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CHAPTER 1

ENVIRONMENT

11. CLIMATE
111.  Precipitation

Annual rainfall exceeds 2,500 mm throughout Sarawak and Brunei, except for a small
enclave with lower precipitation in the interior of the NE. The mean annual rainfall increases
trom NE. to SW., and from the coastal plain to the mountainous interior (fig. 1).

Seasonality of precipitation is associated with the movement of the inter-tropical front. 1t
is more pronounced in the SW. than in the NE. (fig. 1). The monthly rainfall is generally higher
during the NE. trade from October to February. The seasonal variation is greater in the SE.
and in coastal areas (fig. 2), irrespective of the amount of mean annual rainfall. The variation
of daily amounts of rainfall and of sums of rainfall for shorter periods between different locations
lis very large, even if the distance between the locations is small, This is due to the relatively

high proportion of convectional rain from rain storms.

Much of the rainfall comes from heavy rain storms. The relative intensity and frequency
of rain storms are greater in the lowlands and during the SE. trades. According to JEEPS and
LEONG (1965), at Kuching 2 rain storm with a rainfall intensity of 25 mm in 20 min. occurs
once monthly on an average. In exceptional cases, reinfall may exceed 500 mm in 24 hours
which causes extremely high rates of surface run-off and flooding. Storms with less than 5 mm
yield are very frequent, but their total yield accounts for only a small proportion of the annual
rainfall. KENWORTHY (1969) reports that such storms were common but accounted for only
about 10% of total rainfall during a two-year observation period in Ulu Gombak F.R. near Kuala
Lumpur. The general character of rain storms in that area is intensive storms at a rate of 25 mm
per hour and above. Throughout Sarawak, the long-term mean monthly rainfail is above 100
mm. The absolute minima of recorded monthly rainfall for eight stations (fig. 2) shows that
months with less than 100 mm occur at any time of the year, especially in the coastal stations,
Talang-Talang islands, Miri and Bintulu. The frequency of months with less than 50 mm precipi-
tation in three stations is shown in tab. 1. The frequency is less than one per decade in the
strongly seasonal but high-rainfall station, Kuching. The frequency is more than twice as high
at Baram (Marudi) where rainfall is lower but the proportion of convectional showers, higher. As
a result, rainfall is less reliable and more variable. The frequency is highest at Miri with 0.32
per year. The mean annual frequency of months with less than 101 mm rainfall is 0.36 at
Kuching, 1.42 at Miri, and 0.86 at Baram (Marudi). The frequency distribution of monthly
rainfall shows more seasonality at Kuching than in the north. The frequency of dry months is
greater in the north, where occurrences are also spread over a longer season.

SCHULZ (1960) has shown that, in the somewhat more seasonal climate of N. Surinam.
sliding 30-days totals have an advantage over monthly figures for the ecological interpretation
of rainfall patterns, because they avoid both the overlap of calendar-monthly records and the
smoothing effect of averaging over the year. Sliding 30-days sums of rainfall were calculated
for the stations Kuching Airport, Semengok F.R., Bako N.P., Miri and Long Lama. The data
were supplied by the Public Works Department for the period July 1963 to May 1965. The
lowest calendar-monthly rainfall during this period is 108 mm at Kuching Airpart (July 1963),
101 mm at Semengok F.R. (May-July 1964), 93 mm at Miri (March 1964), and 195 mm at
Long Lama (March 1964).
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Only once during this period the recorded rainfall is below the 100 mm level (Mis
March, 1964, 93 mm). During the same two-year period, the 30-days sliding sum of n.::
fall falls below 100 mm twice at Kuching Airport, once at Semengok F.R., eight times a
Bako N.P. and seven times at Miri (BRUNIG, 1969a, fig. 5). The relationship between
recorded monthly rainfall and 30-days sliding sum minima is shown in tab. 2.

A calendar month in which the recorded rainfall is 100—150 mm will, in nine out of 1y
cases, have one or more days on which the 30-days sum falls below 100 mm. If this lasts foe
more than two weeks, the 30-days sum is very likely to fall below 50 mm. With the recordsg
monthly rainfall increasing, the chance of a 30-days sum of less than 100 mm decreases. It o
about one in four if the recorded rainfall is 151 to 300 mm, and is practically nil above 300 mm

The calculated frequencies of the 30-days sum of rainfall below 100 or 50 mm are based ca
a two-year observation period. The years were not unusual climatically, and the data give a
least an indication of the scale and pattern at which dry periods are likely to occur in the arca
The 30-days sum frequencies below 50 and 100 mm have been compared with the distributae
of monthly recorded rainfall at Kuching (71 years), Miri (31 years) and Baram (22 ycan)
The result indicates that the 30-days sum of rainfall will fall below the 100 mm level at least oncx
or twice annually in areas with weakly seasonal heavy rainfall. This annual frequency increascs
to three or four in more strongly seasonal coastal areas and in areas with less than 3,000 mss
annual rainfall.

On an average, once a year the 30-days sum falls below 60 mm. The correspoadiag
MARTONNE-Index during such periods will be below 20 (margins are 64 mm at 28°C, 62 ma
at 27°C and 60 mm at 26°C). This is considered to indicate an arid month.

During the two-year observation period, July 1963 to June 1965, the annual average numbee
of days without recorded rainfall was 88 in Kuching, 155 in Bako N.P., 190 in Miri and 12}
in Long Lama. The longest continuous period without rain was 20 days in Bako N.P. Agxa
the frequency of rainless days is higher and the tendency to prolonged rainless periods stroag:s
during the SW monsoon and in stations close to the coast.

The general increase of rainfall towards the mountainous interior does not necessarily meas
that rainfall increases with altitude. Little is known about the rainfall distribution along altitudissd
gradients. ASHTON’s observations in Brunei (1964¢, pp.10-11), my own observations on Uw
Merurong plateau, and RICHARDS' observation on the nearby Dulit Range (RICHARDS, 1934
p.342-343) indicate that downpours are less heavy but often more incessant on ridge crests, mows:
tain tops, and plateaux. During several visits between 1958 and 1960, I frequently obwrved
drizzle from low clouds on the Merurong plateau while heavy downpours from thundenioena
could be heard from the slopes 500 m below. The drizzling rain would often continue unss®
ruptedly for severa! days. Such prolonged drizzle has been frequently reported from cipomsd
mountains at altitudes above 1,000 m (for example, by MEDWAY from the Klinghang tasg.
Sabal F.R. (MEDWAY, 1960), and by ASHTON (1964c) from Brunei). At the same Lo,
rainless periods are not uncommon on the mountains and bring pleasantly cool and dry weaer
with clear days and nights. Such periods have been observed by RICHARDS on the Dulit R‘MF
(Lc., eleven fine weather days) and myself on the Merurong plateau (six fine weather days foiuw
ed by three days of drizzle on the plateau).

In addition to rainfall, effective precipitation may be obtained from fog, p?ﬂiﬂlllﬂ)‘ darrg
the more humid parts of the year. KEERFOOT (1968), in a review of the literature 94
precipitation on tropical vegetation, comes to the conclusion that mist precipitation ia
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may be substantial, especially in hill locations and on fine-leaved vegetation. Un-
fortunately, there are no quantitative observations on mist precipitation on any type of vegetation
in Sarawak and Brunei. Fog and mist drip in the humid tropics may be ecologically significant
when soil moisture stress and atmospheric humidity are high (KEERFOOT, 1968). However,
BAYNTON (1969) reports that extraction of water from drifting clouds by the canopy of an
exposed ridge-top elfin woodland in Puerto Rico was less than 10% of the measured rainfall,
Extraction by forest types with broad-leaved trees and in different topographical locations is
probably much less, because the fine-leaved vegetation of elfin woodlands is much more efficient

in combing fog and mist for water.

Dew fall could add to actual precipitation on stand surfaces. It could have survival value
by resaturating leaf tissue in a critical situation. But usually, water is absorbed in such small
amounts that it hardly contributes effectively to the daily waterbalance of trees (GAERTNER,
1963). In Sarawak, heavy dew fall often occurs during night on the canopy surface where radia-
tive heat loss is largest. This may cause prolonged early-morning drip to the ground, but it is
not known to what extent this drip is ecologically effective.

112. Temperature

The annual mean temperature is 26.7°C in Kuching and 27.2°C in Miri. The variation between
monthly means is less than 2°C and synchronizes negatively with the seasonal rainfall pattern.

The mean daily maxima and minima vary about the monthly means by 3 to 5°C. Daily
maxima may in very rare instances exceed 36°C. The diurnal temperature variation is about 6°C,
the maximum range being about 10°C. The diurnal variation exceeds the seasonal variation of
the daily means about three to five times.

The mean daily temperature drops with altitude by between 0.4 to 0.7°C for each 100 metres
in the humid tropics (RICHARDS, 1964). This agrees with the rate of 0.5°C observed by
ASHTON (1964, p.9) on Pagon Priok. Correspondingly, the mean annual daily temperature of
the highest study sites at 1,100 to 1,200 m altitude (Bukit Skalap) is between 19 and 22°C.

bumidity.

Wind affects the forest vegetation in many ways. Its most important effect in the tropical
lowlands is on the heat exchange and thereby on the moisture balance of the forest stands. Wind
may increase daily or periodical moisture stress, and also relieves heat stress on dry sunny days.

On the other hand it may maintain adequate transpiration capacity during periods of high
113. Wind

Wind acts on plants mechanically and physiologically (WHITEHEAD, 1968). High wind
velocities result in wood compression failures, break and throw of timber and damage to the roots.

:l‘hc interaction between canopy morphology and atmospheric exchanges will be further discussed
in section 22.

Average wind speed in the area is low. Velocities and daily wind-runs are somewhat greater
at l:he beginning, the peak and towards the end of the NE. trades. This may be important for
maintaining transpiration rates during these periods of greater humidity and lower radiation.
Localized tornados and frequent line-squalls connected with thunderstorms reach extremely high
velocities and cause extensive break and throw of timber (ASHTON, 1964c, p.11; ANDERSON,
1964 b; BRUNIG, 1964). Even large trees can be seen swaying strongly during storms. This
possibly contributes to the common compression failures and reaction wood formations in tall
trees. Wind damage is of similar importance for the regeneration cycle of the forests as lightning
damage (see sect. 116). »



Ecologically important are the diurnally alternating land and sea breezes. The day-time sea
breeze attains its greatest momentum at the time of greatest saturation deficit when first incoming
radiation and somewhat later temperature are highest about noon. The breeze has considerable
force near the coast, but diminishes inland where obstacles and local convective air movements
absorb momentum. The penetration inland is consequently deeper on clear days with little con-
vective cumulus formation., On such days, saturation deficits are relatively high which accentuates
the physiological effect from the breeze. The diurnal valley and slope wind circulation systems
act similarly on the forests. If elevation differences are great, wind speeds can be considerable
and the cooling and drying effect of descending winds can be strong during clear periods.

114. Sunshine and Radiation

In 1964, radiation measurements were not yet available in Sarawak. The mean daily hours
of sunshine are closely related to incident radiation. This relation can be used to estimate in-
cident energy which is available for evapotranspiration and photosynthesis.

Mean daily hours of bright sunshine measured during 1955, 1957, and 1962 in Kuching,
Bintulu, and Miri are given in tab. 3. The monthly and annual values agree reasonably with the
sunshine maps of LANDSBERG (1965). The measured values differ from LANDSBERG's
data in showing stronger E.-W. gradient and seasonality. The difference is large in January in
Kuching due to orographic cloud-forming on coastal mountain barriers by the NE. trade. The
average annual sum of hours of bright sunshine is 1,810 at Kuching, 2,190 at Bintulu, and 2,410
at Miri, In Uganda, RIJKS and HUXLEY (1964) measured 2,263 hours of bright sunshine
during a year in which incident total solar and sky radiation at ground level were 151.4 Kcal/cm®,

Tab. 15 of the Smithonian Meteorological Tables (1951) gives the regression of the ratio
(average radiation to potential radiation received by a horizontal ground surface) on the ratio
(actual hours of bright sunshine to potential hours of sunshine) for 11 stations in the U.S.A.
This regression is likely to produce an over-estimate of ground radiation for Sarawak, because the
average cloud system in Sarawak has a greater proportion of thick stratocumulus clouds. These
clouds have relatively low transmission and higher reflection ratios than the average cloud system
in the US.A. Considering this, the estimated radiation ratios for Kuching are 0.49 at the peak
of the NE. trade (January), 0.69 during the peak of the SW. trade (June-August), and 0.61 for
the year. The corresponding ratios at Miri are 0.63 (January), 0.76 (April-May), and 0.70
(year). The annual average ratio at Bintulu is 0.66.

With these data, an approximation of the average total annual solar radiation received by a
horizontal surface at the ground is possible from tables 133 to 135, Smithonian Meteorological
Tables, and from data given by SELLERS (1965, pp. 19-23 and fig.7). The estimate is 146
Kly at Kuching, 157 Kly at Bintulu, and 168 Kly at Miri. The latter are higher than the
values on the maps by LANDSBERG et al. (1965). Brunei is on the map in the
135 Kcal/cm? belt and West Sarawak just above 140 Kcal/cm?. WYCHERLEY (in litt., 1969)
reported actually measured values of 142 Kly p.a. at Kuching, which agrees closely with my
estimate and the LANDSBERG map. The disagreement between estimate and maps for the NE.
may be due to an under-estimate of seasonality and sunshine by LANDSBERG.

RIJKS and HUXLEY (1964) measured 151.4 Kly p.a. total incoming radiation for 2,263
hours of bright sunshine in Uganda. Bintulu has 2,190 hours of bright sunshine and the
estimated total annual radiation is 157 Kcal/cm?, The difference is—3% for hours of bright
sunshine and + 3.6% for radiation. The world map of average annual solar radiation on a
horizontal surface at the ground by BUDYKO (BUDYKO, 1963, reproduced by SELLERS,
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1965, fig.8 on p.25) puts the whole area of Brunei and Sarawak just within the 120 Kcal/cm?
ke, which would seem rather low.

We may conclude, that the average annual total solar radiation received by a horizontal
sarface at the ground is about 140 Kly in SW. Sarawak and increases gradually to just over 160
Kly in the Brunei area. These values are slightly higher and show a much stronger gradient
from SW. to NE. than on the two radiation maps. The under-estimate of the gradient on the
maps is probably caused by the failure to recognize the seasonally very heavy cloudiness in SW.

Sarawak.
115. Cloudiness

Cloud formation shows typically the following diurnal rhythm. In the early morning,
bumidity is high and, especially in flat valleys, low mist or fog is frequent and often dense about
sunrisc when gentle down-valley wind still prevails. The mist raises to a low cloud stratum about
7 or 8 a.m. Later, the sun penetrates and dissolves the low-cloud stratum usually before 10 a.m.

Any high-level stratus clouds, usually remnants of thunderstorms of the preceding day, will
normally disappear before noon. Soon after about 10 a.m., wind direction changes. Sca
breezes, up-valley or up-slope winds develop locally and interact with the over-all trade wind
pattern. The forced convectional rise of the air and local convergences lead to the formation of
low cumuli before noon, first above hills and mountain ranges. Cumulus formation is also rapid
above dense high forest. Often cumulus fields mark the locations of large tracts of primary
upland forests, while large river courses, coastal wet-padi and secondary bush remain clear much
longer. Just before noon, short but intensive turbulences develop in the air layer between the
forest canopy and the developing cumulus formation, several hundred metres above. This is
particularly noticeable above the larger areas of peatswamp forest in the coastal plain where
the sea breeze retains its speed for longer distances inland.

It is not unusual at this time of the day for long cloud plumes to develop in the lee of
isolated but tall coastal mountains. A particularly impressive plume frequently forms at the
top of Santubong mountain on days, when the sea breeze has great strength, height and humidity.
!lcgular cumulus and plume formations at a time when potential evapotranspiration and
incoming radiation rates are highest can be expected to have a strong effect on the vegetation
oa the tops and in the lee of the mountains which initiate these clouds.

After midday the low cumuli layer gives rise locally to tall and massive cumulus-nimbus
clouds which may develop into -heavy thunderstorms, often preceded by violent line-squalls. The

thunderstorms frequently start above the slopes of the larger mountains and spread into the ad-
peent lowland,

The time of day of highest rainfall frequency varies between seasons and localities (SEAL,
1958). The generalized afternoon shower pattern is certainly common and rather typical, but
vanatons, such as incessant and sometimes heavy rains through several days and predominantly
sight thunderstorms, are not uncommon especially during the NE. trade. Also, as described
¢arlier, rainfall may not at all develop even if sea breezes or up-valley winds are strong. This
may happen for several days or weeks and cause localized droughts.

116.  Thunderstorms ¢

b .T!lunderstorms are frequent and often extremely heavy. Peak frequencies occur at the
gnning and towards the end of the SW. trade and during the December-lull of the NE. trade
(wab. 3). During peak frequency periods, any location can expect a thunderstorm to occur every
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third day. During thunderstorms, discharges are violent and almost continuous, but fortunately
only a relatively small proportion of the discharges is between atmosphere and ground. But still,
ground hits are sufficiently frequent and the resulting primary and secondary damages to forest
stands are severe and extensive enough to make lightning one of the major environmental factors
acting on the tropical forest ecosystem. It has been reported that lightning significantly affects the
regeneration cycle of the forest vegetation (ANDERSON, 1964b; BRUNIG, 1964), and its
effects may be accentuated by subsequent wind throw.

117.  Atmospheric Humidity, Evapotranspiration and Waterbalance

117.1 Atmospheric Humidity

The annual mean relative humidity in the open at Kuching Airport is 98% at 6 a.m. and
about 70% at 2 p.m. (SEAL, 1958). Variation from day to day and between seasons is con-
siderable and the climate can hardly be characterized as having a uniformly high relative humidity.
A calculation of saturation deficits from meteorological records for one year shows a stronger
scasonality of the values for Kuching than for Miri (fig. 3a). The mean saturation deficit at 2
p.m., expressed in units vapour pressure, is fairly high throughout the year at both stations.
Absolute monthly maxima of saturation deficit at 2 p.m. in Kuching is shown in fig. 3b. The
range between minima and maxima is very small at 8 a.m. It increases steeply to 2 p.m., when
the recorded range lies between about 8 millibar (July, 1963) and 26 millibar (July, 1964).
The maxima represents conditions which are common during fine weather periods with low 30
days sum of rainfall. These values are not very different from those which characterize climates
which are considered dry and very different from what is regarded an ever-wet equatorial rain
forest climate.

RICHARDS (1964, pp. 169-170) produces evidence of similar diurnal changes of the
saturation deficit for two days in Nigeria. The maximum saturation deficit at 2 p.m. is over
12 mm in the top-canopy of a rain forest. The undergrowth stratum experiences a marked rise
of saturation deficit only on the day in the dry season.

117.2 Evaporation and Potential Evapotranspiration

The rate of evapotranspiration in relation to water availability and water transport capacity
of trees is of prime importance for the survival and growth of individual trees.

Mean daily evaporation from class A pans in the open during 1963-1965 has been 5.4 mm
per day (1,970 mm per year) at Kuching and at Miri. The monthly minimum was 4,7 mm per
day in January, the maxima 6.1 mm per day in April and July. This equalled 46% of the
mean daily rainfall during the period in Kuching and 66% in Miri. Monthly evaporation
exceeded monthly rainfall several times, especially during the SE. trade. The pan evaporation
of 1,970 mm compares with a potential evaporation of 1,740 mm (Miri) and 2,016 mm
(Kuching) calculated from the regression on sunshine hours (BRUNIG, 1969a). The differences
are relatively small. WYCHERLEY (1969) calculated potential evaporation after PENMAN
from five years’ standard meteorological records for Kuala Lumpur and from three years’ solar
radiation measurements:

Hours bright sunshiné perday .. .. .. . Ly i el e e 6.5
Galories Pe ol Pt 8090 Sl Lo ol e DU e

EYporation i mm Por Q0¥ o5 oial s s e e cir s 4.93
Frecipitation 1n mitn paC-GRY - oF oo 0N e e L e 6.94



The annual evaporation is about 1,800 mm and the rainfall 2,530 mm. WYCHERLEY
(1969) gave the following data for Kuching:

Hours bright sunshine per day .. .. .. .. .. e oee e e e ¥ B
Caloriesperem? per day .. .. .. .. Tee ee e e el e e 390
Evaporation in mm per day .. .. .. .. eo ee ee e oo e 4.33
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The annual evaporation is 1,560 mm and the rainfall 3,780 mm.

Evaporation rates are affected by temperature of the evaporating surface, temperature and
ecisture gradients, and mass exchanges within the system, which in turn are altered as evapora-
won goes on.  Class A evaporation pans differ in all these respects from natural evaporating
tdedics such as lakes (SELLERS, 1967, pp. 157-162) or vegetation. Pan evaporation is as a
tale higher than that from lakes, but the ratio varies considerably with exposure of the pan
2ad with size, depth, and environment of the lake. The common statement that rain forest
cvapotranspiration equals evaporation from open water surfaces as long as water supply is
ample does not, therefore, help in estimating rain forest evapotranspiration.

HOLDRIDGE (1967, fig. 6) for example, assumes that evaporation from fresh water lakes
i, by a defined and general curvi-linear relationship, higher than the evapotranspiration from
¢timatic climax plant formations in the humid to semi-parched humidity provinces and lower
ia the perhumid to saturated humidity provinces. But such simple relationship probably does not
cust cither for lakes or for the vegetation.

117.3 Water Consumption in Forests

A very simple approach to express the relation between amounts of water supplied from
peecipitation and discharged through evapotranspiration is the MARTONNE index. This
index expresses in a more direct manner than HOLDRIDGE's formula the degree of aridity
as a rclation of monthly or annual temperature to rainfall. Index values below 20 indicate
‘and conditions during the period, those above 60 wet or humid conditions. The mean
moathly and the mean annual index values for Kuching, Miri and Marudi (Baram) are shown
in tab. 1. In all cases, the values exceed 60, indicating ample water supply throughout the
year. :

Calculation of monthly index values from monthly rainfall statistics for Sarawak (Depart-
ment of Civil Aviation and Meteorological Services, 1961) shows for Kuching that during
scventy-two recorded years between 1875 and 1957, the monthly value of the MARTONNE
index fell five times below 20, with a low of 7.3 in August 1877. At Miri the monthly index
dropped below 20 thirteen times during thirty-one recorded years between 1917 and 1957,
with a low of 1.0. If 30-days sum of rainfall were used for the calculation instead of monthly
tecords, the frequency of arid periods would be greatly increased.

The marginal index value of 20 corresponds to 60.8 mm precipitation at a mean monthly
temperature of 26.5°C to 61.7 mm at 27.0°C, and to 62.5 mm at 27.5°C. The annual
probability that 30-days sum fall below these marginal values lies between 1 and 2 for most
kaland sites in the area. The probability is therefore almost 1.0, that at least once per year
ad conditions according to the MARTONNE index occur. These arid conditions may
prevail for periods of several weeks (tab. 2, Bako N.P.).

Eﬂpotrauspiralion rates of low vegetation from lysimeters are generally lower than the
:‘lpowauou rates from Class A pans at the same site. But they are higher than from soil or
ater surfaces in lysimeter containers. The differences can be attributed to the differences
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of the roughness and exposure of the evaporating surfaces (SELLERS, 1967, pp. 165-166).
Isolated clumps of vegetation may, as a result of the large surface exposed to radiation, attain
very high evapotranspiration rates. The highest recorded daily rate is 14.66 mm from an isolated
stand on Sudan grass, which consumed 866 langleys radiative energy, of which 90% could be
obtained by the exposed and large surface from radiation, while only 10% needed to be sup-
plied from the heat content of the air (VAN BAVEL and FRITSCHEN, cited by SELLERS,
1967, p. 166).

Little is known of the effect of leaf morphology, crown structure, exposure and canopy
topography on evapotranspiration in tropical rain forests. The above example of an extremely
high rate of evapotranspiration makes it likely that similarly high rates of potential evapotrans-
piration are possible for single or groups of emergent trees in tropical rain forests. The large
surface exposed to radiation of such emergent units will lead to high rates of absorption and
to correspondingly high rates of potential evapotranspiration. -~ Absorption of advected energy
and increase of air turbulence by emergent elements will add to the radiation effect on potential
evapotranspiration rates.

The rates of potential evapotranspiration from climatic climax formations can be assessed
from climatological data, because the rates are closely related to the radiation balance of the
site. If radiation measurements are not available, the hours of bright sunshine can be used,
as shown in sect. 114, to estimate the relative amounts of radiation received by a site.
Evaporation rates have been successfully correlated to the annual mean daily hours of bright
sunshine in Malaya (NIEUWOLT, 1965). Using NIEUWOLT’s regression for the Singapore
climate, evaporation should be at Kuching 1,880 mm in 1957 and 1,660 mm in 1962, and at
Miri 2,020 mm in 1957, and 1,930 mm in 1962. Both stations had a recorded evaporation
from Class A pans of 1,970 mm in 1957.

The agreement between the values is reasonably close. We may conclude that in Sarawak
the actual annual evaporation from an open surface of shallow water, such as an evaporation
pan, will lic somewhere between 1,600 mm and 2,100 mm, with a moderate gradient sloping
west to east, but strong variations from month to month and day to day, in accordance with
the variation of saturation deficits (fig. 4) and wind speeds (sect. 113). The relatively high
observed pan evaporation in comparison to the calculated value for Kuching is most likely due
to the high degree of exposure of the site of the meteorological station at the airport.

HOLDRIDGE (1967) uses biotemperature, instead of radiation, to compute potential and
actual evapotranspiration of vegetation, The biotemperature for Sarawak is 26.7°C in Kuching
and 27.2°C in Miri. This corresponds to 1,573 mm and 1,603 mm potential evapotranspiration
respectively. According to HOLDRIDGE's calculations (1.c., fig. 6) the actual evaporation from
vegetation and soil would be 46% of the potential evaporation in either station, and the
transpiration 47% in Kuching and 45% in Miri. The total actual evapotranspiration
would consequently be 46 4 47 = 93% (1,463 mm) in Kuching, and 46 4 45 = 91% (1,460
mm) in Miri. Total rainfall is lower at Miri and consequently water supply is less ample.
Accordingly, HOLDRIDGE'S formula gives a lower rate of actual transpiration for Miri. On the
whole, the HOLDRIDGE estimate seems to be rather low.

THORNTHWAITE and MATHER (1957) have developed a method of waterbalancing
which has been widely used in tropical areas. The monthly waterbalances for lowland
Mixed Dipterocarp forests at Kuching are given in tab. 4. The potential evaporation is related
to the monthly mean daily temperature, which results in daily rates between 3.9 mm (January)
and 49 mm (June). NIEUWOLT (1965) pointed out for Malaya and Singapore, that



nm\'TH\\-’AITE's formula gives values which appear too low for periods of ample sun-
aune 20d too high if sunshine is much below five hours per day. The values for January
ond June above support this vicw. The total annual potential evaporation according (o
FHORNTHWAITE'S formula is 1,/°% mm which is very close to, but somewhat lower than
o actually observed evaporation ut Kuching.

All monthly balances in tab. 4 whow a surplus of precipitation over potential evaporation.
e surplus varies between 37 wm iy July and 538 mm in January. Consequently, neither
a¢ wel moisture store would be diawn upon, nor would the tree transpiration be impeded.
¢ msequently, the actual evaporition, including transpiration from the vegetation, equals the
peecanal in each month, no deficit wecurs, and a substantial amount of water is discharged
weo the drainage each month. However, the waterbalance looks significantly less favourable
4 astead of long-term means, & iy of single monthly observations or 30-days sliding sum of
raedall are used.

The actual transpiration rate ix within the range of air-temperatures, 2 function of the
wspour pressure gradient from the ware or less saturated leaf surface to the ambient air. Wind
pay reduce transpiration at higher velocities by cooling, but increases it at relatively low
whities by removing humid air tvww the surface vicinity. The generally low-speed breezes
« Sarawak would be expected to ¢iioctively increase transpiration rates, especially from broad
kaves, in tall forest vegetation. Vall ¢rops with irregular surface may transpire more than the
cakulated potential evaporation (WIIK and BORGHORST, 1963). KENWORTHY (1970)
wwd measured specific transpiration vates per unit area of leaf and sap flow velocity to calculate
wasspiration rates of trees. Acvoulngly, an  emergent Shorea curtisii tree with LAI of 2.5
wanspires 60% of the total transpuation of the canopy. This clearly demonstrates the im-
petant role of emergent elemcnis w stand transpiration. According to LUTZKE (1969)

eximates of tall-forest evapotransyiiation from heat balances may be low by 14% if the air
wmperature instead of the poteniial temperature is used. _

COSTER (cit. WALTER, !%X\)) assumes an annual evapotranspiration of 2,300 to
Y000 mm for tree plantations in iwwical lowlands with 4,000 mm annual rainfall. This
ewimatc appears to be somewhat ™ ¢\ Oply 1,000 to 1,700 mm would be available for

varface "m-Oﬁ. and groundwa}ter soNarge which seems low for the very intensive and highly
&wloped drainage systems in the guatorial tropics.

We may conclude that annua! \apotranspiration rates from tall Mixed Dipterocarp forests
wih irregular surface s at least t.“\) mm, and possibly near 2,000 mm. TIn the latter case,
e scasonal range of daily rates 's « < (Jan.-February) to 5.5 mm (June-July). This agrees
m“ml: with the annual rates of - ~siration of 1,350 mm and evaporation of 450 to 500 mm
o ﬁd by KENWORTHY (! "\ from the waterbalance during a two-year observation

in a tight water catchment <iaior Hill Dipterocarp forest in Selangor.

m:.::m e re!a}ively infertile <:< gre lower and simpler structured. Using HOLDRIDGE's
(7 lave rclationship between . <. height, structure and evaporativity, and setting MDF
s,,“f"r." H = 45 m) at 1.0 (2.0\\" mm), well-structured (6 layers, H = 40 m) kerangas
poy S}‘l;w!d evapotranspire at & i af 0,76 (1,520 mm), the poorest type of kerangas forests
s (S soil (5 layers, H = 28 1w at a rate of 0.45 (900 mm), and on PB soil in the low-
from k Wyers, H = 22 m) at & s of 037 (740 mm). The average evapotranspiration
o Rerangas forests with & smown camopy would be 1,200 mm, of which about 400 mm

be evaporation of interceina: precipitation and 800 mm transpiration. On better, well
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water-supplied soils, stand structure and evapotranspiration rates of kerangas forests will
approach those of the lowand MDF.

HOLDRIDGE (1967) calculated the actual evapotranspiration from any land vegetation
by multiplying the constant 29.47 with the top height in metres and with the climax associa-
tion number. For well-structured kerangas forests with six poorly defined layers (see sect.
225) compared to seven in MDF and a top height of 40 m, the actual evapotranspiration would
be calculated as 1,010 mm. The value for transitional types to Dipterocarp forests would be
1,475 mm and for the poorest members of the kerangas forests on SHP soil 570 mm. The
results seem reasonable but somewhat too low.

The peripheral Mixed PSF (7 layers, H = 40 m) would accordingly evapotranspire at a rate
of about 0.9 (1,800 mm), the tall Shorea albida-association, type 3.62, (5 layers, H = 50 m)
about 0.8 (1,600 mm), the Shorea albida consociation, type 3.71 (4 layers, H = 50 m) about 0.7
(1,400 mm), and the interior-closed Shorea albida-padang forest, type 3.81 — 3.83 (4 layers, H
= 39 m) about 0.5 (1,000 mm). For type numbers sec Sarawak Inventory Code, 1961, and
BRUNIG (1969¢).

118. Climate Type

KOEPPEN (1923; also BLUETHGEN, 1964) includes the area in his type Afw'i; con-
tinuously wet, isotherm tropical rain forests climate with more than 60 mm rainfall in each
month of the year and a weak peak of rainfall in early winter. LAUER’s (1952) type Taefd:
tropical equatorial continuously wet climate with twelve humid months according to the
MARTONNE index agrees perfectly with the climate of the area as it is indicated by the
official weather records. TROLL (1964) allocates the whole area to his tropical zone V 1:
tropical rain climates with no or only short interruptions of the rainy period with at least nine
and a half humid months.

The 1948 THORNTHWAITE classification (THORNTHWAITE and HARE, 1955)
allocates the area to the megathermal province with a potential evapotranspiration over
1,140 mm (tab. 4) and the perhumid moisture province with a moisture index above 100 and
with a large moisture surplus in each month of the year. HOLDRIDGE's (1967) life zone
classification allocates the lowlands in the area according to the mean annual biotemperature
and precipitation to the tropical moist and wet forest biomes in the humid to perhumid
humidity provinces respectively. HOLDRIDGE confines true rain forests to much wetter
humidity provinces than most other authors. True rain forests occur in the tropical lowlands
only if the annual precipitation is more than 7,000 to 8,000 mm. This view agrees with the
fact that in the lowlands of Sarawak, with a biotemperature of 28 °C, ecologically significant
dry spells occur throughout the 2,000 — 5,000 mm rainfall zones. It would be inappropriate
to classify forests in these zones as rain forests and the climate as rain forest climate, if this
term implies that rain is a continuously and ample available environmental factor and, con-
versely, absence of rain with subsequent drought conditions not a typical feature of the
ecosystem.

The same objection would apply to SCHIMPER’s (1903) wet evergreen (rain) forest zone,
which includes Sarawak and Brunei. SCHIMPER defines this zone as receiving more than
2,030 mm annual rainfall with consequently no or little water deficit at any season of the year. We
have seen, that significant water deficits occur, with frequencies related to season, even in the
4,000 mm rainfall areas.
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The rainfall and temperature characteristics of N. Sarawak and Brunei correspond closely
10 those described by WATTS (1955) for Singapore. The statement, however, that the Singapore
climate type is truly humid and characterized by water surpluses throughout the year (NIEU-
WOLT, 1965; BLUMENSTOCK, 1958) is at least not true for the lowlands of Sarawak and
Brunci. NIEUWOLT himself reports in a later publication (1966) that exceptionally dry years
may occur throughout or anywhere within the Malayan equatorial lowland climatic zone. The more
scasonal lowland climate of coastal S. Sarawak closely resembles that to the SE. coast of Malaya
(RAMAGE, 1964; DALE, 1960; NIEUWOLT, 1965).

RICHARDS (1964) remarks that drought years are by no means unknown even far into
the equatorial forest belt which extends 3° on either side of the climatic equator. But he con-
wuders drought condition in this belt as an exceptional event. He classifies the climate as non-
seasonal, which he exemplifies by the hythergraph for Singapore (Lc., fig. 20). He later cautions,
powever, that “there are probably no land surfaces within the tropics with a complete non-
scasonal rainfall”. The most non-seasonal rainfall pattern within the equatorial belt of all stations
included in table 12 of his book have Pontianak (Kalimantan) and Sandakan (Sabah). Both
stations have similar climates as Kuching and Miri respectively.

WATTS (1955) finds only a small seasonal variation of rainfall at Singapore. Consequently,
he considers that the growth of plants is practically continuous throughout the year and
the periodicity of certain species unrelated to rainfall. But he also comments, that rainfall is
sot regular enough for vegetable farming and that during dry spells intensive watering is
necessary, while root-drowning occurs during long periods of heavy rain.

BLUMENSTOCK (1958) regarded Singapore as a “good wet location” with only two months
with less than 50 mm rainfall between 1931 and 1939. DALE found the monthly coefficient of
rainfall variation to be 20-50% for SE. Malaya, compared with an annual variation coefficient
of 10-15%. At Mersing on the SE. Malayan coast, the annual frequency of dry spells, defined
as the sum of consecutive days with less than 0.01 in. rainfall, during twenty-four years has been
1.0 for fourteen days and more, 1.3 for ten days and more, and 4.2 for seven days and more
(DALE, 1960). The corresponding figures for two years (1963-1965) at Kuching are 0.13,
0.64, and 3.6 respectively (BRUNIG, 1966).

Concluding, we may state that the diurnal and seasonal humidity features are very similar
between the Singapore and N. Sarawak climates, and between the SE. coast of Malaya and the
Kuching climates respectively. We also may conclude that a continuously wet lowland rain forest
climate does not occur in the lowlands of Sarawak and Brunei, if the criteria are based on
ecological factors rather than monthly and annual means of meteorological observations.

~ We have defined ecologically dry spells as consecutive days for which the sliding sum of P
© less than 50 mm. Such spells occur regularly, and seasonally more frequently, throughout the
wudy area. We therefore can confirm the opinion of RICHARDS that even in these most
wniform equatorial climates, as defined by monthly averages, sufficiently large variability and

scasonality of rainfall, sunshine and wind exist to create a seasonal pattern of ecologically signi-
ficant moisture deficits.

‘The regular diurnal variation is much larger than the seasonal variation of temperature and
hun:udll}j of air. Diurnal variation of precipitation is less pronounced and regular but still
present in any season of the year (RAMAGE, 1964; DALE, 1960). The predominantly convec-
bonal origin of rainfall throughout most of the year produces a very strong variability of the
patial distribution of rainfall especially if short periods of time are considered.
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The generalized “typical” seasonal and diurnal marches of weather parameters agree well
with the description of rain forest climates by RICHARDS (1964) and SCHULZ (1960, pp. 14-
99). The annual and diurnal variation is within the limits given by RIEHL (1954), who cites
lower variability values only for very few areas within the tropics at the eastern edge of the Congo
basin, at the west coast of Sumatra and the west coast of Malaya, Thailand and SE. Burma.

In Sarawak and Brunei little is known about the nature of climate in the upper lowland and
submontane zones and about the microclimate on the exposed ridges and high plateaux. The
few available observations indicate a generally higher and locally more gentle rainfall combined
with lower temperature at higher altitude. Insolation, wind speed and humidity on bright days
appear very similar to those described for the lowland climate. The effect of exposure and fog
and mist frequency on radiation and waterbalances may be considerable at any altitude, but there
is no information available on this.

In conclusion, we may therefore classify the lowland climate in Sarawak and Brunei broadly
as wet equatorial lowland climate with low annual and monthly variability and weak seasonality,
with rainfall predominantly from convectional showers and with dry spells of irregular length which
are scasonally more frequent. Towards the upper limit of lowland forests the climate grades into
a submontane equatorial diurnal climate with more gentle, prolonged raintall and yet unknown
seasonality pattern. e

12, GEOLOGY
121. History and Pattern

121.1 The Geological History of Kerangas Sites

Sarawak is built of rocks which range in age from probably pre-Permian to Recent. It
consists of two areas which had geologically dissimilar histories. The part west of the Batang
Lupar is related to the continental part of SE. Asia and has been relatively stable throughout the
Tertiary. The part north of the Batang Lupar is composed mostly of upper cretaceous and
tertiary rocks and has been tectonically active during the periods when these sediments were
accumulated to great thickness in the marine trough which has been named the North-west Borneo
Geosyncline (WOLFENDEN, 1961a).

According to LIECHTI (1960) the whole area of Sarawak and Brunei has been part of the
ancient Sunda shield which forms an extension of the Asian land mass and includes the Malayan
peninsula, parts of Sumatra and the continental Sunda shelf below the South China Sea. The
shield was formed of igneous and metamorphosed rocks during the Palacozoic.

During the Mesozoic, periods of intensive folding and volcanic activity alternated with periods
of relative inactivity but strong erosion of the uplifted land. The eroded material was sedimented
in shallow marine troughs to the north and north-east. In the upper cretaceous most of the present
Sarawak and Brunei areas were part of the great NW. Borneo geosyncline and covered by a
shallow sea. Geosynclinal rocks in Pueh F.R., which today carry kerangas, have been
accumulated in this trough. The continued heavy erosion of the uplifted landscape produced a
very great thickness of the late cretaceous and tertiary sediments. During this whole time, only a
small part of SW. Sarawak with remnants of the ancient Sunda shield remained above sea
level.

During the middle and upper Tertiary, lifting of the geosyncline proceeded from SW. to NE.
and exposed large tracts of marine and littoral deposits. The Oligocene saw the creation of the
kerangas-bearing Plateau sandstone and Silantek formations in SW. Sarawak and of the more
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argillaceous Nyalau formation in central Sarawak. During the Miocene and Pliocene the forma-
tions Seria, Lambir, Belait, and Miri were accumulated in isolated sedimentation troughs in the
porth. Subsequently, during the Pliocene and early Pleistocene two large movements lifted the
present upland part of Sarawak and Brunci above sea level. The newly formed land mass was
subsequently subjected to three strong cenozoic erosion cycles. During late Tertiary to early
Pleistocene the land connection between Borneo and Malaya was finally severed.

During the Pliocene and OQuarternary, basalt, andesite, dacite, and rhyodacite lavas were
3 in central Sarawak. They now form conspicuous plateaux with eroded relics of vol-
canoes (WOLFENDEN, 1961a). The hypersthene dacite tuff plateaux of the Usun Apau massif
with kerangas-like forest vegetation (BECKETT and HOPKINSON, 1961) belong to this
formation.

The erosion cycles of the later Tertiary and early Quarternary produced a low-lying,
undulating peneplain, which was subsequently uplifted and tilted, dipping north. Subsequently
heavy erosion set in and removed the peneplain material except for very few, scattered and small
remnants which remain perched in the underlying and uplifted tertiary formations.

The second, mid-pleistocene erosion cycle, which LIECHTI (1960) named Jerudong cycle,
was initiated by a revival of strong erosion consequent to uplifting. The cycle ends with the
formation of a mature landscape with broad valleys, which subsequently was subjected to a slight
deformation.

The third erosion cycle is the holocene alluvial cycle which cuts deeply into the sediments
of the Jerudong cycle. Of its deposits, only few and scattered terrace remnants have survived
erosion and raising sea-level. The subsequent recent cycle and sedimentation actively continues
to the present times. This cycle is responsible for the formation of the present extensive coastal
alluvial and littoral plains with their varied geomorphology. The landform is a complex of low
terraces, riparian flood plains, alluvial peaty swamps and recent mangrove swamps and sandy

beaches, locally dominated by isolated relics and outcrops of older formations.

121.2 The Pattern of Geological Formations Carrying Kerangas

In western Sarawak, the strongly folded relics of the ancient continental Sunda shieid,
together with more recent formations, produce a very complex and varied picture of geological
conditions. The most extensive kerangas sites are on the Plateau sandstone, which covers large
tracts in the lowlands of the coastal Pueh F.R., Sempadi F.R., Bako N.P. and Santubong penin-
sula. In the interior, Plateau sandstone forms extensive and prominent plateaux and ranges which
also carry much kerangas forests.

In Puch F.R., the Plateau sandstone formation consists of feldspathic sandstone with rare
partings of soft light-grey shale. It dips gently to moderately steeply from the flanks of the
adamellitic (WOLFENDEN, 1961a) Pueh range until it subsides below the coastal and inland
terraces in the north. The formation had been accumulated in a far-western extension of the NW.
Borneo geosyncline, probably in late Cretaceous. According to HAILE (1961) there is
some doubt whether the formation in this area is really true Platcau sandstone.

The tertiary Silantek formation forms a narrow belt at the foothill of the Klingkang Range
and covers part of the Sabal F.R. The more arenaceous parent material of this formation on
gentle slopes produced kerangas soils. :

Between the two tertiary formations and the present beach remnants of pleistocene and
holocene land surface are scattered in the form of irregularly shaped but always low mounds,

13



ridges and free or encased terraces. These landforms often border present peatswamps beneath
which they may dip in areas which.subside. Terraces are scattered throughout W, Sarawak, but
are particularly common and widely spread in the western part of Sempadi F.R,, in the northern
half of Puch F.R., and in the low-lying lands in and around Siru F.R. Terraces may occur singly,
scattered or in groups or chains which mark the old line or valley side. Locally, isolated terraces
are found in the centre of deltaic mangrove, for example, in Sarawak Mangrove F.R.

The central part of Sarawak consists largely of late mesozoic and lower tertiary clay-rich
sediments with some volcanic extrusions and intrusions. Only locally and rarely remnants of early
pleistocene terraces with kerangas are found in this part.

The area further north has been formed by the uplift of the isolated miocene and pliocene
sedimentation trough in which rather varied argillaceous or arenaceous materials had been
deposited. The more important kerangas-bearing formations in Brunei and N. Sarawak are the
miocene Belait and Meligan formations. The younger Belait formation consists of thick-bedded
sandstone, which contains only little interlaminated clay and shale at the base and is mostly
argillaccous near the top. The impressive Merurong plateaux, the vast synclinal Belait basin and
the Sagan cuesta are formed by the Belait formation.

