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PART I. SUMMARY

By H. A. HAANTIENS*

I. Lanp SysTeEMS aND GEOMORPHOLOGY

The area surveyed comprises nearly 4300 sq miles between latitudes 5°30° S.
and 6°30' S, in the Territory of New Guinea. Apart from the lower slopes to the
Ramu valley in the north-east, it consists of valleys and hilly uplands between 4000
and 7000 ft above sea level, separated by mountain ranges to 8000-10,000 ft above
sea level, with some higher peaks up to 14,800 ft above sea level.

The 39 land systems recognized and described in this report are natural
landscapes with a characteristic pattern of rock, land form, soil, and vegetation,
which is mappable from aerial photographs at the map scale used. Where sufficient
data are available the land sysiems have been subdivided into units which are
landscape elements of greater simplicity than the land systems, but which cannot
be mapped conveniently at the scale used. The distribution of the land systems,
which range in area from 3 to 1750 sq miles, is shown on a land system map at a
scale of 1:250,000. The reference to this map, in which the land systems are briefly
described and have been grouped according to their geomorphological affinities,
constitutes a summary description of the survey area. Additional maps at a scale
1:500,000 depict the land systems grouped according to dominant lithology;
ruggedness and maximum relief; associations of major soil groups; and agricultural
land use capability.

Based on a complex geological history dating back to Palaeozoic time, the
land systems owe their present form and distribution mainly to strong oropenesis
by block-faulting and up-arching in Plio—Pleistocene time, followed by rapid weather-
ing and sirong denudation (commonly by rotational slumping and landslides) in humid
climatic conditions, and accompanied by the formation of alluvial fans and lake-bed
deposits in the valleys. Pleistocene volcanism was a major land-forming agent in the
western part, whilst Tate Pleistocene glaciation affected the highest mountain summits.
At present the area appears to be in a stage of relative stability.

II. AGRICULTURAIL POTENTIAL

The agricniturgl potential of the arga has been assessed in terms of modern
farming methods such as permanent cultivation of annual crops, tree crop plantation
agriculture, and grazing on improved pastures. The suitability of the land for tradi-
tional indigenous agricultural practices has not been considered: The land use
capability of the area has been basically assessed by placing all land types recognized
into 8 land classes of decreasing level of suitability for agriculture. These classes
have been subdivided into 34 subclasses, indicating the nature of the limiting factors.
The land classes and subclasses are described and are indicated for all land units in

# Division of Land Research, CSIRQ, P.0O. Box 109, Canberra City, A.C.T. 2601,
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Part IV. For a regional synopsis, this information is summarized in the description
of 14 land use capability groups shown on a map at scale 1 : 500,000,

The approximate areas of land of different levels of suitability for modern
intensive agriculture are shown in Table 22 in Part X, Good arable land is scarce, and
this may raise problems in the future in this generally densely populated area. Whilst
there is much room for expansion of tree crop plantation agriculture—a development
which has gained momentum for arabica coffee and tea since 1955—there is a clearly
larger potential for catfle grazing on improved pastures, particularly since climatic
conditions appear to be very suifable for this form of land use. Reclamation of
poorly drained and swampy land could significantly increase the acreage or the
productivity of land suitable for agriculture, with proportionally the greatest increase
in the potential for arable cropping. Such reclamation has already begun in several
basins,

Frosion hazards and difficult topography, in places together with shallow
soils, are the major limitations for agricultural development. On fiatter land, land
use capability is commonly reduced by poor drainage and/or physically poor soils.
Stoniness and flood hazards are only locally significant limitations. Climatic con-
ditions determine in a general manner the range of crops that can be grown, but
strongly limit this range above 7000 fi altitude although certain specialty crops
{pyrethrum, vegetables, berries) are well adapted to the climate at elevations of
70009000 ft. Plant nutrient deficiencies have not been taken into account in the
land use capability classification. Potash and probably sulphur deficiencies appear
te be the most comimon for tree crops, whilst phosphate deficiencies are likely to be
commlon for annual arable crops. Whilst crops have probably rarely failed because
of nutrient deficiencies, some large yield increases due to fertilizer application have
been reported, and it seems likely that in most cases sustained production over long
periods will require fertilizer application, even of nitrogen which is usually not in
short supply in virgin soils, as a normal management practice, Differences in the
chemical composition of soils can be considerable and are discussed in Part V1.

ITI. ForesT RESOURCES

For the purposes of this inventory, commercial forest is defined as having a
minimum of 3000 super ft per ac of standing timber from trees more than 5 ft in
girth, nsing a fornr factor of 0-5, and without making allowance for internal defect.
Eight types of commercial forest have been described and their distribution is shown
on a map at scale 1 : 250,000, These types include 12 sq miles of lowland hill forest
at an approximafte stocking rate of 10,000 super ft, 65 sq miles of irregular lowland
hill forest at 3000 super ft, 470 sq miles of mixed lower montane forest at 9000 super
ft, 480 sq miles of degraded mixed lower montane forest at 3000 super ft, 290 sq miles
of mixed-beech forest at 9500 super ft, 40 sq miles of beech forest at 11,000 super ft,
145 sq miles of beech—mixed forest at 10,500 super ft, and 8 sq miles of stunted beech—
mixed forest at 3000 super {t. In addition, non-commercial montane forest covering
105 sq miles has been described and mapped because of its importance for watershed
protection.

To assist in the assessment of timber extraction problems, the land systems
have been divided into three access categories: I, land on which the proportion of
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slopes under 10° is greater than or equal to the proportion of slopes over 10°; II, land
on which the proporiion of slopes under 30° is greater than or equal to the proportion
of slopes over 30°; IM, land with dominantly slopes over 30°. The distribution of
forest types over access categories and land systems is given in Table 16 in Part VIIL.

IV. CLivATE

At altitudes of 5000 ft and higher the climate approximates the moist temperate
or mesothermal climates of higher latitudes, but differs from these in its very restricted
annual temperature range. Monthly mean temperaturs varies by only 4 degF and
decreases approximately 3 degF with every 1000-ft increase in elevation from an
average of 65° at 5000 ft. Ground frosts occur with increasing frequency above
6000 ft above sea level.

Regionally, rainfall distribution is controlled by the seasonal latitudinal
movements of two major surface air masses: the perturbation belt of westerly-moving
vortical circulations to the norih (north-west season) and the south-east trade wind
belt to the south (south-east season), which are separated by the intertropical con-
vergence zone, The perturbation belt dominating the weather from December to
March reaches a sufficient altitude to enter the area, resulting in high rainfail during
this season. Converscly, the south-cast trade winds dominant from May to October
generally reach insufficient height to pass over the mountain barriers, leaving the
weather, particularly in the eastern part of the area, dominated by dry zonal easterlies.
The resulting seasonality in rainfall, nowhere pronounced and tempersd by long
transitional seasons, gradually decreases from east to west with a corresponding
increase in annual rainfall in this direction. Local circulations, promoted by the
large topographical differences, dominate the weather in the south-cast season and
remain important during the north-west season. Mean annual rainfall, measured
at 14 stations over periods varying from 5 to 24 years, ranges from 68 in. at Henganofi
in the east to 106 in. at Kuta in the west. Annual variability is characteristically
low and ranges from 11 to 17%,. Daily falls over 4 in. have not been recorded and
falls over 2 in. are uncommon. On the other hand there are approximately twice as
many rainy days as rainless days and rainy periods up to 44 days have been recorded.
Annual evaporation at about 5000 ft is calculated to be about 42 to 51 in., and serious
soil moisture stress occurs only rarely during the dry season in the driest part of the
area. Mean annual relative humidity is about 87 % at 0900 hr and 57-67 % at 1500 hr.
Mean annual cloud cover recorded at Goroka and Mownt Hagen is 6 to 7 on a scale
of 0-8, and mean annual sunshine recorded at Aiyura is 1850 hr. There is relatively
little monthly variation in all these climatic factors,

V. POPULATION AND LAND UsE

The area comprises the most populated parts of the New Guinea highlands.
Over a length of 200 miles and an average width of 50 miles, these highlands contain
almost half of the total population of the mainland of the Territory of Papua and
New Guinea. In 1962-63, the indigenous population of the survey area was 354,000,
amounting to an overall population density of 80 per sq mile, and to 190 per sq
mile on land used. Locally, the population density reaches 500 per sq mile on land



10 H. A. HAANTJENS

used. About 39 of the indigenous people live in the major towns. In 1966 the
non-indigenous population was 4100, of whom 44 %, live in the major towns. The
distribution of the population over the land systems is given in Part IV, and the
distribution over the area as a whole may be inferred from the distribution of the land
usc intensity classes on the land use map. The annual growth rate varies between Q-3
and 1-2%.

The indigenous people are mostly engaged in subsistence cultivation but there
is increasing emphasis on cash cropping., In 1963-64, 8000 indigenous persons were
employed outside the area, mainly as recruited labour, whilst 10,000 were employed
within the arca, 3000 of whom came from outside. The non-indigenous inhabitants
are engaged in government, plantation, mission, and commercial work.

There is evidence that habitation dates back to at least 10,000 years B.P., whilst
fairly elaborate agricultural techniques were already in use at least 2300 years B.P.
The main staple crop is sweet potiato, thought to have been introduced 400-500 years
ago. Many other crops are also grown in subsistence cultivation, including recently
introduced vegeiables. Present settiement patterns vary from disperse, particularly
in the western part and in rugged areas with low land use intensity, to nucleated in
villages, particularly in the eastern part and on more gentle topography with high
land use intensity.

The subsistence cultivation cycle ranges from long-fallow to almost permanent,
short-fallow cropping systems. In the first case, the fenced-in gardens tend to be
scattered, in the second they tend to be aggregated into complexes up to 3 sq miles
in size. Many different types of land are used, ranging from poorly drained bettom
land to slopes over 40°. Subsistence crops are generally grown below 8000 ft altitude.
Garden beds are commonly prepared with a rectangular grid of shallow trenches or
by making circular mounds. In the west this technique also includes composting.
Gardens are prepared at a rate of 0-2-0-6 ac per head per year, with a median of
0-3 ac. The distribution of subsistence cultivation in 1955 is shown on the land use
map by three main classes of land use intensity. Areas with intensive land use (> 75%
anthropogenous vegetation of which > 20% is in current use} cover 251 sq miles;
areas with moderate land use (> 509% anthropogenous vegetation of which 5-20%,
is in current use) cover 1176 sq miles; areas with light land use (<2 50% anthropogen-
ous vegetation of which << 5% is in current use) cover 397 sq miles. Large agglomer-
ations of gardens are indicated separately on the map. Induced disclimax short
grassland has been mapped as a separate ca‘tegory to indicate the major areas of past
land use. There is little correlation between the exfent and intensily of subsistence
cultivation in the land systems and their land use capability rating for modern
permanent agriculture. Differences in land use intensity and population distribution
in six suites of areally associated land systems are described and illustrated by
Figures 10-14 in Part IX. These suites are: Goroka fan suite, Minj fan suite,
Bena-Kainantu hill suite, Chimbu hill suite, Hagen volcanic suite, and Wahgi alluvial
suite.

According to figures published in 1967, cash cropping by indigenous persons
includes 30,000 ac of arabica coffee, of which 35-50%; is not yet bearing (production
5800 tons); 1500 ac of tea (not yet producing); 1000 ac of pyrethrum (production
160 tons); and 540-tons of passion-fruit pulp and juice. This commercial production
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takes place on small plots closely associated with subsistence cultivation. Most coffes
is processed in large cooperative factories. Commercial production by non-indigenous
lessees occurs on 208 holdings, mainly in the Goroka—Henganofi and Wahgi valley
areas. These include 10,500 ac of coffee (1965-66 production 3500 tons), 5000 ac of
other crops, mainly sweet potato, and 6000 ac of improved pastures (5600 head of
cattle). Recenily 16,000 ac in the western Wahgi valley have been opened up for
tea planiations. Coffee yields average 965 lbfac in the western part of the area and
1155 Ib/ac in the castern part. Maximum yields obtained are up to 3360 Ibfac. The
distribution of non-indigenous holdings is well correlated with the agricultural land
use capability ratings of the land systems.

VI. Somws

Fourteen major soil groups and one group of miscellancous land types have
been recognized. Thirteen of the major groups have been subdivided into 37 soil
families. These have been tentatively correlated with subgroups and great groups
of the 7th Approxiination soil classification system of the U.S.D.A. Scil Conservation
Service. Associations of major soil groups are shown on a map at scale 1 : 500,000.
The major soil groups are described in alphabetical order, and the constituent soil
families are described with each major group.

Humic brown clay soils are largest in extent and arc found throughout the
area in well-drained positions on relatively stable slopes between 3000 and 9000 fi.
They are particularly well developed on voleanic ash plains and slopes and on some
alluvial fans. Because of widespread slope instability various kinds of colluvial
soils (regosolic soils) are common, particularly on hills and mountains, Since rocks
are generally deeply weathered, lithosols are relatively rare. In comparison with
other parts of New Guinea alluvial soils are also uncommon. On swampy flood-plains
they are associated with organic soils. Organic soils also occur in depressions in the
ash. plains in the wetter western part of the area and are common on the very wet high
mountain summits where they occur as alpine peat and humus soils, locally associated
with rock outcrop. At the other end of the spectrum a small area of black earths
(grumusols) oceurs on volcanic rock in the driest part of the avea. Similar, but very
shallow, black soils (rendzinas) are related to limestone parent rock rather than to
climate, and are commonly associated with deeper reddish clay soils. Such strongly
weathered humic brown and red latosols occur also on other rock types but are
comparatively uncommon. This appears to be due partly to the prevalence of
unstable slopes, since they occur mostly on more gentle stable slopes, and partly to
climatic factors, since they are virtually absent above 7000 ft above sea level.
Impeded drainage is an important facter of soil formation, particularly in the valley
lands on alluvial fans, terraces, lake deposits, and on mudstone hills. It has resulted
in the development of strongly weathered meadow podzolic soils and lateritic or
gleyed latosols and of less weathered meadow seils and gleyed humic brown clay seils.

The soils have mosily high organic matter and nitrogen contents (generally
3-10%, organic carbon and 0-2-0-9% N), which increase from east to west and
with altitude owing to increasingly wet conditions. Although the soils are mostly
acid to strongly acid there are notable exceptions (pH around 6-5), particularly in
allyvial soils and meadow soils but also in more weathered soils. However, only the
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black earths and rendzinas have consistently ncar neutral reaction. Although total
phosphate contents are generally high (1000-3000 p.p.m.), available phosphate is
commonly very low except in the alluvial soils and some meadow soils. Exchangeable
potash contents vary considerably but are rarely high. The variation appears to be
correlated with parent rock rather than with kind of soil. Many seils have the
peculiarity that their clays are difficult to disperse. In the volcanic ash soils particu-
larly, this is probably due to the presence of allophane. Kaolin and metahalloysite
and in some cases gibbsite are the dominant clay minerals, and commonly occur in
a poorly crystalline form. TIllite is less common but together with monimorillonite
dominates the clay composition of the black earths and probably the rendzinas.

VII. VEGETATION

Apart from alpine grasslands above 12,000 ft above sea level, relatively small
areas of Phragmites swamp, and probably also small areas of sedge bog in the valleys,
the whole area was most probably originally covered with rain forest. This forest
shows a marked response to climate in its structure and floristics, resulting in distinct
altitudinal forest zones. Tall, structurally complex, and floristically very mixed lowland
rain forest occurs below 3000 ft on the north-eastern slopes to the Ramu valley.
It merges into lower momntane rain forest of shightly lower stature and complexity.
This forest is usually of mixed composition and in places rich in conifers, but may
be dominated by oaks {Casfanopsis, Lithocarpus) between 3000 and 7500 ft or by
southern beech (Nothofugus) between 7000 and 9000 ft. At 9000-10,000 ft such forest
merges into montane rain forest, which in turn gives way to subalpine forest and scrub
which penetrate the alpine grassland in sheltered habitats.

In most of the valleys and hilly uplands the forest vegetation has largely
disappeared as a result of clearing for shifting cultivation and subsequent burning
of the grass vegetation encroaching upon the agricultural land. Of the oak forest in
particular, only small remnants remain. The grasslands form a succession, apparently
controlled partly by the frequency and duration of burning and partly by edaphic
and climatic factors, Miseanthus sword grass and shrub regrowth is a tall community,
developing quickly after land clearing and persisting longest in the wetter arcas and
on the beiter land. It is replaced by disclimax short grassland of the Capillipedium
and Themeda type which is most extensive in drier areas and on poorer land. Gener-
ally forest clearing has proceeded fo a maximum altitude of 8000 ft, since the yield
of the traditional agricultural crops falls off rapidly at this altitude. As a result of
the intensive interference by man, the vegetation of many lower parts of the area
forms a mosaic of grassland, gardens, groves of planted trees, remnant and secondary
forest, and a mixed vegetation of trees, shrubs, and tall cane grass along streams.
These vegetation types are locally associated with small and large areas of swamp
vegetation. In some areas, particularly the Baiyer and Wahgi valleys and in the east,
the grasslands are extensive and almost unbroken.

Twenty-two vegetation communities have been recognized and described.
They have been grouped into 11 broader categories. No vegetation map has been
prepared but a reasonable picture of the distribution of the common communities
can be obtained from the combined forest resources and land use map at the scale
1:250,000.
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PART II. INTRODUCTION

By J. R. McALPINE* and H. A, HAANTIENS®

1. Tue SURVEY AREA

{a) Location

The area comprises slightly less than 4300 sq miles, including a gap in the
aerial photography in the east but excluding an area of overlap with the Wabag—Tari
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Fig. 1.—Location of the Goroka—Mount Hagen area showing major rivers and towns, the main

road from Lae, and the location of adjoining and nearby survey areas.

area in the west. It is situated in the Trust Territory of New Guinea, between
144°00' BE. and 146°05 E. and 5°30" 8. and 6°23' S. (Fig. 1). The area comprises most
of the eastern half of what are known as the Central Highlands of New Guinea.

* Division of Land Research, CSTRO, P.0. Box 109, Canberra City, A.C.T, 2601.
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It is largely between 4500 and 10,000 ft in elevation, but descends steeply to less than
1000 ft along the Ramu River in the north-east and rises higher than 10,000 ft in
several peaks, the bighest of which is Mt. Wilhelm (14,793 ft) (McVean 1968). In the
west the area borders on the Wabag-Tari arca which was surveyed in 1960 and 1961
{(Perry et al. 1965). In the north-east it borders on the Gogol-Upper Ramu area,
surveyed in 1956 and described in an unpublished report.¥

(by HistoryT and Government

Extravagant speculation and bogus accounts of adventurers during the
nineieenth century pictured the central highlands of New Guinez as being populated
by people of materiaf wealth, By the early twentieth century, the area was considered
to be one of unrelieved ruggedness with only a very Light, if any, population. Ignoring
Detzner’s unsubstantiated claims of 1916 (Souter 1963}, the truth was not revealed
until the late 1920s and early 1930s when the search for gold and souls and the
concomitant need to establish the Pax Britannica led to the exploration of the area.
The highlands were found to contain fairly broad and densely populated upland
valleys.

The first European contact came from the east during exploration trips by the
gold prospectors Rowlands, Dwyer, and the Leahy brothers. Almost simultancously,
missionarics from Madang entered the area from the north along the Chimbu valley.
In 1932, the Leahys established a base camp and airstrip at Bena Bena to improve
access to their gold claims. From here they explored westward, in company with
J. Taylor, a government officer, as far as Mtf. Hagen where another airstrip was
constructed. This system of exploration on foot and subsequent leap-frogging by
airstrip construction formed the basic pattern for most later exploration, contact,
and control in the highlands,

During the 1930s, government stations were opened at Kainaniu (Ramu police
post), Bena Bena (which later was shifted to Henganofi), Kundiawa, Gogme, and
Mount Hagen (which was unmanned from 1934 to 1938)., Goroka was not established
until 1939. Exploring missionaries either preceded the government and gold miners
or followed them closely. In this initial contact period they also established many
permanent mission stations, and in the west these predated the government posts.
Souter (1963) provides a useful and easily accessible source of information for this
period of New Guinea history.

During this early contact period, the area had its administrative headquarters
on the coast at Salamaua and formed part of the Morobe District. During World
War II, the area was administered by the military Australian New Guinea Adminis-
tration Unit and was used to a small extent as a rest centre and provider of fresh
vegetables. Civilian administration was resumed in 1946 and Goreoka became the
administrative centre for the highlands. Shortly after, the area was divided into the
Western and Eastern Highlands Districts, with headquarters at Mount Hagen and
Goroka respectively. In the first decade after the war full administrative control was
established in the area surveyed, although the outliers of the two districts were still

* Lands of the Gogol-Upper Rami area, New Guinea. CSIRO Aust. Div. Land Res.
- Reg. Surv. divl Rep. 57/2, 1957 (out of print).
T Prehistory is dealt with in Part IX.
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uncontrolled and some areas not even contacted in the mid 1950s. In 1967, the
densely populated Chimbu area was made a separate district with headquarters
at Kundiawa.

Each of these districts contains a number of subdistricts (Fig. 2) and these in
turn are divided for administrative purposes into census divisions. Over and above
this administrative arrangement almost the whole area is now covered by local
government councils, a form of representative government with gradually increasing
local financial and administrative responsibilities.

European contact has also resulted in the creation of towns along the valley
floors. The main towns from east to west are Kainantu, Goroka, Xundiawa,
Kerowagi, Minj, and Mount Hagen (Anon. 19674).
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Fig. 2,—Administrative divisions. District boundaries are shown by heavy broken lines, district

headquarters indicated by large dots. Subdistrict boundaries are shown by light broken lines,
subdistrict headquarters indicated by small dots,

(c) Transport

As stated above, the role of aircraft was of considerable importance in the
early exploration of the highlands. After World War II, government control and
economic development were just as dependent on air transport for both internal
and external communications.

Six main airstrips, capable of handling DC3 aircraft, were built at Kainantu,
Goroka, Nondugl, Minj, Banz, and Mount Hagen soon after the war. Between
these places numerous other landing grounds for light ajrcraft were constructed by
the government, missions, and commercial interests. The resuli was the creation,
in the major valleys, of the densest network of airstrips in New Guinea (Fig. 3).
The isolation of the area from the coast was an important factor in this reliance on
air transport, even when the local road network was developed. Tnitially, the major
external air connection was to Lae, but this soon passed to Madang largely because
this town is nearer and more centrally located (Fig. 1). Thus nearly all imported
goods came to the highlands by air from Madaung and local produce (e.g. coffee)
was flown out. An indication of the magnitude of air transport is given by the fact
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that for the financial year 1965/66, approximately 30,000 short tons were air-freighted
from Madang to the highlands {Anon. 19675). Internal highland movements of
freight and passengers were proporttonately as large.

At the same time that airstrips and services were being extended an internal
road network was being developed. Initially, construction was by local hand labour
but later road construction plant was increasingly used. The first motor road was
construcied from Goroka to Kainantu during the war and extension of the road
network is still taking place. Bacli road system was commenced from a central air-
strip but from the mid 1950s these separate systems were linked up, making through
traffic possible. Af the same time, the area was connected with Lae by a dry-weather
four-wheel-drive road (Fig. 1). By mid 1966 over 2200 miles of road had been con-
structed (Fig. 3), of which 1300 miles were suitable for heavy to medium traffic
{Anon. 19675).
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Fig. 3.—Vehicular roads according to data provided by Department of Pablic Works, Port Moresby
and airstrips, 1967 situation.

By 1967 the road from Lae had been upgraded to all-weather heavy-duty
standards at least as far as Goroka. Thus, for the first time external road transport
could compete with air services. As a result dependence on aircraft for moving goods
in and out of the area has decreased markedly, but passenger traffic is still dominantly
by air. The road link with Lae has greatly reduced the predominance of Madang as
an external supply port; but whilst Lac now has an advantage over Madang in the
central and eastern sectors of the area, this is hardly the case in the more distant
western district. A direct road link from Mount Hagen to Madang is being considered
to give the west a shorter outlet to the coast and simultaneously to open up the
Madang hinterland, including the Ramu valley.

1. TeE LAND RESOURCES SURVEY

(a) Aerial Photographs and Maps

With the exception of a gap in the eastern part, the area is covered by vertical
aerial photos taken by Adastia Atrways Pty. Ltd., mostly between July and September
1955, but in September and November 1956 in the eastern part and in June 1959
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in the north-western corner. The photos were taken from a height of 25,000 I, but
as a result of the great variations in altitude within the area the photo scale varies
from 1 : 40,000 in the valleys to 1:20,000 on the summit of Mt. Wilhelm. A base
map, at a scale of 1 : 250,000, mainly showing stream patterns, was prepared for this
survey by the Division of National Mapping, Department of National Development,
Canberra. Inadequate ground control has of necessity resulted in some loss of
accuracy. Photo interpretation boundaries were transferred from the aerial photios
to this base map with the aid of a Grant projector.
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Fig. 4.—Field traverses and soil-sampling sites of the survey team.

(h) Field Work

The field work for the survey was carried out between June 22 and October 17,
1957, by a team consisting of a geomorphologist, pedologist, and plant ecologist,
assisted by a transpori officer and several indigenous field assistanis. Dafa were
collected at nearly 800 observation sites, located along the traverse lines, shown in
Figure 4. Traverses were made in Land Rovers along all existing roads, which were
also used as base lines for the shifting of base camps from which traverses on foot,
lasting from one to seven days, were made into the more isolated parts of the area
using locally recruited carriers for the transport of equipment and food. Concurrently
with the main team, a forest botanist and botanical collector made a separate
investigation of the principal commercial forest types in the area. The forest survey
as well as the work of the plant ecologist has benefited greatly from the resulis of a
botanical survey conducted in the area in 1956 by Dr. R. ID. Hoogland, plant taxono-
mist, and Mr, R. Pullen, botanical collector, both of the CSIRO Division of Land
Research. Mr. J. R. McAlpine revisited the area in 1965 and 1967 to collect informa-
tion on population figures and present land use.

(c) The Report
This report replaces an interim report* that has been unavailable since 1965.

#* Lands of the Goroka—Mount Hagen area, New Guinea. CSIRO Aust. Div, Land Res,
Reg. Surv, divl Rep. 58/1, 1958 (unpublished),
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Although survey techniques have improved in the intervening years, no attempt
has been made in this report ai a wholesale re-evaluation of the primary data collected
during the survey or of the original photo interpretation. The differences between this
report and its predecessor consist essentially of additions and editorial changes.

To bring this report in line with the published report on the adjoining Wabag—-
Tari area (Perry er al. 1965}, it was necessary to carry out some remapping along
the western margin and to alter the names of some land systems to those of the same
land systems in the Wabag-Tari arca. The western margin of the Goroka-Mount
Hagen map slightly overlaps that of the Wabag—Tari map, and where boundaries
do not correspond entirely those on the averlap may be considered the more reliable.
Changes in the names of vegetation communities have also been introduced for the
sake of uniformity with the Wabag-Tari area, whilst a table has been prepared to
correlate the soil families of both areas.

The area covered in this report is larger than that covered by the interim report.
The inclusion of the Baiyer River valley area in the north-west, made possible by more
recent aerial photography, and the extension of the mapping to the limits of the
photographic coverage in the Kubor Range area have had the effect of making the
area, a more natural unit,

Some mapping deficiencies in the interim report were so obvious that they had
to be rectified. The most important of these is the split of the original Ogelbeng
land system into four new land systems: Teiga, Ogn, Nunga, and Tari. The assistance
given by Mr. J. G. Speight, CSIRO Division of Land Research, in carrying out this
remapping and in providing skeleton descriptions of the four new land systems is
gratefully acknowledged. Further alterations are the remapping of part of the
former Hagen land sysiem (now Nemarep land system) as Birap land system, the
transfer of unit 5 of the former Astelia land system (now Giluwe land system) to
Wilhelm land system, and the remapping of unit 9 of the former Ogelbeng land
system, together with small paris of other land systems, as Lai land system, As a
result of these modifications the number of land systems has increased from 32 in
the interim report to 39 in this report.

Parts I, III, V, and IX are additions to the interim report. The text of the
introduction and the land systems has been greatly revised, and up-to-date references
have been added throughout the report.
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PART III. GEOLOGIC AND GEOMORFHIC HISTORY OF THE
GOROKA-MOUNT HAGEN ARFA

By H. A. HaanTiEns®

1. INTRODUCTION

The following brief account is given to provide background information and to
assist the reader in assessing the significance of the land system and the lithology
maps discussed in Part IV, ,

The geology of most of the area has been described by Rickwood (1953),
McMillan and Malone (1960), Dow and Dekker (1964}, and Dow and Plane {1965).
Much of this information was not available when the CSIRO survey was carried out.

II. PrRE-PLEISTOCENE (GEOLOGY

The oldest rocks in the area are Palacozoic metamorphics, predominantly
schists, which were intruded by large bodies of granodiorife (Wilhelm, Bismarck,
Kubor, Yonki, Kwongi land systems). The intercalation of altered coral limestones
with the schists suggests a reef environment of deposition (Dow and Dekker 1964).
In the Mt Wilhelm massif and the western Kubor Range (Plate 1, Fig. 1) the
intrusive rocks are not overlain by the metamorphics. This suggests that the latter
were removed here by erosion, thus atesting to the existence of some land masses in
the distant past. Whilst Dow and Dekker (1964) indicate a Triassic to earty Jurassic
age for the Bismarck granodiorite, Rickwood (1955) found cappings of Permian
limestone overlying granodiorite in the west, schist in the east of the Kubor Range.
Since this limestone includes basal arkose sandstone derived from granodiorite
in the west, and contains schist fragments in the east, he concludes that the Kubor
intrusions took place in pre-Permian time. Whilst these Hmestones suggest that the
Kubor land mass was submerged during the Permian time, the great gap in sedimen-
tation during the Triassic and Lower Jurassic suggests that it was again a land mass
in those eras. Similarly, McMillan and Malone (1960) present evidence that at least
part of the Bismarck Range was land during the Mesozoic and Tertiary.

Rickwood (1955) and Dow and Dekker (1964) report uninterrupted marine
deposition from Upper Jurassic to Lower Miocene time. Since the Upper Jurassic
rocks increase in thickness to the east and north, and progressively younger reef
limestones are found from east to west, Rickwood (1955) suggests progressive trans-
gression of the sea from the east and north, resulting in submergence of the Kubor
Range except for its western part. Similarly Dow and Dekker (1964) consider that
the western Bismarck Range formed a eugeosynclinal depression after the Lower
Jurassic, with its axis along the north side of the present Wahgi valley. According to
these authors, there was a nearby shelf in the Wahgi valley area, as evidenced by the

* Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601.
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presence of reef limestone and coarse clastic sediments. These thick sequences of
marine Jurassic to Miocene sedimentary rock, ranging from shales to coarse grey-
wacke, tuff, and limestone, are dominant in Ambum, Koge, Pira, Elimbari, Korambogl,
Kumun, Womei, and Okapa land systems (Plate 1, Fig. 2; Plate 2). By contrast, large
amounts of terrestrial Miocene sediments (Daulo volcanics) were laid down in the
castern part of the area (McMillan and Malone 1960) where they form Limisate
(Plate 11, Fig. 2) and paris of Bismarck and Okapa land systems. This change from
marine to terrestrial sedimentation is reflected in the west by leaf fossils in Miocene
sediments, evidence of the presence of land masses (Rickwood 1955).

Whilst the sirong orogenetic movements responsible for the present topographic
situation may thus have been initiated in the Miocene, resulting in relatively large
land masses separated by narrow seas, there is evidence that the major uplift took
place in late Pliocene and early Pleistocene times. Rickwood (1955), for instance,
reports Pliocene marine deposits having been folded together with older rocks during
subsequent uplift. The orogenesis was accompanied by much folding and faulting
and the formation of horsts and grabens, such as the Wahgi and Goroka valley
depressions. Korambogl, Womei, and Kumun land systems (Plate 2, Fig. 1) occur
in such down-faulted areas and thus have lower relief than neighbouring up-faulted
areas of the same rock (Plate 10, Fig. 1). McMillan and Malone (1960} report
increasing amounts of uplift from SE. to NW. (Mt. Wilhclm massif). In the western
part of the area, Rickwood (1955) suggests a system of roughly parallel WNW .-trend-
ing anticlines and synclines, with up-arching of the Kubor granodiorite resulting in
tilting, fracturing, and erosion of the overlying Permian limestone of which only
remnants now remain (Oga land system). These anticlines have gentle northern
and steep southern flanks, which developed into the Bismarck and Chimbu fauit zones
on the southern margins of the Bismarck Range. In the east, McMillan and Malone
(1960} distinguish two NW.-trending fault groups, parallel to the main structural
trend and with steep NE. dips: the Asaro fault south of the Goreka valley and the
Bundi-Imbrum fault along the NE. flank of the Bismarck Range. Displacement of
alluvial fans in the Goroka valley indicates that the Asare fault group is still active.

II1. GEOMORPHOLOGY

The geomorphological history of the present landscape is almost wholly
related to this orogenesis and to later events. It is suggested, however, that the
accordant hilly summit areas in the Bismarck Range (Kwongi land system}, and
possibly also the hilly uplands of Okapa Iand system (Plate 2, Fig. 2), are remnants
of the probably late Miocene to early Pliocene landscape as it existed before the
major uplift. These surfaces gradually increase in altitude from SE. to NW., support-
ing the observation of McMillan and Malone (1960) of increasing uplift in this
direction. Similar remnant surfaces do not exist in the western part of the area
(unless Oga land system can be so considered), but they again become conspicuous
further west as Nop and Silim land systems in the Wabag-Tari area (Perry 1965).
It is also possible that one or two voleanic necks in Okapa land system and a crater-
like feature in YonkiIand system are remmants of a late Mioceae or Pliocene landscape
in the east.
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The great increase in relief energy resulting from the orogenesis promoted
vigorous down-cutting of the streams., This process was aided by the high rainfall,
which led to a dense network of perennial streams and to rapid disintegration of
rocks, particularly the granodiorite, by weathering, Probably because of the
protection afforded by the rain forest vegetation, weathering was generally able to
keep pace with erosion, as evidenced by the thick regoliths on all but the steepest
slopes. These mantles of unconsolidated material probably provide favourable
conditions for landslides and slumps, which are characteristic for many slopes in
the area.

During this same period voleanic activity became a major land-forming factor
(Plate 3) in the west of the area (Giluwe, Ialibu, Doma, Nemarep land systems).
Rickwood (1955) indicates that the lava, agglomerate, and ash were poured out over a
rugpged landscape, similar to the present one. The gorge of the Lai River, just west
of the area, was apparently well established before the major eruptions, filled with
volcanic debris from Mt. Hagen, and in places later excavated to its original shape
by erosion. This is evidence that the major volcanism began well after the initiation
of river down-cutting, and therefore cannot be earlier than Pleistocene.

A third important geomorphic event was the Pleistocene glaciation (Plate 4,
Fig. 1) of the highest mountain peaks; Mt. Wilhelm and Mt. Herbert (Rickwood
1955), Mt. Hagen and Mt. Giluwe volcanoes, and several peaks in the Kubor Range
(Wilhelm and Giluwe land systems). Relicts of only one glaciation have been
observed and these are extremely well preserved (Reiner 1960). This indicates that the
area has been affected only by the last major glaciation, that the main voleanic centres
were extincet by that time, and that the peaks of the Bismarck and Kubor Ranges may
have escaped earlier glaciation simply because they had not then reached a sufficient
height. This would support the suggestion that the major uplift is a very recent
event in the geological history and agrees with observations of Verstappen (1952,
1960) in the Nassau and Star Mountains, West Irian, Conversely, comparisons of
the Pleistocene and contemporary snow lines {Reiner 1960) show that there could not
have been significant net gain or loss in height of the ranges since the late Pleistocene.

The dissection and down-wearing of the ranges and the volcanic activity had
profound effects on geomorphological development in the valleys. Large alluvial
and colluvial fans were formed (Moruma, Goroka, Minj, Omahaiga land systems
(Plate 4, Fig. 2; Plate 11, Fig. 1)), and lacustrine beds (Plate 5, Fig. 1) were laid down
in the more stable castern parts of the area (Abiera and Aiyura land systems). Dow
and Dekker (1964) attribute the deposition of fanglomerates in the Ramu valley
north of the area to the glaciation of Mt. Wilhelm and Mt. Herbert. Although
glaciation and -periglacial processes may have contributed, it would appear that on
the whole these sources of detritus were of little significance in comparison with the
quantities of material made available by down-cuiting streams (cf. Bik 1267).

The large supply of voleanic material caused the formation of the large ash
plains of Teiga and Nunga land systems (Plate 5, Fig. 2) and hill ridges of agglomerate
and lava {Ogu land system). There was subsequent partial redistribution of volcanic
ash in mud flows and by stream action (Tari land system). Minor volcanic activity
continued into the Recent period, mainly in the form of lava and scoria cones and
explosion craters (Birap land system). Voleanic deposits blocked the Gogimp and
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Kaugel valieys (Plate 6, Fig. 1), probably causing temporary lakes which were rapidly
filled with alluvium, ash, and peat (Winjaka, Tambul land systems). Major rivers, such
as the Kaugel, Nebelyer, and Baiyer, were able to restore normal drainage conditions
by rapidly cutting gorges {FL.ai land system) in the poorly consclidated deposits (Plate
5, Fig. 2).

Of particular interest appears to be the history of the Wahgi River, the largest in
the area. Thereis evidence that it replaces an earlier river, draining the Wahgi valley in
the opposite direction, from east fo west, into the Sepik system through the Baiyer
River valley and gorge. The base of the Wahgi valley has an east-west gradient, with
consolidated rocks forming the valley floor in the east (Korambogl land system).
The present valley floor is almost level, due to the deposition of alluvium of decreasing
age from east to west (Minj, Banz, Kinjibi, and Ko land systems). Thus the present
Wahgi River passes through increasingly older deposits, has a meandering upper
course, and increasing gradient and incision down stream. This is the opposite to
normal river behaviour. Whilst the present river breaks out of the valleyina deep gorge
through the mountains, no such obstacles existed at the wide western end of the
valley before the advent of voleanism. The swampiness of the western Wahgi valley
(Wahgi and Ko land systems, Plate 6, Fig. 2) appears fo be caused by blocking by
voleanic debris. This could not have been the case if the area had always been drained
to the east. Itis probable that the reversion of the drainage in the Wahgi valley took
place in two steps: firstly, the capture of an early upper Wahgi in the east by a tributary
of the Chimbu River (there are several instances where a similar type of capture
appears imminent at present); secondly, the blocking of the western Wahgi valley,
probably resulting in the formation of a lake (which may have infiuenced deposition
in Ko, Kinjibi, and Banz land systems) followed by drainage of this lake into the
vigorously down-cutting Chimbu River system. Very similar river captures, resulting
in the southward diversion of originally north-west-draining rivers, have been
suggested by Verstappen and Doets (1950) for the Wissel Lakes and by Verstappen
(1952) for the Baliem River in West Irian.

