pol len  concentrat ion of the  sediments of t h i s  zone 

f l u c t u a t e s ,  b u t  does not  genera l ly  reach values a s  high a s  i n  some 

samples of the  preceding zones. 

Swamp vegeta t ion  i s  only sparse ly  represented.  There i s  

increas ing occurrence of Cyperaceae pol len  towards t h e  top  of the  

zone, and Nymphoides and ? M e t r o x y l o n  sagu  a r e  a l s o  found. 



A l a rge  number of dry-land pol len  taxa con t r ibu te  t o  the  

pol len  spec t ra  of the  zone, non-forest taxa being p a r t i c u l a r l y  ab- 

undant. An increase  i n  t h e  occurrence of the  l a r g e r  g r a s s  pol len  

g ra ins ,  e spec ia l ly  of the  Gramineae 5 c l a s s ,  i s  seen. Macaranga and 

Nauclea T. a r e  wel l  r e p r e s e n t e d b y f a i r l y  cons tant  percentages 

throughout the  zone. Trema i s  a l s o  abundant, although a s l i g h t  de- 

c l i n e  occurs towards t h e  top  of the  zone. Amongst o the r  non-forest 

taxa  represented a r e  Casuar ina ,  c f .  C r o t a l a r i a  T . ,  M a l l o t u s  T . ,  

Antidesma , and Plan taqo .  

C e l t i s  i s  the  b e s t  represented of the  f o r e s t  t r e e s ,  

occurring i n  most samples. ~ u t a c e a e / ~ r a l i a c e a e ,  Rhus T., c f .  

S t e r c u l i a  e d e l f e l t i i  and Olea a r e  a l s o  recorded. Myrtaceae po l l en ,  

poss ib ly  from understorey t r e e s ,  i s  found i n  severa l  samples. 

The f o r e s t  f e r n s ,  Cyatheaceae and Asplenium T. show 

t h e i r  g r e a t e s t  abundance i n  zone Y 3 .  The frequency of Cyatheaceae 

spores (mainly Cyatheaceae 1, those without a perisporium) i s  

f a i r l y  constant .  Percentages of Asplenium T. increase  towards the 

top  of the  zone. The 'ubiquitous '  monolete p s i l a t e  f e r n  spores a r e  

a l s o  abundant throughout. 

'Alluvium' f o r e s t  i s  represented i n  the  e a r l i e r  p a r t  of 

t h e  zone by Octomeles  sumatrana pollen.  K l e i n h o v i a  h o s p i t a  and c f .  

B i s c h o f i a  a l s o  occur,  and Rhizophora a p i c u l a t a  T. po l l en  is found 

i n  the  upper sec t ion  of t h e  zone. 

Most of the  'montane' taxa  p resen t  i n  zone Y 2  continue 

t o  occur,  although a t  lower frequencies,  i n  zone Y 3 .  I n  add i t ion ,  

i s o l a t e d  g ra ins  of c f .  E n g e l h a r d t i a ,  Acaena,  A n i s o p t e r a  T. ,  

Rapanaea c f .  a c h r a d a e f o l i a  T. and Dacrycarpus T. a r e  found. 



Undif ferent ia ted  pol len  of Urticaceae/Moraceae i s  f a i r l y  

abundant and the  un iden t i f i ed  pol len  type UK 194 i s  a l s o  present .  

Zone Y4: 655-440 cm 

This zone coincides with s t r a t i g r a p h i c  evidence f o r  very 

rap id  sediment deposi t ion.  P lan t  d e t r i t u s  accumulation occurs 

between 640 cm and 540 cm and a rapid  i n f l u x  of c l ay  from 540 cm 

t o  420 cm i s  suggested by the  in fe r red  chronology. A s  a conse- 

quence, very low po l l en  concentrat ions a r e  recorded i n  the  four 

samples of zone Y4. The t o t a l  pol len  sum is a l s o  small ,  ranging 

from 12 t o  53 gra ins .  Dry-land non-forest pol len  i s  p resen t ,  b u t  a 

l a r g e r  proport ion of the  count comprises 'montane' f o r e s t  taxa and 

'ubiqui tous '  f e r n  spores. 

Zone Y5: 440-280 cm 

Zone Y5 sees  a r e t u r n  t o  a more moderate sedimentation 

r a t e ,  and increased pol len  concentrat ions.  In  many respec t s  the  

pol len  spec t ra  of t h i s  zone and zone Y3 a r e  very s imi la r .  

Nymphoides i s  p resen t  i n  the  upper p a r t  of Y3, and 

throughout Y5, although t h e r e  i s  a drop i n  the  propor t ion  of 

Cyperaceae pol len .  

The pol len  concentrat ion of  dry-land taxa shows an 

increase  over zone Y3, and the  category comprises near ly  50% of t h e  

po l l en  sum. Grass pol len  representa t ion  a l s o  r i s e s ,  e spec ia l ly  i n  

t h e  Gramineae 2 and Gramineae 5 c l a s ses .  Trema, Macaranga and 

Nauclea  T. a r e  the  most abundant taxa.  

Fores t  t r e e s  a r e  represented by e s s e n t i a l l y  the  same 

taxa  a s  i n  zone Y3, C e l t i s  and Weinmannia T .  being the  most common. 

Pollen of the  vine F l a g e l l a r i a  occurs i n  both samples from the  



zone. A l a rge  peak of Octomeles sumatrana pol len  i s  seen a t  

400 cm, bu t  o the r  ' a l luviun '  f o r e s t  taxa  a r e  absent.  

Of the  'ubiquitous '  pol len  t axa ,  Urticaceae/Moraceae 

remain represented,  and Pandanus radula T. i s  a l s o  present .  The 

unident i f ied  taxon UK 194 comprises about 5% of the  pol len  sum 

during the  zone. 

The major d i f ference  between the  pol len  assemblages of 

zone Y5 and the  previous zones l i e s  i n  the  markedly decreased rep- 

r e sen ta t ion  of 'montane' f o r e s t  and various pteridophyte taxa.  A 

few gra ins  of Nothofagus and Anisoptera T. occur b u t  spores of 

Cyatheaceae and the  small monolete p s i l a t e  c l a s s  a r e  almost absent .  

Zone Y6: 280-120 cm 

The most r ecen t  pol len  assemblage zone of the  YAN 2 core 

sees  a general  increase  i n  pol len  concentrat ion.  Herbaceous swamp 

taxa  show propor t ional ly  the  l a r g e s t  increases .  The representa t ion  

of Nymphoides pol len  inc reases  t o  about 2% of the  sum throughout 

the  zone, and Typha and Cyperaceae B 1  and B2 pol len  a l s o  occur. 

Increases  i n  Gramineae c l a s s e s  3 and 4, and t o  a l e s s e r  ex ten t  

c l a s s  2,  may suggest the  presence of Phragmites karka near  the  s i t e .  

Most o the r  taxa included i n  the  herbaceous swamp category probably 

represent  lake  marginal vegetat ion.  Uncaria T.,  Nephrolepis, 

Stenochlaena p a l u s t r i s  and Microsorium T. f a l l  i n t o  t h i s  category,  

a s  may c f .  L i l i aceae  pol len .  A l l  these  taxa show increased rep- 

r e sen ta t ion  i n  zone Y6. There is  l i t t l e  open swamp today a t  

Yanamugi, although some f l o a t i n g  root-mat a s soc ia t ions  e x i s t  c lose  

t o  shore. It i s  suggested t h a t  the  swamp and aquat ic  vegeta t ion  of 

t h i s  period probably resembles t h a t  observable a t  the  p resen t  time 

both i n  f l o r i s t i c  s t r u c t u r e  and genera l  d i s t r i b u t i o n .  



The dry-land pol len  assemblages remain s imi la r  t o  those 

of the  previous zone with g rasses ,  Trema and Macaranga well rep- 

resented.  Nauclea T. a l s o  occurs,  showing a l a rge  increase  i n  

frequency i n  the  two uppermost samples of the  zone. Fores t  t r e e s  

continue t o  be represented by C e l t i s  po l l en ,  and F l a g e l l a r i a  occurs 

cons i s t en t ly .  The proport ion of Octomeles  sumatrana increases  

towards t h e  top  of the  zone. Very few pol len  taxa of 'montane' 

f o r e s t  a r e  represented,  and values f o r  f o r e s t  f e r n  and o the r  

pteridophyte spores a r e  a l s o  low. Urticaceae/Moraceae pol len  show 

a s l i g h t  increase  i n  representa t ion  over zone Y5, and the  unidenti-  

f i e d  UK 194 pol len  taxon remains present .  

The pol len  spect ra  from zone Y6 a r e  thus  very s imi la r  t o  

t h e  contemporary pol len  assemblages from Yanamugi. P a r t i c u l a r l y  

c l o s e  c o r r e l a t i o n  is  found with t h e  s u r f i c i a l  sediment assemblage 

from core YANMC 1. Less s i m i l a r i t y  e x i s t s  with the  moss p o l s t e r ,  

SS 27-28, from wi th in  the  neighbouring f o r e s t ,  a s  t h i s  sample is  

dominated (80%) by the  un iden t i f i ed  pol len  taxon UK 194. The 

proport ion of herbaceous swamp taxa is  genera l ly  lower i n  the  surf -  

i c i a l  sediment, presumably due t o  the  g r e a t e r  d is tance  from the  

lake  margin. Cyperaceae, Gramineae 4 and 5, Nymphoides and 

M i c r o s o r i m  T. a l l  record lower f requencies ,  whi l s t  N e p h r o l e p i s  and 

S tenoch laena  p a l u s t r i s  a r e  absent  from the  modern assemblage. 

The percentages of dry-land t axa  i n  zone Y6 and the  con- 

temporary assemblage a r e  f a i r l y  s imi la r .  Urticaceae/Moraceae 

po l l en ,  e spec ia l ly  d ipora te  g r a i n s ,  a r e  more abundant i n  the  surf-  

i c i a l  sample. Less wel l  represented than a t  the  top  of core YAN 2 

a r e  Octomeles  sumatrana and Nauclea T .  pol len .  The pol len  taxon 



UK 194, presumably o r ig ina t ing  i n  t h e  l o c a l  f o r e s t ,  accounts f o r  

20% of the  pol len  sum i n  the  s u r f i c i a l  sediment sample. 

A number of taxa  not  found i n  the  sub-foss i l  assemblages 

occur i n  the  contemporary spect ra .  Notable a r e  Calamus, S t reb lus  

T.,  Tinospora, Macaranqa o v a t i f o l i a  T., c f .  S t e r c u l i a  and c f .  

Palaquium. Most s i g n i f i c a n t ,  however, i s  pol len  of Compositae 

(Tubul i f lorae) .  This taxon comprises 9% of the  pol len  sum i n  the  

YANMC 1 surface  sample and i s  a l s o  found i n  the  f o r e s t  moss p o l s t e r  

SS 27-28. Compositae pol len  a l s o  occurs i n  the  contemporary sample 

SS 18 from roadside 'alluvium' f o r e s t  i n  the  lower Markham Valley,  

b u t  has not  been i d e n t i f i e d  from any sub-foss i l  assemblage. Herba- 

ceous composite species  a r e  widespread pos t -cul t iva t ion  o r  vegeta- 

t i o n  disturbance rudera l s  i n  t h e  a rea  today, b u t  it appears t h a t  

they have achieved t h i s  s t a t u s  only recent ly .  

VEGETATION CHANGE I N  THE V I C I N I T Y  OF YANAMUGI 

Swamp vegeta t ion  i s  represented i n  the  pol len  record of 

Yanamugi by fewer, genera l ly  l e s s  abundant, taxa than a t  Lake 

Wanum. Two important species  a r e  e i t h e r  almost absent  (Metroxylon 

sagu) o r  impossible t o  d i s t i n g u i s h  (Phraqmites karka) . Despite 

these  l i m i t a t i o n s ,  c e r t a i n  t r ends  can be discerned i n  the  swamp 

pol len  record. 

There i s  no evidence of s u b s t a n t i a l  f l o r i s t i c  change i n  

the  swamp community. Most t axa  a r e  represented t o  some e x t e n t  

throughout the  sequence. The only poss ib le  exceptions a r e  

Cyperaceae c l a s s  C ,  t h a t  occur only i n  the  lower core ,  and 

Stenochlaena p a l u s t r i s ,  only sparse ly  represented i n  the  sediments 

below 240 cm. Except f o r  the  b a s a l  sample of the  co re ,  where a 

high percentage of Cyperaceae B2 occurs,  the  proport ion of 



herbaceous swamp taxa  i s  low u n t i l  t he  onset  of the  most recent  

zone, Y6. A t  t h i s  time both the  pol len  concentrat ion and propor- 

t i o n  of herbaceous swamp taxa  increase ,  comprising 40% of the  pol len  

sum. Within t h i s  zone, spores of N e p h r o l e p i s ,  Microsor ium T. and 

S t e n o c h l a e n a  p a l u s t r i s  become more abundant. Nymphoides and 

Cyperaceae pol len  show an increase  over the  previous zone, and 

po l l en  of Gramineae 2, 3 and 4 become more common. 

The sequence i s  in te rp re ted  a s  r e f l e c t i n g  the  migration 

t o  the  coring s i t e  of emergent aquat ic  vegetat ion (Nymphoides 

i n d i c a )  probably by the  beginning of zone Y5. Subsequently, i n  

zone 6,  herbaceous swamp vegetat ion comprising various f e r n s ,  

Cyperaceae and perhaps Phragmi te s  k a r k a  occupies the  s i t e .  Flor- 

i s t i c a l l y  s imi la r  vegetat ion i s  found a t  the  lake  today. The cause 

of encroachment by swamp vegetat ion probably l i e s  i n  a decrease i n  

the  e f f e c t i v e  water depth along the  northern margin of the  lake ,  

presumably r e s u l t i n g  from the  accelera ted  c lay  deposi t ion recorded 

i n  core YAN 2 between 640 cm and 420 cm. 

Few cons i s t en t  t rends  e x i s t  i n  the  dry-land pol len  re-  

cord of core YAN 2 t h a t  can be i n t e r p r e t e d  i n  terms of  vegeta t ion  

change. Perhaps t h e  most s t r i k i n g  fea tu re  of the  Yanamugi pol len  

diagrams is  t h e  abundance, below 440 cm, of pol len  and spore taxa  

thought t o  o r i g i n a t e  from higher a l t i t u d e  vegetat ion.  These in-  

clude not  only i d e n t i f i a b l e  'montane' f o r e s t  genera, bu t  a l s o  a wide 

v a r i e t y  of o the r  pol len  taxa and pteridophyte spores.  Above 440 cm 

i n  the  core t h e i r  representa t ion  decreases markedly. However, it 

seems unl ike ly  t h a t  t h i s  c l e a r  change i n  pol len  assemblage r e f l e c t s  

a change i n  vegetat ion.  



I t  i s  improbable tha t  manyof the 'montane' fores t  t r ee  

taxa grew i n  close proximity t o  the lake a t  any time i n  the recent 

past ,  given the i r  current a l t i tud ina l  preferences  able 11.1). 

Many are  effective pollen dis t r ibutors  and would be expected t o  

dominate the pollen spectra of the core i f  located a t ,  o r  very 

near, the s i t e .  Downslope ae r i a l  dispersal of Nothofagus, 

Phyllocladus, and Podocarpus pollen has already been demonstrated 

for  the Lake Wanum area. Yanamugi i s  higher i n  a l t i tude  than Lake 

Wanum and i s  a lso closer to  the mountain ranges south of the valley. 

Increased representation of higher a l t i t ude  pollen might therefore 

be expected. However, it seems unlikely tha t  entomophilous taxa 

such as Epacridaceae, or  large spores of Cyatheaceae could be 

aer ia l ly  transported i n  the quant i t ies  found i n  the sediments of 

the YAN 2 core. Fluvial transport ,  e.g. Sina Creek, seems t o  be 

the most l ike ly  dispersal agent fo r  these taxa. The close associa- 

t ion of the maximum concentration of the 'montane' taxa with a dis- 

t i n c t  horizon i n  the core adds further circumstantial evidence fo r  

t h i s  interpretation. 

The poss ib i l i ty  of actual reduction i n  the area of 

'montane' fores t  within the v ic in i ty  of Yanamugi cannot be ex- 

cluded, as  grassland now extends t o  1 000 m a l t i tude  on some local  

ranges. However, the decrease i n  the representation of 'montane' 

taxa within the l a s t  two pollen assemblage zones coincides with a 

reduced influx of allochthonous clay, a lso perhaps f luvia l  i n  

origin. With a considerable increase i n  the pollen concentration of 

other ecological categories, these factors  alone are probably suf- 

f i c i en t  t o  explain the pattern of occurrence of the 'montane'taxa. 



L i t t l e  cons i s t en t  change i s  revealed i n  the  dry-land 

vegetat ion surrounding t h e  lake. Essen t i a l ly  t h e  same taxa found 

i n  contemporary assemblages occur throughout the  sediments. A s  the  

composition of the  l o c a l  f o r e s t  i s  l a r g e l y  unknown, few taxa  a r e  

i d e n t i f i a b l e  a s  o r ig ina t ing  from f o r e s t  t r e e  species.  In  the  re-  

cordofnon-fores t  taxa the re  appears an inverse  r e l a t ionsh ip  be- 

tween Nauclea T. and pol len  of the  'dis turbance '  taxa: mainly 

Gramineae, Trema and Macaranga. Without r e l i a b l e  PDR es t imates ,  

however, i t  is d i f f i c u l t  t o  say whether t h i s  t rend is  an a r t e f a c t  

of t h e  r e l a t i v e  frequency ca lcula t ion .  There i s  some coincidence 

between the  r ep resen ta t ion  of Nauclea T. and Octomeles sumatrana 

pol len .  

A s  a t  Lake Wanum a group of po l l en  taxa poss ib ly  rep- 

r e sen ta t ive  of vegeta t ion  'd is turbance '  may be i d e n t i f i e d .  Pollen 

of dry-land grasses  a r e  t h e  most abundant. Trema, Macaranga and 

var ious  herb and shrub represen ta t ives ,  p a r t i c u l a r l y  genera of 

Euphorbiaceae, a r e  a l s o  included. A t  Yanamugi a l s o  the re  i s  some 

c o r r e l a t i o n  between t h e  occurrence of these  t axa ,  e spec ia l ly  

Gramineae po l l en ,  and the  incidence of carbonised p a r t i c l e s  (Fig. 

8.6).  Charcoal fragments a r e  most abundant i n  the  zone (Y3) 

t h a t  records the  g r e a t e s t  v a r i e t y  of non-forest pol len  taxa.  The 

representa t ion  of Cel t i s  follows c l o s e l y  t h a t  of the  'dis turbance '  

t axa ,  and t h e r e  i s  no sus ta ined t rend towards increased proport ions 

of  grassland pol len  i n  the  sequence. 

I n  summary, a p a r t  from t h e  loca l i sed  encroachment of 

swamp vegeta t ion ,  few ind ica t ions  of  vegeta t ion  change a r e  recog- 

nised i n  t h e  pol len  record of core YAN 2.  F luctuat ions  i n  the  f r e -  

quency of  some higher a l t i t u d e  taxa a r e  considered t o  r e f l e c t  prim- 

a r i l y  the  e f f e c t  of f l u v i a l  inwash i n t o  the  lake ,  the  source of 



which i s  not  i d e n t i f i e d .  Only minor changes occur i n  the  pol len  

record of l o c a l  f o r e s t  and non-forest a s soc ia t ions ,  and a l l  pres-  

e n t l y  ex tan t  vegetat ion types appear t o  be represented throughout 

the  sequence. Pollen taxa  a t t r i b u t a b l e  t o  grassland and 'd is turb-  

ance'  vegeta t ion  occur throughout, bu t  show no marked changes i n  

frequency. It i s  suggested t h a t  l i t t l e  s u b s t a n t i a l  a l t e r a t i o n  i n  

the  composition o r  d i s t r i b u t i o n  of the  dry-land p l a n t  communities 

around Yanamugi has occurred wi th in  the  p a s t  1000 t o  2000 years.  

CONCLUSIONS 

Although the  palynological  da ta  p resen t  a very p a r t i a l  

record of the  vegeta t ion ,  it i s  poss ib le  t o  demonstrate ecologica l  

change i n  c e r t a i n  p l a n t  communities. The most p rec i se  vegeta t ion  

reconst ruct ion  comes from the  herbaceous swamp associa t ions  of Lake 

Wanum where the  contemporary ecology and pol len  d i s p e r s a l  a r e  b e s t  

known. Changes i n  l o c a l  hydrology during t h e  Holocene may be sur-  

mised from the  known h a b i t a t  preferences of herbaceous swamp 

assoc ia t ions  and individual  taxa.  The pol len  representa t ion  of 

'alluvium' f o r e s t  a t  Lake Wanum appears t o  r e f l e c t ,  t o  some ex ten t ,  

s imi la r  environmental t rends.  

Except f o r  taxa of t h e  'alluvium' category,  t h e r e  i s  a 

sparse  record of f o r e s t  t r e e  pol len .  This i s  pr imar i ly  due t o  the  

lack  of information on t h e  f l o r i s t i c  composition of the  l o c a l  

f o r e s t  a t  both s i t e s .  The major taxon a t  Lake Wanum, Celtis, 

appears t o  be favoured by some degree of vegeta t ion  disturbance.  

No pol len  indisputably  from c u l t i v a t e d  p l a n t s  i s  found 

although c i rcums tan t i a l  evidence of human impact on the  vegeta t ion  

i s  ava i l ab le f romboth  Lake Wanum and Yanamugi. Increased i n f l u x  of 

carbonised p a r t i c l e s  and non-forest pol len  i s  f i r s t  seen a t  8500 BP 



i n  Lake Wanum, and the  presence of s u b s t a n t i a l  non-forest and grass-  

land vegeta t ion  i s  indica ted  throughout the  sediments of Yanamugi. 

A t  n e i t h e r  s i t e  i s  it poss ib le  t o  i d e n t i f y  any sequence ind ica t ive  

of an individual  cycle  of f o r e s t  clearance,  c u l t i v a t i o n ,  and sec- 

ondary regrowth. 

Estimates of annual pol len  deposi t ion  r a t e s  allow a much 

more p rec i se  i n t e r p r e t a t i o n  of vegeta t ional  change than do r e l a t i v e  

frequency f igures .  The few comparable PDR values ava i l ab le  suggest 

t h a t  the  i n f l u x  of dry-land pol len  t o  the  marginal sediments of 

both lakes  is f a i r l y  s imi la r .  The PDR of herbaceous swamp taxa ,  

however, i s  much g r e a t e r  a t  Lake Wanum. Pollen assemblages from 

Yanamugi show the  g r e a t e r  taxonomic d i v e r s i t y .  

The vegeta t ional  i n t e r p r e t a t i o n  of the  po l l en  assem- 

W a g e s i n t h i s  s tudy r e l i e s  on the  r e l a t i v e l y  few taxa  whose a f f i n -  

i t y  and ecologica l  preferences a r e  b e t t e r  known. Increased 

ecologica l  and pol len  morphological da ta  would undoubtedly allow 

the  recognit ion of more s u b t l e  changes i n  the  palynological  record. 



CHAPTER 9 

HOLOCENE VEGETATION AND ENVIRONMENTAL CHANGE I N  THE 
MARKHAM VALLEY AND OTHER TROPICAL REGIONS 

Palynological and s t r a t i g r a p h i c  evidence from the  two 

lake  s i t e s  s tudied  revea l s  s i g n i f i c a n t  changes i n  both vegetat ion 

and sedimentary regime during the  Holocene period.  

Organic accumulation a t  the  margin of t h e  north-east bay 

of Lake Wanum commenced a t  about 9600 BP. The subsequent develop- 

ment of swamp vegeta t ion  i n  t h i s  a rea  i s  in te rp re ted  a s  showing a 

general  increase  i n  water depth throughout the  course of the  Holo- 

cene. A t  Yanamugi, encroachment of swamp vegetat ion has taken 

place wi th in  the  l a s t  few hundred years .  The po l l en  sequence of 

dry-land taxa from Lake Wanum records the  increas ing influence of 

non-forest and grassland vegetat ion from about 8500 BP. Synchron- 

ous i n f l u x  t o  the  sediments of carbonised p a r t i c l e s  suggests t h a t  

f i r e  may play  a r o l e  i n  the  establishment o r  maintenance of such 

vegetat ion.  Non-forest and grassland pol len  taxa  a r e  present  

throughout the  much younger depos i t s  of Yanamugi. 

DETERMINANTS OF ENVIRONMENTAL AND VEGETATIONAL CHANGE 

It i s  apparent t h a t  most of these  changes cannot have 

occurred under s t a t i c  environmental condit ions.  The evidence i n  

favour of s p e c i f i c  determinants of environmental changes i s  l a r g e l y  

c i r cums tan t i a l ,  it being p a r t i c u l a r l y  d i f f i c u l t  t o  d iscr iminate  be- 

tween l o c a l  causes and those of more widespread s ign i f i cance  on the  

b a s i s  of t h e  record of a s ing le  s i t e .  Only t h e  pol len  record from 

Lake Wanum core LW I1 covers the  period from 9500 BP t o  c. 1500 

BP. The poorly known chronology of t h e  deposi t s  a t  Yanamugi hind- 

e r s  c o r r e l a t i o n  f o r  t h e  period when both s i t e s  preserve a pol len  



record. Although the most recent 250 years is the best dated 

section at Yanamugi, no comparable pollen record exists for this 

time from Lake Wanum. 

Environmental factors likely to produce vegetational 

changes fall into three major groups: geomorphic and hydrologic, 

climatic and anthropogenic. These determinants are almost never 

discrete, but impinge on each other in complex interaction. The 

positive identification of a single cause for any event is thus 

almost impossible. Probable determinants and their influence may, 

however, be evaluated in relation to evidence from the Markham 

Valley and other areas of New Guinea and tropical Australia. 

Geomorphology and h y d r o l o g y  

Regional geological events, such as seismicity, or sea 

level fluctuation may influence local hydrology and thus lacustrine 

sedimentation. The study area is known to be tectonically active, 

the southern side of the Markham Valley less so than the Saruwaged 

Ranges to the north. Chappell (1973) has suggested that lakes and 

swamps in the vicinity of Lake Wanum may be fault impounded, but 

the extent of any movement during the Holocene remains speculative. 

Of more direct impact on the sedimentation is the be- 

haviour of local watercourses. At both Lake Wanurn and Yanamugi 

influx of allochthonous grey clay is attributed, at least in part, 

to fluvial activity. Oomsis Creek directly affects the sedimentary 

regime of the southern and central sections of Lake Wanum. Given 

a lower water level, this influence may have extended to the north- 

ern margin of the basin also. Alluvial sediment is considered to 

be partially responsible for impounding of swamps and lakes adjoin- 

ing the creek. At Yanamugi, an unidentified source, possibly Sina 



Creek, appears t o  cont r ibute  t o  the  in f lux  of po l l en ,  spores ,  and 

perhaps o the r  d e t r i t u s ,  from higher e l eva t ions  i n t o  the  lake. I t  

thus becomes important t o  explore the  causes and e f f e c t s  of prob- 

able  changes i n  the  morphology of these  streams i n  r e l a t i o n  t o  t h e  

sedimentary h i s t o r y  of the  two sites. 

The pos t -g lac ia l  sea l e v e l  r i s e  i s  l i k e l y  t o  have a f -  

fected thedra inage  of the  lower Markham area .  A t  the  l a s t  g l a c i a l  

maximum (c. 18 000 BP) the  oceans surrounding the  New Guinea region 

l a y  perhaps 140 m t o  150 below t h e i r  p resen t  l e v e l  (Chappell, 

19761. Due t o  i s o s t a t i c  e f f e c t s ,  the  l e s s e r  f igure  appears more 

appl icable  t o  areas  such a s  the  Huon Gulf t h a t  lack a broad sub- 

marine s h e l f .  Subsequent r i s e  i n  sea  l e v e l  is thought (Chappell and 

Thom, 1977) t o  follow a t rend between t h a t  reconstructed f o r  south- 

e a s t  Aus t ra l i a  (Thom and Chappell, 1975) and f o r  Micronesia (Bloom, 

1970). The exact  course i n  r e l a t i o n  t o  any s p e c i f i c  coas t  i s  modi- 

f i e d  by l o c a l  t ec ton ic  movement a s  well  a s  g lobal  i s o s t a t i c  and 

g lac io-eus ta t ic  e f f e c t s .  Chappell (1976) es t imates  t h e  regional  

e u s t a t i c  sea  l e v e l  t o  be 40 m t o  50 m below presen t  a t  10 000 BP. 

The smoothed sea  l e v e l  curve f o r  south-east  Aus t ra l i a  (Chappell and 

Thom, 1977) shows a f a i r l y  cons tant  r a t e  of r i s e  t o  about -18 m a t  

8500 BP. The r a t e  then slows s l i g h t l y  u n t i l  7500 BP when sea l e v e l  

stood a t  about -10 m ,  t he  p resen t  l e v e l  being reached by 5000 BP. 

Data from north-western Aus t ra l i a  (Jennings, 1975) a l s o  suggest sea  

l e v e l  t o  be wi th in  a few metres of  i t s  present  p o s i t i o n  by 7400 BP 

t o  6000 BP. In  the  oceanic i s l ands  of Micronesia sea  l e v e l  stood 

a t  around -5 m a t  6000 BP slowly r i s i n g  t o  t h e  cu r ren t  l e v e l  within 

the  l a s t  fewmillennia (Bloom, 1970). The course of sea l e v e l  r e l -  

a t i v e  t o  t h e  Huon Gulf coas t  may p a r a l l e l  these  es t imates ,  although 

the  l o c a l  t ec ton ic  component i s  uncertain.  



Rivers such a s  t h e  Sepik, with s t eep  offshore submarine 

contours and s l i g h t  g rad ien t s ,  have been most a f fec ted  by the  r i s i n g  

sea  l e v e l  ( ~ g f f l e r ,  1977). The Markham a l s o  has a  nearshore sub- 

marine canyon although the  r i v e r ' s  gradient  i s  r e l a t i v e l y  s teep .  

