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PART 1. INTRODUCTION
By H. A. HaanTens* and J. R. MCALPINE*

I. THE SURVEY AREA

(a) Size and Location

The Aitape-Ambunti area covers approximately 4650 sq roiles. As shown in
Figuare 1, it is situated in the north-west of Papua New Guinea between long. 142°
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Fig. 1.—Location of the Aitape-Ambunti area (shaded) and of previously surveyed areas along the
coast: 1, Wewak—Lower Sepik area; 2, Lower Ramu—Atitau area.

and 143°E. and sireiches from the Bismarck Sea (3°S.) to just beyond the Sepik
River (4° 20’ 8.). 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.0Q. 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 igneouns 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 abount 250 ft above sea level in the
south and is broken only by two sets of pronounced north-facing scarps (see map of
drainage djvisions). Three-quarters of the area’s population lives in these hills. Asa
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 fo 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-plain 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 very rough hills and mountains, which rise abruptly from the swamps and consist
of ancient metamorphic rocks.

{¢) Drainage

The major rivers draining the area are shown on the toponymy 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 patiern 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 criginating 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 evalnation 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 subseil
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 floeding and deposition,
particularly on the coastal plains (sec 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 (Stanfey 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
engagedin the first major scientificexpedition of the inland Sepik basin (Behrmann 1917).
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At the end of the war Kaiser-Wilhelms-Land became a mandaied territory of
the League of Nations, under the conirol 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 consolidation of administrative influence
(i.c. the establishment of Pax Britannica) did not occur in these populous areas until
after World War Il. During the war the area was occupied by Japan, Intermitient
heavy fighting and bombing occurred in some parts, whilst others were patroHed by
both Japanese and Allied forces.

(f) Administration

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
tespectively (Fig. 1). The area is further administered from subdisirict 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 adminjstration and the baun-
daries of the subdistricts and their component census divisions are shown on the
map of administration.

In recent years the former direct rule has been gradually replaced by indirect
administration through the establishment 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 vnpopulated areas as well. Many of these represented the major pre-contact
trade routes, for example, the tracks across the mouniains linking the interior with
the coast. Under Buropean 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 canoce, the main
river being linked with nearby villages by a series of natural waterways and cleared
passages (see transpert 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.
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During the German and Australian administrations irregular small-ship services
were established, linking Aitape on the coast and Ambunti on the Sepik with external
ports. Some idea of the navigabiiity 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
Ambunti 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.

(if) 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 II 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 the local 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 has 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,] 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
ITD). It is intended to link the Lumi-Nukn 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 (Ambunti), despite undeniable difficuliies 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 II airstrips, and the only ones suitable for DC3 aircraft.

1 Willing, English, and Devon (Consulting Engineers) (1968).—Repott 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).

I Source: Transport and communications. Bull. Bur. Statist. T.P.N.G. No. &, 1966-67.
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1I. Notes ON THE REPORT
(a@) General

(i) Nature and Limitations—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 references 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 IT).

1t should be kept in mind that this report is based on a reconnaissance survey
with very Hmited ground truth. The 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 IIL. '

(iii) Precision of Terminology.—The practice established earlier by Speight
(1967) of defining or explaining common usage parametric terms and classes (such as
“very steep”, “shallow”, efc.) 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. Tt 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 has some advantages in reading and comprehension.

(iv) Presentation of Detailed Basic Information.—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 land 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 lithological basis of the engineering materials map, one of the additional
unpublished maps avajlable 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 1
of this Part, Section IV of Part I1I, Sections IV and V of Part VI, and the detailed
land system descriptions in Appendix I1L.

III. SurRvEY METHODS

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, particularty that of vegetation (Heyligers 1968), planning of field work,
and final mapping procedures differed somewhat from the custemary ones. Details
of the procedures followed, together with details on air-photo and map coverage,
and of field work are presented in Appendix I¥.
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PART 1I. SYNOPTIC DESCRIPTION OF THE AITAPE-AMBUNTI AREA*
' AND. ITS RESOURCES

By H. A. Haantiens,t P. C. Heyvricers,T J. R, McALpng,f and J. C. SAUNDERST

1. CLIMATE

Although the area is of the “wet tropical” type, the eastern inland sector of it
is considerably drier than the remainder. Annuval 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 arc essentially
constant over space and time. The differences that do occur are the result of increasing
altitunde. Mean annual temperature at sea level is about 80°F, dropping to 75°F at
1750 ft. The annval range of monthly mean temperature is only 2 degF but the
average diurnal temperature range is considerably greater, varying from 12 to 16 degF.

Average monthly relative humidity is about 8§97 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.,) and highest on the inland plains (59 in. at Ambunti,
160 ft a.s.l). 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 509 are common in the dry
season and spmetimes occur in the wet. Mean annual water surplus is about 25 in.

(2) Inland Wet.—Soil moisture depletion beyond 509 is very rare and mean
annual water surplus is over 60 in.

(3) Coastal—This zone 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 509, 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, CSTRO, P,O. Box 109, Canberra City, A.C.T, 2601,
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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 ouiside the survey area is shaded.
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II. LAND USE CAPABILITY

{a) Forest Resources

As shown on an accompanying map, commercial forests cover almost half of
the survey arca. 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 109 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.

TanLe 1
SUMMARY OF FOREST RESOURCES

Area Estir.nated Access Fores@ .
Class of Forest (sq milcs) Stocking Rate Index* Productivity
(super ftfac) Index*
High productivity 484 7600-10,000 6892 54-70
Moderate productivity 340 5100-8100 46-70 34-37
Low productivity 985 30007000 38-92 1428
Very low productivity 364 3000-4500 15-35 7-11
Nil productivity 58 <4000 - 12-20 <6

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

The forest resources of each land system are assessed in Part IIT and in Appendix
III. The land systems considered to have the highest potential are Aiome (23),
Nagam (16), Paiawa (24), Pes (17), Ambunti (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 159, of the survey area these Iand systems are
dominated by Fo, 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. It contains 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, ' g

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 arca 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 oceur, commonly with
moderate stocking rates, but with generally very poor access because of the swampy
terrain. Omly very small areas of forest on levees present moderate access, The
Ambunti 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.

(8) 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 floeding, 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 agricultural assessment
section of the detailed land system descriptions (Appendix III). Soil properties
important to land use, including N, P, and K contents, are given elsewheret for all
lowest soil classes. General information on water balance and plant growth is dis-
cussed in Part IV.

The distribution of some land atiributes important to agriculture is shown on
five unpublished maps at a scale of 1:250,000 that arc avaiiable upon 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 I8 groups
with different capabilities for various kinds of permanent commercial agricultural
land use. The nature of the terrain and Jimiting 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
overgll suitabilities of land systems. Some land systems have a relatively nniform
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. 71/1, Part V (unpubiished).
1 CSIRO Aust. Div, Land Res. tech. Memo. No. 71/}, Part IV (unpublished).
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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 usuval in New
Guinea, 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.

TABLE 2
AREAS® (8Q MILES) WITH DIFFERENT LEVELS OF SUITABILITY FOR FOUR TYPES OF AGRICULTURAL
ACTIVITY
Agricultural Level of Suitability
Activity Very High High Moderate  Low Very Low Nil
Arable crops Nil 505 410 1435 1025 1280
‘Tree crops 25 310 640 29775 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/for 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
TII. 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 VIII 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. 71f1, Part 111 (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 smail 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
iee of the coral islands.

(d) Tourism 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. 1), the coastal zone
including off-shore coral islands and Sissano lagoon as well as the mountain front
in the vicinity of Aitape, and the hifly and mountainous country around Lumi.
Native buildings, wooed carving, and foiklore 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 infand waters. The beaches are moderately suitable
for bathing and surfing, the coral islands are attractive for swimming 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
biclogical potential and a favourable economic outlook.

1II. PopUuLATION AND Eanp 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.

() 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 countiry 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,

Tasir 3

POPULATION AND LAND USE FOR SUBSISTENCE CULTIVATION IN RELATIGN TO BROAD
GEOGRAPHICAL ZOMES

Lowlands and . ... Hills South Sepik
. Torricelli Inland
Hills North of Mountains of Plains Swamps
Mountains ! Mountains & and Hills
Area (sq miles) 610 410 1930 980 680
Land uvsed (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 Waosera 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 29, per annum. The highest growth
rafes 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 proups which in turn are subdivisions of 5 regional broad language—culture
groups: the Siau along the coast; the Wapei near Lumi and extending info 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 agricuitural 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 Sissanc 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 ievees. High land use intensity covers 52 sq miles mainly
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Fig. 3.—Distribution of land systern groups and subgroups. A, littoral plains. B, freshwater swamps;
B1, with aquatic vegetation and woodland; B2, with vegetation with sago palms. C, alluvial plains;
Cl1, unsiable plains with frequent flooding and impeded drainage; C2, plains with impeded drainage;
C3, plains, terraces, and fans with mainly free drainage. D, weathered surfaces; D1, allavial fans;
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 fanked by sedimentary rock; F2, ridges on igneous rock; F3, ridges on
metamorphic rock,
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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)
accupy 450, 250, and 540 sq miles respectively and are widely distributed. Together
the five classes occupy 28 9 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 I to 280 sq miles. They have been described in narrative form at
three levels of generalization: detailed descriptions in Appendix III; synoptic descrip-
tions in Part III; 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.

(&) Littoral Plains (40 sq 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 [and systems are the
only cnes 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 flattish sandy beach ridges and swales, and
Murik land system (Plate 2, Fig. 1) of small tidal mangrove flats.

(c) Freshwater 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,

() 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 but also on the nearby inland plains where it occupies the swampy floors of
blocked valleys previously cut into the higher weathered surfaces of subgroup (g)(ii).
Probably because of great fluctuations in the water level, there is no forest or sago palm
vegetation. Chambri 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
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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,

(i) Swamps with Vegetation with Sage 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 sqg 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
negligible 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-
carcous 50ils and seral 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 levél 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 levee/back-plain complexes
and flood-out plains, originally similar to Nigia (12) land system but 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. 1), 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 fi 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 fo 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 particnlar geographic
positions. Occupying 179 of the area, this group comprises mainly depositional,
but also erosional surfaces, ranging in [and form from virtually undissected plains
to the very low accordant ridges of maturely dissected surfaces.

(i) Alfuvial 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
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 profiles 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.

(i} 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 alluvinm
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. 2),
are restricted to the highest surface. The soils are acid to strongly acid and have
marked coarser-texitured 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, flanked 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 Platequ 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.

() 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. Silistone 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,.

() 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 residuai 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 has the largest proportion of more acid, more developed soils. Emul
land system (Plate 16, Fig. 2) occupies an intermediate position and Kaugiak land
gystem (Plate 17, Fig. 1} has the least accordant, most widely spaced ridges and the
least developed soils, commonly including colluvial seils 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 Jand forms to Morumn land system but a higher relief than any
other land system in this group. The apparently large proportion of colluvial goils on
slumped slope sectors makes this land system transitional to those of the next subgroup.

(i) 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
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 sifu 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 first five land systems, occurring between 250 and 4500 fi, 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 riesorelief 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) consisis of widely spaced non-
descript irregular low ridges, whilst Asier land system (Plate 20, Fig. 1) is similar but
has greater relief. The very broad low mountain ridges of Flobum 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 taugh terrain on steeper slopes that are basically similar to those of
cither Karaitem (41) or Flobum (44) land systems,



28 H. A. HAANTIENS ET AL.

The last three land systems of this subgroup occur between 300 and 2100 ft
above sea level, commonly closely together. They are characterized by the presence
of many large slumps and slump benches which produce more distinctive air-photo
patierns 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. 1), where long benches
and smaller shumps 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.

(i} 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 irreguiar 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 (Plafe 23, Fig. 1) the dip slopes are so gentie 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. Morcover, 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 irregular canopy and
commonly of a seral 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. 1t 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 consisi
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 arc transitional between those of Om (45) and Somoro (63) land systems.

(i) 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,
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 Iand system
(Plate 15, Fig. 2) has a larger than normal proportion of strongly developed seils.
Mup land system (Plate 28, Fig. 2) consists of isolated 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 mouniains 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 hills 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. 1), 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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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 palm/pandan 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 229 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, M) 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 It tall, several com-
munities can be distinguished on dominance, but these could not be recognized on
the air photos. Tall grassland comprises cane grass vegetation (GtS) and reed Iands
(GtPh). Mixed herbaceous vegetation covers less than 3% of the survey area and is
represented by three types, including aquatic vegetation. Fern vegetation, often with
sedges common (HD), is the commonesi type.

Secondary vegetation replaces natural vegetation after interference by man.
. It covers 30 %; of the area and comprises gardens, plantations of coffee, coconut palms
and sago palms, fmperata 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 1.—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, tress 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 1.
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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. Foresis with an
irregular canopy (Fmi, Fmio) occur on slopes together with seral 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 appeéars to be at least partly related
to an increase in rainfall from east te 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 Camprosperma, 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 grassiand
(GtS, GtPh) via woodland (WT), pandan (P), and sago palm (Me, M) vegetation
to mid-height forest with an open canopy with Camprosperma and with sago palms
m 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. Somws
(@) Soil Cover

Information on soils is derived from 360 auger-hofe 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
{haplaguenis) and near the coast a few coarse-texiured (psammagquents) 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).

Inceptisals, 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 gleved (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
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
topscils (plintumbrults, 30 sq miles), or with necither mottled subsoils nor dark
topsoils (typochrults, 130 sq mifes). Others are strongly gleved soils, either without
(ochraquults, 50 sq miles) or with (umbragquults, 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 (ochraquaifs, 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 tfo inland 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) oceur 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, cccupying 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 distribution 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 be 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).

() 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 fargely 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 fo 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 basement 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 have strongly developed
soils, and thus the contrast is less pronounced. Soils on dip slopes occupy an inter-
niediate 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 form/time 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 allovial 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 g 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 stersograms.

Land system boundaries are drawn in white lines. The number of the fand
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
available by courtesy of the Director of National Mapping, Department of National
Development, Canberra.



PART IIl. LAND SYSTEMS OF THE AITAPE-AMBUNTI AREA

By H. A. Haanmiens,* P, C. Hevricers,* J. C. SAUNDERS,* J. R. MCALPINE,*
and R. H. Facant

1. INTRODUCTION

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
fand 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 I, land system mapping
and description in the Aitape-Ambunti area deviate 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 systern 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 adopied 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 sysiems, 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 stercograms, 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,
 Department 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 form/rock 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 III. 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
male 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 II. Terms used to indicate
parameter classes (such as slope classes, size classes, soil propetty classes, etc.) are
defined or explained in Appendix I, except for the lowest soil class symbols, which
are explained in Part VI, Section IL.

Data about the altitude of the land systems, particularly those given in the
detailed descriptions in Appendix ITI, 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) Correlation with 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{a)), the Aitape-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.{

II. OUTLINE 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 eugcosyncline
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, 71/1, Part VI (unpublished}.

T Lands of the Lower Ramu-Atitau area, New Guinea, CSIRO Aust, Div. Land Res. Reg.
Surv. divl Rep. No. 59/1 (unpublished).

I CSTRO Aust, Div, Land Res. tech. Memo. No. 71/1, Part I (unpublished).

§ 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, CSTRQ, Canberra.
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Fig. 5.—Distribution of land systems of the littoral plains (land systems 1-3), freshwater swamps
(4-10), 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 aiso 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.

Panakatan

. NN

Musendai
32

Fig. 6.—Distribution of land systems of the weathered surfaces (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 siratigraphic 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 systerns 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 axes are northerly. This local twist in the regional structure is reflected
in marked north-south anticlines breaching the scarp lines shown on the map 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 coral islands in a shallow sea, the most southerly
extension of Pliocene rocks, and the presence of unusnal scroll plains in the coastal
and inland plains (see Nigia (12) land system).

Napa Sulen Wanabutu Kumbusaki
57 58 59 60
b =
Daum Somoro Waslkuk
62 Nﬁ 65
T e \‘.’.«. o Bl
I s,

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 IV
of this Part.

TII. SyNoPTIC LAND SYSTEM IDESCRIPTIONS

(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 distribution and relative size
of each land system is shown on a small plan in Figures 5-8. Reference is made in



42

H. A. HAANTIENS ET AL,

.
o~

Fig. 9.—Stream patterns of land systems, See Figure 15(3) for explanation of features. {a), Nubia
(2); (), Aiome (23), Paiawa (24), Panakatan (25); (¢), Lumi (26); (), Nigre (27); (e), Nigre (27),

Yambi (28}; (f), 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%; (&), Yindigo (31); (), Papul (19), Musendai (32); (d), Atitau (33), Om (45), Wanabutu (59);
{e), Sandri (35);.(f), Emul (36).
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Tig. 11.—Stream patterns of land systems. See Figure 15(b) for explanation of features. (a), Kaugiak
(37): (b), Yassip (38), Imbia (54); (&), Morumu (39); (d), Numoiken (40), Barida (56); (), Karaitem
(41); (), Sengi (42).



LAND SYSTEMS 45

Nl

£

N

Fig, 12,—§8tream patterns of land systems. See Figure 15(b) for explanation of features, (a), Asier
(43); (b), Flobum (44}; (c), Flobum (44}, Om (45), Musak (52); {d), Seim (46); (&), Dreikikir (47);
(f), Mambel (48).
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Fig. 13.—Stream patterns of land systems. See Figure 15(b} for explanation of features, {a), Ningil
(49); (), Minatei (50); (c), Nuku (51}, (<), Musak (52}, Barida (56); (&), Wuro (53); (), Karaitem
(41), Imbia (54}, Mup (61).
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Fig. 14.—Stream patterns of land systems. See Figure 15(8) for explanation of features. (z), Nopa
(57); (b), Sulen (58); {e), Dossett (34), Kumbusaki (60); (4), Wanabutu (59), Daum (62); (¢), Somaro
(63): (), Maio (6.
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the descriptions to illustrations of stream patterns* of 44 land systems in Figures 9-135,
and of air-photo patterns of all land systems in Plates 1-30 (Part II, 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, population and land use, transitions to other Jand systems, forest
resources, agricultural land use capability, and engineering materials. Full stops
separate information on different subjects.

Reference 1o Figures 9<15
.. First-order stream as inferred from
aciial photographs

Second-order stream
—————— Third-order stream
Fourth=order stream

Higher-order stream

First=to third-order streams

“ with ill-defined channels (Fig. 9)

o Prabable sink=holes
—-~—:——"- Land system boundary
23 Land system number, where more

than one land system shown on plan

W///: Land systems not illustrated in plan

at 1o 30 ci.:ai9=' H . 2 miles
1 2 2 km
b North faces upward in all plans

Fig. 15.—Stream patterns of land systems. (), Ambunti (20), Waskuk (65); (5), explanation of
features and approximate scale for Figures 9-15,

Although they are basically summaries of the detailed land system descriptions
in Appendix IIl, the synopfic 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
0-100 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 atfributes and by estimafing 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 given 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
be inferred from fand form detail and field experience, In the drawing of the patterns many very
small streamlets and gullies have been knowingly or unknowingly omitted, Thus streams shown as
first-order streams may commonly already be second- or even third-order streams in the strict sense.

+ Included with land forms in Madang (1) and Nubia (2) land systems.
1 CSIRO Aust, Div. Land Res. tech., Memo. Ne. 71/1, Part IT (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 degrec of reliability.
The main objective in presenting the indexes is to produce rankings of the land
systeins, 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

DI, impeded drainage and inundation index
1I, land use infensity index

I, 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

El, 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%)
¢, common (8-19 %)
LS, land system

USC, Unified Soil Classification (subsequent symbols are not abbreviations,
see Appendix 1, Section (#)iv)).

(iv) Miscellaneous.—The 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 III.

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 ox
indistinct boundaries between adjoining land systems, but usnally indicates the
existence of basic similarities or transitional pradations 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 supported by less than twe field
observations its value is given in brackets,
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(&) Littoral Plains

(1) Madang (Plate 1, Fig. 1).—Raised coral platform islands at (-20 ft a.s.t; SI 4, No surface
drainage; DI 8. Secondary vegetation, plantations, Water balance zone 3. Orthic rendolls pd;
local rock outcrop. Population 1060; H 60. No transitions to other land systems. FIQ, AI 88,
CI9 (A6, TS5, P135). BI0; USC SW to SC.

(2) Nubia (Plate 1, Fig. 2).—Sandy beach ridges and swales at 0-15 ft a.s.1.; S[0. Small
drainage channels and wide tidal creeks (Fig, 9(@)); DI 30. Mid-height grassland, secondary
vegetation, planiations, sago palm vegetation. Water balance zone 3. Psammentic haplumbrepts,
psammentic umbraquepts sd; psammentic hapludolls, thapio psammentic hapludents, hydraquents c.
Population 7540; TI 55. Transitions to LS 10,12, 15. FI3, AT 70. CI 78 (A 80, T 69, P 86, R 23).
EI 100; USC SP dominant.

(3) Murik (Plate 2, Fig. 1).—Tidat flats near sea level; SI0. Few small tidal creeks; DI 85.
Mangrove and nipa palm vegetation, Water balance zone 3. Clay, less sand. Saline hydraguents d;
saline orthic psammaguents sd. Population nil; IT 2. Transitions to LS 9, 10, F10, A1 15. CI{1)
(P (3), R (5)); land reclamation very difficult. ET 100; USC MH, less SM.

(c) Freshwater Swamps

(i) Swamps with Agquatic Vegetation to Woodland

(4} Chambri (Plate 2, Fig. 2).—Level plains at 160-180 ft a.s.l.; SI0. Much open water, few
flood and drainage channels; DI 100. Herbaceous vegetation, commonly floating. Water balance
zone 509 1, 50% 2. Clay and peat. Histosols, hydraquents sd. Population nil; II 0. Transttions
to .§ 5,11, FI0, A10. CI0; land reclamation very difficult. EX 100; USC Pt, CH.

(5) Sanai (Plaie 3, Fig. 1).—Level plains at 170-200 ft a.s.l.; 810, Few flood and drainage
channels; DI 89. Tall reed grassland. Water balance zone 30% 1, 7094 2. Clay and peat. Histosols,
hydraquents, hydric haplaquents, orthic umbraquepts sd. Population nil; II 0. Transitions to
LS4,6,7, 11,27, FI0, AT11. CI1 (P4, R 23); land reclamation very difficult. EI 100; USC CH
dominant, Pt, OH subdominant.

(6) Pandamp (Plate 3, Fig. 2).—Level plains at 170-220 ft a.s.l,; ST0. No surface drainage,
or few 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; II 1. Transitions to
1857, 8,10, 11, FI0, AI7. CI (0) (R (5)); land reclamation very difficult. EI 100; USC CH
dominant, MH subdominant.

(7) Kobar (Plate 4, Fig. 1).—Level plains at 170-210 ft a.s.l.; SI 0. No surface drainage; DI 93.
Woodland with tall sedge undergrowth. Water balance zone 45% 1, 55% 2. Peat over clay.
Histosols pd. Population nil; 11 0. Transitionsto LS 6, 8, 9. FL10, AT 7. CI 0(R 4); land reclamation
very difficult, EI 100; USC Pt dominant, OH subdominant, at depth CH.

(i} Swamps with Vegetation with Sago Palms

(8) Pora (Plate 4, Fig. 2).—Level plains at 170-200 ft as.l.; $10. No surface drainage;
DI 93, Mid-height forest with open canopy with Campnosperma and sago palms in understorey.
Water balance zone 509 1, 50%; 2. Peat over clay. Histosols pd. Population nil; I[ 0. Transitions
to LS 7, 10. F126, AT 7. CI0 (R 4); land reclamation very difficult. EI 100; USC Pt, at depth CH.

(9) Kabuk (Plate 5).—Level plains at 5-260 ft a.s.l.; 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 ¢, Population nil; I10. Transitions to 156, 7, 9,
10, 12, FIQ, AI7. CIO0 (R 5); land reclamation difficult. EI 100; USC CH, Pt subdominant.
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(10) Pandago (Plate 5)—Level plains at 5-300 ft a.s.l.; SI0. No surface drainage or few small
drainage channels; DI 78. Mid-height forest with open canopy and sago palms in understorey,
sago palm vegetation with emergent trees. Water balance zone 35%; 1, 35% 2, 3094 3, Clay to sand,
some peat. Orthic, udic, hydric haplaguents sd; histosols ¢, Population 8Q; II 0. Transitions to
189,12, 14, 15, 27, FI13, AT22, CI5 (A4, P10, R 460); land reclamation moderately difficult.
EI 100; USC CH dominant, MH, Pt subdominani.

{d) Alluvial Plains

(i) Unstable Plains with Frequen! Flboding and Impeded Drainage

(11) Palimbai (Plate 6, Fig. 1).—Sepik River scroll and minor splay plains with very slight
ridges and swales, at 170-220 ft a.s.l.; SI1. Sepik River 220-520 yd wide, banks 15-18 ft high,
low water depth 720-> 30 ft; DI 78, very large 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; I 1. Transitions to LS4, 5, 6, 10, FI11, AL19. CI3 (A3, P35, R12); land
reclamation very difficult. EI 100; USC MH dominant, CH subdominant.

(12) Nigia (Plate 6, Fig. 2).—Unstable flood-out splays and scroll plains of low to very low
gradient, at 5-260 ft as.l.; 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
psammaquents ¢, Population nil; IT 0, Transitions to LS 9, 10, 13, 15. F10, AT19. CI2(A 1, P35,
R 16); land reclamation very difficult, EI 100; USC CH, CL, ML, SM.

(il) Plains with Impeded Drainage

(13) Yilui (Plate 7, Fig. 1).—Very low gradient to level stabilized distributary levee/back-plain
complexes and flood-out: plains, at 10-220 ft a.sl,; SI 1. Degraded branching_incised streams, or
very small channels; DT 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 haplaguents, aquic hapludents sd. Population
1380; II 5. ‘Transitions to LS 10, 12, 14, 15, 16. FI130, AT31. CI33 (A 35 T13, P51, R 60);
land reclamation moderately difficult. EI 100; USC CH dominant, CL subdominant.

(14 Misinki (Plate 7, Fig. 2).—Alluvial plains of very low gradient, at 180-250 ft a.s.l.; SI 0.
Few very small drainage channels; DI 58. Tall forest with open canopy and sago palms in under-
storey. Water balance zone 55% 1, 45% 2. Clay. Udic haplaquents pd. Population nil; II 0.
Transitions to LS 10, 13, 15, 16. FI 51, Al42, CI21 (A 17, T4, P42, R 60); land reclamation
simple. EI 100; USC CH predominant.

(15) Po (Plate 8, Fig. 1).—Low-gradient flood-plains of lowermost fan-plain sectors, at
5-250 ft a.sl.; SIO. Tli-defined shallow wash courses and small meandering draining streams;
DI 25, very large proportion affected by occasional, locally frequent, floeding, Tall forest with
open canopy and sago palms in undersiorey, also with light-toned crowns; secondary vegetation
including exploited sago. Water balance zone 3. Mixed clay, silt, sand. Aquic hapludents pd.
Population 200; II 7. Transitions to £.5 10, 12, 14, 17. F1 31, AT72, CI 38 (A 41, T 14, P58, R 30);
land reclamation moderately difficult. EI 100; USC CH, MH, CL,

(iif) Plains, Terraces, and Fans with Mainly Free Drainage

(16) Nagam (Plate 7, Fig. 2).—Alluvial plains mainly of very low gradient, at 180-300 ft a.s.1.;
S12. Rather few small chanmels, 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; II 1. Transitions to LS 13, 14,17, 19, 27, 28. FI 77, AT76, 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 {t a.s.l.; SI 2. Few large braiding and meandering streams with banks 4-8 ft
high; DI 14. Tall forest with rather open canopy, some sccondary vegetation, and plantations.
Water balance zone 3. Mixed clay, sand, gravel. Orthic hapludents d: aquic hapludents sd.
Population 1160; 1L 6.. Transitions to LS 15, 16, 19, 21, 22, 23. FI 63, A184. 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) Serew (Plate 9, Fig. 1).—Confined levees, flood-plains, and terraces, at 180-280 ft a.s.1.;
SI2. Very low-gradient meandering streams with banks 12-15 ft high; DI 24, 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%4 1, 20% 2. Clay to
fine sand, partly calcareous. Aguic hapludents d; orthic hapludents sd; udic haplaquents c.
Population 100; 1 8, Transitions to LS 10, 12, 13, 16, 19, FI47, A1 71. CI51 (A 49, T30, P74,
R 48); land reclamation difficult. EI 100; USC CH dominant, MH subdominant.

(19) Papul (Plate 9, Fig, 2).—Confined flood-plains and terraces, at 150-900 ft a.s.l.; SI 4.
Low-gradient braiding to angular point bar streams with banks 5-10 ft high (Fig. 10(c)); DI 12,
moderaie to large proportion affected by very frequent to rarc 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, 153% 4. Mixed clay, silt, sand, gravel, partly calcarcous. Orthic hap-
ludents d; entic hapludells sd; aguic hapludents ¢. Population 320; 11 4. Transitions to LS 16,17, 18,
32. F145,A181. CI62(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 1t a.s.1.; SI 2. Few small streams (Fig. 15 (@)}; DI 27. Tall forest with rather open canopy,
parily with sago palms in understorey, Water balance zone 2. Mixed clay, silt, gravel. Orthic hap-
Iudents d; aquic hapludents sd; udic haplaguents ¢. Population nil; I1 4. Transitions to LS 10, 22,
FI57, AL71. CIL62 (A58, T 57, P72, R 41); land reclamation simple. EI 100; USC MH, CL,
ML; little or scattered gravel,

(21) Kabenau (Plate 10, Fig. 1).—Low- to high-gradient fan plains and terraces, at 0-30 ft
a.s.l.; SI3. Large braiding streams and small distributary and drainage channels; DI 21, Mid-
height grassland, secondary vegetation, some sago palm vegetation. Waler balance zone 3, Mixed
clay, sand, gravel. Entic hapludolls, orthic hapludents sd; agquic hapludents, udic haplaguents c,
Population 560; IF 18, Transitions to LS 2, 10, 12, 15, 17. FIL0, A1 76. CI (35} (A (55), T (40},
P (70), R (20)); land reclamation moderately difficult. EI98; USC MH, CL, ML, little or scattered
gravel, much in river beds,

(22) Romei (Plate 10, Fig, 2),—Very gently sloping colluvio-alluvial fans and aprons, at 230-
280 ft a.s..; 81 2. Small intermittent streams and gullies; DI 8. Secondary vegetation, some tall
forest with rather open canopy. Water balance zone 3. Mixed calcareous clay, sili, gravel, stones.
Orthic hapludents pd. Population 440; T 37, Transitions to LS 17, 20. FI1 26, AL 90. CI 66 (A 62,
T 42, P85, R 31). EI100; USC MH, ML, probably much limestone gravel.

(e) Weathered Surfaces

(1) Alluvial Fans

(23) Aiome (Plate 11, Fig. 1).—Marginally dissccted flat to undulating surfaces with steep
6-200-ft edges, altitude 100-900 ft; SI 10. High gradient to gently sloping very small marginal
streams (Fig. 9(6)); DI 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; IT 0. Transitions to LS 17, 24. FI 82, AI181. CI79(A 70, T 94, P 72, R 11). EI 100;
USC MH dominant, CH subdominant; little or scattered gravel.
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(24) Paiawa (Plate 11, Fig. 1):—Very gently to moderately sloping fan. and terrace suzfaces,
and dissection slopes, at 40-1100 §t asl; SI35; very low relief. Low- to high-gradient small
streams (Fig. 9(6)); DI 21. Tall forest with rather open or closed, irregular or smail-crowned canopy.
Water balance zone 703 3, 309 4. Silt, clay, gravel, stones. Orthic typochrults, orthic dystrochrepts
sd. Population 390; I 1. Transitions to LS 23, 25. FI 74, Al44. CI 45 (A 37, T53, P45, R 2).
EI 100; USC MH dominant, CH subdominant; little or scattered gravel.

(25) Panakatan (Plate 11, Fig. 1).—Accordant ridges, at 50-1600 ft a.s.1.; SI 61; very low io
low relief. Many low- to high-gradient small streams (Fig. (&)}, DI 8. Tall forest with rather
open irregular or small-crowned canopy, secondary vegetation, some mid-height forests mainly with
irregular cancpy. Water balance zone 7054 3, 309 4. Silt, clay, gravel, stones. Orthic dystrochrepts
pd; orthic typochrults ¢. Population nil; II 3. Transitions to LS 24, 38, 39, 40. F147, A131, CI13
(A5, T19, P16). EI%5; USC MH dominant; little or scattered gravel.

(26) Lumi (Plate 11, Fig. 2).—Variably dissected fan surfaces and terraces, at 600-1200
ft a.s.l.; S121; low relief. Through-going low- to high-gradient meandering rivers with steeper
small tributaries (Fig. 9(c)); DI 21. Secondary vegetation including old secondary forest, tall forest
with irregular canopy with light-toned crowns. Water balance zone 2. Silt, clay, gravel, stones;
overlying mudsione, siltstone. Orthic typudalfs, aquic dystrochrepts sd; orthic and aquic typo-
chrults, aquic plintochrults, orthic and aquic hapludents ¢. Population 510; IT 15. Transitions to
1S24, 32, 39, 41, FL26, ALSB. C142 (A 234, T43, P50, R3)., EI77; USC CH dominant, CL
subdominant, minor or scattered gravel.

(ii) Plains and Dissected Lowland Surfaces

27y Nigre (Plate 12, Fig. 1).—Low- to very low-gradient almost undissecied plains, at
190-280 ft a.s.l.; SI 2. Tl-defined very small streams (Figs. 9(d), (e)); DI 68. Mid-height grassiand,
fern vegetation, mid-height forests with sago palms in understorey. Water balance zone 209 1,
80% 2. Mainly clay. Umbraquultic plintaquults sd; aquic typumbrults, ochraguultic plintaquults,
umbraquulis, aquic plintochrults, umbraquic typochrults c. Population 190; 110, Transitions to
1510, 16, 28, ¥F10, A130, CI18 (A 14, T 4, P 35, R 39); land reclamation moderately difficult.
EI 100; USC CH with veneer of MH, CL, ML, OH.,

(28) Yambi (Plate 12, Fig. 2).—Slightly dissccted low- to very low-gradient plains with sicep
margins, at 180-320 ft a.s.l.; SI4; ultra-low relief, Very small streams (Figs. 9(e), (f)); DI 38.
Mid-height prassland, mid-height forests with irregular or small-crowned canopy, or with sago
palms in understorey. Water balance zone 50% 1, 509 2, Mainly clay and silt, Umbragquultic and
umbric plintaquults, umbraquulis, umbric ochraquults, umbraquic plintochrults ¢. Population
560; 1§ 0. Transitions to 1S 16, 27, 29, FI 14, AI 58, CI32 (A29, T16, P52, R18). EI100;
USC CH with veneer of MH, CL, ML, OL.

(29) Burui (Plate 13, Fig. 1).—Dissected undulating to flat phains of high to very low gradient,
at 190-350 ft as.l.; SI11; ultra-low to very low relief. Many small streams (Fig. 9(f)); DI 38.
Mid-height grassland, mid-height forests commonly 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 dystrochrepts, umbraquultic and umbric plintumbrults ¢, Population
1510; 11 4. Transitions to LS 28, 30, 32. FI8, AI5l. CI27 (A 21, T13, P47, R 15). EI100;
USC CH, mainly with vencer of MH, CL, ML, OL, SC.

(30) Kworo (Plate 13, Fig. 2).—Slumped concave, or smooth {o spurred convex, accordant
ridges with few crestal flats, aliitude 210400 ft; ST 31; very low relief. Many very low- to high-
gradient small streams (Fig. 10(a)); DI 30. Mid-height forest with small-crowned canopy or with
sago palms in understorey, mid-height grassland. Water balance zone 50% 1, 50% 2. Mixed clay,
silt, some sand and gravel. Aguic dystrochrepts sd; umbric ochraquults, aquic typumbrults, umbra-
quic plintochrults, orthic typochrults, typic normargox ¢. Population 730; T 1. Transitions to
L529, 31, 35, FIL 20, AT 45, CI122 (A 11, T17, P39, R2). EI100; USC CH, MH subdominant,
commonly with veneer of MH, CL, ML.
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(31) ¥indigo (Plate 14, Fig. 1).—Conwex, or slumped and concave, accordant broad ridges,
at 210-700 fi as.l; SI18; very low relief, Very low- to low-gradient small streams (Fig. 10(5));
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-height grassland, Water
balance zone 90% 1, 10% 2. Mudstone, some siltstone. Aguic dystrochrepts, umbraquic plinto-
chrults, umbraqualfs, orthic hapludents, umbraquultic plintaquults c. Population 6340; II 11,
Transitions to LS 29, 30, 32, 37, 42. FI123, AL152. CI22 (A 15, T8, P42, R3). EI167; USC CH,
and CH with veneer of MH, CL, ML.

{32) Musendai (Plate 14, Fig. 2).—Undulating to rolling interfluve surfaces, 200-400 ft above
major streams, and flat to undulating partly dissected terrace benches; altitude 300-1100 ft; SI12;
very low refief. Very smalf gullies and streamlets, and few through-going meandering large rivers
(Fig. 10(c)); D127, Secondary vegetation including much forest, also tall forest with irregular
canopy commonly with light-toned crowns. Water balance zone 1. Interbedded mudstone and
siltstone; also mixed clay and sand. Aquic typudalfs 3d; aguic and typic plintochrults, (umbr)aquic
typochrults, eutric dystrochrepts, orthic hapludents c. Population 620; I1 23. Transitions to LS 19,
28, 29, 31, 37, 39. Fi21, Al 61, CI42 (A40, T26, P o0, R12). EI76; USC CH with vencer of
MH, CL, ML, dominant, CH subdominant.

(iit) Dissected Plateau Surfaces

(33) Aritay (Plate 15, Fig. 1}.—Strongly dissected mountain summit surfaces, at 21004300 ft
a.8.1.; SI40; very low relief, Very many high-gradient to very gently sloping very small streams
with rapids near margins (Fig. 10(d)); DI 8. Mainly mid-height forest with cven canopy. Water
balance zone 4, Interbedded mudstone, siltstone, sandstone, conglomerate, Orthic typochrults,
typic normargox, orthic dystrochrepts sd. Population nil; 11 1, Transitions to LS 34, 35, 38. FI25,
ATS52. CI21 (A12, T22, P30). EI85; USC MH dominant, CH subdominant.

(34) Dossetr (Plate 15, Fig, 2).—Finely spurred branching ridges and conical hill complex,
occurring at various levels between 1100 and 2400 fi a.s.l.; 8T 57; very low relief, Very many high-
gradient to very gently sloping very small streams, or no visible surface drainage (Fig. 14{c)); DI 8.
Mid-height forest with irregular canopy, but with even canopy in summit area. Water balance
zone 4, Probably basic igneous rock, limestone, silistone, and mudstone. Orthic dystrochrepts,
orthic typochrults, typic normargox sd; orthic rendolls c. Population nil; IT0. Transitions to
LS 33, 60. FI142, AT 35. CI (14} (A (5), T (18), P (20)). EI 68; USC MH dominant, CH subdominart.

(f)y Hills* and Mountains on Sedimentary Rock

(i) Closely Spaced Branching or Short Ridges

(35 Sandri (Plate 16, Fig. 1),.—Slumped and very closely spurred branching accordant ridges,
at 240-500 ft as.k; SI69; very low relief. Very many low-pgradient to gently sloping very smalk
streams (Fig. 10(e)); DI 9, Tall forest with irregular canopy mostly with light-toned crowns, some
small-crowned mid-height forest, secondary vegetation including old sccondary forest. Water
balance zone 55% 1, 45% 2. Semi-consolidated sand, silf, with gravei; interbedded siltstone, sand-
stone, mudstone. Eutric dystrochrepts sd; orthic hapludents, aquic typochrults, orthic typudalfs,
orthic and lithic dystrochrepts ¢. Population nil; I12. Transitions to LS 30, 31, 36, 37, 38, 39.
- FI45, AT31. CI115(A 7, T14, P24). El142;, USC CH, CL, ML.

(36) Emul (Plate 16, Fig, 2).—Convex finely branching accordant ridges, at 2401000 ft a.s.1.;
SI52; low 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; IT 19. Transi-
tions to LS 31, 35, 37, 42, 46, FI 18, AT 35, CI121 (A 12, T15, P36). El43. USC CH, MH, ML.

* Except those included in weathered surfaces of group (e).
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{37y Kaugiak (Plate 17, Fig. 1).—Benched to siumped subparallel or branching semi-accordant
ridges, at 240-1200 ft a.sl.; SI36; low relief. Low- to high-gradient small streams (Fig. 11(a));
DI 9. Secondary vegetation including cane grass regrowth and much medium-aged to old secondary
-forest, tall forest with irregular canopy with light-toned crowns, Water balance zone more than
909 1. Mudstone, less siltsione, Eutric dystrochrepts d; orthic hapludents sd. Population 5590;
11 23, Transitions to 1S 31, 32, 35, 36, 39, 46, F116, AI55. CI31 (A 17, T 25, P51). El46;
USC CH predominant.

(38) Yassip (Plate 17, Fig. 2).—Irregular slumped ridpes, at 20-1700 £t asl; S 52; very low
relief, Many low- to high-gradient small streams (Fig. 11(3)); DI 8. Secondary vegetation including
old secondary forest, tall forest with rather open irregular canopy, also mid-height forests with
irregular canopy. Waler balance zone 10% 1, 50% 3, 409 4. Interbedded mudstone, siltstone, at
least partly calcareous. Euiric dystrochrepts pd; orthic typochrults c. Population 440; 11 3. Transi-
tions to LS 25, 34, 35, 37, 39. FI 36, AT 40. CI19 (A9, T22, P25). E146; USC CH dominant.

(39) Morumu (Plate 18, Fig. 1).—Irregular spurred and slumped short ridges, at 100-2000 ft
a.s.l.; SI 58; low relief. Many high-gradient small streams (Fig. 11(c}); DI 13. Secondary vegetation
including old secondary forest, tall and mid-height forest with irregular canopy., Water balance
zone 13% 1, 10% 2, 35% 3, 40% 4, Interbedded siltstone, mudstone, sandstone. Eutric dysiro-
chrepts sd; orthic dystrochrepts, orthic typudalfs, orthic typochrults ¢. Population 2540; II 8.
Transitions to LS 36, 37, 38, 40, 42, 46, 52, FI 31, A129. CI 15 (A 6, T 15, P 25). EI40; USC CH,
MH, CL.

(40} Numoiken (Plate 18, Fig. 2).—1Irregular spurred grooved and slumped short ridges, at
0-2600 ft a.s.l.; 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. Tuterbedded siléstone, mudstone; some
conglomerate, metagreywacke, metabasalt. Orthic hapludents d; eutric dystrochrepts sd. Population
1250; IL 5. Transitions to LS 39, 43, 52, 57, 58, 59, 61, FI28, AI28. CI5 (T6, P10). EIS0;
USC CH, MH, CL, ML.

(ii} Ridges and Slopes with Land Forms Controlled by Mass Movement of
Saftened Rock

(41) Kargitem (Plate 19, Fig. 1).-—Long to very long concave slopes with gullied hummocky
to very low hilly surfaces, altitude 240-3700 ft; SI 39; moderate overall, but ultra-low to very low
local relief. Few low-gradient to gently sloping streams (Figs. 11(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;

11 11. Trasositions to LS 38, 39, 42, 44, 48. FI25, AT48. CI31 (A 17, T 33, P43). EI51; USC
CH, MH, ML. ;

(d2) Sengi (Plate 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}); DI 9. Secondary vepetation 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 leasi partly calcareous; much
surficial colluvium. Orthic hapludents, orthic dystrochrepts sd; eutric dystrochrepts ¢. Population
1660: 11 9. Transitions to LS 31, 35, 36, 37, 39, 40, 41, 43, 48, FI 26, Al 54. CL(30) (A {15}, T (40),
P (35). EI 52; USC CH, MH, ML,

(43) Asier (Plate 20, Fig. 1).—Broad even fo undulating ridges with straight to concave
grooved or hummocky slopes, altitude S00-3600 ft; SI47; moderate relief, Rather few high-gradient
to moderately sloping streams (Fig. 12(¢)); DI 9. Sccondary 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 siltstone and mudstone. much surficial colluvium.
Orthic hapludents, orthic dystrochrepts sd; eutric dystrochrepts, aquic hapludents ¢. Population
2560; 11 7. Transitions to LS 40, 42, 44, 58. FI28, AT 44, CI25 (A 10, T35, P26). EI 53: USC
CH, MH, ML.
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(44) Flebum (Plate 20, Fig. 2).—Broad ridges with coarse-hummocky slumped and gullied
slopes, altitude 400-3700 ft; SI 45, high relief, Few high-gradient to moderately sloping streams
(Figs. 12(b), (c)); DI 13, Secondary vegetation including planted sago palm vegetation, mid-height
forest with irregular canopy. Waiter balance zone 4, Silistone, some sandstone, conglomerate,
local limestone; much surficial colluvium, Orthic hapludents d; orthic dystrochrepts sd; orthic typo-
chrults ¢, Pepulation 4230; IT 11, Transitions to LS 41, 43, 45, 50, FI123, AT42, CI19 (A 10,
T 16, P 31). EI 52; USC MH dominant, CH, ML subdominant.

(45) Om (Plate 21, Fig. 1).—Very irregularly slumped and dissected slopes and ridges, at
400-4500 ft a.s.1,; ST 82; high overall, but low local relief. Many moderately steep to steep small
streams (Figs. 10(d), 12(c)); DI 8. Mid-height forest, mostly with irregular canopy, locally seral
and with Casuarina papuana. Water balance zone 4, Interbedded conglomerate, siltstone, limestone,
with much colluvivm. Orthic hapludents, orthic dystrochrepts sd; lithic dystrochrepts, orthic
rendolls ¢, Population nil; T{ 0. Transitions to LS 41, 44, FI 28, AT 10, CI(3) (T (3), P{5).
EI 38; USC MH dominant, CL.,, ML subdominant.

(46) Seim (Plate 21, Fig. 2).—Concave polygonally branching peaked ridges, at 400-1700 ft
a.sl.; SI38; low relief, Low-gradient small sireams (Fig. 12(4)); DI 21. Secondary vegetation
inciuding old secondary forest, and much cane grass regrowth in east. Water balancé zone more
than 90% 1. Mainly mudsione, at least partly calcareous; surficial colluvium. Orthic and aquic
hapludents sd; eutric dystrochrepts ¢. Population 16,630; II 29, Transitions to LS 36, 37, 39, 42,
46,49, FI8, Al41. CI32 (A 18, T24,P 52, R2). EI35; USCCH dominant, MH subdominant.

(47 Dreikikir (Plate 22, Fig. 1).—-Semi-polygonally branching or straight, even or slightly
peaked ridges with complex slopes, altitude 400-2000 ft; SI47; mostly moderate relief. High-
gradient streams with steeper small tributaries (Fig. 12(e)); DI 21. Mostly secondary vegetation
including old secondary forest and in the west planted sago palm vegetation, tall forest with irregular
canopy with light-toned crowns. Water balance zone 60%, 1, 40%; 2. Interbedded siltstone, sand-
stone, mudstone; surficial colhivium, Orthic hapludents, eutric dystrochrepts sd; orihic typudalfs c,
Population 6730; 1123, Transitions to 1.S 46, 48, FI 15, A132. CI26 (A 12, T25 P42, R2),
EI 49; USC CH dominant, MH, CI. subdominant.

{48) Mambel (Plate 22, Fig. 2).—Irregular peaked ridges with very large to small slump
alcoves, and dip-slope and outcrop-slope remnants, altitude 300-2100 ft; SI 45; moderate relief.
Low-gradient to moderately sloping mostly small streams (Fig. 12(f)); DI 27. Secondary vegetation
including cane grass regrowth, planted sago palm vegetation, and old secondary forest; tall forest
with irregular canopy with light-toned crowns. Water balance zone 259% 1, 75% 2. Interbedded
siltstone, sandstone, mudstone; surficial colluvium. Euiric dystrochrepts sd; aquic hapludents,
orthic umbraquepts, orthic typudalfs c. Population 8960; II 12. Transitions to LS 42, 44, 46, 47,
50, 51. F127, A128 CI26 (A 15, T21, P42, R4). EI51; USC CH dominant, CL subdominant,

(iii) Ridges with Land Forms Controlled by Tiited Rock Beds

(49) Ningil (Plate 23, Fig. 1).-Gently sloping surfaces bounded by scarps and back-cutting
ravines, altitude 600-1500 ft; SI 17; low relief. Through-going high-gradient rivers with very gently
sloping very small tributaries (Fig. 13(a)); DI 27. Tall forest with irregular canopy with light-toned
crowns, also secondary vegetation including planted sago palm vegetation and secondary forest.
Water balance zone 2. Calcarecus siltstone and mudstone. Aquic typudalfs and typochrults sd;
eutric dystrochrepts, orthic typochrults ¢, Population nil; 11 7. Transitions to LS 42, 46, 51. FI 38,
AL 56, CI39 (A34, T21, P62). El47; USC CH predominant,

(50) Minatef (Plate 23, Fig. 2).-—Very long dip slopes, short outcrop slopes, hummocky
slumped lower slopes, altitude 1400-3300 ft; SI26; moderate relief. Few high-gradient to gently
sloping small streams (Fig. 13(#)); DI21. Mainly secondary vegetation including planted sago
palm vegetation, some mid-height forest with irregular canopy. Water balance zone 4. Silistone,
mudstone, sandstone. Orthic typochrults sd; orthic and lithic dystrochrepts, aquic typochrults,
orthic hapludents ¢. Population 510; IT 6, Transitions to IS 44, 51. FI24, A153. CI31 (A 20,
T 27, P47, R 2). BI 56, USC CH dominant, MH, CL subdominant.
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(51) Nukn (Plate 24, Fig. 1).—Peaked ridges of smooth, gullied, or hummocky long dip
slopes and short outerop siopes, localty forming scarps, altitude 400-2600 ft; SI 38; low and moderate
relief, Low-gradient to gently sloping mostly small streams (Fig. 13(c)); DI 30. Tall forest with
irregular canopy with light-toned crowns; secondary vegetation including old secondary forest,
cane grass regrowth and sago palm vegstation. Water balance zone 30% 1, 70% 2. Interbedded
silistone, sandstone, mudstone, commonly calcareous. Aquic typudalfs sd; entric dystrochrepts,
orthic hapludents, umbric ochraquults ¢. Population 5550; II 9. Transitions to LS 48, 49, 50,
52, 53. 133, A132. CI21(A 11, T14, P39, R2). EI50; USC CH dominant, MH subdominant,

(52) Musak (Plate 24, Fig. 2).—VYariably peaked sharp asymmetrical ridges, at 400-3000 ft
a.s.l.; SI74; low to moderate relief. High-gradient io steeply sloping very small streams (Fig.
12(c), 13(d)}; DI 8. Mid-height and tall forest with irregular ¢anopy, secondary vegetation with
much old secondary forest. Water balance zone 109 1, 30% 2, 60% 4. Interbedded siltstone,
sandstone, conglomerate, at least partly calcareous. Orthic and eutric dystrochrepts, orthic typo-
chrults sd; lithic dystrochrepts, lithic hapludents ¢. Population 620; II 12, Transitions to 1S 39,
40, 51, 53. FI23, AL18. CI4 (T3, P8). EI36;, USC CH, MH, CL.

(53) Wuro (Plate 25, Fig, 1).—Variably peaked sharp asymmetrical ridges, at 400-3500 ft a.s.1.;
SI 77; high relief. Steep very small streams along strike, high-gradient rivers across strike (Fig. 13{e));
DI 8. Mid-height forest with irregular canopy. Water balance zone 4. Interbedded siltstone, sand-
stone, conglomerate. Orthic and eutric dystrochrepts sd; orthic typochrults, lithic dystrochrepts,
lithic hapludents, lithic haplumbrepts ¢. Population 210; I{ 2. Transitions to LS 51, 52, 54. FI29,
AT 15, CI(2) (T (3), P (4)). EL33; USC CH, MH, CL.

(54) Imbia (Plate 25, Fig. 2).—Even to slightly stepped sharp ridges with chevron spurs and
frontal dip slope facets, altitude 800-3000 ft; SI76; moderate relief. High-gradient rivers with
gently to moderately steeply sloping tributary streamlets (Figs. 11(0), 13(f)); DI 8. Secondary
vegetation, tall and mid-height forests with irregular canopy. Water balance zone 609 1, 10% 2,
30% 4. Interbedded siltstone, mudstone, less sandstone, conglomerate. Eutric dystrochrepts,
orthic hapludents sd; lithic dystrochrents, lithic hapludents ¢, Population 1400; II 14. Transitions
to 1.8 43, 51, 52, 53, FI28, Ailg. CI(5) (T(5), P(9). EI29; USC CH, MH, CL.

(iv) Ridges on Limestone

{55) Aitape (Plate 26, Fig, 1).-—Isolated or branching ridges with straight or convex slopes,
altitude 0-500 ft; SI 59; very low to moderate relief, Few small gullies; DI 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; orthic
dystrochrepts, rock outcrop c. Population nil; IT 27, Transitions to LS 38, 39, 40. FI 43, Al 38.
Ci11 (Ad, Te, P24). EI7; 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 220-2800 ft; S1 56; moderate to high
relief. Few steep very small streams (Figs. 11(), 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 ¢. Population 130;
10 3. Transitions to LS 45, 61. FI136, AL36. CI113 (A5, T 6, P27). EI11; USC MH dominant,
CH subdominant.

(g) Hills® and Mountains on Basement Rock

(i) Ridges on Igneous Rock Capped or Flanked by Sedimentary Rock

(57) Nopa (Plate 27, Fig. 1).—Blocks of irregular slumped short ridges with long grooved
or spurred marginal slopes, altitude 0-3200 ft; SI 65; mostly moderate relief, High-gradient to
gently sloping small streams with rapids near margins (Fip, 14(a)); DI 8. Mid-height forest with
irregular canopy, tall forest with rather open irregular canopy, Water balance zone 45% 3, 553 4.

* Except those included in weathered surfaces of group ().
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Probably basic igneous rocks overlain by siltstone, mudstone. Orthic hapludents, entric dystro-
chrepts sd; orthic and lithic dystrochrepts ¢. Population nil; 11 I, Transitions to LS 40, 59, FI47,
AT 27, CL{5) (T (8), P (7). EI47; USC CH, MH, ML.

(58) Swulen (Plate 27, Fig. 2).—Slumped and grooved spurred ridges, at 250-6100 ft a.s.l.;

SI 81; high relief. High-gradient rather large to steeply sloping very small streams (Fig. 14(b)),
DI 8. Mid-height forests with even or irregular canopy, locally scral and with Casuaring papuana,
Water balance zone 4. Sedimentary rocks (including metamorphosed fault-zone rocks such as
brecciated hard mudstone, metagreywacke, metabasalt, crystalline imestone) flanking and capping
basic to intermediate igneous rocks. Orthic and lithic dystrochrepts sd; orthic and mellic typu-
dalfs ¢, Population 50; IT 0, Transitions to LS 40, 43, 45, 59, 63. FI22, AT11. CL2 (T2, P 3).
EI 36; USC CH, MH, CL,

(ii) Ridges on Igneous Rock

(59) Wanabutu (Plate 28, Fig. 1).—Narrow blocks of grooved or spurred commonly peaked
ridges, at 30-2200 ft a.s.l.; ST 75: moderate relief. Moderately steep fo steep very small sireams
and gullics (Figs. 10(d), 14{c)); DI 8. Mid-height forest with irregular canopy and scral stages, tal
forest with rather open irregular canopy on lower parts. Water balance zone 40.% 3, 60 %% 4, Probably
basic igneous rocks, Osthic and lithic dystrochrepts, orthic typudalfs sd; orthic typochrults c.
Population nil; {1 0. Transitions to LS 40, 58, 60, 61, 62. FL42, A117. CL{5) (T (8), P (6)). EL47;
USC CH, MH, CL.

(60) Kumbusaki (Plate 15, Fig, 2).—Finely spurred branching ridges, at 1100-2500 ft a.s.l.;
S1 74; moderate relief, Many very genily to moderately sloping small streams (Fig. 14(c)); DI 8.
Mid-height forests with irregular canopy, but with even canopy in summit areas; tall forest with
irregular canopy with light-toned crowns at lower altifude. Water balance zone 4. Basic igneous
rocks, Orthic dystrochrepts d; typic normargox sd; lithic dystrochrepts ¢. Population nil; IT 0.
Transitions to LS 59, 61, 62, FI143, A118, CI8 (A5, T 10, P10). EI65; USC MH dominant,
CH, CL subdominant.

(61) Mup (Plate 28, Fig. 2),—Protruding isolated hills and branching to parallel ridges, at
400-3700 £t a.s.1,; ST 87; moderate relief. Few steep gullies, or many very gently {o moderately sloping
very small streams (Fig. 13(f)); DI 8. Mainly mid-height forests with irregular canopy and seral
stages, but with even canopy on summits, Water balance zone 4, Igneous rocks. Eutric dystro-
chrepts d; orthic and lithic hapludents ¢. Population nil; II 0. Transitions to LS 60, 63. FI 23,
AIS, CI(2) (T(3), P#). EI35; USC CL dominant, MH subdominant.

(62) Daum (Plate 29, Fig, 1).—Asymmetrical, mostly even long ridges with grooved long
slopes, broken scarps, and ravines, altitude 400-4100 ft; SI73; high relief. Many gently sloping to
moderately steep small streams (Fig. 14(2)); DI 8. Mid-height forests with even canopy and with
irregular canopy and seral stages. Water balance zone 4. Probably igneous rock, Orthic and lithic
dystrochrepts sd; orthic typochrults, typic normargox ¢. Population nil; 11 0. Transitions to LS 58,
59, 60, 63. FL7, AL19. CI(5) (T(7), F(9)). EL40; USC CL dominant, CI, MH subdominant.

(63) Somore (Plate 29, Fig. 2).—Massive to spurred sharp ridges with long peaked crests and
straight slopes with landslips, altitude 250-5400 ft; 51 87; high and locally very high relief, Rather
few very gently sloping rather large to steeply sloping small streams (Fig. 14(¢)); DI 8. Mid-height
forests with even, buf mostly with irregular, canopy and seral stages including Casnarina papuana.
Water balance zone 4. Igneous rocks, mostly gabbro and grancdiorite. Eutric dysirachrepts d;
lithic hapludents sd; orthic dystrochrepts ¢. Population nil; 110, Transitions to LS 58, 61, FI2,
AlS, CI0. EI29; USC CL dominant, MH subdominant.

{(iif) Ridges on Metamorphic Rock

(6d) Maio (Plate 30, Tig, 1).—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)); DI 8. Mid-height forest with smaii-crowned even
canopy, some secondary vegetation. Water balance zone 10% 1, 90% 2. Mica-quartz schist, some
guartz-rich sandstone. Orthic dystrochrepts d; oxic dystrochrepts sd; lithic -dystrochrepts c
Population 1960; II 4. Transitions to LS 34, 55, 60, 65. FI 33, A122. CI9 (A3, T14, P10, R 1).
EI 61; USC MH dominant, CL subdominant,
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(65) Waskui: (Plate 30, Fig. 2).—Spurred ridges with sharp stepped crests or very low hilly
sammit 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 (Fig. 15(a)); DIS8.
Mid-height forest with small-crowned even canopy, also secondary vegetation. Water balance
zone 2. Mainly mica-schist and micaceous gneiss. Lithic dystrochrepts pd; orthic dystrochrepts c.
Population 600; IT 4. Transitions to LS 59, 62, 64. FI31, AT7. CI1(T1, P1). EI23; USCCL
dominant, MH, SC subdominant.
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PART IV. CLIMATE OF THE AITAPE-AMBUNTI AREA
By J. R. McALPINE*

I. INTRODUCTION
{a) Principal Climatic Features

The climate of the area falls within the K&ppen (1931) tropical rain forest (Af)
or Thornthwaite (1931) wet tropical (4A'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 mean monthly dry-season rainfall approaches
the tropical savannaly (AwY or subhumid tropical (CA'r) types, as monthly rainfalls
lower than 2+50 in. occur in 3 years out of 8. Near the summits of the main ranges
mean monthiy temperatures may fall low enough to approach the moist temperate
or mesothermal types of higher latitudes.

(b) 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 Ambunti 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, bt cover tooe 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 posscssing 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 (<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.
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MEAN MONTHLY AND ANNUAL RAINFALL (IN.) AND HIGHEST AND LOWEST ANNUAL RAINFALL FOR FULL PERIODS OF RECORDS AND FOR STANDARD 12-YR PERIOD
FROM 1955 1O 1966

Station Igii:}i-gf Jan Feb. Mar. Apr. Ma June  Jul Au Sept. Oct. Nov. Dec. Annual Highest Lowest
; (v) . . : oL ¥ Y & pL. . ’ . Annual Annual
Aitape 40(27%) 9-88 10-17 11-66 10-19 §-02 7-19 7-08 6-00 5-18 6-66 8-00 10-75 100-78 126-36 73-76
(8 ft) 12 9.95 10-49 11-92 10-43 8-68 7-98 7-16 4-71 605 6-66 777 11-50 103-35
Ambunti 25 (16) 10-04 9-56 12:63 975 7-11 4-98 5-72 600 7-02 8§-48 9-09 10-07 100-48 117-40 62-55
(160 ft) 12 10-89 9-85 12-32 10-46 870 5-18 581 672 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 6-838 6-18 65-79 83-06 50-86
(600 ft) 12 592 641 740 743 459 340 3-12 3-52 4-12 5-97 667 5-35 64-56
Dreikikir 8 (6) 6-99 5-94 8-35 7-21 4-63 297 290 4-55 4-60 528 7-86 565 66-93 75-36 51-00
(1250 1)
Lumi 15(13) 10-95 9-03 11-40 10-55 7-37 4-02 4-55 6-07 7-79 9-83 10-85 11-15 103-96 121-89 91-99
(1750 ft) 12 16-72 9-06 12-13 10-43 7-18 4-56 4-50 5-8 7-56 9-80 10-35 11-65 103-87
Maprik 38 6-79 6-72 830 7-95 4-44 4-08 3-11 3-47 4-56 5-96 5-69 7-79 6379 86-89 61-32
(600 )
Nuku 8 (6) 875 6-97 10-09 7-29 5-03 3-69 4-73 4-15 6-36 580 834 10-14 81-34 107-45 67-98
(1100 ft)
Yambi 2(8) 7-54 5-88 B8-36 10-33 639 464 341 574 5.8 718 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.

LVIITO
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(¢) Climatic Controls

The discussion of ¢limatic controls presented here is based on that of Brookfield
and Hart (1966) and of Fitzpatrick, Hart, and Brookfield (1966), Throughout
fowland 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 beli, except where
very strong orographic influences 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 modified by the
presence of local circulations in relation to topography, particularly during the
south-east scason. 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 temains
anomalous. During the south-cast 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 rainfail.
Or, as suggested by Brookfield and Hart {1966), this drier inland area may aiso be
caused by the dominance of local circulations such as “dry descending foehn-like
winds” during the south-cast 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).

II. GENERAL CLIMATIC CHARACTERISTICS
(«) 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 II. 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 OCCURRENCES PER QUARTER OF RAIN DAYS WITH RAINFALL
WITHIN SPECIFIED LIMITS (1935-66)

Station and
Amount Jan.-Mar. Apr.-June July-Sept. Oct.Dec.
(in.)
Aitape
0-01-0-24 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
4-00-5-99 0-5 0-5 0-1 9-2
=6-00 0-2 0 0
Bainyik
0-01-0-24 23 16 12 16
0-25-0-99 18 12 11 13
1-00-1-9% 5 4 3 4
2-00-3-99 Q-5 0-3 0-2 0-7
400-5-99 Q 0 0 0-1
=6-00 0 0 0 0
Lumi
0-01-0-24 34 34 12 30
0-25-0-99 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
=6-00 0 0 0 4]
Yambi (1959-66)
0-01-0-24 25 27 21 22
0-25-0-99 16 11 9 12
1-00-1-99 5 3 3 3
2-00-3-99 0-7 2 Q-7 2
4-00-5-99 0-1 0-2 o 0
=600 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.
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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.

TaABLE &

AVERAGE AND MAXIMUM LENGTH OF RAINY AND RAINLESS PERIODS AND AVERAGE NUMBER
OF RAINY* AND RAINLESS DAYS PER QUARTER (1955-66)

Station Rainy Peric?d Av. No. Rainless Period Av. No.
and Quarter Average  Maximum Rain Days Average  Maximum Rainless Days
(days) (days) {days) (days)
Aitape
Jan.—Mar, -3:0 6 58 1-8 10 i3
Apr.—June 2-4 14 48 24 10 43
July-Sept. 2-1 8 44 26 14 48
QOct.—Prec. 24 15 49 2:2 10 42
Bainyik
Jan,—Mar, 2-1 13 43 22 12 45
Apr.-June 1-7 11 33 3-2 20 58
July-Sept. 1-4 6 26 31-9 35 66
Oct.—Dec. 1-8 13 34 30 34 57
Lumi
Jan.—Mar. 4-4 25 69 16 6 ‘22
Apr.—June 3-1 14 58 1-9 9 33
July—Sept. 2-5 16 53 2-1 11 39
Oct.—Dec, 3-1 16 63 17 11 29
Yambi (1959-66)
Jan.—Mar. 2-5 17 53 1-9 10 38
Apr.-June 2-1 20 49 2-3 33 42
July—Sept. 1-9 7 a8 3-0 25 54
Oct.-Dec. 1-8 11 44 2:2 9 47

* * Rain day =0-01 in.

The variability of annual rainfall (expressed by the standard deviation as a
percentage of the mean) is 8%, at Lumi and Ambunti, 119, 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 239 for the-long term at Aifape
and from 8 to 149 at Ambunti. Generally dry-season monthly variability averages
about 459 at all stations and in the wet season it varies from 309 at Lumj to 45%
at Ambuniti.

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 at Aitape, where for the long term the number of occurrences
of falls under 0-25 in. decreases in all quarters by about 109,

TaBLE 7

AVERAGE NUMBER OF OCCURRENCES AND DURATION OF WET AND DRY SPELLS OF WEATHER
BY SEASONS (1955-66)

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

1 2 3 4 3 6 =7 14 5-8 9-12 13-16 =16

Aitape
Dry secason 4 1 o2 03 002 — 01 6 06 — 01 —
Wet season 31 04 002 — — — 3 07 07 0-1 -
Bainyilk .
Dry season 32 1 o2 02 02 01 6 02 — — —
Wet season 31 0-5 61 01 01 — 4 07 03 — —
Lumi
Dry season 3 007 05 01 02 02 — 3 07 02 03 —
‘Wet scason 2 002 01 — — — — 1 06 02 0-2 03
Yambi (1959-66)
Dry season 31 04 07 01 0-1 01 4 04 — SR —
‘Wet season 3 1 6 03 — — — 4 06 03 — 01

* 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
iflusirated, as is the drier nature of Bainyik. Aitape possesses characteristics midway
hetween these two types, and as in Table 5 Yambi occupies an anomalous position
showing little difference between wet and dry seasoms. The long-term record for
Aitape is litfle 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 III. 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 Yambi 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 Yambi 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
ternperature 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 1015 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 moerning 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 te 3 deglF 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 {t 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 6/8.
Low clond cover varies at Aitape from 2/8 at 0900 hr to 3/8 at 1500 hr and remains
constant at-4/3 at Lumi for both these times.



MEAN MONTHLY RELATIVE HUMIDITY AND EVAPORATION

TAREE 9

Jan. Feb. Mar. Apr. May June July Aug.  Sept. Oct. Nov, Dec. Annual
Altape
Relative humidity—0900 hr () 91 93 92 91 88 94 95 93 %0 8% 90 90 —
1500 hr (%) 79 81 79 81 80 76 80 81 30 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—0900 hr (%) 91 90 93 90 87 90 91 91 88 88 88 90 —
1500 hr (%) 79 78 78 78 75 78 75 75 75 75 78 79 —
Evaporation (in.) 5-7 5-1 4-4 4-6 50 4-7 4-9 5-0 4-9 5-2 5-0 5-3 59-8
Maprik*
Relative humidity—0900 hr (%) 90 95 95 88 5 | 98 88 94 93 88 89 89
Evaporation (in.) 5-1 39 4-5 4-6 4-4 39 3-8 3-2 3-8 4:2 4-8 53 51-5
. Lumi
Relative humidity—0900 hr (%£) 87 90 Q0 90 92 %0 91 a0 83 88 87 88
1500 hr (%) 79 80 78 79 79 79 76 80 80 78 77 80
Evaporation (in.) 4-6 3-9 4-1 3-8 4.0 3-8 39 4-1 4-1 4-6 4.5 4-1 49-3

* Very limited records,
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IT1. WATER BALANCE AND PLanT GROWTH

The interactions between rainfall, evapofranspiration, 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 £T = 0-8F (est.) for those weeks with
storage plus rainfall exceeding 2-50 in. and by ET = 0-4E (est.) below this level.

4.0

3.5

Soil water storage {in.}
e
=

25

2-0

Jan.  Feb,  Mar. Apr. May  June  July Aug.  Sept.  Oet Nov. Dec.

} L i, 1 1 i 1 T 1 i 1

T
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 dry 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
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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 filied.
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

AYERAGE, MAXIMUM, AND MINIMUM NUMBER OF WEEKS PER SEASON WITH SOIL
WATER STORAGE WITHIN SPECIFIED LIMITS OF DEPLETION (1955-66)

Wet Season Dry Season

Stati“iiﬂgftoragc (Oct. 23-Apr. 21) (Apr. 22-Oct. 22)
Ay, Max. Min. Av., Max., Min,
Aitape
Full 18 22 15 14 23 7
1-49% depleted 8 4 11 12 3 16
50-99% depleted 0 0 0 ¢ 0 3
Empty 0O 0 0 o6 0 0
Bainyik
Full 12 18 7 7 13 3
1499 depleted 13 8 15 17 13 14
50--99 % depleted 1 0 4 2 ] 9
Empty 0 0 0 0 0
Lumi
Full 23 26 19 15 21 4
1499 depleted 3 D 7 i1 5 21
50-99%; depleted 0 0 0 0 ¢
Empty 0 0 0 0 0 0
Yambi (1959-66)
Full 13 18 4 10 18 4
1-492/ depleted 11 g8 iz iz 8 15
50-99 %4 depleted 2 0 I ’
Empty 0 0 0 0 0 0

The weekly changes in soil water level indicated by the application of this model
have been 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.