The slowing down of the uplift, almost to a standstill in late Pleistocene and
Recent times, strongly reduced the sediment supply to the rivers, thus enabling them to
dissect their own Pleistocene deposits. This widespread dissection of the valley fills
proceeded at different tates at different localities in the area, and alternated with
periods of rest and Jocally rencwed deposition to form series of terraces (e.g. Makuntus
land system (Plate 5, Fig. 1)) related to either temporary increases in the rate of uplift
or the formation of resistant nick points in the streams. At present the area appears
to be in a phase of relative stability, with limited erosion, and aggradation restricted
to small areas of Kinjibi, Aiyura, Kaugel, Ko, and Wahgi land systems.
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PART TV. LAND SYSTEMS OF THE GOROKA-MOUNT HAGEN AREA

By H. A. HaaNTIENS,* E. REINER,T and R. G. ROBBINSS

1. INTRODUCTION

The 39 land systems described in this Part and shown on the accompanying
land system map are natural landscapes with a characteristic pattern of rock, land
form, seil, and vegetation (Robbins and Haantjens 1958) which is mappable from
aerial photographs at the map scale used (Haantjens 1965). Although the land systems
are primarily natural, i.e. genetic units (Mabbutt and Stewart 1963), consideration
is also given in their establishment to their land use potential.

Each land system consists of one or more units. These are areas of land with a
particular combination of land forms, soils, and vegetation, and are not mappable
from aerial photographs or at the map scale used. A distinction is made between
simple units, with only one particular type of land form, soil, and vegetation (e.g.
flat terrace surface), and compound units, which have a particular sequence of land
forms, soils, and vegetation (e.g. stecp ridges and parrow valleys). The majority
of the units in this report are compound units. They differ from land systems only in
that they are not mappable because of their very intricate pattern, the absence of
mappable boundaries, or small size. The concept and application of land systems
and land uniis have been discussed in earlier papers by Christian (1952, 1958),
Christian and Stewart (1953, 1968), and Christian, Stewart, and Perry (1960).

I1. GROUPING OF LAND SYSTEMS

Since land systems reflect regional variations in such different aspects of land
as rock type, land form, soil, and vegetation pattern and, as a result of this, also
reflect differences in land use capability, it is clear that they can be grouped in many
different ways. In this report the land systems have been arranged on the land
system map according to differences in gross land form type. Thus this map serves a
double purpose in that it is at the same time a land system map and a geomorpho-
logical map of the area. The geomorphological grouping is twofold: a very broad
subdivision into erosional, constructional, and aggradational land forms, and a
narrower grouping based on slope and relief type and land-forming process. Whilst
such groups are useful in analysing the landscape, they are not clear-cnt and usually
comprise land systems which are transitional to one or more other groups. Other ways
of grouping the land sysfems have been followed in preparing the small-scale maps of
lithology, ruggedness and maximum relief, associations of major soil groups, and

* Division of Land Research, CSIRO, P.0. Box 109, Canberra City, A.C.T. 2601.

1 Formerly Division of Land Researcl, CSIRO. Present address: Nieder Gelpe 13, 5251
Post Kalkkuhl iiber Ingels-Kirchen, West Germany.

1 Formerly Division of Land Research, CSIRO. Present address: Biology Department,
University of Papua and New Guinea, Port Moresby, T.P.N.G.
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agricultural land use capability, Table I has been prepared to facilitate cross reference
between the land system map and the four derived maps. It should be noted that the

TaBLE 1

RELATIGINSIIIPS BETWEEN LAND SYSTEMS AND MAPPING UNITS
ON THE SMALL-SCALE DERIVED MAPS

Mapping Unit Number on Derived Map of
Land System Lithology Ruggedness and Associations of Land Use
Maximum Relief Major Soil Groups Capability

Wilhelm

1 1a 2 14
Giluwe 8 1b 2 14
Kubor 1 la 3 14
Talibu 8 la 3 14
Bismarck 2 2a 7 12
Ambum 4 2b 7 12
Koge 3 2b 8 11
Pira 4 2b 8 i1
Doma 8 2b 5 12
Oga 5 3a 10 9
Elimbari 5 2b 10 12
Suma 5 2c 10 12
Lai 8 2c 5 13
Yonki 1 2c 6 10
Nemarep 9 2c 4 9
Limisate 8 3a 1 14
Korambogl 6 2d 6 9
Abiera 10 3b 13 10
Teiga 9 ib 11 5
Kumun 6 3a 9 7
Womei 7 4b 15 6
Ozu 8 4a 11 10
Winjaka 10 3b 16 9
Kwongi 1 2d 4 12
Okapa 6 3a 9 11
Birap 9 2¢ 11 7
Nunga 9 4b 11 2
Tari 9 5a 12 1
Moruma 10 3b 16 7
Goroka 10 4b 12 2
Minj 10 4c 13 7
Omahaiga 10 ib 11 0
Banz 10 5h 14 4
Kinjibi 10 6 17 4
Aiyura i1 6 18 3
Tambul 11 S5a 20 8
Makunius 10 5b 17 3
Kaugel 10 6 18 3
Ko 11 3] 19 8
Wahgi 11 5] 19 13

separate forest resources and land use intensity map is not derived from the Jand
system map but has been compiled from direct independent mapping on the aerial
photographs.
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Each of the derived maps summarizes the results of the survey on a particalar
subject in an overall picture, the pgeneralization of which is directly related to the
complexity of the particular subject and to the degree in which variability in the
subject has influenced land system mapping. Since gross land form (geomorphology)
has been used more than any other land property in the mapping of land systems, the
derived maps are more generalized than the land system map and for this reason are
presented at a smaller scale. The maps have been produced to enable the report
user to assess rapidly the broad distribution of a number of special aspects of the

1004 C

P i 37,38,39

Non — rugged
1% Yery slightly

. N
Very rugged 7
. \ 7

9 of slopes »34°

Fig. 5.—Classes of rnggedness as defined by percentages of slopes << 107,
10-30°, and > 30°, The approximate position of each land system is shown
by its number.

landscape. Thus agronomists may be particularly interested in the agricultural land
use capability and land use intensity maps which are discussed in Parts X and IX
respectively; civil engineers in the lithology and the ruggedness and maximum
reliefl maps; military men in the ruggedness and maximum relief and the forest
resources and land use intensity maps; foresters in the forest resources and ruggedness
and maximum relief maps; and all these users may obtain useful information from the
associations of major soil groups map.

The limits of the ruggedness classes, expressed in terms of percentages of very
steep (> 30°), steep (10-30°), and gentle {<Z 1G°) slopes, are shown in Figure 5 on
which the approximate position of each system is also plotted.
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ITI. Notes oN LAND SYSTEM DESCRIPTIONS

For most land systems the units have been described in a tabular form and are
listed in order of decreasing size. Some land systems for which very few or no field
data are available have been described in general terms, and no units have been
defined. The areas of the land systems have been determined with the aid of a dot grid
of 100 dots per sq in applied to the 1 : 250,000 map, and excluding the area of overlap
with the Wabag-Tari area in the west. The areas of the units are estimates, arrived at
during field work and photo interpretation.

In the unit descriptions soils are indicated by the name of the major soil group
and the soil family. Further details on these and on the vegetation communities listed
in the unit descriptions may be obtained in Part VI, where the major soil groups are
described in alphabetical order, and in Part VII. The land class and subclass symbols
are explained in Part X, Section II. The relationships between the land systems and
commercial forest types are presented in Table 16 in Part VIII. Similarly, the re-
lationships between the land systems and population and land use intensity are given
in Part IX. The population on a land system is taken as the total of the groups and
villages that occur on it. Land use intensity figures are taken from the data in Part IX,

The drainage classes listed in the soil column of the tabular descriptions are
similar to those described in the Soil Survey Manual of the United States Department of

Agriculture (1951), except that class 5 of the manual has been omitted. They are briefly
deseribed below.,

1. Excessively drained.—Water is removed from the soil very rapidly. It is too
dry for significant periods.

1. Well drained —Water is removed from the soil readily but not rapidly. Iiis

rarely too wet and rarely too dry. There are no indications of gleying or water-table
above 46 in. depth.

I11. Imperfectly drainred—Water is removed from the soil somewhat slowly so
that the soil is too wet for short but significant periods, especially in the subsoil.
Distinct mottling and grey colours occur below a depth varying from 20 to 46 in.

IV. Poorly drained —Water is removed from the soil slowly enough to keep the
soil saturated for long periods, especially in the subsoil. Distinct mottling and grey
colours occur below a depth varying from 9 to 20 in.

V. Very poorly drained.—Water is removed so slowly that the soil remains
saturated for a large part of the year. A shallow water-table is commonly observed.
Distinet mottling and grey colours occur above a depth of 9 in.

VI. Swampy.—Water is removed from the soil so slowly that the water-table is
at or above the land surface permanently or for a larse part of the year. The soil is
strongly gleyed throughout; commonly it has prominent rusty mottles andfor poorly
decomposed plant remains.
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In the block diagrams and plans, which are drawn from single aerjal photo-
graphs or are composites of segments drawn from different photos, the unit numbers
are indicated but the units are not drawn proportionally to their extent in the land
system. Approximaie horizontal and vertical scales are given, and these should always
be taken into consideration in comparing the block diagrams since it is niot feasible to
draw them all at one scale.
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(1) WiLreLM LAND SYSTEM (65 SQ MILES)

Alpine mountains on granodiorite,

Geology.—Massive granodiorite, locally capped by Permian limestone.

29

Physical Features,—Massive mountain ridges and summit peaks between 10,000 and 14,800 ft. Radial pattern

of U-shaped glacial valleys with stepped profiles, cirque lakes, and moraines; relief up to 2500 ft.

Population and Land Use.—Nil.

1 mile

Area Soils and Land
Tnit| {sq miles) Land Forms Drainage Status Vegetation Class

i 18 Summit peaks: of Bismarck | Probably mainly rock ouicrop and | Alpine grassland and patches | VIII
and Kubor Ranges, below | shallow alpine peat soils, Mostly | of subalpine scrub
13,500 ft; very steep broken | excessively drained
slopes and local scarps .

2 16 Hipher ridges: slopes 25-60°, | Rock oulcrop and alpine humus | Alpine grassland, subalpine | VIIT
gencrally steepening in lower | soils (Tomba). Well to excessively | scrub and some subalpine
parts; narrow crests; relief | drained forest
1000-2500 ft

3 10 Lower ridges: slopes 25-40°; | Alpine humus soils (Pompameiri) | Montane rain forest VIIe
narrow crests; relief 1000- | aad humic brown clay soils {Daulo}.

1560 f Well drained

4 7 Sammit peaks: of Mt. Wik | Mainly rock oufcrop. Excessively | Sparse rock-crevice plants VIII
helm, above 13,500 ft; slopes | drained
30-80°, 1000-2000 ft long

5 5 Valley flpors: slopes 3-5°, up | Alpine peat and humus soils (Pinde, | Alpine grassland with paiches [ Vd
1o 400 vd wide; shailow chan- | Tomba); locally rock outerop. | of subalpine scrub; alpine
nels with waterfalls over rock | Poorly drained peai bog
sieps up to 100 {t high

6 4 TMoraines: straight or curved | Alpine humos scils (Tomba) and | Montane rain  forest and | Vile
smaooth ridges with rounded | humic brown clay soils (Daulo). | alpine grassland with tree :
crests; slopes 20-45°, 50-400 | Well drained ferns
ft high

7 3 Screes: slopes 30-45° Rubble land, Excessively drained Sparse alpine grasses VIO

8 2 Cirques: rock basing with | Locally raw peat. Swampy or open | Locally alpine peat bog VIE
Ia}g:s or swamps, up to ¥ mile | water
wide
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(2) Guwe LanD SysTEM (8 sQ MILES)
Alpine mountains on andesitic rocks.
Geology.—Pleistocene andesitic lava, agglomerate, and tuff.

Physical Peatures.—FEroded summits and crater walls of sirato voleano with cliffs and short glacial valleys;
dissected tholoids; relief up to 1000 ft, altitude between 10,000 and 12,500 ft,

Population and Land Use.—INil.

Tmile
Area Soils and Laad
‘Unit| (sq miles) Laiul Forms Drainage Status Vepetation Class
1 6 Ridges and cliffs: 2540°, upfo | Alpine peat soils (Pinde), sandy | Alpine grassland, patches of | VIH; Ve
70° on lava cliffs; narrew | collavial soils, and rock ocutcrop. | subailpine scrub
crests; relief 500-1000 ft Poorly to excessively drained -
2 I-5 Lava domes: sleep convex | Probably alpine peat and humus | Montane rain forest, sob- | VIOI
dissected slopes, 200-500 fi | soils, Poorly to excessively drained | alpine scrub, some alpine
high grassland
3 <1 Valley floors: flats, up fo 200 | Unclassified raw peat soils. Swampy; | Alpine peat bog YIIX
yd wide, with poorly developed | locaily open water
channels |
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(3) KuBor Lanp SysteM (165 §Q MILES)
Mountain suminit ridges.
Geology.—Granodiorite, gabbro, and minor low-grade schist.

Physical Features.—Massive summit ridges, 1000-3000 ft high; long straight slopes, 25-45°; rounded crests;
altitude 8000-11,000 ft.

Soils and Drainage Status,—Probably mainly alpine humwus soils (Pompameiri, Tomba) with some humic
brown clay soils (Daulo). Well drained,

Vegetation.—Montane rain forest.
Land Class,—-VI11; Vile.
Population and Land Use,—Nil.

Fmile

(4) TaLBU LanD SySTEM (65 SQ MILLS)

Deeply dissected volcanic mountains.
Geology.—Pleistocence andesitic lava, agglomeraie, and tufl.

Plysical Features.—VYery steep mountain ridges and scarps; roughly parallel narrow-crested ridges separated
by V-shaped valleys. Crest slopes 20-35°, side slopes 40-60°; relief 400-2000 ft; altitnde 7500-11,000 £,

Soils and Drainage Status.—Alpine humus soils (T'omba); lithosols on very steep unstable slopes. Well drained.
Vegetation.—Montane rain forest, some mixed lower montane forest on lower slopes.

Land Class.—VIII; VIle.

Popnlation and Land Use.-—Less than I sq mile used by people on adjoining land system.

1 mile
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(5) Bismarck Lanp System (1750 sQ MILES)
Rugged high mountains on granodiorite and schist. 7
Geology.—Low-grade schists intmuded by massive granodiorite (Goroka Formation); lenses of Mesozoic shale,
and Miocene basalt and rhyolite (Daulo Voleanics).
Physical Features.—Exiremely rugged high mountains with steep narrow ridges and a close dendritic pattern
of deeply incised mountain torrents. Smalfer areas of massive ridges with a subrectangular drainage patiern;
relief up to 4000 ft; altitude 500-10,000 ft.
Population and Land Use.—36,000 people using 364 sq miles; 5% intensively, 72% moderately, 2374 lightly.

Land Forms

Seils and
Drainage Status

Dissected mountain ridges:
long but densely dissected
slopes, 17-45°; narrow crests;
relief 5004000 tt

Complex pattern of humic brown clay saifs
(Daulo, Ogelbeng) and brown and sandy
colluvial scils; locally alpine humus soils
(Pompameiri) at higher altitude, and humic
Dbrown and red latosols (Sinpa, Merima,
Bidnimin) at lower elevations. Well drained

Massive mountain ridges: long
straight slopes, 25-35°, de-
creasing to 10° near rounded
crests; reliel 500-2000 ft

Humic browm clay soils {Daulo, Ogelbeng),
some alpine humus soils (Pompameiri} at
high altitude; locally huriic brown and red
latasols (Singa, Merima) at fower elevation.
Well drained

Highland foothill ridges:
densely dissccted long siopes,
17-40°; narrow cresis; relief
200-1000 ft

Complex pattern of brown and minor sandy
and mottled coluvial scils, humic brown
clay soils (Daulo, Ogelbeng) and lateritic
and gleyed latosols (Ombun, minor Kero-
wil, Gitunu). Locally humic brown and red
latasols (Singa, Bidnimin} and lithosols.
_Mostly well 1o excessively drained

Lowland foothill ridges:
densely dissccted, long and
short slopes, 17-35°; narrow
crests; relief 200-800 it.

- Some isolated hills

Shallow colluvial soils and lithosols, Bxcess-
ively drained

Massive Iower mountain rid-
ges: long siraight slopes, 25—
35°, decreasing to 10° near
rounded cresis; relief 200—
1000 ft

Reddish Iatosolic scils (Ainan, Baia, Bibi,
Tungary) and shallow colinvial soils; locatly
lithosols. Mostly wel drained

Dissected lower mountain rid-
ges: long but densely dissect-
ed slopes, 17-45°; narrow
crests; relzf 400-2000 ft

Shallow colluvial soils and reddish latosolic
soils (Baia), Weill drained

Sharp ridges: long straight
slopes, 45-60°, with many
landslide scars; narrow crests

Probably sandy colluvial scils and lithosals,
Excessively drained

Area
Unit| (sq
railes)
1 663
2 470
"3 | 260
4% 105
5% 90
6% 90
rd 30
8 20

River terraces: dissected al-
luvial fiats and hummocky
colluvial aprons; slopes 5-
10°; 50-B0 ft above river
level, Disconiineous flood-
plains 50 yd wide

Humic brown clay soils (Daulo, Opelbeng,
Kwakanigl), alpine humns soils (Pompa-~
meiri), and dark colluvial soils {deep), On
flood-plains medium-textured alluvial soils,
Mostly well drained

* These units occur along the norih-eastern edge of the land system along the Ramu valley and have lowland seil
types that are not described in this repori, They are described in CSTRO Aust, Div. Land Res, Reg. Surv, divl Rep.

Vepctation Tand
Class
Mixed lower montane rain for- | VLII;
est; locally sword prass and { VIIe
shrub regrowth. Succession
with gardens and garden re-
growth on lower slopes
Mixed lower montane forest | YI-Vile
Themeda grassland; remnant | VIie;
and secondary torest; shrub | miner
regrowth V1le,50:;
Vie;
Vie,s0q
Themeda—Alleteropsis short | VIles0,;
grassland; minor secondary | minar
lowland forest Vie,s0z
Lowland rain Forest (lntsia | VI-VIIe
bijuga-Pometia pinnata—Celtis
assaciation); some Themeda—
Alloteropsis short grassland
Secondary lowland forest and | VIle;
garden regrowth VIIIL;
minor
Vle;
Vie,s0:
Serubby mized lower montane | YT
forest, commonly secondary
on landslide scars
Sword grass and shrub re- | I; II-IIle;
growth, and gardens and gar- | VIle;
den regrowth; [ocally remnant | TVe,s043
forest; mixed lower montane | VIIT
forest above Keglsugl. Plrog-
niites swamp on flood-plains
and vegetation

572, 1957,



LAND SYSTEMS 33

(6) AMBuM LAND SysTeM (200 $Q MILES)
Forested rugged low mountains on greywacke and tuif,

Geology.—-Moderately to steeply dipping greywacke and il of Cretaceous age; minor Tertiary limestone:
veneer of Pleistocene volcanic ash in west of land system.

Physical Features,—Steep-sided mountain ridges with narrow crests between 7000 and 9000 ft 3 close dendritic
pattern of steeatns in V-shaped valleys; minor limestone cliffs above steep, dissected, irregular foot slopes;
. relief up to 1000 fi.

Population and Land Use.—17,300 people using 101 sq miles; 5%, intensively, 81% moderately, 14 % lightly.

1mile

Area Soils and Land
Unit| {sg miles) Land Forms Drainage Status Vegetation Class
1 160 Mountain ridges: irregolar dis- | Complex pattern of colluvial soils | Mixed lower moniane forest, | VIle;
sected slopes, 20-45°; un- | {(brown, mincr sandy and mottled) | scrubby on some pregipitous | minor VIIT
dulating narrow crests; relief | and humic brown clay soils (Ogel- stopes; besch forest on ridges.
1601000 ft beng). Locally alpine humus soils | Some sword grass and shrub Vle,s0;
(Fomba} on  highest ash-covered | regrowth on foot slopes and
slopes and humic gleyed latosols | in wider valieys
(Ombun) on some lower spurs.
Mostly well drained
2 30 Foothillspurs: 13 mileslong; | Brown, locally motfled colluvial | Gardens and parden regrowth; | VI-VITe;
crests up to 300 yd wide, slop- | soils; Iocally gleyed humic brown | sword grass and shrub re- Jogally
ing 15-25°, with hummocky | clay soils (Fambul). Well drained, | growth, Some mixed lower | ¥le,s0,;
surface; very steep side slopes; | with small poorly drained pockets montane forest on higher | Vieso,
relief 50-150 ft stones
3 10 Limestone cliffs: sheer rocky | Rock outcrop. Excessively drained | Mainly bare VIIT
faces up to 300 i high
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(7 KoGE LAnD SysTeEM (490 5Q MILES)

Mainly grass-covered rugged low mountains and hills on greywacke and shale.

Gealogy.—Massive Cretaceous greywacke and thin-bedded Upper Jurassic shale with moderately steep dips;
smalier area of Miocene agglomeraie, tnff, greywacke, and lava in the east.

Physical Features.—Irregular branching ridges with close dendritic pattern of V-shaped valleys; long sirike
ridges with structurally controlled, rectangular pattern of valleys; relief up to 1000 ft; altitude 5000-8000. ft.

Population and Land Use.—57,500 people using 376 sq miles; 6% intensively, 77 %, moderately, 17 lightly.

1mile

Aren Soils and Land
Uait| (sq miles) Land Forms Drainage Status Vegetation Class
1 295 Branching ridges: shoit nar- | Complex pattern of brown colluvial | Themeda and Capillipedium | YI-Vile;
row crests: gullied slopes | soils, humic brown clay soils (Ogel- | grassland and small patches of | locally
15-40°; relief 100-1000 £t beng, Daulo), lateritic and gleyed | gardens and garden regrowth. | Vile,so,;
latospls (Ombun, Kerowil, Gitunu), { Beech forest occurs in Hiwechi | VITT
and lithosols (particularly in the | hills, between Wahgi and
cast), Locally humic red latosols ; Chimbu Rivers and west of
(Merima), Well to excessively | Minj. Locally stream-bank
drained vegefalion along watercourses
2 145 Steike ridges: lomg narrow | Outcrop slopes, mostly sandy col- | Similar to wnit 1. Oak and | V1-VIle;
crests; gutlied slopes, 20-35° | luvial soils; dip slopes, complex pat- | beech forest in large high area | VI-Vilg,502
along ontcrop, 15-25° along | tern of brown and mottled colluvial | south-east of Daulo
dip; relief 100-500 {t soils, humic brown clay soils (Ogel-
heng), humic brown and red latosols
(Singa, Bidnimin), and lateritic and
gleved latosols (Qmbun, Keroivil,
Gitunu). Locally lithosols on lower
ridges. Excessively te well drained
3 50 Colluvial aprans: short hum- | Various gleyed sofls (Tambul, Men- | Capillipedivm and Ischaenmon | 1Ve,504

mocky slopes, 5-13°

gendi, Banz, Kuli); sandy colluvial
soils and humic brown clay soils
(Daulo), Well ta poorly drained

grassland, Gardens and gar-
den regrowth
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(8) PrA LaND SysTeEM (110 sqg MIEs)
Mountain ridges with extensive foot slopes on sedimentary rock.

Geology—Steeply dipping siltstone, mudstone, greywacke, and local conglomerate and limestone, of Jurassic
to Miocens age; block- and thrust-faulted on E.—W. strike lines.

Physical Features,—Branching steep mountain ridges and lower B.—W. strike ridges and limestone cliffs; large
valley embayments with low hill ridges and spurs; dendritic pattern of closely spaced, narrowly incised strearms,
locally with sirike alignment; relief up to 1500 ft; altitude 4500-9000 ft.

Population and Tand Use.—33,300 people using 78 sq miles; 57% intensively, 40 %, moderately, 3% lightly.

3001’E|

1 mile

Area Sails and Land
Unitl {(sq miles) Land Forms Dirainage Status Vegetation Class
1 75 Mountain ridges: gullicd slopes | Complex pattern of brown and minor | Upper slopes, beech forest. Viie;
20-40°, locally with Jandslide | sandy and mottled colluvial soils, | Lower slopes, sword grass and lacally
scars; long narraw cresis. [ humic brown clay soils (Ogelbeng, | shrob regrowth; gardens and VIle,s04;
Also short sirike ridges with | Dawlo), and less common humic | garden regrowth; Capilliped- | Vle
dip slopes 15-30° and outcrop | brown and red latosols (Singa, Wan- | fumz grassland jn the east
slopes 20-40°; relief 4001500 | di, Bidnimin), Very locally lateritic
ft and gleyed latosols (Ombun, Kero-
wil) and lithosols. Mostly, well
drained
2 25 Hill ridges: short ridges and | Complex pattern of brown colluvial | Sword grass and shrub re- Vie;
spurs up to 200 ft high; nar- | soils, humic brown and red latosols growth; gardens and garden | minor
rowly rounded crests and | (Singa, Wandi, Merima), and locally | regrowth: Capillipedium grass- | Vle,so,
moderately steep slopes, | gleyed latosols (Ombuon). Mostly | land
10-20° well drained, locally poorly drained
3 & Lower slopes and valley floors: | Mainly meadow soils (Mombol, Kuli) | Similar to unit 2, Ischaemin IVsog; IlTe
short colluvial aprons with | and meadow podzolic soils (Banz). | grassland on poorly drained
hummocky slopes up to 10° | Locally humic brown latosols (Wan- | sites
Simall alluvial terrace remnants | di). Well to poorly drained
4 4 Limestone strile ridges: short | Complex pattern of rendzinas (Elim- | Scrubby mixed lower montane | VIIT
ridges up to 400 ft high, with | bari), humic brown latosols (Wandi), | forest, locally with stands of
clifts and steep rocky slopes and rock outcrop, Well to exces- | draucaria cunninghemii
sively-drained
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(9) Doma LaNDp SYSTEM (25 SQ MILES)

Volecanic ridges and dissection slopes.

Geology.—Pleistocene andesific lava, agglomerate, and tuff,

Physical Featwres.—Very steep irregular mountain and hill ridges with narrow crests and local undulating
surface remmants. Strongly gullied very steep long dissection slopes towards major streams; slopes mostly
20-45°; relief 400-1200 ft; altitude 3500-7500 ft,

Soils and Drainage Status.—Probably mainly brown and sandy colluvial soils, locaily lithosals. Locally humic
brown clay soils (Daulo, Ogelbeng). Well drained.

Vegetation,—Mixed lower montane rain forest, remnant and secondary forest. Sword grass and shrub regrowth,
Gardens and garden regrowth, minor Capillipedium grassland,

Land Class,—VHI; Vle; minor IT and Vle.

Population and Land Use.—2000 people using 23 sq miles; 934 intensively, 91 %, moderately.

1 mile

{10) OGA LAND SysTBM {3 SQ MILES)
Cliffed limestone plateaux.
Geology.—Permian limestone.

Physical Features.—Moderately to steeply sloping undissected plateau and dip slope remmants with local
small dolines, surrounded by 200-600-fi cliffs with local scree slopes; altifude between 8500 and 9500 ft.

Soils and Drainage Status.—No daia. Probably rendzinas (Elimbari) and stony alpine humus soils, and rock
outcrop. Well drained.
Vegetation.—Beech forest.

Land Class.—ITle, st; Vst; VIIL
Population and Land Use.—Nil.

BDOFEI

1 mile



Limestone mountain ridges and scarps.
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(11) Brmveart LanDp SysTeM (35 s@ MILES)

37

Geology.—Moderately to sieeply dipping thick-bedded cavernous limestone and calcareous sandstone, mainly
of Miocene age.

Physical Features.

dip slopes with rocky katren surfaces; no local surface drainage; relief up to 1200 ft,

Fault-bounded sirike ridges between 5500 and 9500 ft, with prominent scarps and gentler

Population and Land Use,—3000 people using 25 sq miles; 51 %; intensively, 31 % moderately, 18 % lightly.

300(]

1 mile
Area Soils and Land
Unit| (sq mfles) Land Forms Dyainage Status Vegetation Class
1 31 Dip slopes: up to 1} miles | Partly humic brown and red latosols | Gardens and garden regrowth; § VI-VIle;
Tong; sloping 10-35%; with | (Wandi, Bidnimin) with moderate | sword grass and shrub re- | VI-VIEest;
rocky karren fields tock outcrop; partly rendzinas (Elim. | growth; Capillipedinm grass- i locally Vst;
bari) with much rock outcrop. Loc- | land (most prevalent in the | VHI
ally humic brown clay soils {Daulo) | eust), Beech forest in highest
at higher altitnde. Well 10 excess- | and isolated areas
ively drained
z 3 Escarpments and cliffs: 200~ [ Rock outcrop with pockets of rend- | Mainly bare; scrubby mixed | VI
1200 high; commondy | zina (Blimbari). Excessively deained | lower montane forests on
broken and cavernous least steep slopes
3 1 Sink holes: up to 200 ft wide, | Humic brown clay soils (Ogelbeng), | Gardens and garden re- | VI-Y1le
50 ft deep; with steep concave | humic red latosols (Bidnimin), and | growth; sword grass and

slopes

gleyed latosols (Ombun).

Mostly
well drainsd

shrub regrowth
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(12) Lar Lame SysteM (17 5Q MILES)

River gorges in volcanic deposits.

Geology.—Pleistocene andesitic agglomerate, lava, and volcanic ash; minor Cretaceous and Jurassic greywacke
and tuff.

Physical Features.—Very steep to precipitous disseciion slopes with salients and re-enirants along deeply
entrenched streams; minor high terrace remnants and slump alcoves; flood-plains up to 100 yd wide; relief
200-400 ft; altitude 4000-7000 ft.

Soils and Drainage Status.—Mainly unclassified shallow colluvial soils and some rock outcrop; probably
humic brown clay soils and gleyed humic brown clay soils on terraces and slumps; mainly alluvial land on

flood-plains.
Vegetation.—Remnant and secondary forest, sword grass and shrub regrowth, stream-bank vegetation.
Land Class.—Largely class VIIT with pockets of 11-HTe; IId.

Population and Land Use.—People on adjoining land sysiems use 12 sq miles; 5% intensively, 65 % moderately,
309 lightly.

1 mile
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(13) Yonkl LaND SysTem (105 sQ MILES)

Mainly grass-covered rounded and steep hills on granodiorite,

Geology.—Massive granodiorite, with minor ‘ereywacke and siltstone of mainly Tertiary age.

39

Physical Features,—Central dome with surrounding low-ridge spurs and hills; radial drainage pattern with
narrowly incised valleys fu central patt and more open valleys with dendritic tribatary valleys in outer part
of land system; relief up to 600 ft; altitnde 4600-6500 ft.

Population and Land Use.—7400 people using 54 sq miles; 80%; moderately, 20% lightly.

30()le

Lmife

Land Forms

Soils and
Drainage Status

Vegetation

Land
Class

Hill ridges: 100400 ft high;
irregular natrow crests and
closely gullied straight slopes,
20-40°. Minor colluvial lower
slops sectors, 10-20°

Mostly brown colluvial soils. Loc-
ally humic brown latosols (Singa,
‘Wandi) and lateritic and gleyed
latosols (Gitunu, Ombun). Rarely
lithosols, Well to excessively drained

Capillipediun  and  Themeda
grassland. Beech forest in
highest arcas, Stream-bank
vegetation along watercourses

Vile;
minor Vg;

Rounded hills: 100-200 ft high;
smooth convex slopes, 5-17°,
leading up fo rounded crests,
Minor gentle foot slopes

Mostly humic brown clay =oils and
latosols (Ogelbeng, Singa, Wandi).
Locally lateritic and gleyed latosols
(Kerowil, Gitunn, Ombun). Some
meadow podzolic soils {Omahaiga)
on foot slopes. Mostly well drained:
foot slopes locally poorly drained °

Capillipedhun grassland, with
Isehacmum grassland on local
wet sites. Locally gardens
and garden regrowth

Me; Vie:
IVe,s04;
Vieso,:
Fe,s0,

Area
Unit) (sq miles)
1 66
2 21
3 16
4 2

Summit dome: broad convex
summit with little-dissected
slopes up to 30°

No data, Presumably similar to
unit 2 and well drained

Beech forest; Capillipedium
erassland on [ower slopes

le;
V1-Vile

Valley floors: up to 200 yd
wide with flat floors aad
eenlly sloping margins; hum-
macky colluvial surfaces

Meadow soils (Kuli, Mombol) and
organic soils (Gogimp, Gia) with
local gravel beds, Poorly drained to
swampy or artificially drained

Ischaemwn grassland, Iocally
Pliragmites swamp. Mostly
cleared for coffee
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(14) NemArREr LAND SYSTEM (30 S0 MILES)
Long dissected volcanic slopes.

Geology.— Pleistocene andesitic ash, tuff, and lava.

Physical Features.—Moderate to steep concave middle-slope segments of major volcanoes, closely dissected
by radial drainage into subparailel ridges, mainly less than 500 ft high; altitude 750092000 ft,

Population and Land Use.—1000 people using 17 sq miles; 47 9% moderately, 53 % lightly.

1 mile
Azen Soils and Land
Tinit| (sq miles) T.and Forms Drainags Stalus Vegetation Class
1 28 MNarrow rtidges and ravines: | Alpine humus soils (Fomba, Pompa- Mixed lower montane forest, | VIie;
straight slopes, 30-50°; nar- | meiri) and humic brown clay soils | locally cak and beech forest, | VII
row crests with 10-20° slopes; | (Duulo). Well drained Sword grass and shrub re-
relief 100-500 ft growih with gardens and
garden regrowth on lower-
most slopes
2 22 Broad ridges: undulating sur- | Humic brown clay soils (Daulo, | Sword grass and shrub re- | III; Vie
faces; slopes 3-20°, locally | Ogelbeng); locally alpine humus | growth with gardens and
steeper towards dissecting | soils (Tomba). Well drained garden regrowth, Mixed lower
streams; relief 50—100 ft . Eomane forest on Thigher
opes




LAND SYSTEMS 4

(15) LimrsaTe LAND SysTEM (17 5Q MILES)

Hummocky dry grass-covered hills on volcanic rock.

Geology—Miocene rhyolite flows and volcanic breccia.

Physical Features.—FHill ridges with narrow and straight or undulating rounded crests; ridge flanks very closely
dissected into rounded spurs with rocky mamillated profiles of moderate steepness; a close pinnate drainage
pattern with small colluvial basins; relief up to 500 ft; altitude 5500-6200 f1.

Population and Land Use.—200 people using 6 sg miles; 365 moderately, 64 % lightly,

Tmile
Arca Seils and | Land
Unil} (sg miles) Land Forms Drainage Status Vegetation Class
i 16 Hill ridges: 200-300 ft high; | Mostly lithosols and rock ouicrep

Themeda grassland with local | VIIg,s0;;
closely gullied sfopes, 10-35°, | with mottled and sandy colluvial | patches of regrowth shrubs; | VIII
broken into many coavexities; | soils in pockets and at the base. | little stream-bank vegetation
irrepularly rounded, locally | Excessively drained

NarTow crests

2 1 Basin floors: up to 3 sg mile | Black earths (Limisate) and un- | Capilflipeditan grassland; loc- | TVs0s;

in size; genile colluyial slopes, | identified shallow rendzina-like soils. | ally Ischewemum grassland on | IE-111d
shallowly incised by small | Mostly excessively drained, locally | wettest spois
channels imperfectly to poorly drainad




42 H. A, HAANTIENS, E. REINER, AND R. G. ROBBINS

(16) Korampoar Lanp Systam (20 SQ MILES)
Broad convex and minor higher sharp ridges on sedimentary rock.

Geology.—Upper Jurassic mudstone, silistone, and minor sandstone, Iocally steeply dipping; Miocene grey-
wacke near Aiyura; local veneer of finc gravel near Wahgi River,

Physical Features.—Accordant ridges with gently rounded broad crests and steep, convex, slightly gullied
side slopes; locally transverse higher sharp ridges; parallel narrowly incised valleys; relief up to 300 ft; altitude
4800-3500 fi.

Population and Land Use.—2400 pcople using 13 sq miles; 33 % moderately, 67 % lightly.

Tmile
Area Soils and Land
Unit| (3q miles) Tand Forms Drainage Staius Yegetation Ciass
1 12 Steep slopes: convex slightly | Brown colluvial soils, Well drained | Capilfipedium grassland; lIoc- | VI-Vile
gullied slopes, 20-40° . ally remmant forest near
Aiyura; some stream-bank
vegetation
2 & Ridge crests: sently rounded | Lateritic and gloyed latosols (Kero- | Capillipedium grassland with | TV and Ve,
crests, ap to 100 yd wide; | wil, Minj, Ombun}. Also meadow | small patches of Ischacmuun | 5oz IVso,,
convex marginal slopes up to | podzolic scils {Barz) in Wahpivalley, | grassland 504; IVe, s0,;
10°; local symmit flats Well to poorly drained; Ilccally 1M and VIe
excessively drained near Aiyara
3 2 Sharp ridges: very sieep | Sandy slope scils, lithosols, and | Thenrede grassland VI-VIlc,50,;
broken stopes, 30—45%; narrow | meadow soils (Mengendi). Mostly some VIIL
crests excessively drained




LAND SYSTEMS

(17y ABmERA LAnD SysTEM (130 50 MILES)

Benched and rounded ridges on unconsolidated sediments,

Geology.—Bedded, little consclidated Pleistocene lacustrine clay to gravel, rich in quartz.

43

Physical Features.—Ridges with steep benched slopes and small flat summit remnanis of weathered original

depositional surface; broad convex rounded ridges; aggraded valley floors; many landslip scars; relief up to
300 ft; altitude 4800-5200 ft.

