
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. 
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