The older Meligan formation is predominantly thick-bedded sandstone and forms high table
lands and weakly synclinal massifs which cover the northernmost part of the country from the
Temburong-Trusan area to beyond the border with Sabah.

In northern Sarawak and in Brunei, few remnants of early pleistocene terraces cap the sum-
mits of tertiary formations by perching on the edges of synclinal sandstone cuestas. These terraces
have been strongly tilted and dissected as a result of pleistocene orogeny.

The terraces of the older Jerudong subcycle lie about 60 m lower than the peneplain
remnants. They frequently occur as encased, usually level to almost level and moderately
dissected terraces along the sides of the present valley bottoms. Again 15 m lower are the
otherwise morphologically similar terraces of the younger Jerudong subcycle. The terraces of
both Jerudong cycles are scattered throughout Brunei and N. Sarawak. Their altitude ranges
from about 250 m between the Jelalong and Melinau rivers in the interior to about 20 m on the
coast. Jerudong terraces are particularly common in the upper Belait and the Medalam-
Melinau drainages.

The terraces of the early Alluvial cycle lic about 3 to 6 m below level of lowest Jerudong
terraces and about 5 to 7 m above the present alluvium. They are flat to moderately undulating
low terraces which vary much in size and shape.

The landform of the present alluvium differs according to geologic origin of the environment.
In the hilly or mountainous country of the interior the alluvium exists in two forms. Remnants
of old crosion surfaces form broad and gentle valleys. More recent formations form narrow,
steep and often deeply cut and steep-sided valleys with rapid-flowing rivers. In the former,
kerangas appears to be common in the upper reaches of the Rejang (map. 2). Unfortunately,
these arcas could not be studied on the ground but only from the air and on aerial photographs.

The recent valleys broaden where the landscape opens to the coastal plain. It is in this zone
that terraces of pleistocene to early alluvial origin are a particularly characteristic feature of the
alluvial landscape. The coastal alluvial plain forms a discontinuous belt of widely varying width
and irregular shape. It is largely covered by peatswamp, bordered by riparian fringes, sand
terraces and mangrove formations. Locally tertiary sandstone outcrops raise a few metres to
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4 dendred metres above the surrounding lowland of peatswamps, terraces and recent
AT The tertiary sandstone forms kerangas-bearing table lands or long ridges with

:::n oa dip-slopes and on the crest.
i at coastline is either mangrove or sandy beach, depending on local tectonic

wamats and conditions of erosion and sedimentation. In areas of relative lifting, the recent
:.,1 ¢ematons are in the process of terrace-building. These terraces will be morphologically
aineae 39 15¢ lerraces of the early alluvial cycle and consist mostly of unconsolidated sand, often
puung o8 okdcr mangrove clay material. In areas of subsidence, but with active sedimentation
& munral parcnt material along the coast-line and rivers, long but usually narrow terraces may
e wiuch aliernate with depressions in which peat will develop. Further su1?51dence will
vesamacy drown the terraces below the rising peat, unless floods continue to add mineral matter
" s wrtace surface which may happen along rivers.

trs  Parent Materials and Topography

¢ various geological formations differ characteristically and strongly in parent materials.
*1a saranon together with the effects of the described orogenic events, the high rainfall, the
wiwary of rainfalls, and of time has produced typical landforms by which the geological formations
.t % &stnguished on aerial photographs with considerable reliability.

% Lerangas-bearing tertiary formations consist generally of layers of siliceous coarse to
e liwm testured sandstone, alternating with argillaceous layers of clay/silt stone or of
wmgiexcrates. The consolidated sandstone components are thick-bedded in the Plateau, Belait
wni M:igan sandstone formation. The hard, protective sandstone layers of these formations give
wwad % catensive table lands or, if tilted, to sharp-edged synclinal cuesta landforms. The more
wylarous interbedded strata are chiefly exposed on frequently steep escarpments. The thick-
ww end inclination of the sandstone strata determine the degree and amount of this exposure,
*\wt @ tum determine the subsequent soil development. Very hard and thick sandstone strata
g atwe peominent, exposed ridge crests and promontories which are so characteristic of the Dulit
swge. the Mecrurong plateau, the Klingkang range and the Bako N.P. The edges of these
Lemacces are often deeply dissected by erosion.

Is wome tertiary sediments, for example in the Silantek formation, the sandstone beds are
#awer - Conscquently, the succession of alternating arenaceous and argillaceous layers is more
wwné #nd greywacke, shale and clay represent a larger proportion of the parent material, which
youdwcrs a somewhat more gentle physiography. The often strongly cut and dissected sandstone
Y% may be reduced to isolated boulders, often only a few metres high and broad. The thin

::‘;-"'ﬂ give rise to the dramatic landforms which are so characteristic of the thick-bedded
. 8

2 Loally, a ‘conspicuous herring-bone physiography may occur as a result of tilting a formation
mastag of thin sandstone beds interlaminated with clay. In some of these areas, the sand-

“oms Ipalopes and exposed bouldery ridge tops may carry kerangas, if the sandstone
* sfocady bard and thick,

:““ tertiary formations consisting of soft sandstone with interlaminated, often predominating,

p w_:;—'::u: s‘qum produce ifregularly undulating land surfaces with steep, short slopes, but

< i o clevation. Increasing hardness and thickness of the argillaceous component lead

it eeed landforms with long, steep slopes and higher elevations. In both landforms,
@ absent or confined to minute enclaves on edaphically extreme sites.
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The quaternary terraces consist chiefly of eroded and re-deposited tertiary sediments. The
terrace formations exhibit characteristic differences between the products of the various cycles.
The few surviving terrace remnants of the early pleistocene peneplain consist of a layer, several
metres in thickness, of heavy, blocky clay with some embedded sand to sandy clay, overlying
unconformably tertiary sandstone. The Jerudong terraces have typically a massive base of more
or less well-assorted small boulders and gravel. Above this base lies rather abruptly, a sandy
layer of a few to several metres thickness which locally contains layers and pockets of more clayey
material. Younger terraces are generally more sandy and do not normally possess the more or
less contemporary gravel base. Typically, they consist of unconsolidated medium to coarse
quartz sand which may be several to many metres thick. The sand may contain a very small
fraction of argillaceous, mostly kaolinitic matter throughout, or be interlaminated with layers or
pockets of embedded clay. Some of the young sand terraces rest on mangrove clay or on wave-
cut rock benches.

13.  SOILS

131.  Soil Development in Relation to Parent Material and Environment

In the tropical lowlands of Sarawak and Brunei, as elsewhere in the wet tropics, podzolization
- appears to dominate as process of soil development over laterization in most soils derived from
tertiary and quartenary parent material outside flood plains. The intensity of podzolization and
laterization processes and the direction of soil development are determined primarily by:

(a) texture, mineral composition, strike and stratification of the parent material
(b) nature and position of adjacent rocks which affect the site

(¢) physiographic position of the site

(d) pattern of continued sedimentation and erosion

(e) microclimate conditions, especially those affecting the moisture regime

(f) chemical and physical effects from the vegetation, including microflora

(g) chemical and physical effects from animals, including micro-fauna, and from man.

About 90% of the lowland tropical podzols occur in humid climates with weak seasonality
and large annual water surplus, The minimum moisture requirement for podzol development
in the area is six humid months, provided groundwater influence counteracts climatic dryness
(KLINGE, 1969b).

The time factor appears to be of lesser importance in the arca because soils scem to reach
a maturity very rapidly. Soils of apparently vastly different ages exhibit similar characteristics of
maturity. Accordingly, the multiple correlation between physiography, nature of parent material,
topographical position and upland soil type is close. Broad soil groups and associations can be
interpreted with some reliability on aerial photographs. Heavy-textured clay-rich, well-drained
tertiary sediments are associated with skeletal shale soils, lateritic loam and clay soils and RYP
loam and sandy-loam soils. Prominent ridge tops of sandstone beds carry shallow skeletal humic
sands, sandy SHP podzols, or strongly podzolic RYP loamy sands. Sandstone dip-slopes develop
sandy RYP soils on soft argillaceous sandstones and siliceous conglomerates, and more strongly
leached sandy HP on thick-bedded, hard, siliceous sandstone beds. The scarp slopes usually carry
loamy to clayey RYP soils. Soil texture and degree of podzolization depend on inclination,
nature of stratification and erosion pattern.

The soils on the plateaux of tertiary sandstone table lands are generally somewhat more
clayey than the soils on the dip-slopes of the same parent material. The soils on the dip-slopes
are strongly leached but humic illuvation layers are very weak or absent. Peat bog formation
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and ghcying are strongest on level sites, but locally also present on gentle to moderately steep

slges
The pleistocene terrace materials are in several respects not too dissimilar from the tertiary

wnbitoncs.  They are extremely poor in bases and sesquioxides. They consist chiefly of quartz.
T clavs are predominantly quartz, with some mica, kaolinite and illite (ANDRIESSE, 1969).
(,“-q;gndy. the soils are low in fertility and generally more or less podzolized. The soils of
a« ‘cw peneplain relics are heavy clay GWP soils with a strong tendency to bog-formation and
guveg  In places, the clay is covered by a thin layer of out-washed sand. The younger terraces
oemast of sandy, well-drained parent material which developed into medium deep to shallow HP
wal Clay-rich GWP soils developed on occasional clay pockets. Peat bog formation is common
& the centre of large terraces if drainage is topographically and/or edaphically impeded. DHP
Avciop oa more recent terraces of almost pure quartz sand with excessive drainage. These soils
e cspecially common along the edges of coastal terraces.

Ecologically closely related to the clay-rich GWP soils and the upland PB are the heavy
¥anh grey-brown clay soils with mor or peat accumulation which have been reported from
wisontane plateaux formed by ultrabasic and basic igneous parent material in the upper Rejang
(B CKETT and HOPKINSON, 1961) and in parts of Sabah (MEIJER, 1965a).

Climatic peat bogs formation, according to GREEN (1963), occurs only in areas without
rteatial water deficit.  However, in Sarawak bog develops under extremely oligotrophic con-
&zxas not only on water-logged sites but also on sites which occasionally become dry. Shallow
Maadst bogs occur under primary kerangas vegetation on sandstone slabs throughout the
d=liad and submontane zone.

132  Classification of the Soils

1321 Sarawak Classification Schemes

The first systematic classification of Sarawak soils has been produced by DAMES (1956
sad 1962) who largely adopted the then current approximation of U.S. Department of
Agwulture for classifying soils. The kerangas soils were divided into several main groups,
Fe“ps, numerous subgroups, and series. The first main group “Sandy Soils with By” was
whivided inlo two groups. Group I, Underdeveloped Soils, included sandy soils with
ezeoxly weak profile development over sandstone (Bako series), recent beach sand (Anduan
wrxs), and non-kerangas riparian alluvials (Khebor series). Group II, Humus Podzols and
Hamuy (ifouudwater Podzols, was subdivided into three subgroups according to hardness of
N d!unlson‘horizon and presence or absence of sesquioxydes in the illuvial horizon. Sixteen
*¥%s were distinguished according to texture and the presence or absence of an As.

The sccond main group “Light Grey Podzolic Hydromorphs” was subdivided into eight
:m fctordmg to the amount of organic matter deposited on structural interfaces and in root
Casacly of the illuvial horizon. Kerangas soils with peat accumulation formed a separate
f; :;,; uh;ch.classiﬁed within the great soil group “Halg Bog Soils”. In his 1962 classification,
ok r—; omits referenf:c to humus-iron podzols. DAMES had to base his classification on
8 vely few observations, which consequently was not only necessarily fragmentary, but also

"ecwBat imbalanced in favour of sandy kerangas soils.

ANDRIESSE (1962b) classified the soils for practical use in large scale soil surveys by
*' I"“""’“’!inlilt;:dfm'ms and soil types to broad and composite units which could be easily

¢ field and predicted from acrial photographs. A further improvement was the
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1966 classification of Sarawak soils (Soil Survey Staff, 1966). Eleven great soj]
Were subdivided into fifty-five families, Six soil groups include families with kerangag soils,
Th gk : : .

The families which include kerangas sojls are the following:

Skeletal sojls: the sandy Meluan sojls on steeply sloping upland sjteg underlajn by
Sandstone;

Grey-White Podzolic soils: the sandy Saratok soils op sandstones, the clayey Lubaj s0ils
Oon marine terraces, and the Triboh soils which are distinguished by strong textural cop.
trasts between layers of the horizon;

132,2 Correlation to Other Classification Schemes for Tropical-Soils

D’HOORE (1968) compares the treatment of tropical soils in the USSR, USDA, ORSTOM
and INEAC Systems at all Jeyels of classifications, The four Systems differ at higher levels
in the weights given to climatic, pedoclimatic, pedophysiognomjc, physical and chemical features.

At lower Jevel the systems become increasingly Similar,

Podzolic ang Podzol soils are treated in detaj] only in the USDA 7th approximation
(USDA, 1967) and the comparison of kerangas sojls is restricted to this system. The RYP
soils belong to the ultisols, The skeletal soils and juvenile members of the Hp catena corres-
Pond to part of the order entisol. The Deep Humus Podzols also belong to the entisols as a
result of their deep By This obviously js unsatisfactory because there is no pedogenetic or
ecological reason to allocate DHP o a different order from MHP, which belongs to the order
spodosols.  Soils which have poor drainage belong to the suborder tropaquod. Tropaquods
do not have 5 cemented albic horizon, Therefore, the suborder tropaquod is in Sarawak
festricted to the typical GWP soils. HP sojls with the B, Testing on a clay pan belong to the
fragiaquods, Usually poorly to moderately drained Hp soils with g hard, very finely textured
quartz sand albjc horizon are duraquods,
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of the suborder tropohumods are never saturated with water or, at least, show none

o e characteristics of wet soils which are typical of soils such as the aquods. They have a

horizon (organic matter > 59% and an albic horizon (MUNSELL value < 3, chroma

¢ 2) resting directly on it. They have no argillic horizon, no iron-cemented horizon and

few iron-cemented nodules. These conditions seem to apply to HP soils on Plateau sandstones
& Sarawak. Finally, the PB soils belong to the histosols.

153 Description of the Kerangas Soils

1331 Characteristic Features of Kerangas Soils

The USDA 7th approximation to soils classification excludes colour as classificatory criterion
Necause it proved impossible to relate colour to soil behaviour. But in Sarawak, kerangas soils
are clearly distinguished from all other upland forest soils by their MUNSELL colour notation in
& lower part of the main rooting zone. The hue values are generally below 10 YR, but the
raage is rather wide and overlaps over a broad area with soils of the MDF. Similarly, the range
of value is broad but there is a marked peak of soil frequencies in the lower values. The most
Swinctive separation is in chroma. Kerangas very rarely has chroma above 4. Dipterocarp
forest soils usually have chromas above 6, except in soils with a hue of 2.5 Y and yellower.
t:g § shows the differential distribution of kerangas and Dipterocarp forest soils. No clear dis-
uaction is yet possible between permanently water-logged kerapah bog soils and ANDERSON’s
peatswamp soils. Both groups overlap in MUNSELL colour notations and other field charac-
wnstics. Drier types of peat in kerangas have a generally browner hue than the wet peat bog
suls,

Kerangas soils are texturally much less clearly distinguished from non-kerangas soils in spite
of their very distinctive micromorphology (sect. 135.2). Early opinion was that the kerangas
wils were sandy soils (BROWNE, 1952). Later, field observations showed that kerangas is
moee varied and includes also clay soils (DAMES, 1956), and that these clayey soils are very
widcly spread and common (BRUNIG, 1966). Some of the heavy-textured kerangas clay soils
overlap widely in colour and texture with some soils in recent alluvium and on basaltic plateaux.
Ia these cases, distinction in the field is easy by landform and nature of the parent material.
A characteristic feature of kerangas soils, which is however shared by the peatswamp soils, is the
p{eduminance of lateral drainage, above an impervious horizon, of water, rich in organic matter.
Water drained from kerangas of peatswamp is typically tea-coloured and acid to the taste through
s high content in unsaturated humic acids and acid litter leachates. These so-called
buck_ waters have also been described from the Amazon basin (SIOLI and KLINGE, 1961;
KL!‘.\GE. and OHLE, 1964) and from other areas in the American, African and Asian wet
tropics (RICHARDS, 1964; KLINGE, 1969) where peat or podzol soils occur.
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133.2 Soils Descriptions

133.21 Skeletal Soils (DAMES: Assoc. 7, Lithosols)

DAMES (1956 and 1962) includes in the Skeletal soils shallow, bleached sands with mor
accumulation on sandstone dip-slopes and dissected boulders and promotories. All other Skeletal
soils are non-podzolic and either rocky or heavy-textured. None of them carry kerangas. The
distinct ecological difference between the shaliow sands and the other Skeletal soils and the close
similarity to the sand GWP soils made me decide to include DAMES’ sandy Lithosols in the GWP
group. The shallow, well-drained Meluan soils, family of the soils classification 1966 (Soil Survey
Staff, 1966, p. 5) are brownish and heavier textured than kerangas soils. The other families are
still heavier and poorly drained.

133.22 Brown Forest Soils
These soils develop on base-rich parent material with balanced texture and do not include
kerangas soils, ;

133.23 Lateritic Soils (DAMES: Yellow Latosol, Assoc. 1)

Lateritic soils are the most extensive soil group in the equatorial and tropical regions. The
soils are generally red and yellow-coloured. They do not include kerangas soils, but degrade so
rapidly after repeated burning, that secondary kerangas forests may establish and maintain itself
on the site for a considerable time. An example is the secondary kerangas forests on red soils in
Berakas F.R., Brunei.

133.24 Red-Yellow Podzolic Soils (DAMES: Red-Yellow Podzolic Soils, Assoc. 2)

The concept of the RYP group has changed with theories of genesis and advances in soil
classification (McCALEB, 1967). They are lateritic-podzolic soils which are moderately to well-
drained, have a thin organic A, over a light red-yellow, bleached A; and a redder, more clayey
and blocky-structured B. Parent materials are acid and siliceous. The soils are more susceptible
to erosion than latosols (BENNEMA, 1967). In Sarawak, RYP soils cover about three-quarters
of the land surface. They are rare in kerangas. Occasionally, diverse and complex-structured,
primary kerangas forests are found on RYP with an albic horizon.

Examples

(1) Sempadi F.R., SP. 12, sq. 1. Plateau sandstone, gentle slope.

A Loose litter

A, 3-0 Mor, well-rooted

Ao 0-13 Moderately humic medium fine sand, 10 YR 7/3, well-rooted, top 3
cm shows signs of heavy leaching

As 14-25 Silty medium sand, 10 YR 6/4, few roots

B 26-72 Silty, weakly loamy sand, 10 YR 6/5, coarsely mottled 5 YR 5/6

C 724 Sandy clay, 10 YR 6/2, coarse red-brown mottles 2.5 YR 4/5, very
few roots.

Vegetation: Well-structured transition between MDF and kerangas forests. Invading mor-
forming kerangas forest species (Gymnostoma nobile) produce disks of increased leaching and
greying of the top-soil.
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Plate 1. Humus-rich black water in a small stream flowing on sandstone
between SP. 38 and SP. 39. The soil is SHP dircctly overlying the
sandstonc of a Belait formation dip-siope. The forest is kerangas
type 532.1 (sect. 442) with Agathis borneensis the main dominant.
The rottan palm is unidentified (coll. Li 5). The pandan on the
stream-bank is P. korthalsii Solms (coll. S. 17491). Limbang Bako
crownland.



2) Sabal F.R., sampling area 1963, sq. 3, flat to undulating narrow step on a gentle slope,
gilantek formation. Location of monolith SK IL

Ao Loose litter

Ao Leaf and wood debris mixed with grains of quartz, some moder

Aocn 3-0 Friable moder, 5 YR 2/2, numerous quartz grains, well-rooted

Aot 0-5 Loose, moderately humus silty medium sand, 10 YR 7/3, few roots,

: cec. 102 me. %

A,,‘ 6-12 Loose to slightly cemented silty, weakly humus medium sand, 10
YR 8/2, very few roots, c.e.c. 1.3 m.e. %, dry

As/Bn 13-32 Weakly cemented, silty, slightly loamy, moderately humus medium
sand, 10 YR 5.5/3.5, c.e.c. 2.9 m.e. %, moist, few roots

Ba 32-50 Weakly cemented, silty-loamy medium fine sand, coarsely mottled,

weakly humus infiltrated, base 10 YR 7/4, mottles 10 YR 5/4,
cec. 5.3 me. %, moist to dry

Ba: 51-63 Weakly cemented, silty, weakly loamy, medium to fine sand, 2.5 YR
8/3 to 10 YR 8/3, some 5 mm large mottles 10 YR 5/3, few roots,
cec. 4.0 me. %

Bas 64-75 Angularly blocky loam, moderately rooted, with small humus spots
and humus and clay films on interfaces and in root channels, base
2.5 YR 8/1, mottles 10 YR 6/4, c.e.c. 6.1 me. %

C 76-1104 Sandy, silty, plastic clay, base 10 YR 8/1, motties 10 YR 5/4.

Vegetation: Shorea elliptica-MDF with large proportion of kerangas forest species. Dominant
species: Shorea elliptica, S. ovata, Dryobalanops beccarii, Dipterocarpus pachyphyllus, D. bor-
neensis and Melanorrhoea beccarii.

133.25 Grey-White Podzolic Soils (DAMES: Grey Hydromorphic Soils, Assoc. 5, and
Bleached Soils)

The GWP soils have a clayey B instead of the spodic By of HP soils. The GWP group
is genetically intermediate between RYP and the HP soils. The transition to either is gradual.
The group is distinguished from the HP by the lack or very weak development of the Ba and
from the RYP soils by a more strongly developed albic Aa.

The GWP soils differ from other kerangas soils by their high sand content in the top-soil
but lack of Bn. Clay-rich soils of this group will only be kerangas if lateral water influx from
sandy humus podzols or bog soils produces strongly oligotrophic conditions or if topogenic
water-logging with strongly fluctuating water table creates very unfavourable conditions for
growth. Heavy textured GWP soils often have gley-type mottling in the subsoil.

GWP kerangas soils are common on hard to soft, thin-bedded sandstone with interlaminated
strongly argillaceous matter on plateaux and gentle dip slopes of tertiary sandstone formations.
They are also common on more clay-rich terrace parent material, where final development is
towards peat bog if surface drainage is poor.

An example (7) of a profile on dacite tuff is added because the soil appears related to GWP
and the vegetation is a kerangas forest.
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The soils classification 1966 subdivides the GWP soils in four families according to nature
of parent material and texture of the B-horizon. In the following descriptions the examples are
accordingly arranged.

(1) GWP soil on Belait sandstone with leached sand above clay subsoil.

Niah-Jelalong P.F. SP.48, sq.1, long 2° slope, 1 to 2 cm thick layers of sandstone alternat-
ing with 2-3 m thick argillaceous layers, 107 m altitude. MHP soils occur on the more
arenaceous p.m.

Aco Loose litter, little moss on roots and fallen wood

A, 5-0 Dense root mat with friable mor, 10 R 3/3

At 0-3 Strongly humic fine sand, 2.5 YR 3/4, densely rooted, moist

Aerz 4-10 Humic, silty-loamy fine sand, 7.5 YR 5/4, poorly rooted, moist

Aes 11-22 Humic, silty-loamy fine sand, 7.5 YR 5/4, few roots, moist

Aerg 23-25 Weakly humic, weakly silty-loamy sand, 10 YR 7/4, slight
reddish-brown mottling, abruptly over:

Ae 25-29(49) Cemented, weakly silty sand, 10 YR 8/2, no roots, water table
at base of horizon, irregularly over:

C(?D)  30(50) + Plastic clay with sandy hard inclusions (?sandstone fragments)

and scattered iron concretions (1-3 mm diameter), abundant
gley-type mottling, very irregular in size, base 10 YR 8/1, mottles
7.5 YR 6/8, no roots.

Vegetation: well-structured Shorea albida—Dipterocarpus borneensis — Parastemon-forest, top-
height about 40 m, much windfall.

(2) GWP soil on clay subsoil, high-altitude Belait formation plateaux.

Merurong plateau, SP.53, sq.4/5, 10° even slope, 50 below the N. edge of the plateau,
840 m altitude.

Aco Loose litter, moderate moss cover

A, (40)15-0 Fibrous raw humus, 7.5 R 2/2, well-rooted, max. depth below
Gymnostoma nobile

A, 0-25 Weakly humic fine sandy, weakly plastic clay-loam, 7.5 YR 5/2,

irregularly coarse red-yellow mottles decreasing with depth,
moderately rooted, gradually and irregularly into:

Bi 25-45(70) Weakly fine sandy coarse mottled heavy loam, base 10 XR 6/2,
mottles 5 YR 5/8 to 7.5 YR 6/6, few roots, gradually into:

Bs/C 45(70)-90(120) Plastic clay, weakly gley mottled, base 10 YR 6/2, mottles 13
YR 6/6, very few roots

G (90-120)-150 Plastic clay 10 YR 5/2

C: 150-170+ Plastic clay, 10 YR 4/1, with depth increasingly harder and more
strongly developed sub-angular blocky structure.

Drainage: Moderate, strong lateral water movement after rain, poor vertical drainage.
Vegetation: Tristania obovata — Palaquium leiocarpum — Gymnostoma-forest, well-structured,
moderately distinct even top-canopy 25-30 m, no emergents.
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k) GWP soil with a weakly developed B, over a textural B/C

Niah-Jelalong P.F., ulu Meluang, SP.48, sq.4/5, 2 to 3° slope lower part of a Belait
formation dip-slope, 120 m altitude. The soil is transitional to SHP.

Aco Litter, moss on roots and root mounds

Ao 2-0 Dense roots with sand and mor, 10 R 3/3

Reth 0-2 Very loose, strongly humic sand, 2.5 YR 4/4, well-rooted, dry,
cec. 21.1 me. %

Az 2-9(10) ljréable humic sand, 5 YR 6/3, slightly moist, well-rooted, c.e.s.

Ae 9-19 Slightly cemented silty, slightly loamy sand, 10 YR 8/2,

moderately to poorly rooted, weakly humus mottled, c.e.c. 1.8,
abruptly over:

As 19-22 Slightly compacted, silty, moderately loamy, slightly humic sand,
rather irregular humus mottled, some yellowish spots, basic 10
YR 7/2, humus 10 YR 6/1, yellow 10 YR 6/6, moderately well-
rooted, gradually into:

Bu/Bs  22-27 Slightly humic, silty, loamy sand, with few soft, in spots gritty,
1-2 mm iron concretions which are more common at 27 cm, basic
10 YR 7/6, iron 5 YR 5/8, no roots, abruptly over:

Ci 27-80 Plastic, fine sandy loam to clay, few indistinct grey mottles,
grading irregularly, flame-like into grey sandy clay with yellow
brown mottles and irregular purplish to red-brown veins along

interfaces and some dead roots, base YR 8/2, mottles 75 YR

6/8 to 5 YR 6/8, cec. 9.2.

Borings
80-110 Plastic, slightly sandy clay with abundant mottles, base 10 YR
8/2, mottles 5 YR 6/8, c.e.c. 5.8
120-140 Plastic clay with few indistinct mottles, basic 10 YR 7/3.

Vegetation: Gymnostoma —D. borneensis-pole stand, main canopy at 30 m, with few emergent,
large Shorea albida (max. height 37-40 m), much wind-break and some wind-throw.

(4) Shallow GWP sandy soil with By resting on sandstone p.m. This soil occurs locally on the
steep dip-slopes or crests of hard sandstone, for example on the southern dip-slopes of Bukit
Metaum north of the Merurong plateau (DAMES, 1956 and 1962), on the dissected ridge top of
the Klingkang range and on steep slopes and tops of dissected promontories in Bako
N.P. (DAMES, 1956; BRUNIG, 1965).

Example
Bukit Sagan, SP.35, sq.1, on the dip-slope of the summit syncline between 2 remnant peneplain
terrace (SP.33) and the edge, 420 m alt., Belait sandstone formation.

Ao Litter, little moss
A, 12-0 Red-brown, friable mor with plant tissue, very strongly rooted,

locally dense root mat
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Aot 0-3 Loose, very humic, red-brown greyish, well-rooted medium fine

sand

Actz 4-10 Loose, moderately humic, brownish-grey, medium fine sand,
moderately rooted

Acs 11-20(25) Loose, weakly brownish-grey, medium fine sand with some sand-
stone fragments and fine white pebbles, few roots

O 20(25) + White-grey, pale pinkish, hard sandstone.

Immediately after rain the soil showed rapid lateral water movement above C. Generally, drainage
is good to excessive,

Vegetation: Very irregularly structured Melanorrhoea beccarii—Calophyllum spp.—Cotylelobium
malayanum — Eugenia bankensis — Podocarpus-forest. Hr 35-40 m, 48 m on moist spots, declin-
ing towards edge. On clayey parts, Dryobalanops beccarii and Shorea spp. attain dominance,

(5) Medium deep GWP soil with a very weakly developed By over a textural B/C on terraces.

Pueh F.R., SP.6, 5q.5/6, broad terrace of early alluvial or late Jerudong cycle, 7 to 12,
above present sea-level. The soil is transitional to more heavy-textured PG soils which dominate
in other parts of the plot. 4

Ao Loose litter, little moss

Ao 5-0 Well-rooted mor

Aa 0-17 Humic, brownish-grey, weakly loamy to loamy sand

A3/B: 18-48 White-grey, pale brownish, weakly plastic silty-loamy sand with
humus colouration along interfaces of the coarse prismatic
structural units

C 49+ Gradual transition to white-grey clay with moderately fine red,

red-yellow and yellow mottles.

Drainage: Moderate vertical and somewhat better lateral drainage, probable strongly variable
moisture content. A more detailed description of a profile within the same sample plot has been
given by DAMES (1962, p.49). .

Vegetation: Well-structured Shorea albida — Whiteodendron moultonianum — Diospyros polyal-
thoides-forest, max. height 35 m.

(6) Transition to Peat Bog.

A high water table persists almost continuously through the year on level sites in soils with
heavy textures, or with humus-cemented subsoil, or where micro-relief impedes drainage. On
these sites, mor accumulation changes the original GWP or HP soils eventually into peat bog.
This development may be observable along catenas in the field.

Example

Merurong plateau, SP.55 and 57, sq. 1 to 3, 730-735 m alt. The almost flat slope rises from the
banks of small slow-flowing streams in a peaty or rocky bed to the top of the peat bog. Beyond
the almost level top of the bog the surface may descend to another stream or join to the foot-
hill of the slopes rising to the plateau rim. The topography of the underlying clayey base sug-
gests that sediments from the bordering streams have formed levees which initially impeded
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lateral water movement. Subsequent peat accumulation worsened drainage and accelerated the
rate of bog formation. The sequence is illustrated in fig. 8a.

(7) GWP-type soil on dacite tuff.

Usun Apau plateau, eastern table land, 970 m alt., gently undulating plateau of weathered
dacite tuff with occasional sand ridges and thick white clay deposits. The following description
corresponds to profile 311 of BECKETT and HOPKINSON (1966).

Aco Litter, much moss on roots and on wet places on the ground

Ar 10-6 Decomposing litter

Au 5-0 10 YR 2/2, slightly fibrous peat, containing a small quantity
of coarse sand

A, 0-70 5Y 6/1, coarse sandy clay loam with few distinct root channels,

Ve roots to 8 cm depth, structureless, non-sticky and non-
plastic when wet, slightly hard when dry, rotting rock, carbonized
roots and dammar fragments

C 71+ 5 Y 8/1, very fine sandy clay loam, finely orange mottled, few
coarse quartz fragments, structureless, slightly sticky and plastic.

Drainage: Water table at 53 cm depth.

Vegetation: Gymnostoma nobile — Agathis sp.-forest, distinct storeys at 10 m and at 20 to
30 m (emergents). The aerial photographs of the area show small open padang areas
(BECKETT and HOPKINSON, 1966, p. 49).

133.26 Humus, Podzols and Groundwater Humus Podzols, (DAMES: Humus Podzols,
Assoc. 6)

133.260 General Features and f)istribution

In Sarawak and Brunei, HP and GHP soils are wide-spread on quarternary terraces and
on tertiary sandstone formations, They occur at all altitudes and at all degrees of slope, and
on strongly dissected terrain. The HP and GHP soils are distinguished from all other soil
groups in the area by the presence of an humus indurated illuvial By but transition to GWP and
RYP soils is gradual.

The formation of a B, requires a porous, sandy, and acid siliceous parent material of
sufficient depth. This condition occurs in arenaceous tertiary sediments and in quarternary sand
terraces. The depth of the deposited or weathered sand layer must suffice for percolation to
proguce recognizable eluvial and illuvial horizons from lessivation and humus translocation.
Periods of soil dryness favour the formation of humus pans by precipitating suspended humus
colloids in the zone of the average groundwater table.

HP soils on level sites invariably have periodically high soil water tables which are
perched on the B, By contrast, deep podzols are laterally and vertically well-drained.
Perched soil water tables persist only for very brief periods and are of little or no significance
to tree growth.

HP soils on sandstone dip slopes and boulders merge into sandy Skeletal or GWP soils if
strong lateral water movement reduces and finally prevents the formation of a By, Increasing
clay content of the subsoil leads toward a transition to the group Podzolic Gley soil. As long
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as a By can still be recognized in the field, transitional soils will be classified as podzols even
if a gleying occurs in the top-soil. Generally, heavier texture is correlated with a weaker B,
formation.

HP soils on young holocene terraces have generally lower silt and clay contents than on
older terraces. The p.m. of HP soils on sandstone is medium to fine loamy sand to sandy
loam, from which clay is removed in the course of soil development by lessivation and
_destruction.

Generally, the quarternary parent materials of podzols are, for the same depth of the
solum, poorer in bases, silt and clay than the tertiary parent materials. On both parent
materials, shallow to medium deep Humus-Iron Podzols develop which in the field appear
identical in their profile characteristics. Study of the profile by microslides reveals evidence
of lessivation and iron deposition in the lowest part of the Bn.

The soils classification (Soil Survey Staff 1966, p. 20) first divides podzols by geologic
origin of p.m. The mineral content and texture differs between tertiary and quarternary p.m.
This would influence the general suitability for agriculture of the soils which are derived from
them. But in the field profile characteristics and apparent site quality of HP soils of the same
depth overlap so much between alluvial and residual p.m., that I do not use this criterion for
primary division.

At the second level, the soils classification separates soils with By from soils with Bi.. My
observations show that both types occur in intricate mixture on some more complex terraces.
Reliable distinction in the field is very difficult. I therefore do not adopt this level of division
either. At the third level, the soils classification distinguished five families by the type of the
Bu which may be strongly or weakly developed or contain iron. My observations indicate that
the nature of the albic horizon is a more important indicator of soil potential under forest.
Therefore, I divide the HP primarily according to the depth of the albic horizon, and sub-
sequently according to type of Bn and p.m.

133.261 Deep Humus Podzol

DHP soils have been termed Giant Podzols because of the extremely wide eluvial A.
The eluvial horizon is at least 100 cm but commonly between 200 and 300 cm wide.
Occasionally, it exceeds 600 cm. Medium to fine sandy parent material of homogenous
structure and high porosity, and raised topographic position provide the excessive drainag:
required for the development of the giant A.. Such conditions exist on narrow alluvial sapd
terraces and on the borders of older terraces with a deep sandy top layer. Recent allu\'sa!
terraces are usually not yet sufficiently raised above the drainage level and are too juvenile
for advanced development of a wide A, horizon.

The thickness of the By varies depending on drainage and stratification of the parent and
underlying materials. The By may be few decimeters thick in a permeable soil with strong
lateral drainage. It may reach a width of more than 1 m over impervious clay or gravel
beds if lateral drainage is relatively slow. Below the By follow yellowish weakly loamy sand
or older formations of argillaceous matter gravel, or wave-cut sandstone.

Example

1 km west of the Badas rail opposite Badas F.R., SP. 22, sq. 1. A narrow spur of the terrace
extends EW. and scparates the Shorea albida-consociation to the north from Mixed
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o Be south. Altitudes are approximately 31 m a.s.l. in the Shorea albida-consociation, 33
spur and 28 m in the Mixed Peatswamp forests. Dark-brown, humic water flows

o

:q..:,a south through a narrow gap in the spur about 30 m west of the sample plot. The B

w'mard cast and the soil changes to MHP in the centre of the terrace.

s Loose litter, scarce moss on roots and fallen wood

o~ 10-3 Friable, 10 YR 3/4, matted mor with leaf debris and some
quartz grains, strongly rooted

4 30 Friable, 2.5 YR 3/6, mor with quartz grains, strongly rooted

A 0-10 Loose, humic, medium to fine sand, 7.5 YR 7/4, good to
moderately rooted

[ W 10-25(30) Loose, weakly humic, medium sand, 7.5 YR 7/3, moderately
rooted

A 50-70 Loose to very weakly cemented medium fine sand, 7.5 YR 8/1,
with some reddish-brown humus infiltration, very few roots

La 70-120 Loose to very weakly cemented medium fine sand, 10 YR 8/2,

very few blotches of weak humus colouration, very few roots
except some strong top roots, mainly of Agathis borneensis

Aa 120-230 Weakly cemented medium fine sand, 10 YR 8/1, some coars¢
sand, very few vertical roots, dry
Ao 230-280 Very weakly cemented, weakly humic infiltrated medium to
’ coarse sand, 7.5 YR 8/2, humic blotches 5 YR 7/3, few vertical
' and lateral roots, moist
A 280-290 Loose medium to coarse sand with prominent, irregular, more

or less horizontal bands of humus colouration, which indicate
periodic organic matter flushing, 7.5 YR 7/2, humic infiltrations
5 YR 7/3, very few. roots, moist to wet, strong lateral water
movement

» 291+ Hard to very hard, strongly humic medium fine sand, 2.5 YR
_3/2, very few roots.

:"ﬁ:om;n: Well-structured kerangas forests, dominated by Agathis borneensis (top height 38

121262 Medium Deep Humus Podzol

bm‘: Bx of MHP soils begins at 30 to 100 cm depth. It is either a very hard continuous

Bk a very hard to medium hard, irregular layer with loamy, yellow-brown soft inclusions.

N may rest on very different substrates. These include yellow, well-drained sand to

e sand, and gravel, or finely textured, mottled clay-loam, or sandstone. In the last three

M:h‘::p{h and' nature of the By are largely determined by the depth and stratification of the

S ot g material. In decp, porous and sandy materials, accumulation of clay from lessiva-
ten seems to initiate the By formation by acting as a barrier.

w::; u;TI§CS, the MHP occur typically on porous sands, often over somewhat heavy-
subsoil. On tertiary formations they are common on relatively soft, arenaccous sand-
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stones. MHP soils are much more heterogencous than the Giant Podzols. The conditions of
parent materials and topographical location under which MHP develops are much less limited.
The following examples indicate the variability of MHP soils.

Examples

(1) Medium Humus Podzol with weakly developed By over C. Sabal F.R., sample 1963, sq.7/8,
monolith SK I. Probably palacogene Silantek formation with some Platcau sandstone colluvial,
bouldry slope 5-10° N, 60 m altitude.

Aco Loose litter

As 72 Friable plant debris and moder, 5 YR 2/2, strongly rooted

Anu 2-0 Dense root mat with friable moder, 2.5 YR 2/2,ce.c. 317 m.e.%

Aot 0-7 Humic, loose medium fine sand, 2.5 YR 7/2, moderately rooted,
cec 1.4 me% :

Aeat 8-17 Very weakly humic fine sand, 10 YR 7/3, few roots, c.e.c. 0.7
m.e.%

Ae2z 18-30 Loose medium fine sand, 10 YR 7/2, very few fine and medium
roots, c.e.c. 0.3 m.e.%

Aezs 31-40 Loose, very weakly silty medium fine sand, 10 YR 8/1, with
bleached and humus infiltrated sandstone fragments, practically
no roots.

As 41-45(60) Weakly compacted, slightly silty and humus-infiltrated medium

fine sand, 10 YR 7/2, hardly any roots, ¢.e.C. 2.4 m.e.%, strong
lateral water movement, which after heavy rain caused outflow
of white sand from the bottom of the As

Bn 45(60)-(50)65 Irregular, humic-cemented medium finc silty sand, 10 YR 5/3,
grading into:

C Weathered and humus-infiltrated irregularly sized sandstone
boulders and gravel. :

Vegetation: well-structured Agathis borneensis— Gymnostoma nobile-forest. Hr 40 m.
(2) Medium Humus Podzol with moderately developed B over heavy-textured B/C.

Sabal F.R. 200 m N and down-slope from the location of the previous example. The two soils
are separated by an area of RYP soil (133.24, example 2, SK 11). Gentle 2° slope, 45 m alt.,
Silantek formation, location of monolith SK III, sect. 135.2, ex. 2

Aco Loose litter, moss on surface roots

Ao 5-0 Matted roots with fibrous mor 5 YR 2/2

Aenn 0-7 Loose, strongly medium sand, 5 XR 4/2, well-rooted

Az 8-25 Loose, weakly humic, medium sand, 7.5 YR 6/2, hardly rooted,
mostly fine roots

Aent 26-31 Loose, single-grain structured medium sand, 7.5 YR 8/2, hardly
any roots
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32-40 Loose, very weakly silty, medium sand, 10 YR 8/2, few quartz
pebbles to 1 cm diameter, no roots

41-50 Moderately hard, strongly humic silty, weakly loamy medium
sand, 5 YR 3/2, few larger quartz pebbles and few humus
infiltrated weathered sandstone fragments to 15 cm diameter, 5

YR 5/2, extending into:

A B 51-65 Moderately hard, humic, silty loamy medium sand, 7.5 YR 4/2,
small quartz pebbles, few old fine-root channels in soil, mostly
dead, and some live roots along humus-infiltrated interfaces

cD 65+ Angularly fine-blocky, humic, loamy sand, 7.5 YR 4/2, numerous
small quartz grains, many fine, dead roots, few living roots. The
horizon shows vega-characteristics and is probably buried alluvial
soil. A small stream flows in a flat valley with deep clay-loam
above gravel and mud-stone, about 100 m NE. of the soil pit.

r

Draasge:  good, moist in Aet, Wet in Ae, dry in the cemented B-horizon.

\ rpctation: well-structured mixed kerangas forests with dominant Shorea pallidifolia, Shorea
serusg, and occasional Gymnostoma nobile and A gathis borneensis. Maximum height 45 m, but
cexctpenls more commonly around 35-40 m. A weak tendency to form continuous layers at 18-
y'mandat 7-12 m respectively. Saplings rather dense, about 2<3 m high. Seedlings moderately
samcrous, dense on microknolls, scattered stemless palms. '

(31 Medium Humus Podzol with well-developed Bn on Plateau sandstone.

fado NP, SP. 16, sp. 2, 50 m below scarp on moderately steep slope above Tanjong Dalima,
*0.9 m as.l, exposed to western sea breezes (BRUNIG, 1961, p. 26-27).

Aw Loose litter
' A (10) 50 Well-rooted moder with grains of quartz
A 09 Loose humic, greyish-brown well-rooted medium fine sand
Al 10-35 Moderately loose, weakly cemented, grey-white weakly brownish-
grey mottled medium fine sand, few roots, dry
L (42)45-52(70) Moderately cemented, strongly humic, silty very weakly loamy
brown medium fine sand, very few roots, moist, irregular over:
¢ 52(70) + Very hard weakly yellowish grey fine sandy, some quartz gravel,

grading into weathered sandstone.
T drainage is good and lateral water supply ample.
Vepetation:  complex kerangas forests transition to MDF, no distinct layers, top height 50 m.
{6 Medium Humus Podzol with weakly developed Bu over sandstone at high altitude.