Population and Land Use.—11,300 people using 69 sq miles; 52% moderately, 48 % lightly,

Imile

Area
Unit| (sg mifes)

Land Forms

Seils and
Drainage Status

Vegetation

Land
Class

Benched ridges: 100-300 ft
high: aliernate concave slopes,
10-20° and 50-150 ft fong,
and benches, 520 yd wide
with slopes below 10°; narrow
crests

Meadow soils (Kuli, Mombol), mead-
ow podzolic soils (Banz, miror Oma-
haiga)y; mottled colluyial soils on
more sandy strata; gleyed humic
brown clay soils {Tambul, Winiaka)

-on steep slopes near crests} locally

fateritic latosols (Kerowil, Gitunu)
on ridge tops and gentle slopes.
Mostly poorly drained; steepest
slopes well to excessively drained

Capillipediun grassland ; fsch-
aemwn grassland and Phrag-
niites swamp on benches;
Themeda grassland on driest
slopes

TV and
Vie,50;5;
minor ¥ie:
VI-VIleso,

Rounded ridges: 100-200 ft
high; gently rounded broad
crests and convex slopes,

10-20°

Lateritic latosols (Kerowil, Gitunu}
and on upper slopes locally humic
ved and brown latosols (Bidnimin,
Singa, Wandi), with sporadic humic
brown clay soils (Daulo), Locally on
lower slopes, ineadow podzolic soils
{Omahaiga) and meadow seils (Kud-
jiD. Well to excessively drained;
locally poorly drained lower slopes

Capillipedium and Themeda
prassland with scattered brack-
en ferns. Local patches of
gardens and garden regrowth.
Some stream-bank vegetation
with Araucaria

-TVe,s0,;

IVe,s0,

1 62
2 52
3 10
4 &

Valley floors: up to 300 yd
wide, levef, hummocky, with-
out drainage channels

Meadow soils (Kuli, Mombol), fine-
textured alluvial seils, and locally
organic soils (Gogimp), Very poorly
drained to swampy

Phragmites swamp;
Tschaenium grassland

sore

VI-VIId

Bummit flats: slopes up to 5%;
undissected ; up to 600 yd wide

Lateritic and gleyed latosols (Minj),
meadow podzolic soils (Omahaiga),
and locally humic brown latosols
(Wandi), Wefl to poorly drained,
but subject to rapid drying of topsoil

Coffee plantation and gardens
and garden regrowih: Capil-
lipedium grassland

1¥504,504;
1le
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{18) Terca LanD SysTem (140 sQ MILES)

Rolling to low hilly volcanic ash plains.

Geology.—Pleistocene andesitic volcanic ash, locally underlain by agglomerate and lava.

Physical Features— Undulating ash plain, largely transformed into low rounded hills by moderate to intensive
stream dissection; common slumps on hill slopes; dense, dendritic drainage pattern of narrowly incised streams;
relief up to 300 fi; altitude 5000-8500 ft,

Population and Land Use.—26,300 people using 110 sq miles; 21 Y% intensively, 65 %, moderately, 149 lightly.

1mile

Area Soils and Land
Unit| (sq miles) Land Forms Drainage Status Vegetation Class
1 63 Slumped hills: 100300 ft high; | Humic brown clay soils (Ogelbeng, | Sword grass and shrub re- | Vle;
irregular slumped slopes, 10— | locally Daulo on foot slopes). Well | growth; gardens and parden | minor
25°; rounded crests drained; small impetfectly drained | regrowth; small areas of | L-ille;
depressions remnant forest (oak) Ik
2 42 Dissected slopes: long, un- | Humic brown clay soils {Ogelbeng, | Sword grass and shrub re- | II-IlTe;
dulating, 3-10°; closely spaced | Daulo); alping humus seils (Tomba, | growth; areas of mixed lower | VI-YIe
steep dissection slopes, 20-35° | Pormnpameiri) at higher altitude. Well | montane forest at higher
drained allitude, with much Pupra-
cedrus in extreme west
3 28 Low hifls: 50-150 fi hish; | Humic brown clay soils {Ogelbeng); | Copilfipediim giassland, sword | ¥Te;
mostly smooth convex slopes, | locally brown and red latosols (Singa, | grass, and shrub regrowth; | less ITle
10-30°; rounded crests Bidnimin}. Well drained stream-bank vegetation; Eoc-
ally gardens and garden
regrowth
4 7 Valley floors and terraces: up | Dark colluvial seils (deep); some [ Gardensand garden regrowth; d;
to 100 yd wide; including | humic brown clay soils (Daulo} and | sword grass and shrub re- | minor I¥soy
colluvial basins, up to 500 yd | lateritic and gleyed Jatoscls (Minj). | prowth; stream-bank vege-
wide Imperfectly drained tation
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{19} Komun LANp SysTeM (85 SQ MILES)

Low hill ridges with slumped slopes on mainly fine-grained sedimentary rocks,

Geology.
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Gently dipping interbedded mudstone, siltstone, and greywacke of Jurassic and Cretaceous age.

Physical Features.—Closely spaced short ridges with irregular slopes; numerous slump scars and hummocky
colluvial aprons; very dense dendritic drainage pattern with small pgullies and swampy larger valleys; relief
up to 500 ft; altitude 4500-6000 ft.

Population and Land Use.—24,900 people using 84 sq miles; 55 %4 intensively, 43 %, moderately, 2% lightly.

1 mile

Land Forms

Soils and
Drainage Slatus

Vegetation

Land
Class

Hill ridges: short ridges, 100—
400 ft highk; irrepular slopes
15-30°; crests generally round-
ed, narrovw where underlain by
greywacke

Complex pattesn of meadow soils
(Mengendi), lateritic and gleyed lato-
sols (Ombun, locally Gitnnu), and
brown colluvial -soils, Very locaily
humic brown clay soils {Ogelbeng,
Daulo) and humic brown latosols

{Wandi) on preywacke and fAat ridges.

Mostly imperfectly drained, partly
well drained

Capillipeditm  grassland and
small areas of Themeda grass-
land in the east, Locally many
gardens and garden regrowth.
Siream-bank vegetation

IV and VIe,
509}

less IT-11Te;
Vie,s0,

Colluvial aprons: short hum-
mocky slopes, up io 10°

Medinm and fine-texturcd alluvial
soils, probably meadow soils (Mom-
bol}. Some brown colluvial safls and
rubble land on large landslides. Loc-
ally organic soils (Gia). Mostly very
poorly drained

Gardens and garden regrowth;
patches of Ischaemnn grass-
land and Phragmites swamp

Atven
Tnit| (sq miles)
1 FE]
2 11
3 2

Flood-plains: flats up to 130
yd wide

Medium-textured alluvial soils.
Swampy

FPhragmites swamp
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{20) WomMel LAND SYSTEM (45 SQ MILES)
Yery low dissected and slumped foothjjls.

Geology.—Gently dipping but strongly contorted and displaced Upper Cretaceous mudstone and minor
calcareous sandstone; rock-fall debris from adjacent limestone cliffs.

Physical Features.—Complex pattern of very closely spaced low ridges and hills; hummocky lower slopes due
to slumping; dissected colluvial aprons at foot of limestone cliffs of Elimbari land system; very dense dendritic
patternt of narrowly incised valleys; relief up to 200 ft; altifude 5000-6500 ft,

Population and Land Use,—11,200 people using 37 sq miles; 62 % intensively, 32 % moderately, 6 % lightly.

ELimBaR:

| mife

Area Soils and Land
Unit| (sg miles}) Tand Forms Drainage Status Vepetation Class
1 19 Hill ridges: short, 100-200 ft | Complex of meadow soils (Mengendi) | Gardens and garden regrowth; | TV and Ve,
high; irregular gullied slopes, | and meadow podzolic soils (Banz); { many small arcas of Capilli- | 50,;
15-30°; slightly rounded crests | locally gleyed latosols (Ombun) | pediusr grassland litte Ille;
Poorly to imperfectly drained ; locally Vie,s0,
well drained
2 13 Colluvial aproms: hummocky | Humic brown clay soils {Ogelbeng, | Remnant forest; sword grass | I-1le;
slopes, up to 10° and 300 yd | Daulo) and brown and red latosols | and shrub regrowth; gardens | I-ITle,st;
long; steep dissected margins | (Singa, Wandi, locally Merima); | and garden regrowth V1-Vile;
up to 25° and shallow rounded | commonly stony. Well drained Vst
drainage depressions
3 13 Laower slopes: hummocky con- | Meadow soils (Mombol, Kuli, lccally | Gardens and garden regrowth; | I'Vso,;
cave slopes, up to 15° and 300 | Mengendd) and meadow podzolic | small arcas of Ischaemunt | TVes04;
yd long; dissected by small | soils (Banz), Poorly to very poorly | grassland and Phragmites | little TId
streams drained swamp, Stream-bank vege-
tation
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(21} OGu LAND S¥STEM (20 SQ MILES)

Stumped low ridges and colluvial slopes on volcanic agglomerate,

Geology.— TPleistocene andesitic agglomerate and minor volcanic ash,

Physical Features.

47

Network of ridges with irregular slumped and benched slopes, separated by broad colluvial

slopes and depressions; coarse-textured pattern of streams; relicf up to 400 ft; altitude 52007600 ft,

Population and Land Use.—1400 people using 14 sq miles; 44 %/ moderately, 56 % lightly.

Tmile

Land Forms

Soils and
Drainage Status

Vegetation

Land
Class

Hill ridges: 100-400 ft high;
irregular, commonly benched
slopes, 10-30°; namrow crests

Humic brown clay soils (Ogelbeng)
commonly with dazk, locally with
pale subsoil, Mosily poorly developed
topsoil; locally stony, Well draiaed

Mostly Capillipediun  prass-
land with scattered Miscantiurs

VI-VIle

Enclosed depressions: up 1o
500 yd wide; almost level;
accurring at various levels

Organic soils (Gogimp). Swampy

Sedge bog

VIId;

Area
Unit| (sq miles)
1 11
2 5
3 4

Colluvial fans: slopes up o 5°,
up to 204 yd long; locally dis-
sected by gullies

Gleyed humic brown clay soils (Tam-
bul}; some lateritic and gleyed lato-
sols (Minj) and deep dark colluvial
soils. Jmperfectly to very poorly
draine

Isehaemunt prassland ; gardens
and garden regrowth; some
Leersia swamp and Phrag-
mifes swamp

TI-11d;
locally Vid
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{22) WmiaRA LanND SySTEM (5 SQ MILES)

Low hills and ridges with slumps on unconsolidated sediments,

Geology.— Bedded unconselidated Pleistocene to Recent fluviatile clay to gravel; minor cover of volcanic ash.

Physical Features.—Short broken narrowly rounded ridges and boulder mounds; small depressions and flood-
plains; relief up to 200 ft; altitude 68007300 ft.

Population and Land Use.—People on adjoining land systems use 5 sq miles; 88 % moderatcly; 12%; lightly.

3004t
1 mile
Arvea Soils and Land
Unit| (sq miles) Land Forms Drainage Status Vegetation Class
1 3.5 Short broken ridges: 100-200 | Gleyed humic brown clay soils (Tam- | Sword grass and shrub re- [ VI-Vile;
ft high; slumped and gnllied | bul, Winjaka), hamic browa clay | growth; gardens and garden | some IId;
concave slopes, 15-20°; short | sofls (Ogelbeng), and meadow soils | regrowth; some stream-bank | THe
colluvial toes; narrowly | (Kudjil); locally alpine humus soils | vegetation
rounded crests (Tomba} on volcanic ash, and deep
dark colluvial soils. Imperfectly io
well drained
2 1 Depressions: up to 100 yd Ohrganic soils {Gogimp)., Swampy Sedge bog; feersie swamp VIId
wide; enclosed or blocked
valley floors
3 <1 Mounds: 50-100 ft high, up | Neo data. Stony, Well drained Sword grass and shrub re- | Viest
to 158 yd wide; convex slopes growth
up to 25°
4 <1 Flood-plains: up to 8 ft above { No data. Presumably afluvial land | Phragniites swamp Vid
streams; up to 100 yd wide and allavial soils, Poorly drained
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(23) Kwonct LAND SvsTEM (45 5Q MILES)

Hilly mountain summit plateanx and basins.
Geology.—Granodiorite and locally low-grade schist.

Physical Features.—Hilly uplands adjoining mounfain summits; low rounded hills with close dendritic stream
pattern, and more open major valleys with terraced alluvial floors; relief up to 300 ft; altitude 8000-10,000 ft.

Population and Land Use—Nil,

300 fi‘

Tmile

Area Soils and Eand
Unit| (sq miles) Land Forms Drainage Status Vegeiation Class
1 26 Hills: short siraight slopes, | Probably alpine humus seils (Pompa- | Mixed lower montanc forest | VIle
20-40°; rounded accordant | meiri) and humic brown clay soils
crests; relief 100-300 ft {Daulo). Weli drainéd -
2 [ Ridges: short irregular slopes, | Alpine hnmus soils (Pompameiri) | Mixed lower montane forest: | VI-VITe
10-30°; ronnded crests and humic brown clay soils (Daulo). | much moniane grassland and
Collovial slopes: long, hum- | 'Well drained sparse sabalpine scrub on
mocky, 5-15°; dissected, with lower slopes
sharp breaks at lower end
3 3 Valley floors: up to 500 yd | Lower fiats; organic soils {Gogimp) | Montane grassland and some | Mainly vId
wide; terraced flats up to 20 ft | and unclassified alluvial soils. Higher | alpine peat bog
above river level, colluvial | flats and colluvial slopes:; organic
aprons, slopes 3-7°; locally | soils {Gia) and alpine humus soils
microrelief of trenches 1-2 ft | (Pompameiri). Poorly to very poorly
deep along contour drained
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(24) Oxapa LawD SysTeM (50 sQ MILES)

Hilly uplands on sedimentary and volcanic rocks.

Geology —Miocene siltstone, sandstone, tuff, aggiomerate, and lava.

Physical Features.—Upland areas with closely set steep-sided low hills; minor arcas of rounded hills and
undulating slopes; fine-textured dendritic pattern of short incised valleys tributary to perched upland valleys
with slightly terraced alluvial flood-plains; relief up to 400 fi; altitude 5500-7000 ft.

Population and Land Use.—7200 people using 42 sq miles; 4 %, intensively, 873 moderately, 9% lightly.

300 [E[

1 mile

Aren Soils and Land
Unit] (sq miles) Land Forms Drainage Status Vegetation Class
1 38 Steep hills: 100-300 ft high; | Mostly brown colluvial soils and | Beech [orest; Capillipedium | VI-¥Tlc;
steep concave slopes, 15-35°; | gleyed latosols (Ombun). Locally | grassland merging into The- minor
relicf up to 400 ft ulong edges | humic brown clay soils {Ogelbeng) | mede grassland on dry ridges. | Vile,50;
of land system and humic brown and red Iatosols | Some gardens and sarden
(Singa, Bidnimin). Mostly well | regrowth
drained; [ocally cxcessively drained
crests
2 8 Colluvial aprons: short hura- | Lateritic and gleyed latosols (Gitunu, | Gardens and garden regrowth, | VIg,so;
mocky slopes Ombun), Impetlectly to poorly | stream-bank vegetation; Capil-
drained Tipedium grassland
3 2 Valley foors: flat or gently | Ranging from meadow soils (Kuli) | Ischaenmum grassland  and | TI-JIId;
sloping, unincised, up to 100 | to organic soils (Gumanche). Poorly | Phragmifes swamp; S0me gar- VoI
yd wide drained to swampy dens and garden regrowth on
higher ground -
4 1-5 River terraces: discontinuous | Meadow soils (Kudjil), lateritic lato- | Capillipedizan_grassland with | Ie; TVso,
remnants, 20-50 ft above | sols (Gitunu), and humic red latosols | scattered gardens and garden
stream bed (Bidnimin). Pooily to well drained | regrowth
5 <1 Dome: lava plug with basal | No data. Presumably rock outcrop | Themeda grassland and bare | VI
scree slopes; 300-400 {t high adnd_ sagdy collavial soils. Bxcessively | ground
raine
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(25) Birar LAND SySTEM (5 $Q MILES)
Conical volcanic hills,
Geology.—Pleistocene to Recent andesitic lava, scoria, and ash.

Physical Features.—Ash and scoria cones, lava domes, minor dykes and crater lakes; partly dissected by small
streams; slopes 10-45°, height 100-800 ft; altitude 50008000 fi.

Soils and Drainage Status,—No data. Probably humic brown clay soils (Daulo, Ogelbeng) and alpine humus
soils (Tomba) at highest elevations. Mosily well drained,

Vegetation—Mixed lower montane forest; sword grass and shrub regrowth,
Land Class.—Ile; VI-Vile.
Population and Land Use,—500 people using 3 sq miles; 100%; lightly,

I00H

I mile
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(26) Nunca Lawp SysteM (25 SQ MILES)

Undulating volcanic surface with numerous conical hills.

Geology.—Pleistocene andesitic volcanic ash and agglomerate,

Physical Features.—Undulating constructional surface with narrow shallow valleys and hollows; numerous
small conical hills up to 200 ft high; altitude 50005600 ft.

Population and Land Use.—2500 peeple using 15 sq miles; 3% intensively, 42% moderately, 559} lightly.

300f£|

1mile

Area Soils and Land
Unit| (sq mikes) ELand Forms Drainage Status Vegetation Class
1 13 Conical hills: 60-200 fi high; | Humic brown clay soils (Ogclbeng, Capillipedium and locally The- | VI-Vile
commonly in interlocking | locally Daulo), comimonly with dark | mede grassland
eroups; steep smooth slopes, | subsoil, Well drained
15-30°
2 0 Urdulating surfzces: up to | Humic brown clay soils (Ogelbeng); | Capitlipedinm grassland; sword | e,
400 yd wide; local slope up | gleyed humic brown clay soils (Win- | grass and shrub regrowth minor ITd
ta 7° jnka) and lateritic and gleyed laiosols
{Minj) in local slight depressions.
Mostly well drained; locally im-
perfectly drained
2z Depzessions; narrow linear, | Organic soils (Gogimp). Swampy Sedge bog vIId

and isolated rounded
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(27) Tar1 Lano System (120 sg MILES)
Volcanic ash plains, fans, and alluvial plains.

Geology,—Pleistocene voleanic ash, partly alluvial, commonly overlying agglomerate and lava.

53

Physical Features.—Gently sloping, smooth to undulating, alluvial, ash-flow, and mud-flow surfaces ; little

dissected; coarse subparallel drainage pattern, with some lar
relief vp to 200 ft; altitude 45007000 ft.

ger rivers in deeply incised steep-sided wvalleys;

Population and Land Use.—14,500 people using 82 sq miles; 1274 intensively, 56 % moderately, 32% lightly.

o0 fﬂ
L i
Imile
Arten Soils and Land
Unit| (sq miles) Land Forms Drainage Status Vegetation Class
i 48 Upper alluvial plains: 30-80 ft | Lateritic Iatosals (Minj, Gitunw); | Capiilipedinm grassland with TV503,50,;
above widely spaced dissecting | locally meadow podzolic sodls {Oma- | scattered Miscanthus Iid
streams; slopes up to 2° haiga) and humic brown clay soils
(Ogelbeng), Imperfecily drained
2 36 Ash plains: 50-100 fi above | Humic brown clay soils (Ogclbeng); | Gardens and garden egrowth; | 1; IMe
streams; little dissected; slopes | locally alpine humus soils (Tomba) | sword grass and shrub Te-
up to 3°; locally terraced in highest parts and humic brown | growth
latosols (Singa) in lowest parts.
‘Well drained
3 16 Lower afluvial plaios and fer- | Meadow podzolic soifs (Korn, Oma- | Capiffipedfum geassland, fre- | II-IIId H
races: below 5000 ft; 15-30 ft | haiga, Banz); locally Iateritic latosols | guently with rmueh bracken TV¥Vsos
above streams; undissected, | (Gitunu), humic brown Iatosols fern, locally with scattered
almost leve] (Singa), and dark colfuvial soils | Miscartius: locally Jschwen-
(deep). Poorly to imperfectly drained | zon grasstand. Scattered areas
of gardens and garden re-
growth
4 14 Ash-flow and mud-flow fans: | Complex of hamic brown clay soils | Capillipediien grassland ; sword T-1lle;
long hummocky slopes, 4-10°; | (Ogelbeng), gleyed humic brown clay | grass and shrab regrowth; | miner
closely dissected soils {Tambul}, meadow soils (Mom- | some gardens and garden re- | IT-1114d;
bel), humic red latosols (Bidnimin), | growth and siteam-banlk vege- | IT and IVso,
and locally sandy colluvial soils, | tation
Imperfeetly, well, and excessively
drained
5 4 Drepressions:  inactive golly | Dark colinvial soils (Berebiji, Kum- | Grass-sedge bog; sedpe bog: 1I0d; VId
floars and rounded areasup to | mel): organic soils (Gogimp); very | Ischaenuum grassland; Phrag=
600 yd wide; at various levels | locally gleyed humic brown clay seils | mites swamp
(Winiaka) and mneadow podzolic
soils {Omahaiga)
6 2z ‘TFerrace scarps and flood-plains: | Unclassified shallow coltuvial soils Remuant and secondary forest | VIII
along entrenched streams: | and rock outcrop; alluvial land
scalloped slopes 30-60°, up to
300 £t long; flood-plains up to
50 yd wide
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(28) MorUMA LAND SysTEM (55 5Q MILES)

Strongly dissected high alluvial fans.

Geology.

diorite; minor exposures of Cretaceous mudstone and shale.

Unconsolidated Pleistocene fluviatile clay, sand, and boulder gravel, mainly derived from grano-

Physical Features—Dissected alluvial fans with small Temnant fan sarfaces grading radially into flat-crested
spurs, narrow steep-sided ridges, and irregularly slumped ridges with gentler slopes; few small mudstone hills
protruding above fan level; dense subparallel to radial drainage pattern, with narrow terraces and flood-plains
along through-going streams; relief up to 300 ft; aftitude 5000-5700 ft.

Population and Land Use.—12,000 people using 49 sq miles: 20% intensively, 50%; moderately, 307/ lightly.

300f

1 mile
Area
Unit| (sa Land Forms Soils and Vegelation Land
miles) Drainage Status Ciass
1 235 Steep ridges: 100-300 ft | Few data. Unclassified colluvial soils and | Remnant and sccondary for- | VI-VIle;
high; irregular slopes, 20— | meadow soils (Kuli, Kudjil), gleyed humic | est; sword grass and dense H
45%: sharp or narrow flat | brown clay soils (Tambul), and on vpper slopes | shrub regrowth miner
crests. Includes steep | also humic red latosols (Bidnimin) and Vie,s505;
slopes marpinal to unit 2 meadow podzolic soils (Banz). Variable TVsog
drainage due to slope and seepage
2 15 | Dissected fan surfaces: fiat | TTumic brown clay soils (Ogeibeng) and humic | Gardens and garden regrowth; | I-1le;
with stecp gullies, or | red fatascls (Bidnimin) in upper paris; lateritic | sword grass and dense sbrub | IN and
rounded linear rises and | and gleyed latosols (Kerowil, Mini, minor | regrowth; Capillipedium grass- | V50,3
depressfons; slopes up to | Gilunu) in lower parts. Meadow pedzolicsoils | land with sedges, particularly | some
10°; relief ap to 60 ft (Banz), medium- and fine-textured alluvial | in the west; Ischaemuni prass- | I¥505,5043
soils and otganic soils (Gogimp) in depressions | land and Phragmites swamp | tainor ITE
and gullies, Well to excessively drained ; locally | in depressions apd VId
poorly drained. Depressions imperfectly
drained to swampy
3 9 Slemped ridges: 100200 ft | Gleyed humic brown clay soils (Fambul), | Capillipedium and locally | IV and
high: dissected broken | meadow soils (Kuli), meadow podzolic soils | Ischaemmumn grassland: some | VIe;s0s;
upper slopes, 13-25°; hum- | (Banz), and locally anidentified ¢olluvial soils | gardens and garden regrowth | some
mocky benched lower | on upper slopes; also humic red latosols (Bid- | and stream-bank vegetation 1Vso,;
slopes, 5-15°; narrow | nimin) and lateritic and gleyed latosols (Gitu- FV=0,;
crests nu). Tmperfectly to poorly drained; steepest VI-Vlle,
slopes excessively drained s0.; VIII
4 3 | Fan surfaces: flat to genily | Humic brown clay soils (Ogelbeng) and humic Crpillipedimon  grassland, im- | T
undntating; slopesupta 3¥; | brown latosols (Singa). Well drained proved pasture. and some
slightly dissected by gullies gardens and garden regrowth
5 1.5 | Terraces: marrow, up to | Meadow soils (Kuli, Kudjil); gleyed humic | Capillipedinn and Ischaentum | TVs0;;
100 ft above streams; dis- | brown clay soils (Tambul). Probably atluvial | grassland; gavdens and garden -1nd
coniinuous soils on lower terraces. Mainly poorly drained | regrowth; Phragiiites swamp
. in local seepage areas
6 1 | Flood-plains: up to 100 yd | No data. Probably alluvial jand. Excessivefy | Stream-bank vegetation; | VIII
wide; less than 8 ft above | te pooily drained Phragmites swamp
streams; discontinuous
7 <1 | Mudstone hills: emerging | No data, Presumably similar to unit 2 of Koge Capillipedium grassland IVe,s0,
20-56 ft above general land | Iand system, Well to excessively drained
surface; moderate to steep
slopes
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(29) Goroka LanD SysTEM (50 $Q MILES)

Texraced and moderately dissected high alluvial fans,

Geology.—Uncons

schist.

55

olidated Pleistocene fluviatile clay, sand, and boulder gravel, derived from granodiorite and

Physical Features.—Gently undulating alluvial fans with regional slopes up to 3°; low steps separating three

levels; closely and steeply dissected along margins; narrow flood-plains and ferraces along through-goimg
streams; relief up to 250 ft; altitude 5000-5500 ft.

Population and Land Use.—14,500 people using 50 sq miles; 46 %/ intensively, 43% moderately, 11 % lightly.

1mile

Arca ) Soils and Land
Unit| (sq miles) Land Forms Drainage Status Vegetation Class
1 30 Fan sifaces: flat to gently vn- | Lateritic and gleyed Jatosols (Kerowil,| Gardens and garden regrowth | [so,; Ie:
dulating; slopes 1-3°; at three | less Minj) grading to meadow pod- | with much Saccharimn; coffee | less I and
levels, separated by steep steps | zolic soils {Omahaiga) in slight de- | plantations: Themede and IVso,
of 20-50 f1; 100-250 ft above | pressions, Humic red and brown | Capilfipedivm grassland
streains latosols (Singa, Wandi, Bidnimin)
and humic brown clay soils (Daulo),
mainly in upper paris. Well to ex-
cessively drained; locally imperfectly
to poorly drained
2 16 Steep slopes: irregular slump- | Few data, Truncated brown and red | Remaant and secondary forest; | VI-Viie;
ed dissection slopes, 15-40°; | clay soils (Ogelbeng, Bidnimin, Singa) | patches ol Capillipediion and Vie;s0a;
along fan margins or meeting | and meadow soils {Kudjil) on upper | Ischeemmm prassiand Vile,s0,
to form sharp ridges slopes; unclassified colluvial soils on
lower slopes. Variable drainage due
Lo slope and scepage
3 2 Terraces: Iovel to gently slop- | Meadow podzolic sofls (Omahaiga) | Themeda intermedia tall grass- | F¥sog) I
ing; up to 300 yd wide, 20-40 | and hamic brown clay soils (Ogel- | land; gardens and garden
ftabovestreams: discontinuous | hengd, Boorly to well drained Tegrowth
4 2 Blood-plains; up to 200 yd [ Meadow soils (Mombol), coamse | Phragmites swamp; stream- | JI1d; Vd;
wide, up to-8 ft above streains; | medium-textured alluvial soils; minor | bank vegetation IVF; VIl
short backing colluvial slopes | unclassificd organic soils, allavial
land. Mosily very poorly drained to
swampy
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(30) My Lanp SysteM (13 SQ MILES)
Undulating partly dissected intermediate alluvial fans.
Geology.—Unconsolidated Pleistocene fluviatile clay, sand, and boulder gravel,

Physical Features.—Alluvial fans sloping up to 2°; partly gently undulating and slightly stepped; partly
immaturcly dissected into flat- or round-crested spurs; rather open branching drainage pattern; velief up to
150 ft; altitude 5000-5400 ft.

Population and Land Use.—2500 people using 11 sq miles; 62 3¢ moderately, 38 % Tightly.

300 fEl

i

| - -
Iﬁﬂ“‘—'—lﬁn@m‘_ﬂg._n\fy
WAHGI L. 5.

1 mile
Area Soils and Land
Unit| (sq miles) Land Forms Drainage Status Vegetation Class
i 7 Fan swriaces: gently undulat- | Lateritic and gleyed latoscls (Minj); | Capillipedinm grassland IVs0,,50.;
ing to flat; locally benched or | meadow podzolic soils {(Omahaiga) minor IV¥so,
terraced; slopes up to 2° in slight depressions. Poorly drain-
ed, but miostly subject to rapid drying
of topsail
2 3 Digsected fan surfaces: flat to | Lateritic and gleyed latosols (Minj) I and
Tounded or nndulating: up to | and meadow podzolic soils (Oma- IVs0s;
500 yd wide haiga, Gitunu). Mainly excessively IO-1Veso,
drained
3 2 Steep slopes: along margins of | Few data. Unclassified colluvial Capillipedimn and Ischacnmum | VI-VIe;
units 1 and 2: 150-250 ft long; | soils, meadow soils (Kuii, Kudjfl), | grassland; sword grass and [ IVand Vie,
irregular, slumped, 10-40° and very locally humic brown lata- | shrob regrowth; remnant and | sog; VIIL
sols (Wandi), Variable drainage due | secondary forest
to slope and scepage
4 1 Valley floors: up to 100 yd | No data. Probably alluvial land Stream-bank vepgetation; | VI
wide Pliragmites swamp




LAND SYSTEMS 57

(31) OMAHAIGA LanD SySTEM (55 SQ MILES)
Mostly steep moderately weathered dissected colluvial fans.
Geology.—Colluvium derived from schist and granodiorite.

Physical Featores.—Steep hummocky colluvial fans, closely dissected into broad fo narrow ridges; steeper
colluvial heads of alluvial fans, with undulating surfaces, including few gently sloping, terraced lower fan

surfaces. Subparallel drainage, narrowly incised and with branching iributaries in upper part; reliefl up to
200 fi; altitude 5500-7000 ft,

Population and Land Use.—15,000 people using 48 sq miles: 15 % intensively, 67 % moderately, 18 %; lightly.

1 mile
Area Soils and Land
Unit| (sq miles) Land Forms Drainage Status Vegetation Class
1 30 Steep slopes and ridges: long | Humic brown clay seils (Paule, less | Sword grass and shrub re- | VI-Vile;
jrregular coneave slopes, 17— | Ogelbeng); locally humic brown late- | growth; [ocally many gardens | minor
30°; dissecied locally to form | sols (Singa), gleved [atosols (Ombun), | and garden regrowth. Some | IVe,s04;
flat-topped or narrow ridges | and brown colluvial soils, Park col- | remnant forest on upper slopes | ITid
with very steep slopes, 20-40°, | Juvial soils (Kerebijl) occur in local | and near streams
veliel 50-200 ft depressions and gleyed humic brown
clay soilzs (Tambul, Winjaka) and
meadow soils (Mombol) locally on
schist-derived material. Mostly well
drained; loeally imperfectly to poorly
drained
2 22 Moderate slopes: long, irreg- | Humic brown clay soils (Daulo, Ogel- | Sword grass and shrub rye- | I1-TIle;
ularly undulating, 5-17°; | beng); near Bena Bena lateritic lato- | growth; gardens and garden | minor
rounded gullies, very steep | sols (Kerowil) and meadow podzolic | regrowlh, meluding much Sec- | 1¥e,50.3
mgarging to iacised streams soils {Banz), with sandy and motted | eharum Vile
colluvial soils and fine-texiured alluy-
ial soils in lower parts. Well drained
but locally poorly drained
3 3 Colluvial toes and terraces: | Humic red and brown latesols {Bid- | Gardens and garden regrowth; | Te; IId,
long slightly undulating slopes, | nimin, Singa) and meadow soils | some Cepillipedium grassland; | minor 11Xd
2-3°; with shallow drainage | (Kudjil); organic soils (Gogimp) in | Phragmites swamp in depres-
depressions; fterraces along | depressions, Well to imperfectly | sions
eastern margin drained. Depressions very poorly
drained to swampy
4 1 Fiood-plains: level, with minor | Probably medivm-textured alluvial | Phregmiies swamp; stream- | 1VEd
terraces, up to 200 yd wide soils. Probably poorly drained bank vegetation
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(32) BAnz LanD SysteM (30 8@ MILES)

Undissected intermediate fan plains,

Geology.—Sub-Recent fine-textured alluvium, derived from shale and greywacke.

Physical Features.

Coalescing alluvial fans sloping up fo 2°; flat to genily undulating with shallow drainage

depressions; minor remnants of older fan surface; widely spaced dissecting minor streams and major through-
going sireams with flood-plains and terraces; sharp break to Wahgi valley fleod-plain; relief up to 100 ft;
altitude 50005400 ft.

Population and Land Use.—3600 people using 17 sq miles, 11 % intensively, 61 % moderately, 28 3, lightly.

1 mile

Area Soils and Land
Unit| (sq miles) Land Forms Drainage Status Vegetation Class
)3 21 Fan surfaces: flat to pently un- | Meadow podzclic soils (Banz); very | Capiflivediion and Ischegynn | IVso,
dulating; slopes up to 3° locally mcadow soils (Mombol). | grassland; locally grass-sedge
Poorly drained; locally shallow | bog
water-table
2 5 Drainage depressions: seepage | Meadow soils (Mombol, Kuli), Very | Plragnites swamp Tid
zones up to 200 yd wide, merg- | poorly drained; commonly shallow
ing into linear drainapge de- | water-table
pressions up to 50 yd wide; up
1o 10 ft below unit I; slopes
up to 3°
3 2 Flood-plains and terraces: up | Medium-textured alluvial soils, loc- | Flood-plains: Phragmites | VIf; VIIL
0 400 yd wide; discontinuous | ally stony; alluvial land; higher ter- | swamp; stream-bank vegeta-
narrow terraces, 10-30 ft | Faces, meadow podzolic soils (Banz). | tion
above streams ‘Well to poorly drained Terraces; Capilfipedium grass- | T; T-TlIst;
land; gardens and garden re- | Ild; IVs04
growth
4 1 Very steep slopes: along mar- | No data. Probably collavial soils Remnant and secondary forest | Y1
gins and dissecting streams;
50-150 ft long, up to 40° i
5 1 Rommded ridges and low rises: | Lateritic and gleyed latosols (Minj, | Capillipedinn grassland; loc- | II and
10-30 fe high, 50-100 yd wide | Gitunu); commonly gravelly. Well | ally gardens and garden re- IVso,;
to excessively drained growth minor e
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(33) Kinger Lanp SysTEm (40 sQ MILES)
Undissected low fan plains.
Geology.—Recent alluvial clay with minor sand and gravel; minor outcrops of Mesozoic shale and greywacke,

Physical Features.—Coalescing alluvial fans sloping less than 1°; almost level with shallow drainage depressions;
sharp break of 20-40 ft to flood-plains of Wahgi River and through-going major tributaries; few small hills

of protruding bed-rock; altitude 5100-5300 ft.

Population and Land Use.—1700 pcople using 16 sq miles; 31 %, moderately, 69 34 lightly.

1 mile

Area Soils and Land
Unit| (sq miles) Land Forms Drainage Status Vegetation Class
1 30 Aluvial plains: flat to very | Meadow seils (Mombol, Kuli) very | Capitlipedinm and less Ischac- | T¥sog;
gently undulating; steep mar- | locally with gravelly subsoil; less | prun grassland; some remnant | I-100d
gins, 20—4¢ ft high meadow podzelic soils (Banz). Tm- | and secondary forest on steep
perfectly to poorly drained; locally | margins
shallow water-fables
2 T Drainage depressions and flood- | Meadow soils (Mombol) and dark | Phragmites swamp, commonly | TiTd;
outs: seepage Zones up to 300 | colluvial soils (Kummel); some allev- | with Saccharum and regrowth | minor
vd wide, and lincar shallow | ial land on flood-outs. Very peorly | shrubs VIItLd
depressions up to 50 yd wide, | drained to swampy
Flood-outs slope up to 3°
3 2-5 Flood-plains: up to 50 yd wide | No data. Probably alluvial land and | Stream-bank vegetation; | IVLd
allryial soils Phragmires swamp
4 <1 Low hills: 20-50 fi high; | No data. Presumably similar to unit | Capillipedivm and Themeda | 1Ve,s50,
moderately steep slopes 2 of Koge land system, Well to | grassland
excessively drained
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(34) Aryura Lanp SysteM {16 5Q MILES)

Poorly drained alluvial and colluvial basins,

Geology.—Sub-Recent and Recent alluvial and colluvial clay with some peat.

Physical Features.—Hummocky and undulating valley plains; swampy flats and tributary drainage tracts;
relief up to 30 fi; altitude 5000-5500 ft.

Population and Land Use.—4200 people using 13 sq miles; 61 % moderately, 399 lighily.

Area Soils and Land
Unit| (s miles) Land Forms Drainage Status Vegetation Class
1 10 Colluvial slopes: undulating | Meadow soils (Mombol, Kuli, Kud- | Gardens and garden regrowth; | TVsog;
very gentle slopes, 1-6°; relief | jil); meadow podzolic soils (Banz, | Capillipedium and Ischaennan | 1Ve,5053
530 ft minor Omahaiga), pariicularly on | grassland; minor siream-bank ) minor I;
higher areas together with local later- | vegetation He
jiic [atosols (Kerowil) and humic
brown clay seils (Daulo). Poorly
drained ; locally well drained
2 5 Drainage depressions: flat, up | Medium- and fine-textured afluvial | Phragmites swamp d
to 300 yd wide; with ill-defined | soils. ¥n narrow vallcys organic soils
channels (Gia), dark colluvial soils (Kerebiji},
and meadow soils (Mombol),
Swampy
3 i Higher flat surfaces: slighily | Organic soils (Gogimp), Swampy Ischaemum prassland and | VId

below unit ! and above unit 2

grass—sedge bog
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(35) TaMpuL LAND SysteM (8 SQ MILES)

Mosily swampy high level plains.

Geology.—Unconsolidated Pleistocene to Recent fluviatile deposits, covered with peat and thin volcanic ash,

Physical Features.—Slightly but deeply dissected valley plains, flat to undulating; few narrowly but deeply

entrenched valleys; relief up to 200 fi; altitude 6800-7000 ft.

Population and Land Use.—1500 people using 5 sq miles; 509 moderately, 50%, Jlightly.

