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PART I. INTRODUCTION 

By R. G. ROBBINS* 

I. THE SURVEY AREA 
The area surveyed covers approximately 7900 sq miles between lat. 4"00'S. and 

6"05'S. and long. 144"30'E. and 146"OO'E. on the north coast of New Guinea (Fig. 1). 
Administratively the survey area lies within the Madang District of Papua New 
Guinea, including Madang, the seat of district headquarters, but omitting most of 
the Saidor subdistrict. 

Fig. 1.-Location of the Ram-Madang area and adjoining survey areas. 

The Ramu-Madang survey encloses the coastal area of northern New Guinea 
from the mouth of the Sepik River to just east of the Kabenau River. It extends 
south-west to take in the lower slopes of the Schrader and Bismarck Ranges and 

* Formerly Division of Land Use Research, CSIRO, Cmberra. Present address: Department 
of Applied Plant Sciences, University of Nairobi, Kenya. 



Fig. 2.-The R a ~ ~ - M a d a n ~  area showing major rivers, roads and centres. The survey traverses of 
the two surveys are shown. 
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then eastwards to include the north-west extension of the Finisterre Mountains 
(Fig. 2). 

Physiographicauy the area comprises the lowland course of the Ramu River of 
which three sectors may be recognized (Fig. 3). Emerging from the highlands near 
Gusap, the first lowland sector of the Ramu valley flows in a braided stream bed 
(Plate 2, Fig. 1; Plate 3, Fig. 2). The middle Ramu valley begins at Faita where 
the river enters the Usino basin (Plate 6, Fig. 1) with a meandering course but is 
soon confined within a graben fault valley. The lower Ramu vaUey is where the river 
emerges at Atemble onto the broad Ramu flood-plain (Plate 6, Fig. 1; Plate 7, Fig. 1). 
Apart from the slopes of adjoining ranges the area includes the whole of the coastal 
Adelbert Range (Plate 7, Fig. 2) together with foothills and coastal plains. 

To the west the Ramu-Madang area adjoins the Wewak-Lower Sepik area 
(Haantjens et al. 1968) and to the south-west the inlaud Goroka-Mount Hagen area 
(Haantjens et nl. 1970). 

11. OBJECTIVE AND PROCEDURE 

The aim of the survey is to describe, classify and map in a broad but systematic 
way the lands of the area in terms of land form, soils, geology, vegetation and climate. 
These attributes have been combined and expressed as land systems. 

The present Ramu-Madang area combines the Gogol-Upper Ramu and Lower 
Ramu-Atitau areas, for which only unpublished divisional reports (Nos. 5712 and 
5911 respectively) have previously been available. 

Field work for the Gogol-Upper Ramu was carried out in July, August and 
September 1956 and covered some 3200 sq miles. The survey of thc Lower Ramu- 
Atitau area of a further 4700 sq miles was carried out between 1 August and 21 
October 1958 (see Fig. 2 and land systems map). The survey team consisted of 
H. A. Haantjens (pedologist), E. Reiner (geomorphologisl), J. C. Saunders (forest 
botanist), .I. R. McAlpine (transport officer) and, for the lower Ramu only, R. G. 
Robbins (ecologist), R. Pullen (botanical collector) and D. W. Corbett (geologist 
from the Bureau of Mineral Resources). 

The party worked along the traverse routes shown in Fig. 2. Although some 
use was made of the motor roads along the coast and excursions using canoes and 
outboard motorboats were made on the rlver and swamps, most traverses were 
carried out on foot using foot tracks between villages. Airlifts were made on several 
occasions. 

The air photos used for mapping were taken by Adastra Airways Ply. Ltd. In 
1955 and 1957-58 respectively. They were taken from a hcight of 25 000 ft and have 
a scale of 1 :50 000 at sea level. A base map at a scale of 1 :250 000 was made by 
the Divisioii of National Mapping, Department of National Development, Canberra, 
in 1967 from compilations from the air photos of 1956 and 1958. 

111. POPULATION, LAND USE AND TRANSPORT 

Indigenous Melanesian population datahave been obtainedfromvillage assembly 
censuses of the Madang district, 1966. Total population for the survey area is 74 000 
or alu~ost 10 per sq milc; however, tliere are quite large areas or sparse to no popu- 



Fig. 3.-Physical regions of the Ramu-Madang area. 
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Fig. 4.-Population distribution by village settlements. 
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lation. Fig. 4 shows heaviest concentrations around Madang and inland from 
Astrolabe Bay, along the north coast and agaiu inland from Bogia. This indigenous 
population, which resides in villages of about 100 inhabitants or in hamlet settlements, 
is chiefly engaged in subsistence cultivation and sago processing. Of those employed 
for wages most are engaged in agriculture and the 'rural' population is classified at 
over 90%. Cash cropping, coconuts and fishing occur along the coast hut settlements 
in the hilly inland still rely on a traditional shifting cultivation of garden plots 
predominantly of root crops (Plate 4 and Plate 5) and have minimal contact with 
the administration. Sago starch or 'sac sac' is a major source of food throughout 
the swampy plains (Plate 8, Fig. 2; Plate 9, Fig. 2). Migration into the district and 
natural increase amount to some 3 % annually. The impact of missions, adminis- 
tration posts, schools and plantations is having an increasing effect upon the 
population. The non-indigenous population, of which the majority live in and 
around Madang, numbers some 2000 and is engaged in government, mission and 
trading activity. While there is a number of small industries in Madang primary 
products are stiU the chief exports; 12 000 tons of copra and 2000 tons of cocoa are 
produced annually from the district as a whole. A large cattle holding occupies 
100 000 acres in the upper Ramu valley near Gusap. 

The 404 miles of roads (Fig. 2) are located mainly on the coast and serve as a 
link between Bogia and Madang, joining the copra plantations lying between. An 
inland road of 30 miles via Amele to Mawan and beyond serves the upper Gogol 
River timber lease. A road link from Madang to the Ramu and thence to the High- 
lands is being constructed. 

Large areas are linked only by 'government roads' in the form of foot tracks. 
The Ramu River is navigable by small launch as far upstream as Atemble but has a 
meandering course with many hazards sucil as sand-bars and log snags. It is not 
bridged at any point. 

Air transport is important and there are some 20 aerodromes and airstrips for 
light aircraft found in the area. Goverl~ment stations are found at Usino, Aiome and 
Josephstaal while Bogia with a population of 600 is a subdistrict headquarters. 

Haantjens, H. A,, Arnold, Jennifcr M., McAlpine, J. R., Mabbutt, J. A,, Reiner, E., Rabbins, R. G., 
and Saunders, J. C. (1968).-Lands of the Wewak-Lower Scpik area, Territory oC Papua and 
New Guinea. CSIRO Aust. Land Res. Ser. No. 22. 

Haantjens, H. A,, McAlpino, J. R., Reiner, E., Robbibins, R. G., and Saunders, J. C. (1970).-Lands 
of the Goraka-Mount Hagcn area, Territory of Papua and New Guinea. CSIRO Aust. Land 
Res. Scr. No. 27. 



PART 11. SUMMARY DESCRIPTION 

I. LAND SYSTEMS 

Thirty-six land systems ranging in size from 8 to over 1000 sq miles have been 
mapped and described. Mapping at a scale of 1 :250 000 is based on interpretation 
of aerial photographs. The descriptions are based on photo interpretation and field 
observations of land form, soil and vegetation. They include the breakdown of the 
land systems into units which are tracts of terrain that cannot be represented indi- 
vidually on the map but have rather small internal variation in land form, soil, 
vegetation and land use capability. Data on population and land use are given for 
each land system as well as an assessment of its potet~tial for agricultural and forestry 
development. 

011 the basis of broad similarities the land systems can be grouped into five 
categories. 

The mountains include 4 land systems and comprise 1770 sq miles or 22% 
of the area. Maximum altitudes go above 9000 ft. Slopes are frequently over 30' and 
relief well over 1000 ft. Lowland hill forest dolninates but lower montane and even 
montane forest is found at higher altitude. Soils are mainly immature, undifferentiated 
and residual. 

Hills, mostly under grassland, include 11 land systems comprising 300 sq miles 
or 4 %  of the area. Altitudes go to 1000 ft but relief is generally below 50 ft and 
slopes gentle with exceptions in Panalcatan land system. Weathered soils and alluvial 
soils predominate. 

Coastal plains include 6 land systems, cover 375 sq miles and occupy 5 P: of 
the area. Partly liable to flooding, these flood-plain and terrace tracts have developed 
alluvial soils of varying textures and drainage conditions. The vegetation ranges 
from alluvial forests, grasslands and swamps to strand woodland and mangroves. 

Flood-plains comprise 7 land systems which account for 1395 sq miles or 18 % 
of the area. Mostly inundated during the wet season, the vegetation is either alluvial 
well-drained or alluvial flood-plain forest and river-bank succession. The soils are 
young alluvial soils of varying textures. 

Sago palm, reed and grass swamps include 4 land systems comprising 700 sq 
miles and accounting for 9% of the area. Whilst the soils comprise mainly alluvial 
clay soils and organic soils, the various types of swamp vegetation are closely related 
to ground-water fluctuations and degree of flooding and inundation. 

The area generally has a wet humid tropical climate. Mean temperatures are 
around 80°F along the coast and slightly higher inland and are most uniformtkrough- 

* Formerly Division of Land Use Research, CSTRO, Canberra. Present address: Department 
of Applied Plant Sciences, University of Nairobi, Kenya. 



out the year. Total rainfall and its seasonal distribution, however, vary considerably 
throughout the region. Mean annual rainfall for most of the region lies within the 
100-140-in. range. Rainfall in the mountains is generally over 180 in. but more 
significantly there are two drier areas where the mean annual rainfall drops to 
70-85 in. In the south-east of the Ramu valley this lower mean rainfall is accentuated 
by strong drying winds that sweep across the open grasslands during May to Sep- 
tember. The second dry area is along the north-western coast; this is reflected inland 
from Bogia by seasonal secondary forest, bamboo brake and the many small tracts 
of induced grasslands. 

Seasonality of rainfall is a feature of the climate in the Ram-Madang area. 
The dry season occurs from May to October, and in droughty areas where seasonality 
is more marked, limitations on plant growth may occur. 

Five major physical regions have been recognized in the area: coastal plains, 
bill zone, mountain ranges, Ramu valley and Ramu plain (Fig. 3). 

Cretaceous schists on the lower slopes of the Central Ranges are the oldest rocks 
within the survey area. Mostly, however, the rocks extend in age from the middle 
Miocene to Pliocene, beginning with limestone and passing into a varied sequence of 
sandstone, conglomerate and mudstone with associated volcanic rocks. 

The history of the area is one of uplift and faulting with marine deposition in 
the central depression during the Miocene and Pliocene. The coastline was demarcated 
by the uplift of the coastal ranges accompanied by vulcanism. Renewed uplift caused 
dissection of the hill zone and this was followed by down-faulting of the Ramu 
trough to form the present structural basin or flood-plain. Rejuvenation of drainage 
foUowed with the capture of the extensive catchment of the present Guam River. 

Rapid uplift of the Finisterre Mountains and the central range was accompanied 
by increased erosion which led to the formation of extensive alluvial fans at the foot 
of the mountains. Most of these have now been dissected. 

The braiding channels of many of the rivers still transporting great amounts of 
coarse-grained sediments indicated that these processes are continuing. 

Such tectonic activity has largely determined the course of the Ramu River and 
this, together with the history of the landscape, is strongly related to the land systems, 
the geomorphology of which is discussed further in Part 111. 

IV. SOILS 

Many more observations were made of the soils of the alluvial plains and fans 
than of soils of the bills and mountains which occupy the greater part of the survey 
area. The latter appear to be mostly not strongly developed, presumably as a result 
of surface wash and denudational mass movement on the hill slopes. On sedimentary 
rocks the soils tend to be he-textured and vlastic althoueh coarser-textured soils are " 
common on interbedded sandstones and conglomerate. On igneous and metamorphic 
rocks soils tend to be more friable and permeable and often contain many weathered 
rock fragments. Strongly weathered soils occur locally throughout the hills and 
mountains and are most common where related to old surfaces, as on very low hills 
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near the lower Ramu River, and compact with mottles and concretions on sedimentary 
rocks. In all residual soils it is very common for the topsoil to be less clayey than the 
subsoil. 

The flood-plains have almost totally undeveloped alluvial soils. The strongest 
aggradation appears to take place in the middle sector of the Ramu plain where it is 
common to 6nd thin layers of flood deposits on top of the generally very silty alluvial 
soils. As would be expected, there is a marked increase in clay content in these soils 
from the upper to the lower sectors of the major rivers. Also rivers with a mainly 
sedimentary rock catchment area have the most clayey alluvial soils, whereas the 
very silty middle Ramu soils appear to derive from schists in the Bismarck Range. 

Although undifferentiated alluvial soils also occur on the terraces above flood- 
plain level, higher terraces, and in particular alluvial fans in the upper and middle 
Ramu sectors, have soils with increasingly developed profles. Initially this is reflected 
in browner subsoils and the development of very dark organic topsoils. With increas- 
ing age such soils become acid, very clayey and red. 

Dark topsoils are particularly common under grassland, also on the hills. This 
tendency is reinforced in areas of lower rainfall in the upper Ramu valley and along 
the north-west coast. The intluence of a drier climate may also be reflected in the 
presence of slightly alkaline black earths at the lower edge of fans in the upper Ramu 
valley and in the prevalence of very shallow soils along the north coast. 

Tropical rain forests predominate over two-thirds of the survey area. Centred 
in the ranges these extend out over the foothills and onto the alluvial plains. 

The forest vegetation of the humid lowlands below 3000 ft is in optimum develop- 
ment a mixed three-tree-layered forest with a canopy over 100 ft and emergents to 
150 ft. While much of it has a good timber potential, large areas have been down- 
graded and in places even replaced by grasslands due to a long history of shifting 
cultivation. On the extensive alluvial plains and river terraces there are alluvial 
forests in which well-drained and flood-plain aspects have been recognized. 

Above 3000 ft the optimum number of tree layers is reduced to two and the 
forest is lower in stature and within the lower montane formation. Here tree-ferns 
largely replace the palms of the lowland forests; trunk buttresses and woody limes 
are less evident and there is a shift in species composition. Some of the lower montane 
forest is dominated by oaks or beeches. The true optimum single-layered, often 
mossy, montane forest is only found above 9000 ft on the Finisterre Range. 

Swamp lands account for over 800 sq rmles, mainly on the broad Ramu River 
flood-plain where there is a complex pattern of sago palm groves, reed and grass 
swamps and open lakes with aquatic plants, all reflecting the seasonal floods and 
alternating wet and dry seasons. 

Strand woodland occurs along the beaches and is only interrupted by mangrove 
forest and woodland on muddy estuaries. 

Much of the vegetation shows the impact of man; this is expressed in the many 
phases of garden regrowth and in the tracts of open grassland which are now 
entrenched by annual firing. 
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VI. FOREST RESOURCES 

Commercial forests cover almost 50% of the Ramu-Madang area. Undoubtedly 
the regions having the greatest timber potential are the middle Ramu valley and the 
central hills. The former region is not only well stocked with timber on accessible 
terrain but also provides easy access to the forests of the more accessible foothills 
and lower slopes of the Central Ranges and southern hills and to parts of the lower 
Ramu plain and the Usino basin. The upper Ramu valley, although almost devoid 
of forest, provides easy access to the above regions from Lae and the Highlands 
highway via Gusap. 

The central bills region carries a large area of timber of generally moderate to 
low stocking rate. Access varies from good on the alluvial terraces and higher plains 
to moderate on the low hills of Amaimon land system to poor, and locally very poor, 
on the higher steeper hills. Generally, however, by careful selection of routes the 
region is almost totally accessible and allows access to the footbills of the Adelbert 
Range and the lower slopes of the southern hills. Extending westwards from the 
existing road-head of the Madang road system to the middle Ramu valley, the central 
hills provide a possible access to much of the inland part of the Ramu-Madang area. 

The Central, Adelbert and Finisterre Ranges, although generally well stocked 
with timber, are for the most part inaccessible except along the foothills, and their 
forests play an important role in watershed protection. The same applies to the 
southern hills but the timber resources here are much smaller in area. 

The lower Ramu plain has generally low stocking rate forest covering approxi- 
mately 25% of its area, for the most part following the courses of the main rivers. 
The terrain although flat is subject to poor soil drainage conditions and is often 
inundated for long periods or is permanently swampy. Consequently access is very 
poor to impossible except for small areas of higher land or large areas for short 
periods during the driest part of the year. 

Thenorthern andcoastal hills carry very little forest due to clearing for agriculture 
and access for the most part is poor. 

Most of the present road system is located on the coastal plain which although 
almost devoid of forest affords access and outlets to the lower slopes of the Adelbert 
Range. The plain itself generally has a good access rating except for parts of Astrolabe 
land system. 

VLI. LAND USE CAPABILITY 

Land use capability of the survey area as a whole has been assessed from a study 
of the land system units. The method used is adapted from the Soil Consei~ation 
Service, U.S. Department of Agriculture, and land is grouped into categories of 
increasing limitations and problems. Suitability for development is based upon its 
use for arable crops, tree crops, wet rice, grazing or forestry, in that order. 

About 7 % or 550 sq miles of the survey area includes land with moderate limi- 
tations such as flood hazards, drainage and slope problems. This land is primarily 
suitable for improved pastures but marginal for permanent cultivation. Wet rice 
growing is a possibility. 

A fnriher 22% is classed as land with some serious limitation among which are 
erosion hazards, shallow soils and moisture deficits. While locally much used for 
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shifting agriculture some could be used for grazing; however, the higher parts are 
best suited to forestry or watershed protection. 

The remainder of the survey area or nearly half the land (48 % or 3730 sq miles) 
has severe limitations for development. 

The other 2800 sq miles is rugged mountainous laud the main use of which 
is as catclunent areas. 



PART 111. LAND SYSTEMS 

By H. A. HAANTIENS,* E. REINER,~ R. G. ROBBINS~ and J. C .  SAUNDERS* 

The 36 land systems described in this Part and shown in the accompanying 
land system map are natural landscapes with a characteristic pattern of rocks, land 
forms, soils and vegetation that can be mapped from aerial photographs at the map 
scale used. 

Although the land systems are primarily natural, i.e. genetic entities, consider- 
ation is also given to their land use potential. The names are derived from local 
geographical features such as villages, rivers and mountains. 

Each land system consists of one or more units. These are areas of land with 
a particular combination of land forms, soils and vegetation and are not mappable 
either from aerial photographs or at the map scale used. A distinctionis made between 
simple units with only one particular type of land form, soil and vegetation (e.g. flat 
terrace surface) and compound units which have a particular sequence of land forms, 
soils and vegetation (e.g. steep ridges and narrow valleys). The great majority of 
units in this report are compound units. They differ from land systems only in that 
they are not mappable because of their very intricate pattern, indistinct boundaries 
or small size. 

The 36 land systems are grouped into the following types of land in order of 
decreasing relief. A broader grouping based on this classification has been used for 
presentation of land system information and on the land system map. 

(a) Land Systems of flie Mountains 

These are the areas of strongest tectonic uplift, greatest relief and most severe 
erosion. Relief attains 3000 ft and altitudes range to 10 000 ft above sea level. The 
characteristic land forms are high serrate ridges and steep-sided narrow valleys; 
plains are lacking. The land systems in this group form important watersheds and 
naturally contain the most inaccessible terrain in the survey area. 

Finisterre together with Knbari land system is essentially the Finisterre Range. 
It is formed mainly of greywacke and tuff and exhibits the steep rugged land forms 
characteristic of such rocks in areas of strong relief. The area is subject to frequent 
earth tremors; slopes are broken by numerous landslide scars and there are also small 

* Dlvlsion of Land Use Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
t Formerly Dlvision of Land Use Research, CSIRO, Canberra. Present address: Nieder 

Gelpe 13, 5251 Post Kalkkuhl Uber Ingles-Kirchen, West Germany. 
t Formerly Div~sion of Land Use Research, CSIRO, Canberra. Present address: Deparfment 

of Applied Plant Sciences, Umversity of Nairobl, Kenya. 
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fault scarps. River gradients are high and torrential flooding is especially severe in 
this land system. 

Atitau land systern comprises hilly upland tracts 2000-3000 ft above sea level in 
watershed areas in the Adelbert Range. 

Gal land system consists of low mountains formed of sandstone, mudstone and 
greywacke with smaller areas of limestone and volcanic rocks and is essentially the 
Adelbert Range. It consists mainly of narrow ridges up to 1500 ft high with an 
accordance of altitude between 2000 and 4000 ft above sea level. Gal land system 
also includes prominent escarpments formed by block faulting. 

Bisma~clc landsystem consists of mountains of granodiorite and schists forming 
the lowermost slopes of the Central Ranges. It has particularly massive ridges up to 
2500 ft high. The units are traversed by parallel tributaries of the Ramu River. The 
effects of youthful faulting and uplift are seen in the faceted lower spurs, gorge 
incision up to 200 ft in valley bottoms, and a general steepening of lower slopes. 
Small hilly upland areas and spur benches between 2000 and 3000 ft above sea level 
may have formed during pauses in uplift. 

(b) Land Systems of the Higher Hills 

This group of land systems has a relief range between 400 and 1000 ft and is 
generally less than 2000 ft above sea level. The land systems occur in areas of less 
strong tectonic uplift in continuation of and on the flanks of the Adelbert and the 
Finisterre Ranges. They are formed on a variety of rocks but commonly they owe 
their moderately strong relief to the presence within the mudstone sequence of 
sandstone, limestone and greywacke which form steep slopes or prominent ridges 
and escarpments. 

The most typical upland forms are short interconnecting narrow ridges, although 
more continuous strike ridges also occur. Lower slopes formed in mudstone are 
liable to severe dissection and landslides and mudflows occur on a minor scale, 
possibly triggered by frequent earth tremors. There is generally a dense pattern of 
steep-sided narrow valleys. Discontinuous narrow flood-plains of the smaller through- 
going valleys are included within the land systems and alternate with narrow, often 
gorge-like tracts where the drainage traverses strike ridges. 

Bagasin land systern contains the strongest relief in this group. I t  consists mostly 
of branching ridges of sandstone and mudstone which extensively attain 2000 ft 
above sea level. This land system is traversed by prominent hog-back ridges up to 
1000 ft high formed on tilted fault blocks of sandstone and limestone which locally 
attain an altitude of 3000 ft. The drainage is very deeply entrenched. 

Otaki land system1 consists of steep limestone strike ridges up to 1000 ft high 
on the flanks of the Bismarck Range in the upper Ramu valley and also one in the 
lower Ramu plain near the Keram River. 

Musak land system consists of a few continuous strike ridges with a regular 
pattern of long serrate spurs and narrow transverse valleys. The ridges are up to 
400 ft high and locally attain 1200 ft above sea level. The land system forms the 
Musak hills on the watershed between the Ramu and the Sogeram Rivers. The 
winding larger river valleys in this land system limy have been superimposed. 
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Wanabutu landsystem occurs in the northern hills. Its higher inland parts consist 
of irregular closely spaced rounded ridges formed of shale and sandstone up to 
400 ft high and with crests between 500 and 800 ft above sea level. Nearer the coast 
is a co~ltinnous lower ridge formed of greywacke with regularly dissected flanks and 
with benched rou~lded spurs on the coastal side. 

Morumu land system consists of closely dissected short ridges and hills up to 
400 ft high of mudstone and interbedded sandstone and it forms the greatest part of 
the central hills. 

(c) Land Systems of the Lo>.11e? Hills 

These land systems have less than 400 ft of relief, commonly less than 200 ft. 
They occur on a variety of unresistant rocks in areas of little uplift. They have their 
fullest development in the lower parts of lhe central hius adjacent to the Ramu 
plain in t l ~ e  coastal foothills, and flanking the upper Ramu valley. 

The most typical land forms are low, narrowly rounded hills and ridges with 
slopes of less than 25" as in the central hills. In addition, there are areas of stronger 
dissection characterized by steep, sharp-crested ridges and narrow V-shaped valleys, 
whilst the group also includes minor areas of very subdued relief. Lower hill slopes 
are commoilly hummocky due to mudows. These land systems are closely dissected 
by narrow tributary valleys, but the main valleys are relatively open with discon- 
tinuous narrow flood-plains. 

Sangan land system is characterized by interconnecting ridges mainly up to 
300 ft high on the margins of the northern hills. These have unusually steep slopes 
and narrow crests probably because of the greater resistance of the sandstones of 
which they are mainly formed. The very close dissection of the ridge slopes may in 
part be a result of forest clearing. Relief generally attains 300 ft. 

Romole land system consists of foothills up to 300 ft high along the faultscarp 
of the Finisterre Range in the upper Ramu valley. Vigorous erosion by closely 
spaced gullies has given rise to a complex of knife-edge ridges closely resembling 
badlands. 

Arnele land system forms the largest part of the coastal foothills. It is mainly 
underlain by soft rocks which give rise to closely spaced, low rounded hills and 
ridges. The through-going rivers are deeply incised hut relief is generally less than 
200 ft. 

Sirin land systern contains short ridges of two types: narrow-crested ridges up 
to 200 ft high and roundcd ridges up to 50 ft  high. These are associated with ill- 
drained, flat basins with gently sloping colluvial margins which may be volcanic 
in origin. 

Amai?izon landsystem comprises the lower parts of the central hills and is charac- 
terized by closely dissected, low rounded mudstone hills and ridges up to 150 ft 
high. The land system also includes low stony ridges in the Ramu plain west of the 
Ramu River. 

(d)  Land Systems of tlze Dissected Fans 

These laud systems occur mainly in the Ramu valley and they are mainly formed 
of boulder and cobble, gravels and sands. 
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Surviving upper fan surfaces have gentle radial slopes and are traversed by 
ill-defined drainage channels. The fans have been incised up to 200 f t  by the Ramu 
River and its tributaries and the steep margins are subject to close dissection by 
narrow gullies. With regressive erosion longer lcnife-edge spurs are formed and 
eventually the fan surface is completely replaced by broken terrain. 

The land systems also include narrow flights of terraces along the braiding 
channels of through-going tributaries of the Ramu River. 

Panakatan land system consists of completely dissected fans or dissected fan 
margins adjoining Aiome land system and is characterized by narrow ridges and spurs. 
It also includes a 200-ft fault scarp. 

Aiome land system comprises the surfaces of little to partially dissected fans in 
the lower Ramu valley. The gently undulating surfaces extend in long lobes separatcd 
by alluvial terraces in the tributary valleys and ending in a low bluff against the 
Ramu flood-plain. The terraced nlargins of the land system are sparsely gullied. 

(e)  Land Systems of the Unrlissected Fans 

In these land systems, which occur in the upper Ramu valley aiid south of 
Astrolabe Bay, the gently sloping fan surfaces generally survive intact although they 
are trenched to differing degrees by the flood-plain and terraces of through-going 
braiding rivers. Locally they are still receiving alluvial deposits. 

Bunfbu land system is made up of little-dissected coduent  fans in the upper 
R a ~ n u  valley flanking the foothills of the Finisterre Range. They are trenchcd up 
to 100 ft by tributaries of the Ramn and thcir terraces. Several small alluvial flood-out 
basius occur at the terminals of minor drainage debouching onto the fan surfaces. 

Faita land system colnprises gravel fans which flank the Bismarck Range in 
tributary re-entrants of the upper Ramu valley. They arc young, as indicated by 
their stony surfaces and also by the shallowness of dissection by the through-going 
rivers. This land system iiicludes short backing colluvial aprons. 

(f) Laird Systems of the Coastal Plains 

This group includes hstly two land systems which origiilalcd as alluvial coastal 
plains but have since been raised to between 20 and 40 ft above the present flood- 
plains. They have gently undulating surfaces wit11 discontinuous ill-defined drainage 
depressions and they are formed of impermeable clays which become waterlogged 
in the wet season. 

Bosrnan land system is the Bosman platform aud consists of estuariiie clays on 
a coral limestone base. Its upper surface has minor swanlpy areas. The margins of 
the land system are fairly steep and are gullied in part. 

Astrolabe land system is a former delta plain on the west shore of Astrolabe 
Bay, now entrenched up to 30 ft by narrow flood-plains. Its flat surface is sparsely 
dissected by narrow winding channels with steep banks. The seaward margin of the 
land system includes uplifted coral reefs and sand beaches. 

Secondly, Kabeizau land system consists of delta fans mainly on the south shore 
of the Astrolabe Bay and also at the moulhs of smaller rivers on the north-east coast. 
Remnants of older raus form slightly higher plains mar the head of the land system, 



22 H. A. HAANTJENS ET AL. 

generally between the younger fan lobes. The anastomosing river channels are 
incised only 20 ft at the heads of the fans where they are flanked by narrow alluvial 
terraces. The land system includes sand and shingle ridges on the coastal edge. 

Thirdly, this group includes three land systems which form most of the narrow 
discontinuous coastal plain apart from the slightly uplifted alluvial plains frilinging 
Astrolabe Bay. The principal marine forms are uplifted rocky coral platforms 
mainly up to 20 ft above sea level and low beach ridges mainly of sand but locally 
of shingle and areas of tidal alluvium. These land systems also include small alluvial 
Aats behind the shoreline, swampy areas between beach ridges and minor tidal flats. 
In addition to features of the present shoreline the land systems include raised beach 
ridges and higher coral platforms a short distance inland. 

Boriua land system is the broadly undulating flood-plain of the Ramu River in 
its tidal reach below Bosman. Although not subject to prolonged flooding from the 
main channel, Boriva land system is nevertheless inundated for varying periods by 
local run-on following heavy rains. Meanders, oxbow lakes and abandoned channel 
outlets are prominent in this land system. 

Madang land system consists of raised coral platforms, beach ridges and minor 
ill-drained lagoon fills. I t  forms the discontinuous coastal plain between Astrolabe 
Bay and Hansa Bay, occupying a coastal belt generally less than half a lnile wide. 
Locally at river mouths it may attain 2 miles in width. I t  is backed inland by steep 
hill slopes with local inner coral platforms. 

Nubia land system mainly consists of parallel, broad sand ridges separated by 
swampy alluvial swales, but it also includes minor tidal flats at former river outlets. 
This land system fonns the coastal fringe of the Ramu plain but it also comprises 
older beach ridges extending up to 7 miles inland. 

(g)  Land Systems of the Flood-plains 

This group of land systems comprises the continuous flood-plains along all the 
larger rivers but they have their greatest extent in the Ramu valley and the Ramu 
plain. They include extensive aggradational surfaces subject to inundation for periods 
of up to 4 months. They are generally areas of deposition of fme-textured alluvium, 
particularly from the Tertiary sediments and volcanic rocks. 

The flood-plain land systems in the smaller valleys are mainly less than 2 miles 
wide. They include flights of alluvial terraces up to 40 ft above present river level 
and active flood-plains up to 1 mile wide and about 6 ft above the river bed. These 
plains are subject only to flash flooding of short duration and at other times the 
meandering river bed consists of low gravel banks and anastomosing channels. These 
tributary plains are well drained. 

In the Ramu valley the flood-plain land systems show progressive changes 
downstream. The flood-plain in the upper valley is merely an anastomosing channel 
zone with minor alluvial flats. Further down-valley the Ramu occupies a single 
meandering channel flanked by widening main and tributary flood-plains. Tributary 
drainage channels are for the most part braiding. 

There is a progressive increase in the duration of flooding down-valley, the main 
channel meanders more widely and a somewhat uneven meander belt forms with 
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low flood scrolls and numerous oxbow lakes. In this sector most of the alluvium is 
derived from the main ranges and is somewhat sandy with local gravel seams. 

The flood-plain land systems in the Ramu plain occupy tracts up to 20 miles 
wide mainly astride the meander belts and also at the margins of the plain. They form 
extensive flat unchannelled surfaces with discontinuous low levees which rise a few 
feet above the general level. In this area the plain is flooded up to 4 months each year. 

In its lowermost tidal sector the Ramu flood-plain is very gently undulating with 
low sandy rises which may have originated as beach ridges. The meanders are here 
most fully developed with large oxbow lakes and abandoned outlet channels. 

Papul land system comprises the narrow flood-plains and flanking terraces of 
the smaller valleys. 

lmbrlrm land system consists of gravelly plains of the braiding channel zones 
and meander belts of the upper Ramu River and its local tributaries, particularly 
the Imbrum River. It includes ininor ill-drained tracts near the Andalarem valley 
caused by diversion of the Ongan River. 

Ranzu land system comprises the Usino basin and the flood-plains of the Ramu 
River and its tributaries in the lower Ramu valley. 

Sausi land system consists of gently sloping flood-out plains of rivers entering 
the Usino basin on its east side. The land system also contains gently undulating 
gullied tracts near the backing hills. 

Usina land system is mainly the flood-plain of the Peka River in the Usino basin. 
At the head of the land system are minor alluvial terraces flanking the slightly 
entrenched meandering river channels; in its lower parts the plain is diversified by 
broad low rises marking former channel zones. 