It 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 Ambunti, Dreikikir, Nuku, and Yellow

River have been used, together with vegetation patterns, to consiroct 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.

.

Tarie 11

AVERAGE NUMBER OF WEEKS PER SEASON* WITH WATER SURPLUS WITHIN SPECIFIED LIMITS,
AND MEAN ANNUAL WATER SURPLUS (1955-66)

Station Number of Weeks with Water Surplus of Mean Annual
and Season Nil 0-0- 3-00- 6-00- =9-00 in. Water Surplus
2-9%in.  5-9%in. 8:99in. {in.)
Aitape
Wet season 85 12-4 4-0 09 -2 0
Dry season 13-0 11-2 1-4 0-3 0 }
Bainyik
Wet season 13-6 11-8 0-6 0 0 2
Dry season 19-3 6-7 ; 0 0 }
Lumi
Wet season 3.2 i7-9 4-6 03 0 6
Dry season 11-6 12-9 13 0-1 0-1
Yambi (1959-66)
Wet season 13-1 11-2 17-4 0-2 ¢ 11
Dry season 15-9 9-1 1-0 0 0

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

The Dreikikir, Bainyik, and Yambi area {zone 1) is one in which soil water
depletion beyond 509, 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 509 in the dry
season is not significant and any depletion at all during the wet season is 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 similar to that
at Lumi yet in the wet season it is similar to that at Yambi. The coastal regime (zone 3),
as indicated by Aitape, is similar to that of Lumi during the dry season but in the
wet scason soil moisture depletions of up to 509 are fairly common. No climatic
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data exist for the Torricelli Mountains but it is likely that any soil moistare deficit is
rate 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 surplus per season within specified
classes. Both the frequency and magpitude 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 given in Fable 11, and at Lumi
andd 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.
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PART V. VEGETATION AND ECOLOGY OF THE
AITAPE-AMBUNTI AREA

By P. C. HEYLIGERS*

I. INTRODUCTION

Variations in structure, tone, and texture were the main criteria used tfo
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 11{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 befween 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 Saccharum, 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 young secondary forest.

11. DESCRIPTION OF VEGETATION TYPES

The vegefation types are described starting with 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 1, and a table [listing structural features of the vegetation which may
be of interest from the engineering point of view is available on request.f 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 of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601.
T CSIRO Aust, Div. Land Res. tech. Memo. No. 71/1, Part 1H (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) Tull 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 509%, with
309 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 be inversely related to the canopy covet although
some notable exceptions were seen where both canopy and subcanopy cover were
small, 20%, and 309, respectively. The trees have straight boles, except for some
low-branching specimens of Vifex 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 fortnitous or related to high winds or earthquakes (see mid-height
forest with an irregular canopy). Buttresses are commen, 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, Dracontomelum, Dysoxylum, Ficus, Homalium, Intsia, Myristica;
Neonauclea, Parartocarpus, Pimelodendron, Polyalthia, Pometia, Syzygium, Sterculia,
Teijsmanniodendron, Terminalia, and Vitex. Occasionally deciduous trees were seen,
probably those with the lighter-toned crowns on the air photos. They belonged to
the following genera: Anisoptera, Bombax, Garuga, Inisia, 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 359, averaging 209, 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 19%,. 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 cominon, 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, Licuala, and probably Livistona, but most
of the palms, even the more common, are identifled only by their indigenons 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 conspicuous 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 leaves,

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

Tree ferns are seldom encountered and are either Angiopteris or Marattia.

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.

(il) Tall Forest with a Rather Open, Irregular Canopy Foi; (7 observations;
Plate 18; Plate 27, Fig. 1; Plate 28, Fig. 1).—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. In 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 rather open irregutar 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), Morumu (39), and Yassip (38) land systerns. The rest
occurs scattered over nine other land systems.

(iii) Tall Forest with a Rather Open and Small-crowned Canopy (Fos; 4 observa-
tions; Plate 11, Fig. 1; Plate 26, Fig. 1).—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 rather 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 507,
lies in Paiawa (24) land system, 309/ in Aiome (23) land system, and 63/ in Panakatan
(25) land system. The remaining 14% is found in Aitape (55) and Morumu (39)
land sysiems.

(iv) Tall Forest with a Rather Open Canopy with Groups of Woeolly-textured
Crowns (Fow).—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 sg miles.

(v} Tall Forest with an Open Canopy with Light-toned Crowns (Fod; 7 observa-
tions; Plate 6, Fig. 1; Plate 9, Fig. 1).—The photo image of this type shows many
more light-toned crowns than in tall forest with a rather open cancpy (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 be 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 609, 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 1009 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 is about 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) Iand system).
Flooding varies from occasional to 1-5 ft for two months per year.

(vi) Tall Forest with an Open Canopy and with Sage Palms in the Understorey
(FoM,; 5 observations; Plate 7, Fig. 2; Plate 8, Fig. 1).—In comparison with tall forest
with a rather open canopy (Fo) the texture of the phote 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 understorey, hence this
type was called FoM, the M standing for Metroxylon, the genus to which the sago
palm belongs.



VEGETATION AND ECOLOGY 77

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 epen canopy (Fo).

Tall forest with an open canopy and with sago palms in the understorey is found
on flood-plains. Tt is diagnostic of Misinki {14) and Po (15) land systems, respectively
in the Sepik and the coastal plains. It covers 979 and 529 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 Nubia (2), Pes (17), Palimbai (11), and Ambunti (20) land
systems. In the dry season the ground-water table was found between 3 and 7 fi.
Flooding scems to occur every rainy season for up to a month and to a depth of 2 ft.

(vil) Tall Forest with an Open Canopy with Light-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 sage palms in the understorey (FoM); the major
difference in the photo pattern is the prominence of light-toned trees in the canopy,
which during ground checking turned out to be mainly Planchonia and Terminalia,
with some Nauclea.

It 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 seral stage. Soils

are imperfectly or poorly drained and inundation occurs to a depth of 1-5 ft for up
to two months per year.

(vit)) Tall Forest with an Irregular Canopy (Fi; 13 observations; Plaie 20,
Fig. 1).——The photo image is of a rather rough fexture, 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 crowas 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 Canarfum, Celtis, Homalium, 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
Bombax were the only deciduous trees scen, The average cover of the shrub layer
is 159, somewhat less than in tall forest with a rather open canopy, and the herb cover
is usually somewhat mote, averaging 5%, Gingers and Marantaceae are usually
present. Lianas are not always common; rattans were in only about iwo-thirds of the
samples and seldom common, Epiphytes and epiphytic climbers arc more often
present or rather common than common or very common. Freycinetio and aroids
are uswally 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 on the foothills mainly in Paiawa
{24), Morumu (39, Asier (43), and Flobum (44) land systems, and also on Yambi
(28) land system in the west of the survey area. It is found on well-drained soils
and covers a total of 65 sq miles.

(ix) Tall Forest with an frregular Canopy with Light-toned Crowns (Fid; 23
observations; Plate 11, Fig. 2; Plate 15, Fig. 2; Plate 19, Fig. 2; Plate 22, Fig. 2;
Plate 24, Fig. 1).—The photo image is similar to that of tall forest with an jrregular
canopy (Fi), except for very light-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 emergent frees 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 (Cyathea) 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. It 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 miles 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 with a Rather Closed Canopy (F; 7 observations; Plate 9, Fig. 2).
—The photo image differs 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 409, 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, 969 is in
Papul (19) land system, the rest mainly in Musendai (32) land system.
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{(b) Mid-height Forest

The group 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 understorey (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 Casuaring, or by a few species as with the mangrove
forests. :

Mid-height forest covers 239/ of the survey area, rugged mountainous country
comprises about one-third of this area, and poorly drained sites another one-third.

(i) Rhizophora-Bruguicra Mid-height Forest and Other Mangrove Vegetation
(B; no ground observations; Plate 2, Fig. 1).—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. Avicenmia, light in tone on the air photos, colonizes muddy off-shore
flats; Rhizophora 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
Acrostichum 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 1963).

(i) Casuarina Mid-height Forests (Ca, Cq, Cs, CK).—Casuarina 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) Casvarina papuana Forest (Ca; 1 observation),—This species colonizes
rock slides in the mountains 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 Casuaring equisetifolia which reaches a height of 90 fi and has an open
habit. The undergrowth is dense, about 30 ft tall, and dominated by Hibiscus, with
some other shrubs such as Premna and Pandanus and some young Calophylhon 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 Gymnostoma (Casuarinaceae} oceurs in the upper 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 Casuaring—Ficus forest.

{4) Casuarina-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 (Equisetum debile)
and Sefaginella. There are no lianes and only a few epiphytes. Some palms and
pandans occur in the shrub layer.

(iily Mid-height Forest with a Rather Open Canopy {(Fmo; 4 observations).—
The photo image is similar 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 fi, its cover between 10 and 409%;, and
emergent trees are ap 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 rather 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 Timonins, which points to the seral
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 with an Open Canopy and with Sago Palms in 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 paims 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
paims 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, Stenochlaena is con-
spicuous, covering the lower parts of the sago palm trunks whilst aroids and smafler
ferns occur in the upper parts. In the depressions between the hummocks the small
pncumatophores of the sago are found, also some knee-shaped roots remipiscent 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 (909%) 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
Aiome (23) and Paiawa (24) land systems in the north and Nigre (27), Yambi (28),



VEGETATION AND ECOLOGY o8l

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 conirasts
and differences in texture,

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

This type occurs mainly in the Sepik flood-plain where 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, 1s
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 open 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 409%,. Palms
are common in it, and sago is accompanied by species of Licuala, Hydriastele, Areca,
and others. Palms, including young rattan, are common and pandans:are present in
the rather dense shrub layer. Lianes are common and several species of rattan are
found, Epiphytes, e.g. Freyeinetia, and epiphytic climbers, e.g, Stenochlaena, are
also common.

This forest 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 Predominant in the Canopy and
Sago Palms 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 canopy is more closed, enhancing the effect of Campnosperma 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 absent and Campno-
sperma is common amongst the canopy trees. It occurs in more poorly drained and
longer inundated situations than the FmM type. Its total area is only 6+3 sq miles.

(viity 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 characieristics were determined by a species of Pandanus
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with large crowns and high spiny stilt roots (“foi”) and one without such roots
{(“‘olsa™). Trees ocour scattered among the pandans, and change the image only when
they form an appreciable proportion of the canopy 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 ratfans. 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 secroll plains
and in flood-outs, areas which when flooded are subject to strong currents. It covers
20 sq miles in Nigia (12} land system and 1-5 sq miles in Pandamp (6) land system.

(ix) Mid-height Forest with an Open Canopy and with 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
40-509%. In the subcanopy palms are present to commeon 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 epiphytic climbers.

This forest 18 commonly found in association with mid-height forest with
pandans in the canopy (FmoP) in areas where currents have decreased. It covers
50 sq miles in Nigia (12) land system and 3 sq miles in Yilui (13) land system. It-also
occurs in valleys locally in the grassland zone (12 sq miles in Pandamp (6) land system).

(x) Mid-height Forest with an Irregular Canopy with Pandans and with Sago
Palms and Pandans in the Understorey (FmPM; 1 observation; Plate 7, Fig. 1).—
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 o gregarious occurrence
of sago palms.

The canopy is about 55 ft and very irregular, its cover varying between 5 and
60%. Amongst the trecs 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 Monochorie hastata growing in pools. Stenochiaena
was climbing high up in the trees. The soil was completely water-logged and pneuma-
tophores were common, mostly the small ones of sago but 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 found in Pandago (10) and Nigia (12) land systems in
the north, with a minor occyrrence 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 with an Irregular Canopy (Fi; 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 1s 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 rarc and most of the trees have small girths. Stem
form is usuvally straight, but normally some slanted trees and/for 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 buitresses are common.

Shrubs and saplings are scatfered, occasionally rather dense which reduces the
visibility from moderate to poor. Their cover averages 109/. The herb layer is
variable in density and species. Its cover ranges from 1 to 409 and is 109 on the
average. Elatostema, Selaginella spp. (e.g. S. velwtina and S, caudata), ferns (e.g.
Asplenium spathulum, Tectoria cesatiana, T. decurrens, Lindsaea azurea, Thelipteris,
Dennstaedtia, Trichomanes grande, Tapeinidium marginale, and Cystodium sorbi-
Jolium), sedges (Paramapania), snake grass (Dianella), Marantaceae, gingers, Begonia,
and mosses can be conspicuous in the herb layer.

Lianes are usnally 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. Stenachlaena, 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 ratfan was seen in only half of the
samples and was never common. Licuala 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 sampies, they belonged io
the Marattiaceae and Cyathea.

Mid-height forest with an irregular canopy occurs mainly in the ranges and the
adjacent hiily 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.

(zii) Seral Mid-height Forest with an Irregular Canopy (Fmi’; no ground
observations; Plate 18, Fig. 2; Plate 21, Fig. 1; Plate 24, Fig. 2; Plate 25, Fig. 1}.—
Patches of lower forest are found in mosaic with mid-height or tall ferest with an
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irregular canopy (Fmi, Fi). Their position and the presence of Schuurmansia and talf
trees of Albizia falcata, Casuaring papugra, and Arfocarpus 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 miles with tall forest. It 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.

(xiil) Mid-height Forest with a Very Irregular Canopy (Fmio; 3 observations).—
The photo image resembles that of mid-height forest with an irregular canopy (Fmi),
but spacing of crowns is more irregular. 7

Field observations showed that it was not significantly different from mid-height
forest with an irregular canopy. It 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.

It 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 with a Small-crowned Canopy (Fms; 15 observations;
Plate 13, Fig, 2).—In comparison with mid-height forest with an irregular canopy
(Emi), the photo image of this type is of a less rough texture, mainly through a lesser
height of emergent trees and a more even spacing of crowns which tend to be less
variable in size as well.

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 409%,. The
maximum height of emergent trees is 115 t. Cover of the subcanopy trees and for
shrubs and herbs is much the same as for mid-height forest with an irregular canopy.
Differences from this type are mostly found in the shrub layer, where palms are
rather common to very common and among which rattan is present and usually
common. Licuglais present and sometimes common. Tree ferns, however, are absent.

Mid-height forest with a small-crowned canopy occurs on ridges in and just
north of the grassland zone. Of the 12 land systems in which it is found, Yambi (28),
Kworo (30), Yindige (31), and Emul (36) are more 1mportant ones. The total area
covered Is about 120 sq miles.

(xv) Mid-height Forest with a Small-crowned Rather Even Canopy (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 trecs
are less common, both features enhancing the impression of an even-textured canopy.

Cover values for the canopy ranged 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-
phylhum, and Cryptocarya tend to be common, Lianes are usually present, sometimes
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rare, and no rattan was found. Palms are usuvally 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 excluswely
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 with 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 generatly smaller size of the leaves.
The species concerned occur scattered in mid-height forest with an irregular canopy
{Fmi)}, but in this type they are more common and sometimes gregarious, e.g. Casta-
nopsis, Lithocarpus, Podocarpus blumel, P. neriifolins, Phyllanthus, Tristania, Elaco-
carpus, Neonauclea, and Casuarina. 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 Cyathea 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), Daum (62), and Somoro (63) land systems. The total area covered is
about 70 sq miles. ;

-(¢) 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 paiches of herbaceous vegetation in Yambi (28) land system in
the Sepik plains. Tt occurs in small patches totalling less than half a square mile.

The other type has an irvegular canopy of small crowns, with groups of tailer
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 communities 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 fellowing type.
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() Woodland with Tall Sedge (Thoracoestachyum) Undergrowth (WT; 2 observa-
tions; Plate 4, Fig. 1).—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 259 and heights
up to 65 ft. Amongst the trees a species of Camprosperma 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 sumatranum, with 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 o 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 165 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 characieristic 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 inflorescences very distinet 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 inflorescences. 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, €.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 ML

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, Camprosperma, 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 Ml). 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.

(i1} Nypa Palm Vegetation (N; 1 observation; Plate 1, Fig. 2; Plate 2, Fig. 1).—
The photo image of Nypa vegetation is very similar to that of sago vegetation; it is

a litile lighter in tone, often speckled rather than blotched, and height tends o be -

more regular,

Nypa fruticans is the single constituent of this vegetation type; its fronds, borne
on an almost subterranean trunk, reach a height of 20 fi,

The largest Nypa stands are found east and west of the Sissano lagoon, they
cover 3 sq miles and form pari 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. 1).—The photo image has a rather even grey tone and a fine texture. Small-
crowned slightly emergent trees of the same tone are usuvally 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 (Fmop).

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 (11} 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 (Saccharum robustum), with or without Reed (Phragmites karka)
(GtS; 3 observations; Plate 6, Fig 1 Plate 9).—The photo image is very even-toned
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the topography of low levees and swales, the former sometimes with a thin line of
trees, the latter locally with clumps of pandan vegetation.

Cane grass reaches a height of 10-13 ft. On low levees and sand bars it gtows
in pure stands, but in swales it is mixed with reed which does not grow as tall (68 ft).

Because of its riverine habitats cane grass vegetation is virtually restricted to
the following land systems: Palimbai (11), 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.

(it) Cane Grass with Seral Stages of Forest {Gt").—In Screw (18) and Papul (19)
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
open canopy (Fmo, Fo, Fod). The symbol, which should be GtS/Fl or GtSfFmo, 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 reugh texture a speckly very light-toned
pattern, probably due to an illumination effect, is often superimposed. Scatfered
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. Ischaemum
polystachyum, Leersia hexandra, and Coix lacryma-jobi, which are 5-8 ft tall. Some
sedges, Cyclosorus ferns, and other herbs usually occur; Capratia 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. It 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 (Themeda australis).

Mid-height grasslands are pictured in a medinm-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 bhe
mapped. Grasstand dominated by Imperata cylindrica ((GI) has been mapped not on
image characteristics but 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 ff, but as the grasses are ofien
inclined the total length of the culms may be 6 ft. Inflorescences of some species may
be borne up te § ft above the ground. Cover varies between 10 and 1009, 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 Allpteropsis
semialata, Arundinella setosa, Coelorachis rotthoellioides, Dimeria sp., Eulalia iri-
spicata, Imperata cylindrica, Isachne confusa, Ischaemum barbatum, Ophiuros exaltatus,
Polytoca macraphylla, Sorghum witidum, and Themeda australis. Some communities
are clearly secondary, often dominated by Imperata or by Imperata and Ophiuros,
Coelorachis, or Polyfoca, but some by Themeda and Sorghum. These latter com-
munities are also found elsewhere, where recent human interference, except for burning,
is not obvious. Ischaemum, Arundinella, and Ophiuros develop a strong dominance
in sites with poor drainage, whilst Themeda, Dimeria, and Eulalia occur more com-
monly in better-drained areas. However, no clear correlation between the communities
and soil types or land forms was found. This and the fact that the communities cannot
be distinguished on the air photos are the reasons why the communities will not
be 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 Yambi {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.

() Mixed Herbaceous Vegetation

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

(i) Fern (Dicranopteris) Vegetation, Ofien with Sedges {Scleria) Common
(HI>; 6 observations; Plate 12, Fig. 1).—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 159% cover, consists of Dicranopteris linearis, Scleria ciliaris, some grasses,
other sedges, and herbs. The ground storey covers about 75% and is formed by fine
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sedges, e.g. Rhynchospora rugosa, Fimbrisiylis fusca; fine grasses, e.g. Suacciolepis
indica, Isachne confusa, Ischaemum fragile ; club moss, Lycopodium cernuum ; and ferns,
e.g. Schizoloma ensifolium. Some climbers are usually present, e.g. a piicher plant,
Nepenthes, and a fern, Lygodimm. 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. l.ocally 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 nnderstorey (FmM), or remnants thereof. The larger ones have been
mapped, but the smaller ones had to be included in the HD mapping type.

Dicranopteris—Scleria vegetation occurs on the lowest surfaces in the grassiand
zone, a total of 33 sq miles in Nigre (27) land system and 7-5 sq miles in Yambi (28)
land system. Both are moderately to rather poorly drained.

(11} Tall Sedge (Thoracostachyum) Fegetarion (HT; 1 observation; Plate 3).—
The photo image is rather similar to that of tall reed grassland (GtPh), but tones are
a little more even and larger darker areas occur locally. The speckled patterns are
present as well and often show a parailel arrangement. Scattered trees and transitions
to woodland (WT) are common.

Only one observation was made: a dense 6-fi-high vegetation of Thoracostachyum
sumatranim with scattered Phragmites karka and Leersia hexandra, covering 70%,
with an open understorey of Cyclosorus ferns. 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 back swamps of the Sepik flood-plain and
iocally 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 sg miles in Pandamp (6} land systems.

(iii} Herbaceous Vegetation, Often with Low Sedges Common (H ; 2 observations;
Plate 2, Fig. 2).—Ali other herbaceous communities are combined in this mapping
type, partly because the map scale does not allow their separatc mapping, parily
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 infricate patferns, which
reflect probably successional relationships but in some areas at least can be burn
patterns. Areas of nearly black tope 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 annvally and burnt during the dry. After burning,
a meadow appears of 18-in.-tall sedges, e.g. Fimbristylis podocarpa or Cyperus haspan,
with some scattered grasses and herbs. Some remnants of unburnt vegetation showed
that grasses such as Ischaemum polystachyum become more common later, Tt 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) tand system.

(i) Secondary Vegetation

The term *‘secondary vegetation™ is applied to vegetation that replaces natural
vegetation after interference by man. It comprises gardens, plantations, certain
grasslands, and regenerating forest. On air photos secondary vegetation is readily
recognizable by its chaotic patfern reminiscent of a gquilt in the areas of demsest
population., This image is produced by gardens, by young regrowth with 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 medinm-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 {2),
Romei (22), Seim (46), Dreikikir (47), and Minatei (50). Only six land systems have
no secondary vegetation: Murik (3), Sanai (5}, Kobar (7), Pora (8), Daum (62), and
Somoro (63); 10 others have only 1 or 2% : Chambri (4), Pandamp (6), Kabuk (9),
Palimbai (11), 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} Gardens, Plantations, and Regrowth up to 25 ft (R; 3§ 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 stomps and logs. Woody regrowth soon follows and within two years
forms a 13-fi-tali thicket. Species belonging to the genera Alstonia, Althoffia, 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 specics, 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.
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This dominance is probably caused by short fallow periods between cultivations
which prevent the woody regrowth from shading out the cane 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 afr photos the first category is recoghizable 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), Sergi (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 thicket as light-demanding
shrubs are shaded out by the trees that need the protection of woody vegetation to
germinate and develop. Genera represented in this category are Albizia, Bombax,
Celtis, Cryptocarya, Euodia, Horsfieldia, Mangifera, Octomeles, Pometia, Spondias,
Sterculia, and Terminalia. Some palms and epiphytes are usually found at this stage
and rattan and other woody climbers replace the herbaceous ones common in the
carlier stages.

In areas where cane grass regrowth is common, cane grass dominates the under-
growth of young secondary forest as well, and is often accompanied by gingers. The
canapy is very open (up to 303 cover) usually with Althoffic dominant. The age of
one of these forests was 7 years, the Althoffia trees being 45 ft tall. During the survey
this forest was cut to be replaced by a coffee plantation.

(v} Medium-aged Secondary Forest, 65-100 ft (FRm; 22 observations; Plate 10,
Fig. 2; Plate 17, Fig. 2; Plate 18, Fig. 1).—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,
Canarium, Castanopsis, Dysoxylum, Myristica, Neonauclea, Pimelodendron, Sloanea,
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 Licualz. Epiphytes
become well established. In short, the structure of the forest approaches that of
mid-height forest. '

(vi) Medium-aged Secondary Forest with Sago Palms in the Understorey (FRmM;
1 observation).—The photo image is similar 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). 1t is rather restricted 1n 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.

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

0Old 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. Pometia pinnata or Vitex cofassus.

Tt is likely that not all forest mapped as FR is secondary forest but that some
forest in which selective cutting has been carried out is inclnded in this type as well.

I1I. EcoLoGgy
() 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
Dreikikir) 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 vear 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 (Saccharum) 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 to 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 getiing 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 refiected 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 andjor 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
cancpy 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 effeci of dry spells and induce the occurrence of species with a seasonal rhythm
in flowering and leaf-flushing.

(by Influence of Altitude

If the survey area is divided according to the classification of van Steenis {1962},
more than 999 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 ft
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-
[aceae). 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 Fra, could also be regarded
as lower montane forest. Together they eover 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 barrjer 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). AL 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 mountains 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 pot 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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(¢) Influence of Svil Drainage, Flooding, and Inundation

Swamps and plains of various kinds form about 50% of the survey area and
constitute an environment in which soil drainape 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
inyndation 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 the 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.

(i} The Plain Sequence: Fo-FoM-FmoM—Me.—This sequence is characteristic
of the alluvial plains (zones 1 and 0 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.

(i1} The Riverine Sequence: GtS-Fmo-Fod-Fo-F.—This sequence comprises
the vegetation from sand bars, scrolls, and lower banks to the higher terraces (mainty
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) The 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 incveases from occasional to permanent and
the drainage status deteriorates accordingly.

(iv) The Vailey Sequence: FmM-FmCM-FmoM-Me-M-HT.—This sequence
is confined to valleys in the grassland zone (zone 5 in Fig. 4). Inundation is caused
by run-on and subsequent ponding. It increases from about one week per year in
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RELATIONSHIPS BETWEEN VEGETATION TYPES AND SOIL DRAINAGE, FLOODING, AND INUNDATION

Drainage Status

Vegetation Type

Flooding and/or Inundation Regime

Good, occasionally imperfect

Good to imperfect,
occasionally poor

Good to poor

Imperfect to poor

Imperfect to very poor

F (tall forest with rather closed canopy)

Fo (tall forest with rather open canopy)

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

Fmo (mid-height forest with rather open
canopy)

CK (Casuarina 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)

Gi8S (cane grass (Sacchariom) vegetation)

Cs (Caswarina sp. mid-height forest)

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

FoM (tall forest with open canopy and sago
palms in understorey)

Sporadically fiooded or not flooded

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 Jonger than a fortnight

Flooded once every 1-3 yr, usually with some deposition of
sand and silt

Flooded once every 1-3 yr, with deposition of coarser sediments

Flooded once in 1-3 yr, or inundated for up to 3 months

Flooded at least once a year; usually strong 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 1% ft and from a few days to 14 months per year
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Poor to very poor

Poor to swampy

Very poor to swampy

Permanent swampy

FmCM (mid-height forest with Camprosperma
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 with emergent trees)
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 (Thoracostachyun) vegetation)

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 Camprosperma 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

Shallowly inundated from a few days to vwp fo 5 months per
year

Tnundated up to 3 ft from 1 to 8 months annually

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

Inundated for at least 1+ months per year, often deeply for
some months

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

Inundated for at least 3 months per year, 4 ft or more during
2 months or longer

As above, but inundated for at least 5 months

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

Inundated up to 4 fi for at least 5 months per vear

ADOTODH ANV NOLLVIFOHA
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mid-height forest with an irregular canopy and sage 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 Sepik 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 understorey (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 Camprosperma 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.

() Origin of the Mid-height Grasslands

Most of the mid-height grasslands () together with fern vegetation, often with
sedges common (HD), 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. BEven 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 resuit 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), Reiner and Robbins (1964), and Haantjens,
Mabbutt, and Pullen (1965). The conclusion reached is that the grasslands are fire
climax communities 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 sage 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. Itis not unlikely that the establishment of grassland
on the lower surfaces has been favoured by the rather poorer soil drainage conditions.

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 the secondary vegetation
associated with these types. Unfortunately, nothing is known about the relative or
absolute age of these patches. It appears significant, however, that the grasslands
are still small in the country with the Fid type, notwithstanding the dense population
in this area. It supgests 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®

L. INTRODUCTION

This account of the soils is based on 360 observations made at an overall rate of
1 per 13 sq miles, but actually unevenly distributed and mostly clustered in groups
of 2-5. Notwithstanding 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 carcfully 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 consiant, sometimes appear to be unsystematic, and in several
cascs 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 ft
for the purposc 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 seil, 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 profiles 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 gencralized & posferiori attempt
at soil correlation is presented elsewhere.}

II. CLASSIFICATION 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.0Q. Box 109, Canberra City, A.C.T. 2601,
1 CSIRO Aust, Div. Land Res. tech. Memo. No. 71/1, Part I (unpublished).
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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 19675). 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 horizonf from a C horizon or unconsolidated D horizon. A cambic
horizon is assumed fo 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 colluvial
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 names, 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 distinciion is
made by numerical suffixes. Many of the lowest soil classes appear to be taxonomically
equivalent to soil families, some may be soil series.

II1. GrROUPING AND DESCRIPTION OF SOIL (CLASSES

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
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 11{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. If 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 EAY1 consists not only of the features mentioned for this class, but also

* Haantjens, H. A. (1965).—The classification of oxisols {latosols). CSIRO Aust. Div. Land
Res. Reg. Surv. tech. Memo. No. 65/5 (unpublished).

1 Called a structure or colour B horizon in Section I11. Tt is not characterized by the absence
of clay or iron andfor hunws illuviation, the absence of the {ypical properties of a latosol (oxic
horizon), but by the presence of structural organization and homogenization (loss of rock structure),
in sifu clay formation, and brown to red colour due to the redistribution of iren,
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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)- Histosols (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.

T11.—Acid raw peat of open fabric andfor organic mud, partly suspended in water.
H2.—Mostly fairly dense, well to poorly decomposed, acid peat,

H3.—Stratified acid peaty clay, clayey peat, and peat.

H4,—Well-decomposed neutral peat overlying clay at depths rarely over 4 ff.

(b) 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) Aquents (EA)—Very strongly to moderately gleyed entisels.

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

FEAY1.—Alkaline soils of suspended mud over stratified medium-textured substrata; slightly
calcareous with depth.

EAY2.—Weakly aikaline soifs of loamy peat and loam mergihg into sand.

EAY3.—Weakly acid to ncutral soils of clay to heavy clay with thin dark topsoil.

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

EAYS5.—Weakly acid clay soils.

(2} Haplagquents (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.

(2q) Hydric Haplaquents (EAHY), ~Nearly permanently wet strongly gleyed
haplaquents with muddy surface horizons.

EAHYl.——Acid to weakly acid soils of organic or peaty clay over heavy clay fo clay.

EAHY?2.—Neutral soils of loam and clay loam merging into heavy clay.

(2b6) Orthic Haplaguents (EAHO).—Generally wet strongly gleyed haplaquents.
EAHO.—Neutral soils of silty heavy clay to heavy clay with thin dark topsoil.

(2¢) 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 haplaguents.
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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.
BAHU3.—Weakly acid strongly gleyed soils of stratified heavy clay to fine sandy loam.

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

 EAHSI1.—Alkaline calcarcous soils of stratified Ioamy sand to silty clay merging into sand,
and with a thin dark topsoil,

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

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

(3) Psammaguents (EAP).—Very strongly gleyed aquents with sand to loamy
sand texture.

(3a) Orthic Psammaquents (EAPO).—Greyish-coloured psammaquents with
sandy textures to a depth of at least 30 in.
EAPO.—Weakly alkaline to alkaline soils; can have thin peaty loamy surface horizon,

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

(1) Haplidents (EUH).—Udenis that are non-gleyed or slightly (rarely
moderately) gleyed.

{1a) Aquic Hapludents (EUHA)—Slightly (rarely moderately) gleyed hapludents.

BUHAL.—Weakly alkaline to alkaline, slightly to moderately gleyed soils of siratified sand
to silty clay loam, commonly calcareous,

EUHAZ.-Weakly acid to neutral, slightly to moderately gleyed soils of stratified clay to
silt loam.

BUHA3.—Weakly acid to neutral soils of clay loam to siliy heavy clay over heavy clay.
EUHA4.—Acid soils of loam to silty clay loam; much gravel at depth.

EUHAS5.—Neutral soils 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.

EUHAT7.-——Weakly acid soils of clay loam over clay to silty heavy clay; few weathered rock
fragmenis; thin dark topsoil,

(1b) Orthic Hapludents (EUHO).—Essentially non-gleyed hapludents, which are
generally deep to very deep, more rarely moderately deep to moderately shallow.

EUHOI.—Alkaline mostly calcarecus soils of stratified silty clay loam to fine sandy loam;
commeonly variable gravel with -depth.

EUHO2.—Ncutral to weakly alkaline soils of stratified clay loam to loamy sand; commonly
variable gravel.

EUHQ3,—Neutral soils of loam to silty clay over silty clay to silty heavy clay, at depth
stratified with sandy loam.

EUHO4.—Weakly acid soils of strafified clay to sandy clay Ioam.
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EUHOS5.-—Weakly acid to acid soils of stratified clay loam to loamy sand ; commonly variable
gravel.

BUHO6.—Wealkly acid moderately deep to moderately shallow soils of silty heavy clay; very
few to few weathered rock fragments.

BUHO7.—Weakly acid soils of clay to sandy clay loam, commonly stratified; commonly
variable rock fragmenis.

EUHO8.—Weakly acid to acid moderately to very deep soils of loam to clay over loam to clay
loam; commonly marked sand component; variable rock fragments.

BUHO9.—Acid moderately to very deep soils of loam to clay loam; variable rock fragments.

(1c) 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.

(1d) Thapto (Psammollicy Hapludents (EUJHT).—Shallow hapludents overlying
slightly developed sandy soils with a neutral thick dark topsoil.
EUHAT.—Neutral soils of silty clay loam over sandy loam merging into sand,

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

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

(1a) Aguic Orthopsarmments (EPOA)—Slightly gleyed orthopsamments.

EPOA.—Neutral over strongly alkaline soils of loamy sand over sand, and with a thin dark
topsoil; calcareous at depth.

(1&) Orthic Orthopsamments (EPOQO).—Very slightly gleyed to non-gleyed
orthopsamments.

EPOO.—Alkaline calcareous suils 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 topseil (mollic epipedon).

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

(1) Hapludolls (MUH).—Non-gleyed udolls without a texture B horizon.
(1&) (Orthopsammentic) Hapludolls (MUHP).—Slightly developed hapludolls
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 Hapludolis (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 fo neutral soils of clay loam to silty clay, with a moderately thick dark
topsoil; commonly variable gravel at depth.

{1} Orthic Hapludoils (MUHQ),—Generally moderately developed hapludolls
with a structure andfor 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; ¢alcareous in Ci and Ca horizons.

MUHO2.—Moderately developed, neutral over acid soils of clay to heavy clay with a
maoderately 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 (MUAQO).—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-0).—Non-gleyed rendolls without any B horizon.

MR-01.—Slightly developed alkaline calcareous soils of gravelly loam with a very thin solum
and a thin to moderately thick dark topsoil; overlie coral sand and/or rock.

MR-02.—Slightly to moderately developed nentral to weakly alkaline soils of clay to clay
loam, with a thin solum and a moderately thick to thick dark topsoil; overlie hard calcareous rock.

(18) 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 solum; overlie hard calcareous rock.

{d) Inceptisols (1)

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

(i) Aquepts (IA).—Moderately to strongly gleyed inceptisols.

(1) Umbraguepts (1AU).—Slightly developed aquepts with a weakly to strongly
acid thick dark topsoil.

(1a) (Orthopsammentic) Umbraquepts (IAUP).—Umbraquepts of sand to loamy
sand texture, with little quartz but predominantly feldspars and dark minerals.
TAUP.—Acid strongly gleyed soils of organic loam merging into sand; thin solum.

(18) Orthic Umbraguepts (IAUQ).—Umbraquepts with textures finer than
loamy sand, and with a thin solum.

IAUO1.—Acid to weakly acid moderately gleyed soils of clay overlying heavy clay lower in
the subsoil.

* Relative to thickness of solum,
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TAUO2—Acid strongly gleyed soils of heavy clay with thin clay loam surface horizon.

IATJO3.—Acid to strongly acid moderately to strongly gleyed soils of clay loam to sandy clay
loam.

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

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

(1a} (Orthopsammentic) Haplumbrepts (IUHP).—Slightly developed haplum-
brepts of loamy sand to sand texture, with little quartz but predominantly feldspars
and dark minerals. :

IUHP.—Weakly acid soils of loamy sand over sand; thin to moderately thin solum; thick
dark topsoil. ’

(16) Entic Haplumbrepts (IUHE).—Slightly developed haplumbrepts of textures
finer than loamy sand and without any B horizon. '
[UHE.—Weakly acid soils of loam merging into fine sand; thin solum; thick dark topsoil.

{lc) Orthic Haplumbrepts (IUHO).—Slightly to moderately developed haplum-
brepts with a structure and/or colour B horizon (cambic horizon) and a solum
thicker than 20 in.

TUHO1.—Acid soils of clay loam over sandy clay loam; moderately thin solum; moderately
thick dark topsoil,

TUHO?2.—Acid sails of [oam merging into sand; moderately thin solum; thick dark topsoil.

(1d) Lithic Haplumbrepts TUHL).—Slightly developed haplumbrepts overlying
dense weathered or hard fresh rock at very shallow to shallow depth.

TUHL.—Weakly acid soils of clay loam to clay without B horizon, with thin to very thin
salum and a moderately thick to thick dark topsoil; very many rock fragments below solum.

(iii} Ochrepts (10).—Slightly gleyed or non-glejecl inceptisols without a thick*®
dark topsoil but having a structure and/or colour B horizon (cambic horizon).

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

(1&) (Lithic) Eutrochrepts (IOEL).—Eutrochrepts overlying hard rock at shallow
depth.

IOEL.—Slightly developed soils of clay loam, with thin solum and thin dark topsoil; increasing
rock fragments with depth.

{2) Dystrochrepts (10D}.—Non-alkaline ochrepts.

(2q) Aquic Dystrochrepts (IODA).—Slightly gleyed moderately developed
dystrochrepts.

IODAL.—Acid to weakly acid soils of silty heavy clay to heavy clay; moderately thin to
moderately thick solum,

TOD A2, —Acid soils of clay loam, sifty clay loam, clay, siliy ciay ; moderately thin (o moderately
thick solum; thin dark topsoil,

* Relative to thickness of solum.
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(2b) Eutric Dystrochrepts (IODE).—Weakly acid, rarely neutral, non-gleyed,
mostly moderately developed dystrochrepts with solum thicker than 20 in.

TODEL.—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
subsirata can be calcargous.

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

TODE3.—Clay to clay loam soils with moderately thin to moderately thick solum; increasing
weathered rock fragments with depth,

IQODE4.—Silty heavy clay to heavy clay soils with moderately thin to thick solum; variable
weathered rock fragments at depth.

IODES.—Clay soils with a thick solum,

(2¢) (Lithic) Dystrochrepts (JODL)—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.

I0DL2.—Moderately developed acid to strongly acid soils of sandy clay foam to silty clay,
with a very thin solum and increasing weathered rock fragments with depth,

(2d) Orthic Dystrochrepts (IODO).-—Acid to strongly acid non-gleyed
moderately to strongly developed dystrochrepts.

I0D0O1.—Mederately developed acid soils 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 weathered rock fragments with depth,

1I0DO3.—Strongly developed acid soils of silty clay loam to clay loam, with a moderately
thick to thick solum and variable gravel at depth.

10D04.—Strongly developed acid soils of somewhat stratified clay to sandy clay loam, with
a moderately thin to thick solum,

10D0O5.—Moderately developed strongly acid soils of clay loam, sifty clay foam, silty clay,
with a moderately thin to moderately thick solum and variable (mostly many) weathered rock
fragmens.

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

I0DX.—Strongly acid soils of clay loam, sandy clay loam, sandy clay; moderately thin to
moderately thick solum ; commonly few, but increasing strongly weathered rock fragments with depth.

(e) Alfisols (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) Agqualfs (AA)—Mostly moderately gleyed alfisols.

(1) Umbragualfs (AAU).—Aqualfs with a thick dark topseil.

AAUL—Weakly acid to acid soils of clay loam merging inte heavy clay; moderately thick
to thick solum; can have few weathered rock fragments or concretions in lower B harizon.
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AAU2.—Acid moderately to strongly gleyed soils of Ioam to sandy loam merging into clay;
moderately thin to moderately thick solunt; can have increasing quartz gravel with depth.

AAT3.—Acid seils of clay loam over clay; thin solum; concretions increasing with depth in
B horizon and increasing weathered rock fragments with depth.

(2) Ochraqualfs (AAO).—Aqualfs without a thick dark topsoil.

(2a) Umbric Ochragualfs (AAOU)—Ochraqualfs with a moderately thick dark
topsoil.
AAOU,—Weakly acid seils of clay loam over clay and heavy clay; moderately thick solum.

(2B) Orthic Ochragualfs {AAOQO).—Ochraqualfs without or with a thin dark
topsoil. .

AAOO.—Weakly acid to neutral seoils of clay to clay loam over silty heavy clay to clay;
moderately thick solum; variable weathered rock fragments at depth,

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

(1) Typudalfs (AUT).—Udalfs without a bleached Ap horizon tonguing into
the B horizon.

(1a) Agquollic Typudaifs (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 solum.

(16) Aquic Typudalfs (AUTA)—Slightly gleyed typudalfs without or with a
thin dark topsoil.
AUTATL —Weakly acid to acid soils of loam to ¢lay loam over clay; moderately thick solum.

AUTA?2.—Moderately to strongly developed acid seils 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 clay loam merging into silty heavy clay to heavy clay;
moderately thin fo thick solum.

(1¢) Mollic Typudalfs (AUTM).—Non-gleyed typudalfs with a moderately
thick dark topsoil.

AUTM.—Weakly acid to acid soils of clay loam over clay; moderately thick solum.

(1d) 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 solum that can be calcareous in its lower part; variable
rock fragments at depth.

AUTO2.—Weakly acid to neufral soils of loam to clay over silty clay, clay, silty heavy clay,
or heavy clay; moderately thin solum; commonly increasing rock fragments with depth.

AUTO3—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-textured (at least one textural class)
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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) Aquults (UA)—Ultisols that are gleyed immediately below or already within
any dark topsoil present, or in at least part of the As horizon if no dark topsoil
is present.

(1) Umbraquults (UAU)—Aquults with a thick dark topsoil and lacking the
bright mottling specified for plintaquults.

UAU1.—Strongly developed acid moderately to strongly gleyved 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 selum; 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.

(2ay (Umbric) Ochraguulis (UAQU).—Ochraquults with a moderately thick
dark topsoil.

UAOU.—Moderately developed acid moderately gleyed soils of clay loam over clay to silty
heavy clay; moderately thin solum; variable weathered rock fragments in C horizon,

(3) Plintaguults (UAP).—Mostly very strongly developed aquults with prominent
red, brown, and light grey mottling (considered to be plinthite) in the subsoil,

(3a) (Umbric) Plintaguulis (UAPU).—Plintaquults with a thick dark topsoil.

UAPUI1.—Strongly. acid moderately gleyed soils of loam merging into silty heavy clay to
heavy clay; very thick solum; may have few concretions in B horizon.

UAPU2,—Acid fo strongly acid slightly gleved soils of loam to clay loam merging into silty
heavy clay; moderately thin to thick solum.

(3bYy (Umbraquuliic) Plintagquults (UAPB).—Plintaquults with a moderately
thick dark topsoil.

UAPBI1.—Strongly developed acid moderately gleyed soils of loam merging into heavy clay;
moderately thick solum.

UAPB2.—Strongly to very strongly developed acid to strongly acid moderately to strongly
gleved soils of loam to sandy clay loam merging into silty heavy clay to heavy clay; moderately thin
to thick solum; mostly few to moderate concretions in B horizon.

(32) (Ochraguulticy Plintagquudis (UAPA).——Strongly gleyed plintaquulis without
a dark topsoil,

UAPA.—Strongly acid soils of siit loam merging into silty heavy clay; probably very thick
solum.

(i) Ochrults (UO)— Ultisols without a thick dark topsoil and without gleying
beginning at shallow depth as specified for the aquults.

(1) Typochrults (UOT).—Ochrults without the bright mottling specified for
plintochrults,



110 H. A, HAANTIENS

(la) (Umbraquic) Typochrults (UOTB).—Moderately developed slightly to
moderately gleyed typochrults with a moderately thick dark topsoil.

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

UOTB2.—Acid modaratcly gleyed soils of clay loam over siliy heavy clay; modcratcly thick
solum.

{16) (Lithaguic) Tvpochrults (UOTH).—Moderately developed slightly gleyed.
typochrults without a dark topsoil and overlying hard rock at shallow depth.
UOTH.—Acid soils of sandy clay loam over sandy clay; thin solum.

(1¢) Aguic Typoechrults ((TOTA)—Slightly gleyed typochrults without or with
a thin dark topsoil and a solum thicker than 20 .

UOTAL —Modcrately developed acid soils of sandy clay loam to clay loam merging into silty
clay to heavy clay; thick solum; can have variable concretions and gravel in B horizon.

UOTA2—Strongly developed acid to strongly acid soils of fine sandy loam to loam over
sandy clay to clay; moderately thin solum; can have variabic gravel in subsoil.

(1d) Orthic Typochrults (UOTO).—Non-gleyed typochrults without or with
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 soils of loam to clay loam over silty clay to
clay; moderately thin to thick solum; variable gravel and weathered rock fragments, increasing
with depth.

UOTO3.—Strongly developed acid soils of loam to clay leam merging into clay, silty heavy
clay, heavy clay; moderately thick to thick solum; commonly variable gravel and in some casecs
concretions; can be slightly gleyed.

UOTO4.—Strongly developed acid soils of clay loam merging into heavy clay; thick solum;
thin dark topsoil.

UOTOS5.—Very strongly developed strongly acid soils of loam to clay merging into silty heavy
clay to heavy clay; moderately thick to thick solum; can have few strongly weathered rock fragments.

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

2a) (Umbraquic) Phintochrults (UOPB).—Very strongly developed slight to
moderately gleyed plintochrults with a moderately thick dark topsoil.

UOPB.—Acid soils of loam to sandy clay loam merging into silty heavy clay to heavy clay;
moderately thick to thick solom; can have concretions in Ag and upper B horizons, decreasing
with depth.

{2b) (dquic) Plintochrults (UOPA).—Mostly slightly gleyed plintochrults without
or with a thin dark topsoil.

UQOPAI.—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.

TUOPA3.—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,



SOILS 111

(2c) Typic Plintochrults (UOPT).—Very strongly developed non—gleyeid plinto-
chrults without or with a thin dark topsoil.

UOPT.—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.

(i) Umbrults (UU).—Ultisols with a thick dark topsoil and without gleying
beginning at shallow depth as specified for the aquults.

(1) Plintumbrults (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 solum; can have variable quartz gravel; can have few
concretions in Az and upper B horizons.

(g) Oxisols (O)

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.

(@) (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.

(Lla) (Umbric Normargox) (OANU).—Normargox with a moderately thick
dark topsoil.

OANU.—Swils of loam to clay loam merging into-clay loam to clay; moderately thick to
thick solum; mostly very low to moderate quartz gravel in B horizon; commenly few concretions
above B horizon,

{1b} (Typic Normargox) (OANT).—Normargox without a dark topsoil.

OANT1.—Soils of loam to sandy clay loam merging into silty clay; thick to very thick solum;
few very strongly weathered rock fragments, increasing with depth; can have little quartz gravel.

OANT2.—Soils of silty clay loam over clay; moderately thick solum; few very strongly
weathered rock fragments in C horizon.

IV. Soll. DISTRIRUTION

{a) Introduction

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 IIT}; 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 ather
soil associations are arranged in order of increasing soil development. In this section
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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 If. 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 (Reiner and Mabbutt 1968). Whilst histosols have been
observed with many kinds of swamp vegetation, they appear to be most common
under Campnosperma forest and swamp woodland (Plate 4). These combinations of
soil and vegetation probably reflect permanently wet stable conditions with a minimum
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 sedimenis. These soils are also less common in the grassland back
swamps (Plate 2, Fig. 2; Plate 3, Fig. 1) which are characterized by great fluctuations
in water level over the vear.

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, Bl, B2, Cl, and EI, these valleys have a very low rate of
sedimentation and thus have become blocked by the allavia of streams in adjoining
larger valleys. '

In those parts of associations B2 and El that form the lowest wettest portions
of alluvial plains and fans (Plate 5, Fig. I) histosols ocenr much more rarely, becavse
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 Hmited field
evidence. Some soils contain wood fragments and are derived from forest vegetation,
with sago palms prebably as the major producer of organic residue. Others appear to
be derived solely from herbaceous vegetation, with Phragmites as the likely main
supplier.

{c) Entisols

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, and fans, but is due
even more to the widespread occurrence of undeveloped colluvial seils on unstable
hill slopes.

(i} Hydraguents—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, 1), where they are saline (association C2). In the
weltest 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 E1). In soil associations H, O, and P the hydra-
guents occur in minor tracts of low-lying swamp land dispersed among higher ground
with quite unrelated soils. The hydracuents are associated with essentially the same
variety of vegetation types as the histosols.

(i) Haplaquenis—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, D1), 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, Q3. The alluvial haplaquents are mostly associated with sago palm
vegetation and with forests with sago palms in the understorey (Plate 5, Fig. f;
Plate 7; Plate 8, Fig. 1), but occur also under grassland in the Sepik flood-plain.

A significant proportion of the 640 sq miles of haplaquents does not oceur 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 mudstone and siltstone in associations
Fs5,12, L1, and M (e.g. Plaie 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 haplaguents are associated with quite different soils in
these associations than on the alluvial plains and swamps.

(iii) Psammaguents and Orthopsamments—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. Ocecur-
ring locally in soil associations C2, C3, El, and H, these scils 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 Casuarina forest cover
the better-drained orthopsamments.

(iv) Hapludents—Covering nearly 1300 sq miles these slightly gleyed or non-
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 aggradation 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, FI-F4, and G, where
they are associated mostly with equally undeveloped but more gleyed soils. In
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association L2 rather acid alluvial hapludents have been observed on terrace surfaces
up to 300 ft above stream level (Plate 11, Fig. 2), a fact that suggests an extraordinarily
rapid rate of stream incision in this part of the area.

The colluvial hapludents are dominant enly in association F5, but subdominant
in many other soil associations of the hills (J1-J3, K1, L1, I.2, 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).

() Mollisols

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

(i) Hapludolis.—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. 1), and on young beach ridges in
association I, just inland from the coastal ridges with orthopsamments. Near the
coast these hapludolis are mostly under grassland, but on the river terraces they are
covered with tall forest.

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

(it) Argudolls—These rare soils (3 sq miles) with coarser-textured surface
horizons and rather poor drainage have been observed only in soil association Q3,
where they occur on dissecied plains of Pleistocene sediments (Plate 13, Fig. 1),
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.

(i) Rendolls—These shallow dark soils probably occupy 30 sq miles and are
associated with limestone, particularly in associations 11 and 2 of coral platforms
(Plate 1, Fig. 1), coastal hills, and massive low mountains (Plate 27), but also wherever
limestone forms a minor rock type in other soil associations (F5, JI, R1). The
correlation hetween rendolls and pure or tuffaceous limestone 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.

() Inceptisols
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) Umbraquepts and Haplumbrepts—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. 1), where they are associated with other very poorly
drained soils such as haplaquents, hydraquents, and histosels. In the second associa-
tion they are sandy soils found under sage palm vegetation in swales separating
beach ridges with mostly haplumbrepts that are also very sandy and largely covered
with grassland (Plate 1, Fig. 2). As typical soils of the older beach ridges, haplumbrepis
occur also as minor soils in association G of coastal fans,

The uwmbraquepts in associations P, Q2, and Q3 are colluvial soils that occur
in small grassed valley floors and stump 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 Targe slumps on dip slopes in association P (Plate 22,
Fig. 2).

In 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 J2, K4, and K7). The total area
of haplumbrepts appears to be less than 30 sq miles.

(ii) Eutrochrepis— These rare (less than 20 sg miles) alkaline shaflow residual
scils on calcareous sedimentary rocks appear to be resiricted to local very steep
erosional slopes and spur crests in the central hill zone (associations J2, L1). They
have been observed mainly under regrowth and garden vegetation and represent
the least-developed non-coHuvial 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 strongly acid 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 seil associations and are dominant in §, 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 (Q1) on undissected
very poorly drained Pleistocene alluvium, '

As residual soils the dysirochrepts 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. 1), but also occur together with coiluviated slopes in hilly arcas on
softer mudstone and siltstone (Plate 16). In all these situations {associations K1-K8),
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 oceurring locally on weathered crests and shoulders. The association of
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dystrochrepts with more developed alfisols and ulitisols on dip slopes in associations
K4, L1, L3, and M is furiher discussed in sibsections (f) and (g).

Dystrochrepts are commonly found on the exposed lower parts of dissected
weathering zones that developed on originaily 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 O (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. [). 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 unlitisols,
also alfisols, and (particularly in the case of mountain summit plateaux) also oxisols.
The only major occurrence of dystrochrepts on the weathered surfaces themselves
concerns strongly developed soils on the fan surfaces of association O in the coastal
region (Plate 11, Fig, 1), 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 tafll and mid-height
forest which appear to be refated 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 localiy on dystrochrepts on the weathered surfaces in the south.

(F) Alfisols

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. '

(1) Umbragualfs and Ochragualfs—With areas of less than 60 and less than
20 sq miles respectively, these strongly gleyed soils are largely restricted to fine-
textured Pleistocene sediments and Pliocene mudstone of dissected weathered lowland
surfaces in the south (associations N, P, 32). Both great groups are 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 minor
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 fo
that suggested in subsection (d) for the closely related argudells. 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, and forest.
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(i) Typudalfs—Although occupying only 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 Q3) and en the weathered fans
in the north {associations K5 and O). They are more common on the dissected
fan terraces of association 1.2 (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;
Plate 24, Fig, 1), 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. It
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 common 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, J2, K5, and K6).
In many of these situations their presence is difficult to explain. Locally, surficial
soil movement may be 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
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) Umbraguults, Ochragquults, and Plintaguuilts—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 nmbra-
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 plintaguulits,
to be more common on the highest, oldest surfaces and for the umbraquults to occur

* The minor plintaquults in association F3 are on areas similar to, but unmappable as,
association Q2.
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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) Plintochrulis and Plintumbrulls—These two great groups of imperfectly to
well drained ultisols with brightly mottled subsoils resembling plinthite are also very
largely restricied to the weathered surfaces. Occupying nearly 130 and 30 sq miles
respectively, they are most common on the slightly to moderately dissected surfaces
on Pleistocene sediments (soil associations Q2% and Q3; Plate 12, Fig. 2; Plate 13,
Fig. 1), where they occur en plains and crestal surface remnants as well as.on 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 associatien L2, but appear to be extremely rare in hilly areas on consolidated
rock (see association J2).

Whilst the plintumbrults are associated with grassland vegetation, the plinto-
chrults occur mainly under forest and regrowth but also under grassland.

(iiiy Typochruits—Whilst a few imperfectly drained typochrults occur on the
weathered surfaces in the south and east (associations N, P, and Q1), 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 Ot in the coastal arca (Plate 11,
Fig. 1). They are further common on the dip slopes of associations L3 and M in the
central hill zone (Plaie 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 materiais, and
relatively high rainfall. Associated soils (to which the typochrulis 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 F3, Il, J2, I3,
K4-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 Q2.

+ The minor typochrults in association F4 refer to high river terraces with similar properties
to the fan terraces of association O.
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dip slopes (Plate 24, Fig. 2), and upper slopes cut within old weathered zones (Plate
16, Fig. 1; Plate 17, Fig, 2).

The 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.

(hy 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) Neormargox.—This great group, characterized by having coarser-textured
surface horizons, is the only one observed in the area. Normargox are most commaonly
developed on basic igneous rocks. They are most conspicious 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 are a minor component
of the soil pattern of two land systems on igneous rock but with predominantly
unstable 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
weatheregl"Pleistocene sediments (associations Q1 and Q2) and an apparently more
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
commonly more coarse-textured than those in associations Q1 to Q3 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 QI. These rises
strongly resemble former river courses which now lie slightly above the level of the
plains as a result of differential 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 principal soil-forming factors—parent rock, land form,
time, climate, and vegetation—on the formation -of the different soils in the area is
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generally complex, as is evident from Haantjens’s detailed account* of these refation-
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 asscciated with exacily the same combination 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 between organic 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 basement rocks (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 cousisting of
more than one lowest soil class are commeon 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 cccur on all three kinds of parent maierials 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.

Mudstone 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
thaose 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 form,
and vegetation in the Aitape-Ambunti area, Territory of Papua and New Guinea. CSIRQ Aust.
Div, Land Res, tech, Memo. No, 71/1 (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
iarge 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 MUHOI1, AUTOI1, 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
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 (18), 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 ([ 1) 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 serious earthquake (Part 11, Section 1{d)}),
and consists mainly of leached material washed down from hill slopes rather than of
the nnleached material supplied gradually by the rivers as a resylt 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 appear to be
examples of this,

(b Lund Form and 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
differences in soil maturity between the many strongly denudational hills and moun-
tains on the one hand and the weathered surfaces on the other. 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, aflesting to the
probable greater age of the more dissected surfaces. The most dissected surfaces have
either relatively [ittle-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 Kworoe (30), Atitau (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 {35), Emul (36), and Kaugiak (37)) which are geographic-
ally and genetically related fo 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 slapes.

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 en hill slope soils.
This is in marked contrast to findings in the adjoining Wewak-Lower Sepik area
(Haantjens, Reiner, and Robbins 1968). Even though mioilisols 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 Mabbuit 1968) peinting to a greater stability of
the land forms further east. ,

The lithic soil subgroups on very steep or precipitons 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 alse 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 stegpness 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 stump floors can
be caused by lack of run-off, or by ground-water seepage, which is common on
such slopes. '

In conirast 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 Jess 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 of 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
vigible profile development is the formation of a thick dark topsoil (entic hapludolls).
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 CaCQs,
initiaily present at levels of 0-5-99%;, was leached out in about 270 years, respectively
from English done 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 CaCOs from deeper subsoils, as observed in the Aitape—Ambunti area,
may take substantially louger. Nevertheless, the data quoted above suggest that
the flights of alluvial terraces along major rivers in the area are gquite 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.

(¢) Climate and Vegeiation

Because of the great variability in land form, parent rock, and weathering in
the area, it is difficult to isolate any differences in soils that are caused by variations
in chimate, 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 particularly 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-
cenfration of more acid lower soil classes of normally less acid subgroups in these
wetter areas, notably the soil classes EUHOS5, EUHO9, IODE3, and I0DL2.
Similarly, the more acid orthic dystrochrepts appear to be more common in the
wetter paris 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 eufric dystrochrepts in the wetter
areas) and it is clear that the nature of the parent rock and the degree of weathering
are ofien more important factors. There is also a tendency for organic Ap 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 1n 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 undoubiedly
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 appavently 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 grasstand. 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, grasslandf
was observed on soils with thin topsoils or without dark topseils 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. Som. 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, tan do so by consuliing Part V of the
separate report mentioned above,
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PART VII. POPULATION AND LAND USE OF THE
AITAPE-AMBUNTI AREA

By R. H. Fagan* and J. R. McALPINE}

I. PorULATION
(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 Directoryl and located
within the survey area. Settlement throughout the area is nucieated, 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 from 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). Comversely (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 commen; at the other
extreme, the [argest single village has over 1100 peaple.

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 there is a major conceniration in the east, and smaller
ones around Lumi in the west and east of Nuku in the centre. In these populous
areas population densities on land used for subsistence cultivation§ are generally
[00-180 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,
T Division of Land Research, CSIRO, P.Q. Box 109, Canberra City, A.C.T. 2601,
1 “Village Directory, 1960.” (Department of Native Affairs, Port Moresby, T.P.N.G.)

§ This land is further referred to as *‘used land”, and comprises any land mapped in one of the
land use intensity classes discussed in Section I1(4).
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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
(sec Section ILa)).

The distribution of the population over the land systems is given in Appendix
TV, as well as in the land system descriptions.

(ii) Population Growth-—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 1-59% 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 inferesting 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 Lumi 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 III). 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 oufside the Sepik Districts is extremely small.

(iv) Social and Culture Groups—Melanesian societies are minute in scale
(Hogbin 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. Yei 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 o
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
Abelam 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 separaie 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,

Bthnography 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.

(h) Europeans

The non-indigenous population of approximately 150 persons consists entirely
of Huropeans, most of whom are transients. The figure given is an estimate, since
exact data are available only for the two Sepik Districts as a wnole. The Europeans
are engaged in governmental and mission activities, and to a much smaller degree in
commercial pursuits. Aitape has the largest European population,

TI. LAND USE FOR SUBSISTENCE

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 1939). 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 wefl-defined areas of secondary
vegetation. On the other hand, settlement and land use have never been static.
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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. 1), 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 fubers 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 (Saccharwm officinarum), edible pit-pit (Seccharum edule),
papaw (Carica papaya), and winged beans (Psephocarpus fetraglobus). In addition,
maize, tomatoes, pineapples, peanuts, cucurbits, and various other recently introduced
crops are planted in small amounts, Coconuts (Cocoes nucifere) and breadfruit
{Artocarpus atilisy 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
(Metroxylon sagu) coniributes.to the diet throughout the arca. Iis 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
paittern.

(h) 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 ¥, Section TI(f) for more precise definitions. The land usc intensity classes
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 illustrated in Plate 31 and Plate 32, 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 Wewalk—Lower Sepik arca (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 TV and in the detailed land system descriptions.

(¢) Land Use Intensity and Land Use Capability

A detailed comparison of land use capability and present land use intensity of
the land systems s 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 of land 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 of the land, a conclusion
similar to that reached by Spencer (1966) for south-east Asia in generai when he
writes: “It is cuiture 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
0-44,0- 50, and 0 53 respectively. For the 65 land systems present allthree coeflicients
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.

III. LanD Use ror Casg CROPPING

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.
Tapie 13
PRODUCTION OF CASH CROPS BY INDIGENOUS PERSONS IN 1965-66%

Robusta  Coffee = Upland Rice Copra

Subdistrictf (ac)} (tons) {tons) (tons)
Maprik 1200 35 500 N.a§
Aitape 30 3 — 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 exiend beyond the
survey area, the data have been compiled from census division figures
which approximately cover the actual survey area,

T See map of Administrative Divisions,

f Calculated from data on tree numbers on the basis of 500
trees/ac.

& 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, Although shown
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, whilst in others the planted coffec has failed. The great
predominance of coffee plots in the Maprik District is partly the result of active
promotion by agricultural officers. It 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 coftee plots in the densely populated area north of Lumi appears to be
partly due fo failure of the crop. 1t 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
in¢ludes two small native-owned plantations, shown as a separate category on the
land use intensity map. The only non-indigenous plantation is sitnated on the coast
at Aitape, and produces cocoa as well as copra.

IV. RESETTLEMENT SCHEMES

A resetilement 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). 1t 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 faeto situation, and will be based on development
of both subsistence and cash crop agriculture.
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PART VIUI. FOREST RESOURCES OF THE AITAPE-AMBUNT] AREA

By J. C. SAUNDERS*

1. 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 ft of standing timber per acre from trees having a minimum girth of
5 ft at breast height {or above butiresses). 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.
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. It 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 mdex parameter, and have no absolute values,

II. PHOTO INTERPRETATION AND FIELD WORK

Preliminary photo interpretation was carried out in close association with the
plant ecologist and recognizable photo patterns were delineated. These paiterns
were distinguished on the basis of topographic position, pure or nearly pure stands,
recognizable specics, 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
4 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 at least 150 ft in any divec-
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.
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TABLE
MEASURED AND ESTIMATED PRODUCTIVITY
Nutnbers in parentheses are estimated values

Bole (ft)

Class of Forest FTO;;S; (S:i::;es) Sa(I: f)le Rag‘;‘:es,fAc Ay, Rfﬂ‘/‘:;: t Range  Modal
Class
High productivity ) )
Forest on plains E 45 6 5-15 i0 11 15-70 50-60
Fo 360 17 4-15 9 12 15-80 5060
Fod 50 7 4-11 7 i2 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 Cq 1 — 8 10-40 25
Swamp forest FrmoM 100 2 3-7 5 10 20-50 30-50
Forest on plains FodM 16 — m (15 (15-70) (50-60)
Fmo i3 1 8 25 10-50 40-50
Forest on uplands Foi 115 7 5-8 7 4 20-70 50-60
Fms 115 12 1-1¢ 6 13 5-70 30-50
Fid 460 18 1-11 7 9 10-75 30-60-
Secondary forest FR 155 13 1-10 6 18 5-70 20-60
Yery low productivity
Swamp forest FmoCM 45 — [6)] (10-40)
Forest on uplands Frni 260 il 0-8 5 14 10-65 40-50
Fmio 20 3 4-8 5 19 20-65 40-50
Fm 18 2 §-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 vplands Fmsy 55 5 2-8 6 3 15-65 40-60

* Indices: SI, slope; DI, drainage/inundation; F, flooding; AT, access; SR, stocking rate; FP, forest
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14
PARAMETERS OF FOREST TYPES
no field observations being available

Girth (ft) Stocking Rate

e

. Usage Group (%) Indices*

Range % in (super ft/ac)
7 fe+ 1 2B 3 d4A 4B 5 Max. Est. Av. 81 DBl F Al SR Fp
5-10 22 16 9 37 37 13,750 7700 1] g 1 92 77 7
5-10 27 1 23 42 30 12,930 7800 0 14 1 B85 78 66
5-10 43 12 55 33 11,440 700 0 26 2 TV 76 54
5-15 33 53 29 11 15,420 10,000 24 8 0 68 100 68
{100) 5100 0 30 0 70 51 36
5-10 28 1 50 29 19 10,650 5100 0 3l 2 67 51 3
5-12 39 50 17 24 17,970 8100 46 8 46 81 37
56 Q 100 3000 [i] 8 0 52 30 28
5-7 11 5 33 5 57 3760 3000 0 55 0 45 30 14
(5-10) (28) (50) (30) (20) 5100 0 355 3 42 51 21
5-6 0 55- 15 30 3400 0 40 3 357 3¢ 19
310 23 7 32 23 B 10,790 7000 34 8 0 38 70 26
5-9 11 7 41 30 18 7510 3900 27 12 a 61 39 24
510 23 3 34 26 33 10,890 6000 47 14 0 39 60 23
5-10 17 8 26 65 9430 4200 47 11 0 42 42 18
-7 100 3000 0 65 0 35 30 11
5-9 30 3 31 37 26 7880 4100 76 8 0 16 41 7
5-8 8 18 43 39 7190 3200 70 8 0 22 32 7
5-7 12 17 10 27 46 7590 4500 78 8 0 15 45 T
5-12 24 i 13 34 51 11,710 3000 65 9 o 27 30 8

0 80 ¢ 20

5-8 7 22 25 53 69350 4000 80 8 0 12 40 5

productivity,



136 J. C. SAUNDERS

Data recorded for ali trees of 5-ft girth or more included girth at breast height
{or above buitresses), 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-{t classes. Where the botanical name of a tree
was in doubt, a wood sample was taken and later compared with herbariem-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 fiying 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 caution as the total area of sample plois 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.

I, CLASSIFICATION AND MAPPING

(@) Classification

In all, 22 forest types are recognized on the basis of photo patiern, 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 nif)
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 of habitats,
secondary forest types are separated at this level unless associated with another forest
type in a mapping complex.

(b) Mapping
A composite map (scale [: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 at 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 inundation, 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 e¢xplained in more detail in Appendix
I. The slope, drainagefinundation, and flooding indexes for each land system are
converted into an overall access index (Appendix I} showing its accessibility relative
ic other 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. It 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. It covers an
area of 702 sq miles including 158 sg 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
poorly drained and minor areas may 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 fiooding,

-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 1. 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 exegpt perhaps minor areas of imperfect
to poor drainage and minor areas of steep stopes. It is distributed mainly along the
foothills at the inland edge of the coastal plain, stretching towards buf rarely reaching
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NATURE OF ACCESS CATEGORIES AND DISTRIBUTION OVER LAND SYSTEMS

Access Area

Indices™*

A .
Category (sqmiles) Forest SI DI F AL Accessibility Land Systems

] 700 23 0-1 75-100 0-2 0-22 Nil to very poor Murik (3), Chambri (4), Sanai (3), Pandamp (6), Kobar (7),
Pora (8), Kabuk {9), Pandago (10), Palimbai (11), Wigia (12)

W 630 30 0-11 37-67 0 31-59 ' Poor to moderate Yilui (13), Misinki (14), Nigre (27), Yambi (28), Burui (29)

Iw 450 71 0-18 22-30 0 354-76 Moderate to good Nubia (2), Nagam (16), Ambunti (20), Yindigo (31), Musendai
(32), Ningil (49}

IFw 110 7i 02 2425 2-3 71-73 Qood,subjecttoflooding  Po (15), Screw (18)

IF 60 58 4 12 3 81 VYery good, subject to Papul (19

flooding

I 180 80 2-10  8-21 0  76-90 Very good, rarely good Madang (1), Pes (17), Kabenau (21), Romei (22), Aiome (23)

H 650 38 2140 8- 0 41-58 Moderate Paiawa (24), Lumi (26), Atitau (33), Kaugiak (37), Karaitem
(41), Sengi (42), Seim (46), Minatei (50)

w 310 54  31-38 28 0 3445 Poor to moderate Kworo (30), Nuku (51)

m 910 53 4570 821 0 2744  Poor to very poor, Panakatan (25), Dossett (34), Sandri (35), Emul (36), Yassip

rarely moderate (38), Morumu (39}, Nurnoiken (40), Asier (43), Flobum (44),

Dreikikir (47), Aitape (55), Barida (part) (56), Nopa (57),
Maio (64)

TMlw 280 46 45 24 g 31 Poor Marmbel {48)

v 380 43  73-87 8 0 5-19  Nil to very poor Om (45), Musak (52), Wuro (53), Imbia (54), Barida (part)

(56), Sulen (58), Wanabutu (59), Kumbusalki (60}, Mup (61),
Daum (62), Somoro (63), Waskuk (63)

* Indices: 81, slope; DI, drainage/inundation; I, ﬂoéding; Al, 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 II 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 fo 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 ITw 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. It is distributed throughout
the inland hills covering a total area of 306 sq miles of which 164 sq miles are forested.

Access category I1I land consists mainly of high hilly country or strongly dis-
sected fow 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. 1t occurs mainly at lower altitundes 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 IITw land is similar to category 11l in all respects except drainage,
which creates increasing difficulties of access. It occurs throughout the inland hills
but mainly in the western half. Access category HIw covers a total area of 280 sq
miles of which 129 sq miles are forested.