1 mile

61

Arvea

Soils and

Land
Unit| (5q miles) Land Forms Drainage Status Vegetation Class
1 5 Flat surfaces: up to 2 miles | Organic soils (Gogimp, Gia, some | Sedge bog; grass-sedge bog; | VI-VIId
wide; slopes up to 2° Gumanche in centre of large area). | minor Phregmiles swamp,
Swampy minor Leersia swamp
2 2 Undulating sorfaces: up to | Gleyed humic brown clay soils (Tam- | Sword grass and shrub re- | II-1Id;
800 yd wide; slopes 2-8° bul, Winjaka}; locally meadow pod- | growth; locally Capillipedium | minor
zolic soils (Banz) in depressions, and | grassland and gardens and | Ii-Ille
hamic brown clay soils {(Ogelbeng, | garden regrowth
commonly with pale subsoil) on
steeper slopes and near edges. Im-
perfectly to poorly drained; [ocally
well drained
3 <1 Very steep slopes: along mar- | No data. Probably colluvial soils Remmant and secondary for- | Vile;
gins of untt 2; 100-300 ft long; est; sword grass and shrub | VIIL
irregular slopes, 20-50° regrowth
4 <1 Flood-plains and terraces: | Mo data. Probably organic soils | Phragmites swamp; stream- | IV(
flood-plains up to 150 yd wide; | {Gia) and alluvial soils, Well to very | bank vegetation 1vid;
terraces up to 50 yd wide, 20~ | poorly drained vd

40 ft above streams, slopes up
to 2°
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(36) MaxonTus LAND SysTEM (35 SQ MILES)
Intermediate river ierraces.
Geology.—Sub-Recent to Recent alluvial clay with minor sand and gravel.

Physical Features.—TFerrace surfaces, locally backed by small colfuvial aprons; locally dissecied; steep marginal
slopes; relief up to 50 ft; altitude 4000-5000 fi.

Population and Land Use.—900 people using 8 sg miles; 24 %, moderately, 76 %, lightly.

PLAINS

3004t
L 2
I mile
Arca Soils and Land
Unit| (sg miles) Land Ferms Drainage Sfatus WVegetation Class
1 31 Terrace surfaces and colluvial | Meadow podzolic soils (Baaz, i east | Capillipediunt grassland, com- | [Vsoy:
aprons: up to 500 yd wide; | much Omahnlgﬂ) meadow soils | monly with sedges; [schiee- | Jess 1Id
slopes 1-3° {Mombol, minor Kuli); locally dark | wmun grassland; in cast much
colluvial soils (Kum.u:lcl) in slight | Thenieda intermedia tall grass-
depressions, Poorly drained; locally | land; locally many gardens
shallow water-lables and garden regrowth, and
R plantations
2 2 Steep slopes: 40-80 ft long; | No data. Probably colluvial soils Remnant and secondary for- | VIle;
irregular stopes of margins est; Capillipedinn grassland VI
and guliies
3 2 Flood-plains: up to 50 yd wide | Fine-textured alluvial soils. Poorly | Stream-bank vegetation; | IHd
drained Plragnrifes swamp




LAND SYSTEMS

(37) Kauger, LAND SysTeM (50 SQ MILES)

Flood-plains and terraces.

Geology—Recent fluviatile clay, sand, and gravel; minor peat.

63

Physical Features.—Narrow flood-plains and discontinuous low terraces along major meandering streams;
locally small backing colluvial aprons; altitude 48007800 fi.

Population and Land Use.—12,500 people using 38 sq miles; 1% intensively, 77% moderately, 229 lightly,

oV6SECTFD SURFACE

1 mile

Land Forms

Soils and
Drainage Status

Vepetation

Land
Class

Flood-plains: flat or hum-
mocky; up te 5 [t above low
stream lovel; up to 450 yd wide

Few data. Alluvial land; various
alluvial soils; locally orgamic soils
(Gia). Variable drainage

Streﬂm—b_ank vegetation, com-
monly with much Sacciarion;
Phragwmites swamp

IVE: Vid;
VIH

Lower terraces: discontinuous;
up to 330 yd wide and 510 ft
above unit i

Coarse medium to medium-textured
afluvial soils; meadow soils (Kuli);
locally organic soils (Gia). Well to
poorly drained

Gardens and garden regrowth;
Capillipedinm and fsehaennm
grassland

TEITId;
1:

minor Vd

Higher terraces: discon-
tinuous; up to 100 yd wide,
20 ft above unit 1

Meadow soils (Mombol), meadow
podzolic soils {Banz, Omahaiga);
locally humic brown ¢lay soifs
(Kwakanigl) and deep dark colluvial
soils. Mostly poorly to imperfectly
drained

Arca
Unif] {sq miles)
1 28
2 13
3 &
4 3

Colluvial aprens: hummocky
gentle to moderate slopes,
5-15°; much seepage

Dark coliuvial soils (Kummel, Kere-
biji}, meadow soils (Mombal). gleyed
humic brown clay soils (Tambul);
locally crganic soils {Gia). Mostly
imperfectly to poorly drained. Toc-
ally stony

Similar 10 unit 2. In east much
Themeda interinedia tall prass-
land

TVsoy;
minor Ifd;
Ile

IVso0y;
IVes0;;
minor Tlle;
TIle,st
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(38) Ko LanD S¥sTEM (50 SQ MILES)

Poorly drained alluvial piains.

Geology.

Recent alluvial clay with minor sand, and peat,

Physical Features.—Stable and partly aggrading alluvial plains with swampy depressions; major streams
entrenched up to 20 ft; altitude 5200-6300 ft.

Population and Land Use.—5600 people using 30 sq miles; 43 %) moderately, 57 27 lightly.

1 mile
Area Soils and Land
Unit| (sq miles) |. Land Forms Drainage Status Vegetation Class
1 21 Alluvial plains: 8at to very | Meadow soils (Kuli) and medium- fo | Capillipedium grassland, com- | I-IId
stightly undulating; 8-20 ft | fine-textured alluvial soils; gleyed | monly with much bracken
above streams; levees, ter- | humic brown clay soils (Tambul, | fern; locally gardens and
races, and higher back-plains | Winjaka) on higher levees; very loc- garden regrowilh
ally deep dark colluvial soils, Im-
perfectly to poorly drained
2 20 Back-plain swamps: flat, slight- | Organic soils (Gogimp, Gia), also Ischaemmm  prasstand  and | VI-YId
1y below uwnit 1 meadow soils (Mombol)., Very poorly | grass—sedge bog
drained to swampy
3 7 Secpage zones and distributary | Few data, Organic soils {Gia) and | Phraguiites swamp VIIL; locally
swamps: up to 300 yd wide; | medium-texiured zlfuvial soils. L, V,
encroaching on unit 1; slopes | Swampy Vid
up to 2°
4 2 Flood-plains: up to 150 yd | Medium-textured alluvial soils. Welt | Stream-bank vegetation; | IV
wide; fanking meandering | to peorly drained Plragmiles swamp vid
through-going streams
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(39) WanGI LAND SysTeM (70 sQ MILES)

Flood-plains and flood-plain swamps.

Geology.

Recent fluviatile clay, sand, and gravel; minor peat.

65

Physical Features.—Aggrading low-lying flood-plains with meandering streams and oxhows; tributary plains
with ill-defined stream pattern; back swamps; altitnde 4700-5300 ft.

Population and Land Use.

500 people using 5 sq miles; 35 % moderately, 65 lightly.

Area

Soils and Land
Unit] {sq miles) Land Forms Drainage Status Vegetation Class
1 29 Fleod-plains: fAat to vory gent- Med.ium-tcxlured and locally coarse | Phragmites swamp; stream- | TV IVId;
ly undulating; up to 600 yd [ mediom-textured alluvial soils; loc- | bank vegetation minor TVs0,;
wide; locally gravelly slight | ally alluvialland, Imperfectly to weil VI-VIId;
1isés) common oxbows drained; locally very poorly drained VIO
to swampy
2 21 Tribufary plains: flat, with ill- | Me¢diun- and fine-textured alluvial | Plragmites swamp YI-VITd
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PART V. CLIMATE OF THE GOROKA-MOUNT HAGEN AREA
" By J. R. McALpINE®

I. INTRODUCTION
(a) Principal Climatic Features

This area has by virtue of its higher altitudinal position a climate distinctive
from the tropical rain forest type (4f) of Kippen (1931) or wet tropical type (44'r)
of Thornthwaite (1931) generally prevailing in the lowlands of the oceanic and
equatorial south-west Pacific. Below 5000 ft the climate very closely resembles these
types but at higher elevations it approximates the moist temperate or mesothermal
types of higher latitudes. Yet it differs again from these in its restricted annual range
of moderately high temperatures. As Koppen (1931) classes all tropical arcas above
4100 ft as C, this area then becomes Cf with a small occurrence of Cw at Henganofi.
A similar climate in an area to the west has been described by Fitzpatrick (1965).

The climate is equable throughout the year in all its facets and is also character-
ized by comparatively little year-to-year variability. Monthly mean temperature varies
through the year by only 4 degl, ranging at Goroka from 63 to 66°F, and decreases
approximately 3 degF with every 1000-ft increase in ground elevation, Mean annual
rainfall ranges from 70 in. in the east to 125 in. in the west and rainfall seasonality
becomes increasingly marked in an easterly direction.

(&) Climatic Records

The lengths of rainfall records are given in Table 2. Only Goroka and Mount
Hagen have been used for comparative purposes, except where otherwise stated.
The standard period used for these two stationsis 1952-66 inclusive. The unsatisfactory
length of this period is partly compensated by the low degree of variability indicated
in the area. :

II. Comvatic CONTROLS

This discussion of climatic confrols operating in the area is based on Brookfield
and Hart (1966) and Fitzpatrick, Hart, and Brookfield (1966). It modifies their
treatment only in so far as is necessary to fit the broad principles outlined to the local
situation and after a consideration of upper air data available for Lae.

Throughout lowland New Guinea the major climatic controls are the seasonal
latitudinal movements of two major surface air masses separated by the intertropical
convergence zone (ITCZ), These consist of a perfurbaiion belt of westerly-moving
vortical circulations to the north, referred to in previous literature as the ‘‘north-

* Division of Land Research, CSIRO, P.O. Box 109, Canberra City, A.C.T. 2601,
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west season”, and the south-east trade wind belt to the south. Upper air daia from
Lae indicate that over New Guinea these two belts dominate during different seasons
and extend to quite different altitudes. During the perturbation belt season, from
December to March, these essentially external surface masses reach an altitude
sufficient to allow their upper sections to enter and affect the highlands weather
pattern. Conversely, the south-east trade winds which are dominant from May to mid
October generally reach insufficient height to enter or pass over the barrier. On
occasion they may do so by banking up against the barrier and being forced over by
updraft. However, this effect is generally confined to those ranges which lie trans-
versely across the prevailing wind, as in the Papuan extensions of the central
cordillera. When this does occur, these moist air masses in any case will become
highly modified and can no longer be considered as part of the external surface
circulation system but only as a moist sector in the local highland circulation. Gener-
ally, and especially in the eastern highlands, the area remains unaffected by the trade
winds or their overflow during the “sounth-east season” but is dominated externally
by dry zonal easterlies. The months of April and mid October to November form
transitional periods between these two systems when the ITCZ is shifting across the
area and during which either system may predominate for short periods.

The differential protection from outside surface influences causes local circula-
tions within the highlands to be the dominant internal climatic control during the
south-east season and co-dominant during the perturbation period. At this local level
the highlands can be considered orographically as a series of valley basins surrounded
by the much higher outer wall of the central cordillera. The major basins in this area
are those of the upper Ramu, Bena—Asaro, Chimbu, Wahgi, and Baiyer Rivers. The
differential heating of basin floors and siopes can be assumed to give rise in each to
local circulafions showing a regular diurnal alternation of katabatic and anabatic
winds. These winds result in the commonly observed pattern of late morning clear
basin centres and clouded slopes, giving way in the evening to clouded basin centres
and clearing slopes. Later in the night clear skies commonly prevail overall, after
which a situation of temperature inversion frequently occurs which results in early
morning fogs over basin floors. Where rivers draining these basins form valleys which
lead directly into the lowlands, air from these local highland circulations may pass
down them and, conversely, lowlands air may rise up through them tc enter the
highlands.

With regard to rainfall distribution within such basins, Brookfield and Hart

(1966} have demonstrated, by reference to the Lake Sentani basin of West Irian, that

in a uniform and limited basin-type orographic situation rainfall increases with
elevation and proximity to the periphery of the basin. The basins of the New Guinea
highlands are neither uniform nor limited but vary in shape, size, and altitude, thus
making the orographic situation within any basin complex and inter-basin com-
parison difficult. However, it may be assumed that this effect of increasing rainfall
towards the margins of a basin will still generally prevail. No suitable sequence of
rainfall stations exists in the area to demonstrate this effect reliably but it may be
partly demonstrated by a rough comparison of the rainfall between stations within a
basin (Fig. 6 and Table 2). Generally, those nearest the centre have lower rainfalls
than those further towards the periphery.
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Except within this basin situation there is no evidence of any direct relationship
between aliitude and rainfall. Unfortunately the altitudinal range of rainfall stations
in this area is restricted and this lack of correlation between altitude and rainfall is best
shown by comparing the rainfall figures in this report with those in the area to the west
given by Fitzpatrick (1965).

III. GENERAL CLIMATIC CHARACTERISTICS
(a) Rainfall

Mean monthly and annual rainfall for stations possessing five or more years
of complete records are given in Table 2. The spatial and seasonal distribution of this
rainfall is ilfustrated by means of histograms on Figure 6. No attempt has been made
to construct an isohyetal map because of the previously mentioned complexity of both
the orographic situation and local circulations between and within the various basins
of the area.
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Fig. 6.—Anmual digtribution of rainfall (Jan.—Dec.) at 7 recording stations. Values shown with
station names are the mean annual rainfall (in.) for the station.

Mean annual rainfall is least in the basin centres, 75 in. at Goroka and 102 in.
at Mount Hagen, and increases towards their peripheries. Superimposed on this local
pattern is an overall increase in annual rainfall in a westerly direction, a large part
of this difference resulting from variations in “dry season’ falls. Throughout the arca
June and July are the driest months and March the wettest. Rainfall scasonality is
particularly marked in the east where the seasonal pattern is similar to that of Port
Moresby but with higher monthly totals. To the west, seasonality decreases and
begins to approach ihe almost complete lack of seasonality of the Southern Highlands
District. This variation in seasonality may be caused by the proximity of these
western areas to those ranges in Papua which lie transversely across the south-east trade
winds. As a result it might be expected, by the process mentioned previously, that
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falls of rain may occur in this area during the “dry season” as a result of the in-
cursions of highly modified moist south-easterly trade wind air during the dry season,
It is also significant that to the east the barrier ranges to the north are narrower and
lower than elsewhere in the central cordillera and hence the climate is more influenced
by the markedly seasonal rainfall regime in the nearby Markham-Ramu lowland valley.

TABLE 3
AVERAGE NUMBER OF RAIN DAYS PER QUARTER WITH RAINFALL. WITHTN SPECIFIED LEMITS
Amount Jan—Mar. Apr—June July—Sept. ~ Oct.—Dec.
(in.) (90 days) (91 days) (92 days) (92 days)
Goroka
G-01-0-24 37 30 29 30
0-25-0-99 26 16 10 20
1-00-1-99 7 3 1 4
2-00-3-99 <1 <1 <1 1
= 4-00 0 0 0 0
Mount Hagen
G-01-0-24 31 27 36 27
0-25-0-99 29 23 22 25
1-00-1-99 9 7 4
2-00-3-99 1 <1 <1 < 1
0 0

= 4-00

The variability of annual rainfall, expressed by the standard deviation as a
percentage of means, is between 14 and 159 at both Goroka and Mount Hagen and
increases to 179 at Henganofi. This low variability is a distinguishing characteristic

TARLE 4

LENGTH OF RAINY AND RAINLESS PERIODS AND NUMBER OF DAYS WITH OR WITHOUT
RAIN PER QUARTER (1952-66}

Rainy Period Rainless Period

Station Av. No. Av. No.
and Quarter ~ Average Longest  Rgjp Days = Average Longest g ainless Days
(days) (days) (days) {days)
Goroka
Jan,—Mar. 5-8 25 71 1-7 8 20
Apr—June 3.2 29 49 2.7 32 42
July—Sept. 2-5 22 41 3-0 15 51
Qct.-Dec. 3.7 20 55 2.4 15 36
Mount Hagen
Jan.—~Mar. 5-5 44 71 1-6 7 20
Apr—June 3-8 34 57 2-3 22 34
July—Sept. 4-3 28 63 2-0 7 29
Oct.—Dec. 39 20 59 2-1 18 32

of the highlands climate. Variability is higher in the dry season than in the wet and
increasing seasomality is positively correlated with increasing monthiy variability.
The highest and lowest annual rainfalls on record are given in Table 2.
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No direct measures of rainfall intensity are available, Table 3 indicates that for
Goroka and Mount Hagen, heavy rainfalls over 4 in. per day have not been recorded
and that during the dry season daily falls over 2 in. are uncommon. Rainfall data for
other stations show a similar pattern. This contrasts with the coastal situation where
rainfall intensities are considerably higher. Table 4 indicates the rainy nature of the
climate. In all the facets listed Mount Hagen is rainier than Goroka in the dry
season, but not significantly different during the wet season. Mount Hagen has, on
average throughout the year, somewhat heavier falls per day than Goroka.

TABLE 5

NUMBER AND LINGTH OF DRY AND WET SPELLS BY
SEASONS FROM 1952 TO 1966

Duration Goroka Mount Hagen
Dry spells
Dry season {Apr, 22-Oct. 22)
1wk 30 40
2 wk 22 13
3 wk 10 2
4 wk 6 0
= 5wk 11 0
Wet season (Oct., 23-Apr. 21)
1 wk . 32 33
2wk 12 1
3 wk 2 3
4 wk i 0
= 5wk B i 0
Wet spells
Dy season {Apr. 22-Oct, 22)
1-4 wk 67 42
5-8 wk 5 6
9-12 wk 2 9
13-16 wk 0 4
> 16 wk 0 1

Wet season {Oct. 23-Apr. 21)

1-4 wk 30 15
5-8 wk 16 9
912 wk 3 &
13-16 wk 2 6

> 16 wk 4 5

A better indication of the frequency and duration of wet and dry spelis of
weather is given in Table 5. A wet spell is here defined as the number of consecutive
weeks in which rainfall exceeds estimated evapotranspiration, and a drv spell as the
number of consecntive weeks in which evapotranspiration exceeds rainfall. These
spells have been calculated by the application of the water balance model described
in Section IV. The results have been arranged in six-monthly periods to provide a
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comparison between wet and dry seasons. Where a spell of weather has carried
through from one to the other period it has been included in that season in which the
longest sector of it occurred. Table 5 indicates that dry spells tend to be more fre-
quent and longer in Goroka than in Mount Hagen in both the wet and dry seasons,
although the difference is more marked in the dry season. There is no record of a dry
spell of four weeks or longer at Mouat Hagen whereas dry spells of even longer
duration can be expecied to occur at Goroka on average once a year. The com-
parison of the two stations for wet spells presents a less marked contrast. Goroka has
slightly more wet spells in both the wet and dry seasons but this is due to the fact that
wet spells at Mount Hagen are generally more consistent and longer. An analysis of
other highland rainfall stations indicates that those in the east closely approximate
the Goroka wet- and dry-spell pattern while those in the west are similar fo the
Mount Hagen pattern. Stations in between the two are intermediate, showing a gradual
transition between these two patterns rather than any sharp breaks in wet- or dry-
spelt frequencies and lengths.

(b} Temperature

Table 6 indicates the very resiricted range of mean monthly and other tempera-
ture characieristics. At Goroka mean monthly temperature ranges from 66°F in
July to 69°F in January. A comparison of these figures with data for the area to the
west described by Fitzpatrick (1965} where temperature records are available for a
range of altitudes, and with data (McVean 1968) for six months at Pindaunde ficld
station (11,600 {t above sea level) on Mt. Wilhelm, indicates an overall decrease in
temperature of approximately 3 degF per 1000-ft increase in altitude.

The average diurnal range of temperature at Goroka and Mount Hagen is
approximately 20 degF, a figure double that of the New Guinea lowlands and con-
siderably greater than the annual range of mean temperature in the highlands. Table 6
also lists the highest maximum and Iowest minimum on record and from these itcanbe |
seen that even exireme temperatures vary only by 5-10 degl from the mean range.
Ground frosts may be expecied to occur very occasionally at 6000 ft, especially in cold
air drainage depressions or “frost hollows™. The probability of frost occurrence above
this altitude increases directly with height. Ground frosts may be assumed to be
reasonably common above 8500 ft above sea level and at Pindaunde they occurred
on more than 509 of the days for the available record (McVean 1968). Spow falls
occasionally on the summit of Mt. Wilhelm.

(¢) Other Climatic Characteristics

Mean monthly relative humidity for 0500 and 1500 hours, together with estim-
ated evaporation, is given in Table 7 for Goroka and Mount Hagen. Humidity is
high throughout the year for both stations and shows little monthly variation, Early
morning atmospheric conditions are mostly saturated or near saturated, frequently
resulting in heavy fog in valley basins, Mean monthly dew-point temperatures range
only from 1 to 3 degF above mean monthly minimum temperatures. No observationai
data for evaporation are available, but estimates have been made from mean monthly

maximum and minimum temperature, vapour pressure, and day length (Fitzpatrick
1963).
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Data for mean monihly cloudiness are given in Table 8 for Goroka and Mount
Hagen together with sunshine figures for Aiyura. As can be seen, cloudiness varies
little through the year for these two stations possessing similar central basgin positions.
The diurnal movements of low cloud within a basin system have been referred to
earlier. Short sunshine records at Nondugl indicate approximately the same maonthly
range as those at Aiyura. Basin centres should experience greater sunshine duration,
and basin slopes somewhat less.

IV. PLANT GROWTH AND WATER BALANCE

The interactions between rainfall, evapotranspiration, soil water storage and
run-off, and infiltration considered here are based on a water balance mode! similar in
principle to that developed by Slatyer (1960}, which uses evaporation as withdrawal
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Fig. 7.—Average weekly soil moisture storage at 4 stations.

(evapotranspiration) and rainfall as input. The model is designed to indicate week-to-
week changes in soil moisture levels and these have been assessed with the aid of
computer processing. The assumptions in applying the model are that actual evapo-
transpiration (ET) is related {o tank evaporation (E), estimated by Fitzpatrick’s
method by the relationship ET = 0-8F for those wecks with storage plus rainfall
exceeding 250 in. and by ET = 0-4F below this level. The model may tend to
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underestimate evapotranspiration when the upper parts of an otherwise dry soil
profile receive rains less than 2-50 in. and overestimate it during weeks without rain-
fall when stored soil water in the upper profiles is nearing depletion. However, these
variations are of little significance in a general assessment over a number of years. Soil
moisture storage capacity is assumed to be 4-00 in, and run-off is assumed to occur
only when this threshold of soil moisture storage is surpassed.

The weekly changes in soil moisture level that are indicated by the application
of this model have been averaged for the years of record and the results illustrated
in Figure 7. This clearly indicates the effects of the increased seasonality of rainfall
in the Goroka—Henganofi area compared with that in the west. However, these are
only average conditions and it is the frequency with which serious soil water deficits
occur which will determine the risks for plant growth and production. This is in-
dicated in Table 9 by the number of weeks in which soil moisture reached certain

TABLE 9

NUMBER OF WEEKS IN THE DRY SEASON® IN WHICH SOIL MOISTURE STORAGE (4 IN)
WAS DEPLETED TO STATED PERCENTAGE CLASSES FOR GIVEN YEARS

1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966

Henganofi
FuH storage 0 5 1 1 0 12 4 7 4 1 2
1-49 %/ depietion 5 10 9 11 i1 12 19 12 6 10 11
50-99 % depletion 17 9 15 14 15 2 3 7 12 14 12
Total depletion 4 2 1 0 0 ] 0 0 4 1 1
Goroka
Full storage 0 9 4 3 2 14 11 7 4 7 9
1-49 %, depletion 6 17 10 19 12 12 15 14 9 15 6
50-99 % depietion 20 ] 12 5 12 0 0 5 13 4 11
Total depletion 0 0 0 0 0 1] 0 0 0 0 0
Mount Hagen
Full storage 22 22 16 23 23 21 23 18 22 11 15
1-49 %/ depletion 4 4 10 3 3 5 3 8 4 15 ii
50-99% depletion Q 4] 0 0 0 0 0 0 0 4 0
Total depletion 0 0 0 0 0 0 0 0 0 0 0

* Apr, 22-Oct. 22,

depletion levels during the dry season. At Henganofi, for slightly more than half
the years of record, soil moisture was depleted by more than 509 for half the dry
season, and occasionally storage was completely depleted. At Goroka soil moisture
is only intermittenily depleted by over 50 %] whereas at Mount Hagen this degree of
depletion has never occurred. No similar table for the wet season is given as only
rarely does any soil moisture depletion occur at Goroka or Mount Hagen and this
only in the mid October-November seasonal transition period. Even at Henganofi
wet season depletion has been significant orily in one year of record when, in the
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January-March period, 1963, six consecutive weeks of depletion occurred ranging from
55 to 70%. Conversely, the results from this water balance model indicate that
during the wet season, if soil drainage rates are low, soil moisture levels may remain
above field capacity for considerable periods and this excessive wetness may inhibit
plant growth.

TasrLz 10
MEAN ANNUAL WATER SURPLUS

Avy. No. Wecks per
Rune-off and Through Annum Run-off and

Drainage (in.) Through Drainage
Occurred

Goroka (15 yr records) i

Mean 38 24

Lowest (1963) 17 15

Highest (1960) 56 27
Kundiawa (12 yr records)

Mean 33 35

Lowest {1965) 35 30

Highest (1962) 65 42
Mount Hagen (iS yr records)

Mean 72 42

Lowest (1965) 48 31

Highest (1952) 94 42

A comparison of results from other rainfall stations in the area indicates that
generally the Goroka water balance paitern is applicable to most stations in the
basins of the east and the Mount Hagen pattern to basins in the west.

These water balance results have been further analysed to give some indication
of annual water surplus through run-off and through-drainage. Table 10 gives these
results as a mean, together with the highest and lowest annual occurrences on record,
and againindicates the gradualincrease from east to west. Ribeny and Brown (1968) have
shown that the model gives good agreement with stream gauge run-off data at Aiyura,
and hence the estimates given in Table 10 may be assumed to be reasonable.
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PART VI. SOILS OF THE GOROKA-MOUNT HAGEN AREA

By H. A. HaanTiENs®

I. GENERAL
(a) Soil Classification and Correlation

() Classification.—All soil profiles described in the field were afterwards
grouped into 13 major soil groups which have no clearly defined categorical statos
but are merely groups of local convenience. The major groups were given short
descriptive names, using partially the terminology of standard great soil groups as in
use in Australia and the U.S.A. In addition, two major groups (lithosols and miscel-
laneous land types) were used to describe essentially non-soil conditions. No field
observations were made in these groups. Profiles in the 13 major groups were sub-
divided into 37 soil families which are considerably more homogeneous classes than
the major soil groups but generally too heterogeneous to be called soil series. Most
families have been given locality names but those of the alluvial and colluvial soils
were given shart descriptive names, Each soil family (in the first instance those for
which analytical data are available) was tentatively placed in the great group category
of the 7th Approximation (United States Scil Conservation Service 1960). The
results of this comparison are shown in Table 11.

(il) Correlation with Wabag—Tari Area.—The soil families of the Wabag-Tari
area to the west, which was surveyed in 1960 and 1961, were established independently
(Rutherford and Haantjens 1965) from what had been done earlier in the Goroka--
Mount Hagen area. A comparison indicates that many families appear to be restricted
to either one of these two areas and also that many families of one area show great
similarities with families of the other (Table 12). The degree of similarity varies. Where
it is so great that the two families could possibly be merged into one, the names are
printed in italics in the table. A few points can be made about the correlation.
Mainly because of incomplete clay mineral data no distinction was made in the
Goroka-Mount Hagen area between humic brown clay soils on volcanic ash and
those on other soil types. Thus Ogelbeng family includes profiles of both the ash
soils of Wapenamanda family and non-ash soils of Vakari family. Similarly Daulo
family includes non-ash soils that were excluded from Tabunaka family. Banz
family includes soils on consolidated rocks as well as on unconsolidated sediments
and this largely accounts for the difference between the equivalent families Tumundan
and Pumakos. Tomba and Pompameiri families are apparently less peaty and less
clayey than the related Dibibi family. Bidnimin family has a better-developed topsoil
" and a browner upper subsoil than Kutubu family which is a typical lowland Iatosol.
Elimbari family is much less organic than Kaijende family, which usually occurs at
higher altitudes and in a wetter climate.

* Division of Land Research, CSIRO, P.O. Box 109, Canbefra City, A.C.T. 2601.
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CLASSIFICATION, NOMENCLATURE, AND DISTRIBUTION OF SOQILS OVER LAND SYSTEMS

Soil Group* and
Family

Probable Equivalent Great
Group in 7th Approximation

Land Systems? in which
Soil Occurs

Alluvial soils
Unclassified
Coarse medium-textured

Medinm-textured
Fine-textured

Hydraquent, Haplaquent,
and Hapludent,
depending on drainage

12, 21, 28, 33, 37

29, 37, 39

5,19, 32, 34, 37, 38, 39
17,19, 28, 31, 34, 36, 18, 39

Alpine peat and humus soiis

Unclassified 10
Pinde ? Histosol order 1,2
Tomba Haplumbrept to Cryumbrept 1,3, 4,06, 14, 18, 22, 25, 27
Pompameiri Cryumbrept 1, 3,5, 12, 23, 26
Black earths
Limisate Grumagquert 15
Colluvial soils
Unclassified 12, 27, 28, 29, 30, 35
Sandy soils Dystrochrept 2,5,6,7,8,9,15,16, 24, 27, 31
Brown soils Dystrochrept 5,6,7,8,9,13, 16, 19, 24, 31

Motiled soils Dystrochrept to Ochragquept

5,6,7,8,15,17, 24

Dark colluvial soils

Kummel Umbraquept
Kerebiji Umbraquept
Decp colluvial soils Haplumbrept

27, 33, 36, 37
27, 31, 34, 37
5, 18, 21, 22, 27, 37, 38

Gleyed humic brown clay sails

Unclassified
Tambul Umbraquept to Umbrandept
Winjaka Haplumbrept to Dystrochrept

12

6, 7, 17, 21, 22, 24, 27, 28, 11,
35, 37, 38

17, 22, 24, 26, 27, 31, 35, 38

Humic brown clay soils

Unclassified

- Kwakanigl Haplumbrept
Daulo Umbrandept to Haplumbrept
Ogelbeng Umbrandept, Haplumbrept,

some profiles Dystrochrept,
Ochrandepi

12
5,37

1,3,5,78,9 11,14, 17, 18, 19,
20, 23, 24, 25, 26, 29, 31, 34

5, 6,7,8, 9,11, 13, 14, 18, 19,
20, 21, 22, 24, 25, 26, 27, 28,
29, 31, 35
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TABLE 11 (Continued)

Soil Group* and
Family

Probable Equivalent Great
Group in 7th Approximation

Land Systemsj in which
Soil Occurs

Humic brown and red latosols

Wandi
Singa

Bidnimin

Merima

Umbrustox!
Umbrudox to Ochrudox

Umbrudox to Ochrudox

Umbrudox to Ochrudox

8, 11, 13, 17, 19, 20, 29, 30

5,7,8,13,17, 18, 20, 24, 27, 28,
29, 31

5,7,8,11, 17, 18, 24, 27, 28, 29,
31

57,820

Tateritic and gleyed latosols

Kerowil
Minj

Ombun
Gitunu

Umbrudox to Qchrudox
Umbraquudt

Mostly Plintochruli
Mostly Plintumbrult

5,7, 8, 13, 16, 17, 28, 29, 31, 34

16, 17, 18, 21, 26, 27, 28, 29, 30,
32

56,7, 8, 11, 13, 16, 19, 20, 24

5,7,13, 17, 19, 24, 27, 28, 30, 32

Lithosols

Hapludent 1o Haplumbrept

4,5,7,8,9, 13, 15, 16

Meadow soils

Mengendi Argaquoll, Ochragualf 7, 16, 19, 20

Mombol Argaquoll, Umnbraqualf 8, 13, 17, 19, 20, 27, 29, 31, 32,
33, 34, 36, 37, 38, 39

Kuh Haplaquoll 7,8,13,14, 17,19, 28, 30, 32, 33,
34, 36, 37, 38

Kudjil Haplaguoll 17, 22, 24, 28, 29, 30, 31, 34

Meadow podzolic soils

Omahaiga Plintaquult 13, 17, 27, 29, 30, 34, 36, 37

Banz Umbraguult 7, 8, 16, 17, 20, 27, 28, 31, 32,
33, 34, 35, 30, 37

Kaorn Umbraguult 27

Miscellaneous land types
Rock outcrop
Rubble land
Alluvial land

1, 2, 6, 8 10, 11, 12, 15, 24, 27
1, 19
12, 22, 27, 28, 29, 30, 32, 33, 37

Organic soils

Unclassified 2,29

Gumanche Histosol order 24, 35, 39

Gogimp Histosol order 13, 17, 21, 22, 23, 26, 27, 28, 31,

34, 35, 38, 39

Gia Histasol order 13, 19, 23, 34, 15, 37, 38
Rendzinas

Unclassified 15

Elimbari Rendoll 8, 10, 11

*# Soil groups are arranged in alphabetical order.
1 Land systems are referred to by number Names can be found in Part IV where the land
systems are arranged in numerical order.
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The fact that many soil families were observed only in the GorokaMount
Hagen area or only in the Wabag-Tari area does not necessarily mean that they are
restricted to these areas. The very broad reconnaissance surveys on which thess
veports are based are unlikely to cover the toial variability in soils.

(b) Svil Distribution and Formation
The land system map, together with the land system descriptions and Table 11,
presents a picture of the distribution of the soil families.

TasLe 12

SOIL FAMILIES¥ AND THEIR APPROXIMATE EQUIVALENTS
IN THE WABAG-TARI AREA

Goroka—Mount Hagen Family  Wabag—Tari Equivalent

Medinm-textured afluvial soils Medinm-textured recent alluvial soils
Fine-textured alluvial soils Fine-textured recent alluvial soils
Pinde Wapu

Tomba and Pompameiri Dibibi

Kummel 7 Muriraga

Deep collwvial soils Tupisanda

Tambul Klareg

Winfaka - Meritnda

Davlo Tabunaka

Ogelbeng Wapenamanda and Vakari
Singa Nenja

Bidnimin Kutubu

Merima Herep

Mengendi Tibiri

Mombol Laiggam

Banz ' Tumundan and Pumakos
Gumanche Kiakau
‘ Gogimp Tirriraga

Gia Mango

Elimbari Kaijende

*MNames are printed in italics where families in the iwo areas are
s0 similar that they could possibly be merged into one.

The approximate and simplified distribution of the major soil groups is pre-
senied on a small-scale map by arranging the land systems into groups of broadly
similar soil contents. The reference of this map is arranged as far as possible in order
of increasing soil development on consolidated rocks, and its latter half in order of
decreasing soil development and increasing poor drainage on unconsolidated sedi-
ments and peats. Thus the mapping units in the middle of the legend {associations
11-16} are those with the greatest degree of soil development. The approximate areas
of the major soil groups and their distribution over the soil associations of the small-
scale map are summarized in Table 13. The areas listed are only intended to show the
order of magnitude,
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As in most parts of New Guinea, and notwithstanding the wet and warm climate,
strongly weathered soils (humic brown and red latosols, lateritic and gleyed latosols,
meadow podzolic soils) are relatively uncommon. This generally can be ascribed to the
youthfulness of the land forms. For instance the frequency of occurrence of unstable
slopes in hilly and mountainous areas is reflected in the very large extent of colluvial
soils which are of a regosolic nature, formed on unstable slope mantles of weathered
rock. However, as a result of the rapidity with which weathering proceeds in this
climate lithosols are scarce and are only present in significant amounts on the highest,
coldest mountain summits and on hills in the driest part of the area south and south-
east of Goroka. Climatic factors, particularly temperature, could be a factor contribut-
ing to the scarcity of strongly weathered soils, since these are virtually restricted to
altitudes below 7000 ft. Also probably because of wetness, these soils are generally
less red and have better-developed topsoils than their counterparis in the New Guinea
lowlands.

Largest in extent are the humic brown clay soils. Occurring on stable hill and
mountain slopes and well-drained plains on virtually every consolidated and un-
congolidated rock type in the area except mudstone, these soils approach the concept
of zonal soils in the area (Haantjens and Rutherford 1967). Their brown colours and
well-developed dark humic topsoils are probably the result of the wet climate and
relatively low temperatures. The accumulation of organic matter increases with in-
creasing altitude, whilst weathering decreases. Thus a gradual transition exists towards
the alpine peat and humus soils, which in New Guinea occur exclusively in this and other
highland areas and in extreme instances consist of shallow peaty horizons overlying
almost fresh bed-rock. The contrast in climate within the area is reflected in the soil
cover by the contrast between these organic alpine soils and the black earths, which
ocecur sporadically in the driest and relatively low part of the area near Henganofi.
The black earths are formed only on rather basic voleanic rocks, but the important
effect of climatic factors on their formation is suggested by the fact that the rainfall
records of Henganofi display a degree of seasonality similar to that of Port Moresby,
situated in the only area in New Guinea where black earths are common and where
these are similarly associated with lithosols on steep hill stopes,

In terms of major soil groups, there is on the whole little evidence of strong
infinence of rock type on soil formation. The rendzinas on limestone are an out-
standing exception to this rule, as is the absence of humic brown clay soils and humic
brown and red latosols on mudstone. Soils on this slowly permeable parent material
are generally gleved and belong to the meadow soils, meadow podzolic soils, and
lateritic and gleyed latosols, depending on the degree of weathering and waterlogging,.
The frequency with which gleyed soils occur on flat land could again be attributed to
the wet climate, but slow permeability of the parent materials is probably a more
important factor. This is suggested by the mudstone example above as well as by the

fact that gleyed soils are particularly common on the fine-textured fan and lacustrine
" deposits derived mainly from sedimentary rock in the Wahgi and Asaro valleys, but are
much rarer on the more permeable volcanic ash plains and fanglomerates derived
largely from igneous rock.

An important difference between the soil pattern of this area and that of most
lowland areas is the very small extent of alluvial soils. By far the greater portion of
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valley-fill sediments was laid down in late Pleistocene times, probably following the
strong orogenetic movements in the Plio—Pleistocene, and possibly climatic changes
connected with late Pleistocene glaciation. These older alluvia have been subjected
to soil-forming processes and undifferentiated alluvial soils are now largely restricted
to narrow flood-plains of incised rivers. The common occurrence both of high flood-
plain terraces with, in places, dark collnvial soils and of organic soils in back swamps
further suggests that sedimentation is not vigorous at the present time and the land-
scape as a whole is now more stable than that of most lowland areas. By far the
la¥gest area of alluvial soils and organic soils occurs in the western Wahgi valley.
This is probably caused by the biocking of the original western exit of the valley by the
volcanic ash deposits from Mt. Hagen (see Part I1I).