::""’“‘ Plateau, SP. 52, sq. 5, on a 3° even dip-slope, below the edge of the plateau, 750 m

g - Litter, moss scarce except on root mounds, surface roots and
fallen dead timber
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Ao (20)10-0 Strongly rooted, matted mor, 10 R 3/2, technically peat, N
! 0.1%, loss on ignition 75.5%

Aa 0-10(30) Loose to weakly friable moderately humic, silty, weakly loamy,
fine sand, humus mottled (panther pattern), base 7.5 YR 6/2,
humus 5 YR 5/2, well-rooted, moist two days after rain, 2% C,

0.09% N, C/N 22, ce.c. 4.1 me.%

A 10(30)-40 Weakly cemented, weakly humic, silty, weakly loamy medium
fine sand, moderately rooted fine sand, mottling very indistinct,
base 10 YR 7/2, humus 10 YR 6/3, 0.6% C, 0.03% N, C/N

22, ce.c. 3.1 me.%

As/Bu 40-45(60) Slightly compacted, moderately humic, silty, moderately loamy
fine sand, 7.5 YR 5/4, moderately rooted, irregularly on:
C (45)60+ Grey sandstone with irregularly corrugated and clefted surface.

Drainage and water supply are good.

Vegetation: moderately well-structured kerangas forests, even top canopy at 30 to 35 m height,
intermediate storeys distinct. The stand has been described by BRUNIG (1959 and 1960)
under forest type “b”: Gymnostoma nobile — Dacrydium beccarii — Podocarpus blumei —
Shorea spp.-forest.

(5) Medium Humus Podzol with weakly developed Bx over a textured Be.

Former Stapok F.R., Kuching, quarternary raised beach terrace. Mangrove and deltaic mud-
clay, interbedded with sand layers are overlain by sand. The pit is located on the almost flat
terrace centre at 20 m alt., location of monolith SK IV.

Aco Loose litter, little moss on roots

Ao 7-0 Matted mor, 2.5 YR 2/2, c.e.c. 78.1 m.e. %, densely rooted

Aa 0-13 Silty-loamy strongly humic fine sand, 10 YR 6/3, cec. 11.5
m.e. %, well-rooted

13-25 Weakly cemented, very weakly humic blocky, fine sandy, silty

Joam, 10 YR 8/3, c.e.c. 4.3 m.e.%, moderately rooted

As 25-27 Moderately humic transition, 7.5 YR 6/2, c.e.c. 4.3 m.e.%, to:

Ba 28-38 Moderately cemented, humic, silty, strongly loamy fine sand,

coarsely blocky, 7.5 YR 5/4. numerous dead roots along inter:
faces, few life roots, gradually into:

B: 38-45  Moderately cemented, fine sandy, silty humic loam, rectangularly
' coarsely blocky (7-10), 10 YR 5/3, humus infiltration along
root channels and interfaces, c.e.c. 30.7 m.e.%, numerous d
roots, abruptly over:

C/D 4562 Fine sandy, loamy clay, 10 YR 6/3, irregularly prismatic blocky
(3-7 cm) structure, very numerous dead roots with strong

Lys humus illuvation in root channels, possibly a buried A-horizod
of vega-character (see sect. 135.21, ex.4)
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62-64 Friable to spongy, irregularly honeycomb-structured, strongly
humic, fine sandy loam, 7.5 YR 3/2, abruptly over:

o 64-100+ Heavy clay, strong humus infiltration into root channels and
along interfaces, base 10 YR 8/3, humus 5 YR 3/3, numerous
dead roots, ce.c. 19.3 m.e.%. This horizon probably is
mangrove mud, which became C-horizon to the subsequently
developed vega-soil.

© esaage: moderate to poor, depending on micro-relief and position in relation to terrace edge.
\ rgetation:  Agathis borneensis — Shorea pachyphylla-forest, heavily exploited.
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(6) Medium Humus-Iron Podzol with well-developed Bn/Bir over loamy-sand C.

Nyabau Block, Similajau F.R., sampling area 1959, centre of a quartenary sand terrace at 7 m
alt. and 6 m above drainage level, about 2 km from the present beach, toward SW. encased
to tertiary ridge. Location of monolith SK V.,

Humus Iron Podzols occur locally on moderatcly porous quartenary terrace p-m. and on weakly
clayey tertiary sandstone p.m. Humus Iron Podzols on terraces and on sandstone formations
appear identical in the field. I did not observe Humus-Iron Podzols at altitudes above about

200 m a.s.l.

A

Ar 10-4

Amn 3-0

Ao 0-8

Az 9-19 4
At 19-27(31)
As 28-31(33)
Ba 32-43

B 44-53
Bsir/C 54-70

C 70-100
Boring  90-100
Boring  120-150+

Thin layer of litter

Litter debris and moder, 10 R 3/3, strongly rooted and some-
what matted, abundant hyphae and quartz grains

Friable moder mixed with sand, 10 R 2.5/2, strongly rooted

Loose, humic medium sand, 2.5 YR 3/2, moderately to well-
rooted, c.e.c. 11.0 m.e.%

Loose, weakly humic, weakly mottled (panther pattern) medium
sand, 5 YR 3.5/2, few roots, c.e.c. 9.0 m.e.%, gradually into:

Medium sand, 5 YR 8/1, very weak humus mottling around
20 cm, weak humus infiltration along root channels and inter-
faces, at lower boundary weakly cemented, c.e.c. 1.3 m.e.%

Moderately cemented medium sand, 7.5 R 2/2, irregular and
patchy humus colouration, few roots

Very hard (2.5 YR 2.5/2) to moderately cemented (7.5 YR
4/4) humic medium sand with strong humus infiltration along
root channels and interfaces. Microslides of root channels show
deposition of organic matter in successive thick layers. This is
evidence of periodically heavy flushing of organic matter down
the profile which precipitates during subsequent drying of the
soil (BRUNIG, 1966). Very few roots. C.e.c. 6.9 m.e.%

Moderately cemented, silty weakly loamy to loamy medium and
fine sand, basic 10 YR 7/6, indurations common as concretions
and irregular layers, 2.5 YR 4/8, live roots very rare, c.e.c. 14.7
m.e.%

Silty-loamy fine and medium sand, 10 YR 7.5, c.e.c. 4.6 m.e.%,
no roots, gradually into:

Loose, silty-loamy to weakly loamy fine and medium sand, 10
YR 7/4, cec. 1.9 m.e.%

Loose, silty-loamy fine sand, 10 YR 7/4, c.ec. 3.9 me. %
Loose, silty, weakly loamy fine sand, 10 YR 8/3, c.ec. 0.9
m.e.%.
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Plaie 2. Medium deep to shallow Humus-Iron Podzol in Agathis horneensis—
Shorea albida-forest (type 513.2 in sect. 431.1). The profile is
described in sect. 133.262, ex. 6. The pit is located in the centre
of the terrace above and left of R.P. 21 in fig. 4. Microslides of this
profile are reproduced in BRUNIG, 1968b, plates 12 to 16. Nyabau
block, Similajau F.R.



is borneensis — Shorea albida-forest, well-structured, top height around 50 m.
“m“fm in surrounding peatswamp is a Shorea pachyphylla — Gonystylus bancanus-

“w :_"‘. with some areas of dense pole stands, dominated by Calophyllum obliquinervium
“‘ H %

o oatid cwrtisii.
sy vamy RYP 00 the slopes of the tertiary formation, with buttresses on the SW. flank of

. [t S mi’c’ MDF'

e3a 3 Shallow Humus Podzol

wer dave a A, of 10 to 30 cm width. They occur either on almost flat to moderately
ey Opswpes of very hard quartzitic sandstone beds or in the centre of old butlwcll-dxaincd
wrwss wih an impeding clayey layer close to the surface. On tertiary formations, the By
ean devely om sandstone, which it may permeate a few millimetres to several centimetres, on
« sy wriured argillaceous layer or, more rarely, on yellow sandy loam. Oan terraces, SHP
wsipment olten starts under conditions of a high groundwater table, which determines the
any & which the humic matter is first precipitated. In the centre of large terraces SHP
o wye through continued build-up of organic matter on the Bn of a MHP.

Ty water capacity of SHP soils is small. Plant-available moisture is more than in deeper
ssie oowpied to the rainfall pattern. This is accentuated on moderately steep dip-slopes and
wigs «pn with good lateral down-slope drainage. On steep slopes or in dissected country
@ wnag 0 30 cificient that soils are at field capacity within a day or a few days after rain.
. wit sach conditions, the By is often very weak or absent. The soil is then transitional to
wm GWP or Skeletal soils (sect. 133.25, ex.4, 5, and 6).

s kvl ground, drainage is always impeded by a more or less impervious subsoil.
Leerd drunage conditions determine the moisture regime of the soil. Poor lateral drainage
ssames geodonged or permanent water-logging, which leads to the formation of peat bog.

T SHP soils are usvally scattered in small patches on terraces or on the top of dissected
smiowe  They rarely cover large areas. This may happen on long, gently to moderately
sy wadwone dip-slopes.

frexcated MHP and DHP soils may secondarily develop into SHP. Examples of this
Besiipecal are common along edges of terraces which have been used for agriculture. Agri-
“lue sl s destroys the organic surface matter, the mineral top-soil will be eroded and after
% w5 by been abandoned, a SHP soil will develop under secondary tree vegetation.

Loaamples

' WaZow Humus Podzol on' tertiary sandstone. Bako N.P. SP.15, sq.3, slope 5 to 7°, top
# » mauove Plateau sandstone bed, 200 m alt.

“ Loose litter, little moss

“ 25)10-5 Litter debris mixed with dark red-brown mor, strongly rooted

S (20)5-0 Dark almost blackish red-brown mor, thickest under tall
Gymnostoma nobile trees, frequent quartz grains, well-rooted,
wet after rain

e 6-10

Loose, very strongly humic medium sand, well-rooted, moist-
after rain
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Aoz 11-20(40) Loose, mderately humic, medium sand, moderately to well.
rooted, moist and increasingly wet with depth, after rain very
strong lateral water movement immediately above the By, dry
two days later

Bn 20(40)-21(41) Strongly humic, weakly cemented medium sand

& 22(41) + Grey-white, hard, irregularly corrugated and clefted sandstone.
Locally in deep clefts, a weakly humic, weakly light brownish
grey-white medium sand eluvial horizon is well-developed. The
deep clefts contain more roots than Aeg-horizons under normal
conditions.

Vegetation: a poorly structured Dacrydium — Gymnostoma nobile-forest, even top canopy at
24-30 m (BRUNIG, 1965, forest type 62).

(2) Shallow Humus Podzols on quarternary terraces.

The profiles are practically identical to those described as MHP (sect. 133.262, ex. 2 and
3) except that the Ae is thinner and usually the Bn less well-developed. SHP soils on
terraces are rarer than on the dip-slopes and cliff-tops of the sandstone formations.

133.264 Groundwater Humus Podzol

GHP soils are found on terraces with high groundwater table and very slow lateral water
movement. The water-logging is permanent or almost permanent. HP soils can develop under
such conditions and it is not necessary that the groundwater table recedes to below the Ba
(DAMMAN, 1961).

Almost permanent perched water tables on top of the By, over a frequently well-drained C
or D are common on very broad terraces. Strongly fluctuating perched water tables are the rule
in GWP and HP soils on normal terraces and on sloping sandstone. An almost permanent
perched water table is, as far as site ecology and top-soil development are concerned, equal to a
usually high but fluctuating groundwater table. The final stage of soil development on perman-
ently high perched or groundwater tables will be a PB soil. :

The GHP soils are rarer and more localized than the soils with a perched water table. They
occur chiefly in the transition from recent, low beach or river terraces to peatswamp sensu
ANDERSON (1961) or to keraph. They occur very rarely in the centre of large but relatively
low pleistocene terraces. The GHP, under the climatic conditions in the area, will always develop
into a PB, unless lowering of the drainage level in the surrounding country improves drainage.

Example

Anduki-Badas area, Brunei, SP.27, about 2 km inland from the present beach, on a very
wide, flat and low (few metres above sea level) probably late pleistocene or carly holocene
terrace. The site is located between the recent terraces and the interior peatswamps.

The terrace surface shows cradle-knoll micro-relief. This may be caused by wind-throw of
tall trees, or by the interaction of grouping tendency of plants and surface erosion from watef
run-off during heavy rainfall, or by both. The drainage is very poor. Water flows extremely
slowly from the interior peatswamps towards the beach. The water table is less than 20 cm decp

for most of the year, but may fall deeper during unusually long periods of drought. After six
- almost rainless weeks in February-April, 1958, the water table fell below 2-3 m depth in the
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e albida-peatswamp, and peat burned to this depth during a fire. The depth of
wut table in the GHP was not observed at the time. It is probable that the water table
sl even below the Bu during such excessively dry periods.

“‘ » or
Loose litter, thick on the knolls, thin or absent in the intermittent

b channels and hollows

a (20)10-0 Dark red-brown mor, well-rooted, many surface roots

i 035 In upper layer strongly humic to humic silty fine sand, 10 YR
6/2, numerous roots near top, decreasing downwards

A 16-50 * Weakly humic, silty fine sand, 10 YR 7/3, few roots

ks §1.92 Very weakly humic, silty fine sand, 10 YR 8/3, no roots

~ 93-100 Humic, silty fine sands, 7.5 YR 4/2, no roots

. 100+ Medium hard cemented, in patches soft; strongly humic, silty,

weakly loamy fine sand, 5 YR 3/2.
¥ wur tadle 20 cm below surface of mineral soil 2 days after rain.

% sgeesca;  Shorea albida — Dryobalanops fusca-forest, poorly structured with distinct storeys.
L mirm and dense top canopy at 40-43 m. Towards the interior, the forest changes gradually
was $ho¢ca albida-peatswamp forest, p.c.2. In this case, p.c.2 is probably the next stage of
me swccwonal development from recent beach terrace through GHP to deep peat bog in sub-
es-pag landscape.

$E127 Peat Soils (DAMES: Half Bog and Bog Soils, Assoc. 9)

P:at wils cover extensive areas in the coastal and sub-coastal lowlands of Sarawak and
Svumy (ANDERSON, 1964 a). The peats are chiefly of two main groups. The - topogenic
=wa of the coastal plain rest on light- to heavy-textured mineral subsoil. Only shallow peat of

e» %aa 100 cm depth has some agricultural potential. Deeper peats are suitable for forestry
-ty

TS swcond group are the kerapah peat soils. It is impossible to separate the two groups
= ample edaphic characteristics. The mineral subsoil under kerapah also ranges from fine sand
& sy Peat depth often exceeds 150 cm. Distinction is only possible by the whole
~“@* % wo—soil complex and its history, admitting a broad transitional zone of overlap between
i 2 -l-"h} some of the late phasic communities. Delimitation will much depend on the ranking
¥ %« cracria, in other words on more or less subjective judgement.

® i:\:&mt practical approach to distinction is by vegetation and site history. Kerangas peat
“‘__"im{?‘rcsts always develop along a succession which starts from dry-land kerangas forests.
_,_;5‘ g s peatswamp forest sen.?s_typicall): start with the Gonystylus bancanus — Dacty-
i ““mlaﬂh}_'s—-Neosconech:ma~Assoc1ation, which often succeeds mangrove or some

“=oral or deltaic vegetation. But Shorea albida-peatswamps may also develop from Shorea
~= terangas on GHP in subsiding areas or on broad, flat terraces.

= Keraagas peat or kerapah always originate from GHP, GWP or PG soils. The peat
-....mn; hf:b:s a result of deteriorating drainage conditions. This deterioration is usually
S growing Bs. In'some cases, newly formed topographical barriers may cause
i ormation, .Land subsidence will always lead to ANDERSON’s phasic development, and

“3pah. It will be shown later, that the phasic development of ANDERSON’s peatswamps
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and the stages of peat formation on kerangas sites follow convergent pathways. Geomorphologi-
cally, both sequences lead to the formation of convex peat bogs,

The catena from a GWP soil to deep peat has been described in sect. 133.25, ex. 6. It
represents a genctical sequence which can be observed on many terraces and plateaux throughout
the country. The sequence is the same on GHP (sect. 133.264). WALL (1962, p-194) describes
this catena in terms of soil genesis from GHP to deep peat.

The requirement of an almost permanently high groundwater or perched water table limits the
chance for kerapah to develop. HP or GWP soils can become substrate to peat only in the
centre of broad and level, poorly drained terraces or on flat to almost flat sandstone plateaux at
higher altitude. Kerapah is particularly common on the older pleistocene terraces with level
tops, especially on the Jerudong-cycle terraces in the Ingei-Melinau-Panderuan area in north
Sarawak and Brunei. GHP soils in low-lying coastal areas will develop into deep peat bog
unless drainage conditions improve. Drowned GHP soils are common in the coastal plains
between Kuala Lawas and Kuala Kemena (Bintulu) and between the Sarawak Mangrove F.R.
and Kuala Samunsam. Most of the low-lying kerapah lands between the raised terraces in Pueh
F.R. is drowned kerangas. It is significant that the only site in Pueh F.R., which could be
regarded as peatswamp sensu ANDERSON, occurs in the present alluvial plain on river deposits
in the lower Samunsam valley.

A distinct soil family with peat formation are the blanket bogs on gentle to moderately
steep, rarcly steep sandstone dip-slopes. The peat either rests immediately on the hard sand-
stone or on a shallow sand layer overlying sandstone. The latter case could be regarded as a
“drowned™ shallow sandy GWP soil. At altitudes around and above 1,000 m, blanket bogs
may be up to 1 m thick. In the lowlands they are rarely thicker than a few decimeters. The
family grades into the Mulu family of peat soils. This family occurs under mossy forest above
1,300 m alt. They are rarely more than 75 cm deep, more fibrous, spongy and less water-logged
than the lowland peats (Soil Survey Staff, 1966). These characteristics also apply to blanket
peats in the lowlands.

Blanket peat is also found on hard limestone in the lowlands and at high altitude. The
vegetation on these limestone peats is floristically and structurally closely related to the kerangas
vegetation (ANDERSON, 1965), especially to kerangas on blanket bogs and SHP on tertiary
sandstone.

Examples
(1) Peat soil overlying GWP sand on sandstone.

Sabal F.R., sampling area 1963, sq.192, almost flat to gently sloping part of a moderately
steep boulder-strewn slope, tertiary Silantek formation, 110 alt., area of peat about 0.06 ha.
Several such small peat bogs are scattered in the sampling area. They all are shallow to
medium deep and have developed either on more level parts of the slope; (sq. 192) or in
wetlands along small streams; (sq. 142 and 143), or in troughs encased by sandstone boulders
(sq. 188). In sq. 188 the 30-60 cm deep peat was relatively dry and rested directly on sand-
stone rock. In sq. 142-3 the 30-50 cm deep peat was wet overlying pale brown, yellowish-
grey sand on sandstone, or on yellowish-grey sand over yellowish-white clay between 70 and
120 cm depth. No other differences could be observed in the field. The MUNSELL notation
varies between 10 YR 4/3 and 6/4.
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Loose litter, some moss

e

A 60-0 Fibrous peat, 10 YR 6/4 at bottom, well-rooted, moist to wet
. 0-30 Very humic, 10 YR 6/4, medium fine sand

~ 3140 Weakly humic, 10 YR 6/2, medium fine sand

¢ 0+ Irregular, humus-stained surface of sandstone bed.

<y wage. somewhat impeded by topography. Strong seepage from upslope. Water table
sne 30 cm below surface of Ao, probably periodically fluctuating.

s.graexa;  Whiteodendron moultonianum — Ganua curtisii — Calophyllum obliquinervium-
eret with rather dense undergrowth and broken top-canopy. In spite of the small area, the
+ond ® Soristically and structurally distinct from surrounding kerangas forests on sandy GWP
os. A wmilar peat bog in sq. 486 (fibrous, well-rooted peat deeper than 120 cm, 10 YR
+ s, with cradle-knoll micro-relief carries a Melanorrhoea beccarii — Ganua curtisii — Tristania
s x4 — Whiteodendron moultonianum-forest, also with rather dense undergrowth and broken

s mmopy.
*y  Pest soil on drowned HP over gravel on a quarternary terrace.

¥ lasa — Medalam drainage, proposed Mulu National Park, SP. 31, interior of a large
jesscxene terrace, even slope dipping 1-2° from the terrace edge towards the centre. Sample
ws«a at the edge of an extensive almost flat peat bog, 183 m alt. The peat depth increased
wom ¢ bog margin where the terrace slope dipped below the peat, to a depth of more than
‘4 = m the centre.

. Dense litter, no moss except on roots and on larger pieces of
timber
& 1200 Red-brown fibrous peat, very wet and oozing, well-rooted at'
top, roots diminishing downwards but still present at bottom
0-20 Light brownish-grey, strongly humic medium-fine sand, some
quartz pebbles
2125 Grey-white, weakly humic, weakly compacted medium fine sand,
some dead roots
b 26+ Very dark blackish-yellow red-brown cemented medium fine

sand with gritty quartz pebbles, over:

9 Clay/gravel.

1 ey . A ' 5
““Nz ;‘!.rmage, water table at 7 cm depth after rain, only slowly falling during several

1 i :
N'::‘:m- moderately well-structured Shorea albida — Melanorrhoea beccarii — Palaquium
" \a situated intermediate between a Gymnostoma nobile-bearing forest (SP. 28) on

& the terrace edge and an open wet padang (SP. 29 and 32) whick leads into a

abida-forest on raised bog in the terrace centre.
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(3) Peat soil in a blanket bog on tertiary sandstone.

Merurong platean, upper slope of Bukit Skalap, SP. 54, on a 10-15° slope, Belait Sandstone,
1,125 m alt,

A 75-70 Dense, thick moss, some litter

Ao 70-60 Crumbly-friable, 7.5 R 2/2 mor, well-rooted

Aoz 60-40 Peat, oozing, 10 R 3/2, well-rooted

Aocs 40-60 Peat oozing, wet, 2.5 YR 3/2, moderately rooted

Aoy 60-70 Peat, soupy-oozing, 5 YR 3/3, some fine sand and silt, weakly
rooted, very wet

D 70+ Yellowish-grey sandstone.

Vegetation: irregularly grouped, low (max. 20 m) Gymnostoma nobile — Tristania elliptica —
Palaquium rostratum-forest, transitional between the kerangas forests of the plateau and the
elfin woodland which covers the ridge crests about 50 m above SP. 54.

133.28 Podzolic Gley Soils (DAMES: Grey Hydromorphic soils Assoc. 4)

In the lowlands true Gley soils are, due to their moisture regime and chemism, more
favourable to "plant growth than kerangas soils. Anthropogenic site degradation may -occa-
sionally lead to the establishment of lowland kerangas forests on Gley soils. In primary
kerangas forests, Gley soils are very rare because the forests require a more or less thick top-
layer of sandy material. This surface layer then qualifies the soils as GWP or HP soils, even
if the .subsoil is heavy-textured clay. Consequently, the leached top-layer of sandy material must
be very thin if the soils are to classify as Gley soils. Because of the presence of this leached, thin
white sand top-layer, I call these soils Podzolic Gley soils.

BRUNIG (1965) described the localized occurrence of Gley soils with little surface
organic matter under probably old secondary high kerangas forests and under padang vegetation
in the Bako N.P. DAMES (1962, pp.46-47) described a Gley soil profile from a kerangas
forest on a terrace in the Sarawak Mangrove F.R., and considered Gley soils common in
kerangas in lowland West Sarawak. According to my own observations, true Gley soils are
generally very much rarer in lowland kerangas than GWP and HP soils.

PG soils in kerangas are more common and more widely spread above 500 m altitude.
They are found on old, pleistocene terrace remnants or on Plateau and Belait sandstone forma-
tions. On the latter case, PG soils mostly occupy gentle to moderately steep, concave slopes.
Locally, on these sites, very tiny open padang areas with very stiff, plastic clay soil are
scattered in the kerangas forests. The padang soils are either PG soils or truncated PG soils.

Examples
(1) Podzolic Gley soil on quarternary terrace.

Bukit Sagan, SP. 33, sq. 2, terrace remnant of the early pleistocene peneplain, tilted and
perched on the summit of the Sagan syncline, 435 m alt. The soil pit is situated on a gentle
slope between the centre and the edge of the convex terrace. The soil at the highest point of
the terrace is more sandy and therefore GWP. It seems that orogenic tilting has brought under-
lying sandstone boulders very close to the surface in some parts of the terrace which in
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wmd coatent of the soil. At the edge of the terrace, the soil grades into a red-yellow
P e podzolic clay-loam with a very thin moder surface layer (SP. 34). Towards the rim

& S vyociioe the terrace gives way to a SHP soil on sandstone (SP. 35).
Loose litter, moss on fallen timber and surface roots

: (10)5-0 Root mat with red-brown mor

Aa 0-20 z::dtraﬂf; n:iﬁ:gbrowmsh. humic, silty, fine, sandy loam,
- 20-25 Grey-white sandy, silty sticky clay, very few roots

& 26-180+ White-grey, yellow and red-yellow mottled plastic clay, roots

extremely rare, with depth mottling and roots disappear and
the clay becomes evenly grey.

ewmmipe is generally poor, but due to topography, lateral water movement in the uppermost top-
asé @ peobably adequate.

% ogesuoa:  Dacrydium pectinatum — Shorea revoluta — Tristania obovata-forest, poorly struc-
wod wrong layer formation, uniform, relatively dense top-canopy at 20-25 m, very few
emeepeats 10 33 m on more steeply sloping ground, distinct sub-layer at 7-10 m. At the edge
4 ¢ terrace the forest grades into MDF (SP. 34). At the rim of the synclinal dip-slope, the
erwe fades out and the forest grades into a M elanorrhoea beccarii — Calophyllum — Cotylelo-
wem malayanum kerangas forest, Hr 40-45 m, on shallow sandy GWP soil (SP. 35).

.1y Podzolic Gley soil on tertiary sandstone.

M.rwoag Plateau, SP.53, sp.3, 5° dip-slope, 50 m south of the northern edge of the southern
wweva 545 m alt, There may have been some disturbances from wind-fall, which is indicated by
« «=cwhat irregular micro-relief and a piece of Ternstroemia timber found at 50 cm depth in
¢ s+ pt about 30 m further downslope. Further downslope, the soil grades into GWP soil
twet 133.25, example 2).

- Litter, little moss :

L (30)15-0 Mor, 7.5 R 2/2, maximum thickness in root mounds and tree
groups, well-rooted, 1.1% N, loss in ignition 87%, pH 3.2

s 0-20(35) Weakly to moderately humic, fine sandy clay-loam, 7.5 YR 5/2,

slightly plastic, moderately rooted, moist 0.16% N, 2.6% C, C/N
16, c.e.c. 10.1 me. %
“ (25)20-35 Slightly fine-sandy clay, coarse gley mottling, base 10 YR 6/2,
mottles 7.5 YR 6/6 at edge, 5 YR 5/8 in centre, few roots.
0.06% N, 0.55% C, C/N 9, ce.c. 8.6 me. %

T 35.55(65) Plastic, strongly silty, fine sandy clay, base 10 YR 6/2, mottles
S.YR 6/6, few roots, dry, pH 3.6. 0.08% N, 1.0% C, C/N 11,
cec. 9.0 me. %.

‘lf.“ :
7090 Plastic clay with gley mottling, base 10 YR 5/2
90-110 Plastic clay, very few mottles, base 10 YR 6/1, hardly any live
roots s
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110-130 Plastic clay, very few mottles, base 10 YR 5/1, hardly any live

roots
130-150 Plastic clay, 10 YR 5/1—4/1, no roots
150-170 Plastic, subangularly blocky, dry clay, 10 YR 4/1.

The lateral drainage along the surface is good, but internal drainage is very poor. The mor
accumulation close to trees and tree groups indicates active surface wash-off of organic matter.

Vegetation: moderately to poorly structured Gymnostoma nobile — Palaquium leiocarpum —
Tristania obovata-forest with a fairly uniform, dense top-canopy at 25-30 m. Cotylelobium mala-
yanum occurs near the rim. Further downslope the forest grades into the poorly structured
Gymnostoma — Dacrydium-forest on shallow sandy GWP soil (SP. 53-55) or on SHP soil
(SP.51 and 52).

133.29 Other Soils which may bear Kerangas Forests

None of the other soil groups of the soil classification, 1966, includes kerangas soils. But
a few soil groups include soils which can degrade sufficiently after misuse that a secondary forest
vegetation may develop which contains kerangas forest elements. Also some soil groups contain
sandy soils which may be early stages of a genetical catena to Humus Podzols. Examples can be
found among the recent beach deposits.

Groundwater Laterites can carry an open woodland with kerangas forest elements if repeated
burning and surface erosion have degraded the site sufficiently to give the kerangas forest
species a competitive advantage.

The Recent Alluvial Soils include beach deposits. These deposits do not immediately
carry kerangas forests. The initially high content of iron and bases is continually leached. If
no fresh sedimentation rejuvenates the soil, kerangas forest species may invade and accelerate
HP soil development. Leaching and podzolization will be increased if the site is raised relative
to the drainage level of the surrounding land, which at present happens in many places along the
Sarawak coast in areas of orogenic uplifting. Conversion of these coastal sites to agriculture
advances the invasion of kerangas species and of podzolization. As a result, kerangas forests
will be established on soils which are more juvenile than kerangas soils normally are.

134. Catenas and Soil Development in Kerangas

134.1 Definition and Applicability of the Catena Concept

A soil catena is a repeated succession of different soils on the same geological parent
materials. The soils differ from each other by features of relief and drainage. The members of
the catena may or may not be genetically related.

ASHTON (1964 c, p. 15 ff) has given examples of the ordered variation of soil and related
vegetation characteristics across topographical features, such as valley-ridge-valley sequences in
Mixed Dipterocarp forests. ANDERSON’s peatswamp series are less easily defined by
geomorphological features, but topographical relationships permit the abstraction of a generalized
catena river bank — raised peat dome — river bank.

Similarly in kerangas, sequences of different soils can be recognized across quarternary
terrace landforms and across tertiary plateaux and cuestas. These soils sequences repeat them-
selves in a characteristic pattern. This pattern can conveniently be generalized in the form of
catenas of kerangas soils, or of kerangas soils alternating with soils of the Mixed Dipterocarp or
peatswamp forests. Examples of kerangas catenas are given in figs. 7 and 8.
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gpay Catenas on Tertiary Formations

¢ tertiary landform catena valley — dip-slope — crest — scarp — valley is related to. the
s cocas i MDF described by ASHTON (1964c) and will inclode MB% & &0
i sms are favourable. Steep scarp slopes with argillaceous p.m. carry LS or RYP soils with
wiy  Dplopes of hard, thick-bedded sandstone will carry kerangas or transitional forests

ng <) :
T npical kerangas catena sequence on Belait and Plateau sandstone cuesta formations
+ WP 324 MHP on the lower dip-slope, shallow sandy GWP soil towards the ridge top,
wow'ad sl on the ridge top and a RYP soil on the scarp slope. Podzolization will not
e SOCTCAsC downslope. The stratification of tertiary p.m. or sandy colluvial or remnants
+ o wwd terraces can produce lighter-textured top-soils and stronger podzolization on the
sy NaPC.

*00D and BECKETT (1961) describe a catena in low, hilly country in Similajau F.R.
awd acruary Nyalau formation). The foothill is occupied by a low-level kerangas soil with heavy-
cwursd whsoil which the authors regard as lower members of the Yellow Loam (Dipterocarp)
.wews  The lower part of a gentle seaward slope carries a MHP with a thick Bn. On the
wwe e the profile gradually becomes shallower and the By thinner. The forest on the
veiwil » kerangas which gradually changes into Dipterocarp forest about half way up the
wye wiere the By fades out. The soil on the reverse slope is a yellow loam. A different
.wuws tens across the junction between country rock and an encased terrace. This catena
wws shows “how as the lighter material feathered out upslope, the depth of the humus B
W+ 2w and its sharpness decreased until near the Kerangas-Dipterocarp boundary, the soil
mie &fcred from the normal yellow loam profile only in showing enhanced litter and Ay
weams” (ibid., pp.231-232). No direct information is given on the parent materials in the
w4 (wc=3. My own observations in the area suggest the possibility that in both cases the
‘e =aterial on the lower seaward slopes may be terrace remnants. An indication in this
. #wmtem is the altitude of 5 m reported for the lower seaward slope sites which coincides
wnntsly well with the 5 to 7 m level of quarternary terraces in the area. Similarly,
€3 2NGE (1965) explains the stronger podzolization on lower parts of slopes in Amazonian
«nywes Lhe forests by the presence of light-textured river sediments on the foothills.

Ne nature of the p.m. seems to be the dominant factor which determines soil develop-
sest s tertiary sediments. The inclination of dip- or scarp-slope appears to be much less
“wwast Shallow GWP sands are frequently found on steep scarp-slopes, which are usually
-’--.nd with red-yellow soils. GWP soils are especially common on steep scarp-slopes of
:;::N md thick-l.aedded Plateau and Belait sandstone. Humic illuvation horizons are

*v awociated with less steep slopes. Humic material supply from decomposing litter
*w¢ e1cced potential lateral eluvation in order to accumulate humic matter in the soil. Con-

::-:uh. very steep slopes and very pervious material will not as a rule be favourable for
*=anton of humic soil horizons.

._‘.““::f . d'M‘Opcs_. especially on the Belait and Silantek formations, may carry RYP and
5l These soils are often intricately mixed with GWP and HP soils, if the p.m. and
e %Y vary accordingly. Vegetation variation in such cases corresponds closely to the
" o sail variation.

< .:;“!:‘ soils and kerangas soil catenas on tertiary formations show great variability,
following examples give some indication.
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Examples

(1) Regular sequences on tilted Plateau sandstone with podzolization stronger towards the
ridge top.

Sempadi F.R., Plateau sandstone in a series of low and broad, parallel ridges, approx. alt. 30-
40 m. '

Vegetation: Agathis borneensis — Ganua curtisii — Whiteodendron moultonianum-forest (SP.
11), A. borneensis preferably on foothill.

(a) Lower dip-slope, 3-5°

Ao 8§—5 Loose litter
A, 5-0 Well-rooted, dark, red-brown mor
Aa 0-20(30) Humic yellowish-brown-grey sand, well-rooted near top of
horizon
Aez (30)20-35 Moderately cemented grey-white medium fine sand
Bn 35-36(40) Very weak and discontinuous silty humic medium fine sand
. Be (40)36-55 Brownish-yellowish sandy clay-loam, with few rust-coloured con-
cretions, gradually into: :
C(D) 56-75(80) Sand loamy clay, gley mottling, gradually into:
80-90+ Sandy grey clay, coarse sand content increasing with depth.

Water table at 60 cm depth.
(b) Upper slope and broad ridge top

Ao 12-9 Loose litter

Ay 8-3 Well-rooted red-brown mor

An 2-0 Root mat with quartz grains and friable moder

Aenn 0-10(25) Loose, grey-brown, humic medium sand

Aaa (10)25-30 Weakly cemented, slightly humic, weakly brownish grey-white
medium sand, few roots

Ae2 30-40(45) Cemented, greyish white medium sand, very few roots

Bx (40)45-50(60) Hard to moderately hard cemented, blackish red-brown weakly
loamy medium sand, few roots

Bs (50)60-90 Brownish yellow sandy loam with humus infiltration along inter-
faces, very few roots

C(D) 90+ Yellowish white-grey sandy clay with few dead roots.

Water table at 80 cm depth.
(c) Scarp-slope, 8-12°

Light-textured RYP soil (DAMES, 1962, p.34, profile 224/229 D), poor quality MDF
(BRUNIG, Inventory Reports on Sempadi F.R., 1955, unpublished, Forest Department,
Kuching). - Sl :
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+y Regular sequence on coastal Plateau sandstone Pueh F.R., low and broad hills of Plateau
:pme between S. Bedaun and S. Blinsah, approx. 1 km W. of beach.

The catena on the low ridge is very similar to that described in ex. (1) above. The broad
g rabpe lops carry shallow to medium deep Humus Iron Podzols. The B lies over a light
weesah, yellowish-grey silty weakly loamy sand with iron-colourations. The vegetation is a
wwrea albida — Gymnostoma nobile-forest (SP. 8). On the slopes the soil is a medium deep
sumas Iron Podzol. The By is noticeably softer, more irregular and at greater d?pth than
o B¢ crest. Gymnostoma nobile and Shorea albida are less dominant which also indicates less

pntaiazed conditions.

The surrounding bottomland is either well-drained recent beach (SP. 7) or riparian fringe
oreacs, OF submerging terraces with GHP grading into PB. The narrower ridges closer to
s coast carry Dipterocarpus pachyphyllus — Shorea elliptica — MDF on sandy RYP soils.

.31 Complex catena on tilted Belait sandstone.

s Jclalong F.R., moderately steep to almost flat synclinal dip-slope south of Sungai Meluang,
woweca 65 and 200 m alt. Relative thin-bedded sandstone alternating with medium thick
wyltaccous layers. On the foothill occur some narrow encased river terraces of the S. Meluang
slcy. The catena is complex and irregular, but can still be defined as catena because it is not
m tepeated within the Niah-Jelalong F.R., but also elsewhere on similar topography and p.m.
¢ ¢. Sabal F.R.). The example illustrates the amount of site, soil and vegetation diversity which
ns b expected at small-scale pattern on variable physiography, heterogencous p.m., and

wmanoas of differential erosion and re-deposition within the area.

feguence from the Meluang river up-hill:

i#) Encased terrace, 5 m above river-level, the terrace flank to the river carries MDF on deeply
kached sandy RYP soil. ’

‘%) The top of the 30 m wide and some 100 m long encased terrace carries sandy GWP and
MHP soils over a textural B, which grades into plastic clay at greater depth (Shorea albida—
S. pachyphylla-forest, SP. 47).

f4) Moderately steep dip-slope, buttressed on terrace edge, with MDF on RYP or on steeper
eid-slope sections on Red-Yellow Lithosol.

‘&) Gentle dip-slope of the syncline with undulating surface, ridges very broad. The lower
“P‘ﬂt{m 'carties MHP over yellow loam over clay (Shorea albida—Gymnostoma nobile—
Fakatifolium angustum-forest). On the broad ridge medium GWP sands over yellow loamy

waad over clay (Shorea albida—Gymnostoma nobile—Dipterocarpus pachyphyllus-forest).
“+) Even section of the gentle lower dip-slope without ridges, intricate mixture of soil types
ad associated vegetation types.

(i) Podzolic light yellow sandy loam under MDF,

(#)  Shallow leached sand on gley-mottled clay (Shorea albida—S. pachyphylla—Gym-
nostoma nobile-forest, SP.48-1 and 4.8-4/5).

MHP over sandy clay (Shorea albida — Dipterocarpus borneensis — Gymnostoma
nobile-forest with many stilt-roots, SP.48-2/3).
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(f) The moderately steep mid-slope consists of:
(i)  Strongly dissected parts of the slope which carry Red-Yellow Lithosol under MDF.

(ii)  Even but steep parts of the slope carry a podzolic sandy brown-yellow loam under
MDF or, without noticeable difference of the soil surface topography, a MHP with
very weak By at about 40 cm depth over plastic grey clay with sandstone fragments
(Shorea albida—S.pachyphylla-forest),

(g) Moderately steep upper slope:

(i) 10 cm leached sand over 30 cm brown-yellow loam over brown-yellow sandy clay,
at 140 cm depth grey sandy clay (over-mature Shorea albida-Gymnostoma nobile-
forest, (SP.50-3), slope 12°.

(i) MHP ,Ba at 40-80 cm over loamy sandstone at 2 m (Calophyllum spp.—Palaquium
spp.-forest with few slender Agathis borneensis and Falcatifolium angustum, SP.49-
1), slope 5°.

(iii) Moist slope hollows with deeply bleached humic, loamy sand over sandstone at 2 m
(Gymnostoma nobile—Shorea albida—S.pachyphylla-forest, SP.49-2).

(h) Broad ridge top of the rim of the syncline, 200 m alt. The soil is a bleached podzolic humic
loam, overlying irregular sandstone at average depth of 1 m (Shorea ovata—Dipterocarpus
borneensis—Agathis borneensis-forest, SP.50-1).

(i) Steep to very steep scarp on the opposite side, descending into the Sungai Jelalong valley,
strongly red-yellow coloured slay lithosols under MDF,

(j) The same slope on moderately steep parts carries strongly podzolic, sandy red-yellow loam
above a red-mottled, slightly plastic layer at 50 cm depth, under a MDF of different com-
position and structure,

(4) Regular sequences on high plateaux.

Merurong Plateau, SPs 51 to 57, Belait sandstone formation, thick-bedded hard sandstone 730
to 1,200 m alt.

The SW. plateau is a large, shallow basin with an uptilted edge towards west, where Bukit
Skalap forms the summit ridge. The S., E. and N. slopes dip towards the more or less flat
centre which is drained towards E. by a black-water river. The NE. plateau is generally flatter,
with 800 m max. alt. The following catenas can be recognized on both plateaux:

(a) From the centre towards northern and southern edges:
(i)  Peat bog in the almost flat centre of the plateau (Shorea albida — Gymnostoma
nobile-forest, SP.57) (sect. 133.25).

(ii)  SHP or GWP sand on the dissected spurs and lower slopes which lead towards the
edge (Dacrydium spp.-Gymnostoma nobile—Palaquium leiocarpum-forest, SP.51).

(iii) MPH on the moderately steep slopes near the edge, clay content increasing up-slope,
(Gymnostoma spp.—Shorea spp.-forest, SP.53).

(iv)  Broad ridge tops of the rim carry strongly humic podzolic brown-yellow loam soil
under MDF. Exposed rocky crests carry shallow GWP soils with a thick eovc.r_of
litter, humus and moss. The forest is low, somewhat gnarled, and is a transition

44



between (i) and mossy forest. The more sheltered depressions and drainage chan-
pels along the edge carry gley-mottled bleached sandy clay soils under tall submon-
tane forest (Gymnostoma spp.—Agathis beccarii-forest, SP. 53 and 56).

(v) The upper scarp slopes have strongly coloured lithosols with MDF, rock out-crops
are common.

(vi) The scarp slope is interrupted by cuesta-like steps and spurs. The successive dip-
slopes carry kerangas forests on SHP and GWP soils, e.g.: Dryobalanops rappa —
Shorea — Tristania pole-forest on the unstable, very shallow GWP sand of the
southern 45° slope of Bukit Sangit. Mosses, Nepenthes spp. and Pinanga spp. are
abundant on the ground. The forest is very similar to the forest which covers the
upper dip-slope of Bukit Patam in the Ulu Ingei, Brunei, at much lower altitude.

The soil profile on this slope has been described by DAMES (1962, p.66, profile
164-166 D) who classified the soil as lithosol because of its shallowness. I prefer
to include this type of soil in the GWP group for ecological reasons, because all
other lithosols are non-podzolic and their vegetation do not belong to the kerangas
forests (sect. 133.21 and 133.25).

(% From the centre towards the western summit ridge:
(i), (ii) PB and SHP as in (a) before.

(ai) 70 cm deep blanket bog on the gentle to moderately steep upper slope of the summit
ridge at about 1,000 to 1,150 m. alt. (Gymnostoma nobile—Tristania—Palaquium
—Podocarpus-forest, SP. 54).

{iv) Moss forest on the Summit crest with Dacrydium spp., Shorea monticola and Vatica
sp., nov. SK 326.

(v) MDF on the scarp slope, similar to (a).
1343 Catenas on Quarternary Terraces

All terraces are still in a continued process of building-up or eroding, lifting or
whmcrging. The development will be determined by the original chemical and physical nature
* 3¢ deposited material, and by the direction and speed of topographical changes as a result
@ crouon and tectonic movements. Particularly important in this respect is the position in
xa to the drainage level of the environment. The older holocene and pleistocene terraces
Wase pencrally reached greater maturity of development. Many have already been completely
:ﬁ’!td by.erosion. Others have drowned below peatswamps in subsiding coastal areas and
’u:;" static, broad alluvial plains. The presently more conspicuous members have been
e above the surrounding drainage. They now form encased or isolated, more or less level

<issected plateaux which raise a few to more than sixty metres above the surrounding
7:“ valley bottoms. The older base material below the terrace may have become exposed

*¢ course of erosion. It often consists of stratified boulders and gravel with lenses and

' of finer argillaceous material. In other cases, the base is sandstone which is usually
¥ exposed.