Access category LV land consists mainly of very high hilly and mountainous
country with very steep slopes and relief varying from moderate to high. Some areas
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 would 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 difficult 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 Il land. The general grain of the
country here is NW, to SE. and possibly the easiest outlet wounld 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 unsuitable 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.

Existing road systems in the arca are not designed to carry heavy logging traffic
and therefore would require improvements to cater for this. All except the Aitape-
Yalingi River 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 available and cargoes must be either loaded off shore or towed
to Vanimo where harbour facilities will be available.

V. DESCRIPTION OF FORrEeST TYPES

(@) 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 mainiy by soil
drainage, inundation, and flooding. Nine forest types are recognized in upland
situations. Generaliy, 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 obvicus ones involved being climate as reflected in the
proportion of deciduous trees (Fid forest), climate and altitude (F'm forest), and
parent material (Fmsv forest}). The two secondary forest types resuli 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 seral 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 deseriptions
of each forest type Part V should be consulted.
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TABLE 16
TREES RECORDED AND THEIR FREQUENCY OF OCCURRENCE IN FOREST TYPES
P, predominant, >80%;; D, dominant, 50-80%;; SD, subdeminant, 20-50%; VC, Yery common,
15-20%; C, common, 10-15%;; O, occasional, 5-10%; R, rare, <5%; ( ), locally

Botanical Name Local Name s S I Eo - 2 . g % % g
o 6 &9 .. 23 0 E g8 FEE £ 8 E o B

ST R S P U R PN TH T Y PR (P (M R P TIR TR F R N S

Aglaia Kasia R R QO R R R R R

Adanthus Man’nak R

Albizia Balau R R R

Alseodapime Molil R

Alstonia scholaris Der R ORR R RRR

Alstonin ~Tawal R R R (4] R

Anisopfera polyandra Nipinib R

Arthecephalus R

Artocarpus Onil R R

Artocarpus - Tse'el R R R R R R

Artocarpus Udidi R

Artacarpus Ui R

Artocarpus Ye R

Bischofta Sabal R

Bombax Suwale R R R

Bridelia —

Bruguiera D

Buchanania Ulul OR R R R O R R R

Calophiylum Nawal R

Campnosperma Utul R R R O P

Campnospering — R

Cananga odorata Mate R R R

Canarium Enal R R ‘R R R O R O

Canarinm Enalketiket R R R R C R R R

Canarinm — R

Castanopsis Aikulkuel s RRR R

Casnaring equisetifolia P

Celtis rymanii Baigup RRR RRRR O R

Celftis philippensis Sui ROOR R R R R RRR

Celtis Suigolof R R R

Celiis Uri R

Cerbera floribunda Esilpipilo . R R

Chisocheton Lili'o R

Chisecheron Tope R

Chisocheton — R

Chrysophylfun Kitikit R R

Cordia dichotoma Mal R

Cryplocarya Bagibag R

Crypiocarya Bosabos R

Cryplocarya Gor R

Cryptocarya Mew R R R R R

Cryplocarya Urumna R R R s

Diflenia Nawal R RO R R C CRR

Diospyros Alies R R R

Dracontomelum Fa R R R R

Dracontomelun: Failela R R R R R R R R

Drypetes Solkat R

Dysoxylunt Damasewa R R R R R

Dysoxylunt Kanan R R R

Dysoxylunt Toamek R R R

Dysoxyhon Uluka R R

Dysoxylunt Wali R R
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TasLE 16 (Continued)

Botanical Name Local Name w23 L2 % - T g E LEO) =
flicented i B RnEELEnSd
Dysoxplum — R
Elaeccarpus Alata R
Efaeocarpus Sila R R
Elneocarpus — 147 R
Elaeocarpus — J49 R
Endospermun Suhumal R R R R
Endospernium — J&0 R
Fuedia Boban R R
Ficus (strangler) Kurum OR CROCOORTC RRO
Fieus Bambam R R R
Ficus Bameso R R R R
Ficus Duelbik R
Ficus Go
Fieus Mai R
Finschie R
Flindersia _ R
Guaibulimima belgraveana — R
Ganophytlum faleatum Kanen'anak R R
Garcinie — R
Garuga floribionla Selamek R R R
Gonocaryum Ulumo R
Hernandia Bolat R
Homaliumn Ebel 00 RRR R R R
Hapea cf. Irigna — R o]
Hopen of. papuana — R
Horsfieldia Hokol R R R
Ilex — R
Intsia bijuga Mep o 0 QCO0ooO () C VR
Lithocarpus — R
Litsea Babelia R
Litsea Batcbate R R
Litsea Halihal R R R
Litsea -— J14 R
Kingiodendron — R R R
Macaranga Giraeme R i3
Mangifera Atita R
Muangifera Mohihil R
Maniltea Falef R R R R R
Micracos Ota’aut R
Myristica Ba‘al R
Myristica Dahol R
Myristica Kasia R
Myristica Matamata R R
Nauclea Duadu R R
Neonauclea Wa’aul R
Neonauclea Yau R S RR C VR R RR
Neonauelea Yan R R
Neoscortechinia Him R
Neuburgia R
Octomeles sumairana Katul R R R R
Opocunonia Asisiv R
Palaguinm Kilius
Palaguivm — R
Panginm edule Metun R
— R R

Papuadendron lepidotim
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TaABLE 16 {Continued)
. = 3
Botanical Name Local Name w2 S o .g g z g E - E E J 2
rEEE S S uBlEEEEEEREEEngE
Parartocarpus venenosus Segolof R R R R i
Parinari - R R
Pimeleodendron Basal R RRR
Planchonella Bali R
Planchonella Gusis [}
Planchonella Kinakin R ERR
Planchoneila Kukus R R R
Planchonia Tali R C R R RRS
Podocarpus Kasikos (8]
Polvalthia Bisipis R R
Polyaltiiia Kugulu R
Polyaithia — R
Pometia pitnate Bam 8 5 OR CO0CYVY VOO CO0O8 s
Pometia tomentosa Bamars R OD v o 0 RR
2Pouteria — R
FPrerocarpus indicus Nara OR R R R
Prerocymbium 0] R R
Randia Maniman OR R
Rhizophora ) D
Slaanea - Aia’al R R oOR R R
Sloanea Hal R R R R
Sloanea — 7 R
Spondias dulcis Hunek R R R R R R
Sterculia Biri R R
Sterculia Iri RRR R
Sterculia Metutun R R
Sterculia Sahotot R R R R
Sterculia ‘Wasiwas R
Sympiocos — R
Syzygium Arahumaik o] O R R s
Syzygium Asisiv R R
Syzygiion " Nawal R R R R RROR
Syzygun: Yawan R R
Terminalia kaernbachii Is R RRR R R
Tetminalia Huan’oh R R
Terminalia Ohn (8] oOR R R
Terminalia Ob’huan R R R
Terminalia Samanak R P R R R
Teysmanniodendron Oktur R R R R R
Timanius Scebil R
Tristania Turirik R
Tristivopsis Kunalkeosi R R R R RRR R
Vitex cafassus Kari R O RORO R CRR
Wrightia Ambil R R R
Xanthopliplium Mepkotot o] R R
Xawthoplyllum Baiyaka 0O
Sapoiaceae — O R
? Tfelhulu o]
? Malakbaiya R R R R R R R
? Tolonamek R R R
? Bali R
? R R
Total recorded 57 168 46 235 46105137 50 8 1¢ 57 29 16 83 90 9% 31
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(b)Y High Productr’vify Forest
(1) Forests on Plains

(1) Tall Forest with a Rather Closed Canopy (F).—This forest has a high
productivity index. Apart from the subdominant Pomefia pinnata, species com-
position is mixed, no single species contributing more than 109 of irees present.
Boles are generally straight, long, and clear with the exception of Pomeria pinnata,
Pterocarpus indicus, and Ficus spp. (strangler®). 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.

E forest is the dominant forest type on Papul (19) land system but does occur
on several others.

(2) Tall Forest with a Rather Open Caropy (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 109, 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 occurrences along the larger rivers in hilly areas. Although
it occurs on many land systems it is the predominant forest on Pes (17) and Nagam
(16), and the dominant forest on Ambunti (20). Minor inclusions of other forest types
do occur and are generally recognized by a striking change in species composition.
OId flood-outs generally have a predominance of Ocfomeles sumatrana and frequently
floecded plains and lower terraces commonly carry Neonauclea, Terminalia, and
Nauclea. Levees generally carry a forest rich in Planchonia and Terminalia.

(3) Tall Forest with an Open Canopy with Light-toned Crowns (Fod).— This
forest has a high productivity index and is of mixed species composition. Pometia
pinnata s very common and deciduous frees are conspicuous. Boles are geperally
straight, long, and clear. Girths are moderately large to large and the estimated
stocking rate is moderate to high.

The forest occurs 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 (11).

* These species together with Vitex cofassus generally have a poor stem form and are the main
contributors to the reject percentage.
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(i} Forest on Uplands

(1) Tall Forest with a Rather Open Smali-crowned Canopy (Fos).—This forest
has a high productivity index and is of mixed species composition. Locally, however,
Pometia tomeniosa 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
aliitudes 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 Ajtape (55). '

Locally the forest has been severely damaged, presumably by wind.

(¢} Moderate Productivity Forest
(i) Forests on Plains

(1) Tall Forest with a Rather Open Canopy with Groups of Woolly-textured
Crowns (Fow).—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. It 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 Neonauclea 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 s moderate.

The forest occurs on imperfectly to poorly drained alluvial plains often subject
ta 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 -
Misinki (14) and the dominant forest on Po (15).

(i} Forest on Uplands

(1) Tall Forest with an Irregular Canopy (¥i)—This forest has a moderate
productivity index. Species composition is mixed with Pometia tomentosa very
common and Inisia bijuga common, No single remaining species contributes more
than 109 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) Casvarina equisetifolia Mid-height Forest (Cq).—This forest has a low
productivity index. Casuarine equisetifolia with short boles and small girths is pre-
dominani. 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
frequéntly inundated, presenting some problems of access. Tt occurs as small stands
scattered along the coast, the largest single occurrence standing at the western end
of the area.

Cq forest oceurs exclusively on Nubia (2) land system.

(ii) Swamp Forest

(1) Mid-height Forest with an Open Canopy and with Sage Palms in the Under-
storey (FmoM).—This forest has a Jow productiviiy 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 ailuvial plains often subject
to long periods of inundation. Hence the access index is only moderate. 1t occurs
throughont the inland and coastal plains.

FmoM forest is the dominant forest type in Pandago (10) and Nigre (27) land
systems but does oceur in several others.

(i) 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. Theestimated
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 o Screw (18) and Papul (19) land systems.
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(iv) Forests 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 with a Small-crowned Canopy (Fms).—This forest has
a low productivity index. Species composition is mixed with Intsia bijuga and Vitex
cofassus contributing up to 209, each, and Pometia spp. and Hopea spp. up to 109
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, Pomeria pinngia is common
and is generally associated with secondary vegetation, particularly as a local dominaunt
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 fo an altitude
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 haif 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 generaliy 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 in the Understorey (FmoCM).—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
sonie patches occurring on the coastal plain.

FmoCM forest occurs mainly on Pora (8) land systern.

(i) 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 specics
coniributing more than 5% of the trees present are Dillenia spp., Pomelia pinnata,
P. tomentosq, 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.
Tt 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 Irvegular Capopy (Fmio).——This forest has
a very low liroductivity 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 a number 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 low productivity index. Species composition is mixed but Castanopsis is
subdominant and may locally predominate on ridge cresis. 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 ocours on several land systems.

(iii) Secondary Forest

() Medium-aged Secondary Forest {(FRm).—This forest has a very low pto-
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 remmnant 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. Ii 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

(1) 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 associaied 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

By H. A. HaANTIENS*

1. AGricuLTURAL Lanp Use

(@) Method of Capability Assessinent

The land use capability of the area has been assessed by a method described
by Haantjens,t 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 asscssment of land use capability in this Part
is exclusively concerned with modern techniques of commercial farming involving
permanent Iand 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 ig given in a separate report.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 sofl water storage capacity; t, tillage problems; a, soil
reaction; ¢, 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 HI. 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 1{d)).

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

t Haantjens, H. A, (1969).—Agricultural land classification for land resources surveys in New
Guinea. 2nd Ed. CSIRQ Aust. Div. Land Res. tech. Memo. No. 6%/4 (unpublished).

1 CSTRO Aust. Div, Land Res. tech. Memo. No. 71/1, Part VI (unpublished).
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(ii) Rating of Agricultural Suitability of Land.—The second step in the assessment
is concerned with rating the effect of the combined atiributes 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 oniy for four kinds of agricultural land use: arable (anmual) 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 land (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.

(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 virtnally 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
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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.

(ili) Water Stress and Soil Fertilily.—Variations in rajnfall 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 TI(g) for definitions) have been assessed by applying rainfall
and evapotranspiration data from the four water balance zones (Part IV, Section III)
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
influenced the capability assessment through the factor of soil reaction. In addition,
the N, P, K contenis of the lowest soil classes are listed elsewhere.*

(b) Agricultural Assessment of Land Systems

The agricultural land use capability of each land system is shown in detail in
a separate reportf by 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 111, 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. Itis presented 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
1I(g)), which are given in the detailed assessments in Appendix ITI 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 ITI 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 confents 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 overflow on level land are the main limiting factors.

* CSIRO Aust. Div. Land Res. tech. Memo. No, 71/1, Part IV (unpublished).
+ CSIRO Aust, Div. Land Res. tech. Memo. No. 71/1, Part II (unpublished).
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It should be noted that the assessment of the overall land use capability of the
land systems has not in any way been influenced by either the size of a land system
of its location and accessibility from outside.

{¢) 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 1V,

(d) Special Maps

The estimated distribution of a number of terrain and seil features of impartance
io agricultural development is shown on five unpublished maps at a scale of 1 : 250,000,
available upon request to the Division of Land Research, CSIRO, Canberra. The
references of these maps are compiled directly or indirectly from the ratings of land
attribuies 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
overail levels of land use capability and with 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 reference 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 greaily for dif-
ferent land systems in the same capability group. The distribution of each group in
the survey area 1s shown in Figure 17,

Tt should be noted thai chemical soil fertility (N, P, K contents) and chances of
soil moisture siress 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 thoss 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 thus 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 1V,
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 Al-AS5, overall high capability;
groups B1-B4, overall moderate; groups C1-C6, overall low; group D, overall very low; groups
E1-E2, overall nil.

(i) 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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Al.—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 foo 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 poiential for irrigated rice. Drainage improvement of low-
Iying 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 difficulties 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 that 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 scils on the upper sectors are most suitable for tree
crops. Both types of land appear suitable for cultivation.

AS5.—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
the capability for arable and tree crops varies from moderate to low, although it is
high for tree crops in part of group Bl. 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 agriculiural 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 and 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/for 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 Overall 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 usnally nil, except in group C4.

Cl—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 and keep the capability for tree
crops low. Since these factors are less limiting for pastures, this land still has a
meoderate 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 ecrosion 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 alfitudes 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 management is only
meoderately hampered by topographic limitations because 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 [ow 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 sg miles) or Nil (1560 sq 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 land in groups E1 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 advanfage 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 {ree crops.



158 H. A. HAANTIENS

El.—About half this group consists of very rugged high hiils. 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 arcas 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 techmically difficult or very difficult, and would often result in land of doubtful
capability, particularly for tree crops but also for arable crops.

II. ENGINEERING LAND Use
(2) 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 (1968).* 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 mnets, 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 io direct the reader to those parts of the report and those
maps that are relevant to engineering land use.

(b) Information Relevant to Engineering Works

(i) Individual Land Systems.—Each detailed land system description in Appendix
IIT includes a section on enginesring assessment that summarizes in a qualitative
manner the favourable and unfavourable aspects of the land 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, scil drainage status, 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.
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inundation hazards, and the suitability of soil materials for engineering purposes.
Seil 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 apgrienltural assessment sections of land systems
3-15, 18, 19, 21, and 27.

A first impression of the nature of the land systems is best obtained by reading
their synoptic descriptions in Part ITI, Section II, 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 sysiem 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.

(iiy 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
arca, other methods have been used to present relevant topical information for the
areaas awhole, Attentionisalsodrawn to the brief discussion of earthquakes in Part L.

(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: enginecring materials (including lithology,
UBC 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 listingst of some
vegetation properties relevant to clearing, line surveying, etc. The altitude map
could also be useful.

(2) Soil Data—Some propertics of the lowest soil classes that are important
for the engineering use of scils are listed in a separate report.i 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 soil samples
is gratefully acknowledged,

1 CSIRO Aust. Div. Land Res. tech. Memo. No. ,7] /1, Part TII (unpublished),
£-CSIRO Aust. Div. Land Res. tech. Memo. No. 71/1, 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 drea by means of Figyre 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-offfthrough 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 caichments shown on this map over the
water balance zones and land systemis is presented in a separate report.®

(¢) Information Relevant to Terragin Trafficability

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 traffic-
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 secem probable only in Nubia (2), Yambi
(27), and Burui (28) land systems. Data on tree spacingf 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 numercus 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 Iand use infensity 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. Ii
shounld be kept in mind that the information presented reflects the 1964-67 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.

III, TourisM AND HUNTING

(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 unnsual 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. Tand Res, tech. Memo. No. 71/1, Part VII (unpublished).
T CSIRQ Aust. Div, Land Res. tech, Memeo. No, 71/1, Part TII (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 craflt, is already attracting tourists to this area
which extends into the central eastern part of the Aitape-Ambunti area. The en-
virons of Lumi and Anguganak are probably the most scenically attractive south of
the mounntains. 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, Aftape 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 beauntifully 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 impartant 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, cansed 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 alse 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 immediatiely 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 potentizl, 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 be
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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(¢) 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, particularty 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”, éven with respect to the more numerous, smaller, freshwater crocedile (C.
novaeguineae),

Although there is no danger of either species becoming extinct, Dr. Bustard
considers that protective and 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 hunting 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.



APPENDIX I

DEeFINITION OR EXPLANATION OF DESCRIPTIVE TERMS AND (CLASSES OF
LAND ATTRIBUTES

By H. A. Haawtiens,* P, C. HRYLIGERS,* J. R. MCALPING* and J. C. SAUNDERS*

1. INTRODUCTION

The information coniained in this appendix is presented in subject groups
under the same headings as used in the land system descriptions, but it applies to all
sections of the report. More detailed information is given elsewhere by Haantjens
(unpublished data, 19691) 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.

II. DEFINITIONS AND EXPLANATIONS
{(¢) Land Forms

(i) Slope Steepress.—Measured in the field or estimated on aerial photographs,
slope steepness is expressed in classes defined in Table 17. The classes are based essen-
tialty on equal intervals on a logarithmic siope tangent scale (Speight 1967). They

" are applied to stream gradients as well as fand forms,

(i) Slope Index (SI).—This index is calculated for each land system from:
0 x (% slopes <10”) + 0-33 x (% slopes 10-17°) 4~ 0-66 X (% slopes 17-30%
+ 1 X (% slopes >30°).

(iii) Ruggedness.—This is expressed as seven ruggedness classes based on slope
index (SI): non-rugged, ST 0-3; very slightly rugged, SI 4-9; slightly rugged, ST 10-19;
moderaiely rugged, SI 20-41; rugged, SI 42-68; very rugged, SI 69-84; extremely
rugged, SI 85-100. Note that land consisting exclusively of slopes <10° is non-
rugged, slopes 10-17° moderately rugged, slopes 17-30° rugged, slopes =>30°
extremely rugged.

(iv) Relief—Defined as the difference in altitude between major? ridge crest
or peak and nearest major] valley fioor, relief is largely estimated from aerial photo-
graphs, locally measured in the field. The relief classes are shown in Table 18,

* Thvision of Land Research, CSTRO, P.O. Box 109, Canberra City, A.C.T. 2601.
T CSTRO Aust, Div. Land Res. tech. Memo. No. 69/4 (unpublished).

1 This term is not nsed 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.

Tapre 17
SLOPE CLASSES

Class Angle Percentage Gradient

Level*® 0-0-03 < 1:3300
Very low gradient*® 0-03-0-1 1:3300-1:1000
Low gradient® 0-1-0-3 1:1000-1:330
High gradient* 0-3-1 1:330-1:100
Yery gentle slope 0°30°-2° 1-3-5 1:100-1:30
Gentle slope 2°5"° 3:5-1G-5 1:30-1:10
Moderate slope A 10-5-17 1:10-1:5-7
Moderately steep slope 10°-17° 17-30 1:5-7-1:3-3
Steep slope 17°-30° 30-56 1:3-3-1:1-8
Very steep slope 30™-45° 56-100 1:1-8-1:1
Precipitous slope 45°-72°

Cliffed slope >72°

* All called level (<0°307) 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, <15 fi; very narrow, 15-50 ft; narrow,
50-150 fi; broad, 150-500 ft; very broad, > 500 ft.

TaBLE 18
RELIEF CLASSES

Class R(il)et‘ Terrain Type
Nil <20 Level to undulating plain
Ultra Iow 20-50  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

{b) Streams and Drainage
(i) Stream Gradient—See slope steepness classes under subsection (a)().

(ii) Stream Width—TEither this is qualitatively described or estimates or
measurements (field measurements for small streams, air-photo measurements for



APPENDIX 1 165

large rivers) are given in yards. These data apply to the whole of the bare or sparsely
vegetated siream 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 gleying 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 fi; sustained supply of soil moisture during rainless periods, at
all times or except towards the end of exceptional droughts,

Imperfectly drained—Permanent or prolonged exeessive 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 seil moisture in the subsoil
(usnally 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 fo a depth of at most 9 in. ; commonly dry-sea-
son water-tables between 2 and 4 {1 rising to close to the surface during the wet season.

Swampy.—Permanent cxcessive soil moisture throughout the profile; water-
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-off in Relation to Through Draingge.—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 evapoiranspiration) 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

() Mapping Symbols.—These are built up as follows. The first capital letter
or combination of capital letters indicates the major structural group to which the

* For drainage and inundation index see subsection (£)(i).
+ For flooding index see subsection {(F){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 letier from the scientific
name of a dominant genus. They are: mangrove vegetation (B, from Bruguiera);
stands of Casuaring (C); sago palm vegetation (M, from Metroxylon); 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 symbols as short as possible one
in a group is left out: F is tall forest, G is mid-height grassland,

For woodland, grassland, and mixed herbaceous vegetation a second capital
letter is thén used, taken from a scientific name or indicating 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 a very light tone. An exception
is p, which means that pandans are common in the understorey. The capital letters
which follow refer to Campnosperma (C), sago (M), and pandan in the canopy (P).
Secondary forest (FR) has been split into young (v), medium-aged (m), and old
{without lower-case letter).

(i) Frequency.—The number of times a particular characteristic or plant was
observed in a cerfain 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, someiimes, or occasionally is less than 25%; normally is
between 25 and 75 % ; usually is more than 50%; often, mostly, or generally is more
than 759, :

(iii) Cover.—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 409 and in steps of 109,
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 follows: dense, rather dense,
scattered, very scattered, odd individual; or closed, rather closed, rather open, open,

(v) Commonness—This perfains to the number of individuals present in a
certain area. The following relative scale is used: abundant, very commeon, common,
rather common, present, rare.

(d) Weathering und Soils

(i) Degree of Weathering.—The terms skeletal, immature, and 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 Ruoxton 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, <35 ft; shallow,
5-10 ft; deep, 10-50 ft. Ii 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 fine-textured, and are virtually absent on limestone,

(i1i1) Degree of Soil Development.—This is qualitatively expressed as: un-
developed, slightly developed, moderately developed, strongly developed, very strongly
developed. Tt is assessed from such features as apparent degree of alteration relative
to the underlying parent rock, soil horizon differentiation, degree of leaching (pI),
soil colour, and solum thickness.

(iv} Thickness (Solum).~—This refers to the combined thickness of A and B
horizons:; very thin, <10 in.; thin, 10-20 in.; moderately thin, 20-30 in.; moderately
thick, 30-45 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 Topseil).—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 fooinote
relating the term to the thickness of the solum, In these cases, thick means 6 in.
(I5 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;
> [0 in. in soils with a sclum thicker than 30 in.

(vi) Dark Topsoil.—This term indicates A; horizons having moist scil colour
with a Munsell value of less than 3-5 and in nearly all cases a chroma of less than 4.

(vii) Seil Colour—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* (Agricultural}.—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 fully to
soil depth, but 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 soil depth index see subsection (), 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 subsection (b)(iii).

(x) Soil Gleying.—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, <0-1 in.fhr.

(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 {(A){iv).

(xiil) Linear Shrinkage.—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. It 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, <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 <35; acid, pH 5-5-9; weakly acid,
pH 6-6-5; neutral, pH 6-6-7-5; weakly alkaline, pH 7-6-8-0; alkaline, pH 8-}-8-5;
strongly alkaline, pH >8'5.

(xvi) Nitrogen, Phosphate, and Potash Contents—Soil 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, <0-1% N
(minimum recorded 0-05%); low, 0:1-0-2% N, moderate, 0-21-0-5% N; high,
0-51-1-0% N; very high, >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 0-0IN sulphuric
acid extraction according to the Kerr and von Steiglitz (1938) method and results

* For soil water stress see subsection (g)(fii).
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classed as: very low, <10 p.p.m.; low, 10-20 p.p.m.; moderate, 21-50 p.p.m.; high,
51-100 p.p.m.; very high, > 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
326 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 111
as predominant, >80%; dominant, 51-80%]; subdominant, 20-50%; common,
8-199%; minor, <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

{1) 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.

(i} 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(f), 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 seral 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 [0-20%; is in current use.

High.—Land in this class is covered for more than 50% by anthropogenous
vegetation, of which 5-109 is in current use.

Medium.—JLand in this class is covered for 20-50% by anthropogenous
vegetation, of which [-5%; is in current use.

Low.—Land in this class is covered for 20-509% by anthropogenous vegetation,
of which less than 1%, is in current use. Exploitation of sago palm stands is a significant
element of the land use pattern,

Very low—Land in this class is covered for 10-209; by anthropogenous
vegetation, of which <19 is in current use.

(v} Land Use Intensity Index (I).—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 Jand system as follows: II = 1 x (% very high) + 0-75 x (% high}
4 0.4 % (% medium) + 0:25 X (5 low) + 0-1 x (¥ very low land use intensity).

(f) Forest Resources

(i) Seil 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 1V. 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 it 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 DI index.

TasLE 19

NUMBER OF DAYS WHEN SOIL WATER STORAGE EQUALS 4 IN, AND RUN-OEF
IS MORE THAN 3 M.

Bainyik Yambi Lumi . Aitape
May—Oct. 0 7 11 12
Nov.-Apr. 4 11 34 360
Annual 4 18 45 48

The DI index is calculated for each mapping unit (land system or forest type).
It 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:

DI = 0-08(WO0)+-0-22(W1)-}-0-4d{W2)+0:T1(W3)+-0-85(W4)+0-27(1)4-0- 41(2)
10 55(i3)4-0- B2(i4) +-1- 0(i5),

where (W0), (WI),. .. (W4} and (il), . .. (i5) are the percentage areas in each access
hazard class, However, where a soil drainage and an inundation hazard occur
together only the maximum hazard (according to Table 20) is used in the formula.
The Findex is derived in the same way as the DI index, but in the case of flooding
occurring at least twice per year the minimum figure of 30 days per year is used.

(i} Yerrain Access Index (Al).—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 fo 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 be 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 calenlated as the sum of the slope index (see subsection (@)(it), 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
(days/yr) Flooding Index

Soil drainage status

Well drained (w0) 30 0-08
Imperfectly drained {w1) 80 0-22
Poorly drained (w2) 160 0-44
Very poorly drained {w3) 260 0-71
Swampy (wd) 310 0-85
Inundation )
Period < 50 daysfyr (il) 80 0-27
51-100 daysfyr (i2) 130 0-41
101-150 daysfyr (i3) 180 0-55
151-250 daysfyr (i4) 280 0-82
> 250 daysfyr (i5) 365 1-00
River floeding . '
Once in 6-10 yr (1) 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 Tate 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 ft/ac; high,
8000-12,000 super ftfac; moderate, S000-8000 super ftfac; low, 3000-5000 super ft/ac.
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(v} Forest Resource Index (FT)—Calculated for each land system, it 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 stocking 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 (I, 0-20; II, 21-40; IIl, 41-70; IV, >70),
which gives an assessment of the proportion of accessible slope in one fand 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, TIw, IlTw, W, and §) are thus recognized, presenting increasingly
difficult access.

Those land systems in access categories I and Iw that are subject to flooding
onice a year or more often over at least 20 % of their area are placed in access categories

I and TFw respectively.

(viil) 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 treesfac figure must be 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 defined briefly as follows:

Group 1.—Suitable for high-quality veneer timber.

Group 2A.—Conifers—Araucariaceae.

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 1X, Section I{a).
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For each land sysiem 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) + 1 x
(% land with moderate suitability) + £ X (% land with low suitability) 4+ & X
(% land with very low suitability) + 0 x (% land without suitability).

TasLg 21
FREQUENCY CLASSES OF OCCURRENCE OF TREE SPECIES

Trequency Class Symbol Freq:l ency
%)
Predominant P >80
Dominant D 50-80
Subdominant s 20-50
Very common v 1520
Common C 10-15
Occasional O 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.

(ify 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.

(1)) 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 {d){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 0-99-0-01 in. in soils with very high or high AWC, and {o 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

(1} Soil Depth (Engineering).—Engineering soil depth is measured or estimated
to underlying hard reck. Hard rock is defined as being impenetrable by hand auger
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or spade, but excluding gravel or stones. It is #ot synonymous with fresh rock, and
engingering 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,
<2 fi; shallow, 2-4 ft; moderately deep, 5-9 ft; deep, {0-15 ft; very deep, =15 fi.

(i) 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)
4 0-5 x (% moderately deep soils) +0-75 X (%4 deep soils) + 1 x (% very
deep soils).

(iiiy 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, 20-50 %, ; common, 8-19 %/; minor, <8%,.
Within each division depth classes are placed in apparent order of decreasing
dominance.

(iv) Unified Soil Classification—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 Departiment of Public Works, Port Moresby, partly on extrapolation of
these data to untested soils by means of correlation with field soil textures and soil type.

(v) Linear Shrinkage—Sce subsection (¢)(xiii).

IIl. REFERENCES

HaanTiens, H, A., Paumans, K., and Ruxrton, B. P. (1967).—Land systems of the Safia—Pongani
area. CSIRO Aust, Land Res, Ser. No. 17, 19-33.

Huwter, A. H., and PratT, P. E. (1957).—Extraction of potassium from soils by sulfuric acid.
Proc. Soil Sci. Soc, Am. 21, 595-8.

Kzrr, H. W., and von STEIGLITZ, C. R. (1938).—The laboratory determination of soil fertility, Qd
Dep. Agric. Bur. Sugar Exp, Stns tech. Comm. 9.

RuxToN, B. P. (1969).—Geomorphology of the Kerema—Vailala area. CSIRO Aust, Land Res.
Ser. No, 23, 65-76.

SerrcHT, J. G. (1967).—Explanation of land system descriptions. CSIRO Aust. Land Res. Ser.
No. 20, 174-84.

UNITED STATES DEPARTMENT OF AGRICULTURE (1951).—8oil survey manual. Agric. Handb. No. 18.

WAGNER, A. A. (1957).—The use of the Unified Soil Classification System by the Burcau of Reclama-
tion, Proc. 4th int. Conf. Soil Mech, Fdn Engng, pp. 125-34.



APPENDIX 1I

SURVEY PROCEDURES

By H. A. HaanTIENS*

1. AERIAL PHOTOGRAPHS AND MAPS
(a) Aerial Photographs

Three sets (see Section II()) 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)Y Maps

No suitable topographic maps were available before and during field work.
Eight nncontrolled 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 eatlier surveys, the fopo-compilations suffered the
usual lack of contour lines. The information in this report on hypsometric zones and
on the altitudes of land sysiems is derived largely from the contours {at 250-ft, 500-ft,
and subsequent 500-ft intervals) shown on the Aitape sheet of the U,8.A.F. aero-
nautical approach chart at 1:250,000.

II. SURVEY PREPARATION AND FIELD WORK

(@) 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 Iand 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~Ambunii area. The end-of-run photo numbers are shortened from 4-digit numbers

beginning with 50 or 3.
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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. 8. 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, nsing 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 achicving 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.

(¢) Field Work

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 flight programmes proved to be very useful in conducting the
helicopter programme, even though alterations often had to be made becanse 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. pre-forma cards for vegetation, forest



178 H. A. HAANTJENS

resources, soils, and land use capability factors, and recorded on Fortran data sheets
for land forms and geology during the first half of the survey. Integrated summaries
of each day’s observations were recorded cach night in camp on a separate set of cards.
The survey team consisted of Mr. . 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 landing 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 beyvond 25 miles from base camps because of the time involved.

HI. FINaL 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
ofien important, were subordinated to land form differences in land system mapping,
In fiat 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 atiempt 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 paiterns 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 refating boundaries by eye to streams and central photo
points shown on the base maps. Forest rescurces 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.

TV. REFERENCES
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DETAILED DESCRIPTIONS OF THE LAND SYSTEMS OF THE AITAPE-AMBUNTI AREA

By H. A. HaanTiens,* P. C. HEYLIGERS,* J. C. SAUNDERS,* and R. H. Fagawnt

1. INTRODUCTION

The land systems are described in the same order as on the land system map. Synoptic
descriptions given in Part IT1 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)}
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 siereo pairs of aerial photographs in Part II. The
figures quoted under streams and drainage refer to stream pattern plans, shown in Part ITL
In the “probable soil composition™ summaries, soil classes have been placed in brackets if
their presence is inferred but has not been observed in the field.

* Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601.
+ Department of Geography, Auvstralian National University, P.O. Box 4, Canberra, A.C.T. 2600,
1 -CSIRO Aust. Div. Land Res, tech. Memo. No. 711, Part T,
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H. Lanp SYSTEM DESCRIPTIONS

(1) MabpanG LAND SYSTEM (I SQ MILE)

Land Forms (Platc 1, Fig. 1)—Raised coral platforms, 10-
20 fi .51, form four off-shore islands. Land surface partially
flat, partially nndulating with 3-8-ft relief and sfopes up to 3°.
Small steep coral beaches oceur on south-castern (leeward)
margins. Elsewhere [ow (612 ft) very steep margins lead down
to narrow to wide submerged fringing reefs.

Streams and Drainage.—No surface drainage. Surface run-off
probably nil. There are a fow wells, which apparently become
brackish in the dry season. The land is well to excessively drained.

Vegeintion.—Virtvally no original vegetation; land system fis
covered by cocenut groves, gardens, and regrowth commiunities.
Usually a fringe of large Calophyllum trees along the coast.

Geology.—Recent coral limestone locally covered with thin coral
sand.

Weathering and Soils (1 obs_).—Virtually ne weathering. Probable
s0il composition is MR-O1 predominant. Soils consist of slightly
to undeveloped, alkaline, very shallow, very dark, very friable
gravelly or sandy loam, tonguing inic hard coral rock or having
an intermediate layer up to 18 in. thick of yellow-white gravelly
coarse coral sand (MR-C1). Rock outcrop common, particularly
on low rises.

Population and Land Use.—Population of 1060 distributed over
four villages. Present land use covers whole area, 75% in land
use intensity class 2, 25% in class 3. Population also uses some
land in Nubia (2) west of Aitape. Fishing and sago are an im-
portant paré of subsistence.

Transitions to Other Land Systems.—Mone.
Forest Resources.—Nil. Access category L

Apricaltural Assessment.—Tn (erms of permanent commercial
agriculture, land use capability Testricted to very low potential
for mrable crops and low capability for improved pastures.
Coconnt pelms arc adapted to this type of environment, bul are
unlikely to ke highly productive. Soil contents of N, P, and K
appear to be moderate. Probably rather frequent severe soil water
stress.

Engineering Assessment—No special difficulties, but no need for
civil engineering works. Airstrip constructed on Selio Island dur-
ing World War [I. Tslands are potential source of limestone for
use in road surfacing, stabilization, and building materials on the
mainland. Soils are SW to SC; probably all are very shallow.

(2) Nupra LaND SysTeM (28 SQ MILES)

Land Forms. (Plate 1, Fig. 2).—Very low flat to very gently
undulating beach ridges, probably occupying about 703 of the
Iand system and 150-800 yd wide, separated by swales 50-300 yd
wide and not more than 4 ft below the ridges. Ridges interrupted
in places by narrow (50-100 yd) flood-plains. Assuming ground-
water-table in beach sands is close to horizontal, there is little
difference in height between coastal and inland ridges, and the
furthest inland ridge is prabably only 12-15 ft above mean sea
Ievel, Possibly the beach ridge complex in extreme east of area is
higher above sea level,

A rather narrow gently to moderately shelving beach is backed
by a short steep slope to the youngest frontal beach ridge which
is 5-9 ft above mean sea level (normal tidal range probably about
4 £t), and generally morc undulating than older ridges inland.

East of Nigia River, chiaracteristic ridge and swale relief has
been almost obliterated by very young fluviatile deposits, possibly
originating from the 1935 earthguake. Ridges here also appear
slightly lower.

Streams and Drainage {Fig. 9(a)).—Dense to rather open pattern
of parallel very small unincised channels in the swales, with virtu-
ally no gradient, which are merely drainage lines fed by ground
water since run-off is probably nil in relation to through drainage;
some swales have no channels. Channels are intercepted by
meandering small {5-8 yd wide) streams that drain the plains
behind ridges and break through to réach the s¢a in 30-60-yd-wide
brackish io salt-water tidal creeks running parallel to the coast for
some distance and with Bars at their mouths,

Reach ridges ‘are generally well drained, locally imperfectly
drained with dry-season water-tables between 4 and abouni 8 ft

{soil colours indicate wet-season walcr-tables probably rarely rise
more than 1-1-5 ft abave these figures). Swales and flood-plains
are very poorly drained and at least partly inundated for 1-3
months, or have moderate to minor flood hazards.

Vegetation.—Little original vegetation remains because about
90%, of area is used for some form of production {coconut
plantations, gardens, sago) or bears secondary communities:
partly woody garden rtegrowth (R-FRm), partly mid-height
grassland dominated by Imperata eylindrica, with some Caelorachis
rotthoellioides and Sorghum nitidem, with weeds common (GI).
Casuaring equisetifolia (Cq) occurs on frontal beach ridges, often
as a single line of trees, in places as larger stands up to 90 ft high.
Sago is found in swales, occupying about 153 % of the land system.
Most of it is exploited (MR). Scattered trees are commonly present
(Me) and form locally an open camopy (FmoM). Locally, in
inland areas tall forest with an open canopy and sago palms in the
understorey (FoM, 3%) is found. Nypa palmns line tidal creeks
with low banks.

Geology—Recent beach sands, well sorted and mainly fipe.
Minor alluvial clay along traversing streams and in some swales.

Weathering and Soils (10 obs.).—Slight increase in weathering
from fresh beach sands along the shore to very shallow skeletal
weathering on furthest inland ridges.

Probable soil composition is: [AUP, IUHP subdominant;
EAY4, EUHT, MUHP common; EAPQ, EPOA, TUHO2 minor.

On the ridges is a sequence of seils from the coast intand.
Undeveloped, neutral, very dark grey loose sands with strongly
alkaline deeper substratum and a thin darker loamy sand to sand



APPENDIX T

topsoil (EPOA) on frontal ridges btecome slighily developed
similarly textured sojls with a moderately thick darker topsoil
and without alkaline subsoil (MUHP) on siill very young ridges.
Further inland, majority of ridges have slightly developed weakly
acid soils (ncutral at depth) of simifar texture but with a thick dark
topsoil and (more inland) an incipient browner-coloured B hori-
zon (IUHP), On furthest inland beach ridge over 2 miles from the
coast, a shghtly to moderately developed acid (at depth weakly
acid) soil was observed with a thick very dark very friable sandy
loam topsoil and a weakly developed brownish loamy sand B
horizon overlying the normal very dark grey loose sand (TUHOZ2).
East of the Nigia River sandy soils are covered by very young,
neutral, frinble silty clay loam, probably varying in thickness from
0-5to 2 ft (BUHT).

The swales have slightly developed, acid to weakly acid,
strongly gleyed sandy soils with thick dark very friable organic
loam to loamy sand topsoils (IAUP). On flood-plains and in
swales in which fluviatile deposition has itaken place occur un-
developed, neutral to weakly acid, very deep, strongly gleyed
altuvial soils of stratified {shizhily) plastic aud {very) sticky silty
clay loam to silty heavy clay with occasional sandy layers, be-
coming sandier below 2-5-3-fk depth, with sand or leamy sand
below 4-6 ft {BAY4). Saline muds or sands (EAPO) occur along
edges of tidal creeks.

Population and Land Use.—Population of 7540 distributed over
25 villages. Present land use covers 232 sq miles (839 of area),
3457 in Iand use intensity class 2, 47 % in class 3, 5% in class 4,
and 2% in class 5. Remaining 12%; consists of non-indigenous
coconui plantations. Beach ridge use is typically found in a littoral
belt a few hundred yards wide. Ridges are gardened or planted
with coconuts, whilst sago is expleited in the swales. Fishing
forms an important part of subsistence, particularly around
lagoons in west. Plantations are near Aitape and in the east, near
Suain.

Transitions with Other Land Systems.—Although it normally has
a very characteristic pati¢rn, the inland boundaries are commonly
rather vagoe, with gradual transitions to Po (15), Pandago (10), or
Nigia (12). Pattern and boundaries are least distinei in the
allivinm-covéred area east of the MNigia River, -

Forest Resources (I obs.).—Omnly 7% under forest; nil forest
resources. Low stocking rate Casuaering forest (Cq, 1 sq mile)
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oceurs on frontal dunes, best stand in nerth-west cornee of area.
Along intand edge occurs some forest of moderate stocking rate
(FoM, 1 sg mile). Access category Iw because of waterlogged
nature of swales, although beach ridges provide pood access.

Agricultural Assessment.—Apart from possible limitations in-
herent in sandy natare of the soils, there is high capabifily for
arable and tree crops, very high capability for improved pastures,
and low capability for irrigated rice. Whilst swales are unsuitable
for tree crops, have very restricted capability for arable crops, and
only low to moderate capability for improved pastures, they are
the moest suitable areas for rice-growing, together with alluvially
covered beach plains east of the Nigia River. Crop rotation with
green manuring or ley farming is essential if beach ridges to be
used for arable crops. Variations in 50il acidity between youngest
and cldest ridges could influence selection of both arable and tree
craps. Also, parts of beach ridges are difficult to use for apri-
culture because they were turned into sealed or matted airstrips
or dug over during World War 11,

Nitrogen contents increase inland, are generally low but very
low on frontal ridges and recently covered areas, and moderate
on most inland ridges and in swales. Phosphate contents are
generally high but decrease to moderate on inland ridges, and are
very high in alluvium-covered areas. Potash contents are generally
low, very low on inland ridges, but moderate on covered plains.
Probably rare slight soil water stress for shallow-rooting erops in
IUHP, MUHP, and EPCA soils.

Engineering Assessment.—No great problems for read-building
other than construction of causeways with culverts across swales.
Sealing roads with coral and gravel or admixtures of clay, all or
some of which are usually nearby, will be necessary to prevent
bogging of vehicles when sand occasionally dries out in the surface.
Organic surface horizons should be removed. Although sand is
poorly graded, INubia could be a valuable source in an area where
itis generally in short supply. Soils are dominantly SP with miner
MH, SM; all are very deep, although coral may locally be
present at shallow depth near Aitape.

Very suitable for airfield consirnction, with romwvay directions
varying from E.~W. to SE.-NW. At relatively small cost a well-
protected harbour in the lee 6f the coastal hills could be dredged
out from Nubia and adjoining Pandago (10} at the present site of
Aitape, with additional shelter provided in the lee of nearby coral
islands,

{3) Murik LanD SYSTEM (9 s MILES)

Land Forms (Plate 2, Fig. 1).—Tidal flats at approximately sea
level, and including two small delta flats in Sissano lagoon.
Occurring exclusively near the lagoon, this land sysiem probably
exists becanse of the very recent subsidence of this area (Part T).

Sfreams and Drainage.—Widely spaced tidal streams up to 80 yd
wide with intermittent and tidal flow of fresh to brackish water in
wet season, brackish fo salt water in dry season. Those tidal
streams directly behind and parallel to beach ridges are navigable
for motor lannches. Because of small tidal range (probably 4 ft),
Murik is neither deeply inundated nor deeply drained at any time.

Yegefation,—Mangrove, mainly Rhizephora—Bruguiere mid-
height forest, lines inland margins of Sissano lagoon and covers
two-thirds of Iand system. Avicennia colonizes some mud bars but
occurs also in the zone only covered by salt water during spring
tides. Vegetation mainly consisting of Acrosfickum ferns grows in
this zone, probably in places with stagnant water. Dense Nypa
palm vegetaiion making up the remaining third backs bheach

ridges at both sides of the lagoon and is particularly exiensive
towards the east. Air photos and aerial observation indicate it is
rather stunted in-that arca, probably due to stagnant water and
increasing freshwater influence.

Geology.—Recent estnarine sediments, probably clay and sand,

Weathering and Soils {no 0bs.).—No weathering. Probable soil
composition is (EAY) dominant, (EAPQ) subdominant. Soils
are probably saline soft mud (EAY1) with saline sand {(EAPDY)
near beach ridges of Nubia {2).

Population and Land Use.—No population. Present land use at
intensity class 2 confined to 0-2 sq mile (2% of area) of land that
can be regerded as inclusions of Mubia (2). This land used by
people in Nubia west of Malol lagoon,

Transitions o Other Land Systems.—Although Murik has unique
characterisfics, boundaries with Pandago (10) and Kabuk (8)



182

are indistinct in places, This suggests no clear demarcation be-
tween fluviatile and marine deposition and most sedimenis are
probably fluviatile-derived, actuiring their saline estuarine
character by subsidence.

Forest Resources {no obs.).—Mangiove forest (B) covers 569
(5 sg miles); no forest resources. Small gitths render forest non-
comsmescial for milling but perhdps of sorme importance as poles
or in a cuich indusiry. Access category 8.

Agriculfural Assessment.—No agricultural land use capability.
Small tidal range makes reclamation difficult and pointless. No
data on nitrogen, phosphate, and potash contents of soils.

Engineering Assessment.—T'0 be avoided for road-building. Soils
probably MH with some SM; all are very deep.

Poor harbour facilities along this part of New Guinea coast
could make it worth while to investigate the possibility of de-

(4} CHAMBRI LAND

Land Forms {Plate 2, Fig. 2)—Level flood-plain back swamps,
probably 5-18 ft below bank level of Sepik River and 160-180 ft
a.sl, Very faint scroll and aswale pattern visible in a few small
occurrences around cut-off meanders of Sepik River, Levees
10-30¢ yd wide and 1 or 2 it bigh along a few waterways.

Streams and Drainage.—INo streams, but areas of open waler are
common, ranging from 100 to [200 yd in diameter, Narrow
waterways, parily stable, partly unstable, are present in some
occurrences and may link patches of open water. The larger lakes,
which include some partly in-filled oxbows of the Sepik River,
contain rounded floes of matted foating vegetation moving under
the influence of weak currents and wind, Same factors cause
minor and sometimes major changes in the shore configuration of
{akes and the position of some watetways. Including the apen
water, but with the possible exception of some levees along
waterways, the land system is permanently inundated, water levels
probably ranging from 0+5 to B t during dry season and reaching
heights of 5-15 ft for 1-2 months during flooding of Sepik River,

Vegetation.—Herbaceous vegelation (H) covers almost the whole
[and system, but communities ranging {from aguatic vegetation via
floating grasses to sedge and fernlands have not been investigated
in any detaijl, Scattered patches of tall grass {GiPh, GtS) cover

T%.
Geology.—Recent paludal clay and organic material.

Weathering and Soils (no obs.).—No weathering; probable soil

H. A. HAANTIJENS ET AL,

veloping such facilities in Sissano lagoon which is very shaifow.
Suspended clay enters the lagoon mainly from small channels
draining swamps to the sonth-east {(Nigia ([2}) and is deposited
mainly on mud banks just inside opening of lagoon. These mud
bariks had clearly grown in September 1966 when compared with
aerial photographs from May 1964, Since no proper rivers de-
bouch in the lagoon, the rale of sedimentation is likely to be small.
There is a sand bar below low sea level cutside opening of lagoon.
Any use of lagoon as harbour would involve dredging a channel
and the harbour proper, whilst breakwaters would have 10 be
buill into the sea. Channel maintenance would appear to requirc
little effort. Sediments drained from the chanmel and harbour
could be used to raise the site for harbour facilities and construc-
tien of a road inland. Most suitable site would: be on most stable
western shore of lagoon. Reck suitable for fill and road construe-
tion and-probably for cement brick-making is available in Aitape
{55) not far west.

SysTEM (21 8Q MILES)

composition is {H1, EAY2) subdominant. Over most of the area
there is no soil in the generally accepted sense of the word.
Undeveloped silty clay to silty heavy clay soils, soft underfoot and
possibly with thin or thick peaty surface layers (EAY3), are
expected io be found on the few higher levee areas and shallowly
inundated parts. Blsewhere semi-suspended organic mud mixed
with roots (H1) may be found below fairly stable grass vegetation,
merging into sloppy heavy clay at depths below 3-8 ft.

Populaiion and Land Use.—Nil.

Transitions to Other Land Systems.—Boundaries with Sanai. (5)
and in a few cases Palimbai (f1) are gradual and rather arbifrary.

Forest Resources.—Nil, access category S.

Agricultural Assessment,—No agricultural land wse 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 contemplaied, areas could be either used as
reservoirs for temporary storage of eicess water or incorporated
within polders and fransformed into permanent lakes suitable
for stacking with fish. Soil nitrogen contents are probably very
high in organic mud and raw peat, low in mineral soils, Phosphate
contents probably vary from very low to moderate. Potash
contents probably high in mineral soil, low in peat.

hl

Engineering A t.—LTnsuit; for road construction.
Soils are Pt and CH; all are very deep. See agricultural assess-
ment for engineering aspects of land reclamation.

(5) Sanal LAND 8ysteM (55 sQ MILES)

Land Forms (Plate 3, Fig. 1}.—Level flood-plain swamps in Sepik
plain, probahly 3-8 ft below bank level of Sepik River and about
170-200 ft a.5.1, Levee banks, 1-4 ft high and 1040 yd wide with
low= to high-gradient back slopes, oceur along waterways.

Streams aud Drainage.—Many occurrences have slightly to
moderately branching waterways, ecither near their centre or
curving around near their edges, whick tend to have long s{raight
and gently curving sections with occasional sharp bends and
meander loops. The Jargest are 10-30 yd wide. During the dry

season the water level drops to 6-12 ft below the level of the leves
bank, leaving a depth of probably 4-10 ft above a muddy channel
bottom, Banks are steep to very steep. Smallest tributaries are
2-4 yd wide and 3-5 {t deep, and may ifall almost dry in dry
season. These waterways appear to function as drainage channels
of the swamps when Sepik River flood waters recede afier ihe
wet season. Conversely, at the beginning of the Sepik flooding they
carry tiver water into the swamps. Thus direction of flow is
probably reversed during the year, with almost complete stagna-
tion at the end of dry season and total disappearance of chaunels
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below water level at the height of seasonal flooding, There are
rare small patches of open water.

Surface run-off is nil. Land system is very poorly drained to
swampy and seasonally inundsted by fiooding of Sepik River
probably io 4-6 ft in lower parts and 1-2 ft in higher paris for
1-2 months, after which water levels gradually recede. Higher
parts probably fall dry soon after the flood season with water-
tables descending to depths of 2-3 ft at end of dry season, whilst
water-tables an lower parts are never lowered significantly below
Iand surface. Water-tables in low levee banks remain very close
to the surface, only a few yards away from water levels up to 10 ft
lower in the chanmels,

Vegefation.—Tall reed (Phragmites) grassland (GiPh) covers
about 759, herbaceous vegetation the rest, The latter comprises
some tracts of tall sedge (Thoracostachyum) vegetation (HT), but
nermally is of the mixed type (H) and found in most poorly
drained parts. Area of aguatic vegetation is negligible, Where
tall grassland has been burnt, a vegetation of low sedges dominates
the aspect before taller grasses iake over later in the season.

Geology.—Recent paludal clay and peat.

Weathering and Spils (6 obs.).—No weathering. Probable soil
composition is H3, EAY3, EAHY1, IAUO2 subdominant, Many
soils are undeveleped to slightly developed, weakly acid to acid
(pH increasing with depth), moderately shallow heavy clay soils
with thin peaty or organic clay topsoils. They are either very
strongly gleyed and rather soft underfoot (EAY3) or strongly
gleyed with soft very sticky upper horizons and very plastic
stronger subsoils, and have a thin (EAHY1) or a thick (TATUQ2)
dark topsoil. Also common, bul possibly restricted to lower areas,
are acid, stratified peaty clay, clayey peat, and peat soifs which
are soft underfoot and overlie soft sticky heavy clay or organic
clay at 5-8 ft (H3).

Population and Land Use.—Nil.

Transitions to Other Land Systems.—Boundaries are often clear
and distinct, in other cases gradual, Gradual boundaries as well
as transitional patterns oceur with Pandamp (6) where propor-
tion of tall sedge vegetation increases; with Kobar (7) where
nember of low swamp trees increases; with Chambri (4) where

* Where grass burn patterns occur in Sanai, they can be very
difficult o distinguish from open water on aerial photos.

(6) PaNDamP LAND

Land Forms (Plate 3, Fig. 2).—Level back plain swamps in Sepik
River flood-plain and along southern margin of alivvial plains to
north. Also valley flcor swamps, associated wilh dissected higher
grassland plains and blocked by more strongly aggraded alluvial
plains. Altitude 170 ft 10 probably 210 ft. Tsclated scrolls or leves
banks a few feet high occur locally in Sepik flood-plain area.

Streams and Drainage.—FEither no streams or single or slightly
branched waterways of similar nature and dimensions as de-
scribed for Sanai (5).

Surface run-off nil. Land system is swampy and much is
probably permanently inundated, with water levels 0-5-1 fi in
dry season and reaching 3-7 ft for 1-2 months during flooding of
Sepik River. Locally water-tables may descend to about [ ft
below surface in dry season. Smaller fluctuations in water levels
(prabably between surface and 2 fi above} are likely fo oceur in
-areas north of Sepik flood-plain proper.
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where small linear flood-plain scrolls begin to appear. Where
Burui (29} merges with Sanai, the latter strongly resembles Nigre
{27) on air photos.

FPorest Resources.—MNil. Access category S, although higher varts
may be accessible during part of dry season.

Agricultural Assessment.—Low potential for Irrigated rice-grow-
ing, Semi-swamp rice varieties could be planted before and
harvested during or after the flooding season on parts of area not
too deeply flocded. Small areas could also be used for rough
caitle grazing in the dry season. Land reclamation problems are
very similar to those for Pora (8), but reclaimed land with clay
soils would have very high capability for irrigated rice, high or
very high capability for improved pastures. The capability of
reclaimed land for arable crops and tree crops is more difficult to
assess but could be moderate to high and low to moderate
respectively. Upon reclamation the land surface is kkely to be
lowered about 1 ft through compaction of the water-saturated clay
soils. Possibly these soils will develop many permanent cracks,
increasing their permeability and capability to produce crops.
Where peat soils occur, much greater lowering of land can be
expected unless water-tablos are artificially kept at shallow depths,
The productive capability of these soils is difficult to forecast (see
Pora (8)). Soil nitrogen contents are high to very high in organic
or peaty topsoils, low to very low in mineral topsails, Phosphate
contents are generally low, but prabably vary from very low to
moderate. Potash contents are high to moderaie in essentially
mineral soils, low in peat soils.

Engineering Assessment—¥or all practical purposes, unsuitable
for road construction. However, were it essential to connect the
Bepik River with its hinterland and no route using higher ground
was available, it would be simpler to construct a road on a built-up
causeway here, provided with many culverts to prevent banking
up of flood waters, than in Pora (8), Pandamp {6), or Kobar (7).
Present waterways are extensively used for canos traffic, and it
might he useful to investigate the possibility of enlarging and
straightening one or two of them to carry larger vessels from the
Sepik 10 a roadhead on higher ground. Such canals would need
to be bedconed to bie fra¢table when aréa is inundaied. Soils are
dominantly CH, subdominantly Pt, OH; all are very deep. Scec
agricultural assessment of Pora (8) for engineering aspects of land
reclamation.

SvysTEM (96 SQ MILES)

Vegelation.—Vegetaiion consists of twa major components, One
is tall sedge (Thoracostachyun’) (HT) which, together with
patches of woodland with tall sedge undergrowth (WT?}, covers
27%. The other comprises vegetalion types with pandans: mid-
height forest with an open canopy and pandans in the under-
storey (Fmop) covers 13%. Remaining 60% is uader pandan
vegetation () in places interspersed with tall grass vegetation,
mainly reed and associated grasses (GtPh) and some cane grass
and reed (GtS).

Geology.—Recent paludal clay and, probably minor, peat.

Woeathering and Seils {no obs.).—No weathering, Prebable soil
composition is (EAY3) dominant; (EAY4} subdominant; (H1)
conunon. Soils probably mostly undeveloped, weakly acid to
acid, very strongly gleyed silty clay and silty heavy cfays which
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are soft underloot. Acid raw peat and organic mud soils likely to
cceur, particularly, in valley-floor swamps, overlying soft clay
at depths up to 7 ft. Partly decomposed acid peat soils overlain
by or interbedded with organic clay or siliy clay may occur locally
in Sepik flood-plain in cast of area.

Population and Land Use.—Poppulation of 210 in a single viliage
along an oxbow of the Sepik River. Present land use neglipible
and mainly restricted to levees of the Sepik River which are to be
considered as inclusions of Palimbai (11).

Transitions to Other Land Systems.—Commonly gradual and
someswhat arbitrary boundaries with Sanai (5) where tall grass
becomes more conspicuous; with Kobar (7) where there is a
strong ingrease in woodland trees; and with Pandago ($0) where
sago palms hecome freguent. Boundarics with Pora (8) and
Palimbai {1} are usually more distinct.

Forest Resources.—MNil. Access category S.
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Agriculiural Assessment.— Mo capability for agricultural land use.
Land reclamation problems appear to be intermediate between
those for Sanai (5) and Pora (8). It may be feasible to develop
some vallcy-floor occurrences, associated with higher grass plains
further north, for use as fish ponds. Scif nitrogen contenls appear
{c be low, but very high in peat and organic mud. Phosphate
contents probably mostly low fo moderate, very fow in peats.
‘Potash contents may range from high to low.

Engineering Assessment.—Unsuitable for road construction. A
small area might have to be traversed if a road Hak were made
between Ambunli and allivial plains to the north, using the hills
of Maio (64) and Waskuk (65) as the main approach, This would
involve building about 2-5 miles of causeway with some culverts
through this land system and Sanai (5), using earth fiil and rock
materials from isolated hills for earth works. Soils aré deminantly
CH, subdominantly MH, and minor Pt; zll are very deep. See
Pora (8) for engineering aspects of land reclamation.

(7) Konar LAND SvSTEM (17 5Q MILES)

Land Forms {Plate 4, Fig. 1), —Level back plain swamps in Sepik
River flood-plain and valley-fioor swamps assoclated with
dissected higher grassland plains and blocked by more strongly
aggraded alluvial plains. Altitude is 170 to probably 210 t.

Steeams and Drainage.—No streams. Surface run-off is nil.
Swanipy and inundated by fiooding from Sepik River to probably
2-4 ft for 1-2 months, after which water levels slowly decline to
the surface or slightly below towards end of dry season, In small
northern occurrences inundution levels probably do not exceed
[--2 ft,

Yegetation—Waoadland with tall sedge {Thavacasteckyunr) under-
growlh (WT) with some patches of reed and other grasses (GtPh).

Geolopy.—Recent paludal clay and peat.

Weathering and Soils (2 obs.}—No weathering. Probable soil
composition is H1, H3 subdominunt. Acid organic soils consist
of either open-structured raw peat and organic mud (H1) or
denscr, little to well decomposed peal (H3) which near present or
former courses of the Scpik River can be cavered by 0-5-1-5 ft
of organic clay and plaslic silty clay sometimes averlain by a
layer of litter and roots 0-5-1 ft thick.

Population and Land Use.—Nil.

Transitipns to Other Land Systems.—Gradunal boundaries with
Pora (8) where there are denser stands of trees and sago; transi-
tional to Kabuk (9) where there is more stunted sago and fewer
trees; and gradual boundaries with Pandamp (6) where pandan
palms are common and emergent trees scarce.

Forest Resources.—MNil. Access category 5.

Agricuttural Assessment.—No capability for agricultural land use.
Land reclamation problems similar to those for Pora (8). Valley-
floor swamps associated with higher grass plains could be turned
into fish ponds. Soil nitrogen contents very high in peat soils,
moderaie in clay layers. Phosphate contents range from moderate
te very low in peat soils, appear very high in clay layers. Potash
contents low to very low in peat soils, moderate in clay layers,

Engi ing A t.—LJ ble for road construction. Scils
are dominantly Pt, subdominantly OH, with a CH substratum
at depth; all are very deep. See agricultural assessment. of Pora

(8) for engineering aspecis of land rectamalion.

(8) Pora LAND SysTEM (49 S MILES)

Land Forms (Plate 4, Fig. 2).—Level Hood-plain swamps, approx.
170-200Q ft a.5.1., probably lying 2-5 ft below bank level of Sepik
River, Two smaH occurrences north of Sepik plain are swamps
partly enclosed by high ground and blocked by slightly higher
flood-plains.

Streams and Drainage.—Noastreams. Surface run-off nil. Swampy
and inundated by flooding from Sepik River to probably 2-4 ft
for 1-2 months, after which water levels decline to the surface or
recede slightly below towards end of dry season. In small northern
occurrences inundation levels probably do not exceed 1-5 ft.

Vepgetation.—Mid-height forest with open canopy with Campuoe-
sperma and sage palms in understorey (FmoCM) covers 98 %.

Mid-height forest with open canopy and pandans in understorey
(Fmop) ocenrs on the rest.

Geology.—Recent paludal clay and peat.

Weathering and Soils (2 obs.)—No weathering. Probable soil
compaosition is H1, H2 subdominant. Soils are of peat ranging
frem very open-textured raw peat mixed with roois and soft mud
(H1} to denser, poorly decomposed, but in upper part rather well
decomposed peat (H2). The peat is acid underlain at 4 ft to
prebably more than 10 ft by very strongly gleyed, weakly acid,
soft clay and silty heavy clay.

Population and Land Use.—MNil.
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Transitions to Other Land Systems.—Pora has a characteristic
very uniform photo pattern thai cannot be mistaken, but in places
has gradual boundaries with Pandago (10) and Kobar (7).

Forest Resourres (I obs.).—Forest covers 86%; low forest re-
sources, Only one forest type with a low stocking rate (FmoCM,
42 sq miles) occurs. Access category S.

Agriculturp] Assessment.—Land use capability nil. Land re-
clamation possible only at great cost, involving complete em-
poMdering for protection against flooding from Sepik River as well
as complete water control, largely by mechanical means siace
water-tables would have 1o be maintained at a constant high level
for the more decomposed peat soils to prevent undue oxidation
and shrinking, Raw peat and organic mud soils, however, are so
soft underfoot that to be usable they would require compaction

and shrinkage by lowering the water-table to below the surface of
the underlying clay. Construction of stable levee banks could
be very difficult in peat and soft clays. Agricultural suitability
of such reclaimed peat soils is diffienlt to assess, but cattle-grazing
would possibly lead to trampling problems, regular cultivation to
rapid oxidation of the peat, and stability problems could arise
with tree crops. Investigation of peat quality for fuel, potting
soil, or compost and mulch, could indicate the value of exploita-
tion. Soil nitrogen contents very high in peat, low in mineral
horizons. Phosphate contents probably range from very low to
moderale; potash contentslow to very low in peat, high in mineral
horizons.

Engineering Assessment.—Unsuitable for road construction. Soils
are Pt, with CH at depth; all are very deep. See agricultural
assessment for engineering aspects of land reclamation.

(9) Kapuk LanD SySTEM (30 sqQ MiLEs)

Land Forms (Plate 5).—Flood-plain swamps, 5-260 ft a.s.[., form
the lowest paris of large alluvial fan plains. Valley floors are
confined between high plains or hills with drainage blocked by
more vigorously aggrading alluvial plains. Gradients are about
1: 4000 or less.

Streams and Drainage.—No develaped stream channels. Surface
run-off appears to be nil. Dry season water-tables are at the
surface; the land i3 swampy and inundated 0-5-2 ft up to 8
months of the year.

Vegetation—Complete cover of sago palm vegetation, 42%
stunted {M1), remuinder without or with few scatiered emergent

trees (M).
Geology.—Receni clay and peaty materials overlying clay.

‘Weathering and Seils (2 obs.)—No weathering. Probable soil
composition in H1 dominant, (EAY3) subdominant, (EAHY1}
common, {EAY2) minor, Soils observed in blocked valleys are
acid raw peat andfor organic mud (H1), partially suspended in
waier and very soft underfoot. In two observations no solid
substratum was reached at 7 fi and 13 ft respectively. Soils in
alluvial plains probably undeveloped, weakly acid to weakly
alkaline (near the coast), deep, very sirongly gleyed clay loam to
heavy clay alluvial scils, commonly soft underfoot, and possibly
locatly associated wilh peat soils.

Population and Land Use.—No population. Land use negligible.
Some occurrences seem to be used for sago exploifation.

Transitions to Other Fand Systems.—Associated with and in
places transitional te Pandago (10) (particulerly in alluvial fan
plains), and Pandamp (6) and Kobar (7) (particularly in blocked
valleys). Distinguished from last two anly on basis of vegetation

(10) PanpAaGo LAND

Land Forms (Plate 5).—Floed-plain swamps, 5-300 ft asl,
mainly lower pacts of alluvial fan plains, inchiding stabilized
parts of flood-out fans, and of small fans and sprons along
margins of hills in the south-east; alsc alluvial plains behind
Leach ridges or semi-enclosed by dissected higher.older plains and

diffcrences. Tn a few places Kabuk has gradual boundaries with
Migia (12).

Forest Resources.—MNil, Access category S,

Agricaltural Assessment,—INo capability at present for agricultural
land uge, sxcept possibly for growing swamp rice varieties. Much
blocked valley land appeais suitable for construction of fish
ponds. Reclamation would probably involve lowering water
level by 8-15 ft 1o reach firm substrata because overlying raw peat
and organic mud would be lowered with water-table. Pumping
out of water and protection of open valley ends by Ievee banks
to prevent flocding would be necessary, This land, with its heavy
clay soils, would probably be suitable for irrigated rice and
moderately suitable for arable crops and improved pastures,
Reclamation in the fan plains would be easier, but again slow
permeahility of soils might limit its suitability for agricuftural use.
Soil nitrogen contents high.in peaty soils, probably very low.to
maoderate in mineral soifs, Phosphate contents very low in peaty
soils and probably vary from high to low in clayey sofls. Potash
contents mostly moderate to high, but low near the coast.

Engineering Assessment.—Should, and generally can, be avoided
for road constroction. For & road through land in a blocked valley
larpe quantities of earth fill, easily obtainable from nearby high
ground, will be required te pravide a firm foundation and raise
the road surface aboyve maximum inundation level, Culverts are
essential since much run-off and seepage water from bhigh ground
is discharged through these valleys, despite lack of proper stream
channels, Feasible to develop some valleys as water reservoirs for
agriculiural wse, but weed control will be necessary. Soils are
subdominantly Pt, CH, and minor OH, SP; all are very deep.
See apricultural assessment for engineering aspects of land
reclamation.

SysTEM (215 sq mILES)

fow hill ridges. A few areas comprise lower parts of levee splays
of the Sepik River. Two small areas (total about 1 5q mile) occur
on older fan surface of Aiome {23}, where drainage is disorganized
by recent warping of fan surface. Land gradients probably
1 : 1000 to 1 : 4000,
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Streams and Draioage—No organized s{ream net, or at most
widely spaced small shallow channels of draining streams with a
sluggish flow.

Surfzee run-off probably nil. Dry-season water-tables observed
ranged from the surface to more than 6 {t depth, but mosily at
3 ft or higher, and will rise considerably during wet season, prob-
ably resulting in inundation tg 0-5-15 ft for 2-3 months in most
arcas. River fleoding, probably annual, seems restricted to areas
in Sepik River flood-plain and some parrow blocked valleys.
Yery poorly drained to swampy.

Vegefation.—Sage palm vegelation with emergent irees {Me) and
mid-height forest with open canopy with sago palms in under-
storey {FriioM) cover 38 % and 54 %4. Sago palm vegetation with-
cut emergent trees (M) and mid-heigint forest with irregular
canopy with pandans and with sago palms and pandans in undes-
storey (FmPM) are very restricted, as are paiches of exploited
sapo palms (MR).

Geology.—Mainky Recent alluvium; probably stratified clay, silt,
and minor sand. Littoral sand and lagoonal clay present in some
occurrences near the coast. Peat common locally.

‘Weathering and Soils (7 obs.)—No weathering. Probable soil
composition is EAHO, (BAHYI), EAYIU2 subdominant; H2,
T3, H4, BAY?Z, (EAYS5), EAPO minor. Largs areas associated
with fan plains not sampled, but are probably undeveloped,
nentral to weakly alkaline, deep to moderately deep, sirongly
gleyed alluyial soils, mainly clays but ranging in texture from sandy
clay loam 1o heavy clay. A very plastic soil of the last kind, with
thin dark topsoil (EAHQ), observed in blocked valleys in ecast.
Soils of Sepik Aood-piain likely to be weakly acid and very silty
and to lack any dark topsoil. 1n the blocked swamps organic soils
of moderate to slow permeability appear common. Acid, very
deep, rather dense peat soils or soils with stratified peat, clayey
peat, and peaty clay layers {H2, H3) were observed i the south
(underlain by heavy clay at 5 ft in one case). A weakly alkaline
well-decomposed peat soil overlies strongly alkaline lagoonal clay
at 45 ft (I4) in the north near the coast. Here also occur weakly
alkaline very desp sandy s6ils wilth & thin organic Joamy iopsoil
(BAPO), and similar soils with a thicker slightly plastic and very
sticky rather organic loam to sandy loam surface soil (BEAYZ).
Soils on older fan surfaces may be similar 1o one observed in a
small depression of Paiawa (24): undifferentiated weakly acid deep
strongly pleyed plastic and very sticky clay soils (BAYS).