Misinki land system forms higher better-drained parts in the Ramu plain. It 
consists of a flood-plain traverscd by meandering river channels flanked by discon- 
tinuous levees. Although Misinki land system is flooded to a depth of 5 ft for 4 
months each year the water-table falls to 7 ft below the plain in the dry season. 

Jibirogo land system is the meander belt in the lower Ramu valley where it forms 
a discontinuous tract up to 1 mile wide. I t  contains the meandering channel and its 
cut-offs and the swales and low rises of flood scrolls. The undulating surface of the 
land system slopes gradually towards the river. 

(h) Land Systems of the Swamps 

Swamps occur in the lowest parts of the flood-plains mainly in the back plains 
of the Ramu River and its larger tributaries. The water-table is at or above the surface 
of these land systeuls throughout the year. The definition of land systems is mainly 
based on vegetation characteristics which reflect water-table conditions. 

Eli land system is the swampy flood-out of tributaries entering the Usino basin 
on the east. It also includes a small area of ill-drained tributary flood-plains in its 
highest part. 

Pandago land system occupies higher parts of the back plains, with more strongly 
fluctuating water-tables. It is most extensive in the Ramuplain but also occurs in the 
lower Ramu valley and the Usino basin. 

Kabuk landsystem consists of lower permanent back-plain swamps in the Ramu 
plain. 
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Sanai land system colnprises open lakes and swamps in the wettest lowest parts 
of the lower Ra~nu  back plain. 

nI. NOTES ON THE TABULAR DESCRIPTIONS 

Descriptions are necessarily brief and provide easy reference to the various 
specialist Parts for more detailed information. For example, the soil families are all 
in alphabetical order under their group headings in Part VI; the named vegetation 
units are as those used in Part Vn. Land system areas have been ascertained on a dot 
grid and rounded off but the unit areas are estimates. Some land systems for which 
very few or no field data are available have been described in general terms and no 
units have been defined. 

The drainage classes listed in the soil column are: 
Excessively drained.-Water is removed from the land very rapidly leaving i t  too 

dry for long periods. 
Well drained.-Water is removed from the land readily but not rapidly. The 

soil is rarely too wet and rarely too dry. The water-table remains well below the 
ground surface. There are no indications of gleying in the soils above 44 in. depth. 

Impeifecfly drained.-Water is removed fiom ihe land somewhat slowly so that 
soil is wet for short but significant periods, especially in the subsoil. Shallow water- 
tables may occur but only for short periods. The soils have distinct mottling and grey 
colours starting between 9 and 20 in. depth. 

Very poorly drained.-Water is removed so slowly that the soil remains saturated 
for a long part of the year. The water-table is commo~lly at or near the surface for 
considerable periods. The soils have distinct mottles and grey colours starting above 
9 in. depth. 

S~vanzyy (pern?anent or. seasonal).-Water is removed so slowly that the water- 
table remains over or near the surface permanently or for a large part of the year. 
The soils are strongly gleyed throughout the profle, in many cases prolninently rusty 
mottled and/or containing part-decomposed plant material. These gley phenomena 
are commonly less pronounced in seasonal swamp. 

The bloclc diagrams mainly represent composite drawings made with the help 
of the aerial photos; the diagrams are not all drawn to the same scale. Numbers 
merely illustrate the units and do not imply an areal importance. 

The land classes given in the last column of the tabular descriptions are an 
assessment of each particular unit within the land system. They are based upon the 
system of land classification of the U.S. Soil Conservation Service (Klingebiel and 
Montgomery 1961) and modzed to suit conditions in Papua New Guinea [Haantjens 
1963). Land is grouped into eight classes 0-VIII), each of which indicates the general 
suitability for different agricultural pursuits. Classes 11-VII are further subdivided 
by using letter symbols to express the nature of the limiting factor-d, poor drainage; 
e, erosion hazards; f, flooding; st, stoniness; so,, low fertility, so,, low water-holding 
capacity (i.e. droughtiness or shallowness), and so,, strong impermeability. 

Thus classes I-IV are suitable for the cultivation of arable crops but in decreasing 
order. Classes V-VIII are not suitable for such cultivation. Class V is suitable for 
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wet rice growing or for grazing; classes VI and VII are suitable for tree crops (coffee, 
cacao, oil palms, coconuts) or for grazing or forestry. Class VIII is unsuitable for 
any form of agriculture. 

Class ILand.-This land can be cultivated safely with ordinary farming methods. 
It is nearly level, has deep productive soils, is well drained and not subject to flooding. 
It is suited to most types of land use including paddy rice growing, although this 
would require special water supply. 

Class II Land-This land is not subject to flooding but requires simple special 
fanning practices to maintain or reach optimum productivity when cultivated. It can 
generally be used without special limitations for other types of land use but tree crops 
may need drainage measures. There are five subclasses in the survey area involving 
limitations of drainage, erosion, wate~holding capacity, stoniness and fertility. 

Class II1Land.-This land requires intensive special farming measures to improve 
or maintain its productivity when cultivated. I n  many cases class 111 land can be used 
without special limitations for other forms of land use but when the land is imperfectly 
drained intensive measures are required for most tree crops. There are six subdivisions 
of this class within the survey area nlostly with limitations of drainage, flooding and 
water-holding capacity. 

Class IV Land-This land can be cultivated occasionally and usually with more 
than normal hazards, or is only suitable for a very limited range of arable crops. 
Most of it is best kept in perennial vegetation but it is generally unsuitable or little 
suitable for tree crops. Many of the seven subclasses found in the area where flooding 
is present would be suitable only for paddy rice cultivation. 

Class V Land.-This is land unsuitable for cultivation for reasons other than 
erosion hazards. I t  is good grazing land which can be managed without special 
limitations. In the survey area poor drainage is the main limitation and suitability 
for paddy rice or tree crops then depends upon whether flooding is present. 

Class VI Land.-This land is not suitable for cultivation and is subject to moderate 
limitations for pastures. Some of the subclasses here may be suitable for tree crops 
with moderate limitations, others for forestry. There are a great number of subclasses 
and this land is fairly common. 

Class VIILand-This land is not cultivatable and is subject to severe limitatio~is 
for pastures. Most subclasses are suitable for forestry under careful management and 
this appears to be the most efficient use, except in subclasses where drainage and 
flooding are the limitations. This is a fairly extensive land class. 

Class VIII Land,-This land has sue11 unfavourable conditions that it is unsuited 
to any cultivation, tree crops, grazing or forestry. 
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(I) FINISTEBRE LAND SYSTEM (290 SQ MILES) 

Rugged high mountains of unstable greywacke with interbedded tuffs. (Plate I, Fig. 2.) 

Gcology.Strouply faulted and uulifted Tertiary greywacke overlain by thick tuff with intercalated marine 
sandstone and siltstone; an area of continuing tectonic instability. 

Physical Features.-Very rugged nlountain ranges, slopes above 3000 ft above sea level wit11 branching, steep- 
sided narrow ridges and V-shaped valloys with torrential rivers; many landslide scars; dose dendritic drainage 
with structurally controlled longitudinal valleys in central parts; relief up to 2000 ft. 

Populatioll and Land Use.-Very sparsely occupied. There are less than 2000 people in 111 villages on the 
southern inland slopes giving a dcnsity of 7 pcople per sq mile. Gardening is carried out mainly on old slump 
areas. 

Assessment.-Very rugged country of high relief with the range rising to 9000 ft or more within a few miles. 
This is an important catchment area although landslides, colonized by Cmr,ar.im trees, reflect the instability 
and erosional nature. 

Land Class 

Mostly Vnl; 
little VIe and 
Vlle 

Vegetation 

Lowermontaneforost in- 
d ~ d i n g  oaks and beeches. 
Cosrrolino trees on old 
landdlps: Flrrog?>tifcs 
swamps !ocally. On the 
highest rrdgm above90W 
A montane faresf 

Soils and Drainage Status 

In~maturo brown residual soils 
mamanti, ,sisimba). undiRer- 
entirred residual soils (N@inko) 
and rock outcrops. Organic soils 
(Gomunu) in small srvnmps and 
lakes due to landslides. Mostly 
,"dl drained 

m o l e  
of land 
system 

Area 
(sq miles) -- 

290 

Land Forms 

~ i g h  mountain ridges: long 
stccp slopes above 3000 

A, 25-60. a d  narrow, serrate 
crests; relief 40&2000 A 
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(2) KUBARI LAND SYSTEM (400 SQ MILES) 

Rugged lower slopes of mountains with greywacke overlain with thick tuff. (Plate 1, Fig. 2; Plate 3, Fig. 2.) 

G e o l o ~ . S t r o n g  faulting and uplift of greywackc with interbedded tuffs, sandstone and siltstone. Minor 
rhyolitic flows in the south-west. 

Physical Features.-Rugged mountain slopes and ridges below 3000 ft of the Finisterre Range. 

Unit Icc)ztq,l Land Forms I Soils m d  Drainage Scatus I Yegotation I Land Class 

Population and Land Use.--Population is rclativcly sparse and scattered, only reaching a density of 6 persons 
per sq mile. The 24 villages scattered in the narth-western part have a total population of 2310. 

Assessment.-This is mountainous country with a very low potential value. The young volcanic soils, although 
often acid and shallow, may not be a serious lirnitatian to land use, but the slopes are more often very steep 
and stony and there are erosional hazards. 
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(3) ATITAU LAND SYSTEM (80 sa MILE) 

Uniform remnants of old uplifted Tertiary sediments. 

Geology.-Presumably as in Gal land system. 

Physical Beahres.-Closely dissected, rounded hill ridges on watersheds above 2000 ft within Gal land system; 
narrow, V-shaped valleys; relief 100400 ft. 

Populatiou and Laud Use.-Some 20 villages with 2300 inhabitants are found throtyhout this slnaU scattered 
land system giving a dcnsity of 28 per sq mile. This n o  doubt reflects the gentler topography. 

Unit 

Whole 
of land 
system 

Assessment.-Although less rugged and offeiing better potential for tree craps, Atitau land system is really an 
aspect of Gal land system. Soils are generally of low fertiliiy. 

Area 
(sq miles) 

80 

Land Forms 
- 

Hill ridges: rovndcd crests 
and dissected, mode~ately 
stoep slopes, 15-30' 

Soils and Drainage Status 

Strongly weathered red and brown 
clay soils (Anlobak, Koroz). 
Well dra~ned 

Vegetation 

Lodand hill forest with 
some stands of Costal- 
ogsrs (oak) 

Land Class 

VIe and VUe 
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Rugged low mountains of greywacke with interbedded sediments and tuff. (Plate 7, Fig. 2.) 

Geology.-Sandstone and ~nudstone of Miocene and Pliocene age with interbedded greywacke, limestone, and 
volcanic tuff and agglomerate; anticlinally folded and block faulted on NW.-SE. lines. 

Physical Features.-Rugged low mountains with narrow steep-sided ridges, V-shaped valleys and steep boolm- 
ing escarpments; minor areas of closely dissected lower ridges, probably on softer rocks, and nal-lmwly 
dissected low hilly terrain; close dendritic drainage pattern, with longitudinal valleys in central part and 
shorter transverse valleys on margins; relief 11p to 1500 ft. 

Population and Land Use.-Over 100 villages are scattered throughout and account for 11 300 people making 
a density of 11 per sq mile. Howcver, population and land usc are centred in unit 1 with virtually little use in 
the others. 

1 

2 

3 

4 

5 

6 

Assessment.-Because of the rnggedness any largescale development is impractical. The great importance of 
this land system is as a catchment and higher parts should be left in protective forest. However, same 
exploitation may be feasible around the margins. The impact of shifting agriculture is still local. Tree crops 
cot~ld be introduced. 

Area 
(sq miles1 -- 

600 

-- 
330 

--- 
50 

-- 
IS 

-- 
c 5 

--- 
< 5 

Land Forms 

Higher mountain ridges: 
narrow cicrtr and lons very 
stew rlapss, 25-40': relief 
500-1500 it 

Lower nlountvin ridges: 
~ loro ly  dissected ridges wifh 
shortnarrowcrestrandgulliod 
$ o w ,  15-3f; rclkf 3W-fGO 
n 

Hilly terrain: low rounded 
ridges with modcrate slopos 
l l r2o0:  forming sectors v p  td 
1 lllile wide betwesn river 
gomcs 

Ercav~ment and  dims: ven 
sleep to preci~itaun slopes, 
45-60', wifh weathered rocky 
surfaces: r c l i d u p  to ISOO fr 

Flrtli* crests: spurand ridge 
crests up to 300 fl  wid- and  
bctwcen 1000 and  3000 R 
above so" level 

Volcanic cones: small strata- 
volcanow up  lo 1500 ft high 
wifhveryrfeo~ strongly gullied 
I ~ O D ~ S  

Sails and  Drainage Status 

Undifferentiated rosidual soils 
(slope soils dew:  slope soils 
shalla~vl and imnlaiure brown re: 
ridurl sails (KaramrarL, Warwiil. 
Well draincd 

Mainly undiffereniiatcd residual 
soih (slope roils shaUom and 
locrlly slope soiis deep). ' Also 
str?llgiy vroathera k d  and brown 
sods ( ~ u t o b a k ,  ~ o r o g ) .  well 
drrlned 

Strongly weathered red and  brown 
clay soils (Autabak, Korop). Well 
drained 

Undifferentiated residual soils 
(slop= ?oils, sha!low) m d  Lithonols. 
Encesx,ely drrmed 

Strongly weathered red and brown 
c1e.y mils (Koros Korow and 
more rarely ~ a o u c j .  w e u  d;ained 

Undifferonfiried residual rails 
(rlapesoilr, shallow). Well drninod 

Vegetation 

Mainlylowlandhiliforesf 
with some garden rr- 
growth and secondary 
forest. Loxver montane 
forest on crests above 
3000 I t  

Mainly secondary forcsf 
and gnrden regrowth of 
lowlmd hill forest 

~- 
Lowland hill forest 

Stui~ted r l o ~ e  vspcctoT 
lorvland hill forest 

Well-doveloprd lowland 
hO1 fororest. Some garden 
regrowth near "illage 
sites 

Lo,vland liill forort, 
secondary fbrert and 
garden regrowth 

Land Class 

v I I I a n d  
VIle 

W e  a n d  vle 

IUc arid I v e  

VIII 

I I I  

I l Ie 



Lower montane slopes and foothills for~i~ing the northern lowland fringe of the Bis~uavck Range. plate 4, 
Fig. 2.) 

Geology.-Along the NW.-SE.-trending border Tertiary sediments of shale are found inland to Aionle where 
Tertiary gabbros, diorite and other igneous rocks continnc to the Usino basin. From here to Gusap 
metamorphics of low-grad8 schists dominate. 

Physical Features.--Long densely dissected lower mountain ridges and slopes with narrow crests; less-dissected 
massive round-crested ridges and much-dissected lowland foothill slopes and ridges. Altitude all below 3000 Ft 
with relief up to 800 ft. 

Population and Land Use.-Population is sparse along these rugged foot slopes. Only I1 villages are found in 
the southern part and account for some 2000 inhabitants making a population density of 4 per sq mile for the 
whole area. 

Assessn~ent.-The ruggedness and general inaccessibility as well as the need to preserve the watershed make it 
unsuitable for any development; hence the land class classifications W e  and VUl predominate. However, 
some shifting cultivation with secondary forest and grassland is already evident. 

U"" 

4' 

5 

6 

* 3ismarck land is described in the report on the G ~ r o k ~ - ~ ~ ~ ~ t  Hagen area maantjenr el 01. 1970). Only throe uoitr 
lying in the Ionlands are dealt with in this rc~or t .  Units 1, 2, 3.7, 8 occur m the Goroka-Moud Hagsn area. 

Area 
(sqmiles) -- 

245 

-- 
170 

-- 
145 

L a d  Fornlr 

very ~o.erely d b ~ ~ ~ l e d  lower 
roothill cauntry with steep 
17-3s0 short and long slop& 
and vLhaped valleys; rclier 
2WS00 1t but all below 3000 
ft altiruds 

Massive lower moantain 
long straight slopes, 

25-35' decreasing to I T ,  
nearly'roundod crosts; relief 
200.800 R. All vnder 2500 R 
altitude 

Dirrocied la\uer mountain 
long bvt densely dis. 

reeted slapos 17-4Sm nrrraw 
cresw. rese iza~a6  n. All 
unde;3000 R altitude 

Soils and Drainage Status 

UndiRcrentiatcd residual soils 
(slope soilr, rha l lo~~)  and iithosols. 
Excessively drained 

Strongly weathered r ~ d a n d  brown 
clay sails (ninm Bnr,, Korog). 
Wcathercd gle~ed'cla~sods (Bibi). 
UndiRerentiatcd resldurl rolls 
(slope soils, shallow and locally, 
lithasols). Mostly wvill drnined 

UndiRerenliatcd residval soils 
(slope soils, shalloiv) and strongly 
w:atbered red and brown clay 
ro~ls mi*). WeU drarncd 

Vegetation 

Tl~elnedo-Aru98dinelIn 
short massland w t h  r e q r  
nanfs of lowland hlll 
forest 

Lowlmd hill forest with 
some Tlzen,ed?-Arnndi- 
nelln short grassland 

Secondary lowland hill 
forest and garden re- 
graWth 

Land Class 

Y1Ies0, and 
d n d r  YIe,so, 

VI nnd YIIc 

VIIe: VU; 
minor VIe 
and VUe,so, 



LAND SYSTEMS 

Strongly dissected steep foothills along the south flanks of the Finisterre Range. (Plate 2, Fig. 2.) 

Geology.-Pliocene sandstone and siltstone with rhyolitic lava beds in the west; Pleistocene boulder and 
cobble conglomerate in the east. 

Physical Peahues.-Very severely dissected foothills with 'badland' topography of extremely close sharp ridges 
and gullies in the east; surviving flattish interfluves with gullied margins in the west; the lhrough-going large 
rivers are part of Bumbu land system; up to 300 ft relief. 

Population and Land Use.-The population is nil 

uni t  

1 

2 

Assessment.-Although now unoccupied the short grassland cover with some forest renlnants points to a past 
history of clearing. Subsequent gully dissection of the soft rack, irregular stream flow, and small landslips have 
led to degadation and hcncc the present classification is to a vcry low land use ~otential. 

Area 
(s', miles) -- 

45 

10 

Land Forms 

Very narrowridges: in tens el^ 
gullied stccp slopes, 3&40m, 
l o ~ d l y  precipitous; relief 
100-300 R 

Smnll plateaux: Bsttish inter- 
Awes up to 1: miles ride, 
sloping gcnfly from backing 
range: lcsr rlmn 20 R local 
relief 

Sails and Drainage Status 

Immature brown rcsidual soils 
(nopirompon). Undifforentiafed 
rcsidval soils (lithosols). Rarely 
limestone soils (Mosial, rarely 
sfroogly ~veathered red and bro~vn 
day roils (Koro~al. Excessively 
drained 

Mostly undifferentiated residual 
soils (lifho~01~ and dope soils, 
shallow). Excessively drained 

Vegetation 
- 

Tiienlrdo-Arirndi,~eIIo 
short grassland 

Short grassland as above 
with some lowland hill 
forest 

Land Class 

Y I - V I T ~ , ~ ~ ,  

- 
vlso, VI 



H. A. HAANTJENS ET AL. 

Steep ruggcd sandstone and limestone hills to low mountains. (Plate 5; Plate 12, Fig. 1.) 

Geology.-Steeply dipping sandstone, mudstone, calcareous sandstone, marl and coral lin~cstone of Miocene 
and Pliocene age, with minor greywacke and basalt; locally block faulted on NW.SE. strike lines. 

Phvsieal Features.-High hilly termin with closely dissected branching ridges on softer racks and hieher con- - 
tinuous hogback ridgcs on sandstone and limestone fault blocks; steep hill slopes, locally with landslide scars; 
close dendritic pattern of narrow valleys with small flood-plains; relief up to 1000 ft. 

Population and Lsnd Use.-This land system is fairly well populated as there are 78 villages scattered 
throughout with a population of 11 100 making a density of 19 persons per sq mile. Thus, intensive 
shifting cultivation occurs in several areas to the point where it is inducing grassland and some erosion. 

Assessment.-Apart from very small areas the land is too rugged for permanent cultivation. Much of the 
land system, which constitutes a second-order catchment, should be conserved. The soils are generally 
shallow and there are both slip and erosion hazards. 



LAND SYSTEMS 

(8) OTAKI LAND SYSTEM (10 SQ MILES) 

Steep limestone ridges. (Plate 2, Fig. 1.) 

Geology.Steeply dipping, massive siliceous lirnestane of Miocene age. 

Physical Features.-Discontin~~ous single ridges up to 1000 ft high. 

Population and Lalid Use.-Unpopulated. 

Assessment.-Useless from a land use point of view. 

unit 

whole 
of land 
system 

&a 
(8s miles) 

LO 

Land Foms 
-- 

Limcrtone r i d ~ ~ :  narrow 
crests m d  stoep rocky slopes 

Soils and Drainage Statue 

Probably mainly Lifhosals. Ex- 
cessively drained 

Vegetation 
- - -. 
Mainlybar~rockbutwifh 
some sparse grasses and 
woody plants 

Land Class 

VIII 



H. A. HAANTJENS ET AL. 

Very rugged hilly country in one tract along the north-eastern edge of the Ramu valley. 

Geology.Steeply dipping mudstone, sandstono and minor conglomerate of Miocene to Pleistocene age; 
anticlinally folded and block faulted on NW.SE. axes. 

Physical Features.-High hilly terrain; a regular pattern of a few higher continuous strike ridges and long 
serrated spurs dissected on strike lines, with a central belt of lower, ronnded hills and short ridges; closely 
spaced, transverse tributary drainage in steep narrow gorges, and winding major valleys; relief up to 500 ft. 

unit  
- 

1 

Population and Land Use.-There is a population of 720 occupying 6 villages in the eastern part only. Total 
population equals 5 penons per sq mile. There is limited land use for gardens and such shifting agriculture 
has initiated grassland patches. 

Area 
(sqmiles) 

-- 
100 

-- 
55 

-- 
5 

Assessment.-There may be moderatc timber resources but the country is rugged and generally inaccessible for 
agricultural development. 

Land Forms 

Dissected spurs: narro~v- 
ussted serrateridges dissected 
by sfrikc-6uided ravmes: 
slopcs 25-40"; relief 300-500 
ft 

Rounded hiUs and ridges: 
moderate to  steep slopes, 1- 
30°, and rounded crwts; r* 
lief 100-400 A 

Strike ridges: very nar1o.w- 
crested sandstone ridges mfh 
long steep dip slopes m d  pre- 
cipitaus rocky escarpments 

Soils and Drainage Status 

Mainly undiffersmtiat~d residual 
sails (slope soils, d?allow) =?d im- 
mature brown resldval solls 
(Banam). Well drained 

Mpinly immafu~e brown residual 
sails (Karamsarrk, Warwin). Well 
dra~ned but with poss>ble water 
logging in wet season 

Undifferentiated residual soils 
(slapcsoils, shallow, andlithosals). 
Also rack oFtcrops. Well to ex- 
cesstvcly drained 

Vegetation 

Lowlandhillforest. Some 
secondary forest and gar- 
den regrowth ~ 0 t h  in- 
ci ient patches of Tlzern- 
. % - ~ , , , , ~ , f i ~ , ~ ~ r ,  S ~ O I ~  
grassland 

Lowlandhillforest: some 
garden resoruth 

Lowland hill forest 

Land Class 

Complex of 
Yne,so, la 
VIE 

VI to VIlc 
and We.80, 

VIII with 
some YIIe,sa, 



Steeply dissectcd hilly country along the north coast 

Geology.-Weathered yeywacke, shale, sandstone, and minor rhyolite lavas of upper Tertiary to Pleistocene 
age; thin gravel cappings locally. 

Physical Features.Secondary watershed areas of closely disscctcd high ridges and hills, with steep, strongly 
gullied slopes; dose dendritic drainage pattern of incised, V-shaped valleys; altitude up to 800 ft. 

Unir / ( , A ~ ~ ~ ,  1 Land Form I Soils and Drainago Status / Vegetation / L a n d  CLarj 

Population aud Land Use.-There is only 1 village with a population of 70. However, the extent of grassland 
indicates a past history of greater land use. 

Assessment.-The area, which has good access, has a potential for extensive grazing and reafforestation. 

~. - I.' .' -. . 
Wl#ole 2b 

. . 
i1lc.r~ rod,:~,. nJ 11111,' n l r##l l )  
ss,aur< ,\I) ~,,tva,i~ .t , r L ~ r \  . , r \ .~  
rtccp b8lll8e l sllrprr. 25 10"' 
rvlhit 1*5JU 8 1  

. -. . 
I'IC.~IIIIIII i l l l l ~  i l i ~ J . r i e r l n l l l l ~ ~ i  I S .  

v d w ~ l  wtlc ~I'O.I.<;,I .<s#J, I >:.,I Y ,  
l# i l# .  .dlr clcl8 rc.k nutcrop<,. 
rh.e.~-:,cl) ~l#..inuJ 

. -. . . -- 
I l ~# l . i #81#c?  VI IJIII: 1 . 1  l>ill \ I le..~, 
i ~ r ~ : t  11.nJer ctre.m: btjt 
n#:a##.Iy c# k s l i # > j  ~ > i l > . ~ t h  
I . .  5 I r r , , J  
IE.r,,.l"A,,.nJ,,,,..lu 



H. A. HAANTENS ET AL. 

Very strongly dissected hilly country of widespread occurl.ence. 

Geology.-Mainly gently dipping mudstone, siltstone and sandstone of Pliocene and possible Pleistocene age, 
with minor coral limestones and interbedded gavels. 

Physical Features.-Closely spaced short ridges and hills and a few higher strike ridges; close dendritic 
drainage pattern of narrow valleys; relief up to 400 ft. 

Population and Land Use.-Although population density is about 9 per sq mile for the whole land system, 
local population intensity is high with 73 villages with a total of 8480. Shifting agriculture is active over 
much of the area but grassland is only incipient. 

Assessment.-Too steep for permanent cultivation and there are soil hazards such as shallowness and 
temporary waterlogging. The area has some importance as a catchment to the Sogeram and Guam Rivers. 
When access is available there are some timber resomces along the lower margins. 

Land Class 

Mostly VI; 
VHe and 
m c , S o , ;  
rmaU patches 
me and 
we,so. 

V N a n d  
same VIIe 

Yle,s.", and 
VlIe 

Vesctatioo 

Lo~~landhiIlforest.Larg~ 
Local regtans ofsecondary 
forest and garden r b  
s o w t h  and patches of 
grassland of Oghinros 
finperat. and Tllenredu- 
Artnldirrella 

Mainly garden regrowth 
with iq\vlvland hill farst 
along ridge crests 

Ar fo run i t l  

Soils and Drainage Status 

Mostly immature brow! resid"al 
soils manam Karamrurk Onga 
Wardn). ~ d ~ ~ l l ~  undilTer&tLaffd 
residualsoie(slopesoils,muddfp~~ 
and hthosols). Small areas of lm- 
mniuremottledresid"~I~oils(~a, 
Tebinsarik). Well to  cxcessrvely 
drained but with some temporary 
waferlogging 

lmmature brown residual soils 
(Banam, Warwin). Excessively 
drained 

Unditieren~iat~d residval sails 
(li!ho3~ls) end, locally, Bmyfonc 
sotls (Opar). Excessively dramed 

Land Forms 

Hills and ridges: narrowly 
m u n d e d m n d u l ~ t i ~ g ~ ~ t s ~ i n d  
steep slopes 15-3T locally 
irmguiar dm; to mnbr l a d -  
slips 

- 
Steep hills and ridges: 
strongly diaroctd with very 
steep slopes, 25-So0, deep 
gvll~es in higher parts 

Limestone tappings: plat. 
forms up to 20 f t  high and 
generally Less than an acre in 
extent. uneven rocky surfaces 
and 1;;. d l  margins 

unit 

1 

2 

3 

AIea  
(3s miles) 

-- 
900 

-- 
40 

-- 
20 



LAND SYSTEMS 37 

Low hilly country with narrow alluvial valleys. Widespread but scattered occurrence over a large part of the 
survey area. 

Geology.-Gently dipping rnudstone and sandstone of Miocene and Pliocene age, with nlinor coral limestone 
and overlying gravels. 

Physical Features.-Closely set irregular low rounded hills and ridges flattening out into adjoining alluvial 
plains; very h e  dendritic pattern of incised minor valleys tributary to more open valleys with discontinuous 
narrow fload-plains and terraces; relief up to 150 ft. 

I Soils and Drainago Status / Vegetation I Land Class 

Higher hills and ridges: 
rounded crests and moderate 
to 60"flc rlaner, &L2? locally 
hummocky 1oiver s1opw; re- 
lief up to 150 it ophiaro~arnernm siass- 

Imd 

Flood-plain rnd terraces: 
discontinuous alluvial terracw 
up to 300 n and zo ft 
above water leuel: narrow 
Raod-plaim about 4 ff abow 
10," water 

2 

.. . 
Und8eienfiafcd raidual roils 
(lilhosols) and, very locally, lime- 
stone rails (O"ar1. Emwsively 
drained 

Mainly youngalluvia1$~ils (4,7,8), 
rlluvirl black clay sor1s (Munglol 
on terrace;. and colluvial r1a,,w. 
well to poorly dcainsd. often 
Aaodcdinrvotsearon. Wafer-fable 
"till hieh in the drv scaron 

185 

I 

Population and Land Use.-There are 28 villages in the area. With over 100 persons in each the total population 
is same 3200, making a density of only 5 per sq mile. 

Lo,verhillsandridges: broad, 
rounded cresa and short 
modoratcly steep alones, 10: 
25': relief up to 100 ft 

Lowland hill forest 

Well-dminod alluvial far- 
est, locally alluvial Eood- 
plain foresf, sago palm 
forest and swan~p 

Assessment.-Tlie irregular topogaphy and predominance of poorly drained and impermeable or of sl~allow 
soils make this land generally unattractive for permanent development. Parts already under gassland may 
be suitable for grazing. The fragmentation of the land system is a disadvantage and in particular the 
aericultural value of the scattered hills of unit 2 is almost negligible. Small flat aveas subject to flooding 
could be used Tor wct rice. Timber resources will have to await access roads. 

As in unit 1 

IVso,: IVf 
and n%d 

Strongly xvert1,ered red and brown 
clay soils ( ~ o r o p a )  with rrathercd 
gleyed clay soils (Gin). Immature 
mottled rcsidual rails (Tobinrarik) 
and immature brown residual soils 
(Knramrarik). Mostly well drained 
but locallv ooorlv drained 

Asinunit 1 butwithmare 
remaining forest 

As in unit I 



H. A. HAANTJENS ET AL. 

Strongly dissected steep hilly country near thc coast. 

Geology-Gently dipping sandstone, mudstone and minor greywacke and conglomerate of Miocene and 
Pliocene age. 

Physical Features.-An irregular pattcrn of closely spaced, dissected ridges and hills, with minor strike ridges; 
close dendritic drainage pattern of narrow valleys; mainly up to 300 ft relief, locally attaining 400 ft. 

Population and Land Use.-Intensive shifting agriculture due to high population, especially in unit 1. There 
are 30 villages with a total population of over 4000, making a density of 34 per sq mile. 

unit  

1 

2 

Assessment.-The inherently drier climate coupled with shallow soils make gazing the most immediate feasible 
land use. Access from the coast is good and forest plantatians of commercial timber species are possible. 

~ r e a  
(8s rnilos) -- 

110 

-- 
10 

l a n d  ~ o r m s  

nidges and hills: narro~viy 
rounded crests; disrcctcd 
ste-p slopes 1 M 5 '  with 
irregular pro61es dve tb land- 
s i i ~ s ;  relicf mainly 10&300 R 

~ i s r ~ c t e d  s t r h  ridges: nar- 
row crests, very steep scarp-  
merits, end steep dip,slopes, 
2&35'. extremely drsroctd 
into r;""d.d branching spurs 
in Lower parts. relief mainly 
IULLZOO ft, i i c a ~ ~ y  attaining 
300 f? 

soils and   rain age Status 

 dominantly ~~diEeient i r ted  rc- 
sidual sailr (Podago, locally htho- 
sob). Some immature brorn 
residl~al soils (Karamsank, War- 
win) ?r~d rack outcrops. WeU to 
excear~vely drained 

undiEerenfiafod residual soils 
(Podagoandlithosols). Excessively 
drsincd 

vegetation 

Lowland hill forest rem- 
nants and secondary 
forest, -pecially along 
gullies. Extensnue gar- 
dens and regrowth. Much 
Tl8en,ler&ArundineNa 
short grasnland 

As in unit 1 with somc 
garden regronth 

 and class 

Vle.so. 

vUe.ra, 



Strongly dissected hilly country up to 800 ft high along the coast. (Plate 8, Fig. 1.) 

Geology.4ubhorizontaI soft marl, siltstone, sandstone and minor conglomerate of Pliocene and Pleistocene 
age, with coral reef limestone on coastal margin. 

