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PART I. INTRODUCTION 

By H. A. HAANTENS* and J. R. M C A L P I ~ *  

(a) Size and Location 

The Aitape-Ambunti area covers approximately 4650 sq miles. As shown in 
Figure 1, it is situated in the north-west of Papua New Guinea between long. 142' 

Fig. 1.-Location of the Aitape-Amhunti area (shaded) and of previously surveyed areas along the 
coast: 1, Wewak-Lower Sepik area; 2, Lower Ramu-Atitau area. 

and 143"E. and stretches from the Bismarck Sea (3"s.) to just beyond the Sepik 
River (4" 20' S.). In the east it borders on the Wewak-Lower Sepik area, previously 
surveyed by the Division of Land Research in 1959 (Haantjens et al. 1968). 

(b) Principal Terrain Features 
The area has a generally low relief although much of the terrain is very rough 

with close dissection and steep irregular slopes. Many different types of tropical 
rain forest and swamp forest cover most of the area and further restrict access. 

The narrow, but very rugged Torricelli and Prince Alexander Mountains form 
a barrier between a smaller coastal region and larger inland areas. The mountains 

*Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601 
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consist essentially of an east-west chain of up-thrust blocks of basic igneous rocks 
reaching maximum heights between 3500 and 6000 ft and separated by passes and 
ridges of lower elevation (see map of land altitude). 

Northwards the mountains fall away steeply to complexes of weathered alluvial 
fans and of ridges on sedimentary rock. These are most extensive in the west, where 
they terminate in a secondary low mountain chain with much limestone. This "foot- 
hill" zone in turn gives way to a belt of alluvial plains and swamps, widest in the 
west and phasing out in the east and separated from the ocean by a narrow strip of 
very low beach ridges and mangrove flats. 

Southwards the mountains merge gradually into a wide zone of hill ridges on 
relatively soft mudstone, siltstone, and sandstone. Relief and land forms vary widely 
in this zone which descends slowly and evenly to about 250 ft above sea level in the 
south and is broken only by two sets of proqounced north-facing scarps (see map of 
drainage divisions). Three-quarters of the area's population lives in these hills. As a 
result the rain forest has been extensively cleared and replaced by secondary vegetation. 

The hill lands merge imperceptibly in the east, more abruptly in the west, into 
a rather wide belt of inland plains consisting of variably dissected weathered surfaces 
separated by and merging southwards into young alluvial plains and swamps. The 
weathered surfaces are characterized by large complexes of man-induced grassland, 
and contain (together with the weathered fans in the north) by far the largest areas of 
strongly weathered leached acid soils in the area. Almost everywhere else, both on 
plains and on hill slopes, undeveloped to little-weathered soils predominate, mostly 
weakly acid to weakly alkaline in reaction. 

In the south these inland plains merge, again with scarcely perceptible transitions 
in the environment, into the wide flood-plain of the Sepik River. This second largest 
river in Papua New Guinea meanders within a belt of complex scroll ridges and 
swales. This belt is bordered on both sides by extensive back-plaiu swamps, mostly 
with herbaceous to low woody swamp vegetation but in places (particularly on peat 
soils) with swamp forest. Near Ambunti the river is confined between complexes 
of vefy rough hills and mountains, which rise abruptly from the swamps and consist 
of ancient metamorphic rocks. 

(c) Drainage 

The major rivers draining the area are shown on the toponyrny map, whilst 
their catchments are outlined on the map of drainage divisions. The main watershed, 
separating short northern rivers from long southern ones, corresponds closely with 
the line connecting points of highest elevation, except in the extreme east and west, 
where the pattern is complicated by gaps and divisions in the mountain chain. 

Whilst the scarp barriers in the hill zone hardly seem to affect the catchments 
of most southern rivers originating in the Torricelli Mountains, they do give rise to 
a number of "subsidiary" catchments for which these barriers act as watersheds. 
Together with some apparent major NW.-SE. structural trends, the scarps also seem 
to control the diversion of the drainage of the central part of the hill zone into the 
Screw River system in the east. 

The lower reaches of most northern rivers have wide braided beds, as a result 
of the sudden sharp decrease in gradient when they emerge from the mountains. 
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Many small and a few larger streams are unable to maintain proper channels to the 
sea through plains with disorganized drainage which absorb much of their flow. 
This feature is more prominent in the south, where only the largest river, the Screw, 
maintains a proper channel to the Sepik River. This latter river has a very low 
gradient. It  flows in a plain at 170-180 ft above sea ievel at an aerial distance of some 
150 miles from its mouth. Although accompanied by many cut-off meanders its bed is 
relatively stable, since very few changes could be identified in comparing its present-day 
course with that charted by Behrmann (1917) in the beginning of this century. 

(d) Earthquakes 

The northern half of the area, particularly, lies in a major earthquake zone. 
Although passing reference is made to this elsewhere in the report, it has not been 
possible to incorporate earthquake hazards systematically in the evaluation of the 
area for agricultural and engineering purposes. The following account shows that 
such hazards are real and should be borne in mind whenever major development 
projects are being contemplated. 

From 10 to 20 shocks of magnitude 6 or greater and more than one tremor of 
magnitude 7.5 or greater at the Richter scale can be expected per square degree per 
century in north New Guinea (Brooks 1965). Four major shocks have occurred in the 
survey area in the first half of this century, all with foci less than 45 miles (70 km) deep. 

The effects of the 1935 earthquake of magnitude 7.9 have been described in 
detail by eye witnesses (Stanley ef al. 1935). Rapid mass movement in the form of 
debris avalanches affecting the soil mantle and vegetation was the principal denuda- 
tional effect. Near the epicentre, north of Lumi, up to 60% of the forest and subsoil 
was stripped from very steep slopes. Valleys were quickly choked with rock waste 
and forest debris. Mud and debris flows up to 100 ft thick surged down the mountain 
valleys, some continuing to flow for several months. Other valleys were dammed up 
by huge log jams. Their later destruction led to catastrophic flooding and deposition, 
particularly on the coastal plains (see also Nubia (2) land system). In other effects, 
hill ridges on sedimentary rock have been observed to be broken by fissuring and 
faulting, or to collapse into a series of irregular steps. 

Shortly after a major earthquake in 1907, the epicentre of which was probably 
off shore, a large semicircular area of the coastal plain sank between 6 and 12 ft to 
form what is now known as Sissano lagoon. 

(e) History 

Virtually nothing is known of the prehistory of the Melanesian inhabitants. 
They are presumed to have entered the area from the west, whilst those people living 
on the eastern inland foothills may have arrived more recently from the Sepik River. 
The coastal area may have been subject to Malay influence in the era before European 
contact (Stanley 1934). 

European contact commenced in the 1880s with the establishment of the German 
administration of Kaiser-Wilhelms-Land. It was largely restricted to the relatively 
accessible coastal and Sepik River regions. The Germans founded the first permanent 
European settlement at Aitape on the coast and at the outbreak of World War I were 
engaged inthefirst major scientificexpedition oftheinland Sepik basin (Behrmann 1917). 



10 H. A. HAANTJENS AND J. R. McALPINE 

At the end of the war Kaiser-Wilhelms-Land became a mandated territory of 
the League of Nations, under the control of Australia. The pattern of direct adminis- 
tration begun by Germany was maintained, and was effected by patrolling into 
uncontacted areas and consolidating influence in previously contacted areas. Con- 
currently with this, and following a general pattern in New Guinea, missionaries and 
gold prospectors also entered the area. 

Government stations were established at Ambunti in 1924 and at Maprik in 
1937, where gold was discovered. The inland foothill country was contacted in 1926 
but, while some labour was recruited from this area for work on coastal plantations 
during the 1930s (Marshall 1937), the coi~solidation of admiuistrative influence 
(i.e. the establishment of Pax Britanuica) did not occur in these populous areas until 
after World War 11. During the war the area was occupied by Japan. Intermittent 
heavy fighting and bombing occurred in some parts, whilst otbers were patrolled by 
both Japanese and Allied forces. 

(f) Adnzinistration 
Australian administration was re-established immediately after World War 11, 

in what is now a part of a trust territory of the United Nations. By the mid 1950s 
the whole area was under full Administration control. 

At first the area formed a part of the Sepik District but in 1966 it was split up 
between the East and West Sepik Districts, with headquarters at Wewak and Vanimo 
respectively (Fig. 1). The area is further administered from subdistrict headquarters 
at Aitape and Lumi in the West Sepik District and at Maprik (just east of the area) 
and Ambunti in the East Sepik District. New patrol posts were established at 
Dreikikir, Nuku, and Sissano. The present centres of administration and the bqun- 
daries of the subdistricts and their component census divisio~~s are shown on the 
map of administration. 

In recent years the former direct rule has been gradually replaced by indirect 
administration through the establish~nent of elected local government councils. This 
political development has coincided with increased indigenous cash-cropping and 
employment. Post-war increases in governmental efforts have been closely paralleled 
by the founding of many more mission stations. 

(g)  Transport 
(i) Early Development.--At the time of initial contact the area possessed a 

network of foot tracks which, while densest in the more populous areas, extended 
through unpopulated areas as well. Many of these represented the major pre-contact 
trade routes, for example, the tracks across the mountains linking the interior with 
the coast. Under European government influence, many of these tracks were improved 
and maintained by local villagers, to serve as the major lines of communication. 

In the Sepik River area movement was and still is largely by canoe, the main 
river being linked with nearby villages by a series of natural waterways and cleared 
passages (see transport map). The coastal people also use canoes along the lagoons 
and tidal channels behind the coastal beach ridges,* and in pre-contact times traded 
far outside the area in large sea-going outriggers. 

* Some of these channels were made suitable for larger craft in German times. 



INTRODUCTION 11 

During the German and Australian administrations irregular small-ship services 
were established, linking Aitape on the coast and Ambuuti on the Sepik with external 
ports. Some idea of the navigability of the Sepik River may be gained from the fact 
that in 1914 two Australian 700-ton torpedo-boat destroyers penetrated the river to 
the vicinity of Ambunti. A recent journey of Australian Navy patrol boats beyond 
Ambuuti revealed that the channel depth in February 1969 varied from nearly 20 ft 
to 130 ft, and that submerged trees and floating grass floes are a greater hazard to 
navigation than shoals. 

(ii) Modern Development.-Effective transport linkages to the interior foothills 
were not established until the construction of landing grounds for light aircraft during 
the early post-World War I1 period. The locations of the 34 airstrips present in 1964 
are shown on the transport map. Most of them belong to the missions and a few 
more have been constructed since 1964. Larger Administration airstrips are located 
at Aitape, Tadji,* Lumi, Nuku, and Ambunti, as well as at Maprik and Hayfield* 
just to the east of the area. 

The development of vehicular roads initially followed the construction of 
Administration airstrips and served to provide access to these from thelocal hinterland. 
In this way four separate road nets arose, based on Aitape, Lumi, Nuku, and Maprik 
(see transport map). Since 1966 a connection of sorts bas been established between 
Nuku and Lumi. The total length of the roads in 1967, as shown on the map, was 
approximately 200 miles, of which 80% is defined as "intermittent access",t i.e. roads 
of any standard that are impassable for extended periods,i in some cases even for 
4-wheel drive vehicles. Only the Maprik network is connected with regional road 
links outside the area to Wewak on the coast and to Pagwi on the Sepik River (Fig. 1). 
There are proposals for a similar link of the Aitape road system with the Dagua- 
Wewak road along the coast because of poor anchorage facilities at Aitape. Alter- 
natively, harbour facilities could possibly be improved at Aitape or established in 
Sissano lagoon (see descriptions of Nubia (2) and Murik (3) land systems in Appendix 
In). It is intended to link the Lumi-Nuku road net with the Maprik system and thus 
with the outside world. Since the area is basically well situated in relation to cheap 
water transport of bulk commodities over sea or along the Sepik River, it would 
seem reasonable to consider the possibilities of internal linkages of the interior with 
the coast or the Sepik (Ambuuti), despite undeniable difficulties in road building posed 
by mountainous or swampy terrain. 

The current transport situation is that goods are still flown to Lumi and Nuku, 
while Dreikikir and the Wosera region in the east are supplied by boat and road via 
Pagwi, or by road from Wewak. Aitape and Ambunti are supplied by boat. All 
passenger traffic, mail service, and transport of perishables are still very largely by air, 
except between Maprik and Dreikikir. 

* World War I1 airstrips, and the only ones suitable for DC3 aircraft. 

t Willing, English, and Devon (Consulting Engineers) (1968).-Report on road development 
in the Sepik district of New Guinea. Prepared for Department of Public Works and Directorate of 
Transport, Administration of T.P.N.G. (unpublished). 

t. Source: Transport and communications. Bull. Bur. Statist. T.P.N.G. No. 6, 1966-67. 
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11. NOTES ON THE REZORT 

(a) General 

(i) Nature andLimitations.-This report is, firstly, an information store. As such 
it is designed to be consulted rather than read, although it also contains more readable 
sections with a geographic-interpretative character. 

A detailed list of contents and numerous cross refer'ences should enable the 
reader to locate material easily. It is usually possible and often advisable to proceed 
in stages from a general to a detailed account of a specific subject. The main findings 
and conclusions of the survey are contained in the maps and map references and in 
the synoptic description of the area and its resources (Part n). 

I t  should be kept in mind that this report is based on a reconnaissance survey 
with very limited ground truth. Tne scarcity of actual measurements coupled with 
limitations in the air-photo interpretation cause many of the data presented, and 
even more of their evaluations, to be of a tentative nature. 

(ii) Land System Descriptions.-The tabular description of land systems in 
terms of their component "land units", which is the customary method of description 
in this series of reports, has been replaced by a more detailed and comprehensive 
narrative description without formal recognition of land units. A second change is 
the replacement of the customary illustrative block diagrams and plans with air-photo 
stereograms and, in many cases, also stream pattern plans. These modifications are 
further discussed in Part In. 

(iii) Precision of Terminology.-The practice established earlier by Speight 
(1967) of defining or explaining common usage parametric terms and classes (such as 
C '  very steep", "shallow", etc.) has been continued and expanded, although it could 
not be consistently applied in all cases. All information of this kind is collectively 
presented in Appendix 1. It is recognized that such verbal classes are less precise 
than actual numerical values. However, the latter are not available in sufficient 
quantity to be presented with sufficient confidence. Moreover, the use of the verbal 
expression bas some advantages in reading and comprehension. 

(iv) Presentation of Detailed Basic Infarmation.-Efforts have been made to 
make the report as useful as possible by including or referring to a large amount of 
practical information, not only in the traditional fields of agriculture and forestry 
but also for engineering purposes. Some of these detailed specialized data (including 
expanded forestry, agricultural, and engineering assessments of the land systems) 
have been placed in appendices. In this way, the main body of the report with its 
customary geographic overtones has been kept to a reasonable length and relatively 
readable. Detailed basic information referred to but not included in the report is 
contained in three unpublished reports, and on six unpublished maps derived from 
the laud system map and depicting the distribution of several land attributes important 
for the evaluation of land use capability. These maps are listed in Part IX and, 
together with the Technical Memoranda, are available upon request. 

(b) Geology and Geomorphology 

The absence of a full-time geomorphologist from the team has made it impractic- 
able to include in this report the usual Parts on geology and geomorphology. Except 
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for the southernmost parts, the area is included on the photo-geological map of New 
Guinea north of the Sepik River prepared by Marchant (1969). This information 
together with field evidence and independent photo interpretation has been used in 
producing the lithalogical basis of the engineering materials map, one of the additional 
unpublished maps available upon request. An outline of the geological history is 
presented in Part III as background information for the land system descriptions. 
Certain geomorphological aspects are mentioned in various places, notably Section I 
of this Part, Section IV of Part ILI, Sections IV and V of Part VI, and the detailed 
land system descriptions in Appendix 111. 

Survey methods were esssentially similar to those developed over the years in 
New Guinea (Haantjens 1965). They are based on a team approach to air-photo 
interpretation and field work, and rely heavily on the former for the extrapolation 
of the few ground observations. Field work took 10 weeks in 1966. Panchromatic 
aerial photographs at a scale of 1 : 50,000 at sea level were available for interpretation. 
Transportation in the field was mainly by helicopter, locally by motor vehicle. Photo 
interpretation, particularly that of vegetation (Heyligers 1968), planning of field work, 
and final mapping procedures differed somewhat from the customary ones. Details 
of the procedures followed, together with details on air-photo and map coverage, 
and of field work are presented in Appendix 11. 
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PART U. SYNOPTIC DESCRIPTION OF THE AITAPE-AMBUNTI AREA* 
AND ITS RESOURCES 

By H. A. HAANTJENS,~ P. C. HEYLIGERS,~. J. R. MCALPINE,~. and J. C. SAUNDERS~ 

I. CLIMATE 

Although the area is of the "wet tropical" type, the eastern inland sector of it 
is considerably drier than the remainder. Annual rainfall increases from 66 in. in the 
east to over 100 in. in the west (Fig. 2). This gradient cannot be explained by known 
climatic controls or topographic effects (see map of altitude). While the whole area 
exhibits a seasonal rainfall pattern, this characteristic is more marked inland where 
the wet season falls (November-April) are 2 to 3 times greater than those of the dry 
season. Annual rainfall variability is less than 15% inland but rises to 23 % on the 
coast. Rainfall intensity as measured by daily falls is highest on the coast where falls 
of over 6 in. per day occur on average once every two years. Inland the heaviest falls 
are under 6 in. and occur less frequently. 

In contrast to this rainfall variability temperature regimes are essentially 
constant over space and time. The differences that do occur are the result of increasing 
altitude. Mean annual temperature at sea level is about 80"F, dropping to 75°F at 
1750 ft. The annual range of monthly mean temperature is only 2 degF but the 
average diurnal temperatnre range is considerably greater, varying from 12 to 16 degF. 

Average monthly relative humidity is about 89% at 9 a.m. and 78 % at 3 p.m., 
with little seasonal or spatial variation. There are no data for sunshine or wind. 
Estimated annual free water evaporation is lowest in the hills and mountains (49 in. 
per annum at Lumi, 1750 ft a.s.1.) and highest on the inland plains (59 in. at Ambunti, 
160 ft a.s.1.). Evaporation and rainfall data when integrated in a water balance 
analysis reveal four major zones in the area (Fig. 2): 

(1) Inland Dry.-Soil moisture deficits beyond 50% are common in the dry 
season and s metimes occur in the wet. Mean annual water surplus is about 25 in. f (2) Inlqnd Wet.-Soil moisture depletion beyond 50% is very rare and mean 
annual water surplus is over 60 in. 

(3) Coastal.-Thiszone is similar to (2) during the dry season but depletions 
of up to 50 % in the wet season are more common. Annual water surplus is similar. 

(4) Mountain.-There are no data. Soil moisture depletion beyond 50% is 
likely to be extremely rare. The mean annual water surplus is probably significantly 
greater than in zone (3). 

* See Part I, Section I, for a brief introductory description of the area. 

t Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601. 



Fig. 2.-Water balance zones of the Aitape-Ambunti area, and mean monthly (Jan.-Dec.) and 
annual rainfall data. Zone 1, inland dry; zone 2, inland wet; zone 3, coastal; zone 4, mountain. 

Land outside the survey area is shaded. 

(a) Forest Resources 

As shown on an accompanying map, commercial forests cover almost half of 
the survey area. The most productive forest types are tall forest with a rather open 
canopy (Fo*), tall forest with a rather closed canopy (F), tall forest with a rather 
open canopy with light-toned crowns (Fod), and tall forest with a rather open, 
small-crowned canopy (Fos). Together, these types occupy 10% of the survey area 
and 22% of the commercial forest area. The first of these forest types is by far the 

* Symbols are used for brevity in the text and on the forest resources map. Their derivation is 
explained in Appendix I. 
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most important areally, but all four types have high forest productivity indexes and 
good to very good access indexes. A summary of the forest resources is presented 
in Table 1. 

TaeLe 1 

SUMMARY OP POREST RESOURCES 

Estimated Forest 
Class of Forest Area Stocking Rate 

(sq miles) Access Productivity 
(super ft/ac) Index* ~ ~ d ~ ~ *  

High productivity 484 7600-10,000 68-92 54-70 

Moderate productivity 340 51OCL8100 46-70 34-37 
Low productivity 985 30OCL7000 38-92 1628 
Very law productivity 364 3000-4500 15-35 7-1 1 

Nil productivity 58 c 4000 12-20 < 6  

*These are ratings Cram 0 (totally inaccessible, zero productivity) to 100 
(no access problems whatsoever, maximum productivity). 

The forest resources of each land system are assessed in Part I11 and in Appendix 
In. The land systems considered to have the highest potential are Aiome (23), 
Nagam (16), Paiawa (24), Pes (17), Amhunti (20), and Misinki (14). All have high 
to very high forest resource indexes, moderate to very good access, and a high per- 
centage of forest cover. Totalling 15% of the survey area these land systems are 
dominated by Fa, FoM, Foi, and Fos forest types. 

Regionally, the northern part of the area between the mountains and the coast 
offers the best immediate prospect for exploitation. I t  colitains plains, fans, and hills 
with moderate to high productivity forest types. Access is generally good to moderate 
and the natural outlet is to the coast. 

The central portions of the inland plains comprise large areas of forest of 
moderate productivity on alluvium. Access is generally good to moderate and swampy 
areas can be avoided. Because of the swamps along the southern edge of the zone the 
best present outlet is to the north and then east, although the nearness of the area 
to the Sepik River would warrant investigating the prospects of providing access to 
this river. Given the existence of a suitable outlet, this region could become an 
important source of timber. 

The Torricelli Mountains generally carry forests of low to very low productivity, 
and also comprise large areas of non-commercial forest. Access is generally very poor 
because of the steep terrain and much of the zone is best left untouched for watershed 
conservation. 

The large hill zone south of the mountains has been extensively cleared for 
cropping. The forest pattern consists of relatively small scattered stands of forest 
of low productivity except for a large area in the west, and a smaller complex of 
mainly moderately productive forest in the south-east. Access varies from good to 
poor, and the general grain of the country suggests an outlet towards the south-east 
and then east. 
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In the Sepik flood-plain only scattered areas of forest occur, commonly with 
moderate stocking rates, but with generally very poor access because of the swampy 
terrain. Only very small areas of forest on levees present moderate access. The 
Ainbunti hills carry a forest of nil to very low productivity and access is poor to very 
poor because of the steep terrain. The obvious outlet of this zone is via the Sepik River. 

(6) Agricultural Land Use 

The lands of the area have been rated with respect to the following 16 potentially 
limiting factors: altitude, slope and erodability, stoniness, cobbliness, rockiness, 
short-duration river flooding, long-duration inundation, drainage status, soil perm- 
eability, agricultural soil depth, available soil water storage capacity, tillage problems, 
soil reaction, soil salinity, land surface unevenness, and topographic irregularity. 
Limitations due to slope (steepness, irregularity; and erosion hazards) and limitations 
caused by poor drainage and overflow are the most common. These are followed by 
soil limitations such as shallow effective depth, slow permeability, high acidity, and 
alkalinity. Data obtained from these ratings* were used to estimate the capability 
of each land system for arable crops, tree crops, improved pastures, and irrigated rice, 
in terms of six classes from very high to nil capability. Notes on chemical soil fertility 
and risks of soil water stress are presented separately in the agl.icultura1 assessment 
section of the detailed land system descriptions (Appendix 111). Soil properties 
important to land use, including N, P, and K contents, are given elsewberet for all 
lowest soil classes. General information on water balance and plant growth is dis- 
cussed in Part IV. 

The distribution of some land attributes important to agriculture is shown on 
five unpublished maps at a scale of 1:250,000 that are available up011 request. The 
subjects of these maps are: ruggedness and relief; soil drainage status, flooding and 
inundation hazards; potential for land reclamation and available soil water storage 
capacity; agricultural soil depth and permeability; and soil reaction and N, P, and 
K contents. A map accompanying the report shows the distribution of 18 groups 
with different capabilities for various kinds of permanent cominercial agricultural 
land use. The nature of the terrain and limiting factors of each group are briefly 
described in Part IX, Section I(d). 

The approximate areas of land with different levels of suitability for arable 
crops (permanent cultivation), tree crops, improved pastures, and irrigated rice are 
shown in Table 2. It  should be kept in mind that these figures are based on the 
overall suitabilities of land systems. Some land systems have a relatively uniform 
level of suitability throughout but in most the suitabilities vary (commonly greatly) 
for different component types of land. Whilst the best land in the area is found on 
the plains and fans north of the Torricelli Mountains, there is slightly more land 
with high to very high capabilities on the southern inland plains than in the coastal 
zone. By far the largest area of land with moderate to high capabilities also occurs 
on the inland plains, with other sizable tracts in the coastal plains and in the eastern 

* CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part V (unpublished). 

't CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part IV (unpublished). 



SYNOPTIC DESCRIPTION 19 

hill zone. Table 2 shows that, as is normal in New Guinea, more land is suitable for 
pasture development than for any other form of agricultural activity. The proportion 
of land with a very low to nil suitability for arable crops is smaller than usual in New 
Goinea, because the proportion of very steep slopes is smaller. The relatively large 
areas of low to nil suitability for tree crops are caused by the very common occurrence 
of drainage deficiencies, inundation hazards, and poor physical soil conditions. 

Agricultural Level of Suitability 
Activity Very High High Moderate Low Very Low Nil 

Arable crops Nil 505 410 1435 1025 1280 
Tree craps 25 310 640 2975 320 1385 
Improved pastures 405 525 2165 330 665 560 
Irrigated rice Nil 430 745 415 170 2895 

*Each row totals 4655 sq miles, the size of the survey area 

(c) Engineering Land Use 

Three main sets of circumstances pose considerable problems for engineering 
in the area, particularly in road and airfield construction. These are, firstly, the 
commonness of steep and/or very irregular slopes, in places together with high relief 
and nearly everywhere associated with high stream densities; secondly, the common 
occurrence of poor drainage and of flood and inundation hazards, particularly in 
areas lacking the first set of problems; and thirdly, the very common absence or 
scarcity of suitable construction materials, usually except in the most rugged areas. 
The regional distribution of these features is shown on three unpublished maps that 
are available upon request. These maps depict: ruggedness and relief; soil drainage 
status, flooding and inundation hazards; and engineering materials. The advantages 
and disadvantages for engineering of individual land systems are set out under the 
heading "engineering assessment" in the detailed land system descriptions in Appendix 
111. Timber resources for construction, although absent or very scarce in large areas 
with secondary or swamp vegetation, are plentiful in many parts of the survey area, 
and are discussed in Part VlIl  and shown on the map of forest resources. 

The same factors that  complicate engineering projects impede ground traffic- 
ability. Moreover, dense forest and palm vegetation constitute a considerable 
additional obstacle, except locally along the coast and on the mid-height grassland 
areas in the south. Some vegetation properties relevant to trafficability, visibility, 
and clearing have been listed elsewhere.* 

In this difficult terrain, mobility is largely dependent on existing roads, tracks, 
and waterways. These are briefly discussed in Part I. Although the road mileage is 
relatively large for New Guinea conditions, the standard of the roads is mostly very 
low. Some idea of the density of walking tracks can be obtained from the population 

* CSIRO Aust. Div. Land Res, tech. Memo. No. 7111, Part I11 (unpublished). 
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distribution map, since nearly all villages are linked to a network of tracks. The 
Sepik River is navigable at all times for smdl sea-going vessels. Other waterways, 
navigable for outboard motor canoes and other craft of similar size, are restricted 
to the Sepik River flood-plain, a few rivers in the alluvial plains north of this flood- 
plain, and some channels just behind the coast in the western part of the area. 
There are no harbours and anchorage facilities are poor, the best occurring in the 
lee of the coral islands. 

(d) Tourisnz and Hunting 

The area is less liberally endowed with attractive scenery than many other parts 
of New Guinea. Areas with the greatest scenic appeal are the Sepik River between 
Ambunti and Angoram and including Chambri Lakes (Fig. I), the coastal zone 
including off-shore coral islands and Sissano lagoon as well as the mountain front 
in the vicinity of Aitape, and the hilly and mountainous country around Lumi. 
Native buildings, wood carving, and folklore already attract visitors to the Maprik 
and Sepik areas. Stimulating or reviving these cultural activities would be in the 
interest of the tourist industry. Natural facilities for recreational activities are 
offered mainly by the ocean and inland waters. The beaches are moderately suitable 
for bathing and surfing, the coral islands are attractive for swimlning and skin-diving. 
The open sea and probably the Sepik waterways and lakes are suitable for fishing. 
Coastal waters near the islands, lakes in the mountains north of Maprik and Dreikikir, 
and the waters of the Sepik River flood-plain appear to be suitable for swimming 
and/or boating and water-skiing. Duck shooting is a possible form of holiday 
recreation in the Sepik River area. 

Crocodile hunting is still an important source of cash income for the indigenous 
population of the Sepik River area, but is threatened with collapse as a result of 
indiscriminate hunting practices. Protective and regenerating measures appear to be 
required to maintain and expand the crocodile skin industry which has a large 
biological potential and a favourable economic outlook. 

111. POPULATION AND LAND USE 

Population and land use for subsistence cultivation are summarized in Table 3 
in relation to broad geographical zones in the area. They are discussed in more detail 
in the following sections. 

(a) Population and Settlement 

The indigenous Melanesian population of more than 94,000, according to 
1965-66 census data, lives in near-permanent villages and hamlets and is very un- 
evenly distributed (see map of population distribution). Three-quarters are in the 
central hill zone with a major concentration in the east, and smaller agglomerations 
are near Lumi in the west and Nuku in the centre. These concentrations locally 
extend into similar country on the southern flank of the main mountain range. 
Nearly half the remainder of the population occurs along the sea-shore. Elsewhere 
in the area, and including the south-western hill zone, settlement is sparse to very 
sparse. Most of the main mountain range and large parts of the inland plains are 
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uninhabited. The European population is approximately 150, and includes only a 
few permanent settlers. 

Overall population density is 20 per sq mile, which is very high for the New 
Guinea lowlands. If expressed on the basis of population on land used for sub- 
sistence cultivation, figures of 100 to 250 (and even higher on a purely local basis) 
are obtained for densely settled areas in the central hill zone, for the coastal strip, 

TABLE 3 
POPULATION AND LAND USE FOR SUBSJSTENCE CULTIVATION IN RELATION TO EROAD 

OEOOFUPMCAL ZONES 

Lowlands and Hills South Torricelli Sepik 
Hills North of Mountains of Swamps Plains Mountains Mountains and Hills 

Area (sq miles) 610 410 1930 980 680 
Land used (sq miles) 100 60 1070 45 20 
Population 13,350 4500 68,000 4250 4250 

for the inland plains, and for the Sepik flood-plain and Ambunti hills. In the last 
three cases this is largely due to a great reliance on sago and/or fishing for subsistence. 
Although sago is also of importance as a staple or supplement food in the hill zone, 
the high population densities here also indicate a strong pressure on land resources. 
In order to alleviate this a resettlement scheme for Wosera people onto the inland 
plains is in progress whilst spontaneous migration from the Lumi area to the coastal 
plains is being formalized in new development plans near Aitape. 

The average population growth rate is 2% per annum. The highest growth 
rates occur in the Aitape area (3 %) and in the densely populated Wosera area (4%). 

The very small (normally less than 300 people) basic social units form some 50 
language groups which in turn are subdivisions of 5 regional broad language-culture 
groups: the Siau along the coast; the Wapei near Lumi and extending into the coastal 
plain; the Au-Palei near Nuku; the Abelam in the eastern hills and with very close 
relationships to the Sepik River people; and the Kwoma-Meio on the Ambunti hills. 

(b) Land Use 

Amongst the indigenous population employment for wages is still very rare. 
The people are almost wholly engaged in subsistence activities, although cash cropping 
of rice, copra, and particularly coffee is increasing. The chief staples are tubers 
(mainly yams) and sago. The former are grown in a bush fallow agricultural system, 
the latter is generally collected from natural stands but in the hills also from originally 
planted groves of palms. Fish is of great importance for subsistence along the coast 
particularly in Sissano and Malol lagoons, and also in the Sepik flood-plain. 

Five classes of intensity of land use for subsistence cultivation have been mapped 
on the aerial photographs and are shown on an accompanying map. The classes are 
based on different proportions of land in current use, land with bush-fallow vegetation, 
and land with other vegetation. Very high land use intensity only covers less than 
3 sq miles: nearly all on river terraces in the densely populated Wosera area (Plate 31, 
Fig. 1) and on Sepik River levees. High land use intensity covers 52 sq miles mainly 
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Fig. 3.-Distribution of land system groups and subgroups. A, littoral plains. B, freshwater swamps; 
B1, with aquatic vegetation and woodland; 02, with vegetation with sago palms. C, alluvial plains; 
C1, unstable plains with frequent flooding and impeded drainage; C2, plains with impeded drainage; 
C3, plains, terraces, and fans with mainly fiee drainage. D, weathered surfaces; Dl, allnvialfans; 
D2, plains and dissected lowland surfaces; D3, dissected plateau surfaces. E, hills and mountains 
on sedimentary rock; El, closely spaced, branching or short ridges; E2, ridges and slopes with land 
forms controlled by mass movement of softened rock; E3, ridges with land forms controlled by 
tilted rock beds; E4, ridges on limestone. F, hills and mountains on basement rock; F1, ridges on 
igneous rock, capped or  flanked by sedimentary rock; F2, ridges on igneous rock; F3, ridges on 

metamorphic rock. 



along the coast and in the densely populated eastern hill zone (Plate 31, Fig. 2). The 
medium, low, and very low land use intensity classes (Plate 31, Fig. 2; Plate 32, Fig. 1) 
occupy 450, 250, and 540 sq miles respectively and are widely distributed. Together 
the five classes occupy 28% of the survey area, a much higher proportion than in the 
adjoining Wewak-Lower Sepik area although the population difference between the 
two areas is relatively small. Nearly 90% of all used land is in the central hill zone 
and adjacent lower mountain areas. 

IV. LAND SYSTEMS 

(a) General 

Sixty-five land systems have been described and mapped. These are more or 
less complex mapping units corresponding to patterns of land forms and vegetation 
recognizable on aerial photographs at 1 : 50,000, and mappable at 1 : 250,000. They 
range in size from 1 to 280 sq miles. They have been described in narrative form at 
three levels of generalization: detailed descriptions in Appendix 111; synoptic descrip- 
tions in Part 111; and very brief descriptions on the land system map reference. 
Each land system is illustrated in a set of air-photo stereograms with descriptive 
captions immediately following page 32. 

The land systems have been placed in six groups and 16 subgroups. These are 
listed on the land system map reference and briefly discussed in the following sections. 
Their distribution is shown in Figure 3. 

(b) Littoral Plains (40 sy miles) 

Covering less than 1 % of the area, this group occurs as a discontinuous strip 
of land below 20 ft above sea level along the coast. The three land systems are the 
only ones in the area formed by marine processes, but are quite diverse in land form, 
soil, and vegetation. Madang land system (Plate 1, Fig. 1) consists of flat coral islands, 
Nubia land system (Plate 1 ,  Fig. 2) of flattisb sandy beach ridges and swales, and 
Murik land system (Plate 2, Fig. 1) of small tidal mangrove flats. 

(c) Freslzwater Swamps (485 sq miles) 

Ten percent of the area, mainly in the Sepik flood-plain and adjoining inland 
plains but also near the coast, consists of plains with water-tables near or above the 
surface during the wet season as well as during part or all of the dry season. Strongly 
gleyed and commonly soft alluvial soils and peat soils carry a range of typical swamp 
vegetation communities. 

(i) Swamps with Aquatic Vegetation to Woodland (190 sq miles).-This subgroup 
occurs between 160 and 220 ft above sea level, mainly as back swamps of the Sepik 
River hut also on the nearby inland plains where it occupies the swampy floors of 
blocked valleys previously cut into the higher weathered surfaces of subgroup (e)(ii). 
Probably because of great fluctuations in the water level, there is no forest or sago palm 
vegetation. Chamhri land system (Plate 2, Fig. 2) is permanently inundated and has 
(commonly floating) aquatic herbaceous vegetation. Sanai land system (Plate 3, 
Fig. 1) has swamp grassland and generally falls dry during the dry season. Pandamp 



land system (Plate 3, Fig. 2) has pandan and tall sedge vegetation and at least partly 
occupies more actively aggrading flood-plain swamps. Kobar land system (Plate 4, 
Fig. 1) has woodland with tall sedge undergrowth and is transitional to the next 
subgroup. 

(il) Swamps with Vegetation with Sago Palms (295 sq miles).-This subgroup 
is widely distributed at altitudes between 5 and 300 ft above sea level. The vegetation, 
ranging from pure sago palm vegetation to mid-height forest with sago palms, 
probably partly indicates smaller fluctuations in the water level and partly less 
swampy conditions than in the previous subgroup. Pora land system (Plate 4, Fig. 2) 
comprises mid-height forest with Campnosperma and sago palms growing on peat 
soils mainly in the Sepik back plains. Kabuk and Pandago land systems (Plate 5) 
have mainly alluvial soils and occur in many different situations but mainly on the 
lowermost parts of alluvial plains and in blocked valleys. Kabuk land system has the 
lowest and most open vegetation of the two and is generally the wettest. 

(d) Alluvial Plains (1055 sq miles) 
Nearly one-quarter of the area is occupied by land systems with well to poorly 

drained but never wholly swampy land, with generally undeveloped alluvial soils and 
neghgible relief. Within this general framework there is great diversity in land 
characteristics. 

(i) Unstable Plains with Frequent Flooding and Impeded Drainage (210 sq miles). 
-Occurring between 5 and 260 ft above sea level, this subgroup is transitional to 
the freshwater swamps. The finely patterned scroll plains of Palimbai land system 
(Plate 6, Fig. 1) border the Sepik River, have very silty soils, and are subject to changes 
caused by flooding, bank erosion, and deposition by this river. Nigia land system 
(Plate 6, Fig. 2) consists of aggrading distributary swamps and flood-plains with cal- 
careous soils and sera1 forests with pandans. It occurs in the coastal and inland plains. 

(ii) Plains with Impeded Drainage (335 sq miles).-These low-lying plains 
between 5 and 250 ft above sea level are characterized by forests with sago palms in 
the understorey and growing on poorly drained fine-textured soils. Yilui land 
system (Plate 7, Fig. 1) consists of stabilized distributary leveelback-plain complexes 
and flood-out plains, originally similar to Nigia (12) land system hut now no longer 
subject to depositional flooding. It is associated on the inland plains with the extensive 
back plains of Misinki land system (Plate 7, Fig. 2), which have very slowly permeable 
clay soils, and on the coastal plains with the lowermost fan plains of Po land system 
(Plate 8, Fig. I), where drainage is impeded by seasonal flooding and shallow water- 
tables rather than by slow soil permeability. 

(iii) Plains, Terraces, and Fans with Mainly Free Drainage (510 sq miles).-This 
subgroup is characterized by tall forest on well to imperfectly drained soils, although 
more poorly drained low-lying land is generally also present. The largest areas, 
occurring between 10 and 300 ft above sea level, are the extensive alluvial clay plains 
of Nagam land system (Plate 7, Fig. 2) in the south and the mostly less clayey fan 
plains, levees, and back plains of Pes land system (Plate 8, Fig. 2) in the north. 

By contrast, Screw and Papul land systems (Plate 9) consist of narrow dis- 
continuous terraces, between 150 and 900 ft above sea level, along larger rivers whose 
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valleys are confined between higher weathered surfaces of group (e) or sedimentary 
hills of group (f). Screw land system also includes levees along lower river courses 
in the south and tends to have finer-textured, less well-drained soils than Papul 
land system. 

Small alluvial fans in this subgroup have been mapped as Ambunti land system 
(Plate 30, Fig. 2) when associated with mountains of metamorphic rock in the south; 
as Kabenau land system (Plate 10, Fig. 1) when consisting of terraces with much 
grassland along braiding rivers near the coast; and as Romei land system (Plate 10, 
Fig. 2) when situated at the foot of hills of sedimentary rock and containing limestone 
debris. 

(e) Weathered Surfaces (790 sq miles) 

Since rock weathering in the area is generally little advanced (although it can 
be rather deep) or non-existent, it is useful to group together those land systems in 
which there is evidence of strong weathering, albeit mostly shallow and commonly 
only partial. Such grouping is further justified because these land systems have 
distinct and basically similar air-photo patterns and occur in particular geographic 
positions. Occupying 17% of the area, this group comprises mainly depositional, 
but also erosional surfaces, ranging in land form from virtually undissected plains 
to the very low accordant ridges of maturely dissected surfaces. 

(i) Alluvial Fans (145 sq miles).--This subgroup consists mainly of a series of 
Pleistocene to sub-Recent fans of poorly sorted sediments along the northern margin 
of the Torricelli Mountains between 40 and 1600 ft above sea level. The fans extend 
into the coastal plain, or unconformably overlie older sedimentary rocks. Local 
post-depositional warping is suggested by some broad undulations and gradient 
reversals. Covered with tall forest, the fans (Plate 11, Fig. 1) have been mapped as 

I Aiome land system when little dissected, as Paiawa land system when moderately 
dissected, and as Panakatan land system when maturely dissected into ridges. Well- 
drained acid soils are dominant throughout, but those on the intact fan surfaces have 
the deepest, most developed proiiles and the finest textures. 

South of the mountains, Lumi land system (Plate 11, Fig. 2) consists of slightly 
to strongly dissected fan terraces overlying older mudstone in a few basins in the 
western hill zone. In location, soils, and vegetation this land system is transitional 
to those of the next group. 

(ii) Plains and Dissected Lowland Surfaces (635 sq miles).-The first four land 
systems in this group occur on mostly fine-textured Pleistocene to sub-Recent alluvium 
and form a discontinuous zone, between 180 and 400 ft above sea level, south of the 
hills of group (f) on Tertiary sedimentary rocks. Up to three surface levels can be 
recognized in the higher, northern parts, but these tend to coalesce towards the 
south where they commonly merge imperceptibly with the younger alluvial plains 
of group (d). Evidence of post-depositional tilting, warping, and even faulting adds 
further to the difficulty of establishing a chronological sequence of depositional and 
erosional phases. The undissected wet plains of Nigre land system (Plate 12, Fig. 1) 
are always found on the lowest surface; the slightly dissected plains of Yambi land 
system (Plate 12, Fig. 2) are most common on low surfaces; the more strongly dis- 
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sected plains of Burui land system (Plate 13, Fig. 1) occur mostly at high levels; and 
the accordant ridges with surface remnants, Kworo land system (Plate 13, Fig. 21, 
are restricted to the highest surface. The soils are acid to strongly acid and have 
marked coarser-textured surface horizons and slowly permeable, usually strongly 
mottled subsoils. Gleying decreases as dissection increases, and the largest per- 
centage of the most strongly developed soils is on the dissected plains. Man-induced 
mid-height grassland, occurring in intricate patterns with remnant forest, is the 
characteristic vegetation. 

Yindigo land system (Plate 14, Fig. 1) is on Pliocene mudstone and is partly 
very similar to Kworo (30) land system, partly transitional to Musendai land system 
(Plate 14, Fig. 2). The last-named consists of little-dissected interfluve surfaces on 
mudstone, Ranked by more or less dissected terrace benches along major rivers. 
These benches appear to be correlated with the Pleistocene depositional plains. In 
these two land systems the altitude ranges from 250 to 1100 ft, the soils tend to be less 
acid and less gleyed than in the previous four, and grassland is scarcer or absent. 

(iii) Dissected Plateau Surfaces (10 sq miles).-In this smallest subgroup, 
Atitau land system (Plate 15, Fig. 1) consists of small closely dissected mountain- 
summit plateaux between 2100 and 4300 ft above sea level. On the deeply weathered 
sedimentary rocks occur strongly acid thick friable to plastic heavy clay soils and 
a mid-height forest with a dense even canopy. These weathered summit surfaces 
may be related to the dissected lowland surfaces in the south, or may be older. 
Dossett land system (Plate 15, Fig. 2) is rather similar but is not restricted to 
summit surfaces, occurs mainly on igneous rock, and appears to include some 
karst topography on limestone. 

(5) Hills* and Mountains on Sedimentary Rock (1955 sq miles) 
Covering over two-fifths of the area, this is by far the largest group of land 

systems. The sedimentary rocks range in age from pre-mid Miocene to late Pliocene 
or even early Pleistocene. Siltstone and mudstone are the dominant rock types, 
sandstone is common, conglomerate and limestone are rare. Apart from the limestone 
and the oldest rocks, even the fresh rocks are rather soft. This circumstance, together 
with weathering, bedding, tilting, and faulting, has produced a series of land-form 
patterns that can be distinguished (commonly with ease, sometimes with difficulty) 
from the air-photo patterns of the harder rocks of group (g). A great variation in the 
factors mentioned above has caused an equally great variability in land forms. The 
soils are also varied, but nearly always very clayey, and more commonly gleyed than 
expected in such rough terrain. Various kinds of tall and mid-height forest appear 
to have a broad regional distribution, partly related to climate. Since, moreover, 
very large areas carry secondary communities, vegetation has had only little influence 
on land system definition and mapping. 

(i) Closely Spaced, Branching or Short Ridges (555 sq miles).-This subgroup 
is generally characterized by very low to low relief, steep slopes, and fine grain, and 
normally has simple hill slopes with rather shallow, slightly to moderately developed, 
neutral to weakly acid residual soils. 

* Except those included in weathered surfaces of group (e). 
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The first three land systems have accordant branching ridge crests and occur 
on subhorizontal or gently dipping rocks between 240 and 1200 ft above sea level. 
Closely associated with the dissected weathered lowland surfaces of group (e)(ii), 
they differ from them in having been almost or completely dissected below the 
weathered zone. Sandri land system (Plate 16, Fig. 1) is the lowest, most finely 
grained, and bas the largest proportion of more acid, more developed soils. Emu1 
land system (Plate 16, Fig. 2) occupies an intermediate position and Kaugiak land 
system (Plate 17, Fig. 1) has the least accordant, most widely spaced ridges and the 
least developed soils, commonly including colluvial soils on more gentle slopes 
with slump benches. 

The three remaining land systems have irregular, not accordant, short ridges 
and are widely distributed through the area at altitudes from sea level to 2600 ft. 
Yassip land system (Plate 17, Fig. 2) is the lowest and least slumped and has the 
deepest soils, amongst which rather strongly developed acid soils are common. 
Morumu land system (Plate 18, Fig. 1) has a higher relief and more irregular slopes 
with small slumps and generally less developed soils. Numoiken land system (Plate 18, 
Fig. 2) has similar land forms to Morumu land system but a higher relief than any 
other land system in this group. The apparently large proportion of colluvial soils on 
slumped slope sectors makes this land system transitional to those of the next subgroup. 

(ii) Ridges and Slopes with Land Forms Controlled by Mass Movement of 
Softened Rock (1100 sq miles).-Although most hill slopes throughout the area are 
affected to some degree by slumping and earth flow, these mass movement processes 
have been particularly important in shaping the land forms and influencing the soils 
of this subgroup. The importance of mass movement on sedimentary rocks is demon- 
strated by the large size of this subgroup which includes nearly 60 % of all land on 

i these rocks. In all land systems of this subgroup the majority of hill slopes are on 
colluvial materials with generally deep soils that are mostly undeveloped but, in 
other cases, have weathered in situ or consist of strongly weathered colluvial materials. 
Such slopes are very complex, due to benching, slumping, and gullying, and to the 
presence of protruding bodies of intact rock. 

In the fist five land systems, occurring between 250 and 4500 ft, the sedimentary 
rocks appear to have been previously weathered and deeply softened by hydration. 
During subsequent strong denudation only small remnants of the weathered zone, 
with strongly developed soils, were left. Mass movement caused the partial or almost 
complete collapse of ridges, producing relatively gentle overall slopes with an 
extremely irregular fiesorelief and microrelief. The very long colluvial slopes of 
Karaitem land system (Plate 19, Fig. 1) are indicative of such nearly complete destruc- 
tion of ridges. Sengi land system (Plate 19, Fig. 2) consists of widely spaced non- 
descript irregular low ridges, whilst Asier land system (Plate 20, Fig. 1) is similar hut 
has greater relief. The very broad low mountain ridges of Flobnm land system 
(Plate 20, Fig. 2) include good examples of mass movement involving whole mountain- 
sides. Om land system (Plate 21, Fig. 1) includes the highest land in this group and 
comprises very rough terrain on steeper slopes that are basically similar to those of 
either Karaitem (41) or Flohum (44) land systems. 
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The last three land systems of this subgroup occur between 300 and 2100 ft 
above sea level, colnmonly closely together. They are characterized by the presence 
of many large slumps and slump benches which produce more distinctive air-photo 
patterns than those discussed above. The sagging of the side slopes by rotational 
slumping commonly causes the undisturbed ridge cores to stand out as sharp 
"emergent" ridge crests. In the low hilly Seim land system (Plate 21, Fig. 2), such 
crests are peaked and tend to form hexagonal patterns. This feature is less obvious 
in the higher ridges of Dreikikir land system (Plate 22, Fig. I), where long benches 
and smaller slumps are more common. The largest slumps occur in the strongly peaked 
high hills of Mambel land system (Plate 22, Fig. 2), where remnants of dip slopes 
and outcrop slopes indicate more steeply tilted rock beds and thus conditions 
transitional to those of the next subgroup. 

(iii) Ridges with Land Forms Controlled by Tilted Rock Beds (265 sq miles).- 
In contrast to the previous one, this subgroup is characterized by straight simple 
slopes which are directly related in altitude and steepness to the direction and angle 
of dip of tilted bedded rocks. The contrast with the previous group is tempered by 
the additional presence of slumps and irregular slopes due to mass movement. Dip 
slopes (along rock bedding planes) characteristically have soils that are basically 
similar to the soils of the weathered surfaces in the south. Although generally less 
deep and less acid, they have fine-textured commonly gleyed subsoils and coarser- 
textured surface soils. On the other hand, soils on the very steep outcrop slopes 
(across rock bedding planes) are very little developed, shallow, and often neutral 
to weakly alkaline. 

In Ningil land system (Plate 23, Fig. 1) the dip slopes are so gentle that they 
resemble plateau surfaces. These are bounded and dissected by precipitous slopes. 
Slightly steeper, very large and partly slumped dip slopes characterize Minatei land 
system (Plate 23, Fig. 2) which occurs in a wet climate at higher altitude and has the 
most acid soils in this group. Most typical for the subgroup is Nuku land system 
(Plate 24, Fig. 1) with its moderately steep triangular dip slopes. 

The last three land systems in the subgroup are on much more steeply dipping 
rocks. Consequently, slopes are much steeper and soils less developed and commonly 
very shallow. Musak (Plate 24, Fig. 2) and Wuro (Plate 25, Fig. 1) land systems have 
very sharp asymmetrical ridges with hilly and mountainous relief respectively. In 
Imbia land system (Plate 25, Fig. 2) the very sharp ridges are perpendicular to the 
strike, and the influence of dipping rocks is evident in sharp spurs on the side slopes 
and in steep straight frontal slope facets. 

(iv) Ridges on Limestone (40 sq miles).-The smallness of this subgroup 
testifies to the scarcity of limestone in the area. Moreover, much of the limestone is 
not pure but argillaceous or tuffaceous or contains many volcanic boulders. Karst 
features are almost absent, and since slumping is of minor significance the land forms 
of this subgroup rather resemble those of group (g) on basement rock, although they 
tend to be more convex and smoother. The soils are shallow, dark, neutral to weakly 
alkaline, and very clayey. Aitape land system (Plate 26, Fig. 1) consists of isolated 
hills up to 500 ft above sea level in the coastal plain and Barida land system (Plate 26, 
Fig. 2) has higher hills and mountains up to 2800 ft above sea level and is associated 
with land systems on sedimentary rock. 
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(g)  Hills* and Mountains on Basement Rock (325 sq miles) 

Only 7 %  of the area falls in this group, and nearly one-quarter of this also 
contains appreciable amounts of associated sedimentary rocks. The basement rocks 
are the oldest in the area and consist of intermediate and basic igneous rocks in the 
Torricelli Mountains and more acid metamorphic rocks in the far south. These hard 
rocks have given rise to land forms with predominantly straight very steep slopes 
and many sharp spurs. Since the group includes the highest land in the area, it 
contains much mid-height forest with a dense even canopy on crests and upper slopes. 
The very steep slopes are unstable and carry forest with an irregulaf canopy and 
commonly of a sera1 nature and including Casuarina forest. 

(i) Ridges on Igneous Rock, Capped or Flanked by Sedimentary Rock (90 sq 
miles).-This subgroup has land forms that are mixtures of or transitions between 
those typical for sedimentary and basement rocks. It covers a wide range of altitude. 
The soils are generally rather shallow, slightly to moderately developed, and weakly 
acid to acid. The high hills of Nopa land system (Plate 27, Fig. 1) appear to consist 
of igneous rocks with very steep spurred marginal slopes and capped by sedimentary 
rocks with irregular slumped slopes. The mountains of Sulen land system (Plate 27, 
Fig. 2) include the highest point in the area (6100 ft) and appear to comprise cores of 
igneous rock partly flanked and overlain by old rather hard sedimentary rocks. Its 
land forms are transitional between those of Om (45) and Somoro (63) land systems. 

(ii) Ridges on Igneous Rock (170 sq miles).-This subgroup has very steep, 
spurred or grooved slopes and spans an altitudinal range between 30 and 5400 ft. 
The rocks are mainly gabbro, diorite, and granodiorite, with some basalt and other 
basic igneous rock. Most soils are shallow, weakly acid to acid, and not very clayey, 

I but deeper more acid friable clay soils occur on broader crests and upper slopes. 
The elongated high hill ridges of Wanabutu land system (Plate 28, Fig. 1) are probably 
on basic volcanic rock. The complex of fine-grained ridges of Kumbusaki land system 
(Plate 15, Fig. 2) has a larger than normal proportion of strongly developed soils. 
Mup land system (Plate 28, Fig. 2) consists of ~solated hills and ridges protruding above 
more gentle irregular slopes on sedimentary rock. Daum land system (Plate 29, Fig. 1) 
comprises an asymmetrical mountain block of faulted or tilted rock masses. Somoro 
land system (Plate 29, Fig. 2) consists of extremely rugged mountains with arectangular 
pattern of joint- and fault-controlled torrential streams and with many long shallow 
landslide scars. 

(iii) Ridges on Metamorphic Rock (65 sq miles).-This subgroup comprises 
very rugged bills and mountains between 200 and 1500 ft above sea level and rising 
abruptly from the Sepik flood-plain swamps. The mica-schist, gneiss, and quartzose 
sandstone are the oldest rocks in the area and are rather deeply weathered. The 
strongly acid friable soils are rather deep and clayey on the very finely branching and 
spurred hill ridges of Maio land system (Plate 30, Fig. l), but are generally shallow 
and sandy or gritty on the mountain ridges of Waskuk land system (Plate 30, Fig. 2). 
This subgroup has a distinct type of mid-height forest not found elsewhere in the area. 

*Except those included in weathered surfaces of group (e). 
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Fig. 4.-Vegetation zones of the Aitape-Ambunti area 



SYNOPTIC DESCRrPTION 

V. VEGETATION 

(a) Vegetation Types 

In Part V, 51 vegetation types are described. They have been recognized and 
mapped from their image on 1:50,000 aerial photographs and supporting field 
observations. Canopy and crown properties and tree height were used in subdivision 
of forest, woodland, and palmlpandan vegetation; texture and tone for palm/pandan 
vegetation, grassland, and herbaceous vegetation. 

Tall forest with an average height of 100 ft or more covers 33 % of the area 
and comprises 10 types, of which the type with an open canopy (Fo*) and that with 
an irregular canopy with light-toned crowns (Fid) are the commonest. Mid-height 
forest between 50 and 100 ft high covers 22% of the area and includes mangrove 
forests, Casuarina forests, and 14 other types, of which forest with an irregular 
canopy (Fmi) and that with an open canopy and with sago palms in the understorey 
(FmoM) are the most important. 

Only one type of woodland occurs which has tall sedge undergrowth (WT) 
and it covers 0.5 % of the area. Palm vegetation comprises Nypa palm vegetation 
(N) and three types of sago palm vegetation (M, Me, M1) which cover 3% of the 
area. Pandan vegetation (P), which can be difficult to distinguish from sago palm 
vegetation on the one hand and from tall grassland on the other, covers 1.5% 
of the area. 

Grassland is subdivided into mid-height and tall, which cover 5 % and 3 % of 
the survey area. In mid-height grassland (G), which is up to 5 ft  tall, several com- 
munities can be distinguished on dominance, hut these could not he recognized on 
the air photos. Tall grassland comprises cane grass vegetation (GtS) and reed lands 
(GtPh). Mixed herbaceous vegetation covers less than 3 % of the survey area and is 

I - represented by three types, including aquatic vegetation. Fern vegetation, often with 
sedges common (HD), is the commonest type. 

Secondary vegetation replaces natural vegetation after interference by man. 
I t  covers 30 % of the area and comprises gardens, plantations of coffee, coconut palms 
and sago palms, Imperata grassland (GI), and regrowth forest (FR). 

(b) Vegetation Zones 

From north to south, eight zones can be distinguished (Fig. 4) in the distribution 
pattern of the vegetation types shown in detail on an accompanying map. 

Zone I.--Tall forest with a rather open canopy (Fo) is dominant on the coastal 
plain. As drainage deteriorates sago palms enter into the undergrowth (FoM) and 
become more common as the canopy becomes lower and more open (FmoM). 
Finally, trees become scattered (Me) and disappear (M). Pandans in the canopy, in 
the undergrowth, or in both, are characteristic of the mid-height forests (FmoP, 
Fmop, FmPM) on some unstable scroll plains and flood-outs. Secondary vegetation 
is common along the coast, but restricted inland. 

*Symbols are used for brevity in the text and on the vegetation map. Their derivation is 
explained in Appendix I. 
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Zone 2.-Although secondary vegetation is rather common in the western part 
this zone is dominated by tall forest with a rather open canopy, the type with an 
irregular canopy (Foi) occurring on foot slopes and hills, as well as on higher fan 
surfaces otherwise covered with small-crowned forest (Fos). 

Zone 3.-Mid-height forest characterizes the mountains. Forests with an 
irregular canopy (Fmi, Fmio) occur on slopes together with sera1 stages (Fmi') and 
Casuarina forest (Ca) on the most unstable slopes and landslide scars. Forest with 
a dark-toned even canopy (Fm) is characteristic for crests and upper slopes, whilst 
tall forest with an irregular canopy (Fi) grows on the lowest slopes. 

Zone 4.-Tall forest with an irregular canopy with light-toned crowns (Fid) 
occurs throughout the central hill lands but has been replaced by secondary vegetation 
over very large areas. In the east of this zone regrowth dominated by cane grass 
(GtR) is frequent, whilst in the west planted sago palms are commonly associated 
with the secondary vegetation. This difference appears to be at least partly related 
to an increase in rainfall from east to west (Fig. 2). Tall forest with a rather closed 
canopy (F) is typical for river terraces in this zone. 

Zone 5.-Mid-height grassland (G) is the dominant vegetation together with 
a large tract of fern vegetation (HD) in the wetter south-western part of the zone. 
Mid-height forests are also important: a type with a small-crowned canopy (Fms) 
on ridges and slopes mainly toward the boundary with the previous zone; and types 
with an irregular canopy with or without Campnosperma, and with sago palms in the 
understorey (FmM, FmCM) in the valleys or on plains. Blocked valleys in this zone 
carry similar forest with an open canopy (FmoM) and sago palm vegetation (M, Me). 
Limited areas of secondary vegetation are concentrated around exploited stands of 
sago palms. 

Zone 6.-The vegetation of this zone is comparable with that of zone 1, but tall 
forest with an open canopy with light-toned crowns (Fod) occurs on river levees 
and terraces liable to flooding. Apart from a few intensively used terraces in the 
east and stabilized flood-out levees in the centre, secondary vegetation is rare. 

Zone 7.-Vegetation ranging from mixed herbaceous (H, HT) and tall grassland 
(GtS, GtPh) via woodland (WT), pandan (P), and sago palm (Me, M) vegetation 
to mid-height forest with an open canopy with Campnosperma and with sago palms 
in the understorey (FmoCM) occupies back swamps and swales of the Sepik River 
flood-plain. Higher scrolls and levees carry tall forest with an open canopy with 
light-toned crowns (Fod), which is very locally cleared for gardens. 

Zone 8.-Most of the hills rising above the Sepik River plain are covered with 
mid-height forest with a small-crowned rather even canopy (Fmsv). Secondary 
vegetation is restricted to lower slopes and a few small fans. 

VI. S o m  

(a) Soil Cover 

Information on soils is derived from 360 auger-hole observations to 6 ft or to 
a shallower impenetrable layer, and on the correlation of these data with land forms 
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and vegetation on the aerial photographs. The soils were classed into 7 orders, 
15 suborders, 23 great groups, and 54 subgroups according to the American com- 
prehensive soil classification system known as the 7th Approximation. The subgroups 
were divided into 112 lower soil classes on the basis of locally important similarities 
and differences. Brief soil descriptions are given in a form that enables them to be 
used also as a key for soil identification and as explanations of the 7th Approximation 
names of the order to subgroup classes. 

Soils of the entisol order, comprising undeveloped alluvial soils, as well as 
regosolic soils on hill slopes, cover the largest area of approximately 2200 sq miles. 
Of this, 1300 sq miles throughout the area, except the Sepik flood-plain, have non- 
gleyed or slightly gleyed medium- to fine-textured soils (hapludents) and near the 
coast a few coarse-textured soils (orthopsamments); 650 sq miles throughout the 
area, except in the mountains, have strongly gleyed medium- to fine-textured soils 
(haplaquents) and near the coast a few coarse-textured (psammaquents) soils; and 
over 250 sq miles in swamps near the coast and in the south have very strongly gleyed 
soils that are soft underfoot (hydraquents). 

Inceptisols, soils with slight to strong profile development but without textural 
B horizons or base-rich dark topsoils, are the next largest order, covering nearly 
1300 sq miles. Nearly 1200 sq miles throughout the area have soils with (weakly 
acid) colour and structure B horizons (dystrochrepts). The remainder of the area is 
occupied partly by similar but alkaline and calcareous soils (eutrochrepts) on sed- 
imentary hills, and mainly by strongly gleyed (umbraquepts) or non-gleyed (haplum- 
brepts) soils with acid thick dark topsoils, the umbraquepts mainly on the inland 
plains and the haplumbrepts along the coast and scattered in the wetter hills and 
mountains. 

Although covering much smaller areas than the two previous orders, soils with 
textural B horizons, belonging to two orders, are better represented in this area than 

p~ in many other parts of New Guinea. Ultisols, which are rather strongly to very 
strongly developed acid to strongly acid soils, cover 600 sq miles. They belong to six 
great groups. A majority comprises non-gleyed or slightly gleyed soils, either with 
brightly mottled subsoils (plintochrults, 130 sq miles), or similar soils also with dark 
topsoils (plintuinbrults, 30 sq miles), or with neither mottled subsoils nor dark 
topsoils (typochrults, 130 sq miles). Others are strongly gleyed soils, either without 
(ochraquults, 50 sq miles) or with (urnbraquults, 40 to 50 sq miles) dark topsoils, or 
with brightly mottled subsoils (plintaquults, 140 sq miles). Of these, the typochrults 
occur mostly on fans in the north and locally in the mountains and hills, whilst the 
other great groups are largely restricted to weathered surfaces in the south and east. 
Alfisols, which are moderately developed alkaline to weakly acid soils, cover less 
than 300 sq miles and occur mostly as non- or slightly gleyed soils (typudalfs, 200 
sq miles) in hills and mountains; less commonly as strongly gleyed soils, with 
(umbraqualfs, 60 sq miles) or without (ochraqualfs, 20 sq miles) dark topsoils on 
weathered surfaces. 

Oxisols, very strongly developed strongly acid friable latosolic soils, are even 
scarcer in this area than usual in New Guinea and occupy only 40-50 sq miles on 
weathered surfaces from mountain summits to i.111and plains. All have textural B 
horizons and have been called normargox. 
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Mollisols, which have an alkaline to weakly acid thick dark topsoil, cover slightly 
less than 70 sq miles. Nearly half of this area has shallow rendzinas (rendolls) on 
limestone in and north of the Torricelli Mountains, and one-half consists of alluvial 
soils (hapludolls) on river terraces in hilly terrain. Mollisols with a textural B horizon 
(argudolls) occur very rarely on weathered surfaces in the south. 

Histosols (organic soils), ranging from raw peat to organic mud and peaty clay 
soils, are relatively common, occupying nearly 160 sq miles largely in the Sepik 
flood-plain. The histosols have not been subdivided into great soil groups, but only 
directly into lower soil classes. 

An accompanying map shows the distribution of 43 associations of great soil 
groups based on land system boundaries. The distribntion of the soil orders and 
great groups in these associations is described in relation to rock type, land form, 
and vegetation. The land system map can he used as a map of associations of sub- 
groups (from the synoptic land system descriptions) or of lower soil classes (from the 
detailed land system descriptions). 

(b) Soil Formation 

Apart from obvious correlations such as those between organic soils and peat 
deposits, undeveloped alluvial soils and Recent unconsolidated sediments, and 
rendzinas with limestone, the influence of parent material on soil formation is most 
noticeable in the lower category soil classes, although even here many occur on more 
than one kind of rock. The largest contrast exists between soils on basement rocks 
and those on Tertiary sedimentary rocks, particularly mudstone. Gleying is much 
more common on the latter due to slow rock permeability. A similar difference exists 
between well-developed soils on fanglomerates in the north derived largely from 
basement rock and those on clayey deposits in the south derived mainly from sed- 
imentary rocks. Since mere softening of the sedimentary rocks is required to turn 
them into soils, whilst real weathering is needed prior to soil formation on the hard 
basement rocks, undeveloped regosolic soils and little-leached residual soils are 
much more common on sedimentary than on hasenlent rocks. More pronounced 
textural differentiation and greater subsoil plasticity in soils on sedimentary rocks 
are probably related to the fact that these soils have inherited amounts, often large, 
of clay already present in the parent rock, whilst all clay in soils on basement rocks is 
formed during the simultaneous processes of rock weathering and soil formation. 
Differences in parent material resulting from different source areas are responsible 
for the greater acidity of very young alluvial soils in the Sepik River flood-plain as 
compared with those occurring on locally derived alluvial sediments. 

The most striking soil contrast in the area is that between relatively little- 
developed soils on erosional hill slopes and strongly developed soils on weathered 
fan and plain surfaces and mountain summit plateaux. Where erosional slopes have 
developed within the weathered zone they too commonly havestrongly developed 
soils, and thus the contrast is less pronounced. Soils on dip slopes occupy an inter- 
mediate position between these two and tend to resemble basically the more or less 
gleyed and plastic soils of the weathered surfaces in the south. There are two other 
minor but characteristic land formltime soil sequences. There is a rapid loss of 
carbonates and a gradual increase in acidity, and a development of a dark topsoil 
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in alluvial soils from scrolls and flood-plains to higher older terraces. There is a 
rapid increase in acidity and formation of a dark topsoil, together with slight clay 
formation in upper horizons and brown coloration in subsoils in sandy beach ridge 
soils from the coast inland. 

With the possible exception of a tendency to greater soil acidity in wetter areas, 
there are no clear examples of the influence of climatic variations on soil formation. 
Soils in the wettest areas tend to be more friable and permeable. Similarly, no clear-cut 
instances of the influence of vegetation differences on soil formation were observed, 
although soils with thick dark topsoils are much more common under grassland 
than under forest. 

VII. EXPLANATORY NOTES ON PLATES 

The plates (except Plate 32, Fig. 2) illustrate the land systems by means of 
stereograms which can be scanned with a pocket stereoscope. They are constructed 
of vertical aerial photographs taken with a 6-in. lens at an altitude of 25,000 ft, and 
are reproduced at the original photo scale of about 1 : 50,000. The north direction 
points to the upper margin of the stereograms. 

Land system boundaries are drawn in white lines. The number of the land 
system forming the subject of a particular stereogram is generally left out in order 
not to obscure the image, and only the adjacent land systems are indicated. 

In the captions a diagnostic statement about the land form is made, followed 
by remarks on the vegetation, which only pertain to the occurrence of the land system 
depicted. The vegetation of the adjacent land systems may be deduced from their 
detailed or synoptic descriptions. 

All photographs are published with the permission of the Secretary, Department 
of Air, Canberra. The photographs are crown copyright and have been made 

I available by courtesy of the Director of National Mapping, Department of National 
Development, Canberra. 



PART In. LAND SYSTEMS OF THE AITAPE-AMBUNTI AREA 

By H. A. HAANTIENS,* P. C. HEYLIOERS,* J. C. SAUNDERS,* J. R. MCALPIN@,* 
and R. H. FAG AN^. 

Sixty-five land systems, ranging in size from 1 to 280 sq miles, have been mapped 
and described. The land systems are mapping units corresponding to patterns of 
land forms and vegetation on the aerial photographs of the area. For a list of literature 
references on the land system concept the reader is referred to Haantjens, Reiner, 
and Robbins (1970). As discussed below and in Appendix ll, land system mapping 
and description in the Aitape-Ambunti area dev~ate in several respects from the 
methods discussed in this literature. 

(a) Methods of Description 

An important difference between this report and all others in the Land Research 
Series except the first (Christian and Stewart 1953) is that no "land units" have been 
established as formal components of a land system. As a result, the customary 
tabular land system descriptions have been replaced by narrative descriptions. 
Whilst the reasons for this change are more fully discussed by Haantjens (1968), it is 
sufficient here to point out that the manner of  description adopted focuses on the 
actual mapping unit (the land system) as a whole, and does not primarily aim at 
establishing precise correlations between land form, soil, and vegetation in each 
unmapped component part of the land system. The reconnaissance nature of the 
survey and the complexity of the terrain prevented the collection of sufficient data to 
establish such correlations, as is clearly evident from many land system descriptions. 
Where such correlations did emerge from the available data they can be easily 
deducted from the descriptions. The method adopted allows any detail of description 
of any aspect of the land systems. In this report the subjects included are: land 
forms, streams and drainage, vegetation, geology, weathering and soils, population 
and land use, transitions to other land systems, forest resources, agricultural 
assessment, and engineering assessment. 

The homogeneity of the land system mapping units achieved during this survey 
made it possible to use actual air-photo stereograms as illustrations instead of drawn 
block diagrams or plans. To avoid subjective selection of the stereograms, they were 
consistently taken from the largest, or one of the largest, occurrences of each land 
system, by a team member who was not involved in their land form description. 

*Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601. 
? DeQartment of Geography, Australian National University, Canberra. 
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Partly counter-balancing the absence of "land units" is the listing in a separate 
report* of all different land formlrock type combinations sampled in the field. As 
presented, these "types of land" are somewhat broader entities than sites or land 
elements (Brink et al. 1966), as is shown, amongst other things, by the fact that two 
observations of the same type of land rarely have identical ratings of factors limiting 
land use capability. 

The land systems are described at three levels of generalization. Because of 
their great length, the detailed descriptions are given in Appendix 111. Short but 
comprehensive synoptic descriptions are presented in this Part. Very brief descriptions 
confined to the most important diagnostic characteristics of the air-photo patterns 
make up the reference of the land system map, and occur again in a slightly modified 
form as captions of the air-photo stereograms in Part 11. Terms used to indicate 
parameter classes (such as slope classes, size classes, soil property classes, etc.) are 
defined or explained in Appendix I, except for the lowest soil class symbols, which 
are explained in Part VI, Section 11. 

Data about the altitude of the land systems, particularly those given in the 
detailed descriptions in Appendix 111, were obtained from a comparison of the land 
system map with the 500-ft interval contour lines shown on the U.S.A.F. Aeronautical 
Approach Chart, 1 : 250,000 (see also the map of land altitude and sea depth). 

(b) Correlatioiz witlz Areas Previously Surveyed 

Because the survey methods used in the Aitape-Ambunti area differ greatly 
from those used seven years before in the adjoining Wewak-Lower Sepik area (see 
Part I, Section I@)), the Aitap*Ambunti survey has been conducted as an independent 
project. No deliberate attempt has been made to link up land system boundaries 
between the two areas, or to seek continuity in land system mapping. Nevertheless, 
in a few cases there was sufficient agreement between land systems in both areas to 
justify using the land system names allotted in the Wewak-Lower Sepik area. In 
other cases existing names from the Lower Ramu-Atitau areat further east (Fig. 1) 
could be used. Some details about land system correlation between the three areas 
are given elsewhere.$ 

11. OUTLIN~ OF THE GEOLOGICAL HISTORY OF THE AREA$ 

The area forms a section through the northern New Guinea basin which began 
as a eugeosyncline in late Cretaceous or early Eocene time. This eugeosyncline 
may be of the open marginal type and continue northwards beyond the present 
coastline. During the Tertiary some 35,000 ft of clastic sediments with intercalated 
basalt near their base were deposited in the basin. These sediments probably derived 

* CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part VI (unpnhlishcd). 

t Lands of the Lower Ramu-Atitau area, New Guinea. CSIRO Aust. Div. Land Res. Reg. 
Surv. divl Rep. No. 5911 (unpublished). 

f CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part I (unpublished). 
5 Because of the Lack of a separate Part on geology, this section is presented here as background 

information for the land system descriptions. It has been contributed by B. P. Ruxton, Division of 
Land Research, CSIRO, Canberra. 
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Fig. 5.-Distribution of land systems of the littoral plains (land systems 1-3), freshwater swamps 
(410),  and alluvial plains (11-22). 
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from the central cordillera to the south which has been emergent since at least 
mid Miocene time. 

Land probably emerged in mid Pliocene time as a result of faulting in the 
basement rocks along the axis of the eugeosyncline located in the area of the present 
Torricelli Mountains. This emergence initiated a process of erosion of the Mio- 
Pliocene sediments and later also of the igneous basement rocks, and of deposition 
of the erosion products north and south of the emerging ranges as a succession of 
late Pliocene, Pleistocene, and Recent fanglomerates, piedmont deposits, and alluvium 
with an increasing terrestrial component as more of the area rose above sea level. 

?,* 

Fig. 6.-Distribution of land systems of the weathered sulfates (land systems 23-34). 

The faulting of the basement rocks produced tight folding and thrusting of the 
overlying Mio-Pliocene sediments including high-angled northward thrusting of the 
Torricelli Mountains front. The thrust faults trend WNW. and are cut by NW. and 
NE. transcurrent faults, causing large-scale fragmentation of the basement. In 
places the upthrusting of the mountains has led to stratigraphic displacements of 
15,000 ft. One result of this complex fault system has probably been the fragmentation 
and dispersal of any sizable oil pools. Thus oil seepages and gas flows occur in shear 
zones in diorite at Matapau. 

A much simpler homoclinal structure with rather uniform west to north-west 
strike and south to south-west dips prevails in the sedimentary rocks south of the 
mountains, where only a few narrow faulted and disrupted folds occur. However, 
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Fig. 7.-Distribution of land systems of the hills and mountains on sedimentary rocks (land systems 
35-56). 
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north of Maimai there is a narrow but conspicuous zone in which the regional strike 
and trend of fold axesarenortherly. This local twist in the regional structure is reflected 
in marked north-south anticlines breaching the scarp lines shown on the nlap of 
drainage divisions. It tends to divide the hill zone into a more rugged and more 
steeply tilted western part, and into an eastern part with generally less relief and 
gently dipping to subhorizontal strata, conditions that appear to be responsible for 
the greater extent and better preservation of the weathered surfaces in the east. 
This north-south-trending anticlinal warping appears to extend throughout the area 
since it could explain, all within a zone 10 miles wide, the existence of the lowest gap 
in the mountain range, the presence of coralislands in a shallow sea, the most southerly 
extension of Pliocene rocks, and the presence of unusual scroll plains in the coastal 
and inland plains (see Nigia (12) land system). 

Fig. 8.-Distribution of land systems of the hills and mountains on basement rocks (land systems 
57-65). 

In general, there appears to be no sharp transition from Pliocene to Pleistocene 
sediments in the south. The tentative boundary coincides with the northern boundary 
of Yambi (27), Burui (28), and Kworo (30) land systems, whilst Sandri (33) land 
system appears to be on both Pliocene and Pleistocene rocks. 

For further details on geology and landscape history, the reader is referred to 
the literature references on which this section is based. These are listed in Section 1V 
of this Part. 

(a) Notes on Descriptions 

(I) General.-The land systems have been grouped under the same headings 
as those in the reference to the land system map. The d~stribut~on and relative size 
of each land system is shown on a small plan in F~gures 5-8. Reference is made in 
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Sea 

Fig. 9 .S t ream patterns of land systems. See Figure 15(b) for explanation of features. (a), Nubia 
(2);  (b), Aiome (23), Paiawa (ZA), Panakatan (25); (c), Lumi (26); (d),  Nigre (27); (e), Nigre (27), 

Yambi (28); (n, Yambi (28), Burui (29). 
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Fig. 10.-Stream patterns of land systems. See Figure 15(b) for explanation of features. (a), Kworo 
(30); (b), Yindigo (31); (c), Papul (19). Musendai (32); (rl), Atitau (33), Om (45). Wanabutu (59); 

(e), Sandri (35); (f), Elnu1 (36). 
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Fig. 1 1 . S t r e a m  patterns of land systems. See Figure 15(b) far explanation of features. (a), Kaugiak 
(37); (b), Yassip (38). I~nbia  (54); (c), Morumu (39); (d), Numoiken (40), Barida (56); (e), Karaitem 

(41); (n, Sengi (42). 
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Fig. 12 ,S tream patterns of land systems. See Figure 15(b) for explanation of features. (a), Asier 
(43); (b), Flobum (44); (c), Flobum (44). Om (43, Musak (52); (d), Seim (46); (e), Drcikikir (47); 

(f), Mambel (48). 
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Fig. 13 ,S tream patterns of land systems. See Figure 15(b) for explanation of features. (a), Ningil 
(49); (b), M~natei (50); (c), Nuku (51); (d), Musak (52), Barida (56); (e), Wuro (53); (n, Karaitem 

(41), Imbia (541, Mup (61). 
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Fig. 1 4 . 4 t r e a m  patterns of land systems. See Figure 15(b) for explanation of features. (a), Nopa 
(57); (b),  Sulen (58); (c), Dossett (341, Kumbusaki (60); (dl, Wanabutu (59), Daum (62); (e), Somoro 

(63); (n, Maio (64). 
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the descriptions to ill~~strations of stream patterns* of 44 land systems in Figures 9-15, 
and of air-photo patterns of all land systems in Plates 1-30 (F'art 11, Section VII). 

Each land system description contains information on the following subjects 
in the order listed here: land forms, streams and drainage, vegetation, climate, 
lithology,t soils, populatioll and land use, transitions to other land systems, forest 
resources, agricultural land use capability, and engineering materials. Full stops 
separate information on different subjects. 

Reference lo Figures 9-15 
First-order atream as inferred from ...................... 
aerial 

............. Smond-order stream 

------ Third-orde. itream 

Founh-order stream 

Higher-~nler st..am 
.............. ......... -- Fwt-lo third-o.der 3tream. --------- -. -. wilh ill-defined channels (Fig. 9) 

~ ~ Probable aink-haler 

Land ryr,em boundary 
23 Land system number, where more 

than one land system shown on plan 
Land 3yJtem3 not illustrated in plan 

10 , 30 <b=ins Zn i lv  

3 Lrn 

b North f a e s  upnard in all plans 

Fig. 15.-Stream patterns of land systems. (a), Ambunti (ZO), Waskuk (65); (b), explanation of 
features and approximate scale for Figures 9-15. 

Although they are basically summaries of the detailed land system descriptions 
in Appendix 111, the synoptic descriptions include in addition the index figures 
discussed in the next section, and some climatic information given in the form of the 
distribution of each land system over the four water-balance zones shown in Figure 2 
and discussed in Part IV, Section 111. 

(ii) Indexes.-The land systems have been numerically rated on a scale of 
&I00 for the following attributes: slope steepness, impeded drainage and inundation, 
land use intensity, forest productivity, terrain accessibility, land use capability for 
four kinds of agricultural activity, and engineering soil depth. The numerical ratings 
are called indexes. They have been arrived at by a differential weighting of classes of 
the above attributes and by estimating the percentage area occupied by these classes 
in a land system. The percentages in each land system of the classes of several of 
these attributes are give11 elsewhere.$ Further details of the procedures are given in 

* Although the stream patterns are drawn from actual aerial photographs, it must be realized 
that the actual stream beds generally cannot be observed on the photos unless they are at least 
20 yd wide. Smaller stream beds are normally obscured by vegetation and their presence can only 
beinferred from land form detail and field experience. In  the drawing of the patterns many very 
small streamlets and gullies have been knowingly or unknowingb omitted. Thus streams shown as 
first-order streams may commonly already be second- or even third-order streams in the strict sense. 

t Included with land forms in Madang (1) and Nubia (2) land systems. 
f CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part I1 (unpublished). 
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the relevant sections of Appendix I. It must be stressed that the expression of the 
indexes as two-digit figures does not imply a corresponding degree of reliability. 
The main objective in presenting the indexes is to produce rankings of the land 
systems, in which the relative position of each one with respect to all others has been 
estimated according to the best judgment of the survey team and in a manner that is 
free of the disadvantages inherent in the use of broad classes. 

(iii) Abbreviations.-In order to reduce the length of the descriptions, con- 
stantly recurring terms have been abbreviated. Abbreviations associated with 
index figures are: 

SI, slope steepness index 
Dl, impeded drainage and inundation index 
11, land use intensity index 
FI, forest productivity index 
Al, terrain access index 
CI, overall land use capability index 
A, capability index* for arable crops 

T, capability index* for tree crops 

P, capability index* for improved pastures 

R, capability index* for irrigated rice 
EI, engineering soil depth index 

Other abbreviations used in the synoptic descriptions are: 
a.s.l., above sea level 

pd, predominant (> 80 %) 
d, dominant (51-80 %) 

sd, subdominant (20-50%) 
c, common (8-19 %) 

LS, land system 
USC, Uniiied Soil Classification (subsequent symbols are not abbreviations, 

see Appendix I, Section (I~)(iv)). 

(iv) Miscellaneous.-Tbe soil composition of each land system is given in 
terms of subgroups of the 7th Approximation, or of higher category classes in the 
few cases where no subgroups have been defined. The soil classes have been arranged 
in apparent order of decreasing areal importance. Readers unfamiliar with the 7th 
Approximation nomenclature can obtain brief descriptions of the classes in Part VI, 
Section 111. 

For brevity, the land systems to which a particular land system is transitional 
are listed only by their numbers. The term "transitions to" can refer to gradual or 
indistinct boundaries between adjoining land systems, but usually indicates the 
existence of basic similarities or transitional gradations in photo patterns of land 
systems that may or may not be widely separated geographically. 

*Not given when this index is zero. When the index is supportcd by less than two field 
observations its value is given in brackets. 
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(6) Littoral Plains 

(1) Mndang (Plate 1, Fig, I).-Raised coral platform islands at 0-20 ft a.s.1; SI 4. No surface 
drainage; DI  8. Secondary vegetation, plantations. Water balance zone 3. Orthic rendolls pd; 
local rack outcrop. Population 1060; II 60. No transitions to other land systems. EIO, A1 88. 
CI 9 (A 6, T 5, P 15). EI 0; USC SW to SC. 

(2) Nubia (Plate 1, Fig. 2).-Sandy beach ridges and swales at 0-15 ft a.s.1.; SI 0. Small 
drainage channels and wide tidal creeks (Fig. 9(a)); DI  30. Mid-height grassland, secondary 
vegetation, plantations, sago palm vegetation. Water balance zone 3. Psammentic haplumbrepts, 
psammentic umbraquepts sd; psammentic hapludolls, thapto psammentic liapludents, hydraqnents c. 
Population 7540; II 55. Transitions to LS 10, 12, 15. F13, AI 70. CI 78 (A 80, T 69, P 86, R 25). 
EI 100; USC SP dominant. 

(3) Murik (Plate 2, Fig. I).-Tidal flats near sea level; SI 0. Few small tidal creeks; DI  85. 
Mangrove and nipa palm vegetation. Water balance zone 3. Clay, less sand. Saline hydraquents d; 
saline orthic psammaquents sd, Population nil; II 2. Transitions to LS 9, 10. EI 0, AI 15. Cl (I) 
(P (3), R (5)); land reclamation very dficult. EI 100; USC MH, less SM. 

(c )  Freshwater Swamps 

(i) Swamps with Aquatic Vegetation to Woodland 
(4) Chnmbri (Plate 2, Fig. 2).-Level plains at 16CL180 ft a.s.1.; SI 0. Much open water, few 

flood and drainage channels; DI  100. Herbaceous vegetation, commonly floating. Water balance 
zone 50% 1, 50% 2. Clay and peat. Histosols, hydraquents sd. Population nil; 11 0. Transitions 
to LS 5, 11. FI  0, A1 0. CI 0; land reclamation very dficult. EI 100; USC Pt, CH. 

(5) Sariai (Plate 3, Fig, I).-Level plains at 170-200 ft a.s.1.; Sl0. Few flood and drainage 
channels; DI  89. Tall reed grassland. Water balance zone 30% 1.70% 2. Clay and peat. Histosols, 
hydraquents, hydric haplaquents, orthic umbraqnepts sd. Population nil; 110. Transitions to 
LS 4, 6, 7, 11, 27. FI  0, AI 11. CI 1 (P 4, R 23); land reclamation very dficult. E l  100; USC CH 
dominant, Pt, OH subdominant. 

(6) Pnrzdamp (Plate 3, Fig. 21.-Level plains at 170-220 ft a.s.1.; SIO. No surface drainage, 
or fcw flood and drainage channels; DI  93. Pandan and tall sedge vegetation. Water balance zone 
40% 1, 60% 2. Mainly clay. Hydraquents pd; histosols c. Population 260; I1 1. Transitions to 
LS 5, 7, 8, 10, 11. F10, A1 7. CI (0) (R (5)); land reclamation very difficult. EI 100; USC CH 
dominant, MH subdominant. 

(7) Kobar. (Plate4, Fig. I).-Level plains at 170-210 ft a.s.1.; SI 0. No surface drainage; DI 93. 
Woodland with tall sedge undergrowth. Water balance zone 45% 1, 55% 2. Peat over clay. 
Histosols pd. Populationnil; I1 0. Transitions to LS 6, 8, 9. FI  0, AI 7. CI 0 (R4); land reclamation 
very difficult. E l  100; USC Pt dominant, OH subdominant, at depth CH. 

(ii) Swamps with Vegetation with Sago Palms 
(8) P w a  (Plate 4, Fig. 21.-Level plains at 17CL200 ft a.s.1.: SI 0. No surface drainage; 

DI 93. Mid-height forest with open canopy with Cn,nprzospernza and sago palms in understorey. 
Water balance zone 50% 1, 50% 2. Peat over clay. Histosols pd. Population nil; I1 0. Transitions 
to LS 7, 10. FI  26, A1 7. CI 0 (R 4); land reclamation very difficult. E l  100; USC Pt, at depth CH. 

(9) Kabuk (Plate 5).-Level plains at 5-260 ft a.s.1.; SI 0. No surface drainage; DI  93. Sago 
palm and stunted sago palm vegetation. Water balance zone 45% 1,25 % 2, 30% 3. Clay and peat. 
Histosols d ;  hydraquents sd; hydric haplaquents c. Population nil; 11 0. Transitions to LS 6, 7, 9, 
10, 12. FIO, A1 7. CIO (R 5); land reclamation difficult. EI 100; USC CH, Pt suhdominant. 
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(10) Pandago (Plate 5).-Level plains at 5-300 ft a.s.1.; SI 0. No surface drainage or few small 
drainaee channels: DI 78. Mid-height forest with oven canom and saao nalms in understorev. - - . . - .  . . 
sago palm vegetation with emergent trees. Water balance zone 35% 1, 35 % 2,30% 3. Clay to sand, 
some neat. Orthic. udic. hvdric ba~laauents sd: histosols c. Pooulation 80: 11 0. Transitions to 
G~9, i2 ,  14,15, 27. ~1'13; ~ 1 2 2 . - ~ < 5  (A4, P 10, R46); land'reclamatiod moderately difficult. 
EI 100; USC CH dominant, MH, Pt subdominant. 

( d )  Alluvial Plains 

( i )  Unstable Plains with Frequent Flooding and Impeded Drainage 
(11) Palinzboi (Plate 6, Fig. I).-Sepik River scroll and minor splay plains with very slight 

ridges and swales, at 17CL220 ft a.s.1.; ,311. Sepik River 22CL520 yd wide, banks 15-18 ft high, 
low water depth ?20-> 30 ft; D l  78, very largc proportion affected by annual flooding. Tall cane 
grass and reed grassland, tall forest with open canopy with light-toned crowns, pandan vegetation. 
Water balance zone 30% 1, 70% 2. Silt and clay. Hydraquents, hydric and udic haplaquents sd. 
Population 1340; I1 1. Transitions to LS 4, 5, 6, 10. FI  11, A1 19. CI 3 (A 3, P 5, R 12); land 
reclamation very difficult. E l  100; USC MH dominant, CH suhdominant. 

(12) Nigia (Plate 6, Fig. 2).-Unstable flood-out splays and scroll plains of low to very law 
gradient, at 5-260 ft a.s.1.; SI 0. Unincised small distributary, and large braiding to meandering 
streams; DI 78, moderate to very serious flood hazards throughout. Mid-height forest with pandans 
in canopy or understorey, also with sago palms. Water balance zone 10% 1, 40% 2, 50% 3. Clay 
to sand, commonly calcareous. Hydraquents d; spodic haplaquents, aquic hapludents, orthic 
psammaqnents c. Population nil; II 0. Transitions to LS 9, 10, 13, 15. FI  0, A1 19. CI 2 (A 1, P 5, 
R 16); land reclamation very dficult. EI 100; USC CH, CL, ML, SM. 

(ii) Plains with Impeded Drainage 
(13) Yilrzi (Plate 7, Fig. I).--Very low gradient to level stabilized distributary leveelback-plain 

complexes and flood-out plains, at 10-220 ft a.s.1.; SI I .  Degraded branchingincised streams, or 
very small channels; D l  68. Tall forest with open canopy with woolly-textured or light-toned crowns, 
partly with sago palms in understorey; secondary vegetation. Water balance zone 45% 1, 45% 2, 
10% 3. Clay and silt. Hydraquents, hydric and spodic haplaquents, aquic hapludents sd. Population 
1380; 11 5. Transitions to LS 10, 12, 14, 15, 16. FI  30, A1 31. C133 (A 35, T 13, P 51, R 60); 
land reclamation moderately difficult. El  1W; USC CH dominant, CL subdominant. 

(14) Misinki (Plate 7, Fig. 2).--Alluvial plains of very low gradient, at 180-250 ft a.s.1.; SI 0. 
Few very small drainage channels; D l  58. Tall forest with open canopy and saga palms in under- 
storey. Water balance zone 55% 1, 45% 2. Clay. Udic haplaquents pd. Population nil; I1 0. 
Transitions to LS 10, 13, 15, 16. FI 51, A1 42. CI 21 (A 17, T 4, P 42, R 60); land reclamation 
simple. El  100; USC CH predominant. 

(15) Po (Plate 8, Fig. I).-Low-gradient flood-plains of lowermost fan-plain sectors, at 
5-250 ft a.s.1.; SI 0. 111-defined shallow wash courses and small meandering draining streams; 
D l  25, very large proportion affected by occasional, locally frequent, flooding. Tall forest with 
open canopy and sago palms in understorey, also with light-toned crowns; secondary vegetation 
including exploited sago. Water balance zone 3. Mixed clay, silt, sand. Aquic hapludents pd. 
Population200; 11 7. Transitions to LS 10, 12, 14, 17. FI  31, AI72. CI 38 (A41, T 14, P58, R30); 
land reclamation moderately difficult. EI 100; USC CH, MH, CL. 

( i i i )  Plains, Terraces, and Fans with Mainly Free Drainage 
(16) Nagam (Plate 7, Fig. 21.-Alluvial plains mainly of very low gradient, at 180-300 ft a.s.1.; 

S12. Rather few small channels, locally more and larger; DI 22. Tall forest with rather open 
canopy. Water balance zone 25% 1, 75% 2. Clay. Aquic hapludents pd, orthic hapludents c. 
Population 360; I1 1. Transitions to LS 13, 14, 17, 19, 27, 28. FI 77, AI 76. CI 68 (A 74, T 32, P 98, 
R 37); land reclamation simple. EI 100; USC CH dominant. 
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(17) Pes (Plate 8, Fig. 2).-Low- to high-gradient fan plains and levees and low-gradient 
back plains, at 10-300 ft a.s.1.; S12. Few large braiding and meandering streams with banks 4-8 ft 
high; DI 14. Tall forest with rather open canopy, some secondary vegetation, and plantations. 
Water balance zone 3. Mixcd clay, sand, gravel. Orthic hapludents d; aquic hapludents sd. 
Population 1160; 11 6. Transitions to LS 15,16,19,21, 22,23. FI  63, A1 84. CI 73 (A 77, T 60, P 83, 
R 65); land reclamation simple. EI 100; USC mainly CL to CH; much gravel in braided river beds. 

(18) Screw (Plate 9, Fig. I).-Con6ned levees, flood-plains, and terraces, at 180-280 ft a.s.1.; 
SI 2. Very low-gradient meandering streams with banks 12-15 ft high; D124, moderate to large 
proportion affected by very frequent to rare flooding. Tall forest with open canopy with light-toned 
crowns, mid-height forest with rather open canopy. Water balance zone 80% 1, 20% 2. Clay to 
fine sand, partly calcareous. Aquic hapludents d; orthic hapludcnts sd; udic haplaquents c. 
Population 100; II 8. Transitions to LS 10, 12, 13, 16, 19. FI  47, AI 71. CI 51 (A 49, T 30, P 74, 
R 48); land reclanlation di5cult. EI 100; USC CH dominant, MH subdaminant. 

(19) Papul (Plate 9, Fig. 2).-Confined flood-plains and terraces, at 150-900 ft a.s.1.; SI4. 
Low-gradient braiding to angular point bar streams with banks 5-10 ft high (Fig. 10(c)); DI  12, 
moderate to large proportion affected by very frequent to rare flooding. Tall forest with rather 
closed, locally rather open canopy, merging into tall cane grass vegetation near rivers. Water balance 
zone 35% 1, 30% 2, 20% 3, 15% 4. Mixed clay, silt, sand, gravel, partly calcareous. Ortbic hap- 
Indents d; entic hapludolls sd; aquic hapludents c. Population 320; 11 4. Transitions to LS 16,17,18, 
32. F145, A1 81. CI 62 (A 60, T 59, P 66, R 32). EI 98; USC CH, MH, CL; little or scattered gravel. 

(20) Ambunti (Plate 30, Fig. 2).-Very gently sloping to low gradient colluvio-alluvial fans, 
at 190-230 ft a.s.1.; SI 2. Few small streams (Fig. 15 (a)); DI 27. Tall forest with rather open canopy, 
partly with sago palms in understorey. Water balance zone 2. Mixed clay, silt, gravel. Orthic hap- 
ludeiits d; aquic hapludents sd; udic haplaquents c. Population nil; 11 4. Transitions to LS 10, 22. 
FI 57, A1 71. C162 (A 58, T 57, P 72, R 41); land reclamation simple. EI 100; USC MH, CL, 
ML; little or scattered gravel. 

(21) Kabenaz (Plate 10, Fig. I).-Low- to high-gradient fan plains and terraces, at &30 ft 
a.s.1.; SI 3. Large bmiding streams and small distributary and drainage channels; DI21. Mid- 
height grassland, secondary vegetation, some sago palm vegetation. Water balance zone 3. Mixed 
clay, sand, gravel. Entic hapludolls, orthic ha~~ludeiits sd; aquic hapludents, ndic haplaquents c. 
Population 560; I1 18. Transitions to LS 2, 10, 12, 15, 17. F10, A1 76. CI(55) (A (55), T (40), 
P (70), R (20)); land reclamation moderately difficult. El 98; USC MH, CL, ML; little or scattered 
gravel, much in river beds. 

(22) Rornei (Plate 10, Fig. 2).-Very gently sloping colluvio-alluvial fans and aprons, at 2 3 s  
280 f t  a.s.1.; S12. Small intermittent streams and gullies; DI  8. Secondary vegetation, some tall 
forest with rather open canopy. Water balance zone 3. Mixed calcareous clay, silt, gravel, stones. 
Orthic hapludents pd. Population 440; I1 37. Transitions to LS 17, 20. F126, A1 90. CI 66 (A 62, 
T42, P 85, R 31). EI 100; USC MH, ML; probably much limestone gravel. 

(e) Weathered Surfaces 

(i) Alluvial Fans 
(23) Aioeze (Plate 11, Fig. I).-Marginally dissected flat to undulating surfaces with steep 

6-200-ft edges, altitude 100-900 ft; SI 10. High gradient to gently sloping vqy small marginal 
streams (Fig. 9(b)); D l  9. Tall forest with rather open canopy, small-crowned or irregular. Water 
balance zone 75 % 3, 25 % 4. Silt, clay, gravel, stones. Orthic typochrults d ;  orthic dystrochrepts sd. 
Population 60; 11 0. Transitions to LS 17, 24. FI 82, AI 81. CI 79 (A 70, T 94, P 72, R 11). EI  100; 
USC MH dominant, CH subdominant; little or scattered gravel. 
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(24) Paiatva (Plate 11, Fig. I);-Very gently to moderately sloping fanand terrace surfaces, 
and dissection slopes, at 40-1100 ft a.s.1.; SI 35; very low ~elief. Low- to high-gradient small 
streams pig.  9(b)); D I  21. Tall forest with rather open or closed, irregular or small-crowned canopy. 
Water balance zone 70% 3, 30% 4. Silt, clay, gravel, stones. Orthic typochrults, orthic dystrochrepts 
sd. Population 390; I1 1. Transitions to LS 23, 25. FI 74, A1 44. CS 45 (A 37, T 53, P 45, R 2). 
EI 100; USC MH dominant, CH subdominant; little or scattered gravel. 

(25) Panakatan (Plate 11, Fig. I).-Accordant ridges, at 50-1600 ft a.s.1.; SI 61; very low to 
low relief. Many low- to high-gradient small streams (Fig. 9(b)); DI 8. Tall forest with rather 
oven irregular or small-crowned canopy. secondary vegetation. some mid-height forests mainly with 

- . . . . ~ .  
(A 5, T 19, P 16). E l  95; usc MH dominant; little or scattered gravel. 

(26) Lllmi (Plate 11. Fig. 2).-Variably dissected fan surfaces and terraces. at 600-1200 . . . - .  
ft a.s.1.; S121; law relief. Through-going low- to high-gradient meandering rivers with skeper 
small tributaries (Fis. 9(c)): D I  21. Secondary ve~etation including old secondary forest. tall forest . . . ~ . ~  . - - 
with irregular canopy with light-toned crowns. Water balance zane 2. Silt, clay, gravcl, stones; 
overlying n~udstone, siltstone. Orthic typudalfs, aquic dystrochrepts sd; arthic and aquic typo- 
chrults, aquic plintochrults, orthic and aquic hapludents c. Population 510; IS 15. Transitions to 
LS 24, 32, 39, 41. F I  26, A1 58. C I  42 (A 34, T 43, P 50, R 3). EI 77; USC CH dominant, CL 
subdominant, minor or scattered gravel. 

(ii) Plains and Dissected Lowland Su$aces 
(27) Nigre (Plate 12, Fig. I).-Low- to very low-gradient almost undissected plains, ill 

190-280 ft a.s.1.; SI2. IICdefined very small streams (Figs. 9(d), (e)); DS 68. Mid-height grassland, 
fern vegetation, mid-height forests with saga palms in understorey. Water balance zone 20% 1, 
80% 2. Mainly clay. Umbraqrtultic plintaquults sd; aquic typumbrults, ochraquultic plintaquults, 
umbraquults, aquic plintochrults, umbraquic typochrults c. Population 190; 110. Transitions to 
LS 10, 16, 28. F1 0, AI 30. CI I8  (A 14, T 4, P 35, R 39); land reclamation moderately d&cult. 
EI 100; USC CH with veneer of MH, CL, ML, OH. 