The rapid  r a t e  of a l l u v i a l  deposi t ion i n  the  va l l ey  may have pre- 

vented any s u b s t a n t i a l  marine t ransgress ion.  Aggradation of the  

r i v e r  p r o f i l e  may have kept  pace with the  up t o  20 mm yr-l r i s e  i n  

sea l eve l .  Such aggradation would a l s o  have influenced the  t r ibu-  

t a r i e s  of t h e  lower Markham, p a r t i c u l a r l y  those t o  the  south of t h e  

va l l ey  where r i v e r  gradients  a r e  l e s s  s t eep ,  such a s  the  Wampit and 

Watut r i v e r s .  Oomsis Creek, a  t r i b u t a r y  of the  Wampit River, may 

a l s o  have aggraded along i ts  lower course and d is rupted  the  drain-  

age of t h e  Lake Wanum basin.  I n i t i a t i o n  of organic accumulation i n  

the  bas in  occurred by 9600 BP aga ins t  the  background of a  r ap id ly  

r i s i n g  sea  l e v e l .  The r i s e  i n  the  water l e v e l  of Lake Wanum be- 

tween 9500 and about 7000 BP followed by a f a i r l y  s t a t i c  period 

u n t i l  5500 BP a l s o  p a r a l l e l s  the  t rend of sea  l e v e l .  However, the  

most rapid  increases  i n  lake  l e v e l ,  seen a f t e r  t h i s  da te ,  requi re  

an a l t e r n a t i v e  explanation. 

Geomorphic changes of a  l o c a l  na ture  include such phen- 

omena a s  stream meandering, l a n d s l i p s ,  and f loods.  No major change 

i n  the  course of Oomsis Creek i s  envisaged, a s  i t s  va l l ey  i s  l a r g e l y  

circumscribed by the  topography of the  surrounding granodior i te  

h i l l s .  The suspected f l u v i a l  i n f l u x  a t  Yanamugi may, however, be 

due t o  changes i n  l o c a l  hydrology. The channel of Sina Creek runs 

along the  southern margin of the  Markham f loodpla in  and may be sus- 

c e p t i b l e  t o  the  inf luence  of movements i n  the  major r i v e r .  A s  t h e  

hydrology of t h e  a rea  i s  poorly known, t h i s  hypothesis i s  purely 

specula t ive .  



Climatic change 

The record of the  e a r l i e s t  sediments a t  Lake Wanum co- 

inc ides  with the  f i n a l  phases of the  g lobal  pos t -g lac ia l  ameliora- 

t i o n  of cl imate.  Proxy d a t a  based on the  evidence of g l a c i a l  

geomorphology and pol len  analys is  i n  the  New Guinea highlands 

(reviewed by Bowler e t  a l . ,  1976) and the  thermal implicat ions of 

p a s t  marine planktonic assemblages (CLIMAP p r o j e c t  members, 1976) 

provide a b a s i s  f o r  reconstruct ion of the  regional  climate. Arn- 

b igu i ty  e x i s t s  i n  the  i n t e r p r e t a t i o n  of these  da ta ,  although t h e  

major t rends  appear well  defined. 

Considerable r e f r i g e r a t i o n  was experienced i n  the  New 

Guinea highlands during the  l a s t  g l a c i a l  maximum, not  only i n  the  

i c e  covered mountains above 3 400 m o r  3 650 m, b u t  a s  low a s  

Si runki  ( a l t .  2  500 m ) .  Lowering of t h e  snow-line by 900 m t o  

0 
1 200 m implies a  mean annual temperature a t  l e a s t  6 C lower than 

today, w h i l s t  po l l en  a n a l y t i c a l  da ta  from M t .  Wilhelm and Sirunki  

0 
suggest  a  temperature reduction a t  17 000 BP of between 7 C and 

10 OC (Bowler et a l . ,  1976). 

The r e f r i g e r a t i o n  a t  sea l e v e l  i s  l i k e l y  t o  have been 

l e s s  dramatic. Nix and Kalma (1972) consider t h a t  t h e  l apse  r a t e  

of t h e  d r i e r ,  cooler  a i r  may have a t tenuated  t h e  temperature re- 

0 n 
duction t o  -3 C o r  -4 -C. The CLIbIAP reconst ruct ion  f o r  18  000 BP 

0 
proposes a sea-surface temperature (SST) of 26 C f o r  t h e  area ,  

0 
only 2 C lower than present .  Webster and S t r e t e n  (1978) argue 

t h a t  the  widely d i f f e r e n t  temperature es t imates  from the  marine and 

highland da ta  a r e  incompatible with even the  most extreme probable 

l apse  r a t e s .  I f  the  highlands data  a r e  c o r r e c t ,  t hese  authors 

0 
argue, then the  SST of t h e  western P a c i f i c  should be some 5 C 

cooler  than the  CLIMAP est imate.  The d i f ference  would be l e s s  i f  

the  reduction i n  f reez ing l e v e l s  i n  the  highlandswere accomplished, 



i n  p a r t ,  by increased equatorward incurs ions  of cold a i r  from higher 

l a t i t u d e s .  However, t h i s  e f f e c t  i s  considered unl ike ly  t o  account 

f o r  the  demonstrated depression of the  t r e e - l i n e  t o  below 2 500 m. 

By 10 000 BP t o  9000 BP, temperatures i n  the  highlands 

0 0 
ameliorated t o  within -1 C t o  -2.5 C below present  (Bowler 

e t  a l . ,  1976). Temperature f luc tua t ions  l a t e r  i n  the  Holocene a r e  

l i k e l y  t o  have been s l i g h t .  Webster and S t r e t e n  (1978) consider  a 

'hypsithermal'  i n t e r v a l  (sensu Deevey and F l i n t ,  1957) t o  be ' w e l l  

defined'  by the  palynological  da ta  from the  New Guinea highlands 

and es t imate  temperature between 7000 BP and 4000 BP a t  between 

0 
1 C and 1.5 OC higher than present .  The pol len  a n a l y t i c a l  evidence 

f o r  such a thermal maximum comes from two areas .  A number of or-  

ganic deposi t s ,  some with discontinuous pol len  records,  have been 

s tudied  from M t .  Carstensz, I r i a n  Jaya by Hope and Peterson (1976) 

who consider too  l i t t l e  t o  be y e t  known t o  i n f e r  temperature change 

over t h e  period 10 000 BP t o  3500 BP. Be t t e r  understood a r e  the  

po l l en  records of four s i t e s  on M t .  Wilhelm (Hope, 1976a). Here 

the  period from about 8600 BP t o  5000 BP i s  charac ter ised  by the  

h ighes t  extension of the  t r ee - l ine ,  and the  g r e a t e s t  development of 

f o r e s t  and a lp ine  shrubland seen i n  t h e  pos t -g lac ia l  sequence. 

However, no s u b s t a n t i a l  change i n  vegetat ion i s  observed during 

t h i s  period a t  the  lowest a l t i t u d e  s i te  on M t .  Wilhelm, 

Komanimambuno Mire, (2 740 m) o r  a t  Sirunki  (Bowler e t  a l . ,  1976). 

The most caut ious  appra i sa l  of high a l t i t u d e  vegeta t ional  evidence 

i n  favour of mid- and late-Holocene temperature f luc tua t ions  i s  

thus  required.  A s  Hope (1976a) concludes, 

'although cl imates probably induced changes i n  vegeta t ion  
d i s t r i b u t i o n  u n t i l  8 500 y r  BP t h e  minor changes s ince  t h a t  
time a r e  a s  l i k e l y  t o  be due t o  human a c t i v i t y  o r  o the r  
ecologica l  f a c t o r s  a s  t o  c l imate ,  even though c l ima t i c  
change i s  known t o  have occurred. '  



Thus, although the  f irs tmil l .ennium of sediment accumula- 

t i o n  a t  Lake Wanurn coincides with t h e  f i n a l  phase of c l ima t i c  amel- 

i o r a t i o n ,  the  mean temperature a t  sea l e v e l  i s  unl ike ly  t o  have 

been s i g n i f i c a n t l y  below t h a t  of today. Even allowing ex t rapo la t ion  

a t  the  cu r ren t  Lae lapse  r a t e  from the  most extreme highland temper- 

a t u r e  es t imates  the  decrease would be l e s s  than 1 'C i n  the  lowlands 

a t  10 000 BP. Minor thermal f l u c t u a t i o n s  s ince  8500 BP may be 

demonstrable i n  some montane a reas ,  however t h e i r  e f f e c t  on lowland 

mean temperatures was probably neg l ig ib le .  

Palaeoclimatic inferences  from New Guinea highlands da ta  

a r e  usual ly  couched i n  terms of thermal change, a s  temperature i s  

the  main con t ro l  on vegeta t ion  i n  the  highlands where r a i n f a l l  is  

no t  usual ly  l imi t ing .  A s  demonstrated, temperature f l u c t u a t i o n s  i n  

the  lowlands, e spec ia l ly  during t h e  Holocene, a r e  l i k e l y  t o  have 

been l e s s  in tense  than a t  higher a l t i t u d e s .  However, regional  clim- 

a t i c  change i s  a l s o  expressed by v a r i a t i o n  i n  both a c t u a l  and 

e f f e c t i v e  p r e c i p i t a t i o n .  These e f f e c t s  a r e  most l i k e l y  t o  have been 

f e l t  i n  a reas ,  such a s  the  Markham Valley, t h a t  now experience 

r e l a t i v e l y  low r a i n f a l l .  

A t h e o r e t i c a l  reconst ruct ion  of the  Australasian clim- 

a t e  a t  the  l a s t  g l a c i a l  maximum (Nix and Kalma, 1972) suggests  re- 

duced p r e c i p i t a t i o n  due t o  t h e  l e s s e r  a r e a  of warm oceanic-shelf 

water and lower SST. With r i s i n g  temperatures from 14 000 BP, 

evaporation increases  and dry condi t ions  become accentuated. Af ter  

t h e  major sea l e v e l  r i s e ,  bu t  before Torres S t r a i t  flooded, temper- 

a t u r e  and r a i n f a l l  higher than p resen t  a r e  hypothesised, although 

evaporation remains s i m i l a r  t o  t h a t  of today. Nix and Kalma (1972) 

d a t e  t h i s  phase a t  8000 BP, although using the  da ta  of Chappell and 

Thom (1977) t h e i r  suggested sea l e v e l  f o r  t h i s  phase (-30 m) would 

r e f l e c t  condi t ions  c l o s e r  t o  9000 BP. 



The rainfall component at least of this reconstruction 

is supported by pollen analytic and stratigraphic evidence from the 

Atherton Tableland, north-east Queensland (Kershaw, 1975). The 

progressive onset of organic accumulation at three sites (Bromfield 

Swamp, Lake Euramoo, and Quincan Crater) indicates increase in 

available moisture over the period from about 11 000 BP to 7000 BP. 

A change from sclerophyll vegetation to rainforest is recorded at 

these sites and in the deposits from Lynch's Crater (Kershaw, 1976) 

occurring across the tableland between 9500 BP and 6000 BP. The 

sequence of initiation of swamp conditions and transition to rain- 

forest appears related to a precipitation threshold that parallels 

the present rainfall gradient across the area. Only the most humid 

site today (Lynch's Crater) shows organic accumulation during the 

late Pleistocene. 

In view of these data it maybe admissible to formulate a 

conservative climatic interpretation of sedimentological and ecolog- 

ical changes at Lake Wanum. Ignoring for the moment the effects of 

basin morphometry and swamp vegetation on absolute water level and 

evaporation, postulated fluctuations in water depth (Fig. 8.4) may 

be viewed as a response to climatic factors. 

The onset of organic accumulation at 9600 BP in the 

north-east bay may reflect a climate favourable for the initiation 

of swamp conditions. It appears that only a slight excess of 

moisture was available until 8500 BP or 8200 BP, when permanent 

standing water may have become first established. This sequence 

suggests the possibility of an absolute increase in rainfall, es- 

pecially so if temperatures were at all reduced during the begin- 

ning of the Holocene. 



Since about 8200 BP a p o s i t i v e  water balance has been 

maintained. The e f f e c t i v e  water depth apparently remained f a i r l y  

s t a t i c  from about 8000 BP u n t i l  a  s u b s t a n t i a l  r i s e  a t  around 5000 

BP. An increase  i n  p r e c i p i t a t i o n  a t  t h i s  time cannot be ru led  o u t ,  

but  is considered unl ike ly ,  unless  the  f i n a l  f looding of Torres 

S t r a i t  produced an e f f e c t  o n t h e  cl imate g r e a t e r  than is  genera l ly  

assumed. A t  Yanamugi, encroachment of swamp vegetat ion within the  

l a s t  few cen tu r i e s  i s  in te rp re ted  a s  due t o  increased l o c a l  sedi-  

mentation, r a t h e r  than a drop i n  the  water l e v e l  of the  lake.  

I n  c o n t r a s t  t o  the  reconstructed swamp environment, the  

dry-land vegetat ion of Lake Wanum revea l s  no suggestion of c l ima t i c  

0 f luc tua t ion .  Even a 1 C reduction i n  temperature f o r  the  b a s a l  

sec t ions  of the  pol len  sequence might be r e f l e c t e d  by increased 

representa t ion  by f o r e s t  t axa ,  such a s  perhaps Lithocarpus, found 

150 m above the  s i t e  today. The increas ing inf luence  of non-forest 

and grass land vegeta t ion  i n  the  po l l en  sequence and the  evidence 

f o r  f i r e  frequency, i f  having any c l ima t i c  s ign i f i cance ,  might sug- 

g e s t  r e l a t i v e  a r i d i t y  o r  a t  l e a s t  seasonal i ty .  Such an in te rp re ta -  

t i o n  would run contrary  t o  the  evidence of the  water depth record ,  

were the  l a t t e r  c l i m a t i c a l l y  determined. 

Thus the  t e n t a t i v e  c l ima t i c  implicat ions of evidence from 

Lake Wanum p a r a l l e l  those from the  Atherton Tableland s i t e s  i n  id-  

e n t i f y i n g  an increase  i n  e f f e c t i v e  p r e c i p i t a t i o n  from a t  l e a s t  

9600 BP t o  perhaps 8000 BP. However, no s i g n i f i c a n t  decrease i n  

t h e  e f f e c t i v e  p r e c i p i t a t i o n  i s  recorded a t  e i t h e r  Markham Valley 

s i t e  wi th in  the  l a s t  fewmillennia,  cont rary  t o  the  suggestion by 

Kershaw (1974) f o r  Lynch's Cra ter .  Apart from the  evidence of e a r l y  

Holocene a r i d i t y ,  c l i m a t i c  inferences  from Lake Wanum a r e  ambiguous. 



Human impact 

Man's occupation of the  g r e a t e r  Aust ra l ian  region prob- 

ably da tes  t o  a t  l e a s t  50 000 BP (White and O'Connell, 1979). The 

most ancient  r e l i a b l e  evidence of human presence is  a 33 000 BP 

radiocarbon da te  from theMungolunette ,  south-western New South 

Wales (Bowler et a l . ,  1972). The f i r s t  ind ica t ion  of man i n  New 

Guinea comes from Kosipe swamp, a t  2 000 m i n  the  Owen Stanley 

Ranges, and i s  dated a t  26 000 years  ago (White et al., 1970). 

Continent-wide occupation i s  shown by a number of s i t e s  within the  

period 20 000 BP t o  30 000 BP (White and O'Connell, 1979). 

The f i r s t  evidence f o r  a g r i c u l t u r e  i n  New Guinea i s  found 

a t  K.uk swamp ( a l t .  1 550 m) i n  the  upper Wahgi Valley of the  Western 

Highlands. Here phases of c u l t i v a t i o n  a r e  implied by a s e r i e s  of 

a r t i f i c i a l  channels,  presumably crea ted  f o r  the  purpose of water 

con t ro l .  The o l d e s t  a r e  dated (Golson, 1977a) a t  c. 9000 BP 

( 'Phase 1') and 6000 BP t o  5500 BP ('Phase 2 ' ) .  Both a g r i c u l t u r a l  

episodes a r e  shor t - l ived and evidence f o r  an in tens ive  drainage 

system and prolonged use of t h e  s i t e  i s  no t  found u n t i l  4000 BP. 

Pollen analysed sequences a r e  ava i l ab le  from two swamps i n  t h i s  

a rea :  Manton's ( a l t .  1 590 m) across  the  Wahgi Valley and Draepi, 

s i t u a t e d  a t  1 890 m a t  the  base of M t .  Hagen (Powell et al., 1975). 

Both i n d i c a t e  s u b s t a n t i a l  f o r e s t  c learance  by 5200 BP, although t h i s  

r ep resen t s  a minimum da te  a s  depos i t s  of preceding mi l lennia  a r e  

absent .  

Pollen analyses from contemporaneous depos i t s  a t  higher 

e l eva t ions  a r e  l e s s  equivocal i n  showing human influence on the  

vegeta t ion .  These s i t e s  undoubtably l i e  well  above the  a l t i t u d i n a l  

l i m i t  of extens ive  c u l t i v a t i o n  p r i o r  t o  the  in t roduct ion  of the  

sweet pota to .  Vegetation disturbance may account f o r  the  expansion 



of f o r e s t  ephemerals, and non-forest shrubs,  herbs and grasses  

around Sirunki  ( 2  500 m) from 4500 BP (Walker, 1970). Circumstan- 

t i a l  evidence f o r  human a c t i v i t y  a t  even higher a l t i t u d e s  on the  

Saruwaged Pla teau  i s  given by Costin e t  a l .  (1977). F o s s i l  l e a f  

remains from Lake M a m s i m  ( 3  500 m )  i nd ica te  l o c a l  presence a t  

5700 BP of podocarp f o r e s t  now found 500 m below the  s i t e .  Human 

a c t i v i t y  i s  invoked a s  the  most probable cause of the  subsequent 

de fo res ta t ion ,  although minor c l imat ic  d e t e r i o r a t i o n  i s  a l s o  

suggested. 

Evidence f o r  i n t e n s i f i e d  f o r e s t  clearance and c u l t i v a t i o n  

i s  recorded a t  s i t e s  above 2 500 m wi th in  the  l a s t  1000 t o  1500 

years and p a r t i c u l a r l y  from about 300 BP (Hope, 1976a) poss ib ly  i n  

response t o  the  in t roduct ion  of the  sweet po ta to  (Ipomoea ba ta tas )  

i n t o  the  New Guinea highlands by the  l a t e r  date.  

The dry-land pol len  record of both Markham Valley s i t e s  

is  s t rongly  suggest ive of human impact on the  vegeta t ion ,  even 

though t h e r e  i s  no c l e a r  ind ica t ion  of reduced f o r e s t  a rea .  

Whilst it i s  not  permissible t o  equate increased PDR of c e r t a i n  

non-forest taxa with a decrease i n  the  f o r e s t  cover, q u a l i t a t i v e  

changes suggest t h a t  grassland has become more predominant during 

the  upper Holocene. Corroborative, i f  c i rcumstant ia l ,  evidence is  

provided by the  record of carbonised p a r t i c l e s  t h a t  c o r r e l a t e s  

c lose ly  wi th  t h a t  of  c e r t a i n  non-forest pol len  taxa.  

The f i r s t  ind ica t ion  o f ,  poss ib ly  anthropogenic, d i s t u r -  

bance of the  vegetat ion a t  Lake Wanum i s  seen between 8550 BP and 

7850 BP i n  increased values f o r  woody non-forest pol len  taxa and 

i n f l u x  of carbonised fragments. The occurrence of n a t u r a l  f i r e s  

must be considered, although t h i s  per iod  i s  supposed t o  be more 

humid than t h e  preceding millennium, during which time no such 



evidence is found. The second phase of vegetation disturbance, from 

6950 BP to 6100 BP, is fairly similar in character to the earlier. 

From about 5350 BP, the dry-land pollen assemblages from Lake Wanum 

become dominated by woody non-forest and grassland taxa. A slight 

recovery of forest pollen taxa occurs from 3600 BP until 2300 BP, 

when a renewed phase of vegetation disturbance, continuing to the 

present day, is initiated. The dry-land pollen record of 

Yanamugi indicates presence of non-forest and grassland vegetation 

throughout the 1500 to 2000 year history of the sequence. Notably 

absent from either site is any indication of intensified agricult- 

ural activity several hundred years ago, such as is recorded in 

higher altitude sites. This period is, however, hardly represented 

in the Lake Wanum core LW 11, although it is one of the better dated 

periods in Yanamugi's sedimentary history. It is unlikely that the 

introduction of the sweet potato had as great an effect on lowland 

agriculture, where it is not the staple crop today, as it did on the 

ceiling of cultivation in the highlands. 

There is no clear evidence at either site for direct 

human impact on swamp vegetation. At Yanamugi it is possible that 

the sequence of clay and macrophytic detritus from 469 cm to 578 cm 

in core YAN 2 may reflect exploitation of the sago swamp, although 

this resource is not utilised today. Phases of considerable clay 

influx are recorded in the stratigraphy of both sites, some perhaps 

reflecting man-induced erosional events. A major clay band deposited 

between 6500 BP and 5000 BP at Lake Wanum overlaps two phases of 

suggested vegetation disturbance. It also precedes an increase in 

water level and diversification of the herbaceous swamp vegetation. 

It is possible to speculate that this horizon might reflect the 

erosional consequence of man's activity either in the lake basin, or 



i n  the  catchment of Oomsis Creek. A s imi la r  hypothesis ,  of ind i r -  

e c t  human impact on l o c a l  hydrology, i s  proposed by Powell e t  a l .  

(1975) t o  account f o r  the  i n i t i a t i o n  of organic accumulation a t  the  

Manton s i t e  and t o  explain c l ay  deposi t ion  a t  nearby Draepi swamp. 

Later  disturbance phases a t  Lake Wanum poss ib ly  associa ted  with 

clearance a c t i v i t y  appear synchronous with narrow c lay  bands, b u t  

a s  discussed i n  Chapter 8 ,  no general  c o r r e l a t i o n  e x i s t s .  

The i n t e r p r e t a t i o n  of the  pol len  records of the  Markham 

Valley s i t e s  a s  r e f l e c t i n g  a s u b s t a n t i a l  degree of human influence 

on the  dry-land vegetat ion accords with the  ava i l ab le  palynological  

and archaeological  evidence from the  New Guinea highlands. With 

t h e  proposal of complex agr i cu l tu re  a t  Kuk 9000 years  ago (Golson, 

1977b), the  lack  of unequivocal evidence f o r  f o r e s t  clearance a t  

mid-al t i tude (1 500 m t o  2 000 m) s i t e s  p r i o r  t o  5000 BP appears 

due only t o  t h e  absence of depos i t s  s u i t a b l e  f o r  analys is .  

The most convincing evidence f o r  vegeta t ion  disturbance 

and f i r i n g  a t  Lake Wanum d a t e s  from 5350 BP although two d i s t i n c t  

phases of increase  i n  woody non-forest pol len  taxa occur e a r l i e r  i n  

t h e  sequence. Accepting the  inference of human involvement, the  

episode commencing a t  8550 BP represen t s  the  e a r l i e s t  pol len  

a n a l y t i c a l  evidence f o r  vegeta t ion  clearance i n  New Guinea, although 

it is younger than the  'Phase 1' drainage channels a t  Kuk. I n  

view of the  suggested a n t i q u i t y  of highlands a g r i c u l t u r e  it is 

q u i t e  probable t h a t  c u l t i v a t i o n  i n  the  lowlands pre-dates the  base 

of the  Lake Wanum core LW I1 ( c. 9500 BP). 



DETERMINANTS OF ENVIRONMENTAL AND VEGETATIONAL CHANGE I N  THE 
MARKHAM VALLEY DURING THE HOLQCENE 

With only one s t r a t i g r a p h i c  sequence spanning most of 

the  Holocene per iod ,  the  i d e n t i f i c a t i o n  of regional  changes and 

t h e i r  causes i s  highly t e n t a t i v e  and w i l l  undoubtably be modified 

by f u t u r e  work. 

The onse t  of swamp condi t ions  i n  t h e  north-east  bay of 

Lake Wanum was probably f a c i l i t a t e d  by an increase  i n  absolute  

p r e c i p i t a t i o n  during the  period from 9600 BP t o  about 8000 BP. In- 

creased humidity may r e f l e c t  t h e  progressive f looding of the  

Arafura Sea but  i s  thought more l i k e l y  due t o  more widespread 

changes concomitant with the  g lobal  pos t -g lac ia l  c l ima t i c  ameliora- 

t ion .  The a i r  masses of e i t h e r  the  'south-east '  o r  'north-west' 

c i r c u l a t i o n s  could have become more moist a s  increased r a i n f a l l  

from both would a f f e c t  the  Lake Wanum area .  Local changes i n  hy- 

drology a s  an i n d i r e c t  consequence of the  rapid ly  r i s i n g  sea l e v e l  

may a l s o  have had an influence on the  water l e v e l  of Lake Wanum 

during t h i s  period.  

I t  i s  d i f f i c u l t  t o  i n t e r p r e t  the  considerable increase  

i n  e f f e c t i v e  water depth i n  Lake Wanum subsequent t o  8000 BP a s  a 

response t o  v a r i a t i o n  i n  p r e c i p i t a t i o n .  A period of c lay  i n f l u x  

from 6500 BP t o  5000 BP may be associa ted  with drainage d i s rup t ion  

and an increase  i n  t h e  water depth of the  lake.  The c lay  deposi- 

t i o n  may r e s u l t  from l o c a l  geomorphic change o r  might even have 

been t r iggered  by man-induced erosion.  A poss ib ly  analagous phase 

of c l ay  i n f l u x  a t  Yanamugi i n  more recent  times may be anthropo- 

genica l lycaused,  although again, n a t u r a l  hydrologic f a c t o r s  cannot 

be excluded. 



No s u b s t a n t i a l  des icca t ion  i s  seen w i t h i n t h e  l a s t  8000 

years ,  although such an event would be recorded a t  Lake Wanum only 

i f  very severe.  None of the  palaeoecological  evidence requ i res  

thermal change f o r  i t s  i n t e r p r e t a t i o n .  I f ,  a s  suggested by da ta  

from the  New Guinea highlands, the  mean temperature was lower dur- 

ing the  e a r l y  Holocene, t h i s  had a minimal e f f e c t  on condit ions a t  

sea  l e v e l .  

Whilst the  determinants of lake l e v e l s  remain ambigu- 

ous, human impact can be i d e n t i f i e d  a s  the  major cause of changes 

i n  dry-land vegetat ion.  

A Holocene vegetat ion h i s t o r y  of the  Markham region may 

be out l ined thus. The a l t i t u d i n a l  depression of montane vegeta t ion  

assoc ia t ions  influenced the  lowland vegetat ion l i t t l e ,  o r  a t  l e a s t ,  

by 9000 BP, i t s  e f f e c t  was no longer f e l t .  'Alluvium' f o r e s t  may 

have been more widespread i n  the  v i c i n i t y  of Lake Wanum during the  

e a r l y  Holocene. Nix and Kalma (1972) pos tu la te  the  Markharn area  t o  

be too a r i d  t o  support closed f o r e s t  during the  period 17 000 BP t o  

14 000 BP. It is  suggested here t h a t  r e l a t i v e  a r i d i t y  was poss ib ly  

maintained over much of the  va l l ey  u n t i l  about 8500 BP o r  8200 BP. 

Taking i n t o  account the  a c t i v e  geomorphic na ture  and poor s o i l s  of 

the  va l l ey  f l o o r  it seems unl ike ly ,  the re fo re ,  t h a t  closed f o r e s t  

was much more widespread than p resen t  over the  c e n t r a l  va l l ey  p r i o r  

t o  c. 8000 BP. Increased representa t ion  of 'alluvium' f o r e s t  i n  

the  pol len  record between 8000 BP and 6500 BP may r e f l e c t  l o c a l  

condi t ions  t o  the  south of Lake Wanum, o r  of t h e  lower Markham 

Valley. Although by perhaps 8000 BP t h e  onset  of more humid con- 

d i t i o n s  i s  ind ica ted ,  increas ing human impact on the  vegeta t ion  from 

t h i s  da te  may have contained the  expansion of closed f o r e s t  i n  t h e  

va l l ey  f loor .  Much of t h i s  a rea  may have been occupied by 



non-forest o r  open f o r e s t  vegetat ion although, i n i t i a l l y ,  open 

grassland was probably l e s s  widespread than today. 

In  c o n t r a s t  t o  the  va l l ey  f l o o r ,  the  vegetat ion of t h e  

now grassed a reas  of the  f o o t h i l l  s lopes  i s  l i k e l y  t o  have resu l t ed  

pr imar i ly  from human a c t i v i t y .  Ra in fa l l  i s  higher around t h e  

va l l ey  margin and s o i l s  a r e  genera l ly  b e t t e r  developed and not  sus- 

cep t ib le  t o  t h e  uns table  condit ions of the  va l l ey  f loor .  I t  i s  

nonetheless notable t h a t  the  l a r g e r  t r a c t s  of grassland have dev- 

eloped on t h e  th inner  s o i l s  of the  granodior i te  and limestone areas .  

I f  the  Lake Wanum a rea  be t y p i c a l  of the  va l l ey  margin, f o r e s t  c lear -  

ance may have s t a r t e d  by 8500 BP, with a r e s u l t i n g  expansion i n  

grassland area.  A p a t t e r n  of  vegeta t ion  d i s t r i b u t i o n  f a i r l y  s i m i -  

l a r  t o  t h a t  found today had probably become es tab l i shed  by 1500 

t o  2000 years  ago. 

LATE QUATERNARY ENVIRONMENTS OF THE TROPICAL LOWLANDS 

Pan-continental co r re la t ions  based on meagre and ambigu- 

ous d a t a  almost invar iably  prove i n  e r r o r .  Bearing i n  mind 

Livingstone 's  admonition t o  'beware of f a c i l e  explanations n o t  

supported by evidence' (Livingstone, 1975) some wider implicat ions 

of the  p resen t  study may be sought by comparison with o the r  t rop i -  

c a l  lowland areas .  

The l a s t  g l a c i a l  maximum i s  now genera l ly  considered a 

period of r e l a t i v e  a r i d i t y  i n  many t r o p i c a l  and sub- t ropica l  a reas  

(Rognon and W i l l i a m s ,  1977, Bowler, 1977). From about 11 000 BP t o  

8500 BP lake  l e v e l s  and vegetat ion i n  many regions r e f l e c t  a  change 

from a r i d  t o  r e l a t i v e l y  humid condit ions.  



Morley (1976) r epor t s  the  onset  of organic accumulation 

a t  Danau Padang ( a l t .  950 m ) ,  Kerinci ,  Sumatra by 9800 BP. A t rans-  

i t i o n  from f o r e s t  of an upper-montane t o  lower- o r  sub-montane 

a f f i n i t y  between 8600 BP and 8300 BP i n  in te rp re ted  a s  a  response 

t o  a  general  increase  i n  mean temperatures. 