I1. Soi. MORPHOLOGY

The following descriptions give brief accounts of the environmental conditions,
main profile characteristics,” organic matter eontents, and field pH of the soils, and an
assessment of their water regime. Detailed profile descriptions of soil families and
sampled profiles together with analytical data are available on request from the
Division of Land Research.f

(a) Alluvial Soils

These soils are more than 4 ft deep, of varying texture (commonly stratified)
and drainage status without pedogenetic horizon differentiation, except slight to
moderate development of an A; horizon and gleying when poorly drained.

The aliuvial soils are the predominant soils of fiood-plains and low terraces
along the major rivers and ocour also in depressions in hilly areas and older higher
depositional surfaces. They occur at altitudes between 500 and 8000 ft and support
mainly gardens and garden regrowth, dry and swamp grassland, and stream-bank
vegetation.

(i} Coarse Medium-textured Soils.—These are more or less stratified soils with
loam to clay loam upper horizons and sand to sandy clay loam subsoils. The colour
generally varies between dark brown and olive-brown. The soils have a low to
moderate organic matter content, and a field pH of 6-6-3, generally uniform with
depth. The soils are rapidly permeable and mostly well drained, occasionally imper-
fectly drained, Water-tables below 3 ft depth were observed in a few instances.

(i) Medium-textured Soils.—These soils have a uniform texture of sandy clay
loam to light.clay, or consist of clay upper horizons merging into sandy loam to
gravelly clay loam with depth. The colour is either dark yellow-brown to light olive-
brown or, in poorly drained profiles, grey and brown mottled. The organic matter
content is low to moderate. The field pH is 6-6-5 but may decrease to 5-5 in the

* The descriptions are based on the terminology set ouf in the soeil survey manual (United
States Department of Agriculture 1951). Colour names use the terminology of the Munsell soil
colour chart and refer to the moist condition.

1 CSIRO Aust, Div. Land Res. tech. Memo. No. 69/5 (unpublished).
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subsoil. Whilst the permeability appears to be moderate, the drainage status ranges

from very poorly to well drained, mainly due to variations in topographic position and
water-table,

(iil) Fine-textured Seoils.—These soils have a plastic clay to heavy clay subsoil
and mostly coarser-textured (sandy clay loam to clay) upper horizons. Some subsoils
are gravelly clay. The colour is mostly brown-grey to green-grey with distinet mottles,
but browner layers may occur towards the surface. The organic matter content is
generally low, occasionally moderate. The field pH usually increases from 6 in the
topsoil to 6-5-7 in the subsoil, The soils are slowly permeable and swampy to poorly
drained, Water-tables are normally found between the surface and 3 ft in depth.

(b) Alpine Pear and Humus Soils

Occurring in the high mountains above 7000 ft and up to 13,000 ft these are
undifferentiated to moderately weathered soils characterized by very dark colour and
strong accumulation of organic matter.

(1) Pinde Faomily—These alpine peat soils occur between 11,000 and 13,000 ft
under alpine grassland on very gentle to sieep slopes.

They are shallow (14--24 ft} dark-coloured very wet clayey peat to peaty clay Toam
soils overlying hard or weathered rock or morainic sand or silt. The field pH decreases
with depth from 6 to 5-5. The soils are moderately permeable and have nil to moderate
run-off depending on slope. They are poorly to very poorly drained.

(ii) Tomba Family.—This family occurs between 7000 and 12,000 ft on igneous
rocks and volcanic tuff and ash mostly on steep, but also on gentle slopes. The
vegetation is forest and alpine grassland with some sword grass and shrub regrowth
near the lower limit.

These are normally 13-24 ft deep very dark grey-brown to dark red-brown
friable loam to clay loam soils very rich in organic matier. They overlie more or less
weathered compact voleanic ash or weathered coarse-grained rock. The field pH of
the dark soil is usnally 5-5-5, that of the weathered ash 6-6-5. The soils are rapidly
permeable, Although they occur on steep slopes run-off is only low to moderate
under forest. The soils are well to imperfectly drained.

(iil) Pompameiri Family —These soils occur between 7000 and 12,000 ft on vary-
ing slopes on igneous and volcanic rocks under a vegetation of forest and, rarely,
alpine grassland.

They are normally moderately deep (3-4 ft) brown very friable sandy clay Toam
soils with thick (10-20 in.) dark brown loam to clay loam topsoils rich in organic
matter. The field pH is 6-6-5 and commonly 5-5-5 below 3 ft depth. Rapidly perme-
able, the soils are well drained and have low to very low run-off.

(¢) Black Earths

() Limisate Family.—Developed on colluvium derived from voleanic rocks
these soils occur only very locally on gentle slopes under a grassland vegetation in the
driest part of the area near Bena Bena at an altitude of about 5500 ft.
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The soils range in depth from shallow (14 ) to deep (=>4 ff) and are very
plastic cracking heavy clays, black in the upper part, dark grey in the lower part,
The field pI ranges from 65 to 7-5. The soils are very slowly permeable, have moder-
ate run-off, and are mostly poorly drained although they dry out in the dry season.

{d) Colluvial Soils

The colluvial soils are essentially regosolic soils occurring on unstable slope
mauntles affected by soil creep and superficial slumping. Although the soil material
may be moderaiely weathered, little soil formation in sifu has taken place.

(i) Sendy Seils.—Qccurring over a wide altitudinal range (5000-11,000 ft) and
consequently under greatly differing vegetation (grassland, gardens and garden re-
growth, forest, alpine shrubbery), these soils are found mostly en igneous rock and
locally on sandstone. They also occur on gentler slopes on gravelly colluvial deposits.

The soils are moderately deep to deep (3—>> 4 {t) and consist of yellow-brown
siratified sandy clay loam to loamy sand, or gravelly clay loam. A dark brown topsoil
moderately rich in organic matter varies in thickness from almost nil to more than
1 ft. The field pH is 6 in the topsoil, 5-6 in the subsoil. The soils are mostly rapidly
permeable, have low to moderate run-off, and are well to excessively drained.

(ii) Brown Seils.—This family is exiensive on unstable steep to very sieep
stopes on metamorphic and sedimentary rocks, with the exception of mudstone.
Qccurring between 5000 and 9000 ft it is most common in the lower part of this
range. The vegetation is grassland, gardens and garden regrowth, and forest.

These are moderately deep to deep (3->> 4 ft) soils overlying strongly fragmented
rock. The texture varies, within the family as well as within individual profiles, from
sandy clay loam to heavy clay but is mostly silty clay to clay. Varying amounts of
weathered rock fragments are usually present either in bands or throughout and
increasing with depth. The colour is patchy brown to brown-yellow. A dark brown
topsoil, moderately rich in organic matter, varies in thickness from almost nil to
1 ft. The field pH is 5-5-6-5 in the topsoil and ranges widely from 4-5 to 6+5 in the
subsoil. The soils are mostly moderately permeable and have moderate to high tun-
off. They are well to excessively drained.

(iil) Mottled Soils.—These soils occur gemerally in small pockets on meta-
morphic and sedimentary rocks, mostly on moderate slopes in re-entrants but occasion-
ally alsc on salients, They are also found on dissection slopes in stratified Pleistocene
deposits. Occurring between 5000 and 7000 ft, they have a vegetation of grassland
(commonly of a wet type) and forest.

These are usually rather shallow (24-3 ft) irregular soils in which a normally
4-10 in. thick dark firm clay topsoil, poor to moderately rich in organic matter,
overlies a very firm to very plastic grey and brown mottled clay to heavy clay layer,
which merges into a brown firm to plastic sandy clay subsoil with weathered rock
fragments, overlying weathered rock. The field pH is 5-5-6 in the topsoil, 5-6-5 in
the subsoil. The soils are slowly permeable and have high run-off. They are poorly

drained.
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() Dark Colluvial Soils

These soils consist of colluvial deposits found mostly in depressions, valiey
floors, and along the outer edges of river terraces. They are characterized by dark
colours, probably because much of the soil material has been derived colluvially from
topsoils on nearby slopes. Most of these soils have drainage deficiencies of varying
degrees.

() Kummel Family.—This family occurs locally in depressions in very clayey
fan plains and river terraces at 5000-5300 ft. The vegetation is mainly Phragmites
swamp and Themeda intermedia tall grassland.

These are very dark grey brown-mottled very plastic heavy clay soils more than
4 ft deep and with 1-2 fi thick blackish friable to plastic clay loam to clay topsoils
rich in organic matter. The subsoils become grey below 33—>> 40 in. depih. The field
pH is 5-5-6 in the topsoil and 5 (in one case 7) in the subsoil. The permeability of the
dark upper part of the profile is moderate, that of the grey subsoil very low. Run-off
is very low to mil and the soils are poorly to very poorly drained. A water-table is
usually found above 4 ft depth and may occur very close to the surface.

(i1} Kerebiji Family.—Occurring locally in depressions on colluvial fans or on
river terraces between 5000 and 6000 fi, this family is covered by Phragmites swamp
and Ischaemum grassland. These soils have 2-> 3 ft deep irregular profiles of dark-
coloured clay to sandy clay loam, rich to very rich in organic maiter, overlying stony
or sandy substrata. The field pH is 6-6-5. The soils are moderately permeable and
have water-tables at depths between the surface and 32 in. They are swampy to
moderately drained. Run-off is nil.

(iii) Deep Colluvial Seils.—These soils occur loecally on colluvio-alluvial de-
posits near larger rivers and on river terraces at 4500-5500 fi under a vegetation of
sword grass and shrub regrowth, grassland, and garden regrowth. These deep (4 ft
and more) soils with irregular profiles may be black to very dark grey-brown to a
considerable depth (>> 3 ft) or much thinner topsoil may overlie a dark brown, strong
brown, brown, or olive-brown and in some cases dark grey horizon which is again
underlain by a dark brown to black buried topsoil. Some yellow-brown to strong
brown motties occur in some subsoils. Within the family the texture varies from loam
to heavy clay and it also often varies significantly within one profile. The soils are
mostly friable to very friable, but fine-textured subsoils are firm and slightly plastic.
There may be layers with gravel or stones scattered through the soil. The field pH
is 5-5-6-5 throughout the profile. The soils are moderately permeable, run-off is low
to very low, and the soils are well to imperfectly drained.

(f) Gieyed Humic Brown Clay Soils

This group comprises moderately weathered soils developed in Pleistocene
alluvial deposits, derived mainly from volcanic ash and igneous and metamorphic
rock. They have well-developed very dark topseils and are slightly gleved as evidenced
by pale brown to pale olive colours and some mottling directly below the topsoil or
in the deeper subsoil.
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(1) Tambul Family.—Oceurring between 5000 and 7000 ft (mostly at the higher
elevations) these soils are found on Pleistocene plains and fans, upper dissection
slopes of these, and on some colluvial foot slopes of hills. The vegetation is mainly
sword grass and shrub regrowth, alse grassland, and gardens and garden regrowth,

These are deep {>> 4 ft) light brown-grey to pale brown and more or less
mottled friable to firm clay to sandy clay loam soils with normally 1-2 ft thick black
to dark grey friable clay loam topsoils rich in organic matter. The field pH of some
profiles is about 6, of others 5-5-5. The soils are moderately to slowly permeable,
have low to moderate run-off, and are imperfectly to poorly drained.

(ii) Winjaka Family.—This family occurs on gentle to steep slopes of dissected
Pleistocene alinvial deposits mainty at about 7000 ft altitude, locally lower. The
vegetation is mostly sword grass and shrub regrowth.

These are decp soils (> 4 ft) in which a normally 12-2% ft thick black to very
dark brown friable loam to clay loam topsoil with a high amount of organic matter
overlies a dark brownish firm to plastic clay layer, which at a depth between 25 and 45
in. merges into a pale brown to pale olive, sometimes mottled, plastic sandy clay to
clay subsoil. The field pH usually ranges from 5-5 to 65, but may drop to 4-5 in the
deeper subsoil. The soils are moderately to slowly permeable and have moderate to
low run-off. They are imperfectly drained.

(g) Humic Brown Clay Soils

Humiec brown clay soils are the most common soils in the area and occur over a
wide range of rock and land form types. They are moderately to strongly weathered
friable soils of dark brown to strong brown colour and characterized by well-
developed contrasting very dark topsoils.

(i) Kwakanigl Family.—This family occurs only rarely, and at greatly varying
altitude, on remnants of old river terraces. The vegetation is forest or gardens and
garden regrowth. These are yellow-brown firm sandy clay to clay loam soils with
14-16 in. thick black to dark brown topsoils rich in organic matter and merging at
depths between 30 and 40 in. into grey and brown mottled somewhat plastic clay to
sandy clay. The field pH is 6-6-5. The soils are moderately permeable, have low to
very low run-off, and are imperfectly drained apparently because of rather high
water-tables.

) (ity Daulo Family.~—This important family occurs mostly on igneous rocks and
Pleistocene colluvium and alluvium derived thereof, and on volcanic tuff and ash.
Locally it occurs also on metamorphic rocks, limestone, and coarse-textured sedi-
mentary rocks. It is most typically and extensively developed under forest in steep
mountainous couniry between 7000 and 10,000 ft but it occurs also below this alti-
tude, mostly under forest or sword grass and shrub regrowth but also under garden
regrowth and grassland.

These deep (4 {t or more) very friable dark brown clay loam to clay soils have a
very dark brown loam to clay loam topsoil tich to very rich in organic matter but of
strongly variable thickness (normally 8--20 in.). The field pH is usually 5-5-6-5 in the
topsoil and 6-7 in the subsoil, often decreasing to 5-5-5 below 30-40 in. depth.
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These soils have a rapid permeability and low run-off under forest even on very steep
slopes. They are well drained.

(iil} Ogelbeng Family.—This is the most widely distributed soil family in the area
and is the predominant soil type on gentle to moderately sloping Pleistocene volcanic
ash deposits. It also occurs frequently on the little-dissected parts of Pleistocene
alinvial fans and is 2 component of the soil pattern of nearly all mountainous and
hilly areas where it is most commeon on igneous rocks and coarse-grained metamorphic
and sedimentary rocks but not found at all on mudstone. Occurring mainly between
5000 and 8000 ft, but up to 9500 ft on some broader ridge crests, it is covered by a range
of vegetation communities, mostly sword grass and shrub regrowth and forest but alse
grassland and gardens and garden regrowth.

These are deep (4 ft or more) friable yellow-brown to strong brown clay to clay
loam soils with black to dark brown topsoils rich in organic matter but of very variable
thickness (normally 6-15 in.). Thick topsoils are most common on gentle slopes and
on steeper slopes at higher elevations. A number of profiles, partieularly on lava and
agglomerate, have poorly developed topsoils but a dark brown deeper subsoil, A num-
ber of other profiles have paler and slightly mottled subsoils and thick topsoils
(1-2 fi) and are somewhat imperfectly drained. The field pH is usually 5-6:5 and is
normally lowest in the deeper subsoil. The soils are moderately to rapidly permeable,
Run-off is normally low. The soils are well drained.

(h) Humic Brown and Red Latosols

This group includes strongly to very strongly weathered clayey soils of firm
consisience and with brown to reddish colours and normally with moderately to well-
developed dark friable topsoils. The soils tend to have a fine blocky structure. These
soils ocour on a wide variety of rock types and over a wide altitudinal range but are
most common at lower elevations and generally resiricted to gently sloping older
Tand surfaces and cresis of ridges and spurs.

() Wandi Family—This family occurs between 5000 and 7000 ft on limestone
slopes and locally on hill crests of metamorphic and sedimentary rocks as well as
on Pleistocene alluvial and colluvial fan deposits. The vegetation is mostly grassland,
gardens, and garden regrowth.

These are deep (4 ft and more} dark brown firm to very firm heavy clay soils
with 5-24 in. thick black to dark brown friable or firm clay topsoils rich in organic
matter. The subsoils tend easily to become sticky and plastic. The field pH is mostly
6-7 throughout the profile but decreases to 5-5 in a few profiles. The soils have a

moderate permeability and run-off is apparently moderate to low. They are well
drained.

(i} Singa Family.—Occurring between 5000 and 6500 ft this family has a wide
but patchy distribution in fow mountainous and hilly areas of many rock types (but
excluding mudstone) and on Pleistocene colluvial and alluvial fans. It is commonly
confined to gentle slopes and ridge crests. The vegetation is mostly grassland and
gardens and garden regrowth, rarely forest.
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These are deep (4 ft and more) firm to very firin strong brown heavy clay soils
with normally 815 in. thick black to dark brown friable clay topsoils high in organic
matter. The field pH is 6-6-5 in the topsoil and 4-5-5-5 in the subsoil but in a few
cases 6—6-5 throughout the profile. The soils appear to have a moderate permeability.
Run-off varies greatly with slope and vegetation, being high on grassland slopes and
low on forested slopes and flatter arcas. The soils are well drained,

(iii) Bidnimin Family.—This family occurs, always locally, on gentle to sieep
back slopes of limestone ridges, on undulating to rolling parts of Pleistocene alluvial
and volcanic deposits (in the latter case at lower altitude on the oldest deposits far from
the eruption centres}, and on lower crests and basal slopes of sedimentary and
metamorphic hills, The vegetation is mostly grassland, locally gardens and regrowth.
The altitude is 4800-7000 ft but profiles above 6000 ft have been observed only on
limestone.

These are deep (4 ft and more) firm to very firm heavy clay soils with dark
friable clay topsoils up to 12 in, thick and poor to moderately rich in organic matter,
The subsoils are nsually brown in the upper part and always red in the lower part. ‘The
field pH is 6-6-5 in the topsoil and usually deereases to 5-5 and even 4-3 in the
subsoil. The seils have a moderate permeability, mostly high run-off, and are well
drained.

(iv) Merima Family.—This family occurs only very locally, on spur crests on
intrusive and metamorphic rocks, under forest, sword grass, and shrub regrowth or
grassland. It was found between 6000 and 5000 ft.

These are deep (>4 ft) dark brown very friable clay loam soils with thin
(normally 3-4 in.) very dark grey-brown topsoils and underlain at depths between
22 and 29 in. by red firm to very firm silty clay to heavy clay. The field pH of the
upper two horizens is mostly 6-6-5, of the red subsoil 4-5-5-5. The soils have a rapid
permeability, low to moderate run-off, and are well drained.

(i) Lateritic and Gleyed Latosols

These solls are strongly fo very strongly weathered with a clay texture and
mostly firm to plastic consisience. They have either layers very rich in iron-
manganese concretions or strongly red, brown, light grey mottled horizons, or both.
A well-developed dark friable topsoil is the rule, The soils are largely confined to the
large valleys and low hills below 6000 ft. ’

(1) Kerowil Family—This family occurs on almost flat to rolling Pleistocene
alluvial deposits and on rounded low sedimentary hills, The vegetation is grassland,
gardens, and garden regrowth and the altitude mostly 5000-5500 ft.

These are deep (> 4 ft) brown firm and often somewhat plastic heavy clay to
clay soils with normally 8-20 in. thick black to dark brown friable clay topsoils rich in
organic matter, They have a layer, usually 1020 in. thick and usually beginning at a
depth of 5-14 in. below the surface, which contains a high to very high amount of
hard to firm black fo brown concretions. The field pH is 6-6-5 in the topsoil and
decreases gradually to 4-5-5-5 in fhe deeper subsoil. The soils are moderately
* permeable and have very low to medium run-off. Thé layer with concretions appears
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to have a disrupting effect on the growth of roots and the movement of water in the
soil. Depending on the development of the concretion layer and the thickness of top-
soil above it, the soils are well to excessively drained.

(i) Minj Family.—This family occurs mostly on flat to gently undulating
surfaces and surface remnants of Pleistocene alluvial fans and locally in flat low areas
of volcanic ash deposits. The vegetation is grassland, gardens, and garden regrowth
and the altitude is 4800-5300 ft.

These are deep (> 4 ft) soils with a normally 10-20 in. thick black topsoil very
high in organic matter overlying a normally 12-22 in. thick very light grey, red and
brown mottled layer of plastic smooth heavy clay which merges very gradually into a
brown firm to friable clay subsoil at a depth between 22 and 44 in. A 9-23 in. thick
layer with high to very high amounts of black, brown, and red iron concretions
begins in the lower part of the topsoil and continues in the upper part of the light grey
plastic clay layer. The field pH is usually 6—6-5 in the topsoil and 4-5-5-5 in the
brown subsoil. The permeability is slow because of the compaciness of the plastic
clay layer. Surface run-off is nil to very low but lateral movement of water over the
plastic clay layer is probably considerable. These features, combined with the obstruc-
tion of root penetration offered by the concretionary and compact horizons, tend to
make these soils poorly to very poorly drained in wei periods and somewhat ex-
cessively drained in dry periods.

(iii) Ombun Family.—Having a wide but patchy distribution between 5000 and
7000 ft, these soils have developed on fing-textured sedimentary rocks and are found
mainly on crests and moderately steep lower slopes in hilly to low mountainous
areas. The vegetation consists of grassland and locally forest.

These are usually more than 4 ft deep red, brown and grey mottled firm to plastic
clay to heavy clay soils with a normally 4-16 in. thick very dark grey-brown to brown
friable clay loam to clay topsoil moderately rich to poor in organic matter. The field
pH is 6-6-5 in the topsoil and usuvally 4-5-6 in the subsoil. The soils are slowly
permeable and usually have high run-off. Although imperfectly drained, they are
commonly liable to rapid drying out in the dry season.

{iv) Gitunu Family —Occurring mostly between 5000 and 5500 ft, these soils are
found commonly but patchily on rounded ridges and rises of dissected Pleistocene
alluvial deposits as well as on gentle lower slopes of sedimentary and metamorphic
hills. The vegetation is grassland, locally gardens and garden regrowth.

These are deep (4 ft and more) strongly yellow-brown, red and often light grey
mottled firm {o plastic clay to heavy clay soils with a normally 8-20 in. thick black to
dark grey-brown friable clay to clay loam topsoil high in organic matter. The soils
contain high to very high amounts of red, brown, and black hard concretions, be-
ginning at a variable depth (1-18 in.) and extending downwards to a depth which
varies from 10 fo 40 in. Several profiles, particularly those in the Wahgi valley,
contain considerable amounts of rock gravel. The field pH is strongly variable but
usually ranges from 5-5 to 6-5. The permeability appears to be moderate to slow and
run-off to vary from low to high depending on slope. Although the soils are im-
perfectly drained, most are iable to rapid drying out during the dry season.
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(i) Lithosols

These are residual soils with less than 12 in. of soil material overlying more or
less weathered dense parent rock. The soils are mostly poor in organic matter, have
a high run-off, and are excessively drained. Shallow black soils on limestone are
excluded from. this group. Lithosols are particularly common in the dry hill zone
south-easi of Goroka but occur scattered throughout the hilly and mountainous
areas, mainly on lower spurs and foothills.

(k) Meadow Soils

Meadow soils include slightly to moderately weathered, distinctly grey to dark
grey, brown-mottled plastic clay soils that are weakly acid and have well-developed
dark topsoils, commonly less clayey and more friable than the subsoils. These soils are
commoen on slumped mudsione hills and sub-Recent alluvial plains, mostly below
5500 ft.

(i) Mengendi Family,—This family is exclusively developed on mudstone and
occurs on gentle to steep slopes under a vegetation of grassland and locally gardens
and garden regrowth at an altitude of 4500-6000 ft,

‘These are usually shallow to moderately deep (2-3 ft) strongly grey and brown
mottled plastic heavy clay soils with a normally 7-12 in. thick very dark grey-brown to
grey-brown friable to firm ciay to clay loam topsoil poor to moderately rich in organic
matter. The soils overlie angularly fragmented weathered mudstone. The field pH is
665 in the topsoil, 5-6 in the subsoil, and variable in the weathered rock. The soils
are very slowly permeable and run-off is usnally high. The soils are poorly to very
poorly drained, but on steeper slopes may quickly become moisture-deficient during
dry spells.

(il Mombol Family.—Occurring between 5000 and 5500 ft, these soils are found
on alluvial plains and terraces, in depressions and valley floors, on colluvial aprons
and concave lower slopes, and on benched dissection slopes in fine-textured Pleistocene
alluvial deposits. The vegetation ranges from moist grassland to Phragmifes swamp
but locally consists of gardens and garden regrowth.

These are deep (> 4 ft) grey strongly brown mottled very plastic heavy clay soils
with normally 10-20 in. thick black to very dark prey friable to firm and plastic clay
topsoils high to very high in organic matter, The field pH is 6-6-5 throughout the
profile, mostly 6 in the topsoil and mostly 6-5 in the subsoil. The soils are slowly
permeable and run-off is nil to low. Water-tables ranging in depth from very close to
the surface to 3 ft below are commonly found. The soils are mostly poorly to very
poorly drained, locally swampy.

(iii) Kuli Family.—These are common secils on river terraces, approximately
10 ft above river level, but also occur widespread on colluvially disturbed dissection
slopes of Pleistocene alluvial deposits. The vegetation is grassland (commmonly
Ischaemumn) and locally gardens and garden regrowth. The altitude is 5000-5500 ft.
These are more than 4 ft deep light grey to dark grey or green-grey strongly
"brown mottled firm to plastic clay to sandy clay soils with nérmally 12-23 in. thick
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black to very dark grey often brown mottled friable to firm clay loam to clay top-
soils rich in organic matter. The subsoil can also be gravelly clay or sandy clay loam.
The field pH is usunally 5-5-6 in the topsoil and 6-6-5 in the subsoil. The soils are
moderately permeable. Run-off is very low to nil. The soils are poorly to very poorly
drained. Water-tables between 2 and 3 ft depth are occasionally found.

(iv) Kudjil Family.—These soils occur locally on colluvially disiurbed dissection
slopes and colluvial foot slopes in Pleistocene alluvial deposits and, rarely, on river
terraces.

These are more than 4 ft deep moderately brown and grey mottled firm to very
firm clay to heavy clay soils with a normally 6-15 in. thick black to very dark grey-
brown topsoil rich in organic matter. The field pH is 6 in the topsoeil and usually 5-6
in the subsoil. The soils are slowly permeable and have low ron-off. They are moder-
ately to poorly drained.

() Meadow Podzolic Soils

This group includes strongly weathered light grey and mostly prominently
brown to red mottled plastic clay soils with well-developed coarser-textured friable
very dark topsoils. lron-manganese concretions can be present in large amounts,
Alihough the subsoils are mostly acid to strongly acid, profites with a weakly acid re-
action throughout are also common. These soils are restricied to altitudes below
5500 ft where they occur on sub-Recent to Pleistocene fine-textured alluvial, colluvial,
and volcanic ash surfaces and locally on mudstone ridge crests.

(i) Omahaiga Family.—This family occurs widely between 5000 and 5300 ft on
older river terraces, in depressions, and on remnants of Pleistocene fan surfaces, as
well as on gentle foot slopes of sedimentary hills and dissected old alluvial deposits.
The vegetation'is gardens and garden regrowth and various types of grassland.

These soils are more than 4 ft deep and consist of light grey plastic clay to heavy
clay with brown to red mottles. They normally have a 10-20 in. thick very dark
topsoil of friable clay loam to clay rich in organic matier. Black and brown con-
cretions are plentiful, mostly concentrated in a 7-20 in. thick subsurface horizomn.
The ficld pH is 6-6-5 throughout or decreases to 4-5-5-5 in the subsoil. The soils
appear to be moderately to slowly permeable, have low to very low run-off, and are
poorly drained. Water-tables above 3 ft depth were occasionally observed.

(il Banz Family.—Occurring between 5000 and 5500 ft, these soils are common
on older alluvial plains and river terraces and are also found on colluvial slopes
associated with sedimentary ridges and dissected Plejstocene deposits and, rarely, on
mudstone ridge cresis. The vegetation is grassland, commonly of a wet type.

These are deep (>> 4 ft) light grey but strongly brown mottled very plastic heavy
clay soils with black to dark grey friable to plastic clay topsoils (normally 9-22 in.
thick) rich to very rich in organic matter. The field pH is usually 6 in the topsoil and
varies from 5 to 6-5 in the subsoil. The soils are slowly permeable and ron-off is low

to nil. The soils are poorly to very poorly drained. Water-tables above 3 ft depth are
not uncommon.
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(i) Korn Famify.—These soils have developed on alluvial plains derived from
volcanic ash. They occur at about 5300 ft and have a vegeiation of grassland with
local sword grass and shrub regrowth.

These are more than 4 ft deep very light grey variably brown to red mottled
heavy clay soils with 20-34 in. thick dark very friable clay loam topsoils very rich in
organic matter. A thin browner clay horizon may be present between topsoil and
subsoil.

The field pH decreases from 6 in the topsoil to 4-4+5 in the deeper subsoil. The
soils have moderate permeability and very low run-off. They are imperfectly drained.

(n1) Miscellaneous Land Types

This group refers to surface materials that cannot be properly classified as soils,
due to lack of weathering or instability of the land surface.

(i) Rock Ouicrop.—This consists of areas of cutcropping hard bed-rock and is
virtually confined to alpine mountains, limestone ridges, and lavas.

{(ii) Rubble Land—Thisisland of which more than 909, of the surface is covered
by boulders, stones, and gravel. [ts occurrence is confined to the summit area of Mt.
‘Wilhelmn and to rare large landslides in mudstone areas.

(ii) Alluvigl Lond.—This consists of mostly sandy or gravelly very recent
alluvial deposits in the river flood-plains. It is normally vegetated but is strongly
lable 1o flooding and subject to changes caused by shifting of the river channels.

() Organic Soils

This is a group of swamp soils ranging from almost raw peat to well-
decomposed peaty clay of varying depth. Qcewrring over a rather wide range of
altitude, these soils support typical swamp vegetation communities.

(i) Gumanche Family.—This family occurs in Phragmites swamps with locally
open water at an altitude of 5000 to 7000 ft.

These soils consist of dark brown open-textured poorly decomposed peat
apparently mainly derived from Phragmifes. This may be more than 4 ft thick or
merge at about 2 ft depth into mixtures of soft clay, roots, and organic residue, or
into black clayey peat to peaty clay. Soft clay layers can also be found within the raw
peat. The soils are rapidly to moderately permeable. Run-off is nil. They are
swampy with water-iables permanently at or above the surface.

(i) Gogimp Family.—This family occurs in swamps, usually with a vegetation
of sedges and wet grasses but locally with Phragmites, at an altitude of 5000-9000 ft. -

These are black to very dark brown well-decomposed close-textured peat to
peaty clay soils underlain at depths of 3-=>7 ft by green-grey to grey-brown sandy
clay loam to heavy clay. The field pH ranges from 5 to 6-3. The deep-lying peat will
locally become extremely acid (pH 2-5) upon drying. The soils are moderately per-
meable but locally contain slowly permeable clay layers. Run-off is nil. The soils are
swampy and have a water-table between 1} ft and the surface. Where drained the
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topsoils gradually lose their peat characteristics and become very friable highly
organic soils.

(iil) Gia Family.—This family occurs, often in association with the Gogimp
family, in wide swamps and locally on swampy flood-plains, low terraces, and
colluvial seepage hollows. The vegetation consists of sedges, wet grasses, or Phragmites.
It occurs at altitudes from 5000 to 9000 ft.

These soils consist of normally 143 ft thick black friable to plastic and sticky
peaty clay loam overlying different kinds of alluvial subsoils, usually grey to grey-
brown in colour and ranging in texture from sandy loam to heavy clay. The field pli
is 5-5-6 in the peaty layers and 6-6-5 in the alluvial subsoil. The soils are moderately
permeable and run-off is nil. In many profiles a water-table is found between the
surface and 36 in. depth. The drainage status is usually poor to very poor. When
drained the peat begins to lose its typical characteristics and becomes a very friable
highly organic soil.

(0) Rendzinas

(i) Elimbari Family.—Occurring beiween 6000 and 9000 ft, these soils are
restricted to massive limestone, where they are found on gentle to very steep slopes,
commoenly in association with much rock outcrop. The vegetation is forest and
gardens and garden regrowth.

These are very shallow (<2 1 ft) soils of black very friable and granular clay
sharply overlying and tonguing into hard limestone. The soils are rapidly permeable,
have little or no run-off, and are well to excessively drained.

111. SoiL ANALYTICAL DATA

Ranges in the values of some chemical properties are given in Table 14 for those
soil families of which samples were collected.

(a) Granulometric Composition

No data for granulometric composition are included in Table 14 because in
many cases dispersion difficultics led to completely anomalous results. Some soils,
clearly clays in field texture, yielded only very little clay (as little as 1 %) but up to 90%,
fine and coarse silt (2-20 x and 20-50 p) in the granulometric analysis after oven-
drying. The difficulties were greatest in Pompameiri family (alpine peat and humus
soils), all pleyed humic brown clay soils and humic brown clay soils, Singa and
Merima families (humic brown and red latosols), and Kerowil family (lateritic and
gleyved latosols). All of these are predominantly brown soils. Results were less anoma-
lous in Bidnimin family (humic brown and red latosols), Ombun family (lateritic and
gleyed latosols), Mengendi family (meadow soils), and Omahaiga and Korn families
{meadow podzolic soils). Discrepancies varied from very small to very large in Minj
family (lateritic and gleyed latosols), Kuli family {meadow soils), and Gogimp family
(organic soils). On the other hand, apparently normal results were obtained for the
alluvial soils, for Pinde family (alpine peat and humus soils), black earths, brown
colluvial soils, Mombol family (meadow soils), and Banz family (meadow podzolic
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soils). The cause of the difficulties must be sought in irreversible aggregation of clay
upon oven-drying, but it is not clear why certain samples react differently from others,
sometimes within the same profile,

Sand fractions (50-2000 p) are generally small: 28 % of the samples has < 1%
sand, 429 has 1-4-9%, 109 has 5-9-9%, 15% has 10-19-9%, and 5% has 20-37%,
sand. In half of this last category the sand consists mainly of iron concretions. Nearly
all soils are rich in silt and several soils that were assessed as heavy clays in the field
appear to have only 40-60% clay but 30-509; silt. In most cases textural differences
between major groups and families are not great, and the marked variation in con-
sistence appears to be mostly related to differences in gleying, microstructure, and
organic matter content.

(b) pH, Base Saturation, and Carion Exchange Capacity

(i) pH.—The data show that except for the black earths there is no consistent
relationship between pH and soil family. In general, pH appears to he related mostly
to climatic factors, decreasing westwards and with increasing altitude, increasing
towards the valley bottoms and particularly in the drier eastern half of the region,
notably in the Bena Bepa area where rainfall is lowest. Higher pH was also observed
in the western part of the area in soils derived from calcareous rocks.

(ii) Base Saturation.—As expected, there is a general correlation between pH
and base saturation, but with. quite a few exceptions in individual samples. Base satura-
tion is lowest in the alpine peat and humus soils, gleyed humic brown clay soils, humic
brown clay soils, and organic soils, and highest in the black earths, alluvial soils,
and meadow soils, although in the last it is only fractionally higher (asis pH) than in
the meadow podzolic soils. Base saturation is strongly variable in the humic brown and
red latosols. It is commonly unexpectedly high (as is pH) in these and in the lateritic
and gleyed latosols considering the advanced state of weathering. This is probably
due to the fact that the flatter stable land surfaces, on which these soils mostly occur,
are most common in the lower, drier parts of the area, particularly in the east.

(iii) Cation Exchange Capacity.—Cation exchange capacity is generally high to
moderately high, which is caused partly by high organic matter contents but in the case
of black earths by 2:1 lattice clays. The high figures confirm that the low clay
contents obtained during granulometric analysis are indeed unreal. In view of the
apparent influence of organic matter on the C.E.C., the figures for the organic soils are
unexpectedly low. The lowest C.E.C. values occur in the humic brown and red
latosols, but they are still higher than is normal for this kind of soil. The highest
values for C.E.C., in the humic brown clay soils, are in soils developed on volcanic ash
and probably due to amorphous clay minerals. Poor crystallinity of clay minerals may
well be a general factor causing the rather high C.E.C. values throughout.

(¢) Potash, Phosphorus, Organic Matter, and Nitrogen

(i) Potash.—Contents of exchangeable K are generally satisfactory, the highest
values occurring in the alluvial soils, alpine peat soils (Pinde family), gleyed humic
brown clay soils, and some humic brown clay soils (Daulo family). The potash content
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appears to be correlated with parent rock rather than with soil type, the highest values
having been recorded in soils developed in Mt. Giluwe volcanic ash.

(ify Phospfiorus—In no instance are contents of “total” phosphorns very low,
and in some cases they are very high. However, the generally low to very low amounts
of “available” phesphorus suggest that deficiency of this nutrient is widespread. The
only soils that appear not to be deficient are the alluvial soils and the Mombol family
of the meadow soils. In view of the great differences between “total” and “available™
phosphorus, fixation of this element appears to be particularly strong in many of the
alpine humus soils, humic brown clay soils, humic brown and red latosols, and
lateritic and gleyed latosols. In some profiles “‘available” phosphorns is lower in the
topsoil than in the subsoil, indicating strong fixation to organic matter. Again there
appears to be a regional difference in phosphorus content, since consisiently higher
values Tor “available’ phosphorus are found in the Wahgi vailey between Korn and
Minj, as compared with the remainder of the area.

(iil) Organic Matter and Nitrogen.—Topsoil organic matier contents (1-7 X %
organic carbon) are mostly high and tend to increase with increasing ranfall, from east
to west and from low to high, Some high-altitude humic brown clay soils have such
high amounts of organic matter that they come within the range of peaty soils, In the
alpine humus soils, humic brown clay soils, and the Merima family of the humic
brown and red latosols the organic matter content decreases only gradually with
depth in the profiles. In the other soils, particularly those that have gleyed subsoils,
there is a sudden decrease below the topsoil. The organic matter contents of the organic
soils are much lower than expected. _

In two-thirds of the samples of mineral soils the nitrogen content follows the
organic matter content fairly closely (C: N ratios between 10 and 15), but in some
cases of both topsoils and subsoils it is either relatively high (C : N ratio of 6-7-9-7)
or relatively low (C : N ratio between 15 and 20). Peaty layers of alpine peat soils and
organic soils have C : N ratios between 22 and 42. Nowhere in the area are the soils
seriously deficient in nitrogen, although its availability may be low where the C: N
ratio is very high (mineralization) or very low (fixation).