(28) Yambi (Plate 12, Fig. 2).-Slightly dissected low- tovery low-gradient plains with steep 
margins, at 180-320 ft  a.s.1.; S14; ultra-low relief. Very small streams (Figs. 9(e), (f)); DI 38. 
Mid-height grassland, mid-height forests with irregular or small-crowned canopy, or with sago 
palms in understorey. Water balance zone 50% 1, 50% 2. Mainly clay and silt. Umbraquultic and 
umbric plintaquults, umbraquults, umbric ochraquults, umbraquic plintochrults c. Population 
560; 11 0. Transitions to LS 16, 27, 29. FI 14, A1 58. C132 (A 29, T 16, P 52, R 18). EI 100; 
USC CH with veneer of MH, CL, ML, OL. 

(29) BuI'ui (Plate 13, Fig. I).-Dissected undulating to flat plains of high to very low gradient, 
at  190-350 ft  a.s.1.; SI 11; ultra-low to very low relief. Many small streams (Fig. 9(f)); DI 38. 
Mid-height grassland, mid-height forests co~nmonly with sago palms in the understorey, some 
secondary vegetation. Water balance zone 60% 1,40% 2. Mainly clay and silt. Aquic plintochrults 
sd: plintumbrults, aquic dystrachrepts, umbraquultic and umbric plintumhrrdts c. Population 
1510; 114. Transitions to LS 28, 30, 32. FIX, A1 51. CI 27 (A 21, T 13, P 47, R 15). EI 100; 
USC CH, mainly with veneer of MH, CL, ML, OL, SC. 

(30) K~voru (Plate 13, Fig. 2).-Slumped concave, or smooth to spurred convex, accordant 
ridges with few crestal flats, altitude 210400 ft;  SI  31; very law relief. Many very low- to high- 
gradient small streams (Fig. 10(a)); D I  30. Mid-height forest with small-crowned canopy or with 
sago palms in understorey, mid-height grassland. Water balance zane 50% 1, 50% 2. Mixed clay, 
silt, some sand and gravel. Aquic dystrochrepts sd; umbric ochraquults, aquic typumbrults, ombra- 
quic plintochrults, orthic typochrults, typic normargax c. Population 730; IS 1. Transitions t o  
LS 29, 31, 35. F I  20, AI45. CI 22 (A 11, T 17, P 39, R 2). EI 100; USC CH, M H  subdominant, 
commonly with veneer of MH, CL, ML. 
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(31) Yindifo (Plate 14, Fig. I).-Convex, or slumped and concave, accordant broad ridges, 
at 210-700 ft a.s.1.; SI 18; very low relief. Very low- to low-gradient small streams (Fig, lO(b)); 
DI 30. Secondary vegetation including cane grass regrowth, tall forest with irregular canopy with 
light-toned crowns. mid-height forest with small-crowned canopy. mid-hei~ht grassland. Water . . . - 
balance zone 90% 1 ,  10% 2. Mudstone, some siltstone. Aquic dystracl~epts, umbraquic plinto- 
chrults, umhraqualfs, orthic ha~ludents, umbraquultic plintaquults c. Povulation 6340: 11 11. 
 rans sit ions to & 29i30, 32, 37,42. FI  23, A1 52; CI 2 2 ( ~  1 5 ; ~  8, P 42, d 3 ) .  E l  67; usc CH, 
and CH with veneer of MH, CL, ML. 

(32) Mtfse,rdai (Plate 14, Fig. 2).-Undulating to rolling intcrEuve surfaces, 20C-400 ft above 
major streams, and flat to undulating partly dissected terrace benches; altitude 300-1100 ft; SI 12; 
very low relief. Very small gullies and streamlets, ana few through-going meandering large rivers 
(Fig. lO(c)); Dl 27. Secondary vegetation including much forest, also tall forest with irregular 
canopy commonly wit11 light-toned crowns. Water balance zone 1. Interbedded mudstone and 
siltstone; also mixed clay and sand. Aquic typudalfs sd; aquic and typic plintochrults, (umbr)aquic 
typochmlts, eotric dystrochrepts, orthic hapludents c. Population 620; II 23. Transitions to LS 19, 
28, 29, 31, 37, 39. F121, A1 61. CI 42 (A 40, T 26, P 60, R 12). EI 76; USC CH with veneer of 
MH, CL, ML, dominant, CH subdominant. 

(iii) Dissected Plateau Surfaces 

(33) Atitiln~r (Plate 15, Fig. I).-Strongly dissected mountain sumnit surfaces, at 21004300 ft 
a.s.1.; S140; very low relief. Very n~any high-gradient to very gently sloping very small streams 
with rapids near margins (Fig. 10(d)); Dl 8. Mainly mid-height forest with even canopy. Water 
balahce zone 4. Interbedded mudstone, siltstone, sandstone, conglomerate. Orthic typochrults, 
typic narn~argox, orthic dystroclu.epts sd. Population nil; I1 1 .  Transitions to LS 34, 35, 38. FI25, 
A1 52. CI 21 (A 12, T 22, P 30). EI 85; USC MH dominant, CH subdominant. 

(34) Yossetr (Plate 15, Fig. 2).-Finely spurred branching ridges and conical hill complex, 
occurring at various levels between 1100 and 2400 it  a.s.1.; SI 57; very Low relief. Very Inany high- 
gradient to very gently sloping very small streams, or no visible surface drainage (Fig. 14(c)); DI 8. 
Mid-height forest with ir~egnlar canopy, but with even canopy in summit area. Watcr balance 
zone 4. Probably basic igneous rock, limestonc, siltstone, and mudstone. Orthic dystrochrepts, 
orthic typochrults, typic normargox sd; orthic rendolls c. Population nil; DO. Transitions to 
LS 33,60. FI 42, A1 35. Cl(14) (A ( 3 ,  T (18), P (20)). E l  68; USC MI-I dominant, CH subdominant. 

(f) Hills* a n d  Mountains on Sedimentary Rock 

(if Closely Spaced Branching or Shor t  Ridges 

(35) Sandpi (Plate 16, Fig. I).-Slumped and vcry closely spurred branching accordant ridges, 
at 240-500 ft a.s.1.; S1 69; very law i-elief. Very many low-gradient to gently sloping very small 
streams (Fig. 10(e)); D l  9. Tall forest with irregular canopy mostly with light-toned crowns, some 
small-crowned mid-height forest, secondary vegetation including old secondary forest. Water 
balance zone 55% 1, 45% 2. Semi-consolidated sand, silt, with gravel; interbedded siltstone, sand- 
stone, mudstone. Eutric dystrochrepts sd; orthic hapludents, aquic typachrults, orthic typudalfs, 
orthic and lithic dystrochrepts c. Population nil; 112. Transitions to LS 30, 31, 36, 37, 38, 39. 
FI 45, AI 31. C I  15 (A 7, T 14, P 24). E l  42; USC CH, CL, ML. 

(36) Er,~ul (Plate 16, Fig. 2).-Convex finely branching accordant ridges, at 24CL1000 ft a.s.1.; 
SI  52; law relief. Many low-gradient to gently sloping very small streams (Fig. 10(f)); DI 13. 
Secondary vegetation from gardens and cane grass regrowth to old secondary forest, tall forest with 
irregular canopy with light-toned crowns. Water balance zone 1. Interbedded sandstone, siltstone, 
partly calcareous. Eutric dystrochrepts sd; orthic dystrochrepts c. Population 4510; 11 19. Transi- 
tions to LS 31, 35, 37, 42, 46. F I  18, A1 35. C121 (A 12, T 15, P 36). EI43. USC CH, MH, ML. 

* Except those included in weathered surfaces of group (e). 
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(37) Kaugink (Plate 17, Fig. I).-Benched to slumped subparallel or branching semi-accordant 
ridges, at 240-1200 ft a.s.1.; SI 36; low relief. LOW- to high-gradient small streams (Fig. ll(n)); 
DI 9. Secondary vegetation including cane mass regrowth and much medium-aged to old secondary 
forest, tall forest with irregular canopy with light-toned crowns. Water balance zone more than 
90% 1. Mudstone, less siltstone. Eutric dystrochrepts d ;  orthic hapludents sd. Population 5590; 
I1 23. Transitions to LS 31, 32, 35, 36, 39, 46. El  16, A1 55. CI 31 (A 17, T 25, P 51). EI 46; 
USC CH predominant. 

(38) Yassip (Plate 17, Fig. 2).-Irregular slumped ridges, at 20-1700 ft a.s.1.; SI 52; very low 
relief. Many low- to high-gradient small streams Fig. 11(b)); DI 8. Secondary vegetation including 
old secondary forest, tall forest with rather open irregular canopy, also mid-height forests with 
irregular canopy. Water balance zone 10% 1, 50% 3, 40% 4. Interbedded mudstone, siltstone, at 
least partly calcareous. Eutric dystrochrepts pd; orthic typachrults c. Population 440; I1 3. Transi- 
tions to LS 25, 34, 35, 37, 39. PI 36, AS 40. CI 19 (A 9, T 22, P 25). E146; USC CH dominant. 

(39) Morrrmu (Plate 18, Fig. I).-Irregular Spurred and slumped short ridges, at 100-2000 ft 
a.s.1.; SI 58; low relief. Many high-gradient small streams (Fig. Il(c)); DI 13. Secondary vegetation 
including old secondary forest, tall and mid-height forest with irregular canopy. Water balance 
zone 15% 1, 10% 2, 35% 3, 40% 4. Interbedded siltstone, mudstonc, sandstone. Eutric dystro- 
chrepts sd; orthic dystrochrepts, orthic typudalfs, orthic typachrults c. Population 2540; 11 8. 
Transitions to LS 36,37,38,40,42,46, 52. FI  31, A1 29. CI 15 (A 6, T 15, P 25). EI 40; USC CH, 
MH, CL. 

(40) Nurnoiken- (Plate 18, Fig. 2).-Irregular spurred grooved and slumped short ridges, at 
0-2600 ft a.s.1.; SI 64; moderate relief. High-gradient to moderately sloping small streams (Fig. 
11 (d)); DI 8. Mid-height forest with irregular canopy, secondary vegetation including old secondary 
forest. Water balance zone 20% 1, 15% 2, 20% 3, 45 % 4. Interbedded siltstone, mudstone; some 
conglomerate, metagreywacke, metabasalt. Orthic hapludents d;  eutric dystrochrepts sd. Population 
1250; 11 5. Transitions to LS 39, 43, 52, 57, 58, 59, 61. F1 28, A1 28. CI 5 (T 6, P 10). EI 50; 
USC CH, MH, CL, ML. 

(ii) Ridges and Slopes with Land Forms Controlled by Mass Movement of 
Softened Rock 

(41) Koraitets (?late 19, Fig. I).-Long to very long concave slopes with gullied hummocky 
to very low hilly surfaces, altitude 240-3700 ft; SI 39; moderate overall, hut ultra-low to very low 
local relief. Few low-gradient to gently sloping streams (Figs. ll(e), 13(f)); DI 13. Secondary 
vegetation including planted sago palm vegetation, tall and mid-height forests with irregular canopy. 
Water balance zone 15% 1, 20% 2, 65% 4. Deeply colluvially disturbed siltstone, sandstone, mud- 
stone, at least partly calcareous. Orthic hapludents d; orthic dystrochrepts sd. Population 2500; 
I1 11. Transitions to LS 38, 39, 42, 44, 48. FI  25, A1 48. CI 31 (A 17, T 33, P 43). EI 51; USC 
CH, MH, ML. 

(42) Sengi (F'late 19, Fig. 2).-Broad, mostly long, even to undulating ridges with complex 
slopes, altitude 240-2000 ft; SI 37; low relief. Rather few low-gradient to very gently sloping small 
streams (Fig. 11(f)); D l  9. Sccondary vegetation with much old secondary forest and in west locally 
planted sago palm vegetation, also tall forest with irregular canopy with light-toned crowns. Water 
balance zone 50% 1, 50% 2. Mainly mudstone and siltstone, at least partly calcareous; much 
surficial colluvium. Orthic hapludents, orthic dystrochrepts sd; eutric dystrochrelrts c. Population 
1660; 11 9. Transitions to LS 31, 35, 36, 37, 39, 40, 41, 43, 48. FI  26, A1 54. CI (30) (A (13, T (40), 
P (35)). El  52; USC CH, MH, ML. 

(43) Asier (Plate 20. Fig. l).-Broad even to undulating ridges with straight to concave ~. . - ~  - - 

grooved or hummocky slopes, altitude 500-3600 ft; SI 47; moderate relief. Rather few high-gradient 
to moderately slouinr streams (Fig. 12(a)): D l  9. Secondary vegetation including old secondary . . .  ~ - . ~ . ~  ~ ~ 

forest and planted sago palm vegetation, tall and mid-height forests with irregular canopy. Water 
balance zone 10% 1, 20% 2, 70% 4. Mainly siltdone and mudstone. much siirficial colluvium. 
Orthic hapludents, orthic dystrochrepts sd; eutric dystrochrepts, aquic hapludents c. Population 
2560; I1 7. Transitions to LS 40,42, 44, 58. F128, AI44. CI25 (A 10, T35, P26). EI 53; USC 
CH, MH, ML. 
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(51) Nuku (Plate 24, Fig. I).-Peaked ridges of smooth, gullied, or hummocky long dip 
slopes and short outcrop slopes, locally forming scarps, altitude 400-2600 f t ;  SI 38; low and moderate 
relief. Low-gradient to gently sloping mostly small streams (Fig. 13(c)); D I  30. Tall forest with 
irregular canopy with light-toned crowns; secondary vegetation including old secondary forest, 
cane grass regrowth and sago palm vegetation. Water balance zone 30% 1, 70% 2. Interbedded 
siltstone, sandstone, mudstone, com~nonly calcareous. Aquic typudalfs sd; eutric dystrochrepts, 
orthic hapludents, umbric achraqtiults c. Poplllation 5550; I1 9. Transitions to LS 48, 49, 50, 
52, 53. FI  33, A1 32. CI 21 (A 11, T 14, P 39, R 2). EI 50; USC CH dominant, MH subdominant. 

(52) Mumk (Plate 24, Fig. 2).-Variably peaked sharp asymmetrical ridges, at 400-3000 St 
a.s.1.; SI 74; law to moderate relief, High-gradient to steeply sloping very small streams (Fig. 
12(c), 13(d)); D I  8. Mid-height and tall forest with irregular canopy, secondary vegetation with 
much old secondary forest. Water balance zone 10% 1, 30% 2, 60% 4. Interbedded siltstone, 
sandstone, conglomerate, at least partly calcareous. Orthic and eutric dystrochrepts, orthic typa- 
chrults sd; lithic dystrochrepts, lithic hapludents c. Population 620; I1 12. Transitions to LS 39, 
40, 51, 53. FI23, A1 18. CI 4 (T 3, P 8). EI 36; USC CH, MH, CL. 

(53) Wuro (Plate 25, Fig. I).-Variably peaked sharp asymmetrical ridges, at 400-3500 ft a.s.1.; 
SI 77; high relief. Steep very small strcams along strike, high-gradient rivers across strikc (Fig. 13(e)); 
D l  8. Mid-height forest with irregular canopy. Water balance zone 4. Interbedded siltstone, sand- 
stone. conalomerate. Orthic and eutric dystrochrepts sd; orthic ty~ochrults, lithic dystrochreuts, 
lithichaplidents, lithic haplumhrepts c. ~opulat ion 210; I1 2. Transitions ~ O L S  51, 52, 54. ~1.29;  
AI 15. CI (2) (T (31, P (4)). EI 33; Lrsc CH, MH, CL. 

(54) Zmbia (Plate 25, Fig. 2).-Even to slightly stepped sharp ridges with chevron spurs and 
frontal dip slope facets, altitude 80&3000 ft;  S1 76; moderate relief. High-gradient rivers with 
gently to moderately steeply sloping tributary streamlets (Figs. ll(b), 13(f)); D l  8. Secondary 
vegetation, tall and mid-height forests with irregular canopy. Water balance zone 60% 1, 10% 2, 
30% 4. Interbedded siltstone, mudstone, less sandstone, conglomerate. Eutric dystrochrepts, 
orthic hapludents sd; lithic dystn.ochrepts, lithic hapludcnts c. Population 1400; I1 14. Transitions 
to LS 43, 51, 52, 53. FI28, A1 16. C1 (5) (T (5), P (9)). E l  29; USC CH, MH, CL. 

(iv) Ridges on Limestone 
(55) Aitape (Plate 26, Fig. l).--Isolated or branching ridges with straight or convex slopes, 

altitude 0-500 f t ;  SI 59; very low to moderate relief. Few small gullies; D I  8. Tall forest with 
rather open small-crowned canopy, some secondary vegetation and plantation. Water balance 
zone 3. Limestone, andesitic conglomerate with calcareous matrix. Orthic rendolls pd; arthic 
dystrochrepts, rock outcrop c. Population nil; I1 27. Transitions to LS 38, 39, 40. FI 43, A1 38. 
CI 11 (A 4, T 6, P 24). EI 7;  USC MH. 

(56) Barida Plate 26, Fig. 2).-Mostly convex smooth, locally coarse-hummocky, ridges with 
local broad crests, dissected scarps, and foot slopes, altitude 22&2800 St; S156; moderate to high 
relief. Few steep very small streams Figs. ll(d), 13(d)); DI 8. Mid-height forest with even or 
irregular canopy, secondary vegetation. Water balance zone 30% 3, 70% 4. Limestone, commonly 
tuffaceous or argillaceous. Orthic and eutrochreptic rendolls sd; orthic typudalfs c. Population 130; 
11 3.  Transitions to LS 45, 61. Fl36,  A1 36. CI 13 (A 5, T 6, P 27). E l  11; USC MH dominant, 
CH subdominant. 

(g )  Hills* and Mountains on Basement Rock 

(i) Ridges on Igneous Rock Capped or Flanked by Sedimentary Roclc 
(57) Nopa (Plate 27, Fig. I).-Blocks of irregular slumped short ridges with long grooved 

or spurred marginal slopes, altitude CL3200 ft; SI 65; mostly moderate relief. High-gradient to 
gently sloping small streams with rapids near margins (Fig. 14(a)); D I  8. Mid-height forest with 
irregular canopy, tall forest with rather open irregular canopy. Water balance zone 45 % 3, 55 % 4. 

* Except those included in weathered surfaces of group (e )  
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Probably basic igneous rocks overlain by siltstone, mudstone. Orthic hapludents, eutric dystra- 
chrepts sd; orthic and lithic dystrachrepts c. Population nil; I1 I. Transitions to LS 40, 59. FI47, 
A1 27. CI (5) (T (8), P (7)). EI 47; USC CH, MH, ML. 

(58) Srdefz (Plate 27, Fig. 2).Slumped and grooqed spurred ridges, at 250-6100 ft  a.s.1.; 
SI 81; high relief. High-gradient rather large to steeply sloping very small streams (Fig. 14(b)); 
D I  8. Mid-height forests with even or  irregular canopy, locally scral and with CaswrinopapItana. 
Water balance zone 4. Sedimentary rocks (including nletamorphosed fault-zone rocks such as 
hrecciated hard mudstone, metagreywacke, metabasalt, crystalline limestone) flanking and capping 
basic to intcrmediate igneous rocks. Orthic and lithic dystrochrepts sd; orthic and mollic typu- 
dalfs c. Population 50; II 0. Transitions to LS 40, 43, 45, 59, 63. F122, A1 11. CI 2 (T 2, P 3). 
El 36; USC CH, MH, CL. 

(ii) Ridges on Igneous Rock 
(59) Wanobetu (Plate 28, Fig. I).-Narrow blocks of grooved or spurred commonly peaked 

ridges, at 30-2200 ft a.s.1.; SI75; moderate relief. Moderately steep to steep very small streams 
and gullics (Figs. 10(d), 14(d)); DI 8. Mid-height forest with irregular canopy and scral stages, tall 
forest with rather opcn irregular canopy onlower parts. Watcr balancezane40% 3, 60% 4. Probably 
basic igneous racks. Orthic and lithic dystrochrepts, orthic typudalfs sd; orthic typochrults c. 
Population nil; l l  0. Transitions to LS 40, 58, 60, 61, 62. FI 42, A1 17. CI (5) (T (8), P (6)). EI 47; 
USC CII, MH, CL. 

(60) Kt,rrrhrtsnki plate  15, Fig. 2).-Finely spurred branching ridges, at 1100-2500 ft  a.s.1.; 
S174; moderate rclief. Many very gently to moderately sloping small streams (Fig. 14(c)); D I  8. 
Mid-height forests with irregular canopy, but with even canopy in summit areas; tall farcst with 
irregular canopy with light-toned crowns at lower altitudc Water balance zone 4. Basic igneous 
rocks. Orthic dystrochrepts d ;  typic normargox sd; lithic dystrachrepts c. Population nil; 110. 
Transitions to LS 59, 61, 62. FI43, A1 1 8 .  CI 8 (A 5, T 10, P 10). EI 65; USC MH dominant, 
CH, CL subdominant. 

(61) MUD (Platc 28, Fix. 21.-Protrudinp isolated hills and branching to ~arallel ridpes, at 

. - .. ... . . ~ ~ 

stages, but with even canopy a n  summits. Water balance zone 4. Igneous racks. Eutric dystro- 
chrepts d:  orthic and lithic hapludents c. Population nil; I1 0. Transitions to LS 60, 63. FI 23, 
A1 5. CI (2) (T (3,  P (4)). EI 35; USC CL dominant, M H  srtbdominant. 

(62) Datr,v plate  29, Fig, l).-Asymmetrical, mostly even long ridges with grooved long 
slopes, broken scarps, and ravines, altitude 400d100 ft; SI 73; high relief. Many gently sloping to 
moderatcly steep small streams (Fig. 14(d)); D I  8. Mid-height forests with even canopy and with 
irregular canopy and sera1 stages, Water balance zone 4. Probably igneous rock. Orthic and lithic 
dystrochrepts sd; orthic typochrults, typic normargox c. Population nil; I1 0. Transitions to LS 58, 
59, 60, 63. F17, A1 19. Cl(5) (T (7), P (9)). E140; USC CL dominant, CH, MH subdominant. 

(63) So,i~or.o (Plate 29, Fig. 2).-Massive to spurred sharp ridges with long peaked crests and 
straight slopes with landslips, altitude 250-5400 ft; S1 87; high and locally very high relief. Rather 
few very gently sloping rather large to steeply sloping small streains (Fig. 14(e)); D I  8. Mid-height 
forests with even, but mostly with irregular, canopy and sera1 stages including Casuari,ta papsana. 
Water balance zone 4. Igneous racks, mostly gabhra and granodiarite. Eutric dystrachrepts d; 
lithic hapludents sd; orthic dystrochrepts c. Population nil; I1 0. Transitions to LS 58, 61. FI 2, 
A1 5. CI 0. E I  29; USC CL dominant, MH subdominant. 

(iii) Ridges on Metanzorphic Rock 
(64) Maio (Plate 30, Fig. l).-Finely branching ridge complexes and isolated grooved or 

spurred ridges, altitude 200-850 ft; SI 70; mostly low but variable relief. Very many low-gradient 
to gently sloping very small streams (Fig. 14(f)); DI8. Mid-height forest with small-crowned even 
canopy, some secondary vegetation. Water balance zone 10% 1, 90% 2. Mica-quartz schist, some 
quartz-rich sandstone. Orthic dystrochrepts d ;  oxic dystrochrepts sd; lithic dystrochrepts c. 
Population 1960; 11 4. Transitions to LS 34, 55, 60, 65. FI  33, AI22. CI 9 (A 3, T 14, P 10, R 1). 
EI 61 ; USC MN dominant, CL subdominant. 
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(65) Waskuk (Plate 30, Fig. 21.-Spurred ridges with sharp stepped crests or very low hilly 
summit areas and with grooved to finely spurred slopes, altitude 180-1500 ft; SI 85; high and 
locally moderate relief. Gently to moderately steeply sloping small streams p ig ,  15(a)); Dl 8. 
Mid-height forest with small-crowned even canopy, also secondary vegetation. Water balance 
zone 2. Mainly mica-schist and micaceous gneiss. Lithic dystrochrepts pd; arthic dystrochrepts c. 
Population 600; Il4. Transitions to LS 59, 62, 64. FI 31, A1 7. CI l (T 1, P 1). EI 23; USC CL 
dominant, MH, SC subdominant. 
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PART IV. CLIMATE OF THE AITAPE-AMBUNTI AREA 

By J. R. MCALPINE* 

I. INTRODWCTI~N 

(a) Principal Climatic Features 

The climate of the area falls within the Koppen (1931) tropical rain forest (Af) 
or Thornthwaite (1931) wet tropical (AA'r) type. However, considerable local 
variation within these types over small distances is a distinctive feature of the region. 
On the eastern inland plains and foothills meanmonthly dry-season rainfall approaches 
the tropical savannah (Aw) or subhumid tropical (CA'r) types, as monthly rainfalls 
lower than 2.50 in. occur in 5 years out of 8. Near the summits of the main ranges 
mean monthly temperatures may fall low enough to approach the moist temperate 
or mesothermal types of higher latitudes. 

(6) Climatic Records 

The climate of the adjoining area to the east has previously been described by 
Arnold (1968). Climatic records longer than those used by Arnold were available 
for writing this report, and hence certain sections of the earlier data and findings 
have been extended or modified here. In this regard particular attention should be 
paid to Table 6 in Arnold's report and Table 10 in this. The large differences in the 
lengths of periods with water deficits for Bainyik which are revealed in the present 
analysis result chiefly from the different methods used here to calculate these periods. 

The length and quality of the climatic records in the area are highly variable. 
Table 4 indicates both the number of years for which rainfall records have been 
kept and the number of years for which complete monthly data are available. 
Unfortunately, daily rainfall records are even less satisfactory than monthly records. 
At Amhunti an inspection of the distribution and amounts of pre-war daily rainfalls 
suggests considerable doubt as to their reliability, and for the post-war period daily 
data are available only from 1960 to 1966. 

Records for other stations are more satisfactory, but cover too short a period 
to establish an adequate standard period for spatial comparisons. The standard 
period selected has been for the 12 years from 1955 to 1966 for Aitape, Lumi, and 
Bainyik. In the south the only suitable record available is for Yambi, between 1959 
and 1966, and this has been adjusted where necessary to provide some comparison 
with the standard 12-yr period. The shortness of this standard period may be less of 
a handicap than might first appear since those stations possessing longer records are 
characterized by a fairly low annual variability in rainfall. For purposes of com- 
parison Table 4 gives mean monthly rainfall for both the standard period and the full 
length of complete yearly records. Although the records for other climatic data are 
all very short ( i 6  yr), the very low degree of monthly variability in such measures as 
temperature and relative humidity suggests that the results presented here are 
reasonably reliable. 

*Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601. 



TABLE 4 
MEAN MONTHLY AND ANNUAL RAINFALL (IN.) AND HIGHEST AND LOWEST ANNUAL RAINFALL FOR PULL PERIODS OF RECORDS AND FOR STANDARD 12-YR PERIOD 

FROM 1955 TO 1966 

Length of Highest Lowest 
Station Record Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. 

(yr) 
Dee. Annual Annual 

Aitape 40(27*) 9.88 10.17 11.66 10.19 8.02 7.19 7.08 6.00 5.18 6.66 8.00 10.75 1M1.78 126.36 73.76 

(8 ft) 12 9.95 10.49 11.92 10.43 8.68 7.98 7.16 4.71 6.05 6.66 7.77 11.50 103.35 

Ambunti 25(16) 10.04 9.56 12.63 9.75 7.11 4.98 5.72 6.00 7.02 8.48 9.09 10.07 100.48 117.40 62.55 
(160 ft) 12 10.89 9.85 12.32 10.46 8.70 5.18 5.81 6.72 7.64 7.92 10.10 9.69 105.92 

Bainyik 17(15) 6.30 6-65 7.77 7.12 4.18 3-29 3-11 3.80 4.59 5.92 6.88 6.18 65.79 83.06 50.86 
(6W ft) 12 5.92 6.41 7.40 7.43 4.59 3.40 3.12 3.52 4.12 5.97 6-67 5.95 64.56 n 

C 
Dreikikir 8(6) 6.99 5-94 8.35 7.21 4.63 2.97 2.90 4.55 4.60 5.28 7.86 5.65 66.93 75.56 51.00 Z 

(1250 ft) 

Lumi 15(13) 10.95 9.03 11.40 10.95 7.37 4.02 4.55 6.07 7.79 9.83 10.85 11.15 103.96 121.89 91.99 
5 

(1750 ft) 12 10.72 9.06 12.13 10.43 7.18 4.56 4.50 5.88 7.56 9.80 10.35 11.65 103.87 

Maprik 8(8) 6.79 6.72 8.30 7.95 4.44 4.08 3.11 3.47 4.56 5.96 5.69 7.79 68.79 86.89 61.32 
(600 ft) 

Nuku 8(6) 8.75 6.97 10.09 7.29 5.03 3.69 4.73 4.15 6.36 5.80 8.34 10.14 81.34 107-45 67.98 
(1100 ft) 

Yambi 8(8) 7.54 5.88 8.36 10.53 6.59 4.64 3.41 5.74 5.88 7.18 7.07 7.37 80.20 92.19 70.32 
(150 ft) 

Yellow River 4(3) 16.99 11.59 13.78 6.96. 9.75 7.03 5.94 6.28 9.74 10.48 13.99 14.04 126.58 130.25 120-51 
(1100 ft) 

*Figure in parentheses indicates the number of years with complete records. 0' 



(c) Climatic Controls 

The discussion of climatic controls presented here is based on that of BrooMeld 
and Hart (1966) and of Fitzpatrick, Hart, and Brookfield (1966). Throughout 
lowland New Guinea the major climatic controls are those of the seasonal latitudinal 
movements of two major air masses separated by a discontinuous intertropical 
convergence zone (ITCZ). The controls consist of a perturbation belt of westerly- 
moving vortical 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 that dominates the 
weather from December to March extend to much higher altitudes. 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 orographic iduences occur. This latter belt was referred to in previous 
literature as the north-west season. Mean monthly surface wind data for Wewak 
indicate that during the south-east season winds are lighter and less variable in 
direction than during the north-west season. 

The effectiveness and dominance of these overall controls are moddied by the 
presence of local circulations in relation to topography, particularly during the 
south-east season. Precipitation associated with the perturbation belt is typically 
high and uniformly widespread with some slight decline on the inland foothills and 
plains compared with the coast and ranges. This may possibly .result from the 
sheltering effect of the Torricelli Mountains, although the fact that the inland plains 
have higher rainfall than the hill zone during the perturbation belt season remains 
anomalous. During the south-east trade wind season the plains and nearby foothills 
are relatively dry. This may result from the protection afforded by the presence and 
alignment of topographic barriers to the south-east and from the lack of any suf- 
ficiently large orographic features in the area, except the Torricellis, to induce rainfall. 
Or, as suggested by Brookfield and Hart (1966), this drier inland area may also be 
caused by the dominance of local circulations such as "dry descending foehn-like 
winds" during the south-east season. 

This short and highly generalized discussion of climatic controls is of necessity 
largely speculative and cannot explain what appears to be a major climatic anomaly, 
namely that the general rainfall gradient is east-west along the physiographic trend 
rather than north-south across it (see altitude map). 

(a) Rainfall 

Mean monthly and annual rainfall data for the various stations in the area are 
given for the full length of complete yearly records and for the standard period in 
Table 4. Their spatial distribution is indicated by means of histograms in Figure 2 
in Part 11. Mean annual rainfall is least in the east and highest in the west on the 
coast, inland foothills, and plains. In the east, Bainyik on the periphery of the foothill 
zone has 66 in. per annum while Yambi on the plains has 80 in. Lumi to the west of 
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Bainyik has 104 in. and Yellow River to the west of Yambi has 126 in. Aitape on the 
coast has 101 in. per annum. While there are no climatic data for the Torricelli 
Mountains, this range may provide an orographic effect which produces somewhat 

TABLE 5 
AVERAGE NUMBER OF OCCURUNCES PER QUARTER OF R U N  DAYS WITH RAINFALL 

~ H I N  S P E C ~ D  LIMITS (1955-66) 

Station and 
Amount Jan.-Mar. Apr.-June July-Sept. 0ct.-Dec. 

(in.) 

Aitape 
0.014.24 30 28 26 27 
0.25-0.99 17 13 13 15 
1.00-1.99 7 5 3 5 
2.00-3.99 3 2 2 2 
4.0s5.99 0.5 0.5 0.1 0.2 

$6.00 0.2 0.3 0 0 

Bainyik 
0.01-0.24 23 16 12 16 
0.254.99 18 12 11 13 
1 .OO-1.99 5 4 3 4 
2.00-3.99 0.5 0.3 0.2 0.7 
4.00-5.99 0 0 0 0.1 

a6.00 0 0 0 0 

Lumi 
0.01-0.24 34 34 32 30 
0.254.99 26 18 16 21 
1.00-1.99 6 4 3 8 
2.00-3.99 2 0.8 0.7 2 
4.00-5.99 0.1 0.2 0.1 0.2 

a6.00 0 0 0 0 

Yambi (1959-66) 
0.014.24 25 27 21 22 
0.254.99 16 11 9 12 
1.00-1.99 5 3 3 3 
2.00-3.99 0.7 2 0.7 2 

4.00-5.99 0.1 0.2 0 0 

$6.00 0 0 0 0 

higher precipitation on and near it. However, this effect of increased rainfall with 
altitude, which might be assumed from findings elsewhere in the humid tropics 
(Beckinsdale 1957), has not yet been clearly demonstrated in New Guinea. 



Fitzpatrick, Hart, and Brookfield (1966) discuss rainfall seasonality in the 
whole south-west Pacific region. Within this particular area of that region the degree 
of rainfall seasonality, as expressed by mean conditions, varies little between stations. 
Wet-season monthly falls are between two and three times greater than dry-season 
falls for all stations except Aitape which shows a less marked seasonality. 

TABLE 6 

AVERAGE AND MAXIMUM LENGTII OF RAINY AND RAINLESS PERIODS AND AVERAGE NUMBER 

OP RAINY* AND RAINLESS DAYS PER QUARTER (1955-66) 

Rainy Period Rainless Period Av, NO, 
Station 

Average Maximum 
and Quarter 

No' Average Maximum 
Rain Days Rainless Days 

(days) (days) (days) (days) 

Aitape 

Jan.-Mar. 
Am-June 
JulySept. 

0ct.-Dec. 

Bainyik 

Jan.-Mar. 
Apr.-June 

JulySept. 
0ct.-Dec. 

Lumi 

Jan.-Mar. 
Apr.June 
JulySept. 

0ct.-Dec. 

Yambi (1959-66) 

Jan.-Mar. 
Apr.-June 

JulySept. 
0ct.-Dec. 

* Rain day a0.01 in. 

The variability of annnal rainfall (expressed by thestandard deviation as a 
percentage of the mean) is 8 % at Lumi and Ambunti, 11 % at Aitape, and 13 % at 
Bainyik. A comparison of the full length of record with the standard period variability 
reveals that annual variability increases from 11 to 23 % for thelong term at Aitape 
and from 8 to 14% at Ambunti. Generally dry-season monthly variability averages 
about 45 % at all stations and in the wet season it varies from 30% a t  Lumi to 45% 
at Ambunti. 

No direct measure of rainfall intensity is available. Table 5 presents the number 
of occurrences of rain days with rainfalls within specified intervals for the standard 
period. Aitape has a significantly greater frequency of daily falls of 2 in. and more 
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and is the only station to record daily falls of over 6 in. Lumi has a greater number 
of falls of over 2 in. per day than Bainyik, while Yambi compared with Bainyik has 
a greater preponderance of light falls under 0.25 in. An analysis of these results by 
seasons indicates that for all stations except Yambi the frequency of daily falls of 
2 in. and over is greatest in the wet season, although this tendency does not appear 
to be as marked as in other areas of New Guinea. A comparison of the standard 
period with the long-term records for this rainfall characteristic shows little difference 
between stations except a t  Aitape, where for the long term the number of occurrences 
of falls under 0.25 in. decreases in all quarters by about 10%. 

TABLE 7  
AVERAGE NUMBER OP DCCURRENCES AND DURAnON OF W T  AND DRY SPELLS OF WEATHER 

BY shaso~s  (1955-66) 

Dry Spells Wet Spells 
Station and Season* Duration (weeks) Duration (weeks) 

1  2  3  4 5  6  > 7  1-4 5-8 9-1213-16 >16  

Aitape 
Dry season 4  1  0 . 2  0 . 3  0 . 2  - 0 . 1  6  0 . 6  - 0 .1  - 

Wet season 3  1  0.4 0 . 2  - - - 3  0 . 7  0 . 7  0 .1  - 

Bainyik 
Dry season 3  2  1 0 . 2  0 . 2  0 . 2  0 . 1  6 0 . 2  - - - 

Wet season 3  1  0 . 5  0 . 1  0 . 1  0 .1  - 4 0 . 7  0 . 3  - - 

Lumi 
Dry season 3  0.7 0 . 5  0.1 0 . 1  0 . 2  - 3 0 . 7  0 . 2  0.3 - 
Wet season 2  0 . 2  0 .1  - - - - 1  0 . 6  0 . 2  0 . 2  0.3 

Yambi (1959-66) 
Dry season 3 1 0 . 4  0 . 7  0 . 1  0.1 0.1 4  0 . 4  - - - 

Wet season 3  1 0 . 6  0 . 3  - - - 4  0 . 6  0.3 - 0 . 1  

*Dry season Apr. 22-Oct. 22; wet season Oct. 23-Apr. 21. 

While Table 5 already gives some impression of the relatively rainy nature of 
the climate, this is shown more clearly in Table 6 which gives, for the standard 
period, the average and maximum length of rainy and rainless periods as well as the 
average number of rain days within 3-month intervals. The considerably rainier 
nature of Lumi compared with other stations in both wet and dry seasons is well 
illustrated, as is the drier nature of Bainyik. Aitape possesses characteristics midway 
between these two types, and as in Table 5 Yambi occupies an anolnalous position 
showing little difference between wet and dry seasons. The long-term record for 
Aitape is little different in these respects except that the longest rainless period 
observed almost doubles in each quarter. 

A better indication of the frequency and duration of wet and dry spells of 
weather is given in Table 7. A wet spell is here defined as the number of consecutive 
weeks in which rainfall exceeds estimated evapotranspiration, and a dry spell as the 
number of consecutive weeks in which evapotranspiration exceeds rainfall. These 
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spells have been calculated by the application of the water balance model described 
in Section 111. The results have been arranged in 6-monthly periods to provide a 
comparison between wet and dry seasons. Where a spell of weather has carried 
through from one period to the other it has been included in that season in which 
the longest sector of it occurred. During the wet season wet spells are of considerably 
shorter duration at Yamhi and Bainyik than at Aitape or Lumi, where wet spells of 
over one month's duration are more common than those under one month. Con- 
versely, dry spells are fairly frequent at Bainyik and Yatnbi during the wet season. 
During the dry season these regional differences are not as marked; the frequency 
and length of dry spells are greater at Bainyik than elsewhere, but not markedly so; 
Aitape has somewhat longer wet spells in this season than other stations, but again 
not markedly so. 

(b) Temperature 

Table 8 indicates the restricted range of mean monthly and other temperature 
characteristics. As shown by data for Aitape, the coastal zone has a mean annual 
temperature of 80°F and a mean maximum of 86°F; inland (e.g. Ambunti) the 
corresponding figures are 81°F and 89°F. At Maprik, 600 ft above sea level, mean 
temperature is 79"F, and at Lumi, 1750 ft above sea level, it is 75"F, thus indicating 
an approximate overall decrease in mean temperature of 3 degF per 1000 ft. This 
mean lapse rate is similar to that found in other mountainous areas in New Guinea. 

The average diurnal range varies from 12 to 16 degF (lowest at Aitape, highest 
at Ambunti) and is considerably greater than the annual range of mean monthly 
temperature which varies by less than 2 degF. The highest maximum and lowest 
minimum temperatures on record are also given and these vary by 10-15 degF around 
the mean range. 

(c) Other Climatic Characteristics 

Mean monthly relative humidity for 0900 and 1500 hours, together with 
estimates of evaporation, are given in Table 9. Humidity is high throughout the 
year and shows little seasonal variation. Early morning atmospheric conditions on 
the foothills and inland plains are frequently saturated or nearly saturated. Morning 
fogs are frequent and these occasionally persist until mid morning along valley 
bottoms. Mean monthly dew point temperatures range only from 2 to 3 degF above 
mean monthly minimum temperatures. Estimates of evaporation as related to pan 
evaporation have been derived from mean monthly maximum and minimum tem- 
peratures, vapour pressure, and day length (Fitzpatrick 1963). Mean annual 
evaporation ranges from 49 to 59 in. and shows only slight seasonal variation. These 
estimates indicate that annual evaporation is 6 in. higher inland than on the coast 
and that it is 4 in. lower at Lumi (1750 ft above sea level) than at sea level. 

Records of amount of cloud are available only for Aitape and Lumi. As the 
mean monthly figures vary insignificantly through the year they are not tabulated. 
At both Aitape and Lumi average total cloud cover at 0900 and 1500 hr is 618. 
Low cloud cover varies at Aitape from 218 at 0900 hr to 318 at 1500 hr and remains 
constant at 418 at Lumi for both these times. 



TABLE 9 
MEAN MONTHLY RELATIVE HUMIDlTY AND EVAPORAnON 

Jan. Feb. Mar. Apr. May June July Aug Sept. Oct. Nov. Dec. Annual 

Aitape 
Relative humidity--0900 hr (%) 91 93 92 91 88 94 95 93 90 89 90 90 - 

1500hr(%) 79 81 79 81 80 76 80 81 80 77 80 82 - 

Evaporation (in.) 4 -6  3.8 4.3 4.4 5.0 4.0 4 -5  4.6 4.6 4.7 4.4 4.3 53.2 

Ambunti .- 

Relative humidity-09M) hr (%) 91 90 93 90 87 90 91 91 88 88 88 90 - p 
1500hr(%) 79 78 78 78 75 78 75 75 75 75 78 79 - z 

Evaporation (in.) 5.7 5.1 4.4 4 -6  5.0 4.7 4.9 5.0 4.9 5.2 5.0 5.3 59.8 
$ s 
3 

Maprik* 

Relative humidity-0900 hr (%) 90 95 95 88 91 98 88 94 93 88 89 89 

Evaporation (in.) 5.1 3.9 4.5 4.6 4.4 3.9 3.8 3.2 3.8 4.2 4.8 5.3 51.5 

Lumi 

Relative humidity-0900 hr (%) 87 90 90 90 92 90 91 90 89 88 87 88 

l5OOhr (%) 79 80 78 79 79 79 76 80 80 78 77 80 

Evaporation (in.) 4.6 3.9 4.1 3.8 4.0 3.6 3.9 4.1 4.1 4.6 4.5 4.1 49.3 

* Very limited records. 



CLIMATE 69 

The interactions between rainfall, evapotranspiration, soil water storage, and 
run-off and infiltration considered here are based on a water balance model similar 
to that developed by Slatyer (1960). The model is designed to give estimates of 
week-to-week changes in available soil water, and these have been obtained through 
computer processing using estimated evapotranspirational withdrawals and weekly 
rainfall inputs. The assumptions in applying the model are that actual evapo- 
transpiration (ET) is related to estimated evaporation from a standard tank evapori- 
meter (Fitzpatrick 1963) by the relationship ET= O.8E (est.) for those weeks with 
storage plus rainfall exceeding 2-50 in. and by ET = 0.4E (est.) below this level. 

- .- 
0 
Y1 

2.5 - 

Lumi 
....- Ailape 

- Yambi 

2.0 - Bainyik 

Ian.  Feb. Mar Apr. May June July Aug. Sept. Oct. Nov. Dec. - 
1 10 20 30 40 50 

Week of the year number 

Fig. 16.-Average weekly soil water storage at four stations. 

The model may tend to underestimate evapotranspiration losses when the upper 
parts of an otherwise d ~ y  soil profile receive rains less than 2.50 in. and overestimate 
them during weeks without rainfall when stored soil water in the upper profiles is 
nearing depletion. However, these variations are not likely to introduce large errors 
in a general assessment over a number of years. Soil water storage capacity is assumed 
to be 4.00 in. and the appropriateness of this assumption may be checked against 



a map (available upon request) showing estimated available soil water storage 
capacity. Run-off is assumed to occur only when this soil water storage is filled. 
This model, using weekly data, has been applied to obtain an evaluation of the 
differences in soil water regimes within the area which are not apparent from a more 
general examination based on mean monthly rainfall and evaporation data. 

TABLE 10 
AVERAGE, MAXIMUM, AND MINIMUM NUMBER OF WEEKS PER SEASON WITH SOU 

WATEK STORAGE WITHIN SPECIFIED LIMITS OP DEPLFTION (1955-66) 

Wet Season Dry Season 
Station and Storage (Oct. 23-Apr. 21) (Apr. 22-Oct. 22) 

Levels Av. Max. Mu,. Av. Max. Min. 

Aitape 
Full 

1 4 9 %  depleted 

50-99% depleted 

Empty 

Bainyik 

Full 

1 4 9 %  depleted 

5049% depleted 

Empty 

Lumi 
Full 

1 4 9 %  depleted 

50-99% depleted 

Empty 

Yambi (1959-66) 

Full 

1-49 % deplctcd 
50-99 % depleted 

Empty 

The weekly changes in soil water level indicated by the application of this model 
have bee11 averaged for the standard period and the results illustrated in Figure 16. 
This clearly indicates that although the degree of seasonality of rainfall is similar 
throughout the area, the lower absolute amounts of rainfall in the east, compared 
with the west and the coast, have a relatively pronounced effect on the soil water 
storage term of the water balance. These curves represent only average weekly 
conditions and do not in themselves portray the risk of serious soil water deficits 
that might influence plant growth and production. A measure of such risk is revealed 
in Table 10 showing the mean number of weeks per season for the standard period in 
which soil moisture was depleted to specified limits. The table also gives a range 
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indicating the greatest and least number of weeks in any season for which the specified 
soil moisture depletion level occurred. 

I t  can be seen that although Lumi has a higher average soil water depletion in 
the dry season than Aitape, as indicated in Figure 16, in effect the distribution of 
these weekly deficits is similar. At both these stations the probability that soil water 
'depletion beyond 50% will occur is low and if it did it would be only for short periods. 
The mean conditions at Yambi and Bainyik are fairly similar but the chance of 
serious wet-season depletion at Yambi is somewhat greater. 

These results and the shorter records for Amhunti, Dreikikir, Nuku, and Yellow 
River have been used, together with vegetation patterns, to construct a tentative 
water balance map of the area (Fig. 2, Part II). Four water balance zones have been 
distinguished. The correlation of these with vegetation is discussed in Part V and 
with soils in Part VI of this report. 

TABLE 11 
AVERAGE NUMBER OP WEEKS PER SEASON* WITH WATER SURPLUS WITHIN SPECIFIED L m ,  

AND MEAN ANNUAL WATER SURPLUS (1955-661 

Station Number of Weeks with Water Surplus of Mean Annual 

and Season Nil 0.01- 3.0& 6.00- 39 .00  in. Water Surplus 
2.99 iu. 5.99 in. 8.99 in. (in.) 

Aitape 
Wet season 
Dry season 

Bainyik 
Wet season 
Dry season 

Lumi 
Wet season 
Dry season 

Yambi (1959-66) 
Wet season 
Dry season 

* Wet season Oct. 23-Apr. 21; dry season Apr. 22-Oct. 22. 

The Dreikikir, Bainyik, and Yamhi area (zone 1) is one in which soil water 
depletion beyond 50% occurs for a significant period during most dry seasons and 
may even occur during the wet season. To the west, at Lumi and Yellow River 
(zone 2), the regime is one in which soil water depletion beyond 50% in the dry 
season is not significant and any depletion at all during the wet season 1s unusual. 
On the boundary of these western and eastern inland regimes a transition indicated 
by Nuku and Ambunti occurs. Here the dry-season regime appears sim~lar to that 
at Lumi yet in the wet season it is similar to that at Yambi. Thecoastal regime (zone 3), 
as indicated by Aitape, is similar to that of Lumi during the dry season but in the 
wet season soil moisture depletions of up to 50% are fairly common. No climatic 



data exist for the Torricelli Mountains but it is likely that any soil moisture deficit is 
rare and hence it is mapped separately as zone 4. 

After evapotranspirational and soil water demands have been met in the water 
balance model, excess precipitation becomes water surplus. This surplus may be 
considered as an approximation of run-off and deep percolation. Table 11 gives the 
average number of weekly occurrences of water sul.plus per season within specified 
classes. Both the frequency and magnitude of these surpluses are greater at Aitape 
and Lumi than at Bainyik or Yambi and hence accord with the water balance regimes 
mentioned above. Mean annual water surplus is also givcn in Table 11, and at Lumi 
and Aitape it is three times greater than at Bainyik. The shorter records of Nuku 
and Ambunti indicate an east-west transitional increase in annual surpluses. 

Climatic data were provided by the Commonwealth Meteorological Bureau, 
and Mrs. A. Koluarowski helped process and tabulate these data. 
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PART V. VEGETATION AND ECOLOGY O F  THE 
AITAPE-AMBUNTI AREA 

By P. C. HEYLIGERS* 

Variations in structure, tone, and texture were the main criteria used to 
distinguish vegetation types on the 1 :50,000 scale aerial photographs. The major 
groups of vegetation types identified during the survey of the Port Moresby-Kairuku 
area in 1962 (Heyligers 1965) were adhered to, but in differentiating between vegetation 
types greater emphasis was placed on structural characteristics than hitherto. The 
symbols used to characterize the vegetation types are explained in Appendix I, 
Section II(d). 

The preliminary photo interpretation was checked by observations on the 
ground and by helicopter, after which the mapping was amended. The nature of 
the errors in the preliminary mapping is discussed elsewhere (Heyligers 1968). 
Fifty-one vegetation types were distinguished, but it should be pointed out that 
there is considerable variation in hierarchical status between the types. Some types 
are rather broad owing to the lack of distinctive photo characteristics, e.g. most of the 
mid-height grassland communities could not be mapped out consistently and therefore 
appear as a single type on the map. On the other hand, species recognition, e.g. of 
Campnosperma or Sacclzarum, made it possible to define other types fairly closely. 

On the vegetation map at scale of 1 :250,000 it was not always possible to map 
the types separately. In complex mapping units the types are put in order of their 
importance, but where secondary vegetation occurs in mosaic with the original 
vegetation the latter is put first, even when only patches of it remain. In many areas 
secondary vegetation has been mapped as a range of types, for instance R-FRy means 
gardens, possibly plantations, and secondary vegetation usually not developed 
further than yonng secondary forest. 

The vegetation types are described starting wit11 the most complex, tall forest, 
and working down the scale to mixed herbaceous vegetation. The secondary vegeta- 
tion types are then dealt with. Some of the terms used in the descriptions are explained 
in Appendix I, and a table listing structural features of the vegetation which may 
be of interest from the engineering point of view is available on request.? The 
descriptions follow this pattern: 1, photo-image characteristics; 2, field observations 
relating to this; 3, other observations, given in extenso for some types only, and briefly 
for the rest, as comparative or differential descriptions; 4, habitat and distribution. 

*Division oTLand Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601 
t CSlRO Aust. Div. Land Res. tech. Memo. No. 7111, Part 1x1 (unpublished). 
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(a) Tall Forest 

Tall forest has a canopy over 100 ft high and a well-developed storey of sub- 
canopy trees. It is usually called "rain forest". The description of tall forest with 
a rather open canopy is taken as the standard for the description of the tall forest 
group. Tall forest covers one-third of the survey area. 

(i) Tall Forest with a Rather Open Canopy (Fo; 18 observations; Plate 7, Fig. 2; 
Plate 8, Fig. 2; Plate 10, Fig. 1 ; Plate 30, Fig. 2).-The crowns form a rather even- 
textured photo pattern of mid-grey tones with occasional lighter tones. Height 
variations in the canopy tend to be regular. Crowns are relatively widely and evenly 
spaced and have a large size range. 

Ground observations gave canopy cover values between 15 and 50%, with 
30% as average. Height varies between 100 and 120 ft, and averages 110 ft. Taller 
trees usually occur and protrude 20-30 ft above the canopy. Since their crown is 
seldom completely above the canopy, they are not often true emergents. Subcanopy 
trees are rather closely or closely spaced, their crown cover varies between 30 and 
60%, averaging 45%, and tends to he inversely related to the canopy cover although 
some notable exceptions were seen where both canopy and subcanopy cover were 
small, 20% and 30% respectively. The trees have straight boles, except for some 
low-branching specimens of Vitex and Ficus, and normally all size classes are 
represented. In some cases, however, trees of moderate girth were uncommon. 
Occasionally, and mainly north of the Torricelli Mountains, some trees are slanted 
which may be fortuitous or related to high winds or earthquakes (see mid-height 
forest with an irregular canopy). Buttresses are common, medium, high, and often 
very high, reaching 6 ft or more from the base. Stilt roots are sometimes encountered, 
as for instance on Myristica and some Pandanus species. Species composition is 
diverse and always very mixed. The more commonly found genera are Canarium, 
Celtis, Cryptocarya, Draconfomelum, Dysoxylum, Ficus, Homalium, Intsia, Myristica; 
Neonauclca, Parartocarpus, Pinzelodendron, Polyalthia, Pomcfia, Syzygizrm, Sterculia, 
Teijsmanniodendron, Terminalia, and Vitex. Occasionally deciduous trees were seen, 
probably thbse with the lighter-toned crowns on the air photos. They belonged to 
the following genera: Anisoptera, Bombax, Garuga, Intsia, Nauclea, Planchonia, 
and Terminalia. 

The shrub layer, up to about 15 ft high, is normally rather dense, occasionally 
scattered; its cover varies between 5 and 35%, averaging 20%. Palms, often young 
rattans, are prominent among the saplings and undergrowth trees. Visibility has 
been rated as moderate to poor. 

The herb cover is usually very sparse, often less than 1 %. Together with 
seedlings, grasses (e.g. Lepidaspis), ferns, and Selaginella may be found. Gingers 
and Marantaceae are commonly found north of the ranges but seem to be rarer 
in the Sepik area. 

Lianes are rather common, common, or very common and are of the thick 
woody and thin woody types, the latter including rattan, usually common and .of 
several species. 
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Epiphytes and epiphytic climbers are common or very common. Common 
amongst them are ferns (Lomariopsis), aroids (Scindapsis), and climbing pandans 
(Freycinetia). 

Palms are always conspicuous and belong to many species. In the canopy and 
lower tree layers they are usually present or rather common. The genera identified 
are Ptychosperma, Hydrastele, Caryota, Liclrala, and probably Livistona, but most 
of the palms, even the more common, are identified only by their indigenous name 
(Amele dialect), e.g. "siliki", "aguris", "hehek", "berem". In the shrub layer palms 
are rather common to abundant. Young rattans are always present and often com- 
mon; Licuala with its collspicuous palmate leaves is usually represented by one or 
more species and is sometimes common. Another striking small tree palm is "kabibi", 
which grows in clusters and has very irregularly split leavcs. 

There are fewer pandans than palms; they are usually limited to shrub and hcrb 
layers, are not always prescnt, and are only occasionally rather common. 

Tree ferns are seldom encountered and are either Angiopteris or Maraffia. 
Tall forest with a rather open canopy is found in the plains, and observations 

indicate that it occupies the better-drained parts which are not flooded or infrequently 
flooded. North of the ranges this type covers 115 sq miles and is diagnostic of Pes (17) 
land system. In the Sepik plains, where it covers 235 sq miles, it is diagnostic of 
Nagam (16) land system. 

(ii) Tall Forest wit17 a Rather Open, Irregular Canopy Foi; (7 observations; 
Plate 18; Plate 27, Fig. 1;  Plate 28, Fig. I).-This forest type resembles tall forest 
with a rather open canopy (Fo). The differences in the photo image are the irregular 
variations in height of the canopy which are partly caused by some clustering of the 
tallest trees. The height and cover of canopy, subcanopy, shrubs, and herbs are much 
the same as for the Fo type, as are many of the other features. I n  the shrub layer, 
however, young rattans are seldom common, and in the subcanopy layer pandans 
are sometimes found. Epiphytic mosses are often common on the lower parts of 
trunks and on shrubs, especially near the Torricelli Mountains. The climbing tree 
fern Cyathea biformis is also found there. 

Tall forest with a rathcr open irregular canopy is found north of the ranges, 
mainly on remnant fan surfaces and adjacent hill slopes. About one-third of its 
110 sq miles lies within Paiawa (24) land system, another one-third is about equally 
divided over Panakatan (25), Morulnu (39), and Yassip (38) land systcms. The rest 
occurs scattered over nine other land systems. 

(iii) Tall Forest witli a Rather Open and Snzall-crowned Canopy (Fos; 4 ohserva- 
tions; Plate 11, Fig. 1; Plate 26, Fig. I).--The photo image is much like that of tall 
forest with a rather open canopy (Fo), but there is a greater proportion of small 
crowns. In the field it was found that the smaller girth classes were rather strongly 
represented. 

Palms are rare or absent in the tree layers and rare to rathcr common in the 
shrub layer. In other features it resembles tall forest with a rather open and irregular 
canopy (Foi). 
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Tall forest with a rather open and small-crowned canopy is most commonly 
found on the undissected fan surfaces; of the 35 sq miles under this forest type 50% 
lies in Paiawa (24) land system, 30% in Aiome (23) land system, and 6% in Panakatan 
(25) land system. The remaining 14% is found in Aitape (55) and Morumu (39) 
land systems. 

(iv) Tall Forest with. a Rather Open Canopy with Groups of Woolly-textured 
Crowns (Few).-The main difference in photo image between this type and tall forest 
with a rather open canopy (Fo) is evident from the name. From the air it was observed 
that these woolly-textured crowns, which can be very light-toned on the photographs, 
are Terminalia. No ground observations were made. 

This forest type seems to occur on more stabilized parts of flood-outs and its 
occurrences have been mapped as part of Yilui (13) land system. The total area 
amounts to 11 sq miles. 

(v) Tall Forest with an Open Canopy with Light-toned Crowns (Fod; 7 observa- 
tions; Plate 6, Fig. 1 ; Plate 9, Fig. I).-The photo image of this type shows many 
more light-toned crowns than in tall forest with a rather open canopy (Fo). It is 
assumed that these light-toned crowns are of trees with young leaves or flowers. 
This does not necessarily mean that these trees shed their leaves before flushing. 
When pictures taken at different seasons are compared it appears that at least part 
of these trees keeps the light tone all year round. Therefore other characters, e.g. 
position of leaves with respect to angle of illumination, could be involved as well. 
Species that have light-toned crowns are probably among Terminalia, Elaeocarpus, 
Pterocymbium, Maniltoa, Nauclea, Intsia, Planchonia, and Sterculia. 

The canopy tends to he more open than in the Fo type. Ground observations 
gave cover values for the canopy between 15 and 25 %, averaging 20 %, and for the 
subcanopy between 10 and 60%, averaging 35%. Because of these more open tree 
layers, the shrub layer and mainly the herb layer are denser than in the Fo type, 
averaging 25 and 5 % respectively. However, the herb cover varies greatly and in the 
lightest spots a cover of 100% can be attained by Cyclosorus ferns. Mature as well 
as young rattan is always common, and Stenochlaena fern is commonly found climbing 
on trees. Other features are much the same as those of the Fo type. 

The total area covered by tall forest with an open canopy with light-toned 
crowns isabout 90 sq miles and comprises the scrolls of the Sepik River palimbai 
(11) land system) and the levees and terraces of its tributaries (Screw (18) land system). 
Flooding varies from occasional to 1.5 ft for two months per year. 

(vi) Tall Forest with an Open Canopy and with Sago Palms in the Understore)) 
(FoM; 5 observations; Plate 7, Fig. 2; Plate 8, Fig. I).-In comparison with tall forest 
with a rather open canopy (Fo) the texture of the phofo image is rather uneven, due 
to the irregularity in spacing between the crowns which tend to be further apart and 
generally somewhat smaller. On some large-scale aerial photographs of an area south 
of Tadji airstrip near Aitape sago could be detected in the understoiey, hence this 
type was called FoM, the M standing for Metroxylon, the genus to which the sago 
palm belongs. 
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Ground observations brought out more differences between this and the Fo 
type: height is generally lower, emergent trees are on the average 112 ft, at best 120 ft, 
canopy trees 100 ft, varying between 90 and 115 ft, cover is generally less and more 
variable; values ranged from 5 to 60%, averaging 25%, for the canopy and from 
20 to 60%, averaging 35 %, for the subcanopy layer. 

Lianas are always very common, most of them being rattans of several kinds. 
Epiphytes are common or very common throughout and find a very suitable substrate 
in the crowns and trunks of the sago palms. Stenochlaena is always present and often 
common. Palms are rather common in the subcanopy tree layer, to which not only 
maturing sago palms penetrate, but also "aguris", "lio", Areca, Licuala, Caryota, 
and Arenga. Sago is usually present in the shrub layer and tends to be more common 
if the forest is lower and the canopy and subcanopy are more open. Other palms 
present are young rattans and often young specimens of those mentioned for the 
tree layer. Pandans are normally absent or rare, occasionally they are present in the 
shrub as well as the tree layers. In other characteristics this forest type has much in 
common with tall forest with a rather open canopy (Fo). 

Tall forest with an open canopy and with sago palms in the understorey is found 
on flood-plains. It is diagnostic of Misinki (14) and Po (15) land systems, respectively 
in the Sepik and the coastal plains. It covers 97% and 52% of these land systems, 
equivalent to 240 and 24 sq miles. Some small areas of this type amounting to 8.5 % 
of its total area are found in Nuhia (2), Pes (17), Palimhai (1 I), and Ambunti (20) land 
systems. In the dry season the ground-water table was found between 3 and 7 ft. 
Flooding seems to occur every rainy season for up to a month and to a depth of 2 ft. 

(vii) TUN Forest with an Open Canopy with Ligltt-toned Crowns and with Sago 
Palms in the Understorey (FodM; 3 observations).--This type is closely related to tall 
forest with an open canopy and with sago palms in the understorey (FoM); the major 

I difference in the photo pattern is the prominence of light-toned trees in the canopy, 
which during ground checking turned out to be mainly Plunchonia and Terntinalia, 
with some Nauclea. 

I t  is limited to older flood-out areas in Yilui (13) and Nigia (12) land systems 
and adjacent plains of Misinki (14) land system (37, 4, and 59% respectively, of a 
total area of 16 sq miles). From these positions and the commonness of a limited 
number of species it may be deduced that the FodM type is an old sera1 stage. Soils 
are imperfectly or poorly drained and inundation occurs to a depth of 1.5 ft for up 
to two months per year. 

(viii) Tall Forest wit11 an Irregular Canopy (Fi; 13 observations; Plate 20, 
Fig. I).-The photo image is of a rather rough texture, due to irregular height and 
crown spacing. Crown sizes tend to be rather uniform, at least large crowns are very 
rare. Tones fall in the medium and lighter greys, and very light-toned crowns are rare. 

Cover, average height of the canopy, and cover of the subcanopy layer, as well 
as many other features, are similar to those of tall forest with a rather open canopy 
(Fo). Genera common to both types are Canarium, Celtis, Homnlitmi, Intsia, Neo- 
nauclea,Pimelodendron, and Pometia; those common in forest with an irregular canopy 
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only are Aglaia, Horsfieldia, and Maniltoa. An individual of Neonauclea and one of 
Bo~iibax were the only deciduous trees seen. The average cover of the sluub layer 
is 15 %, somewhat less thanin tall forest with a rather open canopy, and the herb cover 
is usually somewhat more, averaging 5%.  Gingers and Marantaceae are usually 
present. Lianas are not always common; rattans were in only about two-thirds of the 
samples and seldom common. Epiphytes and epiphytic climbers are more often 
present or rather common than colnmon or very comnmon. Freycinetia and aroids 
are usually more common than ferns. Palms tend to be fewer; in the tree layers they 
are sometimes absent, in the shrub layer present to very common. Young rattan is 
not often common. No tree ferns were found. 

Tall forest with an irregular canopy occurs 011 the foothills mainly in Paiawa 
(24), Morumu (39), Asier (43), and Flobnm (44) land systems, and also on Yamhi 
(28) land system in the west of the survey area. I t  is found on well-drained soils 
and covers a total of 65 sq miles. 

(ix) Tall Forest will7 an h.regula~ Canopj, with Light-toned Cronms (Fid; 23 
observations; Plate 11, Fig. 2; Plate 15, Fig. 2; Plate 19, Fig. 2; Plate 22, Fig. 2; 
Plate 24, Fig. I).-The photo image is similar to that of tall forest with an irregular 
canopy (Fi), except for very ligl~t-toned crowns which are more common. Regarding 
the nature and genera of trees with light-toned crowns, the same remarks apply here 
as in the section about tall forest with an open canopy with light-toned crowns (Fod). 

The ground observations brought out only minor differences between this type 
and Fi. The average height of the canopy and the emcrgent trees is about 5 ft lower 
(103 ft and 125 ft respectively) and their average cover is 5% higher (35%). Young 
rattan was absent in one-quarter of the samples. Gingers were found only in one- 
third, Marantaceae in half of the samples. Tree ferns (Cynthea) were occasional. 

Tall forest with an irregular canopy with light-toned crowns is widespread in 
the hill zone between the ranges and the grassland zone in well to imperfectly drained 
situations. I t  still covers large unbroken tracts, but especially in the north and east 
its area has decreased because of shifting cultivation, and in places it has completely 
disappeared. Nevertheless, 460 sq nliles are covered by Fid, a larger area than that 
of any other vegetation type. Mambel (48) and Nuku (51) land systems together 
comprise about 55% of this area, the remainder is scattered over about 20 other 
land systems. 

(x) Tall Forest ~ l i t h  a Rafl?er Closed Ca11o11y ( F ;  7 observations; Plate 9, Fig. 2). 
-The photo image diKers from that of tall forest with a rather open canopy (Fo) in 
the narrower crown spacing and the smaller variations in height. 

Ground observations gave for the canopy an average cover of 40% and heights 
between 110 and 140 ft, averaging 115 ft. Emergent trees are absent or  few. In many 
other respects this forest type is similar to tall forest with a rather open canopy. 
Differences are that the herb layer is denser, its average cover being 9%, climbing 
rattan is usually not common, and tree ferns are absent. 

Tall forest with a rather closed canopy occurs on river levees and terraces 
which are flooded rarely or not at all. Of the total area of 45 sq miles, 96% is in 
Papul (19) land system, the rest mainly in Musendai (32) land system. 
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(6) Mid-height Forest 

The gronp of mid-height forests comprises all those forests in which the average 
canopy height is between 50 and 100 ft. There is more variation in structure within 
this group than in the tall forests. For this reason a rather detailed description is 
given of several types, e.g. mid-height forest with an open canopy and with sago 
palms in the uilderstorey (FmoM) and mid-height forest with an irregular canopy 
(Fmi). Moreover, in the mid-height forest group several types are dominated by a 
single species, e.g. by the genus Casuarina, or by a few species as with the mangrove 
forests. 

Mid-height forest covers 23 % of the survey area, rugged mountainous country 
comprises about one-third of this area, and poorly drained sites another one-third. 

(i) Rhizophora-Bruguiera Mid-height Forest and Other Mangrove Vegetation 
(B; no ground observations; Plate 2, Fig. l).-Mangrove vegetation is very limited 
because of the sandy wind-exposed coast, and covers only 5 sq miles. The sheltered 
Sissano lagoon, where finer sediments are laid down, forms virtually the only suitable 
environment (Murik (3) land system). Mangrove vegetation can be seen here in all 
its aspects. Avicennia, light in tone on the air photos, colonizes muddy off-shore 
flats; Rhizoplzora and Bruguiera form the mid-height forest, very dark-toned on the 
air photos, occupying the flats under daily tidal influence; and Avicennia again, or 
Acrosticlzrmnz fern vegetation, occurs in the spring tidal zone. For a description of 
these communities the reader is referred to reports of previous surveys (especially 
Robbins 1968; also Heyligers 1965). 

(ii) Casuarina Mid-height Forests (Ca, Cq, Cs, CK).-Casuariiza often forms 
single-species communities that stand out on the air photos through the dark tone 
and the smooth texture of the small crowns. The following types are distinguished, 
of which only some larger occurrences are mapped. 

(1) Casuarina papuana Forest (Ca; I observation).-This species colonizes 
rock slides in the monntains and, therefore, is commonly found in Somoro (63), 
Sulen (58), and Daum (62) land systems, associated with mid-height forest with a 
rather even canopy (Fm) and with an irregular canopy (Fmi). On the lower slopes it 
can be mixed with Schuurmansia henningsii, also a pioneer species. 

(2) Casuarina equisetifolia Forest (Cq; 1 observation).-The canopy is formed 
exclusively by Casuarina equisetifolia which reaches a height of 90 ft and has an open 
habit. The undergrowth is dense, about 30 ft tall, and dominated by Hibiscus, with 
some other shrubs such as Prenzna and Pandanus and some young Calophylluin and 
Terminalia catappa trees. There is a very sparse herb layer of grasses, gingers, and 
Crinum. Leaf litter forms a thick mat on the mineral soil. 

Casuarina equisetifolia forest is limited to frontal beach ridges (Nubia (2) land 
system). The largest stand is in the extreme north-west corner of the survey area. 
Smaller occurrences are scattered along the coast, and often the forest is reduced to 
a single row of trees. 

(3) Casuarina (Gymnostoma) sp. Forest (Cs; no ground observations).-An 
undescribed species of Gymnostonza (Casuarinaceae) occurs in the uppex reaches of 
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braiding rivers on boulder bars and terraces. Because of the unstable environment 
most of the stands are young and dense. Probably in a later stage "kait" (Ficus 
arbuscula) comes in, and the vegetation develops into Casuarina-Ficus forest. 

(4) Casuauina-Ficus Forest (CK; 1 observation).-This forest is 65 ft tall and 
has an even canopy cover of about 50%. Shrubs are scattered but the herb layer is 
dense, covering about 70%, and consists mainly of a horse-tail (Equiset~~m debile) 
and SelagineNa. There are no lianes and only a few epiphytes. Some palms and 
pandans occur in the shrub layer. 

(iii) Mid-height Forest will? a Ratlier Open Canopy (Fmo; 4 observations).- 
The photo image is siniilar to that of tall forest with a rather open canopy (Fo) but 
the features are slightly scaled down and the canopy tends to be more open. 

The average height of the canopy is 80 ft, its cover between 10 aud 40%, and 
emergent trees are up to 100 ft tall. The subcanopy layer varies between open and 
dense, with cover values between 20 and 50%. Most other features are much the 
same as for tall forest with a ratl~er open canopy (Fo). The assortment of palms is 
poorer. Occasionally on lower river terraces in Papul (19) land system some species 
predominate in the canopy, e.g. Neonauclea and Tir7zoniz1s, which points to the sera1 
character of this type in these situations. The type also occurs in upstream parts of 
smaller valleys that form a part of Screw (18) land system. Flooding seems to occur 
at least once a year. The areas covered by Fmo total 14.5 sq miles. 

(iv) Mid-height Forest wit11 an Opeu Canopy and witlr Sago Pal~ns ?la the Under- 
storey (FmoM; 5 observations; Plate 5).-The photo image is not unlike that of its 
tall forest counterpart (FoM), but owing to a more irregular spacing of the crowns 
the fine texture of the understorey of sago palms is clearly visible. 

The canopy is very irregular in height and closure, the average height varying 
between 75 and 85 ft with occasional taller trees up to 105 ft, and the cover varying 
between 10 and 25 %. The rather dense to dense subcanopy layer is formed by sago 
palms about 40-50 ft  tall covering 40-60%. The shrub layer is patchy and open 
and mainly of saplings, young sago and rattan, and some other palms. The herb 
layer is very open but mosses often cover rises of the hummocky soil. Lianes are 
present, sometimes common; rattan is usually present. Epiphytes and epiphytic 
climbers are common or very common. Among the latter, Steuochlaena is con- 
spicuous, covering the lower parts of the sago palm trunks whilst aroids and smaller 
ferns occur in the upper parts. In the depressions between the hummocks the small 
pr~eunlatophores of the sago are found, also some knee-shaped roots reminiscent of 
some' mangrove trees. Ground water was found at shallow depth during the dry 
season and the depressions probably fill with water for the length of the wet season and 
after showers in the dry. 

This forest type can be regarded as intermediate in the series from stands of 
pure sago and sago with some emergent trees (M and Me) to tall forest with sago 
scattered in the understorey (FoM). Together with Me, most of it (90%) is mapped 
as Pandago (10) land system which occupies low-lying plains in the coastal and Sepik 
areas. Minor occurrences are found in valleys in some other land systems: mainly 
Aiolne (23) and Paiawa (24) land systems in the north and Nigre (27), Yambi (28), 
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and Kworo (30) land systems in the south. The total area covered by the FmoM type 
is about 185 sq miles. 

(v) Mid-height Forest with an Open Canopy with Campnosperma and with 
Sago Palms in the Understorey (FmoCM; 1 observation; Plate 4, Fig. 2).-The 
photo image is rather similar to mid-height forest with an open canopy and with 
sago in the understorey (FmoM),'but crown spacing tends to be more regular and 
Campnosperma through its predominance in the canopy evens out tone contrasts 
and differences in texture. 

The structure of this forest is much the same as that of FmoM, the major 
difference being that Can7pnosperma dominates in the canopy. 

This type occurs mainly in the Sepik flood-plain whcre it is mapped as Pora (8) 
land system (48 sq miles). In the north, 3 sq miles are covered with FmoCM and are 
mapped in Po (15) land system. The soil, if not under water for most of the year, is 
permanently waterlogged. 

(vi) Mid-height Forest with an Irregular Canopy and Sago Palms in the Under- 
storey (FmM; 2 observations; Plate 12, Fig. 1; Plate 13, Fig. 2).-The photo image 
resembles that of denser patches in mid-height forest with an opeu canopy and with 
sago palms in the understorey (FmoM). Because of the denser canopy the sago is 
usually not visible. 

Field observations gave canopy cover values of 30 and 40%, and a height of 
90 ft. The subcanopy layer is rather open; its cover was between 30 and 40%. Palms 
are common in it, and sago is accompanied by species of Licuala, Hydriastele, Areca, 
and others. Palms, including young rattan, are common and pandansiare present in 
the rather dense shrub layer. Lianes are common and several species of rattan are 
found. Epiphytes, e.g. Freycinetia, and epiphytic climbers, e.g. Stenochlaena, are 

! also common. 
This lorest type occurs on poorly drained soils of the valleys in and around the 

grasslands north of the Sepik plain, two-thirds of it in Nigre (27) land system, the 
rest in Yambi (28), Burui (29), and Kworo (30) land systems. The total area covered 
by FmM is 54 sq miles. 

(vii) Mid-height Forest with Campnosperma Predonzinant in the Canopy and 
Sago Pal~ns in the Understorey (FmCM; 3 observations).-The photo image is similar 
to that of mid-height forest with an open canopy with Campnosperma (FmoCM) 
but the cauopy is morc closed, enhanciug the effect of Campnospernza on tone and 
texture of the image. 

This type resembles mid-height forest with an irregular canopy and with sago 
palms in the understorey (FmM), but emergent trees are normally abseut and Campno- 
sperma is common amongst the canopy trees. I t  occurs in more poorly drained and 
longer inundated situations than the FmM type. Its total arca is only 6 .5  sq miles. 

(viii) Mid-height Forest with an Open Canopy with Pandans (FmoP; 4 observa- 
tions; Plate 6, Fig. 2).-The photo image shows a canopy of light tone and even 
texture with or without patches of slightly darker small-crowned trees. Field observa- 
tions revealed that the canopy characteristics were determined by a species of Pandonrrs 
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with large crowns and high spiny stilt roots ("foi") and one without such roots 
("olsa"). Trees occur scattered among the pandans, and change the image only when 
they form an appreciable proportion of the cauopy or become more or less emergent. 

The height of the canopy varies between 65 and 90 ft and emergents can be up 
to 110 ft tall. Canopy cover ranges from 10 to 40%, subcanopy cover between 30 
and 60%. Plants in the shrub layer are mostly scattered pandans and young palms 
and rattans. The herb layer is only poorly developed. Rattans and other lianes are 
present or common, epiphytes are present to abundant. Tall palms such as "aguris", 
"lio", and Caryota are present or rather common amongst the pandans. 

Mid-height forest with an open canopy with pandans is found on scroll plains 
and in flood-outs, areas which when flooded are subject to strong currents. I t  covers 
20 sq miles in Nigia (12) land system and 1 .5  sq miles in Paudamp (6) land system. 

(ix) Mid-height Forest with an Open Canopy and witli Pandans in the Understorey 
(Fmop; 2 observations; Plate 6, Fig. 2).-The photo image is of mixed tones and 
rough texture owing to considerable variation in height and spacing in the canopy. 
Occasional lighter-toned patches are caused by pandans and palms in the understorey. 

The height of the canopy varies between 65 and 80 ft, with scattered emergents 
up to 115 ft. The cover varies between 20 and 30 %,with the subcanopy storey covering 
40-50 %. In the subcanopy palms are present to common and pandans are present. 
In the rather dense to dense shrub layer both palms and pandans are common. 
Climbing rattans are very common and so usually are epiphytes and epiphyticclimbers. 

This forest is comlnonly found in association with mid-height forest with 
pandans in the canopy (FmoP) in areas where currents have decreased. I t  covers 
50 sq miles in Nigia (12) land system and 3 sq miles in Yilui (13) land system. I t  also 
occurs in valleys locally in the grassland zone (12 sq miles in Pandamp (6) land system). 

(x) Mid-heiglit Forest with an Irregc~lar Canopy with Parzdans and with Sago 
Palnls and Pandaris ill the O~iderstorey (FmPM; 1 observation; Plate 7, Fig. I).- 
The photo image is not unlike that of the mid-height forest with an open canopy with 
pandans (FmoP), but it has more patchy tone contrasts due to gregarious occurrence 
of sago palms. 

The canopy is about 55 ft and very irregular, its cover varying between 5 and 
60%. Amongst the trees the pandans "foi" and "olsa" are common. The understorey 
was dense and dominated by sago and pandans, the herb layer was sparse with some 
ferns, and with the water plant Monochoria hastata growing in pools. Stenochlaena 
was climbing high up in the trees. The soil was completely water-logged and pneuma- 
tophores were common, mostly the small ones of sago hut thick carrot-like roots 
were also seen. 

From the air photos it seems that there is quite a variation in the density of the 
canopy and in the distribution of sago which locally forms almost pure patches. 

This forest occurs in swampy localities which are regularly flooded but where 
stream velocities are low. It is foul~d in Pandago (10) and Nigia (12) land systems in 
the north, with a minor occurrence in Po (15) land system; in the south it is included 
in Nigia (12) and Yilui (13) land systems. Its total area is 35 sq miles. 
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(xi) Mid-height Forest wit17 art Irregular Canopy (Fmi; 17 observations; Plate 12, 
Fig. 2; Plate 21, Fig. 1 ; Plate 24, Fig. 2; Plate 25, Fig. 1 ; Plate 26, Fig. 2; Plate 27, 
Fig. 2; Plate 28, Fig. 2).-The photo image is of a fine but rather rough texture, 
composed of small and very small crowns in various tones of grey to very light grey 
which are irregularly spaced horizontally as well as vertically. 

The field observations confirmed this irregular structure of the canopy. The 
average height of most of the canopy trees is between 80 and 85 ft, but variations of 
up to 50 ft were recorded within a sample. Trees reaching above the canopy are 
scattered, their height averaging 110 ft  and occasionally reaching 130 ft. They have 
smaller crowns than in tall forest with an irregular canopy (Fi)). The cover of the 
canopy varies between 15 and 60% and averages 33%. The subcanopy trees are 
dense to rather dense inversely according to the cover of the canopy; their cover 
averages 43 %. Large girths are rare and most of the trees have small girths. Stem 
form is usually straight, but normally some slanted trees and/or trees with a bent 
base also occur due to soil movement on slopes. At the northern side of the ranges 
along the river gorges uprooted trees and trees with broken tops were observed; this 
is attributed to strong local winds. Buttresses of several size classes are usually 
present, but only low buttresses are common. 

Shrubs and Saplings are scattered, occasionally rather dense which reduces the 
visibility from moderate to poor. Their cover averages 10%. The herb layer is 
variable in density and species. Its cover ranges from 1 to 40% and is 10% on the 
average. Elatosten?~, Selaginella spp. (e.g. S. selutina and S. caudata), ferns (e.g. 
Asplenium spatl?ulifm, Tectoria cesafiana, T. decurrens, Lindsaea azurea, Tl7elipteris, 
Dennstaedtia, Tricliomanes grande, Tapeinidiifm marginale, and Cystodium sorbi- 
folium), sedges (Paramapania), snake grass (Dianella), Marautaceae, gingers, Begonia, 
and mosses can be conspicuous in the herb layer. 

I Lianes are usually common, sometimes only present; rattan is usually present 
but seldom common. Occasionally, climbing bamboo is found. Epiphytes range 
from present to very common. Aroids, climbing ferns (e.g. Stenochlaena, Lomariopsis), 
several Freycinetia species, Piper, and mosses are often found. 

Palms are as often as not found in the tree layers but are generally present 
to rather common in the shrub layer. Young rattan was seen in only half of the 
samples and was never common. Licoala was only occasionally seen. As a rule 
pandans are present in the shrub and/or herb layer and extend only occasionally 
into the tree layers. Tree ferns were seen in half of the samples, they belonged to 
the Marattiaceae and Cyathea. 

Mid-height forest with an irregular canopy occurs mainly in the ranges and the 
adjacent hilly country, often in mosaic with other mid-height forest types (Fmi', Fm, 
Ca). Therefore, only an estimate of the total area can be given; it is of the order of 
300 sq miles and spreads over about 20 land systems. Some isolated areas, totalling 
11 sq miles, are found in the grassland belt on Yambi (28) land system. 

(xii) Sera1 Mid-height Forest wit17 an Irregular Canopy (Fmi'; no ground 
observations; Plate 18, Fig. 2; Plate 21, Fig. 1 ; Plate 24, Fig. 2; Plate 25, Fig. I).- 
Patches of lower forest are found in mosaic with mid-height or tall forest with an 



irregular canopy (Fmi, Fi). Their position and the presence of Schvurmansia and tall 
trees of Albizia falcata, Casuar.ir7a papuana, and Artocarpus suggest that they are 
tracts of forest disturbed possibly by landslides, earthquakes, or strong winds and 
now in a fairly advanced stage of regeneration. 

About 160 sq miles of this seral forest is associated with mid-height forest with 
an irregular canopy and about 16 sq milcs with tall forest. I t  is always found in small 
patches and occurs in a great many land systems, but mostly in Numoiken (40), 
Flobum (44), and Sulen (58) land systems. 

(xiii) Mid-height Forest ~sitli a Very Irreg~ilar Cauopy (Fmio; 3 observations).- 
The photo image resembles that of mid-height forest with an irregular canopy (Fmi), 
but spacing of crowns is more irregular. 

Field observations sllowed that i t  was not ignif ica~t ly  different from mid-height 
forest with an irregular canopy. I t  is classed as a separate mapping type on the 
assumption that its irregularity could be caused by frequent minor slumping, earth- 
quakes, or strong winds and from that point of view could be important in land 
capability assessment. 

I t  is spread in the hilly country around the Torricelli Mountains over about 10 
land systems and totals 240 sq miles, half of which is in Morumu (39) land system. 

(xiv) Mid-height Forest ~ ~ i t h  a Siliall-crowned Canopy (Fms; 15 observations; 
Plate 13, Fig. 2).-In comparison with mid-height forest with an irregular canopy 
(Fmi), the photo image of this type is of a less rough tcxture, mainly through a lesser 
height of emergent trees and a more even spacing of crowns which tend to be less 
variable in size as wcll. 

The canopy is of the same height as in mid-height forest with an irregular 
canopy, but generally somewhat denser and with an average cover of 40%. The 
maximum height of emergent trees is 11 5 ~"t. Cover of the subcanopy trees and for 
shrubs and herbs is much the same as for mid-heigllt forest with an irregular canopy. 
Diffcrences from this type are mostly found in the shrub layer, where palms are 
rather common to vesy common and among which rattan is present and usually 
common. Lic~~nln i s  present and sometimes common. Tree ferns, howevcr, are absent. 

Mid-height forest with a small-crowned canopy occurs on ridges in and just 
north of the gsassland zone. Of the 12 land systems in which it is found, Yambi (28), 
Kworo (30), Yindigo (31), and Emul (36) are more important ones. The total area 
covered is about 120 sq miles. 

(xv) Mid-height Forest wifh a Sinall-ooiviied Rather Even Cai~opy (Fmsv; 
8 observations; Plate 30).-The photo image is very similar to mid-height forest with 
a small-crowned canopy (Fms), but spacing of the crowns is closer and emergent trees 
are less common, both fea t~~res  enhancing the impression of an even-textured canopy. 

Cover values for the canopy rauged from 40 to 70%, with 55% as average, which 
is considerably higher than for other mid-height forests. The subcanopy tree layers 
were more open, with an average cover of 34%. 

In contrast to Fmi and Fms, certain tree species of Syzygium, Myristica, Xantho- 
j~li,vll~~m, and Cryptocaq~a tend to be common. Lianes are usually present, sometimes 
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rare, and no rattan was found. Palms are usually found in the shrub layer but are 
sometimes conspicuously absent. Young rattan is absent. Pandans are sometimes 
present in the shrub layer. No tree ferns were seen. 

Mid-height forest with a small-crowned rather even canopy is found exclusively 
on the hills in the Sepik plains, mapped as Maio (64) and Waskuk (65) land systems, 
and covers 57 sq miles. 

(xvi) Mid-height Forest witit a Rather Dark-toned Even Canopy (Fm; 6 observa- 
tions; Plate 15, Fig. 1 ; Plate 20, Fig. 1 ; Plate 21, Fig. 1 ; Plate 29).-The rather dark- 
toned photo image is of an even texture, caused by a canopy of uniform crowns of 
regular spacing and height. 

The darker tone seems to be correlated with generally smaller size of the leaves. 
The species concerned occur scattered in mid-height forest with an irregular canopy 
(Fmi), hut in this type they are more common and sometimes gsegarions, e.g. Casta- 
nopsis, Lithocaipus, Po~locarpirs blunzei, P. neriifbli~rs, Phyllanthus, Tristnizia, Elaeo- 
carpirs, Neonauclea, and Casirarina. One of the other conspicuous differences between 
this forest and mid-height forest with an irregular canopy is the richness in ferns and 
mosses. Tree ferns are present to common; the recorded species include Cyathea 
wengiensis and the climbing tree fern Cyaihea biformis. Palms are rare and normally 
confined to the shrub layer. Rattan, young or climbing, is absent. 

Mid-height forest with a rather even canopy is found on crests and upper slopes 
of high ridges where clouds gather in the daily atmospheric rhythm. At lower 
altitudes where these situations are rather restricted this forest type is found only on 
the very crests. In the ranges it is more widespread and is very common in Atitau (33), 
Sulen (58), D a u ~ n  (62), and Somoro (63) land systems. The total area covered is 
about 70 sq miles. 

(c)  Low Forest 

Low forest (FI) has an average canopy height of 50 ft or less. Two types were 
recognized on the air photos. One has an even, rather light-toned canopy of very small 
crowns and surrounds patches of herbaceous vegetation in Yambi (28) land system in 
the Sepik plains. It  occurs in small patches totalling less than half a square mile. 

The other type has an irregular canopy of small crowns, with groups of taller 
trees. It  is found locally on scroll plains and along smaller rivers. Only one ground 
observation was made, which indicated a strong floristic resemblance to the seral 
stages of mid-height forest with a rather open canopy (Fmo). Probably this low 
forest type is a younger seral stage induced by destruction of tall forest after catas- 
trophic floods. Therefore, its occurrences have been mapped as part of Nigia (12) 
land system. The total area of this low forest is about 2 .5 sq miles. 

Because of the minor importance of low forest in the survey area the types have 
not been mapped separately. 

( d )  Woodland 

Woodland and savannah, both open tree co~nmunities with a herbaceous, often 
graminoid undergrowth, are uncommon and the areas involved are too small to 
warrant separate description or mapping with the exception of the following type. 
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(1) Woodland with TalL Sedge (Thoracostachyum) Undergrowth (WT; 2 observa- 
tions; Plate 4, Fig. I).-The photo image shows densely scattered trees over a blotchy 
grey-toned understorey. Crowns are of various sizes but predominantly very small, 
and have a medium-grey tone with one side lighter. 

Observations for the open canopy gave a cover between 5 and 25 % and heights 
up to 65 ft. Amongst the trees a species of Campnosperma or of Timonius was some- 
times predominant and scattered sago palms occurred. Trunks were often clothed 
in climbing epiphytes, mainly Stenochlaena ferns. 

The understorey is about 5 ft  high and is dominated by the sedge Thoracosta- 
chyum sumatranurn, wlth some Scleria ciliaris, Phragmites karka, and Cyclosorus 
ferns. Cover varies to a maximum 80%. 

Between the tussocks is much organic debris, the most recent addition to the 
permanently waterlogged peat found under this type of woodland. Annual flooding 
up to 3 ft for several months is expected to occur. 

Larger occurrences of woodland with tall sedge undergrowth are mapped as 
Kobar (7) land system, which covers 16.5 sq miles in the Sepik flood-plain. Some 
smaller areas totalling 2 sq miles are included in Pandamp (6) land system. 

(e) Palm and Pandan Vegetation 

The important structural characteristic of this group is that its dominants bear 
clusters of large leaves at the end of single or sparsely branched trunks. This produces 
an even-textured image on the air photos. 

(i) Sago Palm Vegetation (M, MI, Me; 9 observations; Plate 5).-The photo 
image is of a blotchy dark tone and an even, very fine texture. This blotchy pattern 
is caused at least partly by clumping of the palms, probably because of suckering. 
It seems to correlate with irregularities in height of the canopy, the clusters being 
slightly taller than the surrounding palms. Crowns and intlorescences very distinct on 
large-scale photographs can seldom be distinguished on the 1 :50,000 photographs. 
An occasional emergent tree is normally present. 

Ground observations show that sago (Metroxylon rumphii) forms an irregularly 
closed canopy, normally about 50-60 ft tall with emergent intlorescences. Trunks 
are about 35 ft, often in clumps, with younger palms amongst them. Epiphytic 
climbers, mainly Stenochlaena ferns, are present to abundant and small epiphytes 
are often conspicuous in the upper regions of the trunks. The ground cover is very 
scanty if present at all. Small pneumatophores project from the soil. Old leaves 
form a layer of organic debris. The soil is normally peaty and waterlogged and 
partly covered by puddles. 

Under marginal conditions, e.g. when water-tables occasionally sink so deep 
as to cause drought stress, sago remains stunted, scarcely develops trunks, and does 
not flower, although it suckers strongly. Height is often not more than 20 ft. The 
photo image is like that of vigorous sago, but the tones are lighter. Stunted sago 
has been mapped with the symbol MI. 

Often an open storey of trees overtops the sago (Me). On the air photos these 
trees are very clearly visible, mainly because of one-sided illumination since the 
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overall tone is often very similar to the dark tones of the sago. The density of the 
trees is quite variable and, as there are no distinct breaks in the distribution patterns 
of the trees, the boundaries are in fact rather arbitrary between sago vegetation and 
sago vegetation with emergent trees (M and Me) on the one hand and between Me and 
mid-height forest with an open canopy and with sago palms in the understorey 
(FmoM) on the other. Among the trees in the sago vegetation the following genera 
are represented: Alstonia, Campnosperma, Horsfieldia, Ficus, Nauclea, Neonauclea, 
Planchonia, Timonius. Average height of these trees is about 70 ft. Soil conditions 
under sago vegetation with emergent trees (Me) are similar to those under sago 
vegetation (M). 

Sago vegetation (M) and stunted sago vegetation (MI) have been combined 
into Kabuk (9) land system, which has scattered occurrences in the coastal plain 
(2 sq miles with M and 3 sq miles with M1) but is extensive in the Sepik plain (15 sq 
miles with M and 9 sq miles with MI). Sago vegetation with emergent trees (Me) 
occupies 22 sq miles in the coastal plain and 57 sq miles in the Sepik plain. Together 
with mid-height forest with an open canopy and with sago palms in the understorey 
(FmoM) it has been mapped as Pandago (10) land system. 

(ii) Nypa Palm Vegetation (N; 1 observation; Plate 1, Fig. 2; Plate 2, Fig. I).- 
The photo image of Nypa vegetation is very similar to that of sago vegetation; it is 
a little lighter in tone, often speckled rather than blotched, and height tends to be 
more regular. 

Nypafruticans is the single constituent of this vegetation type; its fronds, borne 
on an almost subterranean trunk, reach a height of 20 ft. 

The largest Nypa stands are found east and west of the Sissano lagoon, they 
cover 3 sq miles and form part of Murik (3) land system. Other occurrences are 
scattered along tidal creeks in Nubia (2) land system. 

(iii) Pandan Vegetation (P; no ground observations; Plate 3, Fig. 2; Plate 6, 
Fig. l).-The photo image has a rather even grey tone and a fine texture. Small- 
crowned slightly emergent trees of the same tone are usually present in varying 
numbers. Trees with larger crowns are locally present and mark the ecotonal zone 
between pandan vegetation and mid-height forest with an open canopy and with 
pandans in the understorey (Fnop). 

From the air it was seen that pandans about 20 ft high are dominant. 
Pandan vegetation is limited to the Sepik flood-plain, where it is found in swales 

of Palimbai (1 1) land system (about 20 sq miles) and in adjacent back swamps mapped 
as Pandamp (6) land system (about 50 sq miles). These habitats appear wet. 

(f) Tall Grassland 

Grasses over 5 ft tall in the vegetative stage are classified as tall. On the air 
photo they have a medium to rather light grey tone. 

(i) Cane Grass (Saccharurn robustum), with or without Reed (Phragmites karka) 
(GtS; 3 observations; Plate 6, Fig. 1;  Plate 9).-The photo image is very even-toned 
and has a rather rough, but fine, grain. The common parallel patterns are caused by 
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the topography of low levees and swales, the former sometimcs with a thin line of 
trees, the latter locally with cluinps of pandan vegetation. 

Cane grass reaches a height of 10-13 ft. On low levees and sand bars it grows 
in pure stands, hut in swales it is mixed with reed which does not grow as tall (6-8 ft). 

Because of its riverine habitats cane grass vegetation is virtually restricted to 
the following land systems: Palimbai (ll) ,  Screw (18), Papul (19), with smaller 
occurrences in Pandamp (6) and Nigia (12). The total area covered by cane grass 
is about 42 sq miles. 

(ii) Cane Grass with Sera1 Stages of Forest (Gt').-In Screw (18) and Papul(l9) 
land systems cane grass vegetation occurs often in mosaic with woody vegetation, 
which forms an early successional stage of mid-height and tall forest with a rather 
opcn canopy (Fmo, Fo, Fod). The symbol, which should be GtS/FI or GtS/Fmo, is 
shortened to Gt' for convenience in mapping. 

(iii) Reed (Phragmites karka) with Other Grasses (GtPh; 3 observations; 
Plate 3).-The photo image is of a blotchy medium and light grey tone and a texture 
varying from smooth to rather rough. In the rough texture a speckly very light-toned 
pattern, probably due to an illumination effect, is often superimposed. Scattered 
trees are often present, particularly near drainage channels and in zones transitional 
to pandan vegetation. Locally, trees are so dense that the vegetation should be 
classified as savannah or even woodland. These patches, however, are too small 
to be mapped out. 

This grassland is rather variable in its floristic composition but reed is always 
present, often 13 ft tall and forming an open storey over other grasses, e.g. Ischaemunz 
polystacl~yzmz, Leersia hexandra, and Coix lacryma-jobi, which are 5-8 ft tall. Some 
sedges, Cyclosorus ferns, and other herbs usually occur; Cayratia and Merremia bind 
the vegetation into an impenetrable mass. 

This type of grassland covers seasonal swamps in the Sepik plain which are 
inundated up to a depth of 4 ft for 4 months a year or longer. In the dry season at 
least some parts of the grasslands are burnt, but no observations could be made on 
the effect of burning. I t  is likely, however, that it retards succession to woody 
vegetation quite considerably. 

Reed grassland has been mapped as part of Sanai (5) land system, and covers 
about 35 sq miles of it. Where grassland occurs in mosaic with pandan vegetation it 
has been mapped as part (about 17 sq miles) of Pandamp (6) land system. 

( g )  Mid-height Grassland 

In mid-height grassland (G, GI; 41 and 15 observations, respectively; Plate 1, 
Fig. 2; Plate 10, Fig. 1 ;  Plate 12, Fig. 2; Plate 13; Plate 14, Fig. 1) the grasses are 
2-5 ft tall in their vegetative stage. A typical example of a mid-height grass is kangaroo 
grass (Tllen?eda australis). 

Mid-height grasslands are pictured in a medium-light to light grey tone often 
with streaks of a lighter tone. The texture is smooth. Because of the low vegetation, 
topographic features appear as if they were strongly sculptured. Tone differences'do 
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not necessarily correspond with different species, because burning history and soil 
moisture also influence tone. Therefore the constituent communities could not be 
mapped. Grassland dominated by Iniperata cylindrica (GI) has been mapped not on 
image characteristics hut on ground observations and circumstantial evidence, for it 
occurs in densely settled areas. Scattered shrubs or small trees are sometimes present; 
seldom, however, are they numerous enough for the vegetation to be classified 
as savannah. 

The height of the grassland is commonly 3-5 ft, but as the grasses are often 
inclined the total length of the culms may be 6 ft. Inflorescences of some species may 
be borne up to 8 ft above the ground. Cover varies between 10 and loo%, but when 
the cover is low there is in most cases a ground layer of grasses and sedges with cover 
ranging between 5 and 75 %. 

About 10 communities can be distinguished on the dominance of Alloteropsis 
semialata, Arundinella setosa, Coelorachis rottboellioides, Dimeria sp., Eulalia tri- 
spicata, Imperata cylindrica, Isachne confusa, Iscliaemnm barbatzfnz, Ophiuros exaltatus, 
Polytoca nzacrophylla, Sorgliurn nitidum, and Tilemeda australis. Some communities 
are clearly secondary, often dominated by Imperafa or by Imperafa and Ophiuros, 
Coeloracliis, or Polytoca, but some by Tl~emeda and Sorghum. These latter com- 
munities are also found elsewhere, where recent human interference, except for burning, 
is not obvious. Iscliaemunz, Arundinella, and Ophiuros develop a strong dominance 
in sites with poor drainage, whilst Tliemeda, Dimeria, and Eulalia occur more com- 
monly in better-drained areas. However, no clear correlation between thecommunities 
and soil types or land forms was found. This and the fact that the communities cannot 
he distinguished on the air photos are the reasons why the communities will not 
he described in detail. A generalized account of them is given in the vegetation 
descriptions of the land systems mentioned in the next paragraph. 

Mid-height grassland covers 4.7 % of the survey area and, except for numerous 
small occurrences of Imperata grassland of which only the largest have been mapped, 
is largely in a zone of Pleistocene deposits north of the Sepik plain where it is found 
in five land systems: 38 sq miles in Nigre (27), 55 sq miles in Yamhi (28), 53 sq miles 
in Burui (29), 41 sq miles in Kworo (30), and 13 sq miles in Yindigo (31) land systems. 
Groups of isolated grasslands, however, are also found just north of this zone, e.g. 
south-west of Nuku. Mid-height grasslands occur on a number of soil types for which 
the drainage status ranges from good to rather poor. 

(h) Mixed Herbaceous Vegetation 

In  mixed herbaceous vegetation herbs other than grasses are dominant. On 
air photos it has light grey tones and often a rough texture. 

(i) Fern (Dicranopteris) Vegetation, Often with Sedges (Scleria) Common 
(HD; 6 observations; Plate 12, Fig. l).-The photo image is of a rather even or faintly 
blotched tone and rough texture. 