The considerable evidence f o r  lake  l e v e l  f luc tua t ions  i n  

Africa i s  summarised by Butzer et: a l .  (1972) and Rognon and W i l l i a m s  

(19771, w h i l s t  the  course of c l ima t i c  change i s  assessed by 

Livingstone (1975). A l a rge  number of dated s i t e s ,  predominantly 

i n  e a s t  Afr ica ,  suggest  progress ively  increas ing humidity, par t icu-  

l a r l y  i n  the  equa to r i a l  a reas ,  from 12 000 BP t o  perhaps 7000 BP. 

The most informative sequence comes from Lake Vic tor ia ,on  the  

equator  a t  an a l t i t u d e  of 1 134 m. The lake l e v e l  stood a t  75 m 

below presen t  14 000 years  ago (Livingstone, 1975). Kendall (1969) 

shows t h a t  t h e  bas in  remained closed u n t i l  12 000 BP, i nd ica t ing  a 

cl imate d r i e r  than has prevai led  since.  From t h i s  da te  water l e v e l  

r i s e s ,  although with a s l i g h t  r eve r sa l  a t  around 10 000 BP. Pollen 

ana lys i s  r evea l s  a  change from savanna vegetat ion t o  evergreen for-  

e s t  over the  same per iod ,  the  f o r e s t  reaching i t s  maximum ex ten t  

by 8000 BP. 

In  Central  America the  onset  of accumulation a t  the  

ava i l ab le  lake  s i t e s  i s  influenced e i t h e r  d i r e c t l y  by r i s i n g  sea- 

l e v e l ,  such a s  i n  t h e  Gatun Basin of Panama ( B a r t l e t t  and Barghoorn, 

1973) o r  i n d i r e c t l y  by t h e  r i s i n g  water-table a s  i n  the  limestone 

area  of the  Yucatan peninsula (Deevey, 1978). Sedimentation i n  the  

Gatun Basin began around 11 300 BP, following an unconformity of 

over 20 000 years.  B a r t l e t t  and Barghoorn (1973) i n t e r p r e t  the  

pol len  sequence from these  sediments a s  ind ica t ing  a temperature 
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reduction of 2.5 C a t  t h i s  time, ameliorat ing t o  the  present  

temperature by 8500 BP t o  7300 BP. 

The Lago de Valencia i n  Venezuela was e s s e n t i a l l y  dry 

and surrounded by semi-arid vegetat ion from t h e  base of  a 13 000 

year  o ld  sediment core u n t i l  about 11 000 BP (Leyden and 

Whitehead, 1979). Between 9500 BP and 8500 BP the  lake  achieved 

i ts  maximum Holocene l e v e l ,  and t h e  modern pol len  f l o r a  became 

es tabl i shed.  Wijmstra and van der  Hammen (1966) inves t iga ted  lake  

depos i t s  i n  present  savanna areas  of Guyana. Lake Moriru ( a l t .  

110 m) i n  the  Rupununi savanna records a change from mixed savanna 

woodland, dry-fores t  and open savanna t o  a l e s s  open vegetat ion of 

closed dry-fores t  o r  savanna woodland. The authors p lace  t h i s  

t r a n s i t i o n  a t  about 10 000 BP, although only two younger radiocarbon 

da tes  support the  chronology. Subsequent increase  i n  open savanna 

vegetat ion da tes  from perhaps 7500 BP. 

The l a s t  g l a c i a l  maximum was a r i d  not  only i n  the  con- 

t i n e n t a l  t r o p i c a l  lowlands. The Galapagos i s l ands ,  on t h e  equator 

i n  t h e  eas te rn  Pac i f i c ,  were a l s o  d r i e r .  A core from E l  Junco 

lake  a t  c. 700 m on San Cr i s toba l  i s l and  (Colinvaux and Schofield,  

1976a,b) spans over 48 000 years.  Only the  sediments of the  l a s t  

10 000 yea r s  a r e  l a c u s t r i n e ,  the  underlying s t r a t a  having been 

deposi ted i n  an a r i d  cl imate.  The pol len  record of t h e  upper core 

(Colinvaux and Schofield,  1976a) shows t h e  p resen t  vegetat ion t o  

have become es tab l i shed  e a r l y  i n  t h e  Holocene, with only minor 

change s ince  t h a t  t i m e .  

No general  synthes is  of c l ima t i c  f luc tua t ions  i s  poss ib le  

f o r  t h e  l a t t e r  p a r t  of t h e  Holocene. I t  i s  c l e a r  t h a t  i n  most 

t r o p i c a l  lowland regions any such e f f e c t s  a r e  expressed i n  terms of 

r a i n f a l l ,  r a t h e r  than temperature. The inf luence  of most changes 



has been minor, compared t o  the  events  of the  e a r l y  Holocene. I n  

many regions it becomes impossible t o  i s o l a t e  t h e  e f f e c t s  of 

minor c l ima t i c  f l u c t u a t i o n  from those of the  progressively i n s i s t -  

e n t  human modification of the na tu ra l  vegetat ion.  

In  Sumatra, Morley (1976) recognises two phases of 

vegetat ion disturbance.  The f i r s t ,  i n t e rp re ted  a s  showing f o r e s t  

c learance ,  occurs between 4000 BP and 2500 BP, and is  r e f l e c t e d  by 

increase  i n  the  proport ions of Macaranga and Trema pol len  i n  the  

sediments. From 2500 BP u n t i l  the  p resen t ,  higher frequencies of 

pol len  of Trema and grasses  apparently r e f l e c t  sedentary a g r i c u l t -  

ure. 

Reduction i n  the  PDR of f o r e s t  t r e e s  i n  the  pol len  

diagram from Lake Vic to r i a  i s  seen within the  l a s t  3000 t o  3500 

years ,  and may be a t t r i b u t e d  t o  human a c t i v i t y  (Kendall, 1969). 

Agriculture i s  we l l  e s t ab l i shed  by 3000 BP i n  the  Yucatan 

lowlands, and f o r e s t  c learance  may da te  t o  5000 BP (Deevey, 1978). 

B a r t l e t t  and Barghoorn (1973) i d e n t i f y  maize pol len  from sediments 

from t h e  Gatun Basin dated a t  6230 BP t o  7300 BP, and increas ing 

frequency of herb pol len  and almost t o t a l  disappearance of t r e e  

pol len  i s  recorded wi th in  t h e  l a s t  few mil lennia.  Extension of the  

already ex tan t  Rupununi Savanna within t h e  l a s t  3000 years is  

a t t r i b u t e d  by Wijmstra and van de r  Hammen (1966) t o  man's a c t i v i t i e s .  

Thus, the  i n t e r p r e t a t i o n  of the  palaeoecological  evidence 

from t h e  Markham Valley accords, i n  broad d e t a i l  with evidence from 

o the r  t r o p i c a l  lowland o r  lower montane regions. Rela t ive  a r i d i t y  

during the  l a t e  g l a c i a l  period appears almost universa l  although the  

timing and regional  expression of the  e a r l y  Holocene increase  i n  

humidity v a r i e s  considerably. Many pol len  records show the  in f lu -  

ence of human impact on t h e  vegeta t ion  dat ing  from 4000 BP o r  5000 



BP. A t  Lake Wanum, such e f f e c t s  appear wel l  es tabl i shed by t h i s  

date.  P a r t i c u l a r l y  i n t e r e s t i n g  i s  comparison wi.th the  evidence 

from Sumatra (Morley, 1976). The palynological  expression of human 

a c t i v i t y  i s  very s i m i l a r  a t  Danau Padang and the  Markham Valley 

s i t e s .  Man's des t ruc t ive  e f f e c t  i s  however recorded a t  a much 

e a r l i e r  da te  i n  Papua New Guinea lowlands. 

In  conclusion, t h e  vegeta t ion  p a t t e r n  of the  Markham 

Valley has demonstrably not  remained s t a t i c  during the  Holocene. 

Both n a t u r a l  and anthropogenic environmental changes havebeen met 

by the  ecologica l  response of t h e  p l a n t  communities. 

PROSPECT 

Despite i t s  l i m i t a t i o n s  t h e  po l l en  a n a l y t i c a l  method i s  

one of t h e  most informative sources of evidence f o r  vegeta t ional  

and environmental change i n  the  t r o p i c a l  lowlands. The expression 

of pol len  occurrence i n  terms of annual depos i t iona l  r a t e s  circum- 

vents  many of the  inherent  problems of deal ing  with t h e  d iverse  

pol len  f l o r a  although ca lcu la t ion  of such es t imates  requi res  a sound, 

independently derived,  chronology t h a t  many s i t e s  cannot provide. 

Due t o  t h e  r e l a t i v e l y  l o c a l  na ture  of pol len  deposi t ion ,  no s i n g l e  

s i t e  i s  l i k e l y  t o  produce a vege ta t iona l  h i s t o r y  appl icable  to a 

wide area .  Prospective palaeoecological  study s i t e s  must the re fo re  

be chosen with s p e c i f i c  aims i n  mind. It appears t h a t  lowland s i t e s  

i n  New Guinea cur ren t ly  experiencing less than perhaps 1 800 m rain-  

f a l l  pe r  annum d id  not  accumulate organic sediment during t h e  l a t e  

Ple is tocene  and e a r l y  Holocene. F u l l e r  Quaternary sequences un- 

doubtedly e x i s t  i n  wet ter  o r  more e levated  areas .  S i t e s  a t  a l t i -  

tudes of 800 m t o  1 200 m may b e t t e r  r e f l e c t  pos t -g lac ia l  thermal 

f luc tua t ions ,  I n  addi t ion  areas  l e s s  d is turbed by man remain t o  be 

inves t iga ted .  



This study thus  barely scra tches  the  surface  of the  

p o l l i n i f e r o u s  mud. Palynoloqy's cont r ibut ion  t o  our  comprehension 

of the  complex t r o p i c a l  lowland r a i n f o r e s t  ecosystem has hardly 

be gun. 



APPENDIX I 

IDENTIFICATION AND DESCRIPTION OF POLLEN AND SPORE TAXA 
RECORDED FROM MARKHAM VALLEY CORES AND SURFACE SAMPLES 

Morphological descriptions and photographs of all 

identified pollen and spore types and the more common or dis- 

tinctive unknown types are contained in this appendix. All were 

recorded on Kodak Panatomic-X film using a Car1 Zeiss automatic 

photomicroscope equipped with X 40 and X 100 planapochromatic 

oil-immersion objectives. 

The identification of unknown types was achieved by 

comparison with the Dept of Biogeography and Geomorphology's 

collection of nearly 15 000 reference slides of pollen and 

spores. The matching of unknown grains with the reference mat- 

erial was aided by the use of photographs and punched-card 

descriptions of sections of the collection, and also by the com- 

puter assistedretrieval system for morphological details of 

nearly 3 000 of the slides, described by Walker et al. (1968) and 

Guppy et al. (1973) . 

Despite its large size, the reference collection tends 

predominantly to represent material from the New Guinea highlands 

and temperate Australia. Although this bias was to a small ex- 

tent rectified during the course of the project, there still 

remained a lack of adequate representation from the area under 

study in particular, and from tropical lowlands in general. For 

this reasori many of the identifications set out below remain 

tentative only, a few relying solely on published accounts, whilst 

the general level of identification is certainly not as critical 

as perhaps could otherwise have been achieved. 



The degree of certainty of an identification is in- 

dicated by the following conventions: 

The suffix IT.' ('type') indicates that the fossil 
taxon is identical with the named taxonomic unit 
although not always uniquely so, other taxa also 
producing grains or spores that are morphologically 
indistinguishable from the named type. 

The prefix 'cf.' signifies that the type is closely 
similar, but not identical in every respect with 
the named taxon or taxa. 

The prefix l ? '  indicates a very tentative identi- 
fication. The unknown type possibly lies within 
the group or groups of taxa mentioned, but the 
allocation is by no means certain. 

MORPHOLOGICAL DESCRIPTIONS 

The pollen types are grouped into the morphological 

classes of Faegri and Iversen (19641, except that the sections 

Polyplicate, Trichotomocolpate, Dicolporate, Fenestrate, Dyad, 

and Polyad have been omitted as no grains of these categories 

were found during the course of the investigation. For con- 

venience, all Cyperaceae grains have been included as a sub- 

section of the Monoporate category, although many possess more 

than one pore. In addition to the pollen morphological groups, 

two classes (Monolete and Trilete) are used to encompass 

pteridophyte and allied spores. The complete groups and their 

representation are shown in Table 1.1 

The terms used in the morphological description of 

pollen grains are, except where stated, those defined by Faegri 

and Iversen (1964), whilst terms relating to pteridophyte spore 

morphology adhere to the usage of Harris (1955). The term 

'exine' is used sensu Erdtman (1952) to describe the entire 

outer sporoderm of both pollen and pteridophyte spores. The 
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perisporium, or perine, is defined as the outermost layer of some 

spores, whether or not it is supposed part of the exine, or extra 

exinous. The descriptions employ the minimum number of terms re- 

quired to describe a taxon uniquely. Except where statistical 

parameters are given, size measurements are 'typical' rather than 

results based on a number of systematic measurements. 



TABLE I.1. Pollen- and spore-morphological groups recognised and 
the i r  representation 

Number of types 
recognised 

Number Morphological category Identified Unidentified 

Ve siculate 

Inaperturate 

Monocolpate 

Monoporate & Cyperaceae 

Dicolpate 

Tricolpate 

S tephanocolpate 

Tricolporate 

Stephanocolporate 

Pericolpate/colporate 

Diporate 

Triporate 

Stephanoporate 

Periporate 

Syncolpate/colporate 

Heterocolporate 

Tetrad 

Monolete 

Tri lete  



1. VESICULATE 

Ph y l  l o c l a d u s  (Podocarpaceae) 
128 PHYLO 

(P la te  1.1, 1) 

Bisaccate g r a i n ,  oval  t o  rec tangular  i n  shape i n  po la r  view with 
narrow, f l a t ,  bladders. S ize  va r i ab le ,  max. dimension 30-40 pm. 

Podocarpus (~odocarpaceae)  
127 PODOC 

(P la te  1.1, 2,3) 

Bisaccate g ra in  with l a rge  r e t i c u l a t e  bladders. Size va r i ab le ,  max. 
dimension usual ly  between 40-80 p. 

Dacrycarpus  T . (Podocarpaceae) 
129 DACRY 

(P la te  1.1, 4)  

Trisaccate  2 spher ica l  gra in .  Diameter c. 60 p. This type a l s o  
includes some Podocarpus spp. ,  notably P.  i m b r i c a t u s ,  P. compac tus ,  
P .  papuanus,  and P.  c i n c t u s .  

2. INAPERTURATE 

c f .  Cananga o d o r a t a  (Annonaceae) 
41 CANAN 

(P la te  1.1, 5)  

Grain f l a t t e n e d ,  + oval  i n  ?polar  view. Exine t h i n ,  sculp tur ing  
+ p s i l a t e ,  b u t  vaTiable. S ize  very va r i ab le ,  t y p i c a l l y  50-90 p - 
max. dimension. 

c f .  Gnetum (Gnetaceae) 
130 GNETU 

(P la te  1.1, 6 )  

Grain spheroidal ,  diameter c. 15 )m. Exine covered with r egu la r ly  
d i s t r i b u t e d  micro-echinae l e s s  than 1 )un i n  length.  Pa t t e rn  
appears almost foveola te  a t  low focus. 

Pandanus r a d u l a  T .  (Pandanaceae) 
2 PANDA 

(P la te  1.1, 7) 

Grain a  f l a t t e n e d  sphere,  maximum dimension c. 17 pm. Sculpturing 
c o n s i s t s  of  i r r e g u l a r l y  d i s t r i b u t e d  micro-echinae l e s s  than 1 p n  
i n  length.  A f a i n t  porus may be v i s i b l e .  Similar  types probably 
occur i n  many o the r  Pandanus spp. 



c f .  ~ o l o c a s i a  (Araceae) 
20 COLOC 

(P la te  1.1, 8)  

Grain + spher ica l  with r egu la r ly  d i s t r i b u t e d ,  broad-based echinae, 
a t  l e a s t  2 p i n  length.  

Unknown 274 
135 UK274 

(P la te  1.1, 9) 

Grain with t h i c k ,  heavily sculptured  gemmate exine. Gemmae c. 3 )~m 
i n  length.  

3 .  MONOCOLPATE 

?Normanbya T. (Palmae) 
18 NORMA 

(P la te  1.1, 10) 

A plano-convex g ra in  i n  equa to r i a l  view, with a long colpus. 
Exine p s i l a t e  o r  f a i n t l y  scabra te .  S l i g h t l y  s imi la r  t o  severa l  
Palmae including Normanbya and Archontophoenix. 

c f .  L i l i aceae  
22 LILIA 

(P la te  1.1, 11) 

Grain t y p i c a l l y  26 X 22 pm. Exine r e t i c u l a t e ,  with two d i s t i n c t  
layers .  Generic a f f i n i t y  unknown. Some Palmae, such a s  Caryota 
have s l i g h t l y  s imi la r  pollen.  

?Palmae 
15 PALMA 

(P la te  1.2, 12) 

Grain c. 18 X 12 p, f a i n t l y  r e t i c u l a t e .  Exine not  v i s i b l y  more 
than s i n g l e  layered. 

c f .  Arenga (Palmae) 
19 ARENG 

(P la te  1.2,  13) 

Grain c i r c u l a r  i n  p o l a r  view, oval  i n  equa to r i a l  view. Exine 
echinate ,  colpus i n d i s t i n c t .  

Unknown 156 
136 UK156 

(P la te  1.2,  14) 

Plano-convex g r a i n  i n  equa to r i a l  view, with t h i c k  exine. Sparsely 
covered with small  verrucae. 



FIGURE I .1.  S i z e - c l a s s  d i s t r i b u t i o n  o f  p o l l e n  g r a i n s  from some common g r a s s  

L e e r s i a  hexandra  

S a c c i o l  e p i s  i n d i c a  

C o e l o r h a c h i  s 
rottboel l i o i d e s  

Miscan t h u s  
f l o r i d u l  u s  

S a c c i o l  e p i  S 

m y o s u r o i d e s  

Impera ta  c y l i n d r i c a  

s p e c i e s  

Cappi  l l i p e d i  um 
p a r v i  f  l o rum 

Phragmi te s  k a r k a  

Themeda a u s t r a l i s  Ischaemum barbatum 



4. MONOPORATE AND CYPERACEAE 

4A. Monoporate 

Gramineae 1 
4 GRAM1 

Max. dimension l e s s  than 20 pm. 

Gramineae 2 
5 GRAM2 

Max. dimension 20-25 p. 

Gramineae 3 
6 GRAM3 

Max. dimension 25-30 p. 

Gramineae 4 
7 GRAM4 

Max. dimension l a r g e r  than 30 p. 

Gramineae 5 
8 GRAM5 

(P la te  1.2, 15) 

(P la te  1 .2 ,  16) 

Grain with d i s t i n c t  a r e o l a t e  o r  coarse scabra te  p a t t e r n ,  max. 
dimension g r e a t e r  than 30 p. The d i s t r i b u t i o n  of t h e  morphological 
types amongst the  more common Markham Valley grasses  i s  shown i n  
Fig. 1.1. 

Flagellaria (Flagel lar iaceae)  
21 FLAGE 

( P l a t e  1.2, 1 7 )  

Grain - + spher ica l ,  c. 16 p i n  diameter. Exine r e t i c u l a t e  i n  high 
focus,  becoming almost foveola te  i n  low focus. Porus c i r c u l a r ,  with 
annulus, s l i g h t l y  protruding.  

~parganium antipodurn T. (Sparganiaceae) 
3 SPARG 

( P l a t e  1 . 2 ,  18) 

Grain + spher ica l .  Exine f i n e l y  r e t i c u l a t e .  Porus c i r c u l a r ,  un- 
pat terned,  without annulus. 



Typha (~yphaceae) 
1 TYPHA 

(Plate I. 2, 19) 

Grain oval to rectangular in either polar or equatorial aspect. 
Exine thick with reticulate sculpturing. Porus uneven in shape, 
sometimes indistinct. Grains frequently found clumped, or in 
tetrads. 

Unknown 292 
137 UK292 

(Plate 1.2, 20) 

Grain + spherical, exine scabrate. Porus diffuse with ragged 
edges, no annulus. Cyrtospermum (Araceae) is slightly similar, but 
larger. 

Monoporate (undifferentiated) 
138 MONPU 

4B Cyperaceae 

Hypolytrum nemorum T. (Cyperaceae) 
14 HYPOL 

(Plate 1.2, 21) 

Grain + spherical, diameter 16 p. Exine scabrate. Porus unevenly 
circular or rectangular with distinct, but ragged edge; no annulus. 
H. compactum is similar to H .  nemorum. Other Hypolytrum spp. differ 
in their pollen morphology. 

Cyperaceae A1 
9 CYPAl 

(Plate 1.2, 22) 

Heteropolar 'pear-shaped' grains less than 30 )un maximum diameter. 
This type includes c. 8% of two common Cyperus  spp., C .  p l a t y s t y l i s  
and C .  p o l y s t a c h o s .  

Cyperaceae A2 
10 CYPA2 

Heteropolar 'pear-shaped' grain, max. dimension larger than 30 p. 
Includes minor proportions of the grains from E l e o c h a r i s  d u l c i s ,  
S c i r p u s  g r o s s u s ,  Fuirena c i l i a r i s ,  and c. 20% of Carex  s a r a w a k e t e n s i s  
grains. 



Cyperaceae B1 
11 CYPBl 

Grains rectangular to oval from either aspect, max. dimension 
less than 30 p. Includes over 90% of C y p e r u s  p o l y s t a c h o s ,  
C .  p l a t y s t y l i s ,  F i m b r i s t y l i s  t e n u i n e r v i a a n d  someFu i rena  c i l i a r i s  
grains. 

Cyperaceae B2 
12 CYPB2 

(Plate 1.2, 23) 

Grains rectangular to oval in either aspect, max. dimension larger 
than 30 Includes a large majority of E l e o c h a r i s  d u l c i s ,  
F u i r e n a  c i l i a r i s ,  F i m b r i s t y l i s  d i cho toma  and Carex  s a r a w a k e t e n s i s  
grains. 

Cyperaceae C 
13 CYPCI 

Spherical cyperaceous grains (excluding Hypoly trum nemorum T.). 
About 15% of F i m b r i s t y l i s  d i cho toma  grains belong to this group. 

5. DICOLPATE 

Calamus (Palmae) 
17 C A M  

(Plate 1.2, 24) 

Grain oval in polar view. Scabrate-reticulate, or verrucate 
sculpturing. Colpus margin ragged. 

?Met roxy lon  sagu  (Palmae) 
16 METRO 

(Plate 1.2, 25) 

Tentative identification based on description and illustration in 
Thanikaimoni (1970). Psilate grain with uneven colpus margins. 
Size c .  32 X 23 p. 



6. TRICOLPATE 

Anisoptera T. (~ipterocarpaceae) 
93 ANISO 

(Plate 1.3, 26,27) 

Grain - + spherical, diameter c. 17 p, or oblate (split colpi). 
Exine regularly scabrate or per-reticulate. In polar optical 
section colpus edges appear rounded; only one layer distinguish- 
able in exine. This type also includes Vatica. Most Hopea grains 
are 4- or 6-colpate. 

Dysophylla T. (Labiatae) 
119 DYSOP 

(Plate 1.3, 28,29) 

Grain + spherical, diameter c, 18 p, or oblate (split colpi). 
Exine reticulate with two distinct layers. In polar optical 
section, colpus edges appear pointed. Similar pollen grains also 
occur in other families including Hammamelidaceae and Verbenaceae. 
Many other Labiatae genera produce pollen that is stephanocolpate 
or tricolpate and psilate. 

cf. Verbenaceae/Bignoniaceae 
117 VERB1 

(Plate 1.3, 30) 

Grains spherical, or oblate (split colpi). Size c. 35 X 25 p. 
Exine thick, reticulate. Two distinct layers sometimes visible in 
exine. This type is found in Gmelina and Callicarpa (Verbenaceae) 
and Haussemanianthes (Bignoniaceae). 

Timonius T. (Rubiaceae) 
121 TIMON 

(Plate I. 3, 31) 

Grain + spherical, sometimes appearing inaperturate. Thick exine, 
with visible columellae. Sculpturing consists of a large-scale 
reticulum, diameter of lumina c. 3 p. Muri become 'bead-like' in 
low focus. Antirhea produces similar pollen grains. 

Nelumbo nucifera (Nymphaceae) 
37 NELUM 

(Plate 1.3, 32) 

Grain + spherical, although usually found oblate with split colpi. 
~iametgr variable, typically c. 60 +m. Exine c. 4 p in thickness, 
semitectate, dense columellae becoming - + fused in surface focus, 
discrete in low focus. 



Ilex (~quif oliaceae) 
76 ILEXA 

(Plate 1.4, 33,34) 

Grain prolate to oblate, size variable, diameter typically 18 p. 
Exine clavate, clavae becoming smaller towards the psilate colpus. 
A small circular porus is sometimes visible within the colpus. 

Endospermum (Euphorbiaceae) 
72 ENDOS 

(Plate 1.4, 35) 

Grain oblate, size variable. Exine thick, sculpturing consists of 
verrucae orgemmae that appear angular in optical section. 
Maximum diameter of elements is 2 +m, becoming smaller towards the 
colpi. 

Unknown 235 
139 UK235 

(Plate 1.4, 36) 

Grain prolate, lobate in polar view, size c. 43 X 24 p. 
Sculpturing reticulate, colurnellae clearly visible in exine 
optical section. 

Unknown 293 
140 UK293 

(Plate 1.4, 37) 

Grain 2 circular in equatorial view, inter-hexagonal in polar view. 
Diameter c. 31 p. Sculpturing reticulate, scale becoming smaller 
towards poles. Maximum exine thickness c. 4 p. 

Tricolporate (undifferentiated) 
141 TRICU 

7. STEPHANOCOLPATE 

cf. Myrsine T. (Myrsinaceae) 
107 MYRSI 

(Plate 1.4, 38,391 

Grain prolate to slightly oblate. Three to five colpi, often not 
parallel to polar axis. Colpus straight, with ragged margin. 
Exine scabrate or faintly microreticulate. Diameter c. 20 p. 
Pollen grains of this type from various species of Myrsine have 
been described by Morley (1976) and Selling (1974). Some Rapanea 
spp. appear to produce similar grains (van der Hammen et al. 1973) 



Notho fagus  (Fagaceae) 
25 NOTHO 

(Plate 1.4, 40) 

Grain + hexagonal, depressed oval shape in equatorial view. 
colpus-short; sculpturing composed of regularly arranged minute 
baculae. All grains encountered fall within the ' b r a s s i i '  pollen 
subtype. 

8. TRICOLPORATE 

8A. Tricolporate - max. diameter smaller than 15 p 

Elaeocarpus  T. (Elaeocarpaceae) 
85 ELAEO 

(Plate 1.4, 41) 

Grain oblate to prolate, usually inter-sub-angular. Max. dimension 
7 - 10 p. Exine psilate. Meridional colpus interrupted at 
equator, although no distinct transverse aperture usually disting- 
uishable. 

Octomeles  sumatrana (Datiscaceae) 
96 OCTOM 

(Plate 1.4, 42) 

Grain oblate, + sub-angular, typically 9.5 X 11 p. Sculpturing 
faintly scabrate. Exine Max. thickness greater than 1 p, becoming 
thinner towards the colpi. Polar area small, colpus long, un- 
patterned, although often indistinct. Porus small, - + circular, 
indistinct especially in surface focus. 

Macaranga ova t i f o l i a  T . (Euphorbiaceae) 
67 MACOV 

(Plate I. 4, 43) 

Grain + spherical, diameter less than 10 p. Faintly but distinctly 
scabrare. Transverse colpus almost slit-like, patterned in surface 
focus. Apart from the shape and patterning of the transverse 
colpus, this pollen type is almost identical to that produced by 
some Acera t ium spp. (Elaeocarpaceae). A proportion of grains from 
other Macaranga spp., in particular M .  f i m b r i a t a ,  may be included in 
this category. 

Macaranga (~uphorbiaceae) 
66 MACAR 

(Plate 1.4, 44,451 

Grains prolate or oblate, semi-angular, or inter-sub-angular, maxi- 
mum diameter usually less than c .  13 p. Exine scabrate to 
microreticulate, appearing thickened around the colpi in polar view. 
Transverse colpus rectangular or slit-like, patterned in surface 
focus only. 



~acaranga/Mallotus (Euphorbiaceae) 
61 MACMA 

Pollen grains of Macaranga or Mallotus configuration that cannot 
be assigned with certainty to either genus. Size range c. 13 to 
18 p max. dimension. 

Rhamnaceae 
84 RHAMN 

(Plate 1.4, 46,47) 

Grains usually oblate to circular in equatorial view, 5 angular in 
polar view. Size variable, max. diameter usually less than 15 p. 
Sculpturing psilate to faintly scabrate. Colpus long, transverse 
porus + circular, with partial annulus. This type probably in- 
cludes-many rhamnaceous genera with predominantly small pollen 
grains, such as Ventilago and Gouania, and a minor proportion of 
the pollen of others, such as Zizyphus, and Alphitonia. 

Spiraeopsis T . (~unoniaceae) 
47 SPIRA 

(Plate 1.5, 48) 

Grains + spherical, very small, diameter c. 8 p. Sculpturing 
faintly reticulate, columellae visible in exine optical section. 
Transverse porus 2 circular, although small and indistinct especi- 
ally in surface focus. This type also includes a large proportion 
of grains from the genera Pullea, Aistopetalum, Opocunonia, 
Spiraeanthemum and Ackama. 

(Plate 1.5, 49) 

Grain oblate, semi-angular or sub-angular, c. 10 X 11 p. 
Sculpturing faintly reticulate, columellae visible in exine section. 
Transverse colpus 2 rectangular, slightly constricted by the meridi- 
onal colpus. This type may include a small proportion of grains 
from other tricolporate genera of Cunoniaceae. 

Hypserpa (~enispermaceae) 
39 HYPSE 

(Plate 1.5, 50) 

Grain oblate to prolate, polar axis c. 12 to 15 p. Exine dis- 
tinctly two-layered, sculpturing reticulate or microreticulate. 
Transverse porus - + circular, patterned in surface focus, sometimes 
indistinct. 