ﬁ-rf:l 3 result, terraces exhibit a great variety of topographical position, p.m. and base
“"n < In spite of this, soil development on the terraces shows considerable uniformity.
o 4500 is that the p.m. is always extremely deficient in most minerals but quartz. The
wazzdly resorted and redeposited medium fine sands, loams and clays vary in texture, but
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relatively little in chemical composition. Consequently, soil development is overwhelmingly
determined by soil texture and drainage. As a result, soil genesis and catena are closcly
correlated and can be reduced conveniently to few seral types. The most common and typical
terrace kerangas catena is the sequence bottomland — terrace slope — terrace top — terrace
slope — bottomland (fig. 4). Successive terraces of several levels and different ages may
combine to one catena sequence (fig. 7a). Another common sequence is the catena Ground-
water Podzol — Peat Bog — Groundwater Podzol in low-lying coastal areas (fig. 8b), which is
related to the sequence of peatswamp forest phasic communities. The complex geomorpholo-
gical relationships are illustrated in fig. 7d in a very simplified manner, which relates
development and catena sequences of site and vegetation to pedology and tectonics.

Examples
(1) Raised coastal terraces.

Similajau F.R., south of Sungai Sctuang. The sequence starts at the present beach with terrace
level 1 at 2-3 m alt. (SP.46). It continues to terrace level II at 5-7 m alt. This level is
up to 300 m wide. The average distance from the beach is 160 m (SP.45 on the terrace
edge, SP.43 on the terrace top). Then follows terrace level III at 12-15 m alt. The distance
from the beach is 0.3 to 2 km. The final terrace level IV is at 30 m alt. and about 1 to 3
km from the present beach (see fig. 7a). All levels except level 1 are moderately dissected.
Sandy valleys meander between the irregularly shaped terraces and often separate different
terrace levels. These bottomlands are usually occupied by early stages of GHP, similar to level L.
The kerangas forests on the .valley bottoms is also similar but more mixed and mature than on
the terrace level L

The terraces are, towards the interior, encased by Nyabau formation sandstone. The ridges
run generally SE. to NW. and carry Cotylelobium burckii — Gymnostoma nobile — Dipterocarpus
borneensis-forest on shallow GWP soils and MDF (Dipterocarpus pachyphyllus, D. sarawakensis,
Dryobalanops beccarii, Shorea pallififolia, S. glaucescens) on RYP soil.

The following sequence shows the development from unconsolidated ferrugincous sand
through a medium decp GHP on a low terrace, MHP on the slopes, DHP on the edges of
a raised terrace, and MHP on the terrace top (fig. 7a). Eventually, the MHP develops into
a SHP and finally into PB if drainage is sufficiently poor in the terrace centre.

(i) Present beach, 15 m wide.-

Slightly humic, ferrugineous sand, Casuarina equisetifolia-belt (BRUNIG, 1969, type LI
(ii) Dune, 5 m wide.

Small, steep sand dune, raising 2-3 m, open scrub with much Oncosperma horrida and
Pandanus tectorius. ;

(iii) Recent beach terrace, level I, 60-100 m wide.
Alt. 2-3 m, almost flat except for undulating microrelief (SP.46-5).

Aco Sparse loose litter
Ao (5)2-0 Root web with loose moder and quartz grains, 7.5 R 2/2
Aa:  0-5(20) Loose, moderately to locally strongly humic medium fine sand,

10 R 4/2, much disturbed by wild boar ;
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{iv)

(v)

Aaz (20)5-40 Loose, slightly humic yellowish brown-grey, indistinctly mottled,
medium sand, 5 YR 4/3, moderately well-rooted, to a depth
of 30 cm disturbed by wild boar

Ae 40-60 Wet medium fine sand, 5 YR 5/3, few roots
Asy/C 60+ Yellowish-brown beach sand, unchanged to 1.5 m depth.

Drainage: water table at 60 cm ten days after rain, some lateral water movement from
terrace level II (S.) to beach (N.). The high water table is apparently maintained by
the beach dune, which acts as a drainage barrier.

Vegetation: poorly structured, two-storied, smgle-dominant Shorea materialis-forest.
Locally Dryobalanops rappa attains dominance in this site type, similar to the extensive
Dryobalanops rappa-forest in Anduki F.R., Brunei.

Terrace level II, seaward 10-15° slope.
At lower mid-slope the soil is a medium deep Humus-Iron Podzol (SP.45-1).

Aco Loose litter, little moss on roots

Ao 6-0 Plastic-friable, well-rooted humus with some quartz grains,
75 R 2/2

Aa 0-25 Strongly humic, weakly mottled medium fine sand, 2.5 YR
3.5/2, moderately rooted, moist, gradually into:

Az 25-60 Moderately humic, irregularly humus-mottled, medium fine sand
7.5 YR 5/4, moist to wet, gradually into:

Ae 60-70 Weakly humic, indistinctly coarsely mottled, very slightly

cemented medium fine sand, 7.5 YR 6/4, humus 5 YR 4/3
hardly any roots

A; 71-73(75) Discontinuous, irregular layer of humic, very wet coarse sand
with strong lateral water movement

Bu (71)75-90 Strongly humic, moderately hard, cemented medium fine sand
with some quartz pebbles, 5 YR 3/2 to 2.5 YR 3/2

B; 90-110+ Loamy sand, 7.5 YR 5/4, moist, very few roots, becoming
rapidly lighter coloured and less loamy with depth.
Drainage is good, laterally very good.

Vegetation: transition from Shorea materialis to Agathis borneensis-forest.

Top of terrace level 11.

Up-slope from (iv) the By is lower relative to the soil surface and a DHP extends
about 50 m from the edge towards the terrace centre. Then the soil changes gradually
back to MHP. The lowering of the B, at the edge may be the result of corrosion
caused by accelerated lateral drainage after the terrace was up-lifted.

A Litter, few tufts of moss

Ar 5-4 Leaf debris, roots, and quartz grains

Au 3-0 Loose moder, 7.5 R 2/2, and sand, many roots

Aai  0-15 Loose quartz sand with granular moder, 10 YR 8/2, well-
rooted, dry
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(vi)

(vii)

(viii)

Aez 16-20 Moderately loose, humic medium fine sand, 7.5 YR 8/2,
moderately rooted, moist

Aets 21-43 Very weakly cemented medium fine sand, 10 YR 8/2.5, few
* roots

Acnr 44-95 Weakly cemented, in patches humic medium fine sand, 10 YR
8/1.5, hardly rooted, dry

Aez 96-150 Weakly cemented to friable loose medium fine sand, 10 YR
7/1-2, roots extremely rare, moist

As 151-160 Weakly humic, medium fine sand, 10 YR 4/3, very wet with
strong lateral water movement above the Bn

Bx 161-181 Hard, strongly humic, medium fine sand, 7.5 YR 3/2 to 2.5
YR 2/1.

Drainage: very good to excess, perched water table in Aa.

Vegetation: coastal Agathis borneensis-forest with some Shorea materialis in the top
canopy, tendency to distinct storey formation, maximum height of A.borneensis 40-45 m
(SP.43).

Slopes of terrace level IIL

On the seaward side the soil is a MHP with Agathis borneensis — Shorea materialis-
forest. On the landward side the soil is a strongly podzolic brownish RYP soil with
MDF (Dipterocarpus pachyphyllus, D. sarawakensis, Anisoptera grossivenia) which con-
tains kerangas elements (Agathis borneensis, Gymnostoma nobile, but not S. materialis
which is socially replaced by Mangifera havilandii).

Edge and slope of terrace level IIL

The terrace level III buttresses distinctly by a 10-20° more or less abrupt slope on
level 1I. In places, the two terrace levels are separated by meandering valley bottoms.
Distance from beach 1.2 km. The top is almost level to 1-2° dipping SE. The
altitude is 12-15 m and the terrace emerges ca. 9-10 m above surrounding valley
bottoms.

The soil at the edge is a MHP with a moderately hard to very hard, more than 60 cm
thick By at 85 cm depth. The top of the By raises towards the centre at a rate of 0.2
m per 100 m and the thickness of the Bx increases from the edge towards the centre of
the terrace.

Drainage: good near edge, poor in centre.

Vegetation: at the edge a tall Agathis borneensis — Gymnostoma nobile-forest, well-
structured, top height 45 m.

Top of terrace level IIL.

Similar to the change on terrace level 11, the HP is more shaliow in the centre. Vertical
as well as lateral drainage are impeded. The difference between the soils of terrace
levels TII and 1I is very much smaller and less casily defined than between levels 1l
and L .
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\ egetation: the well-structured, tall forest of the terrace edge changes gradually into
» more simple and more noticeable stratified Shorea albida — S.pachyphylla — S.havil-
sai-forest in the centre. Agathis borneensis first becomes smaller and then eventually
tadcs out (SP.44-5). The difference in vegetation between levels III and II is greater

waa in soil characteristics.

ws TYerrace level IV.

This terrace level again repeats the previous patterns of the catena. GHP at the base
o followed by MHP on the flanks, and by MHP to SHP in the poorly drained centre.
The peat accumulation is locally deeper than on the lower levels, especially where
drainage is poor. An example is a 60 m wide terrace, 5.5 km east of Kuala Similajau.
1%¢ terrace is encased between kerangas bottomland with GHP and a broad ridge of
Nyalau shale with podzolic lateritic soil under MDF.

The vegetation on the bottomland is Anisoptera grossivinia — Durio carinatus —
Whitcodendron moultonianum-forest. On the terrace slopes, a transition from kerangas
torests to MDF with Dipterocarpus pachyphyllus. On the top of the terrace the MHP
carrics a Shorea albida—S.pachyphylla—Gymnostoma nobile-forest.

131 Sebmerging coastal terraces.

Pwt F R, ulu Samunsam-sungai Undan area. On both sides of the sandy river levees follow
sgwaces of low pleistocene terraces with HP over sand (SP.5), or over a textural B (SP.1 and
%+ More rarely, the terrace soils are shallow leached sand which grades into a gley-mottled clay
wiwal (SP.6; also profiles 64, 67 D of DAMES, 1962, p.49). Between the terraces lie flat PB
saia  The mincral soil below the peat indicates that these bogs are drowned parts of
»+ erpnally higher terrace landscape. Distinct terrace levels, such as were described from
hamiaae F.R,, cannot be recognized. Instead, the surfaces of the terraces dip gently and submerge
Fredally below the surrounding peat bogs.

¢+ Low terrace with Humus Podzol (SP.3).
Very gently, 1-2° sloping, MHP soil, 12 m alt.

A Loose litter, some moss

As 12-5 Leaf debris, dense roots and friable mor

As 4-0 Wet friable mor and root mat some quartz grains

A 0-10 Humic, soft, yellow brown, medium fine sand with numerous roots

A 11-34(40) Cemented and hard to dig, white-grey medium fine, few roots and
old root channels, wet to very wet. Abruptly over:

B, (30)40+ Blackish red-brown hard to very hard, strongly humic, slightly
silty-loamy medium fine sand.

Drainage: poor.

"Fscxation: Dryobalanops fusca—Whiteodendron moultonianum—Palaquium ridleyi-forest

with strong tendency to form a dense and uniform top-canopy. Maximum height 45 to

50 metres,
) At the base of the terrace, the ground dips below peat bog. The soil changes.
A Loose litter
A 35-0 Red-brown wet peat, fibrous on top, more granular at bottom
Aa 0204 Humic, brownish grey, at 20 cm depth moderately cemented,

medium fine sand.
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Vegetation: Poorly structured Gymnostoma nobile — Calophyllum sclerophyllum —
C. rhizophorum-forest, much wind break. Maximum height 40 to 45 m.

(iii) 100 m further into the peat bog the soil becomes deep peat (SP.4 and 5).
150 cm peat, very wet, over 20 c¢m soft sand over cemented whitish-grey sand.
Vegetation as in (ii), but somewhat less wind-break.

(3) Catena on pleistocene terraces of the Alluvial and Jerudong cycles further inland.

There is apparently no consistent and significant difference between the soils on the terraces in
the coastal plain and the terraces further inland at somewhat higher altitude. The remnants of
the peneplain, of which I have examined only one example on Bukit Sagan (set. 133.27) seem
to have heavier, clayey p.m., which differs from the light-textured material of the younger terraces.

The catena described in the following example is typical for the extensive area of pleistocene
terraces which stretches as a broad belt from the middle reaches of the Baram river to the middle
reaches of the Temburong river. This belt, together with the coastal Gunong Puch and Siru
F.R. in West Sarawak, contains the bulk of lowland kerangas terraces in Sarawak and Brunei
(see maps 1 and 2).

Examples

Terrace complex between the Melinau river and the ulu Ingei, SP.28 to 32. The transect runs
from sungai Melinau for about 3 km at 305° toward the ulu Ingei (see fig. 7b).

(i)  Recent sandy river terrace on the bank of sungai Melinau with mixed, well-structured
riparian forest. Alt. 135 m.

(i) Limestone ridge, 18 m high, 50 m broad, with dry mor soil on top and a yellow, stiff
loam on the lower slopes.

(iii) Moat-like valley bottom between limestone ridge and base of terrace. Alt. 137 m.

(iv)  Steep slope to terrace level I, thin podzolic yellow-brown sandy loam under MDF. The
shallow soil lies on poorly assorted boulders and gravel which form the terrace base.

(v) Top of terrace level I, 1-2° sloping E., micro-relief apparently caused by wind-throw
(SP. 30), alt. 165 m. :

Soil: sandy MHP with a weak and indistinct By, at 45-50 cm depth over greyish-yellowish
moderately cemented silty sand between boulders at 60 cm. Wet two days after rain.

Vegetation: moderately well-structured Shorea albida — Mixed kerangas forests. Better
structured near edge where Shorea revoluta replaces S. albida.

(vi) Slope to terrace level II, similar to (iii) but slope shorter.
(vii) Terrace level II, 180 to 185 m alt., extensive flat, basin-like plateau, surface dipping from
edge 1° W.

Soil: from edge for 150 m MHP similar to terrace level I, but with a more strongly
developed Bn. On small raised mounds the By, forms a hard pan at 25-40 cm depth
(SP. 28). In one pit near the edge a layer with pieces of charcoal was found at 22 cm
depth. This is the only charcoal found in a soil pit in kerangas high forest outside the
Bako N.P. (SP. 17, see also BRUNIG, 1965). There is no evidence of its origin. It is
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that the charcoal was washed down from the nearby limestone mountains where

o« dry peat surface sporadically burns during dry spells.

A: 150 and 2
g ataally hardens into stron

mcment is strong after rains.

\ogetation: At the edge,
made is somewhat
vryctation shows more
sa:a canopy at 30-33 m,
¢mxcrgent and on level L

o muneral soil dips
&avey. The sequence from dry land to peat is

more frequent.

wiuch are spaced along the transect at 100 m intervals.
PEAT CATENA ON PLEISTOCENE TERRACE

00 m distance from the edge the dip increases slightly to 2°. The Ba
gly cemented humic pan. Above the pan, lateral water

the forest resembles that on level I, except that Gymnostoma
As the transect proceeds inwards (SP. 28), the
distinct stratification. Dense pole stand at 10 m, open but regular
very few large emergent Shorea albida at 40 m height. All
Further on, beyond 200 m from the edge of terrace level II,
beneath a peat layer and, as far as borings show, the subsoil is more
shown by profiles from SP.31, 29 and 32

structured, weak ten-
dency to two-storey
stratification.

Shorea albida and
very few S. scabrida
emergent, top height
40 m. Some wind-
throw among emer-
gents,

stand, Mesua spp. do-
minant, height 10-12 m,
few moribund emergent
(H 28-33 m). Shorea
albida,  Dactyloclados
stenostachys Combreto-
carpus rotundatus.
Some Shorea albida
saplings in pole stand.

i 5 Ed Flank of peat dome Interior
e Rby e 2
Laxality SP. 31 SP. 29 SP. 32
(182 m as.1.) (182 m as.l.) (182 m as.l.)
A Loose litter, little moss | Loose litter, much moss | Loose litter, moss on
on root mounds, bare | fallen timber
hollows with stagnant
water above surface
A (70)120-0 cm, very | (90)60-0 cm, very wet, | Decper than 1.5 m, red-
wet, water table at 7 | red-brown fibrous peat, | brown peat, dried and
cm depth, red-brown | more granular-soupy and | more fibrous than in
fibrous : peat, well- | redder at bottom S.P.29 near top, soupy
rooted in upper layer toward bottom, well-
rooted in upper part,
few roots near bottom
A 0-20+ cm, humic, | 0-10+ cm, wet, cement- | Wet, cemented sand,
£ soft sand over sand | ed silty fine sand difficult to penetrate
_“I’f'-l- Mixed kerangas for- | Open to very open ir- | Dense pole to small tim-
e ests. Moderately well- | regularly grouped pole | ber stand, moderate

grouping tendency, two-
storied, with poles at 10-
15 m and uniform,
rather dense top canopy
at 25-30 m. Top canopy
dominated by Calophyl-
lum spp. and Shorea
albida, under-storey by
Mesua spp.
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Beyond SP. 32, the peat surface rises slightly and the top-soil appears drier. The peat depth
is about 1.0-1.5 m, Shorea albida again increases in size and the forest changes gradually into
a Shorea albida — Calophyllum spp. (2)—Gonystylus bancanus-forest, Hr 30-35 m, raised root
platform, much wind-throw. The type extends along the transect for about 250 m when the
surface raises by about 1-2 m and the peat becomes shallower, and gives way to a strongly humic
MHP soil. The forest is similar to the forest close to the edge in SP.28. A short slope down-
ward carries a well-structured forest with Shorea albida, S. revoluta and Gymnostoma nobile,
followed again by flat PB with Shorea albida-forest, which continues to the end of the terrace.
The terrace descends by a steep slope with MDF to a moat at the foot of a limestone ridge.

Some of the terraces in the area, especially those near the Terikan-Medalam confluence and
in the ulu Ingei, are encased. The soil changes gradually from the HP on the terrace into
medium-textured RYP or yellow soils under MDF on the tertiary scarps. If a dip-slope buttresses
on the terrace, the soil is HP or light-textured RYP soil under kerangas forests (Agathis borneen-
sis, Dryobalanops beccarii) or under poor, transitional MDF.

135. Kerangas Soils as Vegetation Sites
135.1  Soil Mineral Content
135.11 Plani-Available and Total Nutrient Content

Kerangas is by definition infertile land. More specifically it is land on which rice does not
thrive (BROWNE, 1952, p. 70). The low fertility may be due to deficient supply of water or
nutrient, or both.

ANDRIESSE (1962a) has compared the nutrient status of tropical podzols in Sarawak with
RYP and red-brown LS soils. Differences were within the normal tolerances for errors of
analysis. He concluded that actual nutrient availability may be dependent on some yet unknown
process which is not sufficiently correlated to analysis results for available nutrients at the ex-
change complex. Acidity was not associated with observed field fertility. Periodic drying
and wetting of soils is known to cause the pH-values to vary considerably (LOETSCHERT,
1963). Variation may be in the order of two units (WALKER in discussion to RICHARDS,
1965, p. 205). Any correlation between pH and fertility would be obviously difficult to
ascertain,

Similarly the data from analyses of a wide range of soil samples by DAMES (1962)
produced little reliable evidence of significant differences in the contents of plant-available
nutrients. Total nutrient contents were not analysed. Kerangas soils appear to have a wider
C/N ratio and less phosphorus and magnesium content, but the number of presently available
observations is too small to confirm this difference. RICHARDS (1965, p. 198) found some
indication that total nitrogen was slightly lower in kerangas soils, but there was no evidence of
a difference in ammonia or nitrate. He also suspected that dried and shipped samples may
have undergone changes and not given very dependable results. Also, the figures for total
and extractable phosphorus and for calcium and potassium did not produce significant differences
between the soils in kerangas and MDF. Among the kerangas soils, the DHP had the lowest
nutrient content per unit weight of soil.

RICHARDS analysed peat samples from various places in the neighbourhood of SP. 22 to
27 in the Badas-Anduki area and near Marudi. The samples also did not show consistent nutnent
availability gradients which could reliably explain the very great difference in the standing biomass
between the peripheral and central peatswamp vegetation. However, there is some indication
decreasing total and extractable phosphorus and nitrogen in top peat layer from the perimeter 10
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gt The C/N ratio increases correspondingly from about 21 to above 27. In concluding,

+ JLARDS suggests, that in spite of the inconclusive results, the availability of nitrogen and/or

o bt putrient, such as phosphorus, may be the factor mainly responsible for the
::sm:ry gradient in the peatswamps.

GILLILAND (1959) assumes that nitrogen deficiency is critical in the nutrition of the
potiurg fora in the Bako N.P. which BRUNIG (1965) described as secondary kerangas
g GILLILAND believes that this is due, at least in part, to the original poorness
4 2 tcsuary sandstone p.m.

«CHULZ (1960, pp. 122 and 125) finds that differences of available nutrients between
g’y bleached sands and less bleached loams in Surinam are too small to explain the large
Wfeeace in vegetation luxuriousness, but suspects that the bleached white sands have a
graly lower nutrient content. HEYLIGERS (1963) could not confirm such c_hﬁerences in
o et investigation and suspects that physical parameters, above all those affecting drainage,
wer e more important indications of fertility than the conventional agricultural methods of
Aeracal soil analysis.

BECKETT (in lit. of 21.6., 1966) points out that ratios between K, Ca, Mg, and Al
@y be more significant than the absolute levels of plant-availability of individual nutrients.

13 the present study facilities permitted only very few soil analyses. A series of analyses
o ¢ nutrient content of a variety of kerangas soils in the Bintulu District gave inconclusive results.
Ow'y the general statement that “these soils are typical of the poorer (sandier) hill soils in
wong very low in all nutrients, and what nutrients there are being chiefly located in the organic
ma <t confirms the general poorness of these soils, but not any differences between them. The
wecics are also typical in being very acid (pH 4.0-4.5) and having low values for c.e.c,
mescularly in the sandier profiles, indicating a kaolinitic type of clay minerals” (pers. comm.
v Mr. DESMORE, Soil Chemist, Kuching, dd. 19th Nov., 1959).

Al results of the kerangas soil analyses were combined and are reproduced separately for
»a% sl group in tab. 5. Also included in tab. 5 are the results of RICHARDS' (1965) peat
weple analysis. The peats were collected from above the water -table in the peatswamp
trrats between the Anduki (SP. 27) and the Badas (SP. 22 to 26) terraces. My samples were
wa'iwd by the Soils Laboratory, Department of Agriculture, Kuching, by the standard methods
wed ia the years 1959 to 1961, RICHARDS' samples had been analysed at Bangor, UK.

The pH differences are not consistent with differences in p.m., or texture or organic matter
wnccat, and do not clearly associate with differences in fertility. Obviously plants must, under
%« cimatic and evolutionary conditions of the area, have become adapted to the very high

‘;j’! of most soils and consequently to low nutrient and high hydrogen levels in the soil
v,

Nitrogen and phosphorus decrease from RYP to GWP and HP soils. Correspondingly,
% C N ratio increases. The c.e.c. is relatively high in the HP soils as a result of the relatively
%¢* content in organic matter, and in the GWP soils as a result of a high clay content. The
mos &terence in base saturation, which seems to be somewhat consistent, is the relatively low
*wie for magnesium in the GWP and HP soils.

oot The change of nutrient content with depth shows the same trend as in extra-tropical
"r“‘* and podzol soils. The change seems closely related to organic matter content and to
@e. The highest nutrient contents occur in the A, and Aen horizons, the lowest in the
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Acs, and a small increase is noticeable in the Bx or B: horizons. The contents in available
nutrients are of the same order reported for HP in other parts of the tropics (KLINGE, 1969).
The pH value in the A and By of HP soils is usually smaller than in the Aes. This is prob-
ably due to the extremely low exchange capacity of the almost pure quartz-sand Aez horizon
which is consequently low in exchangeable hydrogen ions. The same applies to the A in
sandy GWP soils. The kerangas HP and sandy GWP soils appear lower in available nutrients
than comparable soils in cool-temperate climates. LEYTON (1954) produces data for some
heathland soils in Britain, which show consistently higher contents for all major nutrients.
The C/N ratio in the Sarawak podzols is greater than in comparable Humus-Iron Podzols and
Gley Podzols in NE. Germany reported by TOELLE (1968, tab. 3). The ratio is also higher
than those in comparable horizons in free-draining oxysols under tropical moist evergreen
forests in Africa, reported by NYE and GREENLAND (1965, p 59)- NICHOLSON (1962)
reported differences in nutrient status between “padang type sandy podzols” and “degraded red
carth” in Sabah, which in scale are similar to the, however insignificant, differences in tab. 5.

The two peat samples from the Merurong plateau (tab. 5d) are very poor in all nutrients.
Phosphorus is even lower than in the other types of kerangas soils, even if the different
reference basis (total content of ash) -is considered. BLACK states that the only soils from
which loss of fertilizer phosphorus by leaching is significant on a short-term basis are sands and
peats which have little tendency to react with phosphorus (BLACK, 1968, p. 563). On the
other hand, this low level of reaction will make the little phosphorus in organic soils more
casily available. It has been suspected that phosphates in organic form may be fixed much
less than inorganic phosphates (IGNATIEFF and LEMOS, 1963). The combined effect of
low level of fixation and the correlated, if small, susceptibility of phosphorus to long-term
leaching in soils, where the main chemically active component in the top-soil is very acid peat
or mor, may have reduced phosphorus contents but may also enable the maintenance of a
reasonable level of cycling in spite of the extremely low levels of phosphorus in kerapah and
sandy kerangas soils. LUDECKE (cit. BLACK, 1968, pp- 563-4) has demonstrated 2
decrease in total phosphorus content in New Zealand soils with increase of rainfall from 410
to over 1,000 mm, indicating losses of phosphorus by long-term leaching.

The results of analyses of the lowland peatswamp samples by RICHARDS (1965) secm
to indicate that the lowland peatswamp forest peat of the samples is somewhat better supplied
with nitrogen, especially in the more peripheral Alan forest, than the high altitude kerapah plot
samples from the Merurong plateau (tab. 5d, PSF 19 and 5).

Available nutrients may be a poor measure of nutrient-related soil fertility in tropical soils
and total cation content may be more indicative (ANDRIESSE, 1962a). There are fow data
published yet on total nutrient content in tropical podzols. WOOD and BECKETT give the
following values for total cations present in composite samples of the Ao and Ae of
kerangas soils in m.c. per 100 g of soil:

A, K 042; Mg 670; Ca 680
Au K 025 M 415 Ca 470.

They also mention that the cation content of the A in a kerangas soil on a beach terrace is
extremely low (WOOD and BECKETT, 1961, p. 226, footnote), which is pot surprising 10
view of the almost absence of an effective exchange complex in this horizon. The above
values are very much lower than the means of twenty temperate zone soils in New Jerscy
which BLACK (1968, p. 211) reports as K 46.7, Mg 42.3; Ca 17.3 m.e. per 100 g of
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™ putrient contents in the A, horizons of the British heathland podzols studied by
LEYTON (1954) are of the same order as the contents reported by WOOD and BECKETT
,.#1) for Ca and Mg, but there is a noticeably lower content of K in the kerangas soils (0.42
s Pt 100 g as compared with 5.0 to 8.8 in Britain).

Recently, ANDRIESSE (1969) published data from chemical analyses of one humus
asol on old alluvium, one humus podzol on quartzitic sandstone and for comparison one
hite podzolic soil on carbonaceous shale, which generally confirm the extremely low
cwecots in the exchangeable and total nutrients. The differences between the profiles are
wiazively small. The terrace soil with a sandy clay-loam to sandy clay subsoil is somewhat
wh¢r than the residual soil over white medium-textured sandstone. Generally, the exchange
.spacities and contents for exchangeable bases lic within the ranges given in tab. 5c, except for
nagesium for which ANDRIESSE’s figures are higher. Unfortunately, ANDRIESSE gives
o description of the vegetation on any of his profiles.

The available evidence indicates on a whole that kerangas soils have lower contents in total
wd so-called available nutrients than the RYP and LS soils under MDF. Observations of
$TARK in Surinam and Amazonia, Brazil, point into the same direction. He found that the
esacral horizons of lateritic soils and the plants growing on these soils were richer in the total
weotent of biologically essential mineral nutrients than the plants and the comparable horizons
a the mineral soil of podzols. In the forest and savanna types studied, there appeared to
cust a general correlation between litter depth, organic matter content of the surface soil, total
esacral nutrient content, and the stand height and species diversity of the vegetation. Especially
& the Dimorphandra-forest with a up to 1 m thick litter layer along creek margins most of
& mineral nutrient store is contained in the organic matter on the soil surface (STARK,
1970). In the kerangas soils, the PB and sandy GWP soils are poorer in available nutrients
®aa clayey GWP and sandy MHP and RYP soils. SHP about equals sandy GWP soil. DHP
wals appear extremely poor on a volume unit basis, but it must be remembered that the profile
aad rooting depth is several times greater than in other soil types.

13512 Mineralogical Composition

In mineralogical composition the terrace soils, as far as the few data show, differ notably
#om poor and leached residual non-kerangas soils. Mineralogical analyses by the Soils
Laboratory, Royal Tropical Institute (report in Agric. Dept.,, Soils Lab., file T9/JPA/d,
&. 11.11.1961) show that the sandy top-soil on a quarternary raised beach terrace soil is a
srcon association with zircon, rutile and anastase as principal minerals, while the clay subsoil
atains a higher proportion of tourmaline and belongs mineralogically to the zircon-tourmaline
mscciation, By comparison, one poor RYP soil profile on miocene sandstone and shale is a
zreontourmaline association at the top and bottom of the profile, with a zone of 100% alterites,
acluding leucoxene, in the middle. Another highly leached, poor yellow latosol on tertiary
wadstone is an andalusite-tourmaline zircon association with increasing andalusite content (50
© 85 %) with depth.

ANDRIESSE reports that the alluvial terrace materials consist largely of crystalline
¥z, The clays also are mainly quartz with small amounts of mica, kaolinite and illite. The
%avy mineral association of the sand fraction consists of zirconm, tourmaline, rutile, anatase
®d brookite. The content of opaque minerals is above 60%, and ilmenite is dominant. In
:"‘ p-m. of iron podzols, a high concentration of hornblende is typical and may be the source

the iron oxides. Sedentary p.m. of podzols may locally contain orthoclase, but this could
8% be established with certainty. The heavy mineral associations are very similar to those
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in terrace p.m. Generally, the podzol p.m. in Sarawak is high in quartz, very low in
weatherable minerals and clay, and low in sesquioxides (ANDRIESSE, 1969, p. 202-3).

Kerangas soils seem to be low in minerals which are associated with the level of mineral
nutrient reserves and nutrient availability to plants. In the available data is some indication
that the mineral content of the p.m. of podzols differs from that of RYP soils. We may
therefore, in accordance with ANDRIESSE (1962a), suspect, that there may exist a difference
in mineral availability between kerangas soils and the poor members of the Dipterocarp forest
soils in spite of the somewhat inconclusive evidence of convential analyses of plant-available
nutrients at the exchange complex itself.

135.18 Soil Colour as an Indicator of Differences in Chemism

Differences in colour generally indicate that two substances differ in their chemical com-
position. It would, therefore, be of some significance if the colour of kerangas soils would
differ consistently and clearly from Dipterocarp forest soils. Fig. 5 shows the MUNSELL
colour notations at the base of the Ae, on an average between 20 and 30 cm depth. The data
are from 500 square-chain recording units in Sabal F.R., the 55 single sample plots and from
profile descriptions by DAMES (1962), BECKETT and HOPKINSON (1961), WOOD and
BECKETT (1961) and ANDRIESSE (1969). The distinction between RYP and Skeletal
soils under MDF and the HP and GWP soils under kerangas is very obvious and clear. Alluvial
Gley soils under riverain forests are located on the right of the lithosols and mountain gley-type
clays (beyond 10 YR 9/4 t0 2.5 Y 8/2-4). Red Lateritic soils under MDF occupy the region
left of the RYP soils (beyond 7.5 YR 7/6-8) and centre around 2.5 YR 5-6/6-8. The A, of
HP soils would lie near the bottom of the diagram below the Red Lateritic soils in the region
of 2.5 YR 4-5/0-2, and continue left into the dark red-brown chroma. The distribution of the
MUNSELL colour notations clearly separates kerangas soils from all other soils (see also sect.
132). Therefore, we may suspect that the chemism of kerangas soils differs accordingly.

135.2 Micromorphology and Texture of Kerangas Soils

135.21 Micromorphology

The difference in micromorphological features between strongly bleached brown loam and
podzol soils in the Amazon has been discussed by ALTEMUELLER and KLINGE (1964). The
strongly bleached brown loam profiles did not show clay accumulation within the investigated
profile depth. In contrast, humus podzols showed clay accumalations and new formations of
minerals below the By. One of the described podzol profiles is obviously a DHP with a black-
brown to reddish brown, ferruginous humic soil By in 3.5 m depth. The Bn also contains clay
remnants from a prior brown earth phase. Below the Bs, the brown earth character becomes
predominant and the iron content of the clay fraction decreases. Continued clay transport
downwards is evidenced by accretions of clay. The By of a SHP soil had no colloidal iron-
hydroxide, but abundant clay minerals. Beneath the By, evidence of secondary formation of
kaolinite and hydrargillite was found.

In order to study the relationship between horizons and between profiles of kerangas soils
in Sarawak in some more detail, seven monoliths were collected from typical profiles which repre-
sent the range of the major kerangas soils. Micro-slides and the clay fraction were invcstigalfd
in some of the monoliths at Reinbek. Soil samples from the same profile were sent to the Soils
Laboratory, Department of Agriculture, University of Oxford, for physical and chemical analysis,
but were not analysed.
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Toe following is a summary of an informal report on the micro-slides (v. BUCH and
WCHMIDT-LORENZ, 1966). The result of the clay analyses will be discussed in sect. 135.3.

/1y Medium Humus Podzol with weakly developed B, m SK I, Sabal F.R., sample area
1), 3q.7/8. For profile description see sect. 133.262, ex. 1.

The micro-slides of the A. show a single-grain structure of quartz. A small amount of
sepamac matter bas been mechanically arrested between sand grains in the Ae:. Roots in the
A dave much ectotrophic mycorrhiza. The cluvial Ae2 consists of single grains, no humus,
unt contains much opaque material. The Bw/C layer shows signs of strong lateral eluvation
of ceganic matier.

¢y Medium Humus Podzol with moderately developed Ba.

2 wotith SK 111, Sabal F.R., 50 metres N. of the NE. corner of sample area 1963, 200 m N. of
o vi:th SK 1 and 100 m. N. of monolith SK II (see below, ex. 6). For profile description see
wet 133.262, ex. 2.

The micromorphology of the A horizon is identical with the A in SK I, but the subsoil shows
micaton of lessivation, which are absent in SK 1. It is uncertain whether the lessivation had
sers developed in a different profile from which the top-soil was subsequently eroded and later
ryisced by sandy colluvium.

As in the previous profile, fungus hyphae are common, but also extend into the Bs. Some

wmdentifiable organic substance has been encrusted in secondarily crystailized silica in the A
heruon. *

(%) Medium Humus Iron-Podzol with hard Ba.

M woiith SK V, Nyabau Block, Similajau F.R., sampling area 1959, centre of a quarternary sand
wrewe, 7 m alt, 6 m above present drainage level, S. and E. bordered by the peaty alluvium
o & vmall river, SW. encased to tertiary ridge, N. dipping into a coastal peatswamp which ex-

‘ﬂ-‘;lm the terrace to the 1-2 km distant beach. For soil profile description see sect. 133.262,
" 6 _

The Ac shows plentiful marks of animal frass and faeces and has a dense root mat. The
A = again characterized by single quartz-grain structure.  Granular pieces of black-brown
wpa matter are irregularly distributed. The organic matter is separated from the quartz grains
»n! Jocs not form coatings. In the cemented A; very small quartz fragments are abundant.

Thers w 0o evidence of silica gels and secondary silica crystalls, which had been observed in
ampie (2).

- .“l‘ B shows irregular humus illuvation. Recent illuvation seems concentrated in clefts and
.__['“‘“ ‘héﬂ{lels.. The walls of large root channels show humus deposition in successive, thick
a-..;‘ This indicates that the humus colloids must have been precipitated in flushes followed by
& __.‘:“-“uoﬂfg (see sect. 111 and 117). At 44 to 53 cm depth, dark brown relatively older
e “;’“ mixed with few traces of clay and light reddish-yellow younger sesquioxide gels are
M:::’ ¥ deposited in a matrix of quartz grains. Some of the gels show brighter lines, which
il “:':Ch Caysed by a]tc-m.ating wetting and drying. Further down, clay illuvation is notice-
S e Al!llost likely has originated from lessivation. There is no indication of any change of
vz *mAtoC. Thl:oughout the profile the soil is a sand matrix of irregularly angularly shaped
e t‘fhlms mixed with numerous very small splinters. Edges are mostly rounded. Organic

*. clay and sesquioxides are illuvated and deposited in narrow passages, channcls are clefts
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of the illuvation. The clay in the subsoil is fairly evenly distributed. It is uncertain whether the
increased clay content is exclusively due to lessivation or to some extent due to the formation ¢
secondary clay minerals from the components of clay destruction in the top-soil.

(4) Medium Humus Podzol with B, over B:.

Monolith SK IV, former Stapok F.R., centre of the gently undulating quarternary terrace. For
profile description see sect. 133.262, ex. 5.

The A horizon is distinctly different from the previous profiles. The single-grain structure 3
replaced by a more layered and aggregated structure. The quartz grains are very irregular and
strongly rounded, with clay filling gaps. The By is denser than the By in example 3 and illuvated
organic matter and bulky clay is more distinctly aggregated in inter-spaces. Root channels are
again lined with layered humus sedimention.

The B-layer rests abruptly on a fine sandy, loamy clay layer at 38 cm depth, which consists
of yellow-brown, irregularly shaped mineral grains. Fungus sclerotia and concentrated, bulky
humus flocculations fill some of the clefts in the mineral soil matrix. Clay is also irregularly dis-
tributed in the matrix of coarser material. This is in contrast to example 3, in which the clay is
more or less evenly dispersed within the single-grain coarser matrix.

The soil structure changes again abruptly at 60/65 cm depth. Fine irregular quartz grains
are scattered in massive darkish clay which shows strong evidence of layering and lateral flow
movements. Amorphous organic matter fills numerous old root channels. The structural change
represents the transition from mangrove mud at 65 cm through a brief alluvial phase at 38-60 ¢m
to the sandy kerangas terrace. During terrace formation, the sandy top-soil was deposited, sub-
sequently probably partly eroded and the remnants eventually podzolized to the present condition.

(5) Secondary Humus Podzol.

Monolith SK VII, Bako N.P. near SP.17, centre of the Plateau Sandstone plateau, gentle 5° slope
dipping N., 75 m alt.,, 60 m E. of sungai Sloar.

The vegetation is a Dacrydium pectinatum— Gymnostoma nobile — Cotylelobium burckii-
forest, uniform top-canopy at 15-18 m, Hr 40 m on the lower slope, 33-35 m on the upper pant
of slope, undergrowth moderately dense, some unhealthy looking saplings of Dipterocarpus
borneensis, moderately abundant Eugeissona insignis and Paphiopedilum hookeri, scattered sedges
on the ground. Simplicity of structure and condition of ground-flora indicate old-sccondary
status. The soil profile is briefly as follows:

Aco Loose and sparse, sedge leaves

A, 70 Red-brown mor, well-rooted

Aa 0-15(20) Loose reddish-brown grey humus sand, moist, well- to poorly
rooted

Aa (15)20-35 Moderately loose yellowish-grey sand with weak reddish-brows
mottling, moist

As/Bx  35-40 Reddish-brown-yellow slightly cemented sand, moist

B/C:  41-65 Slightly cemented, angularly blocky, fine sandy loam, hume
infiltration along interfaces and in old root channels, dry

Ca 66+ Soft-friable, increasingly loamy, light yellow sandy loam, humy

illuvation along interfaces, dry, with depth more clayey, Ovef
irregular sandstone surface.
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In the micro-slides, marks of animal activity are abundant in the A, horizon. The A. is a
matrix of very irregular, unsorted mostly fine-grained mineral grains with moderately rounded
edges. A small amount of aggregated clay in some narrow passages appears dark in polarized
fight. The mineral grains are less uniform and the proportion of non-quartz mineral grains is
greater than in the HP profiles (examples 1-3). From 20 cm depth downwards, the amount of
iluvated granular organic matter decreases and the amount of the more uniformly distributed clay
fraction increases. The clay fraction is much greater than the colour and macroscopic features
of the horizon suggest. At 40 cm, the structure is very heterogeneous. Sesquioxides and, it
appears, also clay and humus are deposited in small clefts along the old sedimentation interfaces.
At 75 cm the structure resembles typical “brown loam”, except for some illuvation which is
still noticeable in cracks and clefts.

The profile shows stronger podzolization than the clay and mineral contents of the soil
suggest. Historical and vegetational evidence will be discussed in later sections which indicates
that the present vegetation is a secondary kerangas forest. The original poor type of MDF has
probably been burnt for gambier-growing or accidentally at some time during the second half of
the nincteenth century. Subsequently, species from adjacent kerangas forests invaded and initiated

podzolization.
(6) Red-Yellow Podzolic soil.

Monolith SK II, Sabal F.R., sampling area 1963, sq. 3. For profile description sce sect. 133.24,
ex. 2,

The A is very similar to SK I and III, except that the matrix of irregular, rounded quartz
grains is cemented by irregularly aggregated, humus-stained clay material. Very fine mineral
splinters are again common. The As/B contains some more larger quartz grains and abundant
very fine splinters. Pore space is ample but with increasing depth, pores become blocked and
filled with amorphous mineral and organic matter, together with some coarser particles of organic
matter,

The B; at 62 to 75 cm depth is much more irregularly structured and the range of strongly
rounded mineral particles is wider. Clay is abundant and relatively evenly distributed through
the soil. Illuvation of small amounts of granular and larger amounts of diffuse organic matter can
bg recognized in areas which are accessible through clefts and cracks. The evidence of micro-
slides is insufficient to decide whether the clay fraction in the Bs has been originally present in
the p.m. or, if at least part of it, has been added by lessivation from A.. The plastic grey-white
clay C.belo’w 75 cm points to the former, the conspicuous humus illuvation in the Bj to the latter.
There is a possibility that the A. is a sandy colluvial which has been eroded from surrounding
sandstone boulders, or from the upper portion of the slope of the Klingkang range.

' T!:e microstructure of this soil is distinct from the very unbalanced structure of LS soils,
which is characterized by large, angular minerals scattered in a matrix of fine-structured, rather
bomogeneous, dense red-brown material.

135.22 The texture

The soil texture in kerangas varies much between different soils and within profiles.
Previous opinions that kerangas soils were exclusively sandy (BROWNE, 1955), are incorrect.
The cause of the greater variation within the kerangas soils is firstly due to p.m. It was shown
above that arcas of clayey kerangas soils are found on thin-bedded tertiary sandstones with
micrbedded siltstones, mudstones or shales. Kerangas clay soils are also common in depressions

tween lines of raised beaches. They also occur on clay pockets on top of littoral and alluvial
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terraces. Clay soils also develop from originally more sandy terrace soil if the top-soil is erodeg
and a more clayey subsoil becomes exposed. This condition is not rare on quarternary terraces
and also occurs on thin-bedded tertiary sandstones. Predominantly sandy and uniformly textured
throughout are shallow GWP and HP soils on hard, gently to steeply dipping sandstone beds ang
on the tops of broad boulders. HP soils on holocene beach terraces are often sandy to loamy
sandy down to the underlying D horizon. But, in contrast to the shallow GWP sands on
sandstone, the clay fraction increases somewhat with depth and a moderately marked peak of -
clay content occurs in the lower By and in the Bs, which is most probably the product of
lessivation.

Secondly, the variation of texture is also due to the wide range of topographic conditions
under which kerangas and kerapah occur. This range has formerly been underestimated.
Processes of differential erosion and sedimentation within the kerangas sites and differential
exchange between the kerangas sites and their environment greatly increase the textural com-
plexity. An example is the complex pattern of soil types in the Niah-Jelalong area, SP. 47
to 50 (sect. 134.2).

The great amount of variation within and between the profiles of the various soil groups,
subgroups, and series of the kerangas makes it almost impossible to distinguish kerangas soils
clearly from other soils on a purely textural basis. Fig. 6 shows the distribution of the A,
horizons in a textural diagram. As in fig. 5, the A.: has been chosen because it is the lower
level of the main rooting sphere of the forest vegetation. It could be expected that even small
textural differences in this horizon should influence noticeably growing conditions for the forest
vegetation.