Fern vegetation is normally two-layered. The upper layer, 3-6 ft high and with 
about 15 % cover, consists of Dicranopteris linearis, Scleria ciliaris, some grasses, 
other sedges, and herbs. The ground storey covers about 75 % and is formed by fine 



sedges, e.g. Rlzynchospora rugosa, Fimbristylis fifsca; h e  grasses, e.g. Sacciolepis 
indica, Isachne confusa, Ischaemlcm fragile; club moss, Lycopodium cernuum; and ferns, 
e.g. Schizoloma ensifolium. Some climbers are usually present, e.g. a pitcher plant, 
Nepenthef, and a fern, Lygodiunz. Locally the upper storey is denser and the lower 
storey becomes shaded out. In extreme cases this leads to absolute dominance of 
Dicranopteris. Scattered shrubs are mainly Fragraea racemosa, Commersonia bart- 
ramia, and Antidesma ghaesembilla. Locally they are denser and the vegetation has 
the aspect of savannah. 

Drainage lines have mid-height forest with an irregular canopy and with sago 
palms in the understorey (FmM), or remnants thereof. The larger ones have been 
mapped, but the smaller ones had to be included in the H D  mapping type. 

Dicranopteris-Scleria vegetation occurs on the lowest surfaces in the grassland 
zone, a total of 33 sq miles in Nigre (27) land system and 7.5 sq miles in Yainbi (28) 
land system. Both are moderately to rather poorly drained. 

(ii) Tall Sedge (Thoracostachyum) Vegetation ( H T ;  1 observation; Plate 3).- 
The photo image is rather similar to that of tall reed grassland (GtPh), hut tones are 
a little more even and larger darker areas occur locally. The speckled patterns are 
present as well and often show a parallel arrangement. scattered trees and transitions 
to woodland (WT) are common. 

Only one observation was made: a dense 6-ft-high vegetation of Thoracostach)~um 
sumatranum with scattered Pl~ragmites karka and Leersia hexandra, covering 70 %, 
with an open understorey of Cyclosorusferns. The foot of the tussocks showed charred 
remnants of old leaves, revealing that even this vegetation can be burnt. 

Tall sedge vegetation occurs in the hack swamps of the Sepik flood-plain and 
locally in choked valleys in the grassland zone. Very long inundation is likely in these 
situations and the soil, mainly peat, stays waterlogged through the dry season. About 
4 .5  sq miles are in Sanai (5) and 12 sq miles in Pandamp (6) land systems. 

(iii) Herbaceous Vegetation, Ofien withLow Sedges Common ( H ;  2 observations; 
Plate 2, Fig. 2).-A11 other herbaceous communities are combined in this mapping 
type, partly because the map scale does not allow their separate mapping, partly 
because their occurrence in the back swamps of the Sepik plain made ground 
observation difficult. 

Most of the herbaceous vegetation has light to very light grey tones, the former 
of a rather rough texture, the latter smooth, in various intricate patterns, which 
reflect probably successional relationships but in some areas at least can be burn 
patterns. Areas o f  nearly black tone with numerous lighter specks and light grey- 
toned patches are open water with submerged and floating vegetation. 

Two observations were made in the border zone of the swamps which are 
flooded up to 6 ft for 1-4 months annually and burnt during the dry. After burning, 
a meadow appears of 18-in.-tall sedges, e.g. Fimbristylispodocarpa or Cyperus haspan, 
with some scattered grasses and herbs. Some remnants of nnburnt vegetation showed 
that grasses such as Ischaemum polysfaclzyum become more common later. I t  was 
noticed from the air that part of the herbaceous vegetation is a floating mat. 
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Back swamps wholly covered by herbaceous vegetation (H) have been mapped 
as Chambri (4) land system (21 sq miles); back swamps partly covered by herbaceous 
vegetation and partly by reed (GtPh) as Sanai (5) land system. Herbaceous vegetation 
covers about 11 sq miles of this land system. Another 3 sq miles of herbaceous 
vegetation occurs in old oxbows in Palimbai (11) land system. 

( i )  Secondary Vegetation 

The term "secondary vegetation" is applied to vegetation that replaces natural 
vegetation after interference by man. I t  comprises gardens, plantations, certain 
grasslands, and regenerating forest. On air photos secondary vegetation is readily 
recognizable by its chaotic pattern reminiscent of a quilt in the areas of densest 
population. This image is produced by gardens, by young regrowth witb a multitude 
of lighter tones and sharp boundaries to adjacent vegetation, and by older regrowth, 
usually with darker tones and an array of textures. 

As areas large enough to map are usually covered with more than one type of 
secondary vegetation, one will normally find a combination of symbols on the map, 
e.g. R-FRm/GtR, which means gardens and all stages of regrowth up to medium-aged 
secondary forest and local areas of regrowth dominated by cane grass. 

Secondary vegetation is widespread and covers about one-third of the survey 
area. Land systems 80% or more covered by secondary vegetation are Nubia (Z), 
Romei (22), Seim (46), Dreikikir (47), and Minatei (SO). Only six land systems have 
no secondary vegetation: Murik (3), Sanai (5) ,  Kobar (7), Pora (a), Daum (62), and 
Somoro (63); 10 others have only I or 2%: Chambri (4), Pandamp (6),  Kabuk (9), 
Palimbai (ll), Nigia (12), Misinki (14), Aiome (23), Nigre (27), Yambi (28), and 
Sulen (58). These land systems are mostly swampy or mountainous, but also include 
some dominated by grassland. 

I -  - 

(i) Gardens, Plantations, and Regrowth up to 2Sft  (R; 38 observations; Plate 1, 
Fig. 1 ; Plate 7, Fig. 1 ; Plate 14, Fig. 2).-These form the lighter-toned sharply defined 
patches on the air photos as described above. 

Subsistence and cash crops are dealt with in Part VII. 

After the gardens are abandoned herbaceous regrowth soon covers the ground 
and remaining stumps and logs. Woody regrowth soon follows and within two years 
forms a 13-ft-tall thicket. Species belonging to the genera Alstonia, Althofla, Arto- 
carpus, Boerlagiodendron, Endospermum, Ficus, Geunsia, Macaranga, Melanolepis, 
Melochia, Villebrunea, and Wendlandia shade out most of the original herbaceous 
invaders. Shade-tolerant species, e.g. several fern and Selaginella species, take their 
place. Imperata and Saccharum, however, seem to be able to maintain themselves 
for a number of years. 

(ii) Regrowth Dominated by Cane Grass (Saccharum) (GtR; 3 observations; 
Plate 16, Fig. 2; Plate 21, Fig. 2)-In the eastern part of the survey area cane grass 
may dominate large tracts of regrowth, which can be recognized on the air photos by 
its even light grey tone and rough texture. Woody species are often present but 
scattered. 



This dominance is probably caused by short fallow periods between cultivations 
which prevent the woody regrowth from shading out the canc grass. 

(iii) Exploited Natural Sago Stands and Planted Sago (MR; 9 observations; 
Plate 1, Fig. 2; Plate 7, Fig. 1; Plate 13, Fig. 1 ;  Plate 19, Fig. 1; Plate 23, Fig. 2).- 
On the air photos the first category is recognizable from unexploited sago vegetation, 
by irregularities due to selective cutting of palms. The second can be recognized 
among other secondary vegetation by its rather dark tone. 

Natural sago is exploited where it is accessible and vigorous enough to come 
into flower. Sago is planted not only along stream courses and swamp margins, but 
also on slump terraces as found in Karaitem (41), Sengi (42), Asier (43), Flobum (44), 
Seim (46), Mambel(48), and Nuku (51) land systems, mainly in the western part of the 
survey area. 

(iv) Young Secondary Forest, up to 65 ft  (FR; 30 observations; Plate 20, Fig. 2; 
Plate 21, Fig. 2).-A pattern of larger but still rather small crowns replaces the 
rough-textured canopy image of regrowth thicket (in which the separate crowns are 
hardly visible), and the tone is slightly darker. 

Young secondary forest develops from regrowth th~cket as hgllt-demanding 
shrubs are shaded out by the trees that need the protection of woody vegetation to 
germinate and develop. Genera represented ~n this category are Albizia, Bombax. 
Celtis, Cryptocarya, Euodia, Horsfieldia, Mangifera, Ocfomeles, Pometia, Spondias, 
Sterculia, and Terntinalia. Some palms and ep~phytes are usually found at this stage 
and rattan and other woody cl~mbers replace the herbaceous ones comlnon in the 
earher stages. 

In areas where cane grass regrowth is common, cane grass dominates the under- 
growth of young secondary forest as well, and is often accoinpanied by gingers. The 
canopy is very open (up to 30% cover) usually with Althoffin dominant. The age of 
one of these forests was 7 years, the Alt11oj5a trees being 45 ft tall. During the survey 
this forest was cut to be replaced by a coffee plantation. 

(v) Medium-aged Secondary Foresf, 65-100 ft  (FRm; 22 observations; Plate 10, 
Fig. 2; Plate 17, Fig. 2; Plate 18, Fig. I).-The photo image shows a canopy of 
rather small crowns, rather dark-toned and often with a lighter tone at the illuminated 
side. Crowns tend to be detached and of irregular height. 

This type develops from young secondary forest through the replacement of 
woody regrowth species by forest species, e.g. of the following genera: Aglaia, 
Canarizfm, Casta~~opsis, Dysoxylu~??, Myrisfica, Neonauclea, Pinlelodendron, Sloa~zea, 
and Vitex. The canopy becomes differentiated into a canopy and a subcanopy tree 
storey and emergent trees. Palms are usually present in the tree-storeys and often 
common in the shrub layer, frequently with much rattan or Lic~~ala. Epiphytes 
become well established. In short, the structure of the forest approaches that of 
mid-height forest. 

(vi) Mediui?7-agedSecondary Forest with Sago Palms i17 the Understorey (FRmM; 
1 observation).-The photo image is sim~lar to that of mid-height forest with an open 
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canopy and sago palms in the understorey (FmoM), but the canopy is more irregular 
and the sago layer shows features of harvesting. 

This type is the forest equivalent of exploited natural sago and planted sago 
(MR). I t  is rather restricted in its distribution; it is locally found on Nubia (2), Po 
(15), Nigre (27), and Burui (29) land systems. Probably the sago palms growing under 
forest conditions are usually not vigorous enough to warrant exploitation. 

(vii) Old Secondary Forest, over 100 f t  (FR; 17 observations; Plate 14, Fig. 2; 
Plate 17, Fig. 2; Plate 18, Fig. 1; Plate 19, Fig. I).-The photo image is rather similar 
to that of medium-aged secondary forest (FRm), hut crowns are larger. Scattered 
lighter-toned crowns occur. The image resembles that of tall forest with an irregular 
canopy (Fi, Fid). 

Old secondary forest is the final stage in the regeneration succession. Structurally 
it is a tall forest type, but in floristics it still deviates from primary forest and there is 
sometimes predominance of certain species, e.g. Pornetia pinnata or Vitex cofassus. 

It  is likely that not all forest mapped as F R  is secondary forest hut that some 
forest in which selective cutting has been carried out is included in this type as well. 

111. ECOLOGY 

(a) Influence of Rainfall 

The climate of the survey area has been treated in Part IV. It  is classified as 
"wet tropical", but in the central eastern part of the area (around Bainyik and 
Drcikikir) it approaches the "subhumid tropical" class in the drier years. The annual 
average rainfall figure for this area is 66 in. and several weeks, exceptionally up to 14, 
of depleted soil moisture storage occur during the dry season. Rainfall increases to 
the north, west, and south and averages 81 in, per year for the Yambi-Nuku area 
whilst Ambunti, Lumi, and Aitape receive on average over 100 in. (Fig. 2). 

The distribution of some types of secondary vegetation seems to reflect the 
rainfall pattern. Garden regrowth in which cane grass (Saccharurn) is predominant 
(GtR) is confined to the eastern part of the survey area, reaching its western limit near 
Nuku (zone 4 (east), Fig. 4). The commonness of cane grass may be due t o  short 
rotation cycles as discussed in the description of this type, but climatic conditions 
could enhance this effect, directly by favouring the more drought-resistant species 
or indirectly through fires getting out of hand and burning into young regrowth 
under drought stress. 

From Nuku westwards sago (MR) has been planted in slump floors, seepage 
areas, etc. (zone 4 (west), Fig. 4). Successful cultivation in localities as mentioned 
above is possible only when rainfall is sufficiently high and regular. 

The seasonality seems also to be reflected in the distribution of forest types with 
light-toned crowns on the air photos. The likely cause of the light tone is flushing 
of leaves and/or flowers, and this could be linked with seasonality of climate. The 
number of light-toned crowns could be related to the degree of seasonality: north of 
the ranges in the relatively uniform coastal climate no forest types with light-toned 
crowns occur, with the exception of some small patches of tall forest with an open 
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canopy with light-toned crowns and with sago palms in the understorey (FodM) 
south of Sissano lagoon. South of the ranges, however, tall forest with an irregular 
canopy with light-toned crowns (Fid) is extensive in the hilly country, tall forest with 
an open canopy with light-toned crowns (Fod) on levees and scrolls, and FodM on 
certain back plains. In the last two types the seasonal influence is probably not so 
much direct as indirect through the flooding regime of the rivers. 

The likely cause for the relative commonness of trees with light-toned crowns 
in Fid as compared to their rarity in other tall forest types (Fi, Fos, Foi) under rather 
the same climatic conditions can probably be found in the soil conditions. Because 
of slow permeability imperfectly drained soils are twice as common under Fid as 
under the other types, and even some poorly drained soils were found. These together 
account for more than half the 21 observations in Fid. Such conditions may enhance 
the effect of dry spells and induce the occurrence of species with a seasonal rhythm 
in flowering and leaf-flushing. 

(b) InJluence of Altiturle 

If the smvey area is divided according to the classification of van Steenis (1962), 
more than 99% belongs to the "tropical zone", which means it lies below 3300 ft. 
The rest comes into the "submontane zone", except for some peaks above 5000 f t  
which are in the "montane zone". The climax vegetation of the submontane zone is 
usually called "lower montane forest", which is characterized by a simple canopy 
structure, predominance of certain species, often oaks (Castanopsis, Lithocarpus), 
and abundance of smaller epiphytes such as mosses and filmy ferns (Hymenophyl- 
laceae). Mid-height forest with a rather dark-toned even canopy (Fm) is one such 
lower montane forest type, whilst certain parts of mid-height forest with an irregular 
canopy (Fmi), especially where it occurs in mosaic with Fm, could also be regarded 
as lower montane forest. Together they cover 3.5 % of the survey area, which means 
that a substantial part is in the tropical zone. This illustrates that the structure of 
the vegetation is not solely determined by a decrease in temperature of 3 degF for 
every 1000 ft but also by the cloudy conditions in areas with topographic barriers 
such as the Torricelli Mountains. Fm is found at altitudes as low as 1000 ft about 
5 miles south of Sissano lagoon where a low range forms the first harrier for winds 
blowing from the sea, and at 1000-1500 ft on outliers on the northern side of the 
main ranges. Increased humidity already shows its influence as low as 400 ft, where 
epiphytic mosses are locally conspicuous in tall forest with a rather open irregular 
canopy (Foi). At the southern side the minimum altitude at which Fm occurs is 
about 2000 ft, and within the ranges 3000 ft, which comes close to the "traditional" 
boundary for lower montane forest. 

Mid-height forests with small-crowned canopies (Fms in the grassland zone and 
Fmsv on the hills and low mountailis in the Sepik plain) occur only below 1500 ft. 
That tall forest does not grow in these situations seems to be due to edaphic con- 
ditions and not to altitude. The soils on which they occur are poor and strongly 
acid; those under Fms are derived from Pleistocene sediments, and those under 
Fmsv from gneiss, quartzose sandstone, and mica-schist. 
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(c) Influeizce of Soil Drainage, Flooding, and Inundation 

Swamps and plains of various kinds form about 50% of the survey area and 
constitute an environment in which soil drainage often becomes a critical factor. 
Moreover, half of this area is liable to flooding (overland flow of water) and/or 
inundation (ponding of water). The vegetation types found on these plains and 
swamps and for which field data are available are listed in Table 12 according to 
increasing impedance of soil drainage. After each vegetation type its flooding and/or 
inundation regime is given. These remarks, however, are tentative as evidence on 
these factors was obtained only indirectly from flood marks and by questioning the 
local population. The considerable overlap in amplitudes of the vegetation types 
with regard to these factors is probably partly due to unreliable information, partly 
also to thc great variation in the incidence and interplay of these factors in different 
sectors of the survey area. During the survey it was not possible to ascertain these 
variables in any more detail. 

The vegetation types can be arranged in sequences determined by environmental 
gradients. 

(if Tlie Plain Sequence: Fo-FoM-FmoM-Me.-This sequence is characteristic 
of the alluvial plains (zones 1 and 6 in.Fig. 4). Flooding increases from sporadic in 
tall forest with a rather open canopy (Fo) to twice a year in tall forest with sago 
palms in the understorey (FoM). Stagnation of flood-water causes inundation, which 
may last for 5 months in mid-height forest with an open canopy and sago palms in 
the understorey (FmoM) and for 8 months in sago palm vegetation with evergreen 
trees (Me). The drainage status of the soils deteriorates from well drained under 
Fo  to swampy under Me. 

(ii) The Riverine Sequence: GtS-Fmo-Fod-Fo-F.-This sequence comprises 
the vegetation from sand bars, scrolls, and lower hanks to the higher terraces (mainly 
in zone 6, but also in zones 1 and 4 in Fig. 4). Flooding decreases from twice or 
more a year to sporadic or not at all. The current of the flood-water which is strong 
in the lowest situations diminishes accordingly. Under influence of soil development 
in the alluvial deposits the soil reaction changes from alkaline under cane grass 
vegetation (GtS) to acid and occasionally strongly acid under tall forests with rather 
open or closed canopies (Fo, F). 

(iii) Tlie Flood-out Sequence: FmoP-Fmop-FmPM-M,-Strong currents caused 
by flash floods and high rates of sedimentation seem to be the factors determining 
this series (occurs in zones 1 and 6 of Fig. 4). The velocity and depth of flood-water 
and the amount and coarseness of sediment decrease from mid-height forest with 
an open canopy with pandans (FmoP) to mid-height forest with an irregular canopy 
with pandans and with sago palms and pandans in the understorey (FmPM) and 
sago palm vegetation (M). Inundation increases from occasional to permanent and 
the drainage status deteriorates accordingly. 

(iv) The Valley Sequence: Fd-FmCM-FmoM-Me-M-HT,-This seqnence 
is confined to valleys in the grassland zone (zone 5 in Fig. 4). Inundation is caused 
by run-on and subsequent ponding. I t  increases from about one week per year in 
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TABLE 12 0, 

RELATIONSHIPS BETWEEN VEGETATION TYPES AND SOIL DRAINAGE, FLOODINO, A N 0  INUNDATION 

Drainage Status Vegetation Type Flooding and/or Inundation Regime 

Good, occasionally imperfect F (tall forest with rather closed canopy) Sporadically flooded or no1 flooded 

Good to imperlect, Fo (tall forest with rather open canopy) 
occasionally poor 

Good to poor 

Imperlecl to poor 

Fod (tall forest with open canopy with light- 
toned crowns) 

Fmo (mid-height forest with rather open 
canopy) 

CK (Caruorino sp.-Ficus mid-height forest) 

FodM (tall forest with open canopy with light- 
toned crowns and sago palms in understorey) 

FmoP (mid-height forest with open canopy 
with pandans) 

GtS (cane grass (Saecharu,n) vegetation) 

Cs (Casuari,to SP. mid-height forest) 

FmM (mid-height forest with irregular canopy 
and sago palms in understorey) 

Imperfect to very poor FoM (tall forest with open canopy and sago 
palms in understorey) 

Flooding varies from none to once a year, occasionally lasts 
longer than a fortnight 

Flooded once in every 5 yr to twice annually, occasionally 
inundated for longer than a fortnight 

'j 
Flooded once every 1-3 yr, usually with somo deposition of " 

sand and silt 
2 

Flooded once every 1-3 yr, with deposition of coarser sediments e 
C 
0 
m 

Flooded once in 1-3 yr, or inundated for up to 3 months E 
Flooded at  least once a year; usually strons damaging currents; 

occasionally inundated for up to 3 months 

Flooded twice or more a year; strong currents; deposition of 
sand and silt 

As above, but with deposition of coarser sediment 

Inundated for up to a fortnight per year 

Flooded once in 2 yr to twice annually; inundation varies from 
shallow to 14 ft and lrom a few days to 14 months per year 



Poor to very poor 

Poor to swampy 

FmCM (mid-height forest with Campnosperma 
predominant in canopy and sago palms in 
understorey) 

Fmop (mid-height forest with open canopy 
and pandans in understorey) 

FmoM (mid-height forest with open canopy 
and sago palms in understorey) 

Me (sago palm vegetation withemergent trees) 

Very poor to swampy M (sago palm vegetation) 

GtPh (tall grassland of reed (Phragmites) with 
other grasses) 

GtS,P (cane grass vegetation with reed, pandan 
vegetation) 

H (low sedge and related herbaceous vegetation) 

HT (tall sedge (Thoracostachyum) vegetation) 

Permanent swampy FmPM (mid-height forest with irregular can- 
opy with pandans and with sago palms and 
pandans in understorey) 

FmoCM (mid-height forest with open canopy 
with Campnosperma and with sago palms 
in understorey) 

WT (woodland with tall sedge undergrowth) 

Inundated annually from a few days to a few months 

Flooded twice or more a year, inundated up to 3 months 

Shallowlg inundated from a few days to up to 5 months per 
year 

Inundated up to 3 ft from 1 to 8 months annually 

s 
Frequently flooded and/or inundated for at least 3 months per 

Year 
8 
F 
z' Inundated for at least 1+ months per year, often deeply for 0 

some months 2 

Inundated for at least 14 months per year, often deeply for some 
months; liable to strong currents g 

m 
Inundated for at least 3 months per year, 4 ft  or more during O 

2 months or longer 8 
0 

As above, but inundated for at least 5 months 3 

Frequently flooded 

Inundated up to 4 ft for at least 5 months per year 

Inundated up to 4 ft for at least 5 months per year 

iD 
4 
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mid-height forest with an irregular canopy and sago palms in the understorey (FmM) 
to at least 5-months per year in tall sedge vegetation (HT). The drainage status 
deteriorates from imperfect to permanently swampy. Peat accumulation may occur 
when inundation is longer than 3 months per year. 

(v) The Sepilc Plain Sequence: Fod-GtS-P-Fmop-GtPh-HT-WT-FmoCM 
(zone 7 in Fig. 4).-The influences of flooding and inundation are difficult to dis- 
entangle in the Sepik flood-plain for several reasons: firstly, because of the instability 
of the flood-plain the vegetation does not always reach equilibrium with a new 
situation before it changes again; secondly, man interferes by burning grass and 
other herbaceous vegetation in the dry season and in doing so may deflect the succes- 
sion. Tall forest with an open canopy with light-toned crowns (Fod) occurs only on 
the highest scrolls which are flooded at most once a year and for only a short period. 
Cane grass vegetation (GtS) on low scrolls and, with reed, in swales between higher 
scrolls, and pandan vegetation (P) in swales and adjacent back plains are frequently 
flooded, subject to strong currents, and inundated up to several months a, year. 
Mid-height forest with pandans in the uuderstorey (Fmop) and reed land (GtPh) 
are inundated for longer periods, but experience only moderate currents. Tall sedge 
vegetation (HT), woodland with tall sedge undergrowth (WT), and mid-height forest 
with an open canopy with Campnosper17za and with sago palms in the understorey 
(FmoCM) occupy the more quiet areas where water becomes stagnant and permanent 
swamp conditions make peat development possible. 

(d)  Origin of the Mid-height Grasslands 

Most of the mid-height grasslands (G) together with fern vegetation, often with 
sedges common (HI)), are found on the inland plains, with some northward extensions 
into the hill zone. In this belt the annual rainfall increases from nearly 70 in. in the 
east to over 120 in. in the west. Rainfall, therefore, is unlikely to be the primary 
factor in the origin and maintenance of the grasslands. Even the fern vegetation, 
mainly found in the western parts, is probably not a response to wetter climate, for 
similar topography and soils carry grassland in a zone north-west of its main area 
(both Nigre (27) land system). It  is probably mainly the result of less regular burning 
in isolated positions, because a similar vegetation was seen at Yambi Agricultural 
Experiment Station in areas protected from burning. 

The mid-height grasslands in the survey area are less extensive than those in 
the adjacent Wewak-Lower Sepik area. The origin of the grasslands in this latter 
area is discussed by Robbins (1968), Reiuer and Robbins (1964), and Haantjens, 
Mabbutt, and Pullen (A965). The conclusion reached is that the grasslands are fire 
climax connnunities and Haantjens, Mabbutt, and Pullen (1965) put forward the 
hypothesis that clearing of large areas of forest and early abandonment of the gardens 
because of the poor physical environment have promoted grassland formation and 
that expansion of the grasslands in poor regrowth has been facilitated by droughts 
and level topography. Evidence in the present survey area supports this hypothesis. 
The original forest cover seems to have been mid-height forest with a small-crowned 
canopy (Fms) in better-drained situations and mid-height forest with an irregular 
canopy and sago palms in the understorey (FmM) in imperfectly drained areas. 
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Both types indicate a poorer condition on the Pleistocene deposits than on the 
adjacent country on Tertiary rocks which carries tall forest with an irregular canopy 
with light-toned crowns (Fid). Mainly on the highest surface of Pleistocene deposits 
large areas are still left under Fms. It  is not unlikely that the establishment of grassland 
on the lower surfaces has been favoured by the rather poorer soil drainage cond~tions. 

Scattered patches of grassland occur in country covered with the Fms type, 
and are also widespread in areas with the Fid type as well as in thesecondary vegetation 
associated with these types. Unfortunately, nothing is known about the relative or 
absolute age of these patches. I t  appears significant, however, that the grasslands 
are still small in the country with the Fid type, notwithstanding the dense population 
in this area. I t  suggests that maintenance and enlargement of grasslands in this 
environment obviously require stronger interference than in the poorer Fms region. 
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PART VI. SOILS OF THE AITAPE-AMBUNTI AREA 

By H. A. HAANTIENS* 

I. INTRODUCTION 

This account of the soils is based on 350 observations made at an overall rate of 
1 per 13 sq miles, but actually unevenly distributed and mostly clustered in groups 
of 2-5. ~o twi th s t and in~  this very low observation density, it is thought that the 
great majority of soil types occurring in the area have been sampled. Sampling sites 
were carefully selected to cover the greatest possible range of land form and vegetation 
types discernible on the aerial photographs, and there are no obvious large gaps in' 
the spectrum of soils described. Whilst the range of soils described may therefore 
be considered reasonably comprehensive, the remarks made on the distribution of 
the soils must be considered more tentative. Information on soil distribution is 
obtained almost wholly by means of air-photo extrapolation of observed relationships 
between kinds of soil and rock type, land form, and vegetation. Since these relation- 
ships are by no means constant, sometimes appear to be unsystematic, and in several 
cases could not be rationally interpreted, there is of necessity a rather strong element of 
conjecture in the statements made about soil distribution, including the soil map. 

All observations were made from auger holes perpendicular to the slope to a 
standard depth of 6 ft, unless this was prevented by gravel, stones, rock, or caving-in of 
the soil below a water-table. In some cases the holes were made to depths of up to 13 f t  
for the purpose of finding the lower limit of peat, the lower limit of the weathering 
zone, the upper boundary of a suspected sandy substratum, or the water-table. Auger 
samples are of limited value for the pedological study of soil, mainly because they yield 
poor information on the nature of soil horizon boundaries, soil structure, and shape 
and distribution of such features as mottles, concretions, etc. These limitations made 
it difficult or impossible to classify some soil proiiles with certainty. 

Since the survey of the Aitape-Ambunti area was prepared, executed, and 
written up in a very different manner from that employed in the 1959 survey of the 
adjoining Wewak-Lower Sepik area, no attempt was made to extend any soil classes 
defined in the latter into the Aitape-Ambunti area. A generalized oposteriori attempt 
at soil correlation is presented e1sewhere.t 

11. CLASSIEICATION SYSTEM AND NOMENCLATURE 

The soils have been classified according to the 7th Approximation (United 
States Soil Conservation Service 1960), except for the oxisols which have been 
classified and separated from the dystrochrepts and ultisols according to the author's 

*Division of Land Research, CSIRO, P.0. Box 109, Canberra City, A.C.T. 2601 
t CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part I (unpublished). 



system.* The problems encountered in the application of the 7th Approximation 
and the ways in which they were dealt with were essentially similar to those discussed 
in an earlier report (Haantjens 1967b). A serious problem with soils without texture B 
horizon on sedimentary rock and in some cases with soils on alluvium was to dis- 
tinguish a cambic horizon? from a C horizon or unconsolidated D horizon. A cambic 
horizon is assumed to be present in soils with a transition to decreasingly weathered 
parent rock within 6 ft depth, even if the colour of the soil is only olive-brown; in all 
dark brown to yellow-brown soils, unless there are clear indications of coIluvial 
displacement in the form of scattered or aligned fresh rock fragments and no transition 
to weathered rock within 6 ft  depth, where this would normally be expected to occur; 
and in all red-brown to red soils that cannot be classified as oxisols. In several 
doubtful transitional cases a decision was made on the basis of land form. 

All higher-category soil classes have been given 7th Approximation Kames, with 
newly coined names in brackets for classes not described in this system. The lowest 
taxonomic soil classes have been labelled with up to four capital letters, of which 
the first identifies the order, the second the suborder, the third the great group, and 
the fourth the subgroup. A few classes have no letter symbols for subgroup or for 
great group, and only the order letter symbol is used for the histosols. In most cases 
one letter symbol covers more than one lowest soil class, and further distinction is 
made by numerical sufies .  Many of the lowest soil classes appear to be taxonomically 
equivalent to soil families, some may be soil series. 

The soil profiles recorded in the field have been grouped into 7 orders, 15 
suborders, 23 great groups, 54 subgroups, and 112 lower soil classes. In the following 
text, the soils are arranged to bring out their taxonomic relationships. The descriptions 

2 are kept as brief as possible and mainly concern the distinguishing properties of each 
soil class. It is hoped that this layout may also serve as a useful key for identifying 
soils in later surveys. The brief descriptions of the higher-category soil classes with 
7th Approximation names are also to be regarded as explanatory notes for these names. 
More detailed descriptions of the lowest soil classes (including number of observations) 
are available upon request. Terms used in the soil descriptions are defined in Appendix 
I, Section II(e). 

The descriptions are not necessarily exhaustive with regard to the whole spectrum 
of soils envisaged in a class in the 7th Approximation, but only with respect to the soils 
observed in the survey area. It should be noted that at any categorical level, the 
complete description of any soil class includes the description of all the higher- 
category classes to which the soil class in question belongs. For instance, the descrip- 
tion of class EAYl cotlsists not only of the features mentioned for this class, but also 

* Haantjens, H. A. (1965).-The classification of oxisols (latosols). CSLRO Aust. Div. Land 
Res. Reg. Surv. tech. Memo. No. 6515 (unpublished). 

t Called a structure or calour B horizon in Section 111. I t  is not characterized by the absence 
of day or iron and/or hunlus illuviation, the abscnce of the typical properties of a latosol (oxic 
horizon), but by the uresence of strl~ctural organization and homogenization (loss of rock structure). 
in situ clay formation, and brawn to red colaur due to the redistribution of iron. 
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of the features mentioned for the hydraquents, aquents, and entisols. Where a soil 
class in a certain category is described as having mostly, or rarely, a certain property, 
this property is not repeated in the description of those component lower-category 
soil classes that conform to the general rule in the higher class, but is only mentioned 
in those lower classes that are exceptions to the rule expressed for the higher class. 

(a) Histusols (H) 

These are peaty organic soils, usually containing 30-40 % organic carbon, and 
overlying clayey mineral substrata at depths' of 4 to more than 12 ft. This order is 
not subdivided into suborders, great groups, and subgroups. 

151.-Acid raw peat of open fabric andlor organic mud, partly suspended in water 
H2.,Mastly fairly densc, well to poorly decomposed, acid peat. 

153.-Stratified acid peaty clay, clayey peat, and peat. 
H4.-Well-decomposed neutral peat overlying clay at depths rarely over 4 ft. 

(6) Entisols (E) 

These mineral soils have not been subject to weathering in situ and do not show 
pedogenetic horizon differentiation, apart from the possible development of a thin 
dark topsoil and possible mottling and gleying due to excessive soil moisture. 

(i) Aqueufs (EA).-Very strongly to moderately gleyed entisols. 

(1) Hydruqc~ents (EAY).-Very strongly to strongly gleyed aquents that are 
permanently water-saturated, plastic and sticky, and at least partly muddy. 

EAY1.-Alkaline sails of suspended mud aver stratified medium-textured substrata; slightly 
calcareous with depth. 

EAY2.-Weakly alkaline soils of loamy peat and loam merging into sand. 
EAY3.-Weakly acid to ncutral soils of clay to heavy clay with thin dark topsail. 

EAY4.-Weakly acid to neutral soils of stratified silty heavy clay to sandy loam with thin 
dark topsoil, and overlying loamy sand to sand. 

EAY5.-Weakly acid clay soils. 

(2) Haplaquents (EAH).-Strongly to moderately gleyed aquents with textures 
other than sand or loamy sand, which are nearly permanently to commonly water- 
saturated but mostly not muddy. 

( 2 4  Hydric Haplaquents (EAHY).-Nearly permanently wet strongly gleyed 
haplaquents with muddy surface horizons. 

EAHY1.-Acid to weakly acid soils of organic or peaty clay ovcr heavy clay to clay. 
EAHY2.-Neutral soils of loam and clay loam )merging into heavy clay. 

(26) 01,thic Haplaqueuts (EAHO).-Generally wet strongly gleyed haplaquents. 
EAH0.-Neutral soils of silty heavy clay to heavy clay with thin dark topsoil. 

(2c) Udic Haplaquents (EAHU).-Commonly wet moderately (rarely strongly) 
gleyed haplaquents, having many brownish mottles and lacking the blue-grey or 
green-grey matrix colours characteristic of hydric and orthic haplaquents. 
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EAHU1.-Weakly acid soils of clay to heavy clay. 
EAHU2.-Weakly acid to acid soils of stratified silty clay to loam. 

EAHU3.-Weakly acid strongly gleyed soils of stratified heavy clay to fine sandy loam. 

(2d) Spodic Haplaquents (EAHS).-Commonly wet moderately gleyed hapla- 
qnents having a brown-grey not mottled horizon above strongly greyish and brownish 
mottled lower horizons. 

EAHS1.-Alkaline calcareous soils of stratified loamy sand to silty clay merging Into sand, 
and kith a thin dark topsoil. 

EAHS2.-Neutral soils of silty clay merging into silty heavy clay. 

EAHS3.-Weakly acid to ncutral soils of clay loam over heavy clay, and with a thin dark 
topsoil. 

(3) Psammaquents (EAP).-Very strongly gleyed aquents with sand to loamy 
sand texture. 

(3a) Ortl~ic Psammaquents (EAPO).-Greyish-coloured psammaquents with 
sandy textures to a depth of at least 30 in. 

EAP0.-Weakly alkaline to alkaline soils; can have thin peaty loamy surface horizon. 

(ii) Udents (EU).-Generally moist entisols, which are not strongly or very 
strongly gleyed and have textures finer than loamy sand. 

(1) Hapludents (EUH).-Udents that are non-gleyed or slightly (rarely 
moderately) gleyed. 

(la) Aquic Hapludents (EUHA).-Slightly (rarely moderately) gleyed hapludents. 
EUHA1.-Weakly alkaline to alkaline, slightly to moderately gleyed soils of stratified sand 

to silty clay loam, comrnonly calcareous. 

1 ~ 

EUHA2.-Weakly acid to neutral, slightly to moderately gloyed soils of stratified clay to 
silt loam. 

EUHA3.-Weakly acid to neutral soils of clay loam to silty heavy clay over heavy clay. 
EUHA4.-Acid soils of loam to silty clay loam; much gravel at depth. 
EUHA5.-Neutral sails of silty heavy clay to heavy clay; few weathered rock fragments; thin 

dark topsoil. 
EUHA6.-Neutral soils of clay to sandy clay loam, somewhat stratified; variable weathered 

rock fragments; thin dark topsoil. 
EUH.47.-Weakly acid soils of clay loam over clay to silty heavy clay; few weathered rock 

fragments; thin dark topsoil. 

(lb) Orthic Hapludents (EUHO).-Essentially non-gleyed hapludents, which are 
generally deep to very deep, more rarely moderately deep to moderately shallow. 

EUHO1.-Alkaline mostly calcareous soils of stratified silty clay loam to fine sandy loam; 
commonly variable gravel withdepth. 

EUH02.-Ncutral to weakly alkaline soils of stratified clay loam to loamy sand; commonly 
variable gravel. 

EUH03.-Neutral soils of loam to silty clay avcr silty clay to silty heavy clay, at depth 
stratified with sandy loanl. 

EUH04.-Weakly acid soils of stratified clay to sandy clay loam. 
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EUHO5.-Weakly acid to acid soils of stratified clay loam to loamy sand; commonly variable 
gravel. 

EUH06.-Weakly acid moderately deep to moderately shallow soils of silty heavy clay; very 
few to few weathered rack fragments. 

EUH07.-Weakly acid soils of clay to sandy day loam, commonly stratified; commonly 
variable rock fragments. 

EUH08.-Weakly acid to acid moderately to "cry deep soils of loam to clay over loam to clay 
loam; cornmonly marked sand component; variablc rack fragments. 

EUH09.-Acid moderately to very deep soils of loam to clay loam; variable rock fragments. 

(Ic) Lithic Hapludents (EUHL).Shallow to very shallow hapludents, non- 
gleyed, and overlying hard rock. 

EUHL.-Neutral to weakly acid soils of loam to clay loam; variable rock fragments. 

(Id) Tl~apfo (PsanzmoNic) Haplude~zfs (EUHT).-Shallow hapludents overlying 
slightly developed sandy soils with a neutral thick dark topsoil. 

EUdT.-Neutral soils of silty clay loam over sandy loam merging into sand. 

(iii) Psarnnzents (EP).-Slightly gleyed or non-gleyed entisols of sand to loamy 
sand texture. 

(1) Orthopsanzments (EPO).-Psamments with minor quartz and consisting 
predominantly of feldspars and dark minerals. 

(la) Aguic Orthapsam~nents (EPOA).-Slightly gleyed orthopsamments. 
EP0A.-Ncutral over strongly alkaline sails of loamy sand avcr sand, and with a thin dark 

topsoil; calcareaos at depth. 

(lb) Orthic Orthopsammerits (EPOO).-Very slightly gleyed to non-gleyed 
orthopsamments. 

EP00.-Alkaline calcareous soils of loamy sand stratified at depth with some non-calcareous 
silty clay. 

(c) Mollisols (M) 

These slightly to moderately developed soils have a weakly acid to weakly 
alkaline thick* dark topsoil (mollic epipedon). 

(i) Udolls (MU).-Mollisols that are usually moist and not gleyed, or rarely 
slightly gleyed. 

(1) Haphrdolls (MUH).-Non-gleyed udolls without a texture B horizon. 

(la) (Orthopsaninzertc) Hapludalls (MUHP).-Slightly developed haplndolls 
with a very thin solum and with a sand to loamy sand texture containing little quartz 
but predominantly feldspars and dark minerals. 

MUHP.-Neutral soils of sand with a moderately thick dark topsoil. 

(16) Entic HapludoNs (MUHE).-Slightly developed hapludolls with textures 
finer than loamy sand and with a very thin to thin solum without any B horizon. 

*Relative to thickness of solum. 
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MUHE.--Weakly acid to neutral soils of clay loam to silty clay, with a moderately thlck dark 
topsoil; commonly variable gravel at depth. 

(Ic) Orthic Hapludolls (MUHO).-Generally moderately developed hapludolls 
with a structure and/or colour B horizon (cambic horizon). 

MUHO1.-Slightly to moderately developed, weakly alkaline soils with a moderately thin 
solum, sandy clay loam to silty clay texture and thick dark topsoil; calcareous in CI and Cz horizons. 

MUH02.-Moderately developed, neutral over acid soils of clay to heavy clay with a 
moderately thick solum and thick dark topsoil. 

(2) Argudolls (MUA).-Moderately developed udolls with a texture B horizon 
and a thick dark topsoil. 

(2a) Orthic Argudolls (MUAO).-Argudolls with little or no gleying. 
MUAO.--Weakly acid slightly gleyed soils of clay loam merging into silty heavy clay; 

moderately thick solum. 

(ii) Rendolls (MR).-Mollisols with large amounts of calcareous material below 
the dark topsoil. 

(la) Orthic Rendolls (MR-O).-Non-gleyed rendolls without any B horizon. 
MR-O1.Slightly developed alkaline calcareous soils of gravelly loam with a very thin solum 

and a thin to moderately thick dark topsail; overlie coral sand and/or rock. 
MR-02.-Slightly to moderately developed neutral to weakly alkaline soils of clay to clay 

loam, with a thin solr~m and a moderately thick to thick dark topsoil; overlie hard calcareous rock. 

(lb) Eutrochreptic Rendolls (MR-E).-Non-gleyed moderately developed 
rendolls with a colour or slight texture B horizon and a moderately thick dark topsoil. 

MR-E.-Weakly alkaline to alkaline, in some cases calcareous soils of clay to silty heavy clay, 
with a moderately thin salum; overlie hard calcareous rock. 

- 

(d) hceptisols (I) 

These slightly to strongly developed soils have a structure and/or colour B 
horizon (cambic horizon) and/or a weakly to strongly acid thick* dark topsoil 
(umbric epipedon). 

(i) Aquepts @A).-Moderately to strongly gleyed inceptisols. 

(1) Umbraquepts (IAU).-Slightly developed aquepts with a weakly to strongly 
acid thick dark topsoil. 

(la) (Orthopsammentic) Umbraquepts (IAUF').-Umbraquepts of sand to loamy 
sand texture, with little quartz but predominantly feldspars and dark minerals. 

1AUP.-Acid strongly gleyed soils of organic loam merging into sand; thin solum. 

(Ib) Orthic Umbraquepts (IAUO).-Umbraquepts with textures finer than 
loamy sand, and with a thin solum. 

1AUO1.-Acid to weakly acid moderately gleyed soils of clay overlying heavy clay lower in 
the subsoil. 

* Relative to thickness of solurn. 
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IAU02.-Acid strongly gleyed soils of heavy clay with thin clay loam surface horizon. 

IAU03.-Acid to strongly acid moderately to strongly gleyed soils of clay loam to sandy day 
loam. 

(ii) Umbrepts (IU).-Non-gleyed inceptisols with a weakly acid to acid thick 
to moderately thick dark topsoil. 

(1) Haplumbrepts (IUH).-Umbrepts of warm climates. 

(la) (Orthopsammentic) Haplumbrepts (IUHP).-Slightly developed haplum- 
brepts of loamy sand to sand texture, with little quartz but predominantly feldspars 
and dark minerals. 

1UHP.-Weakly acid soils of loamy sand over sand; thin to moderately thin solum; thick 
dark topsoil. 

(lb) Entic Haplumbrepis (IUHE).-Slightly developed haplumhrepts of textures 
finer than loamy sand and without any B horizon. 

1UHE.-Weakly acid sails of loam merging into fine sand; thin soln~n; thick dark topsoil. 

(lc) Orthic Haplurnbrepts (IUHO).-Slightly to moderately developed haplum- 
hrepts with a structure and/or colour B horizon (camhic horizon) and a solum 
thicker than 20 in. 

IUHO1.-Acid soils of clay loam over sandy day loam; madcrately thin solum; moderately 
thick dark topsoil. 

IUHO2.-Acid salls of loam merging into sand; moderately thin salum; thick dark topsoil. 

(Id) Lithic Haplumbrepis (IUHL).-Slightly developed hapluinbrepts overlying 
dense weathered or hard fresh rock at very shallow to shallow depth. 

1UHL.-Weakly acid soils of clay loam to clay witl~out B horizon, with thin to very thin 
solum and a moderately thick to thick dark topsoil; very many rock fragments below solum. 

(iii) Ochrepts (IO).-Slightly gleyed or non-gleyed inceptisols without a thick* 
dark topsoil but having a structure and/or colour B horizon (camhic horizon). 

(1) Eutrochrepts (IOE).-Non-gleyed alkaline ochrepts with calcareous 
substratum. 

(la) (Lithic) Eutrochrepts ( ~ ~ ~ ~ ) . - ~ u t ~ o c h r e ~ t s  overlying hard rock at shallow 
depth. 

1OEL.-Slightly developed soils of clay loam, with thin solum and thin dark topsoil; increasing 
rock fragments with depth. 

(2) Dysirocl!repis (IOD).-Non-alkaline ochrepts. 

(2a) Aquic Dystrochrepts (IODA).-Slightly gleyed moderately developed 
dystrochrepts. 

IODA1.-Acid to weakly acid soils of silty heavy clay to heavy clay; moderately thin to 
moderately thick solum. 

IODA2.-Acid soils ofclay loam, silty clay loam, clay, silty clay; moderafeb thin lu moderahly 
thlck solum; thin dark topsoil. 

* Relative to thickness of solum 



(26) Eutric Dysfrochrepts (IODE).-Weakly acid, rarely neutral, non-gleyed, 
mostly moderately developed dystrochrepts with solum thicker than 20 in. 

1ODEl.-Slightly developed neutral soils of clay or silty clay, with a moderately thin to 
moderately thick solum and increasing weathered rock fragments with depth; lower solum and 
substrata can be calcareous. 

IODE2.Sandy  clay loam, clay loam, sandy clay soils with moderately thin to moderately 
thick solum; commonly weathered rack fragments with depth. 

IODE3.-Clay to clay loam soils with moderately thin to moderately thick solun~; increasing 
weathered rack fragments with dcpth. 

IODE4,Si l ty  heavy day to heavy clay soils with moderately thin to thick solum; variable 
weathercd rock fragments at depth. 

IODE5.-Clay soils with a thick solurn. 

(2c) (Lithic) Dystrocl~repts (IODL).-Non-gleyed dystrochrepts overlying hard 
compact weathered rock at shallow depth. 

IODL1,Slightly developed weakly acid to neutral soils of silty clay or clay, with a very thin 
to thin solum and many rock fragments with depth. 

IODL2.-Moderately developed acid to strongly acid soils of sandy clay loam to silty clay, 
with a vcry thin solum and increasing weathered rock fragments with dcpth. 

(2d) Ortl~ic Dystrocl~repts (IODO).-Acid to strongly acid non-gleyed 
moderately to strongly developed dystrochrepts. 

IODO1.-Moderatcly developed acid sails of silty clay to clay, with a moderately thin to 
moderately thick solum and increasing rock fragments with depth. 

IODO2.-Moderately developed acid soils of clay loam, with a moderately thin solum and 
rapidly increasing weathercd rock fragments with depth. 

IODO3.-Strongly developed acid soils of silty clay loam to clay loam, with a moderately 
thick to thick solum and variable gravel at depth. 

IODO4.Strongly developed acid sails of somewhat stratified clay to sandy clay loam, with 

I -  ~ 

a moderately thin to thick solum. 

10D05.-Moderately developed strongly acid soils of clay loam, silty clay loam, silty clay, 
with a moderately thin to moderately thick solum and variable (mostly many) weathered rock 
fragments. 

(2e) Oxic Dysfrocl7repts (IODX).-Strongly developed dystrochrepts resembling 
oxisols, but containing too many weatherable minerals. 

1ODX.Strangly acid soils of clay loam, sandy clay loam, sandy clay; moderately thin to 
moderately thicksolum; commonly few, but incrcasing strongly weathered rock fragments with depth. 

(e) AlJsols (A) 

These mostly moderately developed soils have a minimum pH in the B horizon 
of 5.5 and have a texture B horizon (argillic horizon), as deduced from the presence 
of a clearly coarser-textured (at least one textural class) surface horizon at least 
5 in. thick. 

(i) Aqualfs(AA).-Mostly moderately gleyed alfisols 

(1) U~~zbraqualfs (AAU).-Aqualfs with a thick dark topsoil. 
AAU1.-Weakly acid to acid soils of clay loam merging into heavy clay; moderately thick 

to thick solum; can have few weathercd rock fragments or concretions in lower B horizon. 
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MU2.-Acid mode~ately to strongly gleyed soils of loam to sandy loam merging into clay; 
moderately thin to moderately thick solum; can have increasing quartz gravel with depth. 

AAU3.-Acid soils of clay loam over clay; thin solum; concretions increasing with depth in 
B horizon and increasing weathered rock fiagnients with depth. 

(2) Ochraqllaalfs (AAO).-Aqualrs without a thick dark topsoil 

( 24  Umbric Ochraqualfs (AAOU).-Ochraqualfs with a moderately thick dark 
topsoil. 

AA0U.-Wcakly acid soils of clay loam over clay and hcavy clay; rnoderatcly thick solum. 

(2b) Ortl~ic Ocl~raqualfs (AA00).-Ochraqualfs without or with a thin dark 
topsoil. 

AA00.-Weakly acid to neutral soils of clay to clay loam over silty heavy clay to clay; 
moderately thick solum; variable weathered rack fragments at depth. 

(ii) Udalfs (AU).-Slightly gleyed or non-gleyed alfisols of moist warm climates. 

(1) Typudalfs (AUT).-Udalfs without a bleached Az horizon tonguing into 
the B horizon. 

(la) Aquollic Typudalfs (AUTQ).-Slightly gleyed typudalfs with a moderately 
thick dark topsoil. 

AUTQ.-Weakly acid soils of clay to clay loam over heavy clay; moderately thin to moderately 
thick solun~. 

(lb) Aquic Typudaalfs (AUTA).-Slightly gleyed typudalfs without or with a 
thin dark topsoil. 

AUTA1.-Weakly acid to acid soils of loam to clay loan, over day;  moderately thick solum. 

AUTA2,-Moderately to strongly developed acid soils of clay loam or silt loam merging into 
silty heavy clay to heavy clay; moderately thick to thick solum. 

AUTA3.-Weakly acid to acid soils of day loam merging into silty heavy clay to heavy clay; 
moderately thin to thick solum. 

(lc) Mollic Typzrdalfs (AUTM).-Non-gleyed typudalfs with a moderately 
thick dark topsoil. 

AlJTM.-Weakly acid to acid soils of clay loam over day;  moderately thick solum. 

(Id) Orthic Typudalfs (AUTO).-Non-gleyed typudalfs with a thin dark topsoil. 
AUTO1.-Slightly to moderately developed alkaline soils of clay loam to clay over silty 

heavy clay over silty clay; moderately thick solurn that can be calcareous in its lower part; variable 
rack fragments at depth. 

AUTO2.-Weakly acid to neutral soils of loam to clay over silty clay, clay, silty heavy clay, 
or heavy clay; nioderately thin solum; commonly increasing rock fragments with depth. 

AUT03.-Weakly acid to acid soils of clay loam over clay; moderately thin to moderately 
thick solum; commonly variable gravel or rock fragments at depth. 

(f) Ultisols (U) 

These are moderately to very strongly developed acid to strongly acid soils 
(maximum pH 5.5 in B horizon) with a texture B horizon (argillic horizon), as 
deduced from the presence of clearly coarser-textllred (at least one textural class) 



surface horizons at least 5 in. thick. In very strongly developed soils the textural B 
horizon must have low friability and is mostly very firm to very plastic when moist. 

(i) Aqaults (UA).-Ultisols that are gleyed immediately below or already within 
any dark topsoil present, or in at least part of the Az horizon if no dark topsoil 
is present. 

(1) U~nbraquz~lts (UAU).-Aquults with a thick dark topsoil and lacking the 
bright mottling specified for plintaquults. 

UAU1.-Strongly developed acid moderately to strongly gleyed soils of loam merging into 
heavy clay; thick solum; few black concretions in B horizon. 

UAU2.-Strongly developed acid to strongly acid moderately gleyed soils of loam to clay loam 
merging into silty heavy clay and heavy clay; moderately thick solum; can have very few concretions 
in lower B horizon. 

(2) Ochraquults (UAO).-Aquults without a thick dark topsoil and lacking 
the bright mottling specified for plintaquults. 

(2a) (Umbric) Ochraquults (UAOU).-Ochraquults with a moderately thick 
dark topsoil. 

UA0U.-Moderately developcd acid moderately gleyed soils of clay loam avcr clay to silty 
hcavy clay; moderately thin solum; variable weathered rock fragments in C horizon. 

(3) Plintaq~lults (UAP).-Mostly very strongly developed aquults withprominent 
red, brown, and light grey mottling (considered to he plinthite) in the subsoil. 

(3a) (Umbric) Plintaquz~lts (UAPU).-Plintaquults with a thick dark topsoil. 
UAPU1,Strangly acid moderately gleyed soils of loam merging into silty heavy clay to 

heavy clay; very thick salum; may have few concretions in B horizon. 

t~ ~ ~ ~' 
UAPU2.-Acid to strongly acid slightly gleyed sails of loam to clay loam merging into silty 

heavy clay; moderately thin to thick solum. 

(3b) (Uinbraqaultic) PIintaquults (UAPB).-Plintaquults with a moderately 
thick dark topsoil. 

UAPB1.-Strongly developed acid moderately gleyed soils of loam merging into heavy clay; 
moderately thick salum. 

UAPB2.-Strongly to "cry strongly developed acid to strongly acid moderately to strongly 
gleyed soils of loam to sandy clay loam merging into silty heavy clay to heavy clay; moderately thin 
to thick solrtm; mostly fcw to moderate concretions in B horizon. 

(34 (Ocl?raquultic) Plintaql~~rlts (UAPA).-Strongly gleyed plintaquults without 
a dark topsoil. 

UAPA.Strongly acid soils of silt loam merging into silty hcavy clay; probably very thick 
solum. 

(ii) Oclirults (UO).-Ultisols without a thick dark topsoil and without gleying 
beginning at shallow depth as specified for the aquults. 

(1) Typoclirzdfs (UOT).-Ochrults without the bright mottling specified for 
plintochrults. 
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(la) (U~nbruqz,ic) Typochrults (UOTB).-Moderately developed slightly to 
moderately gleyed typochri~lts with a moderately thick dark topsoil. 

UOTB1.-Weakly acid slightly gleyed soils of clay loam merging into heavy clay; moderately 
thick solum. 

UOTB2.-Acid moderatcly gleyed soils of clay loam over silty heavy clay; moderately thick 
solum. 

(Ib) (Litliuquic) Tj,pochrults (UOTH).-Moderately developed slightly gleyed~ 
typochrults without a dark topsoil and overlying hard rock at shallow depth. 

U0TH.-Acid soils of sandy clay loam over sandy clay; thin solum. 

(Ic) Aqz~ic Typochrults (UOTA).Slightly gleyed typochrults without or with 
a thin dark topsoil and a soluln thicker than 20 in. 

UOTA1.-Madcrately developed acid soils of sandy clay laam to clay loam merging into silty 
clay to hcavy clay; thick solum; can have variable concrctions and gravel in B horizon. 

UOTA2.-Strongly dcveloped acid to strongly acid sails of fine sandy laam to loam over 
sandy clay to clay: moderatcly thin solurn; can have variablc gravel in subsoil. 

(Id) Orthic Typochr~~lts (UOTO).-Non-gleyed typochrults without or wit11 
thin dark topsoils and a solum thicker than 20 in. 

UOTO1.-Moderately developed acid soils of sandy loam to clay loam over sandy clay to clay; 
moderately thick solum; thin dark topsoil; mostly variable weathered rock fragments in C horizon. 

UOTO2.-Moderately to strongly developed acid sails of loam to clay loam over silty clay to 
clay; moderately thin to thick solum; variable gravcl and weathered rock fragments, increasing 
with depth. 

UOTO3.-Strongly dcveloped acid soils of loam to clay loam merging into clay, silty heavy 
clay, heavy clay; moderately thick to thick solum; commonly variable gravcl and in some cascs 
concretions; can be slightly gleyed. 

UOT04.Strongly devcloped acid soils of clay loam merging into heavy clay; thick solum; 
thin dark topsail. 

UOTO5.-Very strongly dcveloped strongly acid sails of loam to clay merging into silty heavy 
clay to heavy clay; moderately thick to thick solum; can have few strongly weathered rack fragments. 

(2) Plintochrults (UOP).-Ochrults with prominent red, brown, and light grey 
mottling (considered to be plinthite) in the subsoil. 

(2a) (U~nbraquic) Pli~ztocl~r~~lts (UOPB).-Very strongly developed slight to 
moderately gleyed plintochrults with a moderately thick dark topsoil. 

U0W.-Acid soils of loam to sandy clay loam merging into silty heavy clay to heavy clay; 
moderately thick to thick solum; can have concretions in Ae and upper B horizons, decreasing 
with depth. 

(2b) (Aquic) Plintochrults (UOPA).-Mostly slightly gleyed plintochrults without 
or with a thin dark topsoil. 

UOPA1.-Strongly developed acid slightly to moderately gleyed soils of clay loam over clay, 
silty heavy clay, heavy clay; moderately thin to thick solum; can have few concretions in upper B 
horizon. 

UOPA2.-Very strongly developed acid to strongly acid soils of sandy loam to loam over 
sandy heavy clay, silty heavy clay, heavy clay; moderately thick to very thick solum; little to moderate 
quartz gravel. 

UOPA3.-Very strongly developed strongly acid soils of loam to clay loam merging into silty 
heavy clay and heavy clay; thick solum; can have few concretions in upper B horizon. 
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(2c) Typic Plinfoclirults (UOPT).-Very strongly developed non-gleyed plinto- 
chrults without or with a thin dark topsoil. 

U0PT.-Acid soils of clay loam merging into silty heavy clay and heavy clay; thick solum; 
commonly has variable concretions in A and upper B horizons. 

(iii) Uinbrults (UU).-Ultisols with a thick dark topsoil and without gleying 
beginning at shallow depth as specified for the aquults. 

(1) Plin/~117?brulfs (UUP).-Strongly to very strongly developed umbrults with 
prominent red, brown, and light grey mottling (considered to be plinthite) in the 
subsoil. 

UUP.-Acid to strongly acid slightly gleyed soils of loam, sandy clay loam, and clay loam, 
merging into clay; moderately thin to thick solurn; can have variable quartz gravel; can have fcw 
concretions in AX and upper R horizons. 

(g) Oxisols (0) 

These are very strongly developed strongly acid soils with a B horizon of 
minimal structure but high friability in relation to clay content (oxic horizon), and 
not overlain by a bleached Az horizon or any horizon with an abrupt texture change. 

(i) (Argox) (OA).-Oxisols with a texture B horizon (argillic plus oxic horizon), 
as deduced from the presence of a clearly coarser-textured (one textural class) surface 
horizon at least 5 in. thick. 

(1) (Normargox) (OAN).-Non-gleyed argox without a thick dark topsoil. 

(la) (Urnbric Norn?argox) (OANU).-Normargox with a moderately thick 
dark topsoil. 

0ANU.-Soils of loam to clay loam nlerging into clay loam to clay; moderately thick to 
thick salvm; mostly very low to moderate quartz gravel in B horizon; commonly fcw concretions 
above B horizon. 

(Ib) (Typic Normargox) (OANT).-Normargox without a dark topsoil. 
OANT1.-Soils of loam to sandy clay loam merging into silty clay; thick to "cry thick solum; 

few very strongly weathered rock fragments, increasing wit11 depth; can have littlc quartz gravel. 
OANT2,Sai ls  of silty day laam ovcr clay; moderately thick solurn; few very strongly 

weathered rack fragments in C horizon. 

IV. SOIL DISTRIBUTION 

(a) Ii7trod1cfion 

The land system map can be used as a map of associations of the lowest category 
soil classes, as listed in the weathering and soils section of the detailed land system 
descriptions (Appendix 111); or as a map of associations of soil subgroups, as listed 
in the synoptic land system descriptions (Part 111). The distribution of great soil groups 
is shown on a separate map. In the reference to this map, the first 13 associations of 
undeveloped soils are arranged in order of decreasing hydromorphic soils. The other 
soil associations are arranged in order of increasing soil development. In  this section 



soil distribution is discussed entirely in terms of orders and great groups and with 
reference to the associations on the soil map and to the air-photo illustrations of land 
systems in Part II. Points of interest concerning subgroups and lowest category soil 
classes are discussed in Section V of this Part. Areas given for soil orders and great 
soil groups are highly tentative estimates of the relative abundance or scarcity of the 
various kinds of soil in the area. 

(b) Histosols 

Most of the 160 sq miles of peaty soils occur in the back swamps of the Sepik 
River flood-plain (associations A to Cl). Their presence supports other evidence for 
low rates of sedimentation in this plain, such as the fine texture of all alluvial deposits, 
the incapability of the river to build proper levee banks, and the absence of major 
bars in the river mouth (Reiuer and Mabbutt 1968). Whilst histosols have been 
observed with many kinds of swamp vegetation, they appear to be most common 
under Ca~npnosperma forest and swamp woodland (Plate 4). These combinations of 
soil and vegetation probably reflect permanently wet stable conditions with a minimnm 
of sedimentation. Histosols are rarest under pandan vegetation (Plate 3, Fig. 2), which 
commonly appears to be indicative of unstable flood-plain conditions with greater 
movement of sediments. These soils are also less commati in the grassland back 
swamps (Plate 2, Fig. 2; Plate 3, Fig. 1) which are characterized by great fluctuations 
in water level over the year. 

Histosols are also an important component of the soils of swampy valleys 
(Plate 5, Fig. 2) along the edges of weathered surfaces in the inland plains. Included 
in soil associations A, B1, B2, C1, and El ,  these valleys have a very low rate of 
sedimentation and thus have become blocked by the alluvia of streams in adjoining 
larger valleys. 

I n  those parts of associations B2 and El that form the lowest wettest portions 
of alluvial plains and fans (Plate 5, Fig. 1) histosols occur much more rarely, because 
these are clearly more vigorously aggrading environments. This applies particularly 
to the coastal plains, where histosols appear to be restricted to a few small areas 
behind beach-ridge complexes. 

The many different vegetation types found on peat soils would suggest a variety 
of plant residue sources for these soils. This is confirmed by the very limited field 
evidence. Some soils contain wood fragments and are derived from forest vegetation, 
with sago palms probably as the major producer of organic residue. Others appear to 
be derived solely from herbaceous vegetation, with Pl~ragtnites as the likely main 
supplier. 

(c) Elztiso/s 

With an estimated total area of 2200 sq miles, this order of soils with pedo- 
logically undeveloped profiles is the largest in the area. This reflects not only the 
wide distribution of alluvial soils on youthful swamps, plains, atid fans, hut is due 
even more to the widespread occurrence of undeveloped colluvial soils on unstable 
hill slopes. 

(i) Hydraq~rents.-These typical mineral swamp soils, characterized by strong 
gleying and a very low bearing strength due to saturation with water, occupy about 
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270 sq miles. They occur very largely in freshwater swamps in the alluvial plains, 
but also on tidal flats (Plate 2, Fig. I), where they are saline (association C2). In the 
wettest parts of the swamps they occur in association with histosols (see previous 
section), whilst in less swampy areas they are associated with haplaquents, hapludents, 
and other soils (associations C1 to El). In soil associations H, 0 ,  and P the hydra- 
quents occur in minor tracts of low-lying swamp land dispersed among higher ground 
with quite unrelated soils. The hydraquents are associated with essentially the same 
variety of vegetation types as the histosols. 

(ii) Hap1aquents.-Having greater bearing strength than the hydraquents, these 
moderately to strongly gleyed soils occur extensively in those parts of swamps and 
alluvial plains where the water-table is very high in the wet season but recedes several 
feet below the land surface during the dry. Such areas include the meander plain 
(Plate 6, Fig. 1) and the higher parts of the back plains of the Sepik River (associations 
B2, B3, Dl), as well as extensive low-lying alluvial plains (associations D2, El ,  E2) 
and small low parts of flood-outs, fans, terraces, and valley floors in associations 
C3, F1, G, N, 43. The alluvial haplaquents are mostly associated with sago palm 
vegetation and with forests with sago palms in the understorey (Plate 5, Fig. 1; 
Plate 7; Plate 8, Fig. I), but occur also under grassland in the Sepik flood-plain. 

A significant proportion of the 640 sq miles of haplaquents does not occur as 
alluvial soils, but as colluvial soils on the floors of slumps and in seepage zones on 
unstable hill slopes on sedimentary rocks such as mudstoneand siltstone in associations 
F5, J2, Ll, and M (e.g. Plate 20, Fig. 2; Plate 22, Fig. 1; Plate 23, Fig. 2). In these 
associations the haplaquents occur as small scattered pockets, under a natural 
vegetation of forest but often used for native gardens and planting of sago palms. 
As is to be expected, the haplaquents are associated with quite different soils in 
these associations than on the alluvial plains and swamps. 

r~ - ~ -~ (iii) Psammquents and 0rthopsammefils.-With a total area of less than 20 
sq miles these sandy soils are very rare, a fact that reflects the general lack of sand 
in the rock-weathering products that are the source of the alluvia in the area. Occur- 
ring locally in soil associations C2, C3, El, and H, these soils are confined partly to 
beach deposits along the coast, partly to the upper parts of unstable flood-outs and 
scroll plains (Plate 6, Fig. 2). Mangroves, sago palm, and pandan vegetation cover 
the poorly drained psammaquents; pandan vegetation and Castfarina forest cover 
the better-drained orthopsamments. 

(iv) Hap1udents.-Covering nearly 1300 sq miles these slightly gleyed or uon- 
gleyed undeveloped soils are the largest great group in the area, and occur in 23 of 
the 43 soil associations. Probably more than anything else, this underlines the 
youthful condition of much of the land from the pedological point of view. This is 
due to very recently completed or still continuing aggradatiou of sediments in the 
plain sectors. In the hill sectors it is caused by slope instability as a result of surficial 
mass movement (Plate 18, Fig. 2), earth flow (Plate 19, Fig. 2), or rotational slumping 
(Plate 21, Fig. 2) on sedimentary rocks that are not very hard even when fresh. 

The alluvial hapludents are dominant in associations D2, FILF4, and G, where 
they are associated mostly with equally undeveloped but more gleyed soils. In  



114 H. A. HAANTJENS 

association L2 rather acid alluvial hapludents have been observed on terrace surfaces 
up to 300 ft above stream level (Plate 1 1, Fig. 2), a fact that suggests an extraordinarily 
rapid rate of stream incision in this part of the area. 

The colluvial hapludents are dominant only in association F5, but subdominant 
in many other soil associations of the hills (JILJ3, KI, L1, L2, M, N). In these cases 
they are associated with a great variety of more developed residual soils. 

The natural vegetation on hapludents is tall to mid-height forest, but the types 
occurring in the plains (Plate 8, Fig. 2) are quite different from those in the hills and 
mountains (Plate 21, Fig. I). These soils, particularly those on hill slopes, are com- 
monly cleared for native shifting cultivation (Plate 10, Fig. 2; Plate 21, Fig. 2). 

(4 Mollisols 

With about 70 sq miles, this order of soils with neutral thick dark topsoils is 
of very minor importance in the area. Most nlollisols are associated with rather 
specific environmental conditions. 

(i) Hapludo1ls.-On alluvial deposits the development of a thick dark topsoil 
(the only attribute distinguishing most of the hapludolls from hapludents) is commonly 
the first clear expression of horizon differentiation. This is the case on some 30 sq 
miles of higher and no longer aggrading river terraces in association F3, but par- 
ticularly F4 and G (Plate 9, Fig. 2; Plate 10, Fig. I), and on young beach ridges in 
association H, just inland from the coastal ridges with orthopsamments. Near the 
coast these hapludolls are mostly under grassland, but on the river terraces they are 
covered with tall forest. 

Hapludolls with B as well as A1 horizons appear to occur very rarely as residual 
soils on hill slopes of sedimentary rock (associations K4 and N). 

(ii) Argu~1olls.-These rare soils (3 sq miles) with coarser-textured surface 
horizons and rather poor drainage have been observed only in soil association 43, 
where they occur on dissected plains of Pleistocene sediments (Plate 13, Fig. I), 
apparently in places where the original weathering zone has been partly stripped off 
by denudation. These soils are closely related to umbraqualfs occurring in similar 
situations (subsection (f)(i)), and have a vegetation of grassland. 

(iii) Rend01ls.-These shallow dark soils probably occupy 30 sq miles and are 
associated with limestone, particularly in associations I1 and I2 of coral platforms 
(Plate 1, Fig. I), coastal hills, and massive low mountains (Plate 27), but also wherever 
limestone forins a minor rock type in other soil associations (F5, J1, Rl). The 
correlation between rendolls and pure or tuffaceous limesto~le is very close and 
virtually independent of land form. The rendolls are normally covered with tall 
forest, but locally cleared for native gardens and coconut plantations. 

(e) I~zceptisols 

This second largest soil order covering nearly 1300 sq miles includes several 
different kinds of slightly to strongly developed soils that, however, never have 
coarser-textured surface horizons. It  includes the dominant soils on erosional hill 
slopes throughout the area. 
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(i) Unzbraquepts and Hap1unzbrepts.-Soils in both great groups are charac- 
terized by acid thick dark topsoils but little or no other profile development. Most of 
the 50 sq miles of strongly gleyed umbraquepts occur in soil associations B3 and H4. 
In the first of these they are very fine-textured soils under grassland in the Sepik 
River back swamps (Plate 3, Fig. I), where they are associated with other very poorly 
drained soils such as haplaquents, hydraquents, and histosols. In the second associa- 
tion they are sandy soils found under sago palm vegetation in swales separating 
beach ridges with mostly haplulnbrepts that are also very sandy and largely covered 
wilh grassland (Plate 1, Fig. 2). As typical soils of the older beach ridges, haplumbrepts 
occur also as minor soils in association G of coastal fans. 

The ~unbraquepts in associations P, 42,  and 4 3  are colluvial soils that occur 
in small grassed valley floors and slump alcoves formed by the dissection of weathered 
surfaces on Pleistocene sediments in or near the inland plains (Plate 13, Fig. 1). 
Similar soils were observed in large slumps on dip slopes in association P (Plate 22, 
Fig. 2). 

I n  addition to the alluvial types, shallow residual haplumbrepts were observed 
locally under forest and regrowth on hill slopes and ridge crests on sedimentary rocks 
in the higher-rainfall parts of the area (associations 52, K4, and K7). The total area 
of haplumbrepts appears to be less than 30 sq miles. 

(ii) Eutrochrepts.-These rare (less than 20 sq miles) alkaline shallow residual 
soils on calcareous sedimentary rocks appear to be restricted to local very steep 
erosional slopes and spur crests in the central hill zone (associations 52, LI). They 
have been observed mainly under regrowth and garden vegetation and represent 
the least-developed non-colluvial hill slope soils in the area. 

(iii) Dystrochrepts.-With nearly 1200 sq miles this second largest great soil 
group includes shallow to deep weakly. to stronglyacid slightly to strongly developed 
soils. These are the dominant soils on erosional hill slopes on all consolidated parent 
rocks (except limestone) and on dissection slopes in Pleistocene sediments. They occur 
in 25 of the 43 soil associations and are domiuant in 8, subdominant in 13. The only 
associations in which these soils do not occur are those consisting wholly of young 
alluvial deposits or limestone and, in addition, one association (Ql) on undissected 
very poorly drained Pleistocene alluvium. 

As residual soils the dystrochrepts are much more common on straight erosional 
slopes than on irregular slopes with colluvial mantles and slumps. Such straight 
slopes tend to predominate in areas of igneous and metamorphic rock (Plate 28, 
Fig. 2; Plate 30, Fig. 2) and in areas of harder sedimentary rock (Plate 19, Fig. 2; 
Plate 28, Fig. I), but also occur together with colluviated slopes in hilly areas on 
softer mudstone and siltstone (Plate 16). In all these situations (associations K1-KS), 
the dystrochrepts more than any other soils are the product of the interaction between 
weathering and soil formation on the one hand and slope denudation on the other 
hand. They range from slightly developed soils where denudation is rapid (Plate 29, 
Fig. 2) to strongly developed soils where it is slow (Plate 30, Fig. 1). 

The hill slope dystrochrepts are commonly associated with undeveloped colluvial 
hapludents (particularly on sedimentary rocks) and with more developed other great 
soil groups occurring locally on weathered crests and shoulders. The association of 
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dystrochrepts with Inore developed alfisols and ultisols on dip slopes in associations 
K4, L1, L3, and M is further discussed in subsections ( f )  and (g). 

Dystrochrepts are commonly found on the exposed lower parts of dissected 
weathering zones that developed on originally stable surfaces. This is the case with 
dissected mountain plateau surfaces of associations R1 and R2 (Plate 15, Fig. 1); 
with dissection slopes in Pleistocene fanglomerates of association 0 (Plate 11, Fig. 1) 
and in Pleistocene alluvial deposits of associations L2, P, Q2, and Q3 (Plate 13, 
Fig. 2); and with upper slopes of hills on low sedimentary rock that are related to the 
lowland weathered surface (associations K7 and N; Plate 16, Fig. 1). On the slowly 
permeable mudstone and clay of the surfaces in the south, such dystrochrepts are 
commonly rather gleyed. In all these soil associations they occur together with 
more-developed soils on the intact parts of the weathered surfaces: mainly ultisols, 
also alfisols, and (particularly in the case of mountaiil summit plateaux) also oxisols. 
The only major occurrence of dystrochrepts on the weathered surfaces themselves 
concerns strongly developed soils on the fan surlaces of association 0 in the coastal 
region (Plate I I, Fig. I), where they are associated with ultisols of a rather similar 
nature but possessing coarser-textured surface horizons. 

Dystrochrepts are mostly covered with various types of tall and mid-height 
forest which appear to be related more to slope stability, altitude, rainfall, and 
drainage than to soil differences per se. In particular, the less developed less acid 
dystrochrepts have been cleared for native gardens over considerable areas in the 
east. Grassland occurs locally on dystrochrepts on the weathered surfaces in the south. 

(f) Arfisols 

Although small in extent (probably only 275 sq miles) this order of mostly 
moderately developed weakly acid to weakly alkaline soils with coarser-textured 
surface horizons is widespread through the area, occurring over a large range of 
rock types and land forms. 

(i) Umbraquays and 0chraq~farfs.-With areas of less than 60 and less than 
20 sq miles respectively, these stroilgly gleyed soils are largely restricted to fine- 
textured Pleistocene sediments and Pliocene mudstone of dissected weathered lowland 
surfaces in the south (associations N, P, 42). Both great groups axe found locally 
on high-level plains and surface remnants, on terrace benches, and on moderate 
slopes (Plate 12, Fig. 2; Plate 13, Fig. 2; Plate 14). Since these soils occur as ininor 
associates of more strongly developed acid ultisols, it would appear that they are 
related to partially stripped sectors of the weathering zone, in a similar manner to 
that suggested in subsection (d) for the closely related argudolls. In other cases these 
soils occur on surfaces and terraces at lower levels, which appear to be younger 
than the main Pleistocene plains. 

Umbraqualfs also occur locally on moderate dip slopes in soil associations J2 
and L1, where they are the most poorly drained members of a set of soils with coarser- 
textured surface horizons. 

Umbraqualfs with their thick dark topsoil occur mostly under grassland; 
ochraqualfs with thinner dark topsoils are found under grassland, regrowth, andforest. 



(ii) Typuclalfs,-Altlogh occupying o~ily 200 sq miles, these well to imperfectly 
drained alfisols are widespread, occurring in 14 soil associations. On rare occasions 
they are associated with the more poorly drained aqualfs on slopes of the weathered 
surfaces in the south (associations N, Ql, and 43) and on the weathered faus 
in the north (associations K5 and 0) .  They are more common on the dissected 
fan terraces of association L2 (Plate 11, Fig. 1). 

Probably the most interesting correlation of the typudalfs is with the moderate 
to gentle dip slopes of associations L1 and L3 in the central hill zone (Plate 23, Fig. 1 ; 
Platc 24, Fig. I), where they are mostly somewhat gleyed and rather shallow and are 
associated with some more strongly developed ultisols and even oxisols. Thus the 
soil pattern of these dip slopes is quite different from that of other hill slopes. I t  
resembles more closely the soil pattern of the Pleistocene weathered land surfaces, 
although the overall degree of soil development is less. 

Shallow weakly alkaline typudalfs appear to be comnlon on argillaceous lime- 
stone and marl on slopes and crests in soil association I2 (Plate 26, Fig. 2). These 
are closely related to the rendolls (subsection (d)(iii)), but are less dark, more clayey, 
and slightly deeper. Elsewhere in the hilly and mountainous areas typudalfs are 
found locally on various rocks and land forms (associations F5, 52, K5, and K6). 
In many of these situations their presence is dillicult to explain. Locally, surficial 
soil movement may he the cause of the textural differentiation rather than pedological 
horizon differentiation. 

Various kinds of forest are undoubtedly the natural vegetation types associated 
with typudalfs, but commonly the forest has been cleared and is replaced by garden 
regrowth. 

( g )  Ultisols 

This order comprises the great majority of the most strongly developed soils 
r ~~~ ~- in the area and is the third largest in size with 600 sq miles. The ultisols are acid to 

strongly acid soils with coarser-textured surface horizons and commonly compact 
very firm to plastic subsoils which are often mottled. It thus appears that under most 
conditions of drainage and parent rock in the area, ultisols rather than oxisols 
represent the final stages in soil formation. 

(i) Uinbraquults, Ochruyu~~lts, and Plintaquults-With only one exception, these 
strongly gleyed ultisols occupying 45; 50, and 140 sq miles respectively are restricted 
to soil associations N, P, QI, Q2,* and Q3 of the weathered plains and dissected 
lowland surfaces. They are most common on the least dissected plains of Pleistocene 
sediments (Plate 12) and rarest on dissected surfaces on mudstone (Plate 14). The 
three great groups, which differ mainly by having thick dark topsoils in the umbra- 
quults and bright mottles resembling plinthite (United States Soil Conservation 
Service 1960) in the plintaquults, all occur under similar conditions: mainly level 
plains and crestal surface remnants, occasionally upper dissection slopes within the 
weathering zone. There is a tendency for the most weathered soils, the plintaquults, 
to he more common on the highest, oldest surfaces and for the umbraquults to occur 

*The minor plintaquults in association F3 are an areas similar to, but unmappable as, 
' association 42. 
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most often on the wettest plains. Grassland (and fern-sedge land) is the normal 
vegetation on these soils but they are also found under forest with sago palms. 
Surprisingly, some plintaquults were observed under tall forest that showed no sign 
of excessive wetness in structure and composition. 

The exception referred to at the beginning of this section concerns the minor 
occurrence of ochraquults on dip slopes of association L1. This is further evidence 
for the basic similarity between dip slopes and weathered surfaces from a pedological 
point of view. 

(ii) Plintochr~ilts and Plintunzb~~ults.-These two great groups of imperfectly to 
well drained ultisols with brightly mottled subsoils resembling plinthite are also very 
largely restricted to the weathered surfaces. Occupying nearly 130 and 30 sq miles 
respectively, they are most common on the slightly to modcrately dissected surfaces 
on Pleistocene sediments (soil associations Q2* and 43 ;  Plate 12, Fig. 2; Plate 13, 
Fig. I), where they occur on plains and crestal surface remnants as well as o n  upper 
dissection slopes within the weathering zone. These soils are rare on both the un- 
dissected wet plains of association Q1 (Plate 12, Fig. 1) and the fully dissected surfaces 
of association P (Plate 13, Fig. 2). Plintochrults, which lack the thick dark topsoil of 
the plintumbrults, are also common on the moderately to strongly dissected weathered 
surface on Pliocene mudstone (association. N), where they occur typically on interfluve 
surfaces and high terrace benches (Plate 14, Fig. 2). Locally they occur on similar sur- 
faces in association L2, hut appear to be extremely rare in hilly areas on consolidated 
rock (see association 52). 

Whilst the plintumbrults are associated with grassland vegetation, the plinto- 
chrults occur mainly under forest and regrowth but also under grassland. 

(iii) Typoc11rults.-Whilst a few imperfectly drained typochrults occur on the 
weathered surfaces in the south and east (associations N, P, and QI), this great group 
is much more important on the weathered fans and terraces of association L2 in the 
western hills (Plate 11, Fig. 2) and of association 0t in the coastal area (Plate 11, 
Fig. 1). They are further common on the dip slopes of associations L3 and M in the 
central hill zone (Plate 23) and on the weathered dissected plateau surfaces of 
associations R1 and R2 (Plate 15). In all these cases the occurrence of the strongly 
developed, acid, and mostly well-drained typochrults is related to relatively stable 
weathered land surfaces, at  least moderately permeable parent materials, and 
relatively high rainfall. Associated soils (to which the typochrults are in places 
transitional) include dystrochrepts (particularly on fan surfaces), typudalfs 
(particularly on dip slopes), and normargox (particularly on dissected plateaux in 
the mountains). 

Typochrults are a minor component of the soil pattern of various hilly and 
mountainous areas on sedimentary and igneous rocks (associations F5, 11, J2, J3, 
K&K7), where they occur on local relatively stable sites, mainly crests, shoulders, 

*The minor plintochrults in association F3 are on areas similar to, but unmappable as, 
association 42. 

i The minor typochrults in association F4 refer to high river terraces with similar properties 
to the fan terraces of association 0. 



dip slopes (F'late 24, Fig. 2), and upper slopes cut within old weathered zones (Plate 
16, Fig. 1; Plate 17, Fig. 2). 

Tile typochrults occur under a vegetation of different kinds of forest, as do the 
dystrochrepts. They have been relatively rarely cleared for gardening in the area. 

(h)  Oxisols 

This smallest of all soil orders (just over 40 sq miles) comprises very strongly 
developed friable acid to strongly acid soils, which could develop only in a few 
localities with the right combination of drainage, parent rock, and land surface 
stability. The oxisols have much in common with the most strongly developed 
classes of the dystrochrepts and typochrults. 

(i) Nomnugox.--This great group, characterized by having coarser-textured 
surface horizons, is the only one observed in the area. Nornlargox are most commonly 
developed on basic igneous rocks. They are most conspicuous on deeply weathered 
dissected plateau surfaces of association R2, which are probably remnants of the 
oldest land surface in the area (Plate 15, Fig. 1); and on complexes of low and high 
hill ridges of igneous rock of associations K8 and R1 (Plate 15, Fig. 2). In these 
associations the normargox occur mainly on crests and upper slopes. This is also 
the case in associations J3 and K6, where the normargox arc a minor component 
of the soil pattern of two land systems on igneous rock but with predominantly 
uustable erosional slopes (Plate 28, Fig. 2; Plate 29, Fig. 1). Normragox have also been 
sporadically observed on lower dip slopes in association L1 (Plate 24, Fig. 1). 

In  contrast to these occurrences in hard rock landscapes, the normargox are 
also a minor component of the soil pattern of the little-dissected weathered plains on 
weathere$'~leistoceue sediments (associations Q1 and 42)  and an apparently more 

t~ ~- ~ important great group on the strongly dissected weathered surface of association P 
along the southern margin of the hill zone (Plate 13, Fig. 2). In the latter case, the 
normargox occur mainly on very low convex hill ridges of the oldest part of the 
surface, which appears to have undergone a second cycle of weathering after dis- 
section of the original surface. The fact that the sediments in association P are 
commo~ily more coarse-textured than those in associations Q1 to 4 3  could also have 
promoted the more frequent development of oxisols in P. This effect of drainage 
and texture is also demonstrated by the occurrence of the normargox on narrow 
meandering sandy slight rises in the otherwise very wet association Q1. These rises 
strongly resemble former river courses which now lie slightly above the level of the 
plains as a result of dilferential compaction and weathering (Plate 32, Fig. 2). 

Because of their widespread distribution from the inland plains to the main 
mountain range, the normargox occur under a range of forest types as well as under 
grassland. 

V. SOIL FORMATION 

The influence of the pr~nc~pal  so~l-formmg factors-parent rock, land form, 
time, climate, and vegetation-on the forlnation of the different soils in the area 1s 



generally complex, as is evident from Haanljens's detailed account* of these relation- 
ships as observed in the field. Only rarely does one of these factors strongly dominate 
the others, and in many cases their interactions cannot be properly unravelled in a 
reconnaissance survey. Of the many lowest-category soil classes, less than 10 were 
found to be associated with exactly the same combinatio~~ of rock type, land form, 
and vegetation at all sites observed. On the other hand, some relationships, such 
as those of the histosols and hydraquents with organic and mineral sediments in 
swamps, several very sandy soils with beach ridges, and the rendolls with limestone, 
are so obvious that they need not be discussed. This section is concerned with sum- 
marizing the overall influence and highlighting some special effects of various factors 
on soil development. 

(a) Parent Material 

Specific correlations between soil and parent material occur mainly at the lowest 
soil class level. Apart from the very obvious correlations between soil classes and 
young alluvium and betweenorganic residues and limestone, 47 out of 74 lowest soil 
classes appear to be confined to either sedimentary rocks, basement rocks, or Pleisto- 
cene alluvium, whilst only 2 out of 23 subgroups that consist of more than one lowest 
soil class are so related. More lowest soil classes occur on both sedimentary rocks 
and old alluvium than occur on both sedimentary rocks and basementrocks (14 against 
10). The greater similarities between sedimentary rock and old alluvium as a soil 
parent material emerge more clearly from the fact that 8 subgroups consisting of 
more than one lowest soil class are common to sedimentary rock and old alluvium, 
against only two that are common to sedimentary and basement rock. If young 
alluvium is included in the first category the ratio becomes 14 to 2. Soil subgroups 
that commonly occur on all three kinds of parent materials are the orthic dystro- 
chrepts, orthic typudalfs, orthic typochrults, and typic normargox. These soils can 
be considered as stages in the development of zonal soils in the area which are not 
subject to any dominant influence of parent material. In these subgroups the old 
alluvium parent material consists of fanglomerates, derived mainly from basement 
rock, and the sedimentary rocks comprise mainly the coarser-textured members of 
the sequence. Thus the real contrasts in parent materials of these subgroups are 
relatively small. 

Mndstone is the sedimentary rock with the greatest contrast to the basement 
rocks. It  is therefore not surprising to find that 16 lowest soil classes are wholly or 
nearly confined to this type of sedimentary rock, although five of these also occur on 
Pleistocene clays. On the other hand, mudstone is hardly ever a parent material for 
those soil classes that occur on both sedimentary and basement rock. 

Two factors lead to differences in soil formation on sedimentary and basement 
rock: drainage and rock weathering. No poorly drained soils were observed on 
basement rocks but very many were on sedimentary rocks. This is probably due 
largely to the slow permeability of the sedimentary rocks as a result of compact 

* Haantjens, H. A. (1970).-The relationships between soil classes and rock type, land fornl, 
and vegetation in the Aitape-Ambunti area, Territory of Papila and New Guinea. CSIRO Aust. 
Div. Land Res. tech. Memo. No. 7111 (unpublished). 
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bedding, and to the trend of basement rocks to be more jointed and to develop 
permeable regoliths. This last point seems to be borne out by the fact that, where 
weathering and earth movement have produced a thick mantle OF colluvial detritus 
on slopes, poor drainage is much less common on sedimentary rocks. Again mud- 
stone stands out amongst the sedimentary rocks by being very slowly permeable, 
and as a result soil gleying is twice as common on mudstone as on siltstone and four 
times as common as on sandstone and conglomerate. Similarly, colluvium derived 
from mudstone has more poorly drained soils, including the only colluvial haplaquents 
observed, than the colluvium from other rocks. 

Comparable differences in permeability of the parent material are likely to be 
the main reason for the differences between soils of the weathered surfaces on Pleisto- 
cene to sub-Recent alluvium in the south and of the fan surfaces of similar age in the 
north, the materials of the fans and terraces of Lumi (26) land system occupying an 
intermediate position. Aquults, aquic typochrults, and aquic plintochrults are the 
main soils developed in the clayey alluvial deposits in the south that are largely 
derived from sedimentary rocks. The more gravelly sediments in the north have a 
large component of basement rock detritus in which there is a dominant development 
of orthic typochrults and orthic dystrochrepts. 

Whilst soils can only form on the hard basement rocks after significant weather- 
ing of these rocks, both chemical and physical, only softening of the sedimentary 
rocks by hydration is required to permit soil development. Thus the immature eutric 
dystrochrepts occur predominantly on sedimentary rock, and such rather alkaline 
soil classes as MUHOI, AUTOI, and IOEL could also develop only on these rocks 
which may be softened even before being leached of all carbonates. This ease of 
softening by hydration is probably the major reason for the widespread slumping, 
surficial earth movement, and deeper earth flow observed on these rocks, and these 
in turn have given rise to much larger areas of colluvial entisols on sedimentary 

1- ~- ~ - - -~ rocks than on basement rocks. 
Another difference between weathering on crystalline basement and sedimentary 

rocks is that all clay is newly formed in the former, whilst much residual clay is 
normally already present in the latter. Even if the chemical composition of both 
kinds of rock is very similar, as it commonly is in New Guinea (cf. Ruxton 1969), 
this circumstance could result in differences in clay composition, size, and aggregation, 
which may be a major cause of the greater texture contrast usually found in soils on 
sedimentary rocks and alluvia derived from them, as compared with soils of similar 
maturity on basement rocks and alluvium derived therefrom. The same factors may 
underlie the fact that oxisols appear to be most common and best developed on 
basement rocks and some relatively coarse-textured sedimentary rocks and alluvium. 

One effect of parent material on the alluvial entisols appears to be the common 
presence of carbonates in soils on locally derived alluvium (particularly in Nigia (12), 
Screw (IS), and Papul (19) land systems) and their complete absence in the alluvia 
derived from extraneous sources and laid down by the Sepik River, even when they 
are as young as those of Palimbai (11) land system. This is accompanied by relatively 
low pH values in all soils of the Sepik plain, as compared with those of young soils 
elsewhere in the area. Whilst carbonates occur in nearly all very young river sediments 
in the rest of the area, they are surprisingly absent from the apparently extremely 
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recent alluvium covering part of the beach ridges of Nubia (2) land system to form 
the thapto psammollic hapludents. This is probably because this alluvium was 
deposited during a catastrophic flood after a serions earthquake (Part 11, Section I(d)), 
and consists mainly of leached material washed down from hill slopes ratber than of 
the unleached material supplied gradually by the rivers as a result of normal down- 
cutting and lateral erosion. 

Parent material also influences the alluvial entisols in that it largely controls 
texture. Fine-textured deposits commonly lead to aquic hapludents and even aquents 
with impeded drainage because of slow permeability rather than high water-tables 
and flooding. The soils of Misinki (14) and Nagam (16) land systems appearto be 
examples of this. 

(b)  Land Form ar~d Time 

Since the influence of these factors is often difficult to separate, they are best 
discussed together. The influence of slope steepness on degree of soil development 
is generally recognized and very obvious also in this area. It  accounts largely for the 
Merences in soil maturity between the many strongly denudational hills and moun- 
tains on the one hand and the weathered surfaces on the otlier. With increasing 
dissection of these surfaces there is generally an increase in the area of less mature 
soils, but also an increase in maturity of the most developed soils, attesting to the 
probable greater age of the more dissected surfaces. The most dissected surfaces have 
either relatively little-developed soils, when denudation has removed much of a shallow 
weathered zone as in Panakatan (25) and Yindigo (31) land systems, or many strongly 
developed soils, even on steep slopes, when dissection has taken place largely within 
a thick weathering zone as in Kworo (30), Atitair (33), and Dossett (34) land systems. 
In some areas, as in parts of Kworo land system and in Yindigo land system, there is 
also evidence that strongly developed soils on slopes are the result of renewed 
weathering on slopes that have become stable after preceding denudation. 

Apart from being found on the weathered surfaces, strongly developed soils 
are also common in the hills of Kumbusaki (60) and Maio (64) land systems. In these 
cases, which represent probably deeply weathered masses of old basement rock, there 
is no obvious relationship between soils and land forms. 

Compared with the dissected lowland weathered surfaces discussed above, 
there is further progressive decrease in soil development in the sequence of low 
hilly land systems (Sandri (39, Emu1 (36), and Kaugiak (37)) which are geographic- 
ally and genetically related to these surfaces but where vigorous dissection and 
denudation have left few or no traces of the weathering zone and have brought 
about a predominance of steep slopes. 

The ultimate stage in the reduction of the degree of soil development on 
erosional hill slopes is either the occurrence of colluvial entisols in areas affected 
by slumping and earth movement or the presence of lithic subgroups, particularly 
lithic hapludents, on the very steepest slopes. The colluvial entisols appear to indicate 
that denudation processes are still very active in many parts of the area. Further 
evidence for this comes from the scarcity of thick dark topsoils on bill slope soils. 
This is in marked contrast to findings in the adjoining Wewak-Lower Sepik area 
(Haantjens, Reiner, and Robbins 1968). Even though mollisols are probably not as 
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common in that area as suggested, the difference appears to be a real one and supports 
geomorphic evidence (Reiner and Mabbutt 1968) pointing to a greater stability of 
the land forms further east. 

The lithic soil subgroups on very steep or precipitous slopes usually carry sec- 
ondary vegetation, although there is little evidence of actual gardening. Such vegetation 
may be largely seral and reflect the instability of such slopes. Curiously, lithic sub- 
group soils are also common on crests. Not uncommonly, they appear to mark former 
village sites where much of the existing soil was removed during habitation. 

Another marked and expected effect of slope steepness on soil formation is 
that soil gleying decreases rapidly in frequency of occurrence and intensity as the 
slope steepness increases. As mentioned in the previous section, this effect can be 
modified by the permeability of the rock. Thus soils on dissection slopes on the 
piedmont surface are usually gleyed, even if they are rather steep. On the other hand, 
the commonness of gleyed soils on mudstone is due not only to the slow permeability 
of this rock but also to the fact that slopes are usually less steep here than on other 
types of rock. On slumped slopes the poor drainage of soils on the slump floors can 
be caused by lack of run-off, or by ground-water seepage, which is common on 
such slopes. 

In contrast to the hill slopes discussed above, dip slopes on sedimentary rock 
have soils similar in nature to the soils on weathered plains and lowland surfaces. 
Both sets of soils have coarser-textured surface soils and are commonly gleyed, but 
these features are less pronounced on dip slopes, where the soils are also less thick and 
less acid, although some soils on gentle dip slopes are as strongly developed as soils 
on weathered surfaces. 

The influence of time appears to be quite important to two sets of young soils. 
In the alluvial aquic and orthic hapludents of narrow flood-plains and river terraces, 
there is a clear trend for those of the present flood-plains to be alkaline and calcareous 

,~ - and for those df the terraces to become progressively more acid and rapidly non- 
calcareous, due to leaching, as the frequency of flooding diminishes on higher and 
older terraces. Where flooding becomes very rare or ceases altogether, the first 
visible profile development is the formation of a thick dark topsoil (entic haplndolls). 
These changes in leaching and flooding correspond to changes in vegetation, from 
seral communities on present flood-plains to tall forest with a rather closed canopy, 
and even forest types that are normally associated with hilly landscapes, on the 
non-flooded terraces. Both Salisbury (1925) and Hissink (1938) found that CaCOa, 
initially present at levels of 0.5-9 %, was leached out in about 270 years, respectively 
from English dune sands and Dutch marine heavy clays. Although these authors . 
do not state this specifically, their data probably apply only to surface soils. The 
leaching of CaC03 from deeper subsoils, as observed in the Aitape-Ambunti area, 
may take substantially longer. Nevertheless, the data quoted above suggest that 
the flights of alluvial terraces along major rivers in the area are quite young and 
have probably evolved during the last one or two thousand years, or even less, 

On the beach ridges there is a clear sequence of soils from the coast inland. 
Fresh alkaline sands on the beach merge into neutral sands with a strongly alkaline 
deeper substratum and with a thin dark loamy sand to sand topsoil on the frontal 
beach ridges. On slightly older ridges similar soils occur, but with a thicker dark 
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topsoil and lacking the alkaline subsoil. The majority of the beach ridges, farther 
inland, have sandy soils that are weakly acid in the upper part, neutral in the subsoil, 
have a thick dark topsoil, and, farther inland, also a browner incipient B horizon. On 
the farthest inland ridges the soil becomes a sandy loam and the browner B horizon 
a loamy sand. Weathering, however slight, results in the formation of inceptisols, 
rather than of spodosols as is commonly the case on sands with water-tables in the 
tropics (Andriesse 1969; van der Voorde 1956). This appears to be due to the large 
amount of weatherable minerals and the small amount of quartz in the sands. 

(c) Climate and Vegetation 

Because of the great variability in land form, parent rock, and weathering in 
the area, it is ditlicult to isolate any diEerences in soils that are caused by variations 
in climate, especially since local differences in rainfall and temperature are by no means 
dramatic. The main effect of the wetter climate in the western and northern parts of 
the area, and pa~ticularly in the mountains, would tend to be an increase in the 
removal of solutes by leaching (Ruxton 1968). Indeed, there appears to be a con- 
centration of more acid lower soil classes of normally less acid subgroups in these 
wetter areas, notably the soil classes EUH05, EUH09, IODE3, and IODL2. 
Similarly, the more acid orthic dystrochrepts appear to be more common in the 
wetter parts and the less acid eutric dystrochrepts much more common in the drier 
water balance zone 1 (Fig. 2). Yet there appear to be noticeable exceptions to this 
trend (e.g. Yassip (38) land system, with mainly eutric dystrochrepts in the wetter 
areas) and it is clear that the nature of the parent rock and the degree of weathering 
are often more important factors. There is also a tendency for organic Aa horizons 
and root mats to be more commonly present under forests in the wetter, higher 
mountain regions, and a similar effect may have caused the prevalence of lithic 
haplumbrepts in such environments. However, since forest clearing quickly disposes 
of such horizons, their rare occurrence in the drier, lower parts of the area may be 
related to the predominance of secondary forests in these parts. 

The relative scarcity of gleyed soils in the wetter areas, although undoubtedly 
due to a higher proportion of steep slopes, could also be caused by the absence of 
any significant dry season. Remaining always moist, soils in the wet areas cannot 
become compacted and slowly permeable as a result of repeated shrinkage and swell- 
ing. Some confirmation for this can be found in the linear shrinkage tests. Very 
high values have unexpectedly been recorded for apparently halloysitic clays from 
the wet mountains. Such values could result from an almost complete lack of 
seasonal shrinkage and thus the maintenance of low bulk density and maximum 
water content. 

The effect of vegetation on soil development is largely unknown and nowhere 
obvious, except for the apparent development of thick dark topsoils under man-made 
disclimax grassland. Similarly, as reported elsewhere (Haantjens 1967a), there are 
enough exceptions to this rule to conclude that grassland is not essential for such 
development, unless one assumes that every thick dark topsoil under forest is a relict 
formed under a previous grass vegetation. In some instances this is a possibility, in 
most cases it seems highly unlikely. Topsoils thick and dark enough to influence the 
order, great group, or subgroup classifications were found in 49 cases under grass- 
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land, in 20 cases under forest or other woody vegetation.* Conversely, grassland? 
was observed on soils with thin topsoils or without dark topsoils in only 9 out of 58 
cases. In several of these there is reason to believe that the grassland had not been 
established sufficiently long to produce a dark topsoil. The production of charcoal 
by annual grass fires appears to be one reason for the dark colour of the topsoil, 
whilst a great concentration of roots may also help to produce a dark topsoil relatively 
high in organic matter. 

VI. SOIL PROPERTIES AND LAND USE CAPABILITY 

In a separate report$ all lowest soil classes are rated for the following properties 
important to agricultural and/or engineering land use: agricultural soil depth, avail- 
able soil water storage capacity, drainage status, permeability, soil reaction, nitrogen 
content, available phosphate content, potash content, unified soil classification, linear 
shrinkage, and engineering soil depth. The estimated distribution of these soil 
attributes, except linear shrinkage, is shown on five unpublished special maps, 
available upon request from the Division of Land Research, CSIRO, Canberra. 

Readers wishing to ascertain, in the greatest detail possible for this reconnais- 
sance survey, the distribution over the land systems of any lowest soil class with 
certain favourable or undesirable properties, kan do so by consulting Part V of the 
separate report mentioned above. 
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PART VII. POPULATION AND LAND USE O F  THE 
AITAPE-AMBUNTI AREA 

By R. H. FAGAN* and J. R. MCALPINE~ 

I. POPULATION 

(a) Melanesians 

(i) Numbers, Settlement, and Distribution.--The Melanesian population of the 
area has been calculated as approximately 94,300 in 1966. This figure is derived 
from the quasi-annual census of villages listed in the Village Directoryf and located 
within the survey area. Settlement throughout the area is nucleated, in near-permanent 
villages, even though this is frequently associated with additional temporary housing 
in food gardens, particularly when these are far away from the village. 