Uncaria T. (Rubiaceae) 
125 UNCAR 

(P la te  1.5,  51,52) 

Grain ob la te  t o  p r o l a t e ,  maximum diameter usual ly  l e s s  than 11 p. 
Morphologically s imi la r  t o  Neonauclea, although sculptur ing  l e s s  
d i s t i n c t ,  usual ly  mic ro re t i cu la te  o r  f a i n t l y  scabra te ,  and porus 
smaller.  A small proport ion of Neonauclea g ra ins  may be included 
i n  t h i s  type. 

Nauclea T. ( ~ u b i a c e a e )  
124 NAUCL 

(P la te  1.5,  53) 

Grains usual ly  ob la te ,  equa to r i a l  diameter 11 - 15 p. Exine up 
t o  1 . 5 ~  i n  thickness,  columellae v i s i b l e  i n  o p t i c a l  sec t ion .  
Sculpturing f i n e l y  r e t i c u l a t e .  Meridional colpus d i s t i n c t  with 
thickened margo. Porus c i r c u l a r  with thickened annulus. The type 
is a l s o  found i n  Neonauclea, Sarcocephalus and Anthocephalus. 
Pollen of these  genera tends t o  be smaller  with l e s s  pronounced 
sculptur ing  than t h a t  of  Nauclea, although ranges overlap. This 
is  perhaps t o  be expected given the  complex gener ic  synonymy of 
the  Naucleae (Ridsdale, 1970). A small proport ion of Uncaria 
g ra ins  may a l s o  be represented i n  t h i s  category. 

Tetracera T. (Dil leniaceae)  
92 TETRA 

(P la te  1.5,  54) 

Grain ob la te  t o  p ro la te .  Exine v i s i b l y  two-layered, sculptur ing  
c l e a r l y  r e t i c u l a t e .  Size and shape very va r i ab le .  Colpus usual ly  
s p l i t s ,  enclosing a l a rge  oval  porus,  unpatterned, with ragged 
edges. This pol len  type a l s o  occurs i n  some species  of Hibbert ia .  

Olea (Oleaceae) 
112 OLEAS 

(P la te  1.5, 55) 

Grain o b l a t e ,  o r  + spher ica l ,  diameter c. 14 p. Exine th ick ,  
d i s t i n c t l y  two layered,  columellae v i s i b l e .  Sculpturing r e t i c u l a t e  
i n  surface  focus,  d i s c r e t e  colurnellae v i s i b l e  a t  low focus. Porus 
i n d i s t i n c t .  

Rapanea c f .  achradaefolia  T.  ( ~ y r s i n a c e a e )  (P la te  1 .5 ,  56) 
106 RAPAN 

Grain p r o l a t e ,  c i r c u l a r  t o  inter-semi-angular i n  po la r  view. 
Sculpturing regu la r ly  scabra te ,  po la r  a rea  small.  Colpus un- 
pa t terned with s l i g h t l y  thickened margo, cons t r i c t ed  a t  equator 
although no c l e a r  t ransverse  aper ture  v i s i b l e .  



Unknown 194 
142 UK194 

(P la te  1.5, 57)  

Grain p r o l a t e ,  2 sub-angular, s i z e  va r i ab le ,  t y p i c a l l y  12 X 10 p. 
Exine r e l a t i v e l y  th ick  c. 1 p, sculptur ing  p s i l a t e  t o  f a i n t l y  
scabra te .  Meridional colpus in te r rup ted  a t  equator ,  although 
t ransverse  aper ture  not  c l e a r l y  v i s i b l e .  

Unknown 109 
143 UK109 

(P la te  1 .5 ,  58) 

Grain 2 spher ica l ,  diameter c. 12 p. Exine d i s t i n c t l y  two 
layered;  sculptur ing  scabra te .  Meridional colpus narrow; t rans-  
verse colpus l a rge ,  rec tangular  t o  oval ,  unpatterned. This type 
bears  a s l i g h t  s i m i l a r i t y  t o  some g r a i n s  from the  genus 
Ternstroemia (Theaceae). 

Unknown 104 
144 UK104 

(P la te  1 .5 ,  59) 

Grain o b l a t e ,  almost ap icu la te  i n  equa to r i a l  view, angular i n  
po la r  view. Diameter c. 12 p. Max. exine thickness c. 1 .5  p. 
Sculpturing p s i l a t e ,  o r  f a i n t l y  scabra te .  Transverse colpus 
protruding,  cons t r i c t ed  by meridional colpus,  unpatterned. 

Unknown 60 
145 UK060 

(P la te  1 .5 ,  60) 

Grain + spher ica l ,  diameter c. 14 pm. Sculpturing c o n s i s t s  of a 
f i n e  r t i c u l u m  of isodiametric  elements. Columellae c l e a r l y  
v i s i b l e  i n  exine o p t i c a l  sec t ion .  Meridional colpus narrow, un- 
pa t terned;  t ransverse  colpus rec tangular ,  pa t terned i n  surface  
focus. This type bears  a s u p e r f i c i a l  resemblance t o  the  po l l en  
produced by some genera of Stercul iaceae ,  Euphorbiaceae and 
Flacourt iaceae.)  

Tr icolpora te ,  Sect ion A ,  (undi f ferent ia ted)  
146 3CPAU 



8B. Tricolporate, max. diameter larger than 15 sculpturing 
scabrate or psilate, grain prolate 

~astanopsis T. (Fagaceae) 
26 CASTA 

(Plate 1.5, 61,62) 

Grains prolate, polar axis usually 14 - 20 p, although may be 
larger. Inter-semi-angular or inter-semi-lobate in polar view. 
Sculpturing usually psilate or faintly scabrate, a few species 
coarsely scabrate. Transverse colpus rectangular or slit-like. 

Lithocarpus spp. are generally more prolate, and larger than those 
of Castanopsis, however ranges of size and morphology overlap 
considerably. 

Rhizophora apiculata T. (Rhizophoraceae) 
99 RHIZO 

(Plate 1.5, 63) 

Grain prolate, size variable, polar axis usually 17 - 25 p. 
Exine thick, evenly scabrate. Columellae sometimes visible. 
Distinct equatorial colpus is faintly patterned in surface focus. 

cf. Crotalaria T. (~eguminosae) 
53 CROTA 

(Plate 1.5, 64) 

A very variable type, both in size and morphology. Usually 
prolate, inter-semi-lobate c. 20 X 13 p. Sculpturing evenly 
scabrate, or faintly microreticulate. Meridional colpus long, with 
slightly thickened margo, usually asymmetrically constricted at 
equator. Transverse colpus oval, patterned in surface focus. This 
pollen type is produced by some genera of Papilionatae, including 
Crotalaria, and by several species of Cassia (Caesalpinioideae). 

?Leguminosae (Papilionatae) B 
50 LEGPB 

(Plate 1.5, 65) 

Grains prolate, inter-sub-angular, or inter-semi-lobate. Sculpt- 
uring psilate or faintly scabrate. Colpus long, interrupted at 
equator by large indistinct, sometimes oval, transverse aperture. 

cf. Bi schofia (Euphorbiaceae) 
71 BISCH 

(Plate 1.5, 66,67) 

Grain circular or prolate in equatorial view, circular in polar 
view. Size variable, polar axis c. 14 - 18 p. Sculpturing 
microreticulate or regularly scabrate. Distinct columellae visible 
in exine section. Transverse colpus rectangular, patterned in 
surface focus, often slit-like. Meridional colpus narrow, un- 
patterned at any level. 



(Plate 1.6, 68,69) Antidesma (Euphorbiaceae) 
68 ANTID 

Grain prolate, often lobate. Size variable, typically 18 X 12 p 
Transverse colpus rectangular, bordered by distinct, parallel 
costae. 

Euphorbia hirta T. (Euphorbiaceae) 
59 EUPHI 

(Plate 1.6, 70) 

Grain prolate, inter-semi-lobate, c.24 X 16 p. Exine thick, up 
to 3 p, with distinct columellae; sculpturing coarsely scabrate, 
or almost microreticulate. Exine becomes thinner around the psilate 
colpus area. Transverse colpus + oval or rectangular. This type 
is also found in other ~u~horbia-spp. including E. velutina. 

cf. Euphorbia (Euphorbiaceae) 
58 EUPHA 

(Plate 1.6, 71) 

Grains prolate c. 25 X 20 p, with small polar area. Sculpturing 
coarsely scabrate to unevenly reticulate. Exine thick, two layers 
visible. Type found in some Euphorbia spp. and may also include 
representatives from other genera of the family, such as Sapium. 

(Plate 1.6, 72) 

Grain prolate, sub-angular, or semi-angular. Sculpturing scabrate 
to microreticulate. Transverse colpus rectangular, very 
equatorially elongated, edges ragged. This type closely resembles 
Rhus taitensis and similar forms occur in other genera of 
Anacardiaceae. 

Diospyros cf. ferrea (Ebenceae) 
110 DIOSP 

(Plate 1.6, 7 3 )  

Grain prolate, inter-hexagonal to semi-lobate. Exine faintly 
scabrate to psilate. Meridional colpus faint in surface focus, 
transverse colpus circular, with indistinct edges. 

Planchonella T. (Sapotaceae) 
108 PLANC 

(Plate 1.6, 74,75) 

Grain prolate, size variable but polar axis usually larger than 
30 pm. Colpus long and narrow. Porus well defined, circular or 
oval, unpatterned, without thickened annulus; often protruding. 
This type also includes Chrysophyllum and Pouteria. Most other 
genera of Sapotaceae produce 4-colporate pollen predominantly. 



cf. Palaquium (Sapotaceae) 
109 PALAQ 

(Plate 1.6, 76) 

Grain prolate, sub-angular, c. 31 X 26 p. Sculpturing evenly 
scabrate or faintly microreticulate. Faint columellae visible in 
exine optical section. Transverse colpus oval, equatorially 
elongated. This type resembles a proportion of grains from the 
genus Palaquium but differs from Planchonella T. only in the 
sculpturing pattern and transverse colpus morphology. 

Unknown 79 
147 UK079 

(Plate 1.6, 77,78) 

Grain prolate, inter-semi-angular size c. 18 X 12 p. Sculpturing 
psilate or faintly scabrate. Colpus long and narrow, polar area 
small. Transverse aperture small, shape indistinct. Thickened 
costae visible around aperture especially in optical section. 

Unknown 119 
148 UK119 

(Plate 1.6, 79) 

Grain prolate, inter-sub-angular, size c. 18 X 11 pm. Sculpturing 
scabrate. Exine max. thickness c. 2.5 p. Meridional colpus long, 
polar area small. Transverse colpus wide, slit-like, patterned, 
with distinct thickened costae. 

Unknown 174 
149 UK174 

(Plate I. 6, 80) 

Grain prolate, apiculate in equatorial view, sub-angular in polar 
view. Sculpturing coarsely scabrate to microreticulate. Polar 
area small. Transverse aperture indistinct. 

Tricolporate, Section B, (undifferentiated) 
150 3CPBU 

8C. Tricolporate, larger than 15 pm, sculpturing scabrate or 
psilate, grain spherical to oblate 

cf. Euphorbiaceae 
56 EUPHT 

(Plate 1.6, 81) 

Grain oblate c. 14 X 15.5 pm. Sculpturing scabrate, meridional 
colpus narrow, polar area small. Transverse colpus patterned in 
surface focus; faint costae present. 



M a l l o t u s  T. (Euphorbiaceae) 
60 MALL0 

(Plate 1.6, 82) 

Grain spherical to oblate, max. diameter larger than 17 p. Two 
broad types may be distinguished: 
M .  p h i l i p p i n e n s i s  T. with very short colpi, - + circular in polar 
view. 
M .  p a n i c u l a t a  T. with longer colpi, semi-angular or almost inter- 
hexagonal in polar view. (Includes M .  r i c i n o i d e s ) .  

C l e i d i o n  T .  (~uphorbiaceae) 
73 CLEID 

(Plate 1.6, 83) 

Grain inter-semi-lobate, - + circular in equatorial view. Max. 
diameter c.  17 - 20 p. Transverse colpus wide, patterned in 
surface focus. 

cf. Muehlenbeckia  (Polygonaceae) 
36 MUEHL 

(Plate 1.6, 84) 

Grain spherical to prolate, diameter c .  18 pm. Exine coarsely 
scabrate. Polar area small. Transverse colpus rectangular to 
oval, equatorially elongated. 

cf. Rumex b r o w n i i  (Polygonaceae) 
35 RUMEX 

(Plate I. 7, 85) 

Grain inter-sub-angular, oblate, c. 20 X 22 p. Sculpturing 
scabrate to unevenly reticulate. Porus + circular, with slightly 
thickened annulus. Heteropolar , with arci linking colpi at one 
pole. 

Dodonaea (Sapindaceae) 
81 DODON 

(Plate 1.7, 86) 

Grain + spherical, size variable. Colpus narrow and long, polar 
area small. Porus circular to slightly oval, equatorially elonga- 
ted, and protruding. This type is characteristic of some New 
Guinea and North Queensland Dodonaea spp. 

Acaena (Rosaceae) 
48 ACZXEN 

(Plate 1.8, 87) 

Grain spherical, or oblate, max. diameter c. 27 p. Sculpturing 
coarsely scabrate. Meridional colpus short, often indistinct. 
Transverse colpus - + oval, equatorially elongated, with thin pro- 
truding operculum. 



? p a r i n a r i  (Rosaceae) 
49 PARIN 

(P la te  1.7, 88) 

Grain ob la te  t o  p r o l a t e ,  semi-angular. Size var iable .  Sculptur- 
ing coarse ly  scabra te .  Polar  area  small. Meridional colpus 
with s l i g h t l y  thickened margo. Transverse colpus i n d i s t i n c t .  
This type s l i g h t l y  resembles pol len  from some species  of Thea and 
Gordonia  (Theaceae) , I n d i g o f e r a  (Leguminosae) . 

Unknown 123 
151 UK123 

( P l a t e  1.7, 89) 

Grain ob la te  t o  p r o l a t e ,  inter-semi-angular. Max. diameter c. 16 p. 
Sculpturingmicroreticulate, elements l e s s  than 1 p i n  diameter. 
Columellae c l e a r l y  v i s i b l e  i n  exine sec t ion .  Meridional colpus 
cons t r i c t ed  a t  equator although c l e a r  t ransverse  aper ture  not  
v i s i b l e  i n  surface  focus. 

Unknown 221 
152 UK221 

(P la te  I. 7, 90) 

Grain ob la te ,  + sub-angular, c. 15 X 17 p. Sculpturing coarse ly  
scabra te ,  colp& area  p s i l a t e .  Polar  a rea  small.  Porus + oval ,  
equa to r i a l ly  elongated, extending t o  the  margin of the  meridional 
colpus. 

Unknown 218 
153 UK218 

( P l a t e  1.7, 91) 

Grain ob la te ,  c. 18 X 14 p. Exine scabra te .  Meridional colpus 
wide, unpatterned. In  po la r  view exine becomes th inner  towards 
colpus. Meridional colpus cons t r i c t ed  a t  equator.  Transverse 
colpus pat terned i n  surface  focus. 

Tr icolpora te ,  Sect ion C (und i f fe ren t i a t ed )  
154 3CPCU 



8D. Tricolporate, larger than 15 p, sculpturing reticulate 

Vandasia T. (Leguminosae) 
52 VANDA 

(Plate 1.7, 92) 

Grain - + circular in equatorial view, semi-angular in polar view. 
Max. diameter c. 16 p. Sculpturing a small scale reticulum, 
with a psilate margo around the meridional colpus. Transverse 
colpus rectangular to oval, unpatterned. Morphologically simi- 
lar grains occur in other genera of the ~apilionatae, including 
Pterocarpus, Pueraria, and Tephrosia, and in some species of 
Ternstroemia (Theaceae). 

cf. Sterculia edelfel tii (Sterculiaceae) (Plate I. 7, 93,94) 
91 STERE 

Grain + spherical, diameter c. 18 p. Reticulate sculpturing 
consis&g of elongated elements of variable size. Transverse 
colpus - + rectangular, patterned in surface focus. 

Pla tea excelsa (Icacinaceae) 
80 PLATE 

(Plate I. 7, 95) 

Grain + spherical. Exine c. 2.5 p thick, two layered, with clearly 
visible columellae. Reticulum breaks up into separate columellae 
in low focus. Transverse colpus + rectangular, indistinct in 
surf ace focus. 

Melanolepis T. (~uphorbiaceae) 
70 MELAN 

(Plate 1.7, 96,97,98) 

Grain spherical to oblate, diameter c. 25 p. Exine thick, 
sculpturing reticulate. Transverse colpus 5 rectangular, patterned 
in surface focus only. This type is found also in Bridelia and 
Cleistanthus, although the grains are usually slightly smaller. 
In some Bridelia spp., the muri are aligned to form 'pseudo- 
striations' sensu Punt (1962), whereas in Cleistanthus, the reticu- 
lum is less distinct. 

Boerlagiodendron (Araliaceae) 
104 BOERL 

(Plate 1.7, 99,100) 

Grain angular to sub-angular, oblate. Sculpturing dimorphic: 
microreticulate around colpi and porae, and disjunctly reticulate 
between the colpi. 



Morinda (Rubiaceae) 
123 MORIN 

(P la te  1.7,  101) 

Oblate t o  spher i ca l  g ra in ,  s i z e  var iable .  Sculpturing r e t i c u l a t e ,  
colpus area  p s i l a t e .  Porus l a r g e ,  - + c i r c u l a r  with heavily thick- 
ened annulus. 

Echium c f .  p lan tag ineum (Boraginaceae) ( p l a t e  1.8, 102) 
116 ECHIP 

Grain heteropolar ,  'pear-shaped' c.  22 X 15 p. Exine micro- 
r e t i c u l a t e .  Porus oval ,  with s l i g h t l y  thickened annulus. 

~ v o d i a  T. ( ~ u t a c e a e )  
55 EVODI 

Grain p r o l a t e  c.  18 X 13 p. Exine two-layered, evenly r e t i c u l a t e .  
Transverse colpus rec tangular ,  unpatterned. This type includes 
E. x a n t h o x y l o i d e s  and o the r  Evodia  spp.,  and some species  of 
M e 1  i c o p e .  

Aporosa  (Euphorbiaceae) 
69 APORO 

(P la te  1.8,  105,106) 

Grain inter-sub-angular,  p r o l a t e  t o  c i r c u l a r  i n  equa to r i a l  view, 
s i z e  c. 18 X 14 p. Exine f i n e l y  r e t i c u l a t e .  Transverse colpus 
narrow, s l i t - l i k e ,  c. 6 p i n  length. 

?Leguminosae (Papil ionatae)  D 
51 LEGPD 

(P la te  1 .8 ,  107,108) 

Grains p r o l a t e ,  inter-sub-angular o r  inter-semi-lobate. Max. 
diameter 18-25 p. Sculpturing d i s t i n c t l y  mic ro re t i cu la te .  
Meridional colpus, long, cons t r i c t ed  o r  d i s t o r t e d  a t  equator by the  
t ransverse  aper ture .  This type i s  found i n  genera of the  Papilion- 
a t a e  such a s  P u e r a r i a ,  and G m p h o l o b i u m  and i n  severa l  species  of 
Hypericurn (Gut t i ferae)  . 

B r a c h y c h i t o n  T. (Stercul iaceae)  
88 BRACH 

Grain p r o l a t e ,  s i z e  va r i ab le .  Exine two layered;  sculptur ing  
r e t i c u l a t e ;  max. diameter of luminae c. 2 p, smaller  towards 
co lp i .  Meridional colpus unpatterned, sharply defined. Transverse 
aper ture  oval  o r  rectangular .  Grains of t h i s  type occur i n  some 
B r a c h y c h i t o n ,  Argyrodendron ,  Pterocymbium,  and S t e r c u l i a  species.  



Microcos  T. (Ti l iaceae)  
86 MICRO 

313 

(P la te  1.8,  110) 

Grain p r o l a t e  t o  spher i ca l ,  t y p i c a l l y  21 X 14 p. Reticulum 
s i m i l a r  t o  Trichospermum,  b u t  smaller  s c a l e ,  and more uniform i n  
s i z e .  Transverse colpus wide b u t  i n d i s t i n c t .  Similar  g r a i n s  a r e  
produced by Columbia ,  and Grewia p a n i c u l a t a .  

Trichospermum (Ti l iaceae)  
87 TRICO 

(P la te  1.8, 111) 

Grain p r o l a t e  c. 30 X 18 p. Exine r e t i c u l a t e ,  l a r g e s t  diameter 
of lumenae c. 2.5 p, decreasing i n  s i z e  towards the  co lp i .  

Rutaceae/Araliaceae T. 
54 RUTAR 

(Pla te  I. 8 ,  112,113) 

Grains p r o l a t e ,  usual ly  20 - 30 p pola r  ax i s .  Exine + r e t i c u l a t e ,  
o f t e n  d i s t i n c t l y  two layered. Meridional colpus c l e a r l y  i n t e r -  
rupted by t ransverse  aper ture ,  usual ly  rec tangular ,  which may be 
pat terned i n  surface  focus. A d iverse  type found i n  many genera 
including E v o d i e l l a ,  Acronych ia  and F l i n d e r s i a  (Rutaceae) , and 
S c h e f f l e r a  and Harmsiopanax (Aral iaceae) .  

Unknown 309 
155 UK309 

(P la te  1 .8 ,  114) 

Grain s l i g h t l y  ob la te ,  semi-angular, s i z e  c. 20 X 22 p. Sculpt- 
ur ing  f i n e l y  r e t i c u l a t e ,  colpus a r e a  p s i l a t e .  Porus oval ,  
meridionally elongated, unpatterned. 

Unknown 310 
156 UK310 

(P la te  1.8, 115) 

Grain - + spher ica l ,  diameter c. 40 p. Max. exine thickness c.  
2.5 p. Sculpturing a ret iculum cons i s t ing  of + c i r c u l a r  elements. 
Colpus area  p s i l a t e .  Porus unpatterned,  2 c i r c u l a r ,  without 
annulus, f u l l y  enclosed by colpus. Polar  a rea  small.  

Tr icolpora te ,  Sect ion D ,  (und i f fe ren t i a t ed )  
157 3CPDU 



8E. Tr icolpora te ,  l a r g e r  than 15 )un. Other sculptur ing  
configurat ions.  

Anacardiaceae 
74 ANACA 

(P la te  I. 8 ,  116,117) 

Grains + spher ica l  with long meridional colpus and d i s t i n c t  
+ rec tangular  t ransverse  colpus. Sculpturing f a i n t l y  s t r i a t e .  - 
Pollen s imi la r  t o  t h i s  type i s  produced by severa l  genera of 
Anacardiaceae, including E u r o s c h i n u s  and Semecarpus.  

c f .  V i t e x  acuminata  (Verbenaceae) 
118 VITEX 

(P la te  1.9,  118) 

Grain p r o l a t e ,  inter-sub-angular,  s i z e  c. 18 X 12 p. Exine 
t h i c k  with s t rongly  s t r i a t e  sculptur ing .  Transverse colpus 
+ oval  t o  rectangular .  This type i s  very s imi la r  t o  V .  a c u m i n a t a ,  
although i s  genera l ly  s l i g h t l y  smal ler ,  and has more pronounced 
sculptur ing .  S l i g h t l y  s imi la r  s t r i a t e  g r a i n s  a r e  found i n  severa l  
genera of the  Anacardiaceae. 

Ganoph y l l  urn f a l c a t u m  (Sapindaceae) 
82 GANOP 

(P la te  I. 9 ,  l l9 , l2O)  

Grain - + spher ica l  t o  p ro la te .  S ize  v a r i a b l e ,  po la r  a x i s  
c.  12 - 16 p. Exine sparse ly  covered with minute verrucate  o r  
bacula te  elements l e s s  than 1 p i n  height .  Porus + c i r c u l a r ,  
pa t terned i n  surface  focus. 

~ r i c h a d e n i a  p h i l i p p i n e n s i s  (Flacourt iaceae)  (P la te  1.9, 121) 
95 TRICA 

Grain spher ica l  t o  p r o l a t e ,  c. 23 X 20 p, s i z e  va r i ab le .  Sculpt- 
ur ing  dimorphic; + r egu la r ly  arranged gemmae, c. 2 - 3 p i n  width 
in te r spe r sed  w i t h s m a l l e r  ( l e s s  than 1 p) gemmate elements. 

Compositae (Tubulif lo rae )  
126 COMPT 

(P la te  1.9, 122) 

Grains usual ly  ob la te  t o  spher i ca l ,  s i z e  va r i ab le .  Exine t h i c k ,  
wi th  echinate sculptur ing  of va r i ab le  s i z e  and dens i ty .  An 
unpatterned,  usua l ly  c i r c u l a r ,  porus may be v i s i b l e .  This type 
includes the  majori ty of genera i n  the  Tubulif lorae sub-family. 

Tr icolpora te ,  Sect ion E ,  (und i f fe ren t i a t ed )  
158 3CPEU 



9. STEPHANOCOLPORATE 

Acal ypha (Euphorbiaceae) 
64 ACALY 

(P la te  1.9, 123) 

Grain c i r c u l a r  t o  ob la te ,  3- o r  4-colporate. Colpus very s h o r t ,  
o f t e n  i n d i s t i n c t .  Exine scabra te .  Porus + c i r c u l a r ,  with i r r e g u l a r  
annulus, s l i g h t l y  protruding i n  po la r  view. 

Q u i n t i n i a  (Saxif ragaceae) 
44 QUINT 

(P la te  1.9, 124,125) 

Grain p r o l a t e ,  5-colporate, c.  15 X 13 p. Exine t h i c k ,  p s i l a t e  
t o  s l i g h t l y  scabra te .  Colpus in te r rup ted  a t  equator ,  although 
c l e a r  porus not  always v i s i b l e  i n  surface  focus. 

Claox y l o n  (Euphorbiaceae) 
6 2  CLAOX 

(P la te  1 .9 ,  126) 

Grain p r o l a t e ,  4- o r  3-colporate. Exine f a i n t l y  r e t i c u l a t e ,  
t ransverse  colpus i n d i s t i n c t .  

P h y l l a n t h u s  c f .  u r i n a r i a  (Euphorbiaceae) (P la te  I .  9,  127,128) 
63 PHYLA 

Grain p r o l a t e ,  21 X 14 p, 5-colporate, o r  3-colporate. Exine 
t h i c k ,  c. 2.5 pm, columellae v i s i b l e  i n  o p t i c a l  sec t ion ,  s t rong ly  
r e t i c u l a t e .  Colpus s t r a i g h t ,  porus small ,  c i r c u l a r ,  pa t terned i n  
top  focus only. This type c lose ly  resembles P h y l l a n t h u s  u r i n a r i a  
although the  s l i d e  i n  the  ANU c o l l e c t i o n  has predominantly 
4-colporate gra ins .  Punt and Rentrop (1973) descr ibe  a s i m i l a r  
5-colporate morphology f o r  P .  c a r o l i n i e n s i s .  

G l o c h i d i o n  T. (Euphorbiaceae) 
65 GLOCH 

(P la te  1.9, 129) 

Grain 4-colporate o r  4-colpate, usual ly  p r o l a t e ,  c i r c u l a r  i n  po la r  
view. Exine c. 3 t h i c k ,  with r e t i c u l a t e  sculptur ing;  diameter 
of luminaeupto  2 p. Colpus s t r a i g h t ,  very d i s t i n c t ,  small 
c i r c u l a r  porus sometimes v i s i b l e .  Closely s imi la r  types a r e  found 
i n  some P h y l l a n t h u s  spp. 



Unknown 106 
159 UK106 

(Plate 1.9, 130) 

Grain + circular, angular in polar view, diameter c. 18 - 24 p, 
4-colporate. Sculpturing coarsely scabrate. Colpus narrow and 
short, length not more than twice the diameter of the transverse 
porus. Exine thickened around the protruding porus. Two or more 
of the porae may be connected by an equatorial arcus. This type 
superficially resembles some Dysoxylum spp. (Meliaceae) although 
the latter are psilate, and larger than 30 p. 

Stephanocolporate (undifferentiated) 
160 STCPU 

?Evol v u l  u s  (Convolvulaceae) 
115 EVOLV 

(Plate 1.9, 131) 

Grain + spherical, diameter c. 21 p, with six short colpi. 
Exine minutely baculate in surface focus, becoming scabrate to 
reticulate in low focus. Colpus patterned in surface focus. 
This type slightly resembles E v o l v u l u s ,  and some Merremia spp. 
(Convolvulaceae), although these are generally larger than 30 p 
in diameter, and have a less complex exine pattern. 

?Euphorbiaceae 
57 EUPHO 

(Plate 1.9, 132) 

Grain 5- or 6-colporate, reticulate. Transverse colpus and 
sculpturing similar to some euphorbiaceous taxa such as 
Claoxy lon .  

11. DIPORATE 

Urticaceae/Moraceae (diporate) 
30 URMO2 

(Plate 1.9, 133) 

Grain + circular in polar view, oval in equatorial view. 
psilate or scabrate. Porus small with thickened annulus. In- 
cludes the genera E l a t o s t e m a ,  Debregeasia ,  L a p o r t i a  and 
Cypholophus (Urticaceae) and Maclura and M a l a i s i a  (~oraceae) . 



P i l e a  T .  ( ~ r t i c a c e a e )  
33 PILEA 

(P la te  1.9,  134) 

Grain oval  i n  both po la r  and equa to r i a l  view. P s i l a t e  o r  f a i n t l y  
scabra te .  Small, c i r c u l a r  porus with annulus. Small proport ions 
of t h i s  type a r e  produced by o the r  genera of Urticaceae. 

S t r e b l  u s  T . (Moraceae) 
32 STREB 

(P la te  1.9,  135) 

Grain oval  i n  po la r  view. Exine scabra te ,  porus c i r c u l a r  without 
annulus. This type a l s o  includes A n t i a r i s .  

Trema (Ulmaceae) 
28 TREMA 

(Pla te  1.9, 136) 

Grain c i r c u l a r  o r  oval i n  p o l a r  view. Sculpturing unevenly 
scabra te ,  with colurnellae v i s i b l e  i n  o p t i c a l  cross-sect ion,  
Porus c i r c u l a r  with s l i g h t l y  thickened annulus. 

Sphenostemon cf. papuanum (Aquifoliaceae) (P la te  I .  9,  137) 
77 SPHEN 

Grain d ipora te  o r  t r i p o r a t e ;  depressed oval  shape i n  equa to r i a l  
view. Exine r e t i c u l a t e  with two d i s t i n c t  layers .  Porus un- 
pa t terned,  c i r c u l a r ,  without annulus. 

Polyporandra  s c a n d e n s  (Icacinaceae) 
78 POLYP 

(P la te  1.9, 138) 

Oblate g ra in  with sparse echinae. Porus c i r c u l a r  with thickened 
annulus. S ize  c .  16 X 18 p. 