Physical Fcabes.-Coastal foothills with closely spaced rounded hills and short ridges; steep coastal fault 
scarp with minor cliffing; branching tributary valleys, very steeply incised in upper sectors; up to 300 ft relief. 

p~ - 

Unit I Area I Land Forms I Soils and Drainage Status 
Irn rn,l~.*, 

2 65 Hills: rounded hills with 
moderately steep slopes, 1% 
30°: up to 200 A relief 

-- 
Alluvial basins: gently un- 
dulating, undirrcctod floors 

YOLI~S  (n, P O O ~ I Y  ~ ~ ~ ~ ~ i a ~ f ~ r e s t , m ~ c h o f i t  l drained l secondary 

Mostly VIo; 
v1e,so, Also 
v11e; 1ve,ro, 
and 1110 

-- d l  > I  

I 
Coral cidges: narrow iocky Limestone soils (Waguk). Un- As for unit 1 
ridges withsteep slopes: up to diII~~~~enfirfed,residual soils (litha- 
200 it high ro1.1. Excwrlvely drained 

Population and Land Use.-Locally dcnsely populated and sustaining intensive shifting agriculture. There are 
38 villages with an average of 157 inhabitants. This makes a total population of 5950 and a density for the 
whole land system of 30 per sq mile. 

Assessment.-A coastal land system with easy access. However, land suitable for permanent cultivation is 
very scattered. Impermeable soils, often waterlogged in thc wet scason, plesent problems and would indicate 
a grazing economy. There are some timber resources. 



H. A. HAANTJENS El' AL. 

(15) S m  LAND SYSTEM (10 SQ MILS) 

Complex pattern of grass-covered steep hills enclosing swampy basins. (Plate 12, Fig. 2.) 

Geology-Gently dipping sandstone of Miocene and Pliocene age interbedded by Pleistocene rhyalitic lavas 
and volcanic agglomerates. 

Ph~sictl I:~uturrs.- I I I  ilte ,uuth, ic..latcd 51ccp ridgc~ p;trtly enclr>r~rlg .in alluvial bfirin: in l l lu norl l~, luwer 
rolln,lc.l ridges :in,l llllls; slllli113g~ ;3n,1*1, of inc~\r..l, Ibr:in~hi~~~! ~alines, tn par1  11iht11;lry 10 the ill-draincJ 
alluvial basin; relief up to 200 ft. 

Population and Land Use.-Only one large village is left in this small predominantly grassland land system. 
This has a population of 210 which makes a density of 18 per sq mile. 

Unit 

I 

2 

3 

Assessment.-The hills are at best suitable only for grazing whilst the poorly drained alluvial basins with 
heavy clay soils are suitable for paddy rice. Access to these open grasslands is good but in all the area is very 
small. 

Area 
(8s miles) 

-- 
5 

-- 
5 

-- 
< 5 

Land Forms 

adp- hills: 
rorv =rats and concave slopes 
ofmod~rate~teepmess, 15-35'; 
relief 100-200 t3 

Low ridges and hills: broad 
rounded crests and convex O: 
straight slopes of moderate 
steepness: relief up to 50 I t  

Ailuuial basins: undjssected 
ill-drained floors s lo~ing "cry 
gently from callu~iai aprons 
on margins rnd m trrbviary 
va11eyn 

Soils and Drainage Stat- 

undifferentiated residual soils 
(Podaga and, locally, lithosols). 
Ercas~vely dralned 

~mmature mottled residual soils 
(Sirin). Weathered glsyed clay 

(N~UP!) and undifferentiated 
residual sorls Podago). Exces- 
sively draincd in the dry but liable 
to r"atei1ogging in the ,vet season 

Allvvial black clay soils (Krsarnp). 
Poorly drained but drying out m 
the dry season 

Vegetation 

O~hiurosIn~gerulo m d  
Tlzernsdo-ilrr~?~diiiiIIa 
short grassland 

Onhiuros-Irngelola grass- 
land. Some secondary 
for& and bamboo brake, 
liltle garden regrowtll 

Irchner>rurn rhort gmss- 
land and some low sreo 
palm swamp 

Land Class 

Ylo,sa, and 
VIle,so, 

As for unit 1 

Vd 



LAND SYSTEMS 41 

(16) BWMEW LANV SYSTEM (105 SQ MILES) 

Very gently sloping to undulating alluvial plain between the Ramu River and the Finisterre Range. (Plate 2; 
Plate 3, Fig. 2.) 

Geology.-Bedded cobble gravels and coarse sands. 

Physical Features.-Little-dissected coalescent fans up to 4 miles long and sloping up to 2' from backing hills; 
flat to gently undulating surfaces becoming more irregular in areas of incipient dissection or continuing 
deposition; alluvial terraces of tributaries and lacally of the Ranlo River; marginal bluff up to 30 ft high 
against Rarnu Rood-plain. 

Population and Land U s e . S o m e  gardening is still carried out by the popolatioll of 400 in 4 villages but nlainly 
the area is unbbabjlpd short grassland. 

Assessmeut.-Small pockets of deeper soils and the alluvial sails offcr limited agricultural dcvclopment but on 
the whole the soils are shallow and stony and may suffer seasonal water stress. 



1-1. A. HAANTJENS ET AL. 

Slightly sloping colluvial fans fiom the central ranges 

Geology.-Unsorted cobble gravels and sands. 

Physical Featarc%.-Undissected gravel fans less than 1 mile long; gently sloping stony surfaces, traversed by 
abandoned shallow braiding drainage channels; backing colluvial slopes of moderate steepness. 

Population and Land Use.-Virtually none. Thcrc is 1 village of 160 inhabitants on this land system 

AssessmentiSoils often stony and droughty and there appears little potential far this land system. 

I 

Vegetation 

Tall Snc&~rmnt sassland 
wlth some ~llolmia- 
Arrr,rd!nellu short grass- 
land. Patches of alluvial 
farat and garden re- 
mnwlh 

Soils m d  Drainagc Scatus 

Well-drained old alluvial sails 
(Turn", weisa). Strongly rveaih- 
erod icd and brown clay soils 
(Airni). Well dratned 

Land Class 

Mostly I and 
IISO, 

Land Foms 

- 
Fan surfaces: stony surfaces 
with slopes less than s*. vith 
abandoncdch~nm~I~ up to 100 
R wide m d  6 ft deep 

Uoit 

I 

n ~ e n ~ e d a - A r u ~ ~ d i ~ ~ ~ I l a  
short grassland 

collu~ial aprons: backing 
slopes of moderate s t e e p n ~ s  
up to f mile lonp, gullicd 

Area 
(8s miles) .- 

15 

Uns,table gravel m d  stone. Er- 
wsne ly  drainod 



Low but steep hilly c o m t ~ y  for~ning part of the fans from the central mountains. 

Geology.-Unsorted, locally bedded, cobble and boulder gravels with sand lenses 

Physical Features.-Very closely set narrow ridges and hills formed by the dissection of older fans, with minor 
rounded hills in less-dissected areas; gently sloping, undissected distal fan remnants; fault scarps; narrow 
spurs on dissected fan margins; very closely spaced small gullies; relief up to 200 ft. 

Unit 

1 

~- 
Gentle slopes: flatlisl, or Dominant l~s tron~lyweaf l~~~edddd 
~es f ly  undulating, undissecled and brown clay soils (sop" 
surfacer Mambu) with weathered gleyed 

C ~ Y  soils (Meal and well-drained 
old alluvial soils (Weisr). well 
A?-;"** 

Area 
(.q mile. 

-- 
7s 

Land Forms 

Dbsected terrain: very nar- 
row-crested ridges. spurs, and 
hills with rtcep slop-. 15-40°; 
relief u~ to 200 n 

. . . . . . . . -. . 
- 

Ko81c,clr I lhllr Llcsn l t ~ s t # ~ t u r l  
~ r P s , ~ ~ i , l l ~ , : ~ , > r , I I Y ' * ~ 1 0 , , ~ * .  
1sll.1 ," IUL r, 

Lowland hill forest 

Soils and Drainage Status 

.- 
Mostly rtrongly wsafhercd red m d  
brown clay soils (Sepu, Aiomc). 
Well drained 

Population and Land Use.-Only 1 village of 170 inhabitants. Only locally used for shifting cultivation which 
has been followed by some grassland. 

Assessment.-This land is nluch too strongly dissected for permanenl cultivation. The chemical fertility of 
the soils appears to be very low. Some forest exploitation will be possible when access is made. 

Vegetation 

Larvland hill farest and 
garden regrowh 

Land Class 

-- 
YI-YII~,S~,  
and VII 



H. A. HAANTJENS ET AL. 

(19) h o r n  LAND SYSTEM (60 SQ MILES) 

Gently sloping fan suriaces. (Plate 6, Fig. 2.) 

Geology.-Unsorted locally bedded cobble and boulder gravels with sand lenses. 

Physical Features.-Little-dissected, lobate alluvial fans up to 2 miles wide and 5 miles long, attaining between 
100 and 150 ft above present flood-plains; very gently undulating surfaces with regional slopes up to 3'; 
parallel through-going vivers (Ramu land system) with flanking alluvial terraces. 

Unit 

1 

Population and Land Use.-Mostly uninhabited grassland. There are only 2 villages accounting for 100 
inhabitants. 

Assessment.-This land system comprises very good agricultural land. Generally topsoil conservation will be 
necessary and some parts will require improved drainage. However, access is at present nil. 

Arca 
[sq miles) 

40 

z ~ ~ r r s c e  surraces: flat surface3 
ug to : mile buide, 3&60 ft 
above present flood-plains 

I S  

Land Pormn 

Pansurfacen: gentledopesup 
to 3O 

3 s shallow depression: elongate Organic sails (Jamenkc). Inun- 
de~ressians up to t mile wide dated in wet searon and poorly 
and 30 ft below hn surface drained 

4 < 5 Escarpments: Up to6ort high Strongly weathered red and brown 
w i t h s t ~ p , ~ u l l i e d s l o p ~ ~ b b b ~  day rails (Scpu). Well drained 
25' 

. . 

strongly weathered red and brawn 
clw roils (Sc~u, m d  Locally 
Mambu). rV8o well-drained old 
alluvialsoils (welsa). Well drained 

Soils and Drainage Status 

Dominantlystron~lyveatheredddd 
andbr0wnclryao~ls (&ion~c,ssp~). 
Some weathered gleyed clay soils 
(Meal. Well drained 

Irchoenimn moist grass- 
land 

Lowland hill forest 

IId and IIId 

Vle to VIIe 

A I I U V ~ ~ I  well-draincd 
forest 

Yegctvtion 

Lowlandhillrorest.Much 
O~lir.ros-Itnprrorn grass- 
land 

nso, 

Land Clsrs 

Ibo, 



(20) BOSMAN LAND SYSTEM* (75 SQ MILES) 

Law flat to undulating plateau west of the Ramu River mouth and continuing into the Sepik District. 

Geology.-Estuarine clays, minor sands, and thin shell beds of Pleistocene age on a base of coral limestone. 

Physicnl Features.--Low platform, up to 40 ft above adjacent flood-plains; gently undulating, ill-drained upper 
surface with shallow depressions: with moderately steep margins partly dissected by deep branching gullies. 

"nit I i\rqa I  and Forms I sails and  raina age statur 
Is0 rmles) 

I Land Class 

Populatiotl and Land Use.-Virtually nil as there is only 1 village in this land system with 160 people. 

1 

1 

3 

Assessment.-Deserves some attention because i t  cornpriscs large arcas of unoccupied flood-free accessible flat 
grassland with its doubled extension into the Wcrak-Lower Sepik area. Paddy rice may be suitable in the 
depressions depending upon drainage of the heavy clay soils. The plains appear to be suitable for grazing. 

* There are also 80 sq miles of Bosman land system in the Wewak-Lower Sepik area (Haantjens ef 01. 
1968). 

. .  . --- 
35 

35 

-- 
5 

Plains: flat ta "cry gently 
uodulsting, with dopes below 
2- 

Margins along edges or land 
system: short, modomely 
steep dopa., u p  to 25'. parfly 
dissected into short rounded 
spurs, with steep gullied 
margins 

Sballorv depression: circular 
or elongate marshy depres- 
sianr up  to 300 lt acrorr and a 
few fact bolaw the general 
level of the plain 

Alluvinl black clay soils (Bosmsn). 
Poorly drained 

Alluvial black clay soils (Bonman). 
Immature brown residual rolls 
(Kalai). Poorly drrinod 

Alluvial black clay soils (Kasrmp) 
and young alluvial soils (7). D b  
pressionr are very poorly drainod 
Lo swampy 

Opbwros-l,?zperotu and 
moist ijcilon,,u,,c grass- 
lands 

.- 
Lowlmd hill forest and  
somc Ophizcror-h,zgerntn 
grassland 

. -- 
Sago palm forcst and 
srvamp and Pllrnr~~,,~it~~ 
swamp 

mso, 

IIIC and 

vf,d 



H. A. HAANTJENS ET AL. 

Alluvial coastal plains of the Gogal, Sogeram and Naru Rivers. 

Geology.-Alluvium; minor reef corals and marine sands 

Physieal Feahlres.--Uplifted alluvial coastal plain up to 5 miles wide, entrenched up to 30 ft by through-wing 
river plains; flat surfacc, slightly irregular near larger rivers, with colluvial aprons on inland side and sandy 
beach ridges and coral reefs on coastal margins; disorganized local drainage. 

unit I Ar?a I Land Form I Soils and Drainage Status I Vwnr ian  I =and c l a n  
(so mllen) 

Plains: flat surfacer 
.- .- . . 

Alluui.,l fi~rcsl. Ci;,#dcn Mortly IVlo.; 
~ c ~ r o u ! l ~ ~ s d , u < n r r e : < ~ n .  rhu lld, I 
J x r y  hrrn will, rnsII nndl lc  
S,>,C/,<,,,,<,, 8ra>,l.~ro J 

- .  - .  .- 
I n s l ~ n d  Ihl1 fi,nc%t r r l l#  l lu  and I; 
(rrdul <syn,rlll dlld A ro Vd rlld 
,,~.,,.<l.try ,c>rc>, V l w .  

Population and Land Use.-There are 11 villages with a total population of 1250 and a density of 20 per 
sq mile so that scattered gardens occur throughout. Along the coast a small area is under coconut plantation. 

Assessment.-Because of the slow of many of the soils wet rice may be a suitable crop. Otherwise 
grazing with limited cropping. 



Coastal alluvial fans and river valleys 

Geology.-Alluviuni; marine sands and shingle 

Physical Features.4lightly dissected delta fans forming a coastal plain up to 2 miles wide; gently sloping 
plains traversed by braiding river channels entrenched up to 20 ft and flanked by narrow terraces; sand and 
shingle beaches and spits with minor raised coral reefs. 

I sails and Drrinagc status I Land class 

Population and Land Use.-There are 10 villages with a total population of 1810 making a population density 
of 44 per sq mile. Garden activity is high and there are large coconut plantations. 

Assessment.-The greater part of the land system coniprises excellent (class I) land. Elsewhere flooding is a 
hazard during the wet season. 



H. A. HAANTJENS ET AL. 

Flat higher parts of allr~vial plain at the mouth of the Ramu River. 

Geology.-Alluvial clays and silts 

Physical Fea1urcs.-Relatively stable flood-plains up to 8 miles wide; generally flat and ill drained; broadly 
and very gently undulating in parts, with long rises probably marking former beach ridges, and swampy lower 
flats representing med-in lagoons; traversed by the widely meandering Ramu channel, with oxbow lakes, 
silted meanders and abandoned river outlets; up to 10 ft  above low-water level. 

Lower areas: Rat marshy 
tracts of variable extent; 
locrlly traversed by small 
incircd creeks 

Unit 

1 

Younp alluvialsoils (8). *ll"vial 
bla& day so1h (Mung~n) and 
organic soils (peat mil, rubso!l). 
Drainage poor ,a very poor wlfh 
inundation after heavy rain. Dry 
seaaon rvrter-tables 42-72 in. 

veaecation 1 Land Class Area 
(3s miles) -- 

50 

~ n n d  Forms 

Highw nreas: Rat or broadly 
and up to 10 R 

above loru-water level 

Much Ophiuros-fi,!perolo 
grasslaod wifh garden re- 
gmwth and alluvial 
rore3ts 

Population and Land Use.-There are 5 villages with a total population of 630 giving a density of 9 pel sq mile. 
Settlement is centred in unit 1 whero much of the area is already in grassland. 

soils m d  ~ r a i n a a c  starus 

Young alluvial soils (5 6 7 8). 
Well-drainrdoldalluviaihl~ckkay 
sorls (Munpm) and poorly drained 
old alluvial soils (Tulp~num). Irn- 
perfectly to ?ell dramed but tern- 
parsry nood~ns in the ,vet season. 
Brackish along the coast 

I and IId 

Flood-plaioforestdomin- 
atcd by palms. Some tall 
Soecholrz8ri grassland 

Assessment.-This land system has good access and is very good agricultoral land. The wetter aspects may be 
suitable for paddy rice. 

Vd 





50 H. A. HAANTJENS ET ALL. 

Broad high and low beach ridges. 

Geology-Marine sands. 

Physical Features.-Parallel sand beach ridges u p  to 15 f t  above sea level, mainly in a coastal belt up to 2 miles 

wide with older, lower ridges masked b y  alluvial clay fringing backing alluvial plains; swampy swales; tidal 

flats at river mouths and former outlets. 

Unit I Area I Land Forms 
(so miles> 

I Soils and Drainage Status I Vegetation I Land Class 
~, 

nigher beachridges: rounded 
ridges UP to 100 EL across and 
8-15 f t  high 

- 
Lower beach ridgcs: as in  
""if 1 but 6 8  n bigh 

Older beach ridges: clay. 
covered ridges up to 4 A high 

Poorly drained old nlluvinl sails 
(Ambanal and young allvvirl soils 
0, , 6). Poorly to impcrfectb 
drained and loundated after rain. 
Water-tablc 10-30 in. in the dry 
aea."o,, 

Maioly poorly drainod old alluvial 
soils (Tumunum). Young RUuvial 
soils (3, 61. Drainage poor ?o im- 
perkct. Often inundated in the 
Tnt season 

Coconut plantations with 
regrowth and secondary 
forest. Sfrandwoodlmd. 
Much O ~ l ~ i u r o s r ~ ~ ~ p e r o l o  
arrrdanrl 

I and mo, 

u~ 

I 
I 

Tall S~cci1arz1r8r gras~land 
a d  sago palm forest 

Tall Soccharrrr>g grassland 
and l'hrognziter s*amp. 
A!luuialnaad-plain forest 
wrfhpa1ms; somegarden 
regrowth on higher 
*T",."A 

I'opul:rtio1~ ,tnd Land Uso -'lhcrc i ,  n populntiotl .d cxer 15lJ0 in Y vtll;igc:cs tlulkin,: dnlzlty of 32 prr \q mile 
for  I h i ,  lar..l ,)src.!l. ' I  11r.t~ is ;I IYI>IC.I~ p:~lrcrn of coastal sctllcrnenr !v~fli relidnce on cuconut p n l ~ n ~  and csnroc,ocl. 

Ild and Ind . 

Ud: m d  and 
Vd 

4 

5 

Assessment.-Access is good and there are same areas of  good agricultural land. Some soils are d r o u ~ h t y  and 
perhaps suitable only for grazing. On the other hand swampy areas would b e  suitable for rice. Most of the 
land has drainage limitations. 

-- 
c 5 

-- 
< 5  

Swal-: long swampy de~ies- 
sions up to 200 f t  wide 

Tidal Eats: small mud nats 
below h.w.m. Aanki.p river 
outlets; tra&rsed by tidal 
creeks 

Young alluvia! soils (6); organic 
soh (peat sods. topso>ll. High 
water-tables or swampy 

. 
Young alluvisl soils (4). Manne 
muds a d  sands in tidal region. 
Salty ground water 

PAroE2~~itrr swamp and 
sago palm swamp 

. 
Mangrove woodland 

vf.d 

vm 



LAND SYSTEMS 

(26) RAMU LAND SYSTEM (350 SQ MILES) 

Flat alluvial plains OF thc Ram" River and its southcrn tributaries. (Plate 6 ,  Fig. 2; Plate 9, Fig. 1; Plate 11, 
Fig. 1.) 

Geology-Alluvial silts and sands 

Physical Features-Flat or very gently sloping flood-plains up to 4 ~niles wide traversed by meandering 
tributary channels. 

Unit 

I 

Population and Land Use.-There are only 3 villages in thc land system with 220 people. Much of the area is 
still covered with dense forest. 

2 

3 

Assessment.-While srnall arcas comprisc good agricultural land rn~~cl l  is sohject to periodic in~mdation. 
Access is poor. 

a r e a  
(sq miles) -- 

255 

--- 
80 

15 

Land Forms 

Flaod- lai ins: flat rurfacen 
I ~ l 5 r t a b o v ~ l o ~ v - ~ v ~ t t r 1 1 ~ d ,  
becoming gently slopingup to 
2°nearo"fcr,"argi".; unovcn 
tracts withlowflood banksand 
runnels extending up to 50 yd 
from river banks 

Ill-drrinedflafs 

Colluvial aprons: madcrafol~ 
steep dopesup to 2 mile long 
closely gullled to a degth of 
30 ft 

Soils m d  Drainage Status 

Young alluvial sails ( 3  4 5 7 )  on 
i e v e e s . ~ e ~ t o i m p ~ ~ f ~ h ~ ; d ~ a i n o d .  
Subiecl to sl~orr flooding in thewet 
roaron 

Youngslluui~lnoilr (6 7 8 locally 
4): l'oqrly to very pdo;l/draind 
svrtlr hngh wafer-table8 or inun- 
darion during the w o t  reanan 

Sfronsly woatbered red and brown 
clay soils (Sepu). Well-drained old 
allvvlal solls Krusi ,  Tumu) and 
young alluvial roils (4). Well 
drrlned 

Vegetation 

Well-draincd alluvial for- 
est atid very locally, 
gardon :cgrowth. Her. 
brceous rivcr-bank suc. 
cessions and some tall 
Socchnrrn,~ grasslalid 

Land Class 

Mostly Iv f  
a n d ~ v f d .  
also I s h ' n d  

- 
Flood-plain forcrl 

Well-drained alluvial far- 
osf with secondary and 
regrorvth i,hares. Some 
fall Suee11or.n~ and 
Opltioros-In,~e"ofo grass- 
land 

Wf,d 

Mostly U; 
i l l ~ , ~ t , ~ ~ ,  
l[-n~st,so, 



52 H. A. HAANTJENS ET AL, 

Flat higher parts of the Ramu, Keram, Sogeram and Guam Rivers. (Plate 7, Fig. 1; Plate 10, Fig. 1.) 

Geology.-Alluvial clays and silts 

Physical Features.-Broad higher flood-plain elements in the Ramu plain; levee banks of the meandering 
Ramu and its larger tributaries; gentle slopes towards lower back plain; short, winding, narrow flood 
channels, locally incised through levecs; up to 35 ft above low-water level. 

Land Porms 1 Soils and Drainage S t r f u  I vegetation Unit 

1 

Area 
(SS mile3 

-- 
365 

Population and Land Use.-Although there are 15 villages accounting for a population of 1740, land use is low 
with 4 persons per sq mile. Small seasonal gardens and wild sago are the subsistence pattern. 

Plood-plains: flat areas about 
20 ff above lurv-water level, 
locally traversedbylo~vffffff 
levee banks 

Levee banks: up to I50 It 
wide, wlthflrt crests up to ZSn 
above Low-watcr level, and 
very gentle back sloper; local- 
ly l~vmmacky, with sandy 
overspillflaod banks up to 2 it 
high 

Gentle slopes: towards back 
plains 

Assessment.-Access is poor except from the river. Potentially there are large areas of flat land with 
chemically fertile althoogh poorly drained soils. Flooding is a hazard in the wet season. Areas escaping the 
heavy Ramu River floods may have inadequate rainfall. Much of the area is still covered in forest of low 
commercial value. 

Young alluvial roils (7, 8). Poorly 
ta verypoorly dralned. Floodcd to 
a depth of 1-3 A for long periods 
during tho wet season but ,.,ater 
tables dropping to 5 A below the 
surface in the dry season 

Young alluvial sails (mmtly 1 but 
some4 and 6). Well to rmpe(fectly 
drainod. Mostly inulldated ln the 
wet season 

As for unit i 

Alluuiul flood-plain for- 
est with tall palms 

Alluvial \vdI-drainedfff. 
est. Very local gardens 
and regrowth; some 
Opl8iz~ros-fi?~~erolu gram. 
land 

Wopdy river-bank suc- 
ceston 
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(28) Jlnrnoco LAND SYSTEM (130 SQ MILES) 

Flood banks and meander scrolls of the Raniu River. (Plate 7, Fig. 1 ;  Plate 10, Fig. 2; Plate 13, Fig. 1.) 

Geology.-Alluvial silts and clays. 

Physical Feahues.-Meander belt; discontinuous tracts, mainly up to 1 mile wide, consisting of meanders, 
flood scrolls, and a n  inner bends oxbow lakes; up to 15 ft above low-water level. 

Unit I &=a I Land Forms I Soils and  Drainage Status 
iso mdes) 

1 

Swrles: ill-drained depres- 
rianr upto  lS0Rwide bofweon 

Herbaceour and \"?u~od~ 
river-brnk succrsnlons. 
very locally gardens and  
regrowth 

. .  . -- 
55 

Young alluvial sails (I. 4). Rcgu- 
lady flooded and  poorly drained 

3 

4 

- 
Woody rivcr-bank 3°C. 
cession andparches oftall 
Socclmrm,, grassland 

Grass swamp 

Flood banks: long curving 
sandy banks up to 40 yd wide 
and 5 fi high, dosconding to- 
wards river channels and con- 
tinuing as sand banks 

-- 
30 

-- 
20 

Land Clarr 

young  alluvial roils (3 on rises 
6 and 7 in depressions). The r i s i  
arc flooded 2-4 i t  but are well 
drained; the deprerrion., flooded 
to  5-9 u, are poorly drained 

Vf; VIIf and 
m 

Moander rcralls: undulating 
tracts up  to : mile wide, con- 
rislillg of low randy flood 
banks up to 50 yd wide, and 
"arrow swampy swr1es; local 
relief up to 8 ft 

Meander plugs: curving, flat- 
floored deprwrions up to 300 
yd widc,ruarshy in part 

- 

VIIf 

Young alluvial roils (4). Well t o  
imperfeclly drained With Roodine 
in the wot season 

organic sail. (oerf soils, raw), 
Very poor drainage La rivampy 

Population and Land Use.-There is no population and only minor use of the better-drained parts during the 
period between floodings. 

Assessment.-Flooding and poor drainage make this land syslem unsuitable for any la~ge  development. 

(29) P n p u ~  LAND SYSTEM (325 SQ MILES) 

Small alluvial valleys throughout the survey area. 

Geology.-Fine-textured alluvium. 

Physical Features.-Tributary valley plains up to 2 miles wide, with narrow flaod-plains and flanking terraces 
up to 20 ft above river beds; meandering river channels, mainly less than 200 yd wide. 

rorv tracts river I 1 channel I - I 
Population and Laud Use.-Although there are some 28 villages accounting for a population of 3230 and a 
density of 9 per sq mile, most of the land systcni still has a dense forest cover and is little used for gardening. 

Assessment.-While there is some excellent agricultural land this is discontinuous and poor of access. Poor 
drainage and flooding affect unit 2. There are some timber resources. 

Unit 

I 

Area 
(SS miles) 