The distribution of the population by census villages is shown on an accom- 
panying map, together with the boundaries of administrative units and census 
divisions. In compiling this map, named villages kom the directory have been 
identified with village sites observed on aerial photographs by means of the use of 
uncontrolled district village maps. In some instances listed village names were 
found to apply to a number of smaller hamlets rather than to a single village (Plate 31, 
Fig. 2). Conversely (Lea 1964), a number of named census villages may in reality 
form a single large settlement that has become socially segmented by clan separations 
and splits. The average settlement possesses 20-30 houses and a population of 
150-200 persons. However, as the population map shows, there is great variation 
in village size. Settlements with less than 100 inhabitants are common; at the other 
extreme, the largest single village has over 1100 people. 

The uneven distribution of the population is clearly demonstrated by the 
population map. Thus, the overall population density of 20 per sq mile has little 
significance other than to indicate that the area is densely populated in comparison 
with other large areas in the New Guinea lowlands. 

Three-quarters of the population lives in the central hill lands and on some 
adjoining and similar land extending into the southern flank of the Torricelli Moun- 
tains. Within this general area therc is a major concentration in the east, and smaller 
ones around Lumi in the west and east of Nuku in the centre. 111 these populous 
areas population densities on land used for subsistence cultivation§ are generally 
100-180 per sq mile. Calculated locally on land owned by social and culture groups, 
they exceed 400 per sq mile in parts of the Wosera area in the east (Lea 1964). The 

* Department of Geography, Australian National University, Canberra, A.C.T. 2600. 
'P Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601. 

t "Village Directory, 1960." (Department of Native Affairs, Port Moresby, T.P.N.G.) 
§This land is further referred to as "used land", and con~prises any land mapped in one of the 

land use intensity classes discussed in Section II(b). 
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remainder of the hill zone is moderately to sparsely populated, with population 
densities of 30-80 per sq mile on used land. 

A great concentration of people is also found on a narrow strip of land along 
the coast, including beach ridges, coral islands, and some coastal plains and hills. 
With about 10,000 inhabitants this area has a population density on used land of 
nearly 200 per sq mile, and considerably higher in the Sissano and Malol lagoon 
area in the north-west. 

In contrast to these crowded areas most of the mountain range is uninhabited, 
as are large parts of the inland plains. Scattered villages occur on the coastal plains, 
on fans and hills behind the coastal strip, and in the Sepik flood-plain and Ambunti 
hills. Population densities on used land are high (100-250 per sq mile) in the inland 
plain and Sepik River area. 

The high population densities on used land along the coast and near the Sepik 
River are made possible by a great reliance on fish and sago in the diet, although they 
locally also lead to highly intensive land use for cultivation. On the inland plains 
the high population densities on used land are a result of sago being the staple diet. 
In the hills and mountains there is a more general tendency for high population 
densities to be associated with intensive use of land for cultivation. Nevertheless, 
even here the high population densities are partly sustained by reliance on sago 
(see Section II(a)). 

The distribution of the population over the land systems is given in Appendix 
IV, as well as in the land system descriptions. 

(ii) Pop~llafion Grobvf11.-Population growth has been calculated from census 
division totals for 1960 and 1968. It is expressed as crude rates since reliable migration 
figures are unavailable. The overall growth rate is approximately 2% per annum, 
varying between subdistricts from 1.5% for Lumi to 3% for Aitape. While the 
accuracy of the census figures does not allow reliable detailed comparative comment 
between census divisions, it is interesting to note that the greatest population increases, 
indicating a growth rate of 4 % per annum, occurred in the densely populated Wosera 
census division. This figure is confirmed and discussed in some detail by Lea (1964, 
1965). The lowest growth rate recorded was 0 .5% per annum for the Lulni local 
census division. 

(iii) Employment.-The Melanesian population is almost wholly engaged in 
deriving subsistence from agriculture, gathering, and collecting. This is supplemented 
by some cash cropping (see Section 111). Labour data for the East and West Sepik 
Districts reveal that less than 1 %  of the population is engaged in employment for 
wages within the Districts, whilst a further 2-3 % are employed outside the Districts. 
The number of workers in the area from outside the Sepik Districts is extremely small. 

(iv) Social and Cz~lture Groups.-Melanesian societies are minute in scale 
(Hoghin and Wedgwood 1953). Hence, despite the possession of a common language 
and culture by larger groups, the widest effective social group is commonly only of 
clan or village size and usually contains less than 300 persons. Yet membership of 
wider culture groups is indicated by the existence of culture group names. Such 
groups usually have a common social culture, religion, technology, and language 
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(Fortune 1939). A language distribution map for the area is presented by Capell 
(1962), and the reader is also referred to the work of Laycock (1965) on the Ndu 
language family for greater detail in the heavily populated eastern part of the area. 

On the basis of language distribution and subsistence systems there appear to 
be five broad culture groups, which here have been given those names most commonly 
used in the area. The Siau people dwell along the coast and on the off-shore islands. 
They alone in the area speak an Austronesian language. The Wapei culture group is 
centred around Lumi, but has an outlier extending into the western coastal hills and 
plains. East of the Wapei occurs the Au-Palei culture group, also known as the 
Maimai people. They are centred on Nuku. To the east again lies the land of the 
Abela~n culture group, extending south to the Sepik River. The river people are 
related to the Abelam and like the latter speak a Ndu language. By contrast, the people 
on the hills rising from the Sepik flood-plain speak a quite separate language and are 
referred to as the Kwoma-Meio whiting 1941). 

These broad groups are subdivided into 50 distinct languages, each of which 
comprises a multitude of yet smaller social groups, and only at this level is social 
cohesion effective. The recent superimposition of elected local government councils 
over this bewildering pattern is in part intended to overcome this social fragmentation. 

Ethnography is outside the scope of this report. The reader is referred to the 
exhaustive Ethnographic Bibliography of New Guinea (Anon. 1968) to cover this aspect. 

(b) Europeans 

The non-indigenous population of approximately 150 persons consists entirely 
of Europeans, most of whom are transients. The figure given is an estimate, since 
exact data are available only for the two Sepik Districts as a whole. The Europeans 
are engaged in governmental and mission activities, and to a much smaller degree in 
commercial pursuits. Aitape has the largest European population. 

With few exceptions, present land use in the area serves the purpose of sub- 
sistence for the indigenous population. Most of this subsistence is gained from 
agricultural pursuits (subsistence cultivation). Virtually everywhere this is supple- 
mented by sago collecting. In the south on the inland plains and Sepik flood-plain 
the situation is reversed, and subsistence cultivation is subsidiary to sago collecting 
(Henry and Muia 1959). Domestic pigs and fowl, together with the yield of hunting 
and gathering, are the main sources of protein over most of the area. Fishing is a 
major source of subsistence along the coast and is also important near the Sepik River. 

(a) Subsistence Cultivation 

As practised in the area, this form of agriculture may be generally described 
as bush fallowing or shifting cultivation. Nowhere does cultivation follow a nomadic 
pattern with temporary settlements and frequent shifts from cleared land to ever 
new areas of virgin bush. On the contrary, there appears to be a preference for a 
cyclic rotation of clearing and cultivation within rather well-defined areas of secondary 
vegetation. On the other hand, settlement and land use have never been static. 



POPULATION AND LAND USE 129 

The wide distribution of old secondary forest and man-induced grassland points to 
considerable population movements in the past (Reiner and Robbins 1964). Other 
evidence of mobility is provided by the many old overgrown village sites found in 
many parts of the area. Such shifts of villages were probably caused by social- 
religious upsets and territorial changes due to tribal warfare. Since European contact, 
movement of villages has been largely restricted to within tribal areas representing 
the status quo at the time of contact, and has been guided mainly by administrative 
and economic motives. 

The length of the bush fallow period varies widely within the area, apparently 
mainly in relation to population density but in some cases also in relation to natural 
conditions. In large parts it is over 20 years (Plate 32, Fig. I), whilst at the other 
extreme it is only 2-3 years, and here the system approaches permanent cultivation 
with fields bounded by "hedges" of banana trees and other plants and by small 
ditches or banks (Plate 31, Fig. 1). 

The chief cultivated staple crop is yam (Dioscorea spp.), of which one species 
with very large tubers is of great ritual importance in the east of the central hill zone. 
Other crops grown are taro (Colocasia esculenta), sweet potato (Ipomoea batatas), 
bananas (Musa spp.), taro "kongkong" (Xanthosoma sagittifolia), cassava (Manihot 
esculenta), sugar-cane (Saccharum ~Jjicinarum), edible pit-pit (Saccharum edule), 
papaw (Carica papaya), and winged beans (Psephocarpus tetraglobus). In addition, 
maize, tomatoes, pineapples, peanuts, cucurbits, and various other recently introduced 
crops are planted in small amounts, Coconuts (Cocas nucifera) and breadfruit 
(Artocarpus atilis) are planted in villages. 

Apart from the few vegetables and fruits mentioned above, protein is provided 
from fish, domestic pigs, and fowl. 

As mentioned earlier, sago processed from mature stems of the sago palm 

, - - (Mefroxylon sagu) contributes to the diet throughout the area. rts significance varies 
regionally, locally, and seasonally, as shown by Lea (1964) and quoted in McAlpine 
(1968). In the western part of the central hill zone particularly, sago is more or less 
a part of the subsistence cultivation system in that the palms are commonly planted 
in suitable wet spots, particularly slump floors. Largely untended and left to natural 
propagation, these sago groves are a conspicuous element in the garden and regrowth 
pattern. 

(b) Land Use Intensity 

By its very nature bush fallow cultivation leads to very complex patterns of 
gardens and secondary vegetation in varying stages of development. These are 
commonly interspersed with areas of mature forest and other kinds of natural 
vegetation. The elements are not always easily distinguished on the aerial photographs 
at 1 : 50,000, and are generally too small to be shown on the 1 :250,000 maps accom- 
panying this report. In order to present a generalized map of land use intensity in 
subsistence cultivation, all these vegetation elements were placed in three groups: 
land in current use,* bush fallow vegetation,* and any other vegetation. The five 

*See Appendix I, Section IIW for marc precise definitions. The land usc intensity dasses 
are also defined in the map reference. 
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land use intensity mapping units, of which the 1964 distribution is shown on an 
accompanying map, are simply arbitrary classes with different proportions of these 
three kinds of vegetation. The classes are defined firstly in terms of the percentage 
of bush fallow vegetation present, which is a broad measure of the area used during 
the cultivation/fallow cycle. They are then defined on the percentage of land in 
current use, which indicates the actual intensity of use. 

The five land use intensity classes are illustratedin Plate 31 and Plate32, Figure 1. 
In all, nearly 1300 sq.miles, or 28% of the area, is used at some level of intensity for 
subsistence cultivation. This percentage is more than three times that found in the 
adjoining Wewak-Lower Sepik area (McAlpine 1968). Since the population of the 
Aitape-Ambunti area is not more than 1.25 times that of the Wewak-Lower Sepik 
area, there is in general much less pressure on used land in the former. This is con- 
firmed by the fact that there is nearly five times as much land of very high and high 
use intensity in the Wewak-Lower Sepik area, although the total area of used land 
is only one-third of that in the Aitape-Ambunti area. 

Details of the distribution of the five land use intensity classes over the land 
systems are presented in Appendix IV and in the detailed land system descriptions. 

(c) Land Use Intensity andLand Use Capability 

A detailed comparison of land use capability and present land use intensity of 
the land systems is presented in Appendix IV. This serves mainly to indicate the 
degree to which land of a certain capability is already being used. In this comparison 
it is not valid to use the intensity of present land use as an indicator ofland use 
capability. In the first place, the criteria used in the assessment of the agricultural 
potential of the area are not the same as those used by the present subsistence culti- 
vators. In the second place, the uneven distribution of population has apparently 
been caused mainly by factors other than capability evaluation oftheland, aconclusion 
similar to that reached by Spencer (1966) for south-east Asia in general when he 
writes: "It is culture and culture history, rather than physiography, which dictates 
the broad environmental location of shifting cultivation as a cropping system". In 
the present area the same kind of land, whether it has low or high capability, is 
commonly populated and used in one area, uninhabited and untouched in another. 

Nevertheless, a statistical comparison has been made for the land systems between 
their land use intensity index and their land use capability indexes for arable crops, 
tree crops, and improved pastures. These indexes are given in the land system 
descriptions in Part 111, and are explained in Appendix I. Spearman's rank correlation 
coefficients between land use intensity and the three kinds of land use capability were 
O.44,O. 50, and 0.53 respectively. For the 65 land systems present allthree coefficients 
are significant at the 1 % level. This may be interpreted as indicating that greater 
use tends to be made of land of higher capability but that despite this, individual 
variation is great. 

Data presented in Table 13 show that cash cropping by indigenous persons is 
generally of minor importance. In addition to the figures given, 4 tons of tobacco 
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were produced, mainly from the Nuku area, and 2 tons of copal gum from Lumi. 
This latter industry has been discussed by Cooper (1967). The discrepancies between 
acreage and production of coffee are caused by the large proportion of immature 
trees in most areas. 

TABLE 13 

PRODUCTION OF CASH CROPS BY INDIGENOUS PERSONS IN 1965-66* 

Subdistrictt 
Robusta Coffee Upland Rice Copra 

(azN (tons) (tons) (tons) 

Maprik 1200 35 500 N.a.8 
Aitape 30 k - 128 
Lumi 60 1 3 - 

Ambunti 60 * - N.a. 

Total survey area 1350 37 503 ? 

"Source: Department of Agriculture, Stock and Fisheries, 
Wewak, T.P.N.G. Although all four subdistricts extend beyond the 
survey area, thc data have been compiled from census division figures 
which approximately cover the actual survey area. 

t See map of Admitlistrative Divisions. 
$Calculated from data on tree numbers on the basis of 500 

treeslac. 
6 Data exist but were not available. 

Nearly all cash cropping by indigenous persons is closely associated with 
subsistence cultivation, and hence is on a small lot basis and restricted to areas 
mapped as used land. This is illustrated by the distribution of Leucaena glauca stands 

, (plate 31) as shown on the land use intensity map by black dots. A!thoughshow.n 
as a measure of the distribution of indigenous coffee blocks, they present an exag- 
gerated picture, since in several cases the growing of the shade trees is not followed 
by the planting of coffee, wldst in others the planted coffee has failed. The great 
predominailce of coffee plots in the Maprik District is partly the result of active 
promotion by agricultural officers. I t  also provides a small cash income in an area 
where excessive land pressure makes this particularly necessary. Moreover, the 
denser road net in this area makes it easier than elsewhere to market the produce. 
The scarcity of coffee plots in the densely populated area north of Lumi appears to be 
partly due to failme of the crop. It would seem that the zone between 2000 and 3500 
ft above sea level is rather unsuitable for either lowland or highland coffee. 

Most of the copra production comes from the beach ridges along the coast, and 
includes two small native-owned plantations, shown as a separate category on the 
land use intensity map. The only non-indigenous plantation is situated on the coast 
a t  Aitape, and produces cocoa as well as copra. 

IV. RESETTLEMENT S C H E ~  

A resettlement scheme has been initiated to alleviate the population pressure 
in the subsistence sector among the Wosera people in the east of the survey area. 
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This Wosera Resettlement Scheme is discussed by McCarthy (1967). It entails 
short-distance migration of people to a block of 3200 acres of land purchased in 1962 
in the Gawanga area on the inland plains, which is to be connected by road to the 
Wosera and Maprik. 

A second scheme, only recently commenced, covers an area in the coastal plains 
around Pes, Aitape. Parts of this area have been and are being occupied by Wapei 
squatters, who are related to the present light population in the area. The scheme 
envisages formalization of the de facto situation, and will be based on development 
of both subsistence and cash crop agriculture. 
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PART VIII. FOREST RESOURCES OF THE AITAPE-AMBUNTI AREA 

By J. C. SAUNDERS* 

I. INTRODUCTION 

The aim of this Part and its associated map is to describe the forest resources 
of the area, indicating the location and extent of forests and assigning estimated 
stocking rates to each forest type. The land has also been classified into categories 
giving indexes of accessibility. 

The forest types are the same as those described in Part V, except for limitations 
on timber volume. These limitations require that a commercial forest contains at 
least 3000 super f t  of standing timber per acre from trees having a minimum girth of 
5 ft at breast height (or above buttresses). The only exception to the above definition 
is "mangrove", because of its possible value in the cutch industry. 

Commercial forest (hereinafter referred to as forest) covers 48% of the area, 
occurring in a wide range of environments from sea level to approximately 6000 ft. 
Within this range the forests exhibit a discontinuous distribution pattern, due largely 
to clearing prior to cropping and to swampiness and, in parts of the main range, 
to landslides. 

At present there are no large-scale sawmills exporting timber from the area. 

r 
Many mills associated with Government Stations and Missions are currently pro- 
ducing sawn timber for local consumption, the largest of these being located at Aitape. 

Appendix I should be consulted for definitions of the terms used in this Part, 
except where they are explained in the text. I t  is stressed that all indexes used are 
designed to indicate the position of one land system (or forest type) relative to the 
others in respect of each index parameter, and have no absolute values. 

11. PHOTO INTERPR~TATION AND FIELD WORK 

Preliminary photo interpretation was carried out in close association with the 
plant ecologist and recognizable photo patterns were delineated. These patterns 
were distinguished on the basis of topographic position, pure or nearly pure stands, 
recognizable species, and canopy characteristics such as height, closure, evenness, 
crown size, and occurrence of emergents. 

Where possible in the field, the forest was sampled by three circular plots, each 
+ ac (land surface) in extent. The first of the three plots was centred on the soil hole 
selected by the pedologist. The remaining two were located a t  least 150 ft in any direc- 
tion from the centre of the first plot, taking care to remain on the same type of land. 

* Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601. 



TABLE 
MEASURED AND ESTIMATEE PRODUCTMTY 

Numbers in parentheses are estimated values 

Forest Area Sample Trees/Ac Reject Bole (ft) 
Class of Forest 

Type (sqrniles) (ac) Range Av. (%) Range Modal 
Class 

High productivity 
Forest on plains F 45 6 5-15 10 11 15-70 50-60 

FO 360 17 G I ~  9 12 15-80 fi0-m 
Fod 50 7 &I 1 7 12 10-70 50-60 

Forest on uplands Fos 35 4 9-10 10 0 20-60 50-60 

Moderate productivity 

Forest on plains Fow 11 - 

FoM 260 8 0-10 6 15 15-70 50-60 

Forest on uplands Fi 70 13 4-12 7 8 10-75 50-60 

Low productivity 

Coastal forest CS 1 

Swamp forest FmoM 100 2 3-7 5 10 20-50 30-50 

Forcst on plains FodM 16 - (7) (15) (15-70) (50-6) 

Fmo 15 1 8 25 10-50 40-50 

Forest on uplands Foi 115 7 5-8 7 4 20-70 50-60 

Fms 115 12 1-10 6 13 5-70 30-50 

Fid 460 18 1-11 7 9 10-75 30-60 

Secondary forest F R  155 13 1-10 6 18 5-70 20-60 

Very low productivity 
Swamp forest FmoCM 45 - (5) (l(t40) 

Forest on uplands Fmi 260 11 0-8 5 14 10-65 40-50 

Fmio 20 3 &8 5 19 20-65 40-50 

Ern 18 2 8-10 9 6 15-65 40-50 

Secondary forest FRm 19 15 3-12 7 17 5-70 5-70 

Nil productivity 
Coastal forest B 5 - (20-50) (< 4) 

Forest on uplands Fmsv 55 5 2-8 6 3 15-65 40-60 

*Indices: SI, slope; DI, drainagelinundation; F,  flooding; AI, access; SR, stocking rate; FP, forest 
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14 
PARAM6TERS OF FOREST TYPES 

no field observarions being available 

Girth (ft) Stocking Rate 
Range % in Usage Group (%) (super ft/ac) Indices* 

7 ft+ 2B 4A 4B Max. Est. Av. SI D l  F A1 SR FP 

0 80 0 20 

5-8 7 22 25 53 6950 4000 80 8 0 12 40 5 

productivity. 



Data recorded for all trees of 5-ft girth or more included girth at breast height 
(or above buttresses), 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, for milling. Where a tree 
was found on the edge of a plot, the position of the geometric centre of the bole at 
breast height was the reference point for total acceptance into or rejection from the 
plot. Girth measurements were made by girth tape in 1-ft classes, and merchantable 
length by a Blume-Leiss altimeter in 5-ft classes. Where the botanical name of a tree 
was in doubt, a wood sample was taken and later compared with herbarium-supported 
wood samples. 

Remarks on forest and site quality, including evidence of human interference 
and fallen trees, were also made, while other site factors such as slope, soil, etc., 
were observed by other team members. The foregoing information was augmented 
by visual observation when flying over forests at low altitude and by the observations 
of the plant ecologist. 

From the qualitative and quantitative information collected on each plot, 
combined with a visual photo appraisal of each plot's representative value, estimated 
stocking rates were assigned to each forest type. The volumes quoted were based on 
a form factor of 0.5 and no allowance for bark or internal defect was made. 

The assigned stocking rates are a very approximate indication of timber volume 
and must be used with cantion as the total area of sample plots was only 220 ac 
approximately. They should be regarded as an indication of which forest types are 
worth more detailed investigation to assess accurate volume figures. 

111. CLASSIEICATION AND MAPPING 

(a) ClassiJTcattion 

In all, 22 forest types are recognized on the basis of photo pattern, the criteria 
used being mainly structure and, in some cases, species recognition. The forest types 
are placed in five forest productivity classes (high, moderate, low, very low, and nil) 
determined by their forest productivity indexes. 

Within these classes, the forest types are grouped according to their broad type 
of habitat (Table 14): coastal, swamp, plains, and upland, the last including all 
dissected country, fans, hills, and mountains. Because of their wide range ofhabitats, 
secondary forest types are separated at this level unless associated with another forest 
type in a mapping complex. 

(b) Mapping 

A composite map (scale 1 :250,000) showing forest types and population/land 
use accompanies this report. Colours indicate each forest productivity class. In 
general, each forest type is mapped separately. However, in certain parts of the area 
where the distribution of forest types is too complicated to map a t  this scale, forest 
type complexes are mapped. The approximate proportional representation of the 
component forest types in each complex is shown in the map reference. 
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IV. Access 

(a) Access Categories 

Slope, soil drainage and ir~undation, and flooding are expressed as indexes for 
each land system. On the basis of these indexes, all land systems are grouped into 11 
broad access categories as shown in Table 15 and explained in more detail in Appendix 
I. The slope, drainagelinundation, and flooding indexes for each land system are 
converted into an overall access index (Appendix I) showing its accessibility relative 
to othcr land systems. The range of access indexes in each access category is also 
shown in Table 15, together with its area, forest cover, and component land systems. 
The access categories, the distribution of which is shown on an accompanying map, 
are briefly described below. 

Access category S consists of swamps, unstable flood-out splays and scroll 
plains, and tidal flats. I t  includes all land systems that are mainly inundated or very 
poorly drained for periods of 5 months or more per year. Some small areas may be 
accessible for brief periods during the dry season. This category covers most of the 
Sepik flood-plain and substantial areas of the inland and coastal plains. I t  covers an 
area of 702 sq miles including 158 sq miles of forest. 

Access category W consists mainly of alluvial fan and flood-out plains. Slope 
and relief are negligible. Because of inundation and drainage conditions, large areas 
may be inaccessible for up to 5 months per year and minor areas for longer periods. 
However, by selecting routes and building causeways access may be possible to large 
areas for most of the year. This category is distributed throughout the coastal and 
inland plains and covers a total area of 636 sq miles of which 318 sq miles are forested. 

Access category Iw land consists of alluvial and colluvial plains and fans, and 
low gently undulating surfaces. It also includes the beach ridge/swale complex. 
Much of the land is well to imperfectly drained but some parts may be poorly to very 

1 ~ poorly drained and minor areas niay be inundated for up to 5 months per year. 
As a whole the category presents good access. It is distributed mainly in the northern 
part of the inland plain with smaller areas along the coast and scattered throughout 
the inland hills. Access category Iw covers a total area of 447 sq miles of which 
319 sq miles are forested. 

Access category IFw consists of flood-plains including levees, terraces, and 
scroll plains and is generally similar to category Iw except that it is subject to flooding, 
sometimes serious, at least once a year. Access is considered good. It occurs as 
scattered areas throughout the coastal and inland plains and covers a total area of 
109 sq miles of which 77 sq miles are forested. 

Access category IF consists of terraces and flood-plains which receive damaging 
floods at least once a year. Except for this hazard it is comparable with access 
category I. It occurs mainly along larger rivers in hilly country. Of a total area of 
62 sq miles, 36 sq miles are forested. 

Access category I land consists mainly of better-drained alluvial plains, fans, 
and low undulating surfaces generally with slopes of less than 10" and with nil to low 
relief. It presents no internal access problems except perhaps minor areas of imperfect 
to poor drainage and minor areas of steep slopes. I t  is distributed mainly along the 
foothills at the inland edge of the coastal plain, stretching towards but rarely reaching 
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TABLE 15 Y) 
m 

NATURE OF ACCESS CATEGORIES AND DISTRIBUTION OVER LAND SYSTZMS 
-- 

Access Area 
Category (sq miles) 

IFw 110 

IF  60 

IIw 310 

I11 910 

% Indices* 
Forest SI DI F A1 

Accessibility 

23 &I 75-100 0-2 0-22 Nil to very poor 

50 0-11 37-67 0 31-59 Poor to moderate 

71 &18 22-30 0 54-76 Moderate to good 

71 0-2 24-25 2-3 71-73 Good, subject to flooding 

58 4 12 3 81 Very good, subject to 
flooding 

80 2-10 8-21 0 76-90 Very good, rarely good 

38 2 1 4  8-21 0 41-58 Moderate 

54 31-38 28 0 34-45 Poor to moderate 

53 45-70 8-21 0 27-44 Poor to very poor, 
rarely moderate 

46 45 24 0 31 Poor 

43 73-87 8 0 5-19 Nil to very poor 

Land Systems 

Murik (31, Chanlbri (4), Sanai (3, Pandamp (6), Kobar (71, 
Pora (a), Kabuk (9), Pandago (lo), Palimbai (]I), Nigia (12) 

Yilui (13), Misinki (14), Nigre (27), Yarnbi (28), Burui (29) 

Nubia (2), Nagam (16), Ambunti (20), Yindigo (31), Musendai 
(32), Ningil (49) 

Po (15), Screw (18) ? 

Papul (19) n 
m 

Madang (11, Pes (171, Kabenan (21), Romei (22), Aiome (23) 

Paiawa (24), Lumi (2@, Atitau (33, Kaugiak (37), Karaitcm 
(41), Sengi (42), Seim (46), Minatei (50) 

i 
Kworo (301, Nuku (51) 

Panakatan (251, Dossett (341, Sandri (33, Emu1 (36), Yassip 
(38), Morumu (391, Numoiken (401, Asier (43), Flobum (44), 
Dreikikir (47), Aitape (5% Barida (part) (56), Nopa (57), 
Maio (64) 

Mambel (48) 

Om (43, Musak (52), Wuro (53), Imbia (54), Barida (part) 
(5@, Sulen (581, Wanabutu (59), Kumbusaki (60), Mup (61), 
Daum (62), Somoro (63), Waskuk (65) 

* Indices: SI, slope; DI, drainagelinundation; F, flooding; AI, access. 
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the coast. Access category I covers a total area of 177 sq miles of which 142 sq 
miles are forested. 

Access category I1 land consists mainly of moderately dissected alluvial and 
colluvial fans, dip slopes, low hilly country, and small summit plateaux. Slopes are 
generally moderate and relief varies from very low to moderate. Some areas of steep 
slopes and minor areas of imperfect to poor drainage occur but are easily avoided. 
This category occurs mainly to the south of the main range extending to the inland 
plain, but also in patches along the inner edge of the coastal plain and as scattered 
areas through the main range. It covers a total area of 650 sq miles including 248 
sq miles of forest. 

Access category IIw land consists of low to high hills often with moderately 
steep dip slopes and some scarps. The dip slopes and slump floors may be imperfectly 
to very poorly drained causing moderate to poor access. I t  is distributed throughout 
the inland hills covering a total area of 306 sq miles of which 164 sq miles are forested. 

Access category I11 land consists mainly of high hilly country or strongly dis- 
sected low hills with steep slopes and relief varying from very low to high. Access 
difficulties are caused by steep slopes and minor areas of poor drainage, e.g. slump 
floors. It occurs mainly at lower altitudes along the main range and stretches south- 
wards to the inland plain. Small scattered occurrences are found protruding from 
the coastal plain and larger occurrences on the Ambunti hills. It covers a total area 
of 908 sq miles including 478 sq miles of forest. 

Access category IIIw land is similar to category I11 in all respects except drainage, 
which creates increasing difficulties of access. I t  occurs throughout the inland hills 
but mainly in the western half. Access category IIIw covers a total area of 280 sq 
miles of which 129 sq miles are forested. 

-~ ~ 

Acces-s category IV land consists mainly of very high hilly and mountairlous 
country with very steep slopes and relief vaiying from moderate to high. Some are as^ 
of lesser slope may be utilized, but generally the slopes are too steep for road-building 
and forest areas are best left as watershed protection. This category is associated 
almost entirely with the main range but scattered occurrences are found elsewhere, 
notably near Ambunti. It covers an area of 383 sq miles of which 166 sq miles 
are forested. 

(b) General Conclusions 

Any future exploitation of forests on the coastal side of the main range will 
be hindered by the almost continuous band of swampy and poorly drained land along 
the coastal edge. At some points near Aitape well-drained land does touch the coast. 
Elsewhere, it iould be necessary to construct all-season roads through poorly drained 
land to reach the coast direct. Alternatively, a road along the foothills of the main 
range, with access roads to adjacent forests, could link up with an existing road on 
well-drained land giving access to the coast at Aitape. The main problem in a road 
along the foothills would be the fording of rivers that flood suddenly every time heavy 
rains occur on the main range. None of the rivers in the coastal plain is suitable for 
floating timber downstream as they generally have braided beds and in many cases 
end in swamps. 
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From inspection of the land system map, access roads across the main range 
are feasible in some places but dificult in all cases. 

Much of the hilly country to the south of the main range could be accessible 
by roads confined as far as possible to category I1 land. The general grain of the 
country here is NW. to SE. and possibly the easiest outlet would be to the south-east 
linking up with a road along the foothills edge of the inland plain, then proceeding 
east towards the Maprik-Pagwi road. 

Access from the inland plain to the Sepik River is seriously hindered by the 
swampy nature of the Sepik flood-plain. Thus access to the better-drained areas of the 
plain would be from the north, linking up with the foothills road mentioned above. 
One possible access route from the inland plain to the Sepik River is via the levees of 
the Yimi and Screw Rivers. These, however, are subject to flooding. Most rivers of 
the inland plain are nilsuitable for floating timber as they all end in swamps. The Yimi 
and Screw Rivers are the only ones that could possibly be used for this purpose. 

Exlsting road systems in the area are not designed to carry heavy logging traffic 
and therefore would require improvements to cater for this. All except the Aitape- 
Yalingi R~ver road generally serve areas of high population density and therefore 
low forest resources. It may be possible, however, to exploit some areas by con- 
structing access roads to link areas of good forest resources with these systems. 

The only existing outlets from the area as a whole are via the Maprik-Wewak 
and Maprik-Pagwi road system, the Sepik River, and coastal shipping. Unfortunately 
there are no harbours availabIe and cargoes must be either loaded off shore or towed 
to Vanimo where harbour facilities will be available. 

(a) General 

Two coastal forest types are recognized, each occupying its own restrictive 
habitat. The two swamp forest types are separated mainly on a floristic basis. Seven 
forest types are recognized on plains, the habitat of each being dictated mainly by soil 
drainage, inundation, and flooding. Nine forest types are recognized in upland 
situations. Generally, the taller, more productive forest types occur on gentler slopes 
at lower altitudes. No doubt many environmental elements interact to produce each 
habitat, some of the more obvious ones involved being climate as reflected in the 
proportion of deciduous trees (Fid forest), climate and altitude (Fm forest), and 
parent material (Fmsv forest). The two secondary forest types result from inter- 
ference by man, and in this area may be found in any habitat except in swamp and 
at high altitudes. Because of their sera1 status, no firm description can be given, 
many stages often occurring in a mosaic pattern. 

To facilitate comparisons between the various forest types and to avoid 
repetition, the parameters both measured and estimated applying to each forest type 
are listed in Table 14. Species recorded for each type are given in Table 16. The 
general descriptions are restricted to points of forestry interest, and for full descriptions 
of each forest type Part V should be consulted. 
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TABLE 16 
TREES RECORDED AND THEIR FREQUENCY OF OCCDRRENCE IN FOREST TYPES 

P, predominant, >SO%; D, dominant, 50-80%; SD, subdominant, 20-50%; VC, very common, 
15-20%; C, common, 10-15%; 0, accasional, 5-10%; R, rare, < 5 % ;  ( ), locally 

Local Name 5. 
Z 

Botanical Name 0 0 . -  E b 
o a 8  5 :  - s 8 ~  fi E 8 . 3  B d a B  E W E  ~ a k k k k ~ a k k w k a k k a a k k m u k  

Aglnio Kapia R R O  R R R R R 
Ailol,br,$ Man'nak R 

Baku R R R 
Molii R 
Der R O R R  R R R R  
Tawal R R R (V) R 
Ni~inib R 

R 
onii R R 
Tae'el R R R R R R 
Udidi R 
Uti R 
Ye R 
Sabal R 
Suwals R R R 

- 
D 

ULul 0 R R R R  O R  R R 
Naxval R 
ULul R R R 0 P 

- R 
Mate R R R 
Enal R R R R R O  R 0 
Enalkelikel R R R R O  R R  R 

- R 
Aikuikul S R R R  R 

P 
Baigup R R R  R R R R  0 R 
Sui R O O R  R R R R  R R R  
Suigolof R R R 
Uri R 
Esilpipilo R R 
Liii'0 R 
Toll- R 

- R 
Kilikit R R 

Ma1 R 
Bagibag R 
Bosabos R 
cor  R 
Me," R R R R R 
Ummna R R R S 
Nand R R O  R R  C C R R  
Aliier R R R 
Fa R R R R 
Failela R R  R R R R R R 
Solkat R 

Damarewa R R R R R 
Kana" R R R 
Toamek R R R 
Uluka R R 
Wali R R 
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TABLE 16 (Continued) 

Bzbelia 
Batebate 
Halihal 
- 114 
- 

Girarme 
Atita 
Mohihil 
Falef 
Ota'auf 
Ba'rl 
Dahol 
Kasia 
Mafamafa 
Duadu 
Wa'aul 
Yau 
Ynu 
Him 

Katul 
Arid" 
Kili"" 

- 
hietvn 

- 

R  
R  R R R  

O O R  C R O C O O R C  R R O  
R  R  R  R 

R  R  R  R  
R 

R  
R  

R 
R 

R  
R  R  

R  
R  R  R  

R  
R  

0 0 R R R  R R  R 
R  0 
R  

R  R  R R 
R  

0 0 O C O O  0 C V R  

R 
R  

R  R R  R  R R  
R  
R 

R  
R  

R  
R  R  

R  
R  R  S R R  C V R  R  R R  

R  R  
R 
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Botanical Name Local Name . z E 
r E  5 %  % o . ~ ~ o o . . ~ ~ ~ ~ . ~ ~ ~ ~ ~ r z $ o e  w a  

& & & R a & k Y & & R 2 & % & & & & R m U a  

Segoiof R R  R R 
- 

Basal 
Bali 
Gusir 
Kinakin 
Kurus 
Tali 
Karikos 
Bisipis 

KUSU~" 
- 

Barn 
Bamara 

- 
Nara 
0 

Manha" 

Ata'al 
Hal 
- J17 

R  R  
R  R R R  

R  
0 

R R  R 
R R  R 
R  C R R  R  R S 

0 
R R  
R 

R 
S S O R  O O C V V O O  C O S S  

Hun& R  R  R  R  
Biri R R 
Iri R R R  R 
Metutu, R R 

Arahvnlaik 
Asisiv 

NB\YBI 
Yawan 
IS 

Huan'oh 
Oh 
Oh'huan 
Samanak 
Okfvr 
Sobil 
Turirik 
Kunrlkosi 
Krri 
h b i l  

Mspkotot 
B.i~.k* 

- 
IfsIhulu 

Malakbaiva 

R R 
R R R R  R R 
R R 

0 O R  R R 

R 
R 

R R R  R R R R  R 
R 0 R O R O  R C R R  
R R R 

0 R R 
0 

0 R 
0 

R  R R R R R R 
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(b) High Productivity Forest 

(i) Forests on Plains 

( I )  Tall Forest with a Ruthel Closed Canopy 0 - T h i s  forest has a high 
productivity index. Apart from the snbdoininant Pometia pinnata, species com- 
position is mixed, no single species contributing more than 10% of trees present. 
Boles are generally straight, long, and clear with the exception of Pomeria pinnata, 
Pte~ocarpus indicus, and Ficus spp. (slrangler*). Girths are moderately large and the 
estimated stocking rate is moderately high to high. 

The forest occurs on alluvial terraces which are not subject to flooding or 
receive only minor rare floods. 

The access index is very good and the forest is found scattered throughout the 
area from the coast to the northern edge of the inland plain. 

F forest is the dominant forest type on Papul (19) land system but does occur 
on several otliers. 

(2) Tall Forest with a Rather Open Canopj~ (Fo).-This forest has a high 
productivity index and is of mixed species composition with Pometia pinnata sub- 
dominant. No other single species contributes more than 10% of individuals present. 
Generally boles are long, straight, and clear. Girths are moderately large and the 
stocking rate is moderate to high, locally very high. 

The forest occurs mainly on the better-drained rarely flooded parts of alluvial 
plains and thus has a very good access rating. It is found mainly on the inland and 
coastal plains with isolated occurrciices along the larger rivers in hilly areas. Although 
it occurs on many land systems it is the predominant forest on Pes (17) and Nagam 
(1 6), and the dominant forest on Ambunti (20). Minor inclusions of other forest types 
do occur and are generally recogliized by a striking change in species composition. 
Old flood-outs generally have apredominance of Ocron~elessumatrana and frequently 
flooded plains and lower terraces commonly carry Neonauclea, Ternzinalia, and 
Nauclea. Levees generally carry a forest rich in Planchonia and Terminalia. 

(3 )  Tall Forest with an Operz Canopy wiflz Lighf-toned Crowns (Fad).-This 
forest has a high productivity index and is of mixed species composition. Pomefia 
pinnata is very common and deciduous trees are conspicuous. Boles are generally 
straight, long, and clear. Girths are moderately large to large and the estimated 
stocking rate is moderate to high. 

The forest occms on levees, higher scrolls, alluvial terraces, and the higher 
parts of back plains. Although sites are frequently flooded and drainage may be 
imperfect to poor, the access index is rated as good. It is found along the larger 
rivers flowing southward from the main range and along the Sepik River. 

Fod forest is the dominant forest type on Screw (18) land system but also occurs 
on Papul(19) and on higher parts of Palimbai (1 1). 

* These species together with Vitex cofnssus generally have a poor stem form and are the main 
contributors to the reject percentage. 
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(ii) Forest on Uplands 

(1) Tall Forest with a Rather Open Small-crowned Canopy (Fos).--This forest 
has a high productivity index and is of mixed species composition. Locally, however, 
Pometia tomentosa can be dominant. Boles are generally long, straight, and clear and 
girths moderate to large. The estimated stocking rate is high and locally very high. 

The forest is found mainly on remnant fan plains, fan terraces, and hills at low 
altitudes and has a good access index, slope being the local hazard. It is confined to 
the northern foothills of the main range and although present on several land systems 
it is the predominant forest on Aitape (55). 

LocaUy the forest has been severely damaged, presumably by wind. 

(c) Moderate Productivity Forest 

(i) Forests on Plains 

(1) Tall Forest with a Rather Open Canopy with Groups of Woolly-textured 
Crowns (Few).--This forest, although not visited in the field, is assumed to have a 
moderate productivity index. Probably it is a pure stand of Terminalia and the 
estimated stocking rate is considered to be moderate. 

It occurs on recent fan plains and, though subject to inundation hazards and 
poor drainage, has a good access index. I t  is found on the coastal and inland plains 
and occurs exclusively on Yilui (13) land system. 

(2) Tall Forest with an Open Canopy and with Sago Palms in the Understorey 
(FoM).--This forest has a moderate productivity index and is of mixed species 
composition, although Neonouclea is often subdominant and Planchonia and Ficus 

- - spp. are common. Boles are generally long, straight, and clear and girths moderately 
large. The estimated stocking rate is moderate. 

The forest occurs on imperfectly to poorly drained alluvial plains often subject 
to short periods of inundation. The access index is nevertheless good. The forest is 
found throughout the inland and coastal plains. 

FoM forest occurs on several land systems but is the predominant forest on 
Misiuki (14) and the dominant forest on Po (15). 

(ii) Forest on Uplands 

(1) Tall Forest with an Irregular Canopy (Fi).-This forest has a moderate 
productivity index. Species composition is mixed with Pometia tomentosa very 
common and Intsia bijuga. common. No single remaining species contributes more 
than 10% of trees present. Boles are straight, clear, and long and girths generally 
large. The estimated stocking rate is high, locally very high on areas of gentle slope. 

The forest occurs on dissected fan plains, terraces, and hills, generally at altitudes 
below 2000 ft, and has a moderate access index. It is scattered throughout the area 
but is mainly associated with the main range. 

Fi forest is found on a large number of land systems. 
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( d )  Low Productivity Forest 
(i) Coastal Forest 

(1) Casuarina equisetifolia Mid-height Forest (Cq).-This forest has a low 
productivity index. Casuarina equisetifolia with short boles and small girths is pre- 
dominant. The estimated stocking rate is low. 

The forest occurs on the outermost beach ridges on well-drained soils and the 
access index is very good. However, the intervening swales are poorly drained and 
frequently inundated, presenting some problems of access. It occurs as small stands 
scattered along the coast, the largest single occurrence standing at the western end 
of the area. 

Cq forest occurs exclusively on Nubia (2) land system. 

(ii) Swamp Forest 

( 1 )  Mid-height Forest with an Open Canopy and with Sago Palms in the Under- 
storey (FmoM).-This forest has a low productivity index, and although of mixed 
species composition Neonauclea is very common. Boles are straight and short to 
moderately long with girths of small to moderate size. The estimated stocking 
rate is low. 

The forest occurs on poorly to very poorly drained alluvial plains often subject 
to long periods of inundation. Hence the access index is only moderate. It occurs 
throughout the inland and coastal plains. 

FmoM forest is the dominant forest type in Pandago (10) and Nigre (27) land 
systems but does occur in several others. 

(iii) Forests on Plains 

( 1 )  Tall Forest with an Open Canopy with Light-toned Crowns and with Sago 
Palms in the Understorey (FodM).-This forest, although not sampled in the field, is 
considered to have a low productivity index. It is similar in most respects to FoM 
forest but has a large proportion of deciduous trees, notably Planchonia. The estimated 
stocking rate is moderate. 

Like the FoM forest it occurs on imperfectly to poorly drained alluvial plains 
subject to frequent flooding or moderate inundation. The access index is moderate. 
It occurs mainly on the inland plain and to a minor extent on the coastal plain. 

The forest is found on Misinki (14) and Po (15) land systems in association 
with FoM forest, and also on Yilui (13) land system. 

(2) Mid-height Forest with a Rather Open Canopy (Fmo).-This forest has a 
low productivity index. Species composition is mixed but Pometia pinnata is very 
common. Boles are straight and moderately long and girths are small. The estimated 
stocking rate is low. 

The forcst occurs on imperfectly to poorly drained alluvial terraces subject to 
frequent and serious flooding, but the access index is good. It is found along rivers 
flowing southward from the hills to the inland plain. 

Fmo forest occurs on Screw (18) and Papul (19) land systems. 
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(iv) F~res t s  on Uplands 

(1) Tall Forest with a Rather Open Irregular Canopy (Foi).-This forest has a 
low productivity index. The species composition is mixed, no single species con- 
tributing more than 10 % of individuals present. Boles are generally long, straight, and 
clear. Girths are moderately large and the stocking rate is moderate. 

The forest occurs on hills and remnant fan plains at low altitudes and has a 
moderate access index due to slope. It is confined to the hills of the coastal plain and 
the northern foothills of the main range. Although found on many land systems, it is 
the dominant forest type on Panakatan (25), Paiawa (24), Yassip (38), and Nopa (57). 

(2) Mid-height Forest wifh a Small-crowned Canopy (Ems).-This forest has 
a low productivity index. Species composition is mixed with Intsia bijuga and Vitex 
cofassus contributing up to 20 % each, and Pometia spp. and Hopea spp. up to 10 % 
each. Boles are moderately long and girths moderately large. The estimated 
stocking rate is low. 

The forest is found on low hilly country and has a good access index despite 
slumping and resultant poor drainage conditions. It occurs on the hilly country 
adjacent to the northern edge of the inland plain. 

Fms forest occurs on a large number of land systems. 

(3) Tall Forest with an Irregular Canopy with Light-toned Crowns (Fid).-This 
forest has a low productivity index. Species composition is mixed and similar to Fi 
forest but with a greater proportion of deciduous trees. Pometia pinnata is common 
and is generally associated with secondary vegetation, particularly as a local dominant 
on slumped areas. Boles are generally straight and clear. Girths are moderately 
large and the estimated stocking rate is moderate. 

The forest occurs on dissected fans, terraces, and hilly country up to an altitude 
1 - - of 2000 ft. The access index is moderate, due partly to steep slopes and partly to poor 

drainage on slump floors. It is found mainly south of the main range, particularly 
in the western half of the area. 

Fid forest occurs on a wide range of land systems and is the dominant forest type 
on Lumi (26), Seim (46), Dreikikir (47, Sengi (42), Nuku (51), Mambel (48), and 
Ningil (49). 

(v) Secondary Forest 

(1) Old Secondary Forest (FR).-This forest has a low productivity index. 
Species composition is usually mixed but Pometia pinnata is often subdominant. 
Boles are generally moderately long and girths moderate to large. The estimated 
stocking rate is low. 

The forest has a moderate access index. 

(e) Very Low Productivity Forest 

(i) Swamp Forest 

( 1 )  Mid-height Forest with an Open Canopy with Campnosperma and with Sago 
Palms ill the Understorey (EmoCM).-This forest has a very low productivity index. 
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Campnosperma is predominant. Insufficient observations were made in the better 
parts of this forest, but from estimation boles should be straight and short with small 
girths and a low estimated stocking rate. 

The forest occurs on swampy alluvial plains subject to long periods of inundation 
and thus has a poor access index. It is found mainly on the Sepik flood-plain with 
some patches occurring on the coastal plain. 

FmoCM forest occurs mainly on Pora (8) land system. 

(ii) Forests on Uplands 

(1) Mid-height Forest with an Irregular Canopy (Fmi).-This forest has a very 
low productivity index. Species composition is very mixed and the only species 
contributing more than 5% of the trees present are Dillenia spp., Pometia pinnata, 
P. tomentosa, and Intsia bijuga. P. pinnata is often locally dominant on secondary 
sites, e.g. slump features. Boles are mainly moderately long and girths moderate in 
size. The estimated stocking rate is low. 

The forest is found on steep hilly country and has a very poor access index. 
It is associated mainly with the main range and adjacent hills. 

Fmi forest occurs on a wide range of land systems. 

(2) Mid-height Forest with a Very Irregular Canopy (Fmio).-This forest has 
a very low productivity index. Although species composition is mixed, the common 
occurrence of secondary species indicates a large degree of disturbance, no doubt 
due to slumping and probably wind damage. In most respects it is similar to Fmi 
forest but has a lower estimated stocking rate. 

The forest occurs on steep hilly country and has a very poor access index. It is 
associated with the lower parts of the main range. 

Fmio forest occurs on anumber of land systems but has no particular association. 

(3 )  Mid-height Forest with a Rather Dark-toned Even Canopy (Fm).-This forest 
has a very 10; productivity index. Species composition is mixed but Castanopsis is 
subdominant and may locally predominate on ridge crests. Boles are generally 
moderately long and girths small to moderately large. The estimated stocking 
rate is low. 

The forest occurs on the main range mainly at altitudes above 2500 ft and has 
a very poor access index due to steep slopes. 

Fm forest occurs on several land systems. 

(iii) Secondary Forest 

(1) Medium-aged Secondary Forest (FRm).-This forest has a very low pro- 
ductivity index. Species composition varies from single species dominance to mixed, 
depending on the stage attained by the forest. Pometia pinnata is generally sub- 
dominant. Bole lengths and girth are extremely variable due to the mixture of 
secondary and remnant trees. The estimated stocking rate is low. 

The forest has a poor access index, 
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(f) Nil Productivity Forest 

(i) Coastal Forest 

(1) Rhizophora-Bruguiera Mid-height Forest and Other Mangrove Vegetation 
(B).--The mangrove forest is not well developed in this area. The trees are not of 
commercial size but the forest type is included because of its possible value to the 
cutch industry. 

For this reason the forest has not been separated from the allied vegetation. 
Rhizophora and Bruguiera with short boles and small girths are codominant. 

The forest occurs on coastal flats subject to tidal inundation and has a low 
access index. It is found mainly around the Sissano lagoon with a small patch near 
the mouth of the Yalingi River. 

B forest occurs exclusively on Murik (3) land system. 

(ii) Forest on Uplands 

(I) Mid-height Forest with a Small-crowned Rather Even Canopy (Fmsv).- 
This forest has a nil productivity index. Cryptocarya and Syzygium are both sub- 
dominant but the associated species are mixed. Boles are mainly moderate to long 
and girths small to moderate in size. The estimated stocking rate is low. 

The forest occurs on steep to very steep hills on schist and gneiss and con- 
sequently has a very poor access index. It is found on both sides of the Sepik River 
near Ambunti. 

Fmsv forest is restricted to Maio (64) and Waskuk (65) land systems. 



PART IX. LAND USE CAPABILITY OF THE AITAPE-AMBUNTI AREA 
OTHER THAN FOR FORESTRY 

I. AGRICULTURAL LAND USE 

(a) Method of Capability Assessment 

The land use capability of the area has been assessed by a method described 
by Haantjens,i which involves two distinct steps that are briefly discussed below. 
Although the method is based on arbitrary decisions in establishing classes and on 
generalizations and assumptions in making assessments, it is internally consistent 
and can be applied objectively. The limitations mentioned above are the result of 
the present inability to predict crop performance and farming costs in New Guinea 
accurately by the application of analogue or process-model techniques. 

It should be emphasized that the assessment of land use capability in this Part 
is exclusively concerned with modern techniques of commercial farming involving 
permanent land use. For New Guinea conditions this does not necessarily imply 
large-scale mechanized agriculture, but may equally well involve labour-intensive 
farming methods on small plots. Because of this the assessment does not take directly 
into account the size of areas with a uniform capability. 

(i) Rating of Land Attributes.-The first step in the assessment is a rating of 
physical land attributes that could influence and normally limit land use capability. 
Some information on the rating procedure is given in a separate 1eport.j: The follow- 
ing 16 attributes were rated at all field observation sites: 1, altitude; e, slope and 
erodibility; b, cobbliness; s, stoniness; r, rockiness; f, short-duration river flooding; 
i, long-duration inundation; w, soil drainage status; p, soil permeability; d, agricul- 
tural soil depth; m, available soil water storage capacity; t, tillage problems; a, soil 
reaction; c, soil salinity; u, land surface unevenness; and j, topographic irregularity. 
In addition, all land under 6" slope was rated with respect to its suitability for irrigation 
of rice, taking into account slope, topographic position, and soil permeability. 

The attributes and their ratings occur in very many different combinations, 
even on similar types of land. This is evident from the list of "limiting factor for- 
mulae" presented elsewhere.$ This great complexity prevented the inclusion of such 
formulae in the detailed land system descriptions of Appendix 111. This lack of 
information is partly compensated for by identifying the relevant land system by 
number for each listed formula in the separate report and by preparing maps showing 
the estimated distribution of important attributes that commonly limit land use 
capability in the area (see Section I@)). 

*division of Lana Research, CSIRO, P.O. Box 109, Canberra City, ACT. 2601. 
t Haantjens, H. A. (1969).-Agricultural land classification for land resources surveys in New 

Guinea. 2nd Ed. CSIRO Aust. Div. Land Res. tech. Memo. No. 6914 (unpublished). 
$ CSJRO Aust. Div. Land R e .  tech. Memo. No. 7111, Part VI (unpublished). 
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(ii) Rating of Agricultural Suitability ofLand.-The second step in the assessment 
is concerned with rating the effect of the combined attributes of a type of land on 
limiting its suitability for agriculture. Since it was impracticable to consider the 
suitability of land for all crops that might conceivably be grown in the area, suitabilities 
have been rated only for four kinds of agricultural land use: arable (annual) crops 
involving regular land cultivation; perennial tree crops involving little or no cultiva- 
tion; improved (sown) pastures, either permanent or as leys; and irrigated rice. 
Ratings fall into six capability classes, from very high to nil. 

These ratings are on a much more subjective basis than the ratings of the physical 
land attributes. In the absence of factual data about the influence of the land attributes 
on agricultural productivity and production costs, the ratings are based on a number 
of assumptions based on general experience in New Guinea or in tropical agriculture 
generally. The main assumptions underlying the suitability assessments are: 

(1) Cultivated laud (arable crops) is more susceptible to erosion than land 
under tree crops or improved pastures. 

(2) Level land is essential for irrigated rice and is of greater advantage with 
cultivated arable crops than with tree crops or improved pastures. 

(3) Poorly drained soils are a very serious limitation for tree crops, less serious 
for arable crops, even less serious for improved pastures, and virtually no disadvantage 
for irrigated rice. 

(4) The effects of inundation of long duration are similar to those of poorly 
drained soils, but more serious, also for irrigated rice. 

(5 )  Flash floods by rivers are likely to affect arable crops and irrigated rice 
most and tree crops more than improved pastures. 

I ~- -- ~ 

(6) Surface stones, cobbles, and rocks cause land development and management 
problems that decrease in the following order: irrigated rice, arable crops, improved 
pastures, tree crops. 

(7) The greatest soil depth and water storage capacity are required by tree 
crops, followed by arable crops, which generally require deeper soils than improved 
pastures. These factors are of virtually no importance for irrigated rice. 

(8) Acid soils are either an advantage or less of a limitation for tree crops than 
for the other three kinds of agriculture. 

(9) Neutral to alkaline soils and soil salinity are a greater limitation for tree 
crops than for arable crops or improved pastures, and affect irrigated rice least. 

(10) Soils that are difficult to till present the greatest problems for cultivation of 
arable crops. Such problems are less for improved pastures and play only a minor 
role or do not affect tree crops and irrigated rice. 

Whilst the above assumptions appear to be valid for the four kinds of agricul- 
tural crops as a whole, they may affect individual crops within these groups to dif- 
ferent degrees or not at all. Thus it is advisable, when the suitability of land for a 



specific crop is considered, to check the general capability of a land system with the 
specific information given for the relevant land attributes, either in the land system 
descriptions or on the special maps. 

(iii) Water Stress and Soil Fertility.-Variations in rainfall and evapotranspira- 
tion and in chemical soil fertility (N, P, K contents) have not been used directly in 
determining the land use suitability. 

Indirectly, water stress has had some influence on the land use capability assess- 
ment through the factor of soil depth. Nowhere in the area does soil water stress 
appear to be an important limiting factor on usable land. Water stress risks (see 
Appendix I, Section II(g) for definitions) have been assessed by applying rainfall 
and evapotranspiration data from the four water balance zones (Part IV, Section 111) 
to a range of soil water storage capacities. 

Although there is great variation in the nitrogen, phosphate, and potash contents 
of soils of different kinds and in different parts of the area, it is held that nutrient 
deficiencies can be rectified comparatively easily under modern agricultural manage- 
ment and, therefore, do not greatly affect the basic land use capability. Extreme 
deficiencies of P and K occur only in strongly acid soils and hence have indirectly 
iniluenced the capability assessment through the factor of soil reaction. In addition, 
the N, P, K contents of the lowest soil classes are listed elsewhere.' 

(6) Agricultural Assessment of Land Systems 

The agricult~iral land use capability of each land system is shown in detail in 
a separate reporttby the estimated percentages of land with different levels of suit- 
ability for arable crops, tree crops, and improved pastures, as assessed in the manner 
discussed earlier. These fractional assessments (and also those for irrigated rice) have 
been used to derive land use capability indexes for the whole of each land system, as 
described in Appendix I. The indexes, one for each of the four broad kinds of agricul- 
tural activity, are given in the synoptic land system descriptions in Part III, as well 
as in Table 23 in Appendix IV. The average of the indexes for arable crops, tree 
crops, and improved pastures is taken as a measure of the overall land use capability 
of the land systems. It is presel~ted in the same places in the report. Although given 
as two-digit figures, the indexes merely represent "best estimates" and serve mainly 
to rank the land systems with respect to each other. On the basis of the indexes the 
land systems have been placed in six land use capability classes (Appendix I, Section 
II(g)), which are given in the detailed assessments in Appendix III and have been used 
in compiling the map of agricultural land use capability (Section I(e)). 

The detailed assessments of the land systems in Appendix 111 contain in addition 
the following information on land use capability: notes on the chances of occurrence 
of soil water stress; data on the N, P, K contents of soils; information, where needed, 
on the degree of variation of land quality and on the distribution and size of areas of 
relatively good land; and information on the possibilities of land reclamation in land 
systems where poor drainage and overfiow on level land are the main limiting factors. 

* CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part IV (unpublished). 
t CSIRO Aust. Div. Laud Res. tech. Memo. No. 7111, Part I1 (unpublished). 
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It should be noted that the assessment of the overall land use capability of the 
laud systems has not in any way been influenced by either the size of a land system 
or its location and accessibility from outside. 

(c) Land Use Capability and Present Land Use 

To determine the possibilities of agricultural development in existing centres 
of population or the needs and possibilities for resettlement and new agricultural 
ventures, it is necessary to compare the land use capability of land systems as assessed 
in this report with the use being made of them at present. Information on this subject 
has been tabulated in Appendix IV. 

(d) Special Maps 

The estimated distribution of a number of terrain and soil features of importance 
to agricultural development is shown on five unpublished maps at a scale of 1 : 250,000, 
available upon request to the Division of Laud Research, CSIRO, Canberra. The 
references of these maps are compiled directly or indirectly from the ratings of land 
attributes discussed in Section I(a). The boundaries of the mapping units are derived 
from land system boundaries. 

The subjects of the maps are: ruggedness and relief; soil drainage status and 
overflow hazards; agricultural soil depth and soil permeability; potential for land 
reclamation and available soil water storage capacity; soil reaction and N, P, K 
contents of soil. The last two maps deal with features that have not been used directly 
in the preparation of the agricultural land use capability map discussed below, and 
can therefore be considered complementary to it. 

(e) Agricultural Land Use Capability Map 

(i) Introduction.-The aim of this map is to give an impression of regional 
differences in land use capability, by showing groups of land systems with similar 
overall levels of land use capability and wid similar suitabilities for arable crops, 
tree crops, and improved pastures. The map reference is arranged in order of decreas- 
ing land use capability. Since this referens states only the levels of suitability of 
the groups, it is desirable to outline briefly, in this section, the nature of the limiting 
factors that control these suitability levels. These factors can differ greatly for dif- 
ferent land systems in the same capability group. The distribution of each group in 
the survey area is shown in Figure 17. 

It should be noted that chemical soil fertility (N, P, K contents) and chances of 
soil moisture stress have not directly influenced the land use capability groupings, 
but complementary information on these subjects is available on special maps dis- 
cussed in the previous section. Similarly, the unpublished special map of potential 
for land reclamation provides complementary information for those groups of land 
systems in which the land use capability is depressed by poorly drained soils and 
overflow hazards. 

Land use capability for irrigated rice has not been used as a criterion in the 
grouping and tbus varies irregularly within and between groups. The land systems 
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belonging to each land use capability group are listed in Table 23 in Appendix IV, 
together with all their land use capability indexes. This information has been used 
to estimate the total areas with different levels of suitability for arable crops, tree 
crops, improved pastures, and irrigated rice given in Table 2. 

Fig. 17.-Distribution of land use capability groups. Groups A1-A5, overall high capability; 
groups B1-B4, overall moderate; groups C1-C6, overall low; group D, overall very low; groups 

El-EZ, overall nil. 

(ii) Groups with High Overall Capability (565 sq miles).-These groups nearly 
always have a high capability for arable crops. The capability for tree crops is high 
to moderate, but very high in group Al.  The suitability for improved pastures is 
high, and very high in groups A2 and A3. There is a more consistent potential for 
irrigated rice than in any other set of groups. 
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A1.-On the slightly dissected fans of this group the capability for arable crops 
is affected by slight erosion and topographic hazards, that for improved pastures by 
high soil acidity. The land is generally too high and uneven for irrigated rice. 

A2.-On the plains and beach ridges of this group occurs what is probably the 
best land in the area, although care may have to be exercised in regular cultivation of 
the sandy beach ridge soils. Soil pH may often be too high for optimal tree-crop 
growth. In low-lying parts of this land impeded drainage and local overflow hazards 
reduce its suitability for arable crops, and particularly for tree crops. These same 
areas have the highest potential for irrigated rice. Drainage improvement of low- 
lying plain sectors appears to be relatively simple and worth while. 

A3.-Large plains in this group have imperfectly drained slowly permeable 
soils of neutral reaction that are least suitable for tree crops and somewhat difficult 
to cultivate because of high clay and silt contents. The capability for irrigated rice 
would be greater if it were not for likely dificulties in bringing water onto the land. 
Drainage improvement of the plains appears to be relatively simple and worth while. 
Small fans in this group have soils tbat are too alkaline for many tree crops and 
somewhat stony for cultivation. 

A4.-Terraces along major rivers are subject to varying degrees of flooding 
that would affect arable crops and irrigated rice most, improved pastures least. Some 
terraces are flooded rarely or not at all and include some of the best land in the area, 
but always as small lots. Other land, near the rivers, is virtually unusable. On small 
fans in this group, impeded drainage of the lower sectors affects improved pastures 
least, whilst rather cobbly acid soils on the upper sectors are most suitable for tree 
crops. Both types of land appear suitable for cultivation. 

A5.-Land in this group is essentially of the same nature as that of the previous 
group but suitability levels are lower, particularly for arable and tree crops,-because 
of the greater incidence of impeded drainage. 

(iii) Groups with Moderate Overall Capability (905 sq miles).-In these groups 
tbe capability for arable and tree crops varies from moderate to low, although it is 
high for tree crops in part of group B1. The suitability for improved pastures is high 
to moderate, but for irrigated rice it is nil except in most of group B2. 

B1.-On the dissected fan surfaces of this group land use capability is reduced 
by topographic obstacles and erosion hazards on steep slopes and ridges of little or 
no agricultural value surrounding rather small areas of reasonably level land of good 
quality. These hazards are particularly limiting for arable crops. The suitability for 
tree crops is locally decreased by soil drainage deficiencies and rather shallow soils, 
while the capability for improved pastures is reduced by soil acidity. 

B2.-Most of this group consists of plains with poorly drained soils, because 
of high water-tables and overflow or slow soil permeability. These limitations, 
together with rather high soil pH on low-lying plains, reduce in particular the capability 
for tree crops but hardly affect the suitability for irrigated rice. Acid soils and slight 
dissection are further limitations for cultivation of arable crops and for improved 
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pastures on the higher-lying plains. Whilst most plains are uniform, some consist of 
very wet back plains and drier levees with land of high capability. Drainage improve- 
ment aud control of overflow appear to be moderately difficult, but seem worth while 
where soils are not too clayey. On the higher-lying plains slow permeability of the 
very infertile soils may allow improvement only of the surface drainage. 

The remainder of this group consists of partly dissected upland surfaces and 
low hills, where the land use capability is reduced by a number of factors. Of these, 
erosion hazards are most important for arable crops, soil drainage and soil depth 
deficiencies for tree crops. These factors do not seriously reduce the suitability for 
improved pastures. Some soils have a rather high pH for tree crops, whilst others 
are rather too acid for pastures. 

B3.-In this group of low hills the slopes are commonly too steep for arable 
crops, but not steep enough to seriously affect the capability for improved pastures. 
The irregularity of the slopes is also less of a limitation for pastures, and results in 
the presence of small pockets of land that could be cultivated. The suitability of this 
land for tree crops is often reduced by impeded soil drainage, rather shallow soils, 
and/or relatively high soil pH. 

B4.-The hills and colluvial slopes of this group have generally well-drained 
rather deep and commonly acid soils favourable for tree crops. These advantages 
are partially offset by the fact that some of this land occurs above 2000 ft in a climate 
unfavourable for tree crops. The very great irregularity in detail of the slopes strongly 
reduces the suitability of this land for arable crops, and together with the acid soils 
also limits its suitability for improved pastures. 

(iv) Groups with Low OveraN Capability (2035 sq miles).-In these groups the 
suitability for arable crops ranges from low to nil, whilst for tree crops it is usually 
low or very low, but moderate in group C2. The suitability for improved pastures is 
moderate to low and for irrigated rice usually nil, except in group C4. 

C1.-This group consists partly of dissected plains with very infertile soils, 
where erosion hazards and poor soil drainage strongly reduce the capability for arable 
crops and tree crops. Erosion hazards and high soil acidity affect the capability for 
improved pastures to a lesser degree. Small valleys and depressions have some 
potential for irrigated rice. 

The largest part of this group comprises high hills with considerable topographic 
limitations for agricultural development. Only small areas on the irregular slopes 
are suitable for cultivation of arable crops. Soil drainage deficiencies, rather shallow 
soils, and rather high soil pH occur in many places aud keep the capability for tree 
crops low. Since these factors are less limiting for pastures, this land still has a 
moderate capability for grazing. 

C2.-This group of high hill ridges has serious topographic limitations. The 
slopes are too steep and irregular for arable crops, except when terraced or in small 
pockets with gentler slopes. With its rather high relief the terrain is very rough for 
grazing on improved pastures. Since the soils are generally deep and rather acid 
and the slopes not too steep, the greatest capability of this land is for tree crops, 



LAND USE CAPABILITY 157 

except where it lies above 2000 ft  in a climate unfavourable for both lowland and 
highland tree crops. 

C3.-This group includes a variety of terrain, from very low hills to low 
mountains. Topographic limitations and erosion hazards make cultivation of arable 
crops very difficult or impossible, except in pockets of gentler slopes. Whilst topo- 
graphic conditions would still allow the planting of tree crops in many areas, various 
other limitations such as soil drainage deficiencies, shallow soils, or altitudes above 
2000 ft would further reduce the capability for tree crops to low. These factors have 
little effect on the suitability for improved pastures. Pasture managemelit is only 
moderately hampered by topographic limitations becanse the terrain is either of very 
low relief or consists of very long irregular but not very steep slopes of hills and 
mountains. 

C4.-The limitations of this group are of the same nature as those in group B2, 
but more serious. Land reclamation of the poorly drained plains in this group, which 
over large areas are quite suitable for irrigated rice, would be rather simple to 
moderately difficult, although only partial drainage improvements may be feasible 
because of the slow permeability of the heavy clay soils. The higher-lying plains and 
hills in this group have generally very infertile soils. 

C5.-Topographic and erosion hazards due to steep slopes and rough terrain 
are the main and very serious limitations in this group of low hill ridges. Only very 
small pockets of land on upper slopes could be cultivated. The suitability for tree 
crops is further limited by local shallow soils and very locally by impeded soil drainage. 
Soil acidity is a common additional limitation for improved pastures, which would 
be the most suitable form of land use if any development were desirable. 

C6.-The limitations in this group of hills and low mountains are largely similar 
to those in the previous group. In rather large areas above 2000 ft the suitability for 
tree crops is further reduced by unfavourable climatic conditions. Shallow soils of 
rather high pH on limestone appear to be little suited to tree crops but offer moderate 
possibilities for improved pastures. 

(v) Groups with Very Low (65 sy  miles) or Nil (1560 sy miles) Overall Capability.- 
Land in these groups has no suitability at all for arable crops. The groups usually 
have no capability, but in some cases a very low or, in group D, even a low capability 
for tree crops. Their suitability for improved pastures is generally nil to very low, 
but it is low in parts of group D. Some laud in groups El and E2 has a greater (but 
nevertheless mostly low) capability for irrigated rice than for any other agricultural use. 

D.-Most of this group consists of rugged hill ridges with very steep slopes as 
the main limitation. Their acid and rather deep soils tend to favour tree crops above 
improved pastures, but this advantage is partly offset by unfavourable climatic 
conditions for tree crops on land above 2000 ft. In the remainder of this group, a 
combination of erosion hazards and shallow or very shallow soils with high pH 
causes the land to have a low capability for improved pastures, and to be even less 
suitable for arable and tree crops. 
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El.--About half this group consists of veiy rugged high hius and mountains, 
where erosion hazards and terrain conditions result in a very low capability, either 
for tree crops and pastures where the soils are relatively deep and acid or only for 
improved pastures in areas above 2000 ft or on shallow soils that can also have 
a rather high pH. 

The other half of this group comprises sago swamps that appear to have a 
moderate suitability for irrigated rice, although in their present state they are virtually 
unsuitable for other forms of agricultural land use except sago collecting and planting. 
Reclamation of most of these swamps appears to be only moderately difficult, and 
could produce good land except for tree crops. 

E2.-More than one-third of this group comprises mountains and hills too 
rough and steep to have any agricultural potential. The remainder consists of swamps 
that are virtually unusable in their present state, except for a very low to low capability 
of parts of the group for irrigated rice. The best prospects for rice within this group 
are in the grass swamps of the Sepik flood-plain. Reclamation of the swamps would 
be technically difficult or very difficult, and would often result in land of doubtful 
capability, particularly for tree crops but also for arable crops. 

(a) General 

Some general problems in the evaluation for engineering of small-scale recon- 
naissance surveys, with particular reference to the manner in which these have been 
approached in the present survey report, are discussed by Haantjens (l968).* It has 
not been possible to produce a comprehensive engineering land use capability map 
of the area equivalent to the agricultural land use capability map discussed in the 
previous section. In general terms it can be stated, however, that large parts of the 
area present formidable engineering problems as a result of difficult terrain and 
heavy vegetation, dense stream nets, poor land drainage and overflow hazards, 
shortage or inaccessibility of suitable engineering construction materials including 
rock and soil, difficult climatic conditions, or combinations of these factors. The aim 
of this section is merely to direct the reader to those parts of the report and those 
maps that are relevant to engineering laud use. 

(b) Information Relevant to Engineering Works 

(i) Individual Land Systems.-Each detailed land system description in Appendix 
I11 includes a section on engineering assessment that summarizes in a qualitative 
manner the favourable and unfavourable aspects of the laud system for engineering, 
with emphasis on the construction of minor and major roads. The assessment takes 
into account such factors as rock type, topographic conditions (including slope 
stability), stream pattern and stream properties, soil drainage stahs, flood and 

* Haantjens, H. A. (1968).-The relevance for engineering of principles, limitations and 
developments in land system surveys in New Guinea. Proc. 4th Conf. Aust. Road Res. Bd, 1968. 
Vol. 4, pp. 1593-612. 



LAND USE CAPABILITY 159 

inundation hazards, and the suitability of soil materials for engineering purposes. 
Soil depth and classification in the Unified Soil Classification System* are mentioned 
separately. The advantages and disadvantages of certain land systems relative to 
adjoining land systems are discussed where desirable, together with the probable 
significance of land systems for local development or regional communications. 
Brief notes on airfield construction are included in land systems 1, 2, 16, 17, 19-21, 
23, 24, 26-28, 31, 32, 36, and 49. Some engineering aspects of harbour development 
are mentioned in land systems 2 and 3. Brief notes on engineering problems in land 
reclamation are included in the agricultural assessment sections of land systems 
3-15, 18, 19, 21, and 27. 

A 6rst impression of the nature of the land systems is best obtained by reading 
their synoptic descriptions in Part 111, Section 11, and by viewing their air-photo 
stereograms (Plates 1-30) and their stream pattern plans (Figs. 9-15). Much additional 
information relevant to engineering can be obtained from the sections on land forms, 
streams and drainage, geology, and weathering in the detailed land system descrip- 
tions. Information presented on timber resources and vegetation may also be of 
some value, but probably little useful information can be extracted from the soils 
section over and above that already given in the engineering assessments. All terms 
and ratings used in the descriptions are defined or explained in Appendix I. 

(ii) The Survey Area as a Whole.-Whilst the land system descriptions and map 
are suitable media for obtaining integrated information for particular parts of the 
area, other methods have been used to present relevant topical information for the 
area as awhole. Attentionisalso drawnto the brief discussion of earthquakes in Part I. 

(1) Maps.Several unpublished maps at a scale of 1 :250,000 and derived from 
the land system map have been prepared which can be significant for engineering. 
They are available upon request from the Division of Land Research, CSIRO, Can- 
berra. The subjects of these maps are: engineering materials (including lithology, 
USC soil classes, soil depth, and information on gravel); ruggedness and relief; and 
soil drainage status and overflow hazards. Qualitative information on soil perme- 
ability, presented on another map, is also available. The independently prepared 
maps on forest resources and vegetation included with the report could also be of 
some value, mainly the vegetation map if studied together with the listings? of some 
vegetation properties relevant to clearing, line surveying, etc. The altitude map 
could also be useful. 

(2) Soil Data.-Some properties of the lowest soil classes that are important 
for the engineering use of soils are listed in a separate rep0rt.t In relating this 
information to the area as a whole, it is necessary to consult Part V of that report 
and the land system map. 

(3) Climatic Data.-Of the climatic data presented in Part IV, Tables 7, 10, 
and 11 have the greatest significance for engineering projects since they give informa- 

*The assistance of the Public Works Department, Port Moresby, in testing 100 sail samples 
is gratefully acknowledged. 

t CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part III (unpublished). 

t CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part IV (unpublished). 
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tion on wet and dry spells, soil moisture regimes, and rainfall surplus. They can be 
roughly extrapolated across the area by means of Figure 2. In the absence of any 
measured data, the information of Table 11  could probably be used for rough com- 
putation of stream flow, if it is used in conjunction with catchment areas and the 
qualitative information on surface run-offlthrough drainage ratios given in the 
streams and drainage sections of the detailed land system descriptions. The catch- 
ments of the major rivers and other drainage divisions are shown on an accompanying 
map. The distribution of the A and B type catchmeilts shown on this map over the 
water balance zones and land systems is presented in a separate report.* 

(c) Information Relevant to Terrain Traficability 

Many of the sources of information discussed in the previous sections are 
equally applicable to problems of cross-country movement. The map of terrain 
access categories, although prepared for forestry purposes and not taking account of 
the vegetation, provides a general picture of regional differences in terrain trafEc- 
ability. It is obvious that the possibilities for cross-country movement, even for 
tracked vehicles, are usually very small or non-existent due to topographic conditions, 
vegetation, or both. Reasonable prospects seem probable only in Nubia (2), Yambi 
(27), and Burui (28) land systems. Data on tree spacingt are particularly relevant 
for the effect of vegetation on mobility. 

The difficult terrain renders it necessary to make as much use as possible of 
existing roads, tracks, waterways, and airfields. Information on transport facilities 
is provided in Part I, Section I(c), and on an accompanying map. It is impossible, in 
the context of this report, to indicate the location of the numerous foot tracks in the 
area. Since these tracks link villages either with each other or with areas of shifting 
cultivation, the population map and the land use intensity map accompanying this 
report indirectly give an idea of the density of this network of tracks. In addition, 
several tracks across the main mountain range link the interior with the coast. It 
should be kept in mind that the information presented reflects the 196&67 situation. 
Subsequent changes due to construction of new or closure of old roads and airstrips, 
and to relocation or agglomeration of native villages, are likely to occur. 

(a) Scenery and Cultural Aspects 

The area appears to be less endowed with scenic features than many other 
parts of New Guinea. This is due to the absence of high mountains, and to the large 
areas of monotonous forested alluvial plains and hill country on sedimentary rock. 
The Sepik flood-plain area, particularly where it is broken by hills and mountains 
near Ambunti and in the Chambri Lakes area just east of the Aitape-Ambunti area, 
constitutes a rather unusual landscape centred upon a truly impressive river which 
is likely to appeal to at least certain groups of more sophisticated tourists. Sepik 
River tourist cruises are already taking place on a modest scale from Angoram. The 

* CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part W (unpublished). 
t CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part III (unpublished). 
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attraction of this area is enhanced by the skill of the local people in wood-carving 
and in places also in pottery. Some villages, situated mainly further east in the 
Wewak-Lower Sepik area, have interesting ceremonial men's houses (haus tambaran), 
and in places remnants of an older "megalithic" culture. Revival and upholding of 
the traditional arts would be an asset to any tourist trade in this area. The uncom- 
fortably hot climate is a disadvantage, although the heat is felt less on the water. 

The artistic skill of the people near Maprik, as expressed in their unique haus 
tambaran, wood carvings, and other craft, is already attracting tourists to this area 
which extends into the central eastern part of the Aitape-Amhunti area. The en- 
virons of Lumi and Anguganak are probably the most scenically attractive south of 
the mountains. Given basic facilities, scenic drives and walks could be made in a 
pleasant though rather wet climate, with added interest provided by the numerous 
native villages on hill tops. 

Along the coast, Aitape could be the focal point for various attractions. The 
beautiful coral islands of Tumleo, ALi, and Selio have good living coral, pleasant 
small beaches, and an interesting, different type of native inhabitants, who use large 
decorated sea-going canoes and beautifully carved and painted garamut drums. 
A boat trip along the tidal channels behind the fore-dune to Sissano lagoon, with its 
large prosperous villages, mangroves, sand spits, and intricate fish traps, would be in 
pleasant contrast to a visit to one of the spectacular gorge-like valleys, where major 
rivers emerge from the rugged mountain front. Already Aitape is the centre of the 
kind of development that may interest tourists; for instance, the extensive Roman 
Catholic Mission complex, the leprosary, the coconut/cocoa plantations, and the 
minor industries of brick-making and sago-mat weaving on real looms. 

Since the New Guinea landscape is impressive and most comfortably viewed 
from the air, aerial scenic tours could be an important feature of the tourist industry 
in any of the places mentioned above. 

(b) Recreation 

The usual sporting facilities normally expected by tourists still have to be built 
up from the ground, except for some rather unusual golf links on airstrips. The 
natural attractions of the area with respect to recreation are to be found mainly in 
its water features. Several lakes, caused by landslides in the past in the southern 
foothills of the mountains between Maprik and Dreikikir (see toponymy map), 
would be suitable for swimming, canoeing, and probably also water-skiing. Ideal 
conditions for these sports would also exist in the Sepik River area, were it not for 
the presence or suspected presence of crocodiles. If some of the oxbow lakes could 
be kept free of them, they could be turned into attractive water-sport areas during 
the dry season. More immediately realizable appear opportunities for duck shooting 
as a tourist sport. Data are lacking for the assessment of the value of this area for 
the angler. It appears to have at least some potential, but development may involve 
stocking with fish and some control of fishing. Fishing, sailing, boating, water-skiing, 
swimming, skin-diving, and, to a lesser degree, surfing are all sports that could he 
pursued in pleasant surroundings and under good conditions near Aitape and the 
off-shore islands if the essential facilities were provided. 
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(c) Crocodile Hunting 

Whilst unattractive to most people as a recreational holiday activity because of 
the discomforts of the night-time hunts, crocodile hunting for the skin industry is one 
of the few sources of cash income for the indigenous population of the Sepik River 
flood-plain. According to Dr. H. R. Bustard (unpublished data), who investigated 
the industry in 1967, the selective killing of large breeding specimens has decimated 
the crocodile population, particularly the larger and most sought-after "saltwater" 
crocodile (Crocodylus porosus). At present the volume of the skin trade is being kept 
static by the ever-increasing killing of smaller specimens. The result is that most of 
the more accessible parts of the Sepik River swamp lands have become almost "shot 
out", even with respect to the more numerous, smaller, freshwater crocodile (C. 
novaeguineae). 

Although there is no danger of either species becoming extinct, Dr. Bustard 
considers that protectiveand stimulating measures are urgently needed to prevent the 
collapse of the crocodile skin industry and, conversely, to promote its expansion. 
Considerable increases in the controlled harvest of crocodile skins are biologically 
possible in the vast areas with favourable conditions along the Sepik River. They are 
economically desirable in view of the increasing world demand and prices for crocodile 
leather. The main measures proposed by Dr. Bustard to stimulate the industry are: 

(1) Establishment of ownership title of crocodile territory for indigenous 
communities. 

(2) Introduction of minimum and maximum skin sizes to foster both acceptable 
growth and breeding rates. 

(3) Prohibition of netting and hooking as h~mting methods that are indis- 
criminate as to size of catch. 

(4) Establishment of crocodile hatcheries. 

(5) Improvement of skin treatment to ensure a uniformly high quality of 
marketed skins. 
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By H. A. HMNTJENS,* P. C. HEYLIGERS,~ J. R. MCALPIN~,* and J. C. SAUNDERS* 

The information contained in this appendix is presented in subject groups 
under the same headings as used in the laud system descriptions, but it applies to all 
sections of the report. More detailed information is given elsewhere by Haantjens 
(unpublished data, 1969t) on drainage status, agricultural soil depth, soil gleying, 
soil permeability, available soil water storage capacity, soil reaction, soil nutrient 
status (N, P, K contents), and on the methods of assessing land use capability for 
arable crops, tree crops, improved pastures, and irrigated rice. 

(a) Land Forms 

(i) Slope Steepness.--Measured in the field or estimated on aenal photographs, 
slope steepness is expressed in classes defined in Table 17. The classes are based essen- 
tially on equal intervals on a logar~thmic slope tangent scale (Speight 1967). They 

r--- are applied to stream gradients as well as land forms. 

(ii) Slope Index (SI).-This index is calculated for each land system from: 
0 x (% slopes <loo) + 0.33 x (% slopes 10-17') + 0.66 x (% slopes 17-30") 
+ 1 x (% slopes > 30"). 

(iii) Rzrggedness.-This is expressed as seven ruggedness classes based on slope 
index (SI): non-rugged, SI 0-3; very slightly rugged, SI &9; slightly rugged, SI 10-19; 
moderately rugged, SI 2041; rugged, SI 42-68; very rugged, SI 69-84; extremely 
rugged, SI 85-100. Note that land consisting exclnsively of slopes < 10" is non- 
rugged, slopes 10-17" moderately rugged, slopes 17-30" rugged, slopes >30" 
extremely rugged. 

(iv) Relic$-Defined as the difference in altitude between major$ ridge crest 
or peak and nearest major1 valley floor, relief is largely estimated from aerial photo- 
graphs, locally measured in the field. The relief classes are shown in Table 18. 

*Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601. 
7 CSIRO Aust. Div. Land Res. tech. Memo. No. 6914 (unpr~blished). 

f This term is not used in an absolute sense but in relation to the conditions prevailing in 
each land system. 
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(v) Ridge Spacing Density.-This pattern property, equivalent to twice the 
grain, is qualitatively described from air-photo observations. For land systems with 
noticeable relief it can be more quantitatively assessed from the stream pattern plans 
(Figs. 9-15), since generally the ridge density is similar to the stream density. 

TABLE 17 
SLOPE CLASSES 

Class Angle Percentage Gradient 

Level* 

Very low gradient* 
Low gradient* 
High gradient* 

Very gentle slope 
Gentle slope 

Moderate slope 
Moderately steep slope 
Steep slope 
Very steep slope 

Precipitous slope 
Cliffed slope 

*All called level (<OS30') if no gradient can be specified. 

(vi) Crest Width.-Based on field measurements and estimates from air photos, 
crest width is indicated as: knife-edged, i 15 ft; very narrow, 15-50 ft; narrow, 
50-150 ft; broad, 150-500 ft; very broad, > 500 ft. 

TABLE 18 

RELIEF CLASSES 

Class 
Relief 

(ft) 
Terrain Type 

Nil < 20 Level to undulating plain 
Ultra low 2&50 Undulating, rolling, or dissected plain 
Very low 50-150 Very low hills or deeply dissected plain 
Low 150-300 Low hills 
Moderate 300-750 High hills 
High 750-1500 Low mountains 
Very high > 1500 High mountains 

(6) Streams and Drainage 

(i) Stream Gradient.-See slope steepness classes under subsection (a)(i). 

(ii) Stream Width.-Either this is qualitatively described or estimates or 
measurements (field measurements for small streams, air-photo measurements for 
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large rivers) are given in yards. These data apply to the whole of the bare or sparsely 
vegetated stream bed, not necessarily to the channel alone. 

(iii) Soil Drainage Status*.-This is assessed from a combination of indications 
including depth and degree of gleying in the soil profile (see also soil gleyiug under 
subsection (d)(x)), vegetation characteristics, and water-tables observed, and also 
takes into account climatic, slope, and other soil factors. Six classes are recognized 
and can be described as follows. 

Excessively drained.-Lack of soil moisture occurs during rainless periods of 
short duration and common occurrence. 

Well drained.-Absence of features pointing to excessive moisture in the soil 
above a depth of 5 ft; sustained supply of soil moisture during rainless periods, at 
all times or except towards the end of exceptional droughts. 

Imperfectly drained.-Permanent or prolonged excessive soil moisture in the 
deeper subsoil (usually below 40 in.), or short periods of excessive moisture in the 
surface or throughout the profile; dry-season water-tables below 4 ft. 

Poorly drained.-Permanent or prolonged excessive soil moisture in the subsoil 
(usually between 20 and 40 in.), or relatively long periods of excessive moisture in the 
surface soil or throughout the profile; commonly shallow water-tables during the 
wet season. 

Very poorly drained.-Permanent or prolonged excessive soil moisture through- 
out the profile, except for the surface soil to a depth of at most 9 in. ; commonly dry-sea- 
son water-tables between 2 and 4 ft rising to close to the surface during the wet season. 

Swampy.-Permanent excessive soil moisture throughout the profile; water- 
1 tables at or near the surface during the dry season. 

(iv) Floodt and Inundation Hazards.-Of necessity these are qualitatively 
assessed from land form, vegetation, and soil indications and from information 
supplied by local residents. Although a rating system exists for the seriousness of 
these hazards, information in this report is always given in a self-explanatory form. 

(v) Surface Run-offin Relation to Through Drainage.-This is purely qualitatively 
classed for each land system as nil, very low, low, moderate, or high. It seems possible 
that in the high class 60-80% of the annual run-off (difference between precipitation 
and evapotranspiration) will be in the form of surface run-off, the remainder con- 
tributing to ground-water storage and discharge. The assessment of the ratio is based 
on slope index, apparent permeability of soil and rock, and agricultural soil depth. 

(c) Vegetation 

(i) Mapping Symbols.-These are built up as follows. The fist capital letter 
or combination of capital letters indicates the major structural group to which the 

* For drainage and inundation Index see subsection if)@) 
t For flooding index see subsection (j)(i). 
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vegetation type belongs: F, forest; W, woodland; G, grassland; H, mixed herbaceous 
vegetation; R, gardens and young regrowth; and FR, secondary forest. Exceptions 
to this rule are several cases in which the vegetation types could be recognized on 
their floristics. These types have been tagged with a capital letter from the scientific 
name of a dominant genus. They are: mangrove vegetation (B, from Bruguiera); 
stands of Casl.~arir?a (C); sago palm vegetation (M, from Metronylon); Nypa palm 
vegetation (N); and pandan vegetation (P, from Pandanus). 

The capital F or G is, as a rule, followed by a lower-case letter expressing the 
height: 1, low; m, mid-height; and t, tall. To keep the sy~nbols as short as possible one 
in a group is left out: F is tall forest, G is nzid-lieigl?f grassland. 

For woodland, grassland, and mixed herbaceous vegetation a second capital 
letter is then used, taken from a scientfic name or indicatiug the secondary nature of 
the vegetation (R). 

In symbols for forest more lower-case letters are added to indicate air-photo 
characteristics of the canopy: o, open; i, irregular; s, small-crowned; w, woolly- 
textured crowns; v, even-textured crowns; d, crowns of avery light tone. An exception 
is p, which means that pandans are common in the understorey. The capitalletters 
which follow refer to Campnospernu (C), sago (M), and pandan in the canopy (P). 
Secondary forest (FR) has been split into young (y), medium-aged (m), and old 
(without lower-case letter). 

(ii) Freqneucy.-The number of times a particular characteristic or plant was 
observed in a certain vegetation type in comparison with the total number of observa- 
tions of this type is expressed in general terms, to which the following approximate 
values can be given: seldom, sometimes, or occasionally is less than 25 x; normally is 
between 25 and 75%; usually is more than 50%; often, mostly, or generally is more 
than 75 %. 

(iii) Coser.--In woody communities, canopy cover, or crown cover if subcanopy 
strata are dealt with, is expressed as the proportion of sky obscured by foliage. Cover 
of herbaceous communities is expressed as the proportion of ground overshadowed 
by foliage. Cover has been estimated in steps of 5 % up to 40 % and in steps of 10 % 
for higher values. 

(iv) Density.-The closeness with which plants or parts of plants, e.g. tree 
crowns, grow together is expressed on relative scales as foIlows: dense, rather dense, 
scattered, very scattered, odd individual; or closed, rather closed, rather open, open. 

(v) Commonness.--This pertains to the number of individuals present in a 
certain area. The following relative scale is used: abundant, very common, common, 
rather common, present, rare. 

(4 Weathering and Soils 

(i) Degree of Weaf/zering.-The terms skeletal, immature, atid mature are used 
qualitatively to indicate the apparent abundance, commonness, or paucity, respect- 
ively, of rock fragments and unstable minerals in the weathered debris relative to 
their proportion in the underlying hard or unconsolidated rock (Haantjens, Paijmans, 
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and Ruxton 1967). The term hydration is used for the softening of sedimentary 
rocks under the influence of the wet climate, which can be evident to a depth of 
several tens of feet, without any marked effects on chemical weathering except the 
leaching of carbonates (Ruxton 1969). 

(ii) Depth of Weathering.-This is indicated as: very shallow, 1 5  ft; shallow, 
5-10 ft; deep, 10-50 ft. I t  should be noted that these terms are directly linked to the 
associated degree of weathering. Thus shallow mature weathering generally implies 
the presence of additional underlying zones of immature and skeletal weathering, 
about which little or no information is available. These underlying zones tend to be 
relatively thin or very thin on clastic sedimentary rocks (apart from hydration) and on 
alluvium, particularly if he-textured, and are virtually absent on limestone. 

(iii) Degree of Soil Development.-This is qualitatively expressed as: un- 
developed, slightly developed, moderately developed, strongly developed, very strongly 
developed. I t  is assessed from such features as apparent degree of alteration relative 
to the underlying parent rock, soil horizon differentiation, degree of leaching (pH), 
soil colour, and solum thickness. 

(iv) Thickness (Solurn).-This refers to the combined thickness of A and B 
horizons: very thin, i 10 in.; thin, 10-20 in.; moderately thin, 20-30 in.; moderately 
thick, 3 W 5  in.; thick, 45-60 in.; very thick, >60 in. Note that for undeveloped soils 
that have a minimal solum or no solum at all, agricultural depth notations (see (viii) 
below) replace solum thickness notations in the pedological descriptions. 

(v) Thickness (Dark Topsoil).-This is indicated as: thin, 1-5 in.; moderately 
thick, 6-10 in.; thick, > 10 in. Note that where the term "thick" is used in the 
description of higher-category soil classes, it is differently specified in a footnote 
relating the term to the thickness of the s o l e .  I n  these cases, t k k  means 6 in. 

r--~~ 
(15 cm) or more in deep undeveloped soils; >4  in. if resting directly on rock; more 
than one-third of the thickness of the solum where the solum is less than 30 in. thick; 
> 10 in. in soils with a solum thicker than 30 in. 

(vi) Dark Topsoil.-This term indicates A1 horizons having moist soil colour 
with a Munsell value of less than 3.5 and in nearly all cases a chroma of less than 4. 

(vii) Soil Co1our.-Colour is not normally mentioned in the soil descriptions 
since this attribute is not used directly in the 7th Approximation. For information on 
soil colour the reader is referred to the detailed descriptions of the lower soil classes 
available upon request. 

(viii) Soil Depth* (Agricultu~al).-Agricultural soil depth is assessed to a routine 
maximum of 6 ft. In the first instance, depth is measured to a horizon considered 
impenetrable for any but a few roots. Above any such horizons soil layers considered 
to offer only normal resistance to root penetration are assessed to contribute fi~lly to 
soil depth, hut only half the thickness is used to calculate soil depth for layers con- 
sidered to offer much resistance to root penetration. Normally such layers are 
extremely hard, firm, or plastic. Soil aeration is not used in calculating soil depth, 

* For engineering soil depth and engineering sail depth index see subsection (Iz)(i, ii). 
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since this is accounted for in drainage status. The depth classes arrived at in this 
manner have the same limits as the solum thickness classes (see (iv) above). 

(ix) Soil Drainage Status.-See subsectiot~ (b)(iii). 

(x) Soil G1eying.-As used in this report, the terms slightly, moderately, strongly, 
and very strongly gleyed are based on the depth at which gleying occurs, and on the 
expression of the gley phenomena in terms of degrees of grey and percentage and 
colour of mottles. This introduction of depth of gleying as a criterion is not strictly 
correct and has resulted in too close a relation between gleying classes and drainage 
status classes. 

(xi) Soil Permeability.--This has been assessed qualitatively on the basis of soil 
texture and structural and consistency properties. Ideally, rates of water movement 
associated with the classes are: very rapid, > 8  in./hr: rapid, 2.5-8 in./hr; moderate, 
0.5-2.5 in./hr; slow, 0.1-0.5 in./hr; very slow, c 0 . 1  in./hr. 

(xii) Soil Texture.--This is assessed in the field without supporting laboratory 
analyses and is based on the textural classes of the United States Department of 
Agriculture (1951). For Unified Soil Classification, see subsection (li)(iv). 

(xiii) Linear Shrilikage.--This is based on sample tests carried out by the Depart- 
ment of Public Works, Port Moresby, and on extrapolation of these data to untested 
soils by correlation with field texture and soil type. I t  is expressed in seven classes: 
nil, 0-1; very low, 2-3; low, 4 5 ;  moderate, 6-8; high, 9-14; very high, 15-20; 
extremely high, > 20. 

(xiv) Available Soil Water Storage Capacity.*-This has been estimated from 
agricultural soil depth, field texture, and consistency and is expressed in six classes: 
very low, 1 2  in.; low, 2-3.9 in.; moderate, 4 5 . 9  in.; moderately high, 6-7.9 in.; 
high, 8-10 in.; very high, > 10 in. The figures apply to the whole soil profile to its 
agricultural depth limit. 

(xv) Soil Reaction (pH).-Based on colorimetric field measurements of pH, 
soil reaction is expressed as a weighted average for topsoil and subsoil, emphasizing 
topsoil pH, in seven classes: strongly acid, pH <5 ;  acid, p H  5-5.9; weakly acid, 
p H  6-6.5; neutral, p H  6.6-7.5; weakly alkaline, p H  7.6-8.0; alkaline, pH 8.1-8.5; 
strongly alkaline, p H  > 8.5. 

(xvi) Nitrogen, Plzospliafe, and Potasli Contents.Soi1 nitrogen ratings are 
based on N determinations by the modified Kjeldahl method for topsoil samples only 
(usually 0-6 in., in cases somewhat deeper). Classes are: very low, 1 0 . 1 %  N 
(minimum recorded 0.05%); low, 0.1-0.2% N; moderate, 0.21-0.5% N; high, 
0.51-1 . O %  N; very high, z 1.0% N (maximum recorded 1.44%). 

Soil phosphorus and soil potassium ratings are based on weighted averages for 
samples of topsoil and subsoil (mostly between 2 and 3 ft depth), emphasizing topsoil 
values. Phosphate was measured in a supposedly available form by 0 . 0 1 ~  sulphuric 
acid extraction according to the Kerr and von Steiglitz (1938) method and results 

* For soil water stress see subsection (g)(iii) 



classed as: very low, < I 0  p.p.m.; low, 10-20 p.p.m.; moderate, 21-50 p.p.m.; high, 
51-100 p.p.m.; very high, z 100 p.p.m. (maximum recorded 360 p.p.m.). Potassium 
was determined by the stronger sulphuric acid extraction method of Hunter and 
Pratt (1957) and results classed as: very low, < 0.2 m-equiv. % K (minimum recorded 
0.04 m-equiv. %); low, 0.2-0.4 m-equiv. % K; moderate, 0.41-0.75 m-equiv. % K; 
high, 0.76-1.5 m-equiv. % K; very high, .> 1.5 m-equiv. % K (maximum recorded 
3.26 m-equiv. %). 

(xvii) Soil Distribution.-The estimated proportions of lowest category soil 
classes in the land systems are expressed in the detailed descriptions of Appendix I11 
as predominant, 80 %; dominant, 51-80 %; subdominant, 20-50 %; common, 
8-19 %; minor, i 8 %. Parentheses around soil classes indicate that the class was not 
observed in the land system but its presence is inferred. 

(e) Population and Land Use 

(i) Population.-Population data are derived from the district village census 
for the year 1965-66. Their presentation for the land systems is based on the census 
villages located within each land system. 

(ii) Land in Current Use.-This includes all native garden land which has been 
cleared, planted, is in production, or has been recently abandoned. It covers a cycle 
of 4-5 years. 

(iii) Bush Fallow Vegetation.-This term is used to encompass all secondary 
vegetation as described in Part V, Section II(i), except for old secondary forest (FR) 
and some secondary vegetation occurring on slumps, rock slides, and scarps. The 
old secondary forest is excluded because it is not related to present cultivation cycles, 

,~--- the sera1 secondary vegetation because it is the result of natural processes rather than 
of clearing by man. 

(iv) Land Use Intensity Classes.-Indigenous land use has been mapped on the 
aerial photographs according to the following classes. 

Very high.-Land in this class is covered for more than 75 % by anthropogenous 
vegetation, of which 10-20 % is in current use. 

High.-Land in this class is covered for more than 50% by anthropogenous 
vegetation, of which 5-10 % is in current use. 

Medium.-Land in this class is covered for 20-50% by anthropogenous 
vegetation, of which 1-5 % is in current use. 

Low.-Land in this class is covered for 20-50% by anthropogenous vegetation, 
of which less than 1 %is in current use. Exploitation of sago palm stands is a sigdicant 
element of the land use pattern. 

Very low.-Land in this class is covered for 10-20% by anthropogenous 
vegetation, of which 1 1  % is in current use. 

(v) Land Use Intensity Index (II).-This index is calculated for each land system 
by weighting each land use intensity class and adding up the weighted percentages of 
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each class in a land system as follows: 11 = 1 x (% very high) + 00.5 x (% high) 
4- 0.4 X (% medium) + 0.25 X (% low) + 0.1 x (% very low land use intensity). 

(f) Forest Resources 

(i) Soil Drainage and Inundation Index (DI) and Flooding Index (F).-The 
main objective of these indexes is to indicate the limiting effect of soil wetness and 
overflow on vehicular access to the land. It is assumed that due to precipitation alone 
all land will be inaccessible for a certain length of time each year, even under optimum 
drainage conditions. The time is estimated from the period in which soil moisture 
rises above field capacity and is calculated from the results of the application of the 
water balance model in Part IV. Above field capacity conditions are assumed to occur 
in those weeks when soil moisture storage has reached maximum level (4 in.) and in 
which more than 3 in. of run-off occurs. The length of the period varies widely from 
4 days per year at Bainyik to 48 days per year at Aitape (Table 19). Generally i t  can 
be expected that shorter periods occur in the south-eastern part of the area and longer 
periods elsewhere. An average figure of 30 days per year is used over the whole area 
in assessing the D I  index. 

TABLE 19 
NUMBER OB DAYS WHEN SOIL WAT6R STOMG6 EQUALS 4 IN. AND RUN-OFF 

JS MORE Tf&N 3 IN. 