(d) Clay Minerals

X-ray data* of many of the residual mineral soill families suggest that their clays
are dominated by varying proportions of poorly erystalline kaolin and metahalloysite,
and commonly some goethite. Kaolin is rather consistentlv dominant only in the
humic brown and red latosols whilst metahalloysite tends to be dominant in the
meadow soils. In the alpine humus soils, gleyed humic and humic brown clay soils,
lateritic and gleyed latosols, and meadow podzolic soils there is either codominance of
kaolin and metahalloysite or kaolin is dominant. One profile of the humic brown clay
soils was dominated by gibbsite with some vermiculife, whilst illite was present in
another one, The only soil family with a radically different clay mineralogy is Limisate
(black earths) with illite and montmorilionite codominant. It seems reasonable to

* Analyses carried out by Royal Tropical Institute, Amsterdam.
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expect from later work (Rutherford and Haantjens 1965; Haantjens and Rutherford
1967) that allophane will be characteristic for humic brown clay soils derived from

voleanic ash, and probably also for alpine humus soils, although this is not revealed in
the available X-ray data.
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PART VII. VEGETATION OF THE GOROKA-MOUNT HAGEN AREA
By R. G. RoBming*

1. GENERAL
() Classification and Distribution of Vegetation Commumities

The classification and naming of the vegetation communities in the Goroka—
Mount Hagen arca follows closely that employed for the adjoining Wabag-Tari area
(Robbins and Pullen 1965), although there are differences in the communities present.
A minor alteration is that lower montane grassland has been named montane grassland
in this report. The classification is presented in Table 15 together with a list of the
numbers of the land systems in which each community was observed.

No vegetation map was prepared but a reasonable picture of the distribution
of the most important communities may be obtained from the map of forest resources
and land use iniensity.

() Ecological Controls

The principal controls in the distribution of the vegetation are climate (Robbins
1963), drainage, and human interference. These cannot always be clearly separated
from one another.

In view of the generally high rainfall and uniform temperatures it may be
assumed that forest constituted the original natural vegefation over almost the whole
of the area, although no rain forest in the true sense may have been present in the
driest part of the area near Henganofi. This forest shows a clear altitudinal zonation
(Robbins 1958) governed by decreasing temperature and increasing cloudiness, but not
necessarily increasing rainfall, and expressed in marked structural and floristic changes
(Fig. 8). Below 3000 ft occurs lowland rain forest which in the area is found only on the
lower north-eastern slopes of the Bismarck Range and which is not considered as an
integral part of the vegetation pattern of this highland area. A broad zone of lower
mentane rain forest oceurs between 3000 and 9000 ft. This forest is both structurally
and floristically Iess complex than the lowland rain forest. In general this forest is
still mixed (Plate 7) and, in places, rich in conifers (Plate 3, Fig. 2) but two simpler
types are also found: the oak forest (Castunopsis, Lithocarpus} occurring between
3000 and 7500 ft, and the beech forest (Nothofagus, Plate 8) occurring between 7000
and 9000 ft.

From between 9000 to 10,000 and up to 12,000 ft there is montane rain forest
which is markedly different in aspect from the lower montane rain forest. The
altitudinal variations are probably caused by local variations in exposure to cloud and
wind, in temperature gradients, and in edaphic conditions. At still higher alfitudes

* Rormerly Division of Land Research, CSIRO. Present address: Biology Department,
University of Papua and New Guinea, Port Moresby, T.P.N.G.
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TABLE 15

CLASSIFICATION, NOMENCLATURE, AND DISTRIBUTION OF VYBGETATION COMMUNITIES
IN LAND SYSTEMS

Land Systems (by Number) in which

Vegetation Community Community is Mentioned

Forest and scrub
Lowland rain forest

Lowland hill forest 5
Lower montane rain foresi
Qak forest 7,14, 18
Beech forest 6,17, 8,10, 11, 13, 14, 24
Mixed forest 4,5,6,8,9,14, 18, 23, 24, 25
Montane rain forest 1,2,3,4
Subalpine woody communities
Subalpine forest 1
Subalpine scrub 1,2, 23

Remnant woody communities
Remnant and secondary forest 5,9,12, 16, 20, 27, 28, 29, 30, 31, 32, 33, 35, 36

Streamm-bank vegetation 7,12, 16, 17, 18, 20, 22, 27, 28, 29, 30, 32, 33, 34, 35, 36,
37, 38, 39

Swamp vegetation
Swamp grassland

Phragmites swamp 5,13, 17, 19, 20, 21, 22, 24, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39
Leersia swamp 21,22,35
Herbaceous bog communities
Alpine peat bog ’ 1,2,23
Grass—sedge bog 27, 34, 35
Sedge bog 21, 22, 26, 27, 35

Dry grassland
Natural grassland
Alpine grassland 1,2
Montane grasstand 23

Induced grassland

Capillipedium grassland 7,8,9, 11,13, 15, 16, 17, 18, 19, 20, 21, 24, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38

Themeda grassland 5,7,13,15,16,17, 19, 24, 26, 29, 33

Ischaemum grassland 7,8,13,15,16, 17, 19, 20, 21, 24, 27, 28, 29, 30, 32, 33, 34,
16, 37, 38

Themeda intermedia tall grassland 29, 36, 37

Secondary vegetation
Sword grass and shiub regrowth 5,6,8,9,11,12, 14, 18,22, 24, 25, 26, 27, 28, 29, 30, 31, 35

Gardens and garden regrowth 50,7, 89,11, 14, 17, 18, 19, 20, 22, 24, 27, 28, 29, 31,
32, 34, 35, 36, 37, 38
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montane forest merges into subalpine forest and scrub (Plate 9) which is vsually
confined to the most sheltered positions.

One of the few environments that is not likely ever to have had a forest vegeta-
tion comprises the mountain summits above 12,000 ft (Hoogland 1958). These areas
above the tree line are covered with alpine tussock grassland (Plate 3, Fig. 1), merging
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Fig. 8.—Profile diagrams of rain forest types: (¢) lowland rain forest below

3000 ft above sea level, with three tree layers; (b) tall beech forest at 8000 fi,

with two tree layers; (¢) mixed lower montane rain forest at 8000 ft, with two
tree layers; {4) single-tree-layered montane rain forest at 9500 ft.

into herb fields and bare rock at 14,000 ft (Plate 4, Fig. 1). Naturally treeless areas also
oceur in a few broad valleys at about 9000 ft, where montane grassland may owe its
existence primarily to the influx of cold air into the valleys. Both montane and alpine
grassland, however, appear to have been modified by man-made fires.

The effect of man on the vegetation has been considerable throughout the lower
parts of the area (Robbins 1960, 1961). In many places the forest edge has been
pushed back to about 8000 ft (Plate 1, Fig. 1), the limit of productive sweet-potato
growing, the main subsistence crop in the area. This has led in particular to large-
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scale destruction of the oak forest zone of which only small remnants are left (Plate 10,
Fig. 1). In contrast to the New Guinea lowlands where shifting cultivation generally
results in extensive areas of woody garden regrowth and secondary forest, agricultural
occupation in the Goroka-Mount Hagen area has caused the formation of extensive
grassland but little secondary forest. This can be attributed partly to the more in-
tensive methods of land clearing and cultivation (Plate 10, Fig. 2} and partly to the
much slower natural regeneration of forest in the colder climate. On well-drained
land tall Miscanthus sword grass and shrub regrowth (Plate 6, Fig. 1) occur as succes-
sional secondary communities, but in many places these have been converted to
stabilized disclimax short grassland of the Capillipedium and Themeda types (Plate 11,
Fig. 1) as a result of continued cultivation and burning. Besides the intensity and
duration of such human interference, climatic and cdaphic factors have a large
influence on the rate of change from tall to short grassland. Thus short grasslands are
particularly common in the drier castern part of the area (Plate 5, Fig. 1), in the
lower warmer parts of the Baiyer River and Nehelyer River plains, and in areas of
stecp hill slopes and shallow or physically poor soils. Themeda grassland in particular
appears to be indicative of physiologically dry sites,

In contrast to the general destructive influence of man on the forest vegetation
is the increasing custom of planting Casuarina trees on fallow land (Plate 2, Fig. 1),
particularly in the Chimbu-Chuave area. Thus areas of short grassland are gradually
acquiring a more wooded appearance.

Since poorly drained land is very largely restricted to the lower valleys where
the vegetation is strongly influenced byy man, it is not easy to separate these iwo con-
trols on the vegetation. Ischgemum grassland is almost certainly aninduced community
confined to wet poorly drained sites. It probably never went through the intermediate
stage of tall sword grass and shrub regrowth. Similarly, some grass—sedge bogand sedge
bog may be of a secondary nature, since it is common to find tree trunks in the soil
and remnant bog forests were found in the adjoining Wabag-Tari area (Robbins and
Pullen 1965). On some of this land, forest destruction could have been caused by
cultivaiion but in other instances the forests may simply have been used for fuel and
timber,

‘Whilst the sedge swamp communities are found on stable sites with stagnant
water (Plate 6, Fig. 1} mostly fed by seepage water of probably low nutrient statys,
Phragmites swamp occurs mainly on less stable land with flood-plain characteristics
(Plate 6, Fig. 2) and fed by less stagnant and probably richer river water. In view of
this, 1t seems likely that Phragmites swamp is largely a rather seral natural community.
Another natural swamp community is subalpine to alpine peat bog found in depres-
sions above 11,000 ft.

Field observations have provided relatively little evidence for lithological ox
land form control over the vegetation, apart from the indirect influence of land form
on drainage conditions. Limestone country appears to be generally associated with
beech forest, although the reverse does not hold, Sword grass and shrub regrowth
appear to be a particularly stable community on velcanic ash deposits and well-
drained fan deposits. Over-steepened mountain slopes (>40°) are commonly charac-
terized by more irregular and scrubby types of forest, undoubtedly due to the instab-
ility of such slopes. Similar vegetation occurs on landslide scars.
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T1. DESCRIPTION OF YEGETATION COMMUNITIES
(&) Lowland Rain Forest

(i) Lowland Hill Forest—Qccurring only on the lower slopes of the Bismarck
Range along the Ramu River, this forest is not a part of the highland vegetation pat-
tern and has not been investigated in the field during this survey, It is a tall three-
layered rain forest of mixed composition (Fig. 8(«)). A more detailed description
is given in the Gogol-Upper Ramu area™ where it has been named Inzsia bijuga-
Pometia pinnata—Celtis association. It is associated with lowland garden regrowth
and secondary forest.

{(h) Lower Montane Rain Forest

(i) Qak Forest—Confined to altitudes below 7500 ft, only small areas of this
forest type remain, as a result of widespread forest clearing for land cultivation.

Qak forest is a two-tree-layered forest with a canopy layer of large spreading
crowns at 80-90 ft and an under-storey layer of {rees reaching between 30 and 50 ft.
Oak species, particularly Castanopsis acuminatissima and Lithocarpus, dominate
the canopy while species of Cryplocarya, Elaeocarpus, Garcinia, Gordonia, Nothofagus,
and Syzygium may also contribute.

Trees commonly found in the second layer are Spiraeopsis spp., various species
of Ficus, Myrtaceae generally and many Araliaceae, Diospyros, Helicia, Litsea, and
Mpyristica. Also present here are Euodia, Gardenia, Medinilla, Saurauja, Timonius,
the screw-pine Pandanus, and abundant climbing bamboo.

Among the many small undergrowth shrubs may be found Adrdisia, Dichroa
febrifuga, Eurya, Geniostoma, Prunus, and Rapanea. Symplocos is a common shrub
together with several species of Piper.

The ground layer includes small herbaceous plants with mosses, liverworts,
ferns, and seedlings. Recorded here are Alpinia, several Araceae, Begonia spp., Frey-
cinetia, and small Palmae.

(ii) Beech Forest—This forest, occurring between 7500 and 9000 ft, is common
in the eastern and southern parts ‘of the area but rare in the northern part. Nothofagus,
of which several species are present, occurs either in pure stands in which 75% or more
of the canopy consists of beech trees or as an important component in an otherwise
mixed forest. Rather pure stands are common on ridge crests and occur as isolated
pockets on slopes.

Beech forest is a two-tree-layered forest (Fig. 8(h)) with a closed canopy of
spreading crowns 90-100 ft high and including the following trees: Alphitonia incana,
Bubbia, Castanopsis, Cryptocarya, Elaeocarpus spp., Lithocarpus, Nothofagus spp.,
several Podocarpus spp., Quintinia, Spiraeopsis, Weinmannia and other Cunoniaceae,
and Zanthoxylum.

The lower stratum at 30-50 ft may be richer in species but is not very dense in
cover. Some of the small trees here are Alstonia, Drimys, Euodia, many species of
Ficus, Mischocarpus, Neuburgia, Nothofagus, Psychotria, Pullea, Rapanea and other

* Lands of the Gogol-Upper Ramu area, New Guinea. CSIRO Aust. Div. Land Res. Reg.
Surv, divl Rep. 57{2 (unpublished).
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Myrsinaceae, Schefflera, Sloanea, several Syzygium species, Timonius, and Weinmannia.
Very common members ave Helicia microcarpa, Mediniila, Pittosporum pullifolium,
Polyosma, Sphenostemon papuanum, and Symplocos.

Fpiphytes, which are frequent, include many climbing and perching pteri-
dophytes, the small liane Freycinetia, scrambling Gesneriaceae such as Cyrtandra,
and many small orchids.

An undergrowth of small woody shrubs such as Piper spp. and tree ferns may be
- present, while tall Paondgnus and an abundance of climbing bamboo are very
characteristic features.

A ground layer includes the ferns Blechnum and Hymenophylium, the herbs
Elatostema and Pilea, together with orchids, lycopods, mosses, and seedlings.

(iil) Mixed Forest.—Qccurring widely throughout the mountainous parts of the
arca, this forest is particularly extensive in the Bismarck Range. This is a forest with
two tree layers (Fig. 8(c)), frequently with coniferous emergents and with a dense tall
shrub layer. On unstable very steep slopes and along broken limestone cliffs a stunted
aspect of the forest occurs composed mainly of lower-strata trees and hardy shrubs,

Upper storey trees forming the canopy at 80-100 fi are distopetabum, Opocunonia,
Schizomeria, and Spiraeopsis, all belonging to the Cunoniaceae and very frequent in
cccurrence. Elaeocarpus species include E. sarcanthus, E. schlechterianus, E. sphaericus,
and E. trichophylius. The genus Cryptocarya in the Lauraceae is well represented as
are Ficus and Syzygium by their numerous respective species. Other broad-leaf tree
genera are Albizia, Alphitonia, Astronia, Elmerrillia, Fagraea, Galbulimima, Garcinia,
Guioa, flex, Perottetia, Planchonella, Prunus, Sterculia, and Zanthoxylum.

Gymnosperms are commonly represented by the following species: Dacrydium
elatum, D. falciforme, Papuacedrus papuanus, Phyllocladus hypophyllus, Podocarpus
amarus, P. imbricatus, P. ledermannii, P. nerfifolius, P. pilgeri, and P. rumphii. Podo-
carps are generally present and locally common. Phyliocladus, while present through-
out, is not a common tree. Dacrydiwm falciforme occurs as a small tree throughout
the mixed forest but Dacrydium elatum is rare. Papuacedrus papuanus dominated a
small area on the lower southern slopes of Mt. Hagen. '

In the second tree stratum with limits beiween 40 to 60 ft are to be found all of
the Cuneniaceae, Elaeocarpus dolichostylus and E. polydactylus, Ficus spp., Gillbeea,
Pullea, Spiracopsis, Syzygium spp., and Weinmannia, and a host of small trees such as
Ardisia, Carpodetus arboreus, Casearia pachyphylla, Casianopsis acuminatissima,
Cedrela, Daphniphyllum grocile, Dillenia montana and D. schlechieri, Diospyros,
Discocalyx, Eurya, Fuodin, Gordonia papuana, Helicia microcarpa, Laporiea, Litsea,
Macaranga, Myristica, Neuburgia, Pittosporum pullifolium, Quintinia, Rapanea,
Sapotaceae, Saurauja, Schuurmansia henningsii, Sericolea, Sioanea, Sphenostemon
papuanum, Ternstroemia, Timonius, and Zanthoxylum.

Tall shrubs are Aglaia, Alstonia, Ascarina, Bubbia, Casearia angiense, Chloranthus,
Decaspermum, Dichroa febrifuga, Geniostoma, Harmsiopanax aculeaium, Mearnsia
cordata, QOlearia, Rhododendron, and Xanthomyrtus. Puandanus spp., tree ferns,
Cyathea contaminans, Dicksonia, and a tall Marattia as well as climbing bamboo
contribute to the luxuriance. Palms may be locally present.
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Very frequent smaller shrubs are the Rubiaceae—dAdmaracarpus, Gardenia,
Mussaenda, and Psychotria—while Melastomataceae have Beccarianthus, Medinilla,
and Poikilogyne. Small Prunus spp., Furya such as E. meizophylla, and Symplocos,
the ubiguitous forest shrub in the highlands, are present; also Acronychia, Euodia,
Perottetia moluccana, Phaleria, Pittosporum, and Rhamnus javanicus.

A rich ground flora includes Begonia spp., some Araceae, the sedges Carex,
Schoenus, and Scleria, and the dwarf Pittosporum simuatum. Three or four species of
Pifeq and Elatostema are particularly abundant. Alpinia is a common member of the
Zingiberaceae with the two Rubiaceous herbs Argosternma bryophilum and Ophiorrhiza.

Several Cyrtandra and Piper spp. may be small shrubs or semi-climbers. Creep-
ing herbs are Nertera granadensis and Pratia. 'The Liliaceous Dianella is frequent,
while among the ground ferns are found Adiantum, Asplenium, Athyrivm cordifolium,
Blechnum, Diplazinm  cordifolivm, Hymepophyilum spp., and Leptopteris alpina.
Lycopods and a Selaginella also occur with an abundance of mosses and liverworts.

No large lianes are found but among small climbers and scramblers may be
Alyxia lamii, several Bignoniaceae, Celastrus, Clematis, Freycinetia (two species),
Geitonoplestwm cymosum, Gesneriaceae such as Diclrotrichum, Hopa, a number of
Monimiaceae, Parsonsia lata, Rubus, Secamone, Smilax, and Strongylodon.

Epiphyles are Amypema and many other TLoranthaceae, Pittosporum ramiflorum,
Santalaceae, Schefflera, a Solamom sp., and Vitaceae. Many orchids find representa-
tion here: Appendicula, Bulbophyllum, Calanthe, Ceratostylis, Coelogyne, Dendrobium,
Epiblastus, Glomera, Liparis, Octarrhenia, and others. Ferns too are abundant, mostly
as epiphytes including many Davalliaceae such as Scyphularia, and also Aglaomorpha
novoguineensis, Antrophyum, Belvisia, Cyclosorus superbus, Loxogramme vittariiforme,
Microsorium neoguineensis, Nephrolepsis, Vittaria, Xiphopteris secunda, and many
species of Asplenium and Hymenophyllum.

(e} Montane Rain Forest

Ocecurring between 9000 and 11,000 ft, montane rain forest mostly has an
abrupt boundary with the lower montane forest below. Reflecting the general misty
conditions, mosses and liverworts are common to abundant in this forest type which
is most extensive in the Kubor Range.

A single-tree-layered forest (Fig. 8(d)), montane rain forest is often dominated in
this canopy layer by species of Myrtaceae and Podocarpaceae. The canopy is compact,
35-40 ft high, and made up of closely growing trees with commonly crooked trunks
69 in. in diameter, The branches and forest floor are festooned with a mass of
bryophytes (both mosses and liverworts). Tree ferns are abundant here while filmy
ferns of the Hymenophyllaceac grow on fallen logs and tree trunks. Leaf size is
generally small and leaves coriaceous and dark green.

Broad-leaf trees belonging to the monianc rain forest are Decaspermum,
Syzygium spp., Xaenthomyrius, all of the Myrtaceae, with Carpodetus major, Daphni-
phyllum gracile, Drimys, Elaeocarpus azaleifolius, Furya, Prunus and Rutaceae, (uin-
tinia, Rapamen and other Myrsinaceae, Schefflera, and Schuurmansia henningsii.
Gymmnosperms are Papuacedrus papuanus, Phyllocladus hypophyllus, Podocarpus brassii,
P. compactus, and P. pilgeri.
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Among a few small shrubs may be Amaracarpus, Coprosma, Piper, Pittosporum,
Polyosma, Rhododendron spp., Symplocos, and Vaccimium. Orchids, ferns, and
bryophytes make up the ground flora which in more open glades may include deaena
anserinifolia, Alpinia, Elatostema, Libertia pulchella, Uncinia, and many ferns.

(d) Subalpine Woody Communities

() Subalpine Forest—Qccurring above the mist level, this forest finds but
limited expression on the mountains of the Goroka—Mount Hagen area. Small patches
are present above 11,000 ft on. Mt. Wilhelm. Here it adjoins the alpine grassiand.
Subalpine forest contains species from both the montane rain forest and the sub-
alpine scrub.

The structure of the forest is a dense canopy of tall shrubs 25-30 ft high over
which stands a scattered emergent layer of coniferous trees (Podocarpus compactus),
individuals of which may reach 50 ft in height. This is the “high mountain forest” of
Lane-Poole (1925), McAdam (1951), and Womersley and McAdam (1957).

(ii) Subalpine Scrib.—This community occurs above the subalpine forest at
altitudes about 12,000 ft above sea level and may extend as tongues and outliers into
the tussock grassland. It is present on sharp crests of the Kubor Range and as an
upper woody community on main mountain peaks throughout, particularly Mt.
Wilhelm.

Subalpine scrub is a dense growth of shrubs and small trees up to 20 [t high.
Among the many Rhododendron species are R. beyerinkigmum, R. hooglandii, R.
keysseri, R. womersleyi, and R. yelliotii. Vaccinium spp. are also very common. Other
shrubs include Decaspermum, Dimorphanthera parvifolia, Drimys montis-wilhelmi, D.
brassii, Eurya brassii, E. pullenii, Olearia spectabilis, Pittosporum pullifolium, Polyosma,
Quintinia, Rapanea, Schefflera, Sericoleq, Styphelia, Symplocos, Xanthomyrtus,
members of the Rubiaceae such as Amaracarpus, Coprosma, and Psychotria, and
Rataceae, Tree ferns may also be present as are small individuals of Papuacedrus
papuanus, Podocarpus brassii, and P, compactus.

Epiphyies include Loranthaceae such as Dactyliophora and species of the orchid
genera. Bulbophyllum, Dendrobium, and Phreatia. Ferns include Grammritis loceliata,
Hymenophyllum foersteri, and Polypodiaceae. Mosses and liverworts abound through-
out. The ground flora includes Belvisia, Blechnum archboldii, Polystichum, and
herbs such as Acaena anserinifolia, Libertia pulchella, Lycopodium macgregorii,
Oxalis magellanica, Rubus, Trachymene saniculifolia, Trigonotis abata, and T. haackei.

Since it is agreed that the term “alpine” should be reserved for vegetation
communities at least above the natural tree line and perhaps even above the *“tall
shrub line”, this community has been erroneously named “alpine shrubbery™ in
Robbins (1958) and Robbins and Pullen (1965). Brass (1964) has pointed to the close
affiliation of his subalpine forest and scrub, considering the latier as an aspect of the
subalpine forest. Wade (1968) goes further and recognizes merely a lower and an
upper subalpine forest association reaching to 12,800 ft on Mt. Wilhelm. He points
out that the trees, Podocarpus compactus and Rapanea vaccinicides, continue as
emergents to the limit of the “scrub” and that many of the so-called shrubs are really
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tree species but here reduced to a shrub form, the status thus remaining a “shrub-
dominated forest™.

() Remnant Woody Communities

(i) Remmnant and Secondary Forest—In this community are grouped the many
small groves of trees that still persist as remnants in the more dissected country. They
are more frequent in the western districts. On the whole, their affinities are with the
lower oak zone of the lower montane rain forest.

Trees and shrubs frequently occurring in this community are Aglaia, Ardisia,
Castanopsis  acuminatissima, Decaspermum  neurophyllum, FEurya, Euwodia, Ficus,
Gardenia, Lithocarpus, Litsea, Maesa, Myristica, Octamyrtus pleiopetalus, Syzyvgium,
Timonius, and Trimenia papuana.

Parasitic Loranthaceae are common, including Amyema, Amylotheca, and
Dendrophthoe as well as the epiphyte Anfrophyum, while climbers and scramblers
present are Alyxia, Melothria, Muehlenbeckia monticola, Poikilogyne, and Scaevola.

(i1} Stream-bank Vegetation.—Thisisa community of small trees, shrubs, and tall
cane grasses fringing streams and watercourses in arcas where the original forest cover
has been destroyed.

Commonly occurring stream-side shrubs and trees are Acalypha, Breynia, a
number of small Fieus, Maclira cochinchinensis, Piper, Saurauja spp., Schefflera,
Syzygium, and Wendlandia paniculata, Casuarina, particularly C. papuana, frequently
lines the banks of the larger rivers while from the Chimbu area eastwards Araucaria
cunninghamii is found as a tall tree, scattered along river gorges or aggregaied into
small remnant groves (Plaie 11, Fig. 2).

Grasses include Coix lacryma-jobi, Echinochloa, Panicum, Pennisetum macro-
stachyum, Phragmites karkea, Saccharum spontaneum, Setaria palmifolia, and, in the
eastern highlands, Polytoca.

() Swamp Grassiand

(i) Phragmites Swamp.—This community occurs widely on pootly drained to
swampy flood-plains and locally in very wet seepage arcas. Phragmifes forms a gener-
ally pure cover, 10-20 fi high. In places associated plants are found in and bordering
the swamps: Ischaemum digitatum, Leersia hexandra, Polygonum, Saccharum spon-
taneum, Convolvulaceae, and Cyperaceae. Qccasionally small trees such as Ficys and
Syzygium are seen marking watercourses traversing the swamp.

(il) Leersia Swamp.—OQccurring only in small depressions in the western part of
the area, this swamp community is dominated by the grass Leersia hexandra. The
community is 1-3 ft high and includes Isachne, Ischaemum, with Typha angustifolia,
ferns (Blechnum), and sedges such as Galmia. :

(g) Herbaceous Bog Comrnunities

(i) Alpine Peat Bog (including subalpine bog).—This community is found in
swampy valleys above 10,000 ft. It consists of a mixture of low bog herbs, sedges, and
grasses.
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Small herbs are Astellia papuana, Drosera peltata, Gentiana piundensis, Epilobium
keysseri, Haloragis microphylla, Oreomyrrhis papuana, Potentilla foersteriana, Ranun-
culus basilobatus, Trachymene fripartita, and Viola arcuate. Amoung the sedges are
tussocks of Carpha alpina, with Scirpus crassiusculus and S, mucronatus, Carex capil-
lacea, C. echinata, and C. gaudichaudiana.

The grasses include Agrostis reinwardiii, Monostachya oreoboloides, Anthoxan-
thum angustum, Brachypodivm sylvaticum, and Festuca crispatopilosa. The fern
Gleichenia vulcanica often dominates locally while the mosses Campylopim and the
golden-brown Bruetelia are common,

Wade (1968) recognized nine different “mire” communities on Mf. Wilhelm.
These he divided into bogs with stagnant water and fens which are wetter and show
some water movement. The fens are invariably Cyperaceae or sedge communifies
while the bogs are composed of grasses, ferns, and hummocks of the Liliaceous
Astelia papuana. All are considered subalpine with the exception of one Astelia associa-
tion which. is a true alpine bog,.

(i) Grass—Sedge Bog—Qccurring in semi-swampy depressions and plains to
8OO0 ft this community consists of a distinct association of grasses and sedges, inter-
spersed with herbs and locally dwarf shrubs. The community is 2-4 ft tall.

Characteristic grasses are Dimeria dipteros, Isachne arfakensis, and a Paspalum
species. The sedges are many and commonly gquantitatively dominant. Together with
various swamp herbs they are generally those enumecraied in the sedge bog community
described below. The scaitered shrubs, 2-3 ft high, include Haloragis, Hypericum,
Melastoma, and Styphelia.

(i) Sedge Bog.—Sedge bog occurs on swampy depressions and plains with
stagnant very high water-tables at altitudes of 6000 ft and more.

Of the many different sedg_cs, some forming tussocks up to 2 ft high, Machaerina
rubiginosa (syn. Cladium glomeratum) is the most frequent and commoniy forms
pure stands. Others are Carex, Cyperus globosus, C. unioloides, Eleocharis congesta,
Fimbrisiylis, Lipocaypha chinensis, Schoenus cwvulus, and Scirpus mucronatus.
Associated bog herbs include Dichrocephala bicolor, Dysophylla verticillata, Eriocauion,
Gunnera wmacrophylla, Ludwigia, Nymphoides, Polygonum, Ranunculus, Salvia,
Sparganivm simplex, Utricularia, Viola, and Xyris.

(7} Natural Grasslands

() Alpine Grasstand (including subalpine grassland}—By definition the term
alpine should be applied here only to climatic climax grasslands found above the
natural tree limit, In the past Brass (1941, 1964), Robbins (1958), Robbins and Pullen
(1965), and Hoogland (1958) have all loosely referred to the summit grasslands lying
generally above the forested slopes of the New Guinea mountains as alpine grasslands.
It has been recognized that these may well include certain downward extensions
below the forest edge due to such factors as cold air drainage and biotic interference,
particularly fires,

Wade (1968) has recently completed a detailed study of the grasslands of Mt.
Wilhelm and has defined the alpine zone as that above 13,400 ft or above the tall
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{1 metre) woody shrub limits. He found tussock grasslands as low as 10,700 fi, well
below the forest limits at 12,800. Although superficially similar to primary alpine
grassland of the upper altitudes, Wade points out that these grasslands are neither
growing under alpine conditions nor composed of completely alpine species. They
belong to a subalpine formation. He further considered that all but one of the sub-
alpine grassiands on Mt. Wilhelm were secondary—the result of desiruction of the
original subalpine forest.

There is little doubt that much of the summit grasslands of New Guinea
represent modified communities and that many rate only a subalpine status, There
seems much to recommend the view that these subalpine grasslands constitute those
in which scattered shrubs up to 2 or 3 ft in height were still present and to reserve the
term alpine for grasslands of tuft or tussock grasses in which the shrubs were dwarfed
to 8 in. or less. This is also the zone of the alpine heaths and tundras (Walker 1968).

The *“*summit grasslands”, then, may consist of both secondary and primary
subalpine to alpine grassiznds and other mountain communitics but are basically
climatic climaxes above 12,800 fi above sea level. The grassland community is
characterized by tussock grasses forming clumps 1 ft in diameter and some 2 to 3 i
high. In between grow smaller tuft grasses, cushion plant, mountain herbs, ferns,
and matted lichens and mosses. The floristic composition of the dominants may vary
from location to location, such changes expressing differences in altitude and
drainage.

Common tussock grasses are Deschampsia klossi, Danthonia archboldii, Hiero-
chloe redolens, and Poa nivicola. Smaller tuft grasses are Agrostis reinwardtii,
Anthoxanthum  angustum, Denthonia vestifa, D. penicillata, Deyeuxia brassii,
Dichelachne novoguineensis, and Festuca papuana.

Herbs include Astefia papuana, Centrolepis philippinensis, Epilobium keysseri,
Euphrasia rectifolia, Gentiona, Lactuca laevigata, Hydrocotyle sibthorpioides, Myosotis
saruwagedica, Oreomyrrhis andicola, Ranunculus basilobatus, and Petentille papuana
while Compositae are well represented by Anaphalis mariae, A. lorentzii, Gnaphalium
Japonicum, Keypsseria trachyphylla, and Tetramolopivm alinge. Among the ground
ferns are Gleichenia bolanica, Belvisia, Grammitis, Papuapieriy with several Lycopodium
species, and a few sedges.

Scattered throughout the tussocks, and often locally abundant to make a
scrub-tussock, are many small shrubs which may reach a height of 3 ft. These are
Coprosma divergens, Leucopogon suaveolens, Gaultheria mundula, Deizneria tubata,
Drimys brassii, Hebe albiflora, Eurya brassi var. erecta, Hypericum macgregorii,
Drapetes ericoides, and several Rhododendron and Vaccinium spp.

Groups of small cycad-like tree ferns (Cyathea atrox) are characteristic of the
tussock grasslands in many localities and may represent prolonged seral stages follow-
ing destruction of the original subalpine woody vegetation.

At altitudes around 14,000 ft both short and tussock grassland without large
shrubs are still present. Sites, however, become exposed to a more rigorous climate
and the soils more rocky and shallow. Lichens and mosses play an increasing role in
the vegetation. Papuapteris lfinearis dominates a fern meadow and alpine heaths,
composed of low woody plants now compacted and dwarfed to a few inches, together
with small sedges such as Carex, Carpha, and Oreobolus, are maited with the grey
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mountain moss Rhacomitrium lonuginosum. Spatse open communities of herbs,
mosses, and lichens can be described as fundra. Here are found Poa callosa, Lactuca,
Ranunculus, Potentilla, Cerastivm keysseri, Ischnea elachoglossa, and Geraium,
while the alpine moss Andreaea is common,

(i) Montane Grassland—This grassland occurs in open valleys at 9000-
10,000 ft on the divide between the Asaro and Chimbu-Wahgi valleys and appears to
be the resuli of frost-pocket conditions due to cold air drainage, although the com-
munity has also been affected by huniing fires.

Diagnostic here are the grasses Arundinells firya and Imperata exaliata.
Others are Agrostis reinwardtii and Anthoxanthum angustaium together with the
alpine grasses Danthonia archboldii, D. vestitq, Dichelachne novoguineensis, and
Festuca papuana.

The cover is commonly sparse. Small herbs and dwarf shrubs are characterisiic,
including Gaultheric mundula, Haloragis, Hypericum wmacgregorii, Lycopodium,
Potentilia, Rhododendron, Styphelia suaveolens, and the fern Gleichenia. Tall tree ferns
are common in places.

(i} Induced Grasslands

(i) Capillipedium Grassland —This is by far the most extensive grassland
community, occurring on hill slopes and plains under conditions ranging from
moderately dry to moderately wet. Many combinations of the characteristic species
occur and marked variations are commonly evident over short distances.

The community typically has a 2-3 ft high canopy of trailing and erect grasses
such as Capillipedium parviflorum, Apluda mutica, Themeda ausiralis, and Sorghum
ritidum, through which small tussocks of Arundinella setosa and Ophiuros exaltatus
are scattered emergents. Less frequent species are Arthraxon hispidus, Hypdarrhenia,
Ischaemum digitatum, Sacciolepis indica, and Setaria. Imperata cylindrica may be
dominant locally, while among sedges, species of Cyperus and Fimbrystylis together
with bracken ferns Cyclosorus and Preridium may be frequent.

The following forbs may form ground cover asscciated with the grasses:
Borreria, Cassia mimosoides, Desmodium heterocarpum, D. sequax, Euphorbia
serrulata, Exacum tetragonum, Ipomoea, Phyllanthus, Polygala chinensis, P. japonica,
P. paniculata, P. persicariifolia, Sida, Smithia sensitiva, Urena lobata, Wahlenbergia
gracifis, and Pueragria thunbergiong (a long trailing vine). In the eastern highlands
particularly are Helichrysum bracteatum, Indigophora trifoliata, and I. hirsuta.

Small woody herbs and shrubs are frequent. Some of the more commonly
occurring species are Crofalaria laburnifelia, C. mucronata, and the small woody
melastome Qsbeckia chinensis. Also to be included here are Pipturis, Pouzolzia, Trium-
Jetta, and occasional Hypericum mutilum, Rhododendron macgregoriae, and Siyphelia
suaveolens,

Small moist to wet situations show an increase in certain herbs such as Astilbe
rividaris, Centella asiatica, Dysophila verticillata, Epilobium, Equisetum debile, Floscopa
scandens, Haloragis, Hydrocotyle, Juncus, Limnophila, Lindernia, Ludwigia, Mazus
pumilus, Oenanthe javanica, Polygonum, Viola, and sedges.
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{ii} Themeda Grassland.—This is typically a community of drier sites, i.e. steep
hill slopes and crests, shaltow soils.

Grasses of the community ave Themeda australis, Arundinella setosa, Iimperata
cylindrica, Ophiwros exaltatus, and, from the Chimbu area eastwards, FEulalia
leptostachys. Many of the grassland forbs already listed in the previous community
are present.

Themeda is strongly dominant on the steep hills in the western part of the area,
whilst Arundinelln is generally codominant on the gentler topography and deeper
soils in the east. Small patches where fmperate reaches codominance generally
reflect recent strong interference by man,

(iii) Ischaemum Grassiand —Typical for wet sites in depressions, valley floors,
and at the base of colluvial slopes, this community is strongly dominated by
Ischaermum polystachyum forming a dense cover of trailing and 3-4 ft suberect stems.
Minor associated grasses ave Isachne, Leersio hexandra, Paspatum spp., and Saceiolepis
indica. Many of the moisture-loving herbs and sedges listed above for Capillipedinm
grassland can be present.

(iv) Themeda intermedia Tall Grasslond—This community is restricted to
moist river terraces in the Goroka--Bena Bena area. It is dominated by 5-6 ft high
tussocks of Themedn intermedia growing in close association with Imperata cylindrica.
The community probably represents an induced grassiand that has not yet been
greatly affected by fire, and in this respect would have a status similar to that of
sword grass and shrub regrowth, described below.

(i) Sword Grass and Shrub Regrowth

This community appears after initial forest clearing and is regarded as succes-
sional vegetation, which without further interference would return to forest. The
succession becomes arrested by continuing mild human interference, mainly land
cultivation. Continued streng interference, particularly burning, will deflect the suc-
cession towards short grassland vegetation, a process that will proceed fastest under
poor environmental conditions, i.c. lower rainfall, steep slopes, shallow or physically
poor soils. Hence many different phases of sword grass succession can be seen,
ranging from sword grass with many forest-affiliated shrubs, through pure stands of
sword grass or stands with typical grassland shrubs, to mixtures of sword grass and
short grassland. The community occurs extensively in the area, particularly on the
volcanic slopes and plains in the west.

The community is dominated by Miscanthus floridulus, a tall cane grass with
sharp finely serrated leaves and typically forming a dense cover 10 ft or more high.
Common regrowth shrubs found in association with the Miscanthus are Acalypha,
Antidesma, Breynia, Buddleia asiatica, Calficarpa, Dodonaea viscosa, small Ficus spp.,
Glochidion, Grevillea papuana, Medinilla, Pittosporum ferruginewm, P. ramiflorum,
Rhododendron multinervium, many species of Saurauja, Schefflera, Schuwrmansia
henningsit, Solanum, Syzygium and other Myrtaceae, Wendlandia paniculata, and tree
ferns.
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Some small trees are Alphitonia incana, Althoffia pleiostigma, Comnnersonia
bartramia, Macaranga, Omalenthus, and Pipturus argenteus. More advanced re-
growth leads to the appearance of such trees as Carpodetus arboreus, C. major, Castan-
opsis acuminatissima, Cinmamomurm, Dichroa febrifuga, Elaeocarpus, Ewrya oxysepala,
Sloanea, Spiraeopsis, and Pandanus. Epiphytes include Myrmecodia, orchids, and
ferns.