-- 
220 

Land Farms 

Terraces: flat or slightly un- 
even surfvccs up to 500 yd 
wide; sleep marginal dopa 

~~~p 

Land Class 

- 
I and Tld 

Soil8 and  Drainage Status 

Predominantly young alluvial roils 
(6, 7, 8 ,  locaily 3 and 4). with wcll- 
drained old alluvial rails (Bembi 
Dumpul. Mostly wcll diainod: 
L O C ~ I I Y  inundated =ner heavy rain 

vegetation 

- 
Alluvial %veil-dmined for- 
ert. Local gardens m d  
regrowth. Scattercdarcas 
of O~I~iz~~osI,~zp~peroto 
prass~and 



54 H. A. HAANTJENS ET AL 

(30) IMERUM LAND SYSTEM (60 SQ MILES) 

Unstable river beds of the Raniu River and tributaries upstream from Usino basin. (Plate 3.) 

Geology.-Gravels, sands, and minor silts. 

Physical Features.-Gravelly, braiding charnel zones up to 2 miles wide; R a ~ n n  Rivcr meandex belt up to 1 
mile wide in the Usino basin; braiding or meandering river charnels. 

un i t  

- 
1 

Land Farms I Soils and Drainage Status I Vegetation 

Braided channel zones: low 
save1 banks and braided 
channels 

Stony flood-plain terraces: 
unevenfrvcls up to f rnilcrvrde 
aod less than Ion above YYYYY 
beds 

Population and Land Use.-Four villages with 270 people are sited along this land system but there is virtually 
no land use. A few small gardens including irrigated taro were noted. 

Assessment.-The main use is conservation of river course and banks. 

A1l""i.l flood-plain terraces: 
nat S U ~ ~ C W  np ro zoo ~d ,!ids 
and less than 6 R abwe rwer 
beds. sIighrly dissected by 

tributary =hanncls 

(31) SAUSI LAND SYSTEM (50 SQ ~ m )  

Flat alluvial plain liable to flooding. (Plate 6 ,  Fig. 1.) 

Recent vnstable alluvial deposits; 
stones and gravels. ~requently 
flooded 

As in unit 1 wifh yovng alluvial 
soils (1). Alsm well-drained old 
alluvmlrads m b r u m ,  Laou). One 
proma of strongly ,"eathered red 
andbrawnclavaoil(Sepu). Mostly 
excessively drained and rarely 
R""rl..l 

Geology.-Alluvial silts and minor sands, 

------ 
Aii" "nit 1 andwith young alluvial 
SO,I~(Z 3 4 7). WOII to i r n ~ ~ r r e ~ c ~ ~  
drnned; ' ~ b ~ d e d m t h e w e f  season 

Physical Features.-Gently sloping tributary flood-out plains up to 5 miles long, traversed in upper p a t s  by 
meandering or braiding channels which become disorganized and flood out in lower parts. 

Herba*ous and a o d v  
nver-bank sucmrlons 

Opl,iurosInrpn.ofo -ass- 
land m d  woody nver- 
bank succession 

 and Forms I soils and Drainage status I 

VIE 

VI-YIIy110,aod 
lTso, to IVso, 

Woody ,river-bank s u r  
ceuioll ~ ~ c l ~ d s n g  cnsrm- 
rir~nandOclot~~elesgroves 

upper sectors: sent1y slop in^ 
"lains with a f w  small creeks 
incised to a depth of 10 R 

Lolvcr rectors: flat ill-drained 
flood-outs with a few shallow 
ill-defined creeks 

IVf m d  IVr,d 

Young alluvial soils (4 dominant, 
but also 1 m d  3). Mostly 5 ~ ~ 1 1  
drained. Flooding in parts 

Young alluvial soils (7). Poorly to 
very poorly drained: some regu- 
larly Eoodcd 

Mainly secondary aspects 
or  alluvial ,"*ll-drained 
faresf and garden re. 
growth. Also fall Soccli- 
nnrn2 rnd opllisros- 
I"lpe'"'o grassland 

Allnial Road-plainforsst 

Mainly I and 
nso,, also 
mf,d; IVf 

Population and Land Use.Seven villages account for a total population of 590 or 11 per sq mile. Most land 
use is in unit 1. 

3 

Assessment.-Whllc some good alluvial so~ls me available much of the land systenl is subject to flooding. 
Some small part of this could be controlled. 

-- 
5 Undulating plains: small 

areas wit11 eiongate, flat ,or 
roundedrises up fo 300 n w d e  
and 10 R high, with shallow 
depressions generally incised 
up to 20 it by narrow gullres 

Well-drained old alluvial sails 
(~embi ,  sausi). we11 drained 

TallSncdml.unzandO hi 
rnos-~~t,pzrotn grass& 
with some secondary al- 
luvial well-dralued forest 

IIe 



LAND SYSTEMS 

(32) US~NO LAND SYSTEM (30 SQ MILES) 

Flat alluvial plain of the Peka River. (Plate 6,  Fig. 1.) 

Geology.-Alluvial silts and minor sands. 

Physical Features.-Broad flood-plain up to 5 miles in extent; nearly flat, but traversed by broad low rises, 
probably former flood banks; narrow alluvial terraces up to 30 ft above river beds in tributary valleys at head 
of system; meandering river channels 10-15 ft below plains, and sparse, discontinuo~~s gullies near upper 
margins. 

Unit I Aw,a I Land Forms I Soils m d  Drainage Status / Vegetation I Land Class 
(59 mles) 

Plains: flat, mainly undin- Predominantly poorly draiocd old UluuinlRaod-plainforest 
seeted surfsees up  to 15 R nlluvial soils (Pallpa). Young al- 
above river beds luvial soils (7). Poorly to very 

poorly drained with regular nood- I *. 
I and IVf 

Populatioil and Land Use.-A single village of 200 carries out some gardening on the r i m  and highcr terraces. 

Assessment.-Levee banks to control floods together with surface drainagc could extend the agricultural use of 
unit I. 

Poorly drained flood-uuls in low-lying parts of Usino basin. (Plate 6, Fig. I.) 

Geology.-Alluvial silts 

Physical Fcnhres.-Swampy flood-out plains up to 2 miles wide; upper sectors consist of 11,ibutary flood-plains 
with winding feeder channels which gradually die oul towards marshy flood-outs and swamps in lower sectors; 
small incised creeks near upper margins. 

Population and Land Use.-Nil. 

Assessmenl.-A swampy land system with no potential. 

- 
1 

2 

3 

10 

--- 
5 

< 5 

Marshy plains: ufcnrivo flat 
surfaces traversed by a few 
shallo\u creeks 

- 
Tributary Hood-plains: plains 
fravcrrcd by fcedcr chnnnch; 
mainly flat, but hllmmocky 
near main channels, with 
small Hood banks 

S%ummps: small deuression$ in 
former drcainnge lines, mainly 
in unit 1 

Unrfablc sands and gravels and  
young alluvial soils (7). Mostly 
poorly drained with small swampy 
arcas 

- - -- 
Unstable sands and prrvels. Veiy 
poorly drained rvitl~ f f fqu~nf  flood- 
ins 

. 
Yovng alluvial soils (4). Swampy 

- 
Herbaceous river-bank 
succcsaian with dead al- 
luvial fiood-plain forest 
and Pundurrrrr swamp 

Herbaceous river-bank 
svccession 

Prr?xdcrnnr and Pl~mgr~citcr 
3,Yamp 

Wf,d and 
VIlf,d 

m f , d  

VIII 
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Fluctuating swamp. (Plate 6 ,  Fig. 1; Plate 7, Fig. 1; Plate 8, Fig. 2; Plate 9, Fig. 2.) 

Geology.-Alluvial clays and silts 

Physical Features.Seasonally swampy higher parts of the hack plains, and smaller areas where tributary 
drainage has been impeded by alluviation from larger channels; mainly 5-10 ft above low-water level, 
decreasing to 2-4 ft in better-drained tidal sectors. 

Population and Land Use.-Although there are 5 villages with a total population of 410 there is no land use 
within the land system except for exploiting thc sago Iesouuces. 

Assessment.Swampy for the greater part of the year. No potential. 

Permanent swamp. (Plate 7, Fig. 1.) 

Geology.-Alluvial clays and silts; peat. 

Physical Features.-Permanent swamps occupying lower parts of hack plains, including small areas where 
drainage is impeded by beach ridges, blocked tributary valleys, and abandoned nleanderings; 3-7 St above 
low-water level, probably less in tidal sectors. 

i t  1 a 1 Land Forms I Soils and Drainage Status I Vegetation I Land Class 
rqn m,,r.*> 

Population and Land Use.-Nil 

\vholc 
of land 
system 

Assessment.-Although theoretically suitable for local paddy rice during the dry season there are no 
immediate large-scale development possibilities for this land system. 

~.> .... ~.~, -- 
150 Swamps Youns alluvial soils (8). Organic 

soils (peat sails, topsoiland t eat 
SO~IS, subso~l). swamp mundated 
to  5 n in wet season but water- 
fablw 9-14 in. below surface in 
thedry season 

Sago palm and Wlluz- 
rrrifrsswamps;and~vood~ 
river-bark sucfcss~on 

VlId 



LAND SYSTEMS 

Deep permanent swamp land. (Plate 7, Fig. 1; Plate 11, Fig. 2.) 

Geology-Alluvial silts and peat. 

Physical Features-Permanent swamps and lakes occupying lowest parts of back plain, blocked tributary 
valleys or abandoned meanders; 5 ft or less above low-water level. 

3 10 swamp margins young alluvial soils (8) 
seived alluvial black L ., .... 
(Mungin), and an organic roil 
(peat sod, deep). Water-table in 
the dry season at or just below 
ground rurfacc 

Unit 

1 

Population and Land Use.-Nil. 

Assessment.-Permanent swarnp with water-tables 1-10 ft above the ground even in the dry period makes this 
a land system with no patcntial. 

Area 
(sq miles) -- 

100 

Soils and Drainage Status 

Organic roils boat  roil, raw and 
organic muds). A very plastic slay 
underlies the ~ercnanenl swamp 
wifhwaicrupto 18ftsbovoground 
level in the wet season and 3-10 R 
during tho dry reason 

Land Forms 

-- 
Deep swamps 

Vegetation 

Grass swamp 

Land Class 

W I  



PART IV. CLIMATE 

I. INTRODUCTION 

(a) Principal Climatic Features 

The greater part of the area falls within Koppen's (1931) tropical wet climate 
CAf) classification or Thomtl~waite's (1931) perhumid tropical rain-forest type 
(AA'r). However, the northern coastal sector and the upper Ramu valley which 
are drier and possess greater rainfall seasonality classify as monsoonal (Am) or 
humid tropical (BA'w). 

Mean annual rainfall varies from 71 in. at Dumpu in the upper Ramu valley 
to 224 in. at Aiome in the lower section of the same valley. Annual rainfall on the 
coast at Madang is 142 in. At all stations the wet season occurs between November 
and April followed by a dry season from May to October. The temperature regime 
is most equable, possessing a mean annual value of 80°F. 

(b) Climatic Controls 

The discussion of climatic controls presented here is based on that of Brookfield 
and Hart (1966) and Fitzpatrick et 01. (1966). Throughout lowland New Guinea the 
major climatic controls are those of the seasonal latitudinal moveme~~ts of two major 
air masses separated by a discontinuous intertropical convergence zone (ITCZ). The 
controls consist of a perturbation belt of westerly-moving vertical circulations to the 
north and the south-east trade wind belt to the south. The south-east trades which 
dominate from May to mid October consist of essentially shallow surface air masses 
overlain by dry zonal easterlies. Upper wind data for Lae indicate that the air masses 
of the perturbation belt season which dominate from December to March extend to 
higher altitudes than those of the south-east. Thus, in general, the zonal easterly 
and south-east trade air masses tend to have a lower capacity to produce heavy 
sustained rainfall than those of the perturbation belt, except where very strong oro- 
graphic iduences occur. This latter belt was referred to in previous literature as 
the north-west season. 

The major local effect over these broader controls results from the presence of 
the inland Ramu valley trough which is aligned in the same direction as the main 
prevailing SE.-NW. winds. The lack of orographic barriers across this trough is the 
probable reason for the generally lower precipitation in the valley centre. However, 
the nearby presence of high mountains on each side of this trough and their associated 
orographic effect on rainfall results in a high rainfall gradient between the centre of 
the valley and these mountains. 

*Division of Land Use Research, CSIRO, P.O. Box 1666, Canbena City, A.C.T. 2601. 
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(c)  Climatic Records 

Thelength and quality of climaticrecords for thearea are highly variable. Table 1 
indicates both the number of years for which complete monthly data are available 
and the number of years for which rainfall records have been kept for stations with 
over 4 years of record. Unfortunately, daily rainfall records are even less satisfactory 
than monthly records. 

The standard period selected is the 10 years from 1959 to 1968. This short 
standard period may be less of a handicap than might first appear as variability tests 
on stations with the longest records indicate low rainfall variability. 

Climatic data other than rainfall data are available for Aiome, Bogia and 
Madang for 6, 6 and 11 years respectively. Although these records are short, the 
very low degree of monthly variability in such measures as temperature and relative 
humidity suggests that the results presented here are reasonably reliable. Unfor- 
tunately there are no records available, other than rainfall, for areas in the higher 
altitudinal zones. 

11. GENERAL CLIMATIC CHARACTERISTICS 

(a) Raiifall 

Monthly and annual means for the various stations in and near the area are given 
in Table 1. Their spatial distribution is indicated by means of histograms in Fig. 5. 
The area of lowest annual rainfall occurs along the Ramu valley trough (71 in. at 
Dumpn to 105 in. at Josephstaal). At Awar, on the coast near the mouth of the 
Ramu, and at Bogia rainfall is also relatively low (82-84 in.); this may be caused 
by the absence of surrounding higher topography that would provide a triggering 
orographic rainfall effect. The station with the highest rainfall in the area, Aiome 
(224 in.), is situated on the mountain side of the Ramu valley cross-section rainfall 
gradient postulated in the previous section on climatic controls. Elsewhere the spatial 
range of mean annual rainfall is fairly limited (126-142 in.) 

One of the major climatic features of the region is the seasonality of rainfall. 
Fitzpatrick et al. (1966) indicate the broad seasonality pattern of the area. The wet 
season occurs between October and May and the mean monthly rainfall data in 
Table 1 indicate that in general the wettest month has at least 3-4 times the rainfall 
of the driest month for stations with over 100 in. per annum rainfall and 5-10 times 
for drier stations. 

Measures of monthly and annual variability of rainfall are presented in Table 2 
for the standard period. The variability of annual rainfall (expressed by the standard 
deviation as a percentage of the mean) at Madang is 14%. 

No direct measures of rainfall intensity are available. Table 3 presents the 
percentage frequency of rain days per quarter with rainfall within specified classes 
for the standard period. Falls of over 2 in. are more common in the wet season than 
in the dry season. The frequency of extreme daily rainfalls greater than 4 in. is 
most common at the wettest station, Aiome, and is not uncolnmon at Madang. 
From Table 3 it would appear that in general the high rainfalls characteristic of 
the area are not so much a result of any abnormal propensity for very heavy falls 
of limited duration as of the very frequent occurrence of falls of up to 1 in. per day. 



20 20 

10 10 - 

o 
Aiome Wvtrurna 

20 

10 10-  

0 0 
Gal Madvng 

Fig. 5.-Annual and spatial distribution of 1.ainfal1 (Jan.-Dec.). Histomam values in inches per 
month, with Koppen's climatic classification (Af, tropical wet climate; Am, tropical monsoonal 

climate). 
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CLIMATE 

TABLE 3 
PERCENTAGE FREQUENCY OF RAIN DAYS PER QUARTER WITH RAINFALL WITHIN SPECIFED 

CLASSES FOR THE STANDARD PERIOD 

Station and Class (in./rain day) 
quarter 0.01-0.24 0.25-0.99 1.00-1.99 2.00-3.99 4,0&5,99 a 6 . 0 0  

Aiome 
JFM 2 7  
AMJ 36 
JAS 44 
OND 33 

Awar 
JFM 53 
AM3 50 
JAS 63 
OND 48 

Gusap 
JFM 45 
AMJ 53 
JAS 58 
OND 47 

Madang 
JFM 45 
AMJ 39 
JAS 52 
OND 39 

TABLE 4 
MEAN AND MAXIMUM LENGTH (DAYS) OF R N N Y  AND RAINLESS PEI<IOUS PER QUARTER FOR THE 

STANDARD PERIOD 

Station 
and 

quarter 

Aiomc 
JFM 
AMJ 
JAS 
OND 

Awar 
JFM 
AMJ 
JAS 
om 

Gusap 
JFM 
AMJ 
JAS 
o m  

Madang 
JFM 
AMJ 
JAS 
OND 

Length of 
rainy period 

Mean Max. 

Percentage 
of 

rain days 

Length of 
rainless period 

Mean Max. 

Percentage 
of 

rainless days 
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While Table 3 gives some impression of the relatively rainy nature of the climate 
this aspect is shown more clearly in Table 4 which gives the average and longest 
lengths in days per quarter of rainy and rainless periods as well as the percentage 
of rain days for the standard period. Again the seasonal difference in the measures 
is apparent, especially in terms of longest occurrences of rainy and rainless periods. 
The percentage of rain days is greatest in the first quarter and lowest in the third 
quarter of the year for all stations. Durations of rainy periods are longer in the wet 
season than in the dry season for the whole region but vary considerably in length 
from station to station. While durations of rainless periods show a seasonal trend 
the mean length of rainless periods ranges only from 1 .4  to 4.2 days per quarter 
between stations. 

(b) Temperature 

Table 5 indicates the restricted range of mean monthly and other temperature 
characteristics. On the coast mean annual maximum is 87°F with a minimum of 
73". Inland these figures change to 89 and 71°, giving a slightly greater diurnal range 
inland. Monthly mean temperatures vary between 79 and 81", giving a seasonal 
range of 2°F. The extreme maximum temperature on record is 97" and the extreme 
minimum is 61°, both at Aiome. 

Information concerning the effect of altitude on temperature in this area is 
lacking; however, data from analogous areas in New Guinea (McAlpine 1972) 
indicate an approximate overall decrease in mean temperature of 3°F per 1000 ft. 

(c) Other Climatic C11ar.acteristics 

The monthly average indices of relative humidity together with estimates of 
evaporation are given in Table 6. Sunshine data for Madang are also presented in 
Table 6. 

Humidity is high throughout the year, ranging between 85 and 89% for all 
stations, and shows little seasonal variation. Estimates of evaporation as related to 
an Australian standard tank have been derived from mean monthly maximum and 
minimum temperatures, vapour pressure and day length (Fitzpatrick 1963). Mean 
annual evaporation is about 56 in. throughout the lowlands and shows only slight 
seasonal variation at any station. Evaporation can be expected to decrease with 
altitude but probably does not fall below 45 in. jn any populated area in the region. 

Mean monthly total and low cloud cover for 0900 and 1500 hr, expressed as a 
percentage of sky covered, is given in Table 7. As shown by these mean data low 
cloud tends to increase while the total amount of cloud cover fluctuates only slightly 
during the day. The total amount of cloud coverage is 10-20% greater in the wet 
season than in the dry season. By contrast, low cloud cover does not exhibit a 
seasonal effect except at Bogia. 

Estimates of soil moisture regimes presented here have been derived from a 
computer simulation of a simple water balance model (McAlpine 1970). Essentially 
the model is designed to give estimates of week-to-week changes in available soil 
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moisture using estimated evapotranspiration as withdrawals and weekly rainfall 
inputs. The assumed maximum soil moisture storage (field capacity) is 4.00 in. 

The weekly changes in soil moisture level indicated by the application of this 
model have been averaged for the standard period and the results illusfrated in Fig. 6. 
The curves indicate that a considerably higher level of soil moisture storage is experi- 
enced in the third quarter at Aiome than elsewhere. 

Week 
Fig. 6.-Average weekly soil moisture storage at four stations. 

These curves represent only mean weekly conditions and do not in themselves 
portray the risk of serious soil water deficits that might influence plant growth and 
production. An indication of this facet is given in Table 8 where a frequency distri- 
bution showing the mean number of weeks per quarter for the standard period in 
which soil moistwe was depleted to specified limits is presented. As would be 
expected, there is an increase in depletion to all stations in the dry season. This 
depletion is most marked at Awar, Gusap and Madang where instances of complete 
depletion have occurred. At Aiome depletions below 50 % are rare. For the standard 
period adopted (1959-68) the longest uninterrupted sequence of complete soil moisture 
depletion is 3 weeks at Madang, 9 weeks at Awar and 7 weeks at Gusap, all occurred 
in 1965. 



CLIMATE 

TABLE 8 
MEAN NUMBER OF WEEKS WITH SOIL MOISTURE STORAGE AT 

SPECIFIED LEVELS PER QUARTER FOR THE STANDARD PERIOD 

Station Storage levels 
and Full 1 4 9 %  50-99% Empty 

quarter Depleted Depleted 

Aiome 
JFM 12.7 0.3 0 0 
AMJ 10.7 2.3 0 0 
J AS 8.5 4.4 0.1 0 
OND 12.1 0.9 0 0 

Awar 
JFM 9 .0  3.6 0.4 0 
AMJ 7.0 5.3 0.7 0 
JAS 1.5 5.7 4.9 0.9 
OND 6.9 4.7 0.9 0 .5  

Gusap 
JFM 9.1 3.7 0.2 0 
AMJ 4.5 5.0 3.5 0 
JAS 0.9 2.0 7.5 2.6 
OND 5.1 6 .0  1.1 0.8 

Madang 
JFM 11.2 1 .8  0 0 
AMJ 10.8 2.2 0 0 
JAS 6.0 4.3 2.7 0 
OND 10.7 1.7 0.3 0 .3  

TABLE 9 
MEAN NUMBER OF WEEKLY OCCURRENCES OP WATER SURPLUS PER QUARTER W m  SPECIFIED 

CLASSES (IN.) AND MEN? ANNUAL W A E R  SURPLUS POR THE STANDARD PERIOD 

Station Mean annual 
and Nil 0.01-2.99 3 . s 5 . 9 9  6.0-8.99 39 .00  watersurplus 

auarter fin.) 

AMJ 
JAS 
om 

Awar 
JFM 
AM3 
J AS 
o m  

Gusap 
JFM 
AMJ 
JAS 
OND 

Madang 
JFM 
AMJ 3.1 6.2 2.3 1 .4  0 
JAS 7 - 2  4-7  1 .0 0 0 .1  
OND 2.4 6.6 3.0 0.7 0.3 
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The residual term in the water balance model after evapotranspiration and soil 
moisture storage requirements have been met from weekly rainfall is water surplus. 
This may be regarded as an estimate of a combination of surface run-off and deep 
percolation. Table 9 gives the mean number of weekly occurrences of water surplus 
per quarter within specsed classes. Both the frequency and magnitude of these 
surpluses are greatest at Aiome and least at Gusap. Mean annual water surplus is 
also given in Table 9 and varies from 32 in. at Gusap to 152 in. at Aiome. 
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PART Y. GEOMORPHOLOGY 

By E. REINER* and J. A. MABBUTT~ 

I. PHYSICAL REGIONS 

Five major physical regions have been recognized and are shown in Fig. 3. 
These are described below, from north to south. 

(a) Coastal Plains 

The coastline is 180 miles long with deep water inshore. This, combined with 
straight sectors parallel with structural trends in the coastal ranges, indicates a control 
by major faulting. The shoreline is emergent as shown by the raised coral reefs and 
few embayments (Plate 14, Fig. 1). Thc coastal plains covering some 260 sq miles 
are backed by steep hills. Continuous plains are found west of Hansa Bay and the 
Ramu north in the form of a series of low parallel sandy beach ridges 3 miles in width, 
but betwccn Hansa Bay and Astrolabe Bay coastal plains are restricted to small 
alluvial flats at river outlets. The alluvial plain fringing Astrolabe Bay is a delta 
5 miles wide consisting of the uplifted plain of the Gogol and Naru Rivers. 

(b) Hill Zone 

This zone occupies almost 3000 sq miles and can be subdivided into the northern 
extension of the Adelbert Range, the coastal foothills, the M y  continuation of the 
Finisterre Range and the central hills inland from the Adelbert Range. 

The northern hills which cover 900 sq miles and extend into the Ramu plains 
are a zone of lesser uplift. They consist of closely dissected ridges and hills, steeper 
and narrow-crested in the higher central parts and lower and more rounded towards 
the margins. Apart from the smaller catclunents on the margins, much of the region 
is drained south-castwards by the Guam River which has captured an extensive area 
on the coastal side of the orographic axis. 

Along the coast to the south are low rounded hills and branching ridges up to 
300ft high forming coastal foothills some 5 miles in width. Minor incised river 
valleys and narrow flood-plains traverse the zone. In the south altitudes may reach 
800 ft. 

The southern (Bagasin-Musak) hills which are a continuation of the Finisterre 
Mountains account for 500 sq miles and are short steep-sided ridges up to 1OOOft 
high aligned with the north-westerly regional strike. Altitudes attain 3000 ft above 

- Formcrly Division of Land Use Research, CSIRO, Canberra. Present address: Nieder 
Gelpe 13, 5251 Post Kalkkuhl Uber Ingles-Kirchen, West Germany. 

t Formerly Division of Land Use Research, CSIRO, Canberra. Present address: School of 
Geography, University of New Suuth Wales, Kensington, N.S.W. 2033. 
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sea level in the central portion near Bagasin but are elsewhere below 2000 St. There 
is a radial drainage pattern with outlet to the Sogeram River in the north-west, to 
the Gogol in the north and to the Ramu River in the south. The valleys are narrow 
in their upper sectors but widen downstream and develop discontinuous alluvial plains 
up to half a mile wide. 

More than half the hill zone is taken up by the central hills, which coversome 
1300 sq miles on the inland side of the Adelbert Range, together with the hills forming 
the divide between the Ramu and Sogeram Rivers. I t  consists of closely dissected 
steep-sided I d s  and short ridges up to 400 ft high and less than 800 ft above sea level. 
Altitude and relief generally decrease north-westwards towards the Ramu plain. The 
region is traversed by many large tributaries of the Ramu and Sogeram Rivers in 
flood-plains up to 1 mile wide. With this region are also included the physically 
similar Keram hills west of the lower Ramu River. 

(c) Mountain Ranges 

These account for 2600 sq miles and comprise the Adelbert Range, the Finisterre 
Range in its northernmost part and the lower slope of the Central Ranges. 

The Adelbert Range is a low mountain range mainly below 4000 ft consisting 
of steep-sided ridges with minor upland areas of rounded hills but lacking prominent 
peaks. The drainage is complex with the longer rivers following the hW.-SE. 
geological structure and shorter transverse valleys draining the margins. 

Only part of the Finisterre Mountains is included; there is a region of serrate 
steep-sided mountain ridges and peaks rising to 10 000 ft in the centre and with 
up to 3000ft of relief. The drainage pattern is similar to that of the Adelberts in 
its combination of longer sectors with longitudinal upper catchments and shorter 
valleys on the flanks of the ranges. The main crest line lies north of the drainage 
divide and the main rivers turn south to cross i t  in steep gorges. 

Only the north-eastern lowland slopes of the Central Ranges below 3000 ft are 
iucluded in the survey area. Parts of both the Schrader and Bismarck Ranges are 
included. The ranges rise steeply and abruptly from the Ramu valley in a straight 
fault scarp with faceted spurs up to 3000 ft above sea level. Larger rivers indent the 
escarpment, particularly in the south, and the minor drainage consists of parallel 
narrow ravines. 

( d )  The Ramu Valley 

The tectonic origin of the Ramu valley of some 900 sq miles is clearly reflected 
in its straight boundaries determined by north-west-trending faults. The average 
width of the valley in its lowland section is 6 miles and the altitude of the valley 
floor decreases therein from 1400 ft to 400 ft above sea level at Annanberg. Three 
sectors can be distinguished. The upper valley between the Finisterre and Bismarck 
Mountains is up to 5 miles wide including fans. The Ramu River here occupies a 
gravelly braiding flood-plain or river bed 1 mile wide along the south margin of the 
valley, which is also indented by tributary flood-plains. The northern margin is 
occupied by smaller undissected fans. 

Near Usino the valley opens into an alluvial basin 14 miles wide and 20 miles 
long. Here the Ramu River meanders through a flood-plain 6 miles wide on the 
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south side of the basin; tributary drainage entering from the north has formed flood- 
plains and flood-out swamps. 

In the third sector the Ramu River enters a graben and its meandering channel is 
displaced to the north side by large alluvial fans from the Bismarck Mountains. These 
are now dissected and traversed by tributary flood-plains. The valley is now up to 
6 miles wide and is swampy in places. 

(e) The Raint~ Plain 

This region covers 1400 sq miles and beg~ns at Annanberg where the Ramu 
River turns north and enters a wide plain which also extends into the valleys of the 
Guam and Sogeram Rivers, a deltaic region which finally merges with the Scpik 
Rivcr plains to the west. The meander belt of the Ramu River is up to 4 milcs wide 
but the swampy back plains extend much furtlrer. Some low ridges and hills ranging 
from 20 to 100 ft high arc found west of the Ramu River. North of these, part of 
the Bosman platforrn is seen as undulating low hills about 40 ft above the flood-plain. 
The plain north of this is swampy or gently undulating with wide meanders, oxbow 
lakes and cut-off river outlets. 

Acknowledgment is made here to Dr D. W. P. Corbett, a geologist of the Bureau 
of Mincral Resources, who participated in the lower Ramu survey. His reconnaissance 
was publislicd (Corhett 1960). No geological map accompanies this report but 
reference may bc made to the Bureau of Mineral Resources preliminary 1 : 1 000 000 
map of the geology of Papua New Guinea (Anon. 1972). Reference should also be 
made to Bain et al. (1970). 

Ramu Ramu Murak Sogeram Gogal Atitau Fault Fault Coastal 
fault valley anticline fault ? ? plain 

Fig. 7.-Generalized crass-section from the main ranges to the coast. 

The pattern of physical regions just given corresponds to three tectonic div- 
isions-the coastal ranges, central depression and the central mountains. Geologically 
the area is very young and most of its development took place in middle and late 
Tertiary and in Pleistocene times. A generalized cross-section is given in Fig. 7. 

The oldest rocks are the schists of thc Schrader and Bismarck Mountains which 
are correlated with the Goroka Formation of McMillan and Malone (1960). They 
are of Cretaceous to lower Tertiary age and were intruded in the Miocene by the 
massive Mt Wilhelm granodiorite batholith along the core of the present central 
mountains. 
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During most of the Tertiary era the area was part of the New Guinea Geo- 
syncline in which were formed deposits extending in age from middle Miocene to 
Pliocene, beginning with limestone and passing into a varied sequence of sandstone, 
conglomerate and mudstone with associated volcanic rocks such as tuff and greywacke. 

In the upper Miocene and lower Pliocene folding and uplift occurred in the main 
ranges and to a lesser degree in the growing geanticline of the coastal ranges which 
may then have been a chain of islands. In the upper Pliocene the area of continuing 
marine deposition was localized in the central depression where mudstone, siltstone 
and minor coral reefs were formed. 

The main uplift of the area seems to have occurred in stages in the Pliocene and 
lower Pleistocene and was associated with block- and trough-faulting on NW. lines. 
The areas of greatest uplift were the main ranges outside the survey area where Tertiary 
marine sediments now occur at 9000 ft above sealevel 'md in coastal ranges, particu- 
larly the Finisterres. The movements were throughout accompanied by vulcanism; 
the Finisterres received a thick cover of tuffs and ash with minor lava flows and small 
volcanic cones formed near the Adelbert Range. The coastline was demarcated by the 
uplift of the coastal ranges. 

Surfaces of low relief were formed in the Adelberts during panses in uplift and 
were in turn dissected as a result of further movements. 

In the central depression, which remained relatively low-standing, the Ramu 
fault-trough was formed and became a zone of rapid alluvial deposition from the 
uplifted mountain blocks on either side. 

The latest earth movements are directly expressed in the landscape, as in the 
spur facets of the Bismarck Range and the fault scarp between the Ramu valley and 
the central hills. Continuing uplift is indicated by seismic activity, particularly in the 
coastal ranges, and has resulted in upraised coral platforms and alluvial plains along 
the coast. Renewed graben-faulting has locally displaced older alluvial fans in the 
Ramu valley and the Bosman platform has been formed by the uplift of estuarine 
deposits. 

Continuing earth movements have intensified the tendency to rapid erosion in 
higher areas and extensive alluviation in the lowlands. 

The geomorphological history of the area is dominated by youthful faulting and 
strong differential uplift and no elements of the physical landscape predate the 
upper Tertiary. 

The oldest surviving physiographic elements are probably the hilly upland 
surfaces with mature rounded outlines now restricted to scattered watershed areas 
mainly above 3000 ft above sea level in the Adelbert Range. I t  is possible, however, 
that the general accordance of higher crests which gives the Adelberts their charac- 
teristically even summit profles may result from an even earlier planation. No 
equivalent survivals are recognized in the more strongly uplifted and dissected 
Finisterres. 

The present relief of the coastal ranges indicates that the uplift which followed 
this postulated planation was greater in the Finisterres than in the Adelberts and that 
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in both sectors it decreased from SE. to NW. The coastal ranges are commonly 
fault-bounded and block-faulting within the ranges has probably aided the develop- 
ment of the longitudinal valleys which characterize the inner parts of the Finisterres 
and Adelberts. 

Uplift in the central depression has been greatest in continuation of the 
Finisterres, causing the strong relief of the southern (Bagasin-Musak) hills. Further 
north, uplift in two stages appears to have given rise to the higher and lower parts 
of the central hills. The former are generally about 200 ft higher with up to 250 ft 
greater relief than the lower hills where erosion has picked out a zone of softer 
mudstones. Renewed dissection of the hill lands of the central depression followed 
the down-faulting of the Ramu trough to form the present Ramu valley and the 
resultant rejuvenation of drainage in this area led to the capture by the Guam River 
of an extensive catchment in the northern hills. 

Erosional levels formed during pauses in uplift may have given rise to the 
accordant crests at 300 ft and higher in the northern hills; the coastal foothills also 
show similar forms at 300 ft above sea level in the south. 

The impressive fault scarp of the main ranges is also the result of spasmodic 
uplift, as shown by narrow benches above the faceted lower spurs, at between 2000 
and 3000 ft above sea level. 

Extensive gravel fans formed in the Ramu trough, flanking the mountain zones 
of strongest uplift. As a result the Ramu channel was displaced away from the 
Finisterres in its upper valley and forced to the north-east side of its valley by alluvi- 
ation from the Bismarck Range further downstream. 

At this stage the Ramu River entered a broad shallow embayment in the area 
of the present lower Ramu plain in which accumulated the estuarine muds of the 
Bosman platform. 

The later stages of relief formation have probably resulted from continuing 
uplift and faulting combined with the Pleistocene eustatic shifts of sea level. Older 
alluvial fan deposits in the lower Ramu valley have been subjected to graben-faulting 
and have been severely dissected in stages, and renewed alluviation has given rise to 
alluvial terraces and the present flood-plains. The Bosman platform and the hills to 