Population aud Land Use~—Population of 83 in a single village on
the Sepik River on an inclusion of Palimbai {11). Present land use
covers 3-8 sq miles (294 of area) near Aitape of which 39 % is in
land use Intensity class 2, 28% inr class 3, and 332 in class 5,
Land system commonly a source of sago for nearby viliages in
adjoining land systems.

Transitions to Other Land Systems.—Fairly abrupt differences
implied with Po (15) and Misinki (14), but boundaries with them
are commosly gradual on aerial photographs, Boundaries with
Kabuk (9} are even [ess distinct and apparently accompanied by

(11) ParMBAal LaND

Land Forms (Plate 6, Fig. 1).—Sc¢roll plains and minor splay
plains of the Sepik River flood-plain at about 170-200 ft a.s.l.
Serolls consist of long, gently arcuate, low fiat ridges, 20-100 yd
wide and 05 to over 2 miles long, with very gentle side slopes and
standing 2-8 ft ahove interlying swales or surrounding swamp

H. A. HAANTIENS ET AL,

equally gradationa! differences in land characteristics, Kabuk {9)
appearing more swampy. Bistinction between Pandago and
Nigia (12) is based mainly on vegetation and stceam pattern
differences Indicative of more stable conditions in Pandago,
and boundaries are commonly indistinct. Whilst mapping of
Pandago is based on the distinction on aerial photographs be-
tween sago commenities and other swamp communities without
sago or with siunted sago, some small areas of communities
nermally included with Pandago have been mapped as Nigre (27),
since it is clear that they occur on an older, weathered land surface,
not on young alluvial plains.

Forest Resources (2 obs.).——Forest covers 44 %; very low to low
forest resources. Forest of low stocking rate (FmoM) covers 95 sq.
miles, Access category 5.

Agriculiural Assessment.—Poor drainage, inundation, and locally
also flooding indicate no capability for arabfc crops-and tree crops,
very low capability for improved pastures (dry-season grazing
during 3-5 months, except in very swampy areas), but moderate
capability for irrigated rice-growing, Under natural inundation
annual yields of this crop are likely to vary strongly because of
peor water control. Problems in land preparation, harvesting,
efc., may arise on peat soils. The weitest parts of Pandago
appear to have no agricultural capability, Nearly all the larger
well-developed stands of sago palms are in the area, which appears
capable of sustained sago production, pasticalarly if’ stands are
improved by selective planting and removal of emergent trees.
Land use capability for irrigated rice may be raised to high by the
application of relatively simple measures to conirol inundation
and drainage in large parts of the land system. Further reclama-
tion by drainape improvement would be more expensive, involving
construction of large drainape channels and, locally, the pumping
out of excess water and protection against flooding by levee banks.
Both organic =oils and some very slowly permeable alluvial soils
may be difficult to drain or require maintenance of shallow water-
tables, Full reclamation would result in high capability for arable
crops, very high capability for impreved pastures, but only low fo
moderate capability for tree crops because of the rather alkaline
reaction and slow pérmeability of many soils, Seil nitrogen
contents are low to moderate, bot very high in peat soils. Phos-
phate contents are probably mostly high to moderate, but vary
from very high to very low. Potash contents probably range
meostly from moderate to very high. but are low to very low in
peat soils, sandy soils near the coast, and small occurrences
asgociated with Alome (23).

Engineering Assessment,—Road construction should be avoided.
Where short traverses are necessary roads should be built np well
above inundation Ievels, but roadside ditches by themselves would
serve little purpose. Culveris would be required to prevent bank-
ing up of water, Traflicability of unmade roads will be poor even
at the height of the dry season. The softness of organic and many
clayey soils could cause sagping of earth structures for built-up
rpads. Soils are dominantly CH, subdominantly MH, Pt, and
minor §M; all are very deep. See agricultural assessment for
engineering aspects of land reclamation,

SvysTeM (102 sQ MILES)

land. Where freely developed they form feathery or fan-shaped
bundles, with width of interlying swales increasing from narrow
to wide end of bundle. In many cases, criss-cross patterns arise
where the river has cut through existing bundles and built up new
serofl systems at a different angle. Actively aggrading scrolls
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occur in many inner bends of the Sepik River, Swales vary in
width from 10 to 400 yd and probably oceur at a height of 2-8 ft
below bank height of the Sepik River. When very wide they form
inclusions of Sanai {5) and Pandamp (6), rather than having the
characteristic swale character of Palimbai. Splay plains oceur in
two places just downstream from points where the Sepik River is
wedged between hills of Maio (64), They are narrow and highest
{up to 10 ft above surrounding swamps) at their upstream end
amd wide and Iowest (probably 3-6 [t above surrounding swamps)
downstream. They owe their existence to more vigorous
sedimentation below narrows in the river and consist essentiatly
of coalescing scroll ridges, with very shallow (1-2 ft) swale
depressions.

Streams and Drainage.—Closely associated with the Sepik River,
which it surrounds almost completely west and north-east of the
Ambunti hill region. The river has an average width of about
320 yd, with exiremes at 520 and 220 yd and a gradient of <1 ft
per mile. Shifting mud banks occur along most inner banks, but
the talweg depth is likely 10 be normally more than 20 ft* even at
low water Ievel. Outer banks are mostly precipitous, with {ops
15-18 fi above low water level. Bank eresion is visibly active in
many places. The river carries clay in suspension and has a current
of probably 3 knots at low water Ievel. The bedload probably
consists of clay, silt, and smalf amounts of fine sand. Many oxbow
lakes occur, and in places shallower and narrower channels form
short cuts in the meander loops or ogcur on the inner side of low
scroll plain islands. Slow gradual changes in the river bed occur
in many places, due to erosion along outer and sedimentation
along inner banks. Major shifts in river course occur rarely and
appear to be resiricted to certain sections,

During annual floods, occurring in wet season but not neces-
sarily in relation to local rainfall patiern, river level will normally
rise up to 17 ft, fooding the land system to depths from 1 to
probably 10 fi depending on height and nearness of the land to the
river. The very highest paris are flooded to 1-2 ft in exceptional
years only, €.3. March—April 1966. On higher parts and close to
the river, flooding may last from a few weeks to two months, with
water-tables descending to 7-9 ft or more during dry season. On
lower scrolls away from the river inundation may last from 4 to 7

——months, many swales are permanently inundated; water levels of

0-5-1 ft above the surface having been observed towards end of
dry season. Surface run-off nil. Drainage staius varies from
poorly drained on most higher scrolls and splay plains to swampy
in swales and on lowest scrolls.

Vegetation.—Tall forest with open canopy with light-toned crowns
{Fod) occurs on higher serolls and ene of the splay plains. Large
tracts are rare because of the form of the scrolls. On the smaller
scrolls only narrow bands of trees are found, often breaking up
into scattered clumps where these scrolls fade out. All occurrences
together account for about 259% of the land system. Tall forest
with open canopy and sage palms in the understorey (FoM) is
found on the other splay plain, about 2%,. In the swales and on
the lowermost scrolls, tall grassland (GtS) with cane grass
(Saccharum) and reed (Phragmites) covers about 48%; pandan
vegetation () covers about 20 %; and is confined to swales. Along
and in oxbow lakes is herbaceous vegeiation (H), often consisting
of floating grasses, covering about 3%,. On higher mud banks
and agprading scrolls along the river is tall cane grass vegetation
(GiS), covering about 4%,

Geology.—Recent alluvium; silty clay to silt loam.

* Depths ranging from nearly 20 to more than 130 ft were
recorded during a trip of naval patrol boats up the river well
beyond Ambunti in February 1969. Naval Public Relations,
Canberra, Navy News Information Sheet 15/69.

187

Weathering and Soils (3 obs.).—No weathering. Probable sail
composition is EAY3, (EAHY1), EAHU?2 subdominant. All
are undeveloped alfuvial soils and, apparently and surprisingly,
acid to weakly acid. They range from very desp moderately gleyed
rather siratified soils with textures of firm silty clay, friable silty
clay loam, and some silt loam (EAHU2) on the highest scrolls
and splay plains, to very strongly gleyed, slightiy plastic and VEIy
sticky clay soils which are soft underfoot {EAY3) in low-lying
swales. ‘Iransitions are likely to occur but heavy clay soils are
noticeably absent.

Population and Land Use.—Population of 1390 distributed gver
five villages. Present land use covers 1-1 sq mifes (1% of area},
all in land use intensity class I, and occurs on higher Sepik River
levees. Sagoe collecting is principal form of subsistence, supple-
mented by fishing and gardening,

Fransitions to Other Land Systems.—Where the scroll pattern
becomes vague, with only small grass-covered scrolls, there is
transition to Sanai (5) and, if open water also present in pattern,
to Chambri (4). Where serolls become widely spaced, Palimbai
becomes transitional to Sanai (5) or Pandamp (6). Boundaries
with these range from very distinct to gradual and arbitrary.
Where splay plains become very low, there is a rather gradual
boundary between Palimbai and Pandago (10).

Forest Resources (1 obs.).—Forest covers 16%: very low re-
sources, Moderate stocking rate forests (Fod, 15 sq miles;
FoM, 1 sq mile} ocenr on the rarely to commeonly floaded higher
paris. Access category W, but highest parts may be accessible
most of the year.

Agricultural Assessment.—GOverall, very low capability for irrigated
rice, Aboui 25% of the area, comprising higher parts of seroll
ridges and splay plains, has low to very low capability for arabls
crops and moderate to very low capability for improved pastares,
whilst about 15%; has low to very low capability for tree crops.
Prolonged flooding and inundation would prevent intensive land
development except on very highest ground, vnless Crops were
planted on high built-up ridges, a practice wsed locally in in-
digenous land use, These factors, moreover, seriously limit the
periods available for crepping and grazing. Silty topsoils, lacking
in organic matter and structure, are readily compacted and
sealed by rain, thus posing problems in land tillage and sesd-bed
preparation. Poor drainage further limits capability for tree
crops even on high-lying land. Rice-growing would have to
depend on either natural irrigation by inundation or irrigation
with pumped-up river water in dry season. A large proportion
of land system, which is almost permanently under water, has
no land use capability. Soil nitrogen contents are, surprisingly,
moderate. Phosphate contents appear to be very low, but may be
much higher in places. Potash contents probably range from very
high to moderate, being apparently lowest on the highest serolls.
Land reclamation, particularly of higher parts, would produce
land with high capability for arable crops and moderate capability
for tree crops. Because of the relief inhereat in the scroll-swale
pattern, land grading would be required before reclaimed land
reached high or very high capability for irrigated rice.

Reclamation involving empoldering by levee banks and dis-
charge of excess water by pumping, required during the flooding
season only for higher parts but throughout the year for lower
parts, would be very costly, even though foundation problems for
leves banks would be smaller than in other land systems of the
Sepik flood-plain. On the other hand, the proximity of Palimbai
to the Sepik River would make protection of the dikes against
flood scouring essential, whilst some areas along the river might
have to be left unprotected to prevent too great a rise in water
level in a confined channel between dikes, One Favoutable cir-
curnstance in this part of the Sepik plain is that stone for con-
struction puzposes is close.at hand in Maio {64) and Waskuk (63,
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Engineering Assessment.—The large Jower parts arc unsuitable
for road construction. Since traffic can be expected to be by ship
ant the Sepik River, there is ro need for road construction other
than small feeder roads on highest ground, if and when any
developmenl takes place. These ¢puld be surfaced with stone
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from Maio (64) or Waskuk (65), ard would probably require
regular maintenance afler floods. Soils are dominantly MH,
subdominantly CH; all ar¢ very deep. Sce agricultural assess-
ment for engineering aspects of Tand reclamation.

(12) Nrgia Lanp System (107 sq MILES)

Lapd Forms (Plate 6, Fig. 2).—Actively aggrading unstable
distributary fans {food-out splays), as well as scroll plains
(unstable fload-plains) of the Nigia and Wagasa Rivers (about
122 of total area). Altitnde ranges from 5 to 260 ft; gradients
probably range from 1: 500-1 : 000 in upper parts to 1:2000-
i 2 3000 in lower parts; reliefis up to 5 ft. The Nigia scroll plain
commonly has flood scouring and channelling microrelief of 1-3 ft
and two terraces with a 2-3-ft break were observed, They appear
to have an appreciable back slope so that the present river bed
oceugies an elevated pasition. Terrace edges, 4-6 it Righ, separate
the seroll plains from surrounding alluvial plains. Similar sharp
breaks may be present in upper parts of the distributary fans but
gradually disappear in lower parsls.

Streams and Drainage.— Distributary fans have unstable un-
ineised distributary streams at the upper ends where main braid-
ing or meandering streams enter the land system. The greater
part of these fans, including alse upper sectors of funs near
southern margin of southern alluvial plains, have no organized
drainage, but small draining creeks may originate in the lower-
most parts. Scroll piains have a 40-130-yd-wide main stream
throughout, which is braided or anabranching in its upper reaches,
meandering in its lower reaches, with cut-off meanders par-
ticularly freguent near the point of change.

Surface run-off appears to be mil. Most of land system is
subject to frequent flooding with scovring and sedimentation,
whilst lowest areas of distributary fans are inundated prebably up
to 2 ft for 3-9 months. Drainage status of distributary fans ranges
from poor in upper paris to very poor to swampy in rémainder.
Sergll plzins arc poorly 1o imporfoctly drained. Dry-season water-
tables in distributary fans appear generally cfose to the surface
whilst in the scroll plains they range from <4 ft to nearly 6 ft in
depth,

Yegetation.—Vegetation types with pandans are characteristic.
Their distribution pattern reflects the severity of the fiooding
current; mid-height forest with an open canopy with farge heavily
stilt-rooted pandans (FmoP) occurs in flood-cut paris of fans
and on terraces along braiding rivers (18 %). In middle sections
of fans and on back slopes of scroll plains pandans are less
common in canopy, but other species still feature in understorey
{Fmop, 49%): small paiches of low farest (F1, 7%) occur here
in mosaic with mid-height forest. In farthest quictest parts sago
comes in and vegetation changes inte mid-height forest with an
irregular canopy with pandans and with sage palms and pandans
in the understorey (FmPM, 20%). On higher gravel beds in
northern rivers an as yet undeseribed Casuaring (Gymnastarma)
species (Cs) forms pure stands, characteristic in photo pattern but
generally too small to map out, Tall cane-grass vegetation (GtS)
is found in some of the southern flood-out areas (3 %)

Geology.—Recent alluvigm: stratified sand, silt, and clay, with
gravel in upper parts of occurrences, where main streams enter
land system (at [east in coastal plains); commonly calcareous.

Weathering and Spils (5 obs.).—No weathering, Probable soil

composition is BAY1, (EAY4) subdominant; EAFSI1, EAPO,
EUHA] common; (EAY2), EPOO minor; all are completely
undeveloped alluvial soils. No observations in inlapd plains,
but soil conditions appear fairly similar to those in coastal
plain, althongh textures are likely to be finer. The only soil
observed in the distributary fans is an alkaline, very deep, very
strongly gleyed, slightly calcarcous, stratified siity clay loam to
sand with soft muddy upper layers (EAY1). Similar but finer-
textured soils also expected to be common, Tpper parts of fans
appear to have sandy and gravelly “soils” (TEAY2). Soils of
Nigia River seroll plain appear mainly alkaline, very deep, moder-
ately gleved, predominantly loamy soils, but with étratification
from fine sand to silty clay, and strongly calcarecus in upper part
becoming  slightly or non-calcarcous with depth (BUHAL,
EAHSI). A slightly gleyed, very sandy and wholly calcareous
soif with thin less sandy bands (EPOO) cbserved on youngest
scroll terrace.

Population and Land Use.—Population nil: present land use
negligible.

Transitions fo Other Land Systems.—Scroll plains and upper
parts of distributary fans have unique and sharply bounded photo
palterns, but lower paris are often difficult to distingnish from
Pandago (10) or even Kabuk (%), and, where there has been much
interference with the vegetation by man, also from Po (15). Itis
likely that land of transitional characieristics has been included
in these three land systems. Mapping is bascd largely on dis-
tinguishing pandan vepetation from sago and other swamp
communifies, but its recognition is often difficult. In scveral
places Wigia is associated with Yilui (13), thought to consist of
similar bui older and now stabilized distributary fans; sometimes
these two land systems are not clearly distinguishable.

Forest Resources.—Nil, Access category S,

Agriculfural Assessment.—Only low capability for irrigated rice
due to preat risk of crop failure through excess flooding. Any
development of land as it is would be most hazardous, Reclama-
tion would require construction of large channels fo harness the
rivers. Maintenance of such channels mighi present problems
because of the apparentfy large sediment loads in the rivers. The
method would, however, be very cffcctive in mitigating flood
conirol and improving land drainage, giving very high capability
for improved pastures or irrigated rice and high suitability for
arable crops, with choice of crops or varieties limited mainly by
alkalinity of calcarecus soils. This factor ceuld be a more sericus
limitation for tree-ctop growing, even on reclaimed land. Soil
nilrogen contents are generally Iow to very low, locally moderate;
phosphate contents are mostly high to very high, locally moderate;
patash cantents appear Lo vary from high to Iow.

Engineering Assessment.—High flood hazards and poor drainage
make road construction difficult and hazardous. The need to
avoid this [and system is probably main obstacle to construction
of east-west roads in the coastal plain and, to a smaller degree,
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in inland plains. Particular problems arise in crossing the Nigia
River scroll plain, necessary in any road between Aitape and
Dagua, unless a bridee is consiructed on the beach. The seroll
plain is narrowest (360-400 yd) 4-5 miles inland, but would have
to be wholly bridged since long abuiments would cause banking
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up of flood waters. Upper parts of distributary fans in coastal
plain could be minor but vseful sources of sand and gravel. Soils
are CH, CL, ML, SM, with minor SP; all are very deep. See
agricultural assessment for engineering aspects of land
reclamation.

(13) Yiwur Lanp SySTEM (48 5Q MILES)

Land Forms (Plate 7, Fig. 1).—Alluvial plains and fan plains of
stabilized flood-out splays. Altitude ranges from 10 to 220 ft.
Alluvial plains have very low gradients or are level (maximum
gradient probably 1 : 1000) and consist of narrow (60-100 yd) low
levee banks along streams, separated by back plains 3-% ft below
the Ievees and 400-1000 yd wide. Levees probably account for
209, back plains for 48%;, and fan plains for 409 of the area.
Tan plains are flat with very low pradienis but in places slignly
dissected by small channels, Some areas are transitional in
character between ihe levee/basin and fan plains.

Streams and Drainage.—Alluvial plains have rather widely spaced
small meandering streams that commonly divide into branches
as in deltas. Sircams are in varipus stapes of degradation, being
disconnected from major stream pattern of which they originally
were a part. They raage from streams 10-30 yd wide with 10-15-
ft-high precipitons banks to concave chapnels 10-20 vyd wide,
4.8 ft decp, and with relatively gentle bank slopes. Larger streams
have a very sluggish flow in dry season and never appear to flood
above bank-full height. Small channels probably have surface
flow only afler heavy rains. Similar channels 8-15 ft deep, with
or without perennial flow, drain parts of fan plains.

Surface run-off is probably nil to very low in relation to through
drainage, and strcams largely fed by ground-watcr seepage would
tend to tise and fall gradually, Levee banks are imperfecily
drained, flood-out plains poorly drained, and back plains very
poorly draincd to swampy. Dry-season water-tables observed in
levees range from 3 ft near very degraded channels to deep near

“little-degraded channels and are likely to rise to about 2 ft in the

wet season. Dry-séason water-tables in back plains are between
0-5 fi and probably 2 fi; such Jand is inundated in wet scason
mainly by rain water and probably to about 1-5 ft for periods of
two months, The dry-season water-table on a fan plain was at 4 ft,
and imight rise to 2 ft and occasionally to near the surface in the
wel season.

Vepetation.—Secondary vegetation (R-FRy, R-FR) covers about
3044 on levees and parts of fan plains. Levees frequenily used as
village sites and for pardens and coffee plantalions. Sago com-
menly exploited {MR) on adjacent back plains. Tall forest with
rather open cancopy with groups of woolly-textured crowns
(Fow, 22%) seems typical for fan plains, whilst some tall forest
with open canopy and sage palms in the understorey {FoM) and
much similar forest with lighi-toned crowns (FodM, 20%) occur
on lower parts of fan plains, particularly on back plains. The
‘most poorly drained back plains carry several {ypes of mid-height
forest, mainly with an irrcgular canopy with pandans and with
sago pakms and pandans in the understorey (FmPM, 13%4), and
with an open canopy and pandans in the understorey {Fmop, 7 %),

Geology—Recent alluvial clay and ¢lay loam.

Weathering and Soils {4 obs.).—Neo weathering. Only un-
developed afluvial soils, Probable soil composition is BAY3,
(EAHY1), EAHS?, EUHA? subdominant. On levees, weakly
acid, very deep, slightly gleyed, slightly stratified seils with
textures varying from very friable loam and fine sandy loam to

friable clay loam or silty clay loam to firm to plastic silty clay and
clay (EUHAZ). Significantly, one of these soils near a sirongly
degraded channel has developed a thin dark topsoil. On back
plains are neuatral, moderately deep, heavy clay soils that can be
very strongly gleyed and soft underfoot {BAY3) or possibly also
somewhat less gleyed and of greater bearing strength. On a flood-
out fan, 4 neutral, deep, moderately gleyed, slightly stratified soil
was observed with a texturc ranging from {riable silty clay loam
to very plastic silty heavy clay (EAHS32).

Popalation aod Land Use.—Population of 1380 distributed over six
villages. Present land use covers 11-8 sq miles (25% of arca),
125 in [and use intensity class 3, 38 % in class 4, and 5094 in class
5. Gardens occur on levees. Chief subsistence is sago collected
on back plains, QOccurrences near coast are unused.

Transitions to Other Land Systems.—Distinction in mapping
between Yilui and Nigia {12} based on differcnt vegetation and
land use patterns, there being no land usc in Nigia {12). Since
these differences are commonly vague, mapping of Yilui is some-
what tentative and gradual boundaries are common, Similar
difficulties exist in separating it from Nagam (16), Misinki (14),
Po (1%), and locally Pandago (10). The tendency is to include
in Yilui all those patterns that are more heterogencous than or do
not fit in well with these thrce. This is therefore probably the
most complex and variable land system in the inland plains,

Forest Resources (2 obs,).—Forest covers 60%; low to moderate
resources. Forcsts of moderate stocking rate (Fow, 11 sq miles;
FadM, 9 sq miles) and low stocking rate (FR, 6 sg miles; Fof
FR, 3 sq miles) oceur. Access category W, although fan plains
and levees may locally provide belter access.

Agricubfural Assessment.—High capability for improved pastures
and irrigated rice, moderate capability for arabie crops, and low
capability for trce crops. Strong contrast betweon land use
capability of levees, which is very high for pastures, high for
arable crops, and moderate for tree crops (because of imperfect
drainage), and that of the very peorly drained back plains which
mostly are suitable only for rice-growing. The fan plains occupy
an intermediate position. Varied agricultural development
adapted to local conditions is indicated, While adequate water
control for paddy rice srowing on the back plains might be a
simple matter, full rectamation might be difficelt; firstly, it might
involve pumping out of excess water and secondly, the heavy
clay soils might not respond to drainage, although this wonld
require further testing. After teclamation these fine-textured
neutral soils might be little suited 1o many trec crops and alse
present tillage and root development problems with arable crops.
Thus it mighi be advisable to develop this land system cunly as
far as its present condition will allow. Soil nitrogen contents
are low to moderate; phosphaie conients high to low; and potash
contents very high to moderate,

Engineeriog Assessment,—Levees appear quite suitable for road

consiruction and could be used to advantage in any road system
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linking the plains south of the hill zone with the Sepik River.
Unmade roads on levees would probably stand up to low traffic
density in dry season only, Direction of levees renders them of
fittle value in ¢ast-west connections. Back plains should be avoided
for road construction because of very poor drainage, inundation,
and the low kearing strength of many soils. If good roadside
drainage was provided and roads built up in some places, the fan

(14) Misinkr LAND

Land Forms {Plate 7, Fig. 2).—Alluvial back plains of very low
gradient at aliitude of [80-250 ft. Locally slightly dissected by
narrow shallow channels, Commonly, slight microrelief of gentle
rises 6-12 in. high and about 20 f} in diameter,

Streams and Prainage.—Probably widely spaced small meandering
drainage channels, §-10 fi deep and 8-10 yd wide, with small
{1-4 yd wide} streams in the bottom, Flow may vary from bank-
full in wet season to almost nil at end of dry, with gradual rather
ithan sudden variations in flow,

Surface run-off probably very low in relation to through
drainage. Largely because of ponding of rain water but locally
stream overflow, parts of land system, probably not more than
509, are flooded up to 2 ft for a few days once in 2-5 years and/or
inundated for 1-2 months to depths up to 1-5 ft. Dry-season
water-tables observed at depths from 3 to 7 ft, but where land is
not actually inundated wet-season water-tables are expected o
rise to 6-12 in. below surface. Poorly to very poorly drained.

Vegetation—Tall forest with an open canopy and sago ﬁa]ms
in the understorey (FoM) covers 98%. Another 297 is covered
by similar forest with light-toned crowns (Fod M).

Geology.—Recent alluvial clay,

Weathering and Soils (4 obs.).—No weathering. Probable soil
composition is EAHTN predominant, EAHUZ common, Un-
developed, weakly acid to neutral, moderately deep to moderately
shallow, moderately gleyed, very plastic heavy clay or silty heavy
clay alluvial soils, which may have firm [o plastic clay upper
horizans {EAHUL); and similar, but very deep, more stratified,
predominantiy friable to slightly plastic silty clay loam to firm ta
plastic clay soils (EAHUZ), Latfer soils probably occur mainly
near boundaries with Yilui (13) and Nagam (16). Locally subsoils
are slightly calcareous.

Population and Land Use.—Nil,

Tranpsition fo Other Land Systems.—Boundarics with drier Wagam
(16) and wetter Pandago (10) are commonly gradual and some-
what arbitrary. Similarly, they are commonly indistinet between
Misinki and Yilui (13), although the latter is characterized by a
more heteragencous photo pattern. Paitern of Misinki vesy
similar to Po (15}, although fan features and regrowth patterns
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plains would not present great problems, ‘There are, however,
no read-surfacing materials and soils, particularly when very siity,
appear 1o be of poor quality as subgrade. Nearest road-building
materials are in the hills of Maio (64). Soils are dominantly CH,
subdominantly CL, and minor MH, ML; all are very deep.
See apricultural assessment for engineering aspects of land
reclamation.

SvsTEM (238 5Q MILES)

are Ilacking in former. Disfinciion between these two land
systems largely based on properties other than photo pattern.

Forest Resources (4 obs,),—Forest covers 100 %; moderats to high
resources. Mainly forest of mederate stocking rate (FoM, 230 sq
miles; FodM, 6 sq miles); very minor stands of low stocking
rate (FmoM, 1 sq mile). Access category W.

Apricultural Asscssment.—High capability for irrigated rices
moderate capability for improved pastures, and low capability
for arable crops. Most land sufficiently low-lying for irrigation
for rice-growing, soils appear very suitahle for this crop, and water
control easily achieved by drainage channels, whilst flood pre-
tection only locally necessary. Only distaice fram suitable water-
supplying rivers prevenis a very high capability for this form of
land nuse. Snitability for pastures and arable crops varies with
drainage and inundation risks, as well as soil texture, and is
highest on the probably small areas of less clayey soils necar
margins with Yilii {13) and Nagam {16), Technically, reclimation
appears quite feasible, requiring mainly surface drainage improve-
ment by ditches and discharge of excess waler via drainage canals
into adjacent swamp land. Locally, levee dams might be needed
but drainage by gravity would usually be possible, Whilst such
reclaimed land would have high to very high capability for im-
proved pastures, the very clayey nature of most of the soils might

_ restrict the depth of adequate drainage, limiting the number of
arable crops that could be grown successfully and restricting even
more the eapability of reclaimed land for many tree crops, al-
though rubber and oil palm would probably thrive. Tillage and
seed-bed problems may commonly occur in heavy clay topsoils.
Soil nitrogen contents are probably low to moderate; phosphaie
cantents probably vary from low to high; and potash contents
are probably high to moderate.

Enginecring Assessment.—No topographic limitations for road
construction, but poor drainage and risks of inundation and
locally flooding necessitate adequate roadside drainage including
many culverts and, commonly, raising the road body above the
land surface. There is no road-surfacing material and so0ils are
probably of poor guality as subgrade, although the heavy clays
could ke reasonably siable if dried out. Unmade roads will be
bogpy and slippery even after light rains. Nearest source of road-
building materials is hills of Maio (64), separated from Misinki
by swamp land. Seils‘are CH with minor MH; all are very deep.

{15) Po LanD SySTEM (49 SQ MILES)

Tand Torms (Plate 8, Fig. 1).—Flpod-plains and some poorly
drained alluvial plains, consisting for the greater part of lowermost
sectors of alluvial fan plains. Altitude ranges from 5 to 250 ft,
gradients probably from 1: 500 to 1 ; [500 but mostly more than

1: 1000, Commonly microrelief of 1-2 ft, at least partially due
to flood scouring.

Streams and Drainage.—Jil-defined pattern of small shallow wash
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courses with intermittent flow in upper parts, and of meandering
small sireams up 1o 6 ft incised and largely fed by ground-water
seepage from Pes {17) in lower paris.

Surface run-off probably nil in relation to through drainage.
Dry-season water-tables appear mostly between 6 and 7 ft but
likely to rise considerably during wet season. Large parts subject
1o flooding at least twice a year to probably 1-3 ft; small areas
rarely flooded or not floodsd. Flooding penerally caused by
combined effect of high rainfall and increased seepage and run-on
from Pes (17), but in area justeast of the Yalingi River it appears
to be caused by direct overflow. Land system largely imperfectly
drained, rarely poorly drained, with inundation up to 1 ft for short
periods in some paris.

Vegetation.—Tall forest with open canepy and sago palms in
vnderstorey {(FoM) is characteristic, covering just over 509%.
Species composition usually very mixed, but locally Terminalia
and Planchonia predominate, recognizable on air photos by their
light-toned erowns {FodM). Mid-hecight forest covers about 129,
represented mainly by two types having an open or irregufar
canopy and a dense sago understorey. Campnasperma common
it eanopy of one (FmoCM), pandans commen in the other
(FmPM). These types, especially FmPM, are indicative of wetter
and frequently flooded areas. Half remaining 359% covered by
exploited stands of sago (MR), the other half consists of gardens,
garden regrowth, and secondary forest (R-FR).

Geology.— Recent  allavium: stratified sand, sil, and clay,
overlying alkaling probably lagoecnal clays at shallow depths
{4--8 ft) near the coast.

‘Weathering and Soils (3 obs.)—No weathering. Probable seil
composition is EUHA2 dominani, BUHAl subdominant,
(EUHA3) common. Undeveloped, neutral to locally alkaline,
very deep, slightly to moderately gleyed, stratified allyvial seils
with textures varying within the profile from friable silt foam to
slightly plastic and sticky clay or from loose sand to friable to
firm clay loam {(BUHA1, EUHA2). Since soils are moderately
permeable, gleying appears due to high water-tables in wet season,
Probably slowly permeable, more clayey soils also accur.

~ ~ Population and Tand Use—Population of 200 in two villages.

Present land usc covers 10-9 sq miles {22% of area), 5% of it in

land use intensity class 2, 57% in class 3, 5% in class 4, and 33%
in class 3, Parts of Po used by people in Mubia {2) for gardening
as well as sago exploitation.

Transitions te Other Land Systems.—As mapped, gradual
boundaries with drier Pes (17} and wetter Pandago {10}. Very
difficult in places to distinguish from less stable and more actively
aggradational Nigia (12). Boundaries between the $wo are gradnal
and transitional areas may have been included in either. See also
Misinki (14) for a discussion on similarities and differences.

Forest Resources {1 obs,)—Forest covers 65%; moderaie forest
resources, Forest of moderate stocking rate (FoM, 25 sq miles;
FadM, 1 sq mile) dominant; also smaller areas of forest of low
stocking rate {(FmoCM, 3 sq miles; FR, 3 sq miles), the secondary
forest generally occurring on drier paris. Access category IFw.

Agricultoral Assessment.—Flood hazards, and for ifree crops
deficient drainage and soil alkalinity, give Po low capability for
tree crops, moderate capability for arable crops and irrigated
rice, but high capability for pastures. Land use capability varies
according to differences in flood hazard and alkalinity. Because
of low topographical position and probable seepage problems,
land reclamation (flood control and drainage) would involyve
major works including construction of local levee banks and -
drainage channels and probably pumping out of excess water in
some areas. Reclamation for irrigaied rice would ounly be can~
cerned with flood control and Iand grading. Complete land re-
clamation would raise land use capability to very high for arable
crops and ifmproved pastures and to hiph for tree crops and
irrigated rice. Sofl nitrogen contents are generally low, locally
probably moderate; phosphate contents appear to be very high,
locally high; but potash contents are generally moderate, com-
monly low, rately high.

Engineering Assessment.—Road-building should be avoided if
possible. Where needed, roads should have wide roadside ditches
and in many places be well built up to prevent floading. Culveris
may be required to prevent banking up of flood water. Road-
surfacing materials are commonly obtainable nearby in Aitape

. (55), Unmnade roads wonld tend to be untrafficable for up to

8 months due to the low strength of the commonly wet soils,
Soils are CH, MH, CL, with minor ML, SM: all are very deep.

{16) NacaM LanND SysTEM (233 50 MILES)

Land Forms (Plate 7, Fig. 2).—Alluvial plains of generally very
low, locally in norihern parts low, gradient. Aliitude from 180
to 300 ft, with 889, below 250 fi. Gradients probahly nowhere
lower than 1:2000. Plains probably sparsely dissected by small
channels. Short very gentle slopes occur locally towards channels
or near margins with Yambi (28); some have wash courses 2 ft
deep and 12 ft wide, without banks. Three terraces 6, 12, and 15 ft
abave stream level occur in most northerly part of Magam along
the Yula River; the lowest {wo are only 40-150 yd wide. Similar
terraces possibly occur east of the Nopan River and occupy not
more than 5% of land system. Small areas of older plain (prob-
ably < 5% of area) contipuous to weathered surfaces of Yambi
(28) and Nigre (27) have been included because of their vegetation,

Streams and Drainage.—Apart from a 13-mile stretch of the
60-80-yd-wide Yula River there are no major streams. Drainage
ip many parts is by rather widely spaced meandering channels,
3-5 yd wide, with 4-ft steep lower banks and gently to very genily
sloping convex upper banks. Channels probably about 10 ft
‘below plain surface and probably more frequent near margins .of

Po close to higher ground of Yambi (28), Burui (29), and Nigre
{27). Similarly shaped but larger (up to 10 vd wide and 10 ft
deep) channels, in places dendritically branching, eccur locally
in south-western part of area; some appear to be dégraded old
courses of larger rivers and may have narrow low levee banks,
others appear to be locally originating drainage channels. Since
surface run-off appears very loew in relation to through drainage
and streams appear 1o be fed mainly by ground water, only
gradual rises and falls in water levels of streams are likely, with
maximum flow oniy rarely exceeding the height of the sieep lower
hanks. Most streams appear perennial, but discharge is strongly
reduced and flow very sluggish after long rainless periods.

Miost of Magam appears imperfectly drained, but terraces along
major northern rivers are well drained. A dry-season water-table
at 5 ft was observed once, but water-tables probably rise generally
to 1-5-2 ft in wet season cxcept on terraces and old plains, Lower
terrace along the Yula River is probably rarely flooded.

Vegetation.—Tall forest with a rather open canopy (Fo), apart
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from a few areas (< 3%) which are gardened or under secondary
vegetation (R-FR).

Geology.—Prodominantly Recent alluvium, mainly clay, but
some clay loam with gravel in narrow upper parts along major
rivers. In east and west small areas of Pleistocence alluvial clay
adjacent to or surrounded by Yambi {28) and Nigre (27).

‘Weathering and Seils {5 obs.).—Great contrast between lack of
weathering in most of Magam and shallow mature weathering
on small parts contigaous to Yambi (28) and Migre (27).
Probable soil composition is EJHA3 predominant, (EUTHO3)
common, MUHE, JAPU2, (UOPAL) minor. Young alluvial
plainsg have mostly undeveloped, neutral 10 weakly acid, deep to
moderately deep, slightly gleved, slightly stratified, firm to plastic
silty clay or clay, and very firm io very plasiic silty heavy clay
(rarely heavy clay) alluvial soils, virtually without dark topsoils
(EUHA3). On upper terrace along Yula River is a slightly
develpped, weakly acid, deep to very deep, friable or slightly
firm ¢lay loam soil with a moderately thick dark topsoil (MUHE)
and much gravel below a depth from 1- 5 to 6 ft. On the weathered
surface is a strongly developed, strongly acid, thick, slightly gleyed,
firmi silty clay merging into very firm silty heavy clay soil, with
18-in.-thick coarser-textured surface soil of very friable clay loam
and silt loam. Subsoil is prominently light grey, red, and brown
mottled and bleached silt is conspicuous in siliy clay (UAPA2).

Population and Land Use.—Population of 360 in two villages.
Present land use covers 74 sqg miles (39 of area), 2294 in land
use intensity class 3, 8% in class 5. Gardening in only a few
areas, near sireams. Sago exploited in adjoining land systems is
imporfant in subsisicnce. Some fand used by people in adjacent
Nigre (27) near Yula River,

Transitions to Other Land Systems.—Mapped solely on forest
vegetation characteristics. Wherc tall foresi with open candpy
occuss on old weathered surfaces, Nagam is clearly transitional
to Yambi (28) or Nigre (27); where it occurs on alluvial terraces,
transitional to Papul (19); where long open patches occur in the
forest, commonly along streams, Nagam is locally transitional
to Yilui {13). Boundary with wetter Misinki (14) nearly always
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gradual and somewhat arbitrary. Pattern similar to Pes (17)
but lacking the fan plain characteristics; the distinction is based
mare on other properiies than on photo patiern.

Forest Resources {4 obs.).—Forest covers 99%: high forest
resources. Moderate to high stocking rate forost (Fo) covers
230 sq miles, with minor stands of low stocking rale forest (PR,
2 sq mifes). Access category Iw. :

Agricultural Assessment.—Very high capability for improved
pastures, high capability for arable crops, moderate capability
ior tree crops and irrigated rice. Small areas of strongly leached,
strongly acid, and physically rather poer scils of the old sarface
are the worst land; small areas of terrace land along Yula and
probably Nopan Rivers arc the best. Imperfect drainage is the
mrajor Bmitation, but dees not affect capabilily for improved
pastures. Soils not ideal physically for tree crops and high pH
might adversely affect their suitability [or some trce crops. Cap-
ability for irrigated rice somewhat reduced by commonly great
distance from water-supplying rivess, relatively high position of
the land, channcls, and some surface unevenmess. All pose
problems in bringing and distributing frrigation water onto the
land and would necessitate some land grading. Possibilities for
tree crops, but mixed devclopment for arable crop [permanent
cultivation) and improved pastores best suited to the conditions.
Tillage and seed-bed preparation might be difficult on land with
very clayey topsocils. Soil nitrogen contents moderate, probably
rarely low; phosphete and potash contenis high to moderate
and very high to high respeciively on young alluvial plains, very
low and very low to low on old weathered plains.

Engincering Assessment.—Topographically ideal for road con-
struction; only a few small bridges required, mainly for casi-west
roads. Good roadside drainage should bhe provided. Major
probleni is lack of road-surfacing materials and probable poor
quality of soils as subgrade, Unmade roads will become very
bogey in wet season. Onliy source of road-surfacing maicrials is
river gravels, commonly of igneous rock, in terraces of Yula and
possibly Nopan Rivess. Soils are CH, with minor MH and CL;
all are very deep. Topography suitable, but drainage deficicncies
and fack of surfacing materials would iimit airfield construction

(17) Pes LAND SvsTEm (143 sQ MILES)

Land Forms (Plate 8, Fig, 2).—Fan plains and alluvial back
plains and levees, with minor flood-plains, scrolls, and flood-
plain terraces. Altitude from 10 to 300 ft, very rarely above
250 ft. Fan plains as$ociated with wide slightly braiding river
courses occupy mostly inland portions; gradients probably vary
hetween 1: 250 and 1: 500 and tend to slops down very slightly
from river courses. They range from about 1 to 5 miles wide and
cccupy probably 709, Back plain and levee iracts occur along
meandering streams, mainly close to coast. Levees {commonly
indistinguishable on aerial photos) are probably [00-300 yd wide
and a few feet above back plains. Narrow but high and distinet
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 are lower (probably
1:500-1: 1500); width from <1 to 3 miles. Minor flocd-plains,
low terraces, and scrolls found along meandering rivers.

Streams and Drainage.—Largest sireams traversing jand system
are very widely spaced and flow in a northerly io north-easterly
direction. They have wide gravelly (but not very bouldery) beds
60—400 yd wide with many shifting channels and 4-8-ft-high banks.

Widest river beds not included in [and system and have been left
blank on land system map. Braided rivers commonly merge into
narrower meandering single channels nearér the coast, but many
smaller rivers disappear in lood-out fans of Nigia {(12). Distance
from the coast at which braided streams change into meandering
rivers varies greatly. Meandering channels have many sandy to
gravelly scrolls and sand bars and very steep banks B—12 It high.
In tower parts of fan plains small (815 yd wide) widely spaced
streams arise, 7-10 ft incised and fed largely by ground water
from seepage from braided river beds and through drainage of
precipitation. Back plains in many places have widely spaced
(probably 200-4G0 yd) shalow (3-8 It) channels and very small
streams 8-16 yd wide, commonly with rounded profiles. These
are mostly intermittent in flow, probably largely fed by run-off
from slowly permeable soils of back plains,

Overall snrface run-off is probably very low in relation to
through drainage. Reguiar floodingis very rare (apart from scrolls
and flood-plains) and restricted to small parts of back plains and
very lacal overflow spots along braiding rivers. Fan plains and
levees are well drained but back plains are imperfectly to poorly
drained. Water may commonly lie on the surface of hack plains
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after heavy rains but is rarely of sufficient depth and duration to
be a serious limitation. Dry-scason waler-tables appear to be
moskly below 7 ft on fan plains and levess and between 5 and 8 {t
on back plains, but here wates-tables are likely to rise consider-
ably during wet season. Anomalous waier-iables between 3 and
4 fi were observed in an overflow area of the Yalingi River
near Po (15), and just south of the Nigia River where ground
water is probably banking up against the high-lying, aggrading
scroll plain (see Nigia (12)).

Vegetation.—Tall forest with a rather open canopy (Fo} occurs
throughout and covers 77%,. Locally on back plains scattered
sago occurs i the understorey (FoM). Tall cane grass (GtS)
and successional stages leading to tall forest occupy serolls and
tower flood-plain terraces. The rest (18 34) is cultivated (coconut
plantations focally interplanted with cacao, gardens, and some
coflee} or in different stages of regrowth.

Geology.—Recent alluvium: stratified clayey, sandy, and
gravelly beds. Material derived from basic igneous rocks and
Tertiary sedimentary rocks; either can be locally dominant
as a source or both have contributed in about equal proportions,
depending on nature of catchment of each contribuling stream.
Laocally limestone has also contributed to the allavial sediments.
Soil observations idicate that allavium near the coast may over-
lie {(weakly) alkaline lagoonal sand and clay (locally with coral
debris) at depths as shallow as 4-5 ft.

Weathering and Soils (15 obs.).—No weathering; mnearly all soils
are undeveloped. Probable soil composition is EUHO2, EUHO4,
subdeminant; BEUHA2, EUHA3 common; EUHO3, EUHOS,
IUHE minor, Fan plains and levees have neutral to weakly acid
(rarcly acid), very desp to deep, alluvial seils, strongly stratified
but mostly very friable and loamy, more rarely firm silty clay in
top 4 ft (EUHO2, EUHO3, EUHO4, EUHOS5). Textures rangs
from gravelly loam to silty heavy clay and deeper substrata vary
similarly. A similar soil but slightly developed with a thick dark
topsoil (1UTE) observed on higher, sieeper, and apparently older
levee or beach ridge close to mouth of Yalingi River. Back plains
have neuiral to weakly acid, very deep to moderately shallow,
slightly to moderately gleyed alluvial soils that are less stratified
and generally siftty clay to silly heavy clay in texture, but can also
be mainly (sandy) clay loam (EUHA2, 3). Finer-textured
soils particularly are very firm to very plastic. Below §-7 ft the
subsiratium is commonly very sandy and gravelly.

Population and Lagd Use.—Population of 1160 distributed over
eight villages. Present land wse covers 20-9 sq miles (15% of area),
19% in land use intensity class 2, 643 in class 3, and 122 in

(18) ScrEw LanD

Land Forms (Plate 2, Fig. 1).—Narrow scroll flood-plains and
small discontinuous low flood-plain ierraces along major and
smaller tivess south of hill zone. In northern wpper parts these
are bounded by two or three river terraces, of which the upper-
most is the most ¢ontinuous. These merge in southern lower
parts into levee banks and fevee back slopes. Aliitude ranges
from [80 to 280 fi. Scroll plains, best developed along largesi
rivers, are only a few feei shove low water level and may have
small parallel swales. Lowest flood-plain ferraces about 4-7
it above low river Ievel and may have very genile back slopes
to filled-in old river channels. Together thess elements cccupy
about 1294 of area but are virtually absent along small streams.
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class 5, whilst 5% consists of non=indigenous plantations near the
Raihu River. Land use concentrated near Sissano lageoon and
lower reaches of Yatingl and Raihm Rivers,

Transitions to Other Land Systems.—Land system mapped mainky
on vegetation characteristics and likely to include small areas
transitional to more poorly drained plains of Po (I5) and to
older, weathered, but vndissecied fans of Aiome (23). Boundary
with fringing calcareous fans of Romei (22) very arbitrary and
probably unreliable. Some boundaries with Papul (19) are
arbitrary. Differences with coastal fans of Kabenau (21) not
investigated and could be minor. See also Nagam {16) for
discussion of similarities and differences.

Forest Resources (10 obs.).—Forest covers 83%,: high forest
resources, Forest with moderate to high stocking rate (Fo, 110 sq
miles) predominant; moderate stocking rate forest (FoM, 3 sq
miles) on wetier parts of back plains; secondary forest (FR, 5 sg
miles) with low stocking rate occurs iocally on fan plains and
levees. Part of original forest has been felled and milled for locat
consumption. Access category I.

Agricultural Assessment.—High capability for arable crops, tree
crops, and irrigated rice, and very high capability for improved
pasiures, Limiting factors mainly poor drainage and slowly
permeable soils on back plains and local minor inundation and
very local flcod hazards, Many soils appear slightly too alkaline
for optimal tree-crop growth and land unevenness could be a
minor problem for arable crops and improved pasturcs. Tree
craps have by far the greatest capability oo fan plains and levess,
irrigated rice best suited to back plains. Improved pastures and
arable crops could be successfully srown over most of Pes, but
improved surface drainage needed on back plains, Soil nitrogen
contents mostly low, locally moderate; phosphate contentis range
from very high to moderate; and potash contents from high to
moderate.

Engineering Assessment.—Major problem in road construction,
particularly from west to east, concerns bridging of larger rivers.
River beds appear fairly stable but are usually wide and founda-
tion problems could arise. Land system poor in road-surfacing
materials and unmade roads tend to become untrafficable in wet
season, particularly on back plains, because of low bearing
capacity of soils when wet. Road-surfacing matcrials fairly simply
obtained from larger river beds and from guarries in Aitape (55)
and Barida {56). Soils are CL to CH with minor MH, ML, SM;
all are very deep. Area generally suitable for airfield construction,
particularly fan plains and levees since construction on back plains
will involve drainage improvement.

SysTEM (60 SQ MILES)

Terraces 8-25 ft above low river level with very steep to precipitous
marginal sfopes; they can be flat to slightty undulating with lacal
sfopes up 1o 4%, and can have filled-in 0ld meander loops up to
30 yd wide and 3 ft deep. Lower terraces usnally 30-80 yd wide
but upper terraces vary from 100 to 600 yd; they occupy probably
539 of area. Levees, comprising about 35%, are about 15 ft
above low water level and 30-100 yd wide, with low or high
gradient to very gently sloping back slopes 50-400 yd long.

Streams and Drainage.—Long meandering streams with few small
tributaries. Most streams are 30-60 yd wide but only 10-2¢ vd
wide in some small occurrences, Gradients mostly 1: 2000 to
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1 : 3000 but may approach 1 : 1000 in seme wpper parts, Cut-off
meander loops gecur commenly, particalarly in southern parts.
Streams have very steep or precipitous banks 5-15 ft high. Sand
and silt bars commonly visible at low water level but decrease in
size 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 to slow in lower parts and
suspended sediment is present in lower courses. River levels tend
to rise rapidly afier heavy rain in upper catchments, but flood
spates that cover sand bars and scroll plains last only a few days.

During the wet season, low floed-plain terraces and some levee
back slopes are flooded at least once a year to up to 3 ft. Higher
terraces and levee banks are subject to short floods on the average
probably once every five years, ance in every ten years, or more
rarely, depending on local conditions and height of the terrace.
Surface run-off is probably very low ip relation to through
drainage. Levee banks and most Jower flood-plain terraces are
well drained, higher terraces imperfectly drained, and fevee back
slopes poorly drained.

Vegetation—Tall cane grass (Saqccharum) vegetation and young
forest (Gt} on scroll plains and lowest terraces (11 %), The rest
bears tall forest with an open canopy with light-toned crowns
(Fad, 50%) or mid-height forest with a rather open canopy
(Fmgo, 24 %), the latter mainly in narrow valleys probably due to
less favourable drainage conditions. Parts of Screw River terraces
(155¢} are intensively cultivated. Rotation cycle appears short as
often young secondary forest (FRy) is already cleared for gardens.
Part of the gardens seems almost permanent as field boundaries
are marked by low earth banks.

Geology.——Recent alluvium: clay, clay loam, and some fine sand.
Flood-plain deposits are mostly caleareous,

Weathering and Soils (9 obs.).—No weathering. All undeveloped
alluvial soils. Probable soil composition is EUHAS subdominant;
EUHO!, BUHO3, FUHA2, FAHUI common; EUHQ2,
EUHQC4 minor. Soils on scrolls are of stratified silt Joam to sand
and arc calcareous, as are the weakly alkaline to alkaline, very
deep, stratified friable silty clay leam to very friable sandy Joam
and loamy fine sand soils (EUHOI1)} of lowermost flood-plain
terraces. Meutral, very deep, non-gleyed fo slightly gleyed, some-
what stratified firm silty clay loam to clay soils (EUHO?3) on lower
terraces, and neviral to weakly acid, deep, slightly gleyed, some-
what stratified friable siity clay loam to firm to plastic clay soils
with very plastic silty heavy clay subsoils (EUHAS) observed on
higher terraces: these soils can have thin dark topsoils on virtnally
flood-free terraces. Weakly alkaline to weakly acid, very deep,
stratified soils with textures of firm to friable silty clay, clay, silty
clay loam, or clay [oam to very friable silt loam and fine sandy
loam (EUHQ2, EUHO4) found on levee banks, with neutral to
weakly acid, very deep to moderately deep, moderately gleyed,
slightly stralified soils with textures of firm to very plastic silty
heavy clay, firm silty clay, or clay to friable silty clay loam and
clay loam (rarely silt loam) (EAHUIL, EUHA2) on levee back
slopes.

Population and Land Use~Population of 100 in two yillages near
mouth of Screw River. Present land use covers 9-9% sq miles (1734
of area), 14%, in land use intensity class 1, 2834 in class 2, 27%
in class 3, 3% in class 4, and 27% in class 5. Most intensive land
use on terraces along middle reaches of Screw River and its
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tributaries (Plate 31, Fig. 1); all used by people living in adjoining
land systems.

Transitions {0 CGther Land Systems—Photo pattern commonly
gimilar to that of Papul (19) and where there is a common
boundary it is rather arbitrary. Leveée tract patterns absent in
Papul {19), and meandering of rivers more pronounced in Screw.
Distinction between the two land systems further based on
differences in vegetation photo pattern. Aveas of Screw with
very small streams can be transitional to either Misinkd {14} or
Pandago (10} and wider areas along large streams can be transi-
tional to Magam (16). The few boundaries with Migia (12) are
generally distinct, whilst the major distinction from Yilui (13) lies
in the Iatter’s lack of clearly active streams.

Forest Resources {6 obs.).—Forest covers 75 %; maoderate forest
resources. Main forest of moderate to high stacking rate (Fod,
30 sq miles) occurs on levees and terraces. Forest of low stocking
rate {Fmo, 15 sq miles) occurs mostly in rather narrow valleys.
Access category IFw.

Agricultural Assessment.—High capability for improved pastures,
moderate capability for arakle crops and irrigated rice, and low
capability for tree crops. Flood hazards and drainage deficiencies
aré main limitations, the first for irrigated rice, the latier for tree
crops, Since flood hazards are particularly difficult to assess, land
use ¢apability could be somewhat higher or lower than indicated.
Some wider terraces and levees might be protected against flooding
by low levee banks, which would increase the possibilities of
drainage improvement. The commonness of neutral to alkaline
soils has contributed to the low rating for free crops. Slight to
moderate engineering problems in bringing and distributing
irrigation water for paddy rice growing have influenced the
capability rating for this crop. Land use capability varies con--
siderably, the best land occuriing on levee banks and flood-free
high terraces and unusable land on river scroll plaing and steep
terrace edges. Mixed development, based largely on improved
pastures and arable crops, with tree crop plantations on better-
drained wenkly acid soils, appears to be most soifable. Soil
nitrogen conients are low to moderate; phosphate contents
mostly high to very high, dlthough a few low to very low values
were obtained on levee soils, Potash contents are mosily high,
locally very high or moderate,

Engineering Assessment.—No great problems for road construe-
tion parallel to the rivers. Where surrounded by either more
pootly drained or more hilly land, this land system might offer
the most sujtable location for roads. However, any reasonably
level higher adjacent land systems might be preferable, in order
to avoid flood hazards. Such hazards can be partly aveided by
aligning roads on highest terraces, but building up and culverting
of roads will be required locally. Road-building materials are
seaTce, mainly very small guantities of hard stream-bed gravel
in the north and sand in the south. Major problem in road
construction is the need for small to rather large bridges In roads
traversing from west to east, Foundation problems could arise,
and shifting of the river bed within its scroll plain must be antici
pated. Unimproved fording places will require constant mainten-
ance because of bank erosion during ftoods. Vehicles also tend
to become bogged in the soft sandy stream beds. Concrete cause-
ways would provide a reasonably cheap, durable, and efficient
means of crossing these rivers. Soils are dominanily CH, sub-
dominantly MH, and minor CL, ML; all are very deep. See
agricultnral assessment for engineering aspects of land re-
clamation.
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(19) Parur. LAND SysTEM (62 SQ MILES)

Land Forms (Plate 9, Fig. 2).—River terraces and flood-plains
along larger streams in confined valleys in hilly areas north and
south of mountain ranges. Altitude ranges from 150 to 900 ft;
46% below 250 ft. Active flood-plains more extensive south of
mountains, particuiarly in east and south-west, than in the north
where they consist mainly of braided river beds, mostly not
incfuded in the land system but kept blank on the land system map.
Flood-plains {25% of area) occur as scrolls with parallel minor
swales and ridges or as flat scroll terraces up to 8 ft above mean
low water level, and are 32-200 yd wide. A higher flood-plain
terrace nsually 10-13 ft above low water level and commonly
50-150 yd wide generally present south of mountains, together
with a higher terrace 15-30 it above low water level and probably
100-300 yd wide. North of the mountains there appears to be
only onc ierrace, 10-20 fi above low water level. Flood-plain
terraces cover probably 15% and higher terraces 509 of area;
all tend to be discontinuous. The land system includes remnants
of still higher snb-Recent terraces and a few benches cut into bed-
rock, together probably occupying < 5%, Terraces have slopes
ranging from low gradient to gentle slope (commaonly back slopes)
and are smooth or with slight microrelief or have chanoels or
gullies 5-10 ft.deep.

Streams and Drainage (Fig. 10{c)).—Except for a few small fivst- or
second-order tributaries, streams (694 of area) are large to rather
small and have braided (particularly in the north), semi-braided
to angular pofnt bar or meandering courses with 5-10-ft-high
very stegp to precipitous banks. Apart from minor shifts in sand
hats and occasional breaches of meander loops, the steeams
appear stable. Width of stream beds {(apart from those Ieft blank
on the map) ranges from 40 to 50 yd, Stream flow in generally
shallow chanmels is fast or moderately fast, never sluggish, so
gradients in low gradient slope class, very locally hiph gradieat.
Bed loads generally gravel and sand, with cobbles in wpper
reaches and mainly silt and sand in lower reaches, particularly in
the south-eastern half of area where river gravel is generally
scarce. Qutcrops of bed-rock scarce in areas mapped as Papul,

—Scrolls and scroll terraces ate fiooded several timies a yeir to

well over 2 ft; flood-plain terraces on averape ficoded once or
twice a year and in sprae instances not evety year, mostly to less
than 2 ft; higher terraces only rarely fiooded or not at all. Surface
run-off probably nil to very low in relation to through drainage.
Generally well drained with only local areas of imperfect drainage.

Yepetation.—Tall cane grass vegetation {((GtS) covers scrolls and
lower terraces (30%). Invasion of woody plants leads via mid-
height forest with a rather open canopy (Fmo) to tall forest with a
similar cancpy (Fo, Fod, 13%) on larger flood-plain terraces and
to tall Forest with a rather closed canopy (F, 429%) on high rarely
flooded or not flooded terraces. Several low terraces in braided
streams carry Ceszaring {Gymnostoma) sp. vegetation {Cs) or
Casuarina sp.—Ficus mid-height forest (CK) (total cover about
137, Abont 14% is under secondary vegetation (R-FR)-

Geology.—Recent, very Jocally sub-Recept stratified alluvium:
mainly mixtures of sand, silt, and clay and some gravel, with lacal
beds of more pure gravel, sand, or clay. Most recent sediments
are commonly calcarecus. Thin allovium vencers sedimeatary
rock on a few cut terrace benches,

Weathering and Soils {13 obs.).—Almost no weathering. One
observation north of mountains showed very shallow immature
weathering of the terrace. Shallow skeletal to immature weather-
ing may alse be found on remnants of highest terraces and benches
south of mountains,

Probable soil composition is MUHE subdominant; EUHOI,
BUHO3, EUHO4, BUHOS, EUHA2 common; BUHAI1,

TOTO3 minor. Mostly undeveloped alluvial soils, Scrolls
and scroll plains and lowermost flood-plain terraces have deep
to very deep, strongly stratified soils with fextures of loose sand
to friable silty clay loam, usually within one profile. These are
weakly alkaline 1o alkaline and probably mostly calcareous
(BUHOQ1). Gravel lenses may also occur. Low-lying scroll soils
can be slightly gleyed (BUTTAT). Mostly weakly acid 10 neutral,
very deep soils with slight stratification, but dominant textures
from very friable loam to firm clay, with oceasional sandy or
gravelly layers (EUHOQ3, EUHO4), appear to occupy all higher
flogd-plain terraces and a large part of non-flooded high terraces.
Tendency to greater acidity (BUHOS) north of mountains and
locally scils are slightly gleyed (EUHA2). Probably in places these
undeveloped soils are still rarely flooded, Initial sofl formation
on high terraces consists of development of a thick dark tepsoil
in weakly acid to nentral, mostly very deep slightly stratified,
friable to firm clay loam to clay soils, which may very locally
contain much gravel (MUHE). Such soils appear common,
indicating almost complete freedom from flooding. Absence of
carbonates in soils of all but lowest terraces may be due to leach-
ing. A shallowly but strongly developed, acid, firm silty clay seil
with friable loam to clay loam surface horizon (UOTO3) observed
on a sloping high terrace north of mouatains, similar to soils
normally found on fan surfaces in that area. No informatioa on
soils of small remnant highest terraces or rock-cut benches.

Population and Land Use.—Population of 320 distributed over
three villages. Present land ese covers 8- 6 sq miles (14 % of arca),
45% in land use intensity class 3, 10% in class 4, and 45% in
class 5. Only a few occarrences used, with land use mainly on
higher terraces,

Transitiens to Other Land Systems.—Sece Serew (18) for similarities
and differences. Placement of boundaries between Papul and Pes
(17) (north) and Nagam {16) {south) presenis problems that have
‘been solved rather arbitrarily. In the north boundaries have been
drawn where valleys widen gonsiderably, but this has resnlted in
some inclision of forest typical for Pes ({7 into Fapul. In the
south Nagamn {16} has been mapped consistently on the basis of
forest photo pattern, which has led to the inclusion of some areas
with soils and land forms more characteristic of Papul. In places
it Is very difficult to distinguish between photo patterns of Papul
and Musendai (32), resulting in locally tentative mapping of both,

Forest Resources (10 obs,).—Forest covers 583%; moderate
forest resources. Forests of moderate to high stocking rate
(F, 29 sq miles; Fo, 6 sq miles; Fod, 3 sq miles), Access category
IF, scroll and flocd-plain terraces being subject to frequent
fAcoding,

Agricultural Assessment.—High capability for arable crops, tree
crops, and paréicularly improved pastures. Flood hazards main
[imitation but do not seriously affect about half the area. Locally
drainage deficiency in slowly permeabte soils and problems due to
irregular or dissected iopography. Capability for free crops
would be higher, except that soils tend io have a relatively high pH.
Small areas are suitable for irrigated rice. Flood control not really
feasible, because naturally occurring peak flows must be accom-
modated. Locally small areas ¢an be protected by levee banks
or flood waters diverted throvgh drainage chaunels. Because of
the diverse possibilities and small size of most ocenrrences of
Papul, development of small mixed farms is probably most
agpropriate. Soil nitrogen contents generally low, but moderate
in soils with more developed topsoils, Phosphate and potash
contents mostly very high to moderate. Low to very low phos-

phate and potash contents virtually restricted to more weafthered
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soils on high terraces and benches. In water balance zone 1,
rather rare slight scil water stress in the most sandy and gravelly
specimens of EUHQ1 and 5 soils, and for shallow-rooting crops
in general,

Engineering Assessment.—FProbably provides easiest terrain for
road location in hill zone. Cuttings into valley side spurs neces-
sary where rivers swing out to margins of their valleys. Lower
terraces should be avoided because of flood hazards; these may
locally require building up of roads above normal flaod levels.

H. A, HAANTIENS ET AL.

Bridging main streams will be the largest engineering problem,
and bridges normally are more easily consiructed where rivers
flow against bed-rock on margins of [and system. Many river beds
contain useful amourits of gravel for road surfacing, but gravel
is generally very scarce in eastern occurrences south of the
mountains. Soils are CIT, MH, CL, with minor ML, SM; nearly
all are very deep. Larger higher terraces suitable for construction
of airstrips, but there is no choice in direction and approaches
can he difficult due to surrounding hilly couniry.

(20) AMpUNTI LAND SYSTEM (5 SQ MILES)

Land Forms (Plate 30, Fig. 2).—Alluvio—collavial fans [90-230 ft
a.s.l., with concave slopes ranging mainly From high-gradient to
very gentle slope. Uppermost parts may have gentle slopes,
lowermost parts low gradients. Plains probably slightly and very
shallowly dissected.

Streams and Drainage (Fig. 15(a)).—A few small streams 4-8 yd
wide and with very steep 4—[0-ft-high banks; atleast some would
have intermittent flow. Short bank-full or smaller flood spates
caused by the high run-off on Waskuk (65) are likely to occur
frequently.

Surface Tun-off appears virtvally nil, nearly all rain water as
well as soine stream flow discharging as through drainage. Upper
parts well drained, flatter fower paris imiperfectly drained, locally
poorly drained due to ground-water seepage.

Vegetation—Tall forest with rather open canopy (Fo, 50%) covers
well-drained parts. Tall forest with open canopy and sago palms
in the understorey (FoM, 30%4) covers poorly drained aseas.
Gardens and secondary vegetaiion up to medium-aged secondary
forest (R-FRm) found in both situations, Sago {(MR) exploited
in poorly drained arcas.

Geology.—Recent fanglomerate derived from metamorphic rocks,
mainly schist, also gneiss and seme sandstone,

Weathering and Spils {1 obs.)—No weathering. Soils un-
developed. Probable soil composition is (EUHOS5) dominant;
EUHA4 subdominant; {BAHU2) common. Profile observed on
lower slope an acid, very deep, slightly gleyed, slightly stratified
soil of friable to very friable silly clay, silty clay loam, and some
silt loam texture, containing low to high but with depth gencrally
increasing amounts of rather fresh rock fragments (EUHA4).
Similar but non-gleyed and probably more gravelly or sven
slightly stony soils likely to occur on upper parts of fans and
similar but moderately gleyed soils with few rock fragments on
lowermost slopes.

(21) KABENAU LanD

Land Forms {Plate 13, Fig. 1).—Coastal fan plains of low to high
gradient, with fan terraces, 200-600 yd wide, probably at two
levels, 415 ft above low water level in main streams and prob-
ably up to 30 ft a.sl Shallow (10 ) deserted distributary
channels on higher fan plains, Near the coast some distributary
fiood-plains and-back plains of very low gradient and up to 500

Popalation and Land Use—Population an: unknown number o

people at Ambunti. Present land use covers 0-7 sq mile (145 of
area), 70 % in land vse jntensity class 3, 30 % in class 5. Some sago
exploited by people in adjoining Maio (64) and Waskuk (65).

Transitions fo Other Land Systems.—Photo pattern very similar to
that of Romei (22); any distinction impossible had they occurred
in close association. Locally rather gradual boundaries with
Pandago (10).

Yorest Resonrces {No obs.).—Forest covers 809%;; high forest
resources, Forests with moderate 1o high stocking rate (Fo, 3 sq
miles) and moderate stocking rate (FoM, 1 sq mile), the latier on
fower, more poorly drained parts. Access category Iw, because
of wetness problems on lower parts.

Agricultoral A t.—High capability for arable crops, tree
crops, and improved pastares and moderate capability for irrig-
ated rice. Capability for improved pastures clearly higher than
for other forms of land use. Limitations are drainage deficiencies
in lower parts, slight erosion hazards and cobbly soils in upper
parts. Only lower parts switable for irrigated rice, with water
from local small streams and land grading. Althcugh Ambunt is
small, jts development could be significant in an arca where good
land is very scarce. Soil nitrogen contents appear maoderate;
phosphate contents probably mostly very low to low; potash
contents mostly moderate, but commonly low.

Engineering Assessment,—Suitable for road construction; soil
malterials appear suitable as subprade and road metal can be
quarried in nearby hills. Minor or scaitered hard gravel. Best
possibilities in a wide area for location of airstrips, but landings
and take-cffs possible in only one direction because of high back-
ing hills. Soils are MH, CL, ML, with minor CH, SM; all are
very deep.

SvsTEM (5 5Q MILES)

¥d wide, together with minor Jow beach ridges. Mear Dandrindad
River, a few narrow-crested ridges and hills with steep siraight
slopes rising 50-80 ft above plains.

Sireams and Drainage.— Wide shallow braided streams with sandy
to gravelly beds (mostly blank on Fand system map) maintain a
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rapid rate of fiow right down to the coast. Probably a few small
distributary channels, and very small draining sireams in lower
part, fed largely by ground-water seepage from fans,

Surface run-off probably nil, excepi on small hills. Appears
largely well drained, with imperfect to poor draipage on back
plains and excessive draivage on low hills in Dandriudad River
area. Shallow inundation may oceur on parts of Lack plains
during wet season.

Vegetation.—Mostly covered by secondary vegetation; only 10%;
tall forest with a rather open canopy (Fo), Kunai grassland (GT)
on fan terraces as well as hills, occupying nearly ene-third of
land system. Sago growing in back plains exploiied {(MR). Re-
mainder is garden or under various stages of regrowth up to
medinm-aged secondary forest (R-FRm).

Geology,—MNo field data. Recent sediments, prebably fanglomer-
ate and allyviom: stratified and mixed gravel, sand, and clay.
‘The few low hills probably consist of Tertiary sedimentary rock.

‘Weathering and Soils (No obs.}.—Probably no weathering except
on low hills which could be shallowly skeletally or immaturely
weathered., Probable soil composition (MUHE, BUHOS) sub-
dominant; (EUHA2, EAHU2} common; (IUHP, TODLI1)
miner. Soils are probably similar to those described for this land
system elsewhere:¥ slightly developed, weakly acid, deep, more
or less gravelly friable clayey soils with thick dark topsoils
(hapludolls) on higher fan surfaces; mainly wndeveloped,
neutral, deep, medium-textured, non-gleyed to moderately gleyed
allovial soils on flood-plains amd back plains; sands on beach
ridges and probably thin truncated soils on the small hills.

* Lands of the Cogol-Upper Ramu area, Mew QGuines
(1957); Lands of the Lower Ramu-Atitau area, New Guinea
(1959). CSIRO Div, Land Res. Reg. Surv. divl Reps. Nos. 57/2,
59/1 (unpublished).

(22) RoMEL LAND

Land Forms (Plate 10, Fig. 2).—Short pently umdulating fans and
aprons of locally derived materials. Altitude ranges from 230 to
280 ft; 85% below 250 fe. Slopes very gentls, locally gentle, and
slightly or not dissected.

Streams and Drainage.—Few parallel to radial small sfreams and
gullies 4-12 ft deep, commonly with intermittent flow. Surface
run-off probably nil, Well drained.

Vegefation—Large paris (80%) used for gardening and cash
cropping {coconuts, coffee) or under various stages of regrowth,
Remaining original vegetation classified as tail forest with rather
open canopy {(Fo).

Gealogy.—Recent fanglomerate, at least partly vich in limestone
cobbles and gravel.

Weathering and Sails (1 obs.)—No weathering. Probable soil
composition is EUHO1 predominant; (EUHO2) common, An
undeveloped atkaline and caleareous deep but rather stony very
friable loam to friable clay loam soil (EUHOQ1) observed in a fan
at foot of a limestone hill, 'Where fans are farther from limestone,
less or non-calcarsous alluvial soils with few or no stones may
also be found.