(k) Gardens and Garden Regrowth

In this community are placed all stages in the native garden cycle from current
cropping to shoert-term fallow periods when typical garden weeds and regrowth grasses
appear. Also included is herbaceous regrowth vegetation found on any disturbed
ground in the inhabjted areas.

Common grasses characteristic of roadside and abandoned garden plots are
Agrostis avenacea, Arthraxon hispidus, Chloris virgata, Digitaria viclescens, Echinochloa
crus-galli, Echinopogon ovatus, Eragrostis, Imperata cylindrica, Seiaria, and Sporobolus.

Garden weeds, mostly annuals, include Alternanthera sessilis, Bidens pilosa,
Blumen Meraciifolia, Crassocephalum crepidioides, Erigeron sumatrensis, and Siges-
beckia orientalis.

Species of Boraginaceae and Euphorbiaceae occur with Borreria, Buchnera
tomentosa, Desmodium scalpe, Galiwm, Lindernia, Polygonum, Portulaca, Swertia, and
Veronica, together with ferns and sedges.

In addition to these naturally occurring weeds and regrowth plants, the com-
munity includes several planted species other than normal garden crops. Many small
trees and shrubs are planted arcund huts and gardens for ornamental purposes, to
mark boundaries, and to provide useful products. Most conspicuous are plantings of
Pandanus with edible fruits, clumps of tall bamboo, and particularly groves of
Casuarina irees. These groves, planted primarily for fuel supply, also appear to be
beneficial for the parden fallow period, possibly by improving the potash and
nitrogen status of the soils and by reducing the influx of grasses, which constitute a
weed problem in gardening activities. Casuaring planting is on the increase par-
ticularly in the Chimbu, Kundiawa, and Chuave areas and is gradually changing the
vegetation aspect of some large former grassland areas here.
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PART VIII. FOREST RESOURCES OF THE GOROKA-MOUNT HAGEN
AREA

By J. C. SAUNDERS*

I. INTRODUCTION

The aim of this Part and its associated map is to describe the forest resources of
the area, indicating the location and extent of forests and assigning estimated stocking
rates to each forest type. The land has also been classified into access categories.

The wide altitudinal range in the area may be subdivided into four zones: low-
land, below 3000 ft; lower montane, 3000-9000 ft; montane, 9000-12,000 ft; and
alpine, above 12,000 ft. No forest occurs in the alpine zone. Within the lower three
zones forested land covers 38 % of the area. '

The present-day disiribution of forest types is due primarily to two factors,
climate and man. Climatic controls, affecting forest structure and floristics, are
discussed further in Part VII. The anthropogenic influence, however, is far the greater.
The montane zone is virtually undisturbed because of an unsatisfactory growth environ-
ment for crops. The two lower zones, considered to be once almost entirely forested,
have been extensively cleared Tor indigenous agricuiture, Clearing has been confined
mainly to the valley bottoms and lower slopes of major valley systems, bui where the
population is or has been dense the forest has been cleared to higher altitudes and on
rogged terrain. Consequently most of the remaining forest occurs on steep and
rugged terrain and in the less populated areas of the Kubor and Bismarck Ranges.
~ This is clearly shown in Table. 16.

TaRLE 16
LAND SYSTEMS AND AREAS WITTIN ACCESS CATEGORIES
Cﬁf:;iy (qu;'ﬁ?es) Land Systems
1 225 Tari, Banz, Kinjit, Makuntus
Is 192 Aldyura, Tambul, Kangel, Ko, Wahgi
Ia 88 MNunga, Goroka, Minj
Ias 20 Ogu
n 480 Qga, Limisate, Abiera, Teiga, Kumun, Womei, Winjaka, Omahaiga
IIa 2957 Bismarck, Ambum, Koge, Pira, Doma, Elimbari, Lai, Yonki,
Nemarep, Korambogl, Kwongi, Okapa, Birap, Moruma
m 303 Wilhelm, Kubor, Giluwe, Talibu

Sawmills throughout the area, many of them small, are operated by government,
private enterprise, and missions, Output from these mills is used locally.

Government reafforestaiion schemes had commenced, particularly in the
Goroka area.

# Division of Land Research, CSTRO, P.O. Box 109, Canberra City, A.C.T. 2601.
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II. SUrRVEY METHODS

During preliminary air-photo interpretation the forests of the area were
divided inte types with distinct photo patterns, Sample plots, each 200 x 25 fi, were
located in the different types except in the montane and lowland zones. The montane
zone was considered to be non-commercial and the lowland zone had been sampled on
a 2-acre plot sampling system during the survey of the Gogol-Upper Ramu area.*
Each plot was clear-felled and measurements of total height, length and character of
bole, and girth {outside bark) at breast height were taken of all trees over 15 fi in
height. Where the species was unknown or deubiful, herbarium specimens together
with a wood sample were collected and have since been lodged in the Herbarium
Australiense, Canberra. In most cases, duplicate specimens have been sent to the
Herbarinm of the Department of Forests, Lae.

These plots formed the basis for the description of each forest type. However,
in view of the small plot area and the variability within ecach forest type, data from
other botanists in the survey team were included to give a more accurate deseription
of each type, For comparison, the foresi types were subsequently modified to conform
with those of the adjacent Wabag—Tari area.f From the quantitative data stocking
tates were estimated for each forest type, taking into consideration the representative
value of each plot to the forest type.} These figures are a very approximate indication
of timber volume and must be used with caution. Volume figures quoted were based
on a form factor of 0-5 and no allowance was made for internal defect.

The map of forest types is at a scale of 1 : 300,000 and, with the exception of
montane forest, includes only forests coniaining at least 3000 super ft per ac of
standing timber from trees over 5 ft in girth.

ITI. AccEess CATEGORIES

The land systems have been divided into three major categories (1, 1L, and I1I)
on the basis of dominant slope. Lower-case letters (a,s) modify some of the major
categories, giving a total of seven categories.

Category I includes all land systems where the proportion of slopes less than
10° is dominant over or codominant with the proportion of slopes greater than 10°,

Category 11 includes all land systems where the proportion of slopes less than
30° is dominant over or codominant with the proportion of slopes greater than 30°.

Category III includes those land systems where the dominant slope is greater
than 30°,

In categories I and 11, where 159 or more of the slopes exceeds 107 and 30°
respectively, the letter ““a” follows the category symbol.

Similarly, where 15% or more of the land is swampy or subject fo prolonged

§£,13

flooding the category symbol is followed by the letter *‘s”.

* Lands of the Gogol-Upper Ramu area, New Guinea., CSIRO Aust. Div. Land Res.
divl Rep. 57/2, 131-5 (appublished).

+ Saunpers, J, C. (1965)—Forest resources of the Wabag-Taxi area. CSTRO Aust, Land

Res. Ser. No. 15, 116-24.
I Only trees over 3 ft in girth were included in assessing stocking rates.
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The grouping of land systems into access categories, together with the area of
each category, is shown in Table 16. Access categories closely approximate the rugged-
ness and maximum relief grouping shown on a small-scale map. The general dis-
tribution of access categories can be seen by consulting this map and 'Table 17 which
shows the relationship between the two groupings.

TapiE 17

RUGGEDNESS AND MAXIMUM RELIEF GROUPINGS WITH
ACCESS CATEGORY EQUIVALENTS

d d i
Ruggedness and Maximum Access Catcgory

Relief Grouping
Very rugged 11
Rugged 1IE]
Moderately rugged 1T, rarely Ila
Slightly rugged Ia, rarely I1 or Ias
Yery slightly rugged I, rarely Is
Non-rugged Is, rarely 1

The categories give an indication of accessibility within the area. In categorics
Is and III, access is difficult or even impossible because of swampy conditions in the
former and very steep slopes in the laiter. Category I land is readily accessible and this
is generally true also for categories Ia and Ias except in their steepest parts and for the
latter in its wetter parts. Categories II and Tia may present moderate diffieulty only,
except for the Jatter in its stecepest parts. Existing access roads within the area are
shown on the land system map.

As staied, the aceess categories are based on the slope characteristics of the
jand system as a whole. In any detailed investigation of accessibility, the land unit
descriptions in the tabulated land system must be consulted. Anomalies do occur, for
example, in Oga land system access category 1I. This land system is inaccessible due
to its surrounding cliffs.

IV. CLASSIFICATION AND DESCRIPTION OF FOREST TypES

The area has been subdivided into “forest” and “other areas”. For the purposes
of this report, a forest is defined as containing at least 3000 super ft per ac of standing
timber from trees over 5 ft in girth at breast height (or above butiresses). Stands of
timber excluded by this definition have thus been included in “other areas”, Montane
forest is the only exception to this because of its value as a watershed protection forest.
As stated in Section I, the foresis of the area fall into three broad altitudinal zones:
lowland, lower montane, and montane. Because of the gradual transition from one
zone to another, the altitudinal limits selected arc only approximate and floristic
elements of one zone often penetrate deeply into anoiher.

‘Within each zone the forest has been classified into types based on characteristics
observable on aerial photographs, namely species dominance in the canopy and
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emergent layers, density, height, and other canopy characteristics. Table 18 shows the
areal extent of each forest type in each land system.

(&) Lowland Zone

Lowland forest covers an area of approximately 77 sq miles and occurs on the
northern slopes of the Bismarck Range along the Ramu valley. It is generally a tall
forest 100-120 ft high with emergents rising to 150 fi. Occasional patches of
scatiered Araucaria ococur above 2000 ft altitude.

Two forest types have been recognized in this zone: hill forest, which is more or
less undisturbed, and irvegular hill forest, which has a lower overall stocking rate and
often includes disturbed forest.

(i) Hill Forest (12 sq miles).—A tall forest, 100-120 ft high with emergents to
150 f1, it has a closed canopy and mixed floristic composition. The very common
species present are Pometia pinnata, Intsia bijuga, and Celtis spp. Boles are generally
straight and clear with the exception of some Pometia pinnata, Pterocarpus indicus,
and Vitex cofassus and range from 15 to 80 ft, but mainly from 40 to 75 ft. Girths
range from 5 to 9 ft.

The estimated stocking rate for the type is 10,000 super ft per ac.

In addition to those mentioned above, the following trees were rccorded:
Chrysophyllum lanceolatum, Cryptocarya, Diespyros, Elaeocarpus comaius, Ficus spp.,
Hernandia pepuana, Microcos argentata, Neonauclea, Neuburgia coryrocarpa, Parinari,
Pterocymbium beccarii, and Sloanea.

(i) Frregular Hill Forest (65 sq miles).—This forest is in most respects similar to

the previous type. It differs, however, in having a more irregular canopy layer and a

greater proportion of secondary species. The stocking rate is approximately 3000
super ft per ac.

(b) Lower Montane Zone

Lower montane forests are the most extensive in the area. They are of mixed
floristic composition, mainly broad-leaf in nature, but some conifers are normally
present. The forest is generally 80-100 ft high and may have emergent conifers. The
canopy appears less dense than lowland forest, due possibly to the relatively smaller
average crown size.

On various sites communities dominated by a single species or a small group of
species are found. These dominants are oak, beech, and conifers. Oak communities
are generally found below 7500 ft as pure stands on ridge crests, with mixed forest
on the side slopes and gullies. As most areas of oak forest are small this community
has been included in the mixed forest for convenience in mapping.

Beech is found in the lower montane zone mainly above 7500 ft and may occur
as a pure stand on ridge crests only, with mixed forest on the side slopes and in gullies,
or it may cover all three sites.

Coniferous forest is found mainly above 8500 ft in areas where low temperatures
and frost appear to inhibit the growth of broad-leaf species. The canopy is relatively
open and is composed of typical conical crowns. Because of the small areas involved
this community has also been included in the mixed forest.
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In addition to floristics, density and/or height have been used as criteria to sub-
divide the forest into types and permit allocation of reasonably uniform estimated
stocking rates.

(i) Mixed Forest (470 sq miles).—The mixed forest is the most extensive type in
the area, It is distributed throughout the area above 3000 ft altitude but is concen-
trated mainly above 7000 ft. Below this level cxtensive areas of mixed forest have
been and still are cleared for indigenous agriculture.

Because of the wide altitudinal range of the mixed forest, variations in height
and species composition occur. Towards its upper limits, height and girth size are
smaller and conifers occur more frequently. In the list given below, species showing
a preference for low or high altitudes are indicated by (L) or (H).

The mixed forest has a canopy height of 80-100 ft and is composed predomin-
antly of broad-leaf species, but some conifers are normally present. Patches of
emergent Araucaria are occasionally found at lower altitudes, particularly on the
Bismarck Range. Af higher altitudes Papuacedrus is often emergent. The forest
contains a wide range of species, none attaining dominance with the excepfion of oaks
(Custanopsis and Lithocarpus) at lower altitudes on ridge crests.

Girths are generally from 5 to 9 ft but the majority of trees fall into the 5-7 ft
range. The stocking rate of the forest is approximately 9000 super ft per ac from 9
trees per ac. i

The following is a lst of tree genera recorded in the mixed foresi: Ackama,
Alphitonia, Alstonia, Araucaria (1)), Ascarina (YY), Astronia, Calophyllum, Casearia,
Castanopsis (L), Cimmamomum, Claoxylon (H), Cryptocarya, Dacrydivm (H), Dryado-
daphne, Elaeocarpus, Elmerrillia (L), Evodia (H), Ficus (L}, Galbulinima, Garcinia (L),
Gordonia, Halfordia (H), Hex (H), Lithocarpus (L), Litsea, Mallotus, Mischocarpus,
Neonauclea (L), Neuburgia, Nothofagus (H), Opocunonia, Papuacedrus (H), Phyllo-
cladus (), Planchonella, Platea, Podocarpus, Prunus (H), Quintinia (H), Schizomeria,
Slognea, Stereufia (L), Syzygium, Timonius (H), Weinmannia (H), Xanthomyrtus (H),
and Zanthoxylum (H).

(iiy Degraded Mixed Forest (480 sq miles).—This type of forest is scattered
throughout the area in the lower moniane zone, associated with centres of population
and indigenous agriculture at lower altifudes or at higher altitudes with poor site
quality, particularly in Kubor and Bismarck land systems.

The forest is 60-100 ft high with an open canopy, less dense than the mixed
forest type. Species composition is similar to the mixed forest. Girths are mainly
5-6 ft and the estimated stocking rate is 3000 super ft per ac.

(iii) Mixed-Beech Forest (290 sq miles).—The mixed-beech forest type is found
throughout the lower montane zone.

It consists of a mixed forest covering more than 50% of the area occupied by
the forest, the remaining area occupied by begech in pure stand. The beech forest is
confined to ridge tops and the mixed forest to the side slopes and gullies. Thus the
greater the ridge density, the greater is the proportion of beech forest. Each of the two
components of this complex is similar to its counterpart described separately, the
beech forest being commonly 20 ft higher than adjacent mixed forests.
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Because of the wide variation in the proportions of mixed forest to beech
forest it is difficult to estimate a stocking rate for the type. However, assuming an
average ratio of 75% mixed type to 259} beech type, the estimated stocking rate
would be 9500 super ft per ac from 10 trees per ac.

(iv) Beech Forest (40 sq miles).—Stands of beech forest are scattered through the
lower montane zone.

Beech forest consists of a pure, or almost pure, stand of Nothofugus, 90-100 ft
high, exhibiting a pattern of compact, rounded, and more or less distinct crowns.
Girths generally fall into the 5-9 ft range and the estimated stocking rate is 11,000
super i per ac from 11 trees per ac.

Several species of Nothofagus are present in the area and may occur in mono-
specific stands or as combinations of species, the smallest leaf species occurring at
higher aliitudes.

Beech forest occurs mainly on the northern slopes of the Kubor Range

(v) Beech—Mixed Forest (145 sq miles).—This type is another complex forest
found throughout the lower montane zone. In this type the beech forest covers more
than 50% of the area, the remainder being covered by mixed forest. As with the
mixed—beech forcst, each component is similar to its counterpart already described.

Assuming a ratio of 75 % becch to 257 mixed forest, the estimated stocking rate
would be 10,500 super fi per ac from 11 trees per ac.

This forest occurs throughout the area but mainly in the western half,

(vi) Stunted Beech—Mixed Forest (8 sq miles).—This type is restricted to karst
topography within the lower montane zone. The main occurrence is on the steep
and rugged limestone topography of Mt. Elimbari.

The forest.is 60=80 ft high with pure stands of beech on the ridges and mixed
forest on slopes and guollies. Species composition is similar to the beech-mixed forest
described above. The estimated stocking rate of this type is approximately 3000 super
ft per ac from 11 trees per ac.

{¢) Montane Zone

Montane forest covers an area of 105 sq miles and is restricted io elevations
above 9000 ft. Only one type has been recognized. The main occurrences are on the
Kubor Range, on Mt. Hagen, and on Mt, falibu. The canopy is dense and fine-
textured in patiern and is generally 30-40 ft high. Emergent conifers, Papuacedrus and
Phyllocladus, may be present. The trees are of small girth and twisted bole form. At
the upper boundary, where the forest borders on alpine grassiand, there is an aipine
shrubbery or thicket up to 15 ft high. This has been included with montane forest as a
mapping unit.

Although montane forest is of no commercial interest, it has a valunable function
as a protection forest. The forest is above the altitudinal limit for indigenous agri-
culture and is therefore rarely cleared.



PART IX. POPULATION AND LAND USE IN THE
GOROKA-MOUNT HAGEN AREA

By I R. McALPINE®

1. INTRODUCTION

Over a distance of about 200 iniles, the highlands of the Territory of Papua and
New Guinea pessess a number of major SE.-INW.-trending valleys, 2-15 miles wide.
Together these contain nearly half the total population of the mainland of the
Territory. Settlements occur mainly between 4500 and 7000 ft altitude, but use is also
made of the associated mountain slopes to an altitude of 8500 ft. The more heavily
populated eastern sections of these highlands are dealt with here. Land use in the
adjoining western area has previously been mapped by McAlpine (1963).

Compared with other areas of New Guinea, a considerable amount of informa-
tion is available on land use and ethnography. For land use, the reader is particularly
referred to Brookfield and Brown’s (1963) study of the Chimbu, to Howlett (1962)
for the Asaro—Bena River area, to Bulmer (1960) for the Baiyer River area, to Salis-
bury (1962, 1964) for the Siane, and Hughes (1966) for the Sina Sina area. The last two
authors are of further interest in that they particularly deal with land use changes
resulting from economic development. The references and bibliographics in each of
these works are generally exhaustive and are not repeated here. Information on ethno-
graphy and linguistics may be obtained from a recently published bibliography on New
Guinea ethnography (Anon. 1968). Much of this material includes discussions of
varying length dealing with land use practices.

Present subsistence land use is discussed here with emphasis on its relation to
the physical environment as described in Part IV. As such, it has been designed
partly to complement two papers by Brookfield (1962, 1964) which deal with aspects
of land use and population in the highland areas of the whole New Guinea mainland.
The first deals with the ecology of highland settlement and the environmental relation-
ships described here add detail to Brookfield’s broader freatment. His second paper,
with its emphasis on comparative local studies, gives detail to both his ecological
paper and this intermediate-level discussion.

The relationships derived between population, land use, and environment in this
Part should not be considered in a deterministic sense; their causality is undetermined.
Further, as will be seen below, the nature of the data and methods employed give only
right order measures of the relationships presented at the scale employed and hence
are not necessarily accurate in detail at a specific point.

* Division of Land Reseaich, CSIRQ, P.0. Box 109, Canberra City, A.C.T. 2601.
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II. POPULATION
(@) Statistics

Indigenous population data have been obtained from the quasi-annual censuses
of those villages and groups of each administrative district which are present in the
area surveyed. McArthur (1955) has dealt with the inconsistencies and qualified the
reliability of these censuses, but the village population totals given are considered
sufficiently reliable for the purposes of this Part. The indigenous® population is
recorded as 354,000 (1962-63), the non-indigenoust as 4118 (1966).

For the districts as a whole, 41 % of the population are children under 16. The
percentage of males is 51 amongst children, 53 amongst adults,§

Population totals at the census division level for the period 1960-65 indicaie an
annual increase between 0-5 and 1-279/, a figure significantly lower than the 2-3 %, per
annum. commonly found in many lowland and island areas of New Guinea.

The indigenous population is engaged chiefly in subsistence cultivation together
with some cash cropping, mainly of coffee. The area has been a major source of re-
cruited labour for coastal plantations and other employment. About 8000 persons
were absent for this reason during 1963-64. By contrast 11,000 indigenous persons
were employed in the area, of which 3000 came from outside.I

The non-indigenous population is engaged mainly in government, plantation,
mission, and urban-based commercial activities. The major towns (sec Part IT) con-
tain 44 % of this population and the indigenous urban population is 10,276, or 3% of
the total indigenous population.i

Overall crude population density is 80 persons per sq mile, which rises to 190 on
Iand used for cultivation. Local population densities on tribal lands rise to over 500
persons per sq mile. No population distribution map has been made, for reasons
indicated below, but the distribution can be broadly inferred from the land use
intensity map.

(b) Settlement Patterns

Broadly, the settlement pattern is dispersed to the west of the Chimbu area, but
nucleated to the east. Within the Chimbu area the patiern is transitional. For the
west, Reay (1959) states ““ihe characteristic form of settlement is the homestead type
found everywhere in the Western Highlands of Wew Guinea . . . dwellings are scattered
among gardens—mostly in loose clusters of two to six, but with isolated dwellings
dispersed between. They are so dispersed that it is hard to sec from their relative
density which ones form the seftlement of a distinct community”. Major centres of
communal focus in this area are the casuarina-ringed, level, grassed, ceremonial grounds
which are a distinct feature in the landscape. For perieds during the pig festivals, long
low huts may be built around the ceremonial grounds buf normally they are not

* Bource: 196263 quasi-annual census of villages lisied in the “Village Directory, 1960,
Department of Native Affairs, Port Moresby.

1 Source: Territory of New Guinea Report for 1956-66, Commonwealth of Australia.

1 Sowrce: Labour Information Bulletin No. 2, March 1965, Department of Labour,
Territory of Papua and New Guinea,
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associated with housing. In the cast the nucleated pattern consists of large linearly
aligned villages or strings of hamlets in the Asaro valley with smaller villages more
common in the Bena—Kainantu area.

However, over and above the broad western disperse—eastern nucleated trend,
air-photo interpretation reveals that, in fact, nuclear and disperse settfement patterns
occur together throughout the area and that it is only the proportion of each that
varies. It further reveals that nucleated patterns are generally associated with small
areas of very intensive and areally compact land nse. This type of use occurs only on
fairly level or gently sloping arcas which are little dissected (e.g. better-drained flood-
plains and undissected portions of alluvial fans). Villages within this pattern are
either in the midst of these compact gardened areas or very closely associated with
them.

By contrast, disperse setflement patterns are usually a feature of more rugged
topography. it might be surmised that in this type of environment the proportion
of cultivable land is smaller, which in itself may directly obviate strong nucleation.
In any case, it will certainly affect the walking time from village to garden, thus
making nucleation less intensive. -

Brown and Brookfield (1968) have dealt at some length with settlement paiterns
in the heavily populated Chimbu area and the reader is referred to this paper. Air-
photo interpretation indicates that their findings could be broadly extrapolated over
much larger areas of disperse or slightly nucleated settlement types.

(c) Method of Assessing Population according to Environment

Two different techniques were used in relating population data to land systems
and thus to environment. For the Chimbu and Eastern Highlands districts, group or
village population totals from census and village directory data were related to an
existing village location map, and subsequently transferred to the land system map.
Although lack of confrol of the village map made ihis transfer liable to error, the
results are sufficiently accurate for the purposes of this report. No such group or village
location map was available for the Western Highlands district, and population data
were compiled from patrol reports and limited field checking. Moreover, as a result of
the disperse settlement patitern, few precise village locations can be noted on the air
photos to serve as a bench-mark for a group population total. Thus the population
data are unavoidably less reliable for the western part of the area, but still sufficiently
accurate to give figures of the right order of magnitude. The resuits of these pro-
cedures are presented in the land system descriptions in Part IV.

III. Past Lanp Usg

A seminar held at the Australian National University, Canberra, in 1967 re-
viewed current knowledge and hypothesis concerning the prehistory, particularly in
regard to past land use practices, of the New Guinea highlands. A review of this
seminar, containing a full bibliography, has been published by Brookfield and White
(1968).
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The area appears to have been peopled mainly from the east with later migra-
tions from the west. An earlier hypothesis (Watson 19654, 19654) of a rapid popula-
tion growth and change in land use following the introduction of sweet potato about
the fifteenth century appears to be rebutted by evidence from different fields, of
which the most important is the discovery in the Wahgi valley of extensive drainage
ditches buried below recent peaty deposits (Golson e al. 1967). These were carbon
dated at 23004-120 years B.P. and they indicate the presence of a labour and land-
intensive agricultural system well before the fifteenth century. Evidence of earlier
occupation of these highlands by man is given by Bulmer (1964} and Bulmer and
Bulmer (1964). Occupation is dated back to at least 10,000 years B.P., and stone
tools and bones have been found near Chuave indicating that hunting and gathering
may have been the main way of life.-

Direct European contact with the area commenced in the 1930s (see Part IT).
The immediate pre-contact culture was neolithic and its land use practices have been
described by Leahy and Crain (1937} and Howlett (1962). Although the actual setile-
ment pattern may have differed somewhat from that of the present, parily because
of the exigencies of warfare, the type of subsistence culiivation employed has not
greatly changed.

IV. PRESENT LAND USE FOR SUBSISTENCE CULTIVATION

Singe the conclusion of World War Tl and the cessation of Tocal warfare {ollow-
ing pacification, particularly since the mid 1950s, the rate of change has increased.
The establishment of non-indigenously owned coffec plantations and the rapid develop-
ment of cash cropping by the indigenous people has altered the land use pattern, of
which the most easily observed features are the presence of cash crops and the density
of casuarina plantings within the subsistence sectors. Nevertheless, the greater pro-
portion of present land use is still devoted to subsistence agriculture.

(@) Crops and Diet

The dominant subsistence crop is swest potato (Ipomeea bataias). Other common
crops are taro (Colocasia anfiguarium), yam (Dioscorea sp.), banana {(Musa spp.),
cassava (Manihot sp.), sugar-cane (Saccharum officinarum), papaw (Carica papaya),
wing beans (Psophocarpus tetragonolobus), edible pit-pit (Saccharum edule), and pea-
nuis (Arachis hypogaea). Many other minor crops are grown including crops intro-
duced by Europeans (e.g. potato, tomato, cucumber).

Meat protein is provided mainly by pigs, poultry, and some hunting. Pig meat
tends to be consumed irregularly at festivals rather than as part of the daily diet.
The overall diet in energy terms is discussed by Hipsley and Kirk (1965).

(b) Cultivation Systems and Patterns

The system of cultivation employed cannot be classed as shifiing cultivation but
_generally varies from a long fallow cultivation in the least densely occupied areas to
the intensive almost permanent short-fallow cultivation found with dense populations.
The general linnitations of these terms are discussed by Brookfield and Brown (1963).
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Even this generalization, depending on population distribution, does not hold true
in all areas. Shori-fallow cultivation also occurs in some arcas of relatively low
population density (e.g. the lower slopes of Mt. Hagen), where the tendency is to
concentrate gardens in agglomerations leaving the fand in between untouched. The
author has noted that between 1955, when the air photos were taken, and 1967 the
garden complexes in this area have not shifted to any large extent.

The literaiure indicates that the length of the cultivation and faliow cycle differs
greatly throughout the area and is related to land pressure, environment, and cultiva-
tion techniques. Garden cultivation methods, on the other hand, do not appear to
vary greatly in intensity, except perhaps for some increase in intensity in areas of highest
land préssure. Differences between individual cultivators appear to be as great as those
bhetween different areas. Most gardens are enclosed by cordyline, casuarina, cane grass,
or woaod fences. The chief purpose of these fences is to demarcate boundaries between
gardens and to keep out marauding pigs. When gardens are abandoned, pigs enter
and the fences not used for firewood are allowed to deteriorate. This fencing results
in a distinctive air-photo pattern which greatly facilitates land use mapping. Detailed
descriptions of land use practices are found in the references cited earlier.

Most cultivation takes place on sioping land and in the Chimbu area gardened
slopes may reach over 40°, Because of the dissection of most slopes the cultivation
pattern on them is relatively disperse. Where long less dissected slopes occur, the
cultivation pattern tends to consist of separate isolated agglomerations of gardens as
referred to earlier. Most gardens on sloping land are drained by a rectangular lattice
of shallow trenches which may or may not connect directly to a small watercourse
downslope.

‘Where cultivation occurs on more level areas, fenced groups of gardens may form
a pattern of more or less continuous, very intensive land use, especially along the
better-drained flood-plains on the upper reaches of rivers. These cultivated arcas may
extend over 2 or 3 sq miles. The drainage of these gardens is connected to water-
courses by deep trenches which, in the upper Wahgi valley, run for a considerable
distance.

On the slopes of Mt. Hagen root crops are grown in composted mounds in a
similar fashion to that described for the Wabag area by McAlpine (1965). Elsewhere,
although preparation is equally intensive, composting does not form part of the
method and fertility is maintained by longer fallowing, and increasingly by the
planting of casuarina trees. These are also a major source of fuel in many areas.

Cultivation extends to 8000 ft and in some areas of high land pressure even
higher, the line of demarcation between forest and cultivation being sharp and distinct.
Above 8OO0 ft the risk of frost damage and the increase in time for crop maturation
tend to make sweet potato cultivation unprofitable.

The literature cited earlier indicates that the area of current garden per head of
population ranges from 0-2 to 0-6 ac per head with a median of 0-3,

(c) Mapping of Present Land Use

Areas of land use shown in the land use—physical environment analysis below
and on the map of present Jand use have been compiled from air-photo interpretation
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of subsistence cultivation and regrowth patterns together with reference to the litera-
tare cited earlier. The photos were taken in 1955-56. 'The scale and locally the quality
of the air photos preclude mapping of actual present cultivation, and necessitate
arbitrary grouping at varying intensities of patterns of regrowth in conjunction with
observable cultivation.

These groupings have been classed on the basis of two criteria. The first is by the
percentage of land actually nsed within an area. This is defined by eliminating all
unused areas as indicated by the presence of primary vegetation and non-
anthropogenous secondary successions. The remaining areas consist of gardens and
garden regrowth, seral stages in the progression, or regression of other anthropogenic
secondary communities and other man-made features of the landscape (e.g. roads,
villages, etc.). '

Tasre 19
LAND USE INTENSITY
Area . oo
Class (sq miles) Mapping Criteria
Inrtense 250 Meore than 7577 is anthropogenous vegetation, of which
more than 20% is in cultivation
Moderate 1180 More than 50 % is anthropogenous vegetation, of which
5209 is in cultivation
Light - 400 Tess than 509 is anthropogenous vegetation, of which
Jess than 5% is in cultivation
Induced stabilized disclimax
short grassland 330 Yess than ©-1% is in cultivation

It is necessary to introduce one major modification fo this dichotomous
anthropogenous—non-anthropogenous classification. The stabilized disclimax short
grasslands which occur in the area are considered to be anthropogenic in status but
are related to past rather than present land use practices. Where occurrences of
these are small and found in conjunction with currently uséd land, they have been
included in the percentage of the area unused in the land mapped as used in the
same manner as primary vegetation and non-anthropogenous secondary communities.
These occurrences are mostly in the low land use intensity class (see below). Where
larger oconrrences are found, they have been mapped out separately as a category
indicating areas of past use. Nevertheless, a recent field frip indicates that at least in
the Chimbu area use is being made again of these grasslands for subsistence and
cash crop cultivation. For a fuller description of the anthropogenous status of these
grasslands see Part VII,

As this first-order land use criterion defined above gives only a broad measure of
area used and does not indicate actual intensity of use (e.g. an area could be 1009,
anthropogenous vegetation and vet be unused at present), a second-order mapping
criterion has been established to indicate present land use intensity. This is based on
the perceniage of the area of anthropogenous vegetation which is in present use for
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subsistence cultivation. Present use is defined as including all stages between initial
clearing and that part of the garden regrowth cycle which, on the air photos used,
can no longer be distinguished from the induced grasslands or from the sword grass
and shrub regrowth communities described in Part VII. Present use includes all
clearing, recent fallow, productive gardens, and from I to approximately 3 years of
garden regrowth following abandonment of the garden.

Three land use infensity classes and one of past use have been established.
These are shown in Table 19.

It must be emphasized that virtually no field measurements have been made fo
suppnri the interpretation,

In addition to these intensity mapping categories, areas of currently producing
gardens that are discernible and of sufficient size to map have been indicated, to give a
rough approximation of the localization of actyal use within each intensity class.
However, as the degree of ““discernibility”™ depends on whether gardens are aggregated
into large clusters or disperse, and on photo guality, relative comparison of one area
~ with another in this respect is not valid. It is for this reason that it has been omitted
from the intensity classification.

On the northern fall of ithe Bismarck Range (Bismarck land system), 55 sq miles -
of what appears to be shifiing cultivation at very light infensity in tall secondary
forest has been mapped. As there is not even any qualitative ground observation of
this type of land use it is excluded from this discussion but its areal extent is indicated
on the map.

Of the total area surveyed, 1800 sq miles (43 %) has been mapped as land used.
The detailed figures in total and by Jand systems aré given in Table 20. The table is
arranged in order of unweighted percentage use.

(d) Land Use and Physical Environment

Whilst the data of Table 20, and those on the tabular land systems in Part IV,
provide a fairly detailed breakdown of population and land use distribution in relation
to the physical environment of the land systems, it is also of interest to draw attention
to marked regional differences in land use, associated with particular spatial associa-
tions of land systems called suites. Whilst such regional differences are likely to be
partly culturally and historically detesmined, they also appear to reflect differences in
evaluation of the same kind of environment, resulting from its being associated with
_ different other environments in different localities.

Each suite consists firstly of a core group of land systems which are generally alike
and particular to that suite alone., Hence these core land systems serve to distinguish
a suite from every other suite. Secondly, each suite also contairis some land systems
that are common to other suites, Usually these last are either compound land systems
of mountains peripheral to the core land systems or alluvial land systeins of terraces
and flood-plains which are found to run through most suites,

- Figure 9 shows the location and name of each suite of land systems, whilst
Figures 10-14 present schematic diagrams of five suites illustrating the land system
associations and relating terrain to land use intensity and population data. It should
be noted that the land use intensity and population data. réfer to the actual area
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encompassed by the illustrated suite, and will therefore differ from the data given for
the whole land system, particularly for those land systems of widespread distribution.
It is not possible to give the total area for the compound land systems on the periphery
of the suite where their outer boundaries are indefinite. Because of the schematic
nature of the diagrams, it is useful to compare them with the relevant parts of the land
system and land use maps. For simplicity, only major land systems are shown. Minor
land systems and any small outlying occurrences of the suite are ignored.

4° o
- 14 145

I

146"

Hagen
voleanic
suite

81—

hill suite

Bena—Kainantu
hill suite

Fig. 9—Regional physical environments {land system suifes).

(i) Goroka Fan Suite (Fig. 10).—This suite is mainly associated with the Asaro
valley and surrounding mountains, but a further smaller occurrence of it occurs on
the Bena River. This small occurrence, not included in the figure, has a population of
6000 and a fan area of 15 sq miles; use is also made of the surrounding mountains
but the extent of this use is not known. The suite consists mainly of fans and
surrounding mountains, with by far the greatest proportion of land use occurring
on the fans, The land use intensity on the fans is also high; however, the most
intensive use occurs on the small Asaro flood-plain (Kaugel land system) where popu-
lation density on used land is given as 375 persons per sq mile but rises locally to
over 300 per sq mile,

(ii) Minj Fan Suite (Fig. 11).—Another suite of fans surrounded by mountains is
located in the Wahgi valley between Kerowagi and Kinjibi. Unlike the Goroka
suite, approximately half the land use occurs on the peripheral mountains and high
hill ridges, and the fans are much less intensively used. The small alluvial land
systems (Kaugel, Makuntus) are virtnally unused. On the different fan land systems
the amount and intensity of land use, as well as the population density, increase from
west to east In association with increasing dissection and roggedness.

(i) Bena—Kainantu Hill Suite (Fig. 12).—The main southern portion of this
suite consists of a recurring sequence of high and low hill ridges with alluvial valieys,
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backed by peripheral mountains. In the north the gentler hill topography is absent,
leaving only narrow strips of alluvinm surrounded by mountains. Both aspects of the
suite are illustrated in Figure 12. Occurrences of fans in this region (e.g. Bena River)
are outliers of the Goroka fan suite.

In the southern part of the suite, population density on used land is highest
on the alluvial basin plains (Aiyura land system). Locally, areas of flood-plains
(Kaugel land system) have population densities varying greatly from the average of
110 persons per sq mile. Near Kainantu densities on flood-plains rise to 400, yet near
Arona the flood-plains are unused, In the north, the high population density on used
land on the alluvial terraces is possibly below the 440 indicated, since the degree fo
which these people use the nearby mountains is unknown. Generally, over one-third
of the population in this suite live on the rugged mountains whilst the remainder use
the less rugged hill ridges and alluvial tracts.

(iv) Chimbu Hill Suite (Fig. 13).—Physically this suite is generally similar to that
of the Bena—Kainantu suite except that alluvial land systems are virtually absent.
The population and land use distribution are, however, in marked contrast. Qver
twice as many people use the rugged mountains compared with those using the
less rugged hill areas. The land use intensity data on the figures indicate that this
difference may arise partly because the hill areas approach maximum population
density in the sense used by Brookficld and Brown (1963).

(v) Hagen Volcanic Suite (Fig. 14).—This suite of land systems lies on the low
watershed separating the south-flowing Nebelyer, the north-flowing Baiyer, and the
east-flowing Wahgi Rivers. Itis distinguished from the other hill and fan suites by its
less rugged [and forms. These consist largely of undulating and little-dissected alluvial,
ash, and volcanic plains. The major difference, however, lies in the ubiquity of old
volcanic ash surface deposits.

Variations of this suite are found in the Baiyer River plain and on the lower
Kaugel valley, Within the suite, population densities on used land vary from 100 to
250 per sq mile with less than one-third of the population using the peripheral moun-
tains. Although the plains of Tari land system are moderately used within the area
illustrated, large parts of this land system are virtually unused in the Baiyer River
plain.