A l y x i a  (Apocynaceae 
114 ALYXI 

(P la te  1 -10 ,  139) 

Asymmetrical plano-convex gra in .  Exine r e t i c u l a t e ;  porus c i r c u l a r ,  
very l a rge .  

Unknown 279 
161 UK279 

(P la te  1 -10 ,  140) 

Re t i cu la te  g ra in  with d i s t i n c t l y  two-layered exine. Porus 
c i r c u l a r  with annulus. 



Diporate (undifferentiated) 
162 DIPOU 

12. TRIPORATE 

~rticaceae/Moraceae (Triporate) 
31 URM03 

(Plate 1.10, 141) 

Grain circular in polar view. Exine psilate or scabrate, porus 
small with thickened annulus. Type includes Elatostema, Pipturus, 
and Pouzolzia (Urticaceae) and Morus and Malaisia (Moraceae). 

Stemonurus (Icacinaceae 1 
79 STEMO 

(Plate 1-10, 142) 

Oblate semi-angular grain, psilate or faintly scabrate. Exine 
thickened around edge of porus in optical section. Equatorial 
diameter c. 12 p. 

Helicia (Proteaceae) 
34 HELIC 

(Plate 1.10, 143) 

Oblate angular grain with protruding vestibulate porae. Sculptur- 
ing scabrate; size 10 X 19 lxn. 

Celtis (Ulmaceae) 
27 CELTI 

(Plate 1-10, 144) 

Grain - + circular in polar view, oblate. Sculpturing coarsely 
scabrate, columellae distinctly visible in optical cross-section. 
Porus circular with thickened annulus, sometimes slightly pro- 
truding. Max. diameter typically 15 - 17 p. 

cf. Engelhardtia (Juglandaceae) 
24 ENGEL 

(Plate 1-10, 145) 

Grain oblate + circular in polar view with scabrate to faintly 
microreticulate sculpturing. Porus indistinct, not protruding. 
Equatorial diameter c. 18 p. 



Casuarina (Casuarinaceae) 
23 CASUA 

(P la te  1.10, 146) 

Spher ica l ,  o r  obla te  g ra in  with protruding porae. Exine gener- 
a l l y  + scabrate.  Equatorial  diameter t y p i c a l l y  25 p, and not  
usual iy  l e s s  than 20 p. 

~ a l o r a g i s  (Haloragaceae) 
103 HALOR 

(P la te  1-10,  147) 

Oblate g ra in ,  c i r c u l a r  i n  po la r  view. W a l  o r  s l i t - l i k e  porus (o r  
co lpus ) ,  protruding.  The Halorag i s  spp. i n  the  ANU reference 
c o l l e c t i o n  a r e  predominantly 4- o r  5-stephanoporate o r  colpate .  

P o l  yosma (Saxif ragaceae) 
45 POLYO 

(P la te  I. 10,  148,149) 

Oblate + c i r c u l a r  g ra in  with protruding porae. Exine p s i l a t e  o r  
f a i n t l y s c a b r a t e ,  except around porus where it i s  unevenly re t i cu -  
l a t e  and thickened. Porus - + round, with d i f f u s e  margin. 

S o n n e r a t i a  c a s e o l a r i s  (Sonneratiaceae) (P la te  1.10, 150,151, 
97 SONNE 152) 

P ro la te  g ra in  with protruding porae and dimorphic sculpturing.  An 
equa to r i a l  band i s  f i n e l y  verrucate ,  w h i l s t  the  po la r  caps a r e  
p s i l a t e  o r  scabra te .  This type corresponds t o  severa l  of the  
S .  c a s e o l a r i s  sub-types proposed by Muller (19691, bu t  i s  consid- 
e rab ly  smaller  than any, with a  po la r  a x i s  32 -38 p i n  length.  
The pol len  i s  i d e n t i c a l  i n  morphology and s i z e  t o  t h a t  of Have1 
and Kairo 's  c o l l e c t i o n  from Labu Swamp (NGF 17198). 

S tephan ia  japonica T. (Menispermaceae) (P la te  1 -10 ,  153) 
38 STEPJ 

Oblate, semi-angular g r a i n  with a th ick  r e t i c u l a t e  exine. 
Porus not  very d i s t i n c t  i n  equa to r i a l  view. Size  t y p i c a l l y  11 X 

13 pm. This type includes S. h e r n a n d i f o l i a .  S. e r e c t a  i s  
4-porate. 

K l e i n h o v i a  h o s p i  t a  (Stercul iaceae)  
89 KLEIN 

(P la te  1.11, 154) 

Semi-angular, ob la te  g r a i n ,  t y p i c a l l y  7  X 18 p i n  s i z e .  D i s -  
t i n c t l y  o r  f a i n t l y  r e t i c u l a t e  sculptur ing ,  with columellae v i s i b l e  
i n  exine o p t i c a l  sec t ion .  Porus sometimes protruding,  o r  almost 
ves t ibu la te .  



c f .  S t e r c u l i a  (Sterculiaceae)  
90 STERC 

(Pla te  1.11, 155) 

Grain - + c i r c u l a r ,  ob ia te ,  max. d ia9eter  c. 17 - 20 p. Exine 
t h i c k ,  sculpturing r e t i c u l a t e ,  with luminae of varying s i z e  and 
shape, o f t en  elongated. Porus + c i r c u l a r ,  i n d i s t i n c t  i n  surface 
focus,  without annulus. This type i s  very s imi la r  t o  the  pol len  
of a  S t e r c u l i a  sp. (Craven and Schodde c o l l .  no. 1388) from 
Morobe Province. 

Symplocos (Symplocaceae) 
111 SYMPL 

( p l a t e  1.11, 156) 

Semi-angular, ob la te  g ra in  with s l i g h t l y  protruding porae. Exine 
sculptur ing  sparse ly  echinate.  Similar  t o  New Guinea Symplocos 
SPP - 

Unknown 147 
163 UK147 

Spherical  t o  obla te  g ra in  with th ick  r e t i c u l a t e  exine. Porus + 
c i r c u l a r  with thickened annulus. 

Tr ipora te  (undif ferent ia ted)  
164 TRIPU 

c f .  Aphananthe (Ulmaceae) 
29 APHAN 

(P la te  1.11, 158) 

Oblate g ra in  c. 20 X 26 p. Exine f a i n t l y  scabra te .  Four small ,  
c i r c u l a r  porae, unpatterned, with s l i g h t  annulus, 

Stephanoporate (undif ferent ia ted)  
165 STEPU 



14. PERIPORATE 

(P la te  I. 11, 159,160) 

Spherical  gra in  with 8 t o  13 porae. Scabrate t o  f a i n t l y  r e t i cu -  
l a t e  sculptur ing .  Porus c i r c u l a r ,  unpatterned, with a narrow 
annulus. 

c f .  T r i m e n i a  (Monimiaceae) 
42 TRIME 

(P la te  1-11, 161) 

Grain with about 8 porae. Exine t h i c k ,  coarsely scabra te .  
Porus - + c i r c u l a r ,  unpatterned, without annulus. 

Unknown 290 
166 UK290 

(P la te  I. 11, 162) 

Grain c .  15 - 18 p i n  diameter,  with 5 t o  7 porae. Exine coarsely 
scabrate.  

15. SYNCOLPATE AND SYNCOLPORATE 

15A. Syncolpate 

T i n o s p o r a  (~enispermaceaej  
40 TINOS 

(Pla te  I.ll, 163) 

Inter-sub-angular g ra in  with t h i c k ,  r e t i c u l a t e  exine. C i rcu la r  
t o  p r o l a t e  i n  equa to r i a l  view, diameter c. 20 p. 

B a r r i n g t o n i a  T. (Barringtoniaceae) 
98 BARRI 

(Pla te  1.11, 164) 

Grain with th ick  + p s i l a t e  exine,  o f t e n  becoming r e t i c u l a t e  
towards the  colpi, C i rcu la r  t o  p r o l a t e  i n  equa to r i a l  view, s i z e  
va r i ab le ,  t y p i c a l l y  40 X 30 p. Planchon ia  i s  s imi la r .  

Nymphoides (Gentianaceae) 
113 NYMPH 

(P la te  1.11, 165,166) 

Oblate semi-angular g r a i n ,  sparse ly  scabra te ,  with d i s t i n c t  
' i s l a n d '  a t  pole.  Size v a r i a b l e ,  t y p i c a l l y  20 X 28 p. 



15B. Syncolporate 

Tris tircpsis T. ! Sapindaceae 
83 TRIST 

(Plate I. 11, 167) 

Oblate semi-lobate grain. Scabrate or microreticulate with 
distinct, patterned 'island' at pole. Grain oval in equatorial 
view, with colpi appearing arcate. Large circular porus. 

Myrtaceae 
101 MYRTA 

(Plate I. 11, 168,169) 

Grains oblate; semi-angular, semi-lobate, or sub-angular. De- 
pressed oval shape in equatorial view. Small transverse colpus. 
Size and sculpturing very variable. 

16. HETEROCOLPORATE 

Poikilogyne T. (Melastomataceae) 
102 POIKI 

(Plate I. 12, 170,171) 

Grain spherical to slightly prolate. Tricolporate with three 
intervening, less indented 'pseudo-colpi'. Sculpturing psilate 
to scabrate. Porus + rectangular, although not very distinct. 
This type also includes Beccarianthus, Medinella, Everettia, 
Sonerila, Marumia, and probably other melastomataceous genera. 

Combretaceae/Melastomataceae 
100 COMEL 

(Plate 1-12, 172,173) 

Grain prolate, tricolporate with intervening 'pseudo-colpi' as 
indented as the compound colpi. Porus usually distinct rect- 
angular. Sculpturing psilate to scabrate. This type includes 
Combretum and Terminalia (Combretaceae) and also some genera or 
species of Melastomataceae, notably Melastoma affine, and some 
Osbeckia grains. 

17. TETRAD 

Gardenia (Rubiaceae) 
122 GARDE 

(Plate 1-12, 174) 

Psilate grain with tetrad diameter of c. 40 p. Porus circular 
with thickened annulus. 



Epacridaceae 
105 EPACR 

(P la te  1.12, 175) 

Exiiie sculpturing p s i l a t e  t~ scabrate. Tetrad d iam-e ter  usual ly  
l e s s  than 40 p. This type may include some genera of Ericaceae 
such a s  V a c c i n i u m  and D i p l o c o s i a .  

Drim y s  T. ( ~ i n t e r a c e a e )  
94 DRIMY 

(P la te  1-12,  176) 

Compact t e t r a d  with a  diameter of 20 - 30 p. Exine th ick ,  with 
l a rge  r e t i c u l a t e  sculptur ing .  Bubbia i s  s imi la r .  

Nepen thes  (Nepenthaceae) 
43 NEPEN 

(Pla te  1-12, 177) 

Tetrad of sparse ly  echinate spheroidal  monads. 

18. MONOLETE SPORES 

Monolete p s i l a t e  spore (smaller  than 30 p) 
189 MONLS 

Spores without perisporium, o r  p s i l a t e  o r  only f a i n t l y  sculptured,  
l e s s  than 30 p i n  length. This type i s  found i n  many Polypodi- 
aceae s e n s u  l a t o ,  including N e p h r o l e p i s ,  C y s t o d i u m ,  C y c l o s o r u s ,  
T h e l y p t e r i s ,  A s p l e n i u m ,  L a s t r e o p s i s ,  T e c t a r i a  and Bieckiiium. 

Monolete p s i l a t e  spore (larger than 30 p) ( p l a t e  1 . 1 2 ,  178) 
190 MONLL 

Similar  t o  previous type,  b u t  with a  max. dimension exceeding 
30 p. Many genera f a l l  i n t o  t h i s  group, some of the  more common 
being H y p o l e p i s ,  N e p h r o l e p i s ,  A r t h r o p t e r i s ,  G l e i c h e n i a ,  C y c l o s o r u s ,  
A t h y r i u m ,  S t e n o l e p i s ,  L o m a r i o p s i s  and Blechnum. 

Microsor ium T . (Polypodiaceae) 
188 MICSO 

(P la te  I. 12, 179) 

Concavo-convex spore with th ick  exine.  Sculpturing i s  scabra te  t o  
f a i n t l y  r e t i c u l a t e .  S ize  measurements (ANU 21014) 
Equatorial :  Range 34-54 p, Mean 44.8 +m, S.D. 4 p 
Polar:  Range 20 - 38.5 p, Mean 28.5 pm, S.D. 3.8 p. 



Nephro lep i s  (~leandraceae) 
176 NEPHR 

(Plate 1.13, 180) 

Slightly c~ncavo-convex, or plano-convex, Thick exine, sculptur- 
ing punctate to unevenly reticulate. Size measurements 
( A N  21015) 
Equatorial: Range 27 - 36.5 p, Mean 31.5 p, S.D. 2 p 
Polar: Range 13.5 - 21 p, Mean 16.5 p, S.D. 1.7 p. 

C y c l o s o r u s  T .  (~helypteridaceae) 
181 CYCLO 

(Plate I .13, 181) 

Plano-convex to slightly concavo-convex spore. Max. dimension 
35-50 p. Perisporium sculpturing coarsely scabrate, or verru- 
cate. Similar spores occur in some Athyr ium spp. 

H i s t i o p t e r i s  i n c i s a  T. (Dennstaedtiaceae) (Plate 1-13, 182) 
174 HISTI 

Plano-convex or concavo-convex spore with large scale, unevenly 
distributed verrucate sculpturing. Size typically 35 X 25 lxri. 
B e l v i s i a  is similar, but larger. 

D a v a l l i a  T .  (Davalliaceae) 
175 DAVAL 

(Plate 1-13, 183) 

Large plano- or concavo-convex spore. Thick exine with rounded, 
discrete, and regularly distributed verrucae. This type includes 
other Davaiiiaceae such as S c y p h u i a r i a  and H.i ia ta .  

S t enoch laena  p a l u s t r i s  (Blechnaceae) (Plate 1.13, 184) 
187 STENO 

Biconvex or plano-convex spore. ~istinctive sculpturing of 
sparse, rounded triangular verrucae. Size measurements (ANU 
21045) 
Equatorial: Range 36 - 47 p, Mean 42 p, S.D- 2-5 p 
Polar: Range 20.5 - 30 p, Mean 25 p, S.D. 2.2 p. 

cf. T e c t a r i a  (Aspidaceae) 
184 TECTA 

(plate 1-13, 185) 

Small spore, c. 31 X 20 p. Thick perisporium with verrucate 
ridges. 



Stenochlaena l a u r i f o l i a  (Blechnaceae) (P la te  1.13, 186) 
186 STENL 

E i s t i n c t i v e  plans-convex o r  concavo-convex spore c. 45 X 28 p. 
Sculpturing of l a rge  verrucae al igned i n  r idges ,  + p a r a l l e l  t o  
the  equa to r i a l  axis .  

~ s p l e n i u m  T. ( ~ s p l e n i a c e a e )  
183 ASPLE 

( P l a t e  1 -13 ,  187) 

Spores with a d i s t i n c t ,  t h i n ,  folded o r  l i g h t l y  sculptured 
perisporium. A l a rge  and d iverse  type including,  a s  well  a s  
Aspleniaceae, many Dennstaedtiaceae, Aspidaceae, and Blechnaceae. 

?Arthropteris  c f .  t e n e l l a  (Oleandraceae) (P la te  1.14, 188) 
177 ARTHR 

Spore with t h i n  perisporium formed i n t o  long (15 p) echinate 
projec t ions .  This type may a l s o  occur i n  o the r  f ami l i e s ,  i n  
p a r t i c u l a r  Aspleniaceae. 

c f .  Cyclosorus archboldiana T. (Thelypteridaceae) ( P l a t e  1.14, 189) 
180 CYCLA 

Concavo-convex spore. Perisporium covered with sparse echinae, 
c. 3 p i n  length.  Similar  echinate types occur i n  C. uni tus,  
Drynaria, and baculate types i n  Drynaria and Sel l iguea .  

Cyclosorus t runcatus  T. (Thelypteridaceae) (P la te  I. 14,  190) 
182 CYCLT 

Spore with dense, curved t r i angu la r  echinae. S l i g h t l y  s imi la r  
types occur i n  o the r  Cyclosorus spp. 

c f .  Stenochlaena a r e o l a r i s  (Blechnaceae) (P la te  1-14,  191) 
185 STENA 

I d e n t i f i c a t i o n  based on desc r ip t ions  by Holttum (1932) and 
Anderson and Muller (1975). Large spore 80 X 45 p, with sparse 
echinae up t o  12 i n  length. 

Unknown 19 
192 UK019 

(P la te  1.14, 192) 

Spore of P t e r i s - l i k e  morphology, but  b i l a t e r a l  r a t h e r  than t e t r a -  
hedral  i n  shape. Both Lugardon (1963) and Devi (1974) r epor t  the  
occurrence of monolete P t e r i s  spores. 



Monolete spores (undif ferent ia ted)  
193 MONLU 

19. TRILETE SPORES 

c f .  Adiantum diaphanum T.  (Adiantaceae) (P la te  1.14, 193) 
173 ADIAN 

Spore with d i s t i n c t ,  but  f a i n t ,  r e t i c u l a t e  p a t t e r n ,  and wide, 
unthickened t r i - r a d i a t e  scar .  Max. dimension c. 32 p. Many o the r  
genera produce morphologically very s imi la r  spores. 

Cyatheaceae 1 
178 CYATl  

(P la te  1.14, 194) 

P s i l a t e  spore of d iverse  shape, th ick  unpatterned exine. Peri-  
sporium absent ,  o r  p s i l a t e .  Equatorial  diameter c.  35 - 40 p. 

Cyatheaceae 2 
179 CYAT2 

(P la te  1 -15 ,  195,196) 

P s i l a t e  spore with loose,  pa t terned perisporium. Sculpturing 
o f t en  p a p i l l a t e  o r  s t r i a t e ,  and denser on t h e  d i s t a l  surface .  
S ize  s imi la r  t o  p s i l a t e  Cyatheaceae. Spores ofthismorphology a r e  
not  well  represented i n  the  ANU reference  c o l l e c t i o n ,  bu t  have 
been described by Harr is  (19551, Tindale (19561, and Murillo and 
Biess (i974j. 

Lycopodium cernuum T. (~ycopodiaceae)  (P la te  1 - 1 5 ,  197) 
167 LYCOC 

Small spore c.  25 X 10 p- Thin t r i - r a d i a t e  scar .  Rugulate 
sculptur ing  on d i s t a l  surface .  

Lycopodium squarrosum T .  (Lycopodiaceae) (P la te  1.15, 198) 
169 LYCOS 

Spore c. 45 pm equa to r i a l  diameter with t h i n  t r i l e t e  sca r .  Thick 
unpatterned exine ,  p s i l a t e  on proximal surface ,  sparse ly  foveolate 
on d i s t a l  surface.  Similar  spores occur i n  L. m a c g r e g o r i i  and 
L .  a p i c u l a t a  . 



~ y c o p o d i u m  cf. v o l u b i l e  T .  (~ycopodiaceae) (Plate 1.15, 199) 
168 LYCOV 

Spore cirzular in polar view. LDose, reticulate perisporium. 
Similar types are found in other Lycopodium spp., including L. 
f a s t i g a t u m  and L. complanatum. 

Pteris (~teridaceae) 
172 PTERI 

(Plate 1-15, 200) 

Spore triangular in polar view, with thick (c .  5 p) exine. 
Thickened trilete scar. Psilate on proximal surface, some degree 
of verrucate patterning on the distal surface. The type occurs in 
many New Guinea Pteris spp., although not in P .  m o l l u c c a n a .  

cf. Anemia h i r s u t a  (Schizeaceae) 
171 ANEMI 

(Plate I. 15, 201,202) 

A very large spore, equatorial diameter c .  100 p. Thick stria- 
tions or ridges parallel the scar and the equatorial axis. 

Lygodium microphy l lum T. (Schizeaceae) 
170 LYGOD 

(Plate 1-16, 203) 

Spore triangular to circular in polar view, with distinctive 
foveo-reticulate exine. Size variable, equatorial diameter c. 
55 - 90 p. 

Unknown 312 
194 UK312 

(Plate 1-16, 204) 

Spore triangular in polar view with sparsely verrucate peri- 
sporium. Long, thin trilete scar. Equatorial diameter c. 28 p.1 

Unknown 170 
195 UK170 

(Plate 1-16, 205) 

Spore triangular in polar view. Perisporium foveo-reticulate. 
Equatorial diameter c. 25 p. 

Unknown 172 
196 UK172 

(Plate 1-16, 206) 

Large spore, triangular in polar view with loose, faintly reticu- 
late perisporium. 



T r i l e t e  f e rns  (undif f e r e n t i a t e d )  
197 TRILU 

UNCATAGORISED PALYNOMORPHS 
198 UNCAT 

Palynomorphs unable t o  be assigned with c e r t a i n t y  t o  any of the  
above 19 morphological ca tegor ies .  

INDETERMINABLE PALYNOMORPHS 
199 INDET 

Pollen o r  spores too corroded o r  degraded (sensu Cushing, 1964) 
t o  describe adequately the  morphological f e a t u r e s ,  o r  those too 
crumpled, fragmented o r  obscured by immovable debr is  t o  i d e n t i f y .  

NOTES ON THE PHOTOMICROGRAPHS 

A l l  photomicrographs of pol len  and spore taxa a r e  

reproduced a t  a magnification of X 1000. The s c a l e  a t  the  foo t  

of each p l a t e  represents  50 p. A s  a l l  photographs a r e  of sub- 

f o s s i l  specimens, o r  those from contemporary surface  samples, 

extraneous debr i s  i s  occasionally v i s i b l e .  Each number repres-  

e n t s  a d i f f e r e n t  g ra in ,  w h i l s t  views of the  same individual  a r e  

indica ted  by the  s u f f i x  a , b ,  e t c .  Also indica ted  is  the  sample 

from which the  i l l u s t r a t e d  gra in  was recovered, 



PLATE I .  1 

P h y l l o c l a d u s  (Podocarpaceae) 

Podocarpus (~odocarpaceae) 

Dacrycarpus  T .  (Podocarpaceae) 

cf. Cananga o d o r a t a  (~nnonaceae) 

cf. Gnetum (Gnetaceae) 

Pandanus r a d u l a  T. (Pandanaceae) 

cf. C o l o c a s i a  (Araceae) 

Unknown 274 

?Normanbya T. (Palmae) 

cf. Liliaceae 

YAN 2 ,  990 cm 

YAN 2, 476 cm 

YAN 2, 830 cm 

SS 18 

SS 13-15 

YAN 2, 1030 cm 

LW 11, 1930 cm 

PT 4 

SS 18 

YAN 2, 160 cm 





PLATE I.2 

c f .  Arenga (Palmae) 

Unknown 156 

Gramineae 3 

Gramineae 5 

F l a g e l l a r i a  (Flagellariaceae) 

Sparganium antipodurn T .  
(Sparganiaceae) 

Typha (Typhaceae 

Unknown 292 

Hypoly trum nemorum T .  
(Cyperaceae) 

Cyperaceae A 1  

Cyperaceae B2 

?Metroxy lon  sagu (Palmae) 

PT 4 

PT 4 

YAN 2 ,  1150 cm 

LW 11, 1490  cm 

YAN 2, 1 6 0  cm 

LW 11, 1346 cm 

SS 23 

YAN 2, 870  cm 

vnnnm- 
. L R I Y I . I L  1 SS 

YAN 2, 920  cm 



 



PLATE I. 3 

Anisoptera T. (Dipterocarpaceae) YAN 2, 320 cm 

Anisoptera T. (Dipterocarpaceae) LW 11, 1890 cm 

Dysophylla T. (Labiatae) SS 23 

Dysophylla T. (Labiatae) LW 11, 1907 cm 

cf. Verbenaceae/Bignoniaceae YAN 2, 200 cm 

Timonius T. (Rubiaceae) YAN 2, 910 cm 

Nelumbo nucifera (Nymphaceae) LW 11, 685 cm 



 



PLATE I .  4 

I l e x  (~quif oliaceae) 

Endospermum (~uphorbiaceae) 

Unknown 235 

Unknown 293 

cf. M y r s i n e  T. (Myrsinaceae) 

cf. M y r s i n e  T. (Myrsinaceae) 

Notho f  a g u s  (Fagaceae) 

E l a e o c a r p u s  T .  (Elaeocarpaceae) 

Octome le s  sumatrana 
(Datiscaceae) 

Macaranga o v a t i f o l i a  T .  
(Euphorbiaceae) 

Macaranga (Euphorbiaceae) 

Macaranga (Euphorbiaceae) 

Rhamnaceae 

Rhamnaceae 

LW 11, 1530 cm 

PT 4 

YAN 2, 670 cm 

PT 1 

SQ 40 

YAN 2, 1030 cm 

YAN 2, 1030 cm 

PT 1 

PT 1 

LW 11, 1490 cm 

LW 11, 730 cm 

YAN 2, 400 cm 

YAN 2, 910 cm 



 



PLATE I. 5 

48a,b,c S p i r a e o p s i s  T. (Cunoniaceae) 

50a,b,c Hypserpa (Menispermaceae) 

51 Uncaria  T. (Rubiaceae) 

5 2 ~ n c a r i a  T. (~ubiaceae) 

53a,b,c Nauclea T. (~ubiaceae) 

54a,b,c T e t r a c e r a  T. (~illeniaceae) 

55a,b,c,d Olea (Oleaceae) 

Rapanea cf. a c h r a d a e f o l i a  T .  
(Myrsinaceae) 

Unknown 194 

5 8 Unknown 109 

59a, b Unknown 104 

60a,b,c,d Unknown 60 

61a,b, 62 C a s t a n o p s i s  T. (Fagaceae) 

63a,b,c Rhizophora a p i c u l a t a  T. 
(Rhizophoraceae) 

64a,b,c cf. C r o t a l a r i a  T. (Leguminosae) 

66a,b,c,d,e cf. B i s c h o f i a  (Euphorbiaceae) 

6 7 cf. B i s c h o f i a  (Euphorbiaceae) 

LW 11, 685 cm 

PT 1 

LW 11, 1610 cm 

LW 11, 1530 cm 

SQ 40 

LW 11, 1490 cm 

PT 1 

YAN 2, 1070 cm 

YAN 2, 830 cm 

YAN 2, 160 cm 

LW 11, 1970 cm 

LW 11, 1970 cm 

LW 11, 1770 cm 

PT 1 

LW 11, 790 cm 

LW 11, 685 cm 

YAN 2, 240 cm 

LW 11, 685 cm 

YAN 2, 990 cm 



 



PLATE I.6 

Antidesma (Euphorbiaceae) 

Antidesma (Euphorbiaceae) 

Euphorbia hirta T. 
(Euphorbiaceae) 

cf. Euphorbia (Euphorbiaceae) 

Rhus T. (~nacardiaceae) 

Diospyros cf. ferrea (~benaceae) 

Planchonella T. (Sapotaceae) 

Planchonella T. (Sapotaceae) 

cf. ~alaquim (Sapotaceae) 

Unknown 79 

Unknown 79 

Unknown 119 

Unknown 174 

cf. ~uphorbiaceae 

Mallotus T. (Euphorbiaceae) 

Cleidion T. (Euphorbiaceae) 

cf. ~uehlenbeckia (Polygonaceae) 

LWMC 3 SS 

YAN 2, 910 cm 

LW 11, 730 cm 

LW 11, 790 cm 

YAN 2, 670 cm 

SS 18 

LW 11, 1810 cm 

PT 4 

YANMC 1 SS 

LW 11, 790 cm 

LW 11, 730 cm 

LW 11, 1346 cm 

YAN 2, 1030 cm 

LW 11, 1930 cm 

LW 11, 790 cm 

YAN 2, 670 cm 

LW 11, 1346 cm 



 



PLATE I. 7 

c f .  Rumex brownii (~olygonaceae) 

Dodonaea (Sapindaceae) 

Acaena (Rosaceae) 

?Parinari (Rosaceae) 

Unknown 123 

Unknown 2 2 1  

Unknown 218 

Vandasia T . (~egurninosae ) 

c f .  Sterculia edelfeltii 
(Sterculiaceae) 

c f .  Sterculia edelfeltii 
(Sterculiaceae) 

Platea excelsa (Icacinaceae) 

Boerlagiodendron (Araliaceae) 

Boerlagiodendron (Araliaceae) 

Morinda (Rubiaceae) 

YAN 2 830 cm 

YAN 2 ,  240 cm 

YAN 2 ,  910 cm 

PT 1 

LW 11, 1310 cm 

YAN 2 ,  400 cm 

YAN 2 ,  400 cm 

PT 5 

YAN 2 ,  1030 cm 

YAN 2 ,  320 cm 

PT 1 

PT 5 

YAN 2 ,  320 cm 

PT 5 

YAN 2 ,  910 cm 

YAN 2 ,  670 cm 

YAN 2 ,  240 cm 



 



PLATE I . 8  

lO3a ,b 

lO4a ,b 

105 

lO6a, b 

107 

lO8a, b 

109a, b 

110 

llla ,b, c 

112 

ll3a ,b 

ll$a,b,c 

ll5a ,b 

116 

117 

E c h i u m  cf. p l a n t a g i n e u m  
(Boraginaceae) 

E v o d i a  T .  (~utaceae) 

E v o d i a  T. (Rutaceae) 

A p o r o s a  (~uphorbiaceae) 

A p o r o s a  (~uphorbiaceae) 

?Leguminosae (Papilionatae) D 

?~eguminosae (~apilionatae) D 

B r a c h y c h i  ton T .  (Sterculiaceae) 

Microcos T. (~iliaceae) 

T r i c h o s p e r m u m  (Tiliaceae) 

Rutaceae/Araliaceae T. 