Population -and Land Use.—Population of 440 in four villages.
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Popwlation and Land Use.—Population of 560 in two villages.
Present land use covers 2-5 sq miles (50% of area), 88 % in land
use Intensity class 3 and 1297 in class 5. Nearly all land use near
Dendriudad River, Sago exploited in swampy areas.

Transitions o Other Land Systems.—Distinguished from Pes (17)
‘because of clear fan patiern and on basis of vegetation. Transi~
tions to neighbouring Mubia (2), Po (15), Pandago (19), and Nigia
(12) either gradual or difficult to detect on aerial photos,

Forest Resources (No obs.).—Forest covers 229%: no forest
resources, Moderate to high stocking rate forest (Fo, 05 sq
mile) and low stocking rate forest {FRm, 0:5 sq mile}, Access
category I, but minor areas subject to poor drainage and
inundation.

Agricalfural Assessment.—Probably high capability for arable
crops and improved pastures, moderate capability for tree crops,
mainly on higher fan surfaces, and low capability for irrigated
rice for which only poorly drained back plains appear really
suitable. Dlrainage improvement of back plains difficalt because
of their low position and local need for protection against flooding.
On tke plains, soil nitrogen contenis probably moderate in soils
with dark topsoils, low in athers; pheosphate and potash contents
probably very high to moderate.

Enpineering Assessment—The wide braided rivers are con-
siderable obstacles requiring construction of major bridges in any
road link of the Aitape coastal plain with Wewak. Apart from
this and small poorly drained areas, Kabenau is very suitable for
road construction, #and may even be a useful source of gravel.
Soils are MH, CL, ML, with minor CH and SP; nearly all are
very deep, but those on small hills probably very shallow, Suitable
for airfield consiruction, but only in a roughly north-south
directi on.

SYSTEM (3 5Q MILES)

Present land use covers 2-4 sq miles (807, of area), 46% in land
use intensity class 2, 21 % in class 3, and 33 % in class 5.

Transitions to Other Land Systems.—Hard to separate from Pes
(17) on photo pattern, Mapped on positional evidence and from
land use patierns. Pattern also very similar to that of Ambunti
{20).

Forest Resources {No obs.).—Forest resources are low, Forest
with a moderate to high stocking rate (Fo, | sq mile approx.)
covers 20%. Access category 1.

Agricoltural Asscssment.—Very tentatively assessed as having
high capability for arable crops, very high capability for improved
pastures, but only moderate capability for tree crops because the
alkaline soils suitable for eoconut palms are probably much less
suitable for other iree crops. Only moderate capability for irrie
gated rice because of unevenness of terrain and local stoniness,
although water supplies would be generally clese. Soil nitrogen
and phosphate contents generally low to moderate; potash
contents probably high,

Engineering Assessment.—Pew difficulties for road construction
apart from need for culverts or small bridges. If stony limestone
fanglomerate is extensive, it could be a useful source of subgrade
for use elsewhere in the coastal plains. Soils are MH, ML, with
mingr CH; all are very deep.
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(23) AtoME LAND SysTEM (25 8Q MILES)

Land Forms {Plate [1, Fig. 1).—Flat to undulating slighily dis-
sected higher fan surfaces. Altitude ranges from 100 to 90D fi;
48% below 250 ft. Fan surface slopes range from high gradicat
to very gentle slope. Surface east of Raihu River exhibits some
very broad undulations, probably due to slight warping in Recent
time. Some fan surfaces appear shallowly (1030 ft) dissected by
ill-defined gullies, which in places appear tc be remmnants of
original channels, Fan surfaces stand §-200 ft above presant
stream levels, height mormally decreasing gradually from south
to north away from mountain front. Marginal slopes steep to
precipitous particularly near larger rivers. Along the margins
oecur few short dissection valleys 20-70 ft deep, with steep to
moderately steep concave slopes commonly with small slamp
scars and alcoves.

Streams and Drainage (Fig. 9(b))—Along the margins, moder-
ately spaced very small first-order streams with high gradient 1o
gentle slope. Stream flow probably alnost perenmial, with
relatively small extremes in discharge probably due to very low
surface run-off in relation to through drainage and to constancy of
ground-water seepage towards sircams. Stream beds rather
gravelly to bouldery, Shallow gullies in some fan surfaces prob-
ably have very small channels with intermittent flow or no proper
channels.

Gaperally well drained. Ohbservation near lower margin showed
a water-table of only 14 in., although soil was not gleyed; this
possibly caused by seepage from 2 rapidly aggrading flood-plain
nearhy or by banking up of ground water against it. Other
examples of imperfect drainage may occur elsewhere near
koundary of low-lying fan surfaces and younger_abluvial plains,

Vegetation—Tall forest dominant; rather open and small-
crowned canopy (Fos) forest most common (565), rather open
irregular canopy (Foi) forest (28 %), and irvegular canopy (Fi)
forest (69%). Mid-height forest restricted and covers < 10%. It
is mainly forest with an open canopy and sago palms in the
understorey (FmoM), which is locally common in valleys. Little
secondary vegetation {1 54),

Geology.—See Palawa (24), Age of the beds appears to be late
Pleistocene to sub-Recent.

‘Weathering and Sofls (2 obs.)—Woeathering probably mostiy
shallow and immature. Probable soil composition is UOTO3
dominant; IODO3 subdominant; AUTO3 common; I0DO1

(24) Parawa LAND

Land Forms (Plate [1, Fig. 1).—Partially dissected alluvial and
foew colluvial fans. Altitude ranges from 40 to [100 ft; 67%
below 250 ft, 3297 between 250 and 1000 ft. Relief mostly very
low, but commeonly ultra-low or low (extremes 10 and 230 ft).
Remnants of original fan sarface, usually long strips 100400 yd
wide, occupy about half the area (Jocally varying between 20 and
802 and in a few places include younger lower ferraces 200~
500 yd wide, Fan surfaces normally have very gentle to gentle
slopes, but moderate slopes oceur on colluvial fan surfaces along
southern foothills and gentle convex slopes where fans are slightly
warped up against low sedimentary hills of Yassip (38} and
Morwmu (39) in the north, Remainder mostly occupied by slopes
towards dissecting streams and gullies and along fan margins.

minor. Soils essentially simélar to those for fan surfacs remnants
of Paiawa (24), but generally appear slightly less acid and slightly
less weathered. Tor insiance, a moderately developed, acid to
weakly acid, thick friable to plastic clay soil with more friable clay
Juam surface horizons (AUTO3Z) was observed on a Iow-lying fan
surface with an anomalously high water-table.

Population and Land Use.—Population of 60 in one village.
Present land use negligible.

Transitions to Other Land Systems.-—See Paiawa (24). Mapping
was difficult and is tentative in the east because of eclusive
boundaries with Pes {I7) as well as Paiawa (24). With Pes (17
this appears due to the weathered surface dipping gredually
below younger alluvium.

Torest Resources (2 obs.).—Almost totally forested (92%); high
to very high forest resources. Main forest type (Fos, 8 sq miles)
has a moderate to high stocking rate except in wind-damaged
areas. In paris, further arcas of this forest have been mapped as a
complex forest (Fos{BmoM, 7 sq miles) with a moderate to low
stocking rate; it is restricted to valley floors. Forest with a
moderate stocking rate (Foi) covers another 7 sq miles and there
are minor occurrences of high stocking rate forest (Fi, 2 sg miles).
Access category I.

Agricultural Assessment.—Very hiph capability for tree crops and
high capability for arable crops and improved pastures, with a
slight peneral limitation of soil acidity and vexy local limitations
due {o steep slopes or imperfect drainage. Very low capability
for irrigated rice, because of both the difficulties of getting isriga-
{ion water to the high surfaces and the necessity of much land
grading due to local slope and general gradient. See Paiawa (24)
for further details. Soil nitrogen contenfs are probably mostly
moderate, locally low. Phosphate and potash contents are low
to very low, but some high potash contents may ocour on fower
stopes.

FEngineering Assessment.—Road-building proilems very minor,
except considerable cutting would be necessary for a road entering
across one of the long very steep marginal slopes. Otherwise this
land system appears the most suitable for road consiruction in the
coastal plain area, Small to moderate amounts of gravel obtain-
able from upper parts but only insignificant amounts in lower
margins. See Paiawa (24) for furiher details. The soils are
dominantly MH, subdominantly CH, and minor ML; all are
very deep. Very suitable for airfield construction,

SysteEmM (72 SQ MILES)

These slopes vary greatly in steepness and are normally moder
ately steep to very steep, locally moderate or precipitous. Less
steep slopes normally more strongly slomped and irregular than
steepest slopes. Where strongest, dissection has produced short
tidges with very narrow to narrow crests. Locally, partieularly
where relief is lowest, ocenr narrow alluvial valley floors 30-
200 yd wide (not more than 2 %),

Streams and Drainage (Fig. 9(h)).—Spacing of streams varies from
wide to close, depending on degree of dissection. Pattern is
generally dendritic, but subparaflel to radial in some more
steeply sloping occurrences at foot of mountains. Local siréams
are very small, commonly have sinuous courses, low to high
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gradients, and probably rather gravelly to bouldery beds. Since
streams appear largely fed by ground-water seepage and run-off
is probably low in relation to through drainage, flood spates
would tend Lo be minor and residual Aow large, only the smallest
gullies having intermittent flow. Only some larger streams have
nartow (40-100 yd) Hood-plains, whilst soms wider walleye in
[owest parts have no proper streams. A few trunk streams, mainly
with braided beds, traverse land system.

Generally well drained; imperfect drainage on some lower fan
terraces, probably due to seepage. Many valley floors are poorly
drained to swampy, probably mainly due to blocking by coastal
plain alluviom; some are probably inendated 1-2 ft for 1-3
months in wel season.

Vegetation.—Tall forest covers 85 %, Same types as in Alome (23),
but in different proportions: forest with a rather open and small-
crowned canopy (Fos) covers only 2254 forest with a rather open
irregular canopy (Foi), 49%; and forest with an irregular canopy
(FD), 14%, Mid-height forest, mainly with an irregular canopy
{FPmi), covers 10%; and is found on upper steeper past of fans,
About 5% is gardened, used to supply sage, or under regrowth,

Geuolopy.—Late Pleistocene {Recent on minor lower terraces)
stratified fanglomerate and allovium, predominantly silt and clay
with low to high amounts of pebbles and cobbles, with some non-
gravelly sandy silt to clay.

Gravels are mainly basic igncous rock and metabasalt, locally
mixed with or replaced by silistone and minor quartz. Thus
these sediments are derived in locally varying proportions from
igneous “‘basement” rocks and Tertiary sedimentary rocks. West
of Raihu River these deposits in places shallowly and unconform-
ably overlie Tertiary mudstone and siltstone.

Weathering and Soils (9 obs)—Fan surface remnants have
shallow immature weathering, locally tending to mature weather-
ing. Upper dissection slopes are Immaturely, lower slopes prob-
ably skeletally, weathered; a few lower fan terraces are um-
weathered,

Probable soil comyposition is UOTO3, 10D03, (I0DO2) sub-
dominant; EUHA4, BAYS, AUTA2 minor. Fan surfaces gener-

————ally-have strongly developed, acid; moderately thick to thick clay

1o silty heavy clay soils with eoarser-textured (loam to clay) and
more friable surface soils 0-5-2 ft thick (UOTO3). Subsoil tends
to be friable to firm when soil is predominantly derived from
igneous rock debris, firm to plastic where there is a large contriba-
tion of sedimentary reck debris in the parent material, Occasion-
ally moderately developed acid, uniformly textured friable clay
loam to silty clay soils of similar thickness (IOD(Q3) are found.
Moderately to strongly weathered gravel occurs in varying
amounts, but rarely in large gnantities within the first few feet,
Soils of upper dissection slopes are probably mainly similar to
these last soils althongh an acid, slightly gleyed clay sail with
friable clay loam surface horizon and very plastic silty heavy clay
deeper subsoil (AUTAZ) was also observed, apparently de-
veloped in an exposed clay lens in the fanglomerate, No data
available for soils on lower dissection slopes; they would tend

{25) PANAKATAN LAnND

Land Forms (Plate 11, Fig. 1).—Strongly dissected alluvial fans,
now forming dendritic and, locally near mountain front, sub-
parallel to radial patterns of closely to moderately spaced very
short to rather long ridges. Altitude ranges from 50 to 1600 £t
70% below 250.ft and 259 at 250-1000 fi. Relief generally very

199

te be less thick, generally less clayey and less acid, and more
gravelly and stony. An undeveloped, acid, slightly gleyed but
gravelly and stony friable loamy soil (EUHA4) was observed on a
younger lower terrace, and a weakly acid, very deep, but strongly
gleved, slightly plastic and very sticky altuvial clay soil (EAYS)
in one of the poorly draised narrow valley floors,

Population apd Land Use,—Population of 390 distributed over
four villnges. Present land use covers 1:9 sq miles (3% of area),
84% in land use intensity class 3, 16% in class 5, Land use
oceurs only in the western occurrences. Some villages also use
land in adjoining Panakatan (25).

‘Transitions to Qther Land Systems.—Clearly transitional to both
Panakatan (25) and Aiome (23). Boundaries are commonly
gradual and mapping is arbitrary in places, Some occurrences
are complexes of Panakatan (25) and Aiome (23) that are not
individually mappable.

Forest Resonrces (9 obs.)—Forest covers 93%; high forest
resources, Principal forest type {Foi, 35 saq miles) has a moderate
stocking rate. Associated is forest with a moderate to high stock-
ing rate (Fos, 17 sq miles), which has been wind-damaged in parts,
and a high stocking rate forest (Fi, 10 sq miles). Minor occurrences
of other forest types, all with low stocking rates, are also found
(Fmi, 2 sq miles: Fmi/Fmi’, 2 sq miles; Fmio, 1 sq mile}), Access
category 11, with minor problems on poorly drained valley floors.

Agrienitieal  Assessment.—High capability for tree erops and
moderate capability for arable crops and improved pastures, the
last occupying an intermediate position between tree crops and
arable crops. Tree crops rated highest because acid sojls with
poorly developed topsoils are probably more suitable for most
tree crops than improved pastures. These overall land wvse
capabilities encompass a strong contrast between high suitability
of fan surfaces and very low suitability of disseciion slopes.
‘Whilst there are some areas in which good or poor land dominates,
the two types are commonly intermingled. Thds is a limitation to
organized development and tends to favour tree crops, and to a
lesser degree improved pastures, above arable crops, Some
poorly drained valleys have moderate capability only for irrigated
rice. Soil nitrogen contents are low to moderate; phosphate and
patash contents generally low 1o very low, although higher potash
contents cccur on some slopes.

Eugineering Assessment.—Dissection is main obstacle to road
construction; otherwise there are advantages of well-drained
high ground, broad flattish crestal surfaces, commonly inter-
connected, moderate suitability of soil materials for fill, ease of
road-cui construction, and a probably minos but significant supply
of gravel. Gravel in upper layers is commonly too weathered to
be usable. Bridges can normally be small and of simple con-
struction, whilst culverts are sufficient in gullies. Overall this land
is better suited for road constrection than the surrounding hills,
fipod-plaing, and swamps. Depending on density and direction of
dissecting valleys, suitable sites for small airsirips appear common.
Soils are dominantly MH, subdominantly CH, and minor ML;
all are very deep.

SYSTEM (26 SQ MILES)

Tow, but in strongly spurred western occutrences low and locally
moderate {extreme range 50-500 ft), Loeal remnants of original
fan surface occapy <209 in any one occurrence. They are
probably 100-300 yd in diameter and have very gentle to gentle

convex slopes. Bast-of Raihu River original fan surface appears
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undulating, probably due to slight Recent warping. Ridge crests
are even and range from narraw and rounded to knife-edged.
Dissection slopes mostly steep to very steep but in places moderate
t¢ moderaiely steep, Precipitous marginal slopes occur locally.
Slapes are smooth and mostly concave, or clearly slaniped with
smeall to medivm-sized slumg Alcoves, or spurred, particilarky in
higher-relief occurrences west of Mengo River. Strong slumping
usually associated with less steep slopes. Particularly the upper
stopes tvithin the weathering zone commonly appear very
irregular and uneven, passibly due to microslumping of the soft
material after earthquakes. Small but relatively wide (probably
40-80 yd) Rattish valley floors occur sporadically.

Streams and Drainage {Fig. 9(b)).—Generally a typically dendritic,
but near mouniain front subparallel to radial, patiesn of closely
to very closely spaced small streams of low to high gradient,
except for some short steeper first-order streams. Siream
characteristics appear similar to those of Palawa (24). Well
drained; sutface run-off probably moderate in relation to through
drainage.

Vegetation.—Tall forests, mainly with a rather open irregular
canopy (Fol) but sometimes more closed (Fi) or with smaller
crowns (Fos), cover 48, 4, and 89 respectively. Near mountain
front the forest is lower, classified as mid-height forest with an
irregular canopy (Fmi) or with a very irregular canopy (Fmio).
Locally successional stages (Fmi”) occur, probably indicative of
unsfable slopes. These types together cover 17 %. Insome valleys
is mid-height forese with an opien canopy and sage palms in the
understorey {(FmoM). Remaining 23% is or has been cultivated
and all stages of secondary forest are found {R-FR). Sago has
been exploited (MR) in suitable situations.

Geology.—See Palawa {24). Age of beds is probably mid to late
Pleistocene and nowhere Recent.

Weathering and Soils {1 obs.).-—Crests and upper slopes appear
affected by shallow to deep immature to mature weathering, but
lower slopes prebably only skeletally weathered. Weathering
probably least on strongly spurred slopes, particularly in the
west. Colluvial displacement of weathered material down upper
slopes appears common.

Probable soil composition is TODO3, (I0D0O2) subdominant;
(UOTO3) common; (AUTA2) minor. Little information, but
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soils probably similar to those of dissection slopes of Paiawa (24);
soils of few remaining fan surface remnants similar to those of fan
surfaces in that land system. No information on soils of small
valley floors.

Population apd Land Use—Population nil. Present Jand use
covers 2-2 sg miles (8 % of area), §6 % in land use intensity class 3,
14% in class 5. Used by people in Paiawa (24} in the west, and
by people in Pes (17) in the east.

Traositions to Other Land Systems.— See Palawa (24). Difficulc
to distingnish on photo pattern from Yassip (38) or Morumu {39),
and in the west even from Numoiken (40). Mapping is based on
geographical position {adjacency to Aiome (23) and Paiawa (24) or
nearness to lacge rivers). In particular, the area of Morumu {(39)
west of the Nengo River and north of Barida (56) could well be
Panakatan, as could some areas of Yassip (38} and Morumu (39)
in extreme north-cast of area.

Forest Resources { obs.)—Forest covers 69%; moderate forest
resources. Main forest type (Foi, 12 sq miles) has a moderate
stocking rate. Others are moderaie to high stocking rate forest
(Fos, 2 sq miles), high stocking rate forest (Fi, [ sq mile), and two
low stocking rate forests (Fmio, 2 sq miles; FR, 1 sq mile).
Access category I, but access problems commonly reduced by
low relief.

Agricultoral Assessment.-—Because of steepness of slopes there is
low capability for tree crops and improved pastures and no
capability for arable crops. Nature of acid soils and local stoni-
ness make development for tree creps preferable to that for
improved pastures, bot land probably best left under forest or
used for forestry purposes. Soil nifrogen contents probably
mostly low to moderate, phosphate contents probably low to very
low, and potash contents may be high to very high on lower
slopes and low to very low on upper slapes and crests.

Engiveering  Assessment.—Conditions for road construction
similar to those of Painwa (24), but fimitations are greater and
advantages smaller. Traverse roads should be built only if
necessary or where they offer the best of a number of poor
prospects. Some road gravel obtainable, when other sources are
unavailable. Soils are MH with minor CH, CL; predominant
soils are probably very deep, minor soils moderately deep.

(26) Lunvr LanDp SYSTEM (22 8Q MILES)

Land Forms {Plate 11, Fig, 2).—TLittle to strongly dissected fan
surfaces and river tercaces with narrow food-plains along major
streamns. Altitude ranges from 600 to 1200 ft; 319 above 10400 {1,
Relief generally 100-300 ft, locally up to 500 ft near major streams.
Flattish terrace and fan surfaces probably occupy 40 %, maderate
to moderately steep erosional slopes 35 24, steep dissection slopes
and clifis 20%, and flood-plains 5%, Commonly two terrace or
fan levels, one 30-230 it-above stream level, the other 150400 ft
above. Lumi is on what appears to be a remnant of a still higher
surface 500 ft above river level. Highest surfaces particiarly
subjected (o erasion amd dissection, resulting in wndulating to
rolling topography with slopes about 10° and local relief of 50—
150 ft, and in more extreme cases flat-topped or rounded ridges
with broad to narrow crests. At least one large surface, up to |
mile wide and 300 ft above stream level, is not dissected and has
remnants of original meandering stream cowurses 5 ft deep and up
to 7 vd wide. One upper surface has uniform 10° slope probably
due to tilling. Disseciion slopes are broddly convex with com-

monly moderate to sieep irregular upper slopes with small slump
alcoves, and steep to precipitious lower slopes with rock outcrop
clifis. South of Yelbu River is a moderate foot slope on mudstone
with igneous gravel and cobbles on the surface; this is probably a
slip terrace. The food-plains are 100300 yd wide and include
discontinuous flood-plain terraces 4-8 ft above siream level.

Streams and Drainage (Fig. 9(c)).—Several through-going third-
and higher-order sireams with meandering but shallow gravelly
to stony beds 40-100 yd wide and with many sand and gravel bars.
They have rapid flow and probably low to high gradients. Al
though flowing in narrow flood-plains, rivers are undercutting
valley sides in many places. In places, main rivers have closely
spaced short dendritic to subparaliel first- and second-order
tributaries, with perennial flow and rock-cut beds with gradients
of very gentle to gentle slope. Run-off probably gencrally low in
relation to through dralnage and contributes litfle to flow of
the main through-going rtivers which, although continually
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fiuctuating in discharge within nairow limits, prebably have few
major flsod spates.

Most small Hood-phin terraces probably flooded less than once
a year. Mostly well drained, flattish upper surfaces commonly
imperfectly drained.

Vegetation.—Largely secondary, ranging from gardens to old
secondary forest (R-FR, 58 %), with locally planied sago {(MR).
Remainder of land system under tall forest with an irregular
canopy with light-toned erowns (Fid).

Geology.—Pleistocene and Recent fanglomerate and alluvium,
mostly sandy clay to silty clay, commonly with igneous gravel,
cobbles, or stones, some quartz gravel, rarely mudstone gravel;
in places heavy clay. Sedimenis appear generally 20150 ft thick
and overlie Plioceae sifistope and mudstone, exposed on lower
dissection slopes.

Weathering and Spils (8 obs.).—Shallow immature weathering
common on fattish high surfaces and crests, but dissection slopes
only skeletally weathered, even when rather gentle. Some inter-
mediate terraces up to 150 ft above stream level and (surprisingly)
a large flat high surface at 300 ft are not weathered or only slightly
skeletally weathered. This freshness of alluvinm so high above
present siream level attests £o a very high rate of subsequent
stream incision, Mature weathering is found on very high surface
rempant at Lumt,

Probable seil composition is IODAIL, AUTO3 subdominant;
UOPAL, UOTA2, UOTO3, EUHOS, EUHA2 common; IODOI,
IODE3, EUHL minor. Soils on weathered upper surfaces include
strongly developed, acid to strongly acid, thick to moderately
thin, commonly slightly gleyed, firm clay to very plastie silty
heavy clay soils with friable loam fo elay loam surface sofls and
thin or no dark topsofls (UOTO3, UOTAZ, UOPAL). Onstripped
surfaces and moderate dissection slopes moderately developed,
weakly acid to acid, moderately thin, firm clay soils with friable
loam to clay leam surface soils, with stones at surface andfor in
subsoil (AUTO3), observed on fanglomerate; moderately de-
veloped, acid, moderately thick, slightly gleyed, uniform, very
firm to very plastic silty heavy clay soil (IODA1) on mudstane.

————————— On-intermediate ferraces and on a large flat high surface were

undeveloped weakly acid to acid, deep to very deep, partly slightly
gleyed, slightly stratified friable to firm clay loam to clay alluvial
soils that may have gravelly subsoils (BUHA2, EUHOS5). No
data on steeper dissection slopes which probably have slightly
developed to undeveloped, weakly acid to acid, moderately thin
to moderately thick, medium- to fine-textured soils, that may be
stony, or on flood-plain terraces with probably undeveloped,
weakly acid fo neutral, deep, medium-textured alluvial soils.
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Population and Land Use.—Population of 510 distributed over
four villages. Present land use covers 13-4 sq miles (61% of
area}, 1257 in land use intensity class 3, 68% in class 4, 20% in
class 5. Some use apparently by people living in adjoining
Mambel (48).

Transitions to Other Land Systems—Photo pattern generally
similar to Paiawa (24), but locally resembles Karaitem (41).
Where dissection is close and deep, pattern is difficult to dis-
tinguish from Mornmu (39). Some intermediate terraces along
major streams akin to similar features in Musendai (32).

Forest Resowrces {8 obs)—Forest covers 41%; low forest
resources. There is one forest type with a2 moderate stocking rate
(Fid, 9 sq miles), Access category T, but minor access problems
could arise due to weiness on upper surfaces and flooding on low
terraces,

Agricultural Assessment.—Moderate capability for arable crops,
iree crops, and improved pastures; highest for pastures, lowest
for arahle craps. Erosion hazards are maia limitation for arable
crops and improved pastures, with soil acidity and stoniness as
confributory factors. Erosion havards, drainage deficiencies, and
physical soil deficiencies are main limitations for tree crops.
Flooding is main factor limiting land use capability on fleod-
plains. Since the land system forms enclaves of relatively good
land in large areas of populated steep hilly country, its develop-
ment on a mixed basis would be useful, each type of land
being put to its most suitable use. Soil nitrogen contents are
mostly low or even very low, but commonly moderate, Phosphate
contents are variable, very high to moderate in alluvial soils and
on slopes, low to very low on older surfaces, but also on some
sfopes. Potash contents are high to moderate in alluvial sofls and
on slnpes,A low to very low on older surfaces.

Enginecring Assessment.~—Topographically, this land system has
fewer preblems in road building than any surrounding land
systems, and the road from Lumi to Anguganak is largely in it.
Major problem is necessity of large bridges, and in some cases the
canstruction of approaches, where valley sides are very steep or
cliffed. Cuttings easily made in unconsolidated sediments, and
present no serious problems in underlying mudstone. Many large
streams a useful source of road metal in the form of erushed river
stone. Possibility of finding useful beds of rather fresh rounded
gabbro gravel in intermediate terraces, Soils are dominantly CH,
subdominantly CL, and minor MH;, ML; probable depths are
very deep dominant, moderately deep subdominant, shallow or
very shallow minor, Best locations for airfields in this part of area,
although direction would tend to be NE.-SW. which is un-
favourable for prevailing winds.

(27) NiGRE LanND SysTEM (132 sQ MILES)

Land Forms {Plate 12, Fig. 1)—Flat almost undissected plains
occur exclusively at lowest of two or three regional depositional
surface levels. Altitude ranges from 190 to 280 ft, 98 % occurring
below 250 ft. Relief is almost always < 10 ft. Local slope varies
from low to high gradient. Calculated overall gradients range
from 1:670 to 1:2500 (mostly 1:800-1:2000). Plains stand
<1030 ft [mostly up 1o 10 ft) above tevel of nearby food-plains,
In fhe west are some very gently undulating areas with many very
slight depressions, either rounded and 100400 yd in diameter or
long drainage depressions 60-120 yd wide, Characteristic of
south-western occurrences are meandering slight rises about 5 ft
high, 40-80 yd wide, and ©-7-1-5 miles long (Plate 32, Fig. 2).
These are interpreted -as former river beds now forming highs

due to relief inversion by weathering and ercsion. Occurrences
closely associated with Burui (29) and Kworo (30) east of Wagasu
River rather resembls Pandago (10). They are incluoded on basis
of vepetation and because location of some is compatible with
normal position of Nigre, In grassland, usually slight microrelief
of 6-9-in.-deep rounded depressions is ¢common; locally longer
depressions 12 in. deep. Under forest, either no microrelief or
18-in.-deep rounded depressions and 22-in.-deep trenches, up to
6 ft wide and about 30 ft long, together covering 50-70% of area.

Streams and Drainage (Fig. 9(d,2)).—Open to rather dense dend-
titic pattern with some subparallel and radial elements of mostly
very poorly developed very small first- to third-order streams.



202

Except for the largest, which may be 10 yd wide, streams have
poorly defined almost unincissd narrow (2-5 ¥d) channels winding
through ill-defined valleys only a few feet below plain surface.
Several such valleys have no stzeam bed but are merely wide
swampy drainage chanoels. Short but more clearly defined
dissection gullies occur locally along margins of land system.
Surface run-off probably nil to very low relative t¢ through
drainage, and streams mainly fed by lateral subsurface flow over
slowly permeable subsail layers. Wo flcod spates, but streams may
alternately gradunally increase in width and depth and shrink to
mere trickles and siagnating pools, depeading on rainfall,
Plains poorly to very poorly drained, even swampy in slight
depressions and some larger low-lying arcas. Higher meander
fracts are well drained. Dry-season water-tables mostly below
6 fi, but in one case 4 ft, whilst a perched water-table at 18 in.
was also observed. Some depressions and low-lying areas have
teal or perched water-tables above or near land surface throughout
dry seasom, whilst mest of land system likely to have shallow
watler-tables or even ponded surface water in wet season.

Yegetation.—Mid-height grassland (G) and fesn vegetation ofien
with sedges common (HD) occupy 30% and 26%,. Grasslands
3-5 it high and dense to vory dense have very mixed assemblage
of grasses and sedges, with varying pumbers of specics commmon
but none dominant,

Land along poorly defined drainage channels traversing grass
and fern lands, and in some cases also larger stretches of plain, is
covered by mid-height forest, mainly with an irregular canopy
with sago-palms in the understorey (Fmdd, 30%), in places with
Camprosperma predominant in the canopy (FmCM, 45%;), but
also of the related type with an open canopy (FmoM, 6J{). Sago
palm vegetation with emergent irees (e, 49 occurs in swampy
valleys.

Geology.—Pleistocene to locally sub-Recent alluviuni, mainly
clay, locally interbedded with sandy clay to sandy loam, with very
minor gravel; clays at least locally calcareous. Recent alluvium
may be present east of Wagasu River.

Weathering and Soils {10 obs.),—Weathering mostly shallow to
very shallow mature or nearly mature, Clearly immature weather-
ing observed east of Yimi (Bongos) River, corresponding with
small degree of weathering in adjoining Yambi {28). Possibly
some atypical occurrences east of Wagasu River are less weatfiered.
On the whole weathering is less indensive than in Burui (29) aad
probably slightly less intensive than in Yambi (28).

Probable soil composition is TJAPB2 subdominant; UAPA,
UAU1, UAU2, UOTB2 common; AUTA2, QANU minor. Soils
vary in detail, but over large areas comprise strongly to very
strongly developed, sirangly acid {less commonly acid), thick to
moderately thick, strongly to moderately gleyed, very plastic to
very firm silty heavy clay to heavy clay soils with 11-26-in.-thick
eoarser-textured syrface horizans of very friable loam, silt loam,
or sandy clay loam to friable to firm or plastic ¢lay loam to clay,
and commonly (UAPB2, UAPA, UOPAL) but noi always
{UAU2} with prominently red, brown, and light grey mottled
subsoils, These soils have cither few black to red concretions or
bleached silt in subsurfacs horizons, A soil observed in sandy to
gravelly material of a “‘meander rise’” is in many respects similar
but not gleyed, and consists of friable clay loam overlain by 9 in.
of very friable loam (QAMNU). Soils where land system forms
lowest of three surfaces and on lower-lying area east of Yimi
(Bongos) River comprise moderagely to strongly developed, acid,
moderately thick to thick, moderately gleyed, very plastic ¢o very
firm silty heavy clay to heavy eclay soils with 9-12-In.-thick very
friable or soft loam to silty loam to friable to firm clay loam
to clay surface horizons, and without prominent mottling, con-
cretions, or bleached silt (UOTB2, UAU2, AUTA2). These less
mature soils suggest slightly lower age of such surfaces. Possibly
[ess or much less developed or strongly gleyed heavy tlay soils
ocear on rather anomalous cecurrences east of Wagasu River
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which were not examined in the field, Althoupgh not sampled,
q0ils of swampy slight depressions, mainly in the west, are prob-
ably similar to Mindumo family of adjoining Wewak-Lower
Sepik area, which are moderately developed, acid, moderately
thick, strongly gleyed very plastic heavy clay soils overlain by
approximately 1 ft of peaty clay. Such soils are similar to and
may be associated with UAN soils. Soils ander grassland have
moderately thick to thick dark topscils, generally lacking under
forest with one surprising exception with a thick dark topsoil,

Population and Land Use.—Population of 190 in one village. No
present land use; people use land, at low intensity, in neighbour-
ing Nagam {16).

Transitions to Other Land Sy —Rather similar to Yambi
{28). Boundaries are commonly arbitrary and gradual, and in
some cases it is very difficult to decide from air-photo interpreta-
tion whether an area should be Yambi {28) or Nigre. Also
mapping problems in separating forested areas from Pandago
(10), Normal sapo forest {FmoM) is included with Pandago (10)
except where it is clearly related to older weathered surface of
Nigre. Other sago forest (Fmi), commonly characteristic of
areas obviously belonging to Nigre, was theréfore always mapped
as such, except for some small aréas which clearly belong to
Yilai (13), even where shape and location are rather similar to
Pandago (10). Nigre, therefore, possibly includes some Recent
alluvium with little or nto weathering and less-developed soils.
Boundaries of Nigre with Nagam (16) and Misinki (14) are based
purely on vegetation differences but the vegetation does appear
to reliably reflect differences in soils and drainage.

Forest Resources.—MNil. Access category W, with small parts
virtnally in access category S.

Agricoltural  Assessment.—Moderate capability for improved
pastures and irrigated rive, low capability for arable crops, and
no capability for tree crops. Poor drainage is major limitation,
combined with poor physical soil conditions for tree crops and
high acidity for other forms of land use, for which microrelief is
a minor other limiting factor, requiring grading or special care in
land tillage. Although capability for pastures is rated as moderate
in both Nigre and Burui (29), the latter appears maore altractive
because management of erosion and topographic limitations
appears simpler than the major drainage improvement required in
Nigre. Pastoral development of drier parts of Nigre appear
possible; wetter paris probably most suitable for ferigated rige.
Trrigation water can be brought from adjoining rivers without
great difficulty, whilst ponding of rain water is generally easily
achieved; it may be more difficult to drain off unwanted water
than to obtain irrigation water. Drainage schemes on a larger
scale could raise land use capability to moderate for arable
crops, low for tree crops, and high for improved pastures, whilst
major irrigation works could raise capability for irrigated rice to
high. Soil nitrogen contents are mostly moderate, but tend to be
low to very low under forest. Phosphaie contenis are very low.
Potash conteats are very fow to low on most surfaces, but only
low where the land system forms lowest and probably youngest
of three surfaces.

Engineeting Assessment.—Poor drainage and locally inundation,
and the ahsence of good road-building materials are major
limitations for road construction. Roads may have to be raised
with material from roadside ditches. Weathered sandy to gravelly
deposits of raised “meander strips’ could be minor source of
better-quality subgrade. Passibly, but not likely, brightly mottled
subsoils will harden irreversibly upon thorough drying and may be
used as low-grade laterite for road surfacing. Dark topsoils should
be removed, but coarser-textured subsurface soils should be re-
tained, particularly on unmade roads. Poor drainage renders this
land system less suitable for airfield comstruction than Yambi
(28), Soils are CH with a thin venser of MH, CL, ML, OL; all
are very deep,
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(28) Yamer LanND SysTEM (110 sQ miLEs)

Land Ferms (Plate 12, Fig. 2)—Flat to very geatly undulating
glightly dissected plains occur mostly at the lower of two regional
depositional surface levels, but also comprise intact parts of the
generally more dissected upper surface. Altitude tanges from
180 to 320 ft; 959 below 250 ft. Relief is mostly between 10 and
40 ft, Calculated overall gradients of lower depositional surface
range from 1: 500 to 1 : 3000 (mostly [ : 600-1 : 2000}, of upper
sutface from 1:380 to 1:2000 (mostly 1:500-1:1000).
Gradients tend to become less from north to south. On lower
surface, the plains stand < 10-30 ft (mostly up to 30 ft) above
level of nearby flood-plains; on higher surface, 10-150 ft (mostly
20-50 fi). Local slope of plains is mostly low to high gradient,
rarely very gentle slope, with gentle convexities towards dis-
section slopes. Dissection slopes and valley floors occupy <2097
{normally 5-10%) of any one occurrence, Dissection slopes
mosily noderate to moderately steep towards incised small
streams and gullies, but usually steep to very steep along margins
with adjoining aluvial plains. Yery genlly sloping narrow {20-
50 yd) bench terraces 10-20 ft below plain level oceur locally
along streams. Southern edges of land system mostly frayed, with
narrower plain sections and wider valley floors. A slightly different
iype of plain occurs in south-western corner and is more un-
dulating due to many very shallow (<15 ft) flat-floored long and
narrow {30-50 yd) or wider rounded drainage depressions,
bounded by very gentle o moderately steep slopes. Level ground
in mosi cases has a microrelief of rounded depressions {rarely
irregular trenches), -2 fi wide and 6-8 in. deep, covering 5-40%
of area. Small gullies up to 30 in. deep can be present near
margins,

Streams and Drainage (Fig. 9(z, f)—Open pattern with dendritic,
subparalfel, or radial elements of very small second- to third-order
streams, with irregularly spaced short firsi-order tributaries that
are no more than back-cutting gullies. Siream beds 2-6 yd wide,
commonly with 3-6-ft-high vertical banks separating them from
very narrow (5-20 vd) discontinuous flood-plains. They have very
little or no pravel and very low gradients, except in many first-
oeder -streams -with- gradients- wp to -very gontle slops, - Where
streams are located in prassland there commonly is no proper
channel, only a concave valley floor probably formed by col-
luviation. Such valleys have strongly intermittent flow, whilst
normal streams, except for the smallest, appear perennial,

Surface run-ofl appears very low relative to through drainage
and streams appear fed mostly by lateral subsarface flow over
slowly permeable clays and by slow through-drainage seepage;
flood spates are probably rare. Plains are mostly poorly drained,
tess commonly imperfectly drained, and rarely well drained or
very poorly drained; dissection slopes are mostly imperfectly
drained; and valley floors probably imgperfectly drained to
swampy.

Vegctation.—Mid-height grassland (G) covers 52% and fern
vopetation, often with sedges common {(HD), another 8%.
Grasslands of betier-drained areas are 34 ft high, dense, and of
mixed species composition. Sedges genecrally less common than in
Nigre (26). Themeda australis occasionally predominant. In
more poorly drained areas height is 4-6 ft, Ischaemum barbatum is
dominant, and Arundinella setose common; other grasses and
sedpes still mixed with these except in drainage depressions.
Mid-height forest, partly with an irregular canopy (Fmi) and
parily a small-crowned canopy (Fms), occurs over about 25%,
often in tracts surrounding grasslands but also on slopes fringing
valley floors. Also some tall forest with an irregular canopy {Fi,
5%). In valleys is mid-height forest with an irregular canopy
and sago palms in the understorey (FmM, 8%), in places with
Campnosperma predominant in canopy (FmCM, 134), Tt merpes
into an epen canopy type (FmoM, 2 %) in wider valleys.

Geology.—Pleistocene and minor sub-Recent alluvium, mainly
clay loam, silty clay, and clay, with intercalated sandy clay loam
ta sandy clay beds, locally with law to high amounts of quartz
and other gravel.

‘Woeathering and Soils (27 obs.}. —Low surface plains are generally
shallowly to very shallowly maturely, more rarely fmmaturely,
weathered. No observations on upper surface plains which are
expected to be similarly or slightly more weathered. Low-lying
plains along Yimi {Bongos) River appear skeletally to immaturaly
weathered, whilst immature weathering was observed on a bench
terrace in the west. Weathering on dissection slopes varies from
very shallow mature to skeletal.

Frobable soil composition is UAPB2, UAPU2, UAOU,
TUOPB commeon; TAUOI, IODA2, AAU2, AAOU, AAQO,
VAU, UAOO, UAPUIL, UAPBI, UOPAL UUP, OANU minor.
Variety of soils with basicelly similar propeitics occurs. on pladns.
Together these can be-described as strongly to very strongly, maore
rarely maoderately developed (AATI2, TAOQQ* UAUOTT, acid
to strongly acid, moderately thick to thick (rarely moderately
thin), mostly moderately to strongly gleved (AAU2, UAU,
TUAQQ, UAQU, UAPRIL, 2, UAPUI, 2}, more rarely slightly
gleyed (UOPAL, UOEB, UUP), plastic or firm ¢clay to very plastic
ar very firm heavy clay soils, with 6-18-in-thick coarser-textured
very friable loam to sandy clay loam or friable to firm clay loam
surface horizens, Most have prominently red, brown, and light
grey mottled subseils (UAPRI, UAPB2, UAPUI, UAPU2,
TOPA1, UOPB, UUP). Low to high amounts of brown and
black concretions or bleached fine sand and silt common in
subsurface horizons. A similar but only mederately developed
soil (AAU2Y observed on bench terrace along a stream. Very
rarely and probably only on higher paris occur very stroagly
developed, strongly acid, moderately thick to thick, non-gleyed,
friable clay to silty clay soils with very friable loam topsoils
(OANT]). With rare exceptions {UOPAY, UAQQ), all have thick
to moderately thick dark topsoils. On some low-lying plains,
notably one along Yimi (Bongos) River, slightly to moderately
ately thick, moderaiely gleyed, very plastic to very firm silty
heavy clay to heavy clay, with friable clay loam over firm to plastic

" play surface horizons, up to 18 in. thick, and with moderately

thick (AAOQU) or thin (AAQO) dark topsoils. Similar moderately
developed soils together with acid, moderately thick, slightly gleyed,
uniformly textured clay loam to heavy clay soils (IODAE, 2)
were observed on dissection slopes, but in some localities strongly
developed soils (UAPB2 observed) may continee almost to
bottom of valleys, where the profile may be exposed in small
breakaways. No observations on forested valley floors, but con-
cave or flat drainage depressions in grassiand have slightly devel-
oped, acid, thin, moderately to strongly gleyed clay or clay loam
soils overlying heavy clay substrata and having thick datk topsoils
(IAUOL, TAUO2). )

Paopulation and Land Use.—Population of 360 distributed over
three villages. Present land use covers only 1-1 sg miles (1% of
area), 289 in [and us¢ intensity class 3, 72% in class 4. Most land
use by population is on adjoining Screw {18) and on a small
atypical area of Pandamp (6).

Transitions to Other Land Systems.—Rather arbitrary gradational
boundaries with similar but more dissected Burui (29) and more
similar but generally slightly lower and wetter Nigre (27). Many

* Derived from observations made during 1959 survey of
Wewak-Tower Sepik area, not-deseribed in this report, It is very
similar to WAQU soils but has only a thin topsoil or no dark
topsoil.
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boundaries with Nagam (16), Misinki (14), and Screw (18) based
purely on vegetation differences (see discussion in Nagam (16)).

Forest Hesources (2 obs.).—Forest covers 30%; very low Lo low
fores! resources. Low stocking rate forests {Pmi, 12 sg miles;
Fms, 10 sq miles) and a high stocking rate forese (Fi, 6 sq miles)
accur exclusively on the fan plains and disseclion slopes. The
alluvium carries low stocking rate forest (FioM, 1 sq mile) on
poorly drained areas. Amother forest complex of low stocking
rate (Fms{FmM, 5 sq mifes) accurs on both land forms. Access
category W.

Agricultural Assessment,—3Tigh capability for improved pastures
and moderate capability for arable crops, but low capability for
tree crops and irvigated rice. Poor drainage and poor physical
soil properties are main limitations, except for rice, and are most
sericus for tree crops and least for improyved pastures. Only
partial improvement of drainage status probably attainable by
construction of ditches or graded grassed watercourses but this
should be sufficient for pastures and a limited range of arable
crops. Erosion hazards on plains generally slight, but should be
watched where scils with coarse-textured surface horizons over
slowly permeable subsoils are to be permanently cropped. Soil
acidity a contributory limilation, except for fyee crops, as is
surlace unevenness of microrelief which necessitates grading for
cropping and rice-growing and in some cases for improved pas-
tures. Irrigated rice best grown on areas not too high above river
levels in adjoining land systems, but even here irrigation water can
only be brought by pumping. or long chanpels from upstream
weirs. Inundation by rain water feasible over large parts, but was
not considered in assessing capability for irrigated rice. Terracing
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of rice bays will commonly be required. Soil nitrogen contents
are moderate to low, generally higher on plain surfaces and in
grassland valleys and lower on disscction slopes. Fhosphate and
potash. contents generally very low (more rarely low) on old
surfaces, whilst in grassland valleys low contents appear to domin-
ate very low. Younger terrace surfaces tend to have low phosphate
bui high to very high potash conlents. On dissection slopes
pheosghate and potash contenls vary greatly from very low 1o high.
In waler balance zone [ is rather rare to rather frequent slight soil
wafer sfress in most soils excopt the wettest.

Engineering Assessment.—Minor topographical limitations for
road coustruction. Stream crossings require only colverts or smatl
bridges and approaches are casily graded in the unconsolidated
sediments. Roadside drainage needs aftenfion apd in slight
depressiens roads may have to be built up. No road-surfacing
materials aparé from probably very limited quartz gravel and iron
concretion deposits, Brightly mottled subsoils unlikely to harden
irreversibly upon thorough drying and be used as low-grade
laterite for road surfacing. Subsoils probably poorly but under-
lying. less-altered sediments moderately suitable for subgrade.
For unmade roads a dark topsoil is best removed, but any coarser-
textured soil between it and the clay subsoil should be preserved
on road surface, because subsoils become very boggy and slippery
in wet weather. Soils are predominantly CH with a thin veneer
of MH, CL, ML, or CL; minor CH; and mincr M with a
veneer of ML; all are very deep. Topography suitable for airfield
construction, particularly in a roughly porth-south direction, but
drainage will require special attention, IF airsitip snrface is to
remain in grass topsoils are best left intact, but careful grading
necessary becanse of microrelief.

(29) Burur Lanp SvsteM (108 sq MILES)

Land Forms (Plate 13, Fig. 13,—Undulating io flat dissected plains
occur mostly at higher of two regional depositional surface levels,
but also comprise dissected parts of the generally less dissected
lower surface. Altitude ranges from 190 io 350 ft; 89 % below
250 ft. Relief mostly between 20 and 80 ft. Caleulated overall
gradients range from 1 : 180 to | : 670 [mostly 1:220-1: 60D) at
upper level, from [ : 600 to 1:2500 (mostly 1:600-1: 2000) at
lower level. At higher level, plains stand 10-170 ft (mostly 20—
100 ft) above level of nearby flocd-plains; at lower level, < 10—
40 ft {mostly 10-40 fi). Plain sectors occupy 15-80%7 of any one
occifrence; remainder consists of dissection slopes and valley
floors. Thus individual plain sectors vary greatly in width,
probably from 150 to 700 yd; lucal slope varies from low gradient
to gentle slope. Genitle slopes of undulating plain sectors mostly
straight or convex, but locally slumped and concave, backed by
short (10-20 ft) steep slump walls, Slight microrelief of rounded
depressions up to 9 in. deep and 36 in. wide occurs in places on
nearly level plain sectors. Dissection slopes mostly moderate to
moderately steep towards incised small streams and gullies, but
steep to very steep along margins of Burui near adioining alluvial
plains. Valley fHoors probably 20-70 yd wide, but wider near
strongly frayed southern margins of land system where pro-
portion of plain sector is always relatively small. In a narrow
occurrence in the east are two clearly separated alluvial terraces
20 and 4G ft above nearby flood-plain, which ave probably related
ta an old course of Nanu River.

Streams and Drainage (Fig. 2(f)).—Stream pattern essentially
similar but considerably closer than that of Yambi (28}, and there
are a fow fourth-order and commonly longer first-order streams.
Stream characteristics same as for Yambi (28) except largest
streams are up to 10 yd wide.

Suiface run-off low in relation to through deainage but can
result in common flooding of marrow flood-plains along larger
streams. Level plains are predominantly poorly, in some cases
imperfectly drained; position reversed on gently sloping plain
sectors and dissection slopes. Valley floors poorly drained to
SWAmMpY.

Vegetation.—Mid-height grassland (G) covers 529, tall forest
with an irregular canopy with light-toned crowns (Fid) about 7%,
and mid-height forest with a small-crowned canopy (Fms)
another 8 3 on both plain seciors and dissection slopes. Grasslands
about 3 ft high consist usually of an open layer of taller grasses
and sedges over a deénser ground cover of smaller species.
Qccasionally one or more species. are especially cornmon, e.g. the
prasses Themeda australis, Ischeemum frapile, 1. barbatum,
Eriachne squarrosa, Afforeropsis semiglata and the sedpes
Rhyuchospora rubra and Fimbristylis spp. In more poorly drained
areas grasslands are higher and denser and Isckaemum barbatum,
Arundinella setosa, and Ophiuros exaltaius predominate.

Valley floors have mid-height forest with an irregular canopy
and sago palms in understorey (FmM, 14%). Some mid-height
forest with an open cangpy, occasionally with Campnosperma,
and sago palms in understorey (FmoM, FmoCM, 2%) found on
wider valley floors. About 17% of land system covered by
secondary vegetation that commonly includes exploited sago palm
vegetation (R-FR/MR).

Geology,—Pleistocene allevivam, mainly clay and clay loam,
locally sandy clay and sandy clay loam, and very locally with
small amounts of quartz and other gravel, In northern upper
parts these sediments are locally semi-consolidated, indicating a
gradual transition to Pliocene sedimentary rocks of Yindigo (31).
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‘Weathering and Soils (21 obs.}.—Level and gently sloping parts
of plains nearly always shallowly maturely weathered, on higher-
as well as lower-level surface. Shallow skeletal wezthering ob-
served only on very low-lying, very gently sloping [ower-level
surface remnant near Sepik River, This agrees with other evidence
of less weathering or partial stripping of weathered zone in
Papgwi-Burui area. The few observations suggest steeper dis-
section slopes are shallowly immaturely to skeleially weathered.

Probable soil composition is UUP, IODAZ, UAPB2, UOFPA3,
UAPU]l common; UQOPAL, 2, UOPB, AUTAI, MUAOI,
TATIO!, BAHUI minor. Soils of almost level plain sectors
are very strongly developed, rarely strongly developed (UOPAL,
sirongly acid (in some cases acid), moderately thick to very thick
{mostly thick}, moderately (o slightly gleyed, very firm to very
plastic silty heavy clay to heavy clay, with coarser-texiured very
friable loam 1o firm clay loam surface horizons 10-18 in. thick.
All these soils have prominently red, brown, and light grey
moitled subsoils (UAPB2, UAPUL, UOPAL, 3, UOPB).
Soils on genlle Slopes are generally similar but commonly not
as strongly developed, apparently never very thick, and always
only slightly gleyed. Coarser-textured surface horizons slightly
thicker here and consist mare of fine sandy loam to loam than of
clay loam (UTUJP, UOPA2, 3). Black and brown concretions
occur only sporadically in soils of plains but bleached silt
common in subsuriace layers. On a slumped gentle slope
was a moderately developed, acid, moderately thick, slightly
gleyed plastic clay soil with.a 14-in.-thick almost loecse loamy
sand surface horizon (AUTAI1). A very genily sloping low-lying
occurrence near the Sepik River had a moderately developed,
weakly acid, moderately thick, slightly gleyed, very firm to very
plastic silty heavy clay soil with a more friable clay loam surface
horizon and thick dark topsoil (MUAQ1), which is similar to some
soils described for lower plains of Yambi (28} near the Yimi
(Bongos) River. Strang correlation between topsoil colour and
vegetation; soils under grassland have a moderately thick to
thick dark topsoil (except For soils on a slumped slope (TTOTA3)
and on a moderately steep dissection slope (ICDA2)), soils under
forest have no dark topsoil or only a thin one (UOPAL, 2, 3).
Soils on dissection slopes include strongly weathered, moderately
thick, acid, slightly to moderately gleyed, very plastic heavy clay
soils, with 10-1%-in.-thick very friable sandy loam to firm clay
loam surface horizons and prominenily red, brown, and light
grey motiled subsoils (UAPB2, UUP) on moderate stopes and a
moderately developed, moderately thin, weakly acid, slightly
gleyed, friable to plastic, rather uniformly textured clay soil
{I0DA2) on a moderately steep slope. Twao different valley floor
soils were observed: in a concave, colluvially apgrading grassland
valley occurred a slighily developed, weakly acid, moderately
thin, moderately gleyed, plastic clay sofl overlying a very plastic
heavy clay subsiralum and having a thick dark topsoil (IAUO1);
in a narrow forested fiood-plain was an undeveloped, weakly acid,
moderately deep, moderately gleyed, firm to plastic clay over silty
heavy clay seil (EAHU1).

Population and Land Use.—Population of 1510 distributed over
10 villages. Present land use covers 17-1 sq miles (169, of area},
5% in land use intensity class 2, 21 % in class 3, 5094 in class 4,

(30) Kworo LanD

Land Forms (Plaic 13, Fig. 2).—Very low, and in the south com-
monly ulira-low, finely to very finely branching accordant hill
ridges with, in any one accurrence, up to 109 flattish crestal
remnants of an origimal plain surface. Land system always occurs
as upper of lwo or three regional depositional surface levels,
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and 247 in class 5. Exploited sago important in subsistence,
particularly in south-east. Land use only in eastern accurrences
where many villages also use land in adjacent Screw (18).

Transitions to Other Land Systems.—Many boundaries with
Yambi (28) and more rarely with Kworo {30} are arbitrary and
gradational. Boundary with Musendai (32) near Nanu River
arbitrarily placed to include grassland in Burvi. Here the typical
fan plain pattern of Burui merges imperceptibly into the terrace
bench pattern slong major rivers, characteristic of part of
Musendai (32}, showing the close relationship between the two
land systems,

Forest Resounrces (3 obs.).—Forest caovers 18%; very low forest
resources. Low (Fms, 5 sq miles) and moderate (Fid, 1 sq mile;
Fid/FR, | sq mile) stocking rate forests found exclusively on fan
plains and slopes, while low {FmoM, 1 sq mile) stocking rate
forest is found on alluvium. Forest complexes found on hath are
of moderate (Fid/FmM, B sq wmiles) or low (Fms/FmM, 6 sq
miles) stocking rate., Secondary forest (FR, 1 sq mile) of low
stocking rate also occurs. Access category W, whilst minor
access problems from dissection slopes may also be experienced.

Apgricultural Assessment—Moderate capability for improved
pastures and low capability for arable crops and particularly tree
crops and irtigated rice. Generally lower rating than for Yambi
(28) is largely attributable to higher erosion hazards in this more
dissected terrain, which are only partly offset by lesser drainage
problems. The fact that poor or imperfect drainage persists in
soils on slopes indicates that it is mostly caused by inherent slow
permeability and will therefore be difficalt to rectify completely,
Soil acidity appears a slightly greater limitation than in Yambi
{28}, Flooding is a hazard in narrow fland-plains. Stesper slopes
and greater height above river levels mean only small areas can
be irrigated for rice-growing withoul involving major works.
These comprise some low-lying plains, flood-plains, and valley
floors. A characteristic of Burui is uniformity of land eapability
over large areas. Development for pastoral activities appears
the most appropriate. Soil nitrogen contents are mostly low but
moderate on low-lying plains, valley floors, and more rarcly on
dissection slopes and upper surfaces. Phosphate contents nearly
always very low but low values occur on small low-lying aress and
alluvial valley floors. Potash contenis mostly very low but low
values not uncommon on upper surfaces and common on low-
lying surfaces and dissection slopes; moderate values common on
disseciion slopes and high valnes on alluviat valley floors. In
water balance zone 1 there is rather frequent slight soil water
siress, particularly in UOPA3, UUP, UCPB, and UQPA2Z soils,
and possibly rather rare to rather frequent severe soil water stress
for shallow-rooting crops.

Engineering Assessment.—Conditions for road construction
mainly very similar to those in Yambi (28) except topograplic
limitations are grealer, requiring more small bridges and culverts
and more carth movement for read cuttings, or construction of
more winding roads. Soils are predominantly CH (locally MH)
with a thin vencer of MH, CL, ML, OL, or SC; minor CH,
MH; all very deep.

SysteM (113 sQ MILES)

Altitude ranpes from 210 to 400 ft; 679% below 250 ft. Relief
decreases from north to south and is mostly 40-120 ft with
extremes of 20 and 150 fi. Caleulated overall gradients, which
may be indicative of original surface gradients but could lecally
have been increased by erosion, range from 1: £70 to 1: 1000
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(mostly 1:180-1:500) and gemerally decrease from north io
south. Some hill slopes are convex to straight and either smooth
or with many very fine spurs and grooves; olhers are concave
and strongly benched or slumped. Smooth convex slapes (probably
3335 of area} appear stabilized and the result of 2 past phase of
dissection. They include some rolling terrain on high interfluves,
rather than brenching ridges. The concave slumped slopes
{probably 55%) appear essentially unstable and associated with
present-day disseclion. Transifional stages occur in the forms of
the finely spurred convex slopes and smooth concave slopes.
Overall hill slopes are maderately steep, less commonly moderate
ar steep, Local slope on slumped ridges varies from very gentle
to moderate on slump and bench floors to sicep to very steep on
slump and bench walls, Slumping patierns consist of fairly
regularty spaced slump benches éxtending along ridges for up to
Q-5 mile, or of paraholical individual slumps commonly separated
by low spurs, or of chaotic hummocky relief of 10-20 ft. Ridge
crests are mostly knife-edged to very narrow, in places clearly
rounded and narrovw; ihey may be even, undulating, or somewhat
peaked. Slumped ridges commonly have emergent cresis with
very short steep 1o very steep side slopes. Crestal surface rem-
nants {(probably 5 ) mostly have very gentle slopes and are 30-
160 ¥d wide. Microrelief depressions up to 12 in, deep found on
some fat crestal surfaces, Where ridge patterns are dense, valleys
are usually very narrow, but in many other cases there are 20—
140-yd-wide valley floors (probably &%) that in grassland areas
are gencrally concave and normally very gently to gently sloping.
Mounds 6 in. high or depressions 6 ir. deep ogeur commonly in
grassed valley floors,

Streaws and Drainage (Fig, 10(@)).—Dense dendritic to sub-
parallel pattern of very small mostly first- to third-order streams.
In forested valleys the mostly perennial streams are 2-8 yd wide,
4-6 ft incised in discontinuous flood-plains, or cut directly into
Pleistocene sediment. Stream beds have no gravel or very small
amounnts, and gragdients probably vary from low gradient in larger
streams to very gemtle slope in some first-order tributaries. In
Jower parts of Kworo these streams commonly disappear in
slightly wider unchannelled valleys of very low gradient or less.
Grassland valleys (of first and few of second order} have no
defined channels, and flow is intermittently overland after heavy
rain and slow subsurface at other times. Surface run-off probably
maoderate in relation to through drainage, and minor flood spates
probably common and will only rarely exceed bank level,

Swampy lower valley floors probably inundated for 3-5 months
per year to a depth of -3 ft. Drainage status variable: convex
or straight slopes well {o imperfectly drained; slumped slopes
imperfectly to poorly drained, locally well drained or very poorly
drained; crestal flats well to poorly drained; grassland valiley
floors poorly drained and vallsy flood-plains imperfectly to very
pootly drained.

Vegetation.—Some areas covered mainky by mid-height grassland
(G, 299%), others by mid-height forest with a small-crowned
canopy {Fms, 34%) or tall forest with an irregular canopy with
light-toned crowns (Fid, 11 %}. Grasslands are 4-5 f1 high, dense,
with Themeda australis dominant and Ischaeesivn barbatum,
Ophiuros exaltatus, Sorghwm nifidum, andlor Arundinella sefosa
common or ¢odominant, In areas with a thin dark topsoil or
without a dark topsoil species composition is more mized, with
no species predominant and sedges common. In slump alcoves
Ischaemum barbatim, Arundivefla serose, and Seleria cifaris
form an open to rather dense storey over a rather dense ground
layer of small sedges, e.g. Scleria caricing, or fine grasses, e.g.
Isachne sp., and of Xyris pauciffera, Erfocanion australe, and
Lycopodium cerruum. Valley boitoms are covered by very dense
4-5-ft=high grassland dominated by Ischaetnum barbatum and
Arundinella setosa, with Ophivros exaltatus and Scleria ciltarls
usually common, or carry mid-height forest with an irregular
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canopy and sago palms in the understorey (FmM, 9%) which
mesges into the open canopy type (FmoM, 2%) in wider valleys.
Secondary vegetation only of minor importance (3 %), wainly of
secondary forest (FRy-FR) occurring as patches in undisturbed
forest.

Geology.—Pleistocene alluvium and fanglomerate, predominantly
clay loam and clzy, commonly interbedded with sandy clay loam
to sandy clay and locally containing small quartz and other
gravel. In northern upper part these sediments are locally semi-
consolidated, indicating a gradual transition to the Pliecene
sedimentary rocks of Yindige (31).

Wenathering and Soils (19 obs.).—Weathering rather variable and
difficult to asgess precisely. The flat crestal surface remnants seem
generally shallowly to deeply maturely weathered, the latter
particularly in areas with predominantly convex slopes, on which
shallow mature weathering is also evident, and initial slumping is
taking place in the weathering zone, so that most slump benches
and afcoveés also consist of maturely weathered material. In
contrast, in one area with common surface remnants but common
concave slopes, shallow immature and even skeletal weathering
was observed on the slopes. This indicates rather complex ve-
lationships between land form and weathering., As generally
expected, only shallow immature weathering was found on slopes
as well as on very small surface remnants in areas of strong and
apparently active slumping. ‘This suggests that in such situations
surface stripping also takes place. Where smooth concave slopes
appear to have resulted from stope stabilization after earlier
sirong slumping, shallow mature weathering was observed on
fower slopes.

Frobable soil composition is TODAZ subdominant; UOPB,
UAQU, UQTO3, OANTI, AAUL common; AAU3, QANU,
TAUOI, IAUQ3, EUHA3, EAYS3 minor. In areas of essentially
stable, very strongly weathered, predominantly convex slopes and
surfece remmants occur very sirongly developed, strongly acid,
thick (locally moderately thick on slopes), friable io firm clay
loam, silty clay, or clay seils, with 5—I10-in.-thick coarser-textured
very friable to friable loam, sandy clay loam, or ¢lay loam surface
horizons, and commonly with moderately thick dark topsoils
{OANU) that can be absent on steep slopes (OANTI). Such
soils were observed on crests, slopes, and slump henches. Also
obsarved on slopes was a strongly developed acid, moderately
thick, hard o very firm sandy clay with a 10-in,-thick very friable
sandy clay loam surface horizon (UOTQ3). Since all these soils
contained at least some quartz gravel, and some alse much
guartz sand, their formation may be related to relatively coarse-
textured sediments, and similarly weathered but much more plastic
and ¢layey and more motiled soils may occur in similar situations
on finer-textured sediments. An example of the last soils is the
very strongly developed, acid, moderately thin, slightly to moder-
ately gleyed, very firm to very plastic silty heavy clay over plastic
silty clay soils, with 9-in.-thick coarser-textured very friable to firm
clay loam to clay surface horizons and mederately thick dark
topsaoils (UCGPB), found on what appear to be originally stumped
but now stabilized concave slopes. They have prominently red,
brown, and light grey mottled subsoils, In areas being more
actively denuded by slumping and erosion, common soils, occur-
ring mainly on slopes but locally also on crests, appear to be
moderately developed, acid, moderately thin to maderately thick,
moderately pleyed, uniformly textured, friable to firm or hard clay
loam, silty clay loam, silty clay, and clay seils (IODA2). All four
observations of this soil family were under forest. Associated
soils observed in grassland are moderately (to strongly) developed,
acid, moderately thin to moderately thick, moderately gleyed,
very plastic silty heavy clay or heavy clay to plastic clay soils,
with-a 9-in.~thick friable clay loam surface horizon and moder-

. ately thick (UAO) to thick (AAUI, AAU3) dark topsoil. Soils

observed in grassy colluvial valley Hoors and small slump alcoves
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were slighily developed, strongly acid to acid, thin, moderately
to strongly gleyed, very dark, very friable to slightly plastic
clay loam to sandy clay loam soils, overlying similarly textured
substrata (TAUO3) in areas of very strong weathering; also
similar but acid to weakly actd clay soils overlying very plastic
clay io heavy clay substrata (LAUQ1) in areas of less weathering
and more active slumping. On forested flood-plains occur un-
developed, weakly acid, moderately deep clay to heavy clay
alluvial soils, ranging from slightly gleyed soils (EUHAZ3) in
upper valleys to very sirongly gleved soils, commonly with little
cohesion in upper part due 10 over-saturation with water (EAY3)
in swampy lower valleys.

Population and Land Use.—Population of 730 distribuied over
three villages. Present land wse covers 4+ 7 sq miles (4% of area),
all in land use intensity class 5. Although villapes make some use
of land in adjoining Sandri (35), low land use intensity is also
caused by predominance of sago exploitation in subsistence.

Transition to Other Land Systems.—VYery similar in patiern tc
Yindigo (31}, and the two always merge gradually. They are
separated mainly to indicate the approximate boundary between
consolidated Pliocene and unconsolidated Pleistocene sediments,
but there appears to be no sharp natural break there either.
Kworo generally has slightly lower relief and a denser and
more intricate ridge patisrn than Yindigo (31}, Where Kworo
borders Sandri {35) there is usually a ¢lear break in pattern, if not
in relief. In many places Kworo merges gradually into Burui (29},
and the boundaries simpiy separate aveas with < 10% from those
with >15% of remnant flat crestal surfaces, These percentages
seem to represent a fairly clear break as no oceurrences were
observed with 10-15%; of remnant surfaces,

Torest Resources (6 obs).—Forest covers 473%); low forest
resources. Low stocking rate forests (Fms, 21 sq miles; Fms/
FmM, 22 sq miles) cover much of forest area, In northern parts
are moderate stocking rate forests (Fid/FmM, 10 sq miles; Fid,
3 sq miles; Fid/FR, 2 sq miles). Two types of complex forests
{Fid and Fms) occupy hill sites and another two (F and FmM)
vailey floors. Secendary forest (FR) occurs on both sites. Access
category 1Tw.

{31) Ymnmgo LAND

Land Forms (Plate 14, Fig. 1).—Very low generally accordant hill
ridges that tend to be branching or have an irregular paitern, bui
are locally subparallel, Ridges are broad, or very broad if poorly
expressed wide shiort spurs are included. Altitude ranges from
210 to 700 fi; 409%, below 250 ft. Relief is generally 100-200 ft.
Hill slopes range from gentle to moderately stcep but are pre-
dominantly moderate. They are normally convex (probably 45 %
of area}, but concave wheore slumped {probably 37 %), Prominent
smzfl slump alcoves comumon in several areas; in other cases
ridges have slump benches, which in rare cases lead to presence
of emergent residual crestal ridges. Short steep slopes oceur
locally near incising rivers and very short precipitous slopes can
be present above slumps. Ridpe crests {probably 13%) are
rounded or level and narrow Lo broad, varely very broad; broad
crests represent remnants of an old surface. Crests are somewhat
peaked with very pentle 10 moderate crestal slopes. This lacally
results in individual very low hills. In some instances wide
apparent valleys consist largely of ulira-low convex residual ridges
with geatle slopes, probably remnants of a younger surface cut
below normal ridge crest surface. Sounthern and eastern parts
include alluviated valley floors (probably 3% of area) 40-200 yd
wide, mostly inclusions unmappable as Pandage (10) or Kabuk
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Agricultural Assessment.—Moderate capability for improved
pastures, low capability for tree crops, and very low capability
for arable crops. Erosion hazards are main limitation, particu-
larly for arable crops. Equally significant limitations for tree
crops are drainage deficiencies and insufficient effective soil
depth, and apart fyom some small areas ¥Xworo appears un-
attractive for tree crop plantations. Tmproved pastures seem most
adaptable {o these conditions although capability has been up-
favourably influepced by high soil acidity. Scope for 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
serions soil erosion. Poorly drained to swampy vailey floors could
be utilized for rice-growing, either with rain-water frrigation or
under conditions of semi-controlled flooding. Soil nitrogen
contents generally low, but usually moderate on valley ficors and
locally moderate on slopes. Phosphate contents very low, except
on small alluvial valley floors where they are high to low. Potash
congeits law, in a few cases very low, on more weathered, more
stable slopes; low ta moderate on slightly less weathered slumped
slopes; and mostly high on valley floors, but low where valleys are
associated with strongly weathered slopes. In water balance zone
[, rather frequent slight snil water stress for shallow-rooting
crops on upper slopes.

Engineering Assessment.—Low relief and scarcity of steep slopes
mean only moderate topographical problems in road building.
Morth-south roads will require few, cast—west roads many,
small bridges or culverts, Tarth-moving in read cuts will be a
simple operation in the unconsclidated sediments. One of the
biggest problems could be sagging of road surfaces by slow
slumping in many parts of land system. Good readside drainage
with many culverts might largely solve this problem. Soil
materials commonly more suitable as subgrade than those of
adjoining Burui (29) and Yambi (28). Although quartz gravel and
sand deposits appear larger than in thes¢ two and systems,
road-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 are very deep.

Svstem (128 sg MILES)

Streams and Drainage (Fig. 10(k)}—Moderately dense dendritic
to subparallel pattern of long and predominantly north-south-
fiowing small first- o third- {rarely fourth) order streams with
few very short tributaries. Most streams of local or near-local
-origin, and only one or two larger through-going rivers, Streams
flow in shallow beds 2-15 yd wide and mostly shallowly cut into
narrow (E0-30 yd) strips of alluvium. Except for smallest head-
waters they have low to very low pradients; lower courses
disappear in wider swampy valleys without channels and blocked
by the more vigorous aggradation in adjoining Screw (18),
Nagam {16}, or Misinki (14). Mo gravel or sand in stream beds.
Surface run-off probably moderate in refation to through drainage,
so flopd spates are fairly frequent and many small streams may
cease to flow after long rainless periods,

Hill ridges appear more often imperfectly to poorly drained
than well drained. Small valley floors are poorly drained to
swampy and inundated for long periods in wet season.