Bainyik Yambi Lumi Aitape 

Mayact .  0 7 11 12 
Nov.-Apr. 4 11 34 36 
Annual 4 18 45 48 

The D I  index is calculated for each mapping unit (land system or forest type). 
I t  is the sum of the products of percentage area of the unit affected by a particular 
class of hazard, and a weighting factor equivalent to the maximum expected number 
of days per year the hazard could render the land inaccessible, as set out in Table 20. 

Thus: 

where (WO), (Wl), . . . (W4) and (il), . . . (is) are the percentage areas in each access 
hazard class. Hawever, where a soil drainage and an inundation hazard occur 
together only the maximum hazard (according to Table 20) is used in the formula. 

The F index is derived in the same way as the DI index, but in thecase of flooding 
occurring at least twice per year the minimum figure of 30 days per year is used. 

(ii) Ykrrain Access Index @I).-For the purposes of Part VIII, access is con- 
sidered to be affected by the following environmental factors: slope and relief, 
precipitation, soil drainage, inundation, and flooding. The degree of access hazard 
attributable to each of these factors, except slope and relief, is compounded in a 
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series of weighted factors based on the number of days per year that the land affected 
will he inaccessible to conventional wheeled vehicles (see previous section). 

Although all the environmental factors interact their effects are often additive, 
e.g. imperfectly drained soils on moderately steep slopes. For this reason, the terrain 
access index is calculated as the sum of the slope index (see subsection (a)($), the soil 

TABLE 20 

PERIODS OF INACCESSIBILITY ASSOCIATED WITH VARYING DEGREES OF HAZARDS 

DUE TO WETNESS 

Expected Max. Weight Factor for 
Nature and Class of Duration of Calculating Drainage/ 

Hazard Inaccessibility Inundation or 
(dayslyr) Flooding Index 

Soil drainage status 
Well drained (wO) 30 0.08 

Imperfectly drained (wl) 80 0.22 
Poorly drained (w2) 160 0,44 
Very poorly drained (w3) 260 0.71 

Swampy (w4) 310 0.85 

Inundation 
Period < 50 days/yr (il) 80 0.27 

51-100 days/yr (i2) 130 0.41 

101-150 dayslyr (i3) 180 0.55 
151-250 days/yr (i4) 280 0.82 
> 250 dayslyr (is) 365 1.00 

River flooding 

Once in 6-10 yr (f1) 3 0.01 

Once in 2-5 yr (f2) 8 0.02 

Once every year (f3) 15 0.04 

More than once every year (f4) > 30 0.08 

drainage and inundation index, and the flooding index for each mapping unit, sub- 
tracted from 100. In three land systems (Kworo (30) Sandri (35), Aitape (55)) the 
terrain access index is upgraded because of very low relief or favourable location. 
Terrain access index classes are: nil, 0-9; very poor, 10-29; poor, 30-39; moderate, 
40-59; good, 60-79; very good, 80-100. 

(iii) Stocking Rate Index (SR).-The forest type with the highest estimated 
stocking rate is given an index of 100. Other types are given indexes proportionate to 
their estimated stocking rates. 

(iv) Estimated Stocking Rate.-The derivation of this figure is explained in 
Part VIII. Stocking rates are classed as follows: very high, > 12,000 super ftlac; high, 
8000-12,000 super ft/ac; moderate, 5000-8000 super ftlac; low, 3000-5000 super ftjac. 
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(v) Forest Resource Index (F0.-Calculated for each land system, i t  is the sum 
of the products of percentage area and stocking rate index for each forest type present. 
The forest resource index classes are: nil, 0-5; very low, 6-12; low, 13-28; moderate, 
29-50; high, 51-80; very high, 81-100. 

(vi) Forest Productivity Index (FP).-This is the product of the access index 
and the stockiug rate index of the forest type, divided by 100. The forest productivity 
classes are: nil, 0-5; very low, 6-12; low, 13-28; moderate, 29-50; high, 51-80; 
very high, 81-100. 

(vii) Access Categories.-The land systems are first grouped into four categories 
(I-IV) on the basis of their slope index (1, &20; 11, 2140;  111, 41-70; IV, >70), 
which gives an assessment of the proportion of accessible slope in one land system 
relative to another. Some of the more rugged land systems are placed in a better 
access category where very low or low relief may increase their accessibility. 

Land systems with soil drainage and/or inundation deficiencies are subdivided 
on their drainage/inundation indexes (w, 22-30; W, 31-70; S, 71-100). Five more 
access categories (Iw, IIw, IlIw, W, and S) are thus recognized, presenting increasingly 
difficult access. 

Those land systems in access categories I and Iw that are subject to Booding 
once a year or more often over at least 20 % of their area are placed in access categories 
IF  and IFw respectively. 

(viii) Reject Percentage.-In each forest type this is the percentage of total trees 
recorded that was rejected as being unsuitable for milling. To obtain the number of 
usable trees per acre the trees/ac figure must he reduced by this percentage. 

(ix) Usage Group.-These groups are identical with those used by the Depart- 
ment of Forests, T.P.N.G., as at March 1, 1963, and may be d e h e d  briefly as follows: 

Group 1.-Suitable for high-quality veneer timber. 

Group 2A.-Conifers-Armcariaceae. 

Group 2B.-Conifers-Podocarpaceae and Cupressaceae. 

Group 3.-Suitable for high-quality cabinet timber. 

Group 4A.-Construction timber, but can also be used for cabinet timber. 

Group 4B.-Construction timber only. 

Group 5.-Construction timber, not well known and generally requiring 
treatment. 

(x) Frequency of Occurrence.-Frequency classes for species recorded are listed 
in Table 21. 

(g) Agricultural Assessment 

(i) Land Use Capability Indexes.-The method of assessing the capability of 
land for arable crops, tree crops, improved pastures, and irrigated rice, using six levels 
of suitability ranging from very high to nil, is briefly discussed in Part IX, Section I(a). 



APPENDIX I 173 

For each land system four capability indexes (A for arable crops, T for tree 
crops, P for improved pastures, and R for irrigated rice) are calculated by adding 
weighted estimated proportions of land with a certain level of suitability, as follows: 

1 x (% land with very high suitability) + 2 X (% land with high suitability) + & x 
(% land with moderate suitability) + & X (% land with low suitability) + x 
(% land with very low suitability) + 0 X (% land without suitability). 

TABLE 21 
FREQUENCY CLASS* OF OCCURRENCE OF TREE SPECIES 

Frequency Frequency Class Symbol 
( %) 

Predominant P > 80 
Dominant D 50-80 
Subdominant S 20-50 
Very common V 15-20 
Common C 10-15 
Occasional 0 5-10 
Rare R < 5  

The overall land use capability index (CI) of a land system is calculated as the 
mean of the indexes for arable crops, tree crops, and improved pastures. The index 
for irrigated rice is excluded, because of the very special conditions applying to this 
form of land use. 

(ii) Land Use Capability Class.Six classes of land use capability, applied to 
the four major kinds of agricultural land use, are based on the land use capability 
indexes (CI, A, T, P, R) as follows: nil, index 0-5; very low, index 6-12; low, index 
13-28; moderate, index 29-50; high, index 51-80; very high, index 81-100. 

(iii) Soil Water Stress.-Slight soil water stress is considered to occur when the 
available soil water is depleted to 3.99-1.00 in. in soil with very high available water 
capacity (AWC) (see subsection (J)(xiv)), to 2.99-1.00 in. in soils with high AWC, 
to 1.99-0.01 in. in soils with moderately high AWC, to 0.99-0.01 in. in soils with 
moderate AWC. Severe soil water stress is considered to occur when available soil 
water is depleted to 0 .994.01  in. in soils with very high or high AWC, and to full 
depletion in soils with lower AWC. 

The expected frequency of soil water stress is indicated as: rare, once in 8-15 yr; 
rather rare, once in 4-7 yr; rather frequent, once in 2-3 yr; frequent, about once 
each year. 

(iv) N,  P, K Contents.-See subsection (d)(xvi). 

(h) Engineering Assessment 

(i) Soil Depth (Engineering).-Engineering so11 depth 1s measured or estimated 
to underlying hard rock. Hard rock is defined as being impenetrable by hand auger 



or spade, but excluding gravel or stones. It is not synonymous with fresh rock, and 
engineering soil depth is no more than a rough guide to the depth at which fresh 
rock may be found. The following depth classes have been used: very shallow, 
1 2  ft; shallow, 2 4  ft; moderately deep, 5-9 ft; deep, 10-15 ft; very deep, > 15 ft. 

(ii) Soil Depth Index (Engineering) (EI).-The soil depth index is calculated 
for each land system from: 0 x (% very shallow soils) + 0.25 x (% shallow soils) 
+ 0.5 x (% moderately deep soils) + 0.75 x (% deep soils) + 1 x (% veiy 
deep soils). 

(iii) Soil Depth (Engineering) Distribution.-The proportion in each land 
system of soils in different engineering depth classes is indicated as: predominant, 
> 80 %; dominant, 51-80 %; subdominant, 2&50 %; common, 8-19 %; minor, < 8 %. 
Within each division depth classes are placed in apparent order of decreasing 
dominance. 

(iv) Unijied Soil C1assificatioit.-The classes used are described by Wagner 
(1957). The placement of soils in these classes is partly based on sample tests carried 
out by the Department of Public Works, Port Moresby, parlly on extrapolation of 
these data to untested soils by means of correlation with field soil textures and soil type. 

(v) Linear Shrinkage.-See subsection (d)(xiii). 
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SURVEY PROCEDURES 

By H. A. HAANTIENS* 

I. AERIAL PHOTOGRAPHS AND MAPS 

(a) Aerial Photographs 

Three sets (see Section II(a)) of double-weight mat and glossy 9 x 9 in. prints 
of panchromatic aerial photographs, taken from an altitude of 25,000 ft with a 6-in. 
focal length lens with a minus-blue filter, were used on the survey. The photos had 
been taken by Adastra Airways Pty. Ltd. during May to October 1964. Although 
some photos are partially obscured by cloud, it was generally possible to circumvent 
this problem by using overlapping photos taken at different times. The only un- 
avoidable cloud areas are shown on the vegetation map. The flight lines and numbers 
of the photos used, and which provide the best possible coverage of the area, are 
shown in Figure 18. 

(b) Maps 
No suitable topographic maps were available before and during field work. 

Eight uncontrolled photomosaics at an approximate scale of 1 : 63,000 were used for 
survey planning and for the compilation of information. Several months after the 
survey topographic map compilations were obtained from the Royal Australian Army 
Survey Corps for the western half of the area, at a scale of 1 : 100,000, and from the 

, Division of National Mapping, Department of National Development, for the eastern 
half, at a scale of 1 : 50,000. These maps were used to compile a base map at 1 :250,000 
in the drawing office of the Division of Land Research. Whilst ground control, 
particularly in the western half of the area, is appreciably better than that available 
for most base maps prepared for earlier surveys, the topo-compilations suffered the 
usual lack of contour lines. The information in this report on hypsometric zones and 
on the altitudes of land systems is derived largely from the contours (at 250-ft, 500-ft, 
and subsequent 500-ft intervals) shown on the Aitape sheet of the U.S.A.F. aero- 
nautical approach chart at 1 : 250,000. 

(a) Preliminary Photo Interpretation 

Preliminary photo interpretation took about three months. Preliminary 
vegetation and commercial forest types were delineated and labelled on separate sets 
of aerial photographs and the mapping units subsequently correlated and integrated. 
Attempts at the customary mapping of preliminary land form patterns on the third 
set of photos were not successful, because of the complex and often apparently 

*Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601. 
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Fig. 18.-Minimum Adastra Airways aerial photography required to obtain the best possible coverage 
of the Aitape-Ambunti area. The end-of-run photo numbers are shortened from Cdigit numbers 

beginning with 50 or 5. 



irregular variations in the patterns and the common lack of clear and consistent 
pattern boundaries. Useful information on photo interpretation of some geological 
aspects was derived, however, from discussions with Mr. S. Marchant, of the Bureau 
of Mineral Resources and Geophysics, who at that time was engaged in the preparation 
of a photo-geological map of north-west New Guinea. 

(b) Planning of Field Observations 

During a final round of examination of the air photos by the team, using paired 
Old Delft scanning stereoscopes, 519 potential sampling areas were marked on the 
photos and mosaics. They were selected on the basis of accessibility by helicopter 
or vehicle and on their significance either as typical examples of familiar land form 
and vegetation patterns, or as useful sites for investigating the nature of unfamiliar 
or doubtful features or for obtaining clues about the genesis of the landscape. For 
each sampling area a card was made out listing the nature and likely quality of the 
helicopter landing site, the different land forms and vegetation types that could be 
visited from the landing site, and the expected maximum number of site observations. 
The total number of these potential observations was probably more than 1500. 

After selecting suitable base camp sites, located at airstrips or vehicular roads 
for logistic purposes, daily helicopter flight schedules were drawn up centred upon 
these base camps. More than 300 of the original 500 sampling areas were included 
in these daily programmes. About one-third of these were considered as spares or 
alternatives, to be used only if landing on the priority sites proved to be impossible. 
In the Selection of the 300 areas emphasis was placed on achieving a good scatter, 
avoiding undue repetition, and on good-quality landing spots. Some road traverses 
in the central eastern part of the area were less rigidly planned. 

(c) Field Work 
-- p~ 

The survey team spent 62 days in the field, from July 20 to September 20,1966, 
and including 8 rest days. Operations were conducted from base camps at Bonahoi 
on the road from Maprik (21 days, including 13 days of vehicle traverses), Ambunti 
(7 days), Nuku (15 days, including 3 days of vehicle and walking traverses), Lumi 
(5 days, including one day of vehicle traverse), and Aitape (14 days, including 3 days 
of vehicle traverses). A proposed temporary camp on the coast east of Aitape could 
not be arranged, with the result that no observations were possible in the north-east 
corner of the area. 

The detailed fight programmes proved to be very useful in conducting the 
helicopter programme, even though alterations often had to be made because of 
unforeseen circumstances and, particularly, as a result of delays and groundings of 
the helicopter which necessitated the substitution of improvised ground traverses on 
several occasions. Whilst the number of 167 sampling sites visited was not too far 
below expectation, the total number of 365 actual observations (including three from 
the air only) was considerably lower than hoped for. Field days were often short 
owing to morning fog and afternoon rain, and on occasions much time was lost in 
reaching observation sites from landing spots through trackless country. 

The location of the observation sites is shown on the land system map. Details 
of these sites were recorded on 5 x 8-in. pro-forma cards for vegetation, forest 
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resources, soils, and land use capability factors, and recorded on Fortran data sheets 
for land forms and geology during the first haIf of the survey. Integrated summaries 
of each day's observations were recorded each night in camp on a separate set of cards. 

The survey team consisted of Mr. H. A. Haantjens, leader and pedologist, 
Dr. P. C. Heyligers, plant ecologist, Mr. J. C. Saunders, forest botanist, and Mr. V. G. 
Dawson, who was in charge of transport, logistics, and the 14 native field and camp 
assistants. Mr. J. R. McAlpine described the land forms at observation sites and 
collected information on population and land use until September 5. Mr. B. P. Ruxton 
joined the team as geomorphologist on August 29. Flying 132 hours, pilots G. Treat, 
W. Mayo, and W. Dossett, assisted by engineers W. Spence and J. Hislop, transported 
the team to and from occasionally difficult lauding spots in a Bell 473 GB 1 helicopter. 
Three trips were needed to position a full team, but only two flights were possible to 
landing spots beyond 25 miles from base camps because of the time involved. 

m. ~ N A L  MAPPING 

After the return from the field, and aided by knowledge and experience gained 
during field work, the team adjusted the vegetation mapping where necessary and 
made a fresh attempt at the interpretation and mapping of the land forms. The final 
land system mapping was carried out on odd-numbered photos viewed stereoscopically 
with even-numbered photos on which the vegetation had been mapped. After 
completion, the mapping was checked and adjusted for consistency. In areas of 
noticeable relief on the air photos (20 ft or more) vegetation differences, although 
often important, were subordinated to land form differences in land system mapping. 
In flat areas land system boundaries were very largely based on vegetation differences. 
Both vegetation and land system mapping were based as much as possible on morpho- 
metric rather than morphogenetic or regional differences (Haantjens 1968). In the 
case of vegetation, use was made of structural (stereo-parallax) characteristics and 
tonal and textural variations (Heyligers 1968). In the case of land forms, mapping 
was based on relief, slope form, slope steepness, grain, and on peakedness, width, 
length, and patterns of ridge crests. A deliberate attempt was made to keep the 
mapping units as uniform as possible, commensurate with their reduction to 1 : 250,000 
on the final map. On the other hand, the objective in land system mapping remained 
throughout to map landscape patterns rather than individual landscape elements. 

Land system and vegetation boundaries, drawn with Omnichrom pencils on 
the air photos, were transferred onto transparent overlays of 1 : 100,000 base maps, 
using a Grant projector and relating boundaries by eye to streams and central photo 
points shown on the base maps. Forest resources map overlays were prepared from 
the vegetation overlays by marking the necessary adjustments in boundaries. When 
the base map at 1 :250,000 became available in 1968; the existing boundary overlays 
were reduced in scale and new overlays prepared at the final scale. 
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DBTAILED DESCRIPTIONS OF THE LAND SYSTEMS OF THE AITAPE-A~UNTI AREA 

By H. A. HMNTJBNS,* P. C. HBYLIGERS,* J. C.  SAUNDERS,* and R. H. FAGAN? 

The land systems are described in the same order as on the land system map. Synoptic 
descriptions given in Part I11 contain information on water balance zones and various indexes, 
which is not repeated in the detailed descriptions. Details about the occurrence in each land 
system of classes on which the indexes are based are given by Haantjens (unpublished data)l 
for slope classes, soil drainage classes, engineering soil depth classes, and land use capability 
classes for arable crops, tree crops, and improved pastures. 

Virtually all descriptive terms and symbols are explained in Appendix I. The plates and 
figures quoted under land form refer to stereo pairs of aerial photographs in Part 11. The 
figures quoted under streams and drainage refer to stream pattern plans, shown in Part 111. 
In the "probable soil composition" summaries, soil classes have been placed in brackets if 
their presence is inferred hut has not been observed in the field. 

*Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601. 
t Department of Geography, Australian National University, P.O. Box 4, Canberra, A.C.T. 2600. 
$ CSIRO Aust. Div. Land Res. tech. Memo. No. 7111, Part 11. 





topsoil (EPOA) on frontal ridges become slightly developed 
similarly textured soils with a moderately thick darker topsail 
and without alkaline subroil (MUHP) on still very young ridges. 
Further inland, majority of ridges have slightly developed wealdy 
acid soils (nc~tra l  at depth) ofsimilar texture but wilh a thick dark 
tonsoil and (more inland) an incipient browner-colaured B hori- 
=on (~uHP). On furthest inland beach ridge over lmiler from the 
coast. a sli~htly to moderately developed acid (at depth weakly 
acid) soil was observed with a thick very dark verv friable randv 
loam topsoil and a weakly developed brorvnish loamy rand B 
horizon overlying the normal very dark grey loose sand (IUHO2). 
East of the Nisi* River sandy soils am caversd by "cry young, 
neutral, friablesilty clay loam, probably varying in  thickness from 
o- 5 to z n c ~ u ~ n .  

The a~vales have slighfh developed, acid to weakly acid, 
strongly glcyed sandy soils wifh thick dark vory friable organic 
loam to loamy sand topsoils (IAUP). On Bood-plains and in 
swales in which fluviatile doposition has isken place occur un- 
developed, deutral to weakly add, very doep, strongly gleycd 
alluvial roils of stratifisd (31?&tIy) plastic = t n l  (very) sticky silty 
clay loam to silty heavy clay with aecariona1 sandy layer., be- 
coming sandier below 2-5-3-ft depth. wifh sand or loamy sand 
bclow &6 R(EAY41. Salinemuds or sands (EAF'O) occur rlang 
edga  of  tidal cresks. 

Populatian and Land Use.-Population of 7540 distributed over 
25 villaaes. Present land use cover. 23.2 sq milos (83 % of areal. . ~ ~ 

34% in land use intensify class 2, 47% in class 3, 5% in  class 4, 
and 2 %  in class 5. Remaining 12% consists of non-indigenous 
caconutplanfations. Beachridgeureir f y p i c a l l ~ f o ~ n d i i  ilifLora1 
belt a few hundred vards wide. Ridnes are eardensd or nlanted ~~~~ . . . 
with cocanuts, whilst sago h exploited in the swales. Fishing 
forms an important part of subsistenfc, particularly around 
lagoons in west. Plantations arenear Ailape and in the casl, near 
suain. 

occurs on frontal dunes, best stand in north-wat corner of area. 
Along inland edge accurr some forest of moderate stocking rate 
@OM, 1 sq mile). Access category Ilv because of waterlogged 
nature of swales, although beach ridges provide good access. 

Agriculrural Assessment.-Apart from pmssible limitations in- 
hcrcnf in  randy natvre of the roils, there is hiah caoabilitv for - .  . 
arable and tree craps, very high capability for improved pastures, 
and low capabiuty for irrigated rice. Whilst swaler are unsuitable 
for trcecrops, have very restricted capability fox arable crons, and 
only low to moderate canabifitv for imorowd oasturer. the" are . ~ ~. ~~ . ~~~~ 

the most suitable areas for rico-growing, together with alluviauy 
covered beach plains cast of the Nigia River. Crop rotation rvifb 
gr<cr\ #N,a#>,#r 1," C > '  lc, r.,r#,##!># 1, C ~ \ < # > t # " l  I <  1.<.221. r i  I;?- ," I>< 
t.'J rt r .,rdb!ccroy. v,11111011. ill ,d,I &tldi,y I > ~ , U C Y "  ).',I,,, CC5, 

.ll,ll r,l.l;.r 'ltl~e. ; ~ u l J  ,,,fl,,:,,cc .;lr.ll",, 0, 1 1  ilh irlnlc n,,.1 trcc 
craps. Also, parts of beach ridges are difficult to use for agri- 
culture becruse they were turned into scalcd or matted airsttips 
or dug aver during World war  11. 

Nitrogen Eontents inucase inland, are gvnera11y low but Ye.? 

low on frontal tidgos and rscently covered areas, and madsratc 

~ - 

low, very low on inland ridges, but moderate an covered plains. 
Probably rare slight soil water stress for shauow-rooting croos in 
IUHP, MUHP, and EPOA soils. 

Eogineariog Assessment.-No great problems for road-building 
other than canrtruction of caurervays with culverts across "wales. 
Sealing roads wifh coral and gravel or ~dmirtures of clay, all ar 
some af which are usvally nearby, will be necessary to prevent 
boggin# of vehicles whenrand occasionally dries oufin thesurface. 
Organic surface horizons should be removed. Although sand is 
~ o a r l y  -add, Nubia could be a valvable source in an area where 
it is genersUyinshort s u ~ d y .  Soils are dominantly SP with minor 

lraosrtinni wills Oth..r I I,,,! S~.I.,,IX .nlthuYCh ,, n, , , , , , i ,~~Y lI.,, \ I l l .  Shl: 111  drr deep. d l rhut~h rorrl tnty luvllly he 
i very cl#aruct:~alt: Irlclsrn. thc8nlrnd h..$l#ldllrie\tsre .dmml,l~ly '' d:Ptll 'lcrr A'cnPc. 

rn8lw.r v a r x  w u . l ~ e ~ n . h . . l t ~ a s ~ : i i ~ ~ . . t n  Vo(l51. P ~ n d ~ r , > ~ l O  . ol Very v>hl l le  id. :,irticll c n ~ ~ ~ ~ r , . r t ~ ~ n .  w : ~ .  I .,,unv rlirl.c!.ons 
u~ , - . .. - . .. 

Nigia (12). Patfern and boundaries are Least distinct in the varyingfrom E.-W, to SE.-NW. At relatively small cost a well- 
auilvillm-coveled area east or the Nigia River. proluted harbour in the 1- of the eaastd illlr could be dredged 

ant from Nubia and adjoining Pandago (10) at the presont site of 
Rorest Resources (1 obs.1.-Only 7 %  under forest; nil forest Airape, with additional shelter nrovided in the Ice of nearby coral 
resources. Low slocking rate Casuarina forest (Cs, 1 as milc) islands. 

Laod Forms (Plate 2, Pig. I).-Tidal flats at approximately sea tidges at both aides of thc lagoon and is particularly extensive 
level, and including two small delta flats in Sisrano lagoon. towards the east. A ~ I  photos and aerial observation indicate it is 
Occurring oxclusively near the lagoon, this land system probably rather stunted in that  area, probably due to stagnant wafer and 
exists because of the very recent svbsidcnce of this ares (Part n, increasing fresh~vafcr iduence. 

Streams and Draioase.-Widely spaccd tidal streams up to 80 Yd Goo1ogr.-Recent esfvaMe ssdimenfs, probably clay and sand. 
wide with inarmittcnt and tidal Boa of fresh t o  brackish water in  
wet brackish to salt vrater in dry seamm 'rho=* tidal Weatharing and Soils (no obs.).-No weathering. Probable soil 
\ I rc?t$.y dnrectly h:hlnd nnd pnr~llcl to lanull rtJ#e. :,rc n : ~ r l ~ ~ h $  .Olltn< .1111111 1, (bAY I, Jc,mlnmt. \C,\VO) \linllnlllinanL. S<,:l? 
fur mt,tclr lauschc? 1lrc.llrr olr18#al. thlal r*#lg< Iprohlhly 4 n). Arc pro1 ably s r l n ;  %.,fl inlhl (1:AYIl \$llh vrllns .ill.l (I'hl'l>) 
\Iurik i.; 18citl8ir d c c ~ l s  intlndutcd nor dr;llly drait cJ nt any tlnlc incar brrch ridgo of N.hia (2) 

Vegetstioo.-Mangrove. mainly Rhizo~I~ora-Brugui#*n mid- Populatiao and Land Use.-No population. Present land usc at 
height forest, lines inland margins of Sissano lagoon and covers intensity class 2 confined to 0.2 sq mile (2% of area) of land that 
two-thXr oflandsystem. Avicenrziacolonizessomemud bars but can be regarded as inclusions of Nubia (2). Thls land used by 
ocnus also in thc zone only covered by salt water duMg spring people in  Nubia west of Malol lagoon. 
tides. Vegetation mainly consisting of Acroslidrum ferns grows in 
this mne, ~ ~ ~ b a b l y  in places with stagnant rater. Dense Nypo Transitions to Other Laod Systems.-Althauph Mu& has unique 
g a h  vegrtarion mahing up the remaining third backs beach characteristics, boundaries with Pandago (101 and Kabuk (91 
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are indistinct in places This suggests no clear demarcation bc- 
tween fiuviofils and marine deposition rnd most redimen,. are 
probably Ruviatilrdcrived, acquiring lheir saline estusrins 
character by subsidence. 

Porest Resources (no obs.1.-Mangrove forest (B) covers 56% 
(5 sq milol); no forest resources. Small sirthr render foresf "0". 

commercial far milling but perhips or some importance as poles 
or in a cuich industry. access category S. 

Rlyineering Assnssrnent.-To bc avoided for road-building. Soils 
probably MH wifh some SM; all are very deep. 

Poor harbour facilities along this part of Nerv Guinea coast 
could make it worth whilc to investigate the possibility of de- 

velo~ing such facilities in Sissano lagoon which is "cry shallow. 
Suspended clay snter. the lagoon mainly from small channels 
dzai"i~,g swamps to the sauth-east (Nigia (12)) and is deposited 
mainly on mud hanks just insidc opening of lagoon. Those mud 
banks had clearly grown in Sentemher 1966 when compared with 
aerial photographs from May 196< Since no proper rivers de. 
bovcb in thelagoon, therate ofsedimentationis likely to bcsmall. 
There is r sand bar below law sea level outside opening oflagoon. 
Anv use of laeoon as harbour would involve drcdeine a channel . . . 
and the harbour proper, whilst breakwaters would have to be 
built into the soa. Channel maintenance would appear La require 
little eKorf. Sediments draincd from the cllanncl and harbour 
could be used to raise the rite for harbour facilities and constmr 
tion of a road inland. Most suitable site would be on most stable 
western share oflagoon. Rock suitable far fill and road consfmc- 
lion and probably far ~ e n ~ e n l  brick-making is available in Aitane 
(55) not far went. 

occurrences around cut-off meanders of sepik River. Levees 
10-30 yd wide and 1 or 2 ff high along a few waterruays. 

Streams and ~rainapc.-No strcams, but areas of open water arc 
common, ranging from 100 to 1200 yd in diameter. Narrow 
waterways, partly stable, partly unstable, are "resent in some 
occurrences and may link patches of o w n  wafcr. Thelarger lakes. 
which include some partly in-fillcd oxbows of the Sepik River, 
contain rounded noes of matted Boating vcgctation 1uoving under 
the infiuence of weak clrrrcnts and wind. Same factors cause 
minor and sometimes major changes in the rhore configuration af  
lakes and the position of some waccrwrys. Tnclcrding the m e n  
ruater, but with the possible exception of some levees along 
whtcr\vavs, ths land system is permanently inundated, water levels 
probably ranging from 0.5 to 8 i t  during dry season andrcaching 
heights of 5-15 ft for 1-2 months during Rooding of Sepik River. 

Vegetation.-Herbarrous vegetation (H) coven almost the whole 
Land system, but communitier ranging from aquatic vegetation via 
floating greaser to sedge and fernlands have not beeninvestigated 
in m y  dctail. Scattered ~a i ches  of tall mass (GIPh, GfS) cover 
7%. 

Geology.-Recent paludzl clay and organic material. 

Weathering and Soils (no obs.).-No weathering; probable soil 

composilian is (HI, EAY3) subdominant. Ovor most a f t he  area 
there h no sail in tho generally accepted sense of the word. 
Undeveloped siltyclay to silty heavy clay soils, roil underfoot and 
possibly with Lhh or thick peaty surface l a m s  (EAY3). are 
expected to be found on the Rw higher levee areas and shallowly 
inundated parts. Elsewhere semi-suspcndcd organic mud mired 
m f h  roots (HI) may bc found below fairlv stable atass vecelatian. . .  . . 
merging info sloppy heavy clay at dspths below 3-8 ft. 

Population and Land Use.-Nil 

T~ansifbns to Other Land Systems.-Boundaries with Sanai (5) 
and in a few cases Palimbai (I I) are gradual and rat1,cr arbitrary. 

Porest Resources.-Nil, accens category S. 

Agricultural Assosament-No agricultvral land use capability 
and land reclamation daes not appear to be feasible, or would not 
produce good land. Should large-scale reclamation in the Sepik 
flood-plain be contemplaled, areas covld be either uscd as 
rcsavairs far temporary storage of excess wafcr or incorporated 
within polders and transformed into "emanent lakes snitable 
for stacking wifh fish. Soil nitrogen confcntr are probably very 
high in organic mud and raw peat, low in mineralsoils. Phosphate 
contents probably vary from very low to moderafc. Potash 
contents probably high in mineral roil, low in peat. 

Enginne~ing Assessment.-Unsuitable for road conrtruction. 
soils are Pt and CH;  all are very deep. See agricultural assess- 
ment for engineering aspects of land rcclamalion. 

Land Eoms (Plate 3, Fig. I).-Level fiood-plain swamps in Sepik 
plain, probably 3-8 f i  belaw bank level of Sepik River and about 
170-200 ft a.s.l. Uvee banks, 1-4flhlgh and 1040  yd wide with 
low- to high-gradient back slopes, occur along waterway.. 

Streams sod Drsiosge-Many occurrences have slightly to 
moderalely branching waterways, pither near their centre or 
curving around near their edges. which fend to have long rfrsighf 
and gently curving sections wifh accarional sharp bends and 
meander loops. The largest are 10-30 yd wide. During the dry 

season the water level drops to 6-12 ft  below the level of tho levee 
bank, leaving a depth ofprobably 4-10 ft  above a muddy channel 
bottom. Banks are sleep lo very steep. Smallsrt tributarien are 
2-4 yd wide and 3-5 ft  deep, and may fall almost dry in dry 
season. These waterways appnlear to function ar drainage channels 
of the swamps when Sepik River fiaod waters r d c  after tho 
wctseamn. Conversely, at the beginning oftheSepikfloodingthey 
carry river water into the swamps. Thus direction of Row is 
probably reversed durins the year, with almost complcle stagna- 
tion at the end of dry season and total disappearance of channels 



below water level s t  the height of seasonal flooding. There are 
rare small oatcher of ooen wafer. 

Surface run-oE is nil. Land system is very poorly drained to 
swampy and seasonally inundsred by flooding of Sspik River 
probably t o  4-6 n in lower parts and 1-2 ff in higher parts for 
1-2 months, aner which water levels gradually recede. Higher 
parts probably fall dry soon aner the flood season with wafer- 
tables descending to depths of 2-3 ft  at cnd of dry season, whilst 
water-tables on lower parts are never lowered significantly bbelw 
land surface. Water-tables in low levee bnnks remain very close 
to thesurface, only a few yards away from water levels u~ to 10 ft  
IO\"~T in the channels. 

Vrxuatin81. Tall ru.d (I%r,,dnl.,.'.j ~mr\ l rnJ i(itl'1~. cnv.r. 
ubcsdt 75%. l ~ ~ r l ~ s c v ~ ~ ~ ~ ~  vexec8tt#on chc It#< lh8C:r co!ctpr~,c< 
<#swn~' tr,;c~ u i  lrll \I J I ! ~  ( ? l r o r o l ~ ~ ~ t u r l ~ ~ ~ r n ~ l  \ r r .c~ .~ t~un (IIT . hut - ~ . . .  . .. 
normally is of the mixed type 0 and found in  mast poorly 
drained pans. Area of asvatic vegstation is negligible. Where 
tallgrassland has been burnt, a vegetation of low sedges dominates 
thcaspoct before taller grarser lake over later in the season. 

Gealogy.--Reccnf paludal clay m d  peat. 

Wcatbcriog and Soils (6 obs.).-No weathering. Probable rail 
composition isH3, EAY3,EAHYI. IAUOZsubdominant. Many 
soils are undeveloped to slightly dcvcloped, weakly acid to acid 
(pH increasing With depth), moderately shallow heavy clay saig 
with thin peaty or organic clay topsoils. They are either "cry 
strongly gleyed and rathcr soft underfoot (EAY3) or strongly 
sleyed with son very sticky upper horizons m d  very plastic 
stronger subsoik, and have a thin (EAHYI) or a thick (IAUOZ) 
dark fopsoil. Also common, bulpossibly restricted to lower areas, 
are acid, stratified neecday, dayey peat, and peat soils ~vhich 
are soft underfoot and overlie soft sticky heavy clay or organic 
dar at - 8  n 1 ~ 3 1 .  ~~., ~.. ~ - - ~  

Population and Land Use.--Nil. 

Transitions to Ofher Land Systems.--Boundaries are offcn clear 
and distinct, in other cases gradual. Gradual boundaries as well 
as tranritionaJ prtterns occur with Pandamp (6) ,"here "ra"or- 
tion of tall sedge vegetation increaser; with Kobar (7) where 
number or low r,vamn trees incrcascs; with Chambri (4) where 
proportion or open wrtcr increaser;' and with Palimhai (11) 

'Where grass burn patterns occur in Sanai, they can be v a y  
dilliculf to distinguish from open water on aerial photos. 

where small linear flood-plain scrolls begin to appear. Where 
~ u r u i  (29) merges with sanai, the latter strongly resembles ~ i g r e  
(27) on air photos. 

Forest Resources.-Nil. Accerx .incategory S, although higher parts 
may be accexriblc dvring part of dry season. 

Agricultural Assessment.-Low potential far irrigated rice-grow. 
ing. Semi-swamp rice varieties could be plsntcd before and 
harvested during or after the flooding reason on pairs of area not 
too deeply flooded. Small areas could also be used far rough 
cattle grazing in the dry soason. Land reclamation problems arc 
very similar to those for Para (8). but reclaimed Land ~vifh  clay 
sails wovld have very high capability for irrigated rice, high or 
very high capability far improved pasturer. The capability of 
reclaimed land for arable crops and trce craps is more diEcull to 
assess but covld be rnoderatc to high and low to moderate 
respectively. Upon reclamation the land surface is Ekely to be 
lowered about 1 i t  through compaction of the water-saturated clay 
sailr. Possibly there soils will develop many permanent cracks, 

~. 
The productive capability of these soils is difficult fa forecast (3- 

Para (8)). Soil nitrogen contcnts are high to very high in organic 
or peaty to~soils, low Lo very low in mineral topsails. Phosphate 
contcnts are generally loru, but probably vary from very low to 
modcrate. Potash contents are high to moderate in essentially 
minera1roiL9, law in peat roils. 

Engineering As=cssment.--For all practical Purpores, vnsuitable 
for road construction. However, r e r c  it essential to connect the 
Sepik River with itn hinterland and no route usim hieher crovnd - .  . 
was rvaiLable, it \"0"ld be simpler to canstruct aroad an  a built-,ID 

~. ~. 
might he vscful to investigate fhc possibility of  enlarging and 
straightening one ar two of them to carry larger vosselr from tho 
Scpik to a roadhead on higher ground. Such canals would need 
to be beaconed Lo be tractable when area is inundated. Soils are 
dominantly CH, subdominantly Pt, OH; all arc very deeu. sec 
rgricultural rsnesrmenf of Pora (8) for engineerins aspects d land 
redamation. 

Land Forms (Plate 3, Fig. 2).-Level back plain r%vamns in Sopik Vegetation.--Vegetation consists of two major camnonents. One 
River flood-plain and along southern marsin of alluvial plains to is tall sedge ( T l ~ o m c o . 1  ( H O  which, together w f h  
north. Also valley floor swamps, assaciated wilh dirsscled high- patchcs of woodland with tall sedge undergroxvth (WO, covers 
grassland plains and blocked by more sironsly aggradcd alluvial 21%. The orhcr comprises vegetation f y ~ e r  \ ~ i t h  pandans: mid. 
vlains. Altitude 170ff toprobably210ft. Isolatedscrollr or lcvec he i~h t  forest with an ooen cariaov and oandans in the under .. . 
banks a few feel high occur lo call^ in Sepik fload-plain area. storey (Fmao) covers 13%. Remaining 60% is undci panda" 

vegetation (P) in places inferryerred with fall grass vegetation, 
strearas and ~rainaw-Eithcr no streams or single or slightly reed and grasses ( G L P ~ )  and some cane grass 
branched waterways of similar naturs and dimenrions as d r  a,d (GtS), 
scribed for Sanai (5 ) .  . . 

Surface run-off nil. Land system is siuampy and much is 
probably permanently inundated, ~ i t h  water levelr 0.5-1 f t  in and' peat' 

dry reason and reachins 5-1 ft far 1-2 months during flooding of 
Sepik River. Locally watertables may descend to about 1 n Weatherins and Soils (no obs.).--No weathering. Probable 
beloxu surface in dry reason. Snlaller fluctuations in wafer levels contuoritian is (EAY3) dominant: (EAY4) subdominsnt: (HI) 
(~robahly between surface and 2 n above) are likely to occur in common. Soilr orobablv mortlv undeveloned. weakk add  to . . ~~ 

areas north of Sepik flaod-plain propor. acid, very strongly gleycd silty clay and silty heavy clays which 
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are soft andcifoof. Acid raw peal and organic mud soils likcly fa 
occul-, oarticularly, in valley-floor swamps, overlying soft clay 
at dcpfhs up to 7 f i .  Partly dicomposed acid peat sails overlain 
by or interbeddcd wit11 organic clay or silly clay may occur locally 
in Sepik Road-plain in cast of area. 

Po~uintion and Zsnd Use.-Population of 210 in a sinzlc viUage 
alona an oxbow o f the  Segik Rivcr. Prescnt land use negligible 
and mainly restricted to lcucr.5 af the Sepik River which are to bc 
conaidcicd as ic>cluriunr of Palimbai (I I). 

Trmritions fo Other Lmd Systems.-Commonly gradual and 
samewhat arbitrary boundaries wit11 Sanri (5) where tall grass 
becomer mom conspicuous; with Kobar (7) where there is a 
srron, i"~reas8i" woodland trees; and with P*ndago (10) where 
sago palms hacome rrcqucnt. Baundvcics with Para (8) and 
Pilimbai (I!) are usually morc disfiilct. 

Forest Resources.-Nil. Access cafcgary S. 

Agricultural Amesrmcnt.-No capability for agricultural land use. 
Land reclvmrfion pioblemr appear to bc intermediate belwcsn 
fhosc for Sanai (5) and Pora (8). It may bc Ccasible to develop 
same valley-noor accurrenccs. associafed With higller grass plains 
further ror fish soil nitrogel> conten~s rppsar 
to bo low, hut very high in ~saf and organic mud. Phoxphate 
contents probrbry mostly low to moderate, rery low in prafs. 
Patash conlenls mayrange from high to low. 

Enaineerine Asrcrsment.-Unruitiible far road con~truclion. A 
small area might have to be traversed if a road link were made 
I : i r r ,n . ~ ~ . ~ i ~ ~ ~ ~ ~ l !  r#lJ nl.~#vo.~l t'l,a8#8s I ,  tllc n~r i l l .  1 ~ 8 a t ~  llw hill\ 
8 I 4 ,  I V k .  6 ' I .  . I .  I ' o # \  *1011_1 

# N U .  lr: h~##l.l.#8. , i b c l t l l  2 5 I I I I I I , A  OF ~.I I I .YLI(Y \\ill. W ~ E  C I I I Y Y I I \  

through this land systcm and Sanai (51, using earth fill and rock 
material. from isolaredMllsIor~~~ch hvorks. Soils are danlinantly 
CH, ~vbdominantly MH, and minor Pf; all are very decp. See 
Pora (8) for engineering rspech of land reclamation. 

Lnnd ~ ~ r m s  (Plate 4, Fig. 11.-Level back plain swrnlps in Sepik 
River flood-plain and uallcy-floor swamps ariocirfcd with 
dissected iligher grassland "lains m d  blocked by more strongly 
assruded rlluvialplainr. Altitude is 170 to probably 210 ft. 

Strelms and Drainage-No streams. Surface run-off is nil. 
Swanrgy and inundated by flooding From Sepik River to probably 
2 4  ft far 1-2 months, after rvhich walcr lcvelr slowly decline to 
the surfacc or slightly below towards end of dry season. In small 
northern o~cunencos invndation levels probably do no1 w e e d  
1-2 ft. 

Yeeatation.-Woodknd with tau aedse ~Tlla*nm~lorl~~!!nr) undw- 
growth (WT) with some natchcs of reed and olhcr grasses (GtPh). 

Geo1ozy.-Reccnt paludal clay and pcat. 

Weathering and Soil8 (2 obs.).-No wcrfhering. Probable soil 
composition is HI ,  H3 subdominant. Acid organic soils conslsf 
of either o~m-structured raw pcal and organic mud (HI) or 
dcnrcr, litflo to woll decomilored peal (H3) which near "rerent or 
farn~er courser of the Scpik River can he covered by 0.5-1.5 ft 
of organic clay and plastic silty clay sometimes averlain by a 
laycr of liftor a d  roots 0.5-1 ft  thick. 

Land Forms (Plate 4, Fig. 21.-Level Rood-plain swamps, appror. 
170-200 i t  a.s.1.. probably lying 2-5 It bclorv bank level af Sepik 
River. Two small occurreices north of Sepik plain are srvamps 
partly enclosed by high gravnd and blocked by slightly higher 
flood-plains. 

and invndated by Rooding from Sepik River to probably 2-4~ff 
for 1-2 months, after whicl1 water levels decline to the surface or 
recedeslightly belo,? tfwffdd ddd of dry Y Y Y  In smallnorthern 
occurrences invndation levels probably do not exceed 1 5 It. 

Vegetation.-Mid-height fora t  with open canopy with Conrprro- 
rperrno and sago palms m understorey VmoCM) covers 98%. 

Population and Land Use.-Nil. 

Traositions to Other Lnod Sysbms.-Gradual boundaries with 
Para (8) ,"here there are denser rtsnds of trees and sago; trans;. 
tional to Kabuk (9) where lhero is more stunted sago and fewer 
trees; and gradual boundaries with Pandamu (6) whcrc pandan 
palm% arr common and cmcrgcnt trees scarcc. 

Forest Resources.-Nil. Access category S. 

Aericultural Assensment-Na capability for agriculturalland use. 
Land raclamafion preblems similar to thosefor Pora (8). valley- 
Raor srvamnr associated with higher grass plains could be turned 
into Gsh ponds. Soil nitrogen confcnfs very high in "eat  oils. 
moderatein clay laycrs. Phosphate contents rangsfrom moderatt 
to very low in peat rails, appcar very high in clay layers. Potash 
contcnfs law to very low in peal soils, modcrate in clay layers. 

Blzinlecriug Assessment.-Unsuitable for road construction. Soils 
ere dominantly Pf, subdominantly OH, with a CH substratum 
at depth; all are very decp. Scc agricvltural assessment of Pora 
(81 for eogineering aspects of k n d  reclamalion. 

'STEM (49 SQ MILES) 

Goo1ogy.-Recent paludal clay sod peat 

Weatben'ng and Soih (2 abs.).-No wveatheriog Prababk soil 
composition is HI ,  H2 rubdomioant. Soils are of peat ranging 
from very open-textured raw peat mixed with roots and soft mud 
(HI) to denser, poorly decomposed, but in upper part rather well 
decomposed pert (HZ). Thepeat  b acid underlain a t  4 ft to 
probably more fban 10 fl by very strongly gleyed, weakly add, 
soft clay and silty heaw day. 

Population and Land Use.-Nil. 



Transitions to Other Lama Systems.-Pors has a characteristic and shrh&age by lawering the water-table to below the surface 
very uniform photo pattern that cannot be mistaken, but in placss the underlying clay. Canstrudion of stable levee banks could 
has gradual boundarie. with Pandago (10) and Kobai (71. be very difficult in neat and soft clavr. Azricultural r~litahili t~ 

Foresf Resources (1 obs.).-Forest covers 86%; low forest re- 
sources. Only one forest type with a law stocking rate (FmoCM, 
41 sq miles) occurs. Access category S. 

Amieulhorl Assessment.-Land use c~pabiliiy nil. Land re- 
clamation possible only at great cost, involving complete em- 
poldering for protection against flooding from Sepik River as , e l l  
as complete water control, largely by mschanical means since 
water-fablcs would have to be maintained at a constant high level 

. - 
of IUCII reclaimedpeat soils is dficult to asserr, but cattle-grazing 
would possibly lead to trampling problems, regular cultivation to 
rapid axidation of the peat, and stability problems could arise 
with tree crops. Investigation of peat quality for fuel, patting 
soil, or compost and mulch, eovld indicate the value of exploita- 
tion. Soil nitrogen contents very high in peal, low in  mineral 
horizons. Phosphate confcnts probably range from very low to 
maderate; potash contenlrlorv to very lawinpcat, high inmineral 
horkonr. 

Lsnd Wms (Plate 51.-Flood-plain swamps. 5-260 ft a.s.l., farm 
the lowest parts of large alluvial fan plains. Valley floors are 
confinsd bclween high plains or hills with drainage blocked by 
more vigorously assradillg alluvial plains. Gradients are about 
1 : 4000 or less. 

S t rums and Drainage.-No developed stream channch. Surf- 
run-off appears to be nil. Dry season water-tables are at the 
surface; the land is swampy and inundated 0-5-2 St up to 8 
months of the ycar. 

Vegetation.-Complete cover of sago palm vegetation, 41% 
stunted (MI), remainder without or with fcw scattered emergen* 
Ire- (M). 

differences. Tn a few placer Kabuk has gradual bo~ndarlcs with 
Nigia (12). 

Wrest Resources.-Nil. Access catezory S. 

Agricultural Assessment.-No capability at prsent for agriculfural 
landusc, csccpt possibly for growing rwamp rice varieti-. Mnch 
blocked valley land appears suitable for conrtrvclion of fish 
ponds. Reclamation rvould mobably involve lowering water 
Icvd by 8-15 f l  ta reach 6rm substrata because overlyins raw perf 
and organic mud would be lowered with water-fable. Pumping 
out of watei and protection of open valley ends by levee banks 
fa prcvenf flooding would be necessary. This land, with its heaw 
clay rails, would  loba ably be svifablc for irriaatod rice and 

Geolaw-Recent clay and pohiy matorials overlying clay. 
maderafely suitable for arablc crops and improved pastures. 
Reclamation in the fan plains wovld be easier, but asaln slow 

~ ~ ~ ~ l , ~ ~ i ~ ~  soils (1 abs.).-~o probable soil permeability of soils might limit its suitability for agricultural use. 

i ~- composition in H1 dominant. (EAY3) subdominant, (EA'AHYI) Sui! nitroxon -tents high in peaty sailr, probably very low to  

common, (my?) minor. soils ,,bscrvcd in blac&d valleys moderate in mineral soils. Phosphate contents very law in peaty 

acid iaw pert andlor organic mud (HI), in soih and probably vary fram high to low in clayey soils. Potash 

water and very soft I" t,"~ no contents mostly moderate to high, but low near the cost.  

substratum w s s  reached at 7 St and 13 ft respectively. Sailr in 
alluvial probably undeveloped, ly acid weakly Ensineering Asse=sment.Should, and ~ e n = r a l l ~  can. be avoided 

(near ,be coast), deep, very st lg glcyed clay loam Lo 
forroadconstruction. For s roadthraughlandi i i  b10ck1;dddUuy 

heaw day allvvirl soils, commonly saR underfaof, and possibly 
large quantities of earth fill, casily ob thab l e  fram nearby high 

locally assacialod with peat soils. 
ground, will be rcquired ~o provide a firm faunddtien and raise 
the road surface above marimvm imndation level. Cvlvcrts are 

Transitions to Other Land Systems.-Associated with and in agricultural use, but weed control will be necessary. Soils are 
placcs transitional Lo Pandago (10) (particularly in alluvial fan subdominantly PC, CH, and minor OH, SP; all are very deep. 
plains), and Pandamy, (6) and Kobar (7) (particularly in blocked See agricultural assessment for engioeering aspscts of land 
valleys). Distinguished from last two only an basis af vegetation rsclamation. 

Land Forms (Plate 5).-Flood-plain sruamps, 5-300 f t  a.r.1.. low hill ridges. A few areas comprise lower pa re  of levee splays 
mainly lower parts of alluvial fan plains, including stabilized of the ScpL River. Two small areas (total about 1 sq mile) occur 
partr of flood-out fans, and of small fans and aprons along onalderfansurfaccofMome(23),whcrsdrainingeiidirorganized 
margins of hills in the south-east; also alluvial p l h s  behind by recent warping of fan surface. Land gradients prabably 
beachridges or semi-enclosed by dissected higher older plains and I : 1000 to 1 : 4000. 
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Streams and Drainage-No organized stream net, ar at most 
widely spaced small shallow channels of draining stceamr with a 
sluggish flow. 

Svrface run-offprabably nil. Dry-scrson aalor-tables observed 

. 
areas. Ri"cr flooding, probably annual, seams restricted to areas 
in Sepk Rivcr flood-plain and some narrow blocked valleys. 
Very poorly drained ta rwnmpy. 

Vngetafioo.--Sam palm vegetation with emerpnl trees (Mc) and 
mid-height forest with opon canopy with sago palms in under- 
storey (FmoM) cover 38% and 54%. Sago ~ a l m  vcgelation wifh- 
out emergent trees (M) and mid-height for-t with irregular 
campy wifhpandans and wg1, sago palms and pandans in ""dm. 
storey (FmPM) are "cry restricted, as are patches of exploited 
sago palms (MRI. 

Geology,-Mainly Reccnt alluvium; probably strafaed clay, silt, 
and mioar sand. Littoral sand and lagoonal clay present in romc 
occvrrenccs near the coast. Peat common locally. 

WeaUlerIog and Soils (7 obs.).-No weathering. Probable roil 
composition is EAHO, (EAHYL), EAHUZ rubdominant; HZ, 
H3, H4, EAY2, (SAY>), EAPO minor. Large areas associafcd 
with fan ~ l a i o s  not sampled, but arc probably undeveloped, 
neutral to weakly alkaline, docp to madcrately deep, s ~ o n g l y  
gleyed alluvialroils,mainly clays but rangingin texturcfrom randy 
clay loam lo hcavy dry. A "cry plaslic soil of the last land, with 
thin dark ta"roi1 ( E r n ) ,  obsecved in blacked valleys in cast. 
Soils of Sepik Boodqlain likely to be weakly add and very silty 
and to lack any dark topsail. In the  blacksdrwampr orprnieroils 
of moderate to slaw permeability appear common. Acid, very 
dcop, rather dense p a t  soils or roils with stratified peat, claycy 
peat, and oeatv clay laycrs (HZ, H3) werc ab5erved in the south 
(underlain by heavy day at 5 n in one cascl. A wcakly alkaline 
woll.decomposed goat soil overlies strongly alkaline 1agoona1 clay 
at 4.5 ff (H4) in ths north near the coart. Here also occur wcakly 

Population and Lrod U8e.-Population of 80 in a ringls villrgc on 
the Sepik River on an inclvsion of Palimbai (11). Present land use 
covers 3.8 s q  miles (2% of area) near Aitaps of which 39% is in 
land use inieosit~ class 2, 28% in class 3, and 33% in dass 5. 
Land system commonly a source of sago for nearby villages in 
adjoining land syrtcms. 

Tmositions to Other Land Systems.--Fairly abrupt ditrerences 
implied with Po (IS) and Mirinki (14), but boundaries with them 
are commonly gradual on aerial photographs. Boundaries with 
Kabuk (9) arc even Less distinct and apparently rccampanied by 

equally gradational differemerne in land characteristics, Kabuk (9) 
appearing more swampy. Distinction between pandago and 
Nisie (121 is based mainly on veselntion and arcam pstlern 
diffum- indicative of more stable conditions in  Pandago, 
and boundaries arc co~nmonly indkcincf. Wldlsf mapping of 
Pandago is based on the distinction on aerial photographs bc- 
tween saga commvnities and other swamo communities without 
saga or with stunfcd sago, soms slnall areas of communities 
normdiyincluded with Pandago have beenmapped as Nigrc (TI), 
sinceif is dear ,bat they occur on an older, weathcrcdland surface, 
not on young alluvia1 plains 

Forest Resources (2 obs.1.-Forest covers 44%; very low to low 
foreslrcsources. Fore5L af low stocking rate (PmoM) covers 95 rq  
miles, Access categary S. 

AgricnlrnaI ~~s.wsment.-raor drainage, inundation, and locally 
also noadingindicateno ca~abilily for arabb croosand trsecmps. 
very low capability far improved pastures (dry.season grazing 
during 3-5 monn,r, except in very rxvampy areas), but moderat. 
cayability for irrigated ricrgrowing. U ~ d w  natural jnvndatim 
annual yields of this crop arc likely to vary strongly because of 
noor water control. Problems in Land preparation, harvesting, 
err ,  may arise on peat soils. Thc wettest parts of Pandago 
appear to have no aericulrural capability.  early au the larger 
well-developed stands ofsago palms arein the area, which appears 
capilblc of su.lai"cd rag0 production, ,,nnicularly ir stands arc 
improved by $elective planting and rcmoval of emergent frees. 
Land use capability for irrigated rice may be raised to high by the 
ap"lication of lelrtively simple measur- to cooiral inundation 
and drainage in lsrgc parts af  t h ~  land system. Fu~ther reclama- 
lion bydrainagc im~rovomcnt would bemomexpensive, involving 
construction of large drainage channels and, lacally, the pumping 
out orexass ~ ~ t t r a ~ d  p~ote~t~onagain~tnaodiwbr leveebanks. 

- .  . 
c r o ~ r ,  very high capability for improved pastures, but only low to 
modorate capability for tree crops because of the rathsr alkaline 
reaction and slow permeability of many soils. Sail nitrogen 
contents are low to moderate, but very high in peat soil.. Phos- 
phate contents arc probably marlly high to maderace, but vary 
from very high to "cry low. Potash contents probably range 
mostly from moderate lo very high. bvl are lor? to m y  low in 
peat soils, sandy soils near the coast, and smdi  occurrences 
associated with Aiome (23). 

Engineering Asspsnmeot.-Road construlclian should be avoided. 
Where short traverses are necessary roads sllould be built up well 
above inundafionleveb, but roadside ditches by Lhemrelves would 
serve little purpose. Culverts would bc required to prcvsnf bank- 
ing up of water. Tramcabilily of ""made roads will be poor even 
at the height of the dty season. The softness of organic and many 
clayey roils could cause ragging of earth structures for bn i lb"~  
roads. Soils are dominantly CH, subdominantly MH. Pf, and 
minor SM; all are very deop. See agricultural sressment for 
engincaring aspects of land reclamation. 

Land Forms (Plate 6, Pig. l) .Acroll  plains and minor splay land. Where freely developed they form feathery or fan-shaped 
plains of  the Sqik River Raod-plain at about 170-200 fi a.s.1. bundles, with width of interlying swaleg increasing from narrow 
scrolls consist of Ions, gently arcuafe, Low Rat ridges, 20-100 yd to wide end of bundle. In many car-, crirr-cross patterns arisc 
wide and 0 .5  to over 2 miles long, with very gentle ridcdapes and where the river has cut through existing bundles and built up new 
standing 2-8 ft  above interlying swalas ar surrounding slyamp scroll systems at a different angle. Actiuely aggradiog scrolls 
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Engirleering Assessment.-The largc lower "arts arc unsvifable fram Maia (64) or Waskuk (65). and would probably require 
for road construciion. Since traffic call be expected lo be by ship regular maintenance aner Roods. Sails are domillanfly MH, 
on the Sepik fiver, Illere is no need for road construction other subdominnntly CH; aU arc very deep. Sce a8ri~ulLural assess- 
than small feeder roads on highest ground, if and whcn any ment for engineering apccls of land redamstion. 
developmen1 faker "lace. These could be surfaced with stone 

Lsnd Forms (Plrfc 6, Fig. 2).-Actively aggrading unstable 
dislribulary fans (Rood-out splam), es ~uell as scroll plains 
(unstable Rood-plains) ~f thc Nigia and Wagrsv Rivers (about 
12% of total area). Altltnde ranges from 5 to 260 ff: gradients 
probably ran= from 1 : 500-1 : 1900 in tipper parts to 1 : 2000- 
r : 3aw in parts; retieris to 5 ft. ~h~ ~ i = i =  S C ~ O U  

conlmon~y llrs flood md c~lanne~iing microretierof 1-3 ft 
m d  f ~ u o  terrace5 wifh a 2-3-ft break r e r s  observed. They appear 
lo have an r~precinblc back slope ra that the present ri-T bed 
OcCvllics an elevated position. Terrace edges, +6ff high, sapra te  
the scrall plains from surrounding alluvirl plains. Similar sharp 
breaks may be prcsent in cippci parts of thc distributary fans but 
giadually disa~pear in lower parls. 

Shnams sncl Drainage.-Distributary fans Ihavc unstable un- 
incissd distributary streams at the upper ends where main braid- 
ing or meandering strcnmr enter the land system. The grcafer 
Dart of therc f a r ,  including also upper sectors of fans near 
southern lllargin of southein allvvial plains, have no organized 
drainrgc, but small draining creeks may originate i n  the lower- 
most pans. Scroll "labs have a 40-130-yd-wide main stream 
Ulraugi,out, \"hi~h is braided or anahranching in if5 upper reacher, 
meandering in its lower reacher, wifh cut-aE meanden par- 
ti~nlarly frequcnt near the point of ~hangc. 

Surface run-off appears to be nil. Mast of land ryslem is 
subject to frequent flooding wifh scouring and redimcntaiios 
whilst lowcrt areas of distributary fans are inundated probably up 
to Z f f  for 3-9 months. Drainrgcstafus of distributary hnsranges 
from noor in uooer *arts to very ooor to  swamov in remainder. .. . . . . . 
Scroll plaiinr arcpoorly to impwfectly drniocd. Dry-reason rvater- 
tables in distributary fans appear gcncrnlly close to thc surface 
Vhilain the scroll plains they range from <4 n to nearly 6 in 
depth. 

Vcgetntion.-Vegetation tyge. wilh pandans are characteristic. 
Their distribution oattern rcRects the severity of the Booding 
currcnt: mid-height forest with an open canopy with lrrgc heavily 
stilt-rooled pandans (FmoP) occurs in flaod-out parts of fans 
and on terraces along braiding rivers (18%). In middle sections 
of fans and on back s lop~s  of scroll plains pandans arc less 
common in canopy, bul othcr species still feature in understorey 
(Fmop, 49%); small patches of loiv forest (F1, 7%) occur here 
in mosaic with mid-height forut.  In farthest quiciest partr sago 
comes in and vegetation changes into mid-height forest with an 
irregular canopy with pandanr and wifh sago palms and pandans 
in the underrfarcy (FmPM, 20%). On higher gravel beds in 
northern rivers an as yet undescribcd Cosrravina (Gyn~nosfor,zo) 

Geology.-Recent alluvium: stratified sand, silt, and clay, with 
gcavel in upper parts or occurrences, where main sUeamr enter 
land system (at Icarl in coastal plains); cammonly calcareous. 

camnosirion is EAYI, (BAY41 subdominant; W S I ,  EAPO. 
E m 1  common: (EAYZL EPOO minor; all are compldely 
undeveloped alluvial soils. No observations in inland plains, 
but roil conditions appoar fniairly similhr to those in coastal 
plain, although fertur- are lk~lely to be her. The only soil 
ohservod in the dlsrribvlary fans is am alkaline, "cry deep, very 
stronsly glcycd. slightly calcalcour, sUafi&d silty day  loam to 
sand with soft muddy vnper laycrs (EAYI). Similar but finer- 
textured soils alro erpeclcd to be common. U ~ o e r   arts of fans 
apperr to have sandy and gravelly "roils" l?EAY2). Soils of 
Nigia Rivcr scroll plnin appear mainly alkalinm, very deep, moder- 
ately gleyed, predominantly loamy roib, but with dtratihertion 
from fine rand to silty day, and strongly calcareous in upper part 
bocwning slightly or non-calcareaus with depth (BUHAl, 
EAHSI). A slightly gleysd, very sandy and wholly calcareous 
soil with chin less sandy bands (EPOO) observed on youngest 
scroll terrace. 

Pondation and Lsnd Usc-Populatior~ nil: prcscnt land use 
negligible. 

Trmsifions to Other Lnncl Systoms.Scroll nlains and umcr - - 

parts of distributary fans have uniqvc and sharply bounded ,,hato 
palterns, but lower p a r s  are often dfficult to distinguish from 
Pandago (10) or even Kabuk (91, and, when there has been much 
lnlrferense with thc vezetation b" mm. a170 from Po (15). It is . ~ . . 
likely that land of transitional characteristics has been inclvded 
in t hue  three land systems. Mapping is bascd largely on dis- 
tinguishing gandan vegetation fram sago and other swamp 
cammunities, but its recognition is often difficult. In sovcral 
places Nigia is associated with Yilvi (13). thought to conrkt of 
similar but older and now stabilized distributary fans; samcfime;i 
fhcse two land system. are not dearly dirtingvishable 

Forest Resourccr.-Nil. Access category S. 

Asriculhlral Assessment.-Onb low capability for higated rice 
due to great risk of crop failure throvsh excess Rooding. A q  
developmenf of land as i t  is lwuld be most lzarardous. Reclama- 
tion would require conrfiuciion of large channels to harriers the 
rivers. Maintenance of such chanocls might nnsent problems 
bocause of the apparently large sediment lords in the tivcrs. The 
method rvould, however, be very effective in mitigating noad 
control and im~roving land drainage, giving very high capability 
for improved pasture3 or irrigated rice and high suitability for 
arable craps, with choice of mops or varieties limited mainly by 
alkalioit~ of calcareous soils. This factor could be a more serious 
limitation for tree-crop growiing, even on reclaimed land. Soil 
nitrogen contents are generally low to very low, IocaUy moderate: 
phosphate conlens are mostly high to very high, locally moderate; 
potash contents appear to vary from high to low. 

Cnvi8arr:up A~,~,rrn+~8l.- 118th rluod Lizard, and roar Jr?ms:ryc 
#.lrki rdad ro#lrcrucuun d:Kcult rn.1 llnllrdclu.. l'hc #nerd to 
;avDl~I 11111 hnl ,,,lcn. I. n r ~ b l b l r  mnln uh\lncla tu cc,n\lruslio#l 

Woatheriog and Soils (5 obr.).-No wveathering. Probable soil of east-vest roads in the coastal plain and, to a smaller dense, 



in inland plains. Particular problems arise in crossing the Nigia up of Rood ruafcrs. Uppcr parts of distributary fans in coastal 
River scroll plain, necessary in any road between Aifape and plain could be minor but useful sources af sand and gravel. Soils 
Dagua, unless a bridge in constructed on the beach. The scroll are CH, CL, ML, SM, with minor SP: al l  are u n v  dcep. See 
plain is narrowest (360400 yd) 4-5 m i h  inland, but would have agricultural assessment For engineacing aspects of land 
to be wholly bridged since long abufmenlr would cause banking reclamation. 

Laad Wrms (Plate 7. Fig. I).--Alluvial  lai ins and fan  lai ins of friable clay loam or silty clay loam to firm to plastic silty clay and 
stabilized flood-out splays. Altitude ranges fram 10 to 220 ft. clay (EUHA2). Signi%&ntly, one of thcsc so& near a s$ronzly 
Alluvial plains havc very low grrdionls or are bvol (maximum degraded channel has dcvoloped a thin dark topsoil. On back 
gradient probably 1 : 1000) and consist of narrow (60-100 yd) low plains arc neutral, moderately dcen, heavy clay soilr that can bc 
levee banks along sfleams, separated by brck plains 3-9 fl bclow very strongly gleyed and soft underfoot (EAY3) or possibly also 
the lcvees and 40&1000 yd wide. Lovfei probably account for somervhaf b s  gleyed and of greater bcaring strength. On a Rood- 
20%. back plains for 40%. m d  fan plains for 40% af the  area. out fan, a neutral. deep, moderately gleycd, slighlly stratified soil 
F~~ &ins are nar lo,- ~ ~ ~ d i ~ t ~  but in DI~ZCS ~ l i l l n t ~ ~  ~ b ~ v v e d  a texturc raneinc kom friable CIZV laaln 

~ - 

dissected by small channels. Some areas are transilional in 
character bctwcon the levee/basin and fan plains. 

Streams sod Drrinnge.--Alluvial plains haverather widely spaced 
small meandering stroams that commonly divide info branches 
as in deltas. Stroams ere in various stages of dcgradalion, being 
disconnected fram major sfroam pattern of which they originally 
wcrc a part. Theyrange From strcams 10-30 yd widc wifh 10-15- 
Ft-high nrecinifous balrkr to concave channels 10-20 yd widc, 
4-8 ff dccp, and rvifh relafivoly gentle bank slopes. Larger sfrcams 
havc a very sluggish flow in dry reason and never appear to nood 
above bank-full height. Small channek ~ rob rb ly  have surfacs 
no,? only rflor heavy rains. Sinlilar chanools 8-15 fr deep, with 
or without perennial flow, drain parts offan plains. 

Surfacerun-off in probably nilfo w r y  law in relation fa through 
drainage, and stroams largely fed by sound-wrtcr seepage xvould 
tend o rise and fail gradually. Lwec banks are imperfectly 
drained, Aaod-out plains ~ o a r l y  drained, and back plains very 
poorly drsinod Lo swampy. Dry-season wafer-tables observed in 
levres range fram 3 ft near very degradcd channels to deep near 

lirilGd-degmded channcis and are likely to rise to about z [,in the 
we, season. DryLsearon water-fabler in hack plain. are bef,"cen 
0.5 ft and probably 2 ft: such land is inundated in wet soason 
mainly by rain walcr and probably to about 1.5 ff for poriads of 
two months. Thc dry-season watcc-lable on a fan "lain w a r  at aft ,  
and mighl rise to Z ft and occasionally to near the surface in the 
WCf season. 

monlv exploited (MR) on adjacent back plains. Tall forest with 
rather open canopy wifh groups of woolly.tcxtured crowns 
(Fow, 22%) seems typical Car fan ~la ins ,  whilst some fall forest 
with open canopy and sago  alms in the undcrsfomy (PaM) and 
much similar forest wifh linhf-toned crowns IFodM. 20%) occur 
on lowcr parts of fan plains, particularly on back plains. The 
most poorly drainsd back plains carry several types of mid-height 
forest, mainly with an irregular canopy with gandans and with 
sago palms and pandanr in the nnderslorey (PmPM, IS%), and 
with an open canopy andpandans in theundorstorey(Fmop, 1%). 

Geology.--Recent alluvial clay and clay loam. 

Wcafhcring and Solla (4 obs.).--No rveathering. Only un- 
drvelopod allnvial soils. Probable soil composjtim h EAY3, 
(EAHYI), EAHSZ, EUHAZ subdaminant. On levees, weakly 
acid, w r y  dccp, sliphtly glcyed, slightly sfratilicd soils witb 
tcxturcs varying f r ~ m  YWY friable loam and the randy laam to 

. . 
to very plastic silty hcavy clay (EAHSZ). 

Population nodLrndUse.--Population of 1380 distributed over six 
villapes. Present land use covers 11 8 s q  miles (25% of arca), 
12% in Land uscintensiryclrsr 3, 38% in class 4, and 50%inclarr 
5. Oardcns occur on lovees. Chicf subsisfcnce is r a w  callrcfed 
on back plains. Occurrences near coast are unused. 

Transifions to Other Land Systena.-Distinction in mapuing 
between Yilui and Nigia (12) bascd on dircrcnf veptaiion and 
Land use prtlerns, there beins no land usc in Nigia (12). Since 
thess differences are commonly vagus, mapping of ~ i l u i i r  rome- 
what tentative and gradual hovndarier arc common. Similar 
a i f i ~ ~ u i ~ s  exist i n  separnting it from N~~~~ (16). ~ i ~ i n k i  (14). 
Po (IS), and locally Pandrgo (10). The tendency is to include 
in Yilui all those paitcmr that arc more hefcrogencaur than o rdo  
not fit in rvell wifh there three. This is therefor= probably the 
most cam~lcx  and variable land sysfem in the inland plains. 

Forest Resovrccs (2 obsi).-Porest oovers 60%: low to nloderate 
rcsourcer. Porcsts of moderate stacking rate (Fow, 11 sq miles: 
PadM, 9 sq miles) and low stocking rllte (FR, 6 sq miles; PoMj 
FR, 3 sq miles) occur. Acccsr category W, although fan plains 
and lcuees may locally provide better access. 

Agrirdhlral Ass~ssmenf.--High capability for improved llast,,rer 
and irrigated rice, moderate capability for arable crops, and low 
capabiliLy for frcc mops. Strong conlrari betweon land urc 
capability of levees, which ir very high for prsluies, high for 
arable craps, and lnodorale for free crons (bccaure of imperfect 
drainage), and that of the very poorly drained brck plains which 
mostly are suitable only for ricbgrowing. The fan occupy 
an intcrmediale position. Varied asricult~aial development 
adapted ta local conditions is indicated. While adcqunte wafer 
control for paddy rice growing on the back plains >might be a 
simple matler, full rcclrmvlian might be dimcult; firstly, i t  might 
invalve pum~ing  out  of excess water m d  secondly, the heavy 
clay roils might not rspond to drainage, although this would 
reqmirc Curther testing. Affer reclamation these fins-textured 
neutral soils might be little suited to many free craps and also 
present tillage and roof dcvelopmenf problems with amble cro~s .  
Thus it might be advisable to develop this land system only as 
far as its presonl condition will allow. Soil nitrogen contents 
velorv to moderate; phosphate contents high to lev; and potash 
contents very high fa moderate. 

Engineerlog Axrerrment.--Le"ees appear quitc suitable For road 
canstructian and could be vrcd to advantage in any mad svstom 
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linking fhe   lai ins sovth of the hill zone with the Sepik River. plains would not present great prablemr. There are, however, 
Unmade roads on levocs would probably stand up ta low traffic no road-surfacing materials and soils, par t icvl~~ly  when very silty, 
density in dry season only. Direction of levees renders them of a p ~ e a r  to be of poor quality as submade. Ncarext road-building 
linlcvrluein e a s t - ~ ~ ~ t  connectians.~a&glains should bcavoided materialn arc in the h a s  of Maia (64). Soils are dominantly CH, 
for road construction becaure of very poor drainage, inundation, rubdominantly CL, and minor MH, ML; all are very deep. 
md the law bearing strength of many soils. If good roadside Sc. agricultural arsessmcnt for engineering aspects of land 
drnnagc war provided and roads built up in some placcs, the fan rcclarnation. 

Lana Fanos (Plate 7, ~ i g .  a,-Alluvial back olains of very low arc lacking in farmer. Disfinction belween fhesc two land 
wadiemf at altitude "f 180-250 ff. ~ ~ c a l l v  sliehflv dirsected bv svsfcmr lareelv based on orooerties other than ohota pattern. 

~~ 
~~ ~ . - .  . . . ~ . . 

narrow shallow channels. Commonly, slight microrclisfof gentle Borest R ~ S O U ~ C ~ ~  (4obs.).-forest covers 100%; ,noderate to high 
rises 6-12 in. high and about 20 ft in diameter. resouxes. ~ a i n l v  fo r s t  af moderate sfockinp rrtc (FoM, 230 sq 

Streams and Drainage.-Probably~videly spaced smallmeandering 
drainage channeI8, &I0 fl deep and 8-10 yd Wid*, with small 
(1-4 yd widc) streams in the bottom. Flow may vary from ban*- 
full in wet season to almost nil at end of dry, with gradual rather 
lhansuddcn variations in flow. 

Surfacc run-off probably very low in relation to through 
drainage. Largely becausr of  ond ding of rsin watcr but locally 
stream overnow, pans of land system, probably not more than 
50%. arc flooded up to 2 ftfor a few days oncc in 2-5 years andlor 
inundated for 1-2 months to depths "D to I 5  ft. Dry-season 
wafer-fables observed at depths from 3 to 7 ft, but whcre land is 
not actvally inundated wet-season water-fables are expocced to 
rise to 6 1 2  in. below surface. Poorly to very poorly drained. 

Vegetation.-Tall forest rich an open canopy and sago palms 
in thc underslorcy (FoM) cavcrs 98%. Another 2% is covered 
by similar forest with light-toned crowns (FodM). 

. . . . 
shallow. moderately sleycd, very "tartic heaw clay or silty heavy 

~ - 

clay alluvial roih, which may have irrm to ~ l a r t i e  clay upper 
horizons (EAHU1); and similar, but very deep, more rtratificd, 
prcdaminanlly friable to  slightly plastic silty clay loam ta firm to 
~la s t i c  dav soils iBAHU2). Latter soils orabablv occur mainly 
near boundarie wilhYilvi (13) and Nagam (16). Lacally subsoils 
are slightly calcareous. 

Po~ulation and Land Use.-Nil. 

Trnorifian to Other Land Systems.-Boundaria with drier Nagam 
(16) and wetter Pandago (10) are commonly gradual and soms- 
what arbitrary. Similarly, they are commonly indistinct between 
Mixinki and Yilui (131, although the latter is characterized by a 
more heterwcneous phato pattern. pattern of ~ i s i n k i  vcrv 
similar to Po (IS), although fan features and regrowth patterns 

miles; FodM, 6 sq mile); very minor stands of low staddng 
rate (FmoM, 1 54 mile). Access catcgary W. 

Agriculhlrsl Aascsrmeot.-High capability for irrigated ricel 
moderate capability for improved pastures, and low capability 
for a r r b l ~  crops. Most land suffidently low-lying for iriigation 
for  ice-growing, roil3 appear very suitablefor this crop, and wntcr 
control easily achieved by drainage channels, whilst flood oro- 
teelion locally ncres5ary. Onlydists- fmm suitable water- 
supplying rivers prevents a very high capability for thir form of 
land Suitability for pasture and arable crops varies with 
drainage and inundation risks, ar well as roil texture, and is 
highest an the probably small areas of bss clayey soils now 
marsins withyilui (13) andNagam (16). Tecimically, reclamation 

. . . 
but drainage by gravity would usually be posible. Whilst such 
reclaimed land would have high to very high capability for im- 

more the capability of rcdaimed land for many tree craps, al- 
though rubber and oil palm would probably thrive. Tillagc and 
reed-bed ~roblems may commonly occur in heavy clay topsoils. 
Soil nitrogen contents are ~rabably  law to moderate; phosphate 
mntsntr probably vary frwn b w  to high; and potash cantents 
are probably high to moderate. 

Enginscring Assessment.-No topographic limilalions for road 
construction, but poor drainagc and risks of inundation and 
locally flooding necessitate adeqt~af~ roadside drainage i~~cluding 

. .  . .  . . 
could be reasonably slabh if dried out. Unmadc roads rvill be 

Land Forms (Plate 8, Fig. i).-Plood-plains and some poody 1 : 1000. Commonly microrelief of 1-2 It, at least partially due 
drainedau""ialplainr,consirtingfOr thegreater parloflo,"ermost to flood scauring. 
rectors of alluvial fan plains. Altitude ranges from 5 ta 250 ft, 
gradients probably from 1 : 500 Lo 1 : I500 bur mostly more than Sheams and D1sinage.-In-defined pattern of small shallow wash 
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from a few areas (<3 %I which are gardened or under secondary gradual and sognewhuhrt arbitrary. Pattern similar Lo Per (17) 
vegetation (R-FR). but lacking the fan plain characterislics; the distinction is based 

more on other proputies than on pl~olo  pattern. 
Gcolagy.-Prcdominanfly Recent alluvium, mainly clay, but 
some clay loam with gravd in vDBer parts major Forest Resources (4 obs.).-Forest covers 99%; high forest 

m erst and ,vcrt small ~ l ~ i ~ t ~ ~ ~ ~ ~  dav nsourcos. Moderate to high stoddng rate forest (Fo) cover. -- ~ ~ . .  -~ ~~- .~~- ~ ~~~ ~ - - -  ~ ~~ ~ ~~. 
adiscent to or surmunded bv Yambi 128) and Niere (27). 230 sq milcs, with minor stands of low stocking ralc forest (FR. 

2 sq mile.). Access category Iw. 
Westharing and Sails (5  obr.).-Gnat conlrast between lack of 
weathering in most of Nagrm and shallow mature weathciing 
on small parts contisuovs to Yambi (28) and Nigre (27). 

Probable roil composition is EUHA3 predominant, (EUH03) 
common, MUKE, UAPUZ, (UOPA1) minor. Yovng alluvial 
plains have mostly undeveloped, nevtral to weakly acid, deep to 
moderarely dew, slishtly glcycd, slightly stratified, firm to plastic 
silly day or day, and very firm to very plastic silty henvy clay 
(rarely h e a ~  clay) alluvial roik, virtually without dark topnoi1s 
(EUHa3). On upper terrace along Yvla River is r slightly 
developed, weakly acid. deep to wry deep, friable ar slightly 
fnm clay loam soil 6 t h  a moderately thick dark tonroil (Mum 
and muchgrrvel bclow a depth from 1 5 to 6 it. On the weathered 
surfacr is a strongly dcvclaped, strongly acid, thick, slightly glcyed. 
flrm silty clay mcrgillg into very frrm silty horvy clay soil, with 
18-in.-thick coarser-textured surface soil of very Mable clay loam 
and silt loam. Svbroil is  ramh hen fly light grey, red, and brown 
mottled and bleached si l l  is conrpicuous in silty clay (UAPAZ). 

Populafiao and Land Use.--Po~ulation of 360 in two villager. 
Prescnt land use covers 7 .4  sq miles (3% of arc*), 22% in Land 
use inicnrilv c l a s  3. 78% in class 5. Gardenins in only a few . .. 
areas, streams. Sago exploited in adjoining lend systems is 
important in  subsistence. Somc land uscd by pcople in adjacent 
Nigre (27) near Yvla River. 

Transitions to Ofher Lmd Systems-Mapped solely on forest 
vegetation characteristics. Where tall f o r e l  with open canopy 
occurs on old weathered surfaces, Nagam is clearly transitional 
to Yambi (28) or Nigre (2n;  where If occurs on alluvial terraces, 
transitional to Papul(l9); where long opsn patches occtrr in the 
forat,  commonly along streams, Nagam is lacally transitional 
to Yilui (13). Boundary with wetter Mirinki (14) nearly alrvays 

Awidtural Asacrsm~t.-Very high capability for improved 
pastur-, high capability for arable mops, n~oderate capabilily 
for tree croua and Irriseted rife. Small areas ofstrongly leached, 
strongly acid, and physicdy rather poor soils or  thc old surface 
are the warsf land; small areas of terrace land along Yula and 
probably Nopan River. arc the beit. Inlperfecl drainage is tbe 
major timilation, but doer not affecl capability for improvcd 
pastures. Soils not ideal pl~yrically for tree crops and high pH 
might adversely ancct their suitability for some trcc crops. cap- 
ability for irrigated rice somewhat reduced by commonly =cat 
distance from wrfn;supplyiog dveis, relatively high position of 
the land, ~halmcls, and somr surface u n e v e m s .  All pose 
problems in bringing and dhtribvfing irrigation water onfa ths 
land and would necessilrte same land wading. Possibilities for 
tree mop ,  but mired de,dapmenf for orarable mop ioermanent 
cultivation1 and imprawd pastures besf suited to ,118 conditions. 
Tillage and sccd-bed prcparatian might be difkiffllt on land with 
very clayey topsoils. Soil nitrogen contents mademe, probably 
rarely low; pl~osphafe and notash sonton- high to moderate 
and very high to high mspntively on young alluvial plains, very 
10," and very low to low an old weathered "lains. 

Enginec~ing Arscrsmeot.-Topozra~hiiilly ideal for road can- 
suucfion: only a few small bridges required, mainly for cast-west 
roads. Good roadside drainage should he provided. Major 
problem is lack of road-smfffiop materials and probable poor 
quati l~ af roils an rubgrade. Unmade roads will become very 
bossy in wet reason. Only savrce of road-zurr=cing materials is 
river grwe~s, C O ~ ~ O ~ I Y  or igneous in  terraces or  ~ " 1 %  and 
~orsibly Nopan Rivers. Soils are CH. with minor MH and CL: 
a11 are wry deep. Tapogzaphy suitable, but drainage deficiencies 
and lack of ~ ~ r n c i n g  materials would ihnit airfield co"strucfi.3" 

Land Wrms (Plats 8, Fig. Z).-Fan plains and alivvial back 
plains and leveer, with minor Rood-plains, scrolls, and Rood- 
olain terraces, Altitude from 10 to 300 it, vory rarely above 
250 R. Fan plains ar308afed with wide slightly braiding river 
courser occupy mostly inland portions; gradients nrobrbly vary 
berwecn 1 : 250 and 1 : 500 and tcnd to slope down very slightly 
from river counes. They range from about 1 to 5 milos wide and 
occupy probably 70%. Back plain and levee tracts occur along 
meandering sucamr, mainly c1osc to coast. Levnos (commonly 
indistinguishable on aerial photos) are  roba ably 100-300 yd vide 
and a f w  feet above back plains. Narrow but high and distinct 
levee or degraded old beach ridge observed along a former river 
course (? Yalingi River) near the coast. Levee gradients similar 
to those of fan plains but back plain gradients arc lower (probably 
I : 500-1 : 15001; width from < I  Lo 3 miles. Minor fiaod-plains, 
low tprrarps, and scrolls found along msanderiog rivers. 

Widest river beds not includcd in land system and have been left 
blank on land system ma,,. Braided rivers eonlmonly merge into 
narrower meandcriog single channels nearer the coast, hut many 
smaller rivcrs disappear in noad-out fans of Nigir (12). Distance 
from the coast at which braided strcams change into meandering 
rivers varics ereaflv. Meandcrinc ehamek have many sandy to . . 
gravdly rcralls and sand bars and very sfocp banks 8-12 ff high. 
In lower parts of fan plains small (8-15 yd wide) widely spaced 
streams arise. 7-10 i t  incised and fed lar~ely by ground water 
from seepage from braided river beds and through drainage or  
precipitation. Back plains in many places have widely spaced 
(probably 2OMW yd) shallow (3-8 it) channels and very small 
streams 8-16 yd wide, commonly with rounded profiler. These 
are mostly intermittent in flow, probably largely fed by rv*ou 
rram slowly pernlcable soiL of back plains. 

Overall surface run-oU is probably very low in  relation to 
throughdrsinagc. Regular flaodingis very rare (apart f r o m ~ ~ r o l h  

Streams and Drainage.--Largest s ~ e a m s  traversing land system and fiood-plains) and restricted to small parts of back plains and 
are very widely spaced and Row in a northerly to north-earterly very local overflarv spots along braiding rivers. Fan plains and 
direction. Thev have wide ersvellv (but not very bouldw) beds levc~r are well drained bur back vlains are im~erfcctly to noorly 
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after heavy rains but is rarely of sufficient depth and duration to class 5, whilst 5% consists of non-indigenous plantations near the 
be a serious limilalion. Dry-season water-fables appear fa be Raihu River. Land use concentrated near Sissrno lagoon and 
mos l l~  below 7 ft on fan olains aod levees and between 5 and 8 ft lower reaches of Yalinni and Raihn Rivers. 
on back plains, but here water-tables are likely to risc consider- 
ably during !vet season. Anomalous water-tables between 3 and 
4 ff were observed in an overnow area of the Yalingi River 
near Po (IS), and just south of the Nigia River where ground 
water is probably banking up against the high-lying, aggrsdin~ 
scroll plain (see Nigia (12)). 

Vegetation.-Tall forest with a rather w e n  canopy (Fo) occurs 
ihmushout and covers 77%. Locally on back plaios scattered 
sago occurs in the undcrstorey (FoM). Tall cans grass (OfS) 
m d  successional stages leading to tall forest occupy scrolls and 
lowar Aoad-plain terraces. Thc rest (18%) is culdvatrd (coconut 
plantations locally interplanfed xvifh cacao, gardens, and rome 
coffee) or in diaerent stages of regrowth. 

Geology.-Recent alluvium: stratified clayey, sandy, and 
gravelly beds. Material derived from basic igneous rocks m d  
Tertiary sedimentary rocks; either can bc lacslly dominant 
as a source or both have ~ontribvfcd in about equal proportions. 
depending on nature of catchmonl of each conlribuling strcam. 
Locally h es fone  has also contributed to the alluvial sedimenlr. 
Soil obrervations indicate tllat alluvium near the coast may over- 
lie (rveakly) alhaline lagoonal sand and day (locally with cord 
debris) at  depths as shallow as 4-5 R. 

rum minor. Fan plains and levees have neutral Lo weakly acid 
(rarely acid). very dcep to dew. alluvial soils, strongly stratified 

. . . .~ 
similarly. A simila, roil but slightly developed With a thick dark 
tomoil (IUHE) obsnved on higher, =teener, and apparently older 
levee or beach ridga close fo mouch of Yalingi River. Back ~ l a in r  
have neutral fa weakly acid, "cry deep to moderately shalloru, 
slightly to moderately glcyod alluvial soils that arc less stratified , 
and generally silty clayio silty heavy clay in tcxcure, but can also 
be mainly (sandy) clay laam (EUHA2. 3). Finer-textured 
so& oarticularly are veiy firm to very plastic. Below 6-7 It the 
subslrrtum is commonly very randy and gravelly. 

Population and Land Use.-Populafion of 1160 distributed ovcr 
eiclrtvillapes. Presentland usecovers20-9 $0 miles (15% of area), 

Trsn~itions to Otber Lsnd Systems.-Land system mapped mainly 
on vsgctation characieristics and likaly to include small areas 
transitional to mare poorly drained plains of Pa (IS) and to 
older, weathered, but undirrecfed fan. of h m e  (23). Boundary 
wilh fringing calcareaur fans of Romei (22) very arbitrary and 
probably unreliable. Some boundaries with P a p 1  (19) are 
arbitrary. Differences wilh coastal fans of Kabenau (21) not 
inverti~atcd and could he minor. See also Nagam (16) for 
discussion of similarities and diaerences. 

sorest R~~~~~~~~ (LO 83%; high forest 
resources. Forest with moderate to high stacking rate(Fo, 110 s q  
miles) piedon~inanf; moderate stocking rate forest (FoM, 3 sq 
miles) on wetter parts of back plains: secondary forcrt (FR, 5 sq 
milos) with low stocking rate occurs locally on fan plains and 
Lcveer. Part of original forest has been felled m d  miusd for local 
canrumptian. Accori catesorv I. 

Agrieultmlal Asseirmcnt.-High ca~abilily for arablc cropr, frie  
crops, and irrigated rico, and very high capability far im~ravod 
pastures. Limiting factors mainly poor drainage and slowly 
permeable roils on back plains and locrl minor inundation and 
very local Rood hazards, Many soils appear slightly too alkaline 
for aotimal tree-crop growth and land unevcnoesr could be a 
minor problem for arable cropr and improved  asf furor. Tiee 
crops have by far fhegrsafcst capability an fan plains and levecs. 
irrigated ricc best suited to back plain.. Improved pastures and 
arable crops covld be succrssfnlly grown over most dPos ,  but 
im~rovod surfacc drainage needed an back plains. Soil nitrogcn 
contents mosfly low, hcpilly modsrafc: phosphate contents rang* 
from very high ta moderate; and potash contonts from high to  
moderate. 

E n g i n ~ ~ r i ~ g  A8smsment.-Major problem in road conslructian, 
~articularlv from west ro east, concerns bridging of larger rivers. 
Rivor beds appear fairly stable bur are usually wide and founda- 
tion problems covld arise. Land system poor in road-rurf*c&g 
mstenals and unmade roads tend to b ~ c a k e  uatramcable in wet 
reason, pnrticularly on back glains, because af low bearing 
capacity of soils when wel. Raad-surfa~ing matorials fairly s im~ly 

~ ~ 

obtained from largor river bcds and from quarries in Piitape (55) 
and Batida (56). Soar are CL ta CH with minor MH, ML, SM: 
all are very d e w  Area gonerally snitable for rirficld construction, 
narlicularlyfan nlains and levees sinceeansfruclion on brckolains 

19% in land use intensity class 2, 61% in class 3, and 12% in will involve drainage impravcmont. 

Land Roms (Plate 9, Fip. I).-Narrow scroll flood-plains and 
small discontinuour l o ~  flood-plain terraces along majar and 
smalkr rivers south of hill zone. In northorn up~er  parts these 
are bounded by two or three river terraces, of which the ""Dsr. 
nlorf is fhc most ~onfinuous. Thesc nlerge in southern lowcc 
parts info lcvee banks m d  lcvco back slo~es. Mifudc ranger 
from 180 to 280 n. Scroll plains, best developed along largest 
rivers, are only a few feel above Low water level and may havc 
small p;lrallcl swales. Lowwi Rood-plain terraces about 6 7  
ft above low river level m d  may have very gentle back slopes 
to fined-in old river channels. Togefiler thcre elements occupy 
about 12% of araa but ale virtually rbscnt along small streams. 

Tenscer 8-25 fl above 1awri"r l~evel~~ich very rtecp to precipifovs 
marginal slopes; they can be Rat to  slightlyvndulating with local 
slopes up to k,  m d  can have filledin old mean&er loops up to 
30 yd wide and 5 i t  deep. Lower terracos usually 30-80 yd wide 
but uppcr terraces varyfrom IN to 600yd; fhcyaccupyprabably 
51% of area. Levcos, cam~rising about 35% are about 15 i t  
above low watcr level and 30-100 yd wide, with low or hish 
gradient to vory gently sloping back slopes 50-400 yd long. 

streams and Drainage.-Long meandering streams with few smau 
tributaries. Most screams arc 30-60 yd wide but only 10-20 yd 
wide in same small occurrences. Gradients mostly 1 : 2000 to 
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1 : 3000 but may approach I : IOOOin some upper parts. Cut-off 
meander loops occur commonly, particularly in sonthem parts. 
S t ream have vory steep or precipifaur banks 5-15 ft  high. Sand 
and silt brrs cornmanly visible at low water level but decrease in 
sire downstream. Some small gravel present in stream beds only 
in upper parts of land system. At low water Level, rate of flow 
ranges from moderate in upper parts ta slow in Lower parls and 
suspended sediment is prelent in lower courses. River levels tend 
to rise rapidly after heavy rain in upper catchments, but flood 
spates that cover sand brrs and scroll  lai ins last only a few dwr. 

During the wet reason, Law flaod-plain terraces and same levee 
bacb- an naoded rt least a year to up to 3 n. ~ i ~ h -  
terraffis and levee banks arc subject to short floods on the avoiase 
probably once every five yean, once i a  every fen years, or more 
rarely, depending on local conditions and height of tho terrace. 
Svrface run-off is probably very low in relation to through 
drainage. Levee banks snd mast lower flood-plain terraces are 
well drained, higher terraces imperfectly draioed, and levee back 
slopes pmor1y drained. 

Vcetatian.-Tall cane grass (Saccharurn) vegetation and young 
fworert (Gt7 on scroll plains and lowest terraces (I I %I. The rest 
bears tau forest wifh an opm canopy wifh light-toned crowns 
(Fad, 50%) or mid-height forest with a rather open csnopy 
(Fma, 24%. the latter mainly in narrow valleys probably due to 

. - . .~ 
part of the gardens scams almost permanent as field boundaries 

~ ~ 

tributaries (Plate 31, Fig. I): alluscd by people living in adjoining 
land system.. 

Transitions to Ofher Land Syslems-Photo pattern oommonly 
similar to that of ~ a p u l  (19) and where there is a common 

differences in vegetation photo pattern. Areas of Screw with 
very small streams can be transilional to either Misinki (14) or 
Pandago (10) and wider areas along large streams can be tcansi- 
rional to Nasam (16). The few bavndaties wifh Nigia (12) are 
generally distinct, whilst the major distinction from Yilui (13) lies 
in lhc latter's lack of clearly active streams. 

Foreat Resource8 (6 oh=.).-Pocert covers 1 5  %: moderate fonst 
resources. Main forest of moderate to high stocking rate (Pod, 
30 sq miles) occurs an Le-s and terraces. Forest of low stocking 
rate (Fmo. I5 so miles) occurs mortlv in  rather narrow vallcus. 

Agrieulfural Asscasmoot-High capability for improved pastures, 
rnulcrurc :rplb'ltry for nrrl,lc crrp. dud iro~nlcd lice, m J  l u r  
r , p lh l~ l ly  fur I ~ ~ , ~ ~ ~ , , . .  rluu.l ~ ~ ~ ~ ~ ~ d ,  J ~ A ~ ~ ~ ~  

a ,<  ,.,,;,, l,,m,l~,:"">. t l , ~  G'X, f", ,r,,n,,cd rtce, ,I,* I A , , ~ ,  ,b, ,,eo 
craos. Since Rood hazards arenarticularly dimcvlt to assess. land 
use capability cauld be somewhat higher or lower than indicated. 
Some wider terracesandlevees might bc p ro t eed  against flooding 
by law levee banks, which wauld increase the porsibilitie. of 
drainaee imoravomenL The mmmonmrs of neutral to alkaline - .  
soils has contributed to the low rating for tree cro~s. Slight fa 

are marked by low earth ba&s. moderate engineering problems in bringing and distributing 
irrigation wafer for paddy rice gro,"+uing ha"= influenced the 

Geology-Recent auun'unt: day, clayloam, and .omshesand. caplbllify rating for this mop. Lsnd usr capabilitg varies con- 
Flood-01- deoosits are mo8tlv calcareous. sidcrablv. the best land ascurdoa on levee banks and flood-fcee . . 

high terraces and unusable land on river scroll plains and ateen 

Weathexing and Soils (9 abs.).-No weathering. All undeveloped 
aUuvialsoils. Probable roil camposifiii is EUHA3 subdominant; 
EUHOI, EUHO3, E m ,  E M U 1  common: EUHO2, 
EUHO4 minor. Soils an scrolls are of rfratifird silt loam to sand 
and arc calcareous, as am the weakly alkaline to alkaline, very 
desp, stratified friable silty clay loam to very friablr sandy loam 
and Loamy fine sand roils (EUHOI) of lowsrmost flood-plain 
terraces. Neutral, very deep, non-gleyed io slightly gI8yed, some- 
what stratified firm siltyclay loam to  clay soils (EUH03) on lower 
terraces, and neuei l  to weakly acid, desp, slighlly gleyed, some- 
what stratified friable silfy clay loam to firm to plastic clay soils 
with very plastic silfy heavy clay subsoilr (EUHA3) observed an 
higher terraces: these sails can have thiodadktopsoils 00 v i i L ~ ~ 1 1 ~  
Rood-free tepaccs. Weakly alkaline to weakly acid, very deep, 
stratified soils wifh textures of firm to friable silty clay, clay, silty 
clay loam, or clay loam to very friable silt loam and fine randy 
loam (ELTHO2. E m 0 4 1  found on levee banks, with neutral to 
weakly acid, very deep to moderately deep, moderatsly gleyed. 
slightly stratified soils with textures of firm to YET7 plas,ic silty 
heavy clay, firm silty clay, or day to frinbls silty clay loam and 
clay Loam (rarely tilt loam) W U 1 ,  EUHAZ) on levee back 

terrace edges. Mired development, based largely on improved 
pastures and arable crops, wiuilh free crop plantations on better- 
drained weakly acid sails, anpears to be most suitable. sail  
nitrogen canlenls are low to madcrate: phosphate contents 
mostly high to very high, although a few low to very Law values 
were obtained an levee rails. Patash canlcntr are mostly high. 
locally "cry high or moderate. 

37nglo.ering Asressment.-No great problems for road consuuc- 
fion parallel to the rivers. Where surrounded by eilher more 
poorly drained or more hilly land, this land system might oBer 
the most snitable location for roads. Howevcr, any reasonably 
1cvel higher adjacent land systems might be t refer able, in  order 
to avoid flood hazards. Svch hazards can be partly avoided by 
aligning roads on highest fezracer, but building up and culverling 
of roads will be required locally. Road-building materials are 
scarce, mainly vew rmall quantities of hard stream-bed gravel 

. 
and shifting of the river bed within ils scroll pldn must be antici- 
pated. Unimproved fording places willrequire constant mainten- 

SIOPel. ancc because of bank erosion during Aoods. Vehicles also tend 
to become bogged in the son sandvsrream be&. Concrete cause- 

Population and Lsnd Use.-Population of 100 in two villages near ways would provide a reasonably cheap, durable, and efficient 
month of Screw River. Present land us$ covers 9.9 sq miles (17 % means of crossing there rivsrs. Soils are dominant$ CH, sub- 
of area), 14% in land use intensity dars 1, 28% in class 2, 21% dominantly MH, and minor CL. ML; all are vew deep. See 
in class 3, 3% in class 4 and 21% in class 5. Mosr intensive land agricultvrsl asscsrmenf for enginesring aspects of land re- 
use on ferracn along a d d l e  reaches of Screw River and its clamation. 
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Land Forms (plate 9, Fig. 2).--River terraces and Aaod-plains 
along larger ~treams in onfined valleys in hilly areas north and 
S O U ~ ~  of ranges. altitude ranges from 150 to 900 ft;  
46% below 250 ff. Active flood-plains more mlensive south of 
mountains, particularly in east and routh-ruest, than in the north 
where they consist mainly of braided river beds, mostly not 
included in the land system but kept blank on thelandsystem map. 
Flood-plains (25% of area) occur as scrolk with parallel minor 
swales and ridges or as Art sc<oll terrace LIP to 8 A above mean 
low wafer level, and are 32-200 yd wide. A higher flood-plain 
fcrcace usually 10-13 ft  above law water level and commonly 
50-150 yd wide generally pnscnf south of mountains, together 
with a higher terracs 15-30 ft above low water level and probably 
10&300 yd wide. North of the mountains there aDpears to be 
only one tcrrace, 10-20 A above low water level. Flood-plain 
terraces cover probably 15% and higher terra- 50% of area; 
all tend to be discontinuous. The land syslem includes remnants 
of still higher sub-Recent tenacen and a few benches cut into bod- 
rook, together   rob ably occupying <5%. Terraces havc slopes 
rangingfrom low gradient to gentle slope (commonly back slopes) 
and are smooth or with slight microrelid or have channels or 
enUic.~ 5-10 i t  deem 

to angular point bar or meandering courses with 5-10-ff-high 
very stcep to precipitous banks. Apart from minor shim in sand 
bars and aacasional breaches of meander loops, thn stseams 
appear stable. Width of stream beds (apart from those left blank 
on thc map) ranges from 40 to 50 yd. Stream flow in generally 
shallow channek is fast or moderafcly fa*, never sluggish, so 
gradients in low gradicnt slope class, very lacally high gradient. 
Bed loads gcrvcra11y grave1 and sand. with cobbles in uDper 
reaches and mainly silt and sand in lower reacher, particvlarly in 
the saufh-eastern half of aroa where river gravel is sencrally 
scarce. Outcrops of bed-rock scarce in areas mapped as Papul. 

r-- Scrolls and scroll terraces are flooded reverai times a Year Lo 
well over 2 ft: Rood-ulnin terraces on average Roodod once or 

UOT03 minor. Mostly undeveloped alluvial rails. Scrolls 
and scroll plains and lowermosi flood-plain terraces have deep 
to very deep, strongly stratified soils with textures of loose sand 
to friable silty clay loam, usually within one profile. These are 
weakly alkaiinc to alkaline and probably mostly calcareous 
(BUHOI). Gravel lenses may also occur. Low-lying scroll soils 
can be slightly gleyed (BUHAI). Mostly weakly acid to neutral, 
very d e e ~  roils with slight stratification, but dominant textures 
from very friable loam to Cum clay, with occasional sandy or 
gravelly layers (EUH03, EUH041, appear fa occupy all higher 
flood-plain terraces and a large part of non-flooded high terraces. 
Tendency to moater acidity (EUHOS) north of  nounf fa ins and 
locallysoilsareslighflygleyed (EUHAZ). Probablyinplacer these 
urldevdoped rails ace still rarely flooded. Initial sail formation 
on high terraces consists of development of a thick dark topsail 
in weakly acid to neutral, mostly very deep slightly stratified, 
Mable to f i m  clay loam to clay soils, which may very hcally 
contain much gravel ( M r n ) .  Such soils appear common, 
indicating almost complete freedom from Booding. Absence of 
~ . I ~ ~ X , , > . I I E \  ~n *n#l. or . < I 1  hut I nuc.d cerr>*,$ I N I ~ Y  h: .ldc td I ~ c h -  
illy A ~ h t l l o ~ ~ l y  bill ~lr.l##illy i l c ~ c l o ~ ~ ~ ~ l ,  rill, l i r w l  \lily i lrv % > i l  
nlch ir;?l~l: Iham t o  c1.1) 102 7, v~wfdce Ih~~r81~~n l l J< l ' lO3~  <,l>.~r\,td 
on a sloping bigh terrace north of mountains, similar to soils 
nornlally found on fan surfacer in that area. No information an 
soils of small remnant high& terraces or rock-cut benches. 