Unknown 309 

Unknown 310 

Anacardiaceae 

Anacardiaceae 

YAN 2, 476 cm 

YAN 2, 870 cm 

PT 1 

LW 11, 1730 cm 

YAN 2, 1030 cm 

LW 11, 1770 cm 

LW 11, 1770 cm 

LW 11, 1730 cm 

YAN 2, 400 cm 

YAN 2, 1150 cm 

YANMC 1 SS 

YANMC 1 SS 

YAN 2 ,  1030 cm 



 



PLATE I .9  

cf. Vitex acuminata (Verbenaceae) 

Ganophyllum falcatum 
(Sapindaceae ) 

Ganophyllum falcatum 
(Sapindaceae) 

Trichadenia philippinensis 
(Flacourtiaceae ) LW 11, 1610 cm 

LW 11, 910 cm 

LW 11, 910 cm 

YAN 2, 200 cm 

YAN 2, 1030 cm 

YAN 2, 790 cm 

Compositae (~ubuliflorae) 

Quintinia (Saxifragaceae) 

Quintinia (saxif ragaceae) 

Claoxylon (Euphorbiaceae) 

Phyllanthus cf. urinaria 
(Euphorbiaceae) 

Phyllanthus cf. urinaria 
(Euphorbiaceae) LW 11, 1490 cm 

LW XI, 910 cm 

SS 22 

YANMC 1 SS 

YAN 2, 870 cm 

YAN 2, 120 cm 

SS 18 

LW 11, 1970 cm 

LW 11, 1490 cm 

Unknown 106 

?Evolvulus (Convolvulaceae) 

~rticaceae/~oraceae (diporate) 

Streblus T. (Moraceae) 

Trema (Ulmaceae) 

Sphenostemon cf. papuanum 
(Aquifoliaceae) 

Polyporandra scandens 
( Icacinaceae) 



 



PLATE 1.10 

A1 yxia (~pocynaceae) 

Unknown 279 

Helicia (Proteaceae) 

Cel tis (Ulmaceae) 

cf. ~ngelhardtia (~uglandaceae) 

Casuarina (Casuarinaceae) 

~aloragis (Haloragaceae) 

Pol yosma (Saxif ragaceae) 

Polyosma (Saxifragaceae) 

Sonneratia caseolaris 
(Sonneratiaceae) 

Sonneratia caseolaris 
(Sonneratiaceae) 

Sonneratia caseolaris 
(Sonneratiaceae) 

Stephania japonica 
(Menispermaceae) 

PT 1 

PT 5 

PT 5 

PT 1 

SS 20 

YAN 2, 950 cm 

LW 11, 1010 cm 

PT 1 

YAN 2, 1030 cm 

PT 1 

PT 1 



 



PLATE I. 11 

Kleinhovia hospita 
(Sterculiaceae) 

cf. Sterculia (Sterculiaceae) 

Sympl ocos (Symplocaceae) 

Unknown 147 

cf. Aphananthe (Ulmaceae) 

Plantago (Plantaginaceae) 

Plantago (Plantaginaceae) 

cf. Trimenia (Monimiaceae) 

Unknown 290 

Tinospora (Menispermaceae) 

Barringtonia T. 
(Barringtoniaceae) 

Nymphoides (Gentianaceae) 

Nymphoides (Gentianaceae) 

Tristiropsis T. (Sapindaceae) 

Myrtaceae 

Myrtaceae 

PT 4 

PT 5 

YAN 2, 1030 cm 

YAN 2, 240 cm 

YAN 2, 990 cm 

YAN 2, 560 cm 

LW 11, 870 cm 

LWMC 3 ss 

PT 1 

PT 4 

SS 18 

LW 11, 1530 cm 

LW 11, 1530 cm 

PT 4 

LW 11, 1490 cm 

YAN 2, 990 cm 



 



PLATE I .  1 2  

P o i k i l o g y n e  T .  (Melastomataceae) 

P o i k i l o g y n e  T. (Melastomataceae) 

Combretaceae/Melastomataceae 

Combretaceae/Melastomataceae 

G a r d e n i a  (Rubiaceae) 

Epacridaceae 

D r i m y s  T. (Winteraceae) 

N e p e n t h e s  (Nepenthaceae) 

Monolete psilate spore, 
larger than 30 urn 

Microsorium T .  (~olypodiaceae) 

LW 11, 1191 cm 

YAN 2, 120 cm 

SQ 40 

YAN 2, 120 cm 

SS 13-15 

YAN 2, 1030 cm 

YAN 2, 1030 cm 

LW 11, 870 cm 



 



PLATE I.13 

Nephrolepis (Oleandraceae) 

Cyclosorus T. (Thelypteridaceae) 

Histiopteris incisa T. 
(Dennstaedtiaceae) 

Davallia T . (Davalliaceae) 
Stenochaena palustris 
(Blechnaceae) 

Stenochlaena laurifolia 
(Blechnaceae) 

Asplenium T. (Aspleniaceae) 

LW 11, 1890 cm 

YAN 2, 1030 cm 

SS 18 

YAN 2, 710 cm 





PLATE I.14 

l88a, b ?Arthropteris cf. tenella 
(Oleandraceae) 

cf. Cyclosorus archboldiana T. 
(Thelypteridaceae) 

Cyclosorus truncatus T. 
(Thelypteridaceae) 

cf. Stenochlaena areolaris 
(Blechnaceae) 

Unknown 19 

cf. Adiantum diaphanum T. 
(Adiantaceae) 

Cyatheaceae 1 

YANMC 1 SS 

YAN 2, 1030 cm 



 



PLATE I .15  

Cyatheaceae 2 LW 11, 685 cm 

Cyatheaceae 2 YAN 2, 670 cm 

Lycopodium cernuum T. 
(Lycopodiaceae) 

Lycopodium squarrosum T. 
(Lycopodiaceae) YAN 2, 870 cm 

Lycopodium c f .  v o l u b i l e  T .  
(Lycopodiaceae) YAN 2 ,  1030 cm 

P t e r i s  (Pteridaceae) LW 11, 1191 cm 

c f .  ~ n e m i a  h i r s u t a  (Schizeaceae) 
(fragment) LW 11, 1870 cm 



 



PLATE I. 16 

L ygodi urn r n i  croph yl l urn T . 
Unknown 312 

Unknown 170 

Unknown 172 

LW 11, 1490 cm 

SS 27 and 28 

YAN 2 ,  1030 cm 

YAN 2, 790 cm 



 



APPENDIX I1 

THE ALLOCATION OF POLLEN AND SPORE TAXA TO 
ECOLOGICAL GROUPS 

This appendix is comprised of two sections. Table 11.1 

represents a collation of available information concerning the habit, 

ecology, and altitudinal and geographical distribution of plant taxa 

probably represented by the identified pollen and spore taxa. 

Table 11.2 shows all pollen and spore taxa actually included in each 

of the groups plotted on the pollen diagrams in Chapters 7 and 8. 

With the exception of observations by the author on 

predominantly swamp and non-forest taxa, the data in Table 11.1 are 

based on secondary sources. These fall into three main categories: 

results of ecological studies in the Markham Valley and environs, 

botanical collections from this area, and ecological and botanical 

information either of a more general or regional nature, or pertain- 

ing to locations outside the present study area. 

The only systematic ecological sampling work from the area 

is that of Johns (unpubl. a) for seventeen forest plots within the 

Oomsis-Gabensis region, and of Gillison (1970) who investigated the 

composition of the forest-grassland transition along transects at 

three localities near Oomsis. In addition, Holloway et al. (1973) 

have described and mapped the major vegetation alliances of the 

Markham Valley floor, as far east as the Erap River. 

Extensive botanical collections have been made in the 

Ooinsis-Gabensis area, and along the Warnpit and lower Markham valleys. 

Johns (unpubl. b,c.) presents preliminary check-lists of plant coll- 

ections relating to the Herzog Ranges and adjacent areas. Lane-Poole 

(1925) lists some of the major tree species found in the forest of 

the valley floor at Yalu. Other collections noted in the records 



of the Herbarium of the Botany Division, Lae, include a great many 

by staff of the Division and also comprehensive series by L.J. Brass 

and T.G. Hartley. 

No Flora of Papua New Guinea yet exists although some of 

the more common forest tree species are briefly described in pub- 

lications of the Botany Division (van Royen, 1964, Coode, 1969, and 

Foreman 1971) and of the Forestry College (Johns, 1975). A large 

quantity of plant ecological data from Papua New Guinea has also 

been gathered by the CSIRO Division of Land Use Research, and much 

of this is summarised by Paijmans (1975, 1976). 

The F l o r a  Males iana  provides information on the known 

distribution and ecology of many New Guinean representatives of 

families so far revised for the series, as do the F l o r a  of Java  

(Backer and Backhuisen van der Brink, 1963-1968) and the T r e e  F l o r a  

of Malaya (Whitmore, 1972, 1973). 

The data presented in Table 11.1 have thus been gleaned 

from a variety of sources of differing emphasis and accuracy, 

ranging from individual botanists' field descriptions through forestry 

manuals, to detailed scientific, but primarily taxonomic, works. 

Much of the information derives from observations made outside the 

study area, and the extent of its applicability to the Markham 

region is largely unknown. However, in many cases this represents 

the only data available on which to base an interpretation of the 

plant's ecology. 

The uncertainty both in the identification of some pollen 

and spore taxa, and in the ecological affinities of these and other 

taxa is reflected in Table 11.2. Many of the palynomorph taxa may 

therefore be placed in more than one ecological group, depending on 

the criteria used for the construction of each category. 



ANU Kcf . 
Computer Col lec  t l o n  Eccloq;. a id  d l i t r l b u t l o r i  of p l an t s  probably 
I d e n t ~ f l e l  No. Poller) taxon lidblt  included ln the  !pollen taxon 

1 TYPklA 

2 PANDA 

3 SPARG 

4 GRAM1 

5 GM.12 

6 GRAM3 

7 G m N 4  

8 GRAM5 

9 CYPAl 

10 CYPA2 

11 CYPBl 

12 CYPB2 

1 3  CYPCI 

14 HYPOL 

'C.  d n y u s t l i o l l d  1s a  t a l l  e r e c t  herb  of swarqp 
and simlluw f r e s h  o r  brackrsh water s r t u a t l o n s  
found p a r t i c u l a r l y  where the  s u b s t r a t e  i s  
predominantly inorganic. Not recorded f ron  
thc  ):arkham a rea .  

Pdndanus 
r adu la  T 

Small t r e e s  
'pandans'  

Pand;ln:is spp.  a r e  cormon l n  swamp and swamp 
f o r e s t  vege ta t lon ;  a l s o  i n  wet g ra s s l and  a r e a s  
dnd around l ake  sho res ,  p a r t i c u l a r l y  a t  Lake 
Ti'anurn. A f r equen t  unders torey component of 
lowland f o r e s t .  

E rec t  he rb  of swamp o r  shal low water.  Not 
recorded from t h e  Markham a r e a .  

Swamp o r  
aqua t i c  herb 

Gramineae 1 Lecrs ia  hexandra grows In  swamp margin s i t u -  
a t i o n s ,  and a s  an almost monospec r f~c  s t and  on 
some f l o a t i n g  root-mats.  

Swamp g r a s s  

Gramlneae 2 

Gramineae 3 

Gramineae 4 

Grasses  Represents  predominantly swamp g ras ses ,  
Lee r s i a ,  Sacc io l ep i s ,  and Phraqmi t e s .  

Grasses  Genera from swamp, wet g r a s s l a n d ,  and d ry  
g ra s s l and  s i t u a t i o n s .  

This  taxon inc ludes  a  p ropor t ion  of swamp 
genera, and a  rnajor l ty  of t h e  g r a i n s  of 
Imperata c y l i n d r i c a  and Ischaemum barbatux.  

Grasses  

Gramineae 5 Grasses  Small p ropor t ion  of swamp genera ,  l a r g e  prop- 
o r t i o n  o f  land g r a s s e s ,  including Themeda 
a u s t r a l i s ,  and iyiscanthus f l o r i d u l u s .  

Cyperaceae A 1  

Cyperaceae A2 

Cyperaceae B1 

Cyperaceae B2 

Cyperaceae C 

Hypolytrum 
nemorum T .  

Swamp he rbs  

Erec t  herbs  

E rec t  herbs  

E rec t  herbs  

E rec t  herbs  

Swamp herb 

Mainly r e p r e s e n t a t i v e  of swamp and f l o a t i n g  
root-mat t axa .  

Includes  swamp and wet g ra s s l and  t axa .  

Inc ludes  swamp and wet g ra s s l and  taxa.  

Includes  swamp and wet g ra s s l and  t axa .  

Includes  swamp and wet g ra s s l and  t axa .  

H. nemoruin i s  t h e  dominant taxon i n  much of t h e  
herbaceous swamp vege ta t ion  a t  Lake Wanum and 
Redh i l l  Swamp. I t  occurs  rooted i n  t h e  subs- 
t r a t e  i n  up t o  1 . 5  m of wa te r ,  and forms p a r t  
of t h e  f l o a t i n g  root-mat vege ta t lon  i n  a r e a s  
of g r e a t e r  water  depth .  

Understorey 
t r e e s  o r  
v ines  

Many genera  of Palmae a r e  found i n  lowiand 
f o r e s t s  a s  sub-canopy o r  unders torey t r e e s ,  
and vines .  Some a r e  a l s o  c u l t i v a t e d  i n  
gardens. 

16 METRO 13- ?Metroxylon s a q u  Swamp palm Metroxylon i s  ve ry  common i n  open swamp, 
swamp f o r e s t  and a l luvium f o r e s t  i n  t h e  lower 
Markham Val ley,  and a l s o  occu r s  around 
Yanamugi l ake .  

Calamus 

?Normanbya T 

Vines 

Trees  

Abundant i n  lowland f o r e s t s .  

Probably occur r n  t h e  subcanopy component of 
lowland f o r e s t .  

19 ARENG c f .  Arenga Small t r e e s  Occur a s  unders torey i n  lowland f o r e s t  and 
a l s o  i n  swamp f o r e s t .  Some spec ie s  a r e  c u l t i -  
vated.  



ANU Ref. 
Computer Col l e c t i o n  Ecology and d i s t r i b u t i o n  of p l a n t s  probatlly 
Identifier No. Po l l en  tdxon liilblt lncluded i n  t he  po l l en  taxon 

20 COLOC 15-6-1 c f .  Colocdsia Fleshy herbs  Specles of Colocasia  occur i n  swamp margln and 
f l o a t i n g  root-mat vegetation a t  Lake Wanun. 
The cultivated C .  c scu len to  ( t a r o )  i s  commonly 
grown i n  gardens f r i n g l n g  t h e  lake.  

21 FLAGE 17-1- Fl~gellaria Vines F. i n d i c a  is abundant i n  f o r e s t s  of s easona l ly  
d r i e r  a r e a s  bu t  i s  a l s o  widespread i n  lowland 
f o r e s t  up t o  1 500 m, and i n  c o a s t a l  s c rub .  

22 LILIA 32- c f .  L i l i a c e a e  Shrubs, Widespread i n  lowland f o r e s t ;  some genera  
he rbs ,  and occur i n  regrowth o r  swamp vege ta t ion .  
v i n e s  

23 CRSUA 45-1- 

24 ENGEL 55-4- 

Casuarina Small t r e e s  General ly  r e s t r i c t e d ,  i n  t h e  Markham a r e a ,  t o  
v i l l a g e  and garden s i t e s .  

c f .  Enqelhardt ia  Canopy t r e e s   yore common i n  r idge- top and lower montane 
f o r e s t  between c. 1 000-2 000 m, a l thouqh a l s o  
p r e s e n t  i n  t h e  lowlands p a r t i c u l a r l y  along 
watercourses .  Not found on l imestone.  

25 NOTHO 59-3- Nothofayus Canopy t r e e s  Known t o  occur between 750-3 100 m on t h e  New 
Guinea mainland b u t  could be  p re sen t  a t  
s l i g h t l y  lower a l t i t u d e s .  Assumes dominance 
i n  many a r e a s  between 1 500-3 000 m .  

26 CASTA 59-4-1 Canopy t r e e s  A l t .  range of C a s t a n o p s i s / I . i t h o c a r p u s  spp. Castanopsis  T. 
descends t o  s ea - l eve l .  The genera  become dom- 
i n e n t  i n  many r idge- top and lower montane 
f o r e s t s  between c .  1 000-1 500 m. Castanopsis  
i s  no t  found on l imestone s o i l s .  

27 CELTI 60-1- C e l t i s  T a l l  canopy 
t r e e s  

Common i n  primary and secondary lowland and 
lower montane f o r e s t s ,  p a r t i c u l a r l y  below 
c. 1 100 m a l t i t u d e .  

28 TREMA 60-2- 

29 APHAN 60-4- 

Trema Trees  Common and abundant i n  secondary regrowth. 

c f .  Aphananthe Trees  o r  
shrubs  

Urt icaceae/  
Moraceae (d i -  
p o r a t e )  

l .Herbs ,  
shrubs  o r  
t r e e s  
(Urt icaceae)  
2.Shrubs o r  
t r e e s  
(Moraceae) 

Widespread: herbs  i n  we t t e r  g ra s s l and ,  shrubs  
and t r e e s  i n  f o r e s t  and regrowth communities. 

Urt icaceae/  
Moraceae ( t r i -  
po ra t e )  

a s  above a s  above 

32 STREB 61-4- S t r e b l u s  T. S t r e b l u s  is a l t i t u d i n a l l y  widespread. 
A n t i a r l s  t o x i c a r i a  i s  a l a r g e  t r e e  of 'a l luvium'  
f o r e s t  below c. 600 m. 

Trees  o r  
shrubs  

3 3  PILEA 62-2- 

3 4  HELIC 63-15- 

P i l e a  T. 

H e l i c i a  

Herbs Ground cover  i n  f o r e s t  and secondary vege- 
t a t i o n .  

Sub-canopy 
t r e e s  and 
shrubs  

The many spec ie s  of He l i c i a  occupy a wide a l t i -  
t u d ~ n a l  range,  a l though r e p r e s e n t a t i v e s  of t h c  
genus a r e  more common above c. 500 m. 
H .  l a t i f o l i a  i s  recorded from t h e  Gabensis 
a r ea .  

c f .  Rumex brownii 

c f .  Muehlenbeckia 

Herb 

Scandent 
shrubs  o r  



m .  i,,~l..? T I . 1  ( C o n t .  i 

Computer 
Ic ient l f lex  

37 NELUM 

38 STEP3 

39 HYPSF: 

40 TINOS 

41 CANAN 

42 TRIME 

43 NEPEN 

44 QUINT 

45 POLYO 

46 WEINM 

47 SPIPA 

48 ACAEN 

49 PARIN 

50 LEGPB 

.\NU Ref. 
Co l l ec t ion  
NO. 

85-6-1 

92-2-2 

92-4- 

92-6- 

96-1-1 

100-5- 

110-1- 

117-3- 

117-7- 

120-3- 

120-15- 

127-4- 

127-16- 

129- 

5 1  LEGPD 129- 

52  VANDA 129-1- 

Pol len tdxon 

iJel umbo nuc l f e ra  

Tinospora 

c f .  Cananga 
odora t a  

c f .  Trlmenia 

Nepen t h e s  

Qu in t in i a  

Weinmannia T. 

Sp i r aeops i s  T. 

Acaena 

?Leguminosae 
(Pap i l i ona tae )  B 

?Leguminosae 
(Pap i l i ona tae )  D 

Ecology a i d  d i s t r l b u t l o r ,  o i  p ldn t s  i jrobibly 
I iabi t  included i n  t he  polltin taxon 

Aquatic herb  Occurs a t  Lake Wanum i n  wet swamp and open 
water l e s s  than 4  m i n  depth. Dominant i n  
open watcr  shal lower  than 2  m, p a r t i c u l d r l y  
wherc the  subst ra t i :  i s  predominantly Inorgan- 
i c .  

Vlnc In lowland f o r e s t .  Co l l ec t ed  from the Ooms~s 
a rea .  

Vines H. polyandra has  been recorded from Lake 
Wanum. 

Woody v i n e s  F a i r l y  common e s p e c i a l l y  i n  s easona l ly  d r i e r  
a r eas .  

Canopy t r e e  Common i n  lowlands, p a r t i c u l a r l y  i n  secondary 
' a l l uv ium '  and swamp f o r e s t s .  

Trees  o r  
shrubs  

Herbaceous N. m i r a b i l i s  occurs  commonly i n  wet g ra s s l and  
c reepe r s  o r  swamp margin communities, and a l s o  occas- 

i o n a l l y  i n  we l l  developed f l o a t i n g  root-mat 
vege ta t ion .  

Canopy t r e e s  More common i n  montane f o r e s t  than a t  lower 

Canopy o r  
sub-canopy 
t r e e s  

Canopy o r  
sub-canopy 
t r e e s  

Canopy and 
sub-canopy 
t r e e  S 

Herbs 

Canopy o r  
sub-canopy 
t r e e s  

T rees ,  
sh rubs ,  
he rbs ,  
c l imhing 
he rbs ,  o r  
v i n e s  

a s  above 

1. Climbing 
herbs  o r  
sh rubs  
2. l a r g e  
t r e e s  
(P t e roca r -  

P U S )  

a l t i t u d e s .  

More common m montane f o r e s t ,  bu t  recorded 
from lower a l t i t u d e s  i n  t h e  Oomsis Creek a rea .  

Occur i n  lowland and montane f o r e s t  communit- 
i e s  e s p e c i a l l y  a long t h e  f o r e s t  margin. 

Lowland and montane f o r e s t s  

More common i n  a l p i n e  and sub-alpine non- 
f o r e s t  communities, a l though may be p r e s e n t  a t  
lower a l t i t u d e s .  

In  lowland and lower montane f o r e s t s ,  p a r t i c -  
u l a r l v  i n  a r e a s  of lower r a i n f a l l .  

Widespread i n  lowland f o r e s t  and non-fores t  
vege ta t ion .  

a s  above 

1. Found i n  non-forest vege ta t ion  
2. P t c roca rpvs  indictis occu r s  i n  lowland f o r -  
e s t  below 700 m a l t i t u d e .  
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IWC He f . 
Conputer Co l l ec t ion  
13ent . l f ler  No. 

Ecology and d l : , t r ~ h u t i o n  of p l a n t s  probably 
included i n  t he  L J O ~ ~ C ~  taxon Pol len taxon Iinblt  

53 CROTA 129-23- 

54 RUTAR 139-/731- 

55 EVODI 139-9- 

c f .  C r o t a l a r i a  T .  Ilerbs o r  
smal l  shrubs  

Commonly found i n  non-fores t  vege ta t ion  par- 
t i c u l a r l y  on d i s tu rbed  o r  c u l t i v a t e d  ground. 

Rutaceae/ Tree S 

Aral iaceae T. 
Mostly canopy o r  sub-canopy f o r e s t  t r e e s .  

Evodia T. Canopy o r  
sub-canopy 
t r e e s  

I n  primary f o r e s t ,  b u t  more common i n  second- 
ary  regrowth communities. Some spec ie s  occur 
i n  swamp f o r e s t .  

56 EUPHT 149- c f .  Euphorbiaceae Herbs, 
sh rubs  o r  
sma l l  t r e e s  

More commonly genera of non-fores t  o r  second- 
a r y  f o r e s t  vege ta t ion  r a t h e r  than r a i n f o r e s t .  

?Euphorbiaceae a s  above a s  above 

c f .  Euphorhia 1. Herbs o r  
smal l  
shrubs  
2 .  Small 
t r e e s  o r  
shrubs  
(Sapium) 

Eupnorbia spp. a r e  comnon i n  g ra s s l and ,  and i n  
t h e  e a r l y  s t ages  of regrowth a f t e r  c u l t i v a t i o n .  
S .  indicum i s  found i n  'a l luvium'  f o r e s t .  

59 EUPHI 149-1-41 

60 MALL0 149-3- 

Euphorbia Herb 
h i r t a  T .  

Common i n  g ra s s l and  and e a r l y  s t a g e s  of re-  
growth. 

Mal lotus  T .  Small t r e e s  Sub-canopy t r e e s  i n  lowland f o r e s t ,  p a r t i c u -  
l a r l y  a t  margins. Also f a i r l y  common i n  
disturbed f o r e s t  and p o s t - c u l t i v a t i o n  regrowth 
a s soc ia t ions .  

61  MACMA 149-3,'-19 

62 CLAOX 149-7- 

6 3  PHYLA 149-8-18 

Macaranqa/ 
Wallotus 

Small t r e e s  In  f o r e s t ,  regrowth, o r  g ra s s l and .  

Claoxylon Small t r e e s  
o r  shrubs  

Present  i n  t h e  sub-canopy of t h e  f o r e s t ,  o r  i n  
secondary vege ta t ion  commun~ties.  

Phyl lanthus  c f .  
u r i n a r i a  

Herbs, 
sh rubs  o r  
sma l l  t r e e s  

P. u r i n a r i a  is a  widespread e r e c t  he rb  of open 
ground. Other Phyl lanthus  spp. a l s o  occur i n  
d i s t u r b e d  a r e a s  and g ra s s l and .  

64 ACALY 149-9- Acalypha Herbs, 
sh rubs  o r  
sma l l  t r e e s  

In  shrubby g ra s s l and  and regrowth communities; 
sometimes i n  t he  f o r e s t  unders torey.  

F a r i l y  common sub-canopy t r e e  i n  open f o r e s t ,  
p a r t i c u l a r l y  where d i s tu rbed .  Also occur a s  
i s o l a t e d  small t r e e s  o r  shrubs  i n  g ra s s l and .  

sub-canopy 
t r e e  o r  
sh rub  

66 MACAR 149-19- Macaranga Trees  o r  
sh rubs  

Very common i n  regrowth communities i n  a r e a s  
of d i s t u r b e d  vege ta t ion .  Macaranqa spp. 
f r equen t ly  occur a s  s o l i t a r y  t r e e s  i n  g ra s s -  
land,  and i n  t h e  f o r e s t  unders torey.  

67 MACOV 149-19-17 

68 ANTID 149-36- 

Macaranqa smal l  t r e e  
o v a t i f o l i a  T. 

Antideama Small t r e e s  
o r  shrubs  

F i r e - t o l e r a n t  t r e e s  of A .  qhaesembil la  occur 
f r e q u e n t l y  i n  g ra s s l and  a r e a s .  Antidesma spp. 
a r e  a l s o  found a s  sub-canopy t r e e s  i n  ' a l l uv i -  
um' f o r e s t .  

69 APORO 149-61- Small t r e e s  occurr ing commonly i n  lowland and 
lower montane f o r e s t s .  

Aporosa Sub-canopy 
t r e e s  



TABLE 11.1 (Cont.) 

ANU Ref. 
Conputer Co l l ec t ion  
Identifier Nu. Po l l en  taxon 

Ecology and d ~ s t r l b u t l o n  of p l d n t s  probably 
~ n c l u d e d  In t h e  po l l en  taxon 

Small t r e e s  
o r  shrubs  

~ l r l a n o l c p l s  i s  found i n  t h e  unders torey of 
secondary f o r e s t ;  B r i d f l i a  is a  sub-canopy 
f o r e s t  t r e e .  

71 BISCH 149-79- c f .  B i s c i i u f i ~  Large canopy 
t r e e s  

Widespread and common i n  ' a l l uv ium '  f o r e s t  and 
secondary f o r e s t  wi th  s o i l s  o f  high mois ture  
con ten t .  Also occur i n  lower montane f o r e s t .  

72  ENDOS 149-42- Endosuermurn Some spec ie s  occur a s  emergent t r e e s  i n  low- 
land r a i n f o r e s t  and 'a l luvium'  f o r e s t .  The 
genus i s  a l s o  common i n  long-es tabl ished 
secondary f o r e s t .  C h a r a c t e r i s t i c a l l y  a  f a s t -  
growing oppor tun i s t  t r e e .  

Emerqent 
f o r e s t  t r e e  

73 CLEID 149-83- Cleidion T .  Small t r e e s  
o r  shrubs  

Reported from lowland f o r e s t  and l imestone 
a r e a s  i n  Malaya. Probably not  common. 

74 ANACA 155- Anacardiaceae Fores t  
t r e e s  

Euroschinus and Semecarpus a r e  commonly found 
i n  swamp and'alluvium' f o r e s t ,  b u t  a l s o  occur  
i n  lowland and h i l l  f o r e s t ,  and i n  secondary 
f o r e s t .  

75 RKUST 155-1- Rhus T. 

76 ILEXA 159-1- I l e x  

Small t r e e s  R .  t a i t e n s i s  i s  very common i n  many lowland 
secondary f o r e s t s .  

Small t r e e s  I. arnhernensis i s  common i n  wet s c r u b g r a s s l a n d  
around Redh i l l  Swamp. Other s p e c i e s  occur a s  
canopy o r  sub-canopy t r e e s  i n  lowland and mon- 
t ane  f o r e s t .  

77 SPHEN 159-2-1 Sphenosternon c£ 
papuanum 

Fores t  t r e e  
o r  shrub 

Probably more common i n  montane f o r e s t  t han  a t  
lower a l t i t u d e s .  

78 POLYP 165-4-1 Polyporandra 
scandens 

Woody v ine  
o r  scandent  
shrub 

P resen t  i n  lowland f o r e s t  up t o  c. 700 m a l t i -  
tude. 

Canopy t r e e  The only  r e p r e s e n t a t i v e  of t h e  genus i n  New 
Guinea i s  S .  mont icolus  which occurs  i n  low- 
l and  f o r e s t  on s lopes ,  up t o  c. 750 m a l t i -  
tude.  Local ly  common. 

80 PLATE 165-16-1 P l a t e a  exce l sa  Canopy o r  
sub-canopy 
t r e e  

Found i n  lowland and montane f o r e s t s .  

81 DODON 168-5- Dodonaea Shrub o r  
smal l  t r e e  

D. v i s c o s a i s  a  p ionee r  p l a n t  of d i s tu rbed  
ground over  a  wide a l t i t u d i n a l  range. 

82 GANOP 168-18-1 Ganophyllum 
fa lcatum 

Canopy o r  
sub-canopy 
t r e e  

R e s t r i c t e d  t o  lowland f o r e s t ,  f r equen t ly  on 
t h e  b e t t e r  d ra ined  s o i l s .  

83 TRIST 168-22- T r i s t i r o p s i s  T. T a l l  canopy 
t r e e s  

Lowland f o r e s t ,  e s p e c i a l l y  i n  v a l l e y s ,  and 
'a l luvium'  o r  swamp f o r e s t .  

Gouania and Vent i layo a r e  c l imbing shrubs;  
Alphi tonia  and Zizyphus a r e  t r e e s  of lowland 
r a i n f o r e s t .  

Shrubs o r  
t r e e s  

85 ELAEO 174-1- Elaeocarpus T. 

86 MICRO 177-4- Microcos T. 

Canopy t r e e s  Widespread i n  lowland and lower montane 
f o r e s t s .  