Vegetation.—More than 509 covered by secondary vegetation
including grassland. Regrowth dominated by cang grass
(Seccharwm) (GiR) forms an important element in secondary
vegetation, especially In north-east corner. Mid-height grassland
(G) covers 129%; some iracts are dominated by Dapergia
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cylindrica, others have 2 mixed composition in which Themeda
qustralis, Ophiuros excltatus, Sorghum witidum, Ischaemimm
barbatum, and Imperata cylindrica are the most important. Tall
forest with an irregular canopy with light-toned crowns (Fid)
covers hifl ridass in the north. Towards the south iz mid-height
forest with a small-crowned canopy {Fms) on crests and still
farther south it extends also over slopes. Tall forest with a rather
closed canopy (Fj occurs on valley floors, but mid-height farest
with an irregular canopy and sago palms in the understorey
(FmM) where valleys are swampy. Areas covered by these are
23%, 18%, 3%, and 29 respectively.

Geology.—Pliocene rocks, predominantly mudstone, some silt-
stone, and minor intercalated sandy beds, probably subhorizontal
to very gently dipping. Slopes locally covered with veneer of
colluvium derived from the rocks but in places including remnants
of Pleistocene fanglomerate,

Weathering. and Soils (22 obs.).—Weathering generally shallow
immature, rarely shallow maiure, on both slopes and crests,
Slopes with slump benches and some crests have only shallow
skeletal wenthering. Underlying rocks softened by generally
siteng, locally moderate hydration which possibly extends several
tens of feet.

Probable soil composiiion is UQPE, I0DAI, AAU1, UAPBEL
common; UQPT, UOPAL, UOTO1, AAQO0, ATUTQ, AUTA3,
MUHO2, [ODE4, EUHG6, EUHO7, EUHAT, EAHU! minor,
On crests and on slopes not obviously slumped cormnmonly occur
very strongly to strongly developed, acid (rarely strongly acid),
moderately thick to thick (rarely moderately thin), very plastic to
very firm heavy clay to silty heavy clay soils with promineat red,
brown, and light grey mottling, with 0-5-1-5-fi-thick coarser-
textured friable to firmn sandy clay loam, loaas, clay loam, or clay
surface horizons, and with thin 10 moderately thick dark topsoils,
Some are moderately gleyed (UOPAIL, UAPBI), some slightly
gleyed (UOPB), and some not gleyed (UOPT). Also present on
canvex slgpes In approximately equal proportion are moderately
developed, weakly acid to acid, moderately thick to moderately
thin (rarely thick}, very firm to very plastic heavy clay to silty
heavy clay (rarely clay) soils, either uniformly textured (IODAL,
I0DE4, MUHO2) or with 0-5-1-ft-thick coarser-textured,
friable to plastic clay loam fo clay surface horizons (AAOQ,
AAUL, AUTQ). Some are moderately gleyed (AACO, AAUL),
others slightly gleyed (IODA1, AUTQ). They commonly have
thin to moderately thick or evea thick (MUHOZ2, AAUL) dark
topsoils, Although differences are not pronounced, soils on crests

" appear more offen strongly developed and slightly more acid than
those on slopes, whilst the latter, probably as a resuolt of slight
colluvial accumulation, have thicker coarser-textured surface
horizons and moare consistently dark topsails. Soils on the lower-
level hill ridges appear less developed than those on normal
higher ridges.

Soils on slumped slopes and some foot slopes partly include
moderately developed, weaKly acid to acid, moderately thick to
thick, very plastic to very firm heavy clay to silty heavy clay soils
(rarely clay or sandy clay), generally slightly to moderately gleyed
(IODA1L, AUTA3, AAUI), generally with 0-5-1-5.ft-thick
coarser-textured friable to firm sandy loam, clay loam, or clay
surface horizons (AATL, AUTA3, UOTOI1) and rarely thick
darsk topsoils (AAUIL). Also common are undeveloped, weakly
acid to acid, deep.to moderately shallow, firm to very firm or very
plastic, slightly stratified silty clay, clay, or silty heavy clay
colluvial seils {BUHO6, EUHOT) which are locally slightly
gleyed (BUHAT and commonly have thin dark topsoils. Only
soil observed on narrew valley floor is an undeveloped, weakly
acid, moderaiely shallow, moderately gleyed, very plastic heavy
clay alluvial soil (EAHUI). Tn general, soils of aliuvial valfeys
similar {o those in Misinki {14} and Pandago {10).

H. A. HAANTIENS ET AL.

Population and Land Use.—Population of 6340 distributed over
26 villages. Present land use covers 457 sq miles (36% of areca),
15% in land use intensity clags 2, 30%; in class 3, 5% in class 4,
and 50% in class §. More intensive land use resiricted to eastern
occurrences.  Exploitation of sago important in subsistence.
Some villages also use land in adioining Screw (18).

Transitions to Other Land Systems—FPattern of Yindigo is in
many places very similar to that of Kworo (30). Boundaries
between the two are commonly arbitrary and located on ihe
evidence of field sampling and ‘‘intuition™ rather than clear
differences in photo pattern. As explained, both land systems
commoniy naturally grade into each other, Generally, however,
Yindigo has a coarser ridge pattern, more convex and gentler
slopes, and a slightly higher relief. In some cases Yindigo can
ke transitional to most-dissected parts of Burui (29). Transitionat
patterns and gradual boundaries also common with Kaugiak (37)
and Musendai (32), and to a lesser degree Sandri (35) and Sengi
(42), Kaugiak (37} having a higher relicf and lonper more regular
ridges, Musendai (32) a fower relief and gentler slopes, Sandyi (35)
being much more finely dissected, and Sengi (42} having higher
relief and more irregular shorter ridges, commonly with remnants
of rock structure.

Forest Resources (7 obs.)—Foresi covers 43%{: low forest
resources, Much forest has a moderate stocking rate {Fid/F, 24 sa
miles; Fid, 6 sq miles: Fid/FR, 2 5q miles; Fid/FmM, 1 sg mile).
Low stocking rate forests {(Fms, 10 sq miles; Fms{FmM, 10 sq
miks; Fms/F, 2 sq miles; Fms/Fid/F, 2 sq miles) also occur.
Access category Tw,

Agricaltural Assessment.—Moderate capability for improved
pasiures, low capability for arable crops, and very low capability
for.tree crops. Unsuitable for tree crops mainly because of the poor
physical condition and imperfect to poor drainage of the sails,
while slamp risks on slopes are a contributory factor, These
factors are of less imporiance for arable crops and even less for
improved pastures, although there might be some difficulties in
pasture establishment. Brosion hazards are main limitation for
these [and uses. Capability for pastures is well up in the moderate
class and this land use offers real possibilities also because stock
water can be casily supplied frem small dams erected in valleys
and slope folds. Minor suppeorting cultivation of crops may he
feasible, Narrow valley floors best used for sago production,
pastures, andfor irrigated rice. Soil nitrogen contents mostly
moderate, but commonly low. Phosphate contenls maostly very
low 1o low, raiely high, but in undeveloped colluvial and alluvial
soils commontly moderate, less frequently low to very low, Potash
contents range from high to low, with a fow very high and very
low values; they are mostly high, locally modcrate in undeveloped
colluvial and alluvial soils. Rather frequent slight, and rather rare
severe, soil water stress, mainly on tidge crests and convex slopes.

Engincering Assessment—Topography a minor Emitation in road
construction, although many small bridges and large culverts will
be needed in E~W. or SW.-NE, aligned roads. Road cuttings
easily made in soils and underlying soft racks, but may be liable to
cave jn. Major problens in road construction are: lack of road-
surfacing materials, probably restricted to very small and thin
surficial quartz gravel and ivon concretion beds; low suitability
of soils and upper rack strata for subgrade; difficulties in attaining
good roadside drainage because of slow permeability; and a
tendency to slumping on some slopes. Possible, but not likely,
that some brightly mottled subsoils will harden irreversibly apon
drying, and may be used as low-grade laterite for road surfacing.
Tinmade roads should utilize coarser-textured surface soils to
reduce slipperiness and bogginess. Seils are CH, and CH with a
thin veneer of MH, CL, ML; probable depths are moderately
deep, deep, very deep subdominant, shallow minor, Several sites
suitable for small airfields withont undue earth movement, but
surfacing and drainage problems are as for roads.
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(32) Musenpaf LAND SvsTEM (45 sQ MILES)

Land Rorms (Plate 14, Fig. 2)—Gently undulating to rolling
interfluve surfaces, level to very gently sloping flat to undulating
terrace benches along major rivers, and minor flood-plains and
lower alluvial terraces. Altitude ranges from 300 to 1100 fi,
107 below 230 £t and 889 between 250 and 1000 fi. Interfave
surfaces and terrace benches appear to be remmnants of a Pleisto-
cene ergsional/depoesiticnal surface, closely related to and partly
contignous with that of ¥Yambi (28) and Burui (29). Interfluve
surfaces {probably 3534 of area) Letween 200 and 400 fi above
levels of major rivers have mainly gentle slopes and a relief of
50-75 fi; in places slightly dissected with moderate to moderately
steep slopes and a relief of 75-130 fi. Terrace benches are dis-
continuous and gccurrences vange in size from a few acres 1o 0+5
sq mile; largest occur between 60 and 100 ft above stream level
and probably cover 409 of arca. Locally, small benches {prok-
ably 10%; of area) are found between 30 and 40 fi, and higher
benches at about 150 ft occur in the north. Al any one locality
no more than two benches (excluding higher interfluve surface)
were found. In several cases higher benches appear to merge
rather gradually with interfluve surfaces and Iower benches with
fower alluvial terraces. Benches are mostly level, locally have a
very 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 flai-topped, steep-sided ridges. Some very
steep to precipitous slopes occur where benches are undercui by
streams. Relief nearly always <100 fi. Higher terrace benches
and some very gently sloping parts of interfluve surfaces have a
microrelief of trenches and some rounded depressions, ©-5-2-5 ft
deep, 2—6 ft wide, and 650 ft long (rarcly longer), and covering
20--50% of where they oceur.

Lower alluvial terraces and flood-plains, prebably 1534 of
area, are part of Musendai cither as inclusions too small to be
mapped as Papul (19) or because they have no clear boundary
wilh the higher older benches. Terraces appear to be generally
10-20 ft above low river level, bat pos at least 30 ft high obscrved
in the north is also considercd younger than the Pleistocene terrace
benches discussed. They are discontinucus, mostly level, and

. probably 50-200 yd wide. Flood-plains are 20-100 yd wide and

similar to those of Papul (19).

Streams and Drainage (Fig. 10(c))—Apari from major through-
going rivers, there are few first- and second-order streams large
enough 1o e recognized on aerial photographs. The drainage net
consists mainly of closely to rather widely spaced dendritically
arranged streamlets and gullies 1-5 yd wide, most of them prob-
ably with intermilteni flow., Main streams similar to those de-
seribed for areas south of mountain ranges in Papul {19).

Surface run-off appears mostly low relative to through drainage
but mederaie in more dissected areas; land system expected to
have Eitle infiuence on regional flood levels. The Aood regime in
valleys of major streams is as in Papul (19). Interfluve surfaces
imperfectly te well diained and mostly well drained where dis-
sected. Terrace benches imperfectly to poorly drained but
younger lower terraces well drained,

Vegetation.—Large parts influenced by shifting cultivation which
in some areas is intensive, leading to cane grass regrowth (GtR).
Generally, however, rotation cycles are long and about 509 is
under secondary forest (FRy-FR). Original cover was presymably
tall forest with an irregular canopy mainly with, but also without,
light-toned crowns (Fid, Fi). Such forests still cover about 185
and 4%,

On valley floors is tall forest with a rather closed canopy (F}
(3%), with tall cane grass vegetation (Gt8) along major streams,

Mid-height grassland (G) with Themeda australis, Sorghium
nitidwmn, Ischaennnn barbation, and Imperata eylindrica common
js confined to one occurrence (2 %),

Geology.—Bubsurface rodks are Pliocene interbedded mudstone,
siltstone, and, probably minor, sandstone; surface lithology
uncertain. Some terraces along main streams, particularly in
south, consist of probably Pleistocene alluvium, but other benches
and some foot slepes are probably mainly mudstone and some
sandstone, with or without a veneer of alluvium. On interfluve
highs surface beds appear to be mudstone and siltstone, but local
presence of well-ronnded surface gravels could indicate remnants
of Pleistocene fanglomerate, Another interpreiation is that they
accumylated by weathering and denudation from somewhat
conglomeratic rocks, known to be locally interbedded in the
Pliccene sequence, especially in the nosth. The information
available indicates that the Pliccent rocks are subhorizontal to
gently dipping (probably < 107). Recent alluvium, partly cal-
careous, occurs along major streams.

‘Weathering and Seils (17 obs.).—Interfluves and terrace benches
mostly shallowly immaturely to maturely weathered, but on
steeper interfluve slopes and lowest terrace benches weathering is
shallow immature to skeletal. Underlying rocks appear sirongly
softened by hydration for spme tens of feet, Flood-plains and
lowermaost alluvial terraces not weathered, although a very high-
lying occurrence in the north may have some skeletal weathering.

Trobable 20il composition is ATTTA2, subdominant; TJOPA2,
IODE4, UOPT commoen; TIAPB2, UOTBI1, TJOTA2, AAOQOC,
AUTA2, EUHO2,4,5 minor, Soils of Hatter interfluve surfaces
and higher terrace benches are strongly to very strongly developed,
acid {rarely strongly acid), moderately thick to thick (rarely moder-
ately thin or very thick), very firm to very plastic heavy clay, silty
heavy clay, and more rarely sandy heavy clay or clay soils, with
1-3-ft-thick coarser-textured (very friable sandy loam to firm clays
in places gravelly) surface horizons, but no abrupt texture con-
trasts, and in some cases thin dark topsoils. Many have brightly
1ed, brown, and light grey maitled subsoils. (UOPT; LOPA2;
UAPRY). Those on interfluves may (UOPA2) or may not
(UTJOPT) be slightly gleyed; those on ferrace benches are always
slightly (UOTA2, UOPA2) ic moderately (UAPB2) gleyed. Cn
slightly steeper to moderately steep interfluve slopes are moder-
ately developed soils that are weakly acid to acid, moderately

- thick to thick, very firm to very plastic silty heavy clay to heavy

clay soils, slightly gleyed and with 1-1-5-fi-thick coarses-
textured (friable loam to firm clay) surface horizons (AUTAZ2,
AUTAY) or uniformly textured (IODE4), On lower terrace
benches and moderate slopes of higher benches are moderately
developed soils that are weakly acid to neutral {(AAQQ), moder-
ately thick to thick, slightly to mederaiely gleyed, very firm to very
plastic sandy heavy clay, silty heavy clay, or heavy clay soils
with about 1-fi-thick firm to friable clay loam to clay surface
herizons (ATUTA3), in some cases with a moderately thick dark
topsoil (UOTR1).

Soils on lower alluvial terraces include undeveloped weakly acid
to weakly alkaline {(EUHQ2), deep to very deep, more or less
stratificd, friable to firm alluvial soils with textures from sandy
loam to clay, and rarely with a thin dark topscil (EUHO4,
EUHOS). In peneral, soils on flood-plains and terraces will
correspond with those for Papul (19).

Papulation gnd Land Use.—Population of 620 disizibuted over
three villapes. Present land use covers 287 sq miles (64 %, of area),
17%; in land use intensity class 2, 4034 in class 3, 229 in class 4,
and 21 % in class 5. Eastern occurrences mostly used by people
in adjacent Yindigo (31), Kaugiak (37), and Seim (46),
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Traunsitions to Other Land Systems.—In the south, boundaries with
Yambi (28) and Burui (29) are arbitrary and placed to minimize
amount of grassland in Musendai, They are necessary becanse
Yarbi (28) and Burui (29} consist solely of Pleistocene sediments,
whereas Musendai neludes a large percentage of Pliocene sedi-
mentary rocks. Where relief increases slightly, Musendai is

trapsitional to Yindigo (31), more rarely to Kaugiak (37) or

Morumu (39). Where flocd-plains and low terraces becoms an
important component, Musendai is transitional to Papul (19}
and mapping is open to doubt in some cases.

Forest Resources (7 obs.).—Forest covers 38%; low forest re-
sources. Moderately high stocking rate forests (FidfFR, 7 sq
miles; Fid, 4 sq miles) and high stocking rate forest (Fi, 2 sq
mifles} occupy beoches and interRuve surfeces. In the valleys is
moderate to high stocking rate forest (F, 1 sq mile). Secondary
farest (FR, 3 sq miles) of low stocking rate peeurs throughout.
Access category Iw,

Agricultural Assessment.—High capability for improved pastures,
maderate capability for arable crops, low capability for trée crops,
and very low capability for irrigated rice. Frosion hazards, seil
acidity, drainage deficiencies, and microrelief are main limitations
for arable crops and pastures, whilst poor drainage and physically
poor solls in particular depress capability for tree crops. Apart
from some narrow flood-plains and very steep slopes there is no
land without any capability. Best land ccours on small young
terraces above flood level. Marked differences throughout in land
guality (waterlogging, soil depth, erosion hazards, eic.) which can
only be deterinined by detaikd survey. Dense population and
small topographical limitations justify more precise study of
tand use capability, Trrigated rice-growing feasible only on small
flattish terraces not too high above rivers. Rain-water ponding
would make more land suitable for this crop. Soil pitrogen con-
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tents vary from moderate to low, locally very low, being lowest
on flood-plain terraces and parts of upper bench surfaces. Phos-
phate contents mostly very low, locally low, but moderate to very
high values common on low alluvial terraces and flood-plains.
Potdsh contents vary from moderate to very low on flattish upper
‘bench and interfluve surfaces, but are mostly high (focally very
high or moderate) elsewhere. Rather frequent slight, and rather
rare severe, soil water stress, except on lower alluvial terraces and
fiood-plains.

Engineering Assessment.—MNo serious topographical limitations
for road construction, byt roadside drainage and provision of
culverts must be undertaken, because subsirata are commonly
slowly permeable. To reduce slippériness of unmade roads fall
use should be made of coarser-textured surface soils, particularly
where they confain gravel andfor iron concretions. Fine sandy
surface s0ils acquire greater bearing strength when mixed with
subsoil clay. Cut-and-fill operations easily carried out in
weathered soils or soft rocks, which are probably only moderately
suitable for subgrade. Road-surfacing malerials appear very
searce and mainly restricied fo local surface guartz and con-
cretionary gravel, and minor quantities of hard rock gravel and
sand in major river beds (inctuding those of adjoining Papul (19)).
Possible, but not likely, that brightly mottled subsoils will harden
irreversibly upon thorough drying for use as low-gradc laterite
for road susfacing. Brideging of larger rivers probably main
problem in road censtruction, but generally more easily achieved
here than in Papul (19) because of gradual approaches to valley
floors, with sedimentary rocks moderately suitable for foundations
occurring ¢ither as outcrops or at shallow depth. Snitable sites for
small airfields, although some levelling and grading will be
needed. Soils dominantly CH with a thin veneer of MH, CL, ML,
subdeminantly CH, and minor CL, ML. Probable depths are
very deep, moderately deep subdominant; deep common.

(33) ATiratv LanDp SystEm (7 sQ MILES)

Land Forms (Plate 15, Fig. 1), —Dissected mountain sumrnit
plateaux, with an overall slope of high gradient to gentle slope.
They occar at altitudes of 2100-4300 fi, with 689 below 3500 ft.
Plateaux have very low to locally low reliel {up ta 250 1) and con-
sist of hilts and short ridges and spurs with moderately steep,
smooth or grooved, and commonly slightly slumped slopes and
very broad to very narrow crests, Very locally are valley floors up
to 80 vd wide. Plateaux have sharply or poorly defined margins
which are ravined.

Streams and Drainage (Fig. 10(¢).—Fense to very dense angular
to dendritic pattern of very small first-order and some second-
order streams, gensrally flowing in rock-cut narrow valleys of high
gradient to very gentle slope, with rapids developing near margins
of land system. Sucface run-off probably [ow in relation to
through drainage, resuliing in streams being largely ground-
water-fed and perennial with only minor flood spates. Well
drained.

Vegetation.—Relatively high-altitude areas (about 75%) bear
mid-height forest with a rather dark-toned even canopy (Fm). On
steeper slopes it aliernates with Caswarine paprwane stands (Ca).
At lower altitudes is mid-height forest with an irregular canopy
(Fmi), focally in mosaic with seral stages (Fmi’), covering 10%,.
Of areas south of main ranges, surrounded by Flobum {44), one
is covered by fall forest with an frregular canopy with fight-toned
crowns (Fid, 4%), another by older secondary forest (FRm,
ER, 10%),

Geology.—Racks are Upper Mioccene interbedded mudstone, silt-
stone, sandstone, and fine conglomerate; in ore case nol more
than 100 ft thick and overlying igneous basement rock. Possible
but unlikely that gabbro or microdiorite is surface rock in some
areas. In one occurrence conglomerate appeared Lo overlie lime-
stone. Steep dips observed in one case.

Weathering and Soils (3 obs.).—Relics of a formerly more ex-
tensive weoathered surface, largely destroyed following uplift.
‘Weathering mature but mostly shallow,

Probable s6il composition is UOTOQS, OANTI, subdominant;
(IOTC1, 10DO02) common. FPrincipal soils are strongly de-
veloped, strongly acid to acid, thick to very thick, and either
plastic to very firm siity heavy clay soils with friable silty clay
loam to clay surface horizons (UOTOS) or friable silty clay soils
with leam to silty clay loam surface horizons (OANT1). Less-
developed soils probably occur on steep slopes of sharp-crested
ridges.

Poputation and Land Use.—Population nil. Present land use
restricted to 0-3 sq mile (4% of area) in land use intensity class 3,
used by people from adjoining Flobum (44).

Transitions to Other Land Systems.—Air-phota pattern very
similar to Yassip (38) and parts of Sandri (35); easily distin-
guished, however, by location in movniain sumimit areas. Patterns
of Atitau and Dosseti (34) are very similar, but they are kept
separate because Dossett (34) is generally less hummocky and
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more spurred: Atitan is mostly associated with clastic sedi-
mentary rocks and Dosselt (34) mostly associated with igneous
rocks and limestone; and Posset (34) dogs not consistently
occupy summit level positions but ocenrs at different levels
associated with Kumbusaki (60).

Forest Resources (3 obs.).—Porest covers 71%;. low forest
resources, Mosi forest is composed of low stocking rate types,
the first being confined to higher altitudes (Fm, 3 sq miles;
FRm-FR, 1 sq mile; Fmi and Fmi/Fmi’, 1 sq mile approx.).
Access category 11, but very difficult to reach through surrounding
rugged monntains.

Agricultural Assessment.—Mainly dué to erosion hazards and
irregular topography but alsé because of high seil acidity, there is
only very low capability for arable crops, low capability for tree

crops, and moderate capahility for improved pastures. Mostly in
altitedinal zone litfle suited for either normal lowland tree crops
or typical highland crops. Excessive cloud and dampness may
well restrict choice of crops that can be successfully grown. Agri-
cultural development almost tmpracticable because of isolated,
seattered, and inaceessible position of land system. Soil nitrogen
centents probably mostly moderate, phosphate contents very low,
and potash contents low o moderate.

Engineering Assessment.—No significance for construetion of
regional roads. Road could be built within land system without
much difficulty, but access roads would have to traverse rugged
mountainous and hilly tesrain and would be prohibitively costly.
No road-building materials available. Soils dominantly MH,
subdominantly CH; probable depths are very deep dominant;
moderately deep subdomfnant; deep common.

(34) DosserT LAND SvsTEM (4 SQ MILES)

Land Forms (Plate 15, Fig. 2).—Very finely spurred branching,
very low hill ridges and apparently individual conieal hills
occurring on level to gently sfoping surfaces at various levels
associated with foothills, mid slopes, and summit areas of
Kumbusaki (60). Altitude ranges from 1100 to 2400 ft, 7994
below 2000 ft. Relief 100-200 ft for branching ridges, 50-100 ft
for conical bills. These hills resemble cone karst, supgesting
presence of l[imestone, Hill sfopes mostly straight and steep, and
hill crests very narrow to knife-edged.

Streams and Drainape (Fig. 14(c)).—Generally a2 very dense
dendritic to feathery patterm of very small, very shost stveams,
mainly first order but also second and third order. They are in
very narrow rock-cut valleys, probably have stony or rocky beds of
high gradient to very pentle slope, and are probably mostly
perennial. Surface run-off probably moderate in relaiion to
ihrough drainage, giving rise to frequent small fiood spates. Mo
stream drainage detected in an area of low rounded hills, indicat-

~3fg if may be liméstone with very low run-off. Well drafned.

Vegefation.—Mostly covered by mid-height forest with an
irregnlar camopy (Fimi), locally mized with seral stages (Fmi’).
Mid-height forest with a rather davk-toned even canopy (Fm)
found in high summit areas {11%7). At lower levels clder secon-
dary forest (FRm, FR) covers another 1194,

Geology—INo field data. Probebly largely igreous basement
rocks, possibly also limestones, silistone, and mudstone of Miocene
age.

Weathering and Soils (no obs.).—Aerial photos suggest shallowly
immature to mature weathering. Probable soil composition is
{10D02, TUOTOS, OANT2) subdominant; (MR-02) common.
Soils possibly similar to those for Kumbusaki (60), but weakly
alkaline to aikaline, thin, very dark clay soils probably occur on
any limestone hilks.

Population and Land Use—Pepulation is nil. Present land use
restyicted to 8- 3 sq mile (754 of area) in land use intensity class 5,
occurring at lowsr altitude adjoining Morumu (39),

Transitions to Other Land Systems.—Transitional nature to, and
differences from, Atitau (33) mentioned in latier. Dosseit has
generally gradual boundaries with Kumbusaki (60}, with which it
is intimately associated.

Forest Resources (no obs,).—Complete forest cover; moderate
forest resources, Low stocking rate forests (Pmi, Fmi/Fmi’,
3 sq miles; FRM-FR, Fm, 1 sq mil), last type occurring at
higher altitudes. Access category 101,

Agricultural Assessment.—On the basis of topography alone,
there appears to he only low capability foy {ree crops and im-
proved pastures. Although of low relief, terrain appears too

“broken for general agricultural development; also sevére limifa-

tions in accessibility. Portion above 2000 fi a.s.k has climatic
conditicns suitable for neither most lowland tree crops nor most
highland tree crops. Soil nitrogen contenis probably mostly
muoderate, phosphate contentis very low io low, and potash con-
tents low to moderate.

Engineering Assessment.—Largely of no significance for regional
road constroction. Easternmost occurrence 1s part of a chain of
land systems forming a belt of relatively less rugged terrain that
could be sipnificant if a road link was contemplated there between
coast and interior. Road construction would stili require a large
amount aof cat-and-fill construction with provision of numerous
culverts and small bridges. Tt may contain sites suitable for
quarrying stone. Soils are dominantly MH, subdominantly CHj;
probabledepths are very deep, moderately deep subdominant; very
shallow common.

(35) SANDRI LAanD SysTteMm (49 sQ MILES)

Land Forms (Plate 16, Fig. 1).—Very low to low, very closely
branching, and very densely spurred accordant hill ridges with
common steep small slumps, locally developing into small box
canyons. Altude ranges from 240 o 500 ft, 153 below 250 fi.
‘Relief is mostly between 100 and 200 ft, rarely up to 250 fi. Ridge

crests very narrow to narrow and iogether with short moderate
to moderately steep upper slopes occupy about 25%,. Cresis
vary from even to rather peaked, ridges are generally short, Land
system mostly irregular steep to very steep lower slopes, locally
with precipitous sections near streams and sbove slumps, Locally
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farger moderate to moderately steep slopes, partly dip slope
remnanis.

Streams and Drainage {Fig. 10(¢)).—Dense dendritic patiern of
small first- to third-order strearns iraversing and mostly originat-
ing north of land system. Most have very numerous, very short
first-order {ributarjes, 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 bars of soft rock. Tributaties have
gradiénis up to gentle slope; many may be intermittent, whilst in
drier castern part larger local first= and second-order streams may
alse have infermittent -flow. Surface run-off probably high in
relation to through drainage, but may be maoderate in some arcas
of semi-consolidated sands. Because of Jow catchment/stream
length ratio, flood spates probably frequent but of low intensity,
Generally well drained, locally imperfectly drained on crests and
gentle upper slopes.

Vegetation.—Tall forest mainly with an irregular canopy with
light-toned crowns (Fid, about 43%) bui also without these
crowns (Fi, about 79%) found on crests and slopes, except. near
marging with Kworo (30) where mid-height forest with a small-
crowned canopy (Fms, about 14%4) cecurs.

About 28 % cover of secondary vegetation (R—FR), with older
regrowth stages (FRy—FR) well represenied. Small patches of
mid-height prassland (G} occur in these parts. Sago (MR)
planted in suvitable situations:

Geology—In the west rocks appear to be slightly consolidated
compacied sand, commonly with fine pravel of weathered diorite
and lenticular mudstone fragmeris (Lower Pleistocens: Sand
River beds). In ceniral and castern parts rocks probably intex-
bedded Pliocene sandstone, siltstone, and mudstone. Pliocene
rocks appear gently dipping, whilst air photos suggest moderate
dips in western part near boundary with Nuku (51} or Mambel
(48).

Weathering and Svils {6 obs.)—Crests and upper slopes tead to be
shallowly immaturely weathered, lower slopes only skeletally
weathered: Rocks appear commonly sofiened by hydration well
below main weathering zone, more so on lower slopes then crests.
Overall it is a maturely dissected weathered surface.

Probable soil composition is IODE2 subdominant; IODES,
UVOTAL1, (EUHOE), IODO4, AUTO3, (I0DL1) common, Soils
on cresfs and gentle upper slopes moderately to strongly de-
veloped, acid, moderately thick to thick, hard to firm sandy clay
or clay and firm to very firm silty clay to silty heavy clay soils that
are uniformly textured (IODQO4) or have coarser-textured friable
sandy clay loam to clay lcam surface horizons and are slightly
gleyed (UOTAL). Steep io very steep hill slopes have moderately
developed, weakly acid, moderately thin 1o thick, firm to frizble
sandy clay loam, clay loam, silly clay loam, sandy clay, and silty
clay soils {usually somewhat sandier at depth) that are either
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uniform in texture ([ODE2, TODES) or have a coarser-textured,
move friable surface horizon (AUTO3), Locally some rock out-
crop on steepest lower slopes. No observations of soils of small
slump alcoves,

Population and Land Use.—-Population nil. Present land use 8-9
sq miles (18 % of area), 3% in:land use intensity class 3, 97% in
class 5. Land wsed largely by people living in adjoining Kworo
(30).

Transitions to Other Land Systems.—With gentler slopes and less
dense stream pattern, lransitional to Kworo (30) or Yindigo (31).
‘Where relief is greatest, transitional to Emul (36), Kaugiak (37),
or Morumu (39). Boundaries, pariicularly with Emul (36) and
Yindigo (31}, commonly somewhat arbitrary. In places photo
patiern is very similar to Yassip {38}, and the two would have
been difficult to distingnish if they did not occur in areas widely
separated geographically, although Yassip (38) generally has a
coarser drainapge pattern and less steep slopes.

Forest Resources (4 obs.).—Forest covers 78%;; moderate forest
resources. Wide variety of forests ranging from high stocking
rate (FifF, 4 sq miles) through moderate stocking rate (Fid, 11 sq
miles; FidfF, 9 sq miles; Fid/FR, 3 sq miles; Fid/Fmi,
1 sq mile) to low stocking rate (Fms, 6 sq mifes; Pus/Fid/F, 1 sq
mile; Fms/FmM, | sq mile; Fms/FR, 1 sq mile; FER, 1 sq mile).
Access category ITI, since difficulties prosented by steep slopes are
mitigated by very low relief.

Agricultural Assessmeuf,.—Low capability for improved pastures
and tree crops and very low capability for arable crops. Capability
for pastures is clearly higher than that for trec crops. Limitations
mainly erosion hazards, but for iree crops also imperfect drainape
and insufficient effective soil depth, particularly on crests and
upper slopes. Agriculiural development will be hindered by rapid
alternation of small flatter crests and very steep slopes almost
resembling bad-land topography, and is not recommendad. Soil
nitrogen and phosphate contents range from very low to moderate.
Potash contents are probably variable from very low to high. In
water balance zone 1 is rather frequent slight, and rather rare
severe, soil water stress in IODE4, IODLI1, and UOTAI seils and
for shallow-rooting crops.

Engineering Assessmenf,—In general, road alignment along lengih
of occurrences more difficult than across widih, since latter com-
monly could follow ridge crests, renning from SW.-SE. to NW —
WE., whilst former would cut across fine grain of land system.
Road cuttings not difficulf in the rather soft rocks that seem
generally suitable for subgrade. Landslide hazards on stegp
slopes. Where needed, bridges can be small, or only large culverts
are reguired. Road-surfacing materials scarce or of low quality
{seathered sand with some gravel), although they may help to
decrease surface slipperiness of unmade roads. Seils are CH, CL,
ML, with minor MH and SC; probzbie depths are moderately
deep predominant, shallow, very shallow common.

(36) EMUL LanD SystEM {91 sQ MILES)

Land Forms (Plate 18, Fig. 2).—Finely branching or short parallel
accordant low hill ridges with generally narrow crests, moderately
steep commonly benched upper slopes, and steep to locally very
steep lower slopes. Ridges separated by very narrow valleys and
can have numerous short stumpy spurs. Aftitude ranges from
240 to 1000 fi. Relicf imostly 150200 fi, in s¢me casés up to 300 ft
but rarely less than 150 ft. Ridge crests, even to undulating or
seepped, range from short to very long, but commonly form

intricate patterns. Lower slopes commonly slightly gullied or
spurred and in places have small slump benches. Small slump
alcoves occur looally. In some instances the land system appears
to be bounded in the north-west by minor fault searps.

Streams and Draimage (Fip. 10(f)}.—Stream pattern of closely
spaced subparallel very short first-order streams perpendicular
to dendritically arranged and rather closely spaced second- to
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fourth-order streams. Streams mostly cut in Tock and, except for
one or two slightly larger rivers, 3-15 yd wide; beds are shallow
but have little or no bard rock gravel. Largest streams have
probably low gradients, but first-order tributaries mostly have
very gentle to moderate slopes. Surface run-off probably high in
relation to through drainage, resulting in frequent flood spates
and small residual flow, many short tributaries and some second-
order streams probably being intermittent. Generally well
drained {in places probably somewhat excessively drained) but
imperfect drainage occurs on some gentler upper and foot slopes.

VYepetation,—Secondary vegetation types cover about two-thirds;
older regrowth stages (FRy-FR) well represented but in most
eastern areas cane-grass regrowth (GtR) also forms an important
element. Some small mid-height grasslands (G) oceur in western
parts. Rest covered with tall forest with an irvegular canopy with
light-toned crowns (Fid) inierspersed with mid-height forest with
a small-crowned canopy {Fms} on ridge crssis, and tall forest with
a rather closed canopy (F) on minor valley floors. Small paiches
of tall forest (Fid) left in about half of the area under secondary
vegetation,

Geology.—Pliocene interbedded sandstone, silistone, and miunor
medstone, at least partly calcareous, and probably very gently to
gently dipping {up to 10°). Minor surface beds of colluvitm
derived from these rocks. Possibly a few thin limestone beds.

Weathering and Soils (9 obs.).—Weathering generally very shallow
and skeletal, with underlying rocks mostly softened by hydration
to probably up to 10 ft. A few instances of very shallow immature
weathering on upper side slopes bui not on crests.

Probable soil composition is IODE2, IODES subdominant;
10D01 common; I0DA2, IODLL, (AUTQ), AUTM, EUHAT,
MUHO! minor. Soils on hill slopes moderately developed,
weakly acid, moderately thick, firm day soils (IODES) and firm
to friable sandy clay to sandy clay loam soils (IODE2). Probably
more lpcally are similar but acid soils (IODYO1) which may have a
more friable coarser-textured surface horizon and moderately
thick dark topsoil (AUTM). On a slumped foot slope is an
nndeveloped weakly acid, deep, slightly gleyed, siratified colluvial

___ sofl with texture ranging from friable sandy lpam 1o very plastic

'cl-ay' (EUHAT). Soils on cresis variable and include slightly to
moderately developed, weakly acid and locally weakly alkaline,
thin to moderately thick, locally slightly gleyed, friable to firm
clay loam, silty clay loam, clay, and silty heavy clay soils com-
monly with a thin to thick dark topsoil {(I0DA2, TODLI,
MUHOD, and in some cases a friable coarser-texiured surface
horizon (AUTQ).

Population and Land Use.—Population of 4510 distributed over
14 villages. Present land vse covers 59-8 sq miles (665 of area),
109 in land nse intensity class 2, 339 in class 3, 113 in class 4,
and 46 % in elass 5. More intensive land use restricted to eastern
OCCUTrEnces.

(37) XAvuGiak LAND

Land Forms {Plate 17, Fig. 1).—Semi-accordant low hill ridges
with irregular slopes, which are benched due to linear slumping
or have small siump alcoves. Altitude ranges from 240 to 1200 ft;
102 below 250 fi and 8594 between 250 and 1000 ft. Relief
mostly 150-200 fi with extremes of 100 and 300 ft. Ridpes com-
monly long and may be subparallel or branching, or have short
side spurs. A peculiar patiern of radial main ridges with many
tangential secondary ridges {spider-web pattern) ocecurs just north
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Transitions te Other Land Systems,—Transitional to either Seim
(46) or Sengi (46) where slumping is most pronounced. Transi-
tional to Sandri (35) where relief is very low and dissection very
cloze, but whers slopes are less steep, crests broader and more
undulating with some well-developed slumps, and stream pattern
more open, it is tramsitional to Yindigo (31). Can also have
gradual boundaries with Kangiak (37) which has same relief, but
gentler slopes, more widely spaced valfeys, and commeonly less
branching ridges., Where ridges are very short, irregular, not
accordant, more slumped, and generally sliphtly higher, it has
been mapped as Morumu (3%) and again the two cannot always
be easily distinguished. Mapping of Emul restricted to typical
oceurrences and, generally, transitional cases incorporated with
these other land systems,

Porest Resources (2 ohs.).—Forest covers 36%; low forest
resources. Forests of low stocking rate (Fms/Fid{F, 20 sq miles;
Fms{FR, 3 sq miles} cover most of area. Other forests of moderate
stocking rate (Fid, 5 sq miles; Fid{/FR, 5 sq miles) occur mainly
in northern parts. Access category Til.

Agricultural Assessment,—Moderate capability for improved
pastures, but only low capgability for tree crops and very low
capability for arable crops. Erosion and topography are main
limitations. Unattractive even for small-scale local development
for permanent cultivation of annual crops. Insufficient soil depih
and locally imperfect drainage are contributory limitations cansing
low capability for tree crops but are of much less significance for
improved pastures. Strong. and close dissection will make
pasture management moere difficult, but facilitate stock watering.
Soil nitrogen contents mostly low or even very low, but moderate
values are also common, particufarly on crests and foot slopes.
Phosphate contents generally very low to low, more rarely high.
Potash conlents mostly mederate, but vary from very high to low.
Rather rare slight soil water stress in most parts, except in
TODES soils, but severe in TODOI, IODLI, AUTQ, and ATJTM
soils on crests and upper slopes.

Engi ing A t—No topographic problems if roads
aligned to follow ridpe cresis over long distances {possible in
several cases), but across the grain they will be sither very winding
with many sieep gra o1 requie a latpe amonnt of ent-and-fill
constructjon, during which some rather hard sandsione beds may
be encountered. Subsurface materials will usvally be suitable for
subgrade but good road-swrfacing materials are virtually absent
unless useful limestone deposits are discovered. Unmade roads
will become very slippery but not easily boggy after rain. Surfaces
may possibly be improved by mizing in pulverized sandstons,
particularly if ime stabilization would also be possible. No large,
‘but many very small bridges or culverts are required, nuless roads
cling to crests. Soils are CH, MH, ML; probable depths are
moderately deep dominant, shallow subdominant, very shallow,
deep minor. Some long ridge crests may be suitable for small
airfield construction without involving a largs amount of carth
movement.

SysTeM (109 sQ MILES)

of Nuku. Crests narrow (locally very narrow or broad), ¢ven to
undulating, and level te gently sloping. Overall hill slopes
predominantly moderate to moderately steep, rarely steep. Short
steep to very steep lower hill slopes eomimon near streams, while
in other cases there are gentle foot slopes, resulting in relatively
wide valleys. Slump benches are 3-15 yd wide, have very gentle
to gentle slopes {locally a negative back slope), and are separated
by moderately to very steep slope sectors.
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Streams and Drainage {Fig. 11(e)).——A rather dense, basically
dendritic bat locally subparallel patiern of first= to third- (rarely
fourth) order streams, parily originating within, partly ouiside
the Jand system, Very short first-order tributaries perpendicufar
to main streams are relatively widely spaced. Streams have shallow
beds without hard rock gravel and with litfle sand, are cut into
rock or colluvium, 2-10 yd wide and of low gradient, probably
with high gradient to very gentle slope in short tribitaries, Only a
few larger rivers, 15-25 yd wide, fraverse land system. Surface
run-cff probably high in relation to through drainage, resulting
in froguent Hood spates and low residual flow, many smaller
streams probably being intermittent. Limited data suggest Iand
system largely well drained.

Vegetation.—Secondary vepeiation {R—FR), including cane-grass
(Seccharum) regrowth {GiR), covers about 75%,. Older secondary
forest stages (FRm, FR) are a rather important componeni of
this and cover about 30%. TFall forest with an irregular canopy
with light-taned crowns (Fid) covers most of rest of land system
(20%4), with mid-height forest with a small-crowned canopy
{Fms} on crests in the south (5%) and tall forest with a rather
closed canopy (F) on valley floors {2 %),

Geolagy—Pliocene sedimentary rocks, probably mainly mud-
stone, less siltstone, and minor sandstone. Strata probably very
gently to gently dipping. Commonly thin surface beds of col-
luvium of these rocks accur,

‘Weathering and Bpils (5 obs.)—Data available indicate rocks are
predominantly shallowly skeletally weathered. Some remnamts of
shallow immature weathering may be present on ctests, Softening
of rocks By hydration not prorounced, except locally where
system adjoins Musendai (32).

Probible soil composition is BUHQS, IODE], IODE4 sub-
dominaat; {(I0DA2), (IODL1), (AUTQ) minor, On slump
benches are undeveloped, weakly acid, moderately deep, very
firm to very plastic silty heavy clay and silty clay colluvial soils
(BUHOE). Similar soils may be found in small slump alcoves and
on colluvial foot slopes. Slightly to moderately developed, neutral
to weakly acid, moderately thin to moderately thick, uniformily
textured firm to very firm clay to heavy clay soils (IODEIL,
I0ODE4) on moderately steep to very steep slopes, Mo soils on
crests examined but probably similar to those for Seim (46) and
Emul {36).
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Population and Land Use.—Population of 5590 distributed over
25 villages. Present land use covers 82-7 sq miles (769 of area),
13% in land use intensity class 2, 33 % in class 3, 39 in class 4,
and 45%, in class 5. Most intensivé land use restricted to eastern
oecurrences. Some villapes use Jand in adjacent Musendai (32).

Transitions to Other Land Systems.—Commonly gradual some-
what arbitrary boundaries with, or transitionazl in pattern to,
Morumu (39), Seim (46), Bmul (36), Musendsi (32), Sandri (35),
and Yindipo (31). Because of its rather nondescript pattern,
transitional areas commonly included with Kaugiak except in the
case of Morumu (39).

Forest Resources (2 obs).—TForest covers 30%; low forest
resources. Forest types range from low stocking rate {(Fms/Fid/R,
13 3q miles; FR, 3 sq miles; Fms/FR, 1 sq mile) to moderate
stocking rate (Fid, 8 sq miles; Fid/FR, 6 sq miles; Fid/F, 2 sq
miles). Access category IL

Agricultural Assessment.—Land use capability appears high for
improved pasturgs but low for arable crops and tree crops,
although significantly higher than in Emut (36) which is closely
related. Overall conditions similar to but less difficult than in
Emul, and overall development probably best based on grazing.
Howaver, there appears scope for small tree crop plantations,
particularly on less steep benched slopes with decper colluvial
soils and natural terracing to reduce erosion hazards. Permanent
culiivation not recommended, becanse of crosion hazards and
because clayey soils commonly appear difficult to till. Soil
nitrogen contents probably maiply moderate, although commonly
low. Phosphate contents probably mainly very low to moderate;
some high values could occur. Potash contents probably mainly
high and may range from moderate fo very high. Rather rare
slight soil water stress in most parls, but severe in FODYE4, AUTO,
and IODLI soils and for shallow-roating crops.

Engincering Assessment,—Road construction problems essentially
similar to those for Emul (36). Topographic limitations Iess
serious but less road-surfacing material available, Surficial
deposits probably less suitable for subgrade, and unmade roads
will tend to be very slippery even after light rain and some may
become bopey. Soils are CH with minor CL; probable depths
are shallow, decp subdominant; moderately deep common; very
shallow minor. Some long straight ridges may be suitable for
small airfields,

(38) Yassir LaNDp SysTEM (33 5Q MILES)

Land Porms (Plate 17, Fig. 2),—Very low hill ridges which are
very short to rather long, irregular, branching or subparallel and
have local small slemps, slump benches, and very stecp larger
slump alcoves. Altitude ranges from 20 to 1700 ft; 43% below
250 fi, 20°%; at 250-1000 ft, and 37% above 1000 ft, Relief varies
from 50 to 200 ft. Crests are very narrow to narrow and gently
sloping. Hill slopes are moderately steep to steep and can be
convex or concave. Relatively wide {up to 175 yd), probably
colluviated valley floors are common.

Streams and Drainage (Fig. 11(h))—Rather dense dendritic io
subparallel pattern of small streams, of which first- and some
second-grder sireams probably have intermittent flow. Gradients
are low except for some first-order streams. Most streams flow in
rock-cut beds but some larger ones in wider valleys of probably
largely colluvial matesial. Insignificant gravel in stream beds
except those of some extrancous through-going larger rivers.
Surface run-off likely to be moderate in relation t¢ through drain-
age, cansing only minor flood spetes. Well drained,

Vegetation.—Tall forest with a rather open irregular canopy (Foi)
was once the most imporiant vepetation type; it now covers only
about one-third of land systern. Mid-height forest with an
irregular or very irregular canopy (Fuli, Fmio) and seral stages
{Fmi") occur on unsiable slopes ([9%). Remaining 42% is or
has been gardened with different intensity; older secomdary
forest (FRm, FR) is common on the one hand, on the other some
kunai grasslands (GI) have developed.

Geology.—Upper Miocene to Upper Pliocene interbedded mnd-
stone, siltstone, and minor sandstons, probably gently dipping to
subhorizontal. These rocks are at least partly calcareous.

Weathering and Soils (3 obs,},—Weathering is generally shallow
and skeletal, [ocally on ridge crests deep immature to mature.
Rocks tend to be softened by hydration to probably 10 ft or more.

Probable soil composition is YODEL(3),5 subdominant;
TUOTOS common. Generally slightly to moderately developed,
peuiral to weakly acid, moderately thick to thick, uniformly
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texivred, firm to very firm clay soils (IODE1, IODE3). A very
strongly developed, strongly acid, thick, firm to very plastic heavy
clay soil with Triable clay loam to clay topseil (BOTOS) observed

on a Spur crest south of main mountain range and similar soils

may ocear locally on other cresis.

Population and Land Use.—Population of 440 in two villages,
Present Jand use covers 8-8 sq miles (27% of area), 6% in land
use infensity class 3, 949 in class 5. Very Hmited land use on
occurrences north of ranges is by people in adjoining Paiawa (24).

Tranpsitions to Other Land Systems.—Morth of mountains, almost
indistinguishable from strongly dissected alluvial fans. of
Panakatan (25); mapping based more on geographical location

and field observations than on pattern differences. Transitional

to Morumn {39) where relief Increases; transitional to Sandri (35),
although geographically widely separated, where dissection by
steep slump alcoves becomes more pronounnced, Mapping
distinction between Yassip and very fincly dissected Dossett (34),
supposed to occur on crystalline basement rock, is rather vague.
Yassip differs only gradationally from Kaugiak (37), which tends
to have slightly more relief, more regular and longer ridges, and
fewer sieep slopes.

Forest Ressurces (3 obs.)—Porest covers 64%;; moderate forest
resources. Moderate stocking rate forest (Foi) covers 11 sq miles.

(3%) MorumMa LawD

Land Forms (Plate 18, Fig. 1).—Mostly disorganpized, locally
branching short low ridges and hills, locally spurred and in
places with dip-slope and outcrop-stope remnants, Altitude
vanges from 100 1o 2200 fi; 24% below 250 fi, 4354 at 250-
1000 ft, and 179 at 1000-2000 ft. In a few places relief is as low
as 100 fi or as high as 400 #t. Crests are vety narrow, locally

narrow. Most hill slopes very irregular because of small-scale

“Slumping and benching, but longer steep straight slopes occur in
places. Slopes predominantly moderately steep to very steep,
locally moderate fo gentle {dip slopes, slump benches, crests),
locally precipitous (gully heads, slump walls, dissection slopes
near larger streams). North of Torricelli Mountains is commonly
a chaotic microrclief (amplitude 5-15 fi) probably caused by
earthquakes,

Streams and Drainage (Fig. !1(c)).—Dense slightly angular
pattern of small streams, commmonly with low to high gradients and
sinuous courses. Most first- and some second-order streams
probably have intermittent flow. Streams flow in narrow valleys
with little or no flood-plain development; beds are poor in gravel
except for some larger, rather braided sireams traversing north of
main mooniain range.

Generally well drained, with poorly to imperfectly drained
pockets in slumps and on gentle slopes due to slow permeability
of rocks. Also cause of probably moderate io high ratio between
surface rim-off and through drainage, leading to rapidly develop-
ing fiash floods and rather low residual stream flow.

Vegetation.—Secondary vegefation from gardens (R) to old
segondary forest (FR), locally with remnants of tall forest with an
irrcgular canopy with lighf-toned crowns (Fid), covers 48%.
Tail and mid-height forests equally share the remainder. Half the
tall forest has a rather open irregular canopy (Foi), locally on
steeper slopes in a mosaic with scral stages (Pimi"), the rest is tali
forest with an irregular canopy (Fi, Fid). Forest with an irregular
-canopy {Fmi) dominates the mid-height forest group and covers
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Remaining types all have low stocking rates (Fmi, 3 sq miles;
Fmio, 2 sq miles} including secondary forests (FRm-FR, FR,
4 sq miles). Access category III, but access problems may be
reduced by low relief.

Agricultural Assessment—Very low capability for arable crops
mainly becanse of steep slopes, and low capability for tree crops
and improved pastures. Slight alkalinity of some soils could be a
contributory disadvantage for tree crops, high sdil acidity on some
flatter ¢restal areas a contributory hazard for arable crops and
improved pastures. Since terrain is less rugged than in many
other hilly land systems, the possibility of some mixed develop-
ment for tree crops and grazing should not be excluded. Soil
nitrogen contents moderate to low, phosphate conients probably
mostly very low to moderate, with some high amonnis in least-
developed scils. Potash contents appear mostly moderate, but
may be high to very high in places.

Engincering Assessment.—Road construction problems similar to
those in Morumu (39), but somewhat less serious becanse terrain
is less broken. Often possible to align roads in wider valleys along
larger streams. Geographically located so that it commonly offers
smaller problems in road-building than surrounding land systems.
Soils are CH with minor CL; probable depths are moderately
deep, shallow subdominant; very deep common.

System (176 sQ MILES)

[8% of the land system. In places it is found together with
seral stages (Fmi”). Mid-height forest with a very irregular
canopy (Fmio) covers 7%. The type with a small-crowned
canopy (Fms), covering 2%, is confined to southernmost oceur-
rences, where there is also some mid-height grassland (G).

Geology.—Pliccene interbedded siltstone, mudstone, and mainly
finie sandstone, subhotizontal to moderately dipping. North of
mountains rocks are commonly caleareous.

Weathering and Soils (14 obs.}.—Weathering generally shallow and
skeletal, very locally immature north of ranges. Rocks are
commonly softened to 10 fi or more by hydration.

Probable soil composition is TODE3 subdeminant; IODE2,
I0DO1, common; AUTO2, AUTO3, IODAL, IODLL, TUHL,
EUHL, EUHA®G minor. South of ranges, predominant soils are
moderately to slightly developed, weakly acid to newtral, moder-~
ately thin to thick, uniformly textured firm to very firm clay loam
to sandy clay soils (JODEZ2, IODE3). Texture appears related to
that of stratified sedimentary rock and is loeally friable sandy clay
loam on sandstone. There are no or very thin datk iopsoils.
Moderately to strongly developed, acid, moderately thin 1o thick,
rather friable clay loam to clay soils, uniformly textured (IODO1)
or with a coarser-textured surface horizon (AUT03, UQTOL), are
more common north of ranges, probably due to higher rainfall,
They may overlie calcareous alkaline softened rock. On moderate
(mosily upper) slopes commonly occur moderately developad,
neutral 1o weakly acid, moderately thin, very firm silty heavy clay
soils, commonly with a firm clay loam to clay surface horizon and
thin dark topsoil (AUTO2) and in places slightly gleyed (IODA1).
Locally (not always on steepest slopes) occur slightly developed,
neutral fo weakly acid, shallow 1o very shaltow, firm clay loam
to cfay solls with thin to moderately thick topseils (JODII,
TUHL), whilst precipitous slopes have rock oufcrop and un-
developed very shallow soils (EUHL). Locally, where slumping
has lopsened the hydrated rock, are undeveloped, neutral to
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weakly acid, woderately deep 1o deep, friable to plastic silty clay
colluvial soils that can be slightly gieyed (EUHAG).

Population and Land Use—Pdpulation of 2540 distributed over
[7 villages. Present land use covers 60-3 sq miles (34 5 of area),
2% in land use intensity class 2, 27 % in class 3, 109 in class 4,
and 61 37 in class 5. Qccurrences in north-west are largely unosed.

Transitions to Other Land Systems.—Boundaries are partly
distinet, parily gradual with clear transitionai forms to other land
systems. Differs from Musak {52) in having less dip and strike
pattern, from Yassip (38) in having higher relief, and from
Numoiken (40} in having lower relief.. It has shorter, less regular
and less accordant ridges than Kaugiak (37) and a coarser drain-
age paltern than Bmul (36), Slumping is less' pronounced and
stopes generally steeper than in either Seim (46) or Sengi (42).
Morth of ranges it is not always clearly distinguishable from
strongly dissected fans of Panakatan (25) and in places mapping
has been carried out more on geographic poesition than on pattern
differences.

Tarest Resources (10 obs.).—Forest covers 61 % low to maderate
forest resources. Forests with low stocking rate cover much of
the area (Pmi, 25 sg miles; Fmio, 12 sq miles; FR, 10-sq miles;
FRm-FR, 10 sq miles; Foi/Fmi’, § sq rniles; Fmi/Fmi’, 3 sq
miles; Fms/FmM, 2 sq miles; Fid/G, 2 sq miles; Fms/FR, 1 sq
mile). Forests with moderate. sfocking rate (Foi, 15 sa miles;
Fid, 9 sq miles; Fid/FR, 4 3q miles) and with high stocking rate
(Fi, & sa miles) also occur. Access caiegory ITF; minor access
problems due to wetness possible on poorly drained slumps and
gentle slopes.
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Agricultmral Assessment.—Steep slopes, very itisgular topogeaphy,
and commonly shallow soils give low capability for improved
pastures and iree crops, and very low capability for arable crops.
Although capability for tree crops seems clearly lower than for
pastures, this would not preclude planting of small native coffce
blocks as now practised- Any large-scale development, however,
appears best orientated towards a grazing industry combined with
{orestty development on steepest land, and with minox tree or
arable cropa. Soil nitrogen contents mostly Jow, fess commonly
moderate, Phosphate contents mostly very low, less commonly
low to moderate, but very high in some very shallow soils on
precipitons slopes. Potash cantents yary greatly and apparently
erratically, mosily very high to moderate but commonly very low.
Tn water balance zone 1 is mostly rather rare {o rather frequent
slight, and commonly rather rare severe, soil water stress, In this
zone frequent severe, and in zones 2 and 3 rare severe, sail water
stress ceeurs in BUHL, JUHL, and TODLI sails.

Engincering Assessment,—Very broken nature of terrain will
resulf in strongly windipg minor roads with many culverts and
small bridges. Simpler to achieve good alipnment for major
roads, because soft hydrated rocks are easy to cot through and
appear reasonably suitable for fill. Road surfaces on weathered
rock tend to have high bearing strength (as against soils proper
which easily tend to become boggy} but are exiremely slippery
after even minor rain. Road-surfacing materials appear scarce.
Madcrate landslide risks, and roadside drainage should be well
bandled. Soils are CH, MH, CL, with minor ML; probable
depths are moderately deep dominant; shallow subdominant;
very shallow, deep minor.

{40) NumMoiREN LAND SyYSTEM (98 SQ MILES)

Land Forms (Plate 18, Fig. 2).—Gencrally disorganized patterns
of short to very short, commonly sputred of grooved, high hilt
ridges and kills, rarely of longer peaked ridges. Altitude ranges
from 0 10 2680 ft; 8% below 250 {t, 49 % at 250-1000 ft, and 393
at 1000-2000 ft. Relief gencrally between 300 and 500 ft, with
extremes of 200 and 750 ft. Crests are knife-edged to narrow, hill
slopes predominantly steep to very steep, partly with long straight
slope sectors, partly irregular hecause of common medium-sized
to small slumps, producing moderate to moderately steep local
slopes. Some precipitous slopes occur as slurap walls or near
larger streams. Locally remnants of dip and outerop slopes accur.
Chaotic microrelisf of 4-15 ft appears common norih of ranges
and probably is caused by earthquakes,

Streams and Drainage (Fig, 11(d)).~Dense to rather open
dendritic pattern of mainly small streams, Iargely with high
Eradients, but gentle to moderate slopes in first-order streams.
Streams flow in narrow valleys in rock-cut beds, mostly poor in
gravel.. Surface run-off is probably moderate to high in relation
to through drainage and frequent flood spates are to be expected,
but most streams will also have adeguate residugl How due io
ground-water seepage. Generally well drained.

Vegetation,—Mid-beight forest with an irregular canopy {Fmi),
often in conjunction with seral stages (Fmi”) and with Casuarina
papuana {Ca) on Some steepest slopes, covers 45%. Found in
higher aceurrences and these with chactic microrelief. Occurrence
i latter areas, where fall forest would be expected, could be a
tesult of earthquake damage or correlated with inceeased humidity
ar rainfail due to location in frontal zone of Torriceli Mountains,
indicated by conspicuous.moss cover of trunks, Lower and less
steep slopes have tall forest with a rather open: irregular canopy

(Foi) and, south of ranges, tall forest with an irregular canopy
with light-toned crowns (Fid). More than one-third of land
system gardened ar under secondary vegetation, Where tall cane
grass regrowth (GitR) is found rotation cyele will be short,
probably « 10 years, but still of minor importance here, where
older secondary forest stages (FRm, FR) are well represented.

Geology,—Pliocene to Miocene interbedded siltstone, mudstone,
and less sandstone and conglomerate, at least locally calcareous.
In foothills of main mountain range, presmid-Miocene rocks
including conglomerate of metagreywacke and metabagalf, and
minar limestone, Dips are probably mostly moderate to steep.

Weathering and Soils (6 obs,).—Woathering generally shallow and
skeletal, very locally immature. Softening of rocks by hydration
appears strongest north of ranges, but tends to vary considerably
from placs to place.

Probable soil composition is I0DE3, EUHOS subdominant;
EUHOQ?, BUHQ2 common; UOTO2 minor, Undeveloped,
weakly acid to acid, deep to moderately shaltow, friable loam to
firm e¢lay colluvial soils confaining variable amounts of rock
fragments (EUHO7.8,9) appear dominant, with similar but
moderately developed, moderntely thin residual scils (IODE3)
also common. A maderately to strongly developed, acid, thick,
firm sity clay soil with friable loam to clay loam surface
soil (UOTO2) obszerved on more strongly weathered rock. Tt is
not clear where and how often such soils occur.

Population and Land Use~—FPopulation of 1250 distributed over
eight villages: Present land use covers 25-9 sq miles (267 of
area), 29 % in land use intensity class 3, 12% in class 4, and 59%
in class 5. Most intensive land use oceurs only on most easterly
0QCUITenges.
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Trapsitions to Other Land Systems.—In many respects very
similar to Nopa (57), but less slumped and without the very
steep long slopes slong margins. Where relief decreases it merges
inte Morumu (39); where relief increases it merges into Sulen
(58). It merges into 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 Bess
noticeable, it merges into Wanabutu {59) or Mup {61),

Forest Resources (6 obs.)—Forest covers 58%: low forest
resources. In general, low stocking rate forests (Fmi/Fmi’, 30 sq
miles; Pmi, 12 sq miles; FoifFmi’, 4 sq miles), including secon-
dary forests (FRm-FR, 3 sg miles; FR, 3 sq miles). Moderate
stocking rate types (Fid, 8 sq miles; Foi, 5 sq miles) occur on
lower, less steep slopes, two (Fid and Fid/FR) being confined to
more southern cccurrences. Access caiegory T1T,

Agricultural Assessment.—Slope steepness alone allows only very
low capability for free crops and improved pastures and agri-
coltural development appears practically unsuitable. Commonly
rather shallow seils further restrict the scope for tree crops, Soil

(41) KarArTEM LAND

Eand Forms (Plate 19, Fig. 1)—Long to very long, genile to
maderate, basically concave foot slopes of colluvially disturbed
rocks (collapsed ridges and dip slopes), and including sorme true
scree slopes at foot of escarpments. Partly because of mode of
formation and partly because of subsequent dissection and fand-
slides, these slopes are very irregnlar in detail: pullied to ridged,
or hummoecky to very low hilly with in some places also smooth
slope segments. Altitude ranges from 240 to 3700 ft; 309 at
2501000 ft, 469 at 1000-2000 ft, and 217 at 2000-3500 ft.
Internal telief ranges from ulira-fow to low, but total relief from
upper to lower margins of occurrences is generally moderate,

" with extremes of 300 and 900 ft. A few long, narrow, moderately
sloping, hummocky rock debris skides occur, and there are
localty protruding very low to Jow hills of a more residual nature.
Local slopes are thus highly variable, mosily moderaie to steep.
Some ocewrrences at high altitude have very steep marginal slopes.
A very small area just east of Anguganak contains very low
conical hills suggesting the presence of limestone.

Streams and Diainage (Figs. 11(e), 13(f)).—Large occurrences
have an open to moderately dense dendritic to subparallel patiern
of streams, with relatively long but small first-order streams join-
ing to form small to moderately large higher-order streams,
Narrow but long occurrences crossed by widely spaced larger
streams. Streams relatively straight, with only slightly pravelly
‘beds that are generally narrow but can be up to 60 yd wide and are
confined in narrow valleys. Stream gradients range from low
gradient fo gentle slope. Flow is moderately fast and probably
perennial throughout due to large amount of ground-water
seepage. Two small lakes occur at high altitude. Surface run-off
probably low in relation to through drainage, so flood spates tend
to be minor except in through-going streams originating in steep
hilly or mountainous country outside land system. Mostly well
drained, with small imperfectly drained pockeis on slump floors.

Vegetation,—Large paris, totalling about 309, are or have been
gardened (R-FR). In western occurrences sago (MR) has been
extensively planted in suitable situations. Original vegetation
was tall forest which still covers 203, Types represented are tall
forest with a rather open irregular canopy (Foi) and tall forest

217

nitrogen contents appear to vary from very low to moderate:
phosphate contents probably mostly very low, but commonly
moderate and locally high. Potash contents variable, probably
mostly high, but low to very low alzo common. Tn water balance
zong 1 there is locally rather rare to rather frequent slight soil
water stress, mainly in JODE3J soils.

Engineering Assessment.—To be avoided for road sconstruction,
except probably for a road across Torricelli Mountains to link
interior with coastal plains. On such a route it constitutes one
of the lower relief ¢lements and so may be preferred. Becanse
crests are mostly short and irregular, best to keep roads close to
valley bottorns. Many slopes appear unstable, presenting risks of
soil ereep and landslides. Good roadside drainage essential.
Road-building materials scarce, Rocks are commonly sufficiently
soft to facilitate easy cut-and-fill operations, but locally, par~
ticularly in foothills of ranges, harder rock occurs at shallow
depth, Weathered rock would form a strong surface Tor nnim-
proved roads, but would be slippery when wet. Soils are CH,
MH, CL, ML; probable depths ate moderately deep dominant;
shallow, degp common.

SysTEM (106 5Q MILES)

with an irregular canopy with or without light-toned crowns (Fid,
Fi). At higher altitude is mid-height forest with an irregular
canopy (Fmi), which is also on steep marginal slopes mixed with
seral stages (Fmi') or Caswarina papuana (Ca).

Geology.—Mainly Upper Miocene, less Lower Pliocene inter-
bedded sandstone, silistone, and mudstone, the sandstone com-
monly being calcareous. Rocks are mostly deeply colluvially
disturbed due to hydration, faulting, and landslidés, but locally
exhibif moderate dip slopes. Limestone beds are possibly locally
intercalated in the sequence,

Weathering and Soils (11 obs).—Little weathering in sirw, but
indications that deep hydration and widespread shallow immature
weathering took place before (and facilitated) collapse of ridges
by colluviation, and landslides, which shaped present land forms,
Remnants of shallow immature to mature weathering observed
on some residual hills.

Probable soll cornposition is TODO4, BUHOT, EUHOS sub-
dominant; EUHO9 common; (EAHUJ), (EUHAT), BUHL,
IODL2, UOTOS minor. Predominant soils are undeveloped,
weakly acid to acid, deep to very deep, commonly slightly stratified
colluvial soils, with textures normally ranging from very friable
sandy clay lpam to firm clay and containing low to moderate
amount of variably weathered rock fragments. (RUIGT,8,9),
Similar but sliphtly to moderately gleyed soils likely on small
slump floors. More rarely and probably mainly near mountains,
on both colluvial slopes and protruding low hills, cccur strongly
developed, acid, moderately thin to thick, very friable sandy clay
foam to clay loam soils, with commonly large weathered rock
fragments in subsoil (I00G4). Soils on hill crests include a very
strongly developed, strongly acid, thick, plastic clay soil with a
more friable loam surface soil (JOTOS), and a moderately
developed, acid, very thin sandy loam soil on weathered sand-
stone (IODL2). Such thin soils on crests probably largely associ-
ated with former village sites where original soil cover has been
temoved, whilst very strongly developed soils apparently repre-
sent relicts of a weathered surface at about 3000 ft on southern
flank of mountains, An undeveloped, neuatral, shallow, friable
clay foam soil mixed with and resting on coarsely broken-up
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sedimentary rock (BELUTHL) observed on one large reck debris
slide,

Population and Land Use.—Population of 2500 distributed over
16 villages. Preserit land use covers 548 sq miles (52% of area),
2897 in land use infensily class 3, 1634 in class 4, and 563 in
class $. Plaated sago very importani in subsistence in west,
where some land is nsed by people in Minatei {50).

Transitions to Qther Land Systems.—When typically developed
it has a quite disfinct pattern but usually indistinct bonndaries.
Small areas of protrudiag hills really inclusions unmappable as
Morumu {39) or Yassip (38), and thus Karaitem approaches
these two others in pattern in a few places. Distinguished in
places with difficulty from Flobum (44) which has steeper overafl
slopes and greater overall relief, and from Sengi (42) which has
better-defined individual ridges. The few cases where dip-slope
remmants are noticeable tead to be transitional to Mambel (48).

Forest Resources (5 obs.).—Forest covers 493, low forest
resources. Much forest is of low stocking rate, particularly on
steeper parts (Fmi/Fmi’, 14 sq miles; Fmi, 7 sq miles; FR, 8 sq
miles; FRm-FR, 2 sg miles; FRm, 1 sq mile). Remainder con-
sists of moderate stocking rate forests (Fid, 9 sq mifes; Fid{FR, 3
sq miles; Foi, 4 sq miles) and one high stocking rate forest (Fi,
5 5q miles). Access catogory II; minor access problems due ic
wetness occur on slump floors.

Agricultural Assessment.—Topographic irregularities mean very
low capability for arable crops but moderate capability for tree
crops end improved pastures. Soil depth and acidity generally
favourable for tree crops, but above 2000 ft a.sl it may be
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difficult to find suitable tree crops. Difficult to assess present
stability of slopes, but some Jandslides could occur after very
heavy rain or earthquakes, causing preater damage to free crop
plantafions than to improved pastures. Irregular ferrain better
for small holdings than for larger farm umits. Optirum lanid use
is probably a combination of small tree crop plantations and
improved pasture lands with timbor exploitation and forest
plantations in mosi dissected areas. Seil nitrogen contents mostly
moderate, but commonly very low to low. Phosphate conients
often very low, but low to moderate values also common, Potash
contents fend high 1o moederate, but low values not uncommon,
Very high phosphate and potash contents occur in shallow stony
soils asscciated with rock debris slides. Rare to rather rare
severe soil waler stress only on very few steep slopes with TODL2
and EUHL soils in water balance zones 1 and 2.

Engineering  Asscssment.—Provided many small cut-and-fill
operations are acceptable as standard procedure, road construc-
tion would be refatively simple, since little consolidated rock will
be encountered and drainage conditions are generally adequate.
I roads must follow closely the existing shape of lerrain, it
means very winding roads or very steep gradients. Close attention
should always be given to roadside drainage and culverting to
minimize denger of landslide damage. Construction of larger
bridges only infrequently necessary. One of several cages where
Karaitem offers the best possibilities for road construction in a
given area is in traversing the mountain ranges from nortth to
south; it forms the lowest pass (about 1500 fi}, SSE. of Aitape,
and alsp affords good penetration north of Lumi and in the
eastern part of the area. Soils are CH, MH, ML, with-minor CL;
probable depths are moderately deep, deep subdominant; shallow
common; very shallow, very deep minor.