The distribution shows the expected concentration of HP soils in the left corner (sands,
sandy loams). The only GWP soil is from SP. 50 and belongs to the sandy clay loam class.
The bulk of the GWP group on more arenaceous p.m. would be in the classes of sands and
sandy loams. The GWP soil described by ANDRIESSE (1969) falls on the boundary between
loam and clay. The PG soil from the Merurong plateau (SP. 53) is in the clay class, which
would be expected in this soil group.

The RYP soils under MDF (e.g., Sabal sampling area, 1963; WOOD and BECKETT,
1961, profile 8; ASHTON, 1964c, profiles 7, 18 and 19 in fig. 9) overlap texturally with the
sandy kerangas soils. The gley kerangas soil is texturally in the area of the alluvial clays and
the clay latosols and lithosols of ASHTON (l.c., fig. 9, profile 21 and B 7 to 12). A textural
distinction of kerangas and MDF soils is therefore not possible. The same is true for kerapah
and peatswamp forest soils (see sect. 133.27).

Textural change within the profile of kerangas soils is typically either very weak and the
profile uniformly sandy, or the change is strong and often abrupt. The sandy top-layer may
be a few centimetres to several decimetres deep. It changes gradually into more heavy-textured
material if the p.m. remains the same. Changes are sudden and boundaries distinct if the
substrate changes (e.g., the sandy MHP over alluvial loam over mangrove clay in the former
Stapok F.R., described in sect. 133.262, example 6, and 135.22, example 3).

Exceptional cases of kerangas soils without sandy top-layer are some PG and truncated
GWP clay soils. Such soils are texturally close to clay lithosols with which they also share
similar topographical positions. _

The comparison between kerangas soils and MDF soils in Sarawak indicates that it is
the combined effect of the primary factors soil texture, soil stratification, soil depth, to .
cal position and mineralogical composition which is responsible for the obvious differences 18
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fertility between kerangas and Dipterocarp forests, rather than any single factor alone. The
interaction of the primary factors determines soil colour, soil aeration, soil water and nutrient
cycling regime. The last two in turn directly affect stand characteristics. Under such condi-
tions it would be unlikely that any single factor, such as soil texture, could be a suitable
criterion for deliminating kerangas soils.

135.3 The Clay Fraction

The organic matter of tropical soils is onc of the most important links in the complex
chain of the nutrient cycle. In kerangas soils the greater part of the available nutrients is
associated with horizons having a relatively high content of organic matter as chief absorption and
exchange complex. As we have seen, some kerangas soils also contain substantial amounts of
soil material in the clay fraction at any depth of the horizon. The nature of this fraction is,
therefore, of some ecological interest.

Clay, similar to humus and mor, affects the physical and chemical soil properties in a
number of ways. An important function of the clay fraction is that of slowing water move-
ment. Consequently, it affects the nutrient cycle and the moisture regime of the site. Another
important function is that of an absorption complex. LIECHTI (1960) remarks that the
terraces consist of material which had been redeposited several times and which is almost
exclusively quartz in the fractions clay, silt, and sand. Such material obviously would have
little value as absorptive complex. ALTEMUELLER and KLINGE (1964) suspect from
refraction in micro-slides of an Amazonian HP that the clay fraction in the B horizon consists
of kaolin and hydrargillit, minerals which could be expected to occur in this strongly weathered
material. They also mention that, in the soil studied, a white-clay bed occurs below a depth
of 80 cm.

WOOD and BECKETT (1961, p. 225, prof. 5) had analysed the clay fraction in a HP
soil on the seaward slope of a low hill, 15 m above sea-level, 400 metres from the beach in
Similajau FR. The A, contained a high percentage of quartz and some kaolin. The clay
fraction of the B, was 95% kaolin, 5% gibbsite, traces of vermiculite, anatase and quartz.
The clay fraction of the underlying B: (58-66 cm) consisted of 60% quartz, 20% mica, 20%
chlorite and traces vermiculite, gibbsite and quartz.

SCHMIDT-LORENZ analysed the clay fraction in the 7 monoliths from kerangas soils. In
addition he analysed one monolith (SK X) which Dr. ASHTON collected in MDF on Gunong
Lundu. The monoliths covered the more important kerangas soil groups except GWP soils. The
micromorphology of the monoliths has been described in sect. 135.21, except for monolith VI,
which has been collected in a secondary padang in Bako N.P.

Monolith Soil Geology Profile
described in:
SK 1 MHP on sandstone Silantek 133.262, ex. 1
SK 11 RYP on sandstone/clay Silantek 13324 , ex. 2
SK Il  MHP over B, Silantek 133.262, ex. 2
SK IV HP over alluvial loam and  Quart. terrace 133.262, ex. §
mangrove clay
SK V. MHP over sand Quart. terrace 133.262, ex. 6
SK VI  Clayey PG Plateau Sandst. -
SK VII  Secondary MHP Plateau Sandst. 13521 ,ex. §
- SK X Deep brown loam Igneous ' —
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The x-ray analysis of the clay fraction in the B horizons had the following results
(SCHMIDT-LORENZ, 1966):-Weathcred aluminium silicates are absent or occur in traces,
Three-layered clay minerals occur in all profiles but mostly in insignificant amounts. Kaolin
predominates in all profiles except in VII, in which this fraction represents only 30% of the clay
fraction. Unaltered illite occurs in small amounts in I, III, V and VII. A large proportion of
illite, up to 40%, is present in VI. Widened illite derivates, which contract if K is added, occur
in all profiles, but in substantial amounts only in IV, V and VII. Secondary chlorite is particy.
larly common in the RYP soil of monolith II, in a small enclave of MDF surrounded by kerangas
forests.

Non-silicates in the clay fraction are chiefly quartz and some iron oxide. 40% of the clay
fraction are quartz in SK I, 25% in SK IV, and 15% in SK III. Gibbsite occurred only in SK
X, which contained considerable amounts. Montmorillonite occurs in traces in SK III and SK
IV, which both show vega features in buried alluvials in the C/D horizons.

This result is of considerable interest because it shows differences in the clay minerals which
closely conform with vegetational differences. The clay fraction in the B horizons of HP on
terraces (SK IV and V) and tertiary formations (SK I and III) consist predominantly of kaolin
and to some degree of quartz. The vegetation on the sites of all these monoliths is a well-structured
mixed kerangas forest with Agathis borneensis. Monolith SK III is somewhat extreme in
that its quartz content is relatively low and montmorillonite is present. The present topographi-
cal position of monoliths SK I and SK III is very similar, but SK III rests on clay-loam with vega
character and SK I directly on sandstone (see 133.262, ex. 1 and 2; 135.21 ex. 1 and 2). The
vegetation around monolith SK III is distinctly more diverse and exacting (Shorea pallidifolia —
Shorea venulosa — Shorea ovata-forest, Hr 45m) than the vegetation around SK I (Agathis bor-
neensis — Melanorrhoea beccarii — Gymnostoma nobile-forest, Hr 40m).

Secondary chlorite is common in SK II at the expense of quartz and kaolin. The forest
around the location is a small enclave of transitional MDF with Shorea elliptica and Dryoba-
lanops beccarii, Hr 45-49 m (sec 133.24, ex. 2). Monolith SK X from typical MDF on igneous
p.m. differs from SK II in its high content of gibbsite.

The stagno-gley clay soil of monolith SK VI has sediment character and probably developed
on an interbedded clay pocket or on down-washed material. In the profile, illite is very common
(40% ) besides kaolin and quartz. The vegetation around monolith SK VI is secondary, open
padang. The most likely natural vegetation on the site would be a well-mixed and well-structured
kerangas forest, probably dominated by Dipterocarps and Sapotaceae, or a transitional MDF with
a strong kerangas element.

The secondary podzol of SK VII, which is located near SK VI and near SP. 17 on the
main plateau in the Bako N.P., differs from all other kerangas profiles by its low content of
kaolin in the B:/C, and the relatively high content of widened (14 Angstrém units) illite and
illite derivates. This relates the profile to the stagno-gley of the nearby monolith SK VI in
secondary padang and supports the opinion that both vegetation and soil types are equally
secondary. Gold had been mined in the nearby valleys and apparently the plateau has been
prospected for centuries. During the nineteenth century, gambier has been grown at many
places on the plateau. It is therefore not unlikely that the original vegetation has been destroyed
and replaced by secondary kerangas. '

The results show the general deficiency in typical kerangas soils of clay fractions which
are efficient absorptive compiexes. Therefore, as ANDRIESSE (1969) also emphasizes, the
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complex in the HP soils and light-textured GWP soils is mainly a function of the
ic compounds. In fine-textured GWP and RYP soils the clay fraction plays a more
aporiant role as exchange complex and may, to a large measure, determine fertility and growth

poceatial of these soils.
135.4  Micro-organism

RICHARDS mentioned the possibility that the kerangas soils may have microbiological
coaditions which differ from those in Dipterocarp forest soils. Such differences could affect
o availability of nutrients, especially of nitrogen (RICHARDS, 1965, p. 203).

The micro-slides of kerangas soils show abundance of fungus hyphae in the organic
wrisce matter and frequent ectotrophic mycorrhiza formations. This agrees with the
Sundance of the genera Agathis, Dacrydium, Vaccinium, Tristania, Eugenia, Lithocarpus, Quer-
cus, and Castanopsis in these forests. So far, micro-slides from MDF soils have not shown the
wme abundance of mycorrhiza formations, but the formation of ectotrophic mycorrhiza on
Drpterocarps  on sandy loams and granite-derived soils is well-known (SINGH, 1966).
BEVERIDGE (1953) mentions the occurrence of mycorrhiza in kerangas in Menchali F.R.
ca the cast coast of Malaya. STARK (1970) observed abundant hyphae and mycorrhiza
1% of spp.) in the litter and in the surface layer of the mineral soil in HP soils in Surinam
sod Brazil. The mycorrhiza may be important in maintaining an efficient nutrient cycling by
directly linking decomposing litter with the roots. The scarcity of plants in the fire savannas
may be partly due to the inability of mycorrhiza to develop in the absence of organic matter
at the soil surface.

Mycorrhiza in Agathis australis SALISB. is associated with increased phosphorus uptake
and a small but significant fixation of nitrogen (MORRISON and ENGLISH, 1967). Mycorrhiza
also stimulates water uptake by the roots, which may be important in the periodically dry
kerangas soils. .

Some kerangas tree species, which do not form ectotrophic mycorrhiza, often have other
types of root micro-organism associations. Podocarpus spp. have root nodules which harbour
s:trogen-fixing micro-organisms (BAYLIS, 1969, BECKING, 1963). Similar nodules are
common in Gymnostoma and Casuarina. No study has been made of leguminous kerangas specics
in this respect. Generally, the family is not as well-represented in kerangas forests as in the
American Wallaba forest (RICHARDS, 1964), but locally Pseudosindora leiocarpa or Koom-
passia malaccensis may be among the leading species of a stand.

Nothing is known of the role which blue-green algae in the soil and on the plant surfaces
may play in the nitrogen cycle on and in kerangas soils. The potential of these organisms in
tropical areas has been emphasized by SH IELDS and DURRELL (1964). Results by
DICKINSON and DOOLEY (1967) show that the micro-flora is very limited in cut-away peat
probably as a result of restricted availability of substrates, severe nutrient deficiency or adverse
physical conditions. Drainage does not improve conditions very much because the water con-
kat remains high due to high hygroscopicity, if rainfall is high, and due to poor internal
drainage in peats. This points to a possibly important limiting factor in kerapah and
peatswamps, which would be difficult to ameliorate efficiently by silvicultural means.

_ Signs of intensive animal activity within the surface organic matter are common in all
micromorphologically studied profiles. The accumulated surface litter and humus of kerangas
soils provide the relatively most favourably living space for micro-organisms in an otherwise
adverse environment. The more and better living litter accumulation provides, the greater will
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be the micro-organism activity and the break-down rate will increase until an equilibrium is reached.
This interaction may explain the curious fact, that the depth of surface organic matter is about §
to 7 cm (excluding freshly fallen leaves) with little variation between sites. Greater depth occurs
on very dry sites, extremely oligotrophic soils and under conditions of almost permanent water-
logging. In all cases, the conditions are extremely unfavourable for growth of micro-organisms,

A notable feature of kerangas sites is the almost complete absence of leeches. This is
probably due to the general scarcity of mammals in kerangas forests more than to the acidity
of the oligotrophic humus or the frequent drying of the soils. Leeches can be extremely
abundant along game tracks in moss forest with very acid raw humus, but they are absent in
water-logged kerapah. All this points to a general poorness of animal life in the kerangas forests,
possibly related to its more sclerophyllous nature and generally lower nutrient status. The
probably rather specialized micro-fauna and micro-flora in kerangas soils is probably a
contributing factor, by limiting the flow along the food chain at an essential point.

1355  Soil Moisture

The texture of the kerangas soils is coarse to fine sands (HP), loamy sand to sandy clay
(RYP), sand or sandy clay-loam (GWP), clay (PG), and sandy clay-loam to clay (LS)
(fig. 6). In the mineral soils, humus content is generally low and between 0.3 and 3.5% in the
A horizon. Surface mor or humus are on an average 5.7 cm and rarely more than 10 cm
deep, except in kerapah peats.

Light-textured, mor-covered kerangas soils have high infiltration and percolation rates.
Substantial surface run-off occurs in slope positions and in very intensive showers in which
precipitation rates exceed infiltration or water-holding capacity of the soil. The infiltration water
is laterally drained above duripans or fine-textured subsoil material. Almost stagnant, perched
water tables may saturate the soil over prolonged periods, if the underlying hard-pan or clay
layer is impervious and the topography flat. Evapotranspiration and, however slow, vertical and
lateral drainage will, even under extreme conditions of water-logging, reduce the level of the
perched water table and eventually reduce the soil moisture content below field capacity during
dry spells. This has important implications for soil development, especially humus deposition,
and for tree growth.

Clay soils are water saturated most of the time and contain practically no air during prolonged
periods of heavy rainfall. Sandy Joams and sand will still retain air-filled pores during super-
humid periods. Excess of water and lack of oxygen in the finely textured soils favours anaerobic
micro-organisms and reduces nitrification, pitrogen fixation, and redox potential. It increases
CO.-content and reduces root growth and uptake of nutrients and water. BEVERIDGE (1953)
suspects that high water table and poor acration are responsible for the poor height growth of
stands on MHP in the coastal Menchali F.R., Malaya.

According to BOELTER (1965) it is likely that dense, decomposed peats have a low rate
of water conduction and low specific water yields. This would mean that perirhizal zones of high
water tension could develop fairly rapidly in blanket peats and possibly also in raised kerapah
bogs during a dry period. Unfortunately, information is not available on the moisture conditions
and water availability in these and other types of peat soils in Sarawak. For the kerangas
mineral soils, the water availability can be estimated with reasonable reliability from the known
water capacities of soils of different texture.

The water availability of some of the major kerangas soil types has been calculated from
observed maximum rooting depth (see sect. 222), soil texture and organic matter content.
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sesalts are given in tab. 6. Field capacity and water content at approximate wilting point differ

wagly between soil types. The maximum contents of plant-available water range from 60 mm
@ SHP in a Gymnostoma nobile—Whiteodendron moultonianum—Cotylelobium burckii-forest to
«¢2 mm in DHP in Agathis borneensis — Shorea spp. — Dipterocarpus borneensis-forest. The
;r:t is probably an overestimate because much of the A, horizon is practically free of roots and
eact in this area would not be fully and easily available to the stand. The almost pure quartz
wad Az horizon in these soils occupies about two-thirds of the 3 m depth down to the hard-pan.
3¢ reduction of water availability as a result of poor rooting in this horizon could be substantial
#nd might amount to anything between one-third to one-half of the calculated 52 mm. The
Apiction of the water supply by evapotranspiration is discussed in sect. 226.

The heat flux into the soil depends, to a large measure, on the shading of the soil surface by
plant canopies. The radiation balance at the soil surface decreases with increasing plant mass
of the stand. Stands with low basal area and low leaf area on the shallow PG, SHIP and PB
wxls have relatively more energy available at the soil surface for evaporation from the soil. The
wwck litter and humus layer on these soils, which contrasts strongly with the scarcity of cover in
wany types of MDF, is in this situation a useful protection against water loss from evaporation.
This would be particularly important in open stands on shallow clayey PG soils with thin or no
wady top-soil. Without litter such soils would rapidly evaporate soil moisture during dry spells.

136. The Effect of the Vegetation on Soil Development

Tropical rainforest on upland sites is generally notoriously lacking in surface accumulation
of organic matter on the soil. Kerangas forest is distinguished by an ever-present accumulation
of organic matter on the soil surface, which is usually 5 to 10 cm deep, but occasionally
much decper.  This layer of litter and dark red-brown raw humus is a characteristic feature of
\crangas soils, which in the area is only shared by mossy forest and some types of limestone
wegetation. This surface layer reduces erosion, increases infiltration, maintains soil moisture at
bizher levels and increases leaching, especially in sandy soils. The translocation of mineral and
organic substance in the soil by percolating water produces the effects which are commonly
sssociated with podzolization. Seepage water from kerangas has a high content of humic acids
shich gives it the characteristic tea colour and acid taste described from peatswamp and kerangas
areas in many parts of the tropics.

BEVERIDGE (1953) mentions that the litter of Shorea materialis was much scarcer than
that of Hopea nutans on the same HP soil and site type in Menchali F.R., Malaya. He concludes
that the decomposition rate is less in the latter species, which has a thinner and less coriaceous
kafl. The commonness of a spodic horizon under kauri pine (Agathis australis) is well-known
(Soil Survey Staff, USDA, 1967, p. 19). Agathis in Bornean kerangas has been characterized as
podzolizer (WHITEMORE, 1966). Planted Gymnostoma nobile on a red-yellow gley-type loam
scar Kuching produced mor accumulation of several centimetres and caused considerable top-soil
tk-\_chipg within fifteen years. In another area (SP. 12) a mature single tree of Gymnostoma
®obile in a small gap of natural MDF produced noticeably increased bleaching of the RYP soil.
?M:':EL lists among the requirements for the formation of montane humus podzol soils in the
tropics the presence of a vegetation which produces acid humus, respectively raw humus
(PAGEL 1963, p. 101). It was therefore suspected that the leaves of some kerangas species
®ay havée properties which could reduce either decomposition rates and initiate or increase
podzolization,

-Dr. W. R. C. HANDLEY, Commonwealth Forestry Institute, Oxford, had tested aqueous
-extracts of European woody species and found a correlation between the tannin content and
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the raw humus forming capacity. Leaves of species containing condensed tannins are more
likely to give rise to raw humus than the species containing hydrolysable tannins. But it seems
that the presence of condensed tannins does not automatically lead to the formation of raw
humus. The nature and amount of mineral bases in the litter or in the soil may also be involved
in the process of decomposing leaf protein and releasing nitrogen (HANDLEY, in litt. 19.8.64)
DAVIES et al. (1964) found more active gelatine precipitation by leaf extracts from sites wi:i'
raw humus accumulation than from mull soils. Extracts from green leaves were more active thaa
extracts from brown leaves. Leucoanthocyanin content within a species was about 50% highce
on raw humus soils than on mull soils and apparently related to nutrient supply, especially of P
and N. HANDLEY (verbal comm.) also stressed the importance of the Ca content in the soil.

The amount of protein-precipitating tannins and phenolic substances in the leaves seems 1o
be associated with the amount of organic matter accumulation in the stand. These substances,
therefore, may be regarded as indicators of the likelihood that a species may give rise to raw
humus formation. The most likely process involved is that these substances make leaf protcia
less accessible to microbial decomposition by masqueing the protein with tannin or phenolic sub-
stances, as originally suggested (1954) and reassessed by HANDLEY (1961). For example,
indication of protein masqueing has been found in soils from Wallaba forest (HANDLEY, in litt.
1968). LEWIS and STARKEY (1968) found that protein tannin complexes attained a resistance
to decomposition which was generally a function of the resistance to decay of the tannia
component.

HANDLEY’s test consists of precipitating gelatine from an aqueous solution with an aqueous
leaf extract and to identify the presence of tannin by a colour reaction with FeCls. The higher
the tannin content of the leaf the more rapid and intense is the precipitation of the gelatine
(DAVIES et al., 1964; HANDLEY, 1961). Leaf extracts from forty-three of the more com-
mon species in kerangas and of a few species from MDF were analysed by HANDLEY"
standard test method. ASHTON subsequently tested 119 species from Dipterocarp forests and
produced the combined result for the 162 MDF and kerangas species in appendix II and tah.
10 of his memoir (1964 ¢). In both kerangas and MDF series, the correlation between pH
of the extract and the precipitating activity is not significant. There is a weak correlatioa
between soil conditions, pH and precipitation intensity. These relationships are not consistcat
among the various species and therefore difficult to interpret.

In the kerangas series, for example, Alseodaphne insignis from RYP soil had a more acid
extract (pH in H:O = 5.1) than from SHP, but the extract from the podzol had a stronger pres’
cipitating capacity. The leaf extract of a planted Gymnostoma nobile from a MHP, which had
for many years received heavy applications of wood ash and household refuse, had a pH of 4.5.
Protein was precipitated as finely dispersed coagulate and sedimentation was very slow. In com-
parison, leaf extract of the same species from a non-fertilized MHP had a pH of 3.8 and precipe
tated a coarsely-bulky coagulate which settled rapidly. This difference of reaction is probatiy
soil-related, and may significantly contribute to the rapidity of peat accumulation under oligo>-
trophic conditions on kerangas and peatswamp sites. '

Details on the reaction of the forty-three tested species have been described clsewhere
(BRUNIG, 1968b, pp. 59.62 and tab. 4-5). The conclusion was that all tested species froe
kerangas sites were actively protein precipitating, but differed in coagulating power and sedimentis§
speed. All extracts contained tannin. There was some indication that species from MDF had 3
somewhat lesser precipitating power but the five tested control species were t00 few for any defiasé
conclusion. The high potential mor-forming capacity of kerangas species is © i
considerable silvicultural importance.
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g was therefore decided to analyse the nature of the tannins in leaf samples of Gymnostoma
il Dacrydium pectinatum, Agathis borneensis and Shorea albida fom natural kerangas forests.
P ,;“ wwo species have an equally strong precipitating capacity and were known to produce
awp BT and mor accumulation in natural and secondary forests and in plantations. Agathis
s scemed to be less mor-forming in natural forests and leaf extracts had precipitated

wnd s 3 less bulky and more slowly settling, fine precipitate. Shorea albida was chosen
seeuane it is not 3 particularly strong mor-forming species on kerangas, but an important dominant
. ¢ @OTC advanced peatswamp phases. Its protein precipitating power is slightly stronger than
e o Agathis borneensis, but considerably less than that of the first two species. All four

e plantation species of some promise.

The analyses were kindly arranged and results interpreted by Dr. HANDLEY. The follow-
wg 2ned leaf samples were sent:
Gymnostoma nobile 4 trees of different ages from HP on three kerangas sites

Dacrydium pectinatum - 2 trees from two of the sites above

Agathis borneensis : 1 about 30-year-old tree from SHP, two collections in 1963 and
1969 respectively

Agathis sp. (probably : composite samples from several 25 years old trees in a plantation
A. loranthifolia) near Baturaden, Java, at 750 m alt.

Shorea albida : 1 young tree from near A. borneensis above.

e results were (HANDLEY, in litt. var., 1964 to 1969) that the tannin content differed markedly
serween species, between individuals of different ages and between sites. The highest tannin
sceat had a mature D. pectinatum from a dry site (6.7% of dry weight), while a young tree
W th¢ same species contained 4.8%. G. nobile contained 2.7% (young tree on tertiary sand-
@we), 4.3% (mature tree on tertiary sandstone and young tree on quarternary terrace) and
«*“% (mature tree on quarternary terrace). Agathis borneensis had 2% grey-green tannin which
wm m a first analysis in 1964 determined as only containing hydrolysable tannin. Repetition of
eravuis in 1969 on new material produced pale reddish-brown condensed tannins. It is mow
=24 that Agathis produces condensed tannins. But it is not clear whether the original and
wist reconfirmed result was due to some mistake, or whether the particular tree had produced
mdy hydrolysable tannins due to some unknown cause. This would have been the first record
« 2 conifer producing only hydrolysable tannin.

Ihc. tannin of A. loranthifolia produced anthocyanidins on hydrolysis and is a condensed
weaaa, similar to that in the 1969-samples of A. borneensis. The Shorea albida sample had 2.1%
# 4ry weight condensed tannin, which in quantity and nature would agree with its characteristics
w a moderately strong mor-forming species on HP soils. The relatively low degree of raw-humus
t'-’.'a:mulauon under natural A. borneensis may, as HANDLEY suggests (in litt. of 19.11.1969),
: 43¢ to a more rapid decomposition of the relatively soft needle-leaves by the soil fauna.

«ro-slides of the usually well-drained soils under A. borneensis showed abundant faeces of
muro-organisms in the top-soil (BRUNIG, 1968).

While the condensed tannins of the five species cannot yet be characterized in detail, they
:::’ w " W in many respects with the tannins known from such mor-forming species as
c‘"g ‘“fsan.s in temperate regions. The results of the analyses and precipitation tests at least
v-.‘ at considerable amounts of tannin are present in tropical tree species and that the quantitics
u; ar strongly correlated with species, age and site and with the amount of raw humus accumula-

observed under the tree species in the forest. :
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The characteristic raw humus formation in kerangas forests may therefore be explained as the
result of a complex interaction between properties of the tree species, stand development, site,
soil, and most probably micro-organisms. The initial low base content of kerangas soils and
their susceptibility to drying-out leads to higher tannin contents and acidity, which in tura
accelerates the podzolizing and bleaching processes. An equilibrium between accumulation and
decomposition on well-drained, but not excessively dry sites appears 10 be reached when the raw
humus layer is between 5 and 10 cm thick (see sect, 135). However, on excessively shallow,
or extremely base-poor, or Very dry or almost permanently water-logged sites, the accumulation
of mor will continue and eventually lead to the formation of a peat bog in form of a blanket
peat or a wet peat mor.

Colonizing of abandoned, large clearings on base-poor lateritic or quartz-rich RYP and
vellow podzolic soils by strongly mor-forming kerangas species, such as Dacrydium spp. and
Gymnostoma nobile, has been observed to cause intensified leaching and raw humus accumulation.
On marginal soils, a secondary podzol may consequently develop under a secondary kerangas
forest which may then be regarded as a stabilized desclimax. SP. 17 in Bako N.P. is an example.
These developments sound a warning that replacement of natural forest on kerangas soils and on

some MDF soils carries a great amount of risk of soil degradation.



The Sabal data have been evaluated in a pilot analysis in which the frequency and
dominance of the more important species were listed by square units and MUNSELL colour
sotation on an IBM-1620 computer. The result indicated close correlations between species
distribution and edaphic factors and species associations. Consequently, a more extensive
analysis is being undertaken in cooperation with Dr. ASHTON’s group, which includes a study
of grouping tendency of top-storey trees, species associations and species/site relations of all
enumerated trees. The structure of the canopy was studied during a year at the Forestry
College, Syracuse, in 1968/69. Evaluation of ground data and air-photo features was com-
pined to produce standardized canopy diagrams and to relate them to site factors. Some of
the results are discussed in sect. 226.

22 PHYSIOGNOMY AND STRUCTURE

221. Life Forms and Growth Forms

Life form spectra in the kerangas forests are essentially the same as in MDF and in the
closed-forest communities of PSF. Secondary kerangas forests, especially on the poorer sites,
are more akin to the open final phases of PSF development.

Phanerophytic trees dominate kerangas forests by number of species (849) and phytomass.
Epiphytes are the second most numerous life form with more than 100 species. Their contri-
bution to the biomass is relatively small and rises above 5% only in some open and exposed
communities. Only 55 species of lianas were recorded during the study and most of these
in disturbed, open or marginal communities. Chamaephytes are few in number of species and
individuals, except on certain wet sites where especially Araceae and pandans are more
numerous. Cyperaceae, ground orchids, ferns and fern allies may locally abound in open
sccondary  vegetation (BRUNIG, 1961 and 1965). Hemicryptophytes, geophytes and
therophytes, are absent (tab. 7).

The number of tree-type phanerophytes is 79.6% of the species in kerangas compared
with 67.4% in PSF. The difference is small and almost exclusively caused by the smaller
share of lianas in kerangas (4.5%) than in PSF (17.7%). The number of epiphytic species
(9.9 to 8.1%) and chamaephytes (5.0 to 7.7%) are practically equal.

The number of meso- and microphanerophytic trees increases in the open, wet kerapah
communities and on exposed hill tops. Habitually shrubby species, such as Vaccinium spp.,
Rhodamnia linerea, Baeckea frutescens and several rubiaceous and melastomataceous species
are conspicuous features of the vegetation in some of these localities. Other species which
are normally megaphanerophytic develop dwarf forms on sites with extreme nutrient and water
deficiencies. Polster forms also occur on such sites (BRUNIG, 1961). Calophyllum nodosum,
which is normally a medium-sized tree, forms polster plants on rock padangs in Bako N.P.
One polster was observed to fruit several times during seven years without growing in size.

. The range of crown shapes in the kerangas forests lies within the range of crown shapes
in other types of tropical rain forest. But there are differences in the frequencies of crown
types along ecological gradients which distinguish the kerangas forests from MDF and PSF.
Elsewhere, I described cight generalized crown types in the top canopy of tropical rain forest
communities (BRUNIG, 1970). These crown types are reproduced in fig. 12b. In kerangas,
types ¢, f and g are particularly common, while types a, b, d, and ¢ are less common and
festricted to special site conditions. The distribution of the crown types within the kerangas
and kerapah forests will be discussed in some detail in sect. 226.3.
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The ratio crown diameter to stem diameter of top-canopy trees has been studied for
emergents in part of the Sabal sample area. The ratio in metric units ranged between fifteen
and twenty for different species.. Variation within species was wide and, due to this and the
small sample size, any differences between species were obscured. Only Agathis borneenis
had a consistently lower ratio between 12 and 15.

I know of no information on ratios in peatswamp forests. My own measurements in
Shorea albida-consociation forest at Tanjong Kranji indicate mean ratios about 20 and less
variation than in kerangas. The ratios in kerangas appear 10 be more variable and on an
average somewhat smaller than ratios which I measured in MDF. The ratios for fully
emergent trees differ between species but seem constant throughout the diameter range of cach
species. The ratios apparently are smaller for trees which have not yet attained top-storcy
position and for senescent trees, but measurements are too few to permit any definite conclu-
sions.

222, Roots

The aspect of many kerangas forest stands is dominated by the great frequency and strong
development of stilt-roots, while buttresses are absent or poorly developed. RICHARDS
(1936, pp. 27-28) commented on this feature and the possibility that the degree of stilt-root
development is, in some species, related to site conditions. PAIJMANS (1970) found in
four rain forest stands on different sites in New Guinea, that development of buttresses is
more or less erratic in many species. He also found that stilt-roots develop regularly in some
species, but occur only in occasional individuals in others. He suspected an increase in stilt-
rooting on gullied slopes to be due to surface erosion and very humid soils.

In kerangas, Gymnostoma nobile produces very high, steep stilt-roots on wet PB on terraces,
on SHP with persistently high water table, on shallow soils with periodically strong lateral
water-flow on slopes and on sandstone boulders. Stilt-roots are lower on medium deep, but
wet to moist soils. Stilt-roots become rare if drainage improves and are almost absent on
well-drained, medium to very deep sandy HP and GWP soils. Occasionally, individual large
trees of G. nobile have narrow, high and strongly fluted buttresses on terrace soils with
moderately poor drainage. The equally strong stilt-root formation on wet PB on flat terraces
and on shallow GWP on boulder tops suggests that tree statics are involved.

Generally, common and strong stilt-root formation in kerangas stands may either be the
results of local predominance of habitual stilt-rooters, especially on wet sites, or of the respons¢
of facultative stilt-rooters, such as G. nobile, on sites with impeded drainage or broken,
bouldery substrate. Habitual stilt-rooters, such as Calophyllum sclerophyllum, C. flavoramulum,
Ploiarium alternifolium and Xylopia coriifolia are locally common on wet PB and determine the
stand physiognomy. Variability of stilt-root formation of a species may be very great even within
a restricted and uniform site. Palaquium leiocarpum is locally common and in places dominatcs
the top canopy of kerangas forest on the Merurong plateau (BRUNIG, 1959 and 1960). Some
trees have very high and numerous stilt-roots. Others have very few, low and almost buttress-
like, fluted stilt-roots. It often happens that among neighbours of equal size one has extremely
high and numerous stilts and the other none at all. This cannot be explained but at Jeast,
site does not seem to be an important factor (ref.: collections SK 320 and SK 321). Xylopia
coriifolia which is common in SP 57, produces high stilts only in the square 2. This sub-plot i$
on medium deep peat in the unstable transition zone from the interior open low forest (square
1) to the high forest on the shallow peat nearer to the river levee (57 —3 in fig. 8a). S
trees have relatively fewer and lower stilts than large trees of the species.
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Plate 3. Coastal quarternary terrace with catena from mixed PSF
(left) in the west through Shorea albida — Gymnostoma
nobile-forest of types 511.1, 512.11, 512.13 and 513.2
(see sect. 441) into riparian forest in the east. The line
W — E marks the transect in fig. 8b. Dalam sampling
area, Lambir F.R.
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Plate 4. Kerangas forest on a conglomeratic and colluvial tertiary
foot-hill. The rectangle marks the Sabal sampling area,
size 20 x 25 chains. The arrows mark the E — W
transects illustrated in fig. 12a. The types in the kerangas
forest are 521.3, 522.1 and 524.9 (see sect. 426). The
last type is transitional to MDF which occupies the top-
;‘ight corner of the sampling area (see fig. 12a). Sabal
.R.



RICHARDS (1952, pp. 59-74) could not find a correlation between stilt-root development
and water regime of the site at Moraballi creek. According to him, stilt-rooting in rain forests is
paricularly common among under-storey species.  The capacity to stilt-foot formation is inherited
met the degree of actual stilt-root development is also dependent on the local environment.
f3cse observations agree well with my observations in kerangas forests. Stilt-rooting appears to
wrve more than one function and incidence of development is correspondingly complex and
sanable.

Buttress formation in kerangas forests is conspicuously less intensive than in MDF. ASHTON
(1964 ¢, p. 44) suspects that the absence of buttressing in kerangas forests is largely related to
¢ rarity of the larger members of the Dipterocarpaceae. He states that trees of Dipterocarp
wvies in kerangas forests bear buttresses just as large as trees of the same size in other Diptero-
carp species in other habitats. My observations in kerangas seem to confirm this view. An
vumple is Shorea albida. In PSF, the species produces very high and broad buttresses on the
targe alan trees of the peripheral communities, but relatively low and narrow buttresses on the
s2a bunga trees of the dense interior communities. On kerangas medium-sized emergents of the
wxcies have low, but broad buttresses, irrespective of drainage conditions. On some sites, the
wxcies grows into very large trees. These sites are usually reasonably well-drained and well
sater-supplied. The large trees invariably have high and broad, steep buttresses similar to those
deloped by the species in peripheral PSF. This may be related to size or to age and size. Trees
ea relatively unfavourable sites in kerangas may grow old more quickly and die before they
rexh the size at which prominent buttresses are formed.

CORNER (1952) states that buttresses are usually not present in trees which possess a
wrong tap-root. This is true for Agathis borneensis. Data are insufficient to confirm that it is
also true for other kerangas species with columnar boles without buttresses. Several common
\erangas species of the genera Calophyllum, Ganua, Palaquim, Tristania and Gonystylus have
scither stilts nor buttresses, and apparently no strong tap-roots. It may well be that abundant
vertical roots functionally replace a tap-root in these species.

The study of rooting intensity and root-tip density in the soil is difficult and costly. In
the present study, available resources limited observations to a study of the roots on wind-thrown
#ad therefore exceptional trees and of number, sizes and condition of roots at various depths in
wd‘pits. Roots in kerangas soils appear to be more strongly concentrated in the A, and A
Sotizons than in sandy soils of the MDF. Penetration into the B and C horizons of kerangas soils
» poor. Rooting intensity in these horizons is somewhat greater only in sandy DHP and sandy
RYP soils. Agathis borneensis has a beet-shaped tap-root with thin strap-roots reaching deep
=to the B, and more rarely into the C horizon. These roots are probably important for the
“ater supply on the excessively drained DHP soils which the species favours, possibly as a result
o its requirement for deep rooting space and the competitive advantage which an obligate deep-
fooling habit by a tap-root confers on such sites. On the same site, Gymnostoma nobile has a
mach shallower but wide-spreading root system similar to the system developed by the species on
* usually shallower soil habitat. WEBB (1959, p. 559) reports a correlation between root
"Mem and crown volume. Similar to CORNER’s statement above, he observes that species
%ih Qluylnar stems are generally deeper rooting. This appears certainly true in Agathis bor-
scensis with its long, narrow crown and deep tap-root, and Gymnostoma nobile with its spreading,

“ish mature crown and shallow root system,

> Obsgwaﬁons indicate that maximum rooting depth of stands is related to soil texture and
3g¢ in the various horizon. Maximum rooting depth is less in fine-textured and wet soils,

75



and greatest in the coarse-sandy DHP. Table 6 shows the ranges and means of observations of
deepest living roots in forty-cight soil profiles in Kerangas. ASHTON’s (1964 c, pp. 15-26) soil
description from MDF indicate similar relations between rooting depth and soil texture. FREE-
ZAILLAH and SANDRASEGARAN (1969) report that concentration of roots in Pinus caribaea
plantations in Malaya in the top-soil is much more intense in soils with a periodically high water
table and in podzols with a concentration of nutrients in the surface organic matter. Deepest
rooting occurred in well-drained sandy loams and clay-loams with relatively high contents of avail-
able nutrients throughout the profile. The rooting intensity in natural stands on kerangas soils
conforms with this pattern of maximum intensity in the relatively nutrient-rich surface layers and
low intensity in the eluvial and illuvial horizons at greater depth. Maximum rooting depth is
related to soil texture and drainage conditions, which effect water supply and aeration. The high
frequency and relatively high proportion of dead roots in the deeper soil horizons is most likely
the effect of periodically high water tables and points at the importance of oxygen supply through
adequate acration. The channels of dead roots of the present vegetation as well as those of
former vegetation in buried profiles (e.g., monoliths SK IIT and SK 1V) of finely textured GHP,
HP and GWP soils probably fulfil an important function in improving vertical drainage.

223. Leaves

RICHARDS (1936, p. 28; 1964, pp. 85-87) suspects that the leaves in kerangas forest on
sandy soil may be smaller, thicker, and harder, than leaves in MDF on loam. He refers to
BEWS who regarded the rain forest type of leaf as xeromorphic and connects its characters with
a low specific conductivity of the wood for water which he believed to be characteristic of
tropical and subtropical evergreen trees. This is unlikely to be true, certainly not in lianas. The
leaf xeromorphy of many upland top-canopy rain forest trees is conspicuous. Recently,
RICHARDS (1965) pointed at the possible role of nutrient deficiency in kerangas soils in
producing xeromorphic leaves in kerangas forests. VAN STEENIS (1948, p. 29) reports two
examples of reduced sizes of leaves formed during the dry season in Java. In one case, the
leaves also developed a brown colouration. WEBB (in discussion to RICHARDS, 1965, p. 205)
draws attention to results of studies in Brazilian campinas which indicate nutrient status as limiting
factor responsible for the development of “xeromorphic” vegetation in the campos cerrados.

GENTRY in a study of several short transects in different stands of wet and dry tropical
forests in Costa Rica found differences in leaf sizes which were difficult to interpret because of the
effect of the small sample plot size on the frequencies of large trees which possess compound
leaves and small leaflets. Results indicated that there were differences which might be related
to water supply and to the need for heat dissipation by emergent trees. But the problem
appeared very complex and further factors must be considered as playing a part in determining
leaf physiognomy (GENTRY, 1969).

In the field, average leaf sizes of stands in kerangas and kerapah appear noticeably smal_lcr
than those in MDF or Riparian forests. Leaf sizes also vary markedly within a species in relation
to social status and site. This variation is obviously related to environmental gradients. Dacrn*
dium pectinatum/elatum and Shorea retusa, for example, show considerable reduction of leaf size
from more mesic, fertile sites to more xeric, infertile sites. In other species, leaf sizes seem 10
vary less and relationships to environmental gradients are less noticeable.

WEBB (1959) used leaf size spectra together with other physiognomic features as criteria
in his classification of Australian rain forests. Leaf sizes are generally smaller at higher lati
or higher altitude, or on soils with insufficient nutrient or water supply. A classification based 08
leaf sizes in addition to life forms and stand stratification should, consequently, give better results
than conventional procedures of correlating woodland types and climatic features.
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¥ keaf size is, in fact, correlated in a simple manner to nutrient and/or water supply, leaf
o wpestra of primary forest stands should be a good parameter for separating MDF, PSF and
o forests. Within the kerangas association group they should indicate ecologically distinct
avamss related to site differences. 1,367 herbarium sheets of 507 tree species were selected by
enam (rom the kerangas collection. On each sheet, length, width and length of the drip-tip
oavs mcasurcd of three intact leaves. The leaf surface was estimated by multiplying the product
& gexest width and length with 0.7457. The mean leaf surface per sheet and species was
vesisted and summarized for WEBB’s modified RAUNKIAER leaf size classes. Of the 50
wwees 3.2% were macrophylls, 31.6 mesophylls, 39.2% notophylls, 24.2% microphylls, 1.0%
sengdylls and 0.8% leptophylls. There was a higher percentage of mesophylls among under-
SOPTY ies (33.7%) than among top-storey (24.1%) species. The trend was reverse in
wipdylls (39.6 and 45.4%). The proportions in the macrophyll, microphyll and nanophyll
Jweacs id not show any clear trend. Leptophylls were restricted to the top-canopy. The leading,
eves common and dominant species in kerangas forests are microphylls (45.7%), notophylls
_*+ 4% ) or mesophylls (21.8%). Nanophylls and leptophylls each are less than 1% of all
ev.xv. but leptophylls contribute more than 10% to the basal area of the kerangas forests. The
murophylls represent 24.2% of all species, 45.7% of the leading species and approx. 39.5% of
se basal area of the kerangas forests. Mesophylls are 31.6% of all species, 21.8% of the leading
weoxs, and contribute less than 20% of the total basal area in kerangas forests.

la comparison to the mixed rain forests leaf size spectra reproduced by RICHARDS (1952)
e terangas forests have a significantly higher proportion of microphyllous species. This propor-
wn o even higher if basal area proportions are compared instead of species percentages. Number
o seocs or basal area per leaf size class each alone poorly expresses the ecological importance of
»¢d dominance in the former and of a great number of species in the latter. Therefore, both
pecumcters were combined in a leaf size index which reads

L = 12(G% + Sp %)
where G % = percentage of stand basal area in the respective class,
Sp % = percentage of species in the respective class.

T4 £3 shows the variation of the leaf size index values among plots on different sites. SP.27
»t » GHP has a peak in the mesophyll class due to the dominance of Shorea albida. SP.28 on
WP oa a terrace has the highest value in the notophyll class (38.7% ), a good representation of
sescphylls (36.1%) but few microphylls. SP.52 on a slope with SHP on the Merurong plateau is
wry smglar. except for a greater value in the microphylls. SP.22 on a DHP on a terrace resembles
™ #revious two plots, except for the absence of leptophylls and the higher value for micro-
#27%, as a result of the dominance of Agathis borneensis in the plot. SP.17 with old secondary
L= pas forest on a secondary MHP has much leptophylls and relatively few mesophylls. This
* & fypcal feature of secondary kerangas forest. It contrasts significantly to the large leaf sizes
# wxoadary growth on the better MDF and PSF sites.