Trees  o r  
shrubs  

Occur commonly a s  unders torey i n  lowland h i l l  
f o r e s t  and 'a l luvium'  f o r e s t .  
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ANU KC f . 
Conputcr Col l f  c t i o n  Ecology d r t a  d i s t r i b u t i o n  of p l a n t s  !,robably 
i d e n t l f l e r  K O .  Po l l en  taxon Ildbl t included i n  t he  p o l l e n  taxon 

87 TRICO 

88 Bff iXf i  

89 KLEIN 

90 STERC 

9 1  STERE 

92 TETRA 

93 ANISO 

Trichospermum 

Brachychi ton T. 

Trees  

Trees  

Hay be l o c a l l y  common along r i v e r  banks and 
s i m i l a r  l o c a l i t i e s .  

B. c a r r u t h e r s i i  i s  a  deciduous spec i e s  occurr-  
ing i n  lowland f o r e s t ,  p a r t i c u l a r l y  ' a l l u v ~ u m '  
f o r e s t ,  below c. 550 m. However, lt i s  n o t  
common i n  New Guinea and has  no t  been r epor t ed  
from t h e  Markham a r e a .  Agyrodendron is  a l s o  
r a r e .  Pteroqmbium i s  a  common lowland t r e e ,  
sometimes deciduous,  o f t e n  found on a l l u v i a l  
o r  swampy s o i l s ,  and on r i d g e s .  Many S t e r c u l i a  
spp.  a r e  a l s o  common i n  lowland f o r e s t s .  

Kleinhovia 
hospi t a  

Understorey 
t r e e  

Common i n  lowland f o r e s t  regrowth,  e s p e c i a l l y  
i n  a r e a s  of seasonal  r a i n f a l l ,  and i n ' a l l u v -  
i u m '  f o r e s t  p a r t i c u l a r l y  i n  t h e  e a r l y  s t a g e s  
of c o l o n i s a t i o n  of r i v e r  margins. 

c f .  S t e r c u l i a  Small t r e e s  
o r  shrubs  

Many spec ie s  occur i n  New Guinea. Widespread 
i n  lowland and lower montane f o r e s t s ,  p a r t i c u -  
l a r l y  i n  secondary f o r e s t .  Sometimes decidu- 
ous. 

Small t r e e  Recorded from h i l l  f o r e s t  i n  t h e  Oomsis a r ea .  c f .  S t e r c u l i a  
e d e l f e l t i i  

Te t r ace ra  T. Vines o r  
scandent  
shrubs  

P a r t i c u l a r l y  i n  lowland fores t -margin  s i t u a -  
t i o n s .  

Anisoptera  T. T a l l  canopy 
t r e e s  

A .  polyandra is a  common s p e c i e s  of r i d g e  c r e s t  
and h i l l  f o r e s t  i n  t h e  Oomsis a r ea .  The 
s p e c i e s  i s  f r equen t ly  deciduous. V a t i c a i s  a  
common t r e e ,  p a r t i c u l a r l y  i n  p a r t s  of Papua, 
growing both  i n  swamp and h i l l  f o r e s t  s i t u a -  
t i o n s .  I t  has  n o t  been recorded from t h e  
Markham a rea .  

94 DRIMY 198-1 Drimys i s  a  widely d i s t r i b u t e d  component of 
upper-montane o r  sub-alpine f o r e s t ,  a l though 
it has  a l s o  been r epor t ed  growing a s  low a s  
1 600 m. Bubbia has  been c o l l e c t e d  i n  t h e  
Morobe Province a t  M t .  Kiandi ,  and Gurakor 
(640 m). 

Drimys T. Shrubs o r  
unders torey 
t r e e s  

95 TRICA 

96 OCTOM 

Trichadenia  
p h i l i p p i n e n s i s  

Canopy t r e e s  Widespread, b u t  no t  common, lowland t r e e  of 
primary o r  secondary r a i n f o r e s t  (up t o  c. 
500 m a l t i t u d e ) .  Never i n  p e r i o d i c a l l y  inun- 
da t ed  l o c a l i t i e s .  

Octomeles 
sumatrana 

T a l l  canopy 
t r e e  

Massive t r e e  up t o  75 m i n  he igh t .  Common 
near  r i v e r s  and i n  'a l luvium'  f o r e s t ,  o f t e n  i n  
almost uniform s t ands .  F a s t  growing p ionee r  
s p e c i e s  on abandoned r i v e r  channels  and 
l evees .  

97 SONNE 

98 BARRI 

Shrub o r  
t r e e  

A p ionee r  s p e c i e s  of t h e  c o a s t a l  mangrove 
v e g e t a t i o n ,  a l though g e n e r a l l y  growing i n  
a r e a s  l e s s  s a l i n e  than  those  occupied by S. 
a lba .  

Sonne ra t i a  
c a s e o l a r i s  

Canopy o r  
sub-canopy 
t r e e s  

Barr lnqtonia  spp. occur  m c o a s t a l  f o r e s t ,  
'alluvium' f o r e s t  and some swamp f o r e s t .  
Planchonia i s  a l s o  found i n  l i t t o r a l  and 
'a l luvium'  f o r e s t .  



ANU Ref. 
Ccmputfr Co l l ec t ion  
I d e n t i f i e r  No. Po l l en  taxon I labi t  

~ c o l o j y  ~ n d  d i s t r i b u t i o n  o f  p l a n t s  probably 
1nclu4ed i n  t h e  p o l l r n  taxon 

Rhi zoglx,r'a 
a p i c u l d t a  T 

Tree R .  a p l c u i a t a  i s  widespread and common man- 
grove s p e c l c s ,  a l though l t  i s  more t o l e r a n c  
of f res t lvater  conditions than t h e  two o t h e r  
New Guinean members of t he  genus. 

Combretaceae,' 
Melastomataceae 

1. Canopy 
t r e e s  o r  
shrubs  
(Combreta- 
ceae)  
2.IIerbs o r  
sh rubs  
(Melasto- 

mataceae) 

1 .  The many spec le s  of Tfrmrnalia occupy a  
wide range of i i a b ~ t a t s .  The genus i s  common 
i n  lowland ' a l l u v ~ u m '  f o r e s t  al thouqh may 
occur  up t o  c .  2 000 m 1 1 t . i t d e .  Most a r e  
deciduous. Corntirctum i s  an unders torey shrub 
o r  v ine .  
2. Xelastoma a f f i n e  i s  a  smal l  shrub found i n  
e s t a b l i s h e d  t a l l  g ra s s l and .  Osbeckra i s  an 
e r e c t  herb  which o f t e n  grows on bare  ground 
wi th in  g ra s s l and .  

Myrtaceae Canopy o r  
sub-canopy 
t r e e s  o r  
sh rubs  

Main r e p r e s e n t a t i v e s  a r e  probably the  many 
Syzygium spp. These occur i n  a  wide v a r i e t y  
of f o r e s t  h a b i t a t s  including l i t t o r a l  f o r e s t  
and swamp f o r e s t .  The genus i s  a l s o  common a s  
an unders torey component of lowland h i l l  
f o r e s t .  

102 POIKI 226-1- 

103 ULOR 228-2- 

Poiki loqyne T.  Herbs and 
scandent  
shrubs  

1. On open ground i n  g ra s s l and ,  e s p e c i a l l y  on 
poor s o i l s  o r  r i v e r  banks. Recorded growing 
c lose  t o  t h e  Markham River .  
2. More common i n  montane f o r e s t ,  o r  a s  a  gar-  
den weed i n  t h e  highlands .  Also poss ib ly  
occurs  i n  d r i e r  swamp s i t u a t i o n s .  

Ha lo rag i s  1.Herb 
(H. 
ch inens i s )  
2. Shrub 
( H .  
halconensis)  

104 BOERL 231-9- 

105 EPACR 238- 

Boerlaqiodendron 

Epacridaceae 

Tree  o r  
e r e c t  shrub 

Occurs i n  swamp f o r e s t  a t  Oomsis. 

Shrubs The many genera  occupy a  wide a l t i t u d i n a l  
range,  a l though a r e  more common i n  montane fo r -  
e s t  and sub-alpine vege ta t ion .  

106 RAPAN 241-1-7 

107 M Y R S I  241-4- 

108 PLANC 244-2- 

More common i n  montane f o r e s t  than a t  lower 
a l t i t u d e s .  

Rapanea c f .  
ach radae fo l i a  T. 

Small t r e e  
o r  shrub 

c f .  Myrsine T. Small t r e e  
o r  shrubs  

Canopy t r e e  Planchonel la  i s  widespread i n  lowland and 
lower montane f o r e s t ,  and 'alluvium' f o r e s t s .  
Pou te r i a  and Chrysophyllum tend t o  occur on 
we l l  d ra ined  r idge  s i t e s .  

c f .  Palaguium T a l l  canopy 
t r e e  

Lowland r a i n f o r e s t ,  c o a s t a l  o r  swamp f o r e s t s .  

Dinspyros c f .  
f e r r e a  

Sub-canopy 
t r e e  

Found in ' a l l uv ium 'and  swamp f o r e s t s ,  and low- 
land h i l l  f o r e s t .  Occurs a t  Yanamugi i n  
f o r e s t  border ing t h e  l ake .  

Commonly occurs  a s  an unders torey genus i n  
montane f o r e s t ,  b u t  a l s o  recorded from t h e  
Oomsis Creek a rea .  

Symplocos S n a l l  sub- 
canopy t r e e  

112 OLEAS 248-3- 

113 NYMPH 250-2- 

Olea 

Nymphordes 

Canopy t r e e s  

Aquatic herb  N .  i n d i c a  i s  a  common s p e c i e s  a t  both  Lake 
Wanum and Yanamugi, occurr ing i n  open water  
up t o  c. 4  m i n  depth. 
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ANLi Ref. 
Conputer C o l l t - s ~ ~ o n  
I d e n t i f x r  No. ? o l l e n  taxori I!abit 

Ecology and distribution of p l a n t s  probably 
included i n  t h e  po l l en  taxon 

114 A L Y S I  251-2- 

115 FVOLV 254-9- 

116 E C l I I P  257-1-1 

117 VERB1 258-/263- 

118 VI'TEX 258-14-1 

119 DYSOP 259-7- 

Vines o r  
shrubs  

Herbs o r  
shrubs  

Herb 

In  lowland f o r e s t ,  o r  swamp marginal  vcgeta- 
t l o n .  

Echlum c f .  
p1 mtaglneum 

An e x o t l c  European weed, nut recorded from New 
Guinea, bu t  na t l i r a l i s rd  i n  southern A u s t r a l i a .  

c f .  Verbenaceae/ 
Bignoniaceae 

Herbs and 
v ines  

Predominantly genera  of f o r e s t  o r  secondary 
veqe ta t lon .  

c f .  Vitex 
acumina t a  

Some Vitex spp. a r e  found i n  lowland ' a l l u v i -  
um' and swamp f o r e s t .  

Canopy t r e e  

Swamp herb D. v e r t i c i l l a t a  i s  an e r e c t  he rb  common i n  
swamp margm s i t u a t i o n s .  It may be found 
growing i n  up t o  c .  15 cm of wa te r ,  and i s  
p a r t i c u l a r l y  predominant a t  Redh i l l  Swamp. 

Dysophylla T. 

120 PLANT 271-1- Plantago Herbs Seve ra l  Plantago spp, a r e  found i n  sub-alpine  
he rb - f i e ld s ,  Exot ic  s p e c i e s  have become m -  
troduced t o  t h e  Eas t e rn  f i ighlands  Province,  
a l though t h e r e  is no record of t h e s e  from t h e  
Markham a rea .  

Timonius T Small t r e e  T. timon i s  a bushy f i r e  t o l e r a n t  t r e e  o f t e n  
found i n  shrubby g ra s s l and .  It is p a r t i c u -  
l a r l y  common around t h e  margin of Redh i l l  
Swamp. Other s p e c i e s  occur i n  'a l luvium'  
o r  swamp f o r e s t .  

122 GARDE 275-11- Gardenia 

123 MORIN 275-20- Morinda 

Understorey 
t r e e  

I n  lowland f o r e s t ,  e s p e c i a l l y  a long t h e  
f o r e s t  margin. 

Shrubs o r  
v ines  

M. c i t r i f o l i a  and M. h i r t e l l a  a r e  l a r g e  shrubs  
occurr ing f a i r l y  commonly i n  fores t -margin  
s i t u a t i o n s .  Morinda i s  p r e s e n t  around t h e  
l ake  a t  Yanamugl, and has  been c o l l e c t e d  from 
many l o c a t i o n s  i n  t h e  Markham Va l l ey  and 
Oomsis a r eas .  

124 NAUCL 275-35- Nauclea T. Trees  o r  
shrubs  

Some Nauclea spp. a r e  found i n  swampy g ras s -  
l and  o r  mixed swamp f o r e s t .  N. o r i e n t a l i s  i s  
a common t r e e  i n  t h e  ' savanna '  g ra s s l and  a r e a s  
of t h e  Markhm Val ley.  It i s  f i r e  t o l e r a n t ,  
y e t  a l s o  t h r i v e s  i n  water-logged o r  swampy 
s o i l s ,  occurr ing a t  t h e  w a t e r ' s  edge around 
Lake Wanum. I t  is a l s o  a common and vigorous  
pioneer  on t h e  s t e e p  piedmont f a n s  of t h e  
no r the rn  s i d e  of t h e  v a l l e y .  Anthocephalus i s  
a t r e e  o r  shrub o f  'a l luvium'  o r  swamp f o r e s t  
and possesses  e x c e p t ~ o n a l  capac i ty  fo r  regen- 
e r a t i o n  i n  such s i t u a t i o n s .  Many Neonauclea 
spp. a r e  shrubs  o r  smal l  t r e e s  found i n  
'a l luvium'  f o r e s t  o r  along watercourses ,  a l -  
though o t h e r s  a r e  t r e e s  of montane f o r e s t  up 
t o  2 000 m i n  a l t i t u d e .  

125 UNCAR 275 -78 -  Uncaria T Herbaceous 
c reepe r  o r  
climber 

U.  yambir is found i n  t he  dense herbaceous 
swamp vege ta t ion  a t  Lake Wanum. 

Compositae 
(Tubulif l o r a e )  

Erect  herbs  Many genera r ep resen ted .  Composites commonly 
occur on d i s tu rbed  ground, i n  s h o r t  g ra s s l and ,  
and a s  weeds i n  c u l t i v a t e d  gardens .  

126 COMPT 286- 

127 PODOC 305-1- Podocarpus Canopy 
t r e e s  

A dominant genus of much montane f o r e s t  above 
c. 2 400 m ,  a l though P. dmar2.s may be found a s  
low a s  600 m a l t i t u d e .  



Dacryc.7ruus T.  Canopy t r e e  Genera l1  y r c s t r l c t e d  t o  montane v , - q c t a t l c n  
above c .  2 GO0 m. 

c f .  Cnctrum T r e e s ,  
s h r u b s  o r  
wady v i n e s  

S. gnemon 1 s  a  cormon u n d c r s t ~ , r e y  t r c e  o f  h111 
f o ~ e s : .  I t  IS o f t e n  c u l t i v a t e f i ,  and 1s n r e s -  
e n t  o:i o l d  qarden  s i t e s  a round :he s h o r e s  or 
L.  Wa~:um. O t k r  s p e c i e s  may o c c u r  a s  v l n e s  i n  
lowland f o r e s t .  

167 LYCOC 401-1-17 

x a  LYCOV 401-1-18 

169 LYCOS 401-1-19 

170 LYGOD 407-1-1-3 

Lycopodium Ground 
cernuum T .  c r e e p e r  

Comonly  found on a r e a s  of  d i s t u r b e d  qround,  
e s p e c i a l l y  or1 l a n d s l i p s  and i n  q u i l i e s .  

Lycopodium c f .  Gr0ur.d 
v o l u b i l c  T .  c r e e p e r  

Found I n  wet  q r a s s l a n d  

Lycopodium E p i p h y t e  
squdrrosum T. 

I n  lowland f o r e s t .  

Lygodium Scandent  
microphyllum 'T. f e r n  

Grows on t r e e s  particularly a t  t h e  f o r e s t  mar- 
g i n  of  secondary  c o ~ m u n i t i e s .  I n  a r e a s  w i t h  a  
p r o n e ~ n c e d  d r y  season  t h e  s p e c i e s  may a l s o  
o c c u r  I n  swamp c o m m u n i t ~ e s .  Other  s p c c l e s  a r e  
ground c r e e p e r s  o f  g r a s s l a n d ,  o r  o l d  garden  
s l t e s .  R e s t r i c t e d  t o  lowlands  below c. 1 300 
m  altitude. 

1 7 1  ANEMI 407-1-2-1 c f .  Anemia Ground f e r n  
h i r s u t a  o r  v i n e  

172 PTERI 407-2-1- 

173 ADIAN 407-8-1-6 

P t e r i s  F e r n  

c f .  Adiantum F e r n  
diaphanum T. 

174  H I S T I  407-11-3-1 H i s t i o p t e r i s  F e r n  
i n c i s a  T. 

175  DAVAL 407-13-1- D a v a l l i a  T. E p i p h y t i c  
f e r n s  

176 NEPMR 407-14-1- N e p h r o l e p i s  Swamp 
f e r n s ,  
ground 
f e r n s  and 
e p i p h y t e s  

X .  h i r s u t u l a  i s  a  v e r y  common s p e c i e s  i n  t h e  
f l o a t i n g  roc t -mat  v e g e t a t i o n  a t  Lake Wanun 
N. b i s e r r a t a  i s  a ground f e r n ,  o c c u r r i n g  p a r -  
t i c u i a r l y  a l o n g  c r e e k s .  

177  ARTHR 407-14-2- 

178 CYATl 407-18- 

? A r t h r o p t e r i s  c f .  f e r n  
t e n e i l a  

Cyatheaceae  1 t r e e  f e r n s  
( p s i l a t e )  

I n  f o r e s t ,  e s p e c i a l l y  n e a r  c r e e k s .  A l l  low- 
l a n d  Cyathea spp .  a r e  more o r  l e s s  shade-  
demanding and  a r e  n o t  f o ~ i n d  i n  g r a s s l a n d .  

Cyatheaceae  2  T r e e  f e r n s  
( p a t t e r n e d  p e r i -  
sporiuml 

a s  above 

c f .  Cyclosorus  Ground 
a r c h b o l d i a n a  T. f e r n s  

C y c l o s o r u s  spp. a r e  common I n  t h e  ground 
c o v e r  of swamp E o r e s t .  A t  l e a s t  one species 

o c c u r s  Ln t h e  f l o d t i n g  root -mat  v e g e t a t i o n  a t  
Lake Wanum. b u t  i s  n o t  common. 



1 8 1  CYCLO 407-20-1-11 

182 CYCLT 407-20-1-12 

184 TECTA 407-23-9- 

185 STENA 407-25-3- 

186 STENL 407-25-3-1 

187 STENO 407-25-3-2 

1 8 8  MICSO 407-29-2 

C y c l o s o r u s  
t r u n c d t u s  T. 

Asplenium T. 

c f .  T e c t a r i a  

c f .  S tenochlaend 
a r e o l a r i s  

S t e n o o h l a e n a  
l a u r l f o l i a  

S t e n o c h l a e n a  
p a l u s t r i s  

Grouna f e r n  

Ground f e r n  

E p i p h y t l c  o r  I n  f o r e s t  
g round 
f e r n s  

Fern  

Scandent  
e p i p h y t i c  
f e r n  

Fern  

Scandent  
swamp f e r n  

Swamp o r  
ground 
f e r n s  

Occurs i n  New Guinea growing o f t e n  on 
Pandanus . 

I n  ' a l l u v i u m '  f o r e s t  

Abundant i n  open swamp f o r e s t  and l a k e  margin- 
a l  v e g e t a t i o n ,  and  a s  a  component o f  f l o a t i n g  
root -mat  v e g e t a t i o n .  

One Microsorium sp. is f a i r l y  common i n  
e s t a b l i s h e d  f l o a t i n g  root -mat  v e g e t a t i o n  a t  
Lake Wanum. O t h e r s  o c c u r  i n  lowland f o r e s t .  



TABLE I I .2 .  I d e n t i f i e d  p o l l e n  and s p o r e  t a x a  i n c l u d e d  i n  e c o l o g i c a l  
g roups  

HERBACEOUS SWAMP 
T a x o n  N o .  T a x o n  I d e n t i f i e r  T a x o n  No .  T a x o n  I den t i f i e r  

TYPHA 
SPARG 
GRAM1 
GRAM2 
C Y P A l  
CYPA2 
C Y P B l  
CYPB2 
CYPC I 
HYPOL 

COLOC 
NELUM 
NEPEN 
NYMPH 
DYSOP 
UNCAR 
NEPHR 
STENO 
MICSO 

DRY LAND, NON-FOREST 
T a x o n  N o .  T a x o n  I d e n t i f i e r  T a x o n  N o .  T a x o n  I d e n t i f i e r  

GRAM3 
GRAM4 
GRAM5 
CASUA 
TREMA 
TRIME 
CROTA 
EUPHT 
EUPHO 
EUPHA 
E U P H I  
MALL0 
MACMA 
CLAOX 
PHYLA 
ACALY 
GLOCH 

MACAR 
ANTID 
C L E I D  
ILEXA 
DODON 
P O I K I  
ALYXI 
EVOLV 
VERB I 
PLANT 
TIMON 
MORIN 
NAUCL 
COMPT 
LYCOC 
LYCOV 

FOREST TFGES 
T a x o n  N o .  T a x o n  I d e n t i f i e r  T a x o n  No.  T a x o n  I d e n t i f i e r  

C E L T I  
WE INM 
S P I R A  
PARIN 
RUTAR 
MACOV 
APORO 
ANACA 
RHUST 

STEM0 
PLATE 
GANOP 
T R I S T  
RHAMN 
STERE 
T R I C A  
OLEAS 
GARDE 



TABLE II.2. ( C o n t . )  

F O W S T ,  NON-CANOPY 
T a x o n  N o .  T a x o n  I d e n t i f i e r  T a x o n  N o .  T a x o n  I d e n t i f i e r  

P ALMA 
CALAM 
NORMA 
FLAGE 
H E L I C  
S T E P J  
HYPSE 

T I N O S  
MELAN 
POLYP 
TETRA 
MYRTA 
SYMPL 
GNETU 

F O R E S T  F E R N S  
T a x o n  N o .  T a x o n  I d e n t i f i e r  T a x o n  N o .  T a x o n  I d e n t i f i e r  

LYCOS 
C Y A T l  
CYAT2 

A S P L E  
S T E N L  

'ALLUVIUM' F O R E S T  
T a x o n  N o .  T a x o n  I d e n t i f i e r  Taxon N o .  T a x o n  I den t i f i e r  

METRO 
CANAN 
B I S C H  
ENDOS 
MICRO 
T R I C O  
KLE I N  

OCTOM 
SONNE 
B A R R I  
R H I Z O  
BOERL 
D I O S P  
V I T E X  

'MONTANE' F O R E S T  
T a x o n  N o .  T a x o n  I d e n t i f i e r  T a x o n  N o .  T a x o n  I d e n t i f i e r  

ENGEL 
NOTHO 
CASTA 
Q U I N T  
POLYO 
ACAEN 
SPHEN 
ELAEO 

A N I S O  
DRIMY 
EPACR 
RAP AN 
PODOC 
PHYLO 
DACRY 



TABLE II. 2. ( C o n t  .) 

UBIQUITOUS ANGIOSPERMS 
T a x o n  No.  T a x o n  I den t i f i e r  T a x o n  No .  T a x o n  I d e n t i f i e r  

PANDA 
ARENG 
L I L I A  
APHAN 
u r n 0 2  
URM03 
STREB 
P I L E A  
RUMEX 
MUEHL 
LEGPB 

LEGPD 
VANDA 
EVODI 
BRACH 
STERC 
COMEL 
HALOR 
MY RS I 
PLANC 
PALAQ 
E C H I P  

UBIQUITOUS PTERIDOPHYTES 
T a x o n  N o .  T a x o n  I den t i f i e r  T a x o n  N o .  T a x o n  I d e n t i f i e r  

LYGOD 
ANEMI 
P T E R I  
AD IAN 
H I S T I  
DAVAL 
ARTHR 

180 CYCLA 
181 CYCLO 
1 8 2  CYCLT 
184 TECTA 
185 STENA 
189 MONLS 
190 MONLL 



APPENDIX 111 

POLLEN ANALYTICAL DATA 

TABLE III.1. Pollen and spore counts from contemporary surface 
samples 

TYPHA PANDA SPAR6 GRAPl1 GRAM2 GRAM7 GRAM4 GRAMS C Y P A I  C Y P h ?  C Y P e l  c Y P H 2  

P t T R O  CALAW NORMA AREkG COLOC FLAGF L I L I A  CASUA EhG 7REMA APHAN U 2 8 0 2  

URW03 S T R E ?  P I L E A  H E L I C  RUMEX MUEHL h E L U M  5 T r P J  HYPSE T I N O S  CANAN T K I E E  NEPEN O U I N T  POLYO 

U E I N n  S P I R A  ACAEN P A R I N  L E G P P  LEGPD VANDa CROTA RUTAR E V O D I  EUPHT EUPHI) EUPHA F U P H I  P A L L 0  



TABLE III.1. ( C o n t . )  

U A C K A  C L A O X  P H Y L A  A C A L Y  G L O C H  P lACAR * & C O V  A N T I D  A P O R O  * F L A K  B I S C H  F N D O S  C L f I D  A N A C A  P H U S T  

I L F X A  ( P H E N  P O L Y P  S T E M 0  P L A T E  D O D O N  G A N O r  T H I S 1  HHAPiN F L A C O  V l C R O  T R I C O  P R A C H  K L E I N  S T E R C  

S T r k E  T L T H A  A N l S O  D R l h Y  T H l C A  O C T O Y  S O N N F  O A R k I  R H l Z O  C O * E L  M Y R T A  P O I K I  H A L O R  O O E R L  F P A C R  

R A P A N  H Y R S I  P L A N C  P A L A Q  D l O S P  S Y W P L  O L F A S  N Y f i P H  A L Y X I  E V C L V  [ C H I P  V E R R I  V l T E X  D Y S O P  P L A N T  



TABLE 111 . l . (Cont. ) 

i l K 7 0 9  I I K 3 l n  7 C P D l l  7 C P t U  U K 1 0 6  STCPU l J K ? 7 Q  D I P O U  U K 1 4 7  T R I P U  S T E P U  U K 2 9 0  LYCOC L Y C O V  L Y C O S  

LYGOD A N F M I  P T C R I  A D I A N  H I S 1 1  DAVAL NEPHG A H T H R  C Y A T l  C Y A T 2  CYCLA CYCLO CYCLT A S P L E  T E C T A  

S T t N A  S T F N L  STENO P I I C S O  MOYLS MONLL U K O I "  MONLU U K 3 1 2  L I K 1 7 0  I J K 1 7 2  T R I L U  UNCAT I N D E T  S U M P S  
* 

* 
SUMPS = sum t o t a l  of counts f o r  a l l  

including uncategorised and 
pol len  and spore taxa ,  
indeterminable palynomorphs. 