(42) Senct LanD SysTeM (106 SQ MILES)

Land Forms (Plate 19, Fig. 2).—Most nondescript topography of
all the hilly land systems. Low, locally very low, rather broad,
and usually long hill ridges, gencrally with narrow, locally with
broad crests and with mostly moderate to moderately steep side
stopes that are very irregular due to small-scale slumping pro-
ducing a humrnocky suxface, small alcoves, and minor spurs.
Altitude ranges from 240 to 2000 ft; 699 below 000 ft. Relief
is mostly 100-300 ft, in some cases np io 400 ft. Branchihg of
ridges pronounced only in very limited areas; many ridges soine-
what asymmeirical with steeper {moderately steep to steep) slopes
on one side, probably as a result of dipping rock strata. Crests
generally accordant, mostly even to undulating, but locally
peaked. Short upper hill slopes rarely, and short lower slopes
commonly, steep 1o very steep, but in other places gentle foot
slopes result in relatively wide valleys.

Streams and Drainage {(Fip 1i{f}).—Strcam paftern essentially
dendritic, generally rather open, but locally dense, and consists of
rather long first- fo third-order maéin streams, probably oaly
520 yd wide, and of very short first-order tributaries mostly
perpendicular to main stream. Shallow main streams have mostly
low, focally high gradients, tributaries have gradients of very genile
to gentle slope. Stream beds are cut into colluvium or rock,
largely devoid of hard rock gravel and sand, and locally bordered
by very nartow {10-50 yd wide) flood-plains. Earger through-
going rivers (30-50 yd wide) are rare and likely to have very
limited amouats of hard rock gravel. Surfags run-off is probably
low to moderate in relation to through drainage, thus flood
spates tend to be rather infrequent and a relatively large residual
flow is maintained throughout the year; wirtually all streams are
perennial,

Tnsufficient data to asscss draipage status. Probably largely
well drained, with small pootly drained pockets in slump fioors
and scepapge areas.

Vegetation—Original vegelative cover was tall forest with an
irrepular canopy with light-toned crowns (Fid) of which 307; is
left, not counting scattered patches in areas of secondary forest
(Fid/ERy-FR). Secondary vegetation now widespread but
rotation cycles seem long because sccondary forest is well repre-
sented. Sago planted (MR) on slump floors and in seepage areas.

Geology.—Pliocene sedimentary rocks, probably mainly mud-
stone and siltstone, at leasi locally calcarcous, and probably
mostly with gentle to moderate dips. Surficial beds are probably
commaonly colluvium of these rocks. .

Weathering and Saeils (1 obs.)—Iiregular topography suggesis
(although not supporited by single observation of very shallow
immature weathering on a sieep upper slope) that softening of
racks by hydration may be pronounced and widespread. Skeletal
weathering probably widespread, and remnants of immature and
even mature weathering were noficed and may not be uncommon
on crestal areas.

Probatle soil compoesition is TODOL, (EUHO7) subdominant;
(I0DO4, IODE4, EUHOS) commen; (I0DA2, EUHAT) minor.
Only soil observed is a moderately developed, acid, moderately
thick, aniformly textured, firm silty clay soil with weathered rock
fragments in the subsoit (IODO1). Siniilar soils, but including
slightly developed and undeveloped, weakly acid soils, are likely
to predominate, mastly of clay texture and moderately thin to
thick. Pockets of gleyed soils probably present in slump akoves
and on benches. Some apparently strongly developed reddish
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soils seen on crests but not examined. Shallow soils oceur prob-
ably on steepest sfopes. Generally soil pattern probably rather
similar to that of Asier (43},

Population and Land Use—Population of 1660 distributed over
10 villages, Present land vse covers 587 sq miles (55% of area),
17% in land use intensity class 3, 6% in class 4, and 77 % in class 5.
Planted sago important in subsistence.

Transitions to Other Land Systems.—Having no really character-
istic pattern, Sengi is in places transitional to Asier (43) (higher
relief), Mambel (48) (more pronounced dip and sirike pattern),
Kavaitem {41} (more typically colluvial land forms), Bmul (34)
(steeper, closer, and more branching ridges), Kaugiak {37) {mare
regular sltopes, closer spaced ridges), Samdri (35) (lower, much
closer, steeper, and spurred ridges), Yindigo (31} (lower relief,
generally more convex slopes), and Morumu (39} (shorter,
steeper, less accordant ridges).

Forest Resources (no obs.).—Forest covers 46%; low forest
resources. Forest of moderate stocking rate (Fid, 32 sq miles;
Fid/PR, 11 sq miles) and of low stocking rate {FR, 6 sq miles)
occurs. Access category II,

Agricultural  Assessment.—Insufficient information prevents
precise assessment, but apparently there is moderate capability for
tree crops and improved pastures but only [ow capability for
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arable crops, because of erosion hazards and irregular topography.
This assumes that soil depth and pH are generally not a serious
limitation for tree crops and the extent of poorly drained soils is
small. Superficial landslides could be a hazard for iree crops.
Limited development possible for both grazing and tree crops,
particularly as the area is commonly surronnded by land systems
with lower capability. Soil nitrogen contents probably mostly
moderate, but low to very low values may not be uncommon.
Phosphate contents probably mostly very low, but moderate to
low values may also be common. Potash contents probably high
to very high, but low values are also common. In water balance
zone 1 js locally rather rare, on steeper slopes rather frequent,
skight soil water stress, which would occur more generally for
shallow-rooting crops.

Engineering Assessment.—Moderate topographical problems for
road-building, commonly smaller than those in adjoining land
systems. Reads can often follow ridge crests for long distances
and then relief and slopes can be negotiated without too much
difficulty, whilst only small bridges are required. Road cuts simple
to make in soft rocks and colluvium, but will require stabilization.
Landslide risks and absence of suitable subgrade and road metal
are main problems. Roadside drainage will need patiicular
attention and many culverts will be required. Unmade roads will
tend to be very slippery and easily becoms untrafficable after rain.
Soils are CH, MH, ML, with minor CI; probable depths are
maoderately deep dominant, deep subdominant, shallow common.

(43) AsiER LAND SysTEM (106 5Q MILES)

Land Forms (Plate 20, Fig. 1)—Broad, long to short, high hill
ridges with straight or concave, locally smooth but generally
closely gullied slopes, locally merging into spurs, Altitude ranges
from 500 to 3600 ft; 119 below 1000 ft, 599 at 1000-2000 £,

and 29 % at 2000-3500 ft. Relief varies from 3C0 to 700 ft. Hill

slopes are moderately steep, in places steep, more rarely moderate.

Slumping neatly always evident, locally as large slumps but

generally as few to many small slump alcoves and toes, which can
give the slopes a hummocky appearance, Rarely the photo pattern
shows dip and outerop slopes in the form of poorly developed
chevron ridges. Crests are penerally rounded and narrow, in
places very narrow, rarely broad. They are generally even to
undulating, with gentle crest slopes, and locally form low emergent
crestal ridges with steep slopes.

Streams and Drainage {Fig. 12(a)).—Rather coarse-textured
subangular to dendritic pattern of long mafn sireams (mainly
second- to fourth-order), with short subparallel first-order
tributaries in narrow rock-cut channels with gradients mostly of
moderate slope. Higher-order streams in either rock-cut beds or
very narrow {up to 100 yd wide) flood-plains and have gradients
mostly from high gradient to very gentle slops, Streams are
shallow and moderately fast. Beds of locally originating streamis
are probably only little to moderately gravelly, but those of
larger through-going streams originating in areas of igneous rocks
are rich in gravel, cobbles, and bonlders, 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
to old secondary forest (R-FR). Sago (MR) is planted and
exploited in small wet sites caused by shimping, ‘Tall and mid-
height forests each occupy 22%. Tall forests with an irregular

canopy with or without light-toned crowns (Fid, Fi} are equally
represented. The mid-height forest mainly found is the type with
an irregular canopy (Fmi), but the type with a very irregular
canopy (Fmin) also oceurs. Because of unsiable slopes seral
stages {Fmi’) oceur amidst tall as well as mid-height forest.

Geolegy —Fre-tnid-Mioccene to Upper Miocene siltstons, mud-
stone, [ess sandstone, and minor fine conglomerate. Surface
materials commonly colluvium of these rocks.

‘Weathering and Soils (2 obs.).—Subject to appreciable weathering
in the past, but subsequent disseclion has left only remnants of
shallow immature weathering, mainly on ridge and spur crests,
Underlying rocks softened by hydration to considerable depth,
which has facilitated mass movement and colluviation on hill
slopes.

Probable soil composition is EUHOT, JOD(1) subdominani;
(EUHOB), (IODR3), I0D04, BUHA7 common. Sparse field
data suggest mostly undeveloped, acid to weakly acid, deep to
very degp, friable to firm clay loam to clay celluvial soils, with
varying amounts of rock fragments (BUHO7 observed). Similar,
but moderately gleyed soils probably on small slump floors.
Modecately developed, acid to weakly acid, moderately thin to
moderately thick residual clay [oam to clay soils probably on more
stable slopes. A sirongly developed, acid, moderately thick,
plastic clay soil with few weathered rock fragments (IODQ4)
exemplifies soils found locally on crests with rempant weathering,

Population and Land Use.—Population of 2560 distributed over
19 villages. Prosent Iand use covers 44 sq miles {429 of area), 27 %
in land use intensity class 3, 73% in class 5. More intensively
used areas occur in the west. Planted sapgo is important in sub-
sistencs,

Transitions to Other Land Systems,—TIn many respects, a scaled-
down version of Flobum {44), and in places transitional to it. In
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marginal cases it has features transitional to Sulen (58) (high
relief, steep spurred slopes), Numoiken (40) (very short irregular
ridges), Imbia (54) (sleep slopes, chevron ridges), or Sengi (42)
which has lower relief.

Forest Resoorces (I obs)~TForest covers 55%; low forest re-
sources. Much forest is of low stocking rate (Fmi, !4 sg miles;
Fi{Fmi’, 5 sq miles; FmifFra¥, 3 sq miles; Fmio, 2 sq miles),
including secondary forests (FR, 9 sq miles; FRm—FR, 7 sq
miles), Remainder is cither moderate stocking rate (Fid, 13 sg
miles) or high stocking rate (Fi, 7 sq miles) forest occurring at
Jower altitudes. Access category TM; minor access problems due
to wetness. occur on small slamp. floors,

Agricultural Assessment.—Moderate capability for tree crops,
slope steepness being the major limitation, terrain irregularity
and locally rather shallow soils minor restrictions. Since gullies
and hummocks are probably a greater limitation for improved
pastures than for tree crops and also because of scil acidity,
capability for this type of land use is assessed as low; capability
for permanent cultivation of arable crops judged very low. On the
other hand, climatic limitations affecting land sbove 2000 ft
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would be more scricus for iree crops than for improved pastures
in a rather large proportion of the land system, Thus, there.
appears to be scope for expanding existing land use, partly in
small tree crop planiations, partly by cattle-grazing on improved
pasfures; no potential for large-scale planned development.
Soil nitrogen contents probably moderate to low; phosphate
contents probably vary from very low to moderate; potash
contents probably high to moderate, but low in more developed
soils on crests,

Engineering Assessment.—Road construction unlikely o be
required in the near future, Of the high hilly land systems, it
offers smallest topographical difficuities since road alignment
could often follow crests or xiver courses for rather long distances
and there are féw very steep slopes to be negotiated, Many gullies
and hummocks require much small-scale cut-and-fill work, which
would be easy to carry out in the soft materials. Good roadside
drainage needed to minimize landslide hazards. Road-surfacing
materials probably very scarce. Colluyial slope mantle material
seems reasonably suitable for subgrade and fill. Soils are CH,
MH, ML, with minor CL; probable depths are moderately deep
dominant, deep subdominant, shallow common.

(44) Fropum Lanp SysteMm (112 sQ MILES)

Land Forms {Plate 20, Fig. 2).— Very broad low mountfain ridges
and mountain slopes with predominantly moderately steep
(locally steep or moderate) overall slopes, Altitude ranges from
400 ta 3700 ft; 6% below 1000 f1, 4254 at 10002000 fi, and 50%,
at 2000-3500 ft, Owerall relief is mostly 700-1000 ft with ex-
tremes at 400 and 1260 ft. Strong mass movement has produced a
highly irregular local relief of 50150 ft on these slopes, with an
array of hummocks, slamp aleoves, gullies, and ridges, with local
slopes varying from gentle to very steep, A few long rock debris
slides occur, Tn places mountain ridges are clearly essentially
strike or chevron ridges. Single mountain slopes locally dissected
into broad but irregular spurs with moderately steep to steep
slopes. Crests mostly narrow to bread and commonly form
emergent crestal ridges and cresial bumimocks with short very
steep side slopes. Lower slopes near incising streams locally very
sleep.

Streams and Drainage (Fig, 12(b,c)).—Coarse- to very coarse-
textured pattern of mainly subparallel main sfreams (second to
fourth ordet), with relatively few subparaliel to dendritic first- and
second~order tribufaries. Latter are very small and have very
narrow stream heds with gradients of gentle to moderate slope.
Main streams, found only in largest occurrences, have 20-80-yd-
.wide beds of high gradient locaied in very narrow Hood-plains or
cui Into rock. All stréams are perénnial and have fast flow and
shallow depth. Gravel and boulders plentifd in beds of tivers
orTiginating in mountains north of Flobum, but rather scarce or
very scarce i localfly originating streams, Surface run-off prob-
ably low to moderate in relation to through drainage, leading to
muck ground-water seepage to streams and a low incidence of
flood spaies.

Well drained except for numerous small slump floors that are
imperfectly to very poorly drained.

Vegotation.—About half is under secondary vegetation (R-FR).
Saga (MR) extensively planted in many suitable sitnations formed
by irregular secondary velief. Original vegefation probably
mainly mid-height forest with an irregular canopy (Fmi) which is
still left in places. It also covers steeper slopes, where if is mixed
with seral stages (Fmi’) which reflect the unstable nature of the

slopes. Highest crests, about ! % of area, carry mid-height forest
with a rather dark-tened even canopy (Fm). On rock debris
slides is Casuarina papuana (Ca). Tall forests with an irregular
canopy (Fi, Fid) cover 12% of area, occurring at lower altitudes;
on steeper slopes they are mixed with seral forest (Fmi).

Geology,—Miocene silistone, Jess sandstone and fine con-
glomerate; on northeen flank of main mountain range occur
pre-mid-Miocene siltstone and cc ate with basalt and
metagreywacke pebbles. Locally intercalated beds of massive
limestone oceur. Surficial beds commonly consist of coltuvium
of these rocks.

‘Weathering and Soils (9 obs,).—Field evidence suggests consider-
able weathering in the past, together with deep hydration of
rocks, probably an important contributing factor in producing the
mass movement described above. Stream dissection together
with this mass movement has in lura destroyed much of the
weathering profiles, now mainly in higher crestal areas as shallow
immature fo deep mature weathering, Remainder of Flobum
only skeletally weathered or merely hydrated.

Probable soil composition is EUHOS, BUHGY; I0DGI sub-
dominant; UOQTO2, UOTOS, BUHAS6, (EAHUS), (EUHL),
MR-E minor. Most common soils are undeveloped, weakly acid
to acid, deep to very deep colluvial soils with slightly stratified
profiles of friable loam to clay loam and varying amonnts of rack
fragments (BUHOS, EUHG9), Similar, but neuiral gleyed and
normally more clayey and plastic soils (EUHAG observed) found
on slump floors, probably oceupying 89, Undeveloped, shallow
to very shallow or stony soils probably ococur op the sieepest
slopes near crests and streains, on back walls of slumps, and on
rock debris slides. On xelatively larpe areas (probably 30%)
where weathering ‘is evident, occur moderately to more rarely
strongly developed, acid to strongly acid, moderately thin to
thick, friable to firm clay soils (IODO1), commonly with very
friable loam to clay loam surface horizons (UOTO2) and con-
taining variable amounts of weathered rock fragments. A very
strongly developed, strongly acid, thick, plastic heavy clay soil
with friable clay loam to clay surface harizons (UOTQS5) observed
on slumped upper hill slope, but such sojls seem resticted to small
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remnant weathered summit areas. Observed on limestone was a
maoderately developed, alkaline and calcareous, thin, rather stony,
very dark over dark firm clay soil (MR-E); such soils appear rare,

Population and Land Use.—Population of 4230 distributed over
29 villages. Present land use covers 52-7 sq miles (47 % of area),
28% in land use intensity class 3, 28% in class 4, and 44 % in
class 5, Planted sago is imporfant in subsistence. Eastern
occurrences largely unused.

Transitions to Other Land Systems.—Graduwal transitions ocear to
Karaitem (4f) which has fewer steep overall slopes and no mas-
sive mountain ridges; to Om (45) which is steeper and more
vigorousiy dissected; to Asier (43) which has lower relief and a
closer pattern of ridges; and to Minatei (50) which has more
clearly defined dip and outerop slopes.

Forest Resources (6 obs.).—Forest covers 46%; low forest
resources, Much forest comprises low stocking rate types (Fmif
Pmi’, 20 sq miles; Pmi, {5 sq miles; FifPmi, 3 sq miles; Pm,
2 sq miles), including secondary types (FR, 4 sq miles; FRm-FR,
3 sq’miles). Remainder is high stocking rate forest (i, 6 sq miles)
and maderate stocking rate forest (Fid, 5 sq miles) which occur
at lower alitudes. Last three were observed to have higher
stocking rates than average for each type. Acecess category III;
minor access problems due to wetness occur on slump floors.

Agriculeural Assessment.—Broken nature of terrain with common
steep local slopes means very low capabiliiy for arable crops but
moderate for improved pastures. Capability for tree crops is low
becduse it is also depressed by local poor drainage, local shallow
soils, and the fact that part of Flobum occurs above 2000 ft

where climatic conditions are rather unfavourable for both
normal lowland crops and typical highland crops. However,
common acidity of acils is probably more favourable for tree
crops than improved pastures. Unsuijtable for large-scale develop-
ment, but scope for scme extension of permanent agricultaral land
use near present population centres in small iree crop plantations
and particularly by introduction of cattle grazed on improved
pastures. Soil nitrogen contents protably mostly moderate to low.
Phosphate contents generally range from very low to moderate.
Potash contents variable, mostly high to low.

Engi ing A ent~—Smallest difficulties in road construe-
tion of the mountainous land systems. South of the Raihu River
it provides a relatively easy passage throngh the main mountain
range. It may even be preferred to adjoining land systems of less
relief but with very severe dissection and steoper slopes, because
of its more massive character with fairly gentle long averall slopes
and relatively minor dissection. Problems of road construction
inciede slope instability which may cause landslide damage;
irregular terrain which requires many small cut-and-fill operations
or leads to very winding roads; scarcity of goond road-building
materials (gravel and stone obiainable only from some larger
siream heds and very local limestone occurrences, or may have to
be quarried in neighbouring land systems); and need for long
fairly steep gradients when roads are built across the {mostly
N.~8.) 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, subdominantly CH,
ML; probable depths are moderately deep dominant, deep
subdominant, shallow common, very shallow, very deep muinor,

(45) Om LaND SYSTEM (24 SQ MILES)

Land Forms (Plate 21, Fig. 1).—Steep to very steep, locally
moderaiely steep low mountain ridges and slopss severely slamped
and dissected inte very irregular, rugged topography of spurs,

~— -~ -—slumps, rock debris slides, ravines; sieep-sided hills, and low

searps. Altitude ranges from 400 to 4500 ft; 11% below 1000 ft,
41% at 1000-2000 ft, 41 %4 at 20003500 ft, and 7 %4 above 3500 ft.
Local relief is 100-300 fi, with a total relief of 8001500 ft. Crests
fend to be kpife-edged to narrow and local slopes are mostly very
steep to precipitons. Where particularly hilly, land forms are
suggestive of karst lopography and probably related to occurrence
of limestone,

Streams and Drainapge (Pig. 104}, 12(c)).-—Fine-textured aagular
to subparallel patiern of small first- and second-order streams in
_deeply incised narrow rock-cut beds with gradients of moderately
steep to steep slope. Stream beds are rocky and stream fow
perennial. Surface ron-off probably high in relation to through
drainage, except on limestone, and would cause frequent minor
flood spates, Well drained.

Vegetation.—Almost complete cover of mid-height forest. Forest
with a rather dark-toned even canopy (Fm) common on crests
and less steep upper slopes and occupies about 15%. Owing to
rugged unstable nature of slopes seral vegetation types (Fmi’ and
Casnaring papuana) are common, and occur in intricate mosaic
with mature mid-height forest with an irregular canopy (Fmi).
Some lower slopes (6%) adjacent to Karaitem (45) have been
gardened.

Geology,—No field daia. Probably pre-mid-Miocene rocks,
largely relatively small thickncsses of conglomerate, silistone, and
limestone, steeply uptilted against igneous basement rock, and
probably with much surficial colluvium.

‘Weathering and Sails (No obs.)—Weathering probably slight,
but rocks {except limestone) probably deeply hydrated. Probable
soil composition is (EUHO8, EUHOY) subdominant; (IQDOI,

TODO02, I0DL2, MR~02) common: (EUHL) minor. Soils

probably mainly undeveloped, weakly acid to acid, shallow to
deeg, loamy colluvial scils with many rock fragments and could
be similar to those for Flobum (44) and Sulen (58), Weakly
alkaline to alkaline, thin, very dark clay soils associated with rock
oulerop probably occur on limestone.

Population and Land Use.—Population nil; present land unse
negligible.

Transitions {o Other Land Systems.—Transitional between
Flobum (44} znd Sulen (58), combining irregular topography of
former with ruggedness and slope steepness of latier,

Forest Resources {1 aerial obs.).—Forest covers 67%; low forest
rescurces. Forest of low stocking rate types (Fmi/Fmi’, 11 sq
miles; FraifFm, 4 sq miles; Fmi, 3 sq miles). Access category IV.

Agriculaueral Assessment.—Very rupged topography denotes no
capability for agricultural development, Soil nitrogen contents
probably vary from moderate to very low; phosphate contents
probably nearly always very low to low; and potash contents
likely to be guite variable,

Engincering Assessment.—To be aveided for road construction.
In places it could be a potential source of road-building material
(limestone, some conglomerate), although commonly too in-
accessible, Soils are dominantly ME, subdominanily CL, ML,
and minor CH; probable depths are moderately deep dominant,
very shallow subdomigant, shallow, deep-common,
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(46) Semnd LAND SysteM (221 §Q MILES)

Tand Forms (Plate 21, Fig. 2).—Low hill ridges with a patiern of
more Or less polygonally branching, commonly rather peaked
crests and short spurs partly enclosing irregular small 10 large
slump afcoves with mostly gentle fo moderately steep slopes.
Altitude ranges from 400 to 170¢ ft; 86% below 1900 ft. Relief
extremes gre 100 and 400 ft. Overafl hill slopes predominantly
concave. Crests range from very narrow to broad and commonly
have a sharp break to short steep to very steep upper side slopes,
thus producing emergent crestal ridges. thag may be benched. Very
few gentle straight slopes resemble dip-slope remnaots. Some
steep hill slopes are grooved or spurred, rather than slumped.
Short very steep slopes occur locally above slump aleoves and as
lowsr slopes mear incised streams. FElscwhere are hummocky
gentle lower slopes which may locally merge into flattish valley
floors up to 150 yd wide. Gentle lower slopes near a major river
appear ta be a slip terrace. Slump alcoves range from 40 to 600 yd
in diameter and generally have irregular hummocky surfaces with
gentle to moderate slopes dominant where ridges are far apart,
and moderately steep to steep slopes dominant, commonly with
small slump benches, where ridges are more closely spaced.

Streams and Drainage {Fig. 12(d)).—-Stream pattern of rather
widely 1o rather closely spaced, long, winding, subparallel to
subradial first- to fourth-order local streams with rather regularly
and rather closely spaced, very short first-order tributaries,
generally at right angles ¢ larger streams. Overall patiern is
rather angular. Streams range in width from 5 to 20 yd. In
addition, land system is traversed by a few larger meandering
through-going streams 30-50 yd wide. Stream beds are cut into
bed-rock or colluvium, are shallow, have [ittle or no hard rock
gravel or sand, and have mostly low gradients, but gradients ap
to very gentle slope in short first-order tributaries. Through-going
streams have sendy to rather fine gravelly beds. Surface run-off
probably moderate to high in relation to through drainage, so
flood spaies will oceur frequently and river flow decrease rapidly
in rainless periods. Many first-order tributaries probably have
intermittent flow, particularly in eastern part.

Mostly well drained, some: crests and very stecp upper slopes
excessively drained, some slump fpors, benches, foot slopes, and
broad crest surfaces imperfectly to poorly drained.

Vegetation.—Almost entirely under secondary vegetation (R—-FR).
In the east, iall cane-grass regrowth {GtR) (26%;) forms a con-
spicuons element., Areas where sago is exploited (MR} are of
minor importance (734) and found only in the west, Mid-height
grassland dominated by Imperata (GID) covers about 1%4. In
about 329 small patches of tall forest with aa irzegular canopy
with light-toned crowns (Fid} are found amongst the secondary
vegetation, bnut [arger tracts are rare (29%4). Tall forest with a
rather open canopy {Fo) occurs on some valley floors (3%0).

Geology.—Pliocene mudstone, in places interbedded with silt-
stone and minor sandstone. These-rocks are at leasi partly
calcareous and appear to be horizontally bedded or very gently to
gently dipping. Superficial beds are commonly colluviom of
mudstone. In extrelme west near Lumi (26) are remnants of
Pleistocene alluvium on some broader cresis and as thin colluvial
mantles on slamped dissection slopes.

Weathering and Soils (24 obs.).—Colluvial mantle commonly
found at surface is generally not weathered, rarely shallowly
skeletally weathered. Hill slopes and crests are generally shallowly
skeletally weathered, but rock may be softened by hydration to a
depth of some tens of fest, apparently least on emergent crestal
ridges. Shallow immature weathering seen once on remanant of
Pleistocene alluvium on a crest and once on what appeared to be a

gentle dip-slope remnant. Carhonates probably have been
leached out of upper rock sirata in many places.

Probable sofl composition is EUHOT7 subdominant; EUHOS6,
BUHAS, I0DEI common; (EUHO9), EUHAG6, EAHS3,
(EAHU3), EAHY2, EUHL, IODE3, IODE4, IODLL, AUTO2,
AUTA2, UOTAl minor. Colluvial manile characierized by
undeveloped soils which are mostly weakly acid (rarely neutrai),
deep to very deep, slightly siratified firm to plastic clay loam, silty
clay and clay soils (RUHOT), but also moderately shallow, very
plastic silty heavy clay soils (EUHOG) with very low to high
amounis of rock fragments in subsoil. In the far west, where
colluvium is partly derived from Pleistccene alluvium, similar
but more acid soils probably will be found. Particularly on gentle
lower slopes, shump floors, and slump benches occur neutral,
moderately shallow to very deep, slightly to moderately gleyed
(rarely strongly gleyed), firm clay soils (EUHAG) and very plastic
{silty) heavy clay soils (EUHAS, FAHS3), which may have loam
o clay surface horizons that are soft underfoot (EAHY?2)., These
gleyed soils have thin dark topsoils.

On steep to very steep erosional slopes soils are neutral, rarely
weakly acid in reaclion, and include some undeveloped, shailow,
friable clay loam soils with many rock fragments (EUHL);
slightly developed, moderately thin, uniformly textured firm clay
or silty clay seoils with thin or without dark topsoils (IODE?D),
as well as similar but moderately developed, moderately thick
soils (IODE3); and (probably rarely) similar clay soils with a
friable clay loam surface horizon (AUTO2). In places these soils
have thin dark topsoils, A similar, weakly acid, moderately thin,
very firm silty heavy clay seil (IODE4) observed on a gently
sloping mwudsione slip terrace. Ridge crests and benches near
crests can have soils similar to those of erosional slopes (IODEL,
TODE4), but surprisingly often have slightly developed, neuntral,
very thin to thin, friable to firm clay loam, clay, or silty clay soils
([ODL1). Moderately developed, weakly acid to acid, moderately
1hick to thick, slightly gleyed, very firm to very plastic silty heavy
clay soils with friable clay Ioam to clay surface horizons observed
on a crestal dip-slope remnant (AUTAZ), and in a remnant of old
alluvinm on a broad hill crest (UOTAT),

Population and Land Use.—Population of £6,630 distributed over
77 villages. Present land use covers 200- 5 sq miles (31'%4 of area),
1% in land use intensity class 2, 4% in class 3, 159 in class 4,
and 20 % in class 5. Planted sago is important for subsistance only
in a few western occurrences.

Transitions to Other Land Systems.—Difference between Seim and
Treikikir (46) largely one of relicl and boundarics with the higher
Dreikikir are commenly arbitrary. Where characteristic polygonal
pattern is peorly expressed, Seim is tramsilional to Sengi {42),
‘Where individual slamp alcoves are less conspicuous and siream
paitern is denser, it has gradual boundaries with Morumu (39),
Kaugiak (37), and Emul {36); where dip slopes acquire some
significance, it has gradual boundaries with Mambel (48). Rela-
tion with Ningil (4% discussed under the laller.

Forest Resources (9 obs.).-—Forest covers 13%: very low forest
resources. Forests of moderate siocking rate (Fid, 10 sq miles;
Fid/FR, 9 sq miles) and low stogking rate (FR, 3 sq miles) found
on hills. Minor areas of meoderate to high stocking rate forest
{Fo, 7 sq miles) occur on valley floors. Access category i} minor
access problems due to weiness expected on foot slopes, benches,
and slumyp floors.

Agricultural Assessment.—High capability for improved pastures
but low gapahility for arable crops and iree crops. Erosion hazards
main limitation to cropping, and overall capability is reduced by
presence of scattered but significant arcas of very steep slopes
unsuitable for any form of agricultaral use. Lower rating for tree
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erops than for improved pastures due to local or common
limiting effects of poor drainage, effectively shallow soils, and
rather high pHl. Development mainly for pastoral industries is
recoanmended, becavse of great irregularity in detail of the
terrain and because a very large arca has been cleared of forest.
Such development could be associated with lacal cropping and
small free crop plantations on most soitable land and with
timber plantations on steeper slopes. Soil nitrogen contents
mostly moderate, but commonly low. Phosphate contents gen-
erally low to very low, rarely moderate to very high. Potash con-
tents very high to high. In water balance zone 1 israther frequent
slight, and rather rare severe, soil water siress (freguent severe in
EBUHL and TODI.1 soils) on crests and steeper upper slopes, and
generally for shallow-rooting crops.
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Engineering Assessment.—Major problems in road construction
are searcity of suitable subgrade and road-surfacing materials and
danger of slump damage to roads. Materials may have to be
brought in from far away, and road maintenance may be costly.
Topographically, it presents only moderate problems. Minor
roads will be very winding if following indented and peaked
ridges, and very slippery if not grassed or surfaced. Generally
small amounts of cut-and-fill are often necessary, but cutting is
easy in the soft rocks. Only rarely are larger bridges required,
but much attention shoukl be paid to roadside drainage and many
culverts provided. Soils are dominantly CH, subdominantly MEH,
and minor CL; probable depths are deep dominant, moderately
deep subdominant, shallow, very shallow common.

(47) DrEKIKIR LAND SysTEM (143 5Q MILES)

Land ¥orms {Plate 22, Fig. 1).—Massive, but sirongly slumped,
mostly long, high hill ridges, and few low mountain tidges,
commonly with a semi-polygonal crest pattern of zigzagging main
ridges and branching side spurs. Altitude ranges from 400 to
2000 ft; 799% below 1000 ft, Relief is mainly between 300 and
700 f1, bul can be as low as 200 ft and as high as 1000 ft. Cresis
normally very narrow fo narrow, with few broad to very broad
sectors which in a few cases appear to be dip-slope remnants.
They are even or somewhat pesked with normally very gentle to
maderate slopes. Crests commonly bounded by short steep to
locally precipitous upper hill siopes, resulling in emergent crestal
ridges on top of main ridges. Hill slopes locally consist of
medinm-sized to very large hummocky concave slump alcoves
with moderate to steep slopes, partly surrounded by upper ridze
slopes and side spurs and commonly backed by very steep to
<iffed slump walls up to 100 fit high. 1n other localities arc long
strongly hummocky moderately steep to steep hill slopes with
many small slumps. Tn olher cases again, slopes have large
benches with very gently sloping surfaces parallel to main crest

r-————and-separated by steep to precipitous Father short slopes. Lowér

hill slopes near sireams mostly very steep, but moderate to
moderately steep collevial or residual foot slopes locally oceur.
Thus steepest slopes occur mostly just below hill crests znd just
above steeams, but are also commen on mid slopes as either slump
walls or side slopos of benches. MNormal straight hill slopes,
mostly steep and in places grooved, also occur throughout.
‘Flood-plains along major streams are either very narrow (10—
50 yd) or aliggether absent,

Sireams and Drainage (Fig. [2(e)).—Drainage paitern of rather
closely fo rather widely spaced main streams, ranging from first
to fourth order, and with subparallel to subangular alignment that
may have been influenced by fauolts and joinits. More closely
spaced short first-order tributaries commonly aligned at right
angles io main streams, enhancing angulasity of overall pattern,
Streams flow very largely in shallow tock-cut beds, 10-30 wd
wide for main streams and probably mostly having high gradients.
First-order tributaries may have gradients up to moderate slope.
Probably very little hard rock gravel and sand in river beds, except
in a few through-going larger rivers 30-60 yd wide. Surface run-off
probably high relative te through drainape so frequent Hood
spates are likely to oceur, but through drainage appears sufficient
for zll but the smallest streams to be perennial. Generally well
drained, but many small areas -of slump floors and benches are
imperfectly to poorly drained due 1o sccpage.

Vegetation,—Abont 75%; is covered with secondary vegetation,
ranging from pardens and coffee plantations to old secondary

forest (R~FR), with paiches of cane-grass regrowth {GtR)} in
castern areas and much planted sago {(MR) in the west. Scattered
patches of original tall forest cover are type with an irregular
canopy with light-toned crowns (Fid). Together with several
Iarger tracts this forest covers about 259, In extreme north, 2%
is covered with mid-height forest with an irregular canopy (Fmi),

Geology.—Pliocene interbedded silistone, sandstone, and mud-
stoneé which are probably mostly very gently to gently dipping;
at least locally caleareous. Surficial beds commonly colluvinm
derived from these rocks.

‘Weathering and Soils (15 obs.).—Colluvial material and rocks on
precipitous straight slopes generally not weathered. Very shallow
skeletal weathering on other straight slopes and most crests.
Remsriants of very shallow immature or mature weathering found
on some wider crests, including dip-slope remnants. Rocks,
particularly sandstone, commonly softened by hydration probably
1o a considerable depth particularly on crests and upper hill
slopes, less on steepest slopes and lower erosional slopes.

Probable soil compaosition is EUHOT, TODEY subdominant;
AUTOI common; EATIU3, EAHNR3, (BUHAS, EUHASG),
EUHL, JUHL, FUHOI, TODLI, AUTAl, TJOPT minor. Soils
on cresis are acid to weakly acid, commonly with moderately
thick to thick dark topsoils. They are mostly slightly to moder-
ately developed, thin to moderately thin, firm to friable clay to
clay loam seils (JUHL, TUHO1) and slightly gleyed, very firm to
very plastic clay soils with a more friable clay loam surface
horizon (AUTAI1). On a crestal gentle dip-slope remnant was a
very strongly developed, acid, thick, very plastic to very frm
silty heavy clay scil with a thick firm clay surface harizon and
prominent light grey, red, and brown mottling in subsoil (UOPT).
Principal soils of slump alcoves, benches, and slumped slopes are
undeveloped, weakly acid (rarely acid), deep to very deep, slightly
stratified firm clay to sandy clay colluvial soils with varying
amounts of rock fragmenis in varying parts of the profile
(EUHOT). In poorly drained areas of slumps and benches are
undeveloped, weakly acid, deep to very deep, slightly to strongly
gleyed, rather stratified colluvial soils in which fextuxe may vary
from slightly plastic to friable loam, to firm to plastic sandy heavy
clay (EAHU3, EAHS3).

Residual soils on moderately steep to very steep slopes are
slightly to moderately developed, weakly acid to alkaline, moder-
ately thick, vniformly textured firm ciay fo sandy clay soils
{IODE3) and very firm silty clay to silty heavy clay soils with a
maore friable clay loam surface hordzon (AUTO. On precipitous
slopes were slightly developed or undeveloped, weally acid to
neutral, skallow to very shallow, friable clay foam to clay soils
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{JODL], BUHIL) These are associated with rock outcrop and
rocky cliffs.

Poputation and Laod Use—Population of 6730 distributed aver
32 villages. Present land use covers 121-5 sq miles (859 of area),
32% in land use intensity class 3, 46% in class 4, and 22% in
class 5. Planted sage is important in subsistence in west. Very
few occurrences are unused.

Transitiens to Other Land Systems.—Although ridge patiern is
commonly more Hiear, areas are included that are disiinguished
from Seim (446} almast solely by their greater relicf. Where there is
evidence of more steeply dipping rocks, it is iransitiondl to
Mambel (48).

Forest Resoutces (3 obs.)—Forest covers 26%4; very low to low
forest resources. Forest mainly of moderate stocking rate (Fid,
24 sq miles; Fid/FR, 10 sq miles), with smaller areas of low
stocking rate {(Fmi, 2 sq miles; FR, 1 sg mile). Access category
{T; minor access problems due to wetness may arise on slump
floors and benches.

Agriculiural Asscssment,—>Moderate capability for improved
pastures, but oaly low capability for tree crops and very low
capability for arable crops. Land use capability varies strongly
from place to place, small areas with high 16 moderate capability,

(48) MampeL Lann

Land Forms (Plate 22, Fig. 2).—Rough terrain of strongly
slumped, mostly high hilly chevron and strike ridges. Altitude
ranges from 300 to 2100 fi; 709 below 1000 ft. Relief ranges
from 200 to 900 ft, Although varying much in size, slumps tend
ta be large. Oval to heart-shaped, relatively shallow, but large
slamps (up to 700 yd wide) occur only on dip-slope faces. Their
hummocky and gullied floors have moderately steep overall slopes
alipned to the dip of the rocks; they are backed by short very
steep to precipitous slump walls. Other dip-slope slumps are
deeper, have smaller floors, and concave steep to moderately
stegp back slopes. Slumps on outcrop faces are smaller, have
concave floors with moderate to steep sfopes, and very sieep
to precipitous back walls. Intact upper dip-slope remnants are
rave, but superficially slumped and hummocky or ¢losely gullied
dip slopes with maderate to moderately steep overall slopes are
more common. Very steep to precipitous intact outcrop slope
remnants are scattered throughout. Quatcrop slopes particularly,
but also ather hill slapes, are strotigly sporred where there are
closely spaced narrow but deep small slumps. Locally, slumping
has virtually obliterated original chevron forms, leaving omnly
short asymmetrical hummaocky ridges with moderately steep to
very steep slopes, Severe slumping has commonly led to develop-
ment of even-crested or peaked emergent crestal ridges with narrow
to very narrow crests and short very sieep side slopes. Although
moderats colluvial foot slopes are locally preseni, lower hill
slopes near sireams are generally very steep to precipitous, par-
ticularly along larger through-going streams.

Streams and Drainage (Fig. 12(f))—Dense to moderately dense
pattern of first- to fourth-order streams which is partially parallel,
paetially angular, and partially dendritic. Preference for higher-
order streams to follow the strike, with many first-order tributaries
at right angles. Gradients probably low to high in higher-order
streams, very gentle to moderaté slope in first-order streams.
Some larger through-going streams have discontinuous narrow
£50-15D ya) Aood-plains; local streams flow in shallow 5-30-yd-
wide beds with little or no hard rock gravel, and cut into rock or
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locally even for arable crops, being separated by areas of very
Iow to nil capability. Thus possibililies of Jocal agriculiural
development cannot be ignored. Erosion and topographic
hazards are main limitations, plus, particularly for tree crops,
local insufficient cffective soil depth, poor drainage, and more
rarely rather high pH. Pastoral development scems the most
appropriaie, with Incal opportunities for tree crop plantations and
cultivated crops, whilst steepest slopes should be kept under
forest. Phosphate contenis vary irregularly from moderate to
very low; potash contents appear generally high, locally very
high or moderaie. In water balance zone 1, rather frequent slight
to frequent severe soil water stress occtrs on steeper slopes and
crests, particudarly in AUTQ1, EUHL, and IODLT soils.

Engincering Assessment.—Because of great topographic Hmita-
tions, common landslide hazasds, and scarcity of road-building

- materials, regional road construction should be avoided. Local
access roads best located on ridge crests and access to them is
unsually simpler from the south than the north where ridees
commonly descend abroptly to lower terrain. Rocks commonly
appear lo include interbedded sandstone which could be of some
use for road surfacing, particularly in combinalion with lime
stabilization. Soils arc dominantly CH, subdominantly MH, CL;
probable depths are deep, moderately deep, shallow subdominant;
very shallow common.

SysTEM (280 sQ MILES)

colluvium. PBxcept for smallest first-order streams, they are
expected to be pereanial. Surface run-off is probably moderate to
high relative to through drainage, thus flood spates would be
relatively infrequent and residual flow substantial.

Drainage status of slump floors varies from good to very poor,
that of dip slopes from imperfect to poor. Steeper slaopes are well
drained but tend to become excessively drained when precipitous.

Vegetation,—Vegotation essentially the same as for MNuku (31},
but area under secondary vegetation is even larger (60%) at the
expense of area under tall forest.

Geology,—Upper Miocene and Pliccene interbedded siltstone,
sandstone, and mudstone, gencrally with moderate dips. Surficial
rocks in slumps consist of calluvium.

Weathering and Seils (6 obs.)—Rocks seem deeply softened by
hydration and leached of carbonates but true weathering appears
restricted to a few dip-slape remnants where it is skeletal or very
shallow immature,

Probable soil composition s TODE2, (JODE3, I0DE4),
IATUO3, AUTQ2, (EUHO7?) commoa; (BEUHAS, EUHASG,
EAHU3, EAHS3, EAHY2), UOTO1, UCTH, AATL, (ICDE],
IOEL, BEUHL) minor. Most soil observations made on dip-

- slope remnants. Here occur mestly moderately developed, acid,
moderately thick to. thin, not gleyed to moderately gleyed, friable
to very plastic clay loam to silty heavy clay soils, with friable loam
te clay loam surface layers and in some cases moderately thick
dark topsoils (UOTC!, UOTH, AAUL). Oa moderately slumped
dip slopes and on the floor of a large dip-slope slump moderately
to slightly developed, weakly acid to acid, thin to moderately
thick, firm sandy clay loam to very firm clay soils were observed,
which may be uniformly textured (IODE2), have a coarser-
textared more friable surface horizon {AUTOR), or be gleyed and
have a thick dark topsoil (LIAUQ3), Other soils on similar andfor
smaller or more concave slumps are probably undeveloped, weakly
acid te neutral, deep, slightly to moderately gleyed, but lacally not
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gleyed or strongly gleyed, slightly stratified, but predominantly
clayey colluvial soils.

No data for emergent crestal ridges which probably have
slightly to moderately developed, weakly acid to neutral (locally
acid), thin to moderately thick, uniform clay soils; for steep
spurred hill slopes, probably with moderately developed, weally
acid, moderately thin to moderately thick uniform clay loam to
clay soils: or for scatiered very steep te precipitous slopes which
are likely to have weakly acid to weakly alkaline, thin, sandy clay
loam to clay soils with some outcrop of soft rock. All these are
probably similar to soils for similar situations in Nuka (51),
Seim (46), and Dreikikir (47).

Popnlation and Land Use.—Population of 8960 distributed over
30 villages, Present land use covers 153 sq miles (55% of area),
25% in land use intensity class 3, 31 97 in class 4, and 4494 in class
5. Planted sape is important in subsistence. South-western
occurrences are largsly unesed.

Transitions to Other Land Systems.—Transitions to Nukn (59
discussed in the latter. Similarly, there is no sharp boundary be-
tween Mambel and Minatei (50) and Flobum (44), the distinction
lying largely in the coarser patiern and/or greater relief and altitede
of the last two and the prevalence of clearly recognizable large
slomps in Mambel. As dip and strike effects in Mambel become
less distinct, fhere is a gradual transition to Dreikikir (47) if
relief is similar or greater and to Seim (46) and Sengi (42) if relief
also decreases. Tn typical development, however, they, particn-
larly Seim (46), are quite distinet.

Forest Resources (3 obs.).—Forest covers 46%; low forest
resourees. Most forest is of moderate stocking rate (Fid, 101 sq
miles; Fid/FR, 22 sq miles). Remainder is of Jow stocking rate
(FR, 2 sq miles; Fid/G, 4 sq miles; FRm-FR, 1 sq mile} and,
apart from secondary forest, is penerally confined to steeper parts.

(49) NingGir. LAND

Land ¥orms {Plate 23, Fig. 1).—Very gently to gently sloping,
flattish to broadly but slightly wndulating surfaces {dip slopes),
bounded by scarps and back-cutting ravines (box canyons) with
precipitous to cliffed slopes 200400 ft high. Altifude ranges
from 600 to 1500 ft; 56% below 1000 fi. Surfaces (about 70%)
vary in width from 350 to 1700 ¥d and are 700-3500 yd long.
Esastern (downslope) fringes have no scarps and are dissecied into
strongly slumped irregular ridges with narrow rounded crests,
mainly moderate to steep slopes, and some gentle foot slopes,
and a relief of 50-250 ft. Such land probably occupies 20-25%,
the remainder consisting of scarp slopes.

Streams and Drainage (Fig. 13(e)).—Rather dense to rather open
pattern of subparallel mainly second- and third-order streams,
largely originating outside the land system, and with short first-
and second-order tribuiarics. Total patiern thus created is
subangular. Most strcams are in deep narrow valleys with
calluvial fill, backed by scarps, River beds probably 5-20 yd
wide, shallow, with litde or no hard rock pravel, and probably
have high gradients merping into very genile or gentle slope
gradients in headwaters. Surface run-off probably moderate
in relation to through drainage; flood spates therefore relatively
infrequent and rarely of great magnitude,

Flattish surfaces are probably largely imperfectly drained,
dissection ridges well drained with small poorly drained pockets
in slump floors, scarps excessively drained. .
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Access category ITIw, because of access problems due fo wetness
on slump floore and dip slopes.,

Agricultural Asssssment—With topographic problems, erosion
hazards, and poor drainage as tuain limitations, lend use cap-
ability appears moderate for improved pastures but low for tree
crops and particularly for arable crops. Since land characteristics
vary strongly no large-scale agricultural operations are possible
except for grazing. Much is too-steep for cullivation, but some
arable land occurs in pocdkets of more gentle slopes on relatively
well-drained slump floors and dip slopes. Tree crops best planted
on well-drained land in slumps, slumped dip slopes, and less
steep hill slopes, Imsufficient soil depth is a contributory limita-
tion for iree crops on steep slopes. There may be substantial
landslide danger which would have more serious consequences
for tree crops than for arable crops or pastures. Small plots of
paddy rice could be grown suceessfully in some rather level very
poorly drained slump alcoves, Steepest slopes are unsuitable for
agricelture. Soil nitrogen contents are low to moderate., Phos-
- phate contents tend to be very low on dip slopes, slumped dip
slopes, and residual steep slopes, but range feam lowr to high on
slump floors and very steep slopes. Potash contents are mostly
high and even very high, but are commonly low to moderate on
dip slopés and slumped dip slopes. In water balance zone 1
there is locally rather rare to rather frequent soil water stress,
mainly on dip-slope remnants, crests, and steep upper slopes.

Enginecring Assessment.—Road-building problems are broadly
comparable with those for Nuku (5I), but seem somewhat
greater because the apparently lower degree of slope stability will
increase chances of landslide damage. The very irregular topo-
graphy would require more cut-and-fill operations (not a great
prohlem in these soft rocks) and road foundations would be less
solid because of the softness of rocks and colluvial mantles. Soils
are dominantly CH, subdominanily CL, and minor MH; prob-
able depths are moderaicly deep, deep, shallow subdominant,
very shallow minor.

SvsTeM (8 5Q MILES)

Vegetation,—Tall forest with an irregelar canopy with light-toned
crowns (Fid) covers 63%,. Remainder is garden, or under varicus
stages of regrowth up to old secondary forest, locatly with planted
sago (R-FR/MR).

Geology.—Pliocene interbedded calcareous siltstone and momd-
stone dipping gently to SSE.

‘Weathering and Soils (2 obs.).—Dip-slope surfaces appear to have
very shallow immature weathering, dissection slopes very shaliow
skeletal weathering. Underlying sedimentary rocks appear to
be very little hydrated and leached, and remmin largely con-
solidated.

Probable soil composition is AUTA3 dominant; (UOTAD
subdominant; IODEl common; (IODE4, EUHO6, EUHA3}
minor. A moderately developed, weakly acid, moderately thiclk,
slightly gleyed, very firm to very plastic silty heavy clay soil with
a firm clay loam to clay surface horizon (AUTA3J) observed on
dip-slope surface, where similar soils of other familics, including
more acid soils, may also occur. A slightly developed, neuiral,
maderately thin, uniformly textured very firm to very plastic silty
clay soil (IODE1) observed on a hill spur of dissected eastern
margin and is probably fairly typical of soils of slumped dissection
slopes, although variations in soil depth and gleying are likely
to occur, associated with irregular land forms. Deeper and
probably slightly gleyed undeveloped clay soils may occur on some



226

coliuvial foot slopes. Scarps have rock outcrop and very shallow,
probably alkaline clay loam soils.

Population and Fand Use—Population is nil. Present land use
covers 27 sq miles (33 % of area), 489 in class 3, 529 in class 5.
Land used by villagers in adjoining Seim (46) and Mambel (48).

Transitions fo Other Land Systems.—Most of land system has a
unigue photo pattern, in essence a gentle-dip variant of Nuku
{51). Where dissection and slumping are prominent, MNingil is
similar to and has gradual boundaries with Sengi (42); in the
west larger slumps and emergent remnant ridges begin to appear
in & gradual transition to Seim (46). Thus, Ningil may be a
remnant of the kind of landscape from which Seim (46) developed
by disscction and slumping.

Forest Resonrees (2 obs.).—Moderate stocking rate forest (Fid)
covers 63% (5 sq rmiles); moderate forest resources. Access
category IIw; difficulties presented by bounding scarps and
above.normal wetness of soils on flatter areas,

Agricultural Assessment.—Moderate capability for arable crops,
high capability for improved pastures, but only low capability for
tree crops, mainly as a result of imperfect drainage, effectively
rather shaliow soils, and in places rather high pH. Best arable
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land on “platean’ surfaces, but even here measures to control
erpsion may generally be required; this is also the most suitable
land for improved pastures, but much land on steeper, slumped
dissection slopes is also suitable for them. Soil nitrogen contents
generally moderate, locally low; phosphate contents probably
highly variable, but mostly Jow; potash contents mostly high, in
places probably moderate on “plateau” surfaces, and very high
on some disscction slopes.

Engineering Assessment.—Advantages [or road construction of
“‘plateau” sucfaces partly offset by problems of surrounding
scarps. Only a few points where these scarps are hardly de-
veloped, and present reoad from Anguganak to Nukun utilizes such
u point 10 iraverse the land system. Access roads for local
development best made from the cast, where there are no scarps
but same risk of slump damage to roads. Proper atiention to
roadside drainage necded on ““platean™ surfaces. Unmade roads
would tend to become very slippery after even little rain and
impassable afler heavy rain. No useful sources of road metal
Soils are CH with minor CL; probable depths are moderately
deep dominant, shallow common, very shailow, deep, very deep
minor. Some surfaces appear sofficiently smooth and in the right
direction for airfield construction without much earth-moving
works; 2 SE. downslope of between 3° and 8° cannot be avoided.

(50) MinaTEI LAND SystEM (7 5@ MILES)

Land Forms (Plate 23, Fig. 2).—High hifly complex of very long
gently sloping dip slopes (approx. 609 of arez) bounded by very
steep to precipitous outcrop slopes 200-300 ft high (approx. 10%5)
and hummocky, slumped, moderate to steep lower slopes (approx.
3020, Aldtitude ranges from 1400 to 3300 ft; 57 % above 2000 ft.
Relief is 400-700 fi. Dip slopes, sloping S.—SE., generally have
superficial slumping and gullies with a relief’ of 10-30 fi; they
aceur at different levels, separated by outcrop slopes.

Streams and Drainage (Fig. 13(#)).—Coarse but locally fine-
textured, rather radial dendritic to subparallel pattern of small,
mostly first- and second-order streams which are perennial and
flow in 10-30-yd-wide beds cul in rock or colluvial materials, and
with litile or no hard rock gravel. Stream gradients probably
-range from high gradient to gentle slope In some first-order
sireams. Surface run-off probably low to moderate relative to
through drainage so that streams have a high rate of sustained
How and relatively few flood spates. Mostly well drained, but
some dip-slope sections and slump floors appear to be im-
perfectly to poorly drained.

Vegetation~——Vegetaiion very much like that of Flobum (44) at
its mid- and higher-altitude levels, Gardening, including sago
exploitation {(MR), is even more intensive; also some mid-heighi
grasstand (G} is found. Over 80 3¢ is under secondary vegetdiion
{R~FR)}. Remains of original forest of mid-height type {Fmi, Fm).

Geology.— Upper Miocene interbedded siltstane, mudstone, and
sandstone, gently to moderately dipping S.-SE.

Weathering and Soils (3 obs.).—Weathering rather proncunced,
resulting in deep skeletal weathering and shallow immature
weathering on dip slopes and at least part of hummocky lower
slopes, and shallow mature weathering remnants on upper dip
slopes,

Probable soil composition is UOTO2 subdominant; {UOTAIL,
10D03, I0DO4, EUHOY) common; 10DL2 (EAHUS, BUHAE,

UOTOS) miner. Moderately to strangly developed, acid, medeor-
ately thick, plastic clay to clay loam soils with very friable loamy
surface soils (UOTO2) on a dip sfope and hummaocky lower slope,
and a moderately developed, acid, very thin, very friable loamy
soil on weathered rack (IODL2) on an outcrop slope, Probably
also moderately to strongly developed, acid, gleyed soils on dip
slopes and less-developed or undeveloped, acid to weakly acid
soils on lower slopes, probably gleved on slump floors, Very
strongly developed, strengly acid, thick soils locally on upper
margins of dip slopes.

Population and Land Use,—Population of 510 distributed over five
villages. Present land use covers 4-2 sq miles (609% of area), all
in land use intensity class 5. People also use land in adjacent
Karaitem (41). Planted sago is very important in subsistence.

Transitions to Other Land Systems—Typically transitional
between Flobum (44) and Nuku (51}, reésembling the former In
weathering, drainage pattern, slumping,. and altitude, the latter
in its marked display of dip slopes and outcrop slopes. Relicf
is elso intermediate between these two.

Forest Resources (1 obs.)—Forest covers 57%; low forest
resources. Forest comprises low stocking rate types (FR, 3 sq
miles; Fmi, 1 sq mile, the latter confined to higher altitudes).
Access category I, also possible minor access problems due o
wetness on dip-slope sections and slump floors.

Agricultural Assessment.—Low capability for arable crops, but
moderate capability for tree crops and particalarly for improved
pastures. Frosion hazards main limitation for arable eraps, with
soil acidity and local poor drainage as contributing factors. Cap-
ability for tree crops not rated higher owing to slight soil-depth
timitations and local drainage deficiencies, but also Lecause this
land is largely above 2000 ft, climatically not very suitable for the
common tree crops grown in New Guinea. Capability for a
climatically adapted tree crop would be greater than indicated.
In this altitudinal range, prospects for a cattle indusiry based on
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improved pastures appear best possibility for development if
access can be improved. Soil nitrogen contents generally moder-
ate, but low to very low on very steep slopes. Phosphate contents
grobably largely very low, locally low, and moderate on some
slump floars, Potash conients probably Iow to high, with lower
values mostly on dip slopes.

Engineering Assessment,—Can be avoided in regional road com-
munications in favour of more suitable Karaitem (41)., Local
access roads could be provided from the sonth with only moderate
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topographic problems. Landslide hazards in the deeply softened
rocks may be a problem, so that good roadside drainage In this
wet area is required. Relatively few bridges and stream culverts
needed. Road-metal matesials appear very scarce, but can be
broveht in from nearby larger rivers and possibly quarries in
nearby Sulen (58) and Barida {56). Soils are dominantly Ch,
subdominantly MH, CL; probable depths are moderately deep,
deep subdominant; shallow, very deep commen; very shallow
minor.

(51) Nuru Lanp System (193 sQ MILES)

Land Forms (Plate 24, Fig. 1).—Complex of rather triangular
Iow 1o high hilly chevron ridges with long, moderate to moder-
ately steep (rarely gentle) dip slopes, sharply bounded by steep
to very steep, and focally precipitous outcrop slopes.
Included are a few strike ridges with similar slopes and very
narrow even crests up ta 2 miles long. Alitude ranges from 400
to 2600 ft; 68% below 1000 fi and 2957 at 1000-2000 ft, Relief
s essentially variable, mostly 200-500 ft with extremes of 100 and
600 ft, the latter mainly along marginal scarps and major rivers.
Dip slopes, occupying 60-70%;, penerally face SW.-S., rarely
SB.-E., and are commonly “layered” with short very steep to
precipifous slopes separating two or three dip-slope levels. They
may be smooth but are more often gullied or superficially slumped,
with low transversal benches (up to 30 ft) or small slumy alcoves.
A few large slump alcoves occur, but are net typical, Outcrop
slopes mosily face NW,, N., or NB., rarely E. or W_; they range
from strongly slumped irregular sieep slopes (about 20%) to
siraight precipitons scarps (<<59%). Scarps most conspicnous
along northern margins between Nuku and Lumi. Downslope,
they locally merge into moderately sieep to steep scree slopes
and foot slopes.

Streams and Drainage (Fig. 13(c))—Rather open to rather dense
pattern of streams characterized by a relatively small number of

-- ——— —first=order and a large number of higher-ordsr streanis. Alttiough

thers is noticeable alignment of higher-arder streams along the
direction of the strike and some angularity caused by streams
breaking throvgh it, pattern is more dendrific than expected from
the high degree of directional organization in land forms. Apart
from a few medium-sized to Jarge through-going rivers, streams
are 5-20 yd wide, shallow, and rapidly flowing in predominantly
rock-cut beds with little or no hard gravel, and with gradients
ranging from low gradient in higher-order sireams to very gentle
to gentle slope in most first-order streams. Surlace rum-off may be
hiph in relation to through drainage and contribution of ground-
water seepage to siream flow relatively low. Thus streams are
probably subject to frequent ftood spates and have low residual
flow, some first- and second-crder streams in drier eastern parts
prebably Intermittent.

Drainage of dip slopes commonly imperfect due to slow soil
permeability, and ranges from good to poor. Slump floors and
benches are mostly poorly to very poorly drained due to seepage;
remainder of hill slopes well drained but precipitous outcrop
slopes excessively drained.

Vegetation.—Tall forest with an irregular canopy with light-toned
crowas (Fid) probably once covered most of land system, with
mid-hejght forest (Fmi/Fmi‘} on crests and steeper slopes at
higher altitades; now 469 and 2% are left under these types.
Sccondary vegetation types, from gardens to old secondary
forest (R~FR), particularly common in northern occurrences. In
west sago (MR} is commonly planted on slumped slopes; in

east tall cane-grass regrowth (GiR) follows gardening before
woody regrowth species move in. Lecally mid-height grasslands
(G), some dominated by Fmperata (GT), have developed.

Geology.—Pliccene interbedded siltstone, sandstone, and mud-
stone, probably commonly calcareous, and locally including marl
with shelli fragments, and very local thin intercalated limestone.
Rocks have gentle to moderate dips, predominantly SW.-S.,
very locally SE.-E.

Weathering and Soils (17 obs,).—Weathering has led to removal of
carbonates and softening of rocks by hydration to deptis varying
from a few to some teas of feet. Very shallow immature weather-
ing common on dip slopes, but locally weathering is only skeletal,
very locally shallow mature. Outerop slopes and slumped dip-
slope sectors shallowly skeletally weathered.

Probable soil composition is AUTA3 subdominant; TAOU,
EUHO7 common; IODES3, ICDE4, OANTI, IODAL, T0EL,
AUTAIL, AUTQ, AATI3, EAHU3, EUHAG minor. On dip slopes
are moatly moderately developed, acid to weakly acid, slightly and
more rarely moderately gleyed, very firm to plastic clay to heavy
clay soils, mostly (UAQU, AAU3, AUTQ, AUTAI, AUTA3S
but not always (IODA1) with coarser-textured friable loam to
clay surface-soiis, “These sojls commonly have a moderately thick
to thick solum, locally it is moderately thin to thin. Dark top-
soils are mestly thin or absent but locally moderately thick
(UAQU, AATI3, AUTQ). In one locality, a strongly developed,
strongly acid, thick, firm to friable ¢lay soil with silty clay loamn
surface soil (OANT1) was observed, Where superficial slumping
has destroyed the weathered mantle undeveloped soils occur,
such as a weakly acid, very deep, slightly stratified, firm clay loam
to silty heavy clay soil (BUHO7). Soils of same family, but with
more rock fragments and lgcally cobbles and stones were ob-
served on g scree and foot slope below a very steep outerop slope.

Outcrop slopes have mostly moderately developed, weakly
acid, moderately thin to moderately thick, uniformly textured,
firm to plastic clay to heavy clay soils with thin dark topscils
{IODE3, TODE4) but skghtly developed, thin clay loam soils
{(alkaline (KDEL) in profile observed) accur on precipitous slopes,
usually in association with rock outerop. On stump floors and
benches in dip slopes and outerop slopes are undeveloped, neutral
to weakly acid, deep, moderately gleyed, stratified colluvial soils
with textures ranging from friable or slightly plastic sandy clay
lpam to plastic or firm clay (EATU3, BUHAG).

Population and Land Use,—Population of 5550 distributed over 27
villages, Present land nse covers 75 sq miles (39 % of area), 27%
in tand use intensity class 3, 26%; in class 4, and 37%; in class 3.
Planted sago important in subsistence in the west. More intensive
land use restricted to eastern occurrences; south-western oceur-
renges not used at all,
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‘Fransitions fe¢ Other Land Systems.—Typical photo pattern is
very distinet. It differs from Musak (52) in having less steep dip
slopes and a coarser pattern, and from Wuro (53) also in having
a lower relief. It is distinguished from Mambel (48) by being
much Yess slumped, but because of great local varfations in
slumping several boundaries between them are necessarify arbi-
trary. Tt differs from Minatei (30) in being less massive, having
slightly less relief but steeper dip slopes, and in occurring at
lower altitude. Where dip slopes become gentle, it can be transi-
tional to Ningil (49) which is ¢learly more plateau-like.

Forest Resources {8 obs.).—Forest covers 5897; moderate forest
resources, Main forest of moderate stocking rate (Fid, 87 sq
miles; Fidf/FR, 14 sg miles), with low stocking rate forest (FR,
4 s5q miles; PmifFni’, 3 sq mikes; FRm-FR, 2 sgq miles; Fid]G,
2 sg miles}) mainly at higher altitudes, Access category TTw;
access problems due to wetness on dip slopes and slump floors.

Agricultural Assessment.—Moderate capability for improved
pastures, but only low capability for tree crops and very low
capability for arable crops. Potential largely concentrated on dip
slopes, but even there erpsion hazards are such that terracing
may be required for permanent cultivation. However, improved
pastures could be aliernated with one or fwo years cropping on
favourable sites. Shallowness and drainage deficiencies of soils
are main reasons for down-grading capability for tree crops
relative to that for improved pastures. Topographically, lavger
dip-slope areas are rather favourable for plantations or im-
proved pastures. Land use capability of itregular and mastly

(52) Musak LAND

Land Forms (Plate 24, Fig. 2).—Low to high hogback hills with
straight steep dip slopes and short very sieep to precipitous out-
crop slopes. Altitude ranges from 400 to 3080 ft; 58727 below
1000 ft, 27% at 1000-2000 ft, and 15% above 2000 fi, Relief
varies from 200 to 700 ft and is quite irregular, Cresis are knife-
edged to very narrow, locelly narrow, and have gentle to steep
slopes. Some dip. slopes are clearfy pullied or dissected but
slumgping is always minor. Distinct orientation of ridges along
the strike.

Streams and Drainage (Fig. 12(c), 13(d)).—Dense but rather dis-
organized pattern of small streams, partly parallel across the
strike with perpendicular feeder sireams alopg it, partly more
dendritic. Few through-going streams present in larger occur-
rences. Gradients mostly high, up to steep slope in first-order
streams. Stream beds largely rock-cut and probably mastly
gravelly, Most streams are expected to be percnnial. Surface
run-off probably high in relation to through drainage, causing
frequent short flood spates in small streams, *Well to excessively
drained. -

Vegetation.—Predominance of steep and very sicep slppes ex-
pressed in the vegetation by common oceurrences of seral stages
of mid-height forest with an irregular canopy (Fmi’, some Ca),
which are found together with mature forest (Fmi) or tall forests
with irregular canopies (Fid, Foi); together they cover 60%.
The rest is gardened or under regrowth. ©Id secondary forest
(FR) is common and mapping of the boundary between it and the
forest types with irregular canopies is rather arbitrary in places.
Some sago is planted in valleys.

Geology.—Miocene to Pliocene interbedded siltstone, sandstone,
and conglomerate, with moderate to steep dips. The strike is
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very steep side slopes and outerop slopes is negligible; this land
is mostly best left in forcst. Small wet slump floors may be
utilized for very small scale rice-growing. Soil nitrogen contents
moderate to low. On dip slopes phosphate contents mostly low
to very low, rarely moderate; and potash conients vary from
high to very low. On slamped dip slepes, eutcrop slopes, foot
slopes, and slump alcoves, phosphate contents vary from moderate
to very low and potash contents are generaily high., In water
balance zone [ is rather frequent slight soil water siress, except
on colluvial slopes with BUHO7, EUHAG, and FAHU3 soils.

Engineering Assessment.—Topographical probkms in road con-
struction aré less serious than they appear at first. Quicrop slopes
would be difficult to negotiate but dip slopes present no major
topographical problems. Since landscape is strongly peaked, it is
generally necessary to keep roads close io valley bottoms, although
this would result in longer, more winding alipnmerits. Road cuts
in dip slopes could promote landslides of s0il and rock down dip
plangs above the cut. Any roads through in a roughly N.-S.
direction would probably best follow valleys of major streams,
although these are generally so narrow that cuitings would
commonly be required. A rather large number of small bridges
and culverts required in road-building. Subsurface materials
would generally have enough bearing strength, but would be
slippery after even slipht rain, whén forming surface of unmade
roads. Lack of suvitable pavement materials, although harder
sandstone beds cropping out in valleys could be at least moder-
ately suitable. Soils are dominantly CH, subdominantly MH, and
miner CL; probable depths are moderately deep dominant, deep
subdominant, shallow, very shallow common.

SysteM (19 so mILES)

usually (W.)NW.—(E.)SE,, but locally almost N.-S. Similarly,
dips are in meny different directions. Sandstone ang silisione can
be calcareous.

Weathering and Soils (3 obs.)—Weathering is very shallow and
skeletal, except on some dip-slope surfaces which are shallowly
immaturely weathered. Rocks appear less hydrated than in land
systems with more horizontal rock bedding.

Probable soil composition is (IODO1, IODEZ), UOTO2
subdominant; BUHL, (IODL1} common; (IUHL), MUHOI
mincr. Data oqn soils too searce for a comprehensive picture.
Observation of a moderately developed, acid, moderately thick,
firm clay soil with Friable clay Ioam surface horizon (UOTO2) in
line with general predominance of moderately to strongly de-
veloped soils on dip slopes in the area. Qutcrop slopes and
probably also dissected dip slopes appear to have weakly acid to
weakly alkaline soils, ranging from undeveloped very shallow
loamy soils (ETUJHL) assocfated with rock outcrop to slightly
develeped moderately thin friable clay loam (and pessibly saad
clay loam) soils which possessed a thick dark topsoil (MUHO1).
All soils more or less gravelly where developed on conglomerate,

Population and Land Use,—Population of 620 distributed over
three villages. Present land use covers 9-4 s3q miles (4934 of
area), 36% in Jand use intensity class 3, 20% in class 4, and 4457
in class 5, Oceurrences morth of ranges are largely unused.

Transitions to Other Land Systems.—As dip-and-strike effect
becomes less pronounced there is a gradual transition to Morumu
(39) or Numoiken (40). As dip slopes become longer and less
steep thers is a transition to Nuku (51} and as relief increases, a
transition to Wuro (53). )
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Forest Resources (1 obs.)—Forest covers 47%; low forest
resources. Much forest has a low stocking rate (Fmi/Fmi’, 7 sq
miles). Forests with moderate stocking rate (Fid, 2 sq miles;
Foi, 1 sq mile) oceur on dip slopes, the former type in southern
occurrences, Access category 1Y.

Agricultural Assessment.—At best, very low capability for im-
proved pastures bul any development appears unwarranted. Soil
nitrogen contents are probably low to moderate. Phosphate
contents appear very low on dip slopes, moderate to fow but in
some cases very high on outcrop slopes, Potash contents probably

(53) Wuro Lann

Land Forms {Plate 25, Fig. 1).—Hogback mountains with long,
straight, steep dip slopes and short, very stcep to precipitous
outerop slopes. 1.and forms esséntially similar to those of Musak
(52) but more massive, Altitnde ranges from 400 to 3500 ft;
279 helow 1000 ft, 50°; at 10002000 ft, and 23 % above 2000 ft.
Relief is 600-1200 fi.

Streams and Drainage (Fip. 13(c)).—Widely spaced parablel
gtreams of second and third order, perpendicular to the strike and
partly consisting of through-going streams up to 30 yd wide,
These have high gradient and shallow moderately gravelly or
stony beds cut into rock. Smail firsi-order tributaries eommonly
subparallel, and inclined ai sharp angles to the strike, with
gradients of gentle to moderately steep slope, Small occurrences
have only few very small sireams. Al streams likely to be
perennial. Surface run-off probably high in relation to through
drainage, causing frequent short flood spates. Well drained, with
excessively drained rocky scarps.

Vegetation.—Largely covered with mid-height forest with an
irregular canopy, fopether with its seral stages {FmifPmi).
Secondary vepetation (R-FR/MR) covers 8% of area.