Population and Land Use.-Populatian of 320 distributed aver 
three villager. Present land use covers 8.6 sq milea (14% of area), 
45% in land use intensity drsr 3, 10% in class 4, and 45% in 
class 5. Only n few occurrences used, with land use mainly on 
higher Lcrracer. 

Transitions to Other Lsnd S f l h m s S c e  Sorew (18) for similarities 
and diaerences. Placement of boundaries between P a ~ u l  and Pen 
(17) (north) and Nagam (16) (south)  res scots problems that havc 
been solvedrather arbifrrdly. In thenorth bovndacies have been 
drawn where valleys widen aansiderably, but this has resulted in  
some ~ ~ C I U S I O ~  of forest typed mr Pe ( I n  into eiPnl,  in the 
south Nagam (16) has been mamsd conslatently on the basis of 

twice a year and in some instances not every year, mostly to less forest photo ~ a t f c m ,  which has led ta the inclusion of some areas 

Vegetation.--Tall cane grass vegetation (GtS) covers scroll. and 
lower terrace (30yJ. Tnvrsion of woody plants leads via mid- 
height forest with a rather open canopy (Fmo) to tall foresl with a 
similar canopy (Po, Fod, 13% on larger flood-plain terraces and 
to tall forest with a rather closed canopy (F, 42%) on high rarely 
Roaded or not flooded terraces. Several low tcrrrces in braided 
streams carry Cnsaorino (Gyt>tnos!a,,~o) sp. vegetation (C') or 
Cosworina sp.-Ffcns mid-height forest (CK) (total cover about 
1%). About 14% is under secondary vegetation (R-PR). 

Geo1osu.-Recent, wry locally sub-Recent stratified alluvium: 
mainly mirtvres of sand, silt. and day and some gravel, with local 
beds of more pure gmvvel, sand, or clay. Most recent sediments 
are commonly ~alcaroous. Thin allvvium venters sedimentary 
rock on a few cut tenace benahes. 

Wrrtlorrinc and Soil\ (13 o b r l  .,\l~nos~ nn vc,!hcriog. Onc 
oh,.rvsfil~n i~nrll> ur muunlltns ,houe.l \ i r y  31~nllor i r o l l . l l l l r C  

wmllscnt,~ or the ~ r r r r c c  Shallotv ,kelcc 11 lu imrnalurc we~lhcr- 
ins may also befoundon remnants ofhighest terraces and benches 
south of mountains. 

Probable roil cornpasition is MUHE subdominant; EUHOI, 
BUH03, EUHO4, EUHOO EUHAZ common; EUHAl, 

Foreit Resources (10 obs.).--Forest covers 58%; moderate 
forest resources. Forests of moderate to l ~ i s h  stocking rate 
(P, 29 ss miles; Fo, 6sq milas; Fad, 3 sq miles), Access catcgory 
IF. scroll and Aaod-plain terraces being subject ta frequent 
Boodmg. 

A~riedtural Assessment.--High capability for arable crops, tree 
sop,. ;and ( n r  i:cll~rly inloro5ed i~~%!tjrc. F lu~~i l  lhaar.l? rnrin 
lif<llc:runn bh#l 10 1101 ) I ~ . Y Y ~ I Y  : % f i r  about l l l l l l l t~  are.>. locally 
drnnrccdrli.>cncv : I#  \I<swlv i,cr#~#r.thlr <o#l\ .%nl  nr<~hl.nlr due lo . . . 
irregular or dissscled to~osraphy. Capability for tree crops 
would behisher, excent that sails tend to havea relatively high pH. 
SmaU areas aresuitable for irrigated rice. Flood controlnot really 
feasible, becavse naturally occurring ~eak Rows mvst be aecom. 
modated. Locally small areas esn be protected by levee banks 
or Boad waters diverted through drainage chumek. Because of 
the diverse ~ofsibilitier and small size of most occunences of 
Papul, development of smell mired farms is prabsbly most 
appropriate. Soil nitrogen contents generally low, but moderate 
in  8oils with mare dweloped torrsoils. Phosphate and potash 
contents mostly very high fo moderate. M w  to very low phos- 
phate and potash contents virtually restricted to more weathered 



soils on high terraces and bcnchen. ln wafer balance zone 1, 
rather rarc slight soil water stress in the most sandy and gravelly 
specimens of  EUHOl and 5 soh, and for shallow-rooting crops 
in general. 

Eogione~iniog krs~samen1.-Probably provider easiest terrain for 
road location in hill zone. Cutlings info valley side spurs noces- 
~ a r y  ,"here rivers swing out to margins of their valleys. Lower 
terraces should be avoided bccausz of Rood Irarardr; these may 
locally require building up of roads above normal flood levcb. 

Bridging main strews will be the largest engineering problem, 
and bridges normally are more easily fonstructcd where rivers 
flow against bed-rack on margins ofland system. M a y  river beds 
contain useful rmovnlr of gravel for road surfacing, but gravel 
is pcncrauy very scans in eastern a c c w m m  south of the 
mountains. Soils are CH. MH, CL, wilh minor MI,, SM; nearly 

1.and Porn [Plate 30. Fie. 2J.-AUuvio;olluvial fans 190-230 ff Pooulatian and Land Use.-Pa~ulatian an unknown number o . . - .  
a.s.l., with concave dopes r a n ~ n g  mainly from highyradient to people at Ambunti. Present land uxe coveis 0-7  s q  mil* (14% of 
very gentle dope. Uppermost parts may have gcnfle slopes, area), 70% in land useintensity class 3,30%indas3 5. Some sago 

lo,vermast ~ a r r s  low pradients. Plains  roba ably slightly and very ex~loited by p s o ~ l e  in adjoining Maio (64) and Waskuk (65). 
shallowly dissected. 

streams and Drainage (Fig. 15(o)).-A fe>u rmall streams 4 8  yd 
wide and with very steep &lo-if-high banks: at least some would 
have intcimittent flow. short bank-full or smaller flood spates 
caused by the high run-oti on Waskuk (65) are liLely t o  occur 
frequently. 

surface run-oti appears virtually nil, nearly all rain wafer as 
well as some stream flow d i scha rks  as through drainaxe. Unmr - .  - ~~ 

parts wsU drained, flatter Lower parts imperfectly drained, Locally 
poorly drained due to ground-water secpage. 

Vegetation.-Tallforest withrather open canopy (Po, S07J covers 
iueu-drained parts. Tau forcst with open canopy and sago palms 
in the undrrsiorey (PaM, 30%) covers poorly drained arcas. 
Gardens and sewndary vegefrtion up to mcdium-aged secondary 
forest (R-FRm) found in both situations. Sago (MR) exploited 
in poorly drained areas. 

Geology.-Rocent fanglomerate derived from metsmorphic rocks, 
mainly schist, also gnei.. and soms randslone. 

Wcathwop and Sol18 (I obs.).-No weathcrinp. Sails un- 
developed. Probable sail composition is (EUHO5) dominant; 
6UHA4 subdominant; (BUlUZ) common. Profile observed on 
lower slops an acid, very deep, slightly gleyed, slightly stratified 
soil of friable to very friable silty d a y ,  silty clay loam, and some 
silt loam ter,ure, containing law to high but with depth genora1ly 
inweadninp amounts of rhfhcr frezh rock fraements (BUIIA4). 
Similar but no"-gleyed and probably more gravelly or rven 
slightly stony soils likely to occur on upper parts of fans and 
similar but moderately gleyed soils with hw rock fragmsnfs on 
lowermo3t slopes. 

Traositions to Other h o d  Sy;tm.-Photo pattern very similar to 
that of Ram4 (22); any distin~fion impossible had ther occurred 
in close association. Locally rather gradual boundaries with 
Pandago (lo). 

Forest Reaoarees (NO obs.).-Forent coven 80%: high forest 
resourm. Forests wlfh moderate to high stocking rate Fo, 3 sq 
miles) and modcrate s l a c h g  rate (FoM, 1 sq mile), the latter an 
lower, more ~ o o r l y  drained parts. Access cafcgory Iw, bocrvse 
of wemws problems on lowrr parts. 

Agrieulhlrsl Assessment.-High capability for arable crops, tree 

in lower parts, slight erosion hazard. and cobbly roils in upper 
parts, only lower parts snitable far irrigated rice, with *ale, 
from Local small streams and land grading. Although Ambunti is 
small, its developmenl could be significant in  an acca rvhcre goad 
land is very scarce. Soil nitrogen eonfcnfs awear maderate; 
phosphate contents probably masfly very low to low; potash 
contents mostly moderate, but commonly low. 

Engineering Asresnme~~Sui table  far road construction; roil 
materials appear suitable as subgrade and road metal can be 
quarried in nearby hills. Minm or scattered hard glavel. Best 
possibilities in r wide area for location of airstrips, bul lmdings 
and takroffs posrible in only one dimtion because of high back- 
ing hills. Soils are MH, CL, ML, with minor CH, SM; all ere 
very decp. 

Land (Plate 10, FLu. I).-Coaslal fan plains of low to high yd wide, together with minor low beach ridges Near Dandriudad 
gradient, with fan terraces, 200-600 yd wide, probably at two River, a few narraw;cresled ridges and-hi& wilh stew straight 
levels, &IS ft above lorv water level in main streams and prob- slopes rising 50-80 ft above plains. 
ably up to 30 it a.s.1. Shallow (K 10 ft) deserted distributary 
channels on higher fan plains. Near the coast same distributary S h a m s  snd Drainage.-Wide shallow braided streams with randy 
flood-plains snd.back plains of very low gradient and up to 500 to gravelly beds (mostly blank on land system map) mainfain a 



rapid rate of %ow right down to the coast. ~ robsb lv  a few rnlaU 
distributary channels, and very small draining streams i n  Lower 
pu t ,  fed largely by ground-water seepage from fans. 

Surface run-off probably nil, except on small hills. Appears 
largely well drained, with imperfect to poor drainage on back 
plains and exce5rivc drainage on hw hiUs in Dandriudad River 
area. Shallow inundation may occur on parts of back plains 
doring ,vet season. 

vegetation.-Mostly covered by secondary vegetation; only 10% 
tali forest with a rather open canopy (Po). Kunai grsrrlsnd (GI1 
an fan terraces as well as hills, accup~ing nearly one-third of 
land system. Sago mowing in back plains exploited (MRI. Re- 
mainder is garden or under various staees of regrowth up to 
medium-aged secondary forest (R-FRm). 

Geology.-No field data. Recent sediments, probably fanglomer 
ate and alluvium: stratified and mixed gravel, sand, and clay. 
The few law hills probably consist of Tertiary sedimentary rock. 

Weathering and Soils (No abs.).-Probably no weathering excepl 
on low hills which could be shallowly skeletally or immaturely 
weathered. Probable roil comoosition (MUHE. BUHO5) sub- ~ ~ 

dominant; (FUH.42, EAHU2) common; (IUHP, IODLI) 
minor. Sails a n   roba ably similar to those described for this Land 
system elsswhrrc:' slightly dsvcloped, weakly acid, deep, more 
or 1-s gravelly friable olayey soils with thick dark topsails 
(haoludoll.) nn hieher fan surfaces: main1v "ndevelooed. . . ~. ~ - . . 
neutral, deop, medium-texured, non-gleyed to moderately glcyed 
aIIn<ial soik on Boob-piaim and back plains; sands on beach 
ridges and probably thin truncated soils on the small hills. 

*Lands of the Gopol-Upper Ramu area, New Guinea 
(195'q; Lands of the Lower Ramu-Atitau area, New Guinea 
(1959). CSIRO Div. Land Res. Reg. Surv. divl Reps. Nos. 5712, 
5911 (unpublished). 

Population sod Land Use.-Popnlution of 560 in two villager. 
Present land use covers 2 . 5  rq miles (50% of areal, 88 % in land 
use intensity class 3 and 12% in class 5.  early all land use near 
Dandriudad River. Sago exploited in swamny areas. 

~ r ~ ~ ~ i t i ~ ~ ~  to other Lana systems.-nistinguirhed from pee (11) 
because of clear fa* pattern and on basis of vegetation. Transi- 
tions m neighbouring Nubia (2). Pa (IS), Pandago (lo), and Nigia 
(121 either gradual or difficult to defect on aerial photo.. 

Forest Resources (No obs.).-Farest covers 22%: no farent 
rwources. Moderate to high stocking rate forest (Po, 0 . 5  sq 
mile1 and low ~ t ~ r n ~ ~  rate forest ( F R ~ ,  0.5 sq mile). ACCWS 

category I, but minor area. subject to poor drainage and 
inundation. 

A~riculhlral Assearmcnt.-Probably high capability for arable 
craps and improvcd pastures, moderate capability far tree cro~s,  
mainly on higl~sr fan surfaces, and low muability far irrigated 
rice for which an$ ~ o o r l y  drained back plains a ~ p e a r  really 
suitable. Drainage improvement of back plains difficull becaure 
of their low gosition andiacalneed for protection against flooding. 
o n  the plains, soil nitragon contents probably moderate in soil. 
with dark fopsoik. low in  at1111; ph0s"hafe ?md potash c o n t t t t  
probably very high to moderate. 

E,,ei,,~erinp Aan~s.ment.-The wide braided rivers are can. 
siderable obstacles requiring con~truction af major bndges in any 
road link of the Ailape coastal plain with Wewak. Apart from 
this and small poorly drained arcas, Kabenau is very snitable for 
road construction, snd may evsn be a useful sovrce of gravel. 
Sails arc m, CL, ML, with minor CH and SP; nearly all arc 
very deep, but those onsmall hills probably vec~shallow. Suitable 
for airfield construction, but only in a roughly north4outh 
direction. 

Landxoms @Late 10, Pig. 2).-Shmt gentily undnlating fan8 and Present land use coven 2.4 sq miles (80% of areal, 46% in land 
sorons of IocaUv derived materials. Altitude rangcs from 230 to use intsnsitvclass 2.21 % i n  dass 3, and 33 % i n  class 5. 
280 rt: 85 % below 250 ft. S lops  very gentlc, locally gentle, and 
"lightly or not dissected. 

Streams and Drainape.-FEW parallel to radial small streams and 
gullies 4-12 A deep, commonly with intermittent flow. Surface 
ruaoI7probably nil. Well drained. 

Vsgetation.-Large parts (80%) used for gardening and cash 
cropping (coconuts, coffee) or under vsrious stages of regrowth. 
Remaining original vegetation classified as fall forest with rather 
open canopy (Fo). 

Geology.-Reee"t fanglomcrste, at least partly rich in l i m t t t t t  
cobbles and gravel. 

Transitions to Other Land Systems.-Hard to separate from Pes 
(17) on photo pattern. Maoped on positional evidence and from 
land use patterns. Pattern also very similar to that of Ambunti 
(20). 

Rarest Rerourc~s (No obs.).-Forst resources are low. Forest 
with a moderate to high stocking rate (Fa, I sq mile apprar.) 
covers 20%. A W S  category I. 

Agricoltvral ksacssment.-very tentatively assessed as having 
high capabilityfar arable crops, very high ea~abiliry for improved 
pastures, but only moderate capability for free crops became the 
akslina soils snitable for coconut palms are probably much less 
suitable for other tree crops. Only moderate capability for irri- 
gated rice because of unevenness of terrain snd local stoninesr, 

Weathering and Sails (1 obs.).-No weather in^. Probable soil water would be generally dose. Soil "ltrogrn 
composition is EUHOI predomioant; (EUH02) common. An and "hosphatc contenla ge~~erally Low to moderate; potash 
undeveloped alkaline and calcareovs deep but rather stony very contents high. 
friable loam to friable clav loam soil (BUHOII observed in a fan ~~ ~ ~ 

at foot of alimestone hill. Where fans arc fanher flimomlimlim~fon~. Eogineeriog A~sassrnent~Few diffimlties far road constructian 
less or non-calcarsous alluvial sails with few or no stones may apart from need for culverts or small bridges. If stony limestone 
&a be found. fanglomerate is extensive, it could be a useful sourcs of sub@%& 

far u s  dsewhere in  the coastal  lai ins. Soils are MH, M I ,  with 
Population and Land Us*-Population of 440 in four villages, mioar CH; all are very decp. 
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8 .  S t '  r . . .  I I I 3 $ 1  i : .  I \urf?,cc \ u # l l l  ,418 ttn0~8lsl ,,sly 1 h 8 ~ 1 1  wnlcr-llble 
ill-defiosd gullies. which in places agpear lo be remnants of 

channeb, F~~ surface5 6-200 it Pwulation and Land Use.-Population of 60 in one village. 

stream levck, beighc aorn~slly decreasing sradurliy from south Present land use 

to north away from mountain front. Marginal slopes stccP to Trrositians to OR,cr Systemn,Sec Paiawa c2.+), Mapping 
particularly near larger rivers. Along the margins and in east becauss of elwive 

occur hw short dissection  alleys 20-70 ft deep, with steep to boundarier with as ,vcLIas Pria,va (241. With Pes 
moderately stsop concave slopes commonly with small slump this due to ,"eathered surfaEe dipfins 
scan and alcoves. below younger alluvium. 

S h a m s  and Drainage (Fig. 9(b)).--Along the margins, moder- 
ately spaced "cry d mall firrt-order streams with high gradient to 
gentle slope. Stream flow probably almost perennial, rvilh 
relatively small extremes in discharge probably due to very law 
5urfacsrun-oEin relation to through drainage and to constancy of 
ground-water seepage towards streams. Stream beds rather 
gravelly to  bouldery. Shallow gullies in same fan surfaces Proh- 
ably have very smnll channek with intermittent flaw or no proper 
channels. 

Generally welldrrincd. observation near lowcr margin showed 
a wbtcr-table of only 14 in., although soil was not gleycd; this 
~o.ribiy cau.ed by seepage from a rapid$ asgrading naod-plain 
nearby or by banking up of ground water against if. Other 
examples of im~erfect drainage may occur elsewhers near 
boundary of Low-lying fan surfaces and younneralluvial plains. 

Vegetation-Tall forest dominant; rafher open and small- 
crowmed canopy (Fas) forcsf mon  common (%%), rather open 
irregvlar canopy (Foil farel (28%), and irregular cznow (Fil 
farest (6%). Mid-height forest restricted and coveis <lo%. It 
is mainly forest with an open canopy and sago palms in the 
understorey IFmoM), which is Locally common in valleys. Little 
secondary vegetation (1 %). 

Gealogy .See  Palawa (24) Angc of the bed. appears to be late 
Plcilfacene fa sub-Recent. 

Weathering and Soils (2 abs.).-Weathering probably mostly 
shallow and immaturs. Probable soil campodtion is UOT03 
dominant; IOD03 subdominant; AUTO3 common; IODOl 

~orent  ~ ~ s o v r c c s  (2 obs.).-Almost totally forssfed (92%); high 
to very high forest resources. Main forcst type (For, 8 sq miles1 
has a moderate to high stoching rate excspt in ,vind-damaged 
arcas. 1n parts, further arcas of this forest have beenmapped as a 
complex forest (FosIFmoM, 7 sq mniles) with a moderate to low 
=tasking me;  it is restricted to valley noon. Forest with a 
moderats stocking rate (Poi1 covers another 7 sq miles and there 
are minor occurrences af ldgh stocking rate forest (Pi, 2 sq miles). 
Access category I. 

Asrlculrursl Assassmcnt.-Very high capability for tree mops and 
high c a p ~ b i u f ~  for arable craps and improved pastures, with a 
slight general limitation of soil acidity and very local limitations 
due to steep slopcs or imperfect drainage. Very low capability 
far irrigated rice, bocaure of both the difficulfiss of getting irriga- 
tion water to the high surfaces and thc necessity of much land 
grading duc to hcal  slope and general gradient. Sce Paiawa 124) 
for further drtails. Soil nitrogen contents are probably mostly 
moderate, locally law. Phosphate and potash contents are low 
to very low, but some high galash conlenls may occur on hmr 
s1optr. 

Engineering Assonrmeot.-Road-building problems very minor, 
except cansidernblccutting would bcnecesnary for a road entering 
acro~s one of the long very sleep marginal slopes. Otherwise this 
land system app~ars  fhemost suitable for road onstruction in the 
coastal plain area. Small to moderate amounts of g r a d  obtain- 
able from upper parts but only insignificant amounts in lower 
margins. See Prirwa (24) for further details. The soik are 
dominsnlly MH, subdominantly CH, and minor ML; all are 
very deep. Very 5uilablc for airadd canstructian. 

Land Borms (Plate 11, Pig. I).-Partially dissected alluvial and These slopes vary meafly in steepness and are normally moder 
few eolluvial fans. Altitude rang- from 40 to 1100 fl;  67% atcly sleep to very steep, lasally moderate or preoipifous. Less 
below 250 ft, 32% between 250 and 1000 ft. Relief mostly very stecl, slopes nornlally more strongly slumped and irregular than 
low, but commonly ultra-low or low (extremes I0 and 250 ft). rteewst slopes. Where strongest, disreetion has produced short 
Remnants of original fan surface, usually long rtrlps 100400 yd ridges with very narrow to narrow crsrts. Locally, partisulah 
wide. occuov about half the area llocallv varying between 20 and where relief is lowesr, occur narrow alluvial valley floors SO- . .. 
80% and in a few phces include younger lower terraccn 200- 200 yd wide (not more lhan 2%). 
500 yd wide. Fan surface. normally have very gentle ta gentle 
slopes, but moderate slopes occur on collvvial fan surfaces along Streams and Drainage (Fig. P(b)).Spacing of streams varies from 
Fm7+hem fnnthillq and eentie convex slooes where fans are sliahth wide to close. denending on degree of disssction. Pattern is 

~~ ~~ ~~~~ ~. - .  ~. ~ 

warned YO mainst low aedimentar~ hills of Yassio (38) and generally dendritic, but subparallel to radial in same more . -  
Morumu (391 in the north. Remainder mostly occupied by slopes r tee~ly  sloping occvrrences at foot of mountains. Local sueam 
towards dissecting streams and gullies and along fan margins. are very small, commonly have sinuous caurssr, low to  high 



gradients, and probably rather gravelly to bouldery beds. Since 
nreamn appear largely fed by ground-water seepage and run-off 
is probably low in relation to through drainage, Road spates 
tvould tend lo be minor end residual Bow lame. only the smallest .. . 
gulller having intermittent flow. Only somc larger streams have 
namow (40-100 ydl Aood-plains, whihr same wider vallcvs in 
lowestparts have no properstreams. Afew trunkstreamr, mainly 
with braided beds, traversc land system. 

Generally well drained; imperfect drainage on some lower fan 
lerraccs, probably due to seepsee. Many valley Boars arc poorly 
drained fo swamby, probably mainly due to blocking by coastal 
plain alluvium; some are probably inundated 1-2 ft  far 1-3 
months in  wet season. 

Vegetation.-Tallforesf covers 85%. Same types as in Aiame(23). 
but in different proportions: forest with a rather open m d  small- 
crowned canopy (Fos) COVOOO only 22%; forest with r rather a m  
irreeular canoov (Poi). 49%: and forest with an irreeular canoov . . . . .. .". . . . 
(Pi). 14%. Mid-height forest, mainly with an irregular canopy 
(Fmi), covcrs 10% and is found on upper steeper part of fans. 
About 5% is gardened, used to supply sago, or under regrowth. 

Glolosu.-Late Pleistocene (Recent on minor lower terraces) 
stratified fanglomerate m d  alluvium, predomioamiofly silt and clay 
with law to high amounts of pebbles and cobbles, vrith some non- 
gravelly sandy silt to clay. 

Gravels are mainly basic igneous rock and metabaralt, locally 
mired with or replaced by sillsfone and minor quartz. T l~us  
these sediments are derived in locally varying proportions from 

Weathering and Soils (9 obs.1.-Pan surface remnants have 
shallow immature weathering, locally tending to mature weather- 
ing. Upper dissection slopes are immniurdy, IOWET slopes prab- 
ably skeletally, weathered: a few lower fan terraces are un- 
,"eathered. 

Probable soil corn"osifion is UOTO3, 10003 .  (IOD02) sub- 
dominant; EUHA4, BAYS, AUTA2 minor. Fan surfaces Zener- 

a l l r h a v e  strongly developad, acid, moderately thiok to thick clay 
to silty heavy clay soils wilh eoarscr-textured (loam to day1 and 
more friable surface soils 0 . 5 3  ft thick (UOT03). Subsoil tends 

to be less thick, generally less clayey and less acid, and mare 
glaveily and stony. An undeveloped, acid, slightly gleyed but 
gravelly and stony friable loamy roil (EUHA4) was observed on a 
YOUIIBSI lower terrace, and a weakly acid, very deep, hut rfrongly 
glC~ed. sli~htly p las t i~  and very sticky alluyial clay roil (EAY5) 
in  one of the poor$ drained narrow vaUw Roorr. 

Po~ulation and Land Use.-Population of 390 distributed over 
fDur villages. Present land use coven 1.9 rq miles (3% of arsa). 
84% in land use intensity class 3, 16% in class 5. Land use 
occurs only in the western occurrences. Somc villages also use 
land in adjoining Panakafan (25). 

Transitions to Other Land Systems.-Cloah transitional to both 
Panakatan (25) and Aiome (23). Boundaries are commonly 
gradual and mapping is arbitrary in places. Some occurrenfes 
are complexes of Panakatan (25) and Aiome (23) that arc not 
individually mappable. 

Porert Rerourees (9 abs.).-Farest covers 93%; high forest 
resources. Principalforest tme (Poi, 35 rq miles) has a moderate 
stocking rate. Associated is forest with a moderate to high stock- 
ingrate (Pos, 1'1 rq miles), which has been wind-damaged in parts, 
~ndahighstackinsrareffrfff (Pi, 10 aq mllrs). Minor occurrences 
of < t18.r rbrc~t tbtme-, ,,I1 n?tI# low <to:k#~g race., arc "1,o ~ > L # I J  
tvo.:, 2 bq ,nil>;, +4nt rtm~', 2 m,~c5; I.,,,~~,, I wq 3,1i~ej , A ~ : ~ ,  
C1ICYOrY 1 1 ,  with rnln08 oruhlimw " ( 8  u~u r lv  Jruir,cd \rll:r Rnnr* - ~ ~ ~ .  ~ ~~ ~~. 
Agricnlm~sl hsscrsrnent.-High capability for tree crops and 
nladerafe capability for arable craps and improved pastures, the 
last oceu~ying an intermedialc position between tree crops and 
arable crops. Tree crops rated highest because acid soils with 
~ o o r l y  developed foprails arc probably more suitable far most 
tree craps than improved pastures. These overall land use 
capabilities encompass n strong contrast between high suitability 
of fm surfaces and very low snitzbility of dissection slopes. 
Whilst therearesome areasinwhich goador poor landdomioaten, 
the two types arc commonly intermingled. This is a limitation to 
organized dcvelopn~ent and tends to favour tree crops, and to a 
lerrer degree improved pastures, above arable crops. Some 
p o a r l ~  drained valleys have moderate capability onlyfor irrigated 
rice. Soil g!rogeil ca_nfenfs are low to moderate: phosehsfe and 
potashcantents zcnerally low to  very lo,", although higher p o t a h  
contents occur on some dopes. 

to be f~iable to firm w1,en soil is predominantly derived from mgineering Assessment-Dissaction is main obstacle to road 
I I l i  r t I I .  r e  8 I n t h  cnrtrlr.lc~,.,#~: nrltcrv#-: th;rc i r e  adv~nn ipc~  ot uell.dmirrJ 
lie<# of,cdlmenlliy r # s r l  .lchri\ i l l  ihr vlrml slrlc.ri.1 O.cninll- hl..ll yroul <I llroid ll.llll.~ll irf\ l l l  ~ ~ l l f n i i h ,  commonl) ~nfcr-  
rllv rnuderilclv dr,elnncJ I;I.I. un8rurmlv icxulrdd rrnblc ulrv .n##rr:crJ, modcrncc .118tah~l#ty of \ni. inrrcri*li ior lill.  C.I.C nr . ~~~~- ~ .~~ ~~. 
loam to d i y  clay soils of similar thickness (10003) arc found. 
Moderately to strongly weathered gravel occurs in varying 
amounts, but rarely in large quantifies within the fust few feet. 
soils of upper dissection slopes are probably mainly similar to 
these last soils allhough an acid, slightly gleyed clay roil with 
friable clay loam surface horizon and very plastic silty heavy clay 
deeper svbsoil (AUTAZ) was also observed, apparently de- 
veloped in an expored clay lens in  the fanglomerate. No data 
available for soils on lower dilrection slopes; they would tend 

road-cut construction, and a prabablymiominc but simifcanf sumly 
of gravel. Gravel in upper layers is commonly too weathered to 
b s  usable. Bridges can normally be small and of simple can- 
struction, whilst culverts are svfficient in gullies. Overall thin land 
is better suited for road consrruction than the svrrounding hills, 
Rood-plains, and swamos. Dependimg on density and direction of 
diriectinevalleys, suitablcsitesfar small airstrips appear common. 
Soils are dominantly MH, svbdorninantly CH, and minor ML; 
all are very deep. 

Land Forms (Plate 11, Pig. I).-Strongly dissected rlluvial fans, low, but in sfrongly spumed western occurrences law and IosaUy 
,ow forming denddtic and, locally near mountain front, sub- moderate (extreme range 50-500 ft). Local remnants of o r i a a l  
parallel to radial pattsrns of closely to moderately spaced very fan rmface occupy ~ 2 0 %  in any one occurrence. They are 
short to r a tha  long ridges. Altltnde ranges from 50 to 1600 ft; probably 100-300 yd in diameter and have very gentle to gentle 
70% below 250 i t  and 25% at 250-1000 it. Relief gensrally vory convex slopes. East of Raihu River original fan surface appears 
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undulating, probably due LO slight Recent warping. Ridge crcsfs 
are evcn and range from narrow and ravnded to knife-edged. 
Dirsedionslopcs mostly stocp to very steep butin placer moderate 
to moderately sleep. Precigilous marginal slopes occur lacally. 
Slolies are smoath and mostly concave, or ckarly dm@ with 
small to medium~silzcd slump alcovcs, or spurred, particularly in 
higher-relic1 occurrences wesf af Nengo a v e r .  Strong slumping 
usually asrocialcd with Less steep slopes. Particularly the uppor 
rlopes $vifl,in the wcalhering rune commonly appear very 
irrsgular and uneven, possibly dus to microslumping of the soft 
material after earth~uakcs. snlall but relalively wide (probably 
40-80 yd) Ratfish valley floors occw rporadicrlly 

Streams and Draioegc (Fig. 9(b)j.-Generally a typically dmdrific, 
hut ncar mountain front subparallel to radial, pattoin of closely 
to w r y  closcly r~aced  small streams of low 10 high ardient,  
erccpt for some short steeper first-order streams. Stream 
characteristics appear similar to thosc af Paiawa (24). Well 
drained; rurfaccmn-offprobably moderatein rolation to thmvgh 
drainage. 

Yeg~tafi~n.-Tall foresls, mainly with a rather opcn irregular 
canopy (Foil but sometimes mare closed (Pi) or with smaller 
wo%vns [Fos), cover 48. 4. and 8% rcspeetively. Nerr mountain 
front the forest is lower, classified as mid-height forest with an 
irregular canopy (Fmi) or with a very irregulzr canopy (Fmio). 
Locally successional stages (Fmi7 occur,  roba ably indicative of 
unstable rlapcs. Th-e typcs together cover 17%. In romcvalleys 
is mid-hsigbt foresf with an open canopy and sago palms in  the 
underrlorey (FmoM). Remaining 23% is or has been cvltivated 
and a11 stages of secondary forest are found (R-FR). sago has 
been exploited (MR) in snitable situations. 

Geolog)..-See Pniasuz (24). Age of k d s  is probably mid to late 
Pleistocene and nowhere accent. 

Weathering and Soils (1 obs3.-cretr and upper rlopes appear 
affected by shallow to deep immafvn to mature weathering, but 
larvci slopcs probably only skeleleWUy weatherad. Weafheriog 
probably leasf on strongly spurred rlopes, particularly in the 
west. Callvvial displacement of weathered material dawn upper 
s1opcr appears cammon. 

Probable soil composition is IOD03, (IODO2) subdominant: 
(UOT03) common; (AUTA2) minor. Little information, but 

soils probably similar to those of dissection slopes of Paiawa (24); 
saib offew rcmainingfan surfr~sremnanls similar to those offan 
surfaw in that land system. No Momation on soils of small 
valley naors. 

Population and Land Use.-Population nil. Present land use 
covcrs 2.28s miles (8% of nrea), 86% in land uscintttsity class 3. 
14% in class 5. Used by people in Paiawa (24) in the west, and 
by people in Pcs (I?) in the east. 

. . . . ~~u ~-~ 

geagraphicrlposilion(adjaceney to Aioms (23) and Paiawa (24) or 
nearness to large rivers). In particdar, the area of Morumu (39) 
west of the Nengo River and north of Baridd (56) could well be 
Panakalan, as could same areas of Yassip (38) and iYIorvmv (39) 
in extreme north-east of uoa. 

F m t  R e s o w s  (1 obs.1.-Porpost covers 69%; moderate f o m t  
resources. Main forest type (Poi, 12 sq rnlles) bas a moderate 
stocking ratc. Others arc moderate la high stocking rate forest 
(Pas, 2 sq miles), high stocking rate forest (Fi, 1 s q  mile), and two 
low stocking rate rorests ( ~ ~ i o ,  2 sq milss: FR, I sq 
Access category m, hut access problems commonly reduced by 
low nlief. 

Aerieultmorsl Assessment.-Becruse of rteepncss of slotler there is 
low capability for tree crops and improwd pastures and no 
capability far arable crops. Nature of acid soils and local stoni- 
ness make development for uec crops preferable to that for 
improved pastures, but land probably best lert under fonst or 
used for faicstry purposes. Soil nitrogen contents probably 
mostlylo>u lo modsmte, phosphnreconteoh probably low to  very 
low, and potash contents may be high to very high on lower 
slopes and low to very h w  on upper slopes and crests. 

Engineering Asscrameot-Conditions for road construction 
similar to those of Paiswa (24), bur limitations ?m greater end 
advantages smaller. Traverse roads should be built only if 
necessary or where they offm the best of a number of poor 
prc~-percr Fomr rcld prrvcl ohl..inlhls. \rhrrt otlar .uurcs, nrc 
1,,\"\..2l~lhlc. S",l, rru MI1 \".,h 0,lllnr CII. CI.; ,,rc.lom,n.nf 
hl.ls rr: yr<.hably very  ile:,,, 8nninclr \~,ils IIIO.IL~IIFIY Jcep. 

Land Borms (Plate 11, ~ i g .  21.-~ittle to strongly dissected fan 
svrfscas and river terraces with narrow flood-plains along makr  
streams. Altitudemngesfrom 600 to 1200 A; 31 %above 1000 ft. 
Relief generally 100-300ft. locallyup to 500 ft near majorstreams. 
Plattish terracc and fan surfaces probably occupy 40%. moderate 
to moderately stecp erosional slope" 35% steep dhscction slopes 
and dies  20 %, and flood-plains 5 %. Commonly two terrace or 
fan Levels, one 30-250 ft above stream level, thc other 15OA00 A 
above Lumi is on what appears to be a lemnant of a still highPr 
surface 500 ft  above river level. Hiehest surfaces particularly 
svbiected to erosion and dissection, resulting in undulating to 
ralang topoaaphy with slopes about 10' and local relief of 50- 
150 8, and in more extreme cases Rat-topped or rounded ridges 
with broad to narrow crests. At least one large surface, up to 1 
mile wide and 300 ft above stream level, is not dissected and has 
remnants of original meandering stream courser 5 ft deep and up 
to 7 ~d wide. One uooer surface has uniform 10' r l o ~ e  nrobabk . . . . 
due to tilting. Dirrection slopes are broadly convex with com- 

monly moderate to steep irregular upper slopes with small slump 
alcoves, and steep to precipitous lower slopes with rock ou,cmp 
cliffs. South ofYelbu River is a moderate foot slope onmudstone 

streams sod Drainage (Pk. P(c)).Several through-going third- ~- ~ 

and higher-order streams with meandering but shallow gravelly 
to stony bcds 40-100 yd wide and with many sandand gravel bars. 
Ther have rapid Row and probably low to high gradients. Al- 
thaueh Rowvine in narrow flood-olains. rivers are undemltin. . . . . ~~ - 
v&y rides in many places. h places, main livers have oloseb 
spaced short dendritic to rubparallel &st- and second-order 
tributaries, with perennial now and rock-cut bcds with gradients 
afverv penue to gentle slope. Ruhoff probably generally low in 
relation to through drainage and contributes little to flow of 
the main through.going rive~s which, although confioually 



fluctuating i n  discharge wifbin narrow limits, probably have few Population and Land U~P.-Population of 510 dbtribufed over 
major Aood spates. four villages. Prerent land use covers 13-4 r s  mller (61% of 

~ o s t  small flood-plain terraces flooded less than once a d .  12% in Land use intensity oiass 3, 68 % in class 4, 20% in 

a year. ~ o s t l y  ! e l l  jrained, flattish upper surfaces E O ~ O , , ~  class 5. Some use a ~ a r e n t l y  by people living in adjoining 

imperfectly drainsd. Mambcl (48). 

 ti^^.-^^^^^^^ from to old naoait~ons to Other Land Systsma-Photo pattern genciaIly 

(R.FR, 58M, with planted sago (m). Sialar  to Paiawa (241, but locally rsemble. Karaitem (41). 

Remainder of land under tall forest with an Where dissection is close and deep, pattern is difficult to dis- 

canopy with light-toned crowns (Fid). tinwish from Morumu (39). Some intermediate terraces along 
major streams akin to similar features in Musendai (32). 

Geology.-Pleistocene and REcent fanglomerate and alluvium, 
mostly randy clay to %illy day, ,"ith igneous gravel, Wr~*t  R~SDIIIC~S (8 obs.).-Forest cover: 41 %; lorv forest 

or stones, quartr mudsfone TesDwces. There one foresf me with a moderate stocking rate 
in heavy =hy. sediments appear 20-1~0 thick (Fid. 9 sq miles). Acccss category II, but minor 
and overlie Pliocene sillstone and mudstone, exposed an lower RTise lo On upper and Boodins On low 
dissection slopes. 

te"BcES. 

Weathering and Soils (8 o b s . ) . S h d o ~ v  immatvre weathering 
common on flatfish high surfaces and crests, but dissection slopes 
only skelcfaliy weathered, even when rather gentle. Some inter- 
mediate terraces UD to I50 St above stream level and (surorisinplv) 

~ - 

r large Bat highsurface at 300 St arenot weathered or only slightly 
skeletally woathcred. This freshness of alluviunl so thigh above 
prosent stream level attests to a very high rate of subsequent 
stream incision. Mature weatherina is fovnd on very hieh surface ~. 
remnant at Lumi. 

Probable soil compasifion is IODA1, A m 0 3  subdominant; 
UOPAI, UOT42, UOT03, BUHO5, E ~ c o m m o ~ ;  IODOI, 
IODE3, EUHL minor. Soiln on weathered umer surfacrr include 
strongly developed, acid to strongly acid, thick to moderately 
fbio, commonly slightly glsyed, fam clay to very plastic silty 
heavy day soils with friable loan, to clay loam surface sails and 
thin or no d u k  topsoils (UOT03, UOTA2, UOPAI). Onstripped 
surfaces and moderate dissection slopes moderately developed, 
weakly acid to acid, moderately thin, fam clay mils with friable 
loam to clay loam surface soils, with stones at surface and/or in 
subsoil (AUT03), observed on fanglomerate; moderately d r  
veloped, acid, moderately thick, slightly gleyed, uniform, very 
firm to -lrstic heaw clay soil (TODAI) on mudstone. 

Agriculh~rai Assessment.-Moderate capability for arable craps, 
tree crops, m d  imoroved pastures; highest for pastures, lowest 
for arable c r o w  Erosbo hazards are main limitation for arable 
crops and improved pastures, with soil acidity and stonhesn as 
contribvfary factors. Erosion hazards, drainage deficiencies, and 
physical roil defifiiencios are main limitations for tree craps. 
Flooding is main factor Limiting land use capability an flood- 
plains. Sincc the land system formr enclaves of ~elafively good 
lend in large areas of populaled steep hilly country, its deuelop- 
men1 on a mired bask would be useful, each type of land 
being ~ u t  to ifs most snitable use. soil nitrogen contents are 
mostly low or even very low, but commonly moderate. Phosphate 
contents are variable, very high to modsrate in alluvial rails and 
an slopes, low to very low on older rurfaccs, but also on some 
slopes. Potash contents are high to moderate in alluvial soils and 
on slopes, low to very Low on oldcr surfacer. 

Engineering Assessment,-Topo=apbicaUy this land system has 
fewer prcblems in road buildin8 than any surrounding land 
sysloms, and the road from Lnmi to Anguganak is largely in it. 
Major problem is necessity of large bridges, and insome canes the 
canstrnction of approaches, where valley sidrs are very steep or 
diffed. Cuttings easily made in unconsolidated sediments. and 

, 0 n intermediate ' terraces and on a large flat h'gh surface were present no serious problems m vnderlying mudstone. Many large 
1111d~ve10pr.d wr~kly  J C I ~  10ilc1~1, d ~ e p  10 l e r s  alccp, ~ t r l l v  <llphtly 41~1111, a . ~ s ~ h l l  \01r;i of TO -11 8 n l ~ t  $1 in the ihrm O ~ C I L I ~ ~ C ~  " Y P I  

I l i l y  1 h e  t m I I to  I I l l  ) I I I I~C. P.lllab#l#cs o i  lio.livi Y.CSYI b:tl? 01 r ~ t l l i r  Tr~1.h ~ ~ ~ . n . l c t l  
I I v h e  . , I l  I 2 H N ,  ~"bllro A J ~ V C I  i l l  #o lern#edut~ ~ C ~ ~ R C S I  S Y I I ~  arc .ln#n>n%ntlv CII . - - .  ~ ~ . ---, 
data on steoncr dissection slopes which probably have slightly rubdomioantiy CL, and minor ME, ML; probable depths are 
developed to undeveloped, weakly acid to acid, moderately thin very deep dominant, moderately deep subdaminant, shallow or 
t o  moderately thick, medium- to fine-textured soils, that may be very s11allowminor. Best locationsfor airflcldsinthisP~Bttfffa, 
stow, or on flood-plain terraces with probably undeveloped, although direction would tend to  be NE.SW. which is un. 
weakly aeld to neutral. deep, medium-texlured alluvial rails. favourablc for prevailing winds. 

Land Forms (Plate 12, Pig. 11.-Flat almost undissected plains due to relief inversion by weathering and erosion. Occurrences 

from low to high gradient. Calculated overall gradients range 
from 1 : 670 to 1 : 2500 (mostly 1 : 800-1 : 2000). Plains stand 
<lo-30 Ft [mostly up to 10 St) abovelevel of nearby flood-plains. 
In the west u c  some very gently undulating areas withmany very 
slight depressions, either rounded and 1 W O 0  yd in diameter or 
long drainage depressions 60-120 yd wide. Characteristic of 
sauth-western occurrences are meandering slight rises about 5 fr 
high, 40-80 yd wide, and 0.7-1.5 miles long (Plate 32. Fis. 2). 
These are infsfprefed as former river beds now farming highs 

normal position of Nigre. 1n grassland, usually slight microrelief 
of €-9-in.-deep rovnded depressions is common; Locally longer 
depressions 12 in. deep. Under forest, either no miczorelief or 
I8-in.-decp rounded depressions and 22-in.-deep trenches, up t o  
6 St wide and abovt 30 ft long, together covering 50.70% of area. 

Slraams and Drainage (Fig. 9(d,e)).-Open to rather dense dend- 
titic pattern with some subparallel and radial elements of mostly 
very poorly developed very smali first- to third-order streams. 



TIENS ET AL. 

Except far the largest, which "lay be 10 yd wide, streams have 
poorly defined rlmast uninciscdnarraw (2-5 yd) channels winding 
through ill-defiaed valleys only a few feet below plnin surface. 
several such valleys have no stream bed but arc merely wide 
swampy drainage channels. Short but more clerrly defined 
di..ectiun gullies occur locnlly along margins of land system. 
Svrface run-oE probably nil to very Low relative to through 
drainage, and strcams mainly fed by lateral svbsnrface Row ovcr 
slowly permeable rubsoiliay~rs. No Road spates, but streams may 
alternately gradually increase in width and depth and rhrinlr to 
mere trickles and stagnating pools, depending on rainfall. 

Plains poorly to very poorly drained, even swamgy in slight 
depresrionr and some larger low-lying arcas. Higher meander 
tracts are \"ell dralncd. Dry-season water-tables mostly below 
6 ft, but in one care 4 n, whilst a perched water-trble at 18 in. 
was also abservod. Some doprcssions and low-lying areas have 
r a l o r  perched water-fabler aboveor near landsvriace throughout 
dm searon. whilst mosl of land svstcm likelv to have shallow 
~vatcr-tables or even ponded surface warm in wet reason. 

Vegetation.-Mid-height n a s d m d  (G) and fein vegclrfion often 
with sedges common (HD) occupy 30% and 26%. Grasslands 
3-5 it high and dense to vcrv denre havs veni mixod assemblage 
or grasses and sedges, Wilh varylog numbus d rpeciw common 
but none dominant. 

Land along poorly defined drainagc channels traversing grass 
and fern lands, and in some crscs also 1argcr strelchcs of plain, is 
covered by mid-height forest, mainly with m irregular canopy 
with sago palms in the underrfarey (FleM, 30x1, in g l a ~ s  with 
Cinipaamal-,sm prcdominanl in the canopy (FmCM, 4%), but 
also offhe  related type with an open canopy (EjnoM, 6YJ. Sago 
palm vegetation with emergcnt trees (Me, 4%) occvrr in Swampy 
va11cys. 

Geoloeu.-Plciriocene to locally sub-Reffint slluviud, mainly 
day, locally interbedded wifh randy clay to sandy loam, with very 
minor gci~el :  clays at least locally calcanour. ~ c c c n t  alluvium 
may be nrescnt east of Wrgssu River. 

Wcsthering and Soils (10 obr.1.-Wealhcring mostly shallow to 
very shallow mafuie or nearly mature. Clearly immature weather- 
ing obrervcd east of Yimi (Boopos) Rivcr, corresponding with 
small degree of rvealhcring in adjoining Yambi (28). Poxribly 
someatypicaloccurrences east of WagrsuRiver areless weathered. 
o n  the rvhale weathering is less intenrivc than in Burui (19) and 
probably slightly Less intensive than in Yamhi (28). 

Probable roil composition is UAPB2 subdominanf; UAPA, 
UAUl, IJAUZ. UOTRZcommon; AUTAZ, OANUminor. Soils 
vary in detail, bur over large areas comprise strongly ta very 
strongly developed, strongly acid (less commonly acid), thick to 
modorate$ thick, strongly to moderately glcyed, very plastic to 
vary firm silty hcavy clay to heavy clay sails with Ll-26.in.-thick 
coarser-textured surface horizons of very friable loam, sill loam, 
or randy clay loam to friable to firm or ~Lasticclav Loam to clav, . . 
and commonly (UAPBZ, UAPA, UOPAI) b"t not always 
(uAu2)  with ~romincntly red, brown, and light grey mottled 
subsoils. Theso soils have oithcr few black to red concretions or 
bleached silt in subsurface horizone. A soil observed in sandy to 
gravelly material of a "meander rise" is in many respects similar 
but not gleyed, and conrirls of friable clay loam overlain by 9 in. 
of very friable loam (OANU). Soils where land system farms 
lowest of three surfaces and on lower-lying area a r t  of Yimi 
(Bongos) River ~omprisc moderately to strongly developed, acid, 
moderately thick to thick, moderately gleyed, very plastic to very 
firm silty heavy clay to h e a ~  clay soils with 9-12-in.-thick vrrv 
friable or soft loam to silly loam to friable to firm clav loam 

.. - . . 
less or much lerr developed or strongly gleyed heavy clay roils 
accvr on rather anomalous occurrences east af Wagasu River 

which were not examined in  the field. Although not sampled, 
soils of swampy slight dcpresrions, mainly in fhc west, are prob- 
ably similar t o  Mivlindumo f-mily of adjoining Wewak-Lower 
seoik area, which are moderately developed, acid, moderately 
thick, strongly gleyed "cry lllasfic heavy clay soil;, ov.r1ain by 
approximately 1 n of peaty clay. Such  oils are similar to and 
may be associated with UAU soils. Sails undcr grassland have 
moderately thick to thick dark topsoik, generally lack'mg under 
forest with one surprising exffiption with a thlck dark topsoil. 

Population and Land Use.-Population of 190 in one village. No 
present land use; pcaple use land, l o r  intensity. in neighbour- 
mg Nagam (16). 

tion whethrr an area should be Yamhi (281 or Nigre. Also 
mapping problems in separating forestcd areas from Pandago 
(lo). Normal sago f m t  IFmoM) is included with Pandago (10) 
exccpt rvhcre it is clearly related to older weathered surface of 
Niere. Other saco forest (FmM). commonlv characteristic of - . . .. 
areas obviously bdoneing to Nigre, was therefore always manped 
sr such, except for some small arear which clearly belong to 
Yilui (131, even allere shape and location ue rather similar to 
Pandaga (10). Nigrc, therefore, possibly includes some Recent 
alluvium vith little or no wealhcring and lesrdcveloped rolls. 
Boundaries of Nigre with Nagam (16) and MisinLi (14) are based 
pursly on vcgetalion differences but the vegetation dam appCar 
to reliably r en~c t  diKesenccs in roils and drainage. 

Forest Resources.-Nil. Access category W, with small parts 
virtually in access catcgory S. 

Agrlculturol Assessment.-Moderalc capability for improved 
pastures and irrigated rice, low capsbilin for arable crops, and 
no capability for tree crops. Poor drainagc is major limitation, 
combined with poor "hysical soil conditions far tree crops 8nd 
high acidity for other forms of Land use, for which microrelief is 
a minor other limiticvs kctor, muir ing grading or special care in 
land tillage. Although capabilityfor pastures is rated as moderate 
in both Nigre and Burui (29). the latter appears more attractive 
because management of erosion and topograohic limitati~ns 
appears r im~le r  than thc major drainage improvemcn~ required in 
Nigre. Pastoral develapmcm of drier parts of Nine appear 
possible: wetter parts probably "lost suitable far irrigated rice. 
Irrigation water can be brought from adjoining rivers without 
great difficulty, whilst "onding of rain water is generally easily 
achieved; it may be more difficult to drain off unwantcd wafcr 
than to obtain irrigation water. Drainage ~chemes on a larger 
~ c a l c  could raise land use canabily to modcrate for arable 

~ ~ 

crops, low for free crops, and high for improved Drstures, whilst 

~ o t a s h  contents are vory low to low on mosl surfaces, but only 
low ~ h e r c  the land system forms lowest and probably youngest 
of three rurhces. 

~ ~ ~ i o ~ ~ r i n e  ~ssessmont.-Poor drainage and locally inundation, 
and the absence of good road-buildiia materials are major 
limitations for road eanslruction. Roads may havs Lo be raised 
~ i t h  material from roadride ditches. Weathered sandy to &ravelly 
deposits of raised "meander strips" could be minor soume of 
beltcr-quality subgrade. Possibly, but not Wrcly, brightly moltled 
,t#b~o,l. \\ i l l  lvnrdect irreversillly upon it8orsu~I1 Jn1.11gdn.1 11.8) he 
,I~~.I ,, I ~ , N . ~ , ~ S I ~  htttrcc-ror r ~ a t ~  wrrds0,,g. ~ h k  x~p,oi!q %h"uld 
he , . ,n.~\cd 1 h ~ t  cnarwr.arll.rcd I Y ~ ~ L I D < C  -t.11\ 31~~.~11d IIC re- .~ ~~~~~~ . ~~ 

tained, particularly on unmade roads. Poor drainage renders Ibis 
land system less suitable for airfield construction than Yambi 
(28). Soils are CH wifh a thin venecr of MH, CL, ML, OL, all 
are very deep. 
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Land F o m  (Plate 12, Fig. 21.-Flat to very gently undulating 
slightly dissected plains occur mostly at the Lower of t w o  regional 
depositional surface levels, but also c o m p r k  intact narc5 of tha 
generally mare dissected upper surface. Altitude ranges from 
180 to 320 ft: 95% below 250 ft. Relief is mostly between 10 and 
40 ff. Calculated overall gradients of lowcr depodtianal surface 
range from 1 : 500 to I : 3000 (mostly 1 : 600-1 : 20001, of upper 
surface from 1 : 380 fa 1 : 2000 (mostly 1 : 500-1 : 1000). 
Gradients fcnd to became less from north to south. On lower 
surface, the plains stand (10-50 fl (mostly up to 30 ftl above 
Level of nearby fload-plains: an higher sorCace, 10-150 fL (mostly 
20-50 ff). Local slope of plains is mostly low fa high gradient, 
rarely veiy gentle slope, with gentle convexities towards dis- 
section slopes. Dissection slopes and valley floors occupy C2O% 
(normally 5-10%) of any one occurrence. Dissection slope. 
mortly modoratc to moderately steep towards inbred small 
streams and pullies, but usually sfecp to "cry sleep along margins 
with adjoining alluvial plains. Vcry gently sloping narrow (20- 
50 yd) bench tcrracos 10-20 ft helow plain lcvel occur locally 
along stroams. Southern e d g  of land system mostly frayed, wifh 
narrower plainsections iidddiddd d d l l c y R o .  A rli&htly dlE8ranl 
type of  lain occurs in south-western corner and is more un- 
dulating duc to many very shallow (< I5 ff) Rat-floored long and 
narrow (30-50 yd) or wider rounded drainage depressions, 
bounded by very gent1c to modcrafely steep rlo,,~s. Level ground 
in most cases has a microrelief of rounded dcpressianr (rarely 
irregvlar trenches), 1-2 ft  wide and 6-8 in. deep, covering 5 4 0 %  
of area. Small gullies up to 30 in. deep can be prescnr near 
marpin.. 

seeams sod Drninrgc (Fig. 9(e, f)).-Open pattern with dendritic, 
subparallel, or radialekments of very small second- to third-ordor 
streams, with irrsgvlarly spaced short first-order tributaries that 
are no more than back-cutting gullies. Strsam bods 2-6 yd wide, 
commanly with 3-6-ft-high vertical banks separating them from 
very narrow (5-20 ydl discontinuous flood-plains. They have very 
little or no gravel and very low gradients, crcepl in many first- 

, order streams with eradients uo to vorv zentle s l o~e .  Where . . . 
sueurns are located in grassland there commonly is no propor 
channel, only a concave valley floor probably formed by cal- 
luviafion. Such valleys have strongly i n l e d t e n t  florr, whilst 
normal stream., except for the smallerf, aD"ear perennial. 

Surface run-of appears very low relhtivo to through drainage 
and stroams appear fed mostly by lateral subsvrface floiv ovcr 
slowly permeable clays and by slow through-drainage seepage; 
flood spates are probably rare. Plains are mostly poorly drained, 
less commonly imperfectly drained, and rarely rveU drained or 
very poorly drabed: dissection slope. are mostly imporfcclly 
drained: and valley floors probably imperfoclly drained to 
swampy. 

Vegetation.-Mid-l~eiphf grassland (G) covers 52% and rern 

Geology.-Pleistocene and minor sub-Recent alluvium, mainly 
clay laam, silty clay, and clay, with intercalated randy clay loam 
to sandy clay beds, locally with low to high amounts of quarm 
and other gravel. 

Weathering and Soils (27 abs.).-Low surface plains are genaally 
shallowly to very shallowly maturely, more rarely immaturely. 
rveathcred. No obrervalions on upper surface plains which are 
expccted ta be similarly or slightly more weathered. Low-lying 
plains along Yimi (Boogos) River appear skclefally ta in~maturely 
weafhsrcd, whilslimmature weathering was observed on a bench 
tsrracc in the west. Weathenn~ on dissection dopes varies from 
very rhallo~u matvie to skeletal. 

Probable rail comoorition is UAPB2, UAPU2, UAOU, 
UOPB Conlmon: TAUOI, IODA2, AAU2, M O U ,  AAOO, 
UAU, UAOO, UAPUI, UAPBI, UOPAI, UUP, OANU minor. 
Variefv of soils wirh basicallv similar nrooertier occurs on olains. . . 
Togother the.eean be described asstrongly to very strongly, more 
rarely moderately developed ( M U 2 ,  UAOO,' UAUOU), acid 
to stconely acid, moderately fhick to thick (rarely modcratcly 
thin), mostly moderately to strongly gleyed (AAU2, UAU, 
UAOO, UAOU, UAPBl, 2, UAPUl, 21, more rarely slightly 
gleyed (UOPAI. UOPB, UUP), ~ las t ic  or firm clay ta w r y  plastic 
or very 6rm heavy clay mils, with 6-1&in.-thkk coarscr-fcxtured 
very friable loam to sandy clay loam or friabls to fom clay lonm 
surface horizons. Most have praminsnt1y red, broivn, and light 
grey matflcd subsoils (UAPBI, UAPBZ, UAPUI, UAPU2, 
UOPAI, UOPB, m l .  Low to high amounts of brown and 
black concretians or bleached fine sand and silt common in 
subsurface horizons. A similar but only moderately devclopsd 
roil (AAUZ) observed on bench terrace dong a stream. Very 
rarely and probably only on higher "arts occur very strongly 
developed, strongly acid, moderately fhick to thick, nan-gleyed, 
friable clay to silty clay sails wifh very friable loam topsoils 
(OANU). With rare exceptions (UOPAl, UAOO), all have thick 
to moderately fhick dark ~oproilr. On somc Low-l=ng plains, 
notably one along Yimi (Bongas) Rivcr, slightly to modciatcb 
developed soils were observed, consisting of weakly acid, moder- 
ately thick, maderalety glcyed, very plastic to very fom silty 
heavy day to h c a ~  clay, with friableclay loam over firm l a  plastic 
clay surface horizons, up to 18 in. thick, and with modciatol~ 
thick ( M O U )  or thin (AAOOI dark mproils, similar moderately 
dcvelopedsoilstogefherwifh acid,maderatelyfhick,slightIygleyed. 
uniformly textured clay Loam ta heavy clay roils (IODAL, 2) 
were observed on dissection rlopcs, but in some localities strongly 
devcloped soils (UAPB2 observed) mnv continuc almart to 
bottam of valleyj. where the profile may be exposed in small 
breaka5vays. No observations on forosfcd valley Aoaw, hut con- 
cave or flat drainage de~ressioos in grassland have slightly devel- 
ooed. acid. thin. moderatel" to s"onc1" lvleved c1av or clsv loam . . . ~~. . 
roils overlying heavy clay substrata and having thick dark topsoils 
(IAUOI, IAUO2). 

vegetation, offcn with sodges common (HD), another 8%. 
~ ~ ~ ~ ~ l ~ ~ d s  of better-drained areas are 3 4  ff high, denre, and ,,f Pwnlation and Land Use.-Population of 560 dirtributed over 

mired rpcies compasition. sedges generally than in thrce villager. Present land use covers only 1 - 1 rq miles (1 % of 

Nigre (16). Tkerrzedo nustrolls occasionally I,, Brea), 28% in land use intensity class 3.72% in dass 4. Most land 

morepoorly drainedareasheighf is4-6ft. I ~ ~ I ~ ~ ~ , , ~ ~ ~ ~  b.rbonrm is Use by ~opulation is on adjoining Screw (181 and on a small 

dominant, and A ~ ~ ~ ~ ~ ~ I ~ ~ ~ I I ~  setoso other and atypical area of Pandamp (6). 
sedges still mixed with there except in drainage depressions. 
md-height forest, an irregular canopy m mi] Transitions to Other Land Systems.-Rather arbitrary gradational 

r)arily a rmall-crownod (pms), occurs about 25%, bomndarics with similar but more dissected Burui (29) and more 

often in tracts surrounding but on .loges fringing similar but generally .lightly lower and wetter ~ i g r c  (27).  any 

valley floors. Also some fall forest wifh an irregular canopy (Pi, 
540.  1" vallsvs is mid-heiehf h o s t  with an irregular canow Derived from observations made during 1959 survey of . ". ~ ~ 

md sago palms in the ~ ~ d e r s t a r e y  (FmM. 8%). in placer wifh Wewak-Lower Sepik area, not described in this reoort. I f i s  very 
C Y ~ ~ ~ , I O S D C ~ ~ Y  predominant in canopy (FmCM. 1%). It mergos rinlilar to UAOU soils but has only a thin topsoil or no dark 
into an open canopy type (FmoM, 2%) in wider valleys. topsoil. 



baundrrics with Nagrm (161, Misinki (141, and Screw (18) based of rice bays will commonly be required. Soil RiVogon cantents 
purely an vegetation dxcrcnccs ( ~ e e  discussion in Nagrm (16)). are moderale to low, generally higher on plain surfaces and in 

Forest Rcrources (2 obs.).-Forest covers 30%; very Lou lo low 
foresl resourre*. Low stocking rate farests (Fmi, 12 sq miles; 
Fmr. 10 sq miles) and a high stocking rate forcsl (Fi, 6 rq milcs) 
occur exclusi\,ely on the fan plains and dissection slopes. Thc 
alluvium carrier low srocking rate forest (FmoM, 1 sq mile) on 
poorly drained areas. Another forest complcx of low stocking 
ratc (FnmriFmM, 5 sq miles) accun on both land forms. Access 
category W. 

Agricdhrrrl Assessment.-Iligh capability for improved pastures 
and modcrate capability for arable crops, but lo~u capability for 
tree crops and irrigated rice. Poor drainagc and poor ~hysical 
roil progertier are main lirnitaiions, except h r  rice, a d  are most 
serious far tree crops and least for improved pastures. only 
partial improvcnluit of drainagc status probably attainable by 
consfrvction of ditches or graded grassed wvatercourscs but this 
should bc sufficient for pastvces and r limited range of arable 
crops. Erosion hazards on plains generally slight, but should b s  
wutchcd where soils with coarse-textured surface horironr over 
rl0,"ly ~cimcable rubsoils arc to be permanently cropped. Sail 
acidify a contributory limitation, except fur frss crops, as is 
surface vnevenness of microrelief which necersitafcs grading for 
croppinp and rice-growing a d  in some cases for improved par- 
fures. Irrigrtod rice best grown on areas not too high above river 
levcls in adjoining land smtemr, but oven hereirrigation water c m  

grassland valleys and losuer on dissection slopes. Phosphnte and 
polsrh contents generally very low (mors rarely low) on old 
Surfacer, whilst in giasdand valleys lovr sontents appear to donin- 
atevery lo,", Youngortsrracerurfa"~~ tend to hhhhI111ph0hphate 
but high to very high eofrsh conlenls. On dissection slopes 
t p l # c  .phat: , > # # < I  v< ta.18 s a r y  ?re>,rly frwm w r y  low t o  thich. 
I,, $%.<ter hd,,,cc ,< 8.; I ,*.:,,t\c, ,..'< ,,, ,<srt,c, f'<<,,,,.", >l,~l,ts":l 
.\",C, \ l r c r .  i l l  ,,,"st r,lil.cx.up, hu ue,,rir. 

Engineering Assessment.-&or fapographical limitations for 
road construction. Stream cio.ringsrequire only culnrts or small 
bridges and approaches are casily graded in the unconsolidated 
Sediments. Roadside drainage ncsds allention and in slight 
depressions roads may have to be built "0. No road-surfacing 
materials apart from probably very limited quartz gravel and iron 
concretion deposits. Brightly mottled auhsoils unlikely fo harden 
irreversibly upon lhorough drying and he used as l6u-grade 
laterite for road surfacing. Subsoils probably ~ a o r l y  but under- 
lying lerralterod sediments moderately suitable for subgrade. 
For unmade roads a dark topsailis best removed, but any Coarser- 
textured soil between it and the clay subsoil should be preserved 
on road surface, bscause subsoils become very boggy and slmpcry 
in wet weather. Soils are predominantly CH with a thin venecr 
of MH, CL, MI,, or OL; minor CH; and minor MF1 with a 
?en*, of ML; all are very deep. Topography suitable for airfield 
construction, particularly in a roughly narth-south direclion, but 
dninam will require special sttenlion. I f  airstrip sum- js to 
rcmrin in  grass topsoils are best left intact, but carefvl grading 
necessary becausc of microrelict 

Land Yoms (Plate 13, Fig. I).-Undulating to flat dissected plains 
occur mostly a t  bigher of two rcgiona1 depositional surra- levels, 
but also comprise dissected parts of the generally less dissected 
lower surfacc. Altitude ranger from 190 lo 350 ft; 89% below 
250 fr. Relief mostly between 20 and 80 ff. Calculafcd overall 
gradients range fram 1 : I80 to 1 : 670 (mostly 1 : 220-1 : 600) af 
upper level, from I : 600 to 1 : 2500 (mostly 1 : 600-1 : 2000) at 
hwer level. At higher level, plains stand 10-170 fi (mosfly 20- 
100 1,) abovs level of ncrrby flood-plains: at lower level, <l0- 
40 fi (moxlly 1 0 4 0  it). Plain sectors occupy 15.80% of any one 
oscurrcnce: remainder conshfs of dirrectian slopes and valley 
floors. Thus individual plain sectors vary grcatly in width, 
probably from 150 to 700 yd: local slope varies fram law gradient 
to gentle slope. Gentle slopes af undulating plain sectors mostly 
~ c r , ~ # ~ l ~ t  .>r ;"v\cx, 1, 4, 1u;alI) \ I  ~uop~d  ;and cm~;t\:, lhdckcd by 
,I~.jrt I L I - ~ U  i t ,  r l ~ c n  rl8hnp vrll, 5lii.lM m#crnrcl~rl'ul roun.Cd 
.Ir)#r'.\.s,n un lo 9 is. decn .tnd 10 in n d c  l ~ ; ; d r ,  : I >  olrcc. or# 
nearly level plain smtors. Dissection slopes morfly moderate to 

I moderately steep cowards incised small streams and gullies, but 
steep to ver).stcep along margins 0fB"rvi near adjoining alluvial 
plains. Valley floors ~ r o b a b b  20-70 yd wide, but wider near 
stransly frayed southern margins of land system ,"here pro- 
portion of plain sector is always relatively small. In a narrow 
occurrence in the east are two clearly separated alluvial terraces 
20 and 40 fi above nearby Road-plain, which are probsblyrelafed 
to an old coursc of Nan" River. 

Stream* and Drahaee (Fig. 9U)).).Stream pattern essenlidly 
similar but considerably closer than that of Yambi (28). and there 
are a few fourth-order and commonly longer first-order streams. 
stream characteristis same a$ for Yambi (28) except largest 
streams are up to 10 yd wide. 

suiface r u n - o ~  low in relation to through drainage but can 
result in common floadiog of narrow flood-plaina along larger 
streams. Level plains are predominantly poorly, in some cases 
imperfectly drained: position reversed on gently sloping plain 
srctors and dis3ectian slopes. Valley floors poorly drained to 
swampy. 

Vepet.tion.-Mid-height grassland (G) covers 52%, tau forest 
with an irregular canopy with light-toned crowns (Fid) about 7%. 
and mid-height forest with a smd-cro,vned canopy (Fms) 
anothers%on b o t h p k i n ~ e ~ f f r f a f d  hection slopes. Grasslands 
about 3 ff high consist uruauy of an open layer of taller grasses 
and sedges over a densor s o u n d  cover of smaller species. 
occaiondy one 01 more species are especially common, e.g. the 
grasres Thenlerlo ourfroii~. Isdrae,nu,rr fioxile, I. 6nrbolum, 
Gri.ch,z,le sq<,ar,osa, ANalerogsii sii i ifaIa and the ssdge~ 
Rhynchos~aro rubro and RmbrisOlis spp. In  more oaorly drained 
areas grasslands are higher and dsmer and 18choernr'~n borbnlurn. 
Ar.rrdi,ielio setoso, and 0pIzi.ras exoltotas predominate. 

V d e y  floors have mid-height forest with an irregular canopy 
and sago palms in undcrstorey (FmM, 14%). Some mid-height 
forest with an open canopy, occasionally nith Conzp!~o~permo, 
and sago palms in  understorey (FmoM, FmoCM, 2%) found on 
wider valley Roors. Ahout 17% of land system covered by 
secondary vegetation that communlyinoludes exploited sago palm 
vegetation (R-FRIMR). 

G~o1agy.-Pleistocene allallvium, mainly day  and day loam, 
locally sandy clay and sandy clay loam, and vew locally with 
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(mastly I : 180-1 : 500) and generally decrease from north to canopy and sago palms in  fhc understorey (FmM. 9 %  which 

. . . .. 
33% ofsreu) romcar stabilized end theresult of a pasf ohare of forebt. 

~ ~ ~ - 

dissection. They indude some rolling terrain on high interfluves, 
rather than branching ridger. i-he slumped Geology.-Pieirtaccnc alluvium and fanglomcrate, predominantiy 
(probably 55%) rpllear erscnfislly unstable and associated ~ i t h  clay loam and day, commonly interbedded with sandy clay loam 

oresontdav dirsec~ion. ~ ~ ~ ~ ~ i f i ~ ~ ~ ~  strpcr occur in the forms OF to Sandy clay and lacally containing small qu-fz and other . 
the finely spurred convcx s l o ~ e ~  and smooth concave #ravel. lo northern uppu  gar1 thcse sedimimnts are lacally sen<- 

Overall hill slopes *re steeD, less commonly maderale consolidated, indialing a gradual transition to the Pliocene 

or rtccp. Lacal rlopc on slumped ridges varies from very he dim dim dim far^ rocks of Yindigo (311. 

to moderato on slump and bench Aeon to steep to "cry steep on 
slump and bench walL5. Slumping gatterns consist of fairly 
reg~llrrly spaced slump benches exfcnding dong ridges for u~ to 
0 -  5 mile, or of ~arabolicalindividual slumps commonly repvrrted 
by low spurs, a i  af chnolic hummocky relief of 10-20 It. Ridge 
crests are mostly knife-cdged to very narrow, in places dearly 
rounded and nnrro.r; thcy may be even, undulstiog, or somewhat 
peaked. Slumpcd ridge. commanly have emergent crests with 
very short sleep to very steep sidc slopes. Crafa l  surface rem- 
nants lorobably 5%) mostly have very gcntlr; slopes and arc 30- 
160 yd wide. Microrelief depressions up to 12 in. deep found on 
some flat cr-fa1 surfaces. Where ridgc patterns are dense, valleys 
arr usually very narrow, but in many ofher case. there are 20- 
140~yd-wide vallcy floors (probably 87J that in grsrslrnd arcas 
ere gencrally concave and normally vory gently to  gcntly sloping. 
Mounds 6 in, high or depressions 6 in, doop occur commonly in 
grasrcd valley floors. 

stresms and Drsioagc (Fig. l0lo)l.-Dense dendtitic to sub- 
parallel pattern of very small mostly flrst- to third-order streams. 
In forested vallcys the morlly perennial streams are 2 4  yd wide, 
4 6  ft incised in dtscontinuous flood-olsins, or cut directly into 
Fleiriocenc sediment. stream beds have no navel or very small . 
amounts, and gradients probably vary from 10," gradient in larger 
streams to very gentle slope in soms firsborder tributaries. I" 
lower nnrfs of Kworo thcse streams cornmanly disappear in 
slightly wider unchannelled vaUeyr of very low sadient or less. 
Orasdand valleys (of first and fcr, of second order) havs no 
defined channels, and flow is intermittently overland after heaw 
rain and slow subsurface at other times. Surface run-off probably 
moderato in relation to thrnugh drainage, and minor Rood spates 
probably common and \"ill only rarely exceed b&"k level. 

swampy lower valley Roorrprohably idundated for 3-5 months 
per year to n depth of 1 4  ft. Drainage status variable: convex 
or straight slopcs well to imperfectly drained; slumped slopes 
imperfectly to poorly drained, locally well drained ar very poorly 
drained; cresta1 flats well fa poorly drained; grassland valley 
floors ~ o o r l y  drained and valley Rood-plains imperfectly to very 
poorly drained. 

V*xctatim!t.- S.,mti area, co\creJ ~b#.ai#.ly 1,) au,#,lbl#ei;ht p , r . ~ ~ ~ l d t # ~ 1  
(ti. 2 1 % .  ~ c l a # ~  by m#d.hr'#8lM I',ITLIL l ~ n h  i t  b##l? lc .cr~un~d 
C,"C~"Y , I  ",*, 1 4 2 )  0' 1.11 ,t>r:,, ~ 8 t h  ;an trr:<,,1,r C.4,#"", \ " , , I ,  . ~ .  . . . 
lishr-toned crowns (Fid, I I %). Grasslands a m k ~  ft high, dense, 
d t h  Tlre,"edo adddI111irs dominant and IJrlroe,,,,,," barbuhurr, 
Opbiuros exnifolw, Sorsl~rrm niridunz, and/or Arundirielio seroso 
common or codominant. In areas with a thin dark toproil or 
without s dark to,,soi1 species composition is more mixed, with 
no species predominant and sedges common. In slump alcoves 
Iscilasaum barbat",", Ar"ndizlclln serosa, and S</~,ii  ciiiarir 
form an open to rather dense storey aver a rather dense ground 
layer of small sedges, e.g. Sclerio cnricirro, or &e grasre., e.g. 
Is',cl!ne I,,.. and of XyriP paucifloro, E?iocolrlorr ouLrale, and 
Lycopadiu?n csnwnrn. Valley bottoms are covered by very dense 
4-5-ff-high grassland dominated by IscI~aebz~~m borbarum and 
Arorrdl8?eilo safosn, with Opllinros axolfalus and Scleria ciliaris 
usually common, or carry mid-height forest with an irregular 

Weathering a d   soil^ (19 obs.1.-Weathering rather variable and 
difficult LO asses preciselp. Thenat crwfal surface remnants seem 
gencrally shallowly to deeply maturcly weathcnd, the latter 
particularly in areas with predominantly convex slopes, on which 
shallow aature  weathering is also evident, andinitialslumping ir 
taking l lace in the weathering zone, so that most dump benches 
end alcoves also consist of lnaturely wcathered mafcrial. lo 
contrasf, in one area with common surfacelemnantr but common 
concave slopes, shallow immature and even skeletal weathering 
$?as obss~ved on thr slopes. This indicates rather complex re- 
lationships between land form a d  ,"entherim. AS generally 
expected, only shallow immature weathering wss found on slopes 
as wcll as on very small surface remnants in arear of strong and 

active slum~inp. This suggest. that in svch rituatians 
surface sttippiping also fakes place. Whsrr smooth concave slopes 
appear to have resulted from slope stabilization affcr earlier 
mong slum~ing, shallow mature weathering we3 observed on 
lower slopes. 

Probable aall camposition is IODAZ subdominan$: UOPB, 
UAOU, UOT03, OANTI, M U 1  common: AAU3. OANU, 
IAUOI, IAU03, EUHA3, KAY3 minor. lo areas of essentially 
stable, very strongly weathered, ~rcdominantly convex s l o ~ e s  and 
surface lemnants occur vrrv strongly developed, slrongly acid, 
thick (locally moderately thick on slopes), friable to hrm day 
loam, silty day, or clay soils, with 5-10-in.-thick coarser-textured 
vervfrisble to friable loam. sandv clav Loam. or elav loamsvrfaee . . .  . . 
horizons, and commanly with moderately thick dark topsoils 
(O4NU) that can be ab.bsent on sleep slopes (OANTI). Such 
soils were observed on crests, slopes. and slump benches. Also 
obswvcd on slopes was a s"ongly develaped acid, moderately 
thick, hard to very hrm sandy clay with a 10-in.-thick very friable 
sandy day loam surface horizon (UOT03). Since all these soik 
contained at least some qvarfz gravel, and some also much 
qvartr rand, their formation may be related to relativcl~ coarse- 

very strongly developed, acid, moderately thin, slightly to moder- 
ately gleyed, very hrm to very plastic silty h e r w  clay over plastic 
silly olay soils. ~vivith9-in.-(hickcoaner-tertured ve ry f ib l e  to firm 
day loam to clay svrfnee horkons and moderately thick dark 
tonsoils (UOPB). found on what aooear to be oricinnll~ slvmned . ~ . . - .  ~ 

but now stabilized conehvc slopes. They have prominently red, 
brown, and light grey mottled subsoils. In areas being mare 
actively denuded by slumping and eroJian, common soils, occur- 
ring mainly on slopes but locally also on crcrts, appear to ha 
moderately developed, acid, moderately thin to moderately thick, 
moderately glcycd, unXormly textured, friable to hrm or hard clay 
loam, siltvdayloam, silty clay, and clay soils (IOD,42). All four 

... . 
very dastis silty heaw clay or heavy day to plastic day  roils, 

~ ~ ~ ~ 

uilll -3 i-i#l.-thlcL frilhle ;Ixy 10lm ,urR;c horlrc,n and mcder- 
ntely ihrsh (IlAOUI lu llnick (AAUI, AALI3i Jork lupruil. Soil. 
obr:nrd i n  gmary C O I I U V ~ ~ I  noor; &nd J,~.II r ~ c ~ v c s  



were slightly developed, slrongly acid to acid, thin, moderately 
to strongly gleyed, very dark. very friablc to slightly plastic 
clay loam 80 randy clay loam rails, overlying similarly textured 
substrata (IAUO3) in areas of very strong weathering: also 
similar but acid to weakly acid clay soils overlying very plastio 
clay to heavv clav substrata (IAUOIl in areas of less weatherins . . 
end more antive slum~ing. On forested Aoad-olainr accvr un- 
developed, weakly acid, moderately deep clay to heaw clay 
alluvial soils, ranging from slightly gleyed soils (EUHA3) in 
upper valleys lo very strongly gkyed roils, commonly with little 
cohesion in urma  art dne to over-saturation with water lEAY3) .. . 
in swampy lower valleys. 

Pollulation and Land Us=.-Population of 730 dijtributcd over 
three villages. present land us* covers 4 .7  sq miles (4% of areal, 
ell in Land -5eintensity class 5. Although "~U~BBS make so,* us= 
of land in adjoining Sandri (35), low land "so intensity is also 
crured by predominance of sago exploitation in subsistence. 

Traaritian to Otber Land Systems.-Very similar. in pattern to 
Yindigo (31). m d  the two always nlerge gradually. They are 
seorrared mainly to indicate the s~pror imaie  boundary between 
consolidated Pliocene and unconsolidated Pleistocene redimcnts, 
but fhcrc appears to be no sharp nalvral break there tither. 
Kworo generally lhas slightly lower rslief and a denser and 
more intricare ridge pattern thsn Yindka (31). Where Kworo 
borders Sandti (35) thers is usually a clear break in pattern, i fnot  
in rclief. 1" many places Kworo merges graduallyinto Burui (291, 
and the boundaries simply separatearcas with (10% from those 
with > 15% of remnant flat creslal surfaces. These percentages 
seem to reoresent a fairlv clear break as no aeeurrenccs wsre 
observed with 10-15 % of remnant surfaces. 

Forest Resources (6 obs.).-Forest covers 47%: lo,? forest 
rosaurces. LOW stocking rate forests (Pms. 21 ra miles; Fmrl 
FmM, 22 sq miles) cover much of forest area. In  northern "arts 
arc moderate stocking rate forests (FidIFrnM, 10 sq miles; Fid, 
3 sq miles: Fid/PR, 2 rq miles). TIYO typos of com~lex foresls 
(Fid and Fms) occupy hill sites and another two (P and PmM) 
valley Room. Secondary forest (FR) occurs on bath sites. Access 
category Uw. 

Agriculhlral Araessmeot.-Moderate capability for improved 
pastures, lorv capability for tree crops, end very lo~v capability 
for arable craps. Erosion hazards are main limitation, particu- 
larly for arable crops. Equally significant Limitations far tree 
crops are drainage dsflciencier and insufficient effective roil 
depth, and apart from some small areas Kworo appears un- 
attradive for tree crop plantations. Improved pastures seem most 
adaptable to these conditions although capability bas been un- 
favourably influenced by high soil acidity. Scope far pastoral 
development, particularly since much of area is already in grass- 
land and provision of stock water would not present problems. 
Careful management is required since over-grazing could lead to 
rerious sailerosion. Paorlydrained to s w a m ~ y  valley noors could 
be utilirea for rice-growing, eithcr with rain-water irrigation or 
under conditions of semi-controlled flooding Soil nitrogen 
contcnts generally 10%~. but usually moderate an valley Boors and 
locally moderate on slopes. Phosphate contents very LOW, excent 
on rmallalluvialvalby noon where they arehigh to low. Pafash 
contents low, in r few cases very low, on more weathered, more 
rtablexb~es; Low to moaaate on slightly less woalheredslumped 
s1oper: andmostly highon vaueynaor., but low wherevalleys arc 
arraciated with strongly wcrfhered shpcs. In water balance zone 
I, rather frcquenl slight soil wafer rtrer. for shallo\r-rooting 
crops on upper s1apes. 

Ewineering Assessment.-Low relief and scarcity of steep slopes 
mean only moderate topographical problems in road building. 
Northsouth roads will require few, cast-west roads many, 
smrn bridses or oulvats. Eartll-moving in road cuts will bo a 
simple operation in the unconsolidated sediments. o n e  of the 
biggest problems could be sagging of road surfaces by slow 
slumping in many parts of land system. Good roadside drainage 
with many culverts might largely salve this problem. Soil 
material\ commonly more rvifrble as subgrade than chose of 
adioinin~ Burd (29) andYambi (281. Althaugh quarl~gravel and 
sand deposits appear larger than in there two land systems, 
rord-surfacing materials could still be very scarce. Soils are CH, 
MH; and CH and some MH with a thin veneer of  MH, CL, ML; 
all arc very deep. 

Land Forms (Plate I*, Pig. I).-very low generally accordant hill 
ridges that tend to be branchins or have an irremlar pattern, but 
arelocally subparallel. Ridges are broad, or very broad if poorly 
cxpnssed ~ i d e  rllort spun are included. Altitude ranges from 
210 to 700 ft;  40% below 250 ft. Relief is generally 100-200 ft. 
Hill slopes range from gentle to moderately stoep but arm pre- 
dominantly moderats. They arc normally convex (probably 45 % 
of area), but concrvc whore slumped (probably 37%). Prominent 
small slump alcoves common in several areas; in other cascs 
ridges have dump benches, which in  rare cascs lead to prcrence 
of emergent residual crostal ridges. Short steep sloper accsr 
locally "car incising rivers and very short precipitous slopes can 
bc present above slumps. Ridgc crests (probably 15%) are 
rounded or i~vc l  and nariow to broad, rarely very broad: broad 
cwsfs represent remnants of an old surface. Crests are romcwhat 
peaked with very gentle la moderate crestal sloper. This lacally 
results in individual very Low hilk. In some instznees wid* 
apparcnf valleys consist largely of ultra-low eanvcxresidval ridges 
with gentle ~lopes, probably remnants of n younger surface cut 
below normal ridge cre5t surface. Southern and eastern parts 
include alluviated valley floors (probably 3 % of areal 40-200 yd 
wide, mostly inclusions unmappable as Pandago (10) or Kabuk 
(91. 

Stroams and Drainage (Fig. IO(b)).-Moderately dense dendritic 
to subparallel pattern of Long and predominantly north-south- 
Rowing small first. lo third- (rarely fourth) order streams with 
few very short tributaries. Most slreams of local or near-local 
origin, and only one or two larger tl~rough-going rivers. streams 
Row in shallow beds 2-15 yd wide and mostly rhallowly cut into 
narrarv (10.30 yd) r t r i ~ s  of allvvium. Except far smallssf head- 
rvafcrs they have low to very law gradients: lowor covrses 
disappear in wider swampy valleys without channels u ld  blocked 
by the more vigorous aggradalian in adjoining S c r ~ w  (la), 
Nagam (161, or Mlsinki (14). No gravel or rand in sfrornl bcds. 
Surfacerun-off probably moderateillrclrtion to throughdrainage, 
so Rood spates are fairly frcquenf and many small streams may 
cease to now after long rrinlesr periods. 

Hill ridges appear more often imperfectly to poorly drained 
than %veil drained. Small valley floors are poorly draincd to 
swampy and inundated for long ~ e r i o d r  in wet reason. 

Vcgetstion.- ore than 50% covered by secondary ~egc tac io~  
including grassland. Regrowth dominated by cane grass 
(Soccbaru8n) (GtR] forms an important element in secondary 
vegetation, esiieclally in north-east corner. Mid-height sassland 
(G) covers 12%; some tracts are dominated by Imperato 
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c?iind*icc, others have a mixed composition in which Thsrnecln 
nusrroiis, O~hizz~os cxolfnrus, Sorghrtn~ rritidznmt, Ischoe,~~o,n 
bo?borzz!n, and Iw~namte wlindriuo are thc most important. Tall 
forest with an irregular cmopy with light-toned crowns (Ed) 
covers 11% ridges in the north. Towards the south is mid-height 
forest with a small-crowned canopy (ems) on crests and s t i l l  
fsrlher south it extends also ovcr sloger. Tall forest with a rather 
closed canopy (F) occvrs an vallcr Room, bvr mid-height forest 
with an irrewlar canopy and raga palms in the understorey 
(FmM) where valleys are swampy. Areas covorcd by these are 
23 %, 18 %, 3 %, and 2% rerpectively. 

Geo1ow.-Pliocene rack,   re dominantly mudstone, some silt- 
aonc, and minor intercrlated randy bods, subhorizontal 
to very gcnfly dipoing. Slopes locally covered with veneer of 
wlluvium derived from the rocks but in ~la~eriocludingremoanfs 
of Pleislocene fanglomerate. 

Weathering. and Soils (22 ohs.).-Weathering generally shallow 
immatnre, rarely shallow mature, on both slopcs and cicsts. 
Slopes with slump bsnches and some crests have only shallow 
skaletd weathering. Underlying rocks roflcned by generally 
strong, ~ocaily moderate hydration which ortends several 
ten3 of feet. 

Probable sail fomposition is UOPB, IODAI, A4U1, UAPBI 
common; UOPT, UOPAl, UOTOI, A A 0 0 ,  AUTQ, AUTA3. 
MUHOZ, IODE4. EUH06, EUH07, EUrVl7, EAHUl minor. 
On crcsts and on slopes not obviously slumped commonly occur 
very s~ong ly  to strongly developsd, acid (rarely strongly acid), 
moderately thick to thick (rarely moderately thin), very ~Lrstic to 

P~yt#l:sian and 1.hlld I ~ c . .  I~op~l..cio~t 01 0340 .lllObt~lctl tlvcr 

26 v ~ l l i ~ ~ c  I ' r r \~ i> l  lrnd u.l:<rnrrs 45 7 qq ot~tlci (36%. u l r r r c ~ l .  
I 5  L 1" l:t!#,l 8 . 4  #nr~!#si t ;  L I J ~ ~  2. 3 J  7. 80, ~ 1 2 ~ s  I ,  5'7, 2 "  GI*>? 4. . " ~~ ~~ - ~~ . .- . . "  
and 50% in class 5. More intensive land me restricted to eastern 
occurrenccr. Exploitation of sago important in  subsistence. 
some villages also use Land in adjoinins Screw (18). 

Transitions to Other Land Systems.-Pattern of Yindigo is in  
many places very similar to that of Kworo (30). Boundaries 
betwscn the two are wmmonly arbitrary and located on the 
evidence of field samnling and "intuitiod' rather than clear 
differences in photo pattern. As explained, both land systems 
commonly naturally grade into each other. Generally, however. 
Yindigo has a coarser ridge patterm, more convex and gentler 
slopes, and n slightly lhigher rdief. In some cases Yindiso cao 
be transitional to mast-dirseclod naris of Bumi 129). Transitional 
patterns and gradual boundaries also common wilh Kavgiak (37) 
and Mvrendai (32). and to a lerrer degree Sandri (35) and Sonsi 
(42). Kaugiak (37) having a higher relief and longer morc rewlar 
rideei. Moscndai (32) r lower rcliof and rcntler slooes. Sandri (35) - .  . . . . 
bcing much more h o l y  dis.~ctcd, and Senqi (42) having hisher 
rclief and mom irregular shorter ridges, commonly with remnants 
of rock structure. 

Forest Rcrources (7 obs.1.-Forest covers 43%: low forest 
rerouzces. Much forest has a moderate stockingrate(Pid1F. 24 s q  
miles; Fid, 6 rqmiles: FidlFR, 2 sqmiles; FidjFmM, 1 sq mile). 
L o ~ v  stocking rate forest5 (Fms, I0 rq miles; FmsIFmM. 10 sq 
milcs: FmsIF. 2 sq miles; PmdPidIF, 2 sq miles) also occur. 
Access category 1w. 

Agricultural Arsessmont.-Moderate capability for improved 
~ - 

very firm heavy day to silty heavy clay soils with pramincnt red, pasture., Ion. capability for arabb crops, and very low capability 
brown, and Bght grey mottling, with 0.5-l-5-ff-thick coarser- fortrercrops. Unsuitablcfor heecroprmainlybecauseofthepoor 
tmlurod friable fo firm sandy clay loam, loam, clay loam, or clay physical condition and imperfect to poor drainage of the rails. 
surface horizon.. and with thin to maderately thick dark tonsoils, while slumll risks on slopes are a contributory factor. These 
some an moderately glcyed (UOPAI, UAPBI), some slightly 
gleyed (UOPB), and some not gleyed (UOPn. Also prrrcnt on 
convex dopes in approximately eqval proportion arr moderately 
develapod, weakly acid to acid, moderately thick LO moderately 
thin (rarely thick), very iirm to very plastic heavy clay to silty 
heavy clay (rarely day) soik, either uniformly textured UODAI, 
IODE4, MUHOZ) or with 0-5-l-Rthick coarser-textured. 
friable to glartie clay loam to clay rurracc hori~ons ( M O O ,  
AAUI, AUTQ). somc are moderatcly gleyed (AAOO, AAUI), 
ofhccs slighfb gleyed (IODAI, AUTQ). They commonly have 
thin fa moderately thick or even thick (MUHOZ, AAUI) dark 

. . 
colluvial accumulation, hivc thicker coarser-tcxfured surface 
horizons and morc cundstencnfly dark t o ~ m i k .  Soil8 on thelolver- 
level hill ridges appcar less devolopsd than those on normal 
higher ridges. 

Soils on s lum~ed slopes and somc foot slopcs partly include 
moderately developed, wcakly acid Lo acid, moderately thick to 
thick, very ~las t ic  to very firm heavy clay to silly hcrvy clay soils 
(rarcly clay or randy day), generally slightly to  moderately gleyed 
(IODAI, AUTA3, AAUl), generally with O-5-1.5-fi-thick 
coarser-texrurcd friable to firm randy loam, clay loam, or clay 
surface hmbons (AAUL, AUTA3, UOTOI) and rarely thick 
dark topsoils (AAUL). Also common are undeuelopsd, weakly 
acid to acid, deepto moderately .hallow, firm to very firm or very 
plaslic, slighrly stratified silty clay, clay. or silty heavy clay 
colluvial roils ( E m 0 4  E m 0 7 1  which are Locally slightly 
gleyad (EUHA7) and commonly have fhin dark topoils. Only 
soil observed on narrow valley floor is an "ndevslaped, weakly 
acid, moderately shallow, moderately gleyed, very plastic heavy 
clay alluvial soil (E4HUI). In general, roils of alluvial valleys 
similar to those in Misinhi (14) and Pandago (10). 

factars arcof 1e.s importance foi arable cropr and even less for 
improved pastures, although there might be some difficulties in 
pasturn establishment. Erosion hcards  are main limitation for 
there Land user. Capability for pastures is well up in the moderate 
class and this Land usc offers real possibilities also because stock 
water can bc casily supplied from small dams erected in vallrys 
and slope folds.  ino or supporting cultivation of crops may be 
fersihlc. Narrow valley Aoor~ bsrt uscd for sago production, 
pufure., andlor irrigatsd rice. Sail nitrogen contenls morfly 
moderate, but commonly low. Phos~hate  contents mostly very 
law lo low, rarely high, but in undeveloped colllrvial and alluvial 
sods wmmonl~modcrare, lersfrquenlly 10%" to very low. Potash 
contentr rang= from high to law, with a few very high and very 
low valuer; they aremostly high, locally modcratein undeveloped 
colluvial and alluvial soils. Rather frequent slight, and rather rare 
revere, sajl water stress, mainly on ridge crests and convcx slopes. 

Euineeriog Assessment.-Topography a minor limitation in road 
construction, although many small bridges and large culverts will 
be needed in E.-W. or SW.-NE, aligned roads. Road cutlings 
easily mrdein soilrand underlyingsoftrocks, but may beliable to 
cavc in. Major problems in road construction are: lack of road- 
surfacing materials, probably rrrtricled to veiy small and Llun 

iendcncy to slumping on Eomc doper. Porrihlq but not likely, 
that some brightly mollled subroils wiU harden irrsvemibly noon 
dryins, and may be used as low-grade laterite for road surfacing. 
Unmade roads should utilize coarser-tsrtured surfacs soils to 
reduce slipperiness and bomineis. Soils are CH, and CH with a 
fhin venecr of MH, CL. ML; probable depths are moderately 



Land Forms Pla te  14, Fig. 2).-Gently undulating to rollmg 
intcrnuve surfacer, level to very gently s lo~ing Rat to undulating 
terrace benches alons major rivers, and minor flood.plains and 
lower alluvial terraces. Altitude ranges from 300 fa 1100 ft, 
10% below 250 ft  and 88% betrveen 250 and IWO It. h t e r h v e  

. . 
surfaces (probably 35% of area) between 200 m d  400 fl above 
levels of mejar rivcrs have mainly genfls slopes and a relief of 
50-75 ft; in pieces slightly dissected with moderate to mod erst el^ 
sfccp slolles and a zelief of 75-150 it. Terrace benchcs firs d i s  
continuous and occurrences rangc in size from a few acres to 0.5 
sg mile: largest occur between 60 and 100 ff above stroam level 
and probabh cavcr 40% of arca. Locally, small boncher ("rob- 
ably 10% of area) are found between 30 and 10 fl, and higher 
benchos at about 150 ff occur in the north. At any one locality 
no more than two benches (excluding higher interfiuve ~urface) 
were found. In several cases higbor benches a ~ p e a r  fo  merge 
ralhcr @adoally with internuvc surfacer and lower bench= Vith 
lower alluvial terraces. Benches are mostly level, lacally have a 
vory gentle slope and in a few cases a moderate slope. They are 
partly dissected by steep-sided gullies or stronger dissection has 
locally resulted in Rat-topped, sfsp-sided ridges. Some very 
steep to precipitous slopcs OCCY~ where benches are undercut by 
streams. ~ e l i e f  ncarly always t l 0 O  ft. Higher terrace conches 
and same very gently sloping parts of internwe surfaccs have a 

Mid-height grassland (G) with Tl8elrredn nsslrolis, Sorglnr,,~ 
nitidurn, iscl~o~~~~mzr borbnrwt, and I?szpeluta eylir~drico common 
is ~0nflnnflnd to one occurrence (2%). 

Geolom.-Subsurface rocks are Pliocene interbedded mudsfone, 
slltrtom, and, probably minor, sandstone; surface lithology 
uncrrtain. Some terraces along main stream., particularly in 
south, consist of probably Pleistoccae alluvium, but other benches 
and ranle foot s lo~er  are probably mainly mudsfone and some 
sandstone, wilh or without n veneer of alluvium. On intornuve 
highs surface beds appear to be lnvdsfone and rilfrtano, but local 
pmscnce of well-rounded rurfacs gravels could indicate remnants 
of Pleisfocenc fanglomerate. Another inierprctation is that they 
accumulafcd by weathering and denvdrfion from sor?ewvhaf 
conslamorntic TOE~S ,  kno~vn to be locally interbedded in the 
Pliocene reauencs, especially in the north. The information 
available indicates that ,he Pliocene rocks are subhorizontal to 
gently dipping (probably <100). Recent alluvium, partly ea1- 
careoun, occurs alons major streams. 

Weathering sod Soils (17 abs.l.--Interfluves and terrace benches 
mostly shallo~vlvly imrnatuiely to mafursly weathered, but on 
sfesoor interRuve s lo~cs  and lawest fsrracc benches weathering is 
shallow immature to skeletal. Underlying racks appear strongly 
softened by hydration far soms tens of feet. Flood-plains and 
lowermost alluvial ,erraces not wonthered, although a very high. 
Lyinz occurrence in the north mav have some skeletal weatherinn. 

Lower aUuvial terraces and floodglrins, probably 15% of 
area, are part of Muscndai cilhcr as inclusions too small Lo be 
mao~ed  as Papul (19) or because they have no clear boundary 

~~ - . - 
benches discussed. Thcy are discontinuous, maslly level, and 

p r o b a b l y  50-200 yd wide. Flood-plains are 20-100 yd wide and 
similar to those of Papul(l9). 

Streams and Drainage (Fig. 10(c)),-Apart from major through- 
gains rivers. there are few fir*. and second-ordor streams large . . 
maugh to bereEognized on acxial photographs. The drainnge net 
consists mainly of closely to rather widely rgaced dendrificauy 
arrangcd sfmamlcts and gullies 1-5 yd wide, most of them piob- 
ablu with intermiltent Row. Main sfnams similar to those d r  
scribed for areas routh of mountain ranges in Papul(l9). 

surface run-oftappears mostly low relativc to through drainage 
but moderate in more dirrecled areas: land system expected to 
Imue liub inRvence on regional Rood kvols. The Rood regin~e in 
valleys of majo, streams is as in Papul (19). 1nternuve surfrccr 
impcrfcsfly to well drained m d  moslly well drained whom dis- 
sected.  erra ace benchon imperfectly to poorly drained but 
younger lower terraces weeu drainei1. 