the south have similarly resulted from the dissection of older alluvia. Deposition has 
occurred in all the larger valleys but the main area of alluviation has been the Ramu 
plain where considerable progradation of the shoreline has also occurred, as indicated 
by parallel-stranded beach ridges. 

Coastal emergence is evidenced by numerous upraised coral reefs (Panzer 1933) 
and the slightly dissected alluvial plains at the head of Astrolabe Bay. A spectacular 
example of coastal emergence has been studied recently by Chappell (1974) along the 
northern seaboard of the Huon Peninsula east of the survey area. Here a flight of 
coral terraces rising to over I800 ft provided a record of sea level changes iri relation 
to the rising land going back to 220 000 years. The rate of uplift along the coast 
varied between 10 ft and 1 ft per 1000 years for this period. A slight drowning is 
indicated by the embayments at Madang and Alexishafen where the offshore coral 
islands may represent a former barrier reef, but in general the coast has retained its 
emergent fault-controlled character. 
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IV. PROCESSES AND LAND FORMS 

(a) Erosional Land Forms 

In this area, as elsewhere in New Guinea, land forms tend to evolve quickly in 
response to rapid rock weathering and mechanical erosion under the influence of a 
l~umid climate. This tendency is here accentuated by strong recent uplift. Hill slopes 
tend to be steep and valleys closely spaced with narrow divides, and river plains are 
subject to flooding of varying intensity and duration. 

Available relief as determined by uplift is the most important factor in landscape 
evolution. With increasing relief erosion increases in severity, the drainage net tends 
to become closer, crests are more serrate and hill slopes steeper, whilst the valleys are 
increasingly narrow. For this reason relief has been used in the grouping of the land 
systems. 

A secondary control over land forms is exercised by lithology. Since many 
land systems comprise several rock types lithology has not been employed in land 
system classification but certain generalizations can be made concerning the litho- 
logical control of erosional land forms. 

(i) Land Forms on Granodiorite.-Granodiorite occurs only in the Bismarck 
Range where it is subject to strong erosion. I t  is a massive rock of moderate resist- 
ance and is subject to granular disintegration on weathering, so that hill-wash is 
effective on all steep slopes. I t  gives rise to strong and rugged relief with steep 
rectilinear slopes and narrowly rounded ridge crests. Drainage density is below 
average. 

(ii) Land Forfns on Schists.-Schists occur only in the Bismarck and Schrader 
Ranges in areas of strong relief energy. They weather rapidly and their fine cleavage 
and impermeable slope mantles give rise to rapid meclianical erosion and fairly 
closely spaced vallcys. Landslides are common on the steep upper hill slopes and lower 
slopes tend to be irregular due to the resulting accumulation of colluvium. 

(iii) Land Forn?s on Sandstone with Mudstone.--This rock is the most wide- 
spread in the survey area. The thin sandstone layers exercise a protective effect and 
give a stronger relief with more regular ridge-and-valley patterns and steeper hill 
slopes than does mudstone alone. Land forms in the lower parts of such areas, how- 
ever, resemble those on mudstone. 

(iv) Land Forms on Mndstone.-Mudstone is physically the least resistant of all 
the rock types in the area and breaks down readily on weathering. It tends to form 
lower relief of rounded hills and short ridges with somewhat gentler slopes. The thick 
impermeable weathering mantle results in a dense drainage pattern with particularly 
closely spaced short tributary valleys. Saturation of weathered mudstone leads to 
frequent mudflows and minor landslips which give benched or hummocky slope 
profiles and lead to the choking of minor valleys by colluvial fill. 

(v) Land Forms on Tuff and Greywacke.-These are subject to very rapid 
chemical weathering followed by severe erosion in areas of strong relief. Their main 
occurrence is in the Finisterres where relief energy and erosion are at a maximum, 
and consequently they form a maze of narrow ridges and valleys with very steep or 
precipitous slopes. 
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(vi) Land Forms on Lir7?estone.-The localized limestones consist mainly of 
porous impure coral lilnestone which weathers t o  a very heavy residual clay, but 
there are minor areas of more resistant massive siliceous limestone. They form ridges 
and cliffs with extensive rocky surfaces. These rocks are subject to surface solution 
and yield cavernous surfaces and there is local redeposition of secondary limestone 
on lower slopes. 

(vii) Land Forms on Dissected Old Al1cmia.-As a result of the latest fault 
movemeuts older alluvia are being vigorously dissected in many parts of the Ramu 
valley. They coiisist mainly of formcr fan deposits of unsorted or bedded gravels and 
sands which are generally unweathered and rclatively incoherent and subject to rapid 
channelling and slopc collapse. In extreme cases thcy givc rise to a maze of narrow 
ridges and steep-sided valleys. 

(b) Depositional Land Fori7w 
Rapid erosion in upland areas is associated with correspondingly active 

deposition in the river plains. Rapid mass movement of weathering mantles on steep 
slopes leads to a plentiful supply of colluvium and alluvium. 

The tributary valleys are subject to frequent Rash flooding when many high silt 
loads are transported. The texture of the alluvium varies with the source rocks; 
the volcanic rocks of the Finisterres yield a fine-textured alluvium whilst the 
granodiorite of the Bismarck Range gives a slightly coarser-textured sediment. 
Their narrow flood-plains ate uneven and traversed by gravelly and sandy flood banks 
with intervening shallow depressions. They generally stand about 6 ft above the river 
bed which except during flooding is typically a braiding tract with gravelly or sandy 
banks and ailastomosing minor channels. The narrow plains are flanked by 
collu~vial fans which are subject to reworking by the river and its tributaries. 

The main flood-plains are subject to general seasonal inundation but their 
meander belts also undergo short-lived local flooding during the dry season. They 
are generally areas of fine-textured sedimentation; an annual accretion of 2+ in. has 
been measured but there are important local variations. Orgallic accretion as peat 
is also important. 

The area of maximum deposition is the mcander belt wlich in the Ramu plain 
is up to 4 lniIes wide. Discontinuous low levees of coarser-textured alluvium occur on 
outer banks and finer alluvium accumulates in the flood scrolls on river bends. The 
amplitude of the channel meanders increases down-valley; changes in course are 
indicatcd by the many oxbow lakes and the frequency of such changes is supported by 
map evidence (Stanley 1922). Deposition decreases away from the meander belt and 
the back plain is normally lower-lying and swampy. 

Coastal processes are mainly aggradational, the steep coasts being largely 
protected from erosion by raised coral reefs. The tendency is for a smoothing of the 
coastlitie by the formation of sandy beaches. A seasonal north-westerly longshore 
drift is apparent in many deflected river mouths. The main area of sand beach 
formation is west of Hansa Bay. where there has been extensive progradation of the 
Ramu plain. It  is notable that the delta is poorly developed at the Ramu mouth, this 
being attributed to deep water offshore. 
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PART VI. THE SOIL FAMILIES 

I. INTRODUCTION 

Apart from recent alluvial soils some 49 soil families were recognized in the 
upper Ramu survey area. Two years later 20 of these were recognized as continuing 
into the lower Ramu area where, however, some 24 additional families were 
established. These new families, of course, reflected the prevailing delta conditions 
of the lower Ramu. Although a few minor modC6cations have been made the major 
task of the present combined report has been one of editing and the soils are 
described and presented much as they appeared in the two interim reports. 

Detailed profle descriptions, sampled profiles and other analytical data remain 
in the interim reports and only brief profile descriptions are given here together with 
references to environmental conditions, vegetation, field pH, drainage status and 
fertility when available. 

Because the field work was done some time ago there is no attempt to 
make a detailed soils classification other than the loose grouping shown in Table 
10. Here the soils have been grouped mainly on profile characterist~cs into 11 major 
soil groups. Of these the k s t  10 deal with the more mature soils and comprise some 
66 named soil families, mostly under a local name. The last group, comprising the 
young to recent alluvial soils, is arranged according to texture and stratification into 
8 numbered families and represents a great simpli6cation of the original complex of 
24 series described in the interim reports. 

The groups and their families are presented in alphabetical order to facilitate 
reference from the tabulated land systems. 

No precise figures can be given for the actual areal extent of any of the soils 
named; a soil map was not prepared. Much of the pertinent soils information will 
be found on the tabulated land systems and indeed this Part must be regarded more as 
an appendix to these tabulations. 

11. DESCRIPTION OF THE SOILS 

(a) Alluuial Blaclc Clay Soils 

These are very plastic heavy clay soils and with the exception of Surinam 
family are more than 4 ft deep. They have been grouped into four families on the 
variation of subsoil colour, presence or absence of gravel or concretions, and drainage 
differences. They mainly occur in Bumbu land system. 

(i) Bosman Family.-This family is found extensively on flat to gently undulat- 
ing uplands, consisting of old slightly uplifted marine deposits. The vegetation is 
mostly short grassland with local areas of lowland fill forest. The family has some 

* Divisioll of Land Use Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
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TABLE 10 
SOIL OROUPS AND PAMILIES AND THEU< OCCURRENCE IN LAND SYSTEMS 

Land systems* in which 
Soil group Soil family 

soil occurs 

Alluvial black clay soils 

Iolnlaturo brown residual soils 

Immature mottled residual soils 

Lin~estone soils 

Organic sails 

Poorly drained old alluvial soils 

Strongly weathered red and brown 
clay soils 

Undifferentiated residual soils 

Bosman 
Kasamp 
Mungin 
Sangkian 
Surinam 
Banam 
Bopirompon 
Damanti 
Kalai 
Karamsarik 
Origa. 
Reinduk 
Sisimba 
Warwin 
Aiha 
Biwi 
Sirin 
Tebinsarik 
Mosia 
Opar 
Rempi 
Waguk 
Gomunu 
Jamenke 
Organic nl~ids 
Peat soils (deep) 
Peat soils (raw) 
Peat soils (subsoil) 
Peat soils (topsoil) 
Arnbana 
Kabuk 
Palipa 
Tumunum 
Aimi 
Ainan 
Aiome 
Autobak 
Baia 
Kaove 
Korog 
Koropa 
Mambu 
Sepu 
Lithosols 

Nininko 
Podago 
Slope soils (deep) 
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TABLE 10 (Continued) 

Soil group Soil family Land systems* in which 
soil occurs 

Slope soils (mudstone) 7, 11, 12 
Slope soils (shallow) 2, 4, 5, 7, 9 

Weathered gleyed soils Bibi 5 
Giri 12 
Hudini 14 
Mea 18 
Naupi 15 

Well-drained old alluvial soils Bembi 16, 21, 22, 29, 31 
Dumpu 16, 22, 23, 29 
Imbrun~ 30 
Kaian 24, 25 
Kaigulan 16 
Kausi 26 
Lanu 16, 22, 30 
Nubia 22, 24, 25 
Ouarara 16 
Sausi 16. 31 

Young alluvial soils 1 16, 21, 22, 25, 27, 28, 30, 31 
2 30 

7 7, 12, 14,21, 24,26, 27, 28, 29, 30, 
32, 33, 34 

8 12, 23, 24, 26, 27, 29, 33, 35, 36 

* Land systems arc referred to by numbcr. Names can be found in Part III whcl-e the land 
systems are arranged in numerical order. 

affinity, including the presence of small iron concretions, to those in the weathered 
gleyed clay soils group. 

More than 4 ft deep, a grey to olive-grey very plastic and sticky heavy clay 
subsoil is overlain by a 16-24-in. plastic heavy clay topsoil, black in the upper part 
and dark grey in the lower part. The topsoil is high in organic matter. The clay in the 
deeper subsoil is more olive-coloured and resembles plasticine. The soil is very slowly 
permeable. Run-off is nil to low and these soils are poorly drained. 

(ii) Kasamp Faini1y.-These soils occur locally on small alluvial flats surrounded 
by low hills and also in swamps near the coast. Vegetation is secondary alluvial forest 
atid grassland to sago palm swamp. 

This family consists of more than 4 ft of black to very dark grey, very plastic 
and sticky heavy clay soils, low to moderately high in organic matter. The soils are 
very slowly permeable. Run-off is nil to very low and the soils are poorly to very poorly 
drained. A water-table at 16 in. was found for one swamp profile. 
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(iii) Mungin Family.-This family occurs locally on alluvial flats between low 
hills in the delta area and high terraces of the coastal plain. The vegetation is often 
grassland, less frequently forest. Where poorly drained it may be sago palm swamp, 
phragmites swamp, or tall saccharum grassland. This soil is more than 4 ft deep with 
a dark grey to grey very plastic and sticky heavy clay subsoil overlain by 9-24-in. 
black to very dark grey very finn to plastic heavy clay topsoils. The organic matter 
values in the topsoil are low to moderately high. The pH is 6.5-7. The soils are 
slowly to very slowly permeable. Run-off is nil to medium and the soils are very 
poorly to imperfectly drained. Water-tables at between 13 and 38 in. were found in 
three of the profiles. The chemical fertility is probably moderately high. 

(iv) Sangkian Family.-The soils are found on flat poorly drained surfaces of 
high alluvial fans with a cover of mid-height grasses. 

The only profle observed is more than 4 ft deep and has plastic heavy clay 
subsoil with a 6-in. black slightly plastic clay topsoil. The subsoil is alternately black 
and very dark grey in colour. Calcium concretions, mostly in the shape of small 
tubes, occur throughout the profile but are most abundant in the topsoil. The pH 
varies from 7.5 to 8 through the profile. The soil is slowly permeable, poorly drained 
and has probably slow run-off. The chemical fertility is probably moderately high. 

(v) Surinam Family.--This family is found only on the undulating higher part 
of Bumbu land system fan where the vegetation is short grassland. 

These are 22-30 in. deep, very plastic heavy clay soils with 20-28-in. topsoils 
which are black in the upper part and very dark grey in the lower part and have 
moderate organic matter. The substratum consists of coarse gravelly clay which can- 
not be augered. One profile consisted of a shallow phase of 13-in. black topsoil 
directly overlying the gravel. The pH is 6.5 but may be 6 in the upper part of the 
topsoil. The soils are slowly permeable when moist and run-off is likely to be medium. 
They are imperfectly drained and chemical fertility is probably low. 

(b) Immature Brown Residual Soils 

The immaturity of these soils is apparent from the similarity between soil and 
parent rock textures, the dullness of the soil colours, the low degree of leaching and 
the relative shallowness of the profile. Most occur in the low mountains and hills on 
mudstone and siltstone. This group has been differentiated into nine families on 
texture, drainage differences, organic matter content and presence or absence of gravel. 

(i) Banam Family.-These slope soils occur over steep and broken hilly country 
of sandstone and fine conglomerate. The vegetation is lowland hill forest and garden 
regrowth. 

Approximately 2-3 ft deep, the subsoil consists of brown friable sandy clay to 
clay loam which contains much gravel. Topsoils are 3-12 in. thick, dark brown in 
colour and low to moderately high in organic matter. The soil is underlain by firm 
to soft weathered rock. The pH decreases from 6.5-7 in the topsoil to 6.5-5 in the 
subsoil. The soils are moderately to rapidly permeable, have medium to high run-off 
and are well to excessively drained. The chemical fertility is probably moderately low. 

(ii) Bopirompon Family.-These soils are found on dissected low hilly foothills 
on the southern flanks of the Finisterre Range which are now in short grassland. 
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These shallow (14-20 in.) black friable to firm clay soils high in organic matter 
overlie a substratum of dark brown clay, sandy clay or weathered sandstone or 
siltstone. Increasing with depth are weathered stones and gravel. An eroded phase 
was recorded where the topsoil was very thin to completely absent. The p H  is 6-6.5. 
The soils are well to excessively drained. The chemical fertility is probably moderately 
low. 

(iii) Damanti Family.-This family is found on rugged mountainous country in 
the Finisterre Range and the vegetation is lowland hill forest with some gardens and 
grassland. 

These soils are brown friable clay loams with a dark brown very friable loam 
topsoil and high organic matter. They are underlain by angularly broken grey-brown 
weathered volcanic tuff or clay loam containing large amounts of tuff fragments. 
They vary in depth from 12 to 46 in. The pH is approximately 6 in the topsoil, d* 
creasing rapidly to 5.5 and 5 in the deeper subsoil. The soils are well drained and the 
chemical fertility is probably low. 

(iv) Kalni Family.-This family is found mainly on old slightly uplifted beach 
deposits but also locally on low sandstone hills near the coast. I t  occurs mostly on 
slopes between 2 and 6", more rarely on steeper slopes. The vegetation is lowland hill 
forest or secondary vegetation such as grassland, bamboo brake and coconut 
plantations. 

A dark grey-brown to very dark grey rather plastic heavy clay topsoil moderately 
high in organic matter merges at 9-20 in. into a brown or grey-brown very plastic 
heavy 10-17-in. clay that is often somewhat mottled. The deeper subsoil consists of 
sandy clay merging into sandy clay loam or even sandy loam and is usually very com- 
pact. The soils are slowly permeable, have low to medium run-off and are imperfectly 
drained. 

(v) Karamsarik Family.-This family is found extensively on steep hilly and low 
mountainous country where the rocks are mudstone and siltstone. I t  occurs on slopes 
ranging from 3 to 33". The vegetation is lowland hill forest, garden regrowth and, 
locally, short grassland. 

Approximately 2-3 ft deep, a brown firm clay subsoil is overlain by a 6-14411. 
dark grey-brown firm clay topsoil low to moderately high in organic matter. The 
soils are underlain by compact weathered mudstone or mottled clay with increasing 
amounts of rock fragments. The pH increases from 6.5 to 7 in the subsoil. The 
soils are moderately permeable and have a high run-off. They are well to somewhat 
imperfectly drained. The chemical fertility is probably moderately high. 

(vi) O r i p  Family.-This family is found on low hills of mudstone and sandstone 
where the vegetation is lowland hill forest, secondary forest and gardens with some 
small areas of short grassland. 

These soils are shallow soils with 9-12 in. of very dark grey-brown friable or 
firm clay loam to clay topsoil with moderate organic matter, overlying mottled firm 
and plastic clay with rapidly increasing amounts of gravel which makes auger sampling 
below 20 in. impossible. The pH is approximately 6-6.5. The soils are imperfectly 
drained and have moderate permeability and slow run-off. The chemical fertility is 
probably nioderately high. 
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(vii) Reir~duk Family.-This family is found locally on low hills and broad crests 
in the coastal region on slopes up to 4-10". Parent rock is mudstone, siltstone and, at 
Awar, volcanic rock. The vegetation is lowland hill forest and coconut plantation. 

Approximately 2-3 ft deep, the subsoils vary from dark brown to grey-brown 
very plastic heavy clays commonly with some brown and black mottles. The topsoil 
is 1620  in. thick and consists of very dark brown lo very dark grey firm clay in the 
upper part and somewhat lighter-coloured plastic heavy clay in the lower part. 
The organic matter content is high. The soils are underlain by compact weathered 
rock. The soils are slowly permeable, have a low to medium run-off and are 
imperfectly drained. 

(viii) Sisimba Family.-This is found only on a dissected hummocky old 
landslide in the Finisterre Range vegetated by Casuarina regrowth and gardens. 

The only profile observed is a dark red-brown very friable loam to clay loam with 
a 19-in. dark brown very friable brown topsoil high in organic matter. Below 40 in. 
the subsoil becomes brown and gravelly, the gravel increasing with depth. The pH 
of the topsoil is 6 and of the subsoil 6.5. The soil is well draiued and chemical 
fertility is probably moderately high. 

(ix) Walwin Fflmily.-This family occurs throughout low hilly to mountainous 
country on mudstone and siltstone. There was one occurrence on coralline deposits 
near the coast. It is usually found on moderate to gentle slopes; the vegetation is 
lowland hill forest with much gardening and regrowth including bamboo brake. 

Usually 4 ft or more deep, a brown very plastic heavy clay subsoil which may be 
slightly grey mottled is overlain by a dark brown topsoil of varying thickness 
(&21 in.). The latter usually consists of rather friable clay loam in the upper part and 
plastic clay in the lower part. m e  organic matter content ranges from low to high. 
The pH is 6-6.5 but 6.5-7 in the surface soil. The soils are slowly permeable, have 
high rapid run-off and are well to imperfectly drained. The chemical fertility is 
probably moderately high. 

(c) Immature Mottled Residual Soils 

These soils are found on mudstone and siltstone and are common in low hilly 
country. They occur only on small flatter areas in the steep higher hills. They are 
characterized by mottled subsoils, are clayey throughout and are usually less than 
4 ft deep. Four families have been recognized on the basis of snbsoil colour and 
drainage differences. 

(i) Aiha Family.-The most mature of the group and mottled only in the sub- 
soil, this family is found on mudstone and siltstone on gentle to moderate slopes in 
low hilly country with vegetation ranging from lowland hill forest to gardens and 
garden regrowth. 

Usually about 4 ft deep, a brown plastic heavy clay subsoil strongly brown and grey 
mottled below 15-30 in. is overlain by a 6-14-in. topsoil consisting of dark brown 
friable to firm clay low to moderately high in organic matter. The pH fluctuates 
between 6 and 7 throughout the profile. Soils are slowly permeable, have low to 
medium run-off and are imperfectly draiued. The chemical fertility is probably 
moderately high. 
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(ii) Biwi Fami1jf.-This is found on the undulating parts of the high fans from 
the southern flanks of the Finisterre Range now in short grassland. 

These are firm and plastic dark brown to dark grey clay soils which are more or 
less strongly mottled. They have c. 18-in.-thick topsoils, black in the upper part, very 
dark brown or very dark grey in the lower part and high in organic matter. The upper 
part of the topsoil is friable, the lower part plastic. The soils are underlain at a depth 
of 25-40 in. by a very gravelly and stony substratum; pH is 6-6.5 increasing to 7 in 
the substratum. The soils are slowly permeable and have medium to slow run-off. 
The chemical fertility is difficult to assess but it is probably moderately low. 

(iii) Sirin Fa~nily.--This family is found only on the short grasslands of Sirin 
land system. The parent material is siltstone and the soil occurs on gently concave 
more or less colluvial slopes of the low hills. 

In these soils there is a 19-22-in. very dark grey very firm to very plastic heavy 
clay topsoil high in organic matter which merges into a 6-14-in. dark grey-brown very 
plastic heavy clay with many brown nlottlcs of weathered rock fragments. This is 
underlain at about 30 in. by a dense mixture of grey clay and brown weathered rock. 
The soils are slowly permeable, have medium run-off and are imperfectly drained. 

(iv) Tebinsarik Family.--This family is fonnd on low hills, usually on gentle 
slopes and rarely at the foot or on flat tops of steep M s .  The parent rock is mud- 
stone or siltstone and the vegetation mostly grassland. 

These are 2-4 ft deep strongly brown and grey mottled plastic clay soils overlain 
by 6-14 in. of very dark grey to dark grey-brown plastic clay to heavy clay topsoils 
moderately high in organic matter. The soils merge into a mottled dense and soft 
completely weathered rock. The pH is about 6.5 throughout the soil. Soils are very 
slowly permeable, have medium run-off and are poorly to very poorly drained. The 
chemical fertility is probably moderately high. 

(4 Limestone Soils 

These are usually shallow soils with coral lirncstonc in the profile or substratum. 
Four families have been separated on the basis of texture, drainage and colour 
differences. 

(i) Mosia Family.--These soils are found on the southern very dissected 
foothills of the Finisterre Range where the vegetation is mainly short grassland. 

These are shallow clay soils on coral detritus with a 6-8-in. very dark red-brown 
friable light clay topsoil high in organic matter. This topsoil may rest dircctly on coral 
detritus or merge into a subsoil consisting of up to 20 in. of dark red-brown heavy 
clay passing abruptly to a very irregular surface of the coral detritus. The pH of the 
topsoil is 6.5 whilst in the subsoil it increases from 6 to 7 with depth. The soils are 
excessively drained and their chemical fertility is probably low. 

(ii) Opar Family.-This family occurs rarely and is found on slopes up to 20" 
amidst scattered limestone blocks close to massive coral limestone outcrops in 
sedimentary hill landscapes. The dark heavy clays have probably come from a 
mixture of parent material of limestone and mudstone. Vegetation is remnants of 
lowland hill forest with short grassland. 



These are very dark grey to very dark grey-brown firm to plastic heavy clay 
soils containing varying amounts of large limestone fragments. Below 20-24 in. 
either the amount of limestone increases considerably or the subsoil consists of 
completely weathered mudstone. The pH is 7-8. The soils are slowly to moderately 
permeable, have medium to high run-off and are well to imperfectly drained. 

(iii) Rempi Family.-This family is found on gently undulating to almost flat 
slightly uplifted coral reefs and beach ridges along the coast. The parent material is 
coral detritus. The vegetation is coconut plantation and coastal regrowth. 

These are shallow (6-8 in.) black to very dark brown very friable loam to clay 
loam soils, moderate to high in organic matter and overlying whitish coral sand and 
stone and shell fragments. The soil pH is 6.5-7 but may go up to 8. The soils are 
rapidly permeable, run-off is nil or very low and, depending on their depth, they are 
well to excessively drained. The chemical fertility is probably moderately high. 

(iv) Waguk Family.-This family is found very locally on coral Limestone on 
low hills and ridges near the coast. The vegetation is garden regrowth and secondary 
forest. 

These are shallow dark grey-brown plastic clay soils with 3-4 in. of very dark 
grey-brown friable topsoils moderately high in organic matter. They are underlain 
at a depth of 10 in. by a mixture of brown very plastic clay and increasing amounts of 
coral detritus. The soils are moderately permeable, have high run-off and are well to 
excessively drained. 

(e) Organic Soils 

Except for Jamenke family, which is marginal to the poorly drained alluvial 
group, the remaining six falnilies occur in swamps mostly in the vicinity of the coast. 
Recognition of families is based on the texture, the amount and degree of decompo- 
sition of the organic layers and where these layers occur in the profle. 

(i) Gomunu Family.-The only profile observed is from a lake swamp resulting 
from a landslide blockage. I t  consists of 36 in. of dark organic mud overlying light 
grey sloppy clay with many plant remains. The water-table is very close to the surface. 

(ii) Jamenke Family.-This is found in very slight depressions in the high alluvial 
fan surfaces of Aiome land system. The vegetation is moist Ischaemum grassland. 

More than 4 ft deep, the soils consist of black very friable clay loam overlying 
very dark grey-brown firm clay which merges at 3-4 ft into grey and brown mottled 
plastic clay with gravel. The organic matter content is very high as the soils are of a 
semi-peaty nature. The soils are rapidly to moderately permeable, run-off is nil and 
they are poorly drained. A water-table at 43 in. was found in one profle. 

(iii) Organic Muds.-These 'soils' consist of dark grey to very dark grey-brown 
very sloppy organic mud mixed with fine root material. This material builds up on 
the firm bottom of deep grass swamps and has no proper upper boundary as it be- 
comes more and more suspended and merges into open water. Along the edges of 
swamps layers of denser grey clay may be embedded in the muds. 

(iv) Peat Soils (Deep).-These soils occur locally in swamps in the delta area of 
the Ramu River. The vegetation is Phragmites or sago palm. 

Approximately 4 ft deep or deeper, the soils are composed of Layers of black to 
very dark grey-brown peaty clay and clayey peat. The soils are probably moderately 
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permeable, swampy and run-off is nil. Water-tables are found at the surface and at 
10 in. 

(v) Peat Soils (Raw).-Raw peat occurs locally in small deep swamps such as 
cut-off meanders and has a mixed herbaceous swamp and aquatic vegetation. 

Such 'soils' consist of more than 3 ft of raw peat with very open texture and full 
of dead and living roots. Some silt may be present in the deeper layers. The soils 
are swampy with water-tables at the surface. 

(vi) Peat Soils (Subsoil).-These soils are found locally in the delta area of the 
Ramu River under more or less swampy conditions with a vegetation ranging from 
low palm forest to sago palm swamp. 

In these soils a 2634-in. layer of grey and brown mottled plastic clay overlies a 
very dark brown layer of well-decomposed peaty clay and clayey peat. The soils are 
slowly permeable, run-off is nil and they are very poorly drained to swampy. 
Water-tables were found at 14 and 42 in. 

(vii) Peat Soils (Topsoil).-This soil was found only in a swale between beach 
ridges under a vegetation of Phragmites but probably occurs also in swamp land in the 
Ramu delta. 

The profile observed had an 18-in. layer of black wet very friable and sticky 
well-decomposed peaty loam overlying a 7-in. layer of dark olive-grey and yellow- 
brown mottled, wet, slightly plastic and very sticky sandy clay, merging into sandy 
clay loam which in turn merges into dark grey loamy sand. The soil is swampy with 
water-tables between the surface and 10 in. 

( f )  Poo~.ly Drained Old Allz~vial Soils 

These soils have deep black to very dark grey topsoils in contrast to the lighter 
colours of the young alluvial soils. They are found over many land systems mainly 
on low-lying but stable parts of beach ridges and alluvial plains in the vicinity of the 
coast. The four families are recognized on textural and drainage differences. 
Ambana is the most sandy, Tumunum has clayey topsoil and sand subsoil whilst 
Kabuk and Palipa are plastic clays and are at the same time the most poorly drained. 

(i) Ambana Family.-This family occurs locally on flat low-lying beach ridges 
covered with grassland, coastal regrowth and coconut plantations. 

These are grey and brown mottled soils with a texture ranging from sandy clay 
loam to sandy loam and, in the subsoil, commonly sand. The topsoil is 11-14 in. 
thick, black to very dark grey-brown in colour and high in organic matter. The soils 
are moderately permeable, run-off is nil and they are poorly to very poorly drained. 
Water-tables at 15 and 9 in. were observed in two profiles and the third profile was 
found in a plantation where drainage had been improved. 

(ii) Kabuk Family.--This family was found on a narrow slight rise of an old 
beach ridge in a swamp and again at the landward edge of an old beach ridge. 
The vegetation is Phragmites swamp, tall Saccharunz grassland and near Aiome 
Campnosperma swamp forest. 

These soils consist of 10-12 in. of black to very dark grey-brown friable clay to 
clay loam separated from a strongly grey and brown mottled very plastic clay or heavy 
clay subsoil by a thin layer of brown rusty very friable loam or clay loam. The top- 
soils are rapidly permeable and the subsoils slowly permeable. Run-off is nil to very 



88 H. A. HAANTJENS 

low and soils are poorly to very poorly drained. A water-table at 29 in. was found 
in one profile. 

(iii) Palipa Family.-Soils of this family are found on sloping undulating 
alluvial coastal plains and flat depressions in the Usino basin. The vegetation is of 
alluvialwell-drainedand alluvial flood-plainforest through to tallSaccl7aruin grassland. 

There is more than 4 ft  of grey-brown to grey strongly mottled heavy clay to clay 
soil that is plastic to extremely plastic from a depth of normally 5-15 in. The soils 
have 6-12-in. very dark grey-brown to dark brown clay loam to clay topsoils with 
moderate to low organic matter. The pH is 6-6.5 throughout the profile. The soils 
are poorly to very poorly drained, slowly permeable and have slow to medium run-off. 
The chemical fertility is probably high. 

(iv) Tunztfnum Family.--This family is found on flat old beach ridges some 
distance inland. The vegetation is usually forest or grassland. 

The soils consist of firm to very plastic clay to heavy clay to a depth of 19-29 in. 
Below this they become gradually more sandy, until they consist of sand below 
28-37 in. The topsoils are 9-24 in. thick, black to very dark grey-brown in colour 
and moderately high to high in organic matter. The upper part of the soil is slowly 
permeable but the subsoil is rapidly permeable; run-off is nil to very low. The poor 
to imperfect drainage of these soils is due not so mucl~ to their low-lying situation 
with ensuing high water-tables as to the impermeability of the topsoils. 

( g )  Strongly Weathered Red and Brown Clay Soils 

These soils are the most mature in the survey area. They are characterized by 
bright red and brown colours below the topsoil, clayey textures, strong leaching and 
deep profiles. Severe truncation of profiles is, however, often endent in mountain 
areas. Except for Koave and Koropa families these soils are relatively friable with 
regard to their high clay content. Ainan and Baia families are both rather shallow 
soils found locally on spur and foot slopes of the Schrader Range. The first occurs on 
volcanic material and the second on schists and shales. Autobak, Koave and Korog 
families all occur on the Adelbert Range volcanics while the plastic red soils of 
Koropa family have developed locally on mudstone and siltstone on the low ridges of 
Amaimon land system. 

Aiome, Sepu, Mambu and Aimi families are often extensive on old alluvial fans 
from the Schrader Range with the brown soils of Aiome probably the youngest. 