Geolugy.—Miocene interbedded siltstone, sandstone, and con-

jiﬁwfg]omerate,, -with moderate to stcep -dips and {W.)NW.~E.)SE,

strike.

‘Weathering and Soils (No obs.)—Weathering and soils expected
to be similar to those of Musak (52), although rock outcrop is
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vary mostly from very high fo moderate in a rather irregular
manner. In water balance zones 1 and 2 rare severe soil water
stress occurs in EUHL, IODL, and IUHL soils on very stesp
slopes and crests.

Engineering Assessment.—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, 8C; probable depths are moderately
deep, very shallow, shallow subdominant, deep common,.

SvsTEM (7 SQ MILES)

probably more common and weathering even less pronounced,
with a corresponding decrease in moderately developed and an
increase in slightly developed or uadeveloped soils. Probable
soil composition is (JODE2, TODO1} subdominrant; (EUHEL,
T0DL1, UOTO2) commen; (TUHL) minor.

Population and Land Use—Population of 210 in two wvillages.
Present land use covers 0-6 sq mile (8% of area), all in land use
intensity class 3. Some people use land in adjoining Asier (43).

Transitions to Other Land Systems.—FPhoto patiern generally
quite distinct. Where relief becomes lower, Wuro is fransitional to
Musak (52); where dip slopes become gentler it merges into Nuku
{51); and where dips are very steep it has similarities with
.Imbia (54).

Forest Resources (No obs..—Low stocking rate forest (Fmif/Fmi")
cover 6 sq miles; low to moderate forest respurces. Access
category IV.

Agricultural Asscssment—No significant land use capability.
Chemical soil fertility aspects similar to those of Musak (52).

Engincering Assessment—To be avoided for road construction,
but a possible source of subgrade and poor-qusality road-surfacing
material. Unified soil classes similar to those of Musak (52).
Probable soil depths are moderately deep, very shallow, shallow
subdominant; deep minor.

(54 Imeia Lanp System (39 SQ MILES)

Land Forms (Plaie 25, Fig. 2).—Subparallel high hill ridges with
chevron spurs and steep frontal dip-slope facets, Aliitude ranges
from 800 1o 3000 fi; 1624 below 1000 ft, 709 at 1000-2000 fi,
and 14% above 2000 ft. Relief is commonly 400-700 ft, with
extremes of 300 and 900 ft. Ridges are aligned perpendicular to
and chevron spurs roughly parallel to the strike, which is generally
NW.-WNW. but NNE, in one occurrence in cenire of survey area.
T some cases subparallel ridges are linked on north side by a
hacking ridge parallel to the sirike; it can have a very steep to
precipitous back slope. Ridge and spur crests are mostly very
narrow. Ridge crests are even or somewhat peaked or stepped
and have gentle to moderate slopes; spur crests have mostly steep
slopes. Hill slopes are mainly straight and sieep to very steep,
with few moderately steep slopes. Frontal dip-slope facets have
steep to moderately sieep, rarely very steep stopes, and are smooth
or slightly grooved or slomped, Small, but commenly long slumps
and rock debris slides are scatiered throughout. )

Streams and Drainage{Figs. 11(5), 13(f})—Pattern of rather closely
spaced subparallel streams that are mainly throvgh-going second-
to fourth-order rivers with headwaters outside land system.
Apart from many gullies between chevron spurs, there are only a
ferr short first-order {ributaries. All sireams appesar perennial
and flow in very narrow rock-cut valleys. Beds of larger sireams
are shallow, 10-30 yd wide, probably with rapids and deeper
pools, and probably have high gradients. Gradients of tributaries
may vary from gentle to moderately steep slope. Bed loads
probably generally contain little hard rock gravel and sand.
Surface run-off probably high in relation to through drainage,
resulting in frequent minor flood spates. Generally well drained,
but some cresis and upper slopes may be excessively drained,

Vegetation—About 75% has heen affected by cultivation.
Locally, however, patches are left of tall forest with an. irregular
canopy with light-toned crowns (Fid), Remainder, consisting of
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steepest and more Inaccessible parts, still under primary forest,
mainly tall and some mid-heighi with an irregular canopy (Fi,
Fmi, Pmio), alternating with tracts of seral forest {Fmi”).

Geology.—Steeply dipping Miocene sedimentary rocks, probably
interbedded silfstonie and mudstone with less sandstone and
minor fine conglomerate.

‘Weathering and Soils {1 obs.)—Weathering nowhere mere than
shallow skeletal; rocks softened by hydration to probably not
more than 5-10 f1.

Probable soil composition is {IODE2, TODE3, BUHOS8) sub-
dominant; EUHL, (IODL1) common. Only soil observed, on a
very steep upper slope, is an undeveloped, weakly acid, shallow,
firm clay soil with low to very high rock fragments (EUHL).
Somewhat deeper, undeveloped colluvial soils, and slightly
developed, weakly acid, moderately thin, residual soils of sandy
clay loam to clay texture are alsg likely, with some rock outcrop
an crests and steepest slopes.

Population and Land Use.—Popufation of 1400 distributed over
seven villages. Present land use covers 293 sq miles (75% of
area), 26%; in land use intensity class 3, 5% in class 4, and 6954
in class 5. Parts apparently used by vilinges in adjacent Karaitem
41

Transitions te Other Land Systems.—Where crests become
strongly peaked, and dip slopes rather than chevron spurs are
prominent, it is transitional to Nuku (51). Where chevron spurs
are weakly espressed and overall slopes less steep, transitions
acéur to Aster (43). In a few cases the pattern has spme affinity
with that of Musak {52) or Waro (53).

H. A. HAANTIENS ET AL.

Forest Resources {No obs.).—Forest covers 31%; low forest
resources. Much forest Is of low stacking rate types (FR, 7 sq
miles; FifFmi’, 6 sq miles; Pmi, 2 sq miles; Fmi/Pmi’, 1 sq
mile} and the rest is moderate stocking rate forest (Fid, 3 sq miles;
Fid/FR, 2 s4 miles). Accoess category IV.

Apgricultural Assessment.—Judging from topographic conditions
alone there is probably only very low capability for pastures.
Land probably best left in forest, or reafforested for watershed
proteciion. Soil nitrogen confents probably mostly moderate,
although low contents may also be common. Phosphate contents
probably vary mostly from moderale to very high, but may
locally be low to very low, Potash contents prabably vary from
low to very high. In water balance zone 1 fs rather rare to rather
frequent slight soil water stress in 10DE2, TODE3, and EUHOS
soils and rather frequent severe soil water stress in EUHL and
IODLI soils. .

Engineering Assessment.—Topographic limilations make road
construction from east to west (parallel to strike} virtually in-
possible, but north-south roads {at right angles to strike) could
be aligned more simply by being cut info valley sides just above
through-going rivers. Such roads would either be very winding
around numerous small salients and: re-enirants or require a
large amount of cut-and-fill. There would be a definite landslide
risk, Some rvoad-surfacing gravel may be available in stream
beds. Generally to be avoided for road consiruction where
possible, Soils are CH, MH, CL, with minor ML; probable
depths are moderately deep dominant, very shallow subdominant,
shallow common,

(55) Arrape LanDp S¥steM (7 5Q MILES)

Land Forms (Plate 26, Fig. 1).—Very low to high isolated short
to long hill ridges and hranching ridge complexes, rising abruptly
from coastal plain to altitudes of 100-500 ft, 70%, of area being
below 250 ft. Crests are mnarrow and slightly rounded. Hill
slopes are straight or 'convex and locally spurred: Slupes are
steep, locally very steep or moderately steep.

Streams and Drainage.—-Only very small gollies ocour, Surface
rum-off prokably only low fo moderate in relation to through
drainage due to rapid permeability of rocks and most sofls.
Generally well drained, locally excessively drained.

Vepetation.—Original vepetation, still covering 43 %;, is fall forest
with a rather open and small-crowned canopy (Fos); the rest is
cleared for villages, coconut plaatations, and gardens, or is under
regrowth (R-FRm). OIld secondary forest (FR) is rare.

Geology.—Miocene 1o Pliocens massive limestone and mostly
andesitic boulder and c¢cbble conglomerate with a caleareous
matrix.

Weathering and Soils (2 obs.).—Weathering generally very shallow
skeletal, locally shallow immature. Probable seil composition
is MR—02 predominant; (I0D0O4) comsmon, Soils observed are
slightly to moderately developed, neutral, thin, blocky, very dark,
stony, firm clay foam to clay soils (MR-02), tonguing into hard
bed-rock. Local patches of unclassified moderately deep reddish
clay soils were observed in passing.

Population and Land Use.—Population enknewn but small
Present land use covers 4+ 0 sq miles (57% of area), 28%; in land
use intensity class 2, 48 % in class 3, and 7% in class 5. Remaining
17 % uuder non-indigenous plantation. Indigenowvs land use by
people from Nubiz (2) and Aitape Station.

Transitions to Other Land Systems.—Boundaries are clear and
sharp. Mapped on geographical location rather than pattern,
because pattern would bé difficult to distingaish from Yassip (38),
Morumu (39}, or Numoiken (40). On the whole these have a
more slumped, less convex appearance than Aitape bul this is
not always easy to see.

Forest Resources (I obs.).—Forest resources moderate; 43%
covered with a high stocking rate forest {(Fos). Stocking rate
considerably higher than the average for this forest type. Access
category III, although access problems reduced by its cccurrence
as isolated hills in plains.

Agricultural Assessment.—Erosion hazards and unfavourable soil
characteristics mean low capability for improved pastures and
very low capability for tree crops. Soil nitrogen and phosphate
contents appear to be generzlly moderate, potash contents high,
Rare severe soil water stress in MR-02 soils.

Engineering Assessment.—Easily avoided for road construction;
a very useful source of materials for road building and making
cement bricks in the coastal plain, Soils are MH; probable
depths are very shaltow predominant, shallow, maderately deep
tommon.
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{(56) Baripa Lanp SysteM (31 sQ MILES)

Land Forms (Plate 26, Fig. 2).—High hill ridges and low mountain
ridges with parrow to very broad (but very low hilly) crests, and
with predominantly smooth, commonly convex side slopes.
Altitude ranges from 220 to 2800 ft; 559 below 1000 ft, 3997
at 10002000 ft, and 6% above 2000 ft. Relief is mostly 300-900 ft,
but up to 1300 ft. Hill slopes mostly steep 1o moderately steep.
Some occwrences have very steep to locally precipitous upper
slopes, commonly with adjoining moderate foot slopes of a
colluvial nature. Some steep slopes dissecied into disordered very
steep very short ridges and hills, slightly reminiscent of cone karst.
Only very few small dolines seen on broad crests.

Streams and Drainage (Figs. 11(d), 13(f)).—QGenerally widely
spaced, moderately to steeply sloping small streams flow in ravines,
and probably have mostly intermittent flow. Siream pattern
slightly radial to angular; stream density greater oo some
dissected very steep slopes and hilly sammit areas. Lowest
oceurrence in west has Iargely perennial streams with headwaters
in surrounding land systems; courses appear largely fault or
joint-conirolled. Stream beds normally filled with large and small
limestone houlders. Largest sireams only have narrow alluvial
{erraces. Surface run-off may vary from very low fo moderate in
relation to through drainage, depending on soil and rock perme-
ability, ‘Well drained, locally probably excessively drained.

Vegetation.~—Mid-height forests cover 64%. Type with rather
dark-toned even canopy (Fm, 20%) occurs on several crests,
probably indicating frequent envelopment by clouds. Remainder
of crests covered with mid-height forest with an irregular canepy
(Fmi) which extends also over the slopes, oa steep slopes in con-
junction with seral stages (Fmi’), with Casnarina papuana (Ca),
or with forest with a very irregular canopy (Fmio). In Jower
parts forest is higher and tall forest (14%) with a rather open
irregular canopy (Foi), or with an irregular canopy (Fi) occurs.
Gardens and secondary forest (R-FR, 22%) mainly confined to
lower areas.

Geolugy,—Miocene porous massive limestone, tuffaceous lime-

RS stone,. marl, and argillaceous limestone, One occurrence north

of Lumi probably underlain by crystailine basement rocks,
Doubt ag to whether some ocourrences in extrenme east ave indeed
limestone.

Weathering and Soils (3 obs)—Weathering extremely shallow
{1-3 ft), but strong in that original rock has very largely dis-
appeared in overlying soils.

Probable soil composition is MR-02, MR-E subdominant;
AUTO1 common. Soils are slightly to moderately developed and
weakly alkaline. They range from thin, very dark brown friable

¢lay loam with limestone pebbles and cobbles (MR~02) on pure
Yimestone, 10 moderately thin, very dark (grey) brown rather
friable clays overlying dark grey-brown, very firm to plastic
heavy clay (MR~E) on tuffaceous limestone, to similar, moder-
ately thick, and more plastic soils with thin dark clay topsoils
(AUTO1) on marl and argillaceons limestone. Such soils ob-
served on moderate to steep slopes. It is not known what soil
conditions prevail on moderate colluvial slopes, or on very steep
slopes, which are expecied to be stony and racky.

Population and Land Use—Population of 130 in one village.
Present land use covers 5+7 sq miles (18 % of area), 169 in land
wse intensity class 3, B4 % in class 5. Gardening confined to lower
slopes and shared by people living outside.

Transitions 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
appears 1o coniain some Yimestone Jayers prodecing similar Jand
forms to those of dissected steep parts of Barida.

Farest Resonrces (3 obs,).—Forest covers 74%; moderate forest
resources, Much forest has a low stocking rate and generally
occurs on higher parts (Fmi, 10 sq miles; Fm, 5 sq miles; FR,
Fmio, Fmi/Fmi’, 3 sq miles). Moderate stocking rate (Foi, 3 sq
miles} and bigh stocking rate (Fi, 2 sq miles} forests found in
lower more accessible parts. Latter forest shows a much higher
stocking rate than average for this type. Access category IV for
steepest parts, Il for less steep occurrences,

Agricultural Assessment.—Steep slopes, rugged terrain, and
stoniness mean land use capability for improved pastures is caly
low. Additional limitations of shallow alkaline soils and locally
rathér poor physical soil conditions mean only very low capability
for tree crops. Generally not attractive for development, also
because of difficult access to many oceurrences, Scil nitrogen
contents moderate to high; phosphate contents vary from moder-
ate to very low; potash contents appear to be high in soils on

‘impure limestone but low in soils oa pure limestone. In water

balance zone 3 there is rare severe soil water stress, except where
soils are unusually deep.

Engineering Assessment.—To be avoided for road construction.
Apart from Aitape (55) it is only major source of limestone in
the area, and its more accessible north-western occurrences may
become a valuable source of this material. Soils are dominantly
MH, subdominantly CH, with minor OH surface layers at high
altitude; probable depths are very shallow dorminant, shallow
snbdominant, moderately deep minor.

(57) Nora LanD SvsteM (11 sQ MILES)

Land Forms (Plate 27, Fig. 1).—Blocks of frregular, low to high,
shimped short hill ridges with longer, less slumped bui more
grooved or spurred marginal slopes, Altitude ranges from 0 fo
3200 ft; 32% at 250-1000 ft, 32% at 10002000 ft, and 293¢
abgve 2000 ft. Relief within blocks is 200400 ft, atong their
margins 600-900 ft. Ridge crests range from knife-edged to
narrow and tend to be peaked. Hiil slopes vary from moderate
1o very steep, and are normally irregular, spurred to hummocky.
Smaooth steep slopes ocenr locally. Mediwm-sized to large slump
alcoves are often common, and gentle to moderate.short collavial

foot slopes oceur locally, Marginal slopes are kss irxegilar,
Ionger, and normally steep to very steep.

Streams and Drainage (Fig. 14(#)).—Small dendritic systems of
mainly first- and second-order sireams tend to he orientated in
radial pattern around cenire of blocks. Streams, flowing in
narrow rock-cut beds, are short, small to very small, and have
gradients from high gradient to very gentle slope, but near the
margins gentle to moderate slope, with rapids and small falls,
Gravel probably scarce except mear margins. Surface run-off
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probably high to moderaie in relation to through drainage, result-
ing in rather frequent flood spates bui alse sustained residual
river flow, except probably in some first-order streams. Well
drained.

Vegetation.—Tall and mid-height forests occupy 49 and 50%;;
area under secondary vegelation is only 89, Mid-height forest is
type with an irregular canopy (FPmi) mized with seral stapes
{Fmi‘, Ca) and is indicative of unstablé slopes. At lower altitudes
tall forest .with a rather open irregilar canopy (Foi) pre-
dominates.

Geology.— Mo ficld data. Photo interpretation suggests basic
igneous basement rocks {gabbro, ?diorite) and possible Tertiary
volcanic rocks, overlain by 300-500-fi-thick pre-mid-Miocene
mudstone, silistone, and possibly minor intercalated sandsione.

Weathering and Soils (No obs.).—Probably very similar to those
of Numoiken (40), but hydration of sedimentary rocks probably
more widespread and thorough. Soils along marging could be
similar- to those of Wanabutu (59), Muap (61}, or Sulen (58}
Probable soil composition is (EUHOR, EUHO9, IODEY) sub-
dominant; (IODO2, IODLI} tommon; (U0TO2, UOTO4
minor.

Population and Land Use—Population nil. Preseni land use,
covering 0:5 sq mile (4% of area), is all in land use intensity
elass 3 and comprises a small area near the coast used by a village
in adjacent Kabenau (21).

H. A. HAANTIENS ET AL.

Transitions to Other Land “Systems.—Quite distinet from its
surroundings, appears to combine characteristics of Numoiken
{40y and Wanabutu (59). Separate from Numoiken (40) because
of its apparently more complex lithology and significantly higher
relief along margins.

Yorest Resources {No obs).—Forest covers 8294: moderate
forest resources. Moderate stocking rate forest (Foi, 5 sq miles)
occupies areas at lower altitude, Forests with low stocking rates
(Pmi/Fmi’, 4 sq miles; Fmi, 1 sq mile) occur elsewhere. Access
category II.

Agricultural Assessment.—Only very low capability for tree crops
and jmproved pastures. Development, except possibly forest
exploitation, is not recommended, Soil nitrogen contents prob-
ably mostly mederate to low; phosphate contents mostly very
low to low; and potash confents variable, parely very low to low,
pattly moderate to high. In water balance zone 3 there is rather
severe soil water stress only in very shallow IODLI soils on very
steep slopes.

Engineering Assessment.—Road-construction problems ave gener-
ally similar to those indicated for Numoiken {40), It should and
can be avoided in road location. It may be a potential source of
road material, quatried from basic igneous rock along margins.
Sails are CH, WMH, ML, with minor CL; probable depths are
moderately deep dominant, deep, shallow, very shallow common.

(58) SULEN LAND SYsTem (80 SQ MILES)

Land Forms (Plate 27, Fig. 2).—Bssentially low mountainous
country with a patiern of widely spaced major ridges, commonly
W.-E. to NW.—SE.-aligned, with more closely spaced secondary
spurs and ridges branching off irregularly. Altitude ranges from
250 to 6100 ft; 229 below 1000 fi, 355 at 1000-2000 ft, 3634
at 2000-3500 ft, and 6% at 35004500 ft. Relief normally 700-
1000 ft, locally as low as 400 ft near margins, as high as 1200 ft in
ventral Torricelli Mountains. Crests mostly very narrow, locally
(mainly on lowest ridges near margins and some of highest ridges)
rarrow to broad and rounded. Crest slopes range from moderate
to steep. Hill slopes are steep to very steep and very irregular
due to slumping or grooving. Precipitous slopes occur locally
near incising rivers and at back of slumps.

Streaws and Drainage (Fig. 14(5))—~—Considerable fault and joint
control resulling in distinct (NJW.(S)E. and less N.(E)-
$.(W.} alignment of second- and higher-order streams. AH
streams flow in bouldery rack-cut channels, with very narrow
gravel and boulder terraces along larger streams only. Gradients
range from high gradieat in larger streams to moderate o steep
slope in first- and second-order streams. Average drainage
pattern is dense and even smallest first-order streams are likely
to be perennial, Surface run-off is probably high to very high in
relation to through drainage, leading to frequet and sometimes
severe flood spates in streams, Well drained.

Vegetation.—Very similar to that of Om (43). Also, relative areas
of each type are much the same but secondary vegelation is even
less common, covering only 2%, Some tall forest, mainly with a
rather open irregular canopy (Fol, 5 %), is found at fower altitude
on coastal occurrences,

Geology.—aAir photos indicate pre-mid-Miocene sedimentary
rocks, flanking or capping crystalline basement ouicrops. Field
observations hear margins were on slightly metamorphosed fauli-
zone rocks (metabasalt, metagreywacke, mixtures of diorite-

brecciated hard mudstone and massive crystalline limestone),
close to contact with the basement. Limestone is probably rare.
Presence of basement outcrop confirmed by one observation on
micro-gabbrog ¢lose to boundary with Somero (63).

Weathering and Soils (4 obs.).—Limited datz suggest generally
very shallow skeletal weathering with local shallow to deep
immature weathering on rounded crests, upper slopes, and some
lower slopes.

Probable soil composition is IODL2, (I0OD0O], I0D02) sub-
dominant; AUTO2, AUTM, common; UOTO4 minor. Soils
are weakly acid fo acid and appear to be slightly to moderately
developed, thin to moderately thin, friable loam and clay loam
soils, locally stony, on predominant steep to very sleep slopes
(I0DL2 observed). Moderately thick, firm to plasiic clay soils
with friable loam to clay loam surface horizons and thin to
moderately thick dark topsoils found on rounded crests and upper
slopes {AUTM, AUTCZ2), while neutral to acid, very shallow
soils are likely on precipitous slopes. A strongly developed, acid,
thick, plastic heavy clay soil with more friable clay loam to clay
surface horizon (JOT(Q4) observed on a very steep lower slope,
and similar soils may occur on small pockets of more weathered
rock elsewhere.

Population and Land Use.—Population of 50 in one village.
Present land use covers 1-9 sq miles (29 of area) associated with
the viltage and all in land use intensity class 5.

Transitions to Other Land Systems.—Most boundaries are tenta-
tive because of gradual or minor differences with suirounding
land systems. Iis pattern is less magsive, less angular, more
slumped and hummocky than that of Somoro (63), but more
massive and less slumped and hummocky thaa that of Om (45).
It has essentially higher relief than Numoiken (40), Wanabutu
(5%), and Asier (43), although there is overlap; it is less dis-
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organized than Numoiken (40), less spurred or grooved than
Wanabutu (59}, and steeper than Asier {43).

Forest Resources (4 obs.).—Forest covers 51%: low forest
resources. Forest is mainly of low stocking rate (Fmi/Fmi’,
37 sq miles; Pmi, 11 sq miles). At lower altitudes moderate
stocking rate forest occurs (Foi, 3 sq miles). Access category IV.

Agricultural Assessment.—No agricultural capability for develop-
ment because of topographic problems and erosion hazards, to
which must be added common limitations of stoniness and rarely
rockiness, commonly shallow seils, and in large parts over
2000 ft as.l a very wet cool cloudy climate to which most tree
crops are poorly adapted. Soil nitrogen contents appear mostly
moderate, commonly low. Phosphate contents are mostly very
low to Jow, in places moderate. Potash contents appear variable,
being mostly low to very low, but probably moderate to high in
several cases.

(59) WaANARUTU LAND

Land Forms (Plate 28, Fig. 1).—High hill didges form narrow
blocks strongly elongated in an approximately east-west direc-
tion. Altitade ranges from 30 to 2200 ft; 51 % ai 2501000 ft,43%
at 10002900 ft, and 4% abave 2000 ft. Relicl varies hetween 400
and 200 fr. Ridges have short to rather long and commonly
peaked, narrow to very natrow crests and steep to very steep,
generally markedly grooved or spurred slopes. Slumping is
inconspicuous.

Streams and Drainage (Fig. 14(d)).—Drainage pattern nearly
exclusively of very small rock-cut first-order streams (virtually
gullies) with gradients of moderately steep to steep slope. Few
transverse through-going larger rivers flow in gorge-like valleys,
Streams are very shallow, in probably rocky and bouldery stream
beds. Surface run-offis probably high in relation to through drain-
age. Probably we'l to excessively drained.

~“Wegetation.-—Mid-height forest with an frregilar canopy and its
seral stages (Fmi, Fmi’) cover 60%. Casuarina papuana (Ca)
grows on steepest slopes. Tall forest, mainly with a rather open
irregular canopy (Foi), is found on lower parts, totalling 28
together with secondary vegetation (R-FRm) which covers
one-eighth,

Geology—o field data. Igneous rock, either gabbro and diorite
basement rock, or pre-mid-Miocene metabasalt, basalt, and other
extrusive rocks.

‘Weathering and Seils (No obs.).—Weathering is probably shallow
skeletal. Probable soil composition is (I0ODO2, I0ODL2, AUITO3)
subdominant; (UOTO4) common; (OANT2) minor. Probably
moaderately developed, acid to weakly acid, very thin to moder-
ately thin clay loam soils with weathered rock fragments, locally
stony and with some rock cutcrop on steeper slopes, They are
probably similar to those of Sulen (58) and Kumbusaki (60).

(60) KumBusaks Lann

Land Forms (Plate 15, Fig. 2).—Sharply and densely spurred
branching high hill ridges with very narrow gently sloping to
steep crests and steep to very steep, mostly straight slopes, Alti-
tude ranges from 1100 to 2500 ft; 81% below 2000 ft. Reliel
extremes are 200 and 800 ft. T.ongest, prooved slopes eccur along

233

Engineering Assessment.—Topography presents formidable ob-
structions io road construction, necessitating either very winding
roads or large cut-and-fill construction works. If construction
is unavoidable, roads should follow river courses as much as
possible because of the irregularity of ridge and crest patterns
and the availability of road-surfacing materials in stream beds
and in outcrops of fresh rack which are lkely to include more
crystalline and less sedimentary rock near valley bottoms than
near ridge crests. Many culverts and small bridges will be re-
quired, and roadside drainage to intercept ground-water seepage
and run-off is essential since there is a real but apparently not
excessive risk of landslide damage to road works. Roads must
be cut into hill slopes, since any existing strips of river terrace
are subject to flash fooding. Soils are CH, MH, CL; probable
depths are moderately deep dominant, shallow subdominant,
very shallow common, deep minor., Potential for hydro-electric
development possible but unlikely,

SvsteM (15 sQ MILES)

Strongly developed soils may occur locally, mainly on broader
cresta.

Population and Laond Use.—Population nil. Present land use
restricted to 0-5 sg mile (3% of area) of land use intensity class 5
near the coast, probably used by people from Nubia (2).

Transitions to Other Land Systems.—In many respecls very
similar to Kumbusaki (60). It differs in having generally sieeper
slopes, slightly higher relief, coarser and less dendritic stream
pattern, and more elongated shape to individual occurrences.
It has lower relief, more symmetrical and more grooved slopes
than Daum (62), is less slumped than either Numoiken {40) or
Sulen (58), and intermediate in relief between these two, It is less
steep and dissected and has slightly higher relief than Mup (61).

Forest Resowrces (No obs.).—Forest covers 87 %; moderate
forest resources. Much forest of low stocking rate types (Fmif
Fmi’, 8 sq miles; FRm, 2 sq miiles), but in lower parts moderate
stocking rate forest (Foi, 4 sq miles) is found. Access category IV.

Agricultural Assessment,—Very low capability for tree crops and
improved pastures, and for all practical purposes unsuitable for
agricultural development. Soil nitrogen contents probably moder-
ate to low; phosphate contents mostly very low, although moder-
ate to low values may also be common. Potash contents probably
low to very low but with several moderate to high values, In
wates balance zone 3 there is rare severe soil water stress in 10DL2
soils on very steep slopes and crests.

Engineering Assessment.—To be avoided for road construction.
Since access is generally not very difficult, it could offer possi-
bilities for quarrying road metal and nggregate for constraction
projects in coastal plain, Soils are CH, MH, CL; probable depths
are moderately deep dominant; shaHow, very shallow, deep
common; very deep minor,

SystEM (15 3o MILES)

northern margin, with some south-facing precipitous box canyons.
In the south are small areas of short steep smoother ridges with
rounded narrow crests and occasional small steep slumps, and very
local hummocky moderate lower slopes,



234

Streams and Drainage (Fig, 14(c)).—Very dense, locally dense
dendritic pattern of smali streams wp to fourth order. Streams
flow in narrow rock-cut valleys and have pebbly to bouldery
and rocky beds with gradients of very genile to gentle slgpe, and
maoderate slape along northern margins. Surface min-off probably
high in relation to through drainage and all streams have a peren-
nial flow of sustained yield, but with frequent flood spates. Well
drained.

Vegetation.—Mid-height forest with an irregular canopy (Fmi)
covers about ¢wo-thirds and mid-height forest with a rather dark-
toned even canopy (Fro) another I4%{ at higher altitndes.
Casparinag papuaia {Ca) as well as seral mid-height forest (Fmi’) is
uncommon, in line with greater slope stabilify compared with land
systems such as Mup (61) and Daum. (62). At Jower altitude tail
forest with an irregular canopy with light-toned crowns (Fid} and
some secondary vegetation (R-FR, R-FRm/MR) are found,
covering 1894 and 5% respectively.

basemeni rock; gabbro and metabasalt

Geglogy,—Igneons
observed.

Weathering zed Seils (3 obs.)—Weathering mostly shallow im-
mature to skeletal, with focal shallow mature weathering on ridge
crests.

Probable scil composition iz 10002 dominant; OANTZ
subdominant; (IODL2) common. O side sloges are moderately
developed, acid, moderately thin, friable clay loam to clay soils,
commonly with weathered rock fragments, and overlying hard
but broken, or soft but compact weathered rock (10DD02).
Thinner soils may occur on steepest slopes. A very strongly
developed, strongly acid, moderately thick, firm to friable clay soil
with clay loam surface horizon (OANTZ) observed on a steeply
sloping erest.

Population and Land Use.—Population nil. Present fand use
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restricted to 0+ 8 sq mile (§% of area) of land use intensity class 5
adjacent to Karaitem (41).

Traunsitions fo Other Tand Systems.—A typically transitional
type. Relationship to Wanabutu (59) and Daum (62) discussed
under these land systems, It is commonly similar to Mup (61),
differing in greater apparent slope stability, a lower proportion of
very steep to precipitous slopes, and in being a distinct landscape,
surrounded by, rather than intimately associated with, typically
sedimentary rock land systems.

Forest Resources (3 obs.J.—Farest covers 939%; moderate forest
resources. Forest mainly low stocking rate forest types (Fmi,
9 sq miles; Fm, 2 sq miles). At lower altitudes, a moderate
stocking rate foresi (Pid) covers 3 sg iles, particularly in
sputhern parts. Access category IV.

Agricaltural Assessment.—Largely becavse of steep and dissected
topography Kumbusaki has only very low capability for tree crops
or improved pastures. Rather small soil depth is a local con-
tributory limitation for free crops, soil acidity for improved
pastures. No real seope or need for agricultural development.
$oil nitrogen contents mostly moderate and vary from high to
low; phosphate contents very low to low; polash contents
mostly low, but possibly higher in very shallow sofls.

Engineering Assessment.—No need for read consiruction. Severe
dissection would require much cut-and-fill, culverting, and small
bridges, or lead to vety windiog roads. However, slopes appear
generally stable and soil and rock materials suitable for fill and
subgrade. Suitable gquarry sites probably can be found on lower
slopes near streams; these might be of some significance i raad
construction was required in adjoining sedimentary rock land
systems to the sonth and west. Soils are dominantly MH, sub-
dominantly CH, CL; probable depths are moderately deep
dominant, very deep subdominant, shaliow, very shallow minor.

(61) Mup Lanp SysTEM (11 sQ MILES)

Land Forms (Platg 28, Fig. 2).—Characterized by high hilly relief
and predominantly very steep little-slumped slopes, Mup varies
in pattern. Included arve isolated hills and short ridges, partly
dissected into narrow spurs and protruding 300-800 ft above
surrounding slopes it a manner similar 1o velcanic necks. It
comsists also of dense patterns of branching or parallel ridges
carved cut by dissection from the general slope of the ierrain and
protruding oaly little above this general slope along the upsiope
margin. In this latter cuse internal relief varics from 100 to 400 fi,
but total relief between upslope and downslope margins is 400~700
ft. Transitional forms between these two types also oceur.
Altitude ranges from 400 to 3700 ft; 9% below 1000 fi, 499/ at
100G-2G00 {t, and 40 % between 2000 and 3500 fi. Ridge crests
knife-edged to very natrow and with gentle to stesp slopes; hill
slopes commonly grooved or finely spurred and im places
precipitous.

Streams and Drainage (Fig. 13(f)).—Apart from gullies no streams
occur on isolated hills, Areas with ridge patterns have a dense to
very dense, subparallel to subangular pattern of very smail, mostly
first-order streams. Gradients vary from very gentle o moderate
slope, stream beds are in very narrow rock-cut valleys, probably
bouldery, All streams probably perennial. Frequent but minor
flood spates would result from the probable high surface run-off
* in relation to through drainage, Generally well drained.

Vegetation.—About §29% covered by mid-height forests; type
with a rather dark-toned even canopy (Fm} occours on cresis and
upper slopes (20%). Elsewherc occurs type with an ircegular
canopy (Fmi), commonly in mosaic with seral forests (Fmi’, Ca).
On lower southern slapes of Torricelli Range is tall forest with an
irregular canopy with light-toned crowns (Fid), but in this area
secondary forest stages (FRy, FRm, FR)} prevail (18 %).

Geology.—Igneous basement rock, commonly forming windows
in areas of sedimentary rock, Rock types similar to those of
Semoro (63). A very thin veneer of colluvium derived from
sedimentary rocks occurs locally.

‘Weathering and Soils (I obs.),—Probably very shallow skeletal
weathering, with common rock outerop near valley bottoms and
on some crests, and slightly more weathering on smooth some-
what less steep hill slopes.

Prohable soil composition is (IODE2) dominant; EUHGY,
(EUHL) common; (I0DO2) minor. Virtually no information on
soils, only observation being an undeveloped, acid, moderately
deep, friable to firm clay loam and clay soil (EUHO9) developed
in superficial colluvium of Pliocene sedimentary rock and over-
lying hard basement rock. Such soils can be expected in other
places, where Mup forms lenses or windows in slopes on pre-
dominantly sedimentary rocks. On the whole, it is expected that
slightly to moderately developed, weakly acid to acid, thin to very
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thin scils predominate, similar 1o those of Somoro (63). Lecally
on more stable slopes, more developed, acid, thicker soils may
occur similar to those for Kumbusaki (60).

Population and Land Use.—Population nfl; present land use
negligible.

Transitions to Other Land Systoms.—Typical transitional aspects
to Somore (63) on the one hand and to Kumbusaki (60) on the
other, discussed undef these land systems.

Forest Resources (Mo obs.).—TForest covers 55%; low forest
resources. Forest is a mixture of low stocking rate types (Fmi/
Fmi’, 3 sq miles; Fmi/Fm, 1 sq mile; Fm, 1 sq mile; Pmi, 1 sq
mile). Access category TV.

.probably low to moderate;
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Agricultural Assessment.—Because of very steep slopes, strong
dissection, and common instability of slops mantle, it has no
capability for agricultural development. Soil nitrogen contents
phosphate and potash contents
strongly variable but mostly high.

Engineering Assessment.—To be avoided for road construction.
Its occurrence as isolated areas within sedimentary rack zones
without suiiable road-building materials conld make Mup a
usefut source of these where ronds are planned fiearby, which will
be probably only rarely. Boils are dominantly CL, subdominantly
MH; probable depths are moderately deep dominant, shallow
subdeminant, very shallow common.

{62) DauM Lano SysteMm (17 sQ MILES)

Land Forms (Plate 29, Fig. 1).—Low mountgins, generally
characterized by very long, moderately steep to stesp, northern
to north-eastern slopes and shorter, very steep to locaily precipi-
fous, southern to south-western slopes. Relief is mostly 800-
1000 ft with extremes at 600 and 1500 ft. Altitude tanges from
400 to 4100 ft; 3% bolow 1000 11, 34 % at 1000—2000 ft, and 4154
at 2000-3500 ft. Major ridge crests .are very narrow to narrow,
commonly even, but in places peaked. MNorthern slopes are
mostly densely gullied to ravined, with some precipitous straight
slopes along lower margins and major ravines. Southern slopes
are ravined or strongly spurred, with common rock debris slides.
Very short, very steep fto precipitous trangverse ridges locally
present on southern slopes. '

Sireams and Drainage (Fig. 14(d)).—Rather dense patterns of
small streams that are relatively long and dendritic on northern
slopes, very short and apngular to subparallel on southern slopes.
Mostly first- and second-order, rarely third-order, streams which
flow in narrow rock-cut valleys, probably with rocky and bouldery
heds with gradients of gentle to moderately steep slope. Surface
rmn-off may vary from low to very high in relation to through

1~~~ —drainage, depending on toll and slope cénditions. All stremms

have a perennial flow of sustained yield, but with frequent mingr
flood spates. Well drained.

Vegetation.—Mid-height forest covers the whole area. Abount
two-thirds is the type with a rather dark-toned even canopy
{Fm), the rest has a rather irregular canopy {Fmi}. On unstable
slapes is Casparina papuana (Ce); on lower slopes are seral stages
to mid-height forest (Faai’).

Geology.—MNbo field data. Sharp angularity of photo pattern -and
scarcity of slaumping supggest basic igieous basement rocks.
Pattern also suggests the presence of N.-NE.-dipping dip slopes
and steeper cutcrop slopes in south and south-west; such struc-
tures are common in sedimentary rocks but were not observed in
ignegus rocks elsewhere in the area, Possibly Daum represents a
tilted block of igneous rocks, fault-bounded in the south.

-Weathering and Spils (Mo obs.)—Land forms and vegetation
patterns suggest immature to mature weathering on many upper

slopes but virtually no weathering on very steep lower slopes.
FProbable soil compesition is (I0DO2, IODL2, EUHL) sub-
dominant; (UOTOS5, OANT2) common, Soils may be partly
similar to those for Aititan (33) and Kumbusaki (60) and partly
to those for Somoero {63), and range from strongly developed,
strongly acid, very thick, firm clay soils to undeveloped, weakly
acid to neutral, very shallow loam soils with rock fragments.

Population and Land Use.~—Nil,

Transitions to Ofher Land Systems,—Whilst basically unique in
pattern, Daum generally has an indistinct boundary with ad-
joining Sulen (58} and with Wanpabutu (59) in the ecast. Dis-
tinguished from Somoro (63) by its lower relief and much higher
ineidence of apparently stable slopes, and from Kumbusaki (60}
by higher relief and less intricate dissection.

Forest Resources {1 aerial obs.)—Forest covers 18%; very low
forest resources. Forest #s a low stocking rate type (FmifPmi’,
4 gq miles) occarring on lower-altitude parts. Access category IV,

Agricultural Assessment.—In the absence of iield data no propex
assessment can be given. On the basis -of land forms alons,
probably very low capability for tree crops and improved pas-
tures. Owing to poor accessibility and the posifion of a Iarge
area at altitudes above 2000 ft, which is generally unfavourable
for tree crops, there appear to be no practical possibifities for
agricultural development, Soil nitrogen contents probably
moderate on crestal areas, low on steep slopes. Phosphate con-
tents generally very low to low, but may be high in very shallow
soils on very steep slopes. Potash contents probably partly low,
patily very high to moderate.

Engineering Assessment.—T0o be avoided for road construction.
Possibly a potential source of quarried stone for various types of
constraction, suitable quarry sites probably occwrring mainky
near streams on lower slopes, Because of its isolated position
this may be of value only if roads are constructed to open up
areas of Karaitem (41) and Asier (43} immediately south. Soils
are dominantly CL, subdominantly CH, MH; probable depihs -
are moderately deep, very shallow, deep, shallow subdominant,

{63y Somoro Lawp SysteMm (111 sQ MILES)

Land Forms (Plate 29, Pig. 2),—Extremely rugged, low, locally
high mountains with an angular, locally subparallel paitern of
massive ridges, locally branching into spurs. Altitade ranges from.
240 1o 5400 ft; 7% below 1000 ft, 24 % at 1000=2000 fi, 543, at
2000-3500 ft, and 149 at 3500-4500 ft. Relief extremes are 600

and 2000 ft, Crests are mostly peaked, locally loang and straight.
They are knife-edged to very narrow bat locally, particularly on
summits, narrow and rounded. Wil slopes are straight and
commonly grooved or slightly sparred, -and have many narrow
long superficial fandslip scars that are commonly unsiabilized.
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Slopes are very steep, locally steep; they tend to become sieepest
and locally precipitous near valley bottoms.

Streams and Drainage (Fig. 14{e)).—Coarse-textured angular
pattern of mainly firat- and second-order streams, flowing as
torrents with rapids in shalfow, recky or bouldery channels in very
narrow, rock-cut valleys, Paltern appears to be strongly Fault-
and joint-controlled. First-order sireams commonly have
gradients of moderately steep to steep slope, second.order streams
of gentle {o moderate slope, Few higher-order streams with
gradients of very gentle slope have discontinuous narrow boulder
and gravel terraces. All streams likely to be perennial, but due to
probably high swrface run-off in relation to through drainage,
flood spates arise frequently and advance very rapidly. Well
drained,

Vegetation,—Covered entirely by mid-height forests, Type witha
rather dark-toned even canopy (Fm) cccurs on crests and npper
slopes (209). It merges into type with an irregular canopy
(Fmi) on remainder of the slopes, a small part of which are
covered with seral forest (Fmi”). Casuarina papwana (Ca) oceurs
on very unsiable slopes, and Casugrina sp. (Cs) is found on
narrow terraces affected by flood spates.

Geology.—Mainly basic igneous basement rocks, probably
mainly gabbro, granodiorite, and diorite, with some metabasalt
and ¢pidosite along outer margins.

Weathering and Seils (2 obs.)—Woeathering appears to be shallow
skeletal with virtually none on steepest slopes. Rounded crests
are probably shallowly immaturely weathersd.

Probable soil composition is IODE2 dominant; BEUHL sub-
dominant; (IODO4) common. Yery limited information sug-
gests undeveloped, neutral, very shallow to shallow, gravelly loam
soils (EUHL.), with moderately developed, weakly acid, moder-
ately thin to moderately thick, friable clay loam soils with varying
amounts of rock fragments (JODE2) on somewhat more stable
slopes. Such soils may overlie hard, rather fresh, or soft coarse
sandy weathered rock. Rock ouicrop is common near valley
bottoms, More strongly developed, acid, thicker soils may be
present on small rounded crests.
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Poputation aad Land Use,—MNil.

Transitions to Other Land Sysfems.—Patiern is generally distingt.
In places, however, where spurring and slumping are more
pronounced it is difficult to distinguish from Sulen (58). Most of
these trapsitional cases are mapped with Sulen (58}, since this
appears to be lithologically more heterogeneous. Somore is
distinguished from Mup (61) in having higher relief and coarser
dissection. They share no common boundary, Mup consisting of
small outcrops of basemeat rock windows in a sedimentary rack
landscape., Thus some feothill areds of Somoro would probably
have been mapped as Mup (6]} had they formed isolated
accurrences.

Forest Resources (No obs.).—Forest on only 3% ; forest resources
nil. Forests (FmiJFmi’, 4 sg miles; Fmi, 1 sq mile; Fm, 1 sq
mile} all have low stocking rates, Fm occurring on higher areas.
Access category IV.

Agricaltural A t.—No bility for agrienltural develop-
ment owing 1o steepness of slopes as well as instability of shaliow
soil cover. Soil nitrogen contents appear to be low but may be
moderate or high at higher altitodes, Phosphale contents prob-
ably largely high but would be very low in more developed soils
on cresés. Potash contents could vary from low in most developed
soils to very high in undeveloped, very shallow soils.

Engineering Assessment.—To be avoided for road construction.
An enormous potential source of stone for road metal and other
construction purposes, but gencrally too inaccessible to be of
practical use except in construction of roads across the ranges,
which would follow low passes in other systems but always very
close to Somore. Also less inaccessible occurrences east of Nigia
River and could be of some value as a source of sione for works
in eastern coastal plain. Seils are dominanily CL., subdominantly
MH; probable depths are moderately deep, very shallow, shallow
subdominant. Although prospects appear poor due te high
stream gradients and seismic instability, there is more opportunity
for censtruction of hydro-electric works here than in any other
land system.

{64) Mato LaND SysTeM (45 SQ MILES)

Land Forms (Plate 30, Fig. 1).—Mostly low to very low, but locally
high hill ridges of variable land form. Part consists of individual
hill ridges, but particularly in south-east Maio resembles a
dissected plateau surface with a maze of finely branching very
low to low short ridges and hills, including a few small upland
areas with moderate slopes and very low relief, Altitude ranges
from about 200 to 850 ft; about 90%; above 230 ft. Relief is
mostly between 100 and 300 ft, but locally as low as 50 ft or as
high as 700 ft.. Some individual ridges branch into major spurs
with moderate to steep spur crest slopes, Large complex in south-
east is enclosed in the east and rorth by a continunous peaked
encircling ridge and in the west by a precipitous slope along the
Sepik River. Ridge is 300-700 ft high with steep to very steep,
Iocally grooved outward slopes t0 sucrounding swamps. Crests
are knife-edged to very narrow, locally narrow, and range from
rather even to moderntely peaked or stepped. Hill slopes are
steep to very steep, locally moderately steep, and commonly.
strongly grooved, but in places strongly sporred and even rather
smooth. ‘Terracetics, 2-4 ft wide, 3—12 {t long, and with moderate
te moderately steep slopes, are found on steepest slopes and
small gullies occur in places, Locally slump alcoves 30-150 yd
wide occur, with moderately steep to steep irregular floors and

very steep back walls. Very small moderately steep colluvial foot
slopes are locally present, ax well as very small alluvial fans at
base of ridges. In large occurrences are a féw high-gradient to
very gently sloping valley floors 40-80 yd wide,

Streams and Drainage {Fig. 14(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 some third- and fourth-order streams cut into col-
luvivm or alluvivm, streams flow in shallow rock-cut beds 2-8 yd
wide and generally have low to high gradient, but up to gentle
slope in some first-order tributacies. Stream beds are probably
stony and in places also sandy. Stream flow is mostly moderately
rapid, shailow, and probably nearly always perennial. Surface
run-off probably moderate in relation {0 through drainage, and
small flood spates would occur frequently, Well drained.

Yegetation.—Mid-height forest with a small-crowned rather even
canopy (Fmsv) covers 82%. Gardens, coffee plantations, and
regrowth up to medipm-aged secondary forest (R-FRm) are
found on the rest. Sago (MR) has béen planted on some fans.
Mid-height grassland (G) covers some spurs north and north-east
of Ambunti.
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Geelogy.—Palacozoic or Mesozoic, steeply to very steeply dipping
mica schist (commonly with quartz veins) and quartzose mica
schist, in places interbedded with quartzose sandstone. Gold
has been mined in south-east, but no indication ean be given of
vield or of possible existence of further ore bodies.

‘Weathering and Soils (5 obs.).—Rocks appear mostly disintegrated
and leached to probably 10-50 fi 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.

Prokable soil composition is IODO5 dominant; 1I0DX sub-
dominant; (SODL2) common. Moderately (IGD0OS) or strongly
(I0DX) developed, strongly acid, moderately thick to moder-
ately thin (rarely thin), uniformly textured friable (o firm silty or
sandy clay to friable or very friable clay loam or silty clay loam
soils merging inio compact but unconsolidated coarser-textured
weathered rock. They are usually covered by a 1- or 2-in. organic
root mat and commonly contain very low to high amounts of
weathered rock fragments, increasing with depth. Similar, but
moderately developed, thin soils probably occur locally on pre-
eipitous slopes and narrow crests.

Popalation and Land Use.—Population of 1960 distributed over
nine villages. Present land use covers 9 sq miles (183 of area),
31% in land use intensity class 3, 3% in class 4, and 66%; in
class 5. Sago, planted on small fans and valleys or exploited from
natural stands in adjacent Kabuk (9), Pandapo (10), and Ambunii
(207, is very important in subsistence.

Transitions to Other Land Systems.—Photo pattern is very
similar to Aitape (55) for individual ridges and rather similar to
Dosseit (34) and parts of Kumbusaki (60) for larger ridge com-
plexes in south-east. In fact, had Maio occurred in close associa-
tion with these land systems instead of being geographically
widely'separatcd, it probably could not have been distinguished
as a scparate mapping unit. Pattern differs from Waskuk (65}
largely by having lower relief, but the intricate variations in relief
have led to a small amount of overlap between them.

} — — ~—Forest Resources (5 obs.).-—Forest covers 829;; moderate forest

resources. Only one forest type with a low stocking rate (Fmsv,
36 aq miles) occurs. Access category II1.
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Agricultural Assessment.—Low capability for tree crops and very
low capability for improved pastures. Steepness of stope and close
dissection are major limitations, whilst strongly acid reaction of
soils would be less of a disadvantage for iree crops than for
pastures. For two reasons,’it still might be desirable to investigate
experimentally the possibility of growing tree crops. Firstly, in
the Sepik plain area Maio apperrs more suitable for plantation
agriculture than any other land system except the small Ambunti
(20). Secondly, there is good access via the Sepik River which
means relatively low transport costs for removal of produce as
well as for the supply of farm requirements such as fertilizers. Soil
nitrogen contents are low; phosphate contents are very low; and
potash contents mostly low, commonly very low, but probably
high in very shallow soils. Rare severe water stress in IODL2
soils on very steep slopes, particularly of isolated hill ridges,

Engineering Assessment,—Obvious topographic problems in road
construction. Crests arg commonly too short, too narrow, or too
peaked to be suwitable for road alignmeni. Roads are therefore
best Tocated on lower slopes, which reguires ent-and-fill operations
over almost their full length. This would generally be easy in
unconsolidated +weathered materials although some hard rock
cutting miight be required on salient spurs. Many small bridges
and culverts would be needed in [arge south-east area. On the
credit side, landslide hazards appear relatively small, soils and
weathered rock are probably suitable as subgrade, and hard rock
should be available for road surfacing. However, this last may
often be buried beneath thick layers of weathered rock, and schists
and sandstone appear to be of only Iow to moderate quality for
road-surfacing purposes. Together with small parts of Waskuk
{65), Maio forms a “bridge” of high ground through the Sepik
swamps from Ambunti to the north-west; this is of cbvious
value if plains north of Sepik flood-plain are to be opened up by a
read link with the Sepik River. Rather long streiches of swamp
Iand would stfll have to be traversed by such a road north of
main hill ridges, but this may be facilitated by incorporating small
outlier hills in a road alignment to link up with Yilui (13) and
using them as guarrics of earth fil, snbgrade, and road-surfacing
materials. Even though these materials may not be pariicularly
suitable, the hills are virtually the only large source of rock for
at least 30 miles north of Sepik River. Soils are dominantly MH,
subdominantly CL; probable depths are deep dominant, moder-
ately deep subdominant, shallow, very shallow minor,

(65) Waskuk Lanp System (22 $Q MILES)

Land Forms (Plate 30, Fig. 2).—Low mountain and some high
hill ridges, generally with mostly strongly grooved or finely
spurred slopes. In places major spurs branch off the main ridges,
either with steep spur crests or as foothill spurs with gentle crest
slopes. Altitude ranges from 180 to just over 1500 ft a.s.].; about
75% at 250000 ft and 209 above 1000 ft. Relief is mostly
between 700 and 1300 ft but locally as low as 150 {t on feothill
spurs. Hill slopes are predominantly very steep, but commonly
steep or precipitous. Common for bower slopes to be the steepest,
while moderately stcep slumped slopes occur locally near crests,
Very steep slopes commonly have a microrelief of 2-5-ft-wide
terracettes, sloping 5-10° and occupying 20-305; of the slope,
and of longitudinal corrugations with an amplitade of 6-8 ft
but up to 15 ft where gullics have developed in depressions.
Crests are knife-edged 1o very narrow and stepped or somewhat
peaked. Broad (500-1000 yd wide} concave or moderately to
moderately steeply sloping hilly summit areas (8 %) occur locally
on highest ridges. They consist of closely spaced short ridges with
steep slopes and a relief-of 50-100 ft.

Streams and Drainage {Fig. 11(a)).—Siream mnet consists of a
number of rather closely spaced, very small, individual stream
systems ranging from a single first-order stream to dendritic nets
with up to third-order streams. At margins of Waskuk these
streams disappear in swamp land or form ill-defined channels in
alluvial fans of Ambunti (20). Streams have tock-cut houldery
Betls 2-5 yd wide and with gradients ranging from gentle to moder-
ately sieep slope, probably even steep slope in some first-order
tributarics. Flow is very rapid, very shallow, and probably
intermittent in smallest sireams. Surface run-off is probatily high
relaiive to through drainage and short flood spates are likely to
be frequent. Well drained, with a iendency to excessive drainage
on very steep upper slopes and crests below 1000 ft a.s.l.

Vegetation.—Mid-height forest with a small-crowned rather even
canopy (Fmsv) covers 74 %. Gardens and regrowth up to medium-

aged secondary forest (R-FRm) are found on remainder.

Geology.—Palacozoic or Mesozoic mica-schist and micaceous
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gneiss with quartz veins appear to be the major rock types, very
steeply dipping.

‘Weathering and Seils (4 obs.)—Rocks apptar mostly shallowly
skeletally weathered, resulting in their partial to almost complete
disiniegration and sérong leaching. Immaturely weathiered surface
materials are only [-3 ft thick and locally absent, Deeper im-
mature to mature weathering may occur on broad summit areas.

Probable soil composition is IODIL2 predominant; 10DO35
common; (IODX) minor. Predominant are moderately de-
veloped, strongly acid to locally acid, very thin, very friable sandy
clay loam to silty clay soils merging into sandy and gritty, or
gravelly weathered rock (FODL2). Very thin soils are somewhat
stony or associated with minor rock outcrop, particularly near
crests. More locally occur similar, but moderately thin, very
friable to iriable clay loam to silty clay loam soils {1I0D035);
these togeiher with similar, but strongly developed, soils are prob-
ably most common on the hilly surnmit areas. At and near

summits of highest ridges soils are covered by about 9 in. of

organic rooi mat.

Population and Land Use.—Population of 600 distributed over
three villages, Present land use covers 5+ 8 sq miles (269 of area),
289 in land use intensity class 3, 729 in class 5. Sago is very
important in subsistence and is collected in neighbouring Kabuk
(9}, Pandago (10), and Ambunti {20}

Transitions to Other Land Systems.—Relationship with Maio (64)
discussed in the latter, FPhoto pattern rather simifar to that of
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Wanabutm (59) and Daum (62}, and separation aight have been
difficult if they had occurred in close assockation.

Forest Resources (2 obs.).—Forest covers 74%; moderate forest
resources, A forest of low stocking rate (Fmsy, 17 sq miles)
goours, Access category IV,

Agricultural Assessment.—No capability for agricultural land use
because of its ruggedness, very shallow, strongly acid soils, and
local rockiness and stoniness. Secil nitrogen contents moderate
to low; phosphate contents very low; potash contents probably
vary from very low to moderate. Rare severe soil water stress in
I0DL2 soils, particularly on lower crests and hill slopes.

Engineering Assessment—As discussed in Mnaio {64}, Waskak
forms part of a “‘bridge” of higher ground, partially linking the
Sepik River at Ambunti with plains to the north, Any road
censituciion along this “bridge” cannot completely avoid this
very rugged land system. Such a road would be best aligned by
cutting into lowermost slopes wherever possible, To aveid an
excessively winding road, deep cuttings through some lower spurs
and passes built across some higher ridges would be needed.
Road-cutting will be more difficult than in Maio (64) because hard
fresh rock may be present closer to land surface, This raises velue
of Waskuk as a source of road metal and construction stone,
Also the gneissic rock occurring in some parts is likely to be more
suitable for construction work than the schist and sapdstone.
Soils are dominantly CL, subdominantly MH, SC; probable
depths are shallow, very shallow subdominant, deep, moderately
deep common.



APPENDIX IV

RELATIONS BETWEEN POPULATION, LAND USE INTENSITY,
AND LAND Use CaPABILITY OF LAND SYSTEMS

By R. H. Fagan,* J. R. McALPINE, T and H. A. HAANTIENST

1. PorurAaTioN AND Lawp USE OF LAND SYSTEMS

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).

II. 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 VII, 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 nse capability groups in which the suitability for
izrigated rice varies irreguilarly, 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 III, is explained in
Appendix 1.

* Department of Geography, Australian National University, P.O. Box 4, Canberra City,
A.CT, 2601,

1 Division of Land Research, CSIRO, P.Q, Box 109, Canberra City, A.C.T. 2601.
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TABLE 22
DISTRIBUTION OF POPULATION AND LAND USE OVER LAND SYSTEMS

Area Land Use Land Use Intensity Class (s¢ miles)
Land System (sq Population Tntensity Very Very
miles) Index High  High Medium Low Low
Infensively used
Madang (1) 1 1060 60 — 08 0-2 — —
Nubia (2) 28 7540 55 - 80  10-9 1-1 05
Romei (22) 3 440 37 — 11 05— 0-3
Moderately used )
Seim (46) 221 16,630 29 — 1-9  128-2 303 40-1
Aitape (55) 7 — 27 — 1-3 22— 0-3
Dreikikir (47) 143 6730 23 — — 390 56-0 26-1
Kaugiak (37) 109 5390 23 — 16-9 27-6 72 37-0
Musendai (32} 45 620 23 —_ 4-8 11-4 6-4 6-1
Lightly to moderately used '
Emul (36) 91 4510 19 — 61 19-7 6-7 27-3
Kabenau (21) 5 560 18 — — 2-2 — 0-3
Lumi (26) 22 510 15 — — 1-6 g-1 2.7
Imbia (54) 39 1400 14 — -— 76 16 13-3
Mambel (48) 230 8960 12 —_ —_ 38-3 47-3 669
Musak (52) 19 620 12 — — 34 19 41
Yindigo (31) 128 6340 i1 0-2 6-7 13:9 20 22-9
Flobum (44) 112 4230 il — — 14-8 i4-5 234

Karaitem (41) 106 2500 nn — — 15-6 86 306

Lightly used

Nuku (51) 193 5550 9 — — 20:6 26-8 276
Sengi (42) 106 1660 9 — — 10-0 33 45-4
Morumu {39} 176 2540 8 — 1-4 16-2 59 36-8
Screw (18) 60 100 8 1-4 2:8 2-7 0-3 27
Asier (43) 106 2560 7 — — 11-7 — 32:3
Po (15) 49 200 7 — g-5 6-2 05 37
Ningil (49) 8 — 7 — — 1-3 — 1-4
Pes (17) 143 1160 6 — 3-9 i34 — 2-5
Minatei (50} 7 510 6 — — — — 4-2
Yilui (13) 48 1380 5 — — 14 4-5 5-9
Nurnoiken (40} 98 1250 5 — — 76 3¢ 15-3
Burui (29) 108 1510 4 — 03 3-6 86 4:1
Maio (64) 45 1960 4 — — 2-8 0:3 5-9
Waskuk (65) 22 600 4 — — 1-6 — 4-2
Papul (19) ’ 62 320 4 — — 39 0-8 39
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TaBLe 22 (Continned)

Area Land Use Land Use Intensity Class (sq miles)
Land System (sq Population Intensity Very Very
miles) Index High High Medium Low Low
Ambunti (20) 5 — 4 — — 0-5 — 0-2
Yassip (38) 33 440 3 — — 05 — 33
Barida (56) 31 130 3 — — 0-9 — 4.8
Panakatan {25) 26 — 3 — — 1-9 — 0-3
Very lightly used.
Wuro (53) 7 210 2 — — 0-6 — —
Sandri (35) 49 — 2 — — 03 — &-6
Murik (3) 9 — 2 — — — —_ —
Palimbai (11) 102 1390 1 1-1 — — — —
Nopa (57) 11 — 1 — — 05 — —
Atitau (33) 7 — 1 — — 0-3 — —
Pandamp (6) 96 210 <1 — 02 — 0-6 ——
Kabuk {9) 30 — <1 — — — 0-5 —
Pandago (10) 215 80 <1 — 0-3 1-1 — 1-4
Nigia (12) 107 — <1 — — 0-2 — —
Misinki {14) 238 — <1 — — — — 30
Nagain (16) 233 360 <1 — - 1-6 — 5-8
Aiome (23) 25 60 <1 — — -3 — —
Patawa (24) 72 390 <1 — — 1-6 — —
Yambi (28) 110 560 <1 — — 0:3 0:8 —
Kworo (30) 113 730 <1 — — _ _— A7
Om (43) 24 - <1 — — — — 1-7
Sulen (58) 80 50 <1 — — — — 1-9
Dossett (34) 4 — <1 — — — — 0-3
Kumbusaki (60) 15 — <1 — — — — 0-8
Mup (61) 1 — <1 — — — — 0-3
Wanabutu (59) 15 — <1 — — — — 09
Unused
Nigre (27) 132 190 — — — — — —
Chambri (4) 21 — — —_ — — — —
Sanai (5) 55 —_ — — —— — — —
Pora (8) 49 — — — — — — —
Kobar (7) 17 — — — — — — —
Daum (62) 17 — — — — — — —
Somoro (63) 111 — — — — — — —

Total 4660 94,340 <3 52 451 249 541
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TABLE 23

PRESEMT LAND USE INTENSITY INDEX AND LAND USE CAPARILITY INDEXES OF LAND SYSTEMS ARRAMNMGED
’ BY LAND USE CAPABILITY GROUP

Present

Land Use Tand Use Land Use Capability Index
Capability ~Land System  Infensity Overall*  Arable Tree  Improved Irigated
Group Index Crops Crops  Pastures Rice
Al Aiome (23) <1 79 70 94 72 11
A2 Nubia (2) 55 78 80 69 86 25

Pes (17) ) 6 73 77 60 23 63
A3 Nagam (16) <1 68 74 32 98 37
Romei (22) 37 66 62 42 85 31
A4 Papul (19) 4 62 60 59 66 32
Ambunti (20) 4 62 58 57 72 41
As Kabenau (21} 18 55 55 40 70 20
Screw (18) 8 51 49 30 T4 48
Bl 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
Wingil (49) 7 39 34 21 62 0
Po (15) 7 38 41 14 58 30
Yilui (13) 5 33 35 13 51 60
Yambi (28) <1 3z 29 16 52 18
B3 Seim (46) 29 32 18 24 52 2
Kaugiak (37) 23 3 17 25 51 0
B4 Karaitem (41) 11 31 17 33 43 0
Minatei (50) 6 3 20 27 47 2
Sengi (42) 9 30 15 40 35 1]
Cl Burui (29) 4 27 21 13 47 15
Mambel (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
Emul (36} 19 21 12 is 36 o
Nuku (51) 9 21 11 14 39 2
Atitaun (33) 1 21 12 22 30 1)
Flobum (44) 11 19 10 16 31 0
4 Yindigo (31) 11 22 15 8 42 3
Misinki (14) <1 21 17 4 42 60
Nigre (27) 0 18 - 14 4 35 39




APPENDIX IV

TaBLe 23 (Continted)

243

Land Use LEE?%;E Land Use Capability Index
Capability Land System  Intensity Overall®  Arable Tree  Improved Irrigated
Group Index Crops Crops  Pastures Rice
Cs Yassip (38) 3 19 9 22 25 0

Morumu (39) 8 i35 6 15 25 0
Sandri (35) 2 15 7 14 24 0
C6 Dossett (34) <1 14 5 18 20 o
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 & 3 15 0
Maio (64) 10 9 3 14 10 1
Kumbusaki (60) <1 8 5 10 10 0
El Numioiken (40) 5 0 6 10 0
Wanabutu (39) <1 5 0 8 6 0
Nopa (57) 1 5 0 8 7 0
Daum (62) 0 5 0 7 9 0
Imbia (54) 14 5 0 5 9 0
Musak (52) 12 4 0 3 8 ]
Pandagot (10) <1 5 4 0 10 46
B2 Palimbai (11) <1 3 3 (] 5 12
Om (45) <1 3 0 3 5 0
Wuro (53) 2 2 0 3 4 0
Mup (61) <1 2 0 3 4 0
Sulen (58) <1 2 0 2 3 0
Nigia (12) <1 2 1 0 5 16
Waskuk (65) 4 1 1} 1 1 0
Murik (3) 2 1 0 0 3 5
Sanai (5} 0 1 0 0 4 23
Pandamp (6) <1 0 0 0 0 5
Kabuk (%) 0 0 0 0 o 5
Kobar {7) 0 0 0 0 0 4
Pora (8) 0 0 0 0 0 4
Chambri (4) 0 0 0 0 0 0
Somoro (63) 0 0 0 0 0 0

* Mean of indexes for arable crops, tree crops, and improved pasturcs.

1 The small areas of Pandago land system accurring in the Sepik flood-plain have been mapped

as land use capability group BE2.
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PLATE 1

Fig. .—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.




PLATE 2
Fig. |.—Murik (3) land system tidal flats; mangrove vegetation, mixed with Nypa palms in north-west.

Fig. 2.—Chambri (4) land system: back-swamp plains; aquatic vegetation, floating grasses, sedge
lands, and fern lands.




PLATE 3

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.




PLATE 4

Fig. 1.—Kobar (7) land system; peaty back-swamp plains; woodland with tall sedge undergrowth.

Fi —Pora (8) land system: peaty back-swamp plains: mid-height forest with an open canopy with
Campnosperma, and with sago palms in the understorey.




PLATE 5

ith stunted sago palm vegetation, and of

ystem wi

Fig. |.—Fan-toe swamps of Kabuk (9) land s

Pandago (10) land system with sago palm vegetation with emergent trees and mid-height forest

with an open canopy and sago palms in the understorey.

Blocked valley swamps of Kabuk (9) land system with sago palm vegetation, and of Pandago

Fig. 2.

(10) land system with vegetation as described above.
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Fig. 1.—Palimbai (11) 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 or understorey.




Fig. 1.—Yilui (13) land system; distributary levee/back-plain complex: village sites, gardens, and
coffee 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 forest with an open canopy
and sago palms in the understorey. Nagam (16) land system; alluvial clay plains; tall forest with
a rather open canopy.




PLATE 8

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.




PLATE 9

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 flood-plains in confined valleys; tall forest with
a rather closed canopy; cane grass on scrolls and lowest terraces; secondary forest in south.




PrLaTe 10

. 1.—Kabenau (21) land system: coastal fan plains and terraces; secondary vegetation, including
grassland, and exploited sago palm vegetation; tall forest with a rather open canopy.

Fig. 2.—Romei (22) land system; colluvio-alluvial fans and aprons derived from limestone; gardens
and regrowth up to medium-aged secondary forest (also on adjacent hills).
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Fig. 1.—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.
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PLATE 12

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.




PLATE 13

Fig. |.—Burui (29) land system: dissected weathered plains; mid-height grassland; secondary
vegetation and exploited sago palm vegetation in most valleys.

Fig. 2.—Kworo (30) land system slumped very low 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.
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Fig. 1.—Yindigo (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.
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Fig. 1.—Atitau (33) land system: very low hilly weathered mountain summit areas; mid-height
forest with a rather dark-toned even canopy.

Fig. 2.—Dossett (34) and Kumbusaki (60) land systems: finely spurred branching steep very low (34)
and very steep high (60) hill ridges on basic igneous rocks; forests with irregular canopies, mid-height
in north, tall and with light-toned crowns in south.




PLATE 16

Fig. 1.—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.
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Fig. 1.—Kaugiak (37) land system: benched to slumped semi-accordant low hill ridges mainly on
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.
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Fig. 1.—Morumu (39) land system: short slumped and spurred steep low hill ridges on sedimentary
rocks: tall forest with a rather open irregular canopy : medium-aged and old secondary forest mainly
in north.

Fig. 2.—Numoiken (40) land svstem; short slumped and spurred steep high hill ridges on sedimentary
rocks: tall forest with a rather open irregular canopy, seral stages on steeper slopes.




PLATE 19

Fig. 1.—Karaitem (41) land system; dissected long slopes with hummocky to low hilly surfaces on
tened sedimentary rocks 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 vegetation in west and south-west.




PLATE 20

Fig. 1.—Asier (43) land system: broad even to undulating steep 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.




1.—Om (45) land system: very irregular slumped and dissected steep low mountain ridges and
slopes on softened sedimentary rocks; mid-height forests mainly with an irregular canopy, includi
seral stages.

Fig. 2.—Seim (46) land system; polygonal pattern of concave slumped peaked low hill ridges on
partially softened mudstone; gardens and secondary vegetation, including cane grass regrowth.
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Fig. 1.—Dreikikir (47) land system: semi-polygonal pattern of 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.
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Fig. I.—Ningil (49) land system: gently sloping undulating dip-slope surfaces bounded by scarps
and ravines; mainly secondary vegetation: tall forest with an irregular canopy with light-toned
crowns in south.

Fig. 2.—Minatei (50) land system: high hill ridges of partially dissected long dip slopes. short outcrop
slopes, and scarps; mid-height forest with an irregular canopy: secondary vegetation, including
large areas of planted sago.
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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.—Wuro (53) land system: very steep sharp asvmmetrical low mountain ridges on tilted
sedimentary rocks: mid-height forest with an irregular canopy and its seral stages.

Fig. 2.—Imbia (54) land system: subparallel very steep sharp spurred high hill ridges with dip-slope
fronts, on tilted sedimenta cks: secondary vegetation, mainly old secondary forest.




Fig. 1.—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; steep convex high hill and low mountain ridges on limestone with
scarps and foot slopes: mid-height forest with an irregular canopy.
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Fig. 1.—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 rocks; mid-height forests, generally with an irregular canopy
and seral stages, but with a dark-toned even canopy on crests.
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Fig. .—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 Casuarina on steepest slopes.




PLATE 29

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.—Somoro (63) land system; very steep massive to angularly spurred sharp mountain ridges
on granodiorite and gabbro: mid-height forests, mainly with an irregular canopy and with seral
stages with Casuarina on frequent landslides.
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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.
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Fig. 1.—Very high land use intensity for subsistence cultivation with near-permanent field boundaries
on terraces of Screw (14) land system. Settlements (broken lines) are on adjoining land systems.
Coflee blocks are indicated by dotted lines.

Fig. 2.—High (@) and medium (b) land use intensity for subsistence cultivation. Dense settlement
in villages (broken lines): many coffee blocks (dotted lines) in the high intensity class.
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Fig. 1.—Low (a) and very low () land use intensity for subsistence cultivation. Moderate to sparse
settlement in villages. 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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