Ycgebtion.-Large Dart. innuenced by shifting cultivation which 
in soms r n e s  is intensive, lcading to cane grass regrowth (GtR). 
Generally. however, rotation cyclcs are long and about 50% is . . 
nmder secondary forest (FRY-FR). Originalcoucr wns presumvbly 
tall forest with an irregular canOD,. mainly with, but also wfhoul, 
light-foncd crowns (Fid, Pi). Such forcsts still cover about 18% 
and 4%. 

On vallcy Roocs is tau forest with a ralher closed canopy (F) 
(3 %), with tall cane grass vegetation (GIs) along major screams. 

. . . . . .. . 
heavy day, and more rarely sandy hoavy clay or clay soils, with 
1-3-fl-thick coarscr-textured (very Wable randy loam to firm clays 
in placer pravolly) surface horizons, but no abrupt texture con- 
trasts, and m son1e crses thin dark topsoils. Many have brightly 
red_, brown, and light grey mottled suhsoils (UOPT; UOPAZ; 
UAPB2). Thare on inferfiuves may (UOPAZ) or may not 

-~ . . . 
afely developed sails that are weakly acid to acid. modernlely 
thick to tlrick, very firm to very p1rrtic silty heavy clay lo heaw 
clay soils, slightly glcyed and with 1-l.S-ft-thick coarser. 
textured (friable h a m  ta firm day) surface horizons (AUTAZ, 
AUTA3) or uniformly tertund (IODE4). On lower ferracc 
benches and modcrate slopes of highcr bencbes are moderately 
developed rods that are weakly acid to neutral (AAOO), moder- 
ately thick to thick, slightly to modcrately gleyed, "cry firm to veiy 
plastic sandy heavy day, silty heavy clay, or heavy clay soas 
with about 1-ft-thick firm to friable clay laam to day  surface 
horizons (AUTA31, in some casos with a moderately thick dark 
tnnrnil (TTOTBI,. 

~ ~~~ 

loam to clay, and raroly with a thin dark loosoil (BUZIO4. 
EUHOS). In general, r d r  on Rood-plah and torraces will 
correspond with Lhase for Papul (19). 

Pa~ulrtian rod Land Use.--Pogulrtion of 620 diriribufcd over 
Lhreevillages. Present landuse covcrs 28.7 sqmiles (64% of area), 
17 % in land use intensity class 2, 40% in class 3, 22% in dass 4, 
and 21 % in class 5. Easrcrn occurrenccr mostly used by pcopple 
in adjacent Yindigo PI), Kaugiak (371, and Seim (46). 
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Transitions to Other I an6  Systems-hfhesauth, boundaries with cents vary from madcratc to low, locally very low, being lowest 
Yambi (28) and Burui (29) are arbitrary and placed to rmnimire on Rood-plain terraces and parts of upper bench surfaces. Phor- 
amoullt of grassland in Musendai. They arc necessary becavse phatccontentsmasflyvery low, locallylow, but moderate to very 
Yambi (28) and Burui 129) consist soblv of Pleistcxene sediments. hie11 values common on loxu alluvial teriaces and flood-olains. . . . . 
whereas Musendaikcludes a large poicentage of Pliocene redi- 
mentarv rocks. Where relief increases slishtly, Musrndai is 
transitional to Yindigo (311, more rarely to Kaugiak (37) or 
Morumu (39). Where Rood-plains and low terraces becomm an 
important component, Murendai is transitional to Papul (19) 
and mapping is open to dwbf in some cases. 

Forest Rcsoarces (7 obs.).-Forest coveis 38%; low forest rc- 
sources. Moderately high stockng rate farests (PidiFR, 7 sq 
miles: Fid, 4 sq miles) and high stocking rate forest (Pi. 2 sq 
mil-) ocsupy benches and in,anvve surfacer. I" the valley3 * 
modcrate to high slacking rate forest (P, 1 a q  mile). Secondary 
fans t  (PR, 3 a s  miles) of low stocking rate occurs throughout. 
A m s  category Iw. 

Agricultural Asses~ment.-High capability for improved pasfurn, 
moderafecapabilityfor arable crops, low capability for fieecrops, 
and very low capability for irrigated rice. Erosion hazards. roil 
acidify, drainage deficicncier, and microrelief are main limitations 
for araMecro~s and pastures, wvhilsf poor drainagcand physically 
poor sails in partiurlar depres. capability for trcs crops. Apart 
from some nariow Road-plains and very steep slopes there is no 
land without any capability. Bcst land occvrr an small young 
terraces above Rood lcvel. Marked differences throuehout in land 
qvality (waterlogging, soil depth, erosion hazards, em.) which can 
only be determined by dcfailed survcy. Denre population a d  
smaU topographical limitations justify more precise slvdy of 
land use capability, Irrigated rice-growing feasible only on small 
Battish tenaces not too his11 above rivers. Rain-water ponding 
would make mare land suitablefor fhis crop. Soil nifrogm con- 

Potash content. vary from maderate to very low on Ratfish upper 
bench and internwe rurfrccs, but are mostly high (locally very 
high or moderalc) ekewhere. Rather frequsnt slight, and rather 
rare severe, roil wafcr stress, exccpf on lowcr alluvial terraces m d  
hod-plains. 

Engineering Assessment.-No scriovs topagraphical limitations 
Tor road conrrruction, bllt roadsid- drainage and provision of 
culverts must be mdertaken, becallse s"b5"ata *re commonly 
slowly ~ermcable. To reducs d i p ~ e h o s s  of unmade roads full 
use shoald be made of coarser-ttthlred surface roils, parlicalarly 
where thmy contain gravel andlor iron concretions. Fioc sandy 
surface soils acquire g n h t s r  beariog strength when mired with 
subsoil clay. C"+and-fill operations easily carried out in 
weathered soils or sort rocks, which are probably only moderately 
suitable for subgrade Road-surfacing materials appear very 
scarce and nlainly restricted to local rurfacc qvarlr and con- 
cretionary gravel, anil minor quantities of hard rock grave1 and 
sand in major river beds (iocluding those of adjoiaing P a w l  (19)). 
Possible, but not likely, that brightly motflcd svbsoils will harden 
Lreverslbl~ upon Lhorough dryiog for use as lo,v-gadc laterite 
for road surrasinp. Bridging of larger rivers probably main 
problem in road construction. but gcncrdiy marc easily achieved 
here than in Papal (19) became of gradual aporoachss to vrllol 
floors, with sedimentary rocks moderately suitablefor foundations 
occ~lrriog either as outcrops or nf shallow depth. Suitablcsifer for 
small aicfieldr, although some lcveUing and grading will be 
needed. Saib dominantly CH with a thin veneer of MK, CL, ML, 
subdominantly CH, and mimi CL, ML. Probablc depths are 
very deep, moderately deep subdominant; dcep common. 

Land Aorms (Plate 15, Fig. I).-Dissected mountain svmmit 
plateaux, with an overall slapc of high gradicnt to gentle slope. 
They occvr at altitudes of 21004300 fr, rvitli 68% below 3500 ft. 
Plateaux have very low to locally Low relief (up fa 250 ft) and con- 
sist of hills and short ridges and spurs with moderately sleep, 
smooth or grooved, and commonly slishtly slumped slopes and 
very broad to "cry narrow cresls. Very locally nrs valley Roors up 
ta 80 Yd wide. Plateaux have sharply or poorly dcfined margins 
which are ravined. 

Streams and Drainace (Fig. 10(d)).-Dense Lo very dense angular 

~ - . . . - 
of lrnd rysiem. Surface run-off probably low in rclafion to 
throvgh drainage, resulting in strevnr being largely ground- 
water-fed and perennial with only minor Rood spate.  Well 
drained. 

Yegetation-Relatively high-altitude arws (about 75%) mar 
mid-height forest with a rs fhu dark-toned even canopy (Fm). On 
steeper slopes it alfernate~ with Caruarino popuann stands (Ca). 
At lower altitudes is mid-height forest with an irregvlar canopy 
(Fmi), locally in mosaic with sera1 stages (Fmi'), coverins 10%. 
Of areas south of main ranges, surrounded by Flobum (44). one 
is co~crcd by tall forest with an irregular canopy with tight-toned 
crowns (Pid, 4x1, another by older secondary forest (FRm. 
PR, 10%). 

Geology.-Rocks are Umer  Miocene inmbedded mudstone, silt- 
stone, sandslone, and fine conglomsrate; in  one casc not rnore 
than 100 ff thick and overlying igncous basement rock. Possible 
but unlikely that gabbro or micradiodm is rurfacc rock in some 
areas. In one occurrence conglomerate appeared lo overlie lime. 
scone. steep dips abserMd in one casc. 

Weathering and Soils (3 obx.).-Relics of a formerly more ex- 
tensive wcathsred surra~s, largely destroyed following uplift. 
Weathering mature but mostly shallow. 

Probable sdil composition is UOTOS, OANTI, subdominant; 
(IOD01. 10D02) common. Princiral soik are strongly dc- 
-loped, strongly acid to acid, thick to "cry thick, and either 
plastic to very firm silty heavy clay soik with friable silty day 
laam to clay surface horizons (UOTO5) or friablc silly clay Soils 
r.ifh l e m  to silty day loam surface horizons (OANTI). Lesr- 
developed so& probably occur on steep slopss OF sharp-crested 
ridges. 

Population and Land Use.-Population nil. Present lrnd use 
restricted to 0.3 sq mile (4% of area) in land use intensity class 3, 
uscd by people from adjoining Flobum (44). 

Transifions to Other Land Systems.-Air-photo pattern very 
similar to Yasrip (38) and pares of Sandri (35); easily distin- 
guished, horvcver, hvlocarion in mountain summit areas. Patterns 
of Aiitau and Dassetf (34) are very similsu, but they are kcpt 
separate because Dossat (34) is generally lsse hummocky and 



more spurred; Atitan is mostly associafed with c1astic rcdi- 
mentary mcks and Dosrelt (34) mostly associated with igneous 
racks and limestone; and Dosrel (34) does not consistently 
occupy summit level pasitions but occurs at different levdr 
assaciaed with Kumbusahi (60). 

Forest Resources (3 obs.1.-Forest covers 71%; low farsst 
resources. Mort faresf is composed of low rfackimg rate typm, 
the first being confined lo higher alliludes (Fm, 3 r s  miles; 
FRrn.FR, I sq mile; Fmi and PmilFmi', I sq mile spprox.). 
Accera category TI, but very dimculi to reach through surrounding 
rugged mounlains. 

Agriculhral Assessment.-Mainly due to crosion hazards and 
irregular topography but rlsd because of high rail acidity, there ir 
only very low capability for arable crops, low capability for tree 

crops, and modcrate capability for improved pastuns. Mostly in  
altitudinal zone little suited for either normal lowland tree crop 
or typical highland crops. Excessive cloud and dampness may 
well restrict choice of crops that can be succesrfuily grown. Agri- 

. . 
and potash contents low to maderate. 

Engineering Asseaun~nt . -No significance for conslruflion of 
regional roads. Road could be built within land system without 
much difficulty, bnf access roads would have to traverse rugged 
moudainous and billy terrain and would be prohibitively costly. 
No road-building materials available. Soils dominantly MH, 
subdominantly CH: ~robablc  d e ~ t h s  are very deep dominaat; 
moderately deep rubdaminant: deep common. 

Land Forms @late 15. Fig. 21.-Very finely spurred branching, 
very Low hill ridges and apprrcotly indiiidual conical hills 
occurring on level to gently sloping surfaces at variovr 1cvds 
associated with foothills, mid slooe~, and summit areas of 
Xumbusaki (60). Altitude ranges from 1100 to 2400 fc, 79% 
below 2000 ft. Relief 100-200 Tt for branching ridges, 5&100 ft 
for conical bills. These hills rescmble cone hrarst, suggesting 
presence of limestons. Hill slopes mostly straight and sleep, and 
hill crests very narrow to Me-edged. 

Streams and D~ainaee (Fig. I4(c)).-Generally a vcry dense 
t ~ L , , . ~ r 4 , , ~  ~ ~ ~ , u h e v  ,,~,cCrn "r ,s,y .XS.AII, \I> r c  . . ~ r . < , ~ ' , ,  
~aulnly ilrrt order hut 41'0 \ccotrl ;mJ rh8r.l urdcr. '1 Icy arc ur 
very nrrmw ~ ~ . . k . c ~ r l  r,411cv\. prc,hrhly lhn . \!c8ny t l i  m-ky brJ1.,I 

~ ~. 
high wadient Lo very dope, and are probably mostly 
perennial. Surface run-off probably moderate in rclnlion ta 
through dminase, giving rise to freqvent small Rood spates. N o  
stream drainage defected in an area of low rounded h a ,  indicat- 

1 7 E  it may bE llmes~iine wilh very low run-off. WeU drahed. 

Vegetation.-Mostly covered by mid-height forest with an 
irrew111 -oov (Fmi). locallv mix=& wilh sera1 atages (Fmi'). 

Geo1oeu.-No field data. Probably largely igneous basement 
rocks poaribly also limestone, siltsfone, and mvdstoncof Miocene 
age 

Weathering and Soils (no obs.).-Aerid photos suggest shallowly 
immature to mature weathering. Probable soil eomposi,ion is 
(10DO2. UOTOS, OANT2) ssubdominult; (MR-02) common. 
Soik possibly similar to those for Kumburaki (601, but weakly 
alkaline to alkaline, thin, very dark clay soik probably occur on 
any limesfane hills. 

Popu18600 aod Land Use.-Population is nil. Resent land use 
restricted to 0.3 sq rrdle (7% of area) in land use intensity class 5, 
occurrini at lowcr altitude adjoining Morumu (39). 

Transitions to Ofher Land Systems.-Transitional nature to, and 
differences from, Atitau (33) mentioned in latter. Dossclf has 
generally gradual boundaries with Kumbusaki (60). with which it 
is intimately associated. 

Forest Rerources (no obs.1.-Cam~lefc forest cover; moderate 
faresf resources. Law stocking rate forests (Pmi, FmilFmi', 
3 sq miles: FRM-FR, Pm, 1 s q  mile), last type occurring a t  
higher altitudes. Access catesory m. 

Agricultural Assessment.-On the basis af topography alone, 
there a~ocrrs  to be only low capability for free  crop and im- 
proved pastures. Although of 1.3," relief, terrain appears too 
broken for general agricultural dev~lopmcbt; ako severe limifa- 
tions in accessibility. Portion above 2000 fr a.s.1. has climatic 
conditions suifablc for neither mast lowland tree crops nor mart 
highland tree crops. Soil nitrogon contents probably mostly 
moderate, phosphate contents very low to low, and potash con- 
tents 10," to moderate. 

Enginsering Assossmeot.-Largely of no significance for redanal 
road construction. Earfernmost occurrence is part of a chain of 
l<,,,,l $"%tern> ,t>rn,:,14 4 11'1, ,>I r<l",i.<ly Ik%> ,#,$4:1 ttr,.,,, ,I,*, 
cbtlld 11- .1/l.lr'.,111 I t  I r0411 1,"k s.4- c< ,,,;,.I,,I~I<J ,Ili<.. Il<i\$CI.,l 

C A\, rl.ll i,.,rr,,r. 1<.,1,I LY"\ , , I ICI I  n u<,,.1.1 ,,,I1 r c  I , , , ,  < L I1r,:< - 
amount of cut-and-fill construction with ~rovision of numorons 
culverts and small bridges. h may contain sites suitable for 
quarrying stone. Soils are dominantly MH, subdominantly CH; 
probablcdepthr arevcry deep, moderaielydcopsubdamimiaat; very 
shallow common. 

Land Form (Piate 16, Fig. I).-Very low to low, very closely crests very narrow to narrow and together with short moderate 
branching, and very densely spurred accordant hill ridges with to moderately steep upper slopes occupy about 25%. Creair 
common rteep small slumps, locally developing into small box vary from cven fo rethcr peaked, rids83 arc gonerally short. Land 
canyons. Altitude ranges from 240 lo 500 It, 15% bdow 250 ft. system mostly irregular sleep to  very sfcop lower slopes, locally 
Rellcfis mo$!Ly between 1W and 200 ft, rarely up to 250 ff. Ridge wilh precipitous sections near sfceams and above slumps. Locally 
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larger modcrate to moderately stocp dopes, partly dip slope 
remnants. 

Streams and Drainaye (Pig. lO(d.-Densc dendritic pattern of 
small &st- to fhird-order streams traversing and mostlv orkinat- 
ing north of land system. Mort have very nomerous, very short 
first-order iribufariss, producing a very dense overall drainage 
network. Apart from one larger through-going river, main 
streams are 3-10 yd wide and have shallow rock-cut beds of low 
gradient but with a few ban of rack. Tributaries haw 
gradients up to gcntlc slope; many may be intermittent, rrh%t in 
d r i i  vastern part larger local first- and second-order streams may 
also have intermittent flow. Surface run-off mobably high in 
relatian to through drainape, but may bc moderate in some aroas 

gentle uppcr slopes. 

Vegetation.--Tall for& mainly with an irrcgvlar canopy with 
light-toned crowns (Fid, about 43%) but also without there 
crowns (Fi, about 1%) round on crests and slopes, except near 
margin* wifh Kwaro (30) whcrc mid-height forest with s small- 
cio~roed canopy (Pms, about 14%) occurs. 

About 28 % cover of secondary vegetation (F-FR), with older 
resowth stager (PRY-FR) well rcprcsented. Small Patches of 
mid-height grassland (G) occur in these parts. Sago (MR) 
nlanted in snitable situations. 

Geology.-In the wosr rocks =*pear to be slightly consolidated 
compacted sand, commonly with hoc gravel of weathered diorite 
and lenticular mvdstonc fragments (Lower Plcistacenr: Sand 
River beds). In csntral and sartern parts rocks probably inter- 
bedded Pliocene sandstone, siltstone, and mudstone. Pliocene 
rocks appear gently dipping, whilst air photos suggest moderato 
dim in western p u t  near boundary with N"k" (51) or Mambel 
(48). 

Weathering and Soils (6 obs.).-Crests and upper slopes tend to be 

uniform in texture (IODEZ, IODES) or have a coarser-texlured, 
moic friable surface hariron (AUTO3). +sally some rock out- 
C ~ O D  on stee~-1 lotveuer slopes. No observvtionr of soils of small 
slump a1covrs. 

Panulation sna Land Use.-Population nil. Present land use 8-9  
sq miles (18 % of area), 3 % in land usc intensity clarn 3, 97% in 
class 5. Land used largely by people living in adjoining Kwora 
(30). 

. .. . 
or Morumu (39). Boundaries. oariicularly with Bmvl (36) and 
Yindigo (31). ~ommonly somewhat arbitrary. In places photo 
pattern is very similar to Yassip (38), and the two would have 
been dacult to distinguish if they did not occur in areas wid+ 
seoarated aeorraohicallv. althounh Yassio (38) generali~ has a - . .  ~ 

coarser drainage pattun andless stcsp slo,,es. 

P m a t  Resources (4 obs.).-Forest covers 78%; moderate forcsf 
resources. Widc variety of forests ranging from high stacXng 
rate (FiIF, 4 r q  miles) through moderate stocking rate (Fid, 11 sq 
miles; FidlF, 9 sq mil*; FidIW, 3 sq miles; RdIFmM, 
1 sq mile) fa lo\v rfockmg rats (Fms, 6sq miks: Fm/Fid/F, 1 sq 
mile; FmslFmM, I rq milo: FmslFR, I sq milc: FR, 1 sq mile). 
Access category m, since dmculties presented by steep slopes are 
lnitigafed by very low relief. 

Agricultural Assessment.-Low capabilify for hnpnphlvml pas tum 
andtreecrops and vcry low capabilifyror arrblesrops. Canability 
for pastures is clearly highcr than that for t c  crops. Limitrtians 
mainly erosion hazards, but far tree crops also imperfect drainage 
and insufficient cuffifive rail depth: particularly on cresls and 
upper slopes. Agriculturd development will be hindcred by rapid 
alternation of smaU Batter crests and very steep s lops  almost 
resembling bad-land topography, and is nor recommended. Sail 
nitrogen and phosphate contents rangefromvery lo!" to moderate. 
FoUsh contents arc probably variable from very low to high. In 
wafer balance zone 1 is rather frequent slight, a d  rather rare 
revere, soil wafer she.$ in IODE4. IODLI, and UOTA1 soils and 
for shallow-rooting crops. 

. . . . 
on c r w r  and gentle unrrer slooes modcratelv fa strongly de- 
veloped, acid, moderateii tbi& t i  fhicl, hard to firm sandy clay 

. . 
pleyed (UOTAI). Stesp to very steep hill slopes have moderately 
develo~ed, weakly acid, moderately thin to thick, firm to friable 
sandy clay loam, day loam, silty clay loam, sandy clay, and silty 
clay soils (usunlly somewhat sandier at depth) that are either 

NE.. whilst formcr \auld  cut across fine grain of land system. 
~ o a d  cuffing. not difficult in the rather raif rock that seem 
generally suitable far subgrade. Ladd id8  hazards on sfpep 
doper. Wherc needed, bridges can be small, or only largeculverts 
arc required. Road-surfacing maferiells scarce or of low qualify 
(rvealhored sand wifh some gravel), although they may help to 
decrease surface slippcrinesr of unmade roads. Soils are CH, CL, 
ML, with minar MH and SC, piobahle depths are moderately 
deep predominant, shallow, very shallow common. 

Land Forms (Plate 16, Fig. 2).-Finely branching or short paralbl intricate patterns. Lower slopes commonly slightly N e d  or 
accordant low hill ridges wifh generally narrow crests, moderately spvrred and in places have small slump benches. Small slump 
steep commonly benched lipper slopes, and steep to locally very alcover occur Laaally. In some instances the land system appears 
s l c e ~  hwcr ~lones. Ridges reparated by very narrow valleys and to be bounded in the north-west by minor fault soawr. - ~ 

can have numerous short stumpy spurs. Altitude ranger from 
240 to 1000 n. Reliefmostly 15%200 ft, in some cases up to 300 fl Streams and Drahage (Fig. IO(n)-Sfream pattern of dorely 
but rarely less than 150 ff. Ridge crests, sven fo undulating or spaced subparallel very short first-order streams perpendicular 
stepped, range from short to very long, but commonly form to dendritically arranged and rather dosely rpaeed second- t o  



fourth-order streams. Streams morfly cut in rock and, except far 
one or two slighlly larger rivers, 3-15 yd wide; beds are shalloiv 
but have little or no hard rock gravel. Largert streams have 
probably 10," gradients, but fixst-wdw Uibutaails mostly hhave 
very gentle to moderate slopes. Surface run-off probably high in 
relation to through drainage, resulting in frequent Rood spates 
and small residual flow, many short tributaries and some second- 
order streams probably being intermittent. Oencrally well 
drained (in places probably somewhat ercersively drained) but 
imperfect drainage occurs on some gentler upper and root slopes. 

Yeeetation.Secondary vegetation tmes ~ o v o r  about two-thirds; 
older rearowlh stasos (FRY-FR) well ranrerented but in  most 

~ 

eastem areas cane-sass regrowth (GfR) also forms an important 

. . . 
a smaUvawned canopy (Fms) on r i d s  crests, and tall forest with 
n r a tha  closed canopy 03 on minor valley Raors. Small patches 
of tall forest ra id) left in about half of the area under secondary 
vsgel?ition. 

Geology.-Pliocene intecbbedded sandsfone. siltstone, and minor 
madstone, at least partly calcareous, and probably very gently to 
gently dipping (up to 107. Minor surface beds of colluvium 
derived from these racks. Possibly a few thin limestone beds. 

Weatbrrin~ and Soils (9 oh=.).-Weathering generally very shallo%v 
and slisliletal, with underlying rocks mostly sofiened by hydration 
to nro1,ablv un to LO fi. A few instances of vervshallow immatvre 

? .~ 
weatherimp, on unllsr side s1ones but not om crests 

thick dark topsoil ( A m ) .  On a slumped foot slope is an 
undeveloped weakly acid, deep, slightly gleyed, sfrafEed couuvial 

~- ~~ . . 
fhio to moderately thick, locally slightly gleyed, friable fo firm 
clay loam. silty day loam, day, and silty h e a ~  clay so& com- 
monly with a thin to thick dark topsoil (IODA2, IODLI, 
MUHOl), and in 80- cases a friahlc chlchlcr-textwed surface 
horizon (AUTQ). 

Pooulation md Land Use.-Po~ulafion of 4510 distributed over 

Transitions to Other Land Systems.-Transitional to either seim 
(46) or Sengi (46) rvhere slumping is mast pronounced. Transi- 
tional to Sandri (35) where relief is very low and dbrection very 
elme, but where dopes srr less s l ee~ ,  crests broader and more 
vndulalin~ with some well-developed slumps, and stream pattern 
more open, it is transitional to Yindigo (31). Can also have 
eradual boundatier with Kaugisk (37) which has same relief, but 
gentler slopes, more widely spaced valleys, and commonly less 
branching tidges. Where ridges are very short,. irregular, "ot 
accordant, more slumped, and generally slightly higher, it has 
been mapped as Mommu (39) and again the two cannot always 
be easily distinguished. Map~ ing  of Emu1 restticted to typical 
accurrcnfes and, gsnerauy, transitional cares incorporafcd , i lh  
fhess other land systemr. 

Forcst Resources (2 abs.).-Forest coven 36%; low fo r s t  
resources. Forests of low stacking rate (Fms/Fid/F. 20 sq miles: 
FmsIFR, 3 rq rnibs)caver most of area. Otherfoiests of moderate 
sfock'mg rats (Fid, 5 sq miles; FidIFR, 5 sq miles) occur mainly 
in northem parts. Access cntegory m. 
A~ricultural Assessment,-Moderate caprbility for improved 
pastures, but only law casabiuty for free c ro~s  rod v q l o w  
capability for arable ciops. Erosion and topography are maio 
limitations. Unaffraclivo even for small-scale local development 
for permanent cultivation of annual crops. &sufficient soil d e ~ t h  

. 
pasture management more difficult, but facilitate stock watering. 
Soilnitrogen contents mostly low or even very low, but moderate 
values are slso common, pnrticulnrly on crests and foot slopes. 
Phosphate contents generally very low to lo\r, morc rarely hi&. 
Potash contents mosfiymoderate, but vary from vory high to low. 
Rather rare l g h t  soil water stress in most parts. except in 
IODB5 so&, but severe in IODOI, IODL1, AUTO, and AUTM 
soils an cress and upper dopes. 

Engineer& Asx~snment.--No to~ographic problems if roads 
to ~ O U O W  ridge u e ~ ~ .  long dirtances in 

several cases), but across the grain they wiU be either very winding 
wilhnlsny sfecp gradients or xc9u-irealargc amount ofmt.udaU 
construction, during which same rather hard randstone beds may 
be sncouolered. Subsurface materials will uruaUy be suitable for 
s,"bgcade but good road-suLfacinz materials are "irf~ally abscnf 
unlerr useful limertone deposits are discovered. unmade roads 
wiu become veryslillliery but not easily boggy after rain. Surfaces 
may possibly be imixoved by mi~ ing  in iu lv=~ized sandstone, 
parllcularlyif limn s t a b h t i o n  would slno be possible. No largo, 
but many very small bridges or cu1vertr ZTe required, unless roads 
the: to cresls. Soik are CH, MH. ML:  roba able dcoths are 

14 v # l h g ~ <  Prus~nl  lrnd u s  ccovcr. 59 X \y mlla (ti6X ~ f . ~ r c i r .  lllrdrrzllcly .Iccn d<,m:#.1#11, il!alluw \ul>do#l##nanc. \ s r ~  $lt.rllou, 
lux I#I I.md u.; ihen\#tv ells* 2 .  31% ln d r r  1, 1 1  y io rlrqs 4 ,  drrp nli~8or Scm; Ions 18.l;e urr,tr inn) Lr ruttrhlc for sm,ll 
, , % I "  I r e  i t  1 . 1  d " . "  alrrcI.1 col<r,rlct.*n ui,1,ua mvo1rior a lar*~ nn,o,.nt .,I rlrcb 
OcEurreOceS. movement 

Land BOB (Plate 17, Pig. I).Semi-accordant low hill ridges 
~ i t h  irregvkr slopes, which are benched due to  linear slumping 
or have small slump alcoves. Altitnd~rangcs from 240 to 1200 Sf; 
10% bclovr 250 R and 85% bctween 250 and IWO St. Relief 
mostly 150-200 R with extremes of 100 and 300 St. Ridger eom- 

long and may be subparallel or branching, or have short 
side spna. A peculiar pattern of radial main tidser with many 
tangential secondary rldgos (spidw-web pattorn) occurs just north 

of N u b .  Crests narrow (locally very narrow or broad), even to 
undulating, and level to gently doping. Overall hill slogee 
predominantly moderate to moderately steep, rarely steep. Shart 
steep to very sleep l o w r  hill slopes common near streams, while 
in other cases there are gentle foot slopes, resulting in relatively 
wide valleys. Slnmp benehcs arc 3-15 yd wide, have very gentle 
to gentle slopes ( l a d y  a negative back slope), and are separated 
by moderzlely to very steep slope sectors. 
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Shenms and Drrinag~ (Fig. Il(o)).-A rather dense, basically 
dcndritic but Locally subparallel pattern of flrst- to third- (rarely 
fourth) mder streams, partly otiaating within, part$ outside 
the land smtem. very short first-order tributaries oomendiculor . . 
m main streams arerelatiiil? widely Y P P P P ~ .  Streams haverballow 
k d s  ,"iuith~"f hard rock grave1 and with little sand, are cut into 
rock or coUuvium, 2-10 yd wide and of Low gradient, probably 
with hi.h erndient to vrrv eent1e s1ooe in short tribotaries. O"1" z . . . . 
few largor rivers, 15-25 yd widc, traverse land system. Surfacc 
run-off "robrbly high in relation Lo fhravgh drainape, resulting 
in frcqveni flood spates and Low residual flow, many smaller 
streams probably being intermittent. Limited data suuert iand 
syslsm largcly ivell drained. 

Vegetation.Secondary vcgtttatian (R-FR), including csnsgraas 
(Sacchn?nrrz) regrowth (GtR), covers about 75 %. Older swondary 

. . . 
(20%). with mid-height forest with a small-crowned canopy 
(Fmsl on crests in the south (5%) and tell f m t  with a rather 
closed canopy IF) on valley Room (2YJ. 

Gco1agy.-Pliocene sedimentary rocks, probably mainly mud- 
stone, less siltsfone, and minor sandstone. Strata probably very 
gently to gently dipping. Commonly thin surface bed. of coi- 
Luvium of there rocks accur. 

. . .  
of racks by hydratian not pronounced, w e p t  locally whne 
system adjoins Musendai (32). 

Probable soil composttion is BUH06, IODBI, IODE4 sub- 
dominurt; (IODAZ), (IODLI), (AUTQI nlinor. On slump 
benches are undeveloped, wcakly acid, moderalely deep, very 
firm to "cry pkrtic silly heavy clay and silty clay collvvial soik 
(EUNO6). Similar soils may bero~md i n  small slump alcove. and 
on coliuvial foot sloper. Slightly to madorately developed, neutral 
to weakly acid, modcrrtely fhin to modeiafely thick, uniformly 
textured flrm to very firm clay to heavy day sails (IODEI, 
IODE4) on madsraiely sfcep to very steep sloplopes. No soils on 
cresls examined but probably similar to those for Seim (46) and 
Emu1 (36). 

Population and Land Use.-Population of 5590 distributed over 
25 villages. Present land usc covers 82.7 sq miles (76% of area), 
13% in land use intcnsitv class 2. 33 X in dasr 3. 9 % in class 4. . . . .-  . .. 
and 45% in class 5. Most intensive iand u a  rsshieed to eastern 
occurrences. Some villages use land in adjacent Murendai (32). 

Transitions to Other Land Systems.-Commonly s adua l  some 
what arbitrary boundaries with, or transitional in pattern to, 
Morumu (39), Seim (46). Bmui (36). Musendai (321, Sandri (351, 
and Yindigo (31). Bccaure of its rather nondescript pattern, 
transitional areas commonly included with Kaugiak erccpt in the 
case of Mornmu (39). 

Forest Resalrrccs (2 obn.).-Fomt covers 30%; low fo1o.t 
rssources. Forest types range from low stacking rate (Fms/Fid/F, 
13 89 mller: PR. 3 rq milcs: FmsIFR, L rq mile) to moderate 
stocking rate (Fid, 8 rq miles; FidlFR, 6 sq miles; FidlF, 2 sq 
miles). A C C ~ S S  cstegon n. 

Agrieultursl Asspssmcnt-Iand use ca~ability appears high for 
improved pastures but low for arable crops and tree craps, 
although slgniEcantly higher than in Bmul (36) which is closely 
related. 0vcraU condition. similar to but Less a c u l t  than in 
Emul, and overall development probably best based on grazing. 
Homer,  there appears scope far small tree crop plaotationr, 
particularly on Loss steep benched s l o ~ e s  with dseper colluvial 
roils and natarul terracinz to reduce erosion hazards. Permanent 
cultivation not recommended, bccaure of erosion hazards and 
because clayey soik commonly appear difficult to till. Soil 
nitrogen contenls probably mainly modcrate, although commonly 
low. Phosphate cantents probably mainly very low to  moderate: 
some high valalals could occur. Potash contents probably mainly 
hldh rnrl may rrrlgc lrultl llo~lrrals tu bury hi;lb Kdhcr  rare 
~lig11I *.,l:r r l rcv ill tllurl onrlr, hut acvcrvin LOlllA. AWI'l). 
i n J  lODl I qoll.; r.d In# shdlluu-~nori#~(. rrom. 

Engineering Asaessmeot.-Road construction problems essentially 
similar to those for Emu1 (36). Topographic limitations h s  
serious but less road-surfacing material available. Surficid 
deposits probably b r  suitable for subgrade, and unmade roads 
will tend to be very slippery even after light rain and some may 
become bog=. Soils ars CN with minor CL; probable depths 
are shallorv, deep subdominant; modcrntely deep common; very 
shallow minor. Some long straight lidges may be suitable for 
small airfields. 

Land Borms (Plate 17, Fig. 21.-Very low hill ridges which are 
very short to rather long, irregular, branching or subparallel and 
have local small slumps, slvmp benches, and very steep largcr 
slump a1cova.r. Altitude ran- ffrom 20 to  1700 St;  43% below 
250 St, 20% at 250-1000 ft, and 37% above 1000 ft Reliefvarier 
from so to zoo n. crests are very "arraw to narrow and gently 
sloping. W slope. are moderately steep fa steep and can be 
convex or concave. Relatively wide (up to 175 yd), probably 
colluyialed valley floors are common. 

streams 2nd Drainsee (Fig. Il(b)).-Rather dense dendritic to 
subparallel pattern of small streams, of whch first- and some 
second.ordw streams probably have intermittent Row. Gradients 
*re low except far some k t -o rde r  streams. Most streams flow in 
rack-cut beds but some lamer ones in wider valleys of orobablv ~. 
largely colluvial material. Insignificant save1 in stream beds 
except thaw of same extraneous throuih-gains larger rivers. 
Surface run-off likely to be moderate in relation to through drain- 
age, cansing only minor fiaod spates. Well drained. 

Vcgcbtion.-Tall f o m t  with a rather ollen irregvlar canopy (Poi) 
n a s  once the most imporlant vegetation type; it now covers only 
about on-third of land syslem. md-height fo r s t  with an 
irregular or very i r m d a r  canopy (F&, Fmio) and sera1 stams 
(Fmi') accur on unstable slopes (19%). Remaining 42% is or 
has been gardened with different intensity; older secondary 
forest (FRm, FR) is common on thc one hand, on the other some 
kunal grasslaods (GO have developed. 

Gao1ogy.-Upper Miocene to Upper Pliocene inletbedded mud- 
stone, sllrstone, and minor sandstons, probably gently dipping to 
subhorhntal. There rocks are at least partly Ealvireous. 

Weathering rnd Svik I 3  u b l )  -WcaLilerio>g is Oncmily ?hallow 
and \kelrtnl loally on nJue srejla dccp irnmxurc to mature. 
R J S ~ I  tend to b: -,,ltsnc~ bv hvdrarion in or~bnblv 10  nor more. ~. 

Probable roil composition is IODB1,(3),5 subdominant; 
uOTO5 common. Generally slightly to moderately developed, 
nevtrai to weakly add, moderately thick t o  thick, d o m i y  
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textured, firm to very firm clay soils (IODEI, IODE5). A very Remaining types all have low stacking races (Fmi, 3 sq miles: 
strongly developed, stronsly acid, thick. firm to very plastic heavy Fmio, 2 ss miles) including secondary forests (FRm-FR. FR, 
elm soil with friable eky loam lo  elav topsoil (UOTOS) observed 4 rq miles). Access category m, but access problemr may be 
on B spur crest routh of mnio mountain range and similar roils . reduced by low relief. 
may occur locally on other wests. 

Population nod Land Use.-Population of 440 in two villager. 
Present land use covers 8 - 8  sq miles (27% of area), 6 %  in land 
use intsnsity class 3, 94% in &%% 5. Very lirrdted land nre an 
occurrencer north of ranges is by people in adjoining Paiawa (24). 

Tramitions to Othnr Land Systons.-North of mountains, almost 
indistinguishable from strongly dissected alluvial fans. of 

. . . .. 
although geographically widely separated, where dissection by 
steep slump alcoves bocomei morc pronounced. ~ a ~ p i n g  

Agri~uliural Ass~ssmeot-Very low capability for arable craps 
mainly because of steep slopen, and law capability for trec crops 
and improved pastures. Slight alkalinity of some roils could be a 
cantributory disadvantage for tree crops, high sail aridity an rome 
Ratter cresta1 ares. a contributory hazard for arable crops and 
impmved pastures. Since terrain is less rugged than in many 
other hilly land rystcms, the possibiBty of somc mired develop- 
ment for t ~ e  crops and graziog should not be ercluded. Soil 

contents mo&e=ate to lo,"; phosphate contents probably 
mostly wry low to moderate, rvith some lligh amounts in least- 
developed soils. Potash contents a p ~ e a r  mostly moderate, but 
may be high to very Mgh in places. 

distinction between Yassip and very &cIy dissected Dorseff (34), 
supposed to occur on cryrfallinc basoment rork, is vague. Engineerinriog Asae8sment.-Road canrtruction problems similar to 

Yrssip diWem only gradationally from Kaugiak (37). which tends those in Mo-u (391, but somervhzt less seriovs because terrain 

to h a w  slightly nlare relief, more regular and longer ridges, and is Inssbbraksn. Onen possible ta aligo roads in r i d w  valleys along 

fewer sfecp slope.. larger streams. Geographically lacatod so that it cammanly otfcrs 
smaller problems in road-building than surrounding land systems. 

P a s t  Resomes (3 obs.1.-Forest covers 64%; moderate forert Soils are CH with minor CL; probabb depths are moderately 
resources. Moderate stocking rate forest (Poi) covers 11 sq miles. deep, shallow subdominant: very deep common. 

Land norms (Plate 18, Fig. 11.-Mostly disorganized, locally 18% of the land system. In  places it is found together with 
branching short law ridges and hills, locally spurred and in sera1 stager (Fmi'). Mid-height forert with a very irregular 
places with dip-slopc and ontcropalope remnants. Altitude canopy (Frnio) covers 7%. The o p e  with a smalLcrowned 
r a m  from 1QO to 22QO ft: 24% bclmv 250 A. 48% at 250- canopy (Frns), covering 2%. is confrnod to routhemmost occur- 
1000 fl, and 17% at 10W-2000 n. h a few places relief is as law rsnces, rvhhhh fherc is also rome mid-height grassland (G). 
as 100 A or as hieh as 400 8. Crerfs are verv narrow locallv 

locally madcrate to gentle (dip slo~es, slump benches, crests), 
l a c d y  prccipitau. (gully heads, slvmp walls, dissection slopes 
near largcr streams). North of Torricelli Mountains is commooly 

chaotic microrc~ief 5-15 n) by 
earthquakes. 

stmama md Drainage (Fig. ll(c)).-Denrs slightly angular 
pattern of small *reams, catnmanly withlow tohigh gradients and 
sinuous courses. Most fml- and some second-order streams 
probably have intermittent Borv. Streams Bow in narrorv valleys 
with little or no Road-plain development: beds are poor in gravel 
except for romc larger, rather brddided streams traversing north of 
main movntain range. 

Weathpring and Soils (14 obs.).-weathering generally shallow and 
skeletal, very lacally immature north of laogcs. Rocks are 
commonly sonened to 10 f i  ar more by hydration. 

Probable soil cornomifion is IODE3 subdominant: IODEZ. 
IODOI, common: AUTOZ, AUT03, IODA1, IODLI, TUHL 
E m ,  BUHA6 minor. Sauth ofmnges, predominant soils nre 
rnaderaloly to slightly developed, weakly acid to neutral, moder- 
ately thin to thick. uniformlv tertvred h ta verv clay loam 
to sandy clay rails (IODE2. IODE3). Texture appearr related to 
that of stcatzed sediment- rock and is locally friable sandy clay 
loam on sandstone. Thers are no m yen  t&~ dark topsoils. 
Moderatclv to slron~lv dcvelooed. acid. madernfelv t h h  to HIM. 

r ~ n - ~ e  thro&h drainage, leading to rapidly develop.  hey may overlie calcareous alkaline softmod rock. onmoderate 

ing Bash Roods and rather l o r  residual stream Row. ~mastly upper) rlopes commonly occur moderately developed, 
neutral to weakly acid, maderrfcly thin, very firm silty heavy clay 

Vcgetstioo.Sec~ndary vegetation from gardens B) to old soils, commonly with a firm clay loam to clay surface horizon and 
ssoondary forest (FR), locally with rcnlnants oftall forest with ao thin dark topsoil (AWO2) and in plrccs slightly gleyed (IODAI). 
irrcgulnr canopy wit11 lighi-toned crorvns  id), covers 48%. Locally (not always oa sceeuert slopes) occur slightly developed, 
TaU and mid-height forests equally share the remainder. Half the neutral to weakly acid. rlrallow to very d l a l l a ~ ~ .  firm clay loam 
tall forest has a~ra thcr  open irregular canopy (Fail, locally on to clay soils vith thin fa moderately thick ~igroils U ~ I ,  
steeper slopes in s mosaic with sera1 stages (Pmi7, the rest is tall IUHL), whilst precipitous slopes have rack outcrop and un- 
farost with an irregular uunopy (Fi, F:d). Porest with an imn6ylar dcveloncd uev shallow roik (BUHL). ~ o c a u y ,  where slumping 
canopy (Fmi) dominates fhc mid-height f o m t  group and covcis has loosenea the hydrated rock, are vndevcioped, neutral to 
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weakly acid, moderately d e e ~  to deep, friable to plastic silty clay 
collvial soils that can be slishily gleycd (EUHA6). 

Population sod L a d  Use.-Papulatiod of 2540 distributed over 
17 viUaw. Present land us. covers 60-3 sq miles (34% of ares), 

2 %  in land use intensity class 2, 27% in class 3, 10% in class 4, 
and 61 %in  darx 5. Occvrrences in na~th-wost are largely unused. 

Traositions ' 0  Otller Land systems.-Boundaries are partly 
distinct, partly gradual with c l w  transbional forms to other land 
systems. Diners from Musak (52) in  having lcss dip and strike 
pattern, from Yrs5 i~  (38) in having higher relief, and from 
Numoik~n (40) in h a v i n ~  lowor =lief. It has shorter, less regular 
and less accordant ddgcr than Kaugiak (37) and a coarser drain- 
age paltern than Emu1 (36). Slumping is less pronounced and 
s lop~r  senerally stee~er than in either seim (46) or Sengi (42). 
North af ranges it ir not always clearly distingairhablc from 
strongly dissected fans of Panakatan (25) and in places mapping 
has been carried out more on geographic position than on pattern 
diuenenses. 

gorest Resources (10 obs.1.-Foiest covers 61 %; low to moderate 
f m s t  rerourccs. Forests with low stocking rate cover much of 
the area (Fmi, 25 sq miles; Fmio, 12 sq miles; FR, 10 sp miles; 
FRm-FR, 10 so miles: FoilFn~i'. 6 sa miles: FmilFmi'. 3 sq ~. ~ ~ 

miles; FmslPmM, 2 sq miles; PidIG, 2 sq  mil?^; FmrIFR, 1 sq 
milt). Forests with moderate sfocking rate (Pol, 15 rq mile;.; 
Fid, 9 84 miles; FidjFR, 4 sq miles) and with high stocking rate 
1Fi. 9 si l  miles) also ascur. Ac\ccers cateeorv UI: minor access . .  ~ . . .  . 
problems due to wetness ~ossiblc on p o o h  drained slumps and 
gcofle slo~cs. 

Ag~ieulhlral As\ss.ssmolt.Stccp slopts, very irregular topography, 
and commonly shallon soils give low capability for improved 
pastures and tree crops, and very losr capability for arable craps. 
Although capability for ~ e e  crags seems clearly lower than for 
pastures, thh  would nor preclude planting of small native cotrffi 
Mocks as now practised. Any large-rcale development, however, 
appears best or ienta~d towards r g r a k g  indv~uy  combined nith 
forestry devdopmenl on steepsf land, and with minor tree or 
arable crops. Soil nitrogcn contents mostly low, less commonly 
moderate. Phorphatr contents moslly very low, less commonly 
low ta moderate, but very lligh in some very shallow soils on 
prccipito~~s slopes. Potash contents vary greatly and apparcntk 
erratically, mostty very high to madcrate but commonly very low. 
m water balance zone I is mostly rather rare to rather frequent 
slight, and commonly rather racs s e w ,  soil water stress. In this 
run= freqnent severe, and in zones 2 and 3 rare scvere, soil wafer 
stress occurs in EUHL, IUTiL, and IODLI soilr. 

Eosmeerine ~ ~ s e ~ ~ ~ ~ ~ t . - ~ c ~ ~  braken nature of terrain will 
result in stronsly winding minor mads with many culvsvstt and 
small bridges. Simpler to achi-ve good alignment for major 
roads, because soft hydrated racks are easy to cut through and 
appear maronably ruitabb for fill. Road svrfa~es on mathercd 
roa tend to have high bearing strength (as against soils proper 
which easily tend to beeomc baggy) but are extremely slippery 
dler  even minor rain. Rasd-surfacing matedsls appear scarce. 
Modcrate landslide t i r i b ,  and roadside dralwge should be well 
handlod. Soils are CH, MH, CL, with minor ML; probablc 
depths are modcrorately deep dominant; rhallo~v rubdominanl; 
very rhauow, deap minor. 

Land nonns (Plate 18, Fig. 2).-Generally disorganized patterns 
of short to "cry short, c a m o n l y  rp~llred or grooved, high hill 

and idus, rarely of longer piaked ridges. Altitude ranees 
from 0 to 2602 fl: 8 %below 250 It, 49% at 250-1000 R, and 39% 
at 10OO-ZOW A. Relief gencraUy between 3W and 500 ff, with 
extremes of 200 and 750 ft. Crests are knifeedged to narrow, hill 
slopes predominantly steep to very stew, partly with long straight 
slope sectors, partly irregular because of common medium-sized 
to small slumps, producing moderafa to moderately stecp local 
slopes. Some p~cipi fovs  slopu occur as slump walls or near 
larger streams. Locally rcmnants af dip and outcrop slapes occur. 
Chaotic microretiof of &IS ft appears common north of ranges 
and probably is caurcd by earthquales. 

Streams and Drainago (Fig. Il(d)).-Dcnre to lather open 
dendritic pattern of mainly smau streams, brgely with high 
gradients, but gcntle to "laderate slopes in first-order streams. 
sszams Aow in narrow valleys in rock-cut beds, mostly poor in  
gravel. Surface run-off is probably moderate to high in  rclrtion 
to through drainage and frequent flood spates a rc  to be expected. 
but most streams will also have adequate ruidual Row due to 
ground-water seepage. Generally well drained. 

. . . . . . . ~ 

higher occurrences and those with chaotic micrarelief. Occurrence 
in latter areas, where tall forest would be expected, could be a 
result of earthquake damage or correlated with increased humidity 
or rsinfaU due to location in frontal zone of Tomieelh Mountains, 
indicated by coorpicuous.moss cover of trunl;s. Lower and less 
rteecl sloees have tau forest with a rather open irregular canopy 

(Foi) and, south of ran-. tau fonr t  with an irregular canopy 
with ilgbf-toned crowns E d ) .  More thao one-third of land 
systcm gardened or under sccandary vegatatian. Where tall cane 
grass regrowth (GtR) is found rotation eyele will be short. 
probably t 1 0  ysars, but atill of minor importance here, where 
alder secondary forest stazss (FRm, FR) are wellreprespnted. 

Geology.-Pliocene to Miocene interbedded riltstone, mudstone, 
and less sandstone and conslomerate, at Lcast locauy calcarwus. 
In foolhills of main mauntRio range, pre-mid-Miocene racks 
including cooglomsrate of metagremadre and metabasrlt, and 
minor limesrane. Dips are probably mostly moderate to steep. 

Weathering and Soils (6 ab8.).-Weathering generally shallow and 
sklclstal, v e 0 . 1 d y  immafure. S&cninp of rock8 by bydrafion 
appears strongest north of ranges, but tends to vary considerably 
from place to pkffi. 

Probable soil composition is IODB3, EUH08 subdominant; 
EUHO?, BUHO9 common; UOTO2 minor. Undeveloped, 
weakly acid to acid, deep to moderately sbdlow, fdabla loam to 
h clay coUuvial rolla containing variable amounts of rock 
tragments (EUn07,8,9) appear domioaot, with similar but 
moderately developed, moderafcb thin residual soils (IODE3) 
also common. A moderately to strongly developed, add,  thick, 
6rm silty Elay sail with friable barn to olay loam svfaffi  
soil (uOTO2) observed on mors strongly weathered rock. It is 
not clear wherc and how often such sails occur. 

Population sod Land Use.-Population of IZSO disfdbuted ova  
eight villages; Pment  land use covers 25.9 sq miles (26% of 
area), 29 % in land use iottnsihl dam 3, 12% in dass 4, and 59% 
in dass 5. Mort intensive land use occvrs only on moat easterly 
oa^YTTenceS. 



Transitions to Other Land Systems.-In many respects very 
similar to Nopa (57). but less slumped and without the very 
steep long slopes along m a r b s .  Where relief decreases it merges 
into Morumu (39): where relief inereages it merges into Sulen 
(58). It mergcs info Musak (52) where dip and strike effect be- 
comes prominent, and into Asier (43) where ridges are Longer 
and more regular with predominantly less steep slopes. Where 
slopes are strongly grooved and spurred and slumping b s  
noticeable, it merges info Wanabutu (59) or Mup (61). 

Porest R~sovrres (6 oh.).--Forest covers 58%: low forest 
resources. In general, low stocking rat* forests (FmiIFd,  30 rq 
miles: Fmi, 12 sq miles; FoiIFmi'. 4 sq miles), including recon- 
darv forests (FRm.FR, 3 sq miles; FR, 3 sq miles). Moderate 
stoching rate tmes (Pid, 8 sq miles; FOi, 5 sq miles) occvr on 
lower. less stcep slopes, two (Fid and FidlFR) being confined to 
mare southern occurrences. Access catezory m. 
Agri~ulh~rsl Ass~ssmontSlope steepness alone allows only "cry 
low capability for tree crops and improved pastures and sgd- 
cultural development appears practically unsuitable. Commonly 
rather shall000 soils furtlier restrict the scope for tree crops. Soil 

Land Perms @late 19, Fig. 11.-Long to very long, gentle to 
maderate, basically concave foot slopes of calluvially disturbed 
lacks (collapsed ridges and dip slopes), and incladkg some true 
scree slopes at foot of escamments. Panly beenure of mode of 
formation and partly because of subsequent dissection and land- 
slides, these slooes are very irregular in detail: gullied to ridged, 
or hummocky to very low hilly with in some places also smooth 
slope segments. Altifude ranges from 240 to 3700 A; 30% at 
250-1000 A. 46% st 100&2OOO A. and 21% at 2000-3500 fl. 
Infernal reliefranges from ultra-low to low, but total relief from 
Y D ~ C T  LO lower margins of occurrences is generally moderate, 

I F IB extremes of 3W and 900 ft. A few long, narrow, moderately 
sloping, hummocky rack debris slides occur, and there are 
IocaUy p,ot",aImg very low to low hills of a more residual nature. 
Local slopes an: thus higllly variable, mostly moderate to steep. 
Some occurrences at high altitude have verysteep marginal slopcs. 
A very amall area just east of Aoguganak contaios very low 
conical hills suggesting the presence of limestone. 

s h a m s  and D~ainage (Figs. ll(e), 13(n).--Large occurrences 
have an open to moderately dense dendritic to subprrallel pattern 
ofstreamn, with relatively long but small first-order streams join- 
ing t o  form small t., moderately large higher-order stream.. 
Narrow but long occmences crossed by widely r ~ a c e d  larger 
atreams. Streams relatively straight, with only slightly gravclly 
beds that aregenerally narrow but can be up to 60 yd widesnd are 
eonfionfiod in narrow valleys. Stream gradients range from low 
gradient fa gentle slope. Flow is moderately fast and probably 
perennial throughout due to large amovnt of ground-wafer 
senage. Two small lales accvr at high altitude. Surface run-off 
probably law inrolation to through drainage, so Road spatcs tend 
to be minor except in through-going se-s origiating in steep 
hay or mountainous country outside land system. Mostly well 
drained, with small impedeclly drained pockets on slump floors. 

Veectatian.-Lw parts, totalling about 50%. are or have been 
~ ~ 

gardened (R-PR). In westsrn occurrences sago (MR) has been 
extensively planted in suitable situations. Original vegetation 
was tall forest which still covers 20%. Typen represented are tall 
forest with a rather open irregular canopy (Poi) and tall forest 

nitrogen contents appear to vary from very 10," to moderate; 
phosphate contents probably mostly very low, bbuf commonly 
moderate and locally high. Potash contents variable, probably 
mostly high, but law to very low also common. h water balance 
ronc 1 there is locally rather rare to rather freqvent slight soil 
water stress, mainly in IODE3 roils. 

Engineering Assessment.-To be avoided for road~canrtruction. 
except probably for a road across Torrieelli Mountains to link 
interior with coastal plains. On such a route it constitutes one 
of the lower relief elements and so may be preferred. Because 
crests are mostly short and irregular, best to keep loads close to 
valley bottoms. Many slopes appear unsfablc, presenting risks of 
roil crecp and landslides. Goad roadside drainage essential. 
Road-building materials scarce. Racka are commonly sufficiently 
soft to facilitate eiwv cut-and-fill operations, but locally. par- 
ticalarly in  faothills of ranges, harder rock occvrs at shallow 
depth. Weathered rack would farm a strong surface for unim- 
proved roads, but would be rlipoery when wet. Soils are CH, 
MH, CL, MI.; grabable depths are moderatsly deep daminant; 
shallow, deep common. 

with an irregular canopy wifh or without light-toned crowns (Fid, 
Pi). At higher altitude is mid-height forest with an irregular 
canopy (Pmi), which is also on steep marginal slopen mixed with 
sera1 stages @mi') or Cosuorinn poguono (Ca). 

Geology.-Mainly Upper Miocene. less Lower Pliocene inter- 
bedded sandstone, siltsfone, and mudstone, the sandstone e o n  
manly bcing calcareous. Rocks arc mostly deeply collvvially 
disturberl due to hydration, faulting, and landslides, but locally 
exhibit moderate dip slopss. Limestone beds are possibly locally 
intercalated in the sequence. 

Wcath~rine and Soils (11 obs.).-Little weathering in situ. but 
indications that deer, hydration and widespread shallow immaturc 
weathering took place beforc (and facilitated) collapse of ridges 
by coilvviafion, and landslides, which shaped present land forms. 
Remnants of shallow immature to mature weathering observed 
on some residual hik. 

Probable soil composition is IOD04, EUHOl, EUaO8 sub- 
dominant; EUH09 common; (EAHU3). @ m n ,  BUHL. 
IODL2, UOTOS minor. Predominant soils arc undeveloped, 
weakly acid to acid, deep to verv deep, commonly stightlystratiEed 
ealluvial so&, with textures normally ranging from very friable 
sandy clay loam to firm clay and containing low to moderate 
amount of variably weathered rock fragments (BUH07,8,9). 
Similar but slightly to moderately gleyed so& likely on small 
slump floors. Mare rarely and ~robablv  mainly near mountains. 
on both callvvia1 slopes and protruding law bills, occw strongly 
developed, acid, moderately thin t o  thick, very friable sandy clay 
loam to clay loan, soils, wifh cornmanly large weathered rock 
fragments in subsoil iIOD04). Soils on hill crests include a ucn ~. 
strongly developed, strongly acid, thick, plastic clay soil with a 
more fdable loam svrface soil (UOTOS), and a moderately 
developed, acid, very thin sandy loam soil on weathered sand. 
stone (IODLZ). Such Ulin roils on crests probably largely asnaci- 
ated wifh former village sites where oriainal roil cover has been . 
removed, whilst very strongly developed soils apparently repre- 
rent relicts of a weathered surface at about 3030 ft an southem 
Aank of mountains. An undeveloped, neutral, shallow, friable 
clay loam soil mired with and resting on coarsely broken-up 
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soils seen on crests but not examined. Shallow soils o a r  prob- 
ably on steepest slopes. Generally soil pattern probably rather 
sMi1ar to that of nrier (43). 

. . 
Planted sago impnrlant in rubristenffi. 

. . .  .. . . . 
(steeper, closer, and more branching ridges). Kaugiak (37) (more 
regular slopos, closer spaced tidges), Sand" (35) (lower, much 
closer, steeper, and spurred ridges), Yindigo (31) (lowcr rslicf, 
generally more convex slopes), and Morumu (39) (shorter, 
steeper, h s  accordant ridges). 

Fomt Resources (no obs.1.-Forest covers 46%: law forest 
resources. Forest of modcrate slockiog rate (Fid, 32 rq miles; 
FidlFR, 11 sq miles) and of low stocking rate (FR, 6 sq miles) 
occurs. A-r category 11. 

Agrieulhlral Assessment.-lnsufficienf information prevents 
precise assessment, but apparently there is moderate capability far 
tree crops and improved pastures but on$ low capability for 

Land F o m  (Plate 20, Fig. I).-Broad, long to short, high bill 
tidges with straight or concave, locally smooth but generally 
cluril) gull8cd >lupls, lvcally n.:rytng dnlu a y , ~  Alll~udr rar#gc\ 
licm IOJ to 3100 i t ;  I I % hrlolv IWU 11. 59% at 100C-2000 11 

;u#s l  2',% ,at 2000 3500 Ti Kclicr varlcl irnm 3W to 7110 TI. 11111 ." 
slopes are moderatelysteep, in places steep, more rarcly maderafc. ' S l u m p i n g  nearly alwaysivident, l o d i i  as large sluimpr but 
generally as few to many small slump alcoves and toes, which can 
give theslopes a hummocky apnearance. Rarely the photo pattern 
shows dip and outcrop slopes in the form of poorly dcvoloped 
chevron ridges. Crests arc generally rounded and narrow, in 
places very narrow, rarely broad. They are gsnerally even to 
undulating, with gentle crest slopes, and locally form low emergent 
cresta1 ridges with steep slopes. 

Streams and Draioage (Fig. 12(a)).-Rather coarsslextured 
sub-lar to dendritic pattern of long main streams (mainly 
second- t o  fourti-order), with short subparallel 6mt.order 
tributaries in narrow rock-cut chanools with gradients mostly of 
moderate dope. HIgh~ishr.order streams in either rock-cut beds or 
very n m w  (up to 100 yd wide) Rood-plains and have gradients 
mostly from high gradient t o  "cry gentle slope. Streams are 
shal l~w and moderatcly fast. Beds of locally origioating sheanlr 
are probably only tittle to moderately gravelly, but those of 
larger fhrovgh.going streams origioating in areas of igneous racks 
are rich in gravel, cobbles, and boulders, and up to 70 yd wide. 
Surface run-off probably low to  moderate in relation to through 
drainage, and all streams are perennial due to ground-water 
seepage and probably experience only minor flood spates. Well 
drained except for small slump floors. 

Vegetation.-Over half is gardens and secondary vegetation, up 
t o  old secondary forest R-FR). Sago (MR) is planted and 
exploited in  small wet sites caused by slumping. Tall and mid- 
height forests each occupy 22%. Tall forests with ao irregular 

arablecrops, because of erosion hazards and irregular topography. 
This assumes that soil depth and pH are generally not a reriovs 
limitation for tree crops and the extent of p o o h  drained soils is 
small. Superficial landslides could be a hazard for tree crops. 
Limited development posrible for both grazing and tree craps, 
particularly as the area is commonly rurrovnded by land systems 
with lower capability. Soil nitrogen contcnfs grobably mostly 
moderate, but law to very low values may not be uncommon. 
Phosphate contents probably mastly very low, but moderafc to 
low valuer may also be common. Potash contents probably high 
to very high, but low values are also common. In water balance 
lone I is locally rather rare, an steeper slopes rather frequent, 
slight sail water stress, which would occur more gemrally for 
shallow-roofing craps. 

Eoxla~ering kmessment-Moderate topographical problems for 
road-building, commonly smaller than those in adjoining land 
systems. Roads can often follow ridge crests far Long distances 
and then relief and damns can be necotiated without too much 
ditFculty, whilst only small btidges arerequired. Road mfs simple 
to make in soft rocks and colluvium, but wiilirequirs sfabilirafion. 
Landslide risks and absence of suitable subgradc and road metal 
are main oroblemr. Roadside draioaee will need narlicuiar - r~ ~ 

attention and many cniveris will be required. Unmade roads will 
tend to be very slippery and easily become untrafficable after rain. 
Soils are CH, MH, ML, with minor CL; probable depths are 
moderately deep dominant, deep subdominant, shallow common. 

<STEM (106 SQ MILES) 

canopy with or without light-toned crowns (Fid, Fi) are qually 
reprexented. Thc mid-height forest mainly found is the type with 
an irremlar canopy (Fmi), but the type with a very irresylar 
canopy (Fmio) &o occurs. Because of unstable slopes sera1 
stages (Fmi7 occur amidst tall as wen as mid-height farat.  

&loev.-Pre-mid-Mime to  Upper Mi-ne siltatone, mud- 
stone, less sandstone, and minor h e  conglomerate. Surface 
materials commonly colluvium of there racks. 

Wenthcrinioe and Sails (2 obs.)Subject to appreciable weathering 
in the past, but subseqvent dissection has left only remnants of 
shallow immatvre weathering, mainly on ridge and spnr crests. 
Underlying rocks softened by hydration to considerable depth, 
which has facilitated mans movement and couuviation on hill 
110l)es. 

probable roil composition is EUHO7, (IOD01) subdominant; 
G?UH08), (IODB3). 1 0 0 0 4 ,  E m A 7  common. Sparse field 
data suggest mostly undeveloped, acid to weakly acid, deep t o  
very deep, triable ta 61m clay loam to day  colluvial soils, with 
varyins amou t s  of rack fragments mUHG7 observed). Similar, 
but moderatcly gleyed roils probably on small slump floo~s. 
Moderately developed, acid to weakly acid, moderately thin to 
moderately thickresidual clay laam to clay sails probably onmore 
stable slopes. A strongly developed, acid, moderaroly thick, 
plastic clay sail with few weathered rock fragments (10004) 
exemplises roils found locally on crests with remnant weathering. 

Pa~ulation and Lana Use.-Population of 2560 distributed over 
19 villages. Present landuse covers M s q  miles (42% ofarea), 27% 
in land use intensity class 3, 73% in class 5. More intensively 
used areas occur in the west. Planted sago is impartant in sub- 
sistence. 

~ranntions to other Lana systems-h many respects, a sealed- 
down version of Flobum (441, and in places transitional to it. In 
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marginal cases i f  has features franritionill to Svlen (58) (1"gh 
relief, sfcep spurred slopcs), Numoikcn (40) (very short irrirrgular 
ridges), lmbir (54) (sleep slopes, chevron ridges), or Sengi (42) 
which has lorver re1iet 

Forest Resoorecs (1 obs.1.-Forosf cover6 55%: low fonr t  r r  
sources. Much loresl is of low rtocklng rate (Fmi, 14 r q  miles; 
FiIFmi: 5 sq miles; FmilFmi: 3 sq miles; Fmio, 2 sq miles), 
including secondary forests (PR, 9 sq mil-: FRm-PR, 7 sq 
milen). Remainder is oifhcr moderato stocking rate (Fid, 13 sq 
miles) or high stocking ralc (Pi, 7 rq miles) forest occurring at 
lowcr altitudes. Access category m: minor acccsn problcms due 
10 \vofncss occur on small slump noam. 

Agricultural Assessment.-Moderate capability for tree craps. 
slope steepness being the major limitation, terrain irregularity 
and localiy rather shallow soils minor reslricfian=. Sincc gullies 
and hummocks arc probably a seater  limitation for improved 
partures Olrn for tree crops and also because of soil acidity. 
capability for this type of land "a is assessed as low; capability 
for wmzanent cultivation o fn rab~ec rop~  judpcd verylow. o n  the 
other h a d ,  ciimatic limitations affecting laod above 2000 ft  

would be more scrious for tree crops than for improved pasmres 
in a rather large proportion of the land system. Thus, fherc 
appears to k scope for capanding enisling land osc, partly in 
small tree crop plantations, parfly by cattle-grazing on improved 
pastures; no potential for larsrscale planood development. 
Soil nitrogen contents probably maderab to low; phosphate 
cantantr probably vary hom very low to moderate; potash 
contents probably high to moderate, but low in mare developed 
soils on crests. 

Engineering A~casment.-Raad conshuetion unlikely to b. 
re~uired m the near future. Of the big11 hilly land systems, it 
offerg smallest topasaphical difficulties since road alignlnent 
could often follow crests or river courser for rather Long distances 
and therc re few very steep slopes to be negotiated. Many gullios 
and hummocks require much small-scale cutand-a1 work, which 
wovld be easy to criry out in the soft materials. Good roadside 
drainage needed to minimire landslide hazards. Road-surfacinc 
materials probably very scarce. Colluvial slope mantle material 

Lnnd Forms (Plate 20, Fig. 2).-Very broad low movntain ridges slopes. Highest crests, about I % of area, carry mid-height forest 
and mountain slopes with predomioantly moderately steep with a rather dark-toned even cmopy (Fm). On rock dcbris 
(locally s t e w  or modcrate) overall slopes. Altitude ranges from slides is Cosuorirro poguono (Ca). Tali forests with an irregular 
400 to 3700 ff; 6% below 1000 ft, 42% at 1000-22WO n, aod 50% canopy (Pi, Fid) cover 12% of area, occurring at lower altitude; 
a t  2000-3500 f t  Overall rclief is mostly 700-1000 R wifh ex- an sleeper slopes they are mixed with =era1 forest (Fmi'). 
homes at 600 and 1200 fi. Strong mars movement has produced r 
highly irregular local  lief 01 50-150 i t  on thme with an Geolo~.-bfiocene satstone. 1-3 sandsfone and fine con- 
array of hummock., slump alsoves, s ~ ~ ,  ed ridp&, ~ i t h  local glomerate: on northern Rank of main mountain range occur 

slopes varVing from gentle to wry steep. A few long raok debris p'Te-mid-Miocene ailtslonc and cmglomorats with mefabasalt and 

sndes occur. m placss mountain ,idges are clearly essentially mctagreywacke pebbles. Locally intercalated beds of massive 

strike or chcvron ridges. Single locally dissected limestone occur. Surficial beds commonly consist of collvvium 

into broad but irregular ~ p v n  with modemte~y steep to steep Of tbserocks. 

slopes. Crests mostly nanow to broad and commonly form 
rgent crestal ridges hummocks ,it short very 

Weathering and Soils (9 obs.).-Field evidence suggests consider- 

s t e p  side slopes. ~ a w e r  slopes near incising sueams locally very able mathe- in the with hydration Of 

sleep. 
racks, probably an imponant contributing factor iopradvdng the 
mass movement described above. Stream dissection tocethor 

Stmams and Dr3lioago (Fig. 12(b,c)).-Coarre- to very coarse- 
textured pattern of m;iinly subparallel main dreams (second to 
fourth order), with relatively few subparallel to dcndriticfirst. and 
second-order tributaries. Latter are vciy amall and have very 
narrow stream beds with gradididits of gentle to moderate slope. 
Man streams, fovnd only in largest occurrences, have 20-80-yd- 
wide beds of high gradient located in very narrow flood-plains or 
cut info rock. All streams arc oerennial and havc fast flow and 
shallow depth. Gravel md boulders plentifd in bcds of r i m  
originating in mavntains north of   la bum, but rather scarce or 
very scarce in locally originating streams. Surfacc run-off prob- 
ably low to moderate in relation t o  tl~rough drainage, leading to 
much sound-water rwpage to streams and a l ow inddeoce of 
flood spates. 

Well drained except for numerous small slump Roors that are 
imperfectly to very poorly drained. 

Yeaststion.-About half is wder  secondary vegetation (R-PR). 
sago (MU) extensively planted in many suitable sitnations formed 

. 
with this mass movement has in turn dcsfroyed much of the 
weitherins profiles, now mainly in higher crestal areas as shallow 
immature to deeg mafvre weathering. Remainder of Flobum 
only skeletally weathered or merely hydrated. 

Probable soil composition is EUFIOB. EUH09, IODOl $sub- 
dominant; UOT02, UOTO5. EUH.46, (EAEU3), (EUHL), 
MR-E minor. Most common sails are undeveloped, weahly acid 
to acid, deep lo very deep colluvial soils with slightly shamed 
profles of friable loam to clay loam and varyiw amounts ofrack 
fragments (EUH08, EUH09). Similar, but neutral gleyod and 
normally more clayey and plastic soils ( E m 6  o b m e d )  found 
on slump Roon, probably accupyiog 8%. Undeveloped, shaYow 
to very shallow or stony soils probably occur on the steepest 
slop% near crests and streams, on back r d h  of slumpo, and on 
rock debris slid-. On relatively largo areas (probably 30-%) 
whvhere weathering is evident, occur moderately t o  more rarsly 
strongly developed, acid to stm& acid, moderately thin t o  
thiok, friable to Wm day  soils (IODOI), commonly with very 
friable loam to clay loam avrfaee horizons (UOT02) and con  

by l r re l l l l l r  .e:o,~Jrry t ~ l l c i .  uc~gin.al ,rjrrrt~un i~rohlhl) la ill in^ \rr.rb.e n#n~,u#l l i  (16' wc,thcrr.J rock fromentr. A very 
nlilnly nr.1-l~cirhc fore., urcll 8,s ~rrrrulnr  c ~ n . p y  (P~nv  ul18cl. i, 3cro8lgly rlc\clnp-d. ,Irort~ly acid. I I I IL~ ,  piitstic ~ C Y V Y  clay 301l 
I  I I .  I I o r ,  e r  I I t i : v ~ c h  frlahk ch, iham cu d ~ r  rtnrrxie hojilnrmr 1 U O 1 ' ~ 5 l . l \ c n x l  . . .  . ~, 

with sera1 stages (PmU which reflect fhe unstable natvre of tho onslumped upperhillslopc, but svchsoihseem~estricted to small 
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remnant wealhered summit areas. Observed on limesfone was a wvherc climatic conditions are rather unfavovrablc for both 
moderately developed, alkaline and calcareous. thin, rather stony, normal lo~vlsnd crops and typical highland crops. However, 
very dark over dark firm clay roil (MR-E); suchsoils appear rare. common acidity of rails is probably more favaursble for free 

crops thanimproved pastures. Unsuitable for large-scale develop- 
Po~ulation and Land Use.-Population of 4230 distributed over m a t ,  but scope for some extension ~ f p e r ~ a ~ e ~ t  agacultural~and 
29 villages. Present land use w v e n  52-7 ss miles (41% of area), u s  near present population centres in small tree crop plantations 
28% in land use intensity class 3, 28% in dass 4, and 44% in m d  p ~ t i c u l ~ ~ l ~  by introduction of catfle grazed on improved 
dass 5. Planted lago is important in subsi*ence. Basfern pa3tures. soil "itrogcn mortiy moderate to lo,,.. 
0ccurrenEes largely unused. Phor~hate contents generally range from very low to moderate. 

Trsn~itians to Other Land Systems.-Gradual transitions occur to 
Potash contents variable, moslly high to low. 

Karaitem (41) which has fewer s t e e ~  overall slopes and no mar- 
sivc mountain ridges; Om (45) which is s ,eepei and more Enpineorin. Assersm~ot-Smallest difficulties in rand consfruc- 

vigorovsly dissmled; to (4,) which has and a tion of the nlountainous land systems. South of the Rrihu River 
doser pa t,cm of ridges; to Mina,ei which more it Provider a relativoly easy passas  through the main mountain 

dearly defloed dip and outcrop slopes. range. It may even be preierred to adjoining land systems of Less 
relief but with wry severe dissection and sfcooer sloner. hccause 

Forest Resourc~s (6 obs.).-Forest covers 46%; low forest 
rcsourcen. Much forest comprises low stocking rate types (Fmil 
Fmi', 20 s q  miles; Fmi. 15 rq m i h ;  FilFmi, 3 sq miles: Pm. 
2 rq miles), including secondary tmes (FR. 4 rq mi les :  Ffin-FR, 
3 sq blilhlilhlil). Remainder is high stacking rate forest (Pi, 6 sq miles) 
and moderate stocking rate forest  id. 5 sq miles) which acevr 
at lower alflfudes. Last three were obscrvod to have higher 
rfacLimg rat- than a w a g e  for each type. Access category llI; 
minor access problems due to wclnoss occur on slump floats. 

Agrieullnral Assessment.-Broken nature of terrain wifh common 

. . 
soils, and the fact that part of Flobum occvrs above ZOO0 f l  

. . ~ . ~  
of its mare marrivecharacter with fairly gentlelong overall slopcr 
and relatively minor dissection. Problems of road construction 
include slope instability which may cause landslide damage; 
irregvlar terrain which requires many rmall cu6and-6U aperations 
or leads to very winding raads; scarcity of good road-building 
materials (sravel and stone obtainable only from some larger 
stream beds and very local limestone accurrenccs, or may have to 
be suarrisd in neighbouring land systems); and need far long 
fairlv sfem gradients when raads are built across the lmostb . . -  ~ ~~ .~ . 
N.S.) grain of mountain ridges. Roads along the grain can be 
more conveniently located along major streams or crests. Large 
bridges rarely required, but many culverts needed for proper 
roadside drainage. Soils are dominantly MH, subdomioantly CH, 
ML; probable depths are moderately deep dominant, deep 
subdominant, shallow camn~on, very shellow, very deep minor. 

Land Forms (Plate 21. Fix. I ) .S t eep  to very stoop, locally 
moderately sleep low mountain ridges and slopes severely slumoed 
and dissected into very irregular, rugged topography of spurs, 
r l u r n ~ ~ .  r a k  dcbrn sl>d&< rauinx,  r l m , i d d  h,ll,. and low 
5rvps. nlt~tude rascr? fro,., 400 n. 4PlO 11; I !  '/ bsl 10.0 n. 
41 xrt 1000 2000 cr. 41 % a t  211110.151,1,11. m d  7 A r ~ x > v r .  1sdn i t  

L&I relief is 100-3k1 &,kith a total relief of 8 0 ~ 1 5 0 0  ft. Crest3 
tend to be koifoedged to narrow and local sloues are mosf l~  very 
stew to  ~ r a i p i ~ u s .  When  partiiiIa~11 hilly, land forms a n  
suggestive ofharsf topography and probably d a t e d  to occurrence 
of limestone. 

streams and Drains~e (Fig. 10(d), 12(c)).-Fine-textured angular 
to subparallel pattom of small first. and sccond-order streems in 
deegly incised narrorv rock-cut beds wiih gradients of moderately 
s t e p  to steep slope. Stream bods are rocky and stream flow 
pxsnnial. Surface rumoff probably high in relation to fbraugh 
drainage, except on limestone, and would cruse frequent minor 
flood spates. Well drained. 

Weatheriog and Soils (No obr.),-Weathering ~~,robahly slight, 
but racks (except limestone) ~rabably  dee~ ly  hydrated. Probable 
soil composition ir (EUHO8, EUH09) subdominant; (IODOL, 
IODOz, IODL2, MR-02) common: (EUHL) minor. Soils 
probably mainly undeveloped. veakly acid to acid, shallow to 
deep, loamy ~olluvial roils with many rack fragments and could 
be similar t o  those far Flabum (44) an< Svlen (58). Weakly 
a k l i n e  to alkaline. thin, very dark Jay soils associated with rock 
oulc~w probably o-r onlimertone. 

Population aod Land Use.-Population nil; present land use 
negligible. 

Transifions to Other Land Systems.-Transitional between 
Fiobum (44) and Sulen (58). combining irregular fapograph~ of 
former with mggodners and slope steepness oflatter. 

Forest R~saurcas (1 aerial obs.).-Forest covers 67%; low forest 
resources. Forest of low stocking rate type3 (FmilFmi', 11 sq 
miles: FmiiFm, 4 sq miles: Fnli. 3 sa miles). Access cneeorvlV. . ~ 

vep~tatioo.-Almost complete cover of mid-height f ~ t .   ores st 
~ i t h  a rather dark-toned even canopy ( F ~ )  an crests Ag~iculbrsl Assessment.-Very = u s e d  to~ography denotes no 

and less steep ripper O C C U ~ ~ S S  abont 15%. owins to capability TOT agcicullural developmenl. Sail nilragen contents 

rugged unsfabk naturc of slopes seral vegetation typos ( ~ ~ i .  and probably vary from moderate to very low; phosphacc contents 

cnsrurine povuamx) are common, and occur in intricate mosaic probably nearly always "cry low to  low: and potash contents 

with nlature mid-height forest ~ i t h  an irregular canopy  mi). likely to be quitc variable. 

same lower slopes (6%) adjaccnt to Karailem (45) have been 
gardened. 

Eoginccriog Assessment.-To be avoided for road construction. 
In places if could be a ~otent i r l  sowce of road-building material 

Geology.-No field data. Probably pre-mid-Miocene rocks. (limestone, some conzlomerrtc), although commonly too in- 
largely rslafively small fhickoosres of conglomerats, siltstone. and accessible. Soils arc dominantly MH, subdominantly CL, ML, 
limestone, steeply uptiled against igneous basement rock, and and minor cH; probable de~ ths  are moderately deep dominant, 
probably with much rm5cial eoUuuium. very shallow subdominant, shallow, deep ~ommon. 



Land Forms (Plate 21, Fig. 2).-Low hill ridges with r pattern of 
more ar less pol~ganally branching, commonly lather peaked 
crests and ~ h o r r  spurs ~ a r t l y  endosing irregular small to large 
slump alcoves with mostly gentle to moderately stew s lo~es .  
Altitude rangcs from 4W to  1700 fi; 86% bclo\v 1000 ft. Relief 
ertrem- are 100 m d  400 A. Overall hill slopcs p~ededominantly 
concave. Crests range from very narrow to broad and commonly 
have n sharp break to  short steep to very steep upper side dopes, 
thus producingomergent cresfal ridges that may be benched. Very 
few gcntle straight 51opes resemble dip-dope remnants. Soms 
steep hill slopes are grooved or spurred, rather fhan slumped. 
Shart very rleop slapes occur locnlly above slump alcoves and as 
lower s lops  near incisd slrsams. Ebcwhere arc hummocky 

. . 
in diameter and generally have irresvlar hummocky svrfaces with 
gentle to moderate sloprs dominant wl~ere ridges are far apart. 
and moderately steep fo sfsep slopes dominant, commonly with 
small dump benches, where ridges are more closclv spaced. 

Streams nod Drainage (Fig. 12cd))-Stream pattern of rather 
wdely to r a tha  dmely spaced, long, winding, svbpnrallel to 
rubradial first- to fourth-order local streams with rather regulariy 
and rather dorely spaced, very short first-order tributaries, 
peneiaUy at right angles to krgcr streams. Overall pattern is 
rather angular. Streams range in width from 5 to 20 yd. In 
addition, land systrm js traversed by a ferv larger meanderiog 
through-going streams 30-50 yd wide. Seeam beds are cut into 
bed-rock or colluvium, arr shallow, have tittle or no hard rock 
gravel ar rand, and have mostly 10," gradients, but madients up 
to very gentle slope in shmt firstorder tributaries. Through-going 
streams have sandy to rather fme gravelly bcds. Surface run-off 
probably moderate to high in relation to through drainage, so 
flood spates will accur frequently end river flow decrease rapidly 
in rainless ~edods .  Many first-order tributaries probably have 
intermittent flow, particularly in  eastern part. 

Mostly well drained, some crests and very rlecp wper  slopes 
excessively draincd, some slump floors, benches, foot slopes, and 
broad west suriaces imperfectly to poorly drained. 

Vegetation.-Almost entirely undor sccondnry vegetation (R-FR). 
In  the east, tall can-mars remowth (GtRl (26%) farms a con- 
spimous element. a r e a s  where sago is exploited (MR) are of 
minor importance (7%) and found on$ in the west. Mid-height 
grassland dominated by Inlgerato (GO C O V C ~  about 1%. In 
about 32% s m d  palhes of tall forest with an irregular canopy 
with ti~ht-toned crorvns (Fld) ace found amongst the secondary 
vegetation, but larger tracts are rare (2%). Tall forest with a 
rather opcn canopy (Po) occurs on some u=Ue). floors (3%). 

G8ology.-Pliocene mudstone, in places interbedded with silt- 
stone and minor sandsfane. There~rock. are ar least llarlly 
calcareous and appear ta be horizontally bedded or very gcnt1y to 
gently dipping. Superficial beds are commonly colluvium of 
mudstone. I" extreme west near ~ u m i  (26) are remnants of 
Pleistocene alluvium on some broader crests and as thin colluvial 
mantles on slumped dissection dopes. 

Weatberiog aod Soils (24 obs.).-Calluvial mantle commonly 
fovnd a t  surface is generally not waafhered, rarely shallowly 
skeletally weathered. Hill slopes and crests are generdly shallowly 
skeletdly weathered, but rock may be sofrened by hydratien to a 
demh af some tens of fffieer. aooarentlv least on emer8rnt "eatal . . .  . 
ridges. Shallow immatvre weathering seen once on remnant of 
Pleistocene alluvivm an a crwt and once on what appeared to he a 

gentle dip-slope remnant. Carbonates probably have been 
leached out of upper rock strata in many glaccr. 

Probable soil com~asjtion is EUH07 subdomiomiomiot: EUH06, 
EUHA5, lODEl common; (EUH091. E-6, EAHS3, 
W U 3 ) ,  EAHT2, EUHL. IODE3. IODE4, IODL1, A W 0 2 ,  
AUTA2, UOTAl minor. Colluvial mantle charscterkd by 
undcveloiled sails which arc mostly weakly acid (rarely neutral), 
deep to vcw deep, slightly stratified firm to plastic day loam, silty 
blav and clay soils (FUII07). but also maderately shallow, vrry 
plastic silty heavy clay roils (EUHO6) with very low to  high 
amounts 01 rock fragments in subroil. I" the far wesf, where 
calluvium is partly derived from Pleistocene alluvium, similar 
but more add  soils probably will be found. Particularly on gentle 
lower slaocs, slump naors, and slump bench- accur neutral, 
lil.,.,<lil,el" rll.,llo$" I C  v:ry t l~" ,~ ,  \liplltly L., nl<l.lcralc.ly cle,av 
l r r r c y  .fronb.ly glr,c.l), firm cl;ty %oil. (FUHA6) mJ very pld-l:c 
$?<lt$,l lhe%>\ c1.a~ sa.<l< ~t<llll..\5. b.\llS31. wl>icl> may haw loam . . . ~ .  . ~. 
to day  surface hmirons !hat are soft vnderfaot (EAHY2). These 
gleyed soils have thin dark tonsoilr. 

o n  st-p to very steep erosional slopes roils arc neutral, larely 
weakly acid in reaction, and include roms undeveloped, shallow. 
Giable day loam roils with many rack fragments (EUHL); 
stightlv developd, mode rat el^ thin, uniformly textured 61m clay 
or silty clay soils with thin or without dark topsoik (IODEI). 
as well as similar but moderately developed, moderately thick 
soils (IODB3); and (probably rarely) similar clay soils with a 
friable day loam svrfsce horizon (AW02). I" places these soils 
Iasve thin dark topsoils. A similar, weakly aoid, moderalol~ thin, 
very firm silty heaw clay soil aODE41 observed on a gon!ly . ~ 

slopins mudstone slip t o r r ac~  Ridgs crests and benches near 
crests can have soils similar to those of crasional slopes aODE1, 
IODE4), but rurprisin~ly onen have slightly developed, neutral, 
very thin to thin. friablz to firm dav loam day. ar silty clay soils . . ~, ~ ~ 

(IODLI). Moderately develwcd, weakly acid lo asid, moderatsly 

. . . ~ ~ ~ 

and 20% in dasr 5. Planted sago is important for subsistaoce only 
in a lei" ,vestern accurrcnm. 

Transitions to Other Land Systems-Difference between Seim and 
Drehikir (46) largely one of relief and boundaries wilh the higher 
Dreikikirarecommomly ~ r b i t ~ ~ y .  Wherecharscterisficpalygonal 
oattern is rmorlv ex-md. Sein is transitional to Semi (42). ~~ .~ - . . 
Where individual slump alcavcs are hss conspicuous and sbeam 
pattern is d~nser, it has gradual boundaries with Morumu (39). 
Kaugiak (37), and Emu1 (36); where dip slopes acquire some 
ri&caoc+ it has gradual boundaries with Mamba1 (48). Rela- 
tion With Ningil (499) discwssd under fhs latier. 

Forest R~sovrces (9 obs.).-Foresl covers 13%; very low forest 
resources. Forests af moderats stockhg ratc Wid, 10 sq miles: 
FidIFR, 9 rq d e s )  and Low slackins ratc (FR, 3 sq miles) found 
on hills. Minor areas of moderate to high sloeking rate forest 
(Fo, 7 sq miles) occur an a l ley  floors. Access category II; minor 
access problems due to wctnes cr~ected  on foot slopes, benches, 
and slump floors. 

Agriedmal Assersment.-High capability for improved paslur- 
but LOW capshililyfolarableerop~aad t r v c ~ o p .  Erosion hazards 
main limitation to cropping, and overall capability is reduced by 
presence of scattered but sigaificaot areas of very stccp slopes 
unr~lltablefor any farm of awicaltural use. Lower rating for tree 



crops than for improved pastures due to local or common 
iimiting *Rats of poor drainage, effectively shxuow soils, and 
rather high pH. Development mainly for pastoral industries is 
recomended, because of great irregularity in delail of the 
terrain and because a very large area has been cleared of forest. 
Such development could be associated with local cropping and 
small tree crw plantaliom on mmt svilable land and with 
timber plantations an rteener slopes. Soil nitrogen cantents 

slight, and rather ~ ~ ~ ~ S E S E S E S E S E ,  =roil water s t m s  (Irequent severe in 
EUHL and IODLI soils) on crests and stapes upper slopes, m d  
generaUy for shallow-roofing crops. 

Engiowriog Asrsument.-Major problems in road construction 
are scarcity of suitable subgrade and road-surfacing materials and 
danger of slump damage to roads. Matetiah may have to be 
brought in from far away, and road maintenanccmay be costly. 
Topographically, it presents only moderate problems. lllinor 
roads will be very winding if following indented and peaked 
ridges, and very slippery if not grassed oc surfaced. Generally 
small amounts of cuband-fill are often necessary, but cutting is 
easy in the soft racks. Only rarely me larger bridges required, 
but much attention should be paid to roadride drainage and many 
cvlvertr provided. Soils arc dominantly CH, subdominantly MH, 
and minor CL; probable depths are deep dominant, n~aderately 
d e p  subdominanl, shallow, very shallow common. 

Land Morms [Plate 22. Pig. l).-Massive, but strongly slumped, 
mostly long, high hill ridges, and few low mountain ridges, 
commonly With a scmi-polygon81 crest pattcm of zigzagging main 
ridges and branching side spurs. Altitude rangcs from 400 to 
2000 ft: 79% below 1000 It. Relisf is mainly between 300 and 
7W n, b", cam b. as low, 200 ft  and as high as IODD ft. Crests 
normally very narrow to narrow, with few broad to very broad 
rectors which in a few cases appear to be dip-slope remnants. 
They are even or somewhat peaked with normally wry gentle to 
moderate slopes. Crests c a m o n l y  baundcd by short s t e q  to 
ionil~ precipitous upper hiill s lo~es ,  resulliog in emergent crestal 
ridges on top of main ridges. Hill slo~en locally caosisf of 
medium-sized to Tory large hummocky concave slump ~Lcoves 
with moderate to stew slopos, partly surrounded by upper tidgs 
slopes and side spurs and commonly backed by very steep to 
diued shmp walls up Lo 100 n high. In other localitie. arc long 
strongly hummocky moderafely steep to sfecp hill dopm with 
many small dumps. In  other eases again. slopes have large 
benches with very gently sloping surface= parallel to main crest 

i - -  and~separated by steep te pmipitour rather short rloges. Lower 
hill slopes near Etrcams mostly very stocp, but madorare to 
modciately stecp collnvial or residual foot alopss l ocdy  occur. 
Thus s t e e ~ c s t  slopes occur mostly just belo~v hill crests and just 
abovestrcam, but arcalso common on mid slopes as eithci slump 
wails or ride slopcs of benches. Normal straight hill slopes, 
m o d 7  steep and in places Srooved, also occur throughout. 
Flood-plains along major streams are either very narrow (LO- 
50 yd) or altogetha absent. 

Sucams ma Drainage (Fig. 12(e)).-Drainage pattern of rather 
FLOSE~Y tn rather widely spaced main streams, ranging from first 
t o  fourthorder, and wifh s~nbparallcl to subangvlar a l i m e n t  that 
may have bee" influenced by au1ts and joints. More clorc1y 
spaced short first.order tributaries commonly aligned at right 
angles lo main stream, enhancing angularity of overall patlein. 
Sfrcams flow very h g e i y  in ahailow ~0el;oel;oel;t beds, 10-30 yd 
wide for main streams and  roba ably mostly havinghigh gradients. 
First-order tributaries may have gradients up to moderate slope. 
Prclh~hly very lilllr Ilrrd rock gr..vel and S I I I ~ I  i l l  river k d r ,  < X C ~ I I I  

an n luw fhr,~t#y~t-mnn.:lrrg~r rivrr- 3" 60 y,l s d r .  Su:h.< I IIII-I~II' 
t ~ r ~ b . a I > l ~  lhiul~ r:l%t!$u ro t h r t ~ u ~ l #  dru#r?d$,o ~0 fr:ot.~#.t l l ~ ~ c ~ l  . . . - 
spates are likely to occur, but maugh  drainage appears sufficient 
for all but the smallest stroams to be perennial. Generally well 
drained, but many small areas of slump Roars and benches ace 
imperfectly t o  poorly drained due to seepage. 

vegdation.-Abo"t 75% is coyered with secondary yegetation, 
r av ing  from gardens and coR- p l a n t a t i ~ s  to ~ l d  ssecandrry 

forest (R-FR), with patches of cane-grass regrowth (GfR) in 
oartern areas and mvch planted sago (MR) in the west. Scattered 
patches of original fall forest cover are type wifh an irregular 
canopy with light.toned crowns (Pid). Together wifh several 
larger tracts this forest covcrs about 25%. In extremenorth, 2% 
is covered rvifh mid-height forest with an irregular canopy (Pmi). 

G~ology.-Plio,e, interbedded siltsfone, sandstone, and mud- 
stone which a r ~  probably mostly very gently to gently dipging: 
a t  least locally calcareous. Surfidal beds cammanly cauuvium 
derived from these rocks. 

Weathering and Soils (15 obs.).-CoUuvial material and rocks on 
precipitour straight slopes generally not weathered. Very shallow 
skeletd weathering on other straight slopes and most crests. 
Re-.ants of very shallow immature or mature ,"eathering found 
on some wider crests, including di~-slope remnants. Rocks, 
particularly sandstone, cammonl~softened by hydration probably 
to a considerable depth ~articularly on aresfs and u p p a  hill 
alopcs, less an steepest slopes and lower er&qal %Lopes. 

Probable soil composition i s  EUHO7, IODE3 subdominant; 
AUTO1 common; EAHU3, EAHS3, (BUHAS, EUHa6), 
EUHL, IUHL, IUHOI, IODLI, AUTAI, UOPT minor. Soils 
on crests are add  to weakly acid, commonly wit11 moderately 
t b i k  to thick dark topsails. They arc mostly slightly ro moder- 
ately devsioped, thin ta moderately thin, firm to friable day t o  
clay loam so& (PJHL. IUHOI) and slightly pleyed, very 6m to 
vorY plastic clay soils with a mare friable day  loam surface 
horizon (AUTA1). On a erestal genfb d$-slope remnant was a 
very strongly dewlopcd, acid, thick, very plastic to "cry e m  
silty heavy clay soil with r thick firm day surface horimo and 
prominent light s e y ,  red, and brown mattling in subsoil (UOPT). 
Principal soils of slump alcoves, benches, and slumped slopes am 
undeveloped, weakly acid (rarely acid), deep to very d a p ,  slightly 
stratified e m  clay to randy clay coUmvial soils with varying 
amounts of r o ~ k  fragments in varying parts of the profile 
G3UHO7). In  poorly diained anar of slumps and bcnches arc 
t # n J ~ ~ c I ~ p c J ,  we.,Lly r.#rl. Jccp lo w r y  id.:?, \I#; l~cly in , ~ r ~ ~ ~ l ~ l y  
*I.*. I, rrlllrr ,,~.,l,l,<.l cul.uui..l *,,I. i l l  uhlcl, ,e*,,.rc r ,,, y r r y  
I'rolel s l ~ l l l l ~  nlr-llc io i r . ih l~  Lam. In urn) lo nld3tlr ~ u n d v  llcavr ~~~. ~ . 
clay ( E ~ H u ~ ,  EAFIS31. 

Residual soils on moderately sleep ta very steep slopes are 
rlishtly to moderately developsd, weakly acid to dkrline, mader. 
atsly thick, uniformly textured firm clay to sandy day roih 
(IODE3) and very firm silty clay to silty heavy clay soils with a 
more fdable day  loamylrfe.~~ hbdron (AUTOI). On precipitous 
slopes were slightly developed or undeveloped, wveahly acid to 
nsuuai, shallow to very shallow, friable clay loam to day  roils 
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IIODLI, EUHL). These are asnaciated with rack outcrop and IocrUy even for arable crops, being separated by areas of very 
rocky oWa. low to nil capability. Thus possibilities of local sgrictdtural 

development cannot be ignored. Erosion and topographic 
Pa~dat ion snd Lend Use.-Population of 6730 distrib~lted over hvards limitations, far tree 
32 villages. present land use covers 121.5 rq miles 185% of area).  owl insumciellt casctivc  oil deoth. noor drainaxe. and more . . -  . . 
32% in land use intensity class 3. 46% in class 4. and 22% in rarely rather high p ~ .  ~as to ra l  development scems the most 
dars 5. Planted sago is important in rubsistencs in wesf. Very appropriate, wifh local opportunities for trec crop plantatmns and 
few occurrences arc unused. cultivated crops, whilst steepest slopes should be kept under 

Tranaitiaos to Land Systcms,-Mthough is for=st. Phosphate conlcnts vary irregularl~ from moderate t o  

more are 
very low; potash contenls appear generally high, in call^ very 

from sc",, (46) soblyby their Where ,here is 
hiah or moderat-. In water balance zone 1, rather frequent slight 

evidence of mois diplling rocks, it is to frequent sever- soil water stmr a-rs on steeper s l o~ps  and 

Mambe1148). 
crests. ~articniarly in AUTOI, E r n ,  and lODLl soils. 

Forest Resovrccr 13 obs.).-Forest coven 26%: very low to low 
forest resources. Fore* mainly of moderate stacking rats @id, 
24 sg miles; PidIFR, 10 sq milts), with smaller areas of low 
stocking rate (Fmi, 2 sq miles; PR, 1 sq mile). Access category 
m; -or acnrs problems due to may =rise on slum 
floors and benches. 

Ag~icvlhlral Asscsrmel.-Moderam capability ror improved 
pastuies, but only low capabiliw for tree crops and wry Low 
capability for arable crops. Land use capability varies strongly 
from place to placc, small arras with high to moderate capability, 

Engineering Aa.es~meot.-Because of great topographic limita- 
tions, common landslide hazards, and scarcity of road-building 
matcrids, rsgronal road construetion should be avoided. Local 
access roads best lacated on ridge crests and access to them is 
usuaUy simpler from the south than the north where ridges 
commonly dexccnd abruntly to loweer terrain. Rocks commonly 
appcar to imlude interbedded rmdstone which could be of some 
u e  for road surfacing, particularly in combinnlion with lims 
aabirization. Soils arc don>inrnUy CH, rubdominantly MH, U; 
probable depths are deep, modcrrtely deep, shallow subdominant; 
very shallow camon.  

Land Forms (Plate 22, Fig. 2).-Rough terrain of strongly 
slumped, mostly high hilly chevron and strike ridges. Altitude 
rang- from 300 to 2100 ft; 70% below I000 ft. Relisf ranges 
from 200 to 9W ft, Although varVio8 much m sire. slumcls tend 

~ ~~ . - 

to b; lnrge. Oval fa h-rt-shaped, relatively shallow, but large 
s l u m ~ r  (up to 700 yd wide) occur only on dip-slope faces. Their 
hummocky andgullied Roors have moderaely steep overall slopes 
aliened to  the dim of the rocks: thcv are backed b" short very . . 
s t e e ~  ta precipitaur dump walls. Ocher dip-slo~e slumps are 
deep-, have smaller Boars, snd concave steep to moderately 
s t e p  back slopes. Slumps on outcrop faces are smaller, have 
concave mars with moderate to st-p .lopes, and very steep 
ta precipitous back walls. Inlrcf upper dip-slope remnaots are 
rare, but superficially slumped and hummocky or closely gullied 
dip slopes with moderate l a  moderately steep ovcrall slopes are 

colluvium. Exccpt for smallest firstorder streams, they are 
expected fo be perennial. Surface run-or is probably moderate to 
high rclative to through drainage, thus Rood spates would be 
relatively infreqvenl and residual Row substantial. 

Drainage slatur of slump Aaors varies from good to very poor, 
that of dip rlapes from lmpsrfect to poor. Steeger slopes are wcll 
drained but tend to become crcessively drained when precipitous. 

Vegetation.-Wgctatian esrentially thc same as for Nuku (51), 
but arca under recondary vegetation is cvcn larger 160%) at the 
expense of area under tall rarest. 

Geology.-Upper Miocene and Pliocene inttrbeddcd siltstone, 
sandstone, and mudstons, generally with moderate dips. SurGdal 
rocks in slumps consist of colluvium. 

more common. Very steep to precipitous iotact outcrop slope 
remnants are scattered throughout. Outcrop slopes particularly, Soils l6 obs.)'-Rocks seem by 

but other hill sl apes, are troD gly spumed where are 
hydration nndleachcd of carbonatss but true wealhering appears 

narrow but dpD small slumps, Locally, slumping restricted to a few dip-slope remnants where i t  is skelstal or very 

has virtually oblileiated original chevron forms, leaving only 
immature' 

short asvmmetdcal hummacky ridges with S ~ C ~ P  to Probable soil cmposition 1s IODE2, (IODE3, IODW), 
very steep slopes. Severe slumpine has commonly led to develop- ULUO3, AUTO2, mUHO1) common: (EUH.45, EUHA4 
meatofeven-red orpenhedcmergontcratdridge. withnarrow BAHU3, E-3, EAUYZ), UOTOI, UOTR, M U l .  (IODEI. 
to very narrow nesU and short very side slo~es. Although IOBL, EUHL) minor. Most soil obse r~ t ion r  made On d i p  

moderate collmvial foot slopes locally lowsr hi11 slope remnantr. Here occur mostly moderalely developed, add, 
slopes near streams are very stepp to par moderateb thick to thin, not glcyed to moderately gleyed, friable 

tkularly along larger through-going smams. to veryplastic clay loam to silly heaw clay soils, wvithfriableioam 
to  clay loam surface layers and in same cases madprately thick 

Streams and Drainage (Fig. 12U)).-Denre to moderately d e w  dark topsoils IUOTOI, UOTfI, AAUI). On moderately dumped 
patlcrn of first- to faurth-order streams whichis partially aarallel, dip slopes and on the Roor of a large dip-slope slump moderately 
partially angular, and pritially dendridc. P~efereoce for higher- to slightly developed, weakly mid to acid, thin to moderstely 
order streams to follov thcstrike, with many firs+order tributaries thick, firm sandy day  laam to very firm clay soils were observed, 
at right angles. Gradients probably low fa high in higher-order which may be unifarmly texlured IIODE2). have a coarser- 
streams, very ~en t l e  to moderate slope in frrs~order streame. texlured morefriablesvrracc horizm lAUT02). or be glcycd and 
Some larger through-going streams have discontinnous narrow ha've a thick dark topsoil (lAUO3). Other soils on similar andlor 
15&150 Yd) Rood-plains; local streams ROW in shallaw 5-30-yd- smrrller or moreconcaveslumps areprobablyundcveloped, Weakly 
wide beds with little or no hard rock gravel, and cur into rock or acid to neutral, dsep, slightly t o  moderately gleyed, but locally not 



&yed or strongly gleyed, slightly stratifled, but predominantly 
clayey cdluvial sdlr. 