- SP. 29 10 54 in tab. 8a are on PB soils. Notophylls shows a strong dominance on the low-
-1--_;;:“ (SP. 29 and 32). The classes microphyll, nanophyll and leptophyll increase with
@ & (SP. 40 to 54). Leptophylls represent 36.1% of the basal area in the highest plot,
ik Ihc relatively high value in the mesophyll class in SP. 57 is caused by Shorea albida
o 33 :‘h 0 a common top-canopy tree in the lowland plots SP. 32, 29 and 27). The averages
@ b lea(.sp' 27 to 17) and of the PB soils (SP. 29-54) show a slightly higher representation
Wy :; ves on the HP and on altitude-related increase of leptophylls on PB soils. There is
crence in the nano-, micro- and notophyll classes between HP and PB soils.
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The leaf size index values were computed separately for the understorey C-layer, the inter.
mediate B-layer and the top-canopy A-layer of 8 selected sample plots. The results are presented
in tab. 8b. The plots cover the whole range of kerangas sites and kerangas stand diversity. SP,
37 is transitional to Mixed PSF. The top-storey is dominated by microphyll species but there
a pronounced trend toward dominance of noto- and mesophylls in the lower strata. The stand
on DHP on the edge of terrace in SP. 22 (Badas) and 43 (Similajau) show the same trend b
somewhat less markedly. SP. 43 has a high proportion of nanophylls in the understorey which
is due to the high dominance of habitually understorey species with nanophyll leaves of the genery
Hopea, Eugenia and Garcinia. The high value of mesophylls in the A-layer is due to the high
dominance of Agathis borneensis. SP. 44 is next and inland of SP. 43 in the catena on coastal
quarternary terraces (see sect. 134.3). Microphylls are dominant in all layers of SP. 44 and a
weak trend toward smaller leaves in the top-canopy is recognizable. Leptophylls are represented
by a few codominant Gymnostoma nobile in the A-layer. The high-altitude SP. 40 and 57 oa
PB soils have very characteristic leaf size spectra. In SP. 40 Dacrydium is very common and
the top-canopy is dominated by microphyll and leptophyll trees. The under storey is predominantly
noto- and mesophyllous. In SP. 57 the A-layer is dominated by the mesophyllous Shorea albida
which reduces Dacrydium to a moderately common codominant. The understorey consists mostly
of micro- and notophyllous species. The sites of SP. 40 and 57 are climatically very similar,
but SP. 40 has deeper peat on a peneplain terrace base than SP. 57 has on a sandstone plateas
close to a river course. The relationship between the two plots is comparable to that betweea
Shorea albida-dominated peripheral phasic communities and interior padang communities in PSF,
The dominance of Dacrydium puts SP. 40 in an analogous position in relation to other kerapah
forests to that which the Dacrydium-Campnosperma type in ANDERSON's Lawas SP. §I
(ANDERSON, 1961, pp. 98-102) occupies in relation to the Shorea albida-communities. 1la
SP. 27, Shorea albida is strongly dominant on the submerging coastal GHP soil and conscquently
the leaf size index for mesophylls 75.9% in the A-layer. The two lower storeys are pronouncedly
micro-/notophyllous. The reverse trend is shown in SP. 17. The original noto-/mesophyll MDF
has been replaced by secondary kerangas forest which is now dominated by Dacrydium
pectinatum. It is likely that the species had initially colonized the open site, a process which ia
places can still be observed in the park. These examples may suffice to show that the commoa
trend from larger to smaller leaf sizes from ground to canopy surface also exists in some keranga
stands, but that the trend may be reversed as a result of species vicarism or catena-related sk
development.

The leaf size representation is rather similar in the mixed kerangas forest on MHP in SPp. 28
and ASHTON's upper hillsides with sandy RYP soils in Andulau, except for the presence
lepto- and nanophylls in SP. 28. This affinity to MDF on sandy RYP soils, with the leptophyd
exception, applies to almost all stands in the centre of the ordination in the X/Y-plane.

There is little affinity between the spectra of any kerangas stands and the spectra of MDF
on the lower hillside with LS soils or the ridge-tops with shallow clay lithosol. The nearest w
the spectrum of the ridge-top stand in Belalong is the SP. 54 on a blanket PB at high altitude.

1 have no information on leaf size spectra in PSF. But I would suspect that the Mtwf
PSF will be closely related to the notophyll-dominated kerangas type represented by SP. 29, 3
and 37. The Shorea albida phasic communities should correspond closely to SP. 27 and M.
The floristic composition of the phasic communities further to the centre of the peatswamps ®
similar to SP. 57. Consequently, leaf size spectra should be similar. As mentioned earlief.
aberrant Lawas peatswamp communities have a close affinity to SP. 40 and 54. The posi™
of the phasic PSF communities in relation to the kerangas sample plots in the X/Y-plane of B
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wdaacon (fig. 132 and sect. 243) also support the assumption that the described similarities
sgrrwcal ecological affinities. :
15¢ measurement of drip-tips on the 1367 herbarium sheets had the following results. Drip-
i wire formed by 85% of the 507 species. There was a slight increase in per cent species
i drip-tips and in length of drip-tips from the A-layer downward to the C-layer (BRUNIG,
wa, tab. 7b). In the top-canopy 76.3% of the species had drip-tips with a mean length of
111 =m In the C-layer 88.2% of the species had drip-tips and the mean length was 0.91 mm.
rw Blver species were intermediate.  This trend may become obscured and almost disappear in
sanh oa dry sites which possess a distinctly separated understorey of relatively small-leaved
gwoxcs with very short or without drip-tips (SP. 43, 51, 57).

©t  Number of Species and Diversity

i)l Species Richness

RICHARDS (1952, pp. 240-247) reports that the Wallaba forest on bleached sand
siad) near Moraballi creek is distinguished from forests on richer soils by an extremely large
suntxr of trees per area unit and a high individual/species ratio. Similarly, his kerangas
w:uy plots in Sarawak also have fewer species and more trees per area unit than his plots in
w¥s on yellow loamy soils. Generally, this structural dissimilarity is greater between forests
m Sfcrent soils within a floristic region than between forests on similar soils in different
speus of the same climatic zone.

ASHTON found at Andulau that “the individual/species ratio increased with decreasing
¥rwological' depth of soil in valleys and with increasing xeric conditions on the hills.” The
misadual/species curves were lower in his kerangas plot at Badas than in any of his Mixed
“worocarp plots, except on shale lithosol on the Belalong ridge site. The floristically richest
#auX in his areas were on the most fertile, clay-rich, relatively well-drained soils (ASHTON,
i, p. 40 and fig. 21).

Ia the present survey, the mean number of individuals above girth limit is 380.4 per 0.1
w*we kerangas forests. The corresponding average number of tree species is approximately
/% The ratio of total individuals to number of species in all plots varies considerably
“wiea families. Among the more important and common families it is low in the Euphor-
“etx (39), Annonaceae (52), Anacardiaceae (63), Dipterocarpaceae (66), Guttiferae (68),
& & the Conifers (75). It is medium in the Myrtaceae (122) and Sapotaceae (140), and
*¢* @ the Casuarinaceae (270). The ratios are necessarily much smaller for individual
“esd of smaller area extend such as the single plot. They may within stands be larger for
" srata than for the whole stand. LAMPRECHT (1969, p. 55) suggests that the reverse
:" “ecies/individuals may vary about a “normal value” of 1/5 to 1/10 in tropical forests

g on species richness, but also on sample arca and minimum girth.

!t-n‘;& mean number of species per 100 individuals > 2 e¢m d had been computed for all
- ‘:‘vm SP. 20 to §7 (BRUNIG, 1968b). The lowest values are 19 (SP. 40, PB) and 28
d "!- PB). The highest values are 51 (SP. 30, MHP), 55 (SP. 44, MHP; SP. 47, GWP)
£4 (SP. 50, GWP sand on clay). The mean of the kerangas plots SP. 20 to SP. 57 is
" 1 plots in the transition to MDF all have relatively high values between 55 (SP. 38),
"o &3‘4). 60 (SP. 35) and 69 (SP. 42). The increase of the number of species per 100
B from peat soils to relatively fertile loam soils is negatively correlated to the
“%mental gradient which is represented by the Y-axis in the ordination.
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ASHTON (1964c, p. 38 and fig. 20) constructed species/area curves for trees over 12¢
girth in groups of five one-acre plots. His curve for five kerangas forest plots is initially
steeper and, throughout the range shown, above his Belalong MDF curves, but below the
curves for Andulau. It seems that differences in tree density determined the initial slopes of
the curves more than differences in floristic richness. Consequently, the information wvalye
of the differences between species-area curves is rather limited.

Only if stands have a similar structure will simple species/area curves produce direct
information on differences in floristic diversity. The majority of the kerangas sample plots is
reasonably similar in structure. The rates of increase of recorded species in twenty-seven
sample plots of 0.2 ha each have been plotted over square-chain units on semi-logarithmic
paper. Straight lines have been fitted to the data by least-square computation. The closeness
of fit is greater and the standard deviation per cent smaller, if the sites between the five record-
ing units are relatively uniform and if the stands are mature and little disturbed. The amount
of standard deviation decreases generally with number of species per plot (tab. 9). but the
coefficient of variation about the regression mean does not exhibit this trend and shows more
clearly the effect of heterogenity independent of total number of species. Larger coefficients
indicate greater irregularity of the stand composition as a result of stand disturbance and/or
site differences between recording units,

The species-area lines of a selection of stands representing the range of sitc conditions in
the kerangas forests are shown in fig. 9a. The soils are secondary MPH (SP 17), dry shallow
HP (SP 15), dry MHP (SP 43), moist MHP (SP 30) and deep, loamy RYP in the transition
to MDF (SP 38). The slope of the species-area line is determined by the ratio of initial
number of species to total number of species. The slope expresses the rate of species additions
as the area is enlarged. The slope of the lines increases with the improved soil conditions,
The ratio of initial species number between the poorest and the richest primary forest plot is
1 : 1.8. The ratio of number of species in 100 consecutive individuals is 1 : 1.3. This com-
pares with a ratio of total number of species of 90 : 240 = 1 : 2.7, and a corresponding
ratio of the tangent of 1 : 5.7 Comparison to the densities (N/0. 2 ha in the last column of
fig. 2) shows that species richness and rate of species addition are not related to density. The
tangent of the species-area lines and the mean variation coefficients were calculated for 27 of
the 55 stands. The mean variation coefficients were 0.9% on peat bogs (4 stands), 1.4% on
HP and GWP soils (17 stands) and 2.7% on deep RYP and bleached sandy clays (6 stands).
The mean species ratio between poorest and best site is 1 : 2.2 for one recording unit and
about 1 : 3.5 for whole plots (5 units.) The corresponding ratio of the coefficients of varia-
tion is 1 : 5.7. The variability, therefore, increases more rapidly than the number of species
and appears to be primarily related to site heterogeneity (BRUNIG, 1973).

A high starting point but a low inclination show relatively species-rich, but very uniform
stands. This type is represented by SP 27 in fig. 9a and corresponds to the type of species-
area line given by LAMPRECHT (1969) for an andine cloud forest in Venezueia. High
starting point and steep inclination such as in SP 38 (fig. 9a) indicate relatively high richness
in species and relatively large heterogeneity of stands between recording units. Continued
steep increase in number of species possibly indicates insufficient size of sampling for an
estimate of total number of species. This applies to the sample plots 52, 20, 47, 38, and 37,
which are all on relatively clay-rich, moist to wet, well-drained soils. The sites in these plots,
except for SP 37, are reasonably homogeneous. Three of the plots (SP 37, 38 and 52) carmy
kerangas forests which are transitional to more complex Mixed Peatswamp and Mixed Dipterocarp
forests respectively, which would partly explain the steep inclination of the species-area line.
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yig 9b shows the same general trends of the species-area lines and species/individual
e transects of 10 recording units (405 m? squares) in the Sabal sampling area.
:,, assal numbers of species in the transects are not too different, except for the low number
» racwct 450, but the differences widen as additional units are added. Transect 216 is on
sur The site is relatively homogencous. The species-areas line is reasonably straight and
ety Bited by the observations per square. With increasing depth and chroma of the soil
cwting 200¢ (right column of fig. 9b) the slope of the lines steepens and the effect of soil
wurgeacily becomes increasingly more evident by a tendency of the lines to bend upwards,
\# aample in SP 15 and 3 in transitional forest to MDF. The apparently aberrantly low
wuism of transect 450 on a reddish-yellow clay soil in MDF is caused by the extreme
wsaace of Dryobalanops beccarii Dyer. This species regenerates profusely below parent
wan ad shows a strong tendency to clustering on shallow but moist clay and sand soils. The
wait 1 & low species richness in the respective stands. The shape of the species-area in
i ™ demonstrates the importance to restrict sampling plots to areas of uniform site condi-
wwa Comparison of numbers of species per 0.1 ac recording unit (= 1 square chain) in
1« %2 and 9b shows the large increase of species recorded per unit area which is achieved
w Ascring the sampling diameter limit from 10 cm in 9b to 0.8 cm in 9a.

BLACK et al. studied the relationships between total number of species, frequency of
miwwdaal species, and plot size in the Amazonian forest. They compared the number of
wereded species in successive “octaves” of frequencies with a log-normal distribution according
« MRESTON (GREIG-SMITH, 1964, pp. 139-140). The distributions are reproduced in
w10, together with distributions in four forest types in British Guiana (BLACK et al,
/¥, p. 424, using their own and data of DAVIS and RICHARDS, 1934). The authors
wmment that in all but one single plot — the plot at Belem —, the octave represented by
we ot two individuals contains the largest number of species. Accordingly the distributions
en a3 truncated at the modal octave or on the right of it. This indicates that many of the
w7t species have been missed. The same distributions have been calculated separately for
«¢% Lerangas sample plots which have been chosen to represent the range of diversity scatter
@ ia figs. 10a and b (sect. 223.2). The distributions are similarly ' truncated in seven
e, but not in SP. 27 (GHP on a holocene terrace with Shorea albida strongly dominant)
“ni SP. 47 (GWP on a holocene terrace, no marked single-species dominance). The numbers
# wecics in the kerangas vary little among the first few octaves, and less than in Tefé. This
micatzs that probably more than half of the species in the vegetation represented by each
srgic plot has been recorded. In addition, the distribution has been calculated combinedly
s &1 Sfty-five kerangas and kerapah sample plots. The frequency is highest in the 16 — 32
wiee and approaches normality (see tab. 10). This indicates that also many of the rarer
vk have been recorded. Completion of the log-normal distribution on the left of the veil
Ww gres the total number of tree species in kerangas forests as 856 (BRUNIG, 1973). We
‘:‘_‘-”-!K!ndc that the survey has produced an adequate estimate of the number of the tree species

% kerangas forests in Sarawak and Brunei.

©42  Species Diversity Within And Between Stands

- m richnf:ss can be high even in a homogenecous vegetation and within-stand diversity

gl even lf'specles number is high. This is the case if each species contributes an equal

Sibies 0"-'{6 t_lu:'emty measure. The diversity share may be expressed by such parameters as

. - lndmdupls, basal area, biomass or productivity. Between-stand diversity may similarly
« # the species occur in all stands at roughly equal proportion of the parameter.
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In kerangas forests, a considerable number of the 774 recorded tree species have very low
frequencies. 206 species occur only in one plot, about two-thirds (532) of the species occur
in less than eight plots. Only thirty-three species occur in more than half the fifty-five plots,
The highest frequencies are 40 (Diospyros hermaphroditica and Canthium didymum), 41
(Garcinia sarawakensis and Ganua curtisii), 44 (Melanorrhoea beccarii ) and 45 (Palaquium
ridleyi). There is no species which occurs in all fifty-five plots. This suggests that the diver.
sity in kerangas forests may be relatively high and higher than previously thought.

The total basal area of all fifty-five sample plots is 414.7 me. Agathis borneensis
contributes 34.9 m? (8.2%), Shorea albida 29.6 (71%) and Gymnostoma nobile 17.7 m*
(4.3%). The first species is somewhat over-represented as a result of an excessive Proportion
of sample plots in the Agathis borneensis-bearing forests at Badas. The two other species are
correspondingly under-represented. But it is generally true that in kerangas relatively few
species contribute relatively much to the basal area, and very many species very little. The
ten most dominant species together contribute 147.2 m?2 (34.7%) of the basal area. The 70
(9% ) leading tree species in the sample plots together contribute 277.5 m? (67.0%) of the

basal area.

In order to express diversity quantitatively, an index has been developed which
incorporates some of the more important characteristics related to diversity. The index is the
sum of the species per cent in a plot of all species recorded in the kerangas forests, the per
cent standard deviation about the species-area line, and the tangent of the species-area line
(fig. 9) multiplied by 100. Its first term expresses species richness, the second term the
variation in species composition between square-chain units within the plot, and the third term
the gradient of increase of number of species as new square-chain recording units are added.
The maximum value of the index is 300,

The index has been calculated for 27 0.2 ha plots. The indices range from 16.8 ia
SP. 17 (old secondary kerangas forest) to 86.9 in SP. 37 (transitional forest between kerangas
and mixed peatswamp). The association between index values and soil p.m. or soil type is
loose (tab. 9). Index values increase gradually along the gradient of landform forest-soil type
units (BRUNIG, 1969c), when the units were arranged from flat, poorly drained sites to
increasingly more hilly sites (fig. 10a).

SPEARMAN’s rank correlation coefficient has been calculated to test any correlation
between the ranking of plots according to diversity index, total species number, tangent of the
species-area line, and standard deviation about the regression. The correlation coefficients
indicate a highly significant rank correlation between total numbers of species and tangent of
the species-area lines (ry = 0.866, sign. at 0.1% level) and between the diversity index and
total number of species (r, = 0.894, sign. at 0.1% level). There is no correlation bchn[cu
the rankings according to total number of species and standard deviation about the regression,
and between the latter and the tangent of the species-area lines (r, = 0.312 and 0.353 resp.).
This points at the possibility that the standard deviation about the regression may be due fo
factors other than the species richness, such as site heterogeneity between recording units withia
plots. The mean square deviation could be substituted by the standard deviation in the index.
Consequently, the weight allocated to diversity factors other than species richness increascs,
and with this the value of the index as measure of the combined vegetation/site diversity.

No correlation of rank exists between the altitudes of the twenty-seven plots, their species
richness (rs = 0.107) or their index of diversity (rs = 0.207). ' This appears to support the
general opinion that altitude exerts little influence on the vegetation in the equatorial lowland
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wwe below 1,000 m as.l, and that any effect is masqued by other more effective site factors.
o i, coaclusions are that the total number of species and the floristic diversity of stands
sunge with site factors related to soil group and physiography. There is no clear evidence
P the altitudinal gradient. Species richness and stand diversity are larger on
pvee clayey soils and in rougher topography. Both are also larger in communities which are
gumstional to the more complex MDF and Mixed PSF. The number of species and the index
4 &versity also change in relation to successional gradients and catenas.

The old secondary kerangas forest in SP. 17 has the lowest diversity index value (fig. 10a).
e value increases from the single-dominant stand on GHP (SP. 27) to the edge of the raised
greace (SP. 23 —25). It also increases from lower level (SP. 43) to higher and older
gwcis (SP. 44) of raised beach terraces. The reverse trend is initiated if excessive moisture
¢ats peat development on the Merurong plateau. The index value first increases from SP. 53
(wiatively dry, exposed) to SP. 52 (lower hillside with balanced water regime), and then falls
w» SP. 51 (beginning of peat formation) and reaches the lowest point in SP. 57 (peat bog).
A wgnificant association between stand diversity and moisture conditions has also been found
» WHITTAKER (1965) in forest and woodland communities in the U.S.A.

A diversity index which is solely based on number of species and number of individuals
W been suggested by McINTOSH (1967) for quantitative data:

S 3 :
2 where N = Number of
N- Re individuals
in the sample
i=1 ke

.n = number of
individuals

er species
N- \/ N : per spe

This index has the advantage of being independent of sample size. It expresses the
wecics-related  observed  diversity (numerator) as a proportion of the absolute maximum
&versity (denominator) at a given N.  The values range from 0, if there is only one species,
“ 1, if the number of species is equal to the number of individuals. Diversity is then at a
#Waumom. The index is sensitive to dominance pattern through the second-power term in the
#amcrator. It is therefore a useful indicator of diversity in forest such as the kerangas forests,
“icre species and group dominance patterns are a characteristic but variable feature.

1D

Forty stands were selected in thirty-seven sample plots which represented the major

2as catenas described earlier (sect. 134). The stand included the whole range of leaf-
“% spectra and index of diversity previously discussed. The index was calculated for all trees
“<t 1 em d. The results are represented in fig. 10b.

The actual diversity/absolute maximum ratios range from 0.577 in SP. 40 (PB on high-
wde terrace) to 0.957 in SP. 50 (standy GWP clay on low hill). The actual diversity
f;;’fiscd_ as per cent of maximum possible at the given number of species ranges from 64.6
= h:oj and 75.2 (SP. 43) to 98.8 (SP. 33-1. clay) and 99.1 (SP. 50). Of the forty stands,
e ;rg above 95%, 29 above 90% and only 11 (28%) are below 90% maximum possible
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The index values appear associated to the successional status of the stands, but the trend
is not uniform. Low ratios occur in stands which are in an active phase of primary (SP. 43
and 28 at terrace edges) or secondary succession (SP. 17), or which have reached a mature
stage (SP. 29, 31, 32, 40). Within the coastal terrace catena, high values are found on the
young GHP behind the beach in Similajau F.R. (SP. 45 and 46). Diversity index values
decrease along the gradient to the DHP sites with Agathis borneensis stands (SP.43) and rise
again to about 95% of the maximum on the well-drained MHP on the highest terrace level
(SP. 44). The diversity index value of the pronouncedly single-dominant Shorea albida —
Dryobalanops rappa-forest on GHP in Anduki — Badas (SP. 27) is rather close to the values
of the more mixed stands of early coastal catena in Similajau F.R. (SP. 45 and 46) in spite
of significant differences in species composition. The pleistocene terrace catena SP. 30-28-
31-29-32 is associated with a decrease in diversity from the margin of the lower terrace level
(SP. 30, transitional to MDF on the terrace flank) through the plateau rim (SP. 28) to the
raised PB of the higher level terrace (SP. 31-29). The diversity continues to decrease with
raising peat in spite of a slight increase in species number in SP. 32.

On the Merurong plateau the index is highest in the relation to the maximum possible in
tall forest near the edge of the plateau (SP. 53), and in the transition between slope and flat
plateau (SP. 52). It is lowest in the early stages of peatswamp succession (SP. 57-3 and 55),
and in the Agathis beccarii dominated forest on almost flat MHP (SP. 56). Intermediate index
values occur in the forest on the rocky ridges on the plateau (SP. 51), on the blanket bog of
the highest slopes (SP. 54) and in the open pole forest on flat PB of the plateau centre
(SP.57-1). These relationships suggest that, in this case, the index values are determined by
a rather complex interaction between site stability, especially erosion, soil fertility, successional
phase of the stand and chance dispersal of species.

Similarly, in Bako N.P. the distance from maximum is relatively small and nearly the
same in the low pole forest on the plateau (SP. 15) and in the tall Shorea flava-dominated
transition to MDF on the rocky slopes (SP. 16). The index value is smaller and the distance
to the maximum considerably larger in the Dacrydium-dominated old secondary forest on a
secondary MHP (SP. 17).

The highest index values and smallest distances to the maximum occur among the undis-
turbed stands on RYP soil (PS. 35, 38, 42, 50), on the GWP sand-over-clay soil of a riparian
encased terrace (SP. 47) and on the PG sand-over-clay soil in the old pleistocene pencplain
remnant on Bukit Sagan (SP. 33-1).

The index values are obviously affected by chance of species distribution, stage of stand
and site development and present edaphic, physiographic and edaphic site conditions. In fig.
10b, a general but weak trend is noticeable from low values in young stands on HP, PB lnd
secondary HP soils to higher values and shorter distances to the maximum line in stands which
are successionally more mature, occur on transitional sites and have low degrees of dominance
and consequently high species richness.

The ranking of stands according to the relative index values is closely correlated (r =
0.617 at 38 df.) to the ranking of the plots according to species richness. The correlatioo
to the ranking according to the previous index of diversity is weaker, but still significant &
the 5% level (r = 0.515 at 22 df.).

For eleven of the forty stands, the diversity was also calculated for the trees which _fc_)md
part of the canopy. Including all top-canopy trees in the sample plots, numbers of individuals
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—yi s 41(SP. 37) to 103 (SP. 40). In six plots, the actual diversity reached over 90%
ag @aNMUM possible for the number of species and trees (SP. 15, 16, 23, 27, 47, and
','. sd two plots had values of 89% (SP. 22 and 37). Dominance of Agathis borneensis
= the relative diversity to 82.0 % in SP. 43 and to 65.2% in SP. 44. The relative
R a the top-canopy was 84.3% in SP. 17, compared with 88.8% in the whole stand,
:‘ ~24% in SP. 40 compared with 64.2 in the whole stand. The top-canopy of both
wands includes Dacrydium pectinatum as a common dominant species. But SP. 17 on
~ HP has a somewhat more diverse understorey, including a few apparently invading
':-um of the Dipterocarp forest. In contrast, SP. 40 on a developing PB has a strong
cmiexy 10 species dominance both in the top-canopy (Dacrydium) and in the undergrowth
i wagaum spp) In SP. 43 the relative diversity in the top-canopy is greater than in the
osie and (82.0% compared with 75.2%). This is the result of the strong dominance of a
we zasophyll species in the understorey (see sect. 223). In SP. 44 the trend is reversed and
ne saderstorey is more diverse than the canopy which is strongly dominated by Agathis
wrmensis. SP. 44 is transitional to the Shorea albida-dominated forest on the highest level
& ¢ terrace sequence. This partly explains the different and more complex species composi-
e sad pattern in the understorey which increases the diversity for the whole stand. The
a~eruty of the top-canopy in the remaining plots is practically the same as for the whole stand
wnl @ in all cases above 90% of the maximum possible with the exception of SP. 23 (85.6%)
vind is strongly dominated by Agathis borneensis.

We can conclude that the kerangas sample plots show a conspicuous gradient of diversity,
@ npeessed by species number, species increase with area, and variation of species increase
w13 stea, which is closely related to the landform-forest-soil complex and to the Z-axis of the
saestion. Diversity expressed according to McINTOSH in terms of number of species and
aawduals is, through the species term, related to the carlier diversity index (rs = 0.515 at
:2 &1). The diversity relative to maximum possible shows a weak trend with soil conditions.
% primary interrelationship in this case appears to be between relative diversity value and
we.owonal phase, respectively degree of stand maturity. The position of SP. 40 (relative
deruty 64.2%) is unexpected and appears aberrant. The site is a terrace remnant of the
& picistocene peneplain. The stand and the site show no signs of recent disturbance. The
«and therefore should have a higher diversity value. It may be possiblé that in this case
vww unknown factor works toward single-species dominance which is positively related to
ime and reduces diversity. Such factor could be allelopathic effects in connection with
e~»;ly impeded drainage. It is noteworthy that the stand also shows an extremely strong
¥%idy to dominance among the understorey specie. Within the kerangas forest sample
¥on, this occurs again only on the excessively drained HP soils on young coastal terraces
-32. 43, Similajau F.R., and SP. 7, Puch FR.).

The ecological implications of the various forms of diversity and the relationships between

'“"fl_? and structural diversity parameters and productivity of stands are further discussed in
JUNIG (1972).

ZL  Frequencies, Dominance and Stand Stratification
*5i1  Breast-Height Diameters

o a"‘ll-\'kLER (1914, p. 203) described what he called ‘heath forest' as a rather dense stand
—_— wily .Slendcr 20 — 30 m high trees in which big trees, mostly of Agathis borneensis, were
: *"-!'-!.':m gaps were filled by a dense pole crop. Similarly, POSTHUMUS (1937, p. 506)

Thed a kerangas forest on the Luwai terraces as a low uniform stand of slender trees
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below which was little undergrowth. In contrast, an Agathis borneensis-forest stand studied
by RICHARDS (1936, p. 29) contained more trees in the 41 — 61 cm d class than a stand
in MDF in the area. The number of trees above 61 cm d was equal. DIELS and
HACKENBERG (1926) recognized the wide range of variability of stand curves between stands
on different kerangas sites. They mentioned that the scrub-like structure of a Dacrydium-forest
on the crest of a sandy hill contrasted strongly to the luxurious Agathis borneensis-forest on
the slopes. BROWNE (1952, p. 64) stated that “compared with Mixed Dipterocarp forests
of .better soils, it (i.c., kerangas soils) usually carries only small timber, but there is considerable
variation and in some areas fairly large trees are not uncommon.”

ASHTON's (1964c, pp. 43-44 and fig. 33-35) girth histogram of Agathis borneensis-heath
forest at Badas is not strikingly different from some of the histograms of MDF. Differences
are: the density in the smallest girth class in Badas is noticeably greater than in the Belalong
MDF stands on clay-rich slope soils, but there is less difference to the Andulau MDF stands
on more sandy soils; trees above 107 cm d in the heath forest are fewer than in .any of the
Dipterocarp forest stands; the histograms for forest on the shale lithosols of the Belalong
ridge-crests are similar to those for Badas heath forest though there is a greater density of
higher girth classes in the former. The MDF on the lower slopes appears to support considerably
more large trees, and slightly more small trees than the steeper upper slopes.

The information on d-distributions from the present survey of fifty-five relatively small
single plots does not lend itself easily to a mathematical analysis of differences between species,
stands and forest types. This is aggravated by the tendency of some species to occur at high
densities in some plots on certain sites and in certain stand strata. The following discussion of
d-distribution is therefore restricted to descriptive comparison between sample plots. The
conclusions conform with the information on d-distribution in the larger size classes from more
extensive inventories in kerangas forests in Pueh F.R., Sempadi F.R., Sabal-Balai Ringin F.R.,
Kakus-Pandan P.F. and Similajau F.R.

Generally, the largest diameters of trees in kerangas forests occur on well water-supplied
soils and on sites with somewhat impeded drainage or accessible groundwater supplies. In the
fifty-five sample plots, the largest trees occur in SP. 1 and 7 (MHP on low terraces with
high groundwater table), SP. 27, 45 and 46 (GHP on holocene coastal terraces), SP. 28, 30
and 31 (MHP and PB on pleistocene inland terraces with impeded drainage). The most
severely truncated distributions occur on poorly water-supplied periodically dry soils (SP. 9
and 15) or on soils with almost permanently stagnant water at the soil surface. The variation
of the frequency distributions in different size classes on different sites is shown in fig. 11a
for the whole stand and for some of the most dominant species.

The frequency distribution in SP. 10 (fig. 1la, bottom row) in MDF on a loamy LS
resembles the distributions in ASHTON's Belalong hill-side plots. There is no single dominant
species and the decline of frequencies with diameter is gradual. The gap in class 11 (101-110
cm d) is probably due to the small size of sample for large trees. The transitional forest in SP
16 was a higher tree and lower basal area density. There is a weak dominance of Dryobalanops
beccarii, a larger frequency in the small sizes and a distinctly lower frequency in the larger sizes.
These differences between SP. 16 and 10 are relatively greater than the difference in stand top
heights of about 7 m (see fig. 15a). The site in SP. 17 originally probably carried a forest
similar to SP. 16, but the present secondary kerangas stand is distinguished by a marked
dominance of Dacrydium pectinatum and a much narrower size range. SP. 38 on a moderately
steep to gentle, dissected sandstone dip-slope has high densities in the 2-20 cm range, about the
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densities as SP. 10 in the 21-60 cm classes, and fewer trees above 60 cm. There are
‘;1 differences between SP. 22, 26 and 23 in Badas on DHP at the edge (SP. 22) and in the
ancse (SP. 23) of the western terrace and on a low and broad sand dune east of Badas F.R. (SP.
n SP. 22 has lower densities in the smaller sizes, but more large trees. SP. 23 has fewer
* - trecs and more small trees. This trend is characteristic for the difference between terrace
- and centres. ~SP. 26 is intermediate between these two plots which would be expected.
tye wand is distinguished by the extremely high density of Agathis borneensis in all size classes.

The sequence SP. 46, 45, 43 and 40 in Similajau F.R. is another example of the coastal
gr=x¢ calena.  Sites and soils along the catena have been described in sect 134.3, ex. 1. The
«and o the carly stage behind the beach has high densities in the smaller size classes but few
smergeat trees of large size, which are mostly Shorea materialis. SP. 45 on the succeeding slope
& ¢ terrace level 11 has fewer trees in the intermediate size classes, but larger-sized trees are
mre common. This tendency increases weakly to the terrace top. As in Badas, Agathis
wreeensis reaches highest density and largest size on the DHP soil of the terrace margins. SP, 44
« e centre of terrace level III differs mainly in having fewer large trees as a result of the decline
# 4 borneensis. ' >

A very marked bi-modal frequency distribution is shown by SP. 27 on a GHP south of
anfeki F.R., Badas (see also sect. 232). This type of stand curve is characteristic for kerangas
«xnds on rapidly changing sites. Often the change is due to rising groundwater table. In SP.
** ixal submergence impedes drainage and initiates peat development on the sandy GHP soil.
4+ e course of this change, Shorea albida replaces Dryobalanops rappa as dominant and
menually forms an almost uniform, dense top-canopy of large but not very tall trees. D. rappa,
%A is an exclusive single-dominant further to the coast on younger stages of the GHP-series
smparable to SP. 45 and 46), is reduced to codominant and dominated position in SP. . 4
Mwkcdly, bi-modal stand curves are common in the stands with dominant S. albida and
sadoarinant Gymnostoma nobile and D. rappa on submerged peat-covered GHP and GWP soils in
#«A FR. Similarly shaped bi-modal stands curves occur in Dryobalanops fusca single-dominant
«wxdy on MHP on low coastal terraces west of Sematan in Puch and Siru F.R. An example is

¥ Tin fig. 11a.

The change from an asymmetrical uni-modal frequency distribution to a bi-modal distribution
- waeg 2 catena is also shown by the sequence SP. 21, 28, 31 (fig. 1la, second row from top).
W 21 is on a low pleistocene terrace with undulating surface in the Ulu Ingei. The stand is
«*wturally and ecologically related to the stand in SP. 30 on the lowest terrace level in the Ulu
%.%aau below and east of SP. 28. SP. 28, inside of the margin of the highest terrace level, has
~#wrcr drainage than SP. 21 and 30. Drainage worsens towards the terrace centre. Finally PB
~ #viops in conditions of almost permanent water-logging. Further on, the PB surface rises
wid Mhorea albida becomes dominant. The large S. albida trees produce a distinctly bi-modal
& curve in this part of the terrace catena (fig. 11a, SP. 31). A break-down of the diameter
s into 2.5 cm d classes does not change this type of distribution. Large-scale inventories of
:Wur stands on similar sites have also produced bi-modal frequency curves over size classes.
¢ ©n conclude that the bi-modal distributions are no artefact due to sampling size but an
:i"'ﬂuou o[_ the peculiar structure of the stands in relation to site and status. This is the same
“:-!‘ﬂ as in the Shorea albida and related forests in PSF where the modality of stand
" ™ is an efficient parameter for use in forest type classification (BRUNIG, 1969¢). The
“4re could well be used locally in kerangas forests to delimitate strata along the catenas.

S The tmi-l:podal asymmetrical stand curve is also characteristic for terrace sites with sandy GWP
Patea Cl-'ljf if drainage is moderate (SP. 33 on Bt. Sagan; SP. 37, Temburong river valley) to
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good (SP. 47, Niah-Jelalong P.F.). The uni-modal stand curves on SHP with strongly ﬂuctuating
soil water content (SP. 15, Bako N.P.) or in old secondary kerangas (SP. 17, Bako NP,
descend more steeply as those on more favourable soils. The distinct uni-modality could be an
artefact due to a masqueing effect of the relatively wide 10 c¢m diameter size classes. But 3
break-down of the frequencics into 2.5 cm classes still maintains the uni-modal curve type of
stand curves, which proves its reality. :

An exceptionally steep slope of a uni-modal stand curve occurs in the sample plots SER 1.6
on the corroded summit plateau of the Bt. Serapah limestone massif. The biggest tree is only
24 cm in diameter. The tree density is very high (N=14,940 per ha above 0.8 cm d) and the
slope of the distribution curve, correspondingly steep (BRUNIG, 1968, tab. 13).



The effect of topographical slope position on the frequency curve is shown by the sample
a Niah-Jelalong P. F. For example, the stand in SP. 50 (fig. 11a, top row) near the rim
« e tegtiary synclinal dip-slope has more medium-sized trees (10-20 c¢cm d) and fewer
s above 50 cm d than SP. 47 at the base. The stand is somewhat stunted, probably as
o =it of the closeness to the ridge-top. Some of the big but short trees of Shorea albida (30
o M. 110 cm d) appear almost moribund. The effect of topographical position and soil develop-
a2 3t high altitude on the stand curves is shown by the catena on the Merurong plateau (SP.
+1.47) and Bumbong rumah (SP. 40) in the top-row of fig. 1la. SP. 51 on a MHP on the
endslsting plateau has a higher density of small trees than SP. 53 on a moderately steep slope
w1« the plateau margin. Otherwise the curves are similar. SP. 56 on a gentle slope on the
wcan 1S distinguished by a greater number of large trees due to the presence of Agathis
se.vurii on the more favourable site. The smaller size classes are correspondingly less well re-
prcated. SP. 57 and 40 are both on raised peat bogs but their stand curves differ.
“ye densities in the smaller sizes are greater in SP. 57, where Shorea albida produces a tendency
\wards 2 bi-modal distribution. SP. 40 on a peneplain terrace is dominated by Dacrydium sp.
«vic §. albida is absent. The stand curve is distinctly uni-modal and the density is higher in
8¢ 10— 50 cm d classes than in SP. 57. The stand curve in SP. 54 on a blanket peat of the
sumenit slope of Bt. Skalap, Merurong plateau, is rather similar to the curve in SP. 40 without -
8 tew emergent Combretocarpus rotundatus. The smaller maximum size in SP. 54 is most
s-#ably due to the exposed position of the stand and the poorness and drainage conditions of
s wil. The distribution is intermediate between SP. 40 with ample, and SP. 15 with frequently
A cxent water supply.

LAMPRECHT emphasizes that undisturbed natural forests usually have a distinct “selection
\eost” structure.  In other words they have a uni-modal, strongly asymmetrical frequency curve
«h the mode far on the left. But individual species may deviate from this rule which is con-
##ry 1o conditions in managed selection forests (LAMPRECHT, 1969, p. 58). The above
&wnbution together with the clear evidence, that most of these stands are undisturbed (see sect.
*11) indicates that deviation from the selection forest or so-called LIOCOURT geometric series
® sery common in undisturbed natural forests under more severely limiting site conditions.
Rowits of peatswamp and dry-land forest inventories in Sarawak and Brunei confirm the wide-
wread deviation from the hypothetical “normal” size-class frequency distribution in undisturbed
tasural tropical rain forests. More will be said on the stand curves of single species in sect. 232.

3252 Basal Areas

The frequency distribution . of number of individuals in d-classes for a stand, or for
mividual species, generally indicates the intensity of regenerative activity (fig. 11a and sect.
#12). The basal arca distribution in d-classes indicates the contribution of the different size
“xucs 1o the stand biomass. It somewhat exaggerates the contribution of trees with smaller
ia;‘ndcrs or crowns because it does mot include the effect of the third dimension “height”
o tree shape generally (see sect 261). Basal area histograms, more than N-distributions,
f:;”‘*'“.Pbasizc the ecological importance of very large single trees which happen to be in-
;' ‘-n-‘ﬂ in a relatively small sample. The basal area of a species in a stand indicates the

sogical success of the species better than simple presence and absence data or frequencies.

;“‘t_‘.'lf_hc total basal area of trees > 1 cm d in the sample plots in kerangas forests varies
S h‘."‘.‘_ 16.9 (SP. 29) and 88.0 m*/ha (SP. 31). The weighted mean basal area is 36.48
. v‘,‘;ﬂ_.." with a standard deviation of 1.601. The true mean of the sampled kerangas stand

g reiation is bgtweer_l 33.3 and 39.7 m* at p = 0.05 and between 32.2 and 40.8 m? at p

-.
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= 0.01. The mean of 36.5 m* is about 10% above the pantropical mean basal area in natura]
tropical high-forests according to the estimate of DAWKINS (1959). Generally, variation of
total basal area between adjacent square-chain units is small and considerably less than in MDF
or Mixed PSF. The coefficient of variation of basal area per unit area between different
localities or between different forest types and forest quality classes are of the same order in
kerangas forests as in Mixed PSF and in MDF, but are larger than in Alan bun
forests (BRUNIG, 1958). In the Sabal sampling area, basal arcas above 10 cm d
square-chain (404.7 m?) ranged from 0.3 m? (7.5 m%/ha) to 2.4 m® (60 m?/ha) in MDF
(49 squares) and from 0.71 (17.7 m®/ha) to 2.1 m? (52.2 m?/ha) in kerangas forests (451
squares). The variation coefficient naturally rises more steeply in kerangas than in MDF if
the minimum diameter limit is raised, because the tree population diminishes more rapidly
with size in kerangas.

The basal area distribution over d varies strongly between different types of stands in
kerangas (fig. 11b). The distribution is rather even in the one sampled MDF stand (SP. 10),
A more markedly uni-modal distribution with a weak second peak in the classes 7 and 9 occurs
in the transitional stand (SP. 16). The poor kerangas stand in SP. 15 is strongly uni-modal
with steep declines on both sides of the model class 11 — 20 cm d. The more markedly single-
dominant stand (A4. borneensis) in SP. 43 has the largest value in class 8 and a corresponding
weak depression in classes 3 to 5. The depression in the intermediate size classes is much
more pronounced in SP. 27 where the strongly dominant Shorea albida represents 57.7% of
the stand basal area and is the only species above class 10. The intermediate storey of this
stand is strongly dominated by Dryobalanops rappa (10.0% G) which, similar to S. albida
shows a peculiar distribution gap between classes 4 and 9. SP. 27 has the second largest basal
area (74.7 m*/ha) of the fifty-five plots. Most of the other plots with large basal areas show
similarly a strong single-species dominance in the top-canopy. Of the eleven sample plots
with basal areas greater than 50 m?®/ha, four plots are strongly dominated by S. albida, 1 by
A. borneensis, 1 by Dacrydium beccarii and 1 by Combretocarpus rotundatus. Only three plots
show merely moderate dominance of the leading species with less than 20% of the stand basal
area. All plots with large basal areas have moist to very wet soils. Four plots are on peat
and two on PG soils, which indicates a preference for infertile substrate. High-basal area
stands with moderate dominance are on well water-supplied RYP and on GWP sandy clays on
moderate to steep slopes, indicating a favourable water regime and reasonable fertility.

Nine sample plots have basal areas below 30 m?/ha. Only two of these are stands with
a distinctly dominant leading species representing more than 20% of the stand basal area. In
both cases, Shorea albida is the dominant species. The one plot is in a kerangas stand near
the terrace edge where S. albida fades out and soil conditions appear unstable (SP. 28, MHP
with microknoll relief). The second plot is in the centre of the transition zome from wet
kerangas to extremely wet kerapzh at a point at which the dry-land kerangas (SP. 31) had
already deteriorated but the Shorea albida-kerapah (SP. 32) is just about to form. Similarly,
one of the two low-basal area plots in Puch F.R. is situated in a transition from Dryobalanops
fusca forest on a low dune into the S. albida kerapah of the large central basin. The other
six plots are in mixed stands on heavy clay soils of pleistocene terraces (SP. 33, 36 and 37)
and on alternately dry and wet sandy HP soils on sandstone dip-slopes (SP. 8, 9 and 15).

The sample plots on the undulating, broad top of the limestone massif of Bukit Serapah
have a mean basal area of 45.2 m*/ha, with a range from 35.2 (plot 4, broad top of the NW.
ridge above vertical scarps) and 57.4 (plot 2, flat plateau-like shoulder of the SE. ridge). The
basal area increases from size class 0.8 — 1.5 cm d (0.3 m?/ha) to a peak in the 9— 10
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ass (1.6 m?/ha). Then it descends steeply to 19 cm d and forms a weak second
pok @ the 23 —24 cm d classes. The relatively high basal area in these plots is the result

e very high density of relatively small trees. The biomass of the stands is small in spite
@e large basal area because the heights are low. There is a distinct main canopy between
12 aad 15 m. Emergent trees average 17-19 m and very few reach beyond 20 m.