(i) Aimi Fainily.-This was found on a flat terrace of the Maria River where it 
traverses the Faita land system fan. The vegetation is mid-height grassland. 

The only profle observed is more than 4 ft deep, dark red-brown friable clay to 
heavy clay with 11 in. of slightly darker friable clay loam topsoil high in organic 
matter. The pH decreases from 6 in the topsoil to 5 .5  in the subsoil. The soil is well 
drained and the chemical fertility is probably moderately low. 

(ii) Ainan Family.-This was found on lowland ridges of Bismarck land system 
covered with lowland hill forest. 

The only profile observed consists of a 12-in. dark red-brown sandy clay topsoil 
with low organic matter and containing c. 30% stones, 8-16 in. in diameter, overlying 
more than 12 in. of red-brown sandy clay loam containing 40-50% stones. The soils 
are excessively drained and of low apparent fertility. 
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(iii) Aiome Family.-This family is found predominantly on flat upper surfaces 
of old alluvial fans at the foot of the Schrader Range. Slopes are up to 2' and the 
vegetation is mainly short grassland with forest remnants. 

These soils are brown friable to 6rm clay soils, probably less mature than the 
red soils of Sepu family, with usually 14-20 in. of very dark brown very friable clay 
loam topsoils high in organic matter. Below 26-40 in. the soils are usually rather 
stony. They are moderately to rapidly permeable, well drained and have very low 
run-off. 

(iv) Atitobalc Family.--This occurs in the Adelbert Range (Gal land system) 
nearly always on steep slopes of 20-30". The vegetation is lowland hiU forest with 
some garden regrowth. 

Soils are rather shallow to rather deep brown to yellow-brown friable to firm 
clay soils with a norn~ally 6-13-in. dark brown friable clay loam to clay topsoil with 
moderate organic mattcr. With depth there is a rathcr rapid transition to incom- 
pletely weathered tuffaceous rock. Thc pH increases with depth from 5 to 6 in the 
upper part and 5.5 to 6 .5  in the lower. The soils are moderately permeable, have a 
high run-off, are well drained and are probably of moderate to low fertility. 

(v) Baia Family.-This family has locally developed on shales and schists over 
the lower lowland spurs of the Schrader Range. It is found on gently sloping crests 
but also on steep foot slopes of up to 30". The vegetation is lowland hill forest. 

These soils have a 6-15411. dark brown clay loam friable topsoil with moderate 
to low organic matter overlying 2633  in. of red-brown to red friable clay which merges 
gradually into a brown to red-brown subsoil with slightly coarser texture and con- 
taining varying amounts of weathered rock fragments. The pH decreases gradually 
from 6 near the surface to 4.5 at lower depths. The soils are moderately permeable, 
have medium to high run-off, are well drained and appear to be of very low fertility. 

(vi) Kaove Family.-This occurs very IocaUy in the Adelberl Range on gently 
sloping broader crests or steep slopes close to the crest. Vegetation is lowland hi11 
forest. 

More than 4 ft  of red, brown and greyish mottled plastic heavy clay soils are 
overlain by 5-8-in. dark brown firm clay topsoils moderately high in organic matter. 
The soils are slowly permeable, have low to medium run-off and are imperfectly 
drained. 

(vii) Korog Family.-This family is found locally on igneous rocks up to 3000 ft 
high on crests and spurs in the Adelbert Range. Slopes may be as steep as 30". The 
vegetation is lowland hill forest. 

These are 3-4 ft deep and consist of a red-brown to red firm clay to heavy clay 
soil with 5-10-in. dark brown friable clay loam to clay topsoil. They are low to 
moderately high in organic matter. At depth there is a slightly coarser-textured firm 
subsoil with completely weathered rock fragments. The pH is 5.5-6. The soils are 
well drained, moderately permeable and apparently of low fertility. Run-off varies 
from low to high. 

(viii) Koropa Family.-This family occurs locally on mudstone and siltstone on 
broad crests of the Adelbert Range with slopes 4-15" and again on the dissected fan of 
Romole land system. The vegetation is lowland hill forest and short grassland. 



These soils are more than 4 ft deep and have a very firm to plastic heavy clay 
subsoil and usually 6-13-in. brown to dark brown friable clay to firm heavy clay 
topsoils low to moderately high in organic matter. The upper part of the subsoil is 
brown, the lower part red. The pH decreases with depth from 6 to 5.5. The soils are 
slowly permeable, have high run-off, are well drained and of low fertility. 

(ix) Mambll Family.-This family is limited to flat fans in Panakatan land system 
with a vegetation of alluvial well-drained forest. 

These are red-brown light clay to sandy clay soils with c. 1-ft-thick dark red- 
brown friable loam to clay topsoil high in organic matter. The deeper subsoil below 
c. 30 in. either contains many stones or consists of numerous layers of red-brown or 
yellow-red coarse sandy clay loam, gravelly sandy loam, sandy clay loam, etc. The 
pH decreases gradually from 6.5 near the surface to 5 at 4 ft. The soils are well 
drained. The chemical fertility is probably low. 

(x) Sepu Family.-This occurs extensively on old high alluvial fans along the 
lower slopes of the Schrader Range. I t  is more prevalent than Aiome family on the 
dissected parts. The vegetation is lowland hill forest and grassland. Sepu family is 
also recorded on lower fans and river terraces where the forest is alluvial and there is 
tall Saccharum grassland. 

More than 4 ft of red-brown to yellow-red firm clay to heavy clay soils are 
overlain by 6-10 in. of dark brown friable to firm clay loam topsoils in which organic 
matter is moderately high on flattish land but decreases on slopes. The subsoil is 
often very stony on steep slopes. The pH decreases from 6-6.5 near the surface to 
5 . 5 4 . 5  at depth and the fertility is probably low to very low. The soils are moderately 
permeable, have very low to high run-off and are well drained. 

(h) Undifferentiated Residual Soils 

Six families have been distinguished on soil depth, degree of development of the 
topsoil, the nature of the parent material and the amount of gravel present. 

Included here are some very shallow soils around the coast on hard sedimentary 
rocks and greywacke, and also shallow slope soils of the mountains, immature and 
colluvial in nature. Lithosols, less than 6 in. deep, occur in 15 different land systems 
but only as a minor category. 

(i) Lithosols Family.-Lithosols occur in limited patches but have wide 
occurrence through steep hilly and mountainous areas especially on sharp crests and 
steep slopes. They are also common on grassland hills along the coast. 

These are residual soils with only 6 in. or less of soil material overlying more or 
less weathered hard or dense parent rock. Pockets of deeper soil may occur and rock 
outcrops and fragments are very common. The soil material is mostly dark-coloured. 
Organic matter may be moderate when over limestone but is usually low. Drainage 
is excessive. 

(ii) Nininlco Family.-This family is found only on old landslip areas in the 
southern Finisterse Range where Casuarina trees have colonized and some gardens 
have beeu made. 

These are brown, friable to firm light clay soils with a 3-9-in. dark brown loam 
to clay loam topsoil with moderate organic matter. In many cases the soil contains 
low to moderate amounts of gravel and stones and is underlain at a depth of between 
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18 and 35 in. by gravelly sandy clay loam or gravelly sandy clay. Surface stoniness 
varies widely. The pH is 6-6.5 throughout the profile and the soils are well drained. 
The chemical fertility is probably moderately high to high. 

(iii) Podago Family.-This family is usually found on steep slopes, 15-30", on 
siltstone, sandstone and greywacke in the coastal region. The vegetation is 
dominantly grassland with regrowth and forest remnants. 

Very shallow (8-12 in.) black to very dark brown firm clay soils, high in organic 
matter, overlie dense soft to hard weathered siltstone or sandstone. The soils are 
rapidly permeable but the substratum appears to be slowly permeable. Run-off is 
high and the soils are excessively drained. 

(iv) Slope Soils (Deep).-These soils occur locally on very steep slopes and under 
a lowland hill forest. 

These are 3-4 ft deep, undifferentiated dark brown clay soils with poorly de- 
veloped topsoils and containing varying amounts of weathered rock fragments at 
irregular depths. The soils are moderately permeable, have high run-off, are well 
drained and probably of low fertility. 

(v) Slope Soils (Mudstone).-These soils occur locally on more or less broken 
and colluvial slopes, 10-20", on mudstone and siltstone. The vegetation is lowland 
hill forest or garden regrowth. 

Approximately 2-3 ft of dark grey-brown firm to plastic clay soils are overlain 
by poorly developed topsoils, low in organic matter. They contain unevenly dis- 
tributed rock fragments which constitute a very large proportion of the soil below 
2-3 ft. The soils are moderately to slowly permeable, have high run-off and are well 
drained. 

(vi) Slope Soils (Shallo~~).-These soils occur extensively in all rugged 
mountain areas and on igneous, metamorphic and hard sedimentary rocks. Slopes 
may be very stcep. Vegetation is lowland hill forest or garden regrowth. 

Normally there is a 10-16-in. topsoil of very dark grey-brown friable to firm 
clay loam to clay overlying a somewhat lighter-textured subsoil with rock fragments. 
Weathered rock is commonly encountered between 15 and 30 in. The soils are rapidly 
permeable, have medium to high run-off, are well drained and probably low in 
fertility. 

(i) Weathered Gleyed Soils 

The presence of gleying and moderate to very high amounts of black or brown 
concretions in the upper and/or middle part of the profile is the binding factor of this 
group. The soils may differ rather strongly in other features. Bibi and Mea soils with 
dark topsoils and lighter subsoils containing black concretions occur along the lower 
slopes of the Bismarck Range while Giii and Hudini occur on broad mudstone and 
siltstone crests in the Amaimon hills. Subsoils here are red and grey mottled with 
only moderate amounts of concretions. Naupi family, found only on the grass hills of 
Sirin land system, on the otber hand has strong concretions in a grey heavy subsoil. 

(i) Bibi Family.-This is found along the lowland slopes of the central ranges 
under a lowland hill forest. 

A shallow poorly drained soil with a dark organic loamy topsoil overlies more 
or less mottled rcd-brown clay containing many rock fragments and black iron con- 
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cretions from a depth of 15-20 in. The pH is 5-5.6. The soils are poorly drained and 
of apparent low fertility. 

(ii) Giri Family.-This family is found very locally on flat to gently undulating 
tops of low mudstwe ridges. The vegetation is lowland hill forest, regrowth and 
grassland. 

These soils are more than 4 ft deep. An 11-20-in. topsoil of very dark grey- 
brown k m  clay in the upper part and dark grey plastic heavy clay in the lower part 
merges into a strongly red, brown and grey mottled very plastic heavy clay subsoil. 
Low to moderate amounts of iron concretions occur in the lower part of the topsoil, 
and sometimes also in the surface layer. The organic matter is moderately high. 
Tile soils are slowly permeable, have a low run-off and are poorly to imperfectly 
drained. A water-table was found in one profile at a depth of 38 in. 

(iii) Hudini Family.-This family occurs on low hilly country of sedimentary 
material with lowland hill forest and some gardening. 

The only profle observed is strongly eroded and this appears to be general. 
I t  is a red-brown heavy clay underlain at 8 in. by a strongly red and grey mottled sub- 
soil of slightly coarser texture. The pH is 6 in the upper part and 5.5 in the lower part 
of the profile. The soil is slowly permeable and run-off is rapid. Chemical fertility is 
likely to be very low. 

(iv) Mea Family.-This family occurs on flat fan slopes under forest. 
The soils are very strongly red and grey mottled deep plastic clay soils with 

8-14-in. very dark brown to black friable clay topsoils with moderate to high organic 
matter. Permeability is slow and the soils are poorly drained. The chemical fertility 
is probably low. 

(v) Naupi Family.-This family was found only on broad low ridges south of 
coastal Bogia. Slopes are about 3" and the parent material is greywacke. The 
vegetation is open grassland or bamboo brake. 

In these soils which are more than 4 ft deep a 12-14-in. very dark grey to very 
dark brown clay topsoil, high in organic matter and containing moderate amounts of 
iron concretions, merges into a 6-19-in. dark-coloured layer of iron concretions mixed 
with clay. This layer is underlain by grey very plastic heavy clay in which the iron 
concretions decrease and become softer with depth. The subsoils are slowly 
permeable; run-off is low to medium. Although the soils are poorly to imperfectly 
drained, they dry out quickly during the dry periods found in this area because of 
poor physical characteristics. 

( j )  Well-drained Old Alluvial Soils 

These are usually deep soils with black to very dark grey-brown topsoils over 
gravelly subsoils in which they contrast with the young alluvial soils. With 12 families 
described they are the most varied of the major groups and are represented in most 
land systems. Around the coast they are found on the higher parts of beach ridges and 
coastal plains and are especially prominent on old river terraces and fans. Classified 
primarily from sandy to clayey they range from the almost pure sand of Nubia through 
Imbrum, Kaian, Kaigulan, Kausi, Weisa, Bembi, Lanu, Ouarara and Tumu families 
to Dumpu which is of uniform clay. 
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(i) Be~nbi Family.-These soils are found on undulating alluvial plains and flat 
higher river terraces. Vegetation is alluvial forest and tau Saccharum grassland. 

These are brown friable soils more than 4 ft deep and the texture merges from 
clay or clay loam to sandy clay loam or loam below 20-36 in. and in a few cases to 
h e  sandy loam below 36 in. Topsoils are usually 12-19 in. thick, black to very dark 
grey-brown and high in organic matter. The pH is 6-6.5 and soils are well drained 
and moderately permeable. Run-off is nil or very low. 

(ii) Dumpu Family.-This family is found on undulating fans and alluvial 
plains as well as high river terraces. Vegetation is mainly alluvial forest with some 
tall Saccharurn grassland. 

These are at least 4 ft deep, dark brown to olive-brown firm clay to sandy clay 
soils with normally 13-20-in. very dark grey-brown topsoils with moderate to high 
organic matter. The pH is 6-6.5 through the profile. The soils are moderately 
permeable. Run-off is nil or very low and the soils are well drained and probably of 
high fertility. 

(iii) Imbrum Family.-On river flood-outs the vegetation comprises grass and 
mixed herbaceous successions. 

These are more than 4 ft deep, very sandy or coarse sandy soils with 9-14-in. 
black very friable sandy loam or loam topsoils, high in organic matter. The pH is 
5.5-6. The soils are excessively drained and must be rated low in chemical fertility. 

(iv) Kaian Family.-These are found locally on high beach ridges, mostly on 
the inland slopes. The vegetation is grassland, regrowth or coconuts. 

These are friable loam to light clay soils mcrging with depth into sandy loam and, 
between 24 and 31 in., into loose sand. The topsoils are 14-26 in. thick, very dark 
brown in colour and high in organic matter. The soils are well drained and 
rapidly to moderately permeable; run-off is nil. 

(v) Kaigulari Fanzi1y.-This family occurs on fan and terrace surfaces in Bumbu 
land system in which the vegetation is a short grass cover. 

These soils are 24-26 in. deep, of varying texture (clay loam, sandy clay, clay, 
and rarely loam in the top part, and sandy clay, gravelly sandy clay, gravelly sandy 
clay loam, or clay in the lower part) overlying an extremely gravelly and stony sub- 
strate. The soils are high in organic matter, usually black in the upper part and very 
dark brown in the lower part. The pH is approximately 6-6.5 throughout the 
profile. The soils are well drained and the chemical fertility is probably high. 

(vi) Kausi Family.-This family is found on sloping alluvial fans where the 
vegetation is alluvial forest and tall Saccharu~n grassland. 

These are at least 4 ft  deep, dark brown to red-brown very friable loam to sandy 
clay loam soils with moderate organic matter. Low to moderate amounts of stones 
occur below 12 in. The pH is 6-6.5 and the soils are well drained with a moderate 
chemical fertility rating. 

(vii) Lanu Family.-These soils are found on flat to undulating parts of Bumbu 
land system as well as alluvial plains and flood-outs and lower river terraces of 
Imbrum land system. The vegetation is mainly short grassland but also some tall 
Saccharurn grassland. 



These are shallow, 12-15-in. black soils, high in organic matter and overlying 
an extremely gravelly and stony substrate. Two phases are recognized-Lanu sandy 
loam to loam which is very friable and excessively drained, and Lanu clay loam to clay 
which is firm to friable and well to excessively drained. The pH is 6 throughout the 
profile. The soils are locally stony and the chemical fertility is probably high to 
moderately high. 

(viii) Nubia Family.-This family occurs extensively on relatively high beach 
ridges, on flat to gently sloping land. The vegetation consists of grassland, gardens 
and garden regrowth and coconut plantations. 

More than 4 ft deep, loose very sandy soils are overlain by 8-20-in. very dark 
brown very friable sandy loam topsoils moderately high in organic matter. The soils 
are rapidly permeable, well to excessively drained and run-off is nil. 

(ix) Ouarara Family.-These soils are found on the undulating Bumbu land 
system under a short grass cover. 

These are very shallow (6-9 in.) black very friable loams high in organic matter 
and with low to high amounts of gravel and overlying extremely gravelly substrate. 
The pH is about 6. The soils are excessively drained. The chemical fertility of the 
topsoil is moderately high. 

(x) Sausi Family.-This family occurs on undulating fans and alluvial plains 
with short grassland and some tall Saccharum grassland. 

These are more than 4 ft deep, brown soils with 15-17-in. black to very dark 
brown friable to firm topsoils high in organic matter. The texture of the subsoil is 
sandy clay loammerginginto sandy loam at 24-26 in. and loamy sand at greater depth. 
There is also a plastic subsoil phase. The pH is 6 in the topsoil and 6-6.5 in the sub- 
soil. The typical soils are well drained and rapidly permeable and have very low 
run-off. Chemical fertility is probably moderately high. 

(xi) Tumu Family.-This family occurs on alluvial fan surfaces with alluvial 
forest and tall Saccharum grassland. 

These are dark brown soils with irregular textural profles. They have a 3-14-in. 
very dark brown very friable loam topsoil with high organic content overlying a loam 
or clay loam or clay which becomes gravelly at 14-19 in. Gravelly layers may 
alternate with loamy layers in the deeper subsoil. In one instance the soil was 23 in. 
of loam with a gravelly subsoil appearing at 42 in. The pH is 6-6.5 and the soil is 
well drained to excessively drained while chemical fertility is probably moderately 
high. 

(xii) Weisa Family.-These soils occur on flat fans and terraces with forest and 
grassland cover. 

The soils are c. 30 in. deep and overlie a gravelly substrate. The topsoil is black 
sandy loam or loam, merging into very dark grey-brown loam or clay loam at 10-14 
in. The soils are high in organic matter. The pH is 6 throughout and the soils are 
well drained to moderately drained due to ground water. The chemical fertility is 
probably moderately high. 

(k) Young Alluuial Soils 

These are the soils of recent alluvial deposits. They show no profle develop- 
ment other than some darkening of the topsoil by organic matter and mottling due to 
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poor drainage. The well-drained aspects are dark grey-brown to dark yellow-brown 
or dark olive-brown in colour although lighter colours also occur. Topsoils 4-16 in. 
thick are commonly very dark brown to very dark grey. Various shades of grey with 
varying amounts of brown mottling occur in poorly drained soils. The pH tends to 
be between 6 and 7 bnt may be as high as 8 or as low as 5 . 5 .  

Occurring on unconsolidated materials, the recent alluvial soils can be con- 
sidered as deep soils. Their subdivision here is based upon texture and texture changes 
reflecting the stratified nature of the sediments. Some strati6cation is seen even in 
soils with a uniform texture. Due to differences in topographic situation, water-table 
and permeability the drainage conditions vary enormously and range from well 
drained to swampy; in general the finer the texture the poorer the drainage. On the 
basis of their texture, the young alluvial soils have been grouped into eight numbered 
families. 

(1) Coarse-textured Young Alluvial Soils.-These soils consist of loose to very 
friable (sand) loamy (fine) sand and very gravelly materials. Commonly topsoils are 
(fine) sandy loam or (gravelly) loam, 2-12 in. thick. 

(2) Coarse-textured over Medium-textured Young Alluvial Soils.-Loose to very 
friable loamy (fine) sand, fine sand or gravelly sandy loam, 15-29 in. thick, overlies a 
friable to very friable silt loam or (silty) clay loam. 

(3) Medium-textured over Coarse-textured Young Alluvial Sails.-Friable (silt) 
loam, (silty) clay loam or sandy clay loam, 8-36 in. thick, overlies and merges into 
loose to very friable (loamy) (fine) sand, gravelly (loamy) sand or gravelly (silt) loam. 

(4) Medium-textured Young Alluvial Soils.-These soils consist of friable (fine) 
sandy loam, (silt) loam, (silty) clay loam or sandy clay loam, commonly stratfied. 

(5) Coarse- to Medium-textured over Fine-textured Young Alluvial Soils.-These 
are very friable to  friable, in cases loose, sandy clay loam, (silt) loam, ( h e )  sandy 
loam or (loamy fine) sand, 8-32 in. thick, overlying firm to plastic or very firm (silty) 
clay, sandy clay, with instances of heavy clay. 

(6) Fine-textured over Coarse- to Medium-textured Young Alluvial Soils.- 
Friable to firm, in cases very firm, light to heavy clay, silty clay or sandy clay, 12-40 in. 
thick, overlies or merges into friable to loose sandy clay loam to sand or very gravelly 
loam. 

(7) Fine-textured Young Alluvial Soils.-These are firm to  very firm, firm to 
plaslic and in some cases friable (light) clay, (silty) clay, sometimes with thin sandier 
or heavy clay layers. 

(8) Very Fine-textured Young Alluvial Soils.-These are very firm to very 
plastic heavy clay with some (silty) clay and sandy clay layers. Included is one profile 
overlying coral detritus. 



PART VII. VEGETATION AND ECOLOGY 

By R. G. ROBBINS,~ J. C. SAUNDERS~ and R. PULL EN^^ 

I. INTRODUCTION 

This Part represents an updating of the vegetation accounts presented in the 
provisional reports on the Ramu valley. In the Gogol-Upper Ramu survey J. C. 
Saunders was both forest botanist and plant ecologist, but a preliminary plant- 
collecting trip had been made the year before by R. D. Hoogland, then taxonomist 
with the Division. In the lower Ramu-Atitau survey J. C. Saunders was again forest 
botanist while R. G. Robbins was plant ecologist and R. Pullen botanical collector. 

The present classification and description of the vegetation are based upon 
ground traverses in the field; the collections of some 1500 plant specimens and over 
700 wood samples, all deposited with the Herbarium Australiense, CSIRO, Canberra; 
and a detailed air-photo study and interpretation. 

A forest resources map only is presented and thus some vegetation types are not 
depicted, but fall into the category 'Other Areas'. Even some areas of forest are 
excluded by the minimum stocking rate defined in Part VIII. The general location and 
extent of the excluded types may be gleaned from a study of the tabulated land 
systems and the land system map or in less detail from the text. 

Although altitudes range from sea level to over 10 000 ft in the survey area, 
and rainfall from 71 to 224 in., the major climax vegetation on well-drained sites is 
a tropical evergreen rain forest. Several formations are included. From sea level to 
3000 ft, i.e. within the humid tropical lowlands, the optimum is a three-tree-layered 
rain forest which includes hill and alluvial plain aspects. Much of this lowland forest 
shows the impact of a scattered but long-term history of shifting agriculture. 

From 3000 ft upwards the cooler uplands are marked by the beginning of a 
lower montane forest formation where the structural optimum is reduced to two tree 
layers. Most of this can be described as a mixed 'oak-laurel' mid-mountain forest 
but in places it  is dominated by pure groves of Castanopsis (oaks) or Nothofagus 
(beeches). Locally tall emergent Araucaria (pines) may be present. 

A few summit ridges above 9000 ft in the Finisterre Range have a true montane 
forest of stunted moss-covered trees. 

Open grasslands, which appear to be invariably man-induced, are more prevalent 
in low-rainfall localities and the larger tracts are found in the upper Ramu valley and 
again along the north coast inland from Bogia. Along this coast a narrow zone of 
strand vegetation is briefly interrupted by mangroves lining the river estuaries. 

* Formerly Division of Land Use Research. Present address: Department of Applied Plant 
Sciences, University of Nairobi, Kenya. 

t Division of Land Use Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
$Present address: Division of Plant Industry, CSIRO, P.O. Box 1600, Canberra City, 

A.C.T. 2601. 
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Swamp vegetation, ranging from flood-plain palm forests through sago palm 
and phragmites reed swamp, and floating grass swamp to open lakes of aquaticplants, 
occurs over the vast Ramu River plain. Such peimanent and fluctuating swamps are 
controlled by the annual floods which occur during the wet season. Fig. 8 gives a 
vegetational cross-section of the Ramu flood-plain. 

It 

moderately dry in 

Unit 1 Unit 2 

Fig. 8.-Cross-section of the Ramu flood-plain showing land systems and vegetation types and their 
relationship to the Rood reginlc. The location of the transect is shown on the vegetation map. 
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11. DE~cR~PTXON OF THE PLANT COMMUNITIES 

(a) Tall Forest Vegetation 

The lowland rain forests of New Guinea have proved to be very rich in species, 
e.g. some 200 different species of tall trees over 20 in. in diameter have been recorded 
in the area. Floristic associations are commonly only of local importance. I t  is even 
difficult to assign characteristic genera or species to such broad categories as 'hill 
forest' or 'alluvial forest'. Such timber trees as Infsia bijuga may at one time be 
characteristic of hill forest but yet have local stands on the alluvial plains and even 
occur in swamp forest. Hence, while no one species may be definitive of a forest type, 
its greater quantitative abundance may well be diagnostic. There is also no doubt 
that further taxonomic studies will resolve species preferences especially among 
associate and subordinate trees. The floristic lists given here in no way imply that 
such species are exclusive to the forest type in which they are mentioned. Common 
trees ranging throughout the mixed lowland rain forest include species of Celtis, 
Intsia, Alstonia, Termi?zalia, Canarium, Dysoxylum, Artocarptrs, Albizia, Syzygium, 
Caloplzyllum, Dracontomelum, Ficus, Elaeocarpus, Sloanea, Pometia, Nauclea, 
Pimeleodendron, Garuga, Spondias, Chrysophyllum, to mention a few almost at random. 

(i) Lowland Ifill Forest.-These forests (Plate 1, Fig. 2; Plate 7, Fig. 2; Plate 8, 
Fig. 1) cover all the steep lower mountains and hilly uplands below 3000 ft with 
generally well-drained but immature, often shallow soils, and also the dissected parts 
of the alluvial fans with deeper red soils. 

St~ucturally the forest is of three-tree strata above a shrub and ground layer. 
The upper canopy trees may average 120 ft with occasional emcrgents to 150 ft. 
The subcanopy is about 80 ft and is followed by a more spaced lower tree layer ranging 
from 20 to 60 ft. In addition to the three tree layers there are shrnbs below 20 ft and 
a field layer of ground herbs, ferns and forest seedlings (Fig. 9). 

In the lowland hill forest common canopy trees will include Intsia bijuga, 
Celtis philippinensis, C. nymanii, C. latifolia, Canarium acutifolium, C,  indicum, 
Buchanania macrocarpa, Crypfocarya depressa, Dillenia papuana, Duabangn moluc- 
cana, Elaeocarpus amplijolius, Garuga floribunda, Hernandia papuana, Horsfieldia 
polyartflza, Maranthes corymbosa, Euodia, Palaquizrm, Pouteria maclayana, Serianthes 
kanehirae, Spondias cytherea, Trichadenia philippinensis and Tristiropsis canarioides. 

Second-stratum trees likely to be found are Anthocephalus cadamba, Aglaia, 
Chrysophyllum lanceolatum, Eriandra fragrans, Garcinia, Gonystylus, Gonocaryum 
litorale, Solenospernzum torricellense, Petraeouitex, Syzygiunz lauterbaclzia~zumn and 
Vatica papuana. 

The lowermost tree layer includes Casearia, Cupaniopsis, Neubnrgia, Ficus 
congests, F. amnpelas, F. bernaysii, F. ggul, Gnefum gnemon, HarpuNia, Horsfieldia 
subtilis, Myristica globosa, Microcos, Oreocnide, Picrasma jauanica, Macaranga 
punctata, Syzygitrm malaccense, and the palms Ptychococcus and Ptychosperma 
hollrungii. 

Shrubs are Archidendron, Aphania cuspidata, Aphanamixis, Aporusa, Cyrtandra, 
Eruatamia, Ixora, Medinilla, Poikilogyne, Pitfosporum sinuattrm and Villebrtmea. 

The ground layer is often sparse but these herbs occur: Alpinia, Boehmeria, 
Curculigo, Cyathula prostrata, Colocasia, Dianella nemorosa, Elatostema, Heliconia 
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bihai, Hemigraphis reptans, Impatiens, Laportea decun~ana, Lindeinia antipoda, 
Oldenlandia, Peperomia and the track edge grasses Pasyalu~n conjugatum, Oplismenus 
hirtellus and Pseadoclzinolaena polystacl~ya. 

Epiphytes and climbers include the ferns Ctenopteris, Antropl~yurn plantagineum 
and Triclzoma~~es aplzlebioides as well as Cissns discolor, Piper caninum, Freycinetia, 
Scheflera and the rattans Calarnus and Korthalsia. 

Feet 

Fig. 9.-Lowland hill forest. The profile repl.esents an actual transecl of the forest, 
100 x 25 ft, drawn to scale on location. Only thc three tree layers arc depicted; 
shrubs and ground plants are not drawn in. The trees are: 1, Tristiropsis; 2, Infsia 
bij~tga; 3, Pimeleode,rdron n,,rboirticzrm; 4, Canarirtm; 5, Pometia pinnata; 
6, Mmiltoa; 7 ,  Laportea; 8,  Myl.istica; 9, Litsen; 10, Syzygirmz; 1 1 ,  ilor~luliur~l; 
12, Diospy~os; 13, Ficus; 14, Go,zocaryurn; 15, Microcus; 16, Auuanaceae. 
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Population density is high over the hilly uplands and the long practice of shifting 
cultivation has resulted in a mosaic pattern of gardens, regrowth and advanced 
secondary forest (Plate 5, Fig. 1). In making a new garden plot in the forest the 
undergrowth is Erst cleared; most of the tall trees are then felled by axe and the 
resulting debris is left to dry out. After firing, tubers, cuttings and seed are planted 
without any further preparation of the soil by means of a pointed dibble stick into 
any bare patch between the fallen logs which still litter the plot (Plate 4, Fig. 2; 
Plate 12, Fig. 1). 

Little or no weeding is done and after the initial crop the plot is abandoned to 
weed grasses, hardy ferns, wild ginger and other weeds such as Mogl?ania strobilifera, 
Lzrdi~~igia, Solanum, Coleus and the woody shrubs, Pipfurus, Triz~mfetta and Breynia. 
Bamboo and regrowth trees now rapidly enter the sequence forming a close thicket of 
Abroma augusta, A~ztidesma, Claoxylon, Colona scabra, Cordia dichofoma, Commer- 
sonia bartramia, Diospyros papuana, Eupomatia laurina, Ehretia, Ficus pungens, 
Geunsia cumingiana, Hibiscus filiaceus, Homonoia jauensis, Kleinhovia hospita, Leea 
indica, Meloclzia umbellata, Macaranga tanarius, M. aleuritoides, M.  dens~$orus and 
Protium macgregorii. 

(ii) Alluvial Well-drained Forest.-This forest (Plate 6, Fig. 2; Plate 9, Fig. 1; 
Plate 11, Fig. 1) covers the higher parts of the flat lowland alluvial plains and river 
levees and terraces. At the most these are only briefly flooded during the wet season. 
Soils throughout are young alluvial clays in which the water-table may fall to 10 ft 
below the surface during the dry season (Figs 8, 10). 

There are minor structural and physiognomic differences with hill forest. 
The range of girth sizes of the canopy trees is more variable and there are widely 
spaced large-girth individuals with spreading crowns and few emergents. The sub- 
canopy layer is more dispersed and does not follow as closely upon the upper canopy 
as in hill forest although the same general three-height groups of trees are present. 
Flange buttresses are a feature and palms may dominate locally. Large stilt-rooted 
Pandanzfs (screw pines) are common. 

Floristic composition remains extremely rich and mixed. Trees belonging to the 
families Meliaceae, Sapindaceae, Burseraceae, Annonaceae and Myristicaceae are 
frequent. Ponzetia pinnata or 'taun' and Vitex cofassus, 'ga~amut', are characteristic 
while deciduous species within Sterculiaceae and Combretaceae are often conspicuous, 
showing up on air photos taken in the dry season. Huge 'strangler' figs may occupy 
several square chains of crown space and have an immense girder work of fusing 
trunks. Other tall trees include Alstonia scholaris, Aphanamixis, Ailantlzus integrifolius, 
Celtis luzonensis, Calophyllum soulattri, Chisocheton, Endospermum medullosum, 
Gigasiplzon schlechteri, Canarium kaniense, Mastixiodendron pachyclados, Dysoxylum, 
Planchonella, Pterocymbium beccarii, Pterocarpus indicus, Dracontomelum, Kingio- 
dendron alternifolium, Sloanea, Polyalthia, Octomeles sumatrana, Lagerstroemia, 
Teysmaniodendron bogoriense, Terminalia kaernbachii, Spondias dulcis, Syzygium 
buettnerianum, Tetrameles nud~$ora, Uranda umbellata and Xanthophyllum papuanum. 

The second layer is almost as rich in species and includes Antiaropsis decipiens, 
Aglaia subargenfea, Bucl~anania, Bridelia subnuda, Cananga odorata, Cerbera Jlori- 
bunda, Cordia dichotoma, Dictyoneura, Elaeocarpus sphaericus, Euroschitzus papuanus, 
Erytlzrospermum candidum, Maniltoa schefferi, Myristica hollrungii, Nauclea and 
Neonauclea, Parartocarpus uenenosus, Parastemon uersteeghii and Palaquium supfraum. 
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The lowermost tree stratum, essentially below 50 ft, is made up of Aporusa, 
Dysoxylnm alatzlm, Diospyros, Endospermum labios, Guioa, Helicia, Litsea, Maniltoa 
plurijuga, Ochrosia, Platea latifolia, Phylla~ztl~us, Pisolzia trmbellifera, Syzygizim alatum 
and S .  acroantlzunz. 

Feet 

Fig. 10.-Alluvial well-drained forest. The profile represents an actual transect of  
the forest, 150 x 25 ft, drawn to scalc on location. Only the three tree layers are 