(vi) Wahgi Alluvial Suite—Between the Minj fan and Hagen volcanic suites
lies a large unpopulated area of poorly drained alluvium and peat at the head of the
‘Wahgi River. The plains of the southern Wahgi tributaries, the Kaip, Kormun, and
Kuli Rivers, are better drained and have a population of 8000 persons using 19 sq
miles of flood-plain alluvium (Ko and Kaugel land systems) at moderate intensity
and 20 sq miles of peripheral mountains (Ambum and Bismarck land systems) at low
to moderate intensity. No figure is presented for this small suite.

{e) Land Use in Relation to Land Use Potential

Field experience generally suggests that the land types recognized in this report
are similar to those recognized by indigenous subsistence cultivators. The agricultural
assessment of the land use capability of these types preseiited in Part X is, however,
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based on quite different criferia from those used for subsistence agriculture. For
instance, the cultivation of steep slopes up to 30° with considerable dissection is not a
limiting factor at the subsistence level, whereas in the classification in Part X this
constitutes a major limitation.
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Fig. 15.—Present Tand use of land systems compared with their land use capability,

The comparison of present and potential land nse made here serves solely to
indicate the degree to which land of certain capability is already being used for sub-
sistence cultivation. Land systems have been arranged into 14 capability classes in
Part X and these were related to a weighted land use intensity rating of each land system
derived from Table 20. Land systems were ranked by present use and potential use and
compared by using Spearman’s rank correlation coefficient. The correlation was
r = 0-53, indicating little relation between the two. The individual variations are
shown in Figure 15. Since land use intensity is never uniform over the whole area of a
land system, it is necessary to make a direct comparison between the land use and
land use capability maps to asscss the frequency with which certain land use intensify
classes correspond with areas of a certain land use capability.

By contrasi, agriculiural production by non-indigenous persons (see below)
occurs almost wholly on those areas classified in the highest capability classes in
Part X,

V. PReEsENT LAND USE FOR COMMERCIAL PRODUCTION

Cash cropping and livestock production occur under iwo different systems of
production. They are organized by indigenous people on a small-lot basis generally in
areal conjunction with subsistence cultivation, whereas production controlled by non-
indigenous lessecs takes place on a plantation-economy basis. The two forms are
discussed separately here, partly because production statistics, particularly of areas
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general accounts of particular rural industries and their agronomy are given by Barrie
(1956) and Anon. (1961) for coffee; by Hill (1965), Quinlan (1968), and Schindler
(1959) for pyrethrum; and by Grant-Cook (1966) for tea.

(@) Production by Indigenous Persons

Cash cropping by the indigenous population is based chiefly on highland
coffee production (Coffea arabica). Other cash crops are pyrethrum (Pyrethrum
(Chrysanthenunm) cinerariifolivm), passion-fruit (Passiffora sp.), and tea (Thea
sinensis L.). 'The last is a recent introduction and the estimated acreage in 1967 was
1500, Money income is also gained from the sale of surplus subsistence crops,
European vegetables, and firewood.

Approximate areas and production of the main cash crops are given in Table 21,

TabBLE 21
APPROXIMATE PRODUCTION OF MAIN CASH CROPS*

Crop Arca Production  Value
(ac) {tons) (5
Coffee 30,000 5789 4,300,000
(3350 % immature trees)
Pyrethrum 1000 160 N.a.
Passion-fruit (pulp and juice) N.a. . 540 175,000
Tea 1500 . See text

* Source: Rural Industries Production Bulletin No. 8, Bureau of
Statistics, Territory of Papua and New Guinea, 1967.

Cash cropping takes place in the same general area as subsistence cultivation and
for annual crops in direct conjunction with it. Small coffee plots are nearly all close
to the road network, and a considerable amount of coffee processing is centralized
at large factories. Passion-fruit is grown in areas within easy access of the pulping
factory at Goroka. While coffee is grown in areas below 6500 ft, pyrethrum production
occurs only above this height, The major area for pyrethrum cropping is along the
upper Chimbu River where 70 % of the crop is produced. Yields of coffee are of the
order of 8-10 cwt per ac and of pyrethrum 3 cwt per ac. The recovery of pulp and
juice from passion-fryit is approximately one-third by weight.

An indication of the rate of expansion of cash cropping can be seen from the
percentage of immature coffee trees indicated in Table 21. Actual coffee production
commenced only in the mid 1950s.*

Livestock projects, commenced recently, are aimed at enriching the subsistence
diet and providing a further source of cash income. These projects carry approsim-
ately 1600 head. The recent introduction of intensive village piggeries has a similar aim,

* Since the time of writing, expansion of coffee planting has been discouraged owing to
international market quota restrictions. :
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(b) Production by Non-indigenous Persons®

Most of the 208 non-indigenously leased rural holdings occurring in the high-
land districts are located in the area surveyed. These holdings are concentrated in
the Western and Eastern Highlands Districts; the Chimbu District, with its con-
siderably higher population densities, has only minimal alienated land. Of these
heldings, 158 are used for coffee production on a plantation system. The total
holdings cover 60,000 ac (i.e. < 2%, of area surveyed and << 5% of land used) of
which 10,500 are under coffee and 5000 under other crops, mainly sweet potato
grown for plantation labour and local sale. A further 6000 ac are under established
pastures (i.e, non-native grasses) and another 8500 ac are listed as cleared. The
balance of 30,000 ac consists of unused land, natural pastures, and the area set
aside for large-scale tea development.

Coffee production from these plantations for 1965-66 was 3463 touns valued at
$2,800,000. An indication of the expansion rate is given by the fact that of the
10,500 ac under coifee trees 3200 ac were immature, and of this latter acreage 339
represented the area of new plantings for the year ended March 1966. Like pro-
duction by indigenous persons, actual production commenced chiefly in the mid
1950s, although a few small pioneering plantations were producing in the early 1950s.
Average coffee yields per productive acre are 8§57 cwt in the Western Highlands and
10:32 cwt in the Eastern Highlands. The highest commercial yields have been up
to 14 tons per ac.

By far the greater pari of this coffee production occurs on the alluvial fans
around Goroka (Goroka fan suite) and in the Wahgi valley (Minj fan suite). A
minor amount is produced on the Hagen voleanic suite.

The most recent expansion of land use has been the development of the large
flood-plains of the upper Wahgi River (Ko and Wahgi land systems) and the lower
section of the fans of Kinjibi land system for tea estates. Total land alicnated for this
purpose is approximately 16,000 ac. In 1967-68, large-scale production had not yet
commenced but 4800 ac had been planted.

On the pasture acreages given above, 5600 head of cattle are carried together
with small numbers of pigs, sheep, goats, and horses. The two largest Lvestock
establishments at the time of the survey were in the area at Baiyer River and Arona
and were confrolled by the Administration, Baiyer River station in the west lies on
Tari land system and Arona in the east is on Abiera land system.

Indigenous employment on these rural holdings is approximately 8000 and non-
indigenous 200.
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PART X. AGRICULTURAL POTENTIAL OF THE
GOROKA-MOUNT HAGEN AREA

By H. A. HaawTigns®

1. SysteM oF LAND USE CAPARILITY CLASSIFICATION
{a) General Considerations

In Part IV the land use capability of the land units has bheen expressed in terms
of land use capability classes and subclasses, based on the land classification system
of the United States Soil Conservation Service (Klingebiel and Montgomery 1961).
The system has been adapted to suit the conditions of the survey and the New Guinea
environment (Haantjens 1963). All land is grouped inio eight classes (\=VII) which
indicate ihe level of suitability of the land for different types of agricultural pro-
duction. The classes are subdivided into a number of subclasses, denoted by letter
symbols, indicating the nature of the limiting factors which have caused the land
to be placed in a particular land use capability class. The classification thus expresses
the physical features of the land in general agricultural terms.

Several points should be kept in mind when considering the land classes and sub-
classes described in Section 111

The classification system is mot a productivity rating in a narrow sense. It
does not aim at making productivity predictions for specific erops, Class 1 land
may well be capable of lower yields (especially for specific crops) than class 11, IIT,
ot even class VII land, but special agronomic measures and precautions that have to
be taken to reach or maintain productivity in these classes are not necessary on class
I'land. Or, the choice of crops or forms of agricultural production may be limited in
the higher land classes, but not in class | except by climatic conditions. Such special
measures and crop Hmitations will add to the cost and risks in farm management.

The system is based on modern western agricultural mefhods. It does not
apply to systems of shifting cultivation or to peasant farming systems. Any major
changes in modern western farming methods might render this classification invalid
to some degree, and it would have to be reviewed in the light of such new techno-
logical development. .

The system only assesses possibilifies for land Improvement that are within
the reach of the individual modern farmer or small group of farmers. No consideration
is given in this classification to more remote possibilities of land improvement that
could be effectuated only in large-scale reclamation projects carried out or subsidized
by government or large organizations. Such possibilities are briefly discussed in
Section II.

* Division of Land Research, CSIRO, P.O. Box [09, Cinbeira City, A.C.T. 260L.
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Duting field work there was little opportunity for correlating the classification
with existing modern western land use in the area, since this was limited to scattered
and generally recently established coffee plantations and a few cattle stations. Al-
though the experience pained in these forms of agriculture has been incorporated as
much as possible, the classification nevertheless remains largely tentative in character,
the more so as it is also based on only a limited amount of field observations. This
means it is possible that land will have to be transferred from one class to another
as a result of additional research and experience. However, it is unlikely that the
subclass letter symbols will need to be changed as there is little doubt about the nature
of the limiting factors in the assessment in this report.

(b) Climatic Limitations

Climatic limitations for agricultural production have not been incorporated
directly in the land use capability classification, although the water balance data
discussed in Part V, Section 1V, have indirectly influenced the so, subclasses of
droughty soils. Climatic factors, particularly temperature and cloudiness, as related
to altitude are known to be of great significance for particular crops. Thus, the pro-
ductivity of arabica coffee decreases rapidly between 6000 and 7000 ft. Most in-
digenous subsistence crops do not produce well above 8000 fi. Normal rice varieties
will not give good yields even on the valley floors at 5000 ft. On the other hand,
certain vegetable crops and pyrethrum thrive between 6000 and 9000 ft. The degree
to which such limitations apply can be asscssed from the land system descriptions in
Part IV and from the small-scale map of capability for agricultural land use.

(¢) Plant Nuirient Deficiencies

No attempt has been made to incorporate plant nutrient deficiencies as limiting
factors in the land use capability classes and subclasses. The reader is referred to
Part VI, Section 111, for data on soil analyses.

Southern (1966) states that soil analytical data have been of limited use in
assessing fertilizer requirements of arabica coffee. Available phosphorus, determined
by the sodium bicarbonate method (which is different from the method used to
obtain the values in Table 14}, correlates well with the vigour of young coffee. High
exchangeable potash is never associated with potash deficiencies, but low potash values
do not necessarily indicaic such a deficiency. Abnormal C: N ratios sometimes in-
dicate lack of nitrogen mineralization and thus nitrogen deficiency.

In discussing plant nutrient deficiencies in arabica coffee as revealed by foliar
analysis and response fo fertilizer, Southern (1966) and Hart (1966) note that nitrogen
deficiencies are rare and occur mostly in the Fastern Highlands. Response to phos-
phate fertilizer is rare in mature coffee. Potash is commonly the most deficient ele-
ment. Because of antagonism, magnesium deficiencies commonly follow potash
fertilizer applications. Sulphur deficiency appears to be widespread, and there appears
to be antagonism between sufphur and nitrogen uptake by coffee. Zinc deficiency
and to a lesser extent iron deficiency are common, whilst boron deficiency is suspected
in some cases. It is clear that coffee nutrition is a complex subject. That fertilizer
applications can be highly successful, however, is shown by Carne and Charles
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(1966), who mention mean annuoal yield increases of up to 1000 Ibjac processed coffee
aver a 6=yt period, 3000 Ib constituting a good yield for this crop.

No data on fertilizer response have been published for ofher crops. It can be
expected that responses often will be obtained and that phosphate fertilizers will be
of greater value for annual arable crops than for perennial crops such as coffee. On
the whole, nutrient deficiencies are probably least ir: the alluvial and organic soils and
greatest in the lateritic and gleyed latosols.

II. RecIONAL LAND USe CAPABILITY
(&) General

The small-scale map of agricultural land use capability was prepared by group-
ing the land systems into 14 groups according to similarities in their level of suitability
for arable crops (regular cultivation for essentially anuual crops), tree crops (perennial
plantation crops), and improved pastures. The level of suitability of each land
system was caloulated by a weighted summation® of the percentages of land in different
land use capability classes. Table 22 symmarizes this information by listing the total

TABLE 22

APPROXIMATE AREAS* (8Q MILES) OF LAND OF DIFFERSNT LEVELS GF
SUITABILITY FOR ARABIE CROPS, TREE CROPS, AND IMPROVED PASTURES

Land Use Capabilityt

High Moderate Low Very Low
Arable crops 120 245 (170) 455 (55) 345 (90)
Tree crops 335 360 2430 {125 90 (90)
Improved pasturcs 605 (170 370 (55) 2140 (90) 320

* The areas in each column are nor mutually exclusive.

T The land use capability of that part of an area which is indicated in
brackets can be raised one or two levels, including very high capability, by land
reclamation (mainly drainage improvement).

areas at different levels of suitability for these three main types of agricultural land
use. The table shows the relative scarcity of arable land in this generally densely
populated area. Since the arable land is also equally suitable for tree crops or im-
proved pastures, further development of the area will involve important policy
decisions concerning the relative merits of adequate local food production and
commercial agricultural activities in the form of perennial cash crop plantations
and grazing. The figures in Table 22 indicate that whilst there is in principle much
room for expansion of tree crops, their areal potential is greatly exceeded by the
capability of the land for pastoral industries. Climatic conditions appear to be more
favourable for cattle than in any other part of Papua and New Guinea. Finally, the
figures In brackets in Table 22 show that significant increases in the agricultural

sources surveys. CSIRO Aust. Piv. Land Res. tech. Memao. §9/4 (unpublished).
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productivity of the area can be derived from land reclamation by drainage improve-
ment. ‘This is confirmed by small-scale reclamation projects already completed or in
progress (A. C. Hartley, personal communication),

(h) Land Use Capability Groups

The 14 land use capability groups shown on the small-scale map are briefly
described below. They are arranged in order of decreasing capability, firstly for arable
crops and secendly for tree crops.

Land Use Capability Group 1.—Comprising the slightly dissected volcanic piaing
of Tari land system, erosion hazards are slight and restrict only the capability for
arable crops. Physically poor soils restrict the capability in parts of the area, par-
ticularly for tree crops. Small areas are poorly drained or too steep. Overall this
group has the greatest capability for improved pastures, but development could well
be based on all ihree kinds of land use, each adjusted to local slope and soil conditions.

Land Use Capability Group 2.—Comprising the rolling volcanic surfaces of
Nunga land system and the dissecied fans of Goroka land sysiem, this group has only
a moderate capability for arable crops, largely as a result of erosion hazards, but a
high capability for tree crops and improved pastures. Local physical soil deficiencies
are as much a limitation as erosion hazards for tree crops in Goroka land system,
whilst the capability of Nunga land system is lowered by the presence of some very
poorly drained land. Mixed development is recommended for this group, with tree
crops preferably on steeper land with deep soils, arable cropping on good level land,
and pastures on the poorer level and sloping land.

Land Use Capability Group 3.—Poor drainage commonly associated with slowly
permeable soils is the main limitation reducing the capability for arable crops and
tree crops to moderaie, although it can still be rated high for improved pastures. The
group comprises the alluvial basins of Aiyura land system and the terraces and
flood-plains of Makuntus and Kaugel land systems. Flooding is a coniributory
hazard in Kaugel land system, Drainage improvement would considerably increase
the capability of this group for all forms of land use. This would involve interception
of run-on, gravitational and locally pump drainage of low-lying areas with soils that
are likely to give a good response, and trench and tile drainage of the slowly permeable
higher-lying soils, which will probably respond less. Since flood control would be
very difficult, drainage of flood-plain land would not be practical.

Land Use Capability Group 4—Land use capability on the fan plains of Banz
and Kinjibi land systems is limited to moderate for arable crops, low for tree crops,
and high for improved pastures, mainly by poor draisage commonly associated with
slowly permeable soils. It is therefore similar to and only slightly lower than that of
group 3. Drainage improvement appears to be most effective in Kinjibi land system
because soils appear to be generally more permeable. Gravitational drainage by
ditches, combined with interception of seepage water at the head of the plains, appears
generally possible. Many soils in Banz land system will probably respond less well,
although results on existing coffee plantations appear to be better than was expecied.
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If effective, such land improvement would greatly increase the capability for tree
crops and arable crops. Less intensive drainage by cambering and shallow grassed
drainage lines is commonly adequate for improved pastures, raising the capability
of this group to very high for pastoral use,

Land Use Capability Group 5.—This group of hilly volcanic ash land of Teiga
land system has generally such erosion hazards that only small areas could be regularly
cultivated, thus reducing the overall capability for arable crops to low. Other limita-
tions are, however, very minor, so that the suitability for tree crops and improved
pastures has been assessed as high, there being very litile Jand with excessive erosion
hazards for these forms of land use.

Land Use Capability Group 6.—Combining the irregular low mudsione hills of
Womei land system with the commonly steep and dissected colluvial fans of Omahaiga
land system, this group has a low capability for arable crops as a result of locally vari-
able but commonly great erosion hazards and the irregularity of the terrain. Only
small pockets of land could be safely cultivated. Surface stominess is an additional
Hmitation for cultivation in small arcas of Womei land system. The soils in this
group are commeonly less suitable for tree crops than those of group 5 because of poor
drainage, siow permeability, and locally shallowness. Hence the capability for iree
crops is assessed as only moderate. In places there could be landslide hazards, which
would be harmful for frec crop plantations in particular. Since these limitations:
probably would have little effect on pasture growth, the capability for improved
pastures appears to be high. Local variations in land use capability are great in
‘Omahaiga land system, less in Wornei land system, where most land is moderately
good to moderately poor. Generally this land appears to be most suitable for small
mixed farms with the emphasis on pasture development.

Land Use Capability Group 7—Most of the land in this group is hilly: sedi-
mentary rocks in Kumun land system, volcanic ash and lava in Birap land system,
and strongly dissected fan deposits in Moruma and part of Minj land systems. Since
only rather small areas have sufficiently low erosion hazards to allow reguiar cultiva-
tion, and in this case commonly have poorly drained or droughty soils, this group
has only a low capability for arable crops. The capability for tree crops and improved
pastures 1s moderate, in large parts of the area mainly as a result of poor physical
soil conditions and in other parts (particularly tn Birap land system} because of very
steep slopes and associated erosion hazards. Since the largest part of Birap land
system is above 6000 ft altitude, there is an additional climatic limitation, particularly
in the choice of tree crops. There is only little land in this group which has no cap-
ability at all.

Land Use Capability Group 8.—These mostly poorly drained to swampy plains
of Tambul and Ko land systems have a low capability for arable crops and tree crops,
and a moderate capability for improved pastures. Parts with rather minor limitations
contrast with other parts that are very poor or virtually useless in their present
conditions. Drainage improvement by land reclamation appears generally feasible by
gravitational discharge of excess water through decp drainage channels, but pumping
may be locally necessary, The soils are expected to respond well to such measufés,
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although shrinkage may be a problem in some organic soils of Tambul land system.
Reclamation would increase the capability for arable crops and tree crops to moderate
or high, for improved pastures to high or very high. Tambul land system occurs above
6000 ft altitude, and has additional climatic limitations, particularly in the choice of
tree crops. The percentage of totally unusable land is low.

Land Use Capability Group 9.—This is a rather heterogeneous group of small
limestone plateaux (Oga land system), strongly dissected volcanic slopes (Nemarep
land system), sedimentary hill ridges (Korambog! land system), and sirongly dis-
sected valley fill (Winjaka land system). The capability is very low for arable crops,
and moderate for tree crops and improved pastures, but the nature of the limiting
factors differs, although erosion hazards on steep slopes are always important.
Rockiness is an additional limitation in Oga land system, poor drainage in Winjaka
land system, and slowly permeable or shallow droughty soils in Korambogl land
system. The greatest contrast in land capability is in Nemarep land system where
about 20% of good land is offset by an equally large area of wholly unusable steep
land. Except for Korambogl land system, most land in this group is above 6000 ft
altitnde and thus subject to climatic limitations affecting particularly the choice of tree
crops. On the whole, therefore, this land is probably best used for grazing or forestry
purposes, with minor arable and tree crops on the best Iand.

Land Use Capability Group 10.—This hilly land on igneous and sedimentary
rock (Yonki land system), strongly dissected old alluvium (Abiera land system), and
volcanic agglomerate (Ogu land system) has a very low capability for arable crops, a
low capability for iree crops, and a moderate capability for improved pastures. Apart
from small pockeis near or in valley bottoms, which are commonly poorly drained,
the land is too steep for regular cultivation. The suitability for tree crops is reduced
by the commonly slowly permeable or droughty concretionary soils in Yonki and
Abiera land gystems and by very poor drainage in a large part of Ogu land system.
Since these limitations are less serious for pasture growth, the land of this group
would on the whole be most suitable for grazing purposes. Reafforestation could also
be attractive, since this land is situated in the centre of large areas with little or no
timber and has no access problems., The percentage of totally unusable land is low.

Land Use Capability Group 11.—This high hilly to low mountainous country,
mainly on sedimentary rocks in Koge, Pira, and Okapa land systems, has so little land-
suitable for regular cultivation that its capability for arable crops is rated as nil.
There is a large proportion which is also almost too steep for tree crops and improved
pastures, but the percentage of totally unusable land is small. In many places, but
particularly in Pira and Okapa land systems, slowly permeable or shallow droughty
soils are additional limitations for tree crops. Hence the overall capability forimproved
pastures and the capability for tree crops have been assessed as moderate in Koge
land system, low in Pira and Okapa land systems, The high altitude of the greater
part of Koge and Pira land systems introduces a climatic limitation, particularly in the
choice of tree crops. Development of this land could probably best be based on re-
afforestation combined with cattle-grazing and minor tree crop plantations. Any land
use should be aimed at conservation, since much of this group is part of the major
catchment areas in the region.
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Land Use Capability Group 12.—This very large group of rugged low and high
mountains on various rock types (Bismarck, Ambum, and Doma land systems),
including limestone (Elimbari land system), and on the isolated steep hilly uplands of
Kwongi land system has no overall capability for arable crops (although small
pockets of cultivable land exist in some valleys) and a low capability for tree erops
and improved pastures. The group includes a varying but generally rather high
percentage of wholly unusable land. Very steep slopes and consequent erosion
hazards are the main limitations, reinforced in places by shallow soils and rockiness of
the land (Elimbari land system), With the exception of Doma land system the
greater part of the Jand in this group is above 6000 ft (a small proportion exceeding
9000 ft in altitude), so that climatic limitations exist, particularly with regard to the
choice of tree crops. A significant proportion of Bismarck land system along the
Ramu River is between 1000 and 4000 ft, where the climate is rather nnsuitable for
both typical lowland and typical highland tree crops. Since this group constifutes the
major catchment areas of the region, it is probably best left largely under protective
forest, or reafforested in the east where large areas are now under grassland. Some
agricultural development may be necessary in certain populated valleys such as the
Chimbu. This would be best based largely on a grazing industry, with very minor
cultivation and some tree crop plantations in the valleys and on ihe lower slopes.

Because of its scenic features and, for the greater part, isolation from human
interference, this land use capability group is of importance in the development of a
tourist industry and for the preservation of wildlife.

Land Use Capability Group 13.~—This is a heterogeneous group, combining the
rugged river gorges of Lai land system and the flood-plain swamps of Wahgi land
system. Whilst some river terraces and flood-plains could be used for arable cropping
and/for tree crops, their total area is so small that the overall capability for arable crops
is nil to very low, and for tree crops very low. Limitations would be somewhat smaller
for improved pastures, and since other very poorly drained land in Wahgi land
system also has limited scope for pasture improvement the capability for improved
pastures is judged to be low. Reclamation of the swamps of Wahgi land system
would require costly drainage and flood-control works and an efficient control of the
water-table, particularly in peat soils to prevent undue shrinkage. It would yield
fertile land of high capability for arable crops and improved pastures, and probably of
moderate capability for free crops.

Land Use Capability Group [4.—This group comprises mainly low to high moun-
tains, almost wholly above 9000 ft (Withelm, Giluwe, Kubor, and Ialibu land
gystems), but also the low hills of Limisate land system. Because of very steep slopes,
low temperatures (except in Limisate land system), rockiness, and shallow soils there is
no capability for arable crops, no or very low (Limisate land system) capability for
tree crops, and a very low or no (Kubor, Ialibu land systems) capability for improved
pastures. It could be possible to use the alpine grasslands of Wilhelm and Giluwe
land systems for rough grazing, or to improve these grasslands for grazing, but their
very isolated position militates against this. Moreover these areas, together with
Kubor and Ialibu land systems, are important catchments so that grazing would have
to be strictly controlled.
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This group, apart from Limisate land system, is of great scenic value for the
development of a tourist industry, and Wilhelm land system in particufar has a
definite potential for secreational development. Preservation of wildlife also is an
important aspect of land use in this group.

TII. DescripTioNs OF LAND USE CAPABILITY CLASSES AND SUBCLASSES
(@) General

Land in classes I-TV is suitable for cultivation, in decreasing order, class IV
land being marginal for this form of land use. Land in classes V-VII is not suitable
for culiivation buf is suvitable in decreasing order for tree crops andjor improved
pastures and for forestry. Class VIII land is unsuitable for any form of agricultural
land use. It should be noted that class II-1V land is always very suitable for improved
pastures, but its suitability for tree crops depends on the subclass (nature of
limitation).

The estimated areas and distribution of the land use capability classes and sub-
classes are given in Table 23. This shows the great preponderance of class VI, VI,
and VIII land, which is largely due to the large proportion of steep hilly and moun-
taincouns terrain in the area (e subclasses). However, it should be remembered that
whilst classes VII and VIII consist of very poor land indeed, much of class VI land
could be profitably developed for grazing, tree crops, and forestry. The area of class I
land is very small indecd (less than 1 %), indicating that nearly all land in the area has
limitations of one kind or another. There is a sizable area of class I1-V Iland
(altogether 16 5/) which, being largely concentrated in the valleys and foothills, offers
the best possibilities for early development.

With respect to the nature of the limiting factors, and not considering class VIII
land, it is clear that erosion hazards and topographic limitations (e) are by far the
most common and apply to about 3300 sq miles of the area. Next in importance are
physical soil limitations (st, stoniness; so,, droughtiness; sos, slow permeability),
which occur in an estimated 750 sq miles, commonly overlapping with the erosion
limitations. By comparison, limitations due to excessive waiter (d, poor drainage;
f, flooding) are of minor areal extent (about 300 sq miles) but are important in that
reclamation of such land commonly results in a large increase of its productivity.

(b) Class I Land

This is very good land that can be cultivated safely with ordinary farming
methods. Itis nearly level, has deep productive soils, is well drained, and is not subject
to flooding. It is suited to most types of land use.

{c) Class IT Land

This is good land that is not subject to flooding but requires simple special
farming practices to maintain or reach optimum productivity when cultivated. It can
generally be used without special limitations for other types of land use, but tree crops
will require special measures where drainage is imperfect.
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ITe.—The degree of erodability requires simple erosion control measures when
this land is cultivated. These measures may be contour planting, strip cropping, short
rotations with legumes or cover crops, mulching, etc.

ITe,st-—This land combines the limitations of subclasses Ile and ITst.

IIst.—This land is sufliciently stony to interfere with the cultivation of row
crops, but stones can be cleared without undue effort.

Is0,.—The soils have a layer of iron concretions at shallow depth, disrupting
water relations and root penetration, thus causing the soils to be droughty. A range
_of crops adapted to the prevailing climate can be grown if particular attention is paid
to increasing and maintaining the water-holding capacity, which amounts to the
incorporation of organic maiter into the soil, or mulching, and probably also disturbing
the concretion layer by deep ploughing.

I1d.—This land requires improved drainage to reach optimum productivity for
most tree crops and arable crops, but this can be achieved by simple means such as a
small number of drainage trenches.

(d) Class 1] Land

This is moderately good land, which is not flooded but requires intensive
special farming measures to improve or maintain its productivity when cultivated.
In many cases class ITI land can be used without special limitations for other forms of
land use but, when the land is poorly drained, intensive measures are required for
iree crops, less intensive for pastures.

1ITe.—The degree of erodability requires intensive crosion control measures when
the land is cultivated, such as frequent rotation with grasses or legumes or intensive
terracing. Crops that promote rapid erosion should not be grown.

IITe,st.—This land combines the limitations of subclass I1le and subclass IIst
or IlTst.

ITie,s0,,—This land combines the limitations of subclass Ile and IIso,.

I1Ist.—This land is too stony for row crops and the removal of stones reguires a
major effort.

IiId.—This land requires strongly improved drainage for arable crops and tree
crops, less for pastures. This can be achieved by a system of fairly closely spaced deep
drainage trenches,

() Class IV Land

This is fairly good land that can be cultivated occasionally and usually with
more than normal hazards or that is suitable only for a very limited range of arable
crops. Most of this land is best kept under perennial vegetation, but it is mostly
rather poor land for tree crops.

‘TVe,s0,,—This land combines the limitations of subclass TVso, with those of
subclass Ile or Ile.
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IVe,s0,,—This land combines the iimitations of subclass 1Vso; with those of
subclass Ile or Ile.

IVs0,.—The soils are so droughty, usually because of dense concretion layers at
shallow depth, and sometimes because of shallow depth of the soils or shallow coarse-
textured subsoils, that the land should generally be kept under perennial vegetation
to improve and maintain the water-holding capacity. In addition, this land may have
an erosion hazard according to subclass Ile or II¥e. It can be cropped once every few
years and the choice of crops is likely to be limited. It is good for pasture land but
poor for tree crops.

1Vso,.—The soils are poorly drained because of their very slow permeability
and locally because of strang seepage. It appears to be very difficult to improve the
drainage significantly. The land is good pasture land and can be cropped to a limited
range of crops after proper improvement of the surface drainage. It does not appear
to be very suitable for tree crops.®

IVs0,,504.—This land is droughty in dry periods because of a dense concretion
layer, and poorly drained in wet periods because of a slowly permeable clay layer.
[t requires surface drainage and should generally be kept under perennial vegetation to
improve and maintain the water-holding capacity. It is suitable for pastures, little
suited for iree crops, and can be cropped occasionally with a limited range of crops.

IVi—Non-destructive floods are likely to oceur each year during the wet season
and flood control is not feasible. There is a flood-free period during the dry season
sufliciently long for the land to be cropped without undue hazards. The choice of the
crops may be limited by the length of the flood-free period. This land is suitable for
grazing and some of it may be suitable for tree crops.

Ivf,d.—This land combines the limitations of subclass IVf with those of subclass
11d.

{(f) Class V Land

This land is unsuitable for cultivation for reasons other than erosion hazards.
1t is good grazing land that can be managed without special limitations, apart from
surface drainage of poorly drained land. This land is usually unsuitable for tree crops.

Vst.—This land is too stony for cultivation and the stones are too numerous to be
removed. It may also have erosion hazards according to subclass ITe or Ille. Tt is
suitable for pastures and locally for tree crops.

Vd.—This land is too poorly drained for arable or tree crops and the drainage
cannot feasibly be improved because of low topographic position or strong seepage.
The land is suitable only for pastures.

Vf,d.—This land is flooded feo regularly to carry out the intensive drainage im-
provement measures that would be required for cultivation, Tt is suitable only for
pastures,

# Tt appears from more recent expericnce that some soils in this class in the Wahgi valley
respond better to artificial drainage than was anticipated.
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(g) Class VI Land

This land is not suitable for cultivation and is subject to moderate limitations for
pastures. One subclass is 2lso suitable for tree crops with moderate limitations. Most
subclasses are suitable for forestry.

Vle.—This land has such serious erosion hazards that it is suited for tree crops
or pastures only under careful management. Itisalso suitable for forestry. It can have
stoniness according to subclass IIst or T{st.

Vle,st.—This land is similar to subclass VIe, but has in addition stoniness ac-
cording to subclass Vst. This tends to make the establishment of tree crop plantations
and improved pastures more difficuli.

Vle,50,.—This land is similar to subclass VIe, but has in addition droughty
shallow soils according to subclass IVso,.

Vle,s0,.—This land is similar to subclass VIe, but has in addition pooly
drained slowly permeable soils which render it much less suitable for tree crops.

VId.—This land is so poorly drained and so difficult to reclaim that it has only a
limited suitability for pastures under careful management. In several areas it is also
subject to flooding in the wet season.

VIf.—This land is so frequently flooded that it has only a limited suitability for
grazing.

(1) Class VI Land

This is not cultivable and is subject to severe limitations for grazing. Most sub-
classes are suitable for forestry under careful management, and where possible this
appears to be the best use to which this land can be put. But where the class is de-
termined by poor drainage, the land is unsuitable for forestry. One subclass can be
used for tree crops if intensive measures are faken to prevent erosion.

Vile.—The limitations of this subclass are similar in nature, bu{ more severe
than those of subclass Yle. It is very difficult land io manage even for forestry.

VHe,st.—This land combines the limitations of subclass VIle and Vst, and is
suitable only for extensive grazing or forestry.

VIle,s0,.—This land combines the limiiations of subclass Ve with those of sub-
class IVso,. Itissuitable only for extensive grazing under careful management and has
a limited suitability for forestry.

VIId.—This comprises very poorly drained land, which could be used only as
poor grazing land if the surface drainage were improved. In some areas it is also
flooded in the wet season.

(&) Class VIII Land

This land has such unfavourable characteristics as to be unsuited to cultivation,
tree crops, grazing, or forestry. In many cases it is important for water-shed protec-
tion. Small areas are covered by good forests, but their exploitation would be very
difficult. No subclasses are indicated for this land class as the limiting factors are onfy
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of academic interest and can be deduced easily from the land system descriptions.
Much of this land, together with large areas of class VII land (except subclass VIId),
is of scenic interest and thus of value for the tourist industry. It includes alpine areas
and limestone features with a substantial potential for recreation. Tt is also of great
importance for wildlife conservation.
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Fig. I.-—Rugged mountains of the Kubor Range (Bismarck land system), covered with mixed
lower montane rain forest and beech forest. Tufted Cordvline and plumed heads of sword
grass mark the edge of a garden at 8000 ft above sea level.

Fig. 2.—Steep dissected slopes of Pira land system in the Chimbu area. with native food gardens
and fallow vegetation, notably groves of Casuarina trees.
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Fig. |.—The irregular, slumped hilly country of Kumun land system (foreground) merges into the
strongly slumped low mudstone hills of Womei land system at the foot of the limestone escarpment
of Elimbari land system (background). Groves of planted Casuarina trees are abundant throughout.

Fig. 2.—Short grassland and remnant beech forest with emergent Ararcaria pines in the steep hilly
uplands of Okapa land system, with graded rivers and a dense drainage pattern. The village is
situated on a terrace remnant.
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Fig. 1.-—Tussocks of alpine grassland in the summit area of Mi. Hagen (Giluwe land system),
with outliers of montane rain forest and subalpine scrub, at 11,000 ft above sea level. Lava out-
crops mantle the outer slopes of the old crater rim.

Fig. 2.—Forested headwater basin of the Nebelyer River (Nemarep land system) at 8500 fi above
sea level, with Mt. Hagen in the background. Papuacedrus form tall emergents over a mixed
broad-leaf canopy.
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Fig. |.— View from summit ridge of Mt. Wilhelm (Wilhelm land system) into the glacial valley of
Pindaunde with stepped kar lakes and moraines. Vegetation is sparse and on the summit limited to
rock crevices. Lower down are alpine grassland and the irregular pattern of montane rain forest.

Fig. 2—Gardens occupy Pleistocene colluvial fan deposits of Omahaiga land system with
Miscanthus sword grass and shrub regrowth, predominantly Saurauja sp. The oak-forested slopes
in the backeground are in Bismarck land system.
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Fig. 1.-—Dissected Pleistocene lake deposits of Abiera land system in foreground and middle
background, separated by a flat high terrace of Makuntus land system on which Kainantu airstrip
Is seen.

Fig. 2.—Deeply incised stream (Lai land system) in the volcanic ash plains of Teiga land system
near Mt. Hagen; Miscanthus sword grass, remnant forest, and stream-bank vegetation.
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Fig. 1.—Typical Miscanthus sword grass country as seen in the Kaugel valley (Winjaka land system).
In the background are the forested lower slopes and cloud-covered summit of Mt. Giluwe. A
small sedge bog is located behind the tall grass in the foreground.

Fig. 2.—Level flood-plain swamp with Phragmites on peat soil in the upper Wahgi valley
(Wahgi land system).
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Edge of mixed lower montane rain forest in the Bismarck Range. Tall trees here are Criprocarya,
Elacoearpus, Opocunonia, Syzygium, and Podocarpus.
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Interior of tall beech forest (Nothofagus) in the Eastern Highlands. Pandanus and climbing
bamboo form an under-storey.
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Fringe of subalpine scrub on Mt. Wilhelm, at approximately 13,000 ft above sea level, showing
silvery foliage of Olearia sp. and undergrowth of Coprosma sp.
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Fig. |.—Remnant and secondary oak forest dominated by Castanopsis acuminatissima in the
foothills of the Kubor Range (Koge land system). In the foreground is Schefflera sp. in flower.

Fig. 2.—A newly made garden cleared from lower montane rain forest at 7000 ft above sea level
in the Kubor Range. Note the protective fence against pigs, and trenches to form the raised sweet
potato beds. Acid yellow-brown clay soil with poorly developed topsoil.
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Fig. 1..—Mixed short grassland of Themeda and Capillipedium with Arundinella. The backeground
shows the even skyline of a dissected Pleistocene alluvial fan (Moruma land system) descending
to the Wahgi River at left.

Fig. 2.—Remnant grove of Araucaria cunninghamii at Dunantina. Also shown are stream-bank
vegetation and plantations of bamboo and Caswarina. Closely dissected volcanic hills with
lithosols of Limisate land system form the background at left.
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Fig. 1.—Arabica coffee is the most important cash crop; about 6000 tons were produced by
indigenous, and 3500 tons by non-indigenous growers in 1965-66, mostly in modern factories
like this one at Kundiawa.

Fig. 2.— The area possesses the densest road net in the territory, some 2200 miles frequently built
by hand. Currently the main access road to the coast and other roads are being upgraded by
re-survey and heavy machinery.
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