3
-

For comparison, FOX (1967) reported a mean basal area above 10 cm d of about 28.5
o b in 28 ha MDF in Sabah. NICHOLSON (1962) reported a mean basal area of
oout 32 m*/ha from research plots in Sabah. The standard deviation per cent was 7.4 and
19 respectively.  The figures seem somewhat low even if 10 m* are added for the sizes below

womd

Very large basal areas are associated with very different site conditions. Either water
exceeds consumption and discharge, peat is formed and the stands are strongly dominated

e wcll-adapted species. Or in other cases, water supply is adequate to abundant, the soils deep
and wcll-textured and the stands mixed and relatively complex. Very small basal areas seem
emociated with periodically insufficient water supply on shallow, sandy or stiffly clayey soils or
«» 3 transitional position of the stand under conditions of rapid vegetational change and site

amtability.

The contribution to stand basal area and biomass differs between species of different
wxial status and different abundance in the stands. The pattern of the different contributions
» characteristic for stands and can be expressed as curves of the per cent basal area contribu-
we in sequence of species ranking. The species in stands with strong dominance would
groduce a sigmoid shape of this so-called dominance-diversity curve with a characteristically steep
wial decline. Stands with a greater degree of species diversity (sect. 223.2) have relatively
fuct curves than stands with a smaller degree of species driversity. The curve of a stand
weh a diversity equal to the maximum possible diversity would be a straight line parallel
% the abcissa. Four stands were selected from among the sample plots to demonstrate the
roge of curve variation within the kerangas forests. The curves were calculated from the
et cent basal area contribution and are shown in fig. 11c. The curves are arranged in order
o wcreasing diversity from left to right. An exception is SP. 27, which would have a higher
&wersity than SP. 15 according to fig. 10b, but not according to fig. 10a. This discrepancy
of position is the result of the different weight of numbers of individuals and of basal area in
¢ two indices.

The very steep slope in the upper portion of curves of SP. 27, 43 and 40 is the result

«f 3 marked single-species dominance. In the mid-range of the curves, the degree of steepness
weresponds to the effect of intermediate species on the stand diversity. There is a small
pacral decrease in inclination from SP. 40, 27 and 43 (low within-stand diversity) to SP. 15
#sd 16 (high within-stand diversity). The lower part of the curves is occupied by the rare
secies. The rare species contribute very little to the total basal arca which generally causes
%« curves to decline more steeply in this range. Similar results were obtained by WHITTAKER
11965) in stands of different diversities in the U.S.A. He used net annual productivity (NAP)
» construct his sigmoid dominance-diversity curves of forest stands. This results in a some-
v&at less steep initial slopes because trees contribute to biomass or coverage relatively more
%2 1o NAP. Otherwise, the shape of the dominance-diversity curves is the same. WHIT-
:"'\F-R observed that his core forests with high species diversity have sigmoid distributions
moderate slope throughout. The same communities have log-normal distributions when plotted
% PRESTON’s method on octaves of basal arcas. The previously discussed frequencies of
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species in octaves of number of individuals (sect. 224.1) suggest that this would also happen
in the kerangas forests. The.dominance-diversity features of various types of kerangas forest
stands in comparison to Mixed Dipterocarp and Amazonian terra firma forest stands are
discussed in more detail elsewhere (BRUNIG, 1972).

The stand basal areas are the result of an interaction between species availability, species
adaptability and competition capacity on the particular site, site properties and time. Very large
stand basal areas are likely to occur in single-dominant stands on sites with more extreme pro-
perties which offer special advantages to adapted and competitive species. Very low basal areas
are likely to occur on more xeric sites with shallow soils, which cannot sustain high biomass, or
at certain stages of rapid succession. Therefore basal areas alone are no reliable indicator of site
productivity and soil fertility in kerangas. The same is true for peatswamp forests, where the
largest basal areas occur in the Shorea albida-consociation (ANDERSON, 1961; BRUNIG,
1969¢) and not in the peripheral mixed associations which occupy clearly more fertile soils.

The basal area or dominance of a species is some measure of its ecological importance., As
an importance index, basal area is biassed in favour of species like S. albida which tend to occur
as large trees but few individuals. Bias is also associated with density of a species because it
overrates the importance of some of the frequent understorey species. Both these measures have
been combined with frequency (occurrence in plots) to an Importance Value Index of a specics
(CURTIS and McINTOSH, 1951; CURTIS, 1959). The highest index value in kerangas has
Palaquium ridleyi (86.3 of a possible 300), followed by Melanorrhoea beccarii (83.9) and
Ganua curtisii (78.5). The great heterogeneity of sites and vegetation and the general species
richness of tropical rain forests generally cause excessive weight to be put on frequency. The
relative effect of dominance and density in the index is reduced for the same reason because
hardly any species obtains a high rating in these parameters. (BRUNIG, 1966, pp. 90-91). As
a result neither the species with highest density, Whiteodendron moultonianum (N=1,304) nor
the two species with the highest dominance, Agathis borneensis (G=34.9 m?) and Shorea albida
(G=29.6 m?) are among the twenty species with the highest Importance Value Index. The
species with the highest IVI, Melanorrhoea beccarii, characteristically is a species with a very high
frequency (forty-four plots out of fifty-five). Eight of the twenty leading species are normally
understorey species, six are normally intermediates to codominants and only six are typical top-
storey species. This again is the result of bias due to overrating frequency. The IVI consequently
has a rather low information value in complex tropical forests. LAMPRECHT (1969) and
GREIG-SMITH (1964) similarly criticized that the IVI is composed of paramecters of very
different nature and weight.

225.3 Tree Heights and Layer Formation

The top-heights of undisturbed stands in the kerangas forests vary between 50 and 18 m.
Fig. 11d shows the height relations of forty-eight stands in forty-six sample plots in order of
decreasing top-height. The tallest stands occur in the lowlands on well water-supplied sites.
The stand with the maximum recorded top height of 50m (SP. 3) is on a low dune transitional
to peatswamp in Puch F.R. Dryobalanops fusca (12.3% G) is the leading emergent specics.
SP. 46 is on GHP of a recent beach terrace in Similajau F.R. Leading emergents are -
Shorea materialis, S. scabrida and Dryobalanops rappa. SP. 16 with emergent Dryobalanops
beccarii and Shorea flava is transitional to MDF in Bako N.P. The SHP soil is rather unfavour-
able, but this is compensated by the slope position which improves water and nutrient supplies.
Similarly, SP. 8 on a broad, gently descending ridge in Pueh F.R. is near MDF and shows transi-
tional feature. SP. 5 is similar to SP. 3 except that the drainage of the low-dune site is more
effective. SP. 21 is on a board and gently undulating terrace. The forest intermediate between
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oca the terrace flank and Shorea albida-kerapah on the flat. The soil has a high water
- and drainage is moderate to poor. Decreasing stand height towards the right of fig. 11d
":;;jal.:d with increasingly more unfavourable water regime of the soils. Either water
. sty of the soil decreases, as in SP. 33, 36A on clay and in SP. 9, 15 on sand, or peats
_;‘H‘, which may be very wet (SP. 32, 29, 57-1) or excessively drained (SP. 54). There is

o 3 ill-defined increase in altitude towards right.

“tse sample plots on the limestone massif of Bukit Serapah are not shown in fig. 11d. The
wand Yop-heights of the emergent trees are between 17m (plot 6, exposed top of 7 m wide NW.
wige ) and 20 m (plot 4, depression on the ridge with shallow loamy rendzina soil). The heights
spoad to the Jowest stand heights on sites with very unfavourable water regime and strongly

& gerophic soils in kerangas (SP. 29, 54. 57-1).

fmergent species with a relatively wide site tolerance, such as Shorea albida and Dacrydium
e matum, are also among the species reaching maximum heights in kerangas stands. Shorea
ooeds s up to 50 m tall on favourable kerangas sites (SP. 8, 5, 21), 35 to 43 m
« sy with cither topographically impeded drainage (SP. 27, 31, 1), or relatively strong
awage (SP. 22, 49), or low water availability (SP. 6 on clay). The height is reduced
« 14 altitude or in exposed positions even if soil conditions are favourable. In SP. 57-3 (730
« ».tade) maximum height is about 35 m and falls to 20 m in SP. 57-1 where drainage is
e«-mgly impeded and the peat deep. Similarly, Dacrydium pectinatum reaches a top-height in
% ~lands of about 37 m in SP. 17-5 (secondary MHP on lower slope in Bako N.P.), 32 m in
# 17.1 (secondary MHP on the drier upper slope), 29 — 30 m in SP, 15 (SHP on upper
we<). At higher altitude, Dacrydium spp. reaches 25 m in SP. 40 (raised peat with MHP on
semxcks, 15 m in SP. 57-1 (PB) and 12 m in SP. 54 (blanket peat). Height trends in
wrarstoma nobile are much the same as in Dacrydium, and appear chiefly related to water
womiv, drainage, exposure and aititude. The combined effect of moisture availability and ex-
s can be observed in Bako N.P. where tree heights of Ixonanthes reticulata, D. pectinatum,
- weide, Shorea ovata and Calophyllum nodosum decline rapidly from tall kerangas on MHP
¥ 17, type 61 of BRUNIG, 1965) to pole forest on SHP (SP. 15, type 63 and type 66) and
sty 10 low, shrubby growth on rock padang and exposed boulders (type 71). Under extreme
~»sare and periodic dryness, otherwise tall tree species occur as stunted, gnarled trees and
wsly 23 cushion forms on natural and fire padang sites in Bako N.P. (BRUNIG, 1957a).

Tse height/diameter ratio declines generally from left to right in fig. 11d, indicating
+ wsdency to more stunted growth with more unfavourable site conditions. This tendency is
*#scadly more marked in the bigger size classes than in the undergrowth classes.

. e histograms in fig. 11d also show the variation of integration of layers in the stands.
_:- samber of layers varies between four (SP. 29) to seven (chiefly in the taller stands to the
v The Iaycrs are distinct in thirty of the forty-cight stands. Eighteen stands, chiefly on the
= « fully integrated and layers cannot be recognized visually. Distinct gaps between layers
“’".“-! t::mds which are strongly dominated by a single species or by an ecological species group
i ; 27, 47, 26, 22, 57-1, 31, 40, 33, 29), or in stands which are in a rapid successional or
. ::!opment (SP. 46, 17, 31, 55, 29, 57-1 to 57-3). The ground vegetation of mosses,
- %erbs, tree seedlings, stemless palms and pandans is always regarded as one layer.

W”:ﬁ stands in the sample plots on Bukit Serapah have a distinct and dense main canopy
& i 5"“‘ hlgh._wnh few emergents about 15—20 m, a distinct small-pole layer at 4-5 m and
o dinct sapling layer. Including the ground-vegetation, five layers can be distinguished.
v e “¥%eral structure of the tree stand resembles closely SP. 54 on the high-altitude blanket bog.
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226. Stand Physiognomy in Relation to Site

226.1 Xeromorphic Features .

GRIEVE (1953) lists the following eleven morphological and structural modifications
characteristic of Australian sclerophylls: broad, leathery leaves; microphylly; acicular (needle)
Jeaves; aphylly (phyllodes); winged stems; spiny stems; sunken stomata; cutinization; strong
development of tannins and resins; strong development of palisade mesophyll; formation of
hairs, scales, waxy blooms on surface. Singly or in combination most of these modifications
are characteristic for species and stands in kerangas as well as in the interior peat-bog forests,
Only spiny stems are almost completely absent from kerangas forests.

Xeromorphic characteristics of tropical rain forest leaves have occasionally been explained
by an assumedly low specific water conductivity of tropical woods (BEWS, cit. by HOWARD,
1969), but this would at least not apply to woody lianas which frequently exhibit equally
xeromorphic habits of the leaves. GRIEVE (1953) mentions the relatively low average rates
of transpiration during summer in southern Australian sclerophylls and states that this is
probably true for sclerophylls in other parts of the world. COUTINHO (1962) reports that
many species from a tropical rain forest at Paranapiacaba (P = 3 600 mm, no dry season
but periodic drought) have efficient stomatal adaptations comparable to those of so-called
xerophytes in arid climates and in the tropical American caatingas. In contrast FERRI (1961,
1962), in a comparison with severed leaves from an American caatinga and normal raia
forests, found equal transpiration rates and a generally slow stomatal reaction in the former.
Various authors relate the scleromorphy of savanna vegetation in Latin and US America to
low nutrient contents and high acidity in the soils rather than to water availability. LOETS-
CHERT (1969) reviews the literature on the relation between xeromorphy and nitrogen nutrition
of peat-bog plants. He concludes that the more xeromorphic plants were also less well nitrogen-
supplied.

BEADLE found that in the rain forest vegetation of Australia xeromorphy as a result
of high lignification, heavy cutinization, silification, or a combination of these, may occur in
any rain forest species. Adaptation to low fertility accentuates xeromorphic characters through
a reduction in leaf size. The low-fertility xeromorphs are not xerophytes. The degree of
xeromorphy can be reduced in many taxa by the addition of phosphorus and nitrate (BEADLE,
1966).

Milky juice is suspected by OPPENHEIMER (1960) as an adaptation to xeric con-
ditions, but he warns that the problem is still open to discussion. In the kerangas forests,
latex-producing species of the Sapotaceae alone represent about 10% of the biomass in the
formation. Species which contain copious viscious latex or resin in stems and leaves together
represent about 58% of the total biomass of the kerangas forests. We have seen earlier (sect.
136) that the species in kerangas forests have on an average a higher leaf tannin content than
the species in MDF, but that tannin content within a species varies with soil base status. We
may conclude that the common xeromorphic features of the kerangas vegetation is most
probably the result of a complex interaction of several site factors, which may differ between
different sites. In the following, some of the more easily observed features and their possibk
association with site factors will be discussed.

226.2 Leaf Sizes and Albedo

Average leaf sizes of forest stands are generally larger in stands on sheltered sites with
ample and sustained water supply than on sites where moisture deficits are frequent. Larg®
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Plate 5. Kerangas forest on a gentle to moderately steep dip-slope,
Belait formation. The catena from a terrace in the
valley of s. Meluang (beyond the upper margin of the
photograph) to the rim of the syncline near SP. 49 and
50 is described in sect. 134.2, ex. 3. The kerangas
forest in the picture is mainly types 523.1 and 532.1
(sect. 432.2) with some type 523.1 (sect. 432.11). Niah
— Jelalong P.F. :
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leaves on dry sites usually exhibit alternative features which prevent overheating in the
presence of high radiation and low moisture supply. One common feature is glistening leaf
surfaces which are common in all layers of kerangas forest stands. Especially, flushing leaves are
often thickly covered with resins (e.g., Gardenia resinifera, G. pterocalyx, Agrostistachys
porneensis). In other cases buds and emerging leaves lack a particularly reflectant and protective
resinous or waxy cover, but are protected by stipules or more or less dense hairs. HOWARD
(1969) observed in an elfin forest in Puerto Rico that, in the majority of woody species, young
leaves have some form of protection. The same applies to kerangas forests in Sarawak.

Reflectivity as a result of a whitish leaf surface is frequent among many species
of common emergent trees (e.g., Shorea albida, Vatica brunigi, Xylopia coriifolia, Euphorbia sp.
S 6446, Elaeocarpus euneurus). Highly reflectant pale whitish-green leaf or frond surfaces are
common among ephiphytic orchids, ferns and ant-harbouring dicotyledons in kerangas forests.
Some common emergent species have reddish pigments in the mature, dark green leaves which
improves the radiative exchange with respect to cooling (e.g., Ploiarium alternifolium, Tristania
stellata and other species of the genus, Whiteodendron moultonianum, Ganua curtisii, Melanor-
rhoea inappendiculata). The abundance of anthocyanin in epiphytic Vriesea sintenisii seedlings
and its survival value under exposure to light and low humidity in elfin forests in Puerto Rico
has been demonstrated by WAGNER et al. (1969). Similarly, the common kerangas top-canopy
parasite Dendrotrophe varians is conspicuous by its dark red leaves.

The effect of albedo on the heat balance and the transpiration rate of leaves is in direct
relation to the fraction of reflected radiation. The kerangas and kerapah forests have a
poticeably larger albedo on aerial photographs. This is most likely related to a larger per
cent reflected incident radiation which has survival value by maintaining low transpiration
rates without overheating under conditions of strong illumination and low moisture store. In
addition to surface reflectivity, also leaf form is an important factor in this respect.

Many of the more important species in kerangas forests have roundish, strongly curved
ovate or oblong leaves. The curvature of the surface is usually longitudinal and lateral. In
many cases the leaf margins are strongly rolled-in. Examples are Melanorrhoea inappendiculata,
Vatica cuspidata, Calophyllum sclerophyllum, Ganua curtisi. HOWARD (1969) reports the
;same phenomenon from the elfin forest on Pico del Oeste and suspects that some selective
value could be attached to this growth form. Another important factor in regulating leaf
temperatures is the leaf dimension.

The frequencies of different classes of leaf sizes on different sites in kerangas and MDF
has been described in sect. 223. Leaf size influences the thickness of the atmospheric
boundary layer and the effects of wind speed on the layer. The thickness of the layer affects
external diffusion resistance and rate of heat exchange. Other conditions being equal, larger
leaves have thicker, more persistent boundary layers. Consequently, larger leaves have greater
temperature differences between leaf surface and ambient air. Conversely, the strongest coupling
between leaf surface and air temperature is found in needle-leaves and in cylindrical, thin
phyllodes (LEE, 1967). The importance of the combined effect of reflection and conduction
for cooling leaf surfaces has been emphasized for Ficus elastica Roxb. by LOOMIS (1965).
SLATYER (1967) has shown that the heat transfer coefficient ks is dependent on the effective
leaf width down wind and that a cylindrical leaf under conditions of perpendicular air move-
ment has a greater capacity for heat dissipation than a flat broad leaf.

The advantage of smaller leaf sizes in reducing surface temperatures in situations with high
radiation and water deficits has been discussed elsewhere (BRUNIG, 1970). Leptophyll leat
habit can effectively reduce the temperature of the leaf. At a wind speed of 45 cm min-! at
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noon on a bright day with a net radiation of 1.27 ly min-, a 5 cm broad leaf had to transpire
7.8 . 10* g cm? min~! to reduce its radiation-determined surface temperature of 52°C o
40°C (5°C above the ambient air temperature of 35°C). This rate corresponds to a trans.
piration rate of 0.5 mm per hour if the leaf area index is 1, 1.0 mm for LAI 2, and 1.5 mm
for LAI 5. Such rates are by no means excessive, but would be very difficult to maintain i
soil moisture tension is high. Cooling by efficient removal of the boundary layer through wind.
enforced convection is, under such conditions, essential. This conclusion agrees with the opinioa
that, in terms of control of leaf temperature, convection is the most important process,
transpiration commonly is next and re-radiation is least important (MILLER, 1967). The
importance of leaf size and reflectivity for temperature control by the plant is emphasized by
the fact that almost all of the heat transfer of a tree is through its leaves (TURRELL and
AUSTIN, 1965). Therefore, ecological significance may be attached to the fact that the
frequencies of leaf size classes in kerangas stands show the previously described association
with ecological gradients related to energy and water regime. (sect. 223 and fig. 13a).

GATES compares changes of transpiration rates from single leaves at different leaf sizes,
wind speeds, temperatures and humidities. In warm air, convective cooling at various wind
speeds will reduce the water pressure within the leaf. This effect is stronger than the simul-
taneous reduction of external boundary layer resistance to diffusion of water vapour. As a
result, transpiration is reduced under the conditions of relatively high atmospheric humidity
which are common in Sarawak. Evapotranspiration from vegetation in tropical humid regions
may at times under certain conditions be less with wind than without. Wind will in these
areas cool vegetation directly and increase air mixing. If increased air mixing reduces
humidity in the canopy, increased evapotranspiration could result. As a result of these
compensating effects, it is likely that the effect of wind on evapotranspiration from vegetation
in warm-humid climates will be relatively smaller during humid conditions (GATES, 1965,
1966 and 1968). The advantage of smaller leaf sizes for cooling under such circumstances is
obvious. The general prevalence of species with small leaves in kerangas forests and their
particularly strong dominance on sites with unfavourable water regime suggests a functional
relationship between leaf sizes and periodic moisture deficiency on some sites in the kerangas
forests.

Therefore, the previously described leaf area index (sect. 223) was plotted in the
ordination of sample plots (fig. 13a). The ordination will be described in detail in sect. 243.
The leaf size index values were calculated for each sample plot and plotted at the SP coordinate
in the X-/Y-plane. The values of the most common notophyll class and the most uncommon
nano- and macrophyll classes did not exhibit any recognizable trends. The intermediate classes
leptophyll, microphyll and mesophyll showed patterns of variation which appear related to site
factors. The proportion of the microphyll class is largest on deep, porous sands which ar¢
excessively drained but retain some water reserve in the deeper soil layers which are accessible
to deep-rooting species. Characteristic for such sites is the microphyllous, decp-rooted a
gregarious Agathis borneensis. Leptophyll values are largest on sites with extremely fluctuating
water regime. The soils are either sandy SHP soils on sandstone or shallow clayey GWP.
The mesophyll class shows a marked dominance on the lowland deep-peat soils. This is largely
due to the high dominance of Shorea albida or, on the wetter sites, of S. pachyphylla. The seco
centre of high mesophyll values is associated with the well water-supplied and fertile ripanaa
soils below the belt of MDF at the bottom of the lower right-hand quadrant. The patter,
the index values of the three classes in the ordination confirms generally the trends of leaf siz¢
pattern described in sect. 223 for selected sample plots.
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ASHTON's MDF plots except those on shale lithosols have a predominance of mesophylls
ot scxophylls combined. Mesophylls exceed notophylls on the mesic clay-loams on the
o i vg hillsides. Microphylls predominate on shale lithosols. A change of leaf sizes from
cwswciy damp 10 relative dry soils can be observed in all sampling arcas (ASHTON, 1964c,
5 ‘ol sad fig. 37). The basal area percentage of leaf size classes for three sites in Belalong
oni Aatulau and the leaf size index values in kerangas indicate that significant differences
& Stwcen MDF and kerangas which support the conclusions on site-leaf size relationships
+in 3 were interpreted from fig. 13a (sect. 223).

ts Australian rain forests, leaf sizes are smaller at higher latitudes and altitudes, and on
wnis of lower moisture and nutrient status. The evergreen sclerophyllous habit may be an
wisgeacson 1o highly erratic rainfall under conditions of permanently limited moisture, because
werrme pressure deficits require rigid sclerophyllous leaves (WEBB, 1959). A general asso-
s of xcromorphic development and nutrition, especially with phosphorus and nitrogen,
see eca described in Australia (RICHARDS, B.N., 1965; WEBB, 1968). However, the only
wit foeest species, Araucaria cunninghamii Ait., which could be introduced to sclerophyll forest
woe by fertilizing, has much in common with the species in the dry sclerophyll forest
RXMARDS, B.N., 1967). This is certainly true for its leaf and twig morphology, which
warniics that of Dacrydium pectinatum.

Lutle is known of the nutrient regime in kerangas forests on podzols and related soils in
me twopecs. It was said earlier (sect. 135) that HP, PB and GWP soils are very low in most
wowrals. Sandy HP soils also are extremely low in adsorptive complexes and exchange
sway. The difference of nutrient status and adsorptivity between kerangas soils and brown
% and lateritic soils, carrying luxurious MDF in Sarawak, is smaller than the striking
sfrraces in the vegetation seem to suggest. The smaller biomass turnover rate in kerangas
#s wxt. 261) would accentuate the difference and the combined effect may go some way in
wyiazing why kerangas differs so' strikingly from MDF. The inferior site fertility may also
» ;e explain why the degree of evergreenness is greater on kerangas than on MDF sites. In
Ma rapect ASHTON (1967) also suggests that soil fertility may be involved. MONK (1965)
Yend & preater degree of evergreenness on the less fertile soils in Florida, which may be an
shigeatson to the need for conserving the nutrient store of the site.

We¢ can conclude that the distribution of leaf size spectra of the stands in the ordination
"“'m_!t coaditions of site which appear at least partly associated with the water regime. It is,
Wowswer, also evident that soil fertility may also be important. This is indicated by the
S=iae of mesophylls from the centre of the matrix downwards. It is known that the nutrient
#ww of the soil could affect leaf size variation within a species and between stands. STONE
m':’ ebserved criteria resembling drought effects in pine such as short yellow needles, on
i #stnent-deficient sands which had sufficient plant-available moisture even in dry summer.
’ ‘::'i_'k. in Sarawak Dacrydium pectinatum, after transplanting from a sandy rock padang
s P, into wcll—watergd pots u..-ith sandy but more humic soils, produced much longer
e mlm new shoots. This 1mm§d:ate and very drastic change was probably the result of
"m k‘:tpply t_Jf water and nutrients (BRUNIG, 1965, p. 295). The general relationship
R P e Phk.'slognomy and site fertility is recognized by the Iban who considers land as
—r and iI the canopy of the natural forest is “daun hitam”, i.e., if the canopy is dark-
s #d heavily shading (RAGAI, pers. comm.).

#*3 _Crown Structure '

: .;uzm"‘“ shapes in tropical trees appear uniquely adapted to the peculiar radiation environ-

IRENWEND, 1969), and scem to bear relationship to the moisture regime of the
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ecosystem. The more common and characteristic types of crown shapes in the lowland forests
of Sarawak and Brunei are shown in fig. 12b. Excluding the effects of convection, evapotraps.
piration and leaf geometry, the diurnal march of crown surface temperatures in relation to air
temperature follows the general trend indicated by the broken lines below the crowns. Midday ig
indicated by the position of the stem.

The flat crowns (a) and (b) are characteristic for early successional, exacting species, such
as some Baccaurea and Macaranga spp., with large, relatively thin and easily fluttering, often
highly reflectant leaves. Typically, these species are rapid-growing, deep-rooted, short-lived and
occur in low and relatively dense, uniform stands on moist to wet, fertile soils. In kerangas, this
type is restricted to rare occurrence on well-watered more fertile mineral soils at the margins 1o
other forest types.

The composite cone (f) receives almost equal amounts of incident radiation irrespective of
the inclination of the sun. In emergent trees, the cone also intercepts a high rate of adjective
energy. In lowland kerangas this crown type is represented by Agathis borneensis. If rool-
accessible water supply in the soil is adequate, the species will occupy an emergent position. If
supply is marginal, the species is confined to codominant canopy position. The crown type is
absent from very dry sites and from MDF. The composite sphere (c) is characteristic for large
emergents in near climatic climax MDF. This shape evens the daily march of the radiative load
in an equatorial climate and permits ample light penetration and ventilation. It intercepts less
diffuse and thermal radiation than the oblong crowns of lower strata in the same stands. The
composite broomstick (g), by vertical arrangement of the short-needled twigs or phyllodes, reduces
interception of radiation during the most critical period of the day at noon. Reradiation to the
zenith is rather inefficient with this geometry, but the usually darker green colour of the twigs
assists in this respect. This crown type is characteristic for Dacrydium spp. and Gymnostoma
nobile, which are common on excessively drained, periodically dry SHP, sandy GWP and shallow
PB soils. The broomstick crown is typical and common in low and frequently open stands in
exposed positions. Examples are the padang and cliff-tops of Bako N.P., the rim of the syncline
of the Klingkang range and the exposed margins of the Merurong plateau.

The cauliflower type (d) is characteristic for Shorea albida, S. pachyphylla and Dryobalanops
rappa in stands with high basal area and high tree density in kerapah and peatswamp. The crown
shape compromises between the composite sphere, which evens radiation load, and the umbrella
type, which reduces canopy surface roughness (sect. 226.4) and increases albedo. It is common
in peatswamp forests on sites with rather fluctuating water tables but rare and probably at most
moderate water deficits. In kerangas, the caulifiower type occurs locally on well water-supplied
GWP and PB soils, but is absent from dry sites. :

The oblong or irregularly spreading crowns of trees in the understorey are well adapted to
the low wind speeds and high proportion of diffused, uneven light in the understorey. Locally,
adaptation to exacting energy flux regimes in the understorey is by leaf sizes rather than by
crown shape, which causes the reversal of the common trend towards larger leaf sizes at lowet
height in the stands which has been described in sect. 223.

226.4 Canopy Structure

The structure of the canopy of forests changes along site gradients. In tertiary landform,
tall MDF with large predominantly composite-spherical crowns and irregular canopy surface
occupies deep soils with adequate water supply, preferably on scarp and lower dip-slopes. la
the same formations, kerangas forests with smaller crowns, lower heights and more uniform
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umpics OCCUPY more shallow soils and peat bog. The canopy surface pattern (figs. 7a-c) and
wme vary on aerial photographs sufficiently for identification and classification of types.

{a holocene terrace landscape, the roughest canopy types occur in the peatswamp and
..o forests which often surround recent alluvium and in the MDF on terrace flanks and
wiavaing tertiary landforms. The more uniform canopy with smaller crowns occurs on the terrace
eux. The general pattern of canopy types and associated changes in topography and soil
s shown in fig. 7a. g
The pattern is similar on pleistocene terraces (fig. 7a, centre, and fig. 7b). A common
{-afurc on more extensive old terraces is the opening and lowering of the canopy in areas where
drainage leads to PB formation (fig. 8a and kerapah types in figs. 7a and b). An
wmalogous development occurs on level parts of sandstone plateaux (fig. 7¢, No. 2). In contrast,
a¢ canopy on blanket peats of sandstone dip-slopes is typically very uniform and dense (fig. 7c,
sa 4), resembling the vegetation on the exposed ridges (No. 5) and on tops of limestone hills
(4 b, right). For example, the canopy in SP. SER 1-6 on the summit plateau of Bukit
scrapah is very dense and even. Microphyll species (Cotylelobium malayanum, Tristania obovata,
Devaspermum fruticosum) or species with very coriaceous, reflectant leaves (Hopea andersoni,
¥ atca coriacea, Diospyros hermaphroditica) dominate. There is a distinct increase in canopy
»:ght and in surface roughness from ridge-top (surface mor) to hill-side (clay-loam rendzina).
Locally on summits of limestone at low altitudes also Gymnostoma nobile occurs and may become
&eminant (ANDERSON, 1965), emphasizing the close structural resemblance to the poorer types
of herangas forests.

Surface roughness and height of the stand canopy generally decrease along the gradient from
MDF on deep soils to kerangas forests on SHP and to kerapah forests on PB coils. Similar
gradients can be observed from lowland to mountain sites. The very consistent pattern changes
= PSF from the perimeter to the centre have been described elsewhere (BRUNIG, 1970a).

The canopy surface roughness affects energy and matter exchanges principally in two ways.
Fintly, the geometric shape of emergent canopy elements determines the daily heat load from
cident direct solar radiation. The heat load on emergent single or groups of crowns can be
ewtimated by the ratio interception by emergent element/interception by horizontal surface
{Qc/Qu). The ratio depends on the height and diameter of the emergent element and deviates
trom 1 (= horizontal surface) in relation to the size of the emergent units in the stand canopy.
fa the forenoon and afternoon at a zenith angle of the sun of 45° the ratio is about 3 in riparian
torests, 2.8 in MDF, 2.7 in moist kerangas (Agathis-bearing), 2.5 in kerangas on MHP soil and
“clow 2 on SHP and periodically dry PB soils (BRUNIG, 19704, fig. 1). The reduced heat load
oa the emergent trees in kerangas is obviously an advantage if moisture supply becomes critical.

Sccondly, the surface topography determines the aerodynamic roughness, which in turn affects
esergy and matter exchanges at the surface. Greater irregularity and height variation of the
casopy surface increase its acrodynamic roughness and consequently the amount of turbulence
from free and forced convection. Increased turbulence in turn reduces atmospheric resistance to
Mat and vapour fluxes from the plant surface. Consequently, a greater amount of sensible and
tzat heat can be dissipated per unit area and time. Therefore, greater aerodynamic roughness
will be associated with a larger value of the ratio evaporation/incident net radiation. Conversely,
& smoother and more uniform canopy will have a smaller aerodynamic roughness, the turbulent
*ad convective exchange processes will be less intensive, and the external diffusion resistance will
? greater.  As a result, the potential evapotranspiration rate will be lower in stands with smoother
S=0pY surface. L) :

o —— & -
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The main structural parameters which affect the aerodynamic roughness are:

(1) top height of the emergent trees or groups of trees

(2) the distance between these emergent elements

(3) the diameters of these emergent elements

(4) the range of sizes of the latter two parameters

(5) the average height above ground at which the canopy of the stands can be assumed
to be closed.

These parameters were measured on large-scale aerial photographs in a number of stands in
kerangas and PSF. The means and mean ranges were calculated and used for constructing
standardized canopy profile diagrams. These profile diagrams are a pictorial representation of
those canopy surface parameters which effectively contribute to the aerodynamic roughness of the
stand. Examples of such profiles in various types of MDF and kerangas are illustrated in fig.
12c. The increase in smoothness of the canopy from mesic and more fertile sites to relatively
xeric and more oligotrophic sites is immediately apparent. The same trend is equally noticeable
in actual stand profiles. Examples are given in fig. 8b of a coastal terrace and in fig. 12a for an
inland kerangas stand on tertiary parent material. In both cases, the positive association between
aerodynamic roughness and site quality is as marked as it is in the standardized profile diagrams
in fig. 12c. The same pattern is also noticeable in the crown projection map of the Sabal
sampling area in fig. 12a. The more irregular patterns with larger individual and groups of
crowns are associated with deeper, more loamy and more reddish-yellowish soils, for example in the
top-right corner of the area (western tail of the E-W transect no. 24 with dominant Dryobalanops
beccarii = No. 100, Dipterocarpus pachyphyllus = No. 98 and D. sarawakensis = No. 99). The
numerical values of the parameters which were used to construct the profile diagrams are given
in tab. 11, which also gives some tentative values for PSF phasic communities at Tanjong Kranji,
Saribas, for comparison.

Further, an attempt has been made to express the aerodynamic roughness by the estimator
.. ‘This estimator has been calculated from the same parameters which were used in construct-
ing the standardized canopy profile diagrams. The following formula gave the best results, that
is the best fit to data from other climatic regions and the best gradient in relation to corresponding
site gradients (BRUNIG, 1970a):

log zo = log (hr — d) + log (Ar) + log (At) — 2.94
where hr = top height of emergent roughness element -
d = zero plane height estimated as the average height of the more of
less closed intermediate canopy
t = distance between the tops of emergent roughness element
r = diameter of emergent roughness element
A = mean range of the respective parameter.

The values range from 565 cm in MDF, type 42, to 157 cm in kerangas, type 52 on SHP.
The trend of the z-values indicates that the canopy surface roughness and its correlated acro
‘dynamic roughness decrease in the same manner along the ecological gradients as the heat
estimator Q./Qu. The estimator z, of the aerodynamic roughness is largest on mesic sites
smaller on more xeric sites. In a similar manner, it also decreases from low to high altitude
in PSF from the perimeter to the centre of the peatswamps.
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The trend of zo-values along the PSF gradient of phasic communities is very similar to that

mesic MDF to xeric kerangas communities. The lowest calculated values occur in the
¢ C 4 (forest type 381). This forest type corresponds structurally closely to the kerapah
wé oa kerangas peat. The aerodynamic roughness estimator z, has not been calculated for
a3 padang Peatswamp forest (P.C. 6 or forest type 39) because suitable data or aerial
yneographs were not , available. According to LAMBERT (1970) increase of spacing,
wyeoaching savanna conditions, would tend to decrease surface roughness. It could then be
segested that the values for open padang in PSF and in kerapah would be lower than those for
wpes 38 or for 51 on deep PB soil.

This association between canopy surface roughness, exchange processes and site indicates
o possibility of a functional significance of stand morphology. Consequently, it is a useful
gude in defining constraints on silvicultural stand manipulation on critical sites. It also offers
@ opportunity to classify natural forest vegetation on aerial photographs in an ecologically
suangful manner.

The assumption, that the described patterns of surface roughness change is ecologically
sgnfcant, is supported by the previously discussed changes in leaf sizes and albedo along the
same ccological gradients. Again, along the gradients the density of leptophyll species with
syodes (Gymnostoma nobile) and needles (Dacrydium spp.) and generally upright position of
wwves and twigs increases. This improves cooling capacity of the canopy and reduces
mapotranspiration rates under conditions of high radiation, low wind speeds and lack of soil
exst, The ecological advantage in kerangas sites is obvious. Similarly, in East Africa
«waopics become smoother and podocarps and cypress replace broad-leai forest species in the
sw-etane sclerophyll forest type where precipitation is suboptimal, but incidence of solar radiation
wnd of occult atmospheric moisture are high (KEERFOOT, 1968).

Transpiration rates increase with stand leaf area to about LAI 3 provided the soil surface
» &y and does not evaporate. Pronounced upright arrangement of leaves slows the rate of
% increase and delays the peak to about LAI 6 (COWAN, 1968). A smaller LAI of a
€und pencrally increases downward radiation fluxes and decreases upward vapour fluxes. The
*wes of light penetration suggest that the LAI is generally smaller in kerangas than in MDF
« Mixed PSF and Alan forest. The lower LAI would then be an advantage on sites on which
#aent water supply periodically restricts transpiration. The advantage is even greater if the
mdxed LAI is due to wider spacing, as in the open padang woodland of white-sand terraces
i @ the open peat-bog savannas of ANDERSON's phasic community 6, PSF type 39.

£45  Stand Physiognomy in Relation to Moisture Availability

i ASHTON had first drawn attention to the phenomenon, “that the gradient in structure,
%3 10 a lesser but significant extent in floristics, from Mixed Dipterocarp to Savanna forests
- ’Wh-cast Asia is parallel to the gradient from Mixed Dipterocarp forest on yellow podzolic
:: o Hga{h forests on shallow podzolic soils studied by ASHTON in Borneo; this suggests
= the climate is not the only differentiator. The main difference is that the heath forests are
w_:“{cv?rgreen than the Mixed Dipterocarp forests”. He also points out that on the most
w3l soils in MDF, mostly derived from basalt, there is a marked increase in deciduous species,
;u‘ﬁ “'ffe Is never a shortage of available water, and a decrease in floristic richness and an
3 ;:e in smg[c-specics dominance. The optimum habitat does not therefore carry the most
& “" X vegetation (ASHTON, 1967). In the previous sections we have suggested that

“HRure requirements and availability may be decisive factors in determining stand physiognomy,

the canopy surface morphology. It was especially suggested that availability of water
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in relation to incoming and intercepted energy is likely to exert a significant influence on the
development of stands on the various kerangas sites. This would require that water deficitg
in fact occur in kerangas forests.

A forest stand will evapotranspire and extract soil water close to the rate of potential
evapotranspiration until the portion of available water is exhausted which is held at soj
moisture tensions of less than 2 atm. In sandy soils about 70% of the total plant-available
moisture is held at less than 2 atm., in loam about 50% and in clay only about one<hird
The depletion curve in sandy soils is approximately linear between O and 2 atm., strongly
concave to 10 atm. and depletion virtually stops between 10 and 30 atm. In clay-loam angd
heavier soil, the depletion curve is more concave throughout its range and depletion continues
at higher rates beyond 10 atm. (ZAHNER and STAGE, 1966).

Free water in the plant tissue of a tree stand is equal to about 25% of the wood volume
at full saturation. Stands in the various types of kerangas forests would according to their
biomass (tab. 14a) contain between 50,000 and 250,000 Ilitres free water per hectare.
Optimum MDF would contain between 200,000 to 250,000 I/ha. The evapotranspiration
rates in the different forest types in Sarawak has been discussed in sect. 117.3. The rates
appear reasonable in relation to pan evaporation and estimated evaporation from free water
surfaces. Rough estimates have led to the conclusion, that transpiration of normal agricultural
crops may range from 0.8 to 1.2 of free water evaporation for fields of large horizontal exten-
sion. Much larger average values are unlikely, because the energy for vaporization would
not be available. But larger values may occur through the “oasis” effect in smaller, exposed
plots. (WIT, 1958). Emergent units in the forest canopy could be regarded as small plots
in this respect, if they are exposed. We may therefore adopt the transpiration rates estimated
in sect. 117.3 without too great a risk of overestimating. The transpiration rates for bright
days with normal wind conditions were 3 mm in kerangas pole forest on SHP (SP. 15) and
5 mm in Agathis borneensis-forest on DHP (SP. 43). The stand water store equals about two
days transpiration in the pole forest and five days in the Agathis forest. Optimum, tall and
rough-surfaced MDF would transpire 6 mm on a bright day and the stand water store equals
the consumption of three to four days. The rooting depths and corresponding amounts of
plant-available soil water are given in tab. 6. Assuming for the sake of simplicity continued
maximum evapotranspiration rates, the minimum number of dry and bright days can b¢
calculated which are required to completely exhaust the available water store in the stand and
in the soil. The result is thirty-tree days for MDF on RYP and thirty-one days on LS. Is
kerangas the number of days required are sixteen on SHP, forty-seven days on MHP, 115 days
on DHP and fifteen days on PG clay soil. The estimate for the stand on the DHP is probably
too high because only part of the soil volume is actually accessible to the plants through roots
(see sect. 135.5). Also, the generally poor water conductivity of fine sands in HP wil
accentuate water stress and cause rapid development of perirhizal zones of soil water tcnsxoa
if transpiration rates are high (TINKLIN and WEATHERLEY, 1968).

The following is an example of estimated water depletion in two kerangas stands in _Balﬂ
N.P. (SP. 15 and 16) during the period, March to June, 1965. The Kerangas forest type 10 P
16 is transitional to MDF (type 532), nearly 50 m tall (fig. 11d, serial no. 3), predominantiy
mesophyll (fig. 13a, bottom) and of high acrodynamic roughness. SP 15 is Kerangas forest typ€
521, only about half the height of SP 16 (fig. 11d, serial no. 43), predominantly microphyll o
13a, centre) and the canopy is aerodynamically smooth. Rates of evapotranspiration %
amounts of water store are 5 mm and 138 mm in SP. 16, and 3 mm and 101 mm =
SP. 15 (fig. 14). In addition, the effectiveness of rainfall in recharging the water store mus

102



e considered. FREISE (1936) measured 33% throughfall, 27% stem-flow and 40%

tion in a subtropical rain forest in Brazil. This corresponds closely to the 57% total
gverage interception (including stem-flow) reported by CLEGG (1963) from Puerto Rico.
DABRAL and RAO (1969) measured 54.6% throughfall, 7.2% stem-flow and 38.2%
acreeption in a dense Shorea robusta plantation in India. KENWORTHY reports that 450
s 00 mm are intercepted and evaporated annually from the trees in a MDF in Ulu Gombak
FR. ncar Kuala Lumpur. His observations indicate that stem-flow is of little importance
cxcept in the largest and most intensive storms. Evaporation from the soil surface seems to
% in the order of 1% of total rainfall. Annual transpiration is calculated as 1350 mm. The
sverage transpiration per day is 3.65 mm. Only 3-4% of the rainfall (100 mm) were lost
@ surface run-off. Over 90% of the rainfall (2,500 mm) were therefore estimated to be
sailable for nutrient uptake and cycling within the system in the study area (KENWORTHY,
1969 and 1970). We may conclude that average mixed tropical rain forest intercepts between
3¢ and 35% of the annual rainfall. The amount is most likely less in the poorer types of
tcrangas and peatswamp forests which have a lower leaf area index, lesser canopy depth and
snaller biomass.

Intercepted water is evaporated and is therefore not simply waste. Intercepted water
contributes  usefully to total evapotranspiration and temperature control. Some of the
mtcreepted water may, through the leaf surface, enter the plant. It may eventually even be
dscharged from the roots into the soil. However small these amounts are, in critical situations
ey may have survival value. More generally, interception reduces direct soil recharge from
rain, especially from light showers during dry spells. Interception rates during such showers
are determined by the amount of water required for wetting of the tree surface, which requires
04 mm for a mature Fagus silvatica L and 1.8 mm for Picea abies Karst. Figures from
wopical rain forests are not available but would most likely be considerably larger due to the
shundance of epiphytes, the roughness of bark, the depth of leaf-filled canopy and the high
kal area index in undisturbed natural rain forests. Considering the reported annual intercep-
woa rates of 25 to 40% and the rainfall pattern in the area, a wetting rate of 3 to 4 mm or
moce does not appear excessive. A shower of less than wetting rate will not effectively
techarge the soil. These high rates of interception and the rapid evaporation of surface water
lnjm showers by subsequent sunshine (RIEHL, 1954) reduce both the proportion of effective
tainfall and the damping effect of showers on transpiration during fine-weather periods.