depicted; sluubs and ground plants are not drawn in. The trees are: 1, Litsea; 
2, Celtis sp.; 3, C. philippiitensis; 4, Alstoriia scholaris; 5, Sfercrrlia; 6 ,  Vitex 
cofns.~us; 7, Clrrysophyllr~mlanccolat~mm; 8,  Aporosa; 9,  Gnetu,ng,remorr; 10,Pisonia; 
11, Stemwrrtrus; 12, Gynorroehes axillnris; 13, Dysoxyhrnz; 14, Myristica; 15, 

Melanolepis; 16, pahn (Caryotn); 17, Platea. 

Among the many shrubs members of the Rubiaceae are prominent with Tarenna, 
Randia, Ixora, Gardenia, Pavetta, Lasianthus and Psyclzotria. Others are Aphania 
cuspidata, Casearia clutiifolia, Syzygium, Eruatamia orientalis, Maniltoa rosea, 
Scleropyrum aurantiacunz, Guettardia, Medusantlzera laxijolia, Macaranga subpeltata, 
Ryparosa javanica, Semecar~~us magn@ca, Tabernaemontana aurantiaca, Stemonurus, 
Mischocarpus and Voacangapapuana. Small palms such as Pinanga, Licuala lauter- 
bachiana, Hydriastele macrospadix and Arenga microcarpa are common as are the 
palm-like Cordyline, Dracaena angustijolia and Pandanus spp. 

In addition to most of the ground herbs given for the hiU forests there are 
Curcuma longa, Cyrtosperma, Donax cannijormis, Alocasia, Costus speciosus, Calanthe, 
Forrestia, Pilea, Pseuderantherum, Selaginella, Stachyphrinum, Tapeinochilus, and the 
ferns Athyriuin, MicroIepia and Ileli~ziiztl?ostac/zys. Forest grasses are Centotheca 
latifolia and Leptaspis urceolata. 
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Climbers include rattans, club mosses, ferns, aroids and peppers as well as the 
cucurbit Alsomitria macrocarpa with its cannonball fruits on the highest crowns 
releasing hundreds of membranous winged seeds. 

Garden regrowth in initial stages has the weeds Achyranthes bidentata, Acalypha, 
Ageratum corzyzoides, Amaranthus dubius, Borreria, Crassocephalnm crepidioides, 
Echinochloa crus-galli, Euphorbia hirta, Galearia, Leptoclzloa, Mollugo pentaphylla, 
Physalis minima and Synedrella nod~jlora. Ferns are Hornstedtia and Blechnum. 
Woody species enter and soon form a closed canopy of poles and saplings 30 ft or 
more hi&. Most of the species found in the regrowth phases of hill forest are present 
together with Alphitonia incana, Aridisia, Altlzofia tripyxis, Artocarpus altilis, Euodia 
anisodora, Macaranga delzsiflora, Phaleria, Sterculia, Timonius, Astronia, Boerlagio- 
dendron, Elaeocarpus comatus, Glochidion, Ficus calopilina, Goniothalamus, Micro- 
melum minutum, Myristica subolulata, Premna integrifolia, Pisonia, Plzylacium, 
Melanolepis mcrltiglandnlosa and Tephrosia. 

(iii) Alluvial Flood-plain Forest.-This forest (Plate 7, Fig. 1 ; Plate 9, Fig. 1 ; 
Plate 10, Fig. 1) is a wet aspect of alluvial forest and occurs on the lower terraces and 
higher parts of the back plains. Inundation occurs during the wet season but the 
heavy clay soils may dry out rather severely in the dry season when water-tables can 
drop to 6-8 ft below the surface. The full relationship of the alluvial forests and 
swamp communities is shown in Fig. 8. Some aspects of the alluvial flood-plain 
forest can be termed a palm marsh forest with structure reduced to two tree layers 
and tall palms to 90 ft high dominating the canopy and belonging to the genera 
Gulubia, Orania and Ptychococcus. At lower levels stilt-rooted Garcinia subtilininervis, 
Gynotroches axillaris and Myristica cylindrocarpa are frequent. There are quantitative 
shifts in species composition from the alluvial well-drained forest and Octomeles, 
Terminalia, Nauclea, Campnosperma brevipetiolata, Firntiana papuana, Planchonia 
papuana, Prunus schlechteri, Bischofia javanica, DiNenia castaneifolia and Baccaurea 
papuana may all be said to be characteristic. Shrubs and ground layer plants are much 
the same as for the alluvial well-drained forest while garden regrowth is rare within 
the flood-plain forest. 

(iv) Lower Montane Forest.-Such forest (Plate 1,  Fig. 2) occurs only above 
3000 ft and is found along a few crests of the Adelbert Range and within the 
Finisterre land system on the Finisterre Range. Structurally, lower montane forest 
has an optimum of two tree layers. The uniform compact canopy is between 60 and 
90 ft to be closely followed by the subcanopy. Pure stands of New Guinea oaks 
(Castanopsis acuminatissima, Lithocarpus celebicus and L. molucca) have been mapped 
on the Adelbert Range and may represent advanced secondary forest areas. On the 
upper slopes of the Finisterre Range occur stands of the southern beech (Nothofagus 
spp.) in which tall Pandanus, Bambusa forbesii and the climbing bamboo Nastus sp. 
are characteristic (Figs 11, 12). 

A shift in floristic composition from the humid lowland involves these new tree 
records: Aclcama, Alstonia brassii, Cinnamomum, Cryptocarya spp. and Litsea, 
Planchonella macropoda, Dillenia schlechteri, Elaeocarpus spp., Elmerillia papuana, 
Ficus porphyrochaete, Flindersia, Pullea, Opocunonia, Weinmannia, Sclzizomeria, 
Turpinia and Galbulimima. 
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Shrubs are not abundant but may include Amaracmpus, Bubbia, Lasiaizthus, 
Sphenostemon, Sericolea, Saurauia, Olea and several species of tree ferns. Trunk 
buttresses, woody lianes, and palms are generally less evident. Terrestrial herbs, 
mosses, livetworts, and ferns are more profuse and include Begonia, Ophiorrl~iza, 
Selaginella, Lophatheruin gracile and Atlzyriuin cordijoliuin. 

~ ~ 

Feet 

Fig. 11.-Mixed lower montane forest at 7300 ft on the Schrader Range. The profile 
re~resents an actual transect, 100 x 25 ft, drawn to scale on location. Only the two 
tree layers have been depicted; shrubs and ground plants are not drawn in. The trecs 
arc: 1, oak (Lithocarp~~s molr~cca~ma); 2, Opocunoaia; 3, Plnaclrorzella nnineropoda; 
4, Haplolobris; 5, Plnfea; 6, Pygeu~n; 7, Mollotos; 8, Ti~~ronius belensis; 9, Leuieria; 
10, Astronia; 11, Elneocnrpus; 12, Cryprocaryo; 13, Ficrrs sp.; 14, Ficrts sp.; 

15, Syrygium; 16, Lepidopefal~m; 17, Elrodin. 

In the southern valleys lower montane forest has been cleared for gardens and 
the regrowth includes tall cane grasses such as Polytoca macrophylla, sword grass 
(Miscatlthus floriduli~s), the wild relative of the sugar-cane Saccharun~ spoiitarieum, 
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and Thysanolaena maxima, together with wild bananas and gingers. Woody regrowth 
has Macaranga spp., Leucosylce, Piptafrus, Boehmeria, Greuillea, Schuurmansia 
henningsii, Wendlandia paniculata, Ornalmtl~us, Decaspermum and Albizia. 

Feet 

Fig. 12.-Lower montane beech forest. In this two-tree-layered forest the dominant 
tree (I) is Nothofogrs cawii. Note the associated Pandnrzrrs. For other details see 

Fig. 11. 

(v) Montane Forest.-Occurring only along the higher crests of the mist- 
shrouded Finisterre Range above 9000 ft, true montane forest h d s  very limited 
expression in the survey area. Here optimum forest development is a single-tree- 
layered forest of frequently gnarled and stunted trees up to 40 ft high. Mosses and 
liverworts clothe branches, twigs, trunks and the hummocky forest floor, giving rise 
to the popular term 'mossy forest'. Once again a floristic shift is evident in the 
preponderance of Rhododendron spp., Vaccinium spp., Raparzea, Quintinia, Dimorphan- 
tlzera, Drimys, Olearia and many small Rubiaceae and ~ ~ r t a c e a e .  
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(b) Coastal Vegetation 
(i) Strand Woodland.-A narrow strip of strand woodland (Plate 14, Fig. 2) 

is almost contiiiuous along the sandy beach ridges of the 180-mile coastline. A pioneer 
zone of sand binders and halophytes is &st seen above the tide line with trailing 
swordbean, Canaunlia nzaritirna, and beach convolvulus, Iponzoea pes-caprae. The 
coastal grasses Tliuarea involrita and Isc/iaem~mz muticum and the sedges Cyperus 
javanicris and C. pedu~zc~ilatris are present with the spider lily Crinunz asinticum. 

Inland is a hedge of small shrubs tolerant to the salt-laden winds and including 
Scneuola taccada, Morinda citrijolia, Acanthris, Justicia, Callicarpa, Clerode~zdron 
inerme and Pnndanus. 

This seaward front is continuous with the strand woodland of trees 50-60 ft 
high, among which are Barringtonia asiatica, Calopliyllum inoplzyllun?, Cerbera 
mangl~as, Hibiscris tiliace~is, Inocarpris fagiferris, Macaranga, Ponganzia pinnata, 
Thespesia popril~zea, the coastal nutmeg Myristica schleinitzii and the sea almond 
Terminalia catappa. Beneath the wind-shorn canopy a few shrubs of Ardisia, Excoe- 
curia agallocha, Gonocaryurn litorale, Maniltoa schefferi and Picrasrzza javanica find 
shelter with the climbers Hoya diversijolia and Tristellateia oristralasiae. Such 
vegetation is typical of the whole New Guinea coast and indeed is panpacific in dis- 
tribution. In  places where clay banks form the sea front over steeply shelving beaches, 
gnarled massive Calopliyllum trees overhang the sea at high tide. Dense stands of the 
coastal she-oak (Casuari~za equisetifolia) are found on the aggrading sand banks of 
river n~ouths. 

(ii) Mangrove Foresf and Woodland-While a few mangroves may line the banks 
of tidal creeks and lagoons along the coast they only form mappable units in the 
Madang and Alexishafcn areas and again at Bot-Bot and Borai near the Ramu 
mouth. The stands are nowhere extensive and little zonation of species can be 
observed. The colnmunity is a mixed one of sinall-girth trees reaching to 70 ft when 
well developed but more often it is merely a low woodland. Species are Rlzizoplzora 
apiculata, Herifiera littoralis, Aegiceras corniculatzon, Sonneratia caseolaris, Brugriiera 
gynzizorrhiza, B.  paruzyora and Auicennia marina. Stilt roots and pneumatophores 
(breathing roots) are characteristic. The upper reaches of most mangrove swamps 
are lined with Nypafiuticnns palms with 30-ft fronds. 

(c) Swarnl~ Vegetation 
(i) Campnosperma Si~amp Forest.-Small occurrences of this forest (Fig. 9) 

which is often very extensive in swampy terrain elsewhere in New Guinea are mappable 
froin the air photos. The canopy at 60-70 ft is dominated by large-leaved 
Canzlmosl~enna breuipetiolata usually in pure stands over a ground layer of sago palms. 
Very stnall areas inay he occupied by a more mixed swamp woodland where groves of 
slender trecs with exposed flange roots enclosing water-filled hollows grow closely 
together. Recorded here are Calopliylltinz, Garcinia, Myristica, Bischoja, Terminalia, 
Palaquirim, Erytlirina, Uranda, Brownloli~ia, Planclzonella, Barringtonia and Teysmon- 
nioclendron. 

(ii) Sago Palm Forest.-This is a seasonal swamp community of mixcd trees 
and sago palms. Metroxylon sagu may constitute up to 60% of the community and 
forin a dense under-layer of spreading fronds up to 30 ft high but with more mature 
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trunked individual palms emergent above this. The woody tree element is of scattered 
emergent trees 60-70 ft high forming a very irregular and open canopy. Climbing 
rattans are rampant on the crowns of these trees while the boles are enveloped with 
masses of thin-stemmed climbing ferns, especially the s t 8  serrate-leaved Stenochlaena 
palustris. Rain forest trees, tolerant to wet cond~tions, found here are Alstonia, 
Canarium, Octomeles, Planchonia, Bisclzofia, Dillenia, Ficus, Palaquium, Syzygium, 
Nauclea and Myristica, while Carallia brachiafa, Erythrina indica, Doliclzandrone 
spatlzacea, Hibiscus tiliaceus and Garcinia subtilininervis are diagnostic. 

(iii) Sago Palm Sivamp.-In this community (Plate 8, Fig. 2) only sago palms 
occur; it constitutes the wettest of the seasonal or fluctuating swamps. Owing to their 
suckering habit the palms grow in small round clumps of 3-5 palms. Over-arching 
fronds form a dense canopy at 2&30 ft and on the floor covered with a litter of fallen 
fronds lie pools of water drying out to soft mud in the dry period. Occasionally a 
mature flowering palm is seen. From the pith of such individuals sago starch or 
'sac sac' is obtained, an important staple diet of the flood-plain dwellers (Plate 9, 
Fig. 2). 

(iv) Pandanus Swamp.-Mapped only in the Usino basin but found in small 
pockets in oxbow cut-offs throughout the Ramu plain, Pandanus swamp appears to 
be a natural forest regeneration phase. Pandanus spp. form a single layer 2040 ft 
high with a rather open canopy and swamp conditions appear to be almost permanent 
and subject to sudden flood-outs. 

(v) Sago Palm-Phragmites Swamp.-This is a permanent swamp where the 
water-table remains just above ground level in the dry season. The community no 
doubt represents an ecotone or transition between sago palm swamp and Phragmites 
swamp and occurs at the gradient between seasonally fluctuating and permanent 
swamp. Its wide occurrence in the lower Ramu flood-plain is the basis of the Kabuk 
land system. The sago palms are usually very dwarfed and occur in round circular 
groves 40 ft across, probably indicating marginally higher ground. They are set in a 
dense cover of Phragmites karka. Other grasses such as Saccharurn robusturn and 
Leersia hexandra and swamp ferns may be present. 

(vi) Phragmites S~~omp.-Found mainly in the lower Ramu flood-plain near 
the mouth of the Ramu River, this is a permanent swamp community of tall dense 
Phragmites karka (reed) up to 15 ft high. 

(vii) Grass S~vainp.-Typically this is a dense mass of floating swamp grasses 
plate 11, Fig. 2) covering water up to 10 ft deep and anchored by long roots to the 
organic mud below. Panicum paludosum and Hymenachne acutigluma, both with 
long trailing stems, are dominant while rice grass, Leersia hexandra, Isachne and Oryza 
sp. are also present. Even in the dry season the water may be 2 ft deep over the heavy 
grey waterlogged clays which, however, dry out briefly around the periphery where 
Ischaemum polystachyum, Panicum paludosum, Coix gigantea, Echinochloa stagnina, 
Apluda mutica and other wet grasses grow together with Ipomoea aquatics, Polygonum 
and other weeds. 

On the other hand, with still deeper water and in lakes formed by cut-off 
meanders there is a mixed swamp of herbaceous plants including the fleshy Hanguana 
malayana and Monochoria hastata; sedges such as Thoracostachyum sumatranum, 
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Scirpodendron, Scirpus, Fuirena umbellata, Eleocharis and Gahnia, and aquatic 
plants, Limnanthemunz, Nymphaea and Nelumbium, the last two forming water-lily 
pads on open lakes (Plate 13, Fig. 1). 

(d)  River-bank Successions 

(i) Herbaceous Succession.-The habitat (Plate 10, Fig. 1) here is the low sand 
banks and stony rises of braided stream beds as well as shelving mud banks and 
scrolls of the river meanders. On such scrolls the herbaceous succession is found in 
the lows or swales and consists of dense stands of the wild sugar-cane Saccharum 
robustum growing to 20 ft high but giving way to Phragmifes in the wetter troughs. 
Grasses are Apluda mutica, Chloris barbata, Eleusine indica, EchinocRloa crlrs-galli, 
Eragrostis elongata, Pennisetum macrostacl?yum and Ischaemum polystaclzyum. Herbs 
include Cassia alata, Crotalaria apiculata and Floscopa scandens. 

(ii) Woody Szrccession.-On the meander scrolls small trees commonly occupy 
the rises and show up as curving parallel lines on the air photos. Small Ficus spp., 
Macaranga, Endospermum, Sterculia, Timonius, Artocarpus, Leea, Euodia, Hibiscus, 
Nauclea, Pipturus and Albizia are all pioneers while the sera1 climax may be dense 
stands of Casuarina or Octomeles. 

(e) Grassland 

(i) Tall Saccharum Grassland.-Saccharurn spontaneum, a wild sugar-cane 
growing to 5 ft, dominates this vegetation which is found typically on flat alluvia1 
plains near the coast. The black clays, wet to moist in the wet season, dry out to a 
firm hard surface in the dry period. Associated grasses are Imperata, Apluda, Sorghum, 
Ophiuros, Ischaemunz and scattered Plzragmites. 

(ii) Ischaemum Grassland.-Another grassland (Plate 12, Fig. 2) with moist 
affinities is often found in wetter depressions adjacent to dry grassland. There is an 
almost pure stand of Ischaemum polystacl~yum and I. barbatum and the sitc is often 
shared with the grasses Apluda mutica, Dimeria, Paspalum orbiculare, Sporobolus 
elongatus, Panicum, Setaria pallidofuscua, Chrysopogon acicularis and the sedges 
Fimbristylis dichotoma, Rhynchospora rubra and Cyperus odoratus. 

(iii) Ophiuros-Imperata Grassland.-This community (Plate 12, Fig. 2) is a 
medium-height grassland and probably reflects more favourable sites such as areas of 
deeper soils and where biotic interference has been less intense. It is widely distributed 
in the Ramu area. Kunai grass, Imperata cylindrica, forms a dense cover of closely 
growing tussocks up to 6 ft high. Dispersed throughout is the tall Ophiuros 
tongcalingii (syn. 0. exaltatus) with its long whip-like flowering culms. 

Common associates are the tall Coelorachis rottboellioides, Themeda intermedia 
and Sorghum nitidum, while smaller grasses are Alloteropsis sen?ialata, Eulalia 
leptostaclzys, E. frispicata, Paspalum longifolium and the sedges Cjrperus and Scleria 
spp. The tuberous aroid Amorphophallus campanulatus is frequent, while small trees of 
Albizia procera, Nauclea coadzmata (syn. N. orientalis), Antidesma ghaesembila, 
Gloclzidion, Timonius timon and the low palm-like Cycas media are all common. 

(iv) Themeda-Arundinella Grassland.-This is the more frequent disclimax 
grassland for the area (Plate 2 ;  Plate 13, Fig. 2). It is a short grassland of drier 



108 R. G. ROBBINS ET AL. 

sites and is representative of steeper slopes, crests and shallower soils. As with the 
other grasslands, it is frequently burnt over in the dry season. I t  grades into the 
Ophiuros-Ii?ipernta grassland and includes most of the associate grasses as well as 
the scattered fire-tolerant trees listed for that comm~~~iity. Themeda anlrstralis, 
kangaroo grass, is usually dominant, growing to 2-4 ft. However, both Arundirbella 
setosa and in the upper Ramu valley Al1oteroysis semialata may be codominant. 

111. ECOLOGY 

(a) Coastal Environment 

The coastline bounding the area in the north is mainly of curving sandy beaches 
and coral headlands (Plate 13, Fig. 2; Plate 14). Coastal sand plants and strand 
shrubs and trees form a narrow seaward front which may be no more than 50 yd wide. 
Back swales to beach ridges are often brackish swamp, with sago palms and 
Phragmites common. Small salt marshes dominated by the golden swamp fern, 
Acrosticl?u~n aurelrm, occur. Tidal estuaries with mangroves and nypa pahns are 
sources of fuel, tannin and thatching for the nearby villages. Population is relatively 
dense along the coast and much vegetation has been cleared for coconuts so that 
regrowth vegetation and grassland predominate. 

(b) Slvamy Environment 

Swamp lands cover some 700 sq miles or one-third of the alluvial region in the 
Ramu-Madang area. 

The broad ecological factors governing the swamp regions are the seasonal 
alternation bctwcen wet and dry periods; and these arc linked to the actual duration, 
depth and flow of the floodwaters and residual water-table relations (Plate 9;  Plate 
11, Fig. 2; Plate 13, Fig. 1). 

Within the Ramu flood-plain the complex pattern of swamp forest, sago palm 
swamp, river-bank successions and herbaceous swamp lands reflects the influence of 
this seasonal flood cycle. A mosaic of fluctuating and permanent swamps is found in 
the various stages of silting up of oxbows and cut-off meanders which are a feature 
of the lower Ramu plain. Fig. 8 shows a transect near Misinki village. Seasonal or 
fluctuating swamp is defined as those communities where the water-table falls to 
below ground level in the dry season, the typical vegetation being sago palm forest 
and sago palm swanlp. Permanent swamp, on the other hand, has water over the 
surface throughout the year but the actual depths may vary and fl~ictuate by 10 ft or 
more. In this category are the Phragmifes, the grass and the herbaceous swamps. 

(c) Environment of the Alluuial Fans, Te~races and Plains 

Lowland alluvial forests (Plate 2; Plate 7, Fig. 1; Plate 10, Fig. 1) account for 
more than 1000 sq miles mainly in the lower Ramu River and its tributaries, the Guam 
and Sogeram Rivers. Smaller areas are the terraces of the Gogol River and the 
plains of the Usino basin. Although for the greater part the alluvial forests are 
subject to only occasional and brief inundations, they are only sparsely inhabited. 
They represent one of the largest regions of such forest in New Guinea and have a 
fairly high potential, but access is very difficult. 
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(d) Hill and Mollntain Enuironnlent 

Lowland hill forest (Plate 1, Fig. 2; Plate 4; Plate 5, Fig. 1) covers some 4800 
sq miles or more than half the survey area. It predominates over the extensive nor- 
thern, coastal and central hills as well as the Adelbert Range. Even in the closed 
forest ancient Ficus and breadfruit trees, A~.tocarpt~s, indicate past interference. 
Such trees are commonly spared during the making of garden plots and thus in many 
places could be relicts of the primary forest. There is no doubt that the hill forest has 
a long history of nomadic shifting agriculture and this would accouilt for the large 
areas of non-commercial forest, the extent of which can be readily seen by a compara- 
tive study of the vegetation described in the land systems and on the forest resources 
map. 

Coinciding with the climatic change from the humid lowlands to the cooler 
uplands is the lower montane forest formation. There is a shift to more tenlperate 
species and a reduction in the optimum forest structure. While this zone is excellent 
for settlement it is somewhat limited within the survey area and only the inland slopes 
of the Finisterre Range have any number of villagcs sited within the lower montane 
zone. The montane forests, above 9000 ft, are visited only by hunters. 

(e) Grassland Environment 

Tracts of grassland are frequent throughout the area and total some 560 sq milcs 
(Plate 2; Plate 12, Fig. 2). They are more continuous in the areas of drier climate 
where soils are generally shallow or drying winds prevail. Almost invariably such 
grasslands are the rcsult of man's clearing of the original forest. The grassland dis- 
climax once establishcd is maintained by annual king.  In the local economy the 
grasslands are under-utilized; their potential uses include cattle grazing and 
reafiorestation. In 1956 a cattle project was started at Gusap, and grazing has since 
been extended to the upper Ramu valley. 



PART WI. FOREST RESOURCES 

I. INTRODUCTION 

The aim of this Part and its associated map is to indicate the general location and 
extent of the commercial forest types in the Ramu-Madang area and assign an esti- 
mated average stocking rate to each type. The land has also been classified into 
categories based on indexes of accessibility. 

Commercial forests contain at least 3000 super ft/ac of standing timber from 
trees having a minimum girth of 5 ft at breast height (or above the buttresses). The 
same nomenclature is used for these forests as for those described in Part W, to 
facilitate cross-reference with the general descriptions. However, because of the 
girth and volume limitations imposed in this Part there is a shift in the relative 
importance of some species, and areas of forest types are generally smaller. 

Commercial forest (referred to as forest) covers slightly less than 50% of the 
area, occurring from sea level to approximately 10 000 ft in a wide range of environ- 
ments. The forest is mainly confined to the rugged mountainous terrain of the 
Adelbert, Finisterre and Central Ranges and the gentler terrain of the central hills 
and the middle Ramu val1ey.t Accessible forest is virtually restricted to the last two 
regions where stocking rates are generally depressed. Consequently, the overall 
forest potential of the area is moderate to low. 

Over most of the rugged mountainous terrain forests play an invaluable role in 
watershed protection. These forests should he left in their natural state as a barrier 
to prevent accelerated erosion and consequent destruction of the environment. 

The potential for minor forest products is low, except perhaps for exploiting 
rattan which abounds in the alluvial flood-plain forests. Only existing forest resources 
have been studied and no attempt has been made to assess the potential for re- 
afforestation, although much of the information embodied in the whole report might 
be useful in such a study. 

Since the original field work for this report was completed several detailed forest 
assessments by the Department of Forests, Papua New Guinea, have been carried out 
in the Ramu, Gogol and inland Madang areas (Director of Forests, personal com- 
munication) with a view to expanding the timber industry of the area. 

According to R. Kent Wilson (Ward and Lea 1970), milling operations in the 
area are very limited, the daily log input being c. 3500 super ft, and virtually conhed 
to Madang. 

* Division of Laud Use Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
t The regions referred to in this Part are identical with the physical regions described in 

Part V (see Fi'ig. 3). 
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Madang, in fact, imports sawn timber from the Sepik area. However, at the 
time of writing this report (1973), plans for a vast expansion of the timber industry of 
the area are well advanced. 

11. ASSESSMENT METHODS 

During the Gogol-Upper Ramu survey, no detailed plot assessments were made 
in the field. Visual estimates of stocking rates were made during ecological investi- 
gations. However, in the previous year a 2-ac plot, near Faita on the foothills of the 
Central Ranges, was clear-felled and detailed measurements taken for an investigation 
into the structure of the forest. 

Forests of the Lower Ramn-Atitau survey were sampled by using a slight 
modification of the 'point-centred quarter method' of Cottam and Curtis (1956). 
Sampling points were selected at 100-yd intervals within each forest type and at each 
point the distance from the point to the nearest 'commercial timber tree', i.e. a tree 
of at least 5 ft girth at breast height (or above buttresses), in each quadrant of a 
circle about the point was measured. 

Data recorded for all such trees included girth over bark, merchantable length, 
total height, botanical name and local name in Amele (Madang) language. Each 
tree was also classed on form and external symptoms of defects as suitable or likely 
to be unsuitable as a potential saw log. Girth measurements were made by girth 
tape in 1-ft classes and merchantable length in 5-ft classes by a Haga altimeter. 
Where thc botanical name of a tree was in doubt, a wood sample (and where possible 
a herbarium specimen) was collected. Wood samples were later compared with woods 
supported by herbarium collections in Canberra, and in the Forest Products 
Laboratoiy, CSIRO, Melbourne, by Mr H. D. Ingle. 

The herbarium specimens have been lodged in the Herbarium Australiense in 
Canberra and duplicates distributed to Lae herbarium. 

The above information was augmented by visual observations and estimates 
while walking between sample areas, and by the observations of the plant ecologist. 
Volume figures were based on a form factor of 0.5, with no bark allowance. 

From the qualitative and quantitative data collected on each plot an appraisal 
of each plot's value as a representative sample of the forest type was made using air 
photos, and estimated stocking rates were assigned to each type. The assigned stocking 
rates are a very approximate indication of timber volume and must be used with 
extreme caution as the sampling percentage is extremely low. They should be 
regarded as an indication of which forest types warrant more detailed investigation to 
assess accurate volume figures. 

111. CLASSIFICATION AND MAPPING OF FORESTS 

The forests are divided into four major groups based on environment: forest 
on alluvium, swamp forest, lowland hill forest and lower montane forest. 

Forests on alluvium are further subdivided into two types, alluvial well-drained 
forest and alluvial flood-plain forest, mainly on structural characteristics exhibited in 
the air-photo pattern. The latter forest type has a more open canopy and often 
shows palms in the understorey. 
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Swamp forest in the area is restricted to one type only, Campnosperma forest, 
which exhibits a distinctive air-photo pattern determined by crown shape, evenness of 
canopy and its single (or almost so) species composition. 

Generally the forests of the area have been classsed and mapped to approximate 
forest types of the Wewak-Lower Sepik area (Saunders 1968). 

Lowland hill forests include all forests on upland areas (including older fans) 
below c. 3000 ft above sea level and are subdivided into two forest types, lowland hill 
forest (high stocking) and lowland bill forest (low stocking). 

The lower montane forests occur above 3000 ft above sea level and are sub- 
divided on floristic dominance into three types: lower montane forest, which has a 
mixed species composition, Castanopsis (oak) forest and Notl~ofagus forest. 

Thus nine forest types appear on the accompanying map at a scale of 1 : 500 000. 
Areas for each forest type were calculated using a dot grid (1 dot = 0.6 sq mile) 
overlay on a 1:250 000 map. 

1V. DESCRIP~TON OF FOREST TYPES 

(a) Introductory Remarks 
To avoid repetition these general descriptions are restricted to points of forestry 

interest and are designed to complement the descriptions given in Part VII. In each 
description only the most frequently occurring trees are listed. A complete list of 
species recorded in each forest type is found in Table 11. 

(6) Alluuial Well-drained Forest 
This forest type has a high stocking rate and covers 480 sq miles (Plate 6, Fig. 2; 

Plate 9, Fig. I). Species composition is mixed, the most frequent being Pometia 
pinnata. Other noteworthy trees contributing to the timber volume are Celtis spp., 
Terminalia spp., Teysmanniodendron bogoriense, Neonauclea spp., Intsia bijuga, 
Ficus spp., Dysoxylum spp., Mastixiodendron pacliyclados and Vitex cofassus. 

Girths are variable but generally range up to 12 ft. Boles range up to 80 ft with 
themodalclass at 50-60 ft. Bole form is extremely variable. The twisted short boles 
of Pterocarplrs indicus, Vitex cofassus and to a lesser extent Pometiapinnata tend to 
lower the stocking rates, but the remaining trees generally have straight, cylindrical to 
slightly fluted, long boles. The estimated stocking rate is 10 000 super ft/ac. 

The forest grows on higher parts of alluvial plains and on the levees and terraces. 
I t  is generally confined to the upper and middle reaches of the Ramu, Gogol and 
Sogeram River systems. Access within the forest is very good. 

(c) Alluvial Floocl-plain Forest 
The forest has a low stocking rate and covers 620 3 q  miles (Plate 11, Fig. 1). 

The main species contributing to the timber volume are Terminalia spp., Ficus spp., 
Pometia pinnata, Sterculia spp., Celtis spp., Planclionia paptmna, Anthocephalus 
cadamba, Nauclea sp., Teysmanniodendron bogoriense, Sloanea spp. and Vitex cofassus. 

Girths are variable, but generally do not exceed 12 ft. Boles are generally 
shorter than those of the well-drained forest, the modal class being 40-50 ft. Bole 
form is generally similar to the well-drained forest but there is a much lower overall 
density of trees. The estimated stocking rate is 3500 super ft/ac. 
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The stocking rate is extremely variable throughout the forest. Locally, 
relatively dense stands of Octomeles sumatrana may boost stocking rates to 
abnormally high figures; one recorded plot is 20 000 super ft/ac. However, these 
stands are generally small and relatively rare. For the most part there is a gradual 
decrease in stocking rate with increasing wetness. 

The forest is found on back plains of the middle and lower courses of mod of 
the larger rives systems in the area. The major occurrences are onthe lower Ramu 
plain (Plate 7,  Fig. I), the middle Ramu valley, the Usino basin and the coastal plain 
in Astrolabe land system. Access varies from moderate to poor with increasing 
wetness. 

(d) Campnosperma Swamp Forest 

The forest has a low stocking rate and covers only 5 sq miles. It is a pure or 
almost pure stand of Campnosperma brevipetiolata. Girths rarely exceed 6 ft and 
boles are generally short and straight, rarely exceeding 30 ft. As the density of the 
forest varies greatly so does the stocking rate, with figures as high as 8000 super ft/ac 
ranging down to 3000 super ftjac. The estimated overall stocking rate is 3500 super 
ftjac. 

Small stands of the forest are found in the Usino basin and the middle Ramu 
valley. Access is very poor. The water-table, wbich is near the soil surface during 
most of the dry season, may be up to 4 f t  above the surface for the remainder of 
the year. 

(e) Lowland Hill Forest ( k g h  Stocking) 

The forest has a moderate stocking rate and covers' 820 sq miles. The major 
contributors to timber volume are Pometia tomentosa and P. pinnnta, Intsia bijnga, 
Celtis spp., Ficus spp., Canarium spp., Aglaia spp., Cryptocarya spp., ~ ~ s o x ~ l u m  spp., 
Syzygium spp., Maranthes corymbosa, Tristiropsis spp., PlanchoneNa spp. and 
Neonauclea sp. Locally, along the Central Ranges, scattered emergents of Araucaria 
hunsteinii are found. 

Girths are generally smaller than those of the alluvial forests but fall within the 
same range of 5-12 ft. Boles are generally straight and long, the modal class being 
5CL60 ft. The estimated stocking rate is 7000 super ftjac but is often much higher on 
gentle terrain. 

The forest, predominantly composed of evergreen trees, is confined to the high- 
rainfall areas associated wit11 the Central Ranges, the .Adelbert Range and the 
Finisterre Range. Access is generally very poor to nil because of the rugged terrain 
except for small areas such as the fans near Aiome plate 6, Fig. 2) at the foot of the 
Central Ranges. 

(f) Lowland Hill Forest (Low Stocking) 

This low stocking rate forest is by far the major type in the area, covering 1850 
sq miles. The heterogeneity of its floristic composition from place .to place is 
determined mainly by water stress and human interference. These factors are de- 
picted in the greater proportional representation of deciduous trees, on the one hand, 
and of secondary species, e.g. Pometia pinnata, on the other: Consequently, it is 
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impossible to describe the forest adequately. From plot observations these trees 
appear to contribute most to the timber volume: Intsia bijuga, Celtis spp., Pometia 
pinnata, Terminalia spp., Pterocymbium beccarii, Garugafloribunda, Spondias cytherea, 
Ficus spp., Hernandia sp., Neonauclea sp., Mastixiodendron pachyclados and Sterculia 
spp. Albizia falcataria dominates a large area of the forest to the north of Josephstaal. 

Girths range up to 12 ft, the larger ones generally being remnant trees belonging 
to a previous vegetation. Boles, too, are variable in length and form. The estimated 
average stocking rate is 4000 super ftiac. 

The forest is found throughout the area, particularly in the central hills region, 
on gentle hills to rugged mountainous terrain plate  1, Fig. 2). Access ranges from 
very good to very poor but is moderate to poor in most areas. 

(g)  Lower Montane Forest 