TABLE 111.2. Pollen and spore counts from pollen traps 

T I P H A  P A N D A  S P A R G  G R A R l  G R A R Z  G R A M 7  L R A U 4  G Y A M 5  C Y P A I  C Y P A Z  C Y P H l  C Y P H Z  C Y P i l  H Y P O L  D A L R A  

P E T R O  C A L A P  N O R M A  A R E k G  C O L O C  F L A b E  L I L I A  C A S U A  E N G E L  N O T H O  C A S T A  C E L T I  T R E M A  A P H A N  I I R N O Z  

U h R 0 3  S T R E R  P I L E A  H E L I C  R U M E X  M U E H L  N E L U M  S T E P J  H Y P S E  T I U O S  C A N A N  T R l M E  N E P E N  Q U l N T  P O L Y O  

Y E I N M  S P I N A  A C A E N  P A R I N  L E G P B  L E G P D  V A N D A  C H O T A  R U T A R  E V O D I  E U P H T  E U P H O  L U P H A  E U P H I  P A L L 0  

P A C f l A  C L A O X  P H Y L A  A C A L Y  G L O C H  R A C A R  M A C O V  A N T I D  A P O R O  " E L A N  A I S C H  E N D O S  C L F I D  A N A C A  R H U S T  

I L E X A  S P H E N  P O L Y P  S T E N O  P L A T E  D O D O Y  G A N O P  T R I S T  R H A P l N  E L A E O  P ' l C R O  T R I C O  P R A C H  K L E I N  S T E R C  

P T  1 
P T  4 

0 0 0 1 49 
0 0 0 

0 
0 

0 0 1 1 3  
1 0 

n 
0 

0 0 0 0  
1 

P T  5 
1 7 2  

0 0 
0 0 0 11 o o o o o n o 0  

P 7  6 
0 2 1 8  

0 0 0 0 0 0 3 0 0 0 0 
0 

7 
0 0 0 1 0 0 



TABLE III. 2 .  (Cont. ) 

S l E R F  T E T R A  A N I S O  D R I R Y  T R I C A  O C T O V  S O N N F  P A R R 1  R H I Z O  C O * E L  P Y R T A  P O I K I  P A L O R  R O F R L  E P A C R  

T 1 8 l 0 N  G A R b f  V O R I N  N A U C L  !INCAR C O Y P T  F O D O C  P H Y L O  D A C H Y  G N I T U  U K 2 7 L  U K l 5 h  U K 2 9 2  W O N P U  U K 2 3 5  

[ ! K 7 0 9  U K 3 1 0  I C P D L I  3 C P t U  l J $ . 1 0 6  S T C P U  I J K 2 7 Q  D I f ' O U  U K 1 4 7  T R I P U  S T E P U  U K ? Q ( l  L Y C O C  L Y C O V  L Y C O S  

L Y 6 U D  A N E N I  P T E R I  A D I A N  H l S T I  D A V A L  N t P H R  A R T H R  C Y A T 1  C Y A T 2  C Y C L A  C Y C L O  C Y C L T  A S P L E  T E C T A  

S T F N A  S T E H L  S T E N F  I l C S O  M O N L S  U O N L L  U K O l 9  P O N L U  U K 3 1 2  U K 1 7 0  U K 1 7 2  T R I L U  U N C A T  I N D E T  S U P P S  



TABLE I I I .3 .  P o l l e n  a n d  s p o r e  c o u n t s  f r o m  Y a n a m u g i  core YAN 2 

TYPHA PANDA SPARG GRAM1 GRAM2 GRAM7 GRAM4 GRAM5 C Y P A l  CYPA2 C Y P 8 1  CYPRZ C Y P C I  H I P O L  PALMA 

P t T R O  CALAN NORMA ARENG COLOC FLAGF L I L l A  CASUA ENGEL NOTHO CASTA C E L T I  TREMA APHAN URUOZ 

URMO? STRER P I L  

6 7 0  
7 1 0  
7 5 0  
7 9 0  
a ? o  
8 7 0  
9 1 0  
9 5 0  
9 9 0  

1 0 7 0  
1 0 7 0  
l 1 1 0  

YAN 2 1 1 5 0  

EA H E L I C  RUMEX NUEHL NELUM S T E P J  H YPSE 

8 
0  
0  
0 
0 

B 
0  
0 
0 
0 
0  
0 
0  
0  
0  
0  

8 
0  
0  

T I N O S  CANAN T R I M E  NEPEN Q U I N T  P O L I O  



Y A N  2 1 0 7 0  
Y A N  2 1 0 7 0  
Y A M  2 1 1 1 1 )  
Y A Y  2 1 1 5 0  

Y t I N Y  S P I H A  C C A E N  P A R I N  L E G P ! ?  L t G P D  V A N D A  C R O T A  R U T A R  E V n D I  F U P H T  F U P H O  F U P H A  E U P H l  P A L L 0  

P A C M A  C L A O X  P H Y L A  A C A L Y  G L O C H  M A C A R  M A C O V  A N T  I D  A P O f i O  M E L A N  P I S C H  E N D O S  C L E I D  A N A C A  R H U S  

I L E X A  S P H E N  P O L Y P  S T E M 0  P L A T E  D O D O N  G A N O P  T h I S T  R H A Y N  F L A E O  P I C R O  T R I C O  P R A C H  K L E I N  S T E R C  



TABLE III. 3. (Cont. ) 

1 2 3  
l no 
2 0 3  

b' 
4  3 i) 
4 7 6  
5 2 0  
505 
4LO 
6 7  i) 
7 1  3 
7 5 0  
7 9 0  
6 1 0  
E 7 0  
9 1  i) 
P 5 0  
9 0 9  

1 0 ~ 0  
1 0 7 0  
Ill;, 

YAY 2 1 1 5 0  

STFRE 

0 
0 
0 
0 

6 
0 
0 
0 
0 

I 
0 
0  
0 
0 
0 
1  
0 
0 
0 
0  

1 2  
i n8  
2 0  0  
2 4  0 
370 
COO 
4 7  b  
5 2 0  
5 6 0  
6 4 0  
6 7 0  
7 1  9 
7 5 0  
7 9 0  
8 3 0  
A 7 0  
Q 1  O 
9 5 0 
790 

1 0 7 3  
1 0 7 0  
l 1 1 0  

YAN 2 1 1 5 0  

Y A Y  2 
v n c  .' 
v r r  7 
VAN 2 . . . .  
YAN 2 l 1 5 0  

lETRA ANISO D R I Y Y  TRICA OCTO* SOYHF PARR1 RHIZO CO*EL PVRTA P O I K I  HALOW 9 O f R L  FPACR 

CAPAN H Y R S I  PLANC PALAQ DIOSF SYMPL OLFAS NYMPH A L Y X I  EVOLV E C H I P  VERRI  V17EX D Y S O P  P L A k T  

I N  NAUCL UNCAP COMPT PODOC P H Y L O  D A C R Y  GNETU U L ? 7 &  U K 1 5 6  U K 2 9 2  MOYPU U r 2 3 5  



TABLE III. 3 .  (Cont. ) 

1 1 ~ 2 9 3  T R I C U  U K 1 9 4  U K 1 0 9  U K 1 0 4  uKO6O 3CPAU U K 0 7 9  U K 1 1 9  U K 1 7 4  ?CPBU U K 1 2 3  U K 2 2 1  U K 2 1 8  SCPCU 

TCPU U K 2 7 9  D I P O U  U K 1 4 7  T R I P U  STEPU U K 2 9 O  LYCOC LYCOV LYCOS 



TABLE III. 3 .  (Cont. ) 

Y A N  2 
Y A N  2 
Y A H  2 
Y A N  2 
Y A N  2 
Y A N  2 
Y A N  2 
Y A N  2  
Y A N  2 
Y A N  2 
Y A N  2 
Y A N  2  
Y A N  2 
Y A N  2 
Y A N  2 
Y A N  2 
Y A N  2 
Y A N  7 
Y A N  2 
Y A N  2 1 0 3 6  
Y A N  2 1 0 7 0  
Y A N  2 1 1 1 0  
Y A N  2 1 1 5 0  

L Y G O D  A N E M I  P T E R I  A D I A N  H I S T I  O A V A L  N E P H R  A H T H R  C Y A T l  C 7 4 1 2  C Y C L A  C Y C L O  C Y C L T  A S P L E  T E C T A  

S T E N A  S T E N L  S T E N O  M l C S O  Y O N L S  M O N L L  l J K O 1 ~  M O N L U  U K 3 1 2  U K 1 7 0  U K l  7 2  T R I L U  U N C A T  I N D E T  S U M P S  



TABLE I I I . 4 .  P o l l e n  a n d  s p o r e  c o u n t s  f r o m  L a k e  Wanum C o r e  LW 11 

T Y P H A  P  A N D A  S P A R G  G R A X  1 G R A N 2  G R A M '  G R A M 4  G R A M S  C Y P A ?  C Y P A 2  C Y P B  Y P C I  H Y P O L  P A L M A  

Y , E T H O  C A L A Y  N O R M A  A H E h G  C O L O C  F L A G €  L I L I A  C A S U A  E N G E L  N O T H O  C A S T A  C E L T I  T R E M A  A P H A N  U R M O Z  



TABLE III. 4. (Cont. ) 

l l R M O 3  S T f i t R  P I L E A  H L L I C  R U l ( t X  ? U E H L  r . E L U w  S T E P J  H Y P S F  T I k I O S  C A Y A N  T R I P E  t I E P E C  ' I U I N T  F O L I O  

U C I t " Y  S P I R A  4 C A E N  P A R I N  L E G P B  L E G P D  V A Y D l  C H O T A  R U T A P  E V O D I  E U P H T  E U P H O  FIJPHA E U F H I  * A L L 0  

X A C Y A  C L A O X  P H Y L A  A C A L Y  G L O C H  M A C A P  M A C O V  A N T I D  APORO M E L A N  P I S C H  F N O O S  C L E I D  ANACA RHLIST 



TABLE III. 4 .  (Cont. ) 

I L E X A  S P H E N  P O L Y P  S T E M 0  P L A T E  D O D O N  G A M O P  T R I S T  R H A m N  E L D E O  " I C R O  T R I C O  P R A C H  K L E I N  S T E R C  

S T F R E  T E T R A  A h I S O  D R I M Y  T R l C A  O C T O H  S O N N f  B A R H I  R H I Z O  C O Y E L  Y Y R T A  P O I K I  H A L O R  R O E R L  E P A C R  

P A P A N  Y Y R S I  P L A N C  P A L A Q  D I O S P  S Y M P L  O L E A S  N Y M P H  A L Y X I  E V O L V  E C H I P  V E R 3 I  V I T E X  D Y S O P  P L A N T  



TABLE III. 4.  (Cont. ) 

T I M O N  GARDE V O R I V  YAUCL UNCAR COMPT PODOC PHYLO DACRY GNFTU U K 2 7 1  U K 1 5 6  U K 2 9 2  MONPU U K 2 3 5  

LW I 1  
LW I 1  
LW I 1  
LW I 1  
LW I 1  
L J  I 1  
L J  I 1  
LW I 1  
LW 1 1  
L d  1 1  
LW I 1  
LW I 1  
L d  I 1  
LW I 1  
L U  I 1  
L J  I 1  
LW I 1  
LW I 1  
L d  I 1  
LW I 1  
LW 1 1  
LW I 1  
L U  I 1  
LW I 1  
LW I 1  
LW I 1  
LW I 1  
L*' I 1  

U K 3 0 9  U K 3 1 9  7CPDU 3 C P E U  11K106 STCPU U K 2 7 Q  D I P 0 0  U K 1 4 7  T Q I P U  STEPlJ U K 2 9 O  LYCOC LYCOV LYCOS 



TABLE III. 4 .  (Cont. ) 

L Y G O D  P h E 9 I  P T E R I  A D I A N  H I S T I  D A V A L  N E P H R  A R T H 4  C Y A  

S T E N A  S T E N L  S T E N O  V I C S O  Y O N L S  Y O N L L  

T 1  C Y A T Z  C Y C L  A C Y C L O  C Y C L T  A S P L E  T E C T A  

1 J K r ) l o  P O N L U  U K 3 1 7  l J K 1 7 0  U K 1 7 2  T R I L U  U N C A T  I k D E T  S U M P S  



C a l c u l a t i o n  o f  p o l l e n  c o n c e n t r a t i o n s  and p o l l e n  d e p o s i t i o n  r a t e s  

- 1 
Estimates fo r  e i t he r  pollen concentration (grains m 1  ) 

-2  - 
or  pollen deposition r a t e  (grains cm yr  l) with 95% confidence 

limits fo r  c o u n t i n g  er rors ,  may be calculated from the preceding 

pollen and spore counts by the  formula: 

Where 

T = the count f o r  any taxon, o r  group of taxa 
i n  a sample, 

F = the  mult ipl icat ive  fac tor  f o r  e i t he r  pollen 
concentration o r  PDR f o r  the  appropriate 
sample, given i n  t ab les  111.5 t o  111.7. 

Due t o  the  unrel iable  chronology, no PDR factors  a re  shown f o r  

Yanamugi core YAN 2. 



TABLE III.5. F a c t o r s  f o r  p o l l e n  and s p o r e  c o u n t s  f rom p o l l e n  t r a p s  

Factor fo r  Factor £25 -1 
Trap grains per t rap grains cm yr 

TABLE III.6. F a c t o r s  f o r  p o l l e n  and s p o r e  c o u n t s  from Yanamugi 
Core YAN 2 

cm below Factor for  
datum grains m l - l  of sediment 



TABLE I I I .7 .  F a c t o r s  f o r  p o l l e n  and s p o r e  c o u n t s  from Lake 
Wanum c o r e  LW 11 

Factor for grains 
Factor for cm-2 yr-l 

cm below grains ml-l of (assuming sediment 
datum sediment accumulation rate 'C') 



APPENDIX I V  

COMPUTER PROGRAMS 

When handling the  l a r g e  a r ray  of unfamil iar  pol len  

a n a l y t i c a l  da ta  from t r o p i c a l  lowland samples, t h e  u t i l i t y  of 

computer a s s i s t ance  becomes obvious. Di f fe ren t  base sums f o r  

r e l a t i v e  diagrams can be evaluated rapid ly ,  a s  can the  e f f e c t  on 

PDR values of applying a l t e r n a t i v e  sediment accumulation r a t e s .  

This accuracy and f l e x i b i l i t y  should, i n  theory,  allow f o r  

b e t t e r  i n t e r p r e t a t i o n  of the  ava i l ab le  evidence. 

Modified versions of two pre-exis t ing  FORTRAN V pro- 

grams f o r  manipulation of palynological  d a t a  (Raine, 1974), run 

on t h e  ANU UNIVAC 1100/42 computer, were used extensively i n  this 

study. The program sources a r e  l i s t e d  i n  f u l l  on following 

pages. 

Program POLGRP checks the  format of the  raw da ta  and 

produces t a b l e s  of  pol len  counts, such a s  those i n  Appendix 111. 

The program can a l s o  amalgamate any combination of samples and/or 

taxa  and t a b u l a t e  t h e  r e s u l t s ,  o r  s t o r e  them i n  the  same format 

a s  the  o r i g i n a l  da ta .  

Program PLOTABS is an expanded vers ion  of  Dodson's 

PLNSPRS and PLNGPS programs (Dodson, 1972) and incorporates many 

of t h e i r  f ea tu res .  I n  addi t ion ,  PLOTABS can handle ' absolute '  

pol len  a n a l y t i c a l  da ta ,  and, using ANU l i b r a r y  rout ine  ANUPLOT, 

wr i t e s  p l o t f i l e s  f o r  subsequent production on a CALCOMP 960 

p l o t t e r .  Using t h e  raw da ta ,  o r  the  output  from POLGRP, program 

PLOTABS allows f o r  amalgamation of taxa ,  ca lcu la t ion  of r e l a t i v e  

frequencies i n  r e l a t i o n  t o  any base sum, and mul t ip l i ca t ion  of 

counts by a f a c t o r  t o  produce values f o r  po l l en  concentrat ion o r  



PDR. With some manipulation, publ ica t ion  standard r e l a t i v e  

pol len  diagrams can be drawn v i a  the  program. The pol len  con- 

cen t ra t ion  o r  PDR diagrams a r e  o f t e n  l e s s  s a t i s f a c t o r y  due t o  

the  l imi ted  hor izonta l  sca l ing  ava i l ab le .  A l l  po l len  diagrams 

i n  t h i s  t h e s i s  have been re-drawn from computer-generated p l o t s .  

The PLOTABS program could be s u b s t a n t i a l l y  improved by addi t ion  

of  more soph i s t i ca ted  p lo t -sca l ing ,  and sub-routines f o r  t h e  

ca lcu la t ion  of confidence limits on percentage and 'absolute '  

values. 



Program POLGRP 

C P F O E d C P !  P3LCtkF V E n S I O R  L r  4 A U G  1 3 7 7  
C  T P ! '  P I O C 7 ? A M  T A K E ?  5 6 6  S P E C T H b  A h D  F u ? Y S  t 3 U h T S  F C R  b Q 3 g P  
C A F D  F O H  GFIUI IPS 3F S F t C T r ' A  ( L E V 5 L S  ^ f  P D L L E P  t ) I E G R A " f )  
r 

I I % P I I T  F:'h"AT I S  c : F f .  F O R  D A T F ,  U I * I T  I 
O I ' T P U T  F O ? b i P T  I S  : F ' o ,  FOR D A T A ,  U V I T  ' 6  

Y ( ' T & X  I C  Y O  U F  T A X &  ( , * A X  , C q 2 )  
N O S P E C  I S  P F  S ~ , . C T K A  ( Y A X  ',) 
rJ(  R P S  I S  YCI dF G i i 3 b F S  7C? c:C Y P . D i  
N l -EV I S  h O  O t  L E V X S  O F  S P E C T R k  T O  3 E  w . A D E  
tJ('UT I S  L O G I C C L  U r - I T  N 2  F O L  O L J T P U T  3 F  F I R f i i  T b h L F  
R r + d  o h l a  5;T CPRL)S  F L L L I J H  ( 2 c 1 3 T 7 Y r Z P 5 r  13) 
G;<d l !P  4 A P f '  C 4 c C S  F h E  5 ~ C h  F 3 L L O d i D  3 Y  T b X n N  ' < C .  C A R D S  
S F O U P  V & K F  C A E D  l F 3 h w P T  ( 3 X . 4 5 )  
T @ X O I :  h 0 .  C I \ h I )  F C ! r * ' & T  (13) 
i? C R r ? D  Y I T H  Y r $  r k  C O L ; .  1 - 3  T t R t % I S I @ T ? S  G C O L f P  C A F D  S C T  
LSV'L & A ? =  C H F C S  P K Z  F k C d  F3LLOgtD Z Y  S " E C T c U r  Q O .  C A R D S  
L I - V E L  !U?iXE CAbC F O R F A T  ( z X c 2 A 5 f  
S P E C T Q U ' f i  Y O .  $421 )  F 3 R Y r t T  ( 1 5 )  
A C A 2 b  U I T h  G C 9  IF! CCLL. 1-7 T E R v I N & T T S  L r V E L  C b k O  SCT 

D I Y F h S I n r b  & . A i ' $ C R P { j i i )  , L E V F L ( : ? ?  L C G U T ( 3 7 )  
I ~ I T F C F I ,  F D A T A ( L  : r : * $ ) , ~ ~ ~ ~ ( ~ . : ! i  7 , ~ ~ f i ~ l i ( :  
C ~ . U I V Q L r ! , C E  ( P l i T 1 4 ( ? ~ 1 ) , b D A T h ( 1 ~ 1  J )  
X C A b  C O N T 2 3 L  C 4 R 3  
R E A D  ( 7  , G , . , f ) N i ) T A X * h ! G S F I L  ~ l s G h P S T t G L t V , k l O C T  
F n R P A T O  . . 
? : A D  1"s D A T E  
Dl3 ' ' J - 1  ,t+n>r:c 
9 5 A 3 ( 1 , l a ? )  ( C 4 T A ( i r J ) , I = I , Y 3 T A X )  
F n R W A T ( ' g 4 I 5 )  
R P H P ( . ~  ' , 1 7 1 )  L E V k L ( J )  . i C ~ l t i T ( J )  
F P R t f i A T ( 6 T X  .. * 7 A T * 1 X )  



Program POLGRP (Cont . ) 

= N U T  
I T E  
d Y A T  
I T E  
R Y A T  

L 2 
I T l r  
R e A T  
(!':'ST 
= h ' S t  
= P i  F +  



P r o g r a m  POLGRP ( C o n t  . ) 
R E A P  L t V F L  
R ' A P (  1;2'31 
* I F I T E (  $ 7 2  
F P K F  A T ( 7 X , ~  
R ! A ~  ( ' 7 2 1  
I F ( I C 9 L t . ) 3 1  

C O P P C S I T I O ' v  C A K D S  b FnC" Gf<OuPS 
E L ( J ) , L C O A T ( J )  
E V ~ L ( J ) ~ L C O ~ T ( J )  

C  S r Y ?  D A T A  I V  ' . I 3  f 3 i t ~ t - 1 T  T C  L O G I C A L  U F L I T  - 4  
2 1  J F . I T ; ( Z $ r 2 G )  ( G D 4 T A ( I I J ) , I = K t C K )  , L t @ € L ( J l  , L C i ' ~ J T ( d )  " -  F c R M A T (  . , I ? . T X . Z A S .  3 X )  

I F ( Y G R P S . L ~ ; K K ~  G C - T O  - .  
K = K + Z -  
K K - K I C ~ L "  
G O  Tci  :I 
CiCIYTlbkJ: 

~i S T O P  
P "  
7 .  I J R I T E ( !  24. ' )  

2 L  F C R M A T ( ~ X , ' V U .  3F G C O ' J ? S  Oh L E V E L S  I h C O ? n c C T  I I  R E A D - l k ' )  
5'. 0 



Program PLOTABS 

F R U G R A R  P L O T A S S  V E R S I O N  2 ,  SEPT a1977 
C A L C U L A T L S  AND Ll S T S  P t R C E k T A S E S  A t u D  A d S O L U T E  V A L U E S  O F  
f l I C V O F O S S f L  T Y P E S  AWD U R l T E S  T H E S E  T O  A P L O T F I L F  ( L D E V  9)s 
I N C L U D E  L I B  E W * R I J U P L O T *  1 N  Y A P  

FLkST C A R D  : C Q N I R O L  C A R D  - 
C G L *  1 - 3  N O *  O F  D A T A  B A T C H E S  ( ? A X  = F 3 )  
C P L a  4 - 6  & n o  O F  M I C R O F O S S I L  T Y P E S  ( M A X  = 2 0 0 3  
C O L a  7 - 8  N O a  O F  G R O U P S  T O  B E  U S E D  4 s  B A S E  S U Y S  

( T H E S E  A R E  A R R A N G E D  F IRST)  
C O L D  9-70 T O T A L  r 4 O a  O F  G R O U P S  ( Y P X a  2 4 1  
C O L  11 P Q T  F O R  A  R E L A T I V E  ( P E R C E N T A G E )  D I A G F A P  

P J T  i F O R  4 t g  A ~ S O L ~ J T E  ( L I N E A S  S C A L F )  E T A G R A M  
P U T  F G R  AM ansoclsrE i c o c  S L A L E ~  - ~ L L A G R A E  

C o L . 1 2 - 1 5  T H E  S T A R T I G G  V A L U E  F O P :  T H E  D E P T H  A X I S  ( 1 4 1  
C O L a l f : - 2 4  D T V I S I O W  F A C T O R  ( F 9 . 0 )  F O R  P L O T  I F  C a t .  11 = 1 
C O L . Z > ? O  H F A D I N b  F O R  S I T €  

H E A D I N b S  F 0 9  G G O d P S  I Y  2 8 6  F O P R A T  ( C O L S . 1 - 1 2 ) .  

t : t B N k  C A R D  I F  L t S S  T Y A Q  2 4  G R O U P S  A R E  T 9  FE F d R M E D  

D A T A  D E C K  I N  ? ' 2 I J  F O  
( C O L S . b L ? 2 )  A N D  D E P  
C O L S .  7r-83 A R E  F O K  C A R D  S t Q U E N C E  
M U k S k R S  U H I C H  A R C  N O T  R E A D  BY  THE P Q O C R A 3 o  

C A R D S  C G N T A Z N I N G  L I S T  O F  Y f C t ? O F O S S I L  T Y P E S  FO i?  E A C H  G R O U P t  
F O R Y A T  P R Y X Y N N p 1 . k  @ H E R E  YYi*  I S  I S T  T A X O N  O R D I N A L  Y O *  

NNY I S  L&D. IAxab-aRalhBt .la, 
X = 1  I f  T A X A  % % m  R YluW TO P E  R D D E D  
X = ?  I F  T A X 4  f+'IMt* 10 k w h  T O  5 E  A D D E D  

F I I F t T H F R  G R O U P I N G S  MMMXNN?J,  I X  q A Y  F O L L O W  T H E  F I g S T ,  
UP T O  A R A X I R U Q  U f  1 U  PER C A R D .  A h i Y  hO. O F  A D U I ' I I O F I A L  
C D R D S ?  I N  T H E  S 4 I * l E  F O R M A T r  9 4 Y  F O L L O U o  
H n d E V E H ,  I F  THE L A S T  C A k D  F O R  P G R W P  C O h t T A I V S  
16 C t l O U P I M G 5 p  A GLAQK C A k D  Y U S T  F O L L O W *  



Program PLOTABS (Con t . ) 
C - .  

C  C 1 9 W D S  s I T H  P ~ S C L U T E  C O R R E C T I O V  F A C T O R S  I N  F 1 0 . 7  F ~ R Y A T - ~  
C Obt  PER C A R D  I N  C D L S . 1 - l C c  I &  O R D E R  O F  I % C R E A S I V E  D F P T b .  ,. 

0 I M E h S I O N  I S I T E C I Z I r  L E V ( S G )  r N E V ( b S ) r  P E R C  ( 2 5 v P O ) t C C R R ( $ O )  
D I M E N S I O N  N C P ( 2  ? 2 5 )  
C Q M 3 O N  ~:Pl.h L L O Q  1 I L K  
C O E M O q  L I S T ( 2 3 0  nO) 
n l n E t + s l n q  x ( 4 : o f  , Y ( ~ o o )  
C R L L  P L D T ( I . S ? I . k * - ? )  
K F U D  C O k ' T H O L  f h F O R H A T I O N  
K F A D ( f  ? C ) K l ! K r N P i h v K h T T M A N Y G P * J A B S ,  I S T A Q ~ F A C T O ~ T ~ ~ ~ ~ ~ ~ ( ~ ) v ~ = I  
F O H M A T ( ~ ~ . I ? ~ T Z * I Z ~ I J ~ I ~ ~ F ~ . G T I ~ A ~ )  
lrbAtiS=JA£!S 
k Q I T E ( 3  I l ) c ( I S I T E ( I )  I f 1  1 4 1  F O H Y A T ( T H ~ ,  H S I T  t , 1 4 i 4 * / / 1 )  
R E A D  I b  G R O U P  h A k E S  
D O  13  1 -1  M A k Y G P  
R E A D ( I ~ ~ ~ ~  ( Y G P ( J * I ) r  J - 1 . 2  ) 
I F ( Y A N Y G P . E R . 2 4 )  G O  T O  1 5  
R F A D C ~ , ? ~ )  ( N G P ( J T 2 S ) *  J - f  ~2 ) 
F O R * A T (  Z A O )  
R E A D  I N  C O R E  D A T A  
D O  1 2  I i - 3 A T C H = l  ,luiJfS 
YNF'LN=NFtN-2G 
M N P L h = h F P L N + ?  
H E / I D ( 1 * 2 3 ) ( L l S T ( f  p l Y P T C H > * I = I t M M P L h )  
F O t ? q A T ( ? Q I 3 )  
F i F U D ( l t G 9 9 )  ( L I S T ( I r 1 3 A T C H )  t f = ' N P L h J Z C ' P L N )  r L E V ( I ~ A T C H ) * N E V ( I . 8 A T C H )  
F 3 h Y A T ( 2 O I 3 . ? X , A j r I 5 . 3 X )  

JUFIP 
KOUN 

X r 2 I t t F  
(NGP CJ 
H T H E  F 

R C E Y T A G E  C  

OR N E X T  C A  
*KOUNTl r. J 
O t L O U I P l G  = 



Program PLOTABS ( C o n t  . ) 
60 T O  ( 5 6 , 1 0 3 ) ,  JUMP 

5 6  00 5 5  l N I T  = l , h U f i  
D O  5 5  2 T = 1 , 2 4  

5 5  P E R C ( I T * I N I T )  = u . 6  
D O  4 3  K P = l  , * h Y Y G P  
CALL U T L Y  (NPLV 1 
D O  6 0  K = l , Q l ! T  
Do 6 5  t='I S I L K  

- 

a o  4 3  K P = Y A N Y G P + L ~  
DO 4 3  K ' l r 2  

4 3  ~ G P ( K ~ K P )  = ~ G P ( K , L S )  
Y A N Y G P  = YAQYGP - 1 

6 C 3  IWARY = 1 
J M A h Y  = 6 

C P R l N T  G U T  P E B C t N T A h E  T A E L E S  
33 k R I T E ( 3 , t l O )  ( ( Y I I P ( J , I > ,  J = l  ,? 1 I = I M A N Y , J ~ A Y Y )  

1 1 0  F D R Y A T ( 1 H l  , ' ( / I  r ' ~ ~ I ~ ~ ~ ~ ~ ~ T ~ ~ 9 b ~ 2 ~ 6 t 7 ~ )  $1)  
w k I T E ( 3  1 1 1 )  

1 1 1  F O R H A T ~ T X  1 2 4 ( 1 ~ : = ) 1 )  
u o  1 1 5  L O ~ = ~ , Y U Y  

1 1 5  ~ R l T E ( 3 ~ 1 1 2 )  L E V C L O T )  , M E V ( L 3 T )  ( P F K C ( N T L O T > ,  Y = I " A N Y T J ~ 9 N Y )  
1 1 2  F O R ~ A T ( ~ X , A ~ ~ ~ X , ~ S ~ ~ ( Z X ~ F ~ C ~ Z T ~ X ~ I )  

IF(JAPS.EQ,C) E O  T O  9 0 3  
c RFhD I N  C O k P E C T I u h r  FACTORS & C O R R E C T  D P T 9  

H Y A D ( l . ' O O )  ( C o R ~ ( I ) + I = ~ T h u F " c )  
E I ! O  F O k M A T (  F 1 C m 7 )  



P r o g r a m  PLOTABS (Con t . ) 
D o  9 0 1  J = 1  , N U Y  
B o  9 0 1  I=I,NANYEP 
P E R C ( I , J I = P F R C ~ I , J ) * C ~ R R ( J )  

d f f l T F ( 3 , h G Z )  
F n 6 ' Q A T ( / / / , ? X C A d b O L L I T E  CGUNT F I G U R E S Z , / / / )  
JA;S=n 
G O  TO bCS 
SFT UP FERC F O R  L I ~ E A R  SCALE 4BSOLUTE COUKtTS 
N F = l O  

S I T  CJP-F)LOTI 'ER INSTRUCTIOY F I L ~  
C O  1 = 2 , N A N Y G P  

AL&TH=FLOAT f L N T H *  3 . 4 )  
CALL P L O T ( O * G  C ) . ~ f 3 )  
C A L L  P L O T ( - Q . ~ , Q . U , - ~ )  



P r o g r a m  PLOTABS (Cont . ) 

- 

C = A - 3 . 2 7  
C4LL ? Y ' B O L ( v ! t "  J . l ? r 1 3 t ? L . c c 1 )  - - - - - -- - - - -- - -- - - - - - - - -  

C t L L  h U ~ 5 C i :  ( - .  . t ' ? , C ,  3 . 2 7 * 3 , 9 2 .  J c - 7 )  
A = A + ; , *  

972 C O ' u T I Y U E  
C S L L  F L " T ( : . ~ , ; . , , ~ )  
C $ L L  P i C T ( Y . 2 , $ L b ~ T r i r ? )  
C A L L  P L C T ( 2 . C . 3  . J ? < )  

c n L L  S Y ~ C O L ( - ~ . ~ : , ~ . C ~ . O , I L , : . ~ P ( ~ , I ) , I ~ ~ . O , I Z )  
C P L L  p L C T ( 5 . 2 ~ 2 .  -,-I: --- -_ - - - ---- - -- 

C N L  P L ( T ( ~ . ~ ~ ~ L  k T h  ,) 
C ~ L L  P L G T (  3 . ~ 1 ,  , . . ~ ~ 3 f  
C A L L  L I b ' E ( X P Y I > C l l t O l ~ )  
C A L L  f ' L C T ( ? . O B , . d r ~ )  
C A L L  OLC,T( ~ . C , A L ~ \ T t i + ~ . C , - 2 )  

Y"3 C".TIk.'UF 
6 7  TO 2 <  

ZC CGCL P L ~ T ( ~ . J , ~ ~ . ~ ~ Y ~ F I  -- __-- 
C G 2 O U P I X C  S U r k O L T I K % L  

S U 2 P O U T  I h E  U T L Y  ( L P L h )  
D l  f N t 1 O N  L O T l ( l d ) ,  1 4 ( 1 G ) ,  L E T Z ( 1 C )  
CPPM3V Y P L ' 4 ( 2 ? c ) B I L K  
k " d T  = 1 

26 L ! A D ( l t l )  ( L O T I ( I ) ,  IP(I), L O T Z ( 1 )  , l = 1 , l c ' )  
I F ~ H * A T ( ? O ( I ' ~ I ? * ~ ~ , I X ) )  

11 = 1 . - - - -- - - - - -- - - -- - -- - - -- - - - - pp -. - -- - - - 
7 1 I F ( L O T ~ ( I I ) )  3,"rS 

4 IF(IA(II).EC.?) u~ T O  5 
* p L " I  ( Y I I I ' T )  = L O T  I ( I 1 )  
K Y U T  = K C U T  + 1 
K P L N ( K ~ J I J T )  = L O T :  (11) 
K V U T  = : b U T  + 1 
Go T 3  r; 
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