No data for emergent cre ia l  tidger widoh probably have 
slightly to madcratcly developed, weaKly acid to neutral (locally 
acid), thm to moderately thick. uniform clay soih: for stecp 
spurred hill slope$, probably with moderalely deuelaped, weakly 
acid, moderately thin to moderately thick uniform clay loam to 
clay roils: or for scattered very steep to precipitous s lo~e r  which 
me likely to haveweakly a d d  to  weakly alkaline, thin, sandy clay 
loam to clay soils with some oulcrop of soft rock. All thmile are 
probably similar to roils for similar situations in Nuku (511, 
Seim (46). a d  Dreihildr (47). 

Population md Land Use.-Population of 8960 didribnfed aver 
50 villages. Prescnl land use covers 153 sq miles (55% of ares), 
25% in land use intensity class 3, 31 %in  class 4 and 44% in dass 
5. Planed sago is important in rubristencc. Sauth-western 
ocovnzneer are largely unused. 

~rnanktk.~ to Othcr Land Systems.-Tramifions to Nvku (51) 
discussul in the lrttcr. Similarly, thers is no sharp boundary be- 
twcon Mambcl and Minatei (50) and Flobum (44). the distinction 
lyinglargelyin Lhaeoarser prtfcmandlorgreaterreliefandalfitvde 
of the last t ~ v o  and the nrcvalence of dearly recognizable large 

~ - 

slvmps in Mambd. As dip and strike ~ITccts in Mambsl bccome 

Access category IIIw, because of access problems due to wetness 
on slump Roors and dip slopes. 

Agriculhlral Ass~rment-With topagraphic problems, erosion 
hazards, and p w i  drainage as main Limitations, lend use cap- 
ability appearr moderate for improved pastures but low for tree 
crops and particularly for arable crops. Since land characteristics 
vary strongly no large-scale agricultural aperations arc possible 
cwepl  ior frnitng. hlu:h i i  loo rlcup for C~I~IIU:LII# , I I .  III.L \ Y ~ Y  

rrsldc land o;;uc: ~n p,;kucr o i  (nore deoclr r1op;i on rel~lvcly 
uell.Jr~##lcd rlhrnn P ~ . . , r r  and rlio rlcmc.; l'rcc ;run\ hew ~lancel  . . 
on well-drained land in slumps, slumped dip slopes, and less 
steep hiU slopes. Insufficient soil d e ~ t h  is a contributory G t a -  
tioil for tree crops on stoep slopes. There may bc substantial 
landslide danger which rvould have mare serious Conreqvrnces 
for free c r o ~ s  than for arable crops or ~asturcs.  Small plots of 
paddy rice could be grown ruceernfully in some rather level very 
baorly drained slump alcoves. Sfecpesf slapmil arc unsuitable for 
agriculture. Soil nitrogen contents are low ta moderate. Phor- 
ohate contents tend to be vorv low on din sloner. slumoed dio . . .  . . 
doper, and cosirlirl1 stccp slopes, but range from low to high on 
s l u n l ~  floors and very stew slopes. Potash emntsnls are mostly 
high and even very high, but arc cornonly  low to moderate an 
dip slopes and slumged dip slopes. In water balance zone 1 
there is locally rather rare to rather frequent soil water stress, 
mainly on dip-slope remnants, crssfs, and steep upper slopes. 

b s  distinct, thore is a gradual transition fo Dr=ikihir (47) if ~o~ inec r iog  ~ascs~ment.-~oad-building problems are broadly 
rc~iefis similar or greater and to Soim (46) and Sengi (42) if refief comparable with those for ~ u k u  (51). but seem somesvhat 
alxo decrcaser. In typical development, however. they, ParfiGu- greater becavro the a~parsntly lower degree of slope slability ,vill 
lady Seim (46), are quite distinct. increase chances of landslide damage. The very irregular topa- 

sraphy would requirc mare cut-and-fill operation. (not a great 
FOZPS~ R~~~~~~~~ (3 obs.).-forest covers 46%; low forest ~roh lem in there soft rocks) and road foundations v m l d  be 1e.s 
resaurees. Most forest is of moderate stacking rate (Fid, 101 sq solid bccaune of the softness of racks and colluvial mantles. Soik 
miles: FidIFR, 22 s q  milmil). Remaindsl- is of law stacking rats are dominantly CH, subdominantly CL, and minor MH: prob- 
(FR, 2 sq miles: PidjG, 4 rq milcs; FRm-PR, 1 a q  mil=) and, able depths are moderately deep, deep, shallow ~ubdominanf, 
apart Erom sscondary forest, is generally confined to stccpcr parts. very shallow minor. 

Lwd Pams (Plate 23, Pig. I).-Very gcnfly to gently sloping, Vcgetstian.-Tallfarcst with mirregular canopy wifhlight-toned 
Aattirh to broadly but slightly undulating s d a c e s  (dip slopes), crowns (Fid) covers 63%. Romaindcr is garden, or under various 
boundsd by scarps and back-cutting ravines (box canyons) with stager ofregrowthup to old secondary formilt, lacally with planted 
orecioitous to cliffed slooes 200-400 i t  hinh. Altitude ranzss saeo (R-FRIMRI. 
from600 to 1500 ft; 56% belov lO0D ff. Surfaces (about 70%) 
vary in width from 350 Lo 1700 yd and are 700-3500 yd long. 
Eastern (downslope) fringes have no scarps and arc dissected into 
strongly dumped irregular ridges with narrow rounded crests, 
mainly moderate to steep slopes, and some gentle faof slopes, 
and a relic1 of 50-250 ft. Such land probably occvpies 20-25%. 
file remainder consisting of scarp slopes. 

streams and Drainage (Fig. 13(o)).-Rafhcr dense to rather open 
pattcrn of subparallel mainly second- and tlxird-order streams, 
largely originating outside the land system, and with short first- 
and second-order tributaries. Total pattern thus created is 
subangular. Mort sfrcrms are in deep narrow vallcys with 
coUuvial fill, backed by scarps. River heds probably 5-20 yd 
wide, shallow, with litde or no hard la& gravel, and  roba ably 
have high gradients msrging into very gentle or gentle slope 
gradients in headwalcrs. Surface run-off probably moderate 
in relation to through drainage; flood spates thersforc relatively 
infrequent and ruely of weat magnilude. 

Platlish surfaces are probably largely imperfectly drained, 
dissection ridges well drained with small poorly drained pockets 
in slump floors, scarps excessively drained. 

. .  . . 

Geology.-Pliocene inferbedded calcareous siltstone and mud. 
stone dip~ing gently to SSE. 

weathering and Soils (2 obs.).-Di~.rlopc surfaces appear to have 
very shallow immature wcafhering, di~section slopes very shzllow 
skeletal weathering. Underlying sedimentary racks appcar to 
be vory little hydrated and leachsd, and remain lwgely eon- 
solidated. 

Probable roil composition is AUTA3 dominant: (UOTAI) 
subdominant; IODEl common; (IODE4, EUH06, EUHA3) 
minor. A moderately developed, weakly acid, moderately thick, 
slightly gleyed, very Grm to very plastio silty hcavy cky soil with 
a firm clay loam to clay rvrface horban (AUTA3) observed on 
dip-$lop* surface, where similar soils of other families, including 
more acid roils. may also occur. A slightly developed, neutral, 
modcrarely thin, uniformly textured very firm to very plastic silty 
clay soil (IODEI) observed on a hill spur af dissected eartern 
margin and is probably fairly typical ofsoils ofslumped dissection 
slopes, although variations in roil depth and sleying are likely 
t o  occur, ~~sac i a i ed  with irrewlar land f a rm.  Deepor and 
probab$slightly gleyedundevslopeddavsoils may occur onsome 
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colluvial foot slopcs. Scarps hrvc rock outcrop and very shallow, 
probably alkaline clay loam roils. 

Transitions to Other Laud Sysfems.-Most of land system has a 
unique pilalo pattern, in essence n gentle-dip variant of N"h 
(51). Where dissection and slum~ing are prominminnt, Ningil is 
similar to m d  Ims giadual boundaries with Sengi (42); h the 
west larger s l ump  and emersent rcmnant ridges be& to  appear 
in h gradual transition to Seiln (46). Thus, Ningil may b s  a 
remnant of thekind of landscrpe from which Seim (467 developed 
by dissection and slumping. 

Fortst Resourecs (2 obs.1.-Modeiafc sfockiog rate forcst (Fid) 
covers 63% (5 sq milcs); moderate forest rerourcer. Access 
category 1Iw: difficulties presented by boundiog scarps and 
abovc-normal weters  of roils on Rrtter areas. 

Aerie~dloral A~rcssment.-Modorate capability for arablc crops, 
high capability far improved Darfures,'but only low capability for 
trcs crops, mainly ar a result af im~ericct drainage, effectively 
ralhcr shallhall," soil., and in piaccs rather high "H. B c ~ t  krable 

land on ''~lrteau" surfaces, but even here measures to control 
erosion may generally be required; this is also the most suitable 

. . . .  . 
ldgl,ly variable, but mostly law; potash contents mostly high, in 
placer probably moderate on "plateau" surfaces, and very high 
on some diascction slopes. 

Eogineeriog As.casment.-Advantage for .rod construction of 
"plateau" surfaces partly offset by problems of surrounding 
scarps. Only a few ~ o i o t s  where these scarps are hardly de- 
vdoped, and present road from Angupanak to Nvku utilizes svch 
a point to traverse fhc Land system. Access road5 for local 
development best made from the cast, rvhhh there me no scarps 
but come risk of  slum^ damage to roads. Proper aff~nfion to 
roadside drainage needed on ''plateau" surfaces. Unmade roads 
would tend fa become very slippery aEfcr even Bttle r a h  and 
impassable afler heavy rain. No useful sources of road metal. 
Soils arc CH with minor CL: probable depths are moderalely 
dcell dominant, shallow common, very shsllow, d c e ~ ,  very deep 

Land Forms (Plate 23, Pip. 21.-IIigh hilly complex of very long UOTOS) minor. Moderately to stranszJ~dewIoped, acid, madcr- 
gently sloping dip s to~es  (apprar. 60% of area) bounded by vcry atcly thick, plastic clay to clay loam soils with very friable loamy 
sleep to precipitous outcrop slopcs 200-300 ft  high (appror. 10YJ rurfzcacc soils (UOTOZ) on a dip slope and hummocky lower s l a ~ e .  

. . .  . -  . - 
supcriicial d u m ~ i n g  m d  gullies with a relief of 10-30 fi: they 
occur at daorcnt levels, separated by antcrop slope.. 

Slreams nod Drainare (Fig. 13(b)).-Coarse but locally Cme- 
textured, rathcr radial dendrifi~ to subparalld patfern of small, 
mostly iirst- and secand-order streams which arc perennial and 
Bow in 10-30-yd-rvidc beds cut in rack or collvvial materiels, and 
with little or no hard rock gravel. Stream gradients probably 
range from high gradient to gentle slope in some first-order 
streams. Svrface run-0.4 probably low fa rnodcrrte rclative to 
through drainage so that streams have a hid, rare of sustained 
flow and relativrly few flood spates. Mostly rveU drained, but 
some dip-slow sections and slvmp floors appear to be im- 
perfectly Lo poorly drained. 

-. ~. . ~~~~~ . 
slopes a d  less-developed or undevela~ld. acid t o  weakly acid 
soils on lowcr slopes, probably gleyed on slump floors. Vcry 
strongly deuelopcd, strongiy mid, thick soils lacally on upper 
margin5 or  dip "lopes. 

Po~lulstion and Land Use.-Popul.tio,, of 510 distributed over 6". 
villages. Prosent Jnnd nse cowrs 4.2 sq miles (60% of area), aU 
in land use intcosily dars 5. People also use land in adjacent 
Karaitcm (41). Planted sago is very imporlant in subsistence. 

T~ansitions to Other Land Systems.-Typically transitional 
betwoen Flobum (44) and Nuku (51). resembling the former in 
weathering, drainage pattern, slumping, m d  alBrudc, the latter 
in its markcd display of dip slopes and outcrop slopes. Relief 
is also intermediate betwcen these two. 

Yepetation.-Yegetation very much Wre that of Plobvm (44) at 
its mid- and higher-altitude Levels. Gardening, including sago Forest Resources (1 obs.).-Forest covers 57%; low forest 

explaifrtion (MR), is even more intensive; also some mid.heighi resources. Forest comprises low stacking types (PR, 3 rq 

grassland (GI is found. over 80% is under secondam miles; Pmi, 1 sq ml+ the laltcr confined to higher altitudes). 

(R-PR). Remains oforiginalforest ofrmd.lleighttype(p~, pm). Access category n: aho possible mhor access ~roblems due to 
wetoesl 00 dill-sIol)e ~ections and alum. floors. 

Geology.-Upper Miocene interbedded siltrtane, mudstone, and 
randstone, gently to moderately dippiing S.SB. 

Weathering and Soils (3 obs.).-Weathering rather pronounced, 
resulting in  deep skeletal weathering and shallow immatmre 
~veathcring on dip slopes and at least part of lmmmacky lowei 
slopes, and shallow marurc weathering remnants on upper dip 
slopes. 

Probable soil composition is UOTOZ subdaminant; (UOTAI, 
IOD03, IOD04, EUEI09) common; IODLZ (EAHZn, EUHA6, 

. - 

Agriciculhlral Assessment.-Low capability for arable crops, but 
moderate capability for trre crops and particularly f o ~  improued 
pastures. Erosion hazards main limitalion for arable crops, with 
soil addity and local poor drainage as contributing factors. Cap- 
abiilly for Cree crops not rated higher owing to slight soil-depth 
limifationa and local drainage defieiencis, but also because this 
land is largely above ZOO0 ft, climatically not very suitable for the 
common Me crops grown in New Ouinea. Capability for a 
climatically adapted tree crop would be greater than indicated. 
In thls altlludinal range, pmrnects for a cattle industry based on 
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Transitions to Other Land Systems.-Typical ~ h o t o  pal tan  is 
very distinct. I t  differs from M u r k  (521 in hilying less steep dip 
s lo~es  and a coarser pattern, and from wvro (53) also in having 
a lower ~ e l i e t  It is distinsuished from Mambel (48) by being 
much Lss slumped, but because of great local variations in 
s~vmping boundaries betwcen tilem are neccssanly 
frary. It differs from Minatei (50) in being less massive, having 
slightly less relief but steepa dil, slopes, and in occurriog at 
lower altitude. Where d$ slapcs become gentle, if  c m  be transi- 
tional to Ningil (49) which is clearly more plateau-like. 

Forest Resources (8 obs.).-Forest covers 58%: moderate forest 
resources. Main forest of moderate stocking rrfc (Fid, 87 ss 
miles: FidlFR, 14 ss miles), with low stocking rate forest (FR, 
4 sq m h ;  FmiIFini: 3 sq miles; FRm-FR, 2 sq miles; FidlG, 
2 r s  miles) maiolv a t  higher altitudes. Acesr category l Iwi  
access problems due to wetness on dip slopes end slump Roors. 

Agricvltvral Assessment.-Moderate capability for improved 
pastures, but only low capability for tree crops and very low 
capability for arable crops. Potential largcly concentrated on dip 
"lopes, but even there erosion hazards arc such that terracing 
may be required for permanent cultivation. However, improved 
pastures could be alteroamd with one eoi two years cropping an  
favourable riles. Shallowness and drainage deficioncier of soils 
are main reasons far down-grading capability for tree crops 
relative to that for improved pastures. Topogra~hihicall~, larger 
dip.slooe areas are relher favourable for plantations or im- 
proved pastures.  and me capability of irregular and mostly 

Land Forms (Plate 24, Fig. 2).-Low to high hogback hills with 
straight sleep dip rlopcs and short vcry steep to precipitous out- 
crop slopes. Altitude ranges from 400 to 3000 ff; 58% below 
1000 ff, 27% at 1000-2000 ft, and 15% above 2000 fl. Relief 
varies from 200 to 700 ft  and is quite irregular. Crests are knife- 
edged 10 very narrow, locally narrow, and have gentb to stcsp 
slopes. Some dip. slopes ace clearly gullied or dissected but 
slumping is always minor. Distinct orientstion of ridges along 
the strike. 

Streams and Drainage (Fig. IZCc), 13(d)).-Dense but rathei dis- 
organized pattcm of small strcams, partly parallel across the 
strike with perpendicular feeder streams along it, partly more 
dendrific. Few through-going sfreams prescnt in larger occur- 
rences. Gradients mostly high, up to steer, s1o.e in first-order 
streams. stream beds largely rack-cut and prohabb mostly 
gravelly. Most streams are expected to be perennial. Surface 
run-off probably high in relation fa through drainage, causing 
frequent short flood spates in small streams. Well to excessivclv 
drained. 

Ve~eta6on.-Predominance of steep and very steep shpes ex- 
n r ~ c 4  ~n chi ve.:ta,on b y  :, m n l o l l  , ~ i ; u ~ r ~ n ~ ~ i  o i  %erltl srLgc3 
or  II.I.I.I.c~EIII in,',, r t 1 .  a,, llleyulrr ;-.nopy ,b,l\i', ?<me C,).  
wlll.'ll are io#.#>d i.,uccher u11h iw8dl~re 101~11 (I'm,. "8 ill11 f i lre\ l-  . . 
with irregular canopies (Fid, Fai); together they cover 60%. 
The rest is gardened or under regrowth. Old secondary forest 
(FRI is common a d  mapping of the boundary bet\-" it and the 
forcsf fypes wifh irregular canopies is lather arbitrary in places. 
same sago is planted in vallem. 

Geology.-Miocene to Pliocene interbedded siltrlone, sandstone, 
and conglamerate, wifh moderate to steep dipr. The strike is 

very stecp side slopes and outcrop slopes is negligible; this land 
is mostly bmf left in  f m f .  Small wet slump Roors may be 
utilized far very small scale rice-growing. Soil nitrogen contents 
moderate to low. On dip slopen phosphate contents rnortly low 
to very low, rarely moderate: and potash contents vary from 
high to vuy low. o n  slumpod dip slopes, outc1w slopes, faof 
slopes, anddump rlcavcs, phosphatecontents vary from moderate 
to very low and potash contents are generally high. In water 
balance zone I is rather frequent slight sod water stress, except 
on coU1lvial slopes with EUHO?, EUHA6, and EAHW soils. 

En~hiopering Assessment.-Topagcaphical problems in road c o b  
struclionrre less serious than they appear at first. Outcrop slopes 
wavld be difficult to negotiate but dip s lo~es  prcscnt no major 
topographic%l problems. Sincc landscape is strongly gcaked, il is 
generally necessary to kee~raadsclase to ~ l l c y  bottoms, althouph 
this would result in 1ongsr. mare winding alimm~nts.  Road mts  
in dio slopes could pramorc landslides of soil and rock dawn dip 
planes above thc cut. B y  roads through in a roughly N.S. 
direction would probably best follow valleys of major streams, 
although there are generally so narrow that cuttings would 
commonly be required. A rather large number of smau bridges 
and culverts rcquired in road-building. Suhrurface materials 
would senerally have enough bearing strength, but  would bc 
slippow after even slight rain, when forming surface of unmade 
roads. Lack of suitable pavement material<, altbovgh harder 
sandstone beds crowing out in valleys could be at least modcr- 
ately soitable. Soils are domioamioatb CH, subdominantly MIX, sand 
minor CL: rrrobnble depths are moderately deep dominant, deep 
rubdomiornt, shallow, very shallow common. 

usually (W.1NW.-(E.)SE., but locally ahos t  N.S .  Sirnilany, 
dipr are in many different directions. Sandstwcand siltstone can 
be calcareous. 

Wrathrrinc md Snilu (1 ohsl  We.irh~r.ny ir \cry  \I.nll. w .nd 
\helrul. rx;cnt utm \t,mu d i>.rll.pr ,ori,,:eq ul :ch rrc a l~a l l~~v ly  
~.ll#sllurrlr. ucxlhcr~~l.  K.,:Ar atnhsr kr, bvdlxlc.1 thn, ill hnd . . 
systems with morc horizontal rock bedding. 

Probable roil composition is (IODOI. IODEZ). UOTOZ 
subdominant; EUHL, (IODLI) common: (IUHL), MUHOl 
minor. Data on soils too scarce for a comnrehensive picture. 
Obscnation of a moderately developed, acid, modsrately thick, 
firm clay soil with Eriable clay loam surface horizon (UOTOZI in 
line with general predominance of moderately to strongly de- 
veloped roils on dip slopes in the area. Outcrop slopes and 
probably also dissscted dip slope. appear to have weakly acid to 
weakly alkaline soils, ran- from undeveloped very shallow 
Loamy soils (EUHL) associated with rack outcrop to slightly 
developed moderately thin friable clay loam (and sand 
d a y  loam) soih which possessed a thick dark topsoil (MUHOII. 
All soils mare or less gravelly where devaloped w conplomemfe. 

Population sod Land Use.-Population of 620 distributed over 
thrce villages. Preienl land use covers 9.4 sq miles (49% of 
area), 36% in land use intensity class 3 , m %  in darr 4, and 44% 
in class 5. o~currences north ofranss arelargely u n u d .  

Transitions to Ofher Land Syatm.-As dip-and-strike eEect 
becomes less pronounced therc is a grsldval transition to Morumu 
(39) or Numaken (401. AE dip slopes become longer and less 
steep therc is a "ansition to Nvku (51) and as relief inoreeses, a 
transition to Wura (53). 



Farmst R~sources (1 obs.).-Forest covers 47%; low forest 
resources. Mucb forest has a low s l o c h g  rate (PmilFmi', 7 rs 
miles). Fare~ls  with moderate stocking rate Wid, 2 rq miles; 
Foi, 1 rq mile) occur on dip slopes, the farmer type in southern 
occurrences. Access category 1V. 

AgrieUlturrl As9essment.-At best, very low capability for im- 
proved pastures but any development appears unwarranted. Soil 
nitrogen conlents are probably low lo moderate. Phosphate 
contents appear very low on dip slopes, madErate to Low but in 
somecases very high on onttt tp PIOPPP. Pafashconlentn probably 

vary mostly from very high to moderate in a rather irregular 
manner. In sater balance zones 1 and 2 rare scvere roil water 
stress occurs in EUHL, IODL, and IUHL rails on very steep 
slopes and crwrr. 

Engineering Ass~s~ment .Should  be avoided in road construction. 
May be a poor source of gravel where no other road-building 
materials can be found within reasonable distance. soils are CH. 
MH, CL, with minor ML, SC; probable depths are moderately 
deep, very shallow, shallow subdominant, deep common. 

(53) W m o  LAND SYSTEM (7 SQ MILES) 

Land Forms (Plat= 25, Pig. I).-Hogback movntains with long, probably more common and weathering even less pronounced, 
straight, stssp dip slopes and short, "cry sfcop to preci~litavs with a corresponding decrease in moderately developed and an 
outcrop SIO~CS. Land fomr ensentially similar to those of M u ~ a k  increase in slightly dsveloped or undevela~ed soils. Probable 
(52) but more masrive. Altitude ranges from 400 Lo 3500 fl; a011 comporilion is aODE2, IODO1) subdominant; CEIJHL, 
27% belo,v 1000 ft, 50% at 100&200O St, and 23% above ZOO0 ft. IODLI, UOTOZ) common; aUHL) minor. 
~ e i & i r  600-1200 ft. 

Streams snd Drainage (Fig. 13(c)).--Widely s~aced  parallel 
stre.ms of -a,d and third orda ,  pwpendindiululul to thesulkeand 
partly consisting of through-going streams UP to 30 yd wide. 
These have high gradient and shallow modcratcly gravelly or 
stony beds cut inlo rock. SmaU first-order tributaries commonly 
subparallel, and inclined at sharp aanles to the strike, with 
gradients of gentle to modcratcly sleep slope. SmaU occurrences 
have only few very small streams. A11 streams llkely fa be 
perennial. Surface run-off ~robahly  high in relation to thraush 
drainage, causing freqvent short Rood spates. Well drained, with 
cxcessive1y drained rocky scarps. 

Yegetation.--Largely covered with mid-heigbt forest with an 
irregular canwy, together with it* sera1 stager @mi)Pmi'). 
Secondary vegetation (R-PR/MR) covers 8% of area. 

Geology.--Miocene interbeddcd siltstone, randstone, and con- 
- glomerate, with moderato 10 steep dips and (W.)NW.-(E.)SB. 

strike. 

wcaflnuing and Soils (No obs.).--Weathering and soils expected 
t o  be similar to lhose of Musak (52). although rock outcrop is 

Population and Land Us=.-Populafion of 210 in two villages. 
Present land use covers 0.6 sq mile (8 % of area), all in land use 
intensity class 3. Somc people use land in adjoining h i e r  (43). 

Transitions to Other Land Sysfcma.-Photo  att tern generally 
quite distinct. Where rolief becomes lower, Wurois transitional to 
Musak(52); rvhere dip slopes becomegentler if merges into Nuku 
(51); and where dips are very steep if has similarities with 
Imbia (54). 

Fo~ast  Rcsourcas (No obs.).--Low stocking rate forest (Pmi/Fmi7 
cover 6 sq miles; low to moderaw forest resourca. Access 
category IY. 

Agricultural Asscsnment.-No signi6cant land use capability. 
Chemical soil fertility aspects similar to those of Musak (52). 

E o ~ k c p r i n ~  &!essment2-To be avoided for road c m ~ t ~ ~ c l i o n ,  
but a possible sourceof rubgrade and poor-quality rosd-surfacing 
material. Unified soil classes similar to those of Mmsak (52). 
Probable roil depths are moderately deep, very shallow, shallow 
subdominant; deep minor. 

h o d  F O I ~ S  p la te  25, Pig. Z) .Subpardel  high hill ridges with StreamsaodDraioage(Pigs. lI(b),13(f)).-Patfernofratherclosely 
~hcvron spurs and sleep frontal dip-shpe facets. Altitude rangen spaced sub~arallel streams that are mainly through-going second- 
from IInn t m  ?m R: 16% helow 1WD n. 70% at 1WO-2WO R. to fourth-ordor rivers with hcadwsters outside land svstem. ~~~ ~- -~~~ . ." . .- 
and 14% above 2000 fc. Relief is commonly 40&700 if, with Apart from many gullies between chevron spurs, there arc only a 

0f30o and 900 ft. ~ i d g e s  are abgned perpendicular to few short fist-order tributaries. AII streams appear perennial 

.- ~~~~~ ~~- - ~~ 

bachiog ridge parailel to the stdke; it can ham a very stcep to 
Dreci~itous back slope. Ridge and spur crcsls sre mostly very 
narrow. R i d s  -1s are even or somewhat peaked or stewed 
and have gentle fo n~ader~LesIopes; spur crests have mostly s t s p  
slopes. Hill slopes are mainly straightand steep fa very steep, 
with ferv madsratcly stcsp slopes. Frontal db-slope facets have 
stesp to moderate.1~ =steep. rarelyvery sfccp s lo~es ,  and aresmooth 
arstigl~tly grooved or slumped Small, but commonly long6Iurnps 
and rack debris slides aro scartared tbroushaut. 

~.~ . . 
may vary from gentle to moderatsly steep slope. Bed loads 
probably gcncrally cantain little hard rock gravel and sand. 
smface run-off probably high in relation to through drainage, 
resulting in frequent minor Rood spates. Generally well drained, 
but soma crests and upper slopes may be eexcersivcly drained. 

i 'r~~l:, , ,"".  All",,, 75'X h " ~  b:m .,Oics,1 by uul,i$r,ion. 
Loially, ihoscuer, ortehe* .ire left 01 ill1 furs\, u!ll> .~II ~ U ~ C C U I R ~  
canopy b l l h  It~l>l.funell cronnr (l.i.1). I<~m~iodr.r ,  conr8sci!8p ul 
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steepest and more inaccessible ~ a r l s ,  still under primary forest, 
mainly tall and some mid-height ~ t h  an irregular canopy (Fi, 
Fmi, Fmio), alternating with tracts of sa id  forest (Pmi7. 

Geology.-Steeply dipping Miaccne sedimentary rocks, probably 
inlerbcddcd silrstonc and mudscane with less sandstone and 
minor h e  conglomerate. 

Weatherioe and Soils (1 obs.).-Weathering norvherc more than 
shallow skclctal; rocks softened by hydralion to probably not 
more than 5-10 A. 

Probable soil comoorition is (IODEZ, IOD83, EUHOB) sub- 
dominant; EIJHL, (IODL~l) common. Only soil observed, an a 
very steep upper slope, is m undeveloped, weakly acid, shallow, 
firm clay soil with low to very high rock fragments (EUlLl .  
Somewhat deeper, vndevelopod colluvial so&, and slightly 
developed, weakly acid, moderately thin, residual sdls of randy 
day loam to clay texture are also likely, with some rack outcrop 
on crssts and steepest r1opes. 

Population and Land Use.-Population of 1400 distributed over 
seven villages. Present land use covers 29.3 sq mile, (75% of 
arca), 26% in land use intensity class 3, 5 %  in class 4, and 69% 
in c l s s ~  s. Parts apparently used by village. in adjacent Karritem 
(41). 
Transitions to Other Land Systems.-Where crests bccome 
strongly peaked, and dip slope rather than chevron rpua  are 
prominent, it is transitional to Nuku (51). Where chevron spurs 
are rveaLLy crpresaed and averall slopes less steep, transitions 
occur to Asiu (43). In a few cases the patton has some affiity 
with that of Musak (52) or Wuro (53). 

Borest Reaourees Rlo obs.).-Foreat covers 51%; l o ~ v  f o w t  
resources. Much forest is of law stocking rate tmes (FR. 7 sq 
miles; FilFmi', 6 sq miles; Fmi, 2 ss miles: FmilFmi: 1 sq 
mile) and therert is moderate rtacldng rate forest (Fid, 3 sq m i b ;  
FidlFR, 2 sq miled. Access category N. 

Agrieulhrral Assessment.-Judging from t o ~ a s a p h i c  conditions 
alone there is probably only very law capability for pashmr. 
Land probably best lcfl in forost, or reaEorwted for watershed 
protection. So11 nitrogen contents probably mostly moderate, 
although lor? contents may also be common. Phosphate contents 
probably vary mostly from moderate to very high, but may 
locally be low to very low. Potash contents probably vary kom 
low to very high. In walor balance zone 1 is rather rare to rather 
frequent slight soil water stress in IODEZ, IODE3, and EUH08 
sods and rather frequsnt revere soil water stress in EUHL and 
IODLI soils. 

Enginnering Assessment.-Topographic limitations make road 
construction from east to west (parallel rn srdh-dh-) virtvaUy im- 
pasrible, but north-south roads (at right angles to strike) a u l d  
be alisned more simply by being m t  into valley sides just above 
through-going rivers. Such roads would either be very winding 
around nvmcrous small salients and re-entrants or require a 
large amount of cut-and-611. There would be a definite landslide 
risk. Some road-surfacing gravel may be available in stream 
beds. Oenerally t o  be avoided far road construction where 
gorsibb. So& are CH, MH, CL, with minor ML: probable 
depths arcmoderately deep dominant, very shallow subdominant, 
shallow common. 

 and Forms @late 26, Fig. I).-Vcry law to high isolated short Pa~ulatian md Land Use.-Population unknown but small. 
to long hillridgos and branchins tidgc comolexes, rising abruptly Presed land use covers 4.0 sq miles (57% of arm)), 28% in land 
from coastal plain to altitudes of 100-500 ft ,70% of arca being useintensity class2,48%inclasr 3, and l%inckss  5. Remaining 
below 250 A. Crasts are nariow and slightly rounded. Hill 17% nuder no"-indigenous plantaibn. IndiSeiseises land use by 
slopes are straight or 'convex and locally spurred; Slupes are people from Nvbia (2) and Aitape Station. 
steep, locally very steep or moderafely steep. 

Transition8 to Other Land Systems.-Boundaries arc clear and 
Sharp. Mapped on geographical location rather than pallern, 

Streams 2nd Drakage.-O"l~ very small gullies occur. Surface beeamre weald be dimdt to distinguish from Yassip (38), 
run-off ~rob rb ly  only low to moderate in relation to through 
drainage due to rapid permeability of rocks and most soils. 

Morumv (39). or Numoiken (40)). On the whole there have a 
more slumped, less convex appsarance than Ailape but this is 

Gcnersliy well drained, locally excessively drained. no1 always casy t o  see. 

Vegetation-Original vegctrtion, still covering 43%, ir tall forest Porcst Rnaources (1 obs.).-Fowt resources moderzte; 43% 
with a rather open and rmall.crowned canopy (Fos); the r e 1  is covered with a high stocldog rate farest (Fas). Stacking rate 
cleared for villages, coconut plantations, and gardens, or is under considerably higher than the avcrrge for this forest type. Access 
regrowth (R-FRml. Old secondary forest(FR1 is rare. category UI, although access problems reduced by its occurrence 

as isolated hi& in plainsi 

G~ol~g~.-Miocene to ptiocene massive limestone and mostly Agrieultaral &rerrment.-Erosion hazards and "nfavourable soil 
andesitic boulder and cdbble conglomerate with a calcareous teris low capabiEty for pastures and 
matrix. 

very low capability for tree crops. Soil nitrogen and phosphate 
contents appear to be generally moderate, potash contents high. 

weathering and Soils (2 obs.1.-Weathering generally very shallow R,. soil water stress i n  MR-02 soils. 
skeletal. locailv shallow immature. Probable soil com~orition 
is MR-02 predominanf; (10004) common. Sails observed are Ensineerinp Assessmeot.-Easily avoidsd for road conotruction; 
slightly to moderately developed, neutral, thin, blocky. very dark, a veiy useful source of malerials for road building and making 
stony, firm day loam to day  soit. (MR-021, tonguing into hard cement brich-. in the coastal plain. Soils are MH; probable 
bsd-rock. Local parches of unclassified moderately deep reddish depths are very shallow predominant, shallow, maderatcly deep 
dily soil$ were observed in passing. common. 



Lud P m s  (Plate 26, Pig. 21.-High hillridges and low mountain 
ridges with narrow O wry k o a d  (but very low hilly) uest., and 
With predominantly smooth. commonly convcx side slopes. 
Altitude rang- from 220 to 2800 ft; 55% bdow 1000 ft, 39% 
at 1000-2000ft, and 6% above2000Tt. Reliefismostly 300-900ft. 
but up to 1300 If. Hill sloper mostly steep to moderately steep. 
Some occurrences have very steep to locally precipitous upper 
~lopes, commonly with adjoining moderate root slope of a 
couuvialnature. Some steep slopes dissected into disordered very 
s t e e ~  very short ridges and hills, slightly reminiscent of cane karst. 
Only very few small dolines seen on broad crests. 

Streams sod Drainage (Figs. Il(rl), 13(f)).-4enerally widely 
spaced, moderately to steeply sloping small stream. Bowin ravines, 
end probably have mostly intermitffnt Row. Stream pattern 
slightly radial to angular; stream density greater on some 
dissected very steep slopes and hilly svmmif areas. Lowest 

limestonc boulders. Larsest streams only have narrow dlnvial 
lrr. ,e~. s,,,r*u: run-u,imry \ r , y  iron, very IhlW lo l,.oclerl,c in  
rclrtlnr8 lu tllrouyh d r r # n l c ~ .  rlc~rm>d#n$. .,#> qnsl onsl rcvk prrlnc- 
.hil8ly well dr~lncd,  la r~l ly  nruhrhly rxcc?%i\r.ly Jmlnnl. 

Vegetation.-Mid-height forests cover 64%. Tme with rather 
dark-toned even canopy (Fm, 20%) occurs on several crests, 
nroh?lhly ihslicaliny i r c ~ w n t ~ n ~ a l u a n s n ~  hy doud?. IRcnvurrd:r 
nr crcwnr co\errd with rn~d-llcigl~t it,re.t n l t l~  AII inepulrr c l n o ~ y  
il:no:# wl~$ch  e&!e"<l< CHIS> 05er the *I%>,>L\, a 0 8 8  ~Lcen \I<,P?> 1" a n -  . , . . . . 
junction with aeral stages (Fmi'), with Cornrho popuario (Ca), 
or with forest with a very irregular canopy (Fmio). In  lowcr 
partr forest is higher and tall fore t  (14%) with a rather open 
irregalar canopy (Fail, or with an irregular canopy (Fi) ooccws. 
Gardens and secondary foresl (I-FR, 22%) mainly confined to 
lower areas. 

Geology.-Miocene porous masriYe limestone, tuffacemus lime- , - s t o n e ,  marl, and argillaceous limestonc. One ocourrenco north 
of Lumi probably underlain by crystalline basement rocks. 
Davbt as to whether some occurrences in extreme east areindrcd 
limestone. 

Weathering and Soils (3 ohr.).-Weathering extremely ahallow 
(1-3 ff), but strong in that origioal rack has very largely dis- 
appeared in overlyins soils. 

Probable soil composition is MR-02. MR-E subdominant; 
AUTO1 common. Soils arc slightly to moderately developed and 
weak$ alkaline. They range from thio, very dark brown friable 

day loam with limeatone pebbles and cobbler (MR-02) an Durn 
limmtone, to moderately thin, very dark (5ey) brown rather 
friable clays overlying dark sey.brown, very f i m  to plastic 
heaw clay (MR-E) on tuffaceous limestone, to similar, moder- 
ately thick, and more plastic soils with thin dark clay topsoils 
(AUTO1) on marl and argillamn3 Iiis~tono. Suoh soils ob- 
served on moderate to steep slopes. It is not known what roil 
conditions prevail on moderate colluvial slopes, or on very steep 
slopes, which are expected t o  be stony and rocky. 

Population and Land Use.-Population of 130 in one village. 
Precnt land use covers 5.7 sq miles (18% of area). 16% in land 
use intensity class 3, 84% in elam 5. Gardening confined to lower 
slopes and shared by people living outside. 

'trsluitians to  Other Land systems-on the whole, pattern is 
unique and boundaries fairly distinct. Locally it appears transi- 
tional to Mup (61) and to Om (45) which is more rugged but 
BPpears to contain some limestone layers prodvcing similar land 
forms to those of dissected steep parts of Banda. 

norest nesaurcw (3 obs.).-porest covers 74%; modcrate forest 
Rsource. Much forest has a low stocking rate and generally 
occurs on hmher parts (Fmi, 10 sq m i h ;  Pm, 5 sq miles: FR, 
Fmio, FmilPmi', 3 sq miles). Maderato stocking rate (Foi, 3 rq 
miles) and high stacking rate (Fi, 2 sq miles) forests found in 
lower more accessible parts. Latter forest shows a much higher 
stocking rate than avcrage for this type. Access category N for 
steepest partr, m for less steep occurrences. 

Agricvltwal Assersrncnt.Steep slopes, rugged terrain, and 
61~n lnu-  8>.e,n l.,ml u5c rr(lahtl#ty ihr ikopn,rei ~ u . t u r e i  is m l y  
ldw. AJd#tiooal .irnitat?orw < t  ~ 1 ~ ~ 1 1 0 ~  d l k ~ l i h t  s~t lq  "ncl luc~lly 
rlll r r  o.,or oltvsial  nil CL~I~~IIIIIIII wcln  nctlv r i r v  low :amihiliw . . .  . . ~~v . 
for trrc crops. Generally not attractive far development, also 
became of di5cult access to many occurrences. Soil nitrogen 
contents moderate to high; phosphate cantents vary from moder- 
ate to very low; potash contents appear to be high in soils on 
impure limestone but low in soils on pwc Ilmesl&. In water 
balance zone 3 there is rare severe roil wafer stress, except where 
soils are vnufually deep. 

Engineering Ass~ssrnont.-To be avoided for road construction. 
apar t  from .&itape (55) it is only major a o v r ~ c o f  limestone in 
the area, a d  its mare accessible bath-westem occurrences may 
become a valuable source of this material. Soils are dominantly 
MH, subdominantly CH, with minor OH rvrfaca Layers at high 
altitude; probable depths are wry shallow dominant, shallow 
subdominant, moderat* deep minor. 

 and PO- @late 27, Fig. I).-Blocks of i r r e m k ,  low to high, 
slumped short inll ridges with longer, less slumped but more 
sraoved or spurred marginal slopes. Altih~de ranges from 0 to 
3200 ft; 32% at 250-1000 ft, 32% a t  10W2WO ft, and 29% 
above ZOO0 R. Relief within blocks is 200400 ft, along their 
marpins 600-900 ft. Ridge Crests range from knife-edged to 
narrow and tend to be peaked. W slopes vary from moderate 
to very sfeep, and arc normally irrewlar, spurred to hummocky. 
smooth steep slopes occur locally. Medium-sired to large slump 
alcoves are often common, ana gentle t o  moderate short colluvial 

foot slones -1 locally. Marginal s l o ~ e s  are less irred~lar, 
longer, and normally steep to very steep. 

streams and Drainage (Fig. 14(a)).Small dendrific systems of 
mainly fist- and second-order streams tend to be orientated in 
radial pattern around cenlre of blacks. Streams, flowing in 
n m w  rack-cut beds. are short, small fo very small, and have 
sadients from high aadient to very gentle slope, but near the 
margins gentle to moderate slope, with rapids and small falls. 
Gravel p~obsbly scarce except near marpins. Svrfaee run-off 
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probably high to moderalei" relation to through drainage, resuit- 
ing in rather frequent Road pates  but also surlaincd rosidval 
river flow, except probably in some fmt.arder streams. Well 
drained. 

Vegetation.-Tall and mid-height forcsts occupy 49 and 50%; 
arer under secondary vegetation is only 8%. Mid-height forest is 
W e  with an irregular canopy (Pmi) mired with sera1 stages 
(Fmi', Ca) and is indicative of unstable slopes. At lower altihtdes 
tau forest w i th  a rather open irregvlar canopy (F0i) pre- 
dominates. 

Gro1ogy.-No ficld data. Photo interpretation suggests bask 
igneous basement racks (gabbio, 7diorite) and possible Tertiary 
volcanic racks, overlain by 30&500-ff-thick pre-mid-Miocene 
mudlone, siltstone, and possibly minor intercalated sandstone. 

Weathering and Soils (No obs.).-Probably very similar to those 
of Numaiken (401, but hydration of sedimentary rocks probably 
more widespread and thorough. Soils along m a r d s  could be 
similar to those of Wanabutu (59). Muo (61). or Sulen (58). . . .. 
Probable roil composition is (EUHO~, EUHOY, IODB3) sub- 
dominant; (IODOZ, IODLI) common; (UOT02, UOT04) 
minor. 

Popdation and Land Use.-Population oil. Present land us+ 
covering 0.5 sq mile (4% of area), is all in land use intensity 
class 3 aod comprises a small area near the coast used by a village 
in adjacent Kahcnau (21). 

Transitions to Othcr Lsnd Systems.-Quite distincl from its 
surroundings, appears to combine chsractedstics of Numoihcn 
(40) and Wanabutu (59). Separate from Numoiken (40) b-ause 
of its apparently more complex lithology and significantly higher 
relief along margins. 

Forest Resources (No obs.).-Forest covers 82%; moderate 
forerr resourcer. Moderate rtac*ing rate forest (Foi, 5 sq miles) 
mupies  areas a t  lower altitude. Fonats with low stacking rales 
(Fmi/Fmi', 4 rq miles; Fmi, I sq mile) occur elsewhere. Acws 
categoiy m. 

Amiculhrral Asressmont,-Only very low capability for tree crops 
and improved pastures. Development, e m f  pmsibly forest 
exploitation, is not recommended. Soil nitrogen contents prob- 
ably mostly moderate to low; phosphate contents mostly very 
low to low; and potash contenls variable, partly very low to  low, 
partly moderate to high. In wafer balance zone 3 there is rather 
severe soil water stress only in very shallow IODLI soih on very 
steep slopes. 

Engineering Aasessmenk-Road-consttuution problems are gener- 
ally similar to those indicated for Numaen (40). 1 should and 
call be avoided in road location. I t  may be a potential source of 
road material, qumiid  from basic igneous rack along margins. 
Soils are CH, MH. ML, with minor CL; probable deplhs are 
moderately dmp daminant, dcep, shallow, vcry shallow common. 

h d  Forms (Plate 27, Fig. 21.-Essentially low mountainous 
country wrth :I patiern i ~ i u i J ~ l y  , p~cn l  mqur rid*;%, commonly 
\V-I. .  lo N\V-SE-alig#~cd, ullh mrrc ;lo*cl) rpl.c%l 5rcnnJ:lry 

snurr .ntl riJeoq brmchinw OR irrci: llrrlv. Ahiludc ran:<, from 
i50 to 6100i :  22% below 1000 q 35% a t  1000-2000ff 36% 
a t  2000-3500 ft, and 6% at 350wsoo ft. Relief normally 700- 
l o w  ft, locally as low as 400 fincar margjnr, as blgh as 1200 ft in 
central Torricela Mountains. Crests mostly very narrow, locally 
lmainlv on lowest ridees near mareins and some of Mahest ddees) . . . - . ~~~ . . 
narrow to broad and rounded. Crest slopes range from moderate 
to steep. Hill slopes are steep to very steep and very irr~gular 
due t o  slumping or grooving. Precipitous slopes accvr locally 
near incising rivers and at back of slumps. 

Streams and Drainage (Fig. 14(b)).-Considerable fault and joint 
contra1 rerulling in distinct (N.)W.-(S.)E. and lcss N.(E.)- 
S.(W.) alignment of second- and hipher-order streams. AN 
streams flow in bouldery rack-cut channels, wifh very narrow 
gravel and boulder terraces along largcr streams only. Gradients 
range from high gradient in larger streams to madcrbte to steep 
slope in 6 r s t  and second-ardcr streams. Average drainage 
pattern is dense and even smauesf first-order streams arc likely 
to be perennial. Surface run-off is ,,robably high to very high in 
relation to throvgh drainage, leading m frequent and sametimer 
sevcrc flood spates in streams. WeU drained. 

Vegetation.-Very similar to that of Om (45). Also, relative areas 
oicach type ,re 8 1 # ~ t ~ l l  ih: ~ 8 8 " ~  11111 ) L C O ~ ~ : L ~ Y  V C I C ~ ~ ~ ~ ~  81 8 .  F I C ~  

1.ir co,,.,nn,,, co\srmu 'nly 27. SL",~ t2.l ,urr.,t, l l l Z l l l l ~  \till, a 
rrlhC, vnrn irr<e"llr :;lnc,nv 1I'oi. I%. is rs.unrl r, 1oucr lllillldc . . . . . .. . 
on coastal occurrences. 

Gea1oev.-Air ohaios indicate ore-mid-Miocene sedimentary .. 
rocks, f lakins  or capping crystalline basement outcrops, Field 
observations hear marsin. were on slightly metamorphosed f-lc 
zone rocks (metabasalt, metagrclwacke, mixtures of diarile- 

brecciated hard mudstone and massive cryaalline limestone), 
close to contact with the basement. Limestone is probably rare. 
Presmce of basement outcrop canfirmed by one observation on 
micro-gabbro close to boundary with Somoro (63). 

Wcatherinz and Soils (4 obs.).-Limited data suggest generally 
very shallow skeletal weathering with local shallow to  deep 
immature weathering an rounded crests, upper slopes, and some 
lower slopes. 

P~obable soil composition is IODL2, (10DOI. IODOZ) sub- 
dominant; AUT02, AUTM, common; UOTO4 minor. Soils 
arc weakly acid to acid and appear to be slisbtly to moderateb 
developed, thin fo moderately thin, friable laam and day loam 
soils, locally stony, on predominant stcep to vem sleep slopes 
(IODL2 observsd). Moderately thick, firm to plastic clay soils 
wllh irlal>lr. lonln Id clay lt,nm ..~rT.~ru htlr1~)111 and f l l i l l  Cu 
m rd~ratclv ihlck &ark ~up.o~ls fc,cmJ urn ro~rldcd sar.,u~nd upper 
\loc~c< (A.ITM. All'lO2.~. wl~#le #n~- tc . t l  no d.'td, v:r> x I ~ ~ I I o w  . . 
rails are likely on precipitous slope.. A strongly dcvcloped, acid. 
thick, plastic heavy clay soil with more friable day loam to day 
surface horizon (UOT04) observed on a very steep lower slope, 
and similar soils mau occur on small pockets of more weathered 
rock elrewhere. 

Population sod Land Use.-Population of 50 in one village. 
Pmen t  land usc covers 1.9 sq miles (2% of area) associated with 
the village and dl in land use intensity class 5. 

Transition. to 0th- Land Systems.-Most boundaries are tenla- 
ti* bsause of gadual  or minor differences with surrounding 
land systems. Its pattern is less manive, less angular, more 
slumped and hummooky than that of Somoro (63), but more 
massive and less slumped and hummocky than that of Om (45). 
I t  has essentially higher ~ellef than Numoiken (401, W~anabvtu 
(59), and Asier (43, although there is overlap; it is less dis- 
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Streams and Drsinage (Fig. 14fc)).-Very dense, locrliy dense restricted to 0.8 sq mile (5% or area) of land use intcnsily dars 5 
dendritb pattern of sn?all streams up to fovrth order. Streams adjacent to Ksraitem (41). 
flo~v in narrow rock-cut valleys and have pebbly to bouldery 
and rocky beds with gradients of very gentle to slope, and T~a~si t ions  to Othcr Land Systems.-A typically transitional 

moderafeslopealong northern margins. surfam r~"-off plabably tme. Relationship t o  Wanabuhl (59) and Daum (62) discussed 

high in relation to fhrovgh drainage and all streams have a PeEn. nnder these land systems. I t  is commonly similar t o  Map (611, 

nial Bow of sustained yield, but with frequent flood spates. we" differing in s ea t e r  a m a n t  slopestability, a lower ~roporlion of 

drained. very steep to precipitous slopcs, and in beinn a distinct landscape, 
~urrounded by, rather than intimately associated with, f~pically 

Vegetation.-md-height forest with an irregular canopy (Pmi) sedimentary lock land systems. 
covers about two-thirds and mid-height forcst wilh a rather dark- 
toned even canapy (Fm) nnother 14% at high- alfifudes. 
Cosunrh~opnpoarza (Ca) as well as sera1 mid-height forest ( P d )  is 
uncommon, inline with greater slop= rtabilitycompared with land 
svatems such as Mup (61) and Daum (62). At lower allifude tall 
forest with an irreeular canoov with llehtfonsd crowns IFid) and 

Forest Resovrc~s (3 ob.3.-Forest covers 93%; moderate forest 
resource.. Forest mainly low stocking rate foresf types (FnC, 
9 rq miles; Fm. 2 rq miles). At Lower altitudes, a moderate 
sfoclUg rate forest (Pid) covers 3 sq miles, particularly in  
southern parts. A-s category N. 

~~~ .~ ~ . . . ~ . . 
some seco~dary vegetation (R-FR, n-FRmlMR) arr found, 
coverins 18% and 5% rerpectively. Agricdtnral Aswsmnt.-Largely became of steep and dissected 

toposaphy K ~ u b u s a k i  has only verl low capability far t ree~rops  

G e ~ l o m - 1 8 n e o ~ ~  basement rock; gabbro and melabasalt Or  improvsd pastares. Rather small soil depth is a local con- 
nh..rurrl tr ibutor~ limitation for tree croos, rail acidity for impraved -".-. 

sasturos. No real scope or n e d  for agricultural development. 
Woath=rog and Soils (3 obs.).-Wealhering mostly shallow im- Soil nitrosen contents mostly moderate and vary from high to 
mature to skeletal, with local shallow mature weathering on ridge low; phosphate contents very low to low; potash contents 
crests. mosflv low. but oorriblv higher in very shalbw soils. 

Probable soil composition is 1 0 D 0 2  dominant: OANT2 
subdominant; (10DL2) common. On side dopes are moderately 
developed, acid, moderarely thin, Mable day loam to clay soils, 
commonly wilh weathered rock fragments, and overlying hard 
but broken. or soft but eom~ac t  weathered rack (10DO2). 
Thi,,"er soils may occur on skcpesl slopes. A vsry slroogly 
developed, strongly acid, moderately thick, firm to friable day soil 
with clay loam iurfffe hodzon (OANT2) observed on a steeply 
sloping crest. 

population pod Lana u~o.-~opulation nil. s resent land use 

. . .  . -  

Engineering Assessment.-No need for road conruuction. Severe 
dbsection ,vould require much cut-and-fill, eulveding, and small 
bridqer, or lead to very winding roads. Howavcr, slopes appear 
generrlly stable and roil and rock materiais snitable for 6 U  and 
subgade. Soitable quarry rites probably cauu be found on lower 
slones near streams: thesc mieht be of some si~nificance i t road ~~n - . - 
construction was required in adjoining sedimdimntary rack land 
systems to the south and west. Soils are dominantly MH, sub- 
domiosntly CH, C G  probable depths are moderately deep 
dominant, very deep subdominant, shallow, very  hallow minor. 

Land Form (Platq 28, Fig. 2).--Characferired by high hilly rclief 

surraunding slopes in a manner similar to volcanic necks. I t  
consists also of dcnse pattcrns of branching or parallel ridges 
carved out by dissection from the general slope of the terrain and 
protrudin~ only little above this general slope along fhe u ~ l o p c  
margin. ID this latter internal ~ ~ l i ~ f ~ a r i c ~  from LOO to 400 n, 
but foislrclief between upslop8 and downslopemarginnis 400-700 
fl. Traositional forms belwccn these two types a150 occur. 
Altitude ranges from 400 to 3700 ft; 9 %  below 1000 ft, 49% at 
IOW-MOO ft, and 40% ~ L L L L L  2000 and 3500 fi. Ridge crests 
knife-edged to very narrow and with gentle to rtecp Slopes; hill 
slopes cornmanly grooved or finely spvnsd and in places 
precipitou.. 

Sbeams andDrainare (Fie. IlIf)).-Auari from gullies no streams 

Vegetation.-About 82% covered by mid-height forests; type 
with a rather dark-toned even canopy (Fm) occurs on crests aod 
"pper slopes (20.A. Elsewhere occurs type witlr an irregular 
canoov (?mi). common1v in  mosaic with ssra1 forrsts (Fmi', Ca). 

Geology.-Igneous basement rock, commonly forming windows 
in areas of sedim=ntary rock. Rock types simile1 to those of 
Somoro (63). A very thin veneer of  coUuvium derived from 
sedimentary racks occurs locally. 

Weathering and Soib (I obs.).-Probably very shallow skeletal 
weathering, with common rock outuap near valley bottoms and 
on some crese, and slightly more weathering on smooth same- 
what less steep hill slopes. 

Probable soil composition is (IODU) dominnnt; EUH09, 
( E r n )  common: (IOD02) minor. Vlrtuallv no intormation on - . ... ~ 

occur on isolated hills. Areas with ridge patterns have a denre to soils, only obrervalion being an undevclopcd, acid, moderately 
very dense, subparallel to ~vbangular pattern ofvery small, mostly deep, friable to firm clay loam and clay soil (EUH09) developed 
firrt-order streams. Oradicnfr vary from very gentle tomoderate in ruperfisial colluvium of Pliocene sedimentary rack and over- 
rlooe. stream beds arc in very narrow rock-cut vallevs. nrobablv Ivinx hard basement rock. Such roib cam be exoected in other . . . ~~ . . .  . . -  
bouldcn. All streams probably perennial. Frequent but -or places, where Mup form lenses or windows in slopes on pre- 
Rood spates would result from the probable high surface run.off dominantly sedimentary rocks. On the wholg it h cxpesled that 
in relation to through drainage. Generally well drained. slightly to moderately developed, weakly acid to acid, (hio to very 



thin soils pxedominate, similar to those of S m m o  (63). Locally 
on more stable slopes, more developed, aoid, thicker soils may 
occur similar to those for Kumbusaki (60). 

Population =od Laod Use.-Population nil; present land use 
negligible. 

Traositians to Other Land Systons,-Typical transitional aspects 
t o  somoro (63) on the one hand and to Kvmbvsaki (60) on tha 
other, di~eusred under these land systems. 

Priest Reiouxcos (No obs3.-Forest c o w s  55%; low forest 
resources. P o m t  is a mixture of 101v stocking rate types (Fmil 
Fmi: 3 sq miles: FmiIFm, 1 sq mile; Fm, 1 sq mile; Fmi, 1 rq 
mile). Access category IV. 

Amiculhcral Assaarneot.-Because of very steep slopes, strong 
dissection, and common instability of slope mantlc, it has no 
capability for agricultural development. Soil nitrogen contents 
probably low to maderate; phosphate and potash cantents 
strongly variable but mostly high. 

Engineering Asse~~ment.-To be avoided far road consrmction. 
Its occurrence as isolated anes  within sedimentary rock zones 
without suitable road-building materials could make Map a 
vseful aourcc of these where roads are phmed  &earby, whieh will 
be probably only rarely. Smils aredominantly CL, subdominantly 
MH; p~obable depths arc moderately deep dominant, shallow 
rubdominant, very shallow common. 

Land Roms (Plate 29, Fig. I).-Low mountsins, generally 
characterized by very long, mode ra td~  steep to steep, northem 
to north-eastern slopes and shorter, v w  steep to locally precipi- 
tous. southern to south-western slooes. Relief is mostlv 80CL 
1000 It with extremes a t  600 and 1500 ft. Altitodd ran.& from 
400 to 4100 fl; 3% bclow 1000A. 34% at 100CL2000 fi, and 61 % 
at 200LL3-3500 ft. Major ridge crests arc very narrow lo narrow, 
eommonlv even. but in olaces oeaked. N o r t h ~ m  slooes a n  . . 
mostly densely gullied to ravioed, with some precipitous straight 
slopes along lower rnargios and major ravines. Southern slopes 
are ravined or strongly spurred, with common rock debris slides. 
Very short, very steep to precipitous Vansverse ridges locally 
present on southern slopes. 

Streams and Drainage (Fig. 14(d)).-Rather dense patterns of 
small streams that are relatively long and dendrific on northern 
slopes, very short and angular m subparallel on  southern sloprs. 
Mostly k t -  and second.order, rarely third-order, streams which 
flow innarrow rack-cut valleys, probably withrocw and bouldery 
beds with ssdicnts of gentle t o  moderately steep slope. Surra~e 
run-off may vary from low to very high in rclafion to through 

1 - -  d r a i n a g e ,  depnding on roil and slope conditions. All streams 
have a perennial flow of sustained +Id, but with frequent minor 
flood spates. Well drained. 

Vcpetation.- id-height forest urvers the whole area. About 
two-thirds is the type rvith a rrfhcr dark-toned even canopy 
(Fm), the red has a rafher irregular Canopy (Fmi). On unstable 
slopesis Cosuorbropapuortn (Ca); on lower slopes areseral stages 
to mid-height forest (Fmi'). 

Geo1ogg.-No field data. Sham angularity of photo pattern and 
scarcity of slumping suggest basic igneous basement racks. 
Pattern ako svggesU the presence of N.-NE.-dipping d i~s lopes  
and sleeper outcrop slopes in south and south-west; such strue 
tures are common in sedimentary racks but were not observed in 
igneous lock.; elsewhere in the area. Possibly D a m  represents a 
tilted block of igneous rocks, fault-bounded in the south. 

Weathe- sod Soils (No obs.).-Land forms and vegetation 
patterns suggest immahlre to mature weathering on many upper 

slapes but virtually no weathariog on very steep lower slopes. 
Probablc soil composition is (IODOZ, IODLZ, Bum) sub- 
dominant; (UOTO5, OANT2) common. Soils may be partly 
similar to those far Aifitau (33) and Kvmbusaki (60) and partly 
to thme for Smnoro (63). and range from strongly developed, 
strongly acid, very thick. Grm clay soils to undeveloped, weakly 
acid ta neutral, very shallow loam so& with rack fragments. 

Papdation and Laod Use.-NU. 

Tranaitim to om= Lana Systems.-Whlist basically ualqve in 
pattern, Davm generally has an indistinct boundary with ad- 
joining Sulen (58) and with Wanabutu (59) in the east. Dis- 
tinguished from Somoro (63) by its lower relief snd muoh higher 
incidence of apparently stable slopes, and from Kumbu~alci (60) 
by higher relief and less intricate dlsseetion. 

Forest Resources (1 aerial obs.).-Forest covers 18%; very low 
forest resourcss. Forest is a low staching rate type (FmilPml', 
4 sq miles) occwring onlower-altitude~arfs. A-s category IV. 

AmicUlh~ral Assessment.-In the absence of field data no proper 
ssscssment can bs given. On the basis of land f o m s  alone, 
probably very low capability for tree c rop  and imuroved pas- 
turcs. Owins to poor accessiblllty and tho position of a large 
area a t  altihxdes ahova 2OCQ R, which is generally unfavourable 
for tree crops, there appear to be no practical possibitities far 
a9riiiltural develonment. Soil nlfrozen contents  roba ably 

maderate on orestel areas, low on steep slopes. Phosphate can- 
tents generally very low to low, but may be high in very shallow 
so& on very steep slopes. Potash contents mobably partly low, 
partly very high to moderate. 

Eogioeering Assessment.-To be avoided for road cons(luctl0n. 
Possibly a potential saurco of quarried stone for various types of 
conatwt im,  suitahla quarry sites probably occmriog m a d  
near streams an lower slopes. Becavse af its isolated position 
this may be of value only if roads a n  constructed to open up 
areas of Karaitem (41) and bier (43) immediately south. Soils 
are dominantly CL, rubdominsntly M, MH; probable depths 
are moderately deep, very shallow, deep, shallow subdominant. 

Land Poms (Plate 29, Pig. 2).-ExtmeIy rugged, low, locally and 2000 R. C m t s  are mostly peaked, locally long and straight. 
high mountains with an angular, locally subparallel pattern of They are knife-edged to very narrow but locally, particuLar1y on 
massive ridges. locally b~mchioginto spws. Altitude ranges from summits, narrow and rounded. rn a l o ~  are straight and 
240 to  5400 ft; 7 %  below 1000 ft, 24% at 1000-ZWO ft, 54% a t  commonly mooved or slightly spurred, and have many narrow 
zooCL35ao n, and 14% st 3500-4500 ft. Relidextremes are 600 long superficial landslip scars that are commonly unrtabilizilizd. 
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Slopes are very sfecp, locally steep: they tend to become sfecpest Po~ulation and Land Use.-Nil. 
and locally preci~itous near valley bottoms. 

Streams and Drninage (Fig. 14(@)).-Coarse-texNred angvlar 
pattern of mainly wat- and recond-order sheams, flo\viving as 
torrents withrapid5 in shallow, rockyor boulderychanoslsin very 
narrow, rock-cut valleys. Paltcrn appears to be strongly fault- 
and ioint.contrallod. Firstorder strcam. commonly have 
gradients of maderately stecp to stecp slopc, second-order streams 
of gentle to moderate slope. Few higher-order streams with 
gradients of very gentle slope have discontinuous narrow boulder 
m d  gravel terraces. All streams likely to be perennial, but due to 
probably high svrface run.oK in relation to through drainage, 
flood spates a r i r  fresuently and advance very rapidly WoU 
drained. 

Yegefntion.-Covered entirely by mid-height farerfs. Type with a 
rather dark-toned even canopy (Fm) occurs on crests and u ~ p e r  
s1opcs (20%). I t  merges into type with an irregular canopy 
(Fmi) on remainder of the slopes, a small part of which are 
covered with reral forest (fmi'). Cosnorina nmrrano (Ca) occun 
on very unstable slope., and Casunrbin sp. (Cs) is found on 
narrow terraces aKectod by flood spates. 

Geology.-Mainly basic igneous basemcnt rocks, probably 
mainly gabbro, sanodiarite, and dimrite, with some metabasalt 
and epidosire along outer mmardngios. 

Woatl~ering and Soils (2 obs.).-Weathcriog appears to be shallow 
shclefrl with virtvally none on steepest slop=. Rounded crests 
are p~obably shallowly immaturely realhercd. 

Probable soil composifion is IODE2 dominant: EUHL sub- 
dominant; (10004) common. Very limited information sug- 
eests undcvelaoed. nsutral. very shallow to shallow. aravellvlorm 

Transitions to Other Land Systems.-Pattern is generally distinct. 
m places, however, where spurring and slumping axe more 
pronounced it in difficult t o  d is t indrh  from Sulen (58). Mort of 
these transitional cases are m a m l  with Sulen (581, since this 

~ - ~ ~ 

appears to be litholo~cally more hcterageneous. Somoro is 
distinguished from Mup (61) in having higher relief and coarser 
dissection. They share no eonunon boundary, Mup consisting of 
  mall oufcroos of baremcnt rock windows in a sedimentary rack 
landscape. Thus some foothill areas of Somoro would probably 
have been mapped as Mup (61) had they farmed isolated 
0ccurrenEer. 

Forcrt Resources (No oh..).-Forest on only 5%: forest resources 
d l .  Forerls (FmilFmi: 4 sq miles: Fmi, I sq mile; Fm, 1 sq 
mile) all have low stocking rates, Fm occurring on higher areas. 
Access cafegory IV. 

Agricultwal Assessment.-No ca~ahility for agriouliural develol- 
mcnt muinn to steepness of slopes as well as instability of shallow 
I " j",l " i l , " ~ "  cvrliclllr r,,,,wr to hu low b,,, may be 
, , ,0Jt, . , ,x or hiih at l , i ~ l , ~ r  aI,~,t3<1~~. I'h"<01 ale 2S~"teL~l. ,vr<>b- 
ilrlv l;~rl.clr hwl~ b.nt u . ~ ~ l t l  be vcrr lcjr in  nwr: alsrcltoned u ,~ l*  . -.-- 
on crests. Potash contents could "a.Yffff low in most ddddloped 
soils to very high in undcvelmed, "cry shallow soils. 

Engineering Assessment.-To be avoidcd for road consrmction. 
An enormoms potential sourcc of stone for road metal and other 
construction purposes, but generally too inaccessible to be of 
practical use except in  constrvction of roads across the ranges, 
which would f d o w  low passes in other systems but always very 
close Lo Somoro. Also less inaccessible occurrences east of Nicia . . . . . . 

soils (EUHL)), with moderately developed, weakly acid, mader- River and could he of same value as a source of stone far works 
rtrly ch#u I(.  m~,lcr~lc ly  thlrh f r t n h l c ~ l ~ )  h l ~ m  >u:li W I ! ~  Y ~ ~ Y I I I C  881 r&>terr# ~ " ~ a s c . ~ l  p1a:rn. SohI, arc <lo##~in~nt ty  ('I., ~ ~ h d ~ n ~ # o ~ a # ~ t I y  
r,l?.,unc, of ro:k irrg$tlnlc. . 1Ul~ l~2 )  us r,l#nsvhdc i w r c  rc.lb.c MII; prubtblc d:pclnr ira inodurttlly ilu,c,. sury ,Iosll~,w.shdll~~w 
, I " , .  : I  I m " I  I , , . .  I I .  " " 0 ,  ~,lbtlOlX~,,~,,, Allll1lile:, Drmowt, l"OD8'  "l,,,, due 8 8 1  h ~ h  . ~ - .  . .. - . 
sandy weathered rack. Rock outorop is common near valley stream gradients and seismic instability, thereis morc opportunity 
bottoms. More strongly developed, acid, thicker soils may be far canstmction of hydro-e1octric works here than in any other 
present on small rovnded crests. land system. 

LandPonus e l a t e  30, Fig. I).-Mostly low tovery low, but locally 
high hill ridges of variable land form. Part consists of individval 
hill ridges, but partiaularly in south-east Maio resembles a 
dissected platcam svrfaee with a maze of finely branching very 
low to low short ridges and hills, includimg a few small upland 
areas with moderate s1opcs and very low rc1iet Altifuda ranges 
from about 200 to 830 if; about 90% above 250 ft Relief is 
mostly between 100 and 300 fr, but locally as low as 50 ft or as 
high as 700 ff. Some individual ridges branch into major spurs 
with moderate lo steep spur mest slopes. u r g e  complex in south- 
east is enclosed in the east and north by a continuous peaked 
encirclinp rids? and in the west by a precipitous slope along the 
sepik River. ~ i d g e  is 300-700 ft  bigh with steep to very steep, 
locally gcooved outward nloprs to surmvnding swamps. Crests 
are knife-edged to very narrow, locally narrow, and range from 
rather cven to moderately pcaked or stepped. Hill slopes are 
steep to very stecp, locally moderately steep, and commanly. 
strongly grooved, but in places strongly spurred and even rather 
smooch. Temacettes, 24 St wide, 3-12 fc long, and withmaderats 
to moderately steep slopes, are found on stee~est slopes and 
small guUies occur in placs. Lomlly slump &over 30-150 yd 
wide occur, with moderatsly steep to steep irregular floors and 

very stccp back walls. very small moderately steep colluviai foot 
s1ooer are locally present, as well as very small alluvial sans at 
base of ridges. In large occvrrences are a few high-gradient to 
very gently slopiog valley floors 40-80 yd wide. 

Streams and Drainago (Fig. t4(f)).-Individual ridges have no 
proper streams, whilst large ridge complexes have a dense to very 
dense dendritic pattern of very small, up to fourth-order streams. 
Except for same third- and fourth-order streams cut into col- 
luvium or alluvium. streams flow in shallow rock-cut beds 2 4  yd 
widc and generally have low ro high gradient, but up to gentle 
slope in some 6rrCordcr tributaries. Stream beds are probably 
stony and in placer also sandy. Stream flow is  mostly moderately 
r~pcd rh.,llo~v, ant1 nrohxbly nmrl) ~ lwry ,  prrc#nnril. Surhce 
rul-0s pr~bahly modrralc 818 r c l n ~ u s  lo Llr~~agP drainage. and 
h1.1~11 fl1111 >palei u t ,~ ld  ucsur rr2q~rnllp. Well drmncd. 

Vegata6on.-Mid-height forest with a small-crowned rather even 
canopy (Fmrv) covers 82%. Gardens. caKee plantations, and 
regrowth up to medium-aped secondary forest (R-FRm) are 
found on the rest. Sago (MR) has becn planted on some fans. 
Mid-height grassland (G) covers some spurs north and north-east 
of Ambunti. 



Geology.-Palaeozoic or Mesozoic, steeply to very steeply dipping 
mica schist (commonly with quartz veins) and quartrose mica 
schist, in placer inferbedded with quartzose sandsfone. Gold 
has been mined in south-east, but no indication can be given of 
yield or of possible existence of furlher ore bodies. 

W~atberiog and Soils (5 obs.).-Rocks appear mostly disintegrated 
and leached to probably 10-50 ft with very shallow mature to 
immature weathering profiles at the surface. No suggestion that 
weathering decreases with increasing slope steepness; instead 
there is some evidence that crests are less weathered. 

Probable roil  omp position is IODOS dominant; lODX rub- 
dominant; (IODLZ) common. Moderately (IODOS) or strongly 
(IODX) developed, strongly acid, moderately thick to moder- 
atsly Illin (rarely tbin), uniformly textured friable to firm silty or 
sandy day to friable or very friable day loam or silty day laam 
soils merging into compact but unconsolidated coarser-textured 
weathered rock. They are usually covered by a 1- or 2-in. organic 
mot mat and commonly contain very low to high amount. of  
weathered rock fragments, increasing 36th depth. Similar, but 
moderately devslopsd, thin soils probably occur locally on pro- 
ei"it0tous s1opos and nanow crests. 

Pa~ulatbn snd Land Use.-Poyrulation of 1960 distributed over 
nine villages. Present land use covers 9 rq mil- (18% of area), 
31 % in land use intonsit7 dass 3. 3% in class 4, and 66% in 
class 5. Sago, planted on small fans m d  vallsys or exploited from 
natural stands in adiacent Kabuk 19). Pandaao 110). and Ambunti . .. 
(201, is very important in subsistence. 

Transitions lo Other Land Systems.-Photo pattern is very 
similar to Ailme 15% for individual rid= and rather similar to 

Agriculhval Ass~rrment-Low capability for tree crops and very 
low capabilihlfor improved pastures. Steepness ofslope and close 
dissection are major limitations, whilst strongly acid rcactio" 
sails would be less of a disadvantage for tree crops than for 
pastures. For two resronr,'it still might be desirable toinvestigate 
experimentally the ~omibilify of growing tree crops. Firstly, in 
the Sepik plain area Maio appears more suitable for ~lantation 
agriculture than any other land system except the smali Ambunfi 
(20). Secondly, there is good access via the Sepik River which 
m a n s  relatively low transport cmts for removal of produca as 
well as for the supply offarm reqvlremenfs svch as fertilirerr. Soil 
nitrogen contents are low: phosphate contents are very low; and 
potash contents moe t l~  low, commonly very law, but probably 
high in very sballo~v soils. Rare severe water stress in IODLZ 
sails on very stcap slapen, particularly of isolated hill ridges. 

Enginncrina Asseasm~nt.-Obviour topographic problems in road 
eonslrucrion. crests arc commonly too short, too narrow, or too 
peaked to be suitable for road alipnment. Roads are therefore 
bost located on lower r l o~ r s ,  whichrequires cut-and-fill operations 
over almost their full length. This would generally be easy in 
""cansotidated weathered materials although some hard rock 
cutting might br ruluired on salient spurs. Many small bridges 
and culverts would be needed in large rauth-eart area. On the 
credit side, landslide hazards appear relatively small, soils and 
weathered rock are probably rmtable as subgrade, and hard rock 
should be available for road surfacing. However, this last may 
aften be buried beneath thick layers of weatheredrack, and schists 
and Sandstone appear to be of only Low to moderate quality for 
mad-surfacing purposes. Together with small palls of Wankuk 
(651, Maio forms a "bridge" of high ground throvgh the Sspik 
slvampa from Ambunti to the north-west: this is of obvious . . 

Dossetf (34) and parts of Kumbusahi (60) for larger ridge wm- valueif plains north of Sepik flood-plain are to bc opened up by a 
plexes in south-east. In fad, bad Maio occurred in close associa- road link with the Sspik River. Rather Long sfrctches of r w a m ~  
tion ylth these land systems instead of being geographidy land would still have to be traversed by such a road north of 
widelv seoarated. if orobablv could not have been distimcvished main hill ridms. but this mav be facilitated bv incornnratine small . . . . . . . - ~ 

as a separatc mapping unit. Pattern differs from Waskuk (65) oullier hills in a road alignment to link up wifh Yilui (13) and 
largely by having lower relief, but the intricate variations in relief using thcm as suarriss af earth fill, rubgradr, and road.surfacinp 
have led to a small amount of overlap between them. materials. Even though these materials may not be parti~uladv 

suitable, the hills are virtvally the only large source of rack for 
I - -Borest R~sourees (5 ob.3.-Forsnt covsrs 82%: moderate forest a t  least 30 miles north of Sepik River. Soils ata dominantly m. 

resources. Only one f m t  type wilh a low stocking rate (Pmsv, subdominantly CL; probablc depthr are deep dominant, moder. 
36 sq miles) occurs. Access category III. ateb  deep rubdominant, shallow, very shallow minor. 

Land Forms (Plate 30. Fig. 2).-Lov mountain and some high 
hill ridges, generally wifh mostly strongly grooved or frnoly 
spurred slopes. In places major spurs branch off the "lain ridge., 
either with stee. SDur crests or sr foothill rows wifh aenflc crest 

~ ~ 

slopes. Altihlderangesfrom 180 to just over l5OOft a.s.1.; about 
75% at ZS~LOOO ft and 20% above 1000 ft. Relief is mostly 
between 700 and 1300 R but lacally as low as I50 ft on footl~ill 
sours. Hill s1ooer are oredonlinan,lv verv steer,. but commoolv . . .. 
steep or precipitous. Common for lower sloper to bc the sfcapest, 
while moderafcly slcep siumpd slopes occur locally near crests. 
Very steep slopes commonly haw a microrelief of 2-5-ft-wide 
terracettes. sloping 5-10' and occupying 2L30% of the dope, 
and of longirudinrl wrrvgrtionr with an amplitvde of E-8 ft  
but up to is  n where gullies have developed in depressions. 

- . . . - .  . .- 
on highsst ridges. They consist ofdosely spaced short ridges with 
rteep slopos and a relief of 50-100 ff. 

Sheama and Drainage (Fig. Il(a)).Stream net consists of a 
number of rather clorely spacod, very small, individual scream 
systems ranging from a single &st-order stream to dendritic nets 
with up to th i rdader  stream.. At margios of Wask* these 
screams disappear in swamp land or form ill-defmed chamcis in 
alluvi=l fans of Ambunti (20). Streams have rack-cut bouldery 
beds2-5 yd wideandwithgradients ranging fiom gentleto moder- 
ately steep slope, probably even rteep slope in some first.ordEr 
fribulrries. Flow is very raoid. verv shallow. and ~robablv  ~. . 
intermitrmr in smallest streams. surface run-off is probably high 
relative to through drainage and short Road spaces are likely to 
be frequent. Wcll drainod, wilh a tendency to excessive drainage 
on vory steep upper sloper and crests below 1000 ft a.s.1. 

Vegetation.-Mid-height forest with a rmall.crowned rather even 
canopy (Prn3") covcrs 74%. Gardens andregrowthup tomedium- 
aged secondary farest (R-FRm) arc found on remainder. 

Geology.-Paiacoroic or Mesozoic mica-schist and micaceous 



gneiss with quartz veins appear to be the majar rock lypes, very Wanabotu (59) and Dam, (62), and separatbn might have been 
steeply dipping. dimcult if they had occurred in close assocktion. 

Weathering and Soils (4 ohs.).-Rocks appear mostly Porest Resources (2 obr.).-Forest covers 74%: moderate forest 

5keletal~y weathered, rcsultmg in thck to almost complete resourcrs. A forest of 10s stocking rate Ems", 17 sq miles) 

dismttnration and s t t t t e  leaching. Immatucelv weathercdsurface oCCU'S. Cafegory IY. 
materials are only 1-3 ft  thick and locnuy absent. D ~ p c r  im- 
matun to mature weathering may occvr on broad summit arcus. 

Probable soil composition is IODL2 predominant: lODO5 
common: (IODX) minor. Predominant are moderately de- 
veloped, smngiy acid to lacally acid, very thin, very friablr sandy 
clay loam to silty clay roils m e r g k  into sandy and witty, or 
gravelly wcafhered loch (70DL2). Vcry thin soils u e  somewhat 
stony or associated with minor mck outcrop. ~articularly near 
crests. More locally occur similar, but moderately thin, very 
friable to friable clay loam to silty day loam soils (10DOS): 
these together with similar, but strongly developed, soils are mob- 
ably most common on the hilly summit areas. At and near 
s,,mmits af highest ridges roils are covered by *bout 9 in, of 
organic root mat. 

Papulatiun and Land Use.-Population of 600 distributed over 
three villanos. Present land us= covers 5.8 so miles (26% of areal. 

Trsnsitious to Other Laod Systems.-Relationship with Malo (64) 
dircusscd in the latter. Photo pattcrn rather similar to that of 

Agrieultvral Assessment.-No capability for agricultural land use 
bsausc of its ruggedness, very sWorv, strongly acid soils, and 
local rochiness and rtoniness. Soil nitrogen contents madcrate 
to low: phasphate contents very low; potash contents probably 
vary from very low to moderate. Rare severe soil watcr stress in 
IODLZ soils, particularly on lower cresfs and hiu slopes. 

Enginee~iog Ass~asment.-As discussed in Mnio (64), Wasknk 
forms part of r "bti&e" of higher ground, paniniuy liolriog the 
sepn ~i~~~ at ~ i t h  to fhs north. boy road 
construction along this "bridge" cannot completely avoid this 
very rugged land systcm. Such a road would be best aligned by 
cutting into Lowermost slope3 sherevcr possible. T o  avoid an 
excess~vcly wioding road, deep cuttings thrthrthrgh some lower spars 

. . 
of Waskuk as a source of road metal and constrvction stone. 
Also the gneissic radc occurriogin some parts is likely to bemore 
snilsble for construction work than the schist ilnd sandstone. 
Soik are dominantly CL, subdominantly MH, SC: probable 
dcprhs are shallow. very shallow subdominant, deep, moderstely 
deep common. 



APPENDIX IV 

RELATIONS BETWEEN POPULATION, LAND USE INTENSITY, 
AND LAND USE CAPABILITY OF LAND SYSTEMS 

By R. Hi FAGAN,* J. R. MCALPINE,~ and H. A. HAANTIENS? 

Details of the distribution of the population and of the five land use intensity 
classes over the land systems are given in Table 22. In this table the land systems 
have been arranged in order of decreasing land use intensity index, and grouped into 
six classes of land use intensity index (Appendix I). 

n. LAND Use INTENSITY AND LAND USE CAPABILITY 

Table 23 has been compiled for a number of different purposes. First, it 
presents a comparison between the present land use intensity index and the land use 
capability indexes of the land systems (Part W, Section II(c)). Secondly, it lists the 
land systems belonging to each land use capability group shown on the map of 
agricultural land use capability. Thirdly, the table shows the manner in which land 
systems within one group differ in their suitability for irrigated rice. Thus, Table 23 
is a supplement for those land use capability groups in which the suitability for 

, -- irrigated rice varies irregularly, because this suitability has not been used as a criterion 
in defining the groups (Part IX, Section I(e)). The derivation of the indexes, which are 
also given in the synoptic land system descriptions in Part 111, is explained in 
Appendix I. 

*Department of Geography, Austrahan Natlonal University, P.O. Box 4, Canberra City, 
A.C.T. 2601. 

I Division of Laud Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601. 
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TDLE 22 

DISTRIBUTION OP POPULATION AND LAND USE OVER LAND SYSTBMS 

Area Land Use Land Use Intensity Class (sq miles) 
Land System (sq Population Intensity Very Very 

miles) Index High High Medium Low Low 

Intensively used 
Madang (1) 1 

Nubia (2) 28 
Romei (22) 3 

Moderately used 
Seim (46) 221 
Aitape (55) 7 
Dreikikir (47) 143 

Kaugiak (37) 109 
Musendai (32) 45 

Lightly to moderately used 
Emu1 (36) 91 

Kabenau (21) 5 
Lumi (26) 22 

Imbia (54) 39 
Mambel (48) 280 

Musak (52) 19 
Yindigo (31) 128 

Flobum (44) 112 

Karaitem (41) 106 

Lightly used 
Nuku (51) 193 
Sengi (42) 106 
Morurnu (39) 176 

Screw (18) 60 
Asier (43) 106 

Po (15) 49 
Ningil (49) 8 

Pes (17) 143 
Minatei (50) 7 
Yilui (13) 48 

Numoikeu (40) 98 
Burui (29) 108 
Maio (64) 45 
Waskuk (65) 22 

Papul (19) 62 
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TABLE 22 (Continued) 

Area Land Use Land Use Intensity Class (sq miles) 
Land System (sq Population Intensity Very very 

miles) Index High High Medium Low Low 

Amhuuti (20) 
Yassip (38) 
Barida (56)  
Panakatan (25) 

Very lightly used 
wuro (53) 
Sandri (35) 
Murik (3) 
Palimbai (11) 
Nopa (57) 
Atitau (33) 
Pandamp (6) 
Kahuk (9) 
Pandago (10) 
Nida (12) 
Misinki (14) 

Nagam (16) 
Aiome (23) 
Paiawa (24) 
Yamhi (28) 
Kwaro (30) 
Om (45) 
Sulen (58) 
Dossett (34) 
Kumbusaki (60) 

M ~ P  (61) 
Wanabutu (59) 

Unused 
Nigre (27) 
Chambri (4) 
Sanai (5) 
Pora (8) 
Kobar (7) 
Daum (62) 
Somoro (63) 

Total 4660 94,340 < 3  52 451 249 541 
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TABLE 23 
PRESENT LAND USE INTENSITY INDEX AND LAND USE C A P A B l L m  INDEXES OP LAND SYSTEMS ARRANGED 

BY LAND USE CAPABILITY GROW 

Present 
Land Use Land Use Land Use Capability Index 

Capability Land System Intensity Overall* Arable Trec Improved Irrigated 
Group Index Crops Crops Pastures Rice 

A1 Aiome (23) < 1  79 70 94 72 11 

A2 Nubia (2) 55 78 80 69 86 25 
PW (17) 6 73 77 60 83 65 

A3 Nagam (16) < I  68 74 32 98 37 
Romei (22) 37 66 62 42 85 31 

A4 Papul (19) 4 62 60 59 66 32 
Anlbunti (20) 4 62 58 57 72 41 

A5 Kabenau (21) 18 55 55 40 70 20 
screw (18) 8 51 49 30 74 48 

B1 Paiawa (24) < 1 45 37 53 45 2 
Lumi (26) 15 42 34 43 50 3 

B2 Musendai (32) 23 42 40 26 60 12 
Ningil (49) 7 39 34 21 62 0 
Pa (15) 7 38 41 14 58 30 
Yilui (13) 5 33 35 13 51 60 
Yambi (28) < 1 32 29 16 52 18 

B3 Seim (46) 29 32 18 24 52 2 
Kaugiak (37) 23 31 17 25 51 0 

B4 Karaitem (41) 11 31 17 33 43 0 
Minatei (50) 6 31 20 27 47 2 
Sengi (42) 9 30 15 40 35 0 

C1 Burui (29) 4 27 21 13 47 15 
Mambcl (48) 12 26 15 21 42 4 

C2 Asier (43) 7 24 10 35 26 0 

C3 Dreikikir (47) 23 26 12 25 42 2 
Kworo (30) < 1 22 11 17 39 2 
Emu1 (36) 19 21 12 I5  36 0 
Nuku (51) 9 21 11 14 39 2 
Atitau (33) 1 21 12 22 30 0 
Flobum (44) 11 19 10 16 31 0 

C4 Yindigo (31) 11 22 15 8 42 3 
Misinki (14) < 1 21 17 4 42 60 
Nigre (27) 0 18 14 4 35 39 
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TABLE 23 (Continued) 

Present 
Land Use Land Use Land Use Capability Index 

Capability Land System Intensity Overall* Arable Tree Improved Irrigated 
Group Index Crops Crops Pastures Rice 

C5 Yassip (38) 3 19 9 22 25 0 
Morumu (39) 8 15 6 15 25 0 
Sandri (35) 2 15 7 14 24 0 

C6 Dossett (34) < 1 14 5 18 20 0 

Panakatan (25) 3 13 5 19 16 0 

Barida (56) 3 13 5 6 27 0 

D Aitape (55) 27 11 4 6 24 0 
Madang (1) 60 9 6 5 15 0 
Maio (64) 10 9 3 14 10 1 
Kumbusaki (60) < 1 8 5 10 10 0 

El  Numoiken (40) 
Wanabutu (59) 

Nopa (57) 
Daum (62) 
Imbia (54) 

Musak (52) 
Pandagot (10) 

E2 Palimbai (11) 

Om (45) 
wuro (53) 

MUP (61) 
Sulen (58) 

Nigia (12) 
Waskuk (65) 
Murik (3) 
Sanai (5) 

Pandamp (6) 
Kabuk (9) 
Kobar (7) 

Pora (8) 
Chambri (4) 
Somoro (63) 

* Mean of indexes for arable craps, tree crops, and improved pastures. 

? The small areas of Pandago land system occurring in the Sepikflood-plain have been mapped 
as land use capability moup E2. 
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Fig. I .-Madang(1) land system; raised coral platforms; gardens, coconut plantations, and secondary 
vegetation. 

Fig. 2.-Nubia (2) land system; sandy beach ridges: gardens, coconut plantations, secondary 
vegetation, and kunai grassland; swales with sago palm vegetation. 



Fig. I.-Murik (3) landsystem; tidal flats; mangrovevegetation, mined with Nypo palms in north-west. 

Fig. 2.-Chambri (4) land system: back-swamp plains: aquatic vegetation, floating grasses, sedge 
lands, and fern lands. 



Fig. 1.-Sanai ( 5 )  land system; back-swamp plains; tall grassland of reed and associated grasses; 
a patch of tall sedge vegetation in north-west. 

Fig. 2.-Pandamp ( 6 )  land system; back-swamp plains: pandan vegetation interspersed with reed 
and tall sedge vegetation. 



Fig. I.-Kobar (7) land system; peaty back-swamp plains; woodland with tall sedge undergrowth. 

Fig. 2.-Pora (8) land system: peaty back-swamp plains: mid-height forest with an open canopy with 
Ca,,zprrosper,rm, and with sago palms in the understorey. 



Fig. I.-Fan-toe swamps of Kabuk (9) land system with stunted sago palm vegetation, and o f  
Pandago (10) land system with sago palm vegclation with emergent trees and mid-height forest 

with an open canopy and sago palms in the understorey. 

Fig. 2.-Blacked valley swamps of Kabuk (9) land system with saga palm vegetation, and of Pandago 
(10) land system with vegetation as described above. 



Fig. I.-Palimbai (I I) land system: scroll plains of the Sepik River: tall forest with an open canopy 
with light-toned crowns on older, cane grass on younger scrolls; cane grass with reed and pandan 

vegetation in swales. 

Fig. 2.-Nigia (12) land system: distributary flood-plains and scroll plains: mid-height forests with 
open canopies with pandans common in the canopy o r  understorey. 



Fig. I.-Yilui (13)  land system: distributary levcc'back-plain complex: village sites, gardens, and 
coHee plots on levees: back plains with mid-height forest with an  irregular canopy with pandans and 

sago palms. 

Fig. 2.-Misinki (14) land system: poorly drained alluvial clay plains: tall forcst with an oDen canopy 
and sago palms in the understorey. Nagam (16) land system; alluvial clay plains: tall forest with 

a rather open canopy. 



Fig. 1.-Po (15) land system; flood-plains of lowermost fan sectors; tall forest with an open canopy 
and sago palms in the understorey. 

Fig. 2.-Pes (17) land system; fan plains; tall forest with a rather open canopy 



Fig. 1.-Screw (18) land system; levees and narrow scroll flood-plains; tall forest with an  open 
canopy with light-toned crowns; cane grass on scrolls. 

Fig. 2.-Papul (19) land system; river terraces and Rood-plains in confined valleys; tall forest with 
a rather closed canopy; cane grass on scrolls and lowest terraces; secondary forest in south. 



PLATE 10 

Fig. I.-Kabenau (21) land system; coastal fan plains and terraces; secondary vegetation, including 
grassland, and exploited sago palm \,egetation: tall forest with a rather opcn canopy. 

Fig. 2.-Romei (22) land system: colluvio-alluvial fans and aprons derixaed from limesfone; gardens 
and regrowth up to medium-aged secondary forest (also an adjacent hills). 



Fig. I.-Aiome (23). Paiawa (24), and Panakatan (25 )  land systems; marginally, partially, and 
wholly dissected weathered fan surfaces; tall forest with a rather open and small-crowned or irregular 

canopy. 

Fig. 2.-Lumi (26) land system; little to strongly dissected fan surfaces and terraces overlying 
mudstone: gardens to old secondary forest; some tall forest with an irregular canopy with light-toned 

crowns. 



Fig. 1.-Nigre (27) land system; weathered plains; fern vegetation, often with sedges common; 
mid-height forest with an irregular canopy with sago palms in the understorey. 

Fig. 2.-Yambi (28) land system: slightly dissected weathered plains; mid-height grassland; 
mid-height forest with an irregular canopy in north, and with sago palms in the understorey in valleys. 



Fig. 1.-Burui (29) land system: disreclcd weathered plains: mid-height grassland: secondary 
vegetation and exploited sago palm vegetation in most valleys. 

Fig. 2.-Kworo (30) land system: slumped very lo\\' hill ridges of strongly dissected weathered plains; 
mid-height grassland and forest with a small-crowned canopy on ridges; mid-height forest with an 

irregular canopy and sago palms in the understorey in valleys. 



Fig. I.-Yindiga (31) land system: convex or slumped broad very low hill ridges of dissected weathered 
surface on mudstone; tall forest with an irregular canopy with light-toned crowns, mid-height 

grassland, and secondary vegetation. 

Fig. 2.-Musendai (32) land system; undulating and dissected weathered surfaces and terraces 
mainly on sedimentary rock; largely secondary vegetation, up to old secondary forest. 



Fis.  1.-Atitau (33) land system: \,cry low hilly weathered mountain s~tmmit areas; mid-height 
forest with a rather dark-toned even canopy. 

Fig. 2.-Dossett (341 and Kurnbusaki (60) land systems: fincly spurred branching steep very low (34) 
and very steep high (601 hill ridges on basic igneous rocks; forests with irregular canopies, mid-height 

in north, tall and  with light-toned crowns in south. 



Fig. I .-Sandri (35) land system: very intricately dissected steep accordant hill ridges on (semi-)con- 
solidated sedimentary rocks; tall forest with an irregular canopy with light-toned crowns. 

Fig. 2.-Emul (36)  land system; finely branching steep convex accordant hill ridges on interbedded 
sedimentary rocks; gardens and secondary vegetation, including cane grass regrowth. 



Fig. I.-Kaugiak 0 7 )  land system; benched to  slumped semi-accordant law hill ridges mainly an  
mudstone: gardens and regrowth, including old secondary forest; remnants of tall forest with an 

irregular canopy with light-toned crowns. 

Fig. 2.-Yassip (38) land system; short slumped steep very low hill ridges on sedimentary rocks: 
mainly medium-aged and old secondary forest. 



Fig. I.-Morumu (39) land ryslcm: shol-1 slu~nped and spurred steep low hill ridges on sedimentary 
rocks: tall Forest with a ralhcr open irregular canopy: medium-aged and old secondary forest mainly 

in north. 

Fig. 2.-Numoiken (40) land system: short slumped and spurred stccp high hill ridges on scdimentary 
rocks: tall forest with a rather open irregular canopy, sera1 stages on stecpcr slopes. 



Fig. I.-Karaitem (41) land system: dissected long slopcs with humlnocky t o  low hilly surfaces an 
softened sedimentary racks and rock debris; gardens, planted sago, and secondary forest. 

Fig. 2.-Sengi (42) land system; broad even to undulating low hill ridges with hummocky slopes 
on softened sedimentary rocks; tall forest with an  irregular canopy with light-toned crowns; 

secondary \,egetation in west and south-\vest. 



Fig. 1.-Arier (43) land system: broad even to undulating stcep high hill ridges with hummocky 
slopes on softened sedimentary rocks; tall forest with an irregular canopy; some mid-height forest 

with a dark-toned even canopy on crests. 

Fig. 2.-Flobum (44) land system; broad low mountain ridges with irregular slumped slopes on 
softened sedimentary rocks; gardens and  secondary vegetation; mid-height forest with a dark-toned 

even canopy on highest crests. 



Fig. I.-Om (45) land system: very irregular slumped and dissected steep lo!\. mountain ridges and  
slopes on softened sedimentary rocks; mid-height forests mainly with an irregular canopy, including 

seral stages. 

Fig. 2.-Seim (46) land system: polygonal pattern of concave slumped peaked low hill ridges on 
partially roflcned mudstone: gardens and secondary vegetation, including cane grass regrowth. 



Fig. 1.-Dreikikir (47) land system; semi-polygonal pattern o f  steep slumped peaked high hill ridges 
on interbedded sedimentary rocks; gardens, sago planted on slump floors, and secondary vegetation. 

Fig. 2.-Mambel (48) land system; irregular peaked high hill ridges with slumps and dip-slope 
remnants; tall forest with an irregular canopy with light-toned crowns. 



Fig. I.-Ningil (49) land system: gently sloping undulating dip-slopc surfaces bounded by scarps 
and  ra\,ines: mainly secondary vegetation: tall forest with an irregular canopy with light-toned 

cro!\.ns in south. 

Fig. 2.-Minatei (50) land sssteni: high hill ridges of partially dissected long dip slopes. short outcrop 
slopes, and  scarps: mid-height forcst hi th an  irregular canopy: secondary vegetation, including 

large arcas of plantcd sago. 



Fig. 1.-Nuku (51) land system; somewheat peaked low to  high hill ridges of rather triangular dip 
slopes, outcrop slopes, and scarps; mainly tall forest with an irregular canopy with light-toned crowns. 

Fig. 2.-Musak (52) land system: very steep sharp asymmetrical hill ridges on tilted sedimentary 
rocks; mid-height forest with an irregular canopy and its seral stages. 



Fig. 1.-W'ura (53) land system: very steep sharp asymmetrical low mountain ridges on tilted 
sedimentary rocks: mid-height forest with an irregular canopy and its seral stages. 

Fig. 2.-lmbia (54) land system; subparallel very steep sharp spurred high hill ridges with dip-slope 
fronts, on tilted sedimentary rocks: secondary \,egetation, mainly old secondary forest. 



Fig. I.-Aitape (55) land system; isolated low to high hill ridges on limestone and calcareous 
conglomerate in the coastal plain; tall forest with a rather open small-crowned canopy, secondary 

vegetation in north. 

Fig. 2.-Barida (56) land system: sleep convex high hill and low mountain ridges on limestone with 
scarps and foot slopes; mid-height forest with an irregular canopy. 



Fig. I.-Nopa (57) land system; blocks of steep irregular short hill ridges of igneous rocks capped 
by sedimentary rocks; tall forest with a rather open irregular canopy. 

Fig. 2.-Sulen (58) land system; very steep slumped and gullied spurred low mountain ridges of 
igneous, sedimentary, and metamorphic racks; mid-height forcrts, generally with an irregular canopy 

and seral stages, but with a dark-toned even canopy on crests. 



Fig. I.-Wanabutu (59) land system: narrow blocks of very steep spurred high hill ridges on basic 
igneous (?volcanic) rock: tall forest with a rather open irregular canopy. 

Fig. 2.-Mup (61) land system; very steep protruding high ridges and hills of basic igneous rock: 
mainly mid-height forest with an irregular canopy and with Cor~orino on steepest slopes. 



Fig. 1.-Daum (62) land system: very steep asymmetrical low mountain ridges of basic igneous rock, 
with gullied long slopes and broken scarps: mid-height forest, mainly with a rather dark-toned even 

canopy. 

Fig. 2.-Sornoro (63)  land system: very stccp massive t o  angularly spurred sharp mountain ridges 
on granodiorite and gabbro: mid-height Forests, mainly with an irregular canopy and  with seral 

stages with Cosr,nrirro on rrcquent landslides. 



Fig. I.-Maio (64) land system; very steep finely branching hill ridges on schist and quartzite; 
mid-height forest with a small-crowned rather even canopy. 

Fig. 2.-Waskuk (65) land system; very steep spurred low mountain ridges on schist and gneiss; 
mid-height forest with a small-crowned rather even canopy; Ambunti (20) land system; colluvio- 

alluvial fans: tall forest with a rather open canopy. 



Fig. I.-Very high land use intensity far subsistence cultivation with near-permanent field boundaries 
on terraces o r  Screw (14) land system. Settlements (broken liner) are on  adjoining land systems. 

CoR'ee blocks are indicated by dotted lines. 

Fig. 2.-High (0) and medium (bj land use intensity for subsistencc cultivation. Dense settlement 
in villages (broken lines); many coffee blocks (dotted lines) in the high intensity class. 



Fig. I.-Low (a) and very low (b )  land use intensity for subsistence cultivation. Moderate to sparse 
settlement in villager. Much old secondary forest in very low intensity class. 

Fig. 2.-Five non-stereoscopic examples in Nigre (26) land system of light-toned "meanders" of 
slight rises of coarser sediments with friable reddish soils, amidst clay plains with plastic mottled 

soils. All sediments are strongly weathered. 
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