This forest has a low stocking rate and covers 280 sq miles. Inadequate sampling 
of this forest type precludes any detailed description but these recorded trees all 
contribute significantly to the timber volume: Opocunonia sp., Pullea sp., Schizomeria 
sp., Planchonella macropoda, Sloanea sp., Elaeocarpus sp., Syzygium spp., Elmerrillia 
papuana, Cinnamomum sp., Cryptocarya sp., Galbulimima belgraveaua and Podocarpus 
SPP. 

Girths are generally small (5-8 ft) and boles short, up to 50 ft and generally 
30-40 ft. Tree density is high relative to the lowland forests and the estimated stocking 
rate is 4000 super ftiac. 

Situated on the higher parts of the rugged Finisterre and Adelbert Ranges, this 
forest is considered to be inaccessible. 

(h) Castanopsis Forest 

This low stocking rate forest covers 22 sq miles. I t  is dominated by Castanopsis 
acuminatissima on the ridge crests and upper slopes but carries a mixed lower 
montane forest in the gullies. Where it occurs below 3000 ft above sea level the gully 
forest is of the lowland hill forest type. Lithocarpus spp. may he associated with the 
Castanopsis bnt may also become dominant in certain situations. 

Girths are generally small (5-7 ft) and boles are short, usually less than 30 ft. 
The estimated stocking rate is 3000 super ftiac. 

It occurs on the Adelbert Range often on plateaux where, although access 
may be moderate within the forest, the surrounding terrain is inaccessible. 

( i )  Nothofagus Forest 

This moderate stocking rate forest covers 13 sq miles. Although not visited in 
the Finisterre Range, the only occurrence in this area, a comparable site in the 
Central Ranges is used for descriptive purposes. The forest is predominantly 
Nothofagus spp. Girths are generally in the 5-8 ft range and boles are generally 
straight, ranging up to 50 ft. The estimated average stocking rate is 7000 super ftiac, 
decreasing with increasing altitude. 

It occurs in the upper part of the lower montane zone and thus is inaccessible 
in this area. 
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(a) General 

Access is dependent on the following environmental factors: slope steepness 
and relief, precipitation, soil drainage and inundation, and river flooding.* Indexes 
have been calculated to express the degree of access hazard attributable to each of 
these factors separately or in combination. They are based on the number of days 
per year that the land affected will be inaccessible to conventional wheeled vehicles. 
Weighted factors for slope represent a 'degree of difficulty' of access. 

TABLE 12 
DURhTION OF INACCESSIBILITY DUE TO WETNESS HAZARDS AND WEIGm FACTOR FOR 

CALCULATING INDEXES 

Estimated max. Weight factor for 
Nature and class of hazard duration of calculating soil 

inaccessibility drainagelinundation 
(dayslyr) index 

Soil drainage/inundation 
Well drained 
Imperfectly drained or short inundation 
Poorly drained or n~oderate inundation 
Very poorly drained or long inrindation 
Swampy or very long inundation 
Permanently inundated 

River flooding 
Nil 
Once in 6-10 years 
Once in 2-5 years 
Once every year 
More than once every year 

(i) Soil Drainage/Inundation (DI) Index.-This index indicates the limiting 
effect of soil wetness and overflow. 

I t  is assumed that due to precipitation alone almost all land is inaccessible for a 
certain length of time each year, even under optimum drainage conditions. The 
time of inaccessibility is estimated from the period during which soil moisture rises 
above field capacity and is calculated from the results of the application of the water 
balance model discussed in Part N. Above field capacity, conditions are assumed to 
occur in those weeks when soil moisture storage has reached the maximum level (4 in.) 
and more than 3 in. of run-off occurs. The length of the period ranges from 21 days 
per year at Gusap, through 29 days at Awar, 66 days at Wanuma, 86 days at Madang, 
to 151 days at Ai0me.t These periods are used in assessing the DI index, after 
subjective adjustment for interaction with soil drainage/inundation factors. For 
example, the period is ignored in areas of permanent swamp. 

* Defined here as a short-term inundation (<I5 days). 
t Length of records: standard 10-yr period, all stations, 
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The DI index is calculated for each land system using the descriptions in Part 111 
in respect to soil drainage, water-table, precipitation and river flooding. It is the sum 
of the products of percentage area of the land system affected by a particular hazard 
or group of hazards and a weighting factor for the maximum expected number of 
days per year the particular hazard@) could render the land inaccessible as set out in 
Table 12. 
Thus : 
DI = ( 0 . 0 +  C t F )  x % area in WO+(0 .12+  C + F )  x % area in W1 + 
(0.33 + C + F )  x % area in W2 + (0.5 + C + F )  x % area in W3 + (0.75 + 
C + F) x % area in W4 + 1.0 x % area in W5, where WO, W1, . . . W5 are the 
drainage/inundation hazards, C is the adjusted weighting factor for the precipi- 
tationlwater balance hazard and F is the river flooding hazard. 

(ii) Slope(s) Index.--This index is calculated for each land system fiom S = 
0.0 x (% slopes i 10") + 0.33 x (% slopcs 10-16") + 0.66 x (% slopes 17-29") 
+ 1.0 x (% slopes > 29"). 

(iii) Access (A) Index.--Although all the environmental factors interact, their 
effects are often additive; e.g. imperfectly drained soils may occur on moderately 
steep slopes in high-rainfall areas. For this reason the access index is calculated as 
the sum of the slope index and the soil drainage/inundation index for each land 
systcm, subtracted from 100. A = 100 - (S + DT). 

For general description, access index classcs are: nil, 0-5; very poor, 6-20; 
poor, 21-40; moderate, 41-60; good, 61-80; very good, >80. 

The access index shows the accessibility of any land system relative to other land 
systems and has no absolute value. 

(b) Terrain Access Categories 

On the basis of the indexes described above, the land systems are grouped into 
nine broad categories described below, listed in Table 13 and shown on Fig. 13. 

The land systems are first divided into four groups on the basis of the slope 
index (SO, 0-25; S1, 26-50; S2, 51-75; S3, >75) which gives an assessment of the 
proportion of accessible slope in one land system relative to another. Some of the 
steeper land systems are placed in a better terrain access category where very low or 
low relief may increase their accessibility. 

Land systems with soil drainage and/or inundation hazards are subdivided on 
their drainage/inundation indexes (Wl, 2140;  W2, 41-70; W3, >70), presenting 
increasingly difficult access. 

Those land systems that are subject to minor flooding once or more than once 
per year over more than 20% of their area are given an extra symbol, F. 

Terrain access category SO land consists mainly of well-drained areas on fans 
and plains or gently undulating surfaces that have characteristic slopes less than 10" 
and have nil to very low relief plate  3, Fig. 2). I t  presents no internal access problems 
except for minor areas of imperfect to poor drainage and minor areas of steep slopes, 
typically along incised streams. I t  is found along the Ramu valley and on the coastal 
plains. 

Terrain access category S1 land consists mainly of low filly terrain. Slopes are 
generally moderate and relief is moderate to very low. Some areas of steep slopes and 
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Fig. 13.-Terrain access categories. 



124 J. C .  SAUNDERS 

minor areas of imperfect to poor drainage occur but are easily avoided. I t  occurs 
mainly in the central hills but small occurrences are scattered tluonghout the area. 

Terrain access category S2 land consists mainly of high hilly terrain or strongly 
dissected low hills with steep slopes. Access difficulties are caused by steep slopes 
and minor areas of poor drainage, as in valley floors. I t  is found throughout the area. 

Terrain access category S3 land consists mainly of very high hilly and monn- 
taillous terrain with very steep slopes and relief ranging from low to very high. 
Generally, slopes are too steep for road-building and forested areas are best left as 
watershed protection. However, some of the foothill zones are less rugged and 
more similar to category S2. Tlus S3 category covers three-eighths of the area and is 
confined to the Central, Finisterre and Adelbert Rangcs and the southern hills 
(Plate 5). 

Terrain access category SOW1 land consists of flat to gently undulating plains 
and the beach ridge complex of the coastal plain. Much of the land is well to im- 
perfectly drained hut some parts may be poorly to very poorly drained and minor 
areas may be inundated for up to 3 months per year. As a whole the category pro- 
vides good access. I t  is found near the mouth of the Ramu River. 

Terrain access category SOW2 laud consists of poorly drained plains (Plate 10, 
Fig. 1) . Slope and relief are negligible. Because of inundation and poor drainage, 
large areas may be inaccessible for up to 5 months per year and minor areas for 
longer periods. However, by carefully selecting road routes and building causeways 
where necessary, access may be possible to large areas for much of the year. This 
category is typical of the back plains of the lower Ramu and lower Gogol Rivers, 
but does occur along the Ramu valley above Annanberg. 

Terrain access category SOW3 consists of swamps (Plate 11, Fig. 2), both 
freshwater and saline. It comprises land systems which are inundated or very poorly 
drained for 5 months or longer per year. However, some small areas may be 
accessible for brief periods during the dry season. This category is typical of the back 
swamps of the alluvial plains and is abundant in the lower Ramu River flood-plain. 

Terrain access category SOF is similar to SO except that it  receives damaging 
floods at least once per year over 30% of its area. I t  comprises the Kabenau land 
system. 

Terrain access category SOWlF is similar to SOWI, except that it  receives 
floods at least once per year over at least 20% of the land. I t  comprises the alluvial 
plains along the upper courses of most of the rivers in the area, the largest occurrence 
being along the Ramu River above Annanberg. 

(c)  General Conclusions 

The most accessible land is in the upper Ramu valley and on the coastal plain. 
The Usino basin and the middle Ramu valley (Plate 6, Fig. 2) generally provide 
moderate to good access. However, in the above regions many streams cross the 
logical road routes. By contrast the lower Ramu plain (Plate 7, Fig. 1) generally 
provides poor to very poor access, comprising for the most part back plains and back 
swamps. Limited access may be possible during the dry season by utilizing levees 
and higher parts of the back plains. 
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Of the uplands, the central hills provide moderate access, and the northern and 
coastal hills moderate to poor access. The southern hills together with the Central 
Ranges, the Adelbert Range and the Firlisterre Range (Plate 1, Fig. 2) provide very 
poor to nil access except, in some cases, along their foothill zone. 

Existing road access is limited to a coastal road linking Awar and Madaug. 
This road then continues up the Gogol River valley to Utu. Several short lengths 
of road branch off this system. A second road in the upper Ramu valley extends from 
Koropa tlrrongh Gusap to link up with the Highlands highway and Lae. 

Madalig is the major port in the area but the coast is served by small sbips. 
Air transport serves the remainder of the area. 

The lower Ram11 River is generally navigable by smaller craft and may provide 
a possible outlet for timber in that region. 
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PART IX. LAND USE CAPABILITY 

Within the survey area there is an enormous variability iu land types, with many 
different combinations of factors that impose limitations upon, or present problems 
for, agricultural development. Moreover, these land charactesistics commonly vary 
over short distances and there is generally a complex distributional pattern of the 
many types. As a result the land systems, although each has its characteristic 
dominant land type use capability, embrace smaller or larger areas of land with 
slightly or strongly different characteristics. In order to give the most accurate and 
quantitative account possible of the land use capability of the area as a whole, all 
land has been grouped in this Part according to its similarities in land use potential, 
irrespective of the land systems in which it occurs. To preserve a broad picture and 
avoid having too many separate categories, the land use groups described in this 
Part are still rather broad units, each accommodating several types of land with minor 
differences in land use capability. The resulting generalized distribution of land 
capability is presented in Fig. 14. 

Readers interested in the land use potential of particular land systems rather 
than that of the whole area should refer to the land class column as well as the 
assessment notes of the land system tabular descriptions in Part 111. 

Some additional aspects of land use capability will, of course, be contained in 
Parts IV and VI dealing with climate and soils. 

All land has been grouped into four categories which have been subdivided into 
12 groups. The categories indicate, and are arranged in order of, increasing 
limitations or problems imposed on land use. They have been adapted from the 
system of eight land classes used by the United States Conservation Service and fully 
detailed in Part III. The suitability for development has been assessed under Papua 
New Guinea conditions on the basis of five general purposes: arable crops; tree 
crops, i.e. coffee, coconuts, cacao, oil palms, rubber, etc.; wet rice growing; grazing; 
and forestry. Special management and possible reclamation measures have been 
taken into consideration where necessary. 

A summary of the land use capability in the survey area is given in Table 14. 
This will help in assessing such land in relation to the land system map. 

* Division of Land Use Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
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TABLE 14 
DISTnlBUTION AND NATURe OF LAND USE CAPABILITY CATEGOIUES AND SUBDlYISlONS 

Land use capability category Land system and units Estimated area 
in which it occurs (sq miles) 

Land without or with only slight physical limitations for agricultural development 
First-class level land Papul (29), 1 

Astrolabe (21), 1, 2, 3 
Boriva (231, 1 
Ramu (26), 1 
Sausi (31), 1, 3 
Bumbu (I@, I, 2 
Madang (24), 2, 4 
Kabenau (22), 1 
Nubia (25). 1, 3 
Faita (17), 1 
Baaasin (7). 4 
us& (32),3 

Total 
Level land with easily rectified drainage problems Nubia (25), 2, 3 

Barivla (23), 1, 2 
Astroabe (21), 1 
Ramu (2@, 1 
Papul (29), 1 
Madang (24), 2 
Aiome (19), 3 
Usino (32), 2 
Panakatan (la), 2 

Total 
Level land with leached soils Aiome (19), 1, 2, 3 

Panakatan (la), 2, 3 
Ramu (2Q, 3 

Total 
Level land with mildly droughty soils Madang (24), 1, 3 

Kabcnau (22), 1, 5 
Nubia (25), 1 
Ranlu (26), 3 
Faita (17), I 

Total 

Land with moderate limitations for agricultural development 
Poorly drained level land, difficult to improve Astrolabe (21), 1, 2, 3 

Papul (29), 2 
Basman (20), 1 
Boriva (23), 2 
Madang (%), 1 
Nubia (251, 3 
Kabenau (22), 2 
Sirin (15), 3 
Morumu (XI), 3 
Amele (14), 3 
Bumbu (16), 6 

Total 
Level land subject to mild flooding Misinki (27). 1. 2. 3 
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TABLE 14 (Continued) 

Land use capability category 
Land system and units Estimated area 

in which it occun (sq miles) 

Papul(29j; 2 
Sausi (31), 1, 2 
Usino (32), 1,  2, 3 
Amaimon (12), 4 
Astrolabe (21), 1 
Madang (24), 4 
Kabenau 122). 3 . .. 

Total 
Law hilly land with gentle to moderatc slopes Amaimon (12), 1, 2, 3 

Amele (14), 2 
Bosmau (20), 1, 2 
Bumbu (16), 3 
Sirin (IS), 2 

Total 

Land with serious limitations for agricultural development 
Level land with seriously droughty soils Bumbu (16), 1, 2, 4, 5 

I m b ~ u n ~  (30), 2 
Faita (17), 1, 2 
Astrolabe (21), 2, 3 

Total 
Rugged hilly land Morumo (1 I), 1, 2, 3 

Anla~nlan (12), 1 
Amele (141, 1, 4 
Sangan (1 3), 1 
Panakatan (la), 1, 4 
Musak (9), 1, 2 
Romole (6), 1, 2 
Gal (41, 3 
Kubari (2) 
Sirin (IS), 1 

Total 

Land without or with extremely limited possibilities for agricultural development 
Ruggcd mountainous land Gal (41, 1, 2 

Bagasin (7) 
~ i s r n a ~ c k  (s), 5, 6 
Kubari (2) 
Finisterre (1) 
Musak (91, 1, 2, 3 
Wanabutu (10) 
Otaki (8) 

Total 
Swampy land Pandago (34) 

Sanai (36) 
~ a b u k  (35) 
Eli (33), 1, 3 
Nubia (25), 4, 5 
Kubari (2) 
Madang (24), 4 

Total 
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Land system and units Estimated area 
Land use capability category 

in which it occurs (sq miles) 

Severcly flaadcd land 

Total 

Jibirogo (28) 123 
Imbrum (30), 13 54 
Kabenau (23, 4 7 
Eli (33), 2 4 
Bumbu (16), 4 1 

189 

(a) Land without or with only Slight Physical Limifafions for Agricultural 
Development 

(i) First-class Level Land.-This land category comprises generally level, non- 
flooded land with well-drained deep productive soils. I t  is therefore very suitable for 
arable crops, as well as for tree crops and grazing. In some parts such as Bumbu, 
Faita, Sausi and Astrolabe land systems, it may be gently sloping and-simple con- 
servation measures are necessary to prevent erosion with arable cropping. A dis- 
advantage of this land is that it  is of scattered occurrence, often poorly accessible and 
usually covered with tall forest, although some parts have grasslands. 

Present agricultural occupation is surprisingly sparse and rest~icted to local 
gardens and some plantations in coastal areas where access is better. A large part of 
Bumbu land system is held as pastoral lease. 

Because of the small proportion of this high-quality land and its scattered 
distribution, its most logical utilization would be as a nucleus of intensive permanent 
arable agriculture from which surrounding land of lower value could be utilized for 
tree crops and grazing. 

The chemical soil fertility is high: pH 6.5-7.5; high exchange capacity; high 
percentage of base saturation, dominated by Ca; moderate to high available P; 
moderate to high exchangeable K. I t  probably includes the most fertile soils in 
the area. 

(ii) Level Land lvitlz Easily Recf$ed Drainage Problems.-Apart from the fact 
that initial development will be more costly because of the necessity to improve land 
drainage by means of drainage ditches, the potential of this land is very similar to 
that of category (i) with which it commonly forms a complex. I t  is probably slightly 
less suitable for tree crops and more dominantly suitable for arable crops. 

The chemical soil fertility is high and similar to that of land category (i). 
I t  is still largely forested and sparsely inhabited. 

(iii) Level Lalid with Leached Soils.-This category has been separated because 
it has acid-leached red soils where fertility problems are likely to arise if the land is 
used for continuous cultivation. As it is important to preserve the organic matter in 
the topsoils as much as possible, and as the soils are physically of good quality, this 
land is probably best used for tree crops. Much of it is covered with grassland, 
thus simplifying land clearing. Locally, mainly in Ramu land system, the land is 
stony and has moderate erosion hazards. I t  is sparsely inhabited and at present 
poorly accessible. 
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The chemical soil fertility is low to moderate: pH 5-5.6; low exchange 
capacity; low percentage of base saturation, commonly dominated by Mg; low to 
moderate available P; moderate exchangeable K. 

(iv) Level Land with Mildly Dr.otigl?ty Soils.-This land with its shallow soils on 
coral or gravel, or deep but very sandy soils, should not be used for cropping during 
the dry season. As it is important to maintain a high level of organic matter in these 
soils, the land is best kept under perennial vegetation, preferably tree crops which are 
best able to utilize fully the limited moisture of the deeper subsoils. Much of this 
land is already in use for coconut plantation, whilst cocoa is grown successfully on 
the best soils in this land category. 

The chemical soil fertility is modcrate to high: pH 6 . 5 - 8 ;  moderate 
exchange capacity; high percentage of saturation, dominated by Ca; low to high 
available P; moderate exchangeable K. 

Tt is densely inhabited only along the coast. 

(b) Land ~jith Moderate Limitations for. Agriculttrral Development 

(i) Poorly Drained Level Land Dificult to Improve.-Except for several coconut 
plantations on Madang land system, there is very little land use in this category. 
Large areas are covered with poor forest and other large areas with grassland. 
Much is quite accessible. 

The poor drainage is due to the impermeability of heavy clay soils and, more 
rarely, to the low topographic position as well. I t  is doubtful that drainage can be 
improved sufficiently to make this land suitable for other than a few types of arable 
and tree crops. Even the highly adaptable coconut palm grows poorly but it should 
he possible to improve surface drainage enough to use this land for grazing purposes. 

The soils appear to be very suitable for wet rice growing. Topograpl~cally this 
form of land use appears to be most promising in Astrolable land systcm, on t l~e  large 
area of this land south of the Gogol River, and where the necessary irrigation would 
be generally possible. In other areas such as Bosman land system ponding would 
have to depend on rain water. Natural inundation is most common in Boriva and 
Nubia land systems. 

The chemical soil fertility is low to moderate: pH 6-7; high exchange capacity; 
high percentage saturation, dominated by Ca; generally low available P; strongly 
variable exchangeable K. In Basman land system P and K are partic~llarly low. 

(ii) Level Lund Subject to Mild Flooding.-This vast area of almost uninhabited 
land, covered with mostly poor forest, deserves special attention. Most of this land 
is at present poorly accessible. It is useful to distinguish betwcen areas where flood 
control is and is not possible. 

To lhe h s t  group belong the large areas of Sausi, Madang, Usino and Misinki 
land systems. In its simplest form flooding may be controlled by i~nproving the dis- 
charge of surface water by means of a system of drainage cha~mels. This applies to 
land with a sufficient gradient and lying well away from large rivers, i.e. along the foot 
of the hilly country. In  wide low-lying flood-plains individual areas may be protected 
against flooding by large rivers by surrounding them with levee banks. Although the 
fertile soils of these areas are commo~lly of very fine texture and somewhat iluperme- 
able, it should be possible to establish systems of arable agriculture on them, or 



certain tree crops such as oil palms. The most permeable soils are likely to be very 
suitable for wet rice only. 

Flood conttol appears to be almost impossible 0x1 land of this category in 
Amaimon, Kabenau, Astrolabe, Ramu and Papul land systems. However, in these 
areas flooding is usually of short duration and confined to the wet season. The soils 
are commonly less clayey and are very suitable for tree crops and arable crops. 
Investigations are required to decide whether growing of tree crops would be possible 
under conditions of temporary flooding, whether arable cropping during flood-free 
periods would be profitable or whether grazing would be the best form of land use. 
I t  is quite possible that a combination of these forms of agriculture as mixed farming 
would be best. One question arising from the opening up of this country would be its 
distance to places of settlement. Obviously people cannot live on the flooded land, 
but as the flooded areas are commonly narrow, this problemis not likely to be serious. 
Also, important points are the effect of flooding on roads, land partitions and drainage 
ditches and the effect of forest clearing on the flood regime and stability of rivers, 
especially along their banks. With regard to the first point it is encouraging that silt 
loads and velocity of the flood water appear to be generally low. Forest clearing 
along the river, while eliminating much of the snag problem, might increase erosion 
of the banks, although this is not at all certain. I t  has not occurred where minor 
clearing has already taken place. 

The chemical soil fertility is high: pH 6-7.5; high exchange capacity; high 
percentage base saturation, dominated by Ca; generally moderate to high available P 
(with a few notable low exceptions); moderate to high exchangeable K. 

(iii) Low Hilly Land with Gentle to Moderate Slopes.--Apart from small pockets, 
this land category is too steep and broken for peimanent cultivation of arable crops. 
The soils are generally too impermeable or shallow for tree crops, although there may 
be limited scope here in Amaimon and Amele land systems. 

Grazing appears to be the most promising form of land use in most of this 
country as much of the land is already covered with grass or low regrowth. I t  would 
be worth while to investigate possibilities of pasture improvement and methods of 
pasture management as this land category may be capable of supporting a rather 
intensive cattle industry. 

Several areas of Amaimon and Amele land systems are intensively used for 
shifting cultivation, but the land is generally not particularly suitable for this form of 
agriculture as the forest vegetation is soon converted into grassland because of the 
unfavourable soil conditions. 

The chemical soil fertility is moderate: pH 6-7; high exchange capacity; 
high percentage of base saturation, dominated by Ca; low available P; moderate to 
high exchangeable K. 

(c) Land with Serious Limitations for Agricultural Development 

(i) Level Land with Seriously Droughty Soils.-This sparsely inhabited grass- 
covered land has very shallow soils in gravel and stone deposits and occurs in a dry 
part of the survey area, the upper Ramu valley. I t  is suitable only for more or less 
extensive grazing, but the stocking capacity may be considerably increased by pasture 
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improvement. There is little information on the chemical soil fertility of this land 
and it is likely to vary greatly from place to place. 

(ii) Rugged Hilly Land.-Although this land includes catclunent areas of the 
second order only, it would be unwise to promote any agricultural development that 
might lead to substantial increase in run-off, already naturally high in areas of 
impermeable mudstone. 

Sparse shifting cultivation causes no harm but where the land becomes densely 
occupied, as a result of population increase or the introduction of cash crops into the 
rotation, run-off may be dangerously increased and soil erosion initiated. In many 
areas, notably in Bagasin, Musak, Amaimon and Morumu land systems, it is evident 
that over-cultivation is already leading to soil deterioration and grassland encroach- 
ment. This process has reached an advanced stage on the grass-covered hills of 
Romole, Sangan and Sirin land systems, which are now only marginal or totally 
unsuitablc even for shifting cultivation and where land use potential appears now 
restricted to extensive grazing or reforestation. Elsewhere in this land category 
agricultural development is virtually limited to tree crops. 

The chemical soil fertility is moderate: pH 5.5-7; high exchange capacity; 
high to modcrate percentage of base saturation, slightly dominated by Ca; low avail- 
able P; moderate exchangeable K. 

Access for inland areas is at present nil. 

(d)  Land ~~.i t l~out  or with Extren~ely Limiter1 Possibilities for Agricultural 
Deueloyment 

(i) Rugged Mountainoz~s Land.-Most of these lands are very important 
catchment areas in which natural forest vegetation should be disturbed as little as 
possible, although sparse shifting cultivation can continue. Because of the extremely 
steep long slopes and colnmon landslides the introduction of tree crops in shifting 
cultivation would be only locally possible. Any large-scale agricultural development 
would in any case be hanmpered by the lack of comunications. 

Thc chelnical fertility of the soils is low: variable but generally low pH; low to 
moderate exchange capacity; low to moderate percentage of base saturation, 
dominated by Ca; low available P; moderate to high exchangeable K. 

(ii) Severely Flooded Land-Flooding of this land is too severe and frequent 
to allow permanent agricultural development. Commonly the soils are very gravelly 
or stony, which makes this land virtually useless. Where soil conditions are favourable 
as in parts of Imbrum and Jibirogo land systems, this land may he used for quick- 
growing 'catch' crops such as tobacco, corn, tomatoes, grown in the short flood-free 
period. 

There is no information on the chemical soil fertility but this is likely to be high 
in the better soils. 
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Fig. I -Looking acroii thc shnllou song-filled Raniu R l \c r  Trot,, h i t a  10 [he nortllernniost ertcnscon 
of the Fini i tc i re Knnze. \ I t  Kubnri.  ondtr  clcxcd cil\el-. is just helms 6000 it. 

Fig. 2.-rhe iicgged Fjniii?rse and  Kuharl land i!ircm,. Looking ~ 1 1 1  tile Surlnam River valley j t ~ s t  
so i~ t l i  o f  Du~npii. Lo\>land hil l  l n r e i i  and lni\cl- rilomans forest on cir5ts. 
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Fig. I.-A vie\\, do\vnstream from near Gosap overlooking the gently sloping alluvial fan of Burnbu 
land system traversed by incised through-going streams, one of which is seen on the left. On the 
extremc left the Ramu River skirts the foothills of the Central Ranges. In the middle background 
the hogback form of the limestone Otaki land system can be seen. The \egetation ir short dry 

grassland of Tljem~do-Are~rdi~icIIn. The trees are Naurlro coodu,rorn. 

Fig. 2.-A vies n\er  the Burnhu fan near Durnpo to the inoch-dissected Rornole land s!slem which 
comprises the steep southern foothills of thc Finihterre Range risina in the hackground. 



CSlRO Ansi. L\\II R I : ~ .  S I R .  Yo. 37 PLATE 3 

Fig. I.---Theslony bcd of theOngan Rlicr  \\liere it leaves the Cenrrnl Ranges. This is Iypical of the 
f a s t - I l o ~ i n g  mountain tributaries of thc Ramit R~ve l .uherc  they emerge From the Central Rangcs into 
the upper \alle: llrnbrurn land s?.rrcm). T h e  all~c\ial iorerl edge includsi Orro,,>eles and Ccrranr.i,io. 

Fis .  ?.-Looking ncioi5 the braided 5trcam bed of rhc R * r ~ n ~ i  River iln>brurn land s y i t e n ~ l  t o  the 
fan of  Bi~nlbti land cysten, rh i~ \ \ ing  it.; r i ~ e ~  cscarprnunl and rm\cr\lng \trr.orns. T h e  ian rises gsntl? 
to the fore,l-cleared i u n l h ~ l l ~  and 4upc,  i)i Kuhai i  1.1nd i?itr.sn and the l i~g l~cc  miitcd t lni \ lerre  land 

system bellind 



Fig. I.-Jobso, a tyl,ical hill rillase in Kubari land system on the lover inland slopes of the 
Finisterre Range. Coconuts are planled within the village but the Gardens based on shifting 

agriculrure may be some distance away within the lowland hill forest. 

Fix. 2.-A garden !plot \\it11 the lovland 11111 forest fcllcd. fired and read? for planting in the 
loothills of the Central Rannes (Risrnarck land system). 
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Fig. 1.-A panorama of the Usino basin from the Faita hills. Here the upper Ramu River and its 
northern tributaries the Peka, hlca and Nopu Rivers meander to  form a flood-plain comprising 

Sausi, Usino, Eli and part of Pandago land systems. 

Fig. 2.-Looking down iron, Togum during a garhcring rainstorm on the Central Ranges above 
Aiome eyer Aiome land systcm (mainly fan grassland areas) and merging into Ramu land system 

on the extreme left. Lo~vland hill forest and alluvial well-drained forest. 



Fig. l . -T i~s  ;illu\ #;,I !l~>i,d-plain o i  the lobvcr Ka!nit R l \ e r  froin near Misinki. The nicandcring river 
nit11 i t \  scrcrlic. ikice.i. Lhck-plains and n\hoi\c include, land iyrtern\ ruch a\ l ibiroeo. Sanni. Kabuk. 

P:rndnga and L1isinl.i. 

F i f .  2.--C~~1ntiaitiiig ail11 the al l in la1 llnrs is ihr. ruuoed ro~wg~ ; i~ ' h?  c ~ i  l l lc n~ i> i~ncn~naui  Gal land 
iy5tem. Heie  the sleep slopes or the d e l h c r t  Ranrc arc co\er?d a i t h  mixed lw\ land hil l  iorcit. 

Scattered \illagi.\ uccul n l m g  crc\r\. 



Fig. I.-Go\ernment lorect track from ivlirap to Dirnir through lohland hil l  forest in  tllc Adelbert 
Range foothills (Amele land systernl. 

Fie. 2.-Sago-palm s\rnrnp i n  Pandago land system. This is a f lucluat~na shamp u i t h  the \rater-table 
falling lo just below t l~cs t~r face in  thc dry season. The uater hcre is a drainagechannel. The trunk of 
a mature saeo palm from which the starchy 'sac sac' is obtained m i ?  be just seen on the righl. 





Fig. I -The Ramu Ri\.cr at Sotopu bctueen the Sogeram and Guam Ri\.ers. 1.all palm aspect of 
alluvial flood-plain forest fhl isinki land systeml. 

Fig. '.-Examining ayoungalluvial soil on a Ramo River scroll covcrcd with tell Scrcchnrrr,,~ r.obasru,u 
o f  the herbaceous river-hank succeccion (Jibirogo land system). 
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Fig. 1.-\lason tillage on thc hanks. of the Kcrnni Rl i c r  H a w n ~  tliroti" tihc flats of the lobrer Ramu 
valley. Hers flood-plain foreits rcach close to  the inciced hanks of the r i w r  except where narro\v 

Icvees arc cleared for tillage sites (Rarnu land cvsteml. 

Fiz. 2.--The l~crbacrous siramp and open lakes oiS:in:i\ land \!,tern. Transport is b! cnnoc poled 
through mile\ of  nnrroa natcrnays. Tile vcpetation is or rlcc prosscs. i l n tc r  ferns, sedge5 and flcihy 

lil:-l~kc H<~P!V,<~, ,~C~.  



Fig. I-Recently established ~ i l l a s c  of M i s ~ b r r o  in  the coastal i oo th~ l l r  o f  the Adelbert Range. 
The rite is on a flood-free terrace of Paprll land system but forest fellins (or neu gardens extends up the 

slopes into the lowland hi l l  forest on Basasin land system. 

. ~- . .. . . .. . ~.~ ~ ~. . 

Fig. 2.-A poorly drained alluvial fiat n i th in  tllc hi l l \  Slrin land systel,?. OpAiirn~\-l,,~pernI(~ grass- 
land on the foreground slopes: slightl? darker moist / .~r l~oo,~s, ,> ~rassland in  the centre. Remnant 

lowland hi l l  forest. 
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Fig. I .-.A iilcce,\liln i s m  a l l u i i ~ i l  Hood-plain forest ihi-ou.11 iherhncc,>ic, ,a;ln,p to lake in a CIII-~K 
nieondcr l l i b ~ r o g o  land i?steml. 

F I ~ .  7. -COL?\IIII~~ i rom IIIC IhII j  nhoir. Roga ~ I ~ e v i n p c a c a n u t  zrir\c* :ind \hart 7hori~~~/~i-.4rioxli,~c/I1i 
~ a i i l n n d  Tree, lininp Illc n : ! t c r co~ ! !~>  :arc t lw i n l r o d ~ ~ ~ c c l  tree. i.Y<)#~><?~zt,t! . ~ ~ t t ~ r ~ ~ ~ ~ l  \%l,ich, 

1osr.rhi.i ~ ~ l r h  lcrcnl sp2clei. 1?:1, an allinit! I<, n,on,i,i,n vegetation. 



Fig. 1.-Uplifted coral limestone of hladang land s!Ltem. This p!iotograph. tahen near Madans, 
shows three stages o f  uplift \\ith undercut by \ t a w  action. 

FiS. 2.-The north coast near l l i rap.  Note the driftline. sand binder, and the strand \\,oodland 
fronting the beach. 
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