In the example of the two sample plots in Bako N.P. a flat and conservative rate of
wierception of 3 mm is deducted from each shower. No allowance is made for surface run-
of, which would occur in intensive down-pours as soon as the precipitation rate exceeds the
=fltration rate. In doing this, undue bias in favour of creating drought conditions is avoided.

amount of rainfall available for recharge is shown as shaded columns in fig. 14.

Water store is at capacity on both sites on the 8th April, 1965. Depletion exhausts the
:"fc on the 25th May in SP. 16. The deficit period lasts for twenty-seven days to the 20th
e, lf interception is not deducted and the total rainfall considered effective, exhaustion
*ould still occur on 7th June. The amounts of recorded monthly rainfall (fig. 14, bottom
- Tee) Shf:vw that rainfall during this period was not exceptionally low. It appears therefore
typical MDF cannot maintain full activity on a loam soil and with a rooting depth of
¢m on soil and stand water store alone. In SP. 16 additional water supply comes from
: :P?Se down-slope. In contrast, observation of the water flow in soil pits has shown that the

*in SI.’. 15 is at ficld capacity and without noteworthy lateral recharge about twelve hours after
VY rain. The much lower transpiration in SP. 15 has prevented a water deficit to develop in

103



spite of the shallow soil (By at 30/40 cm over sandstone at 50/60 cm) and the correspondingly
shallow rooting. Increasing transpiration to the value of 3.65 mm, which KENWORTHY
calculated as annual average for MDF in Malaya, would lead to exhaustion of the water supply
in SP. 15 on about the 15th May.

We can conclude that a more complex stand with larger leaves would not be able to survive
on this site, or at least not function efficiently. It is very probable that such stand would,
during the dry and bright period in the example, transpire at a considerably higher rate than the
Malayan annual average. Moisture supply, therefore, would be a critical factor in the ecology
of this stand.

During the same period from April to June, 1965, the 30-days sliding sum of total rainfall
(including interception) dropped below 100 mm first on 9th May and stayed below for two
days. The sum lingered just above 100 mm until the 28th May and then fell below 100 mm for
twenty-six days with a minimum of 69 mm on 20th June. The recorded monthly rainfall during
this period was 360.5 mm in March, 238.7 mm in April, 100.7 mm in May and 145.2 mm in
June, which does not reveal that periods of dryness occurred during this period. The trend of the
depletion curves in SP. 15 and 16 indicates that a risk of water stress to develop in kerangas and
MDF exists if the 30-days sum drops below 100 mm and approaches 60 mm. The frequency
of such occurrences during the two-year period was 9 at Bako N.P., 10 at Miri and 4 at Kuching
airport (comp. tab. 2 and sect. 111). It is very likely therefore that periodical water deficiency
is no uncommon phenomenon in lowland equatorial rain forests of Sarawak and Brunei.

At equal rates of evapotranspiration, moisture stress develops more rapidly in kerangas on
shallow sand or heavy clay soils. Critical moisture tensions develop less rapidly in deeper sand
and balanced loam soils. However, as the feeding roots of trees in HP and GWP soils seem
concentrated in the top-soil layer, moisture stress may develop even earlier than the calcula-
tions above suggest which are based on observed maximum rooting depth. Early water stress
has been reported for shallow-rooted Hevea brasiliensis in plantations on loam soils by GUHA
(1969), who concludes that soil moisture deficit is likely to be a limiting factor for produc-
tivity in rubber plantations. It seems possible that in MDF in Sarawak, similarly critical water
tensions develop on average RYP soil in flat country, if the 30-days sum falls below 100 mm
and thereafter little or no effective rain occurs for another seventeen days. Surface run-off in
heavy down-pours reduces recharge and aggravates the situation. GUHA (1969) considers
permeability of Malayan soils at 15-45 cm depth low enough to cause substantial loss of
water from high intensity rains of Malaysia.

Water deficit in a plant can be the result of slow absorption not only from dry but also
from poorly acrated soils (KRAMER, 1964). Nothing is known about aeration and COg
concentrations in the kerangas and MDF soils in Sarawak. Observed periodic water-logging in
PB and clayey GWP and PG soils is probably associated with poor aeration. The similarity
between kerangas forests on clayey PG soils and sandy SHP soils points at the possibility that
both soils are ecologically not too dissimilar. The soil-water: aeration regime may be a
significant factor in this respect. WANNER (1970) found in Bako N.P. that in shallow
depressions in the alluvial forest type 42, Oncosperma— Salacca — Artocarpus-forest, watet
drained slowly and the soil respiration was only half of that in adjacent but better-drgmt‘d
spots. This points at significant differences in the aeration regime of sites with different drainage
conditions.

SCHULZ had tried to explain differences in the vegetation in North Surinam by differences
in the soil texture, aeration and moisture regime. Sandy clay soils would be inadequately
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od if filled up to capacity during the rainy season. Sandy soils on the terrace plateaux
gre better aerated but reach a level of 60% of field capacity if the 30-days sum of precipitation
talls below 30 mm. The correlation between wilting point, soil texture, and moisture availability
@ particularly poor in these light-textured sandy soils. Water stress is suspected to occur at
wu 30-days sums on the terraces (SCHULZ, 1960, pp. 151-156). HEYLIGERS found that,
ca the white sand terraces of North Surinam, distance from the nearest water course, surface
wyography and relief of the underlaying granitic bedrock show a closer relation to vegetation
&ficrences than other site factors, including texture of the soil. His dry savanna forest is
tound on well-drained soils. The wet savanna occurs on white-sand soils in which the water
wble is permanently or at least periodically near the surface. Both types possess xeromorphic
physiognomy. These vegetation types seem to reflect moisture conditions of the soils on
ehich they occur (HEYLIGERS, 1963, pp. 67-69).

+26.6 Spatial Pattern of Tree Distribution in Stands

POSTHUMUS (1937) mentions that the trees in the Luwai terrace keramgas show a
grouping tendency in the terrace centres. The same observation can be made on terraces and
steaux in Sarawak and Brunmei. Grouping is less noticeable on sites with adequate and
reasonably balanced water regime than on periodically dry or permanently wet sites, Group-
ing of individuals as a deviation from random to a less dispersed pattern is very marked in the
undergrowth on shallow HP, GWP and PG soils, especially on sandstone dip-slopes (SP. 9,
15). Grouping in the undergrowth and among top-canopy trees is very noticeable on sites
with impeded drainage, especially if the canopy breaks open (SP. 29, 30, 32, 57). On these
sites, meandering hollows often separate distinct groups, especially on very wet sites, resembling
the micro-relief in some types of PSF. There is no evidence yet for the cause of this phenomenon.
Scedling distribution suggest that there may be a correlation between surface drainage pattern
and grouping through the deposition of seeds and litter outside the channels on the mounds.
This is quite common in kerangas on soils which possess impervious layers close to the surface
or which suffer from topogenic water-logging. It is also known from similar sites in mixed
bardwood forests in north-eastern U.S.A. (RICHARDS, N.A., 1969).

In some kerangas stands, coppice regeneration is common especially among species of
Fagaceac, Myrtaceae and Melastomataceae. As a result, small single-species groups of poles
develop from the sprouts which noticeably increases the grouped aspect of the stand. The
feature seems particularly common on sites with imbalanced water regime or with excess of
water. :

Outside kerangas, strong grouping has been observed in SP. SER 1-6 on the broad summit
of Bukit Serapah. This is partly due to the dissected nature of the corroded limestone sub-
strate which underlies the surface peat and partly due to the large proportion of coppice
regeneration. Tree seedlings are common on the micro-knolls of limestone outcrops, but
almost absent on the intermittent meandering depressions, in spite of frequently better soil
conditions.

_ The grouping tendency is easy to observe among the undergrowth trees up to about 5 m
beight. The wider spacing and taller growth of larger trees makes it difficult to assess presence
and degree of grouping. Distance or coordinate determination and quantitative analysis are
necessary which both are expensive and difficult. For this reason the distribution of individuals
within recording units was only studied in the Sabal area. In all other sample plots, grouping
tendency was merely visually assessed qualitatively for the undergrowth within recording units in
the three classes: (1) weak grouping (apparently random), (2) moderate grouping, (3) strong
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grouping. It became apparent that local disturbances through windfall or lightning and minor site
variation due to micro-relief and soil changes (clay-pockets) strongly affected the distribution of
size classes, individuals and species. The resulting pattern of undergrowth distribution alone is
already extremely complex. The result of the qualitative assessment is therefore not more than
very general indication that average undergrowth pattern varies between sample plots and that this
variation seems to be in some manner related to site conditions. Of the fifty-one plots for
which detailed pattern descriptions were made, twenty-five are in class 1, thirteen in class 2
and thirteen in class 3. The strongly grouped plots are on HP (3), GHP (1) and PB (9).
Eight of these plots are at high altitudes. The apparently near-random distributions are typical
for the better drained but well water-supplied sites in the lowlands and the transitions to
MDF. The pattern in the understoreys is not necessarily reflected in the top-canopy. The
understorey in SP. 43 is in class 1, while the emergent trees are strongly grouped, especially
Agathis borneenis. Conversely, the understorey in SP. 40 is strongly grouped, while the dense
and uniform canopy of Dacrydium sp does not exhibit a grouping pattern which could be
recognized from the ground.

The pattern of crown distribution within kerangas and MDF stands on different sites shows
characteristic differences (fig. 12a) which promises to be useful in quantitatively classifying
stands on aerial photographs. A study of the canopy pattern in the Sabal sampling area is
being undertaken at present. The results are not yet available and will be reported elsewhere.

23. DEVELOPMENT AND REGENERATION

231. The Ecological Status of Kerangas Forests

Wide-spread human interference with the evergreen caatinga of tropical Latin American
lowlands is evidenced by charcoal and pottery fragments in the soil (SCHULZ, 1960;
HEYLIGERS, 1963; KLINGE, 1965). The kerangas and padang vegetation of the Bako N.P.
shows many signs of past fires in the vegetation and soils (BRUNIG, 1965). The tall kerangas
forest in SP. 17 proved to be a secondary subsere after complete destruction of the original
MDF on RYP soil. Outside the Bako N.P., a soil pit in tall and apparently undisturbed kerangas
forest on the Melinau terraces is the only pit which showed any evidence of fire. A piece
of charcoal and carbon colouration were found just above the B/C in 27-30 cm depth in soil p
ME 1-1 in SP. 28. None of the other pits in the plot produced similar evidence which makes
lightning strike or down-wash from the nearby limestone massifs the most likely sources.

It was clearly desirable to obtain more reliable information on the historic development of
kerangas forests. Peat samples were therefore collected from encased PB sites in the sampling
area on the Dalam F.R. terrace, on the Melinau terraces (SP. 31) and on the Merurong platcas
(SP. 54, 55 and 57-2). Further collection in the Sabal sampling area and in Pueh F. R. were
intended but impossible due to the political situation in the border area during 1962/63. The
pollen content of the samples were analysed.by Mr. J. MULLER, at that time palynologist ¥
B.S.P,, Seria. The objective was to check if any successional trends or disturbances could b
detected from changes in the pollen content. The findings were briefly reported at the sym*
posium on ecological research in humid tropics vegetation, Kuching, 1963 (MULLER, 190_-"
The following is an extract of MULLER’s more detailed reports to me with my own ecological
interpretation added. A summary of the pollen counts is reproduced in fig. 16. The absolu
counts for all species have been reported elsewhere (BRUNIG, 1966, tab. 15).

The profiles can be divided into the lowland terrace samples with high percentage of polics
from species of Calophyllum and Sapotaceae. The high-altitude kerapah samples from
Merurong plateau have throughout a high percentage of Gymnostoma, fewer Sapotaceae
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¢ dophyllum. The pollen diagram of the holocene Dalam terrace shows first an increase and
- g in Calophyllum. Gymnostoma is common throughout and increases markedly to
:‘,_1\, Dacrydium is much less common and changes are slight, with a small decrease in the
e YT Dipterocarps first increase and eventually fade out towards the top, while Shorea albida
_,,_...' 5 consistently low percentage throughout, similar in pattern to Combretocarpus. Ferns and
at £50C0US species decrease towards the top.

This corresponds closely to the pattern of species dominance in the area. MDEF is gradually
cguaccd by transitional forest with Dipterocarpus lowii, Dryobalanops rappa and various Shorea
. which towards the terrace centre in the north-cast grades into kerangas forest, which is
aseiag 10 WwOOD (1965), a Gymnostoma——Dacrydium—Shorea albida-association on the
an platcau and an Agathis-bearing subtype along the rim and on raised ground. The forest
pwealy becomes poorer in species and denser in the main canopy towards the terrace centre. A
we cpen patches, which are caused by lightning and wind-throw, regenerate to Gymnostoma nobile
ot Dacrydium pectinatum and do not indicate a transition to a different phase of succession.
W amtrast, open patches in stands in the catena on the older Melinau terrace accelerate
#wevably the succession to succeeding stages.

The basal area distribution of Gymnostoma nobile among the sixty sample plots on the
#yeam terrace shows only a weak correlation to peat depth. The species is absent or very rare on
2ot without peat or mor (MDF transition), but the scatter of basal area values over increasing
&y of peat does not produce a significant regression. The largest basal area dominance values
43 10 41 m¥/ha) are, however, restricted to plots with more than 70 cm peat. There are only
yw plots with 26 to 30m?/ha G. nobile on sandy HP with less than 25 cm peat. Shorea
4hds basal area values have a similarly wide scatter. The species is alse rare in plots without
ges, but in contrast to the previous species highest dominance values (8.1 to 18.0 m?/ha) are
mwrcted to plots with less than 30 cm peat. Dacrydium pectinatum is distributed similar to
whwea albida. The species avoids the deep peat and generally poorly drained sites on the Dalam
Lt SN

The sample from SP. 31 on the pleistocene Melinau terrace shows a decline of Gymnostoma
mica from base to 70 cm which agrees with the relative dominance of the species along the
cwena SP, 30 — 28 — 31 — 29 — 32. The increase upward from 70 cm cannot be explained
end muay be related to a local disturbance. The increase of Combretocarpus rotundatus points
® cdanges in drainage conditions rather than catastrophic events as being the cause. The in-
evase in Calophyllum pollen to the top parallels the change of relative basal area dominance
weeg the catena. The low variation of Sapotacease pollen also agrees reasonably well with the
"_"-k’f_d trend along the catena SP. 30 (4.8%) to SP. 28 (6.5%), SP. 31 (5.1%), SP. 29
't-l %), anq SP. 32 (6.2%). Combretocarpus is absent from the early parts of the catena.
2 :‘:‘":1 fll's_l in SP.. 29 (60 m W. of SP. 31) and increases with raising bog surface to 7.3%
h-:: ominance in SP.. 32. The Shorea albida type pollen closely repeats the trend of relative
é--l-lmcse_,of Shorea albida along the surface catena SP. 30 (27.4%) — SP. 28 (42.5%) —
wie (822%) — SP. 29 (36.4%) — SP. 32 (14.9%). Just beyond SP. 32, S. albida gains

¢ dominance and forms an almost pure top-canopy on the raised peat.

s SP_-I_:S on the Merurong plateau is close to a stream in a depression with shallow peat (25
el e changp of pollen content resembles surface trends in that Gymnostoma declines and
& elocarpus increases in the course of peat development. The sample of blanket bog on
h:mnm slope of Bt. Skalap (SP. 54) shows no trends related to surface features. The

able changes may cither reflect chance alternation of species if successional changes ended
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with the establishment of the blanket bog, or may reflect successional trends which are not re-
flected in the surface catena.

The pollen content of the sample from SP. 57 reflects the vegetational changes along the
catena P. 51 (SHP soil), 57-3 (PB perimeter), 57-2 (PB slope of dome) to 57-1 (PB centre
of bog). Calophyllum increases in the course of peat development from SP. 51 (0.4%), SP,
57-3 (10.5%) to SP. 57-1 (28.7). Gymnostoma pollen is most common at the base and
decreases gradually to the top of the peat. Gymnostoma nobile is the most common species
by number of trees in the top canopy in SP. 57-3 (perimeter of PB), is represented by mode-
rately frequent saplings and poles in the understorey of SP. 57-2 (flank of PB) and is a rare
small pole in the open centre of the peat bog (SP. 57-1). Shorea type pollen is absent in the
profile. S. albida is the largest and most dominant (about 1/3 of G) species in the top-
storey of SP. 57-3 and occurs as moderately common emergent tree in SP 57-2 and 57-1.
Pole-size regeneration is very rare at the perimeter, moderately common on the flank and
moderately rare in the centre of the peat bog. The absence of the pollen from the profile
suggests that S. albida may be a recent arrival on the site. The Dacrydium pollen is com-
mon at the base, rare in the mid-portion and more common again at the top. Similarly,
Dacrydium spp. decrease from SP. 51 (SHP) to 57-3 (bog margin), and increase again toward
the open forest of the bog centre (SP. 57-1). The decline in Melanorrhoea pollen agrees exactly
to the variation of dominance of M. beccarii along the catena from SP. 51 to SP. 57-1. The
dominance of Sapotaceae in SP. 51 and 57 is almost equal, but there is a noticeable decline
within SP. 57 from the margin to the centre of the bog. Also, Sapotaceac are much more
common on the slopes above SP. 51 (SP. 52 and 56). The changes in the pollen profile
therefore conform the vegetational changes in the course of successional development from HP
to PB soil.

The strong increase of Eugeissona insignis in the profile in SP..57 is difficult to inter-
pret. The increase is neither repeated in the profiles SP. 55 and 54, nor does it correlate
with changes in the frequencies of fern pollen. This excludes the possibility of a general
change of conditions on the plateau favouring Eugeissona, Vaccinium and ferns which all
prefer open sites. The most likely reason is probably the local development of a river coursc.
Eugeissona is very common along river courses on the plateau. About 20 m NE. of SP.
57.3 and 80 m S. of SP. 57-1 flow small streams lined with Eugeissona insignis.

The decrease in Vaccinium pollen and fern spores is possibly related to increasing density
of vegetation. Vaccinium sp. nov., S 8725, is common in the open centre of the peat bog
but rare elsewhere. The decline of Vaccinium pollen in the profile therefore cannot reflect
successional trends in the course of peat formation but must be due to other conditions.

In concluding, the pollen frequencies show a degree of agreement to species dominances
along corresponding kerangas peat bog catenas which seems to justify the conclusion that the
development of these peat bogs has originally initiated on kerangas sites. We can further con-
clude that the vegetation at the time when peat formation started was similar to the vegetation
which at present occupies the HP and GWP soils surrounding the peat bogs. We also can
conclude that the surface peat samples are a fairly good sample of the present vegetation o0
the bog and seem to be very little contaminated in spite of the commoness of wind-pollinatioa
in kerangas species (Gymnostoma, Dacrydium, Agathis). Finally we can conclude that the
kerangas forests in Dalam, on the Melinau terraces and on the Merurong plateau are primany:
There is no reason to assume that the kerangas forests in other areas, which are very
to the studied stands, are not primary. In fact, there is some evidence that the kerangas
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jon may even be relatively ancient. According to MULLER (1972) spores of
Lycopodium cernuum and Dacrydium and Casuarina pollen types show a marked increase in fre-
in the lower part of the Miocene. “It is of course tempting to suppose that this reflects
the first extensive development to the typical, highly adapted kerangas vegetation” (Lc., p. 11).

The pollen profiles corroborate the evidence from the surface catenas that the characteristic
\erangas species have occupied the poor sand or clay soils from the start of forest vegetation
development. Kerangas forests are neither secondary successions to man-made disturbances, nor
are they products of prolonged site deterioration caused by the effect of the vegetation on the soil.
Kerangas species may also occupy available better sites outside their matural range if competing
ypecics are absent. An example is the aberrant kerapah in Kayangeran F.R., Lawas. They also may
wvade such sites after complete destruction of competing vegetaticn. An example is SP. 17
ia Bako N.P. and the kerangas on LS soil in Berakas F.R. in Brunei. It may happen that
subsequent soil development is irreversible. Soil degradation may then prevent re-establishment
o the original vegetation type. As a result, kerangas species and kerangas forest communities
may maintain themselves permanently on the aberrant site, even if the contemporary size class
&stribution of top-storey species scems to indicate rapid changes in species composition.

232, Natural Regeneration in Kerangas Forests

Natural kerangas forests are edaphic climax forests which are in a state of apparent
dynamic equilibrium of mortality and regeneration. Change of environmental factors may
jaitiate or maintain a successional development. The examples of peat bog formation under
conditions of impeded drainage and of replacement of MDF by a secondary kerangas have
deen described in previous sections. WOOD (1965) in a report on the Dalam area concludes
oa the evidence of the strongly negative (sensu DAWKINS, 1959a) stand curves and the
bow scedling frequencies of G. nobile, D. pectinatum and S. albida that these species do not
t:lg:ncrate and that invasion by the Dipterocarp species from the southern part of the block is

ly.

The pollen profile from a 1.2 m deep peat bog in the centre of the Dalam terrace has been
described in the previous section. The results offer some interesting information on the status
of the three species discussed by WOOD (1965). In the profile, G. nobile is increasing,
D. pectinatum stagnates for some time, but decreases slightly in the top-layer. This may
posibly be the result of an inability to compete successfully with G. nobile during
late stages of peat accumulation and deteriorating drainage. S. albida lingers on at low
frequency and does not change appreciably through the profile. In contrast, the suspected
mvaders decline steadily after an initial rise during the early phase of sitc development, which
weording to WILFORD (1959) happened about 6,000 years ago. We can conclude that the
prescat stand curves alone are poor indicators of the regenerative activity of the tree species.
Ths_s cr_:nclusion is supported by results of the other pollen samples which show that species have
maintained or increased dominance during many thousands of years through successional stages
whuch are represented in local catenas. In the present stands, thc species have in most cases
f’o"_ﬂz negative stand curves and seem not to regenerate. The continued existence of such
_ seaile™ age structures of species is possible if no other species is decidedly more successful on
™2 site to regenerate.

Ca The most effective factors inhibiting regeneration in natural forests are low illumination,
t:.cr_dcfw:cncy and allelopathic effects. Light conditions are rarely the primary limiting factor
: :“h‘ regeneration of the dominant species in kerangas. Stand illumination is relatively better
21 in MDF, especially about noon. Accordingly, top-canopy epiphytes are often common in
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the lowest strata of kerangas forest. The presence of certain epiphytic ferns and orchids on the
lower parts of stems or on root mounds is indicative for certain local kerangas forest types. Ap
example is the common occurrence of Coelogyne pandurata Lindl. at man-height on the stems in
open pole forest in Puch F.R. (BRUNIG, 1963). A similar high density of epiphytes in the lower
stand strata of Wallaba forest is reported by RICHARDS (1952, p. 121).

Water supply is more likely a critical factor. We have seen that drought conditions occur
quite frequently while feeding roots are concentrated in the top-soil. The surface layer of litter
and of oligotrophic moder and mor aggravates the adversity of the situation for the seedling.
WOOD (1965) in his report on the Dalam area considers “that the forest floor conditions become
the limiting factor to regeneration, the excessive accumulation of organic matter from the slowly
decomposing Ru (Gymnostoma nobile) phyllodes and Sempilor (Dacrydium pectinatum) needles
preventing scedling rooting from getting sufficient moisture or any nourishment from the mineral
fraction of the soil”. Particularly for strongly light-demanding top-storey species, the forest floor
environ may locally be deficient in light, and morphological adaptation to this condition is of
relatively low efficiency. But it is likely to be more significant that the forest floor, especially
in the less dense stands, is an extremely exacting environment with respect to moisture avail-
ability, transpiration and temperature control. The situation becomes even worse in the inter-
mediate storeys of the stand where radiation increases, wind-speeds are low and competition of
adapted intermediate-storey species is severe. The severity of micro-climate in this zone is most
likely contributing to the common gap in the stand curve of emergent tree species even if seedlings
are abundant. Species and individuals will have a competitive advantage which are capable of
passing through this zone quickly by rapid height growth on the expense of lateral growth. The
speed and vigour of root penetration through the surface litter and mor is not the only limiting
factor for the establishment of regeneration in such areas as the Dalam terrace. Agathis bor-
neensis develops a strong and vigorous tap-root. The species is common along the free and
well-drained parts of the rim of the terrace, but trees of any size, including young seedlings, are
completely lacking in the interior, even where light and drainage conditions appear favourable.

The possible role of the leaf tannins and sclerophyllic leaf morphology on litter decomposi-
tion has been discussed earlier. High levels of terpenes, aromatic oils, phenols or tannins in the
leaves not only deter animal consumers, but may give a species a competitive advantage over
other species, which at some stage of their development are sensitive to high concentrations of
tannins in the litter leachates. Conversely, high concentration of allelopathic substances can have
autotoxic effects. On first sight, this may seem a disadvantage. Considering limitations o8
densities on periodically dry sites potential autotoxidity may not be a disadvantage because it may
help to control population size in face of a periodically severely limiting environmental factor. The
high levels of tannins in the twigs of Gymnostoma nobile and Dacrydium pectinatum
play a role in the regenerative behaviour of the species on such sites as the Dalam terrace.
Increased leaf tannin content on infertile sites (sect. 136) would give an additional competiuve
advantage to species which are adapted to the exacting site conditions.

In fifty-one sample plots, seedling and sapling densities were recorded in 1 m? random
samples. At the beginning of the survey the social status of each enumerated trec was
in five classes. Preliminary evaluation suggested so large a variation and complexity, that the
information gain was out of proportion to the effort spent. The recording of social status was
subsequently abandoned. The variation of seedling frequencies between and within plots wa$
very large and bore no apparent relation to the stand curves of the larger trees in the
Seedling frequencies changed drastically with time in spots which were observed over a numbef
of years in Bako N.P. The recording of regeneration was continued to the end of the surey
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o statistical evaluation of the records was attempted. Tree seedling numbers per m?
between O and above 100, within plot means between 1.5 and 55. The corresponding
for saplings to 1.5 m height are O to 20, and 0.3 to 5, and for saplings to 5 m height

s 00 9, and 0.2 to 3. Palms and pandans arc excluded from the figures. The figures are for

ol specics, including understorey as well as top-canopy species. The proportion of top-storey

s is very variable, and there are considerable differences between stands, sites and species.

st

la the state of “dynamic equilibrium” seedling and small sapling regeneration of dominant
wpstorey species fluctuates strongly. The population may be abundant or scarce at any time.
les are Eperua falcata in the Wallaba forests described by DAVIS and RICHARDS
(1933-1934) and Agathis borneensis in SP. 26 (sandy DHP, Badas), Shorea albida in SP. 6
(iisy GWP, Puch F.R.). In both SPs, the dominant emergent species has a distinctly positive
«sod curve down to seedling size. At the time of survey scedlings and saplings were
trquent (above one seedling per square metre in grouped pattern). In other stands on similar
«us and sites regeneration of the same species at the time of survey was scarce with few
paiches of greater density (SP. 22, 25, 43, Nyabau sampling area). In these stands, Agathis
mencensis has a strongly two-peaked stand curve with a gap commonly between about 10 and
% cm d. Seedlings occur in groups and patches which seem superimposed on a matrix of
wakly scattered single individuals. The distribution appears strongly affected by micro-relief,
wxl variation and difference in stand condition. A similar pattern with locally profuse
srgencration in more open spots and a wide scatter of individuals is shown by Dryobalanops
sxa (SP. 1, 3, 7). The species has a strongly two-peaked stand curve with a gap between
#out 20 and 50 cm d in all enumerated stands. Occasionally three-peaked curves occur in
wreas where spots with profuse regeneration are abundant, probably as a result of repeated local
&surbances or perhaps a change in social status of the species in the course of succession.

- Similar patterns of stand curve and consequently possibly similar pattern of regeneration
#d growth can be observed in species or species groups which dominate the upper part of the
wicrmediate canopy below the emergents. For example, Cotylelobium burckii and Gymnostoma
sodile have a two-peaked stand curve (peaks at 1-2 cm d and at 30-40 cm d) below
emergent Shorea albida in SP. 28. A similar curve is produced by Dryobalanops rappa as
micrmediate below Shorea albida in SP. 27 on GHP. The dominant S. albida itself also shows
¢ markedly bi-modal distribution in this plot. All four species had only very little seedling
tepeneration which consisted mostly of scattered individuals at the time of enumeration in late
1958 after an extremely dry period earlier in the year. Species which are intermediates on
better sites, such as Gymnostoma nobile, Dacrydium spp., Ganua curtisii, Palaquium leiocarpum
&4 several Myrtaceae, may dominate the smooth and uniform top-canopy of stands on very
s={avourable sites where such tall emergent species as Shorea albida or Agathis borneensis
@anot thrive. The species do not, however, produce the two-peaked stand curve which is so
@ancteristic for the emergent species on better sites.

. l_n concluding, regeneration of the top-canopy species in kerangas forests seems to follow
§ umilar pattern of small and large scale variation in space and time as in MDF. Natural
fegeneration on podzols is therefore feasible with the same restrictions which operate in MDF,

may be somewhat more hazardous as far as the existing and expected density of seedlings
o desired species is concerned.

. Sl{cccssful natural regeneration of forests on podzol soils has been reported for Wallaba.
- *ﬂ?*os:cally. the regeneration from scedlings of Eperua falcata, E. grandiflora and E. jenmani is
. ‘“ 4 great problem. RICHARDS reports a seedling density in his representative plots of 1.8
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per m?, which is ample, and that the species are light demanding and react quickly to release.
Difficulties in regenerating are mentioned by VIEIRA (1967) as a result of felling damage ang
fire. Similarly, the natural regeneration of such gregarious species as Dryobalanops rappa;
D. fusca, Agathis borneensis, Dipterocarpus borneensis and many of the intermediate species
represents no great ecological problem on optimum sites and requires relatively small stand
manipulation. Difficulties arise on less favourable sites and in late successional stages, where
regeneration may be scarce at any time except for short periods immediately after heavy seed
production.

233. Silvicultural Possibilities for Regenerating Kerangas Forests

In Menchali F.R. on the Malayan east coat, regeneration in kerangas forest stands
dominated by Shorea materialis, Hopea nutans and H. mengarawan respectively, was abundant
in 1906, scarce in 1931 and abundant again in parts of the reserve in 1952. The 1906
regeneration may have resulted from felling the original timber crop. Seed-fall occurs every
few years, but seedlings stagnate unless the canopy is drastically opened. Growth response
by the seedlings is in direct relation to the amount of felling and consequently to top-canopy
opening. Girdling of the understorey in unworked forests does not stimulate growth of seedlings
or new regeneration, and was a waste of time and money in Menchali F.R. (BEVERIDGE,
1953). Removal of part or of the whole of the understorey has also proved largely ineffective
in MDF in Malaya and in the Philippines. It seems to be equally ineffective in kerangas
forests. Only drastic reduction of the density in the top-canopy seems to improve conditioas
of water and light supply sufficiently to effectively stimulate growth of existing regeneration.

Little quantitative information exists in Sarawak on the responses of kerangas specics to
changes in the light, water supply and competition conditions through silvicultural measures.
Intermediate Agathis borneensis trees have been observed to respond well by increased diameter
growth to removal of the emergents on Bukit Urang, Bintulu (LAW HONG CHIAW, verbal
comm.). Data on 19 A. borneensis trees of 20 to 80 cm d were supplied by J. R. PALMER
(letter dd. 24.9.1970) from research plot 21, Nyabau Block, Similajau F.R. The trees had
a mean annual diameter b.h. increment of 0.40 cm during the period 1951 to 1956
Variation of means between trees and of single observation between years is considerable
Increments are consistently larger in 1955 and 1956 and very low in 1951 and 1952. Annusl
rainfall has been 14% below average in 1951,just above average in 1952, 17% below averaps
in 1953, and above average from 1954 to 1956. It is possible but cannot be proved !hll i
correlation between growth and rainfall exists in this case. All trees retained their dominass
class (3 or 4) through the observation period. Only one tree was in the lowest class.
tree also had the lowest mean annual diameter increment of 0.13 cm.

Seedlings may react unfavourably to rapid and drastic opening of the canopy in keranga
if the operation is followed by a bright and dry period. Not only are the shade leaves =
evergreens particularly sensitive to change, but also the roots: shoot ratio in shaded plants ®
normally smaller than in open-grown plants. The consequently greater susceptibility to
is further increased if the seedling roots are concentrated in the A, of HP and GWP soils-

According to my own observation in 1959/60, height growth of seedlings of Apsh?
borneensis responded well to increased light in the Nyabau sampling arca around resfl"h s
21, but the response was much less than in associated Gymnostoma nobile, Tristania ob~¥%
and in some Sapotaceae. This capacity of intermediates on better sites to take
canopy-opening is a disturbing feature in kerangas forests because most of these .lmcmf‘“"

do not grow to large diameters and many have rather heavy or otherwise less
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ies concerned are chiefly G. nobile, Whiteodendron moultonianum, Tristania spp., resp.
7. obovata, Lithocarpus sp. S 12027, Ploiarium alternifolium, Ganua curtisii, Palaquium leio-

and other species, Eugenia spp. and Melanorrhoea spp. Some, such as G. nobile, are
also ecologically undesirable on forest soils because of their tendency to accumulate raw-humus.
©On the other hand, G. nobile seems a good codominant associate because of its light crown, prob-
ably low water requirements and possibly small draw on the soil nutrient store, especially in
gitrogen.  The high tannin content of the phyllodes makes the species suspect of being possibly
allclopathically active and a potentially aggressive component in a mixture.

In Sarawak, success in the few cases of post-exploitation stand manipulation in kerangas to
favour desirable light-weight conifers and light to medium-weight broad-leaved species has been
Many of the common but undesirable top-storey and intermediate storey species are more
aggressive, more frequently seeding and more efficiently dispersing and germinating than the
desired species. Examples have been mentioned above. Their competition with the final crop
trees is often severe and requires expensive silvicultural treatment. The decision on the feasibility
of natural regeneration in kerangas forests with good stocking of Agathis spp., Dryobalanops spp.,
Shorea spp., Dacrydium pectinatum or other desirables will finally depend on the relation between
the cost of removing competition and the expected revenue from the stand. This relation is likely
to be unfavourable on all kerangas soils except moist MHP, DHP and transitional RYP soils.
On the latter soils, natural regeneration is feasible provided the stocking of the desirables is
adequate.  Especially favourable are stands with a high density of Agathis spp. and at the same
ume low density of aggressive species such as Gymnostoma nobile and Tristania spp. Also favour-
able are heavy stands of Shorea albida and/or Dryobalanops rappa on GHP and of Dryobalanops
fusca on MHP. Less productive sites or stands of low stocking density of desirables will not
pastify the expenses of natural regeneration for the production of saw-and veneer-timber, Locally,
the growing of special products of small dimension in short rotations may be feasible on poorer
types of podzols and podzolic soils, provided the desired species are dominant and aggressive
and do not require expensive silviculture for establishment and tending. \

The silvicultural possibilities for growing a crop of medium light-wooded species on
kerangas by natural regeneration appear therefore restricted to stands on the better soils and
wics in which the desired species are gregarious. For these stands the following treatment is
Wentatively suggested. Poison-girdling of undesired species in the A-layer several years ahead
o exploitation, followed by one fairly drastic poison-girdling down to 10 cm d after harvesting
W favour regeneration of the desired species and to reduce competition for water. Stands without
8 high stocking of a single or a group of desirable species can only be managed economically if
e production goal is pulpwood or boardwood. The method would then be complete harvest

:‘llhc growing stock and natural regeneration to an unspecified mixture without silvicultural
catment, - : .

4 If natural regeneration for timber production is unsatisfactory, because the desirables fail
fegenerate adequately, the only alternative remains planting. The risk of drought excludes
#wusied natural regeneration on kerangas sites.

e l_il.tlc is yet known about risks to natural regeneration on kerangas sites. Fire hazard
certainly high.  After several weeks of drought, ground fires have completely destroyed

:‘:"“‘"Y regenerated sapling to small timber stands of Shorea albida and Dryobalanops rappa
S‘_{;‘f“'ak and Brunei,

32 l_ﬂ _Wallaba forest in Surinam about 5,500 seedlings were counted as survivors after
Nnum. Of these more than 95% were subsequently destroyed by fires which spread
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from charcoal kilns. Growth of survivors was generally slow. Annual height growth averaged
30 cm for seedlings and fell off strongly in saplings. Annual diameter growth was between 2
and 3 mm until a d.b.h. of 30 cm was reached, after which it declined first slowly, then more
rapidly. The rotations required for growing saw-timber at this rate and the low volume
production even in young stands would make natural regeneration of Wallaba uneconomic evea
if the considerable fire hazard on the quickly drying sites could be substantially reduced with-
out extra costs. This conclusion also applies to sites of comparable productivity in kerangas

Large scale wind-break and wind-throw has occurred in dense pole stands of naturally
regenerated Dacrydium pectinatum on submerged podzols and humus podzols near Lawas. Wind
damage will be a strong hazard to all dense and uniform stands in an equatorial climate where :
heavy squalls are frequent. The damage is not restricted to visible break and throw, but strong
swaying of the slender stems in uniform stand is also likely to affect timber quality. Growing
the crop at wide spacing is one possible remedy, but the control of density would be prohibi-
tively expensive in most naturally regenerated kerangas stands.

It has been shown in sect. 224.2 that stand diversity in most types of kerangas and
kerapah is near the maximum possible for the number of available species. Any silvicultural
measure aiming at natural regeneration and improvement of stands is therefore likely to reduce
diversity and increase the tendency to dominance of single species or ecological groups of
species. In this respect, kerangas and kerapah are rather similar to MDF. The ecologic, as
well as the economic consequences depend on the species which are favoured by the silvicultural
measures and may range from extremely undesirable, if, for example, strongly-mor-forming and
heavy-wooded species are favoured, to very desirable, if species increase in dominance which
produce a medium-light commercial timber and a palatable litter which is low in tannins and
decomposes rapidly.

However, in concluding, it appears that the predominating problem of natural regencration
as of silviculture generally in kerangas forests is not ecological. It is the question of economis
feasibility which will finally decide whether natural regeneration is possible or not.

24. STRATIFYING KERANGAS FORESTS
241. Species Distribution

Some of the more common species in kerangas forests show peaks of dominance along the
X-, Y- or Z-axis of the ordination (sect. 243). The classification described in sect. 242 »
partly based on this fact. Other species seem to be more uniformly distributed. Some of 1h:
rarer species are noticeably more common On certain sites or in certain associations. Othenn
do not exhibit preferences or they are so rare that this cannot be recognized. Fig. 13¢ shows the
dominance distribution of a sample of seventeen species along the X-axis. Seven of these are
among the leading species with the highest Importance Value Index. They are Melanorrhocd
beccarii (IVI=83.9), M. inappendiculata (73.1), Gymnostoma nobile (60.5), Cotylelobiw=
burckii (57.5), Dipterocarpus borneensis (50.1), Shorea albida (48.2) and Litsea palusi
(51.0) (BRUNIG, 1968a). The last species is an example of fairly even if discontinueed
distribution in kerangas and kerapah along the X-axis. M. inappendiculata shows a weak peak o8
the well-drained sites in the centre. M. beccarii is more common on sites with peat formaix®
and at higher altitude. G. nobile behaves similarly, but is noticeably absent from the centre paey
with either well-drained but relatively fertile soils on sites in the transition zone to MDF (SP. %
16) or on clayey PG or GWP (SP. 37) soils, or on wet GHP when peat has not yet f
(SP. 46, 27). WOOD (1965) reports that the species is a prime indicator for kerangas ot
Dalam F.R. but that it was not found on wet kerangas with clay. He suspects that this is &
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1o drainage and competition. The species is locally conspicuously rare or absent, probably for
pistoric reasons of dispersal, even if suitable sites are available. An example are the Ingei-
Melinau terraces (SP. 20, 21, 28-32) except that the species is more common in SP. 28 on MHP
of the margin of the higher terrace level. On summits of limestones, G. nobile is locally the
most prominent dominant on mor soils (ANDERSON, 1965), but for example is absent from
this habitat on Bukit Serapah.

C. burckii is concentrated on lowland sites and has its greatest dominance on sites near the
rims of terraces or sandstone plateaux where the soil becomes periodically dry. The rarer C.
malayanum appears to prefer better water-supplied soils, but requires some exposure or stand
instability to be able to compete successfully. The species has a marked peak at higher altitudes
and is common on moist, loamy soils near ridge crests. Dipterocarpus borneensis is restricted
10 lowland sites and has its greatest dominance on relatively fertile, usually well-drained but moist
soils. The distribution of Shorea albida is not unlike G. nobile. The species is rare or absent
both on excessively drained sites and from relatively fertile sites. WOOD (1965) mentions that
the species is widely spread in Dalam F.R., but does not extend into dry kerangas with clay, prob-
ably due to dryness and hardness of the soil. S. albida is less montane than G. nobile. At high
altitude it has only been found once on a peat bog on the Merurong plateau (SP. 51). It®
strangely absent from the peat bog on the Bumbong rumah (SP. 41), and also from the lowland
peatswamp at the base of the mountain (ANDERSON, 1961).

Agathis borneensis (32.3) is concentrated on the excessively to well-drained but deep
terrace soils (SP. 22, 43, 26, 44), and less common on moderately drained medium deep sandy
terrace soils (SP. 5, 20, 47), and on dip-slope GWP soils (SP. 39, 50). 4. beccarii (4.0) is
restricted to sites with relatively well-drained MHP and PG soils above about 500 m alt. Combre-
tocarpus rotundatus (15.3) is absent from sites on which any of the two Agathis species occurs.
The range of the species is restricted to GHP and PB soils. In Bako N.P. it is rare in open
vegetation of types 71 and 72 but more common in the secondary fire padang type 8 (BRUNIG,
1965). On the Merurong plateau and Bungo range the species is found in mossy forest on ridge
tops, again preferring more open habitats. Dacrydium pectinatum (22.6) is in the lowlands
testricted to very shallow soils which periodically become severely dry (SP. 9, 15). WOOD
(1965) reports a “definite thinning out of the size classes in the wetter soils, particularly in the
wet kerangas clay site” in Dalam F.R. It is, like Gymnostoma nobile, favoured by natural (SP.
1, 6, 57-1) or man-caused (SP. 17) stand disturbance. Locally, the species may become
dominant on SHP or MHP on lowland terraces, if a perched water table causes peat accumulation
(Dalam F.R., Lawas F.R.). The main range of D. pectinatum/D. elatum is submontane. It
occupies well-drained HP (SP. 41) as well as poorly drained PG (SP. 33) and PB soils (SP. 40,
57), preferably on plateaux.

Ploiarium alternifolium (32.8) shows a similar distribution peak at high altitude. At low
altitude it is restricted to peaty, wet HP or to very shallow HP soils (SP. 9, 39). On more
favourable sites the species occurs usually in stands in which disturbance from wind-break is
common (SP. 3, 4, 6, 50). In SP. 41, favourable conditions of disturbance, shallow HP and
unbalanced moisture regime jointly give the species such advantages over competitors that it
attains 22.4% relative dominance. In the Sabal sampling area, P. alternifolium occurs in
twenty-one squares out of 500 (4.2%). Sixteen of these squares form one cluster. Seven
squares are on peaty GWP and PB soil (unit IV, tab, 13). Thirteen squares are on moist MHP
soils (unit III, tab. 13). Outside the area, the species is common in some of the wetter paris
of secondary kerangas on SHP and GWP soils around Kuching (BROWNE, 1955, pp. 334-335).
It is locally common and characteristic in the padang types 71, 75 and 8 in Bako N.P. (BRUNIG,

1965). on wet, water-logged soils and rocks with deep, water-carrying cracks. i

115

ey e - s g - . - - cte == . o5 4 — ety Ry i "



Dipterocarpus pachyphyllus and D. lowii are examples of rather exacting species with ven
localized distribution. The former occurs on MHP transition to RYP in the coastal pan ¢
Similajau F.R., but is restricted to RYP clay-loam in the Sabal sampling area. D. lowii
locally on clayey GWP on encased terraces and on sandy RYP on sandstone dip-slopes.

Dryobalanops fusca (7.2) occurs locally in the Sematan-Lundu area of West-Sarawak. I
range is restricted to well-drained MHP soils on low coastal terraces. Some of the sites appeas
suitable for Agathis borneensis, but the species does not occur together with D. fusca. D, rappg
(31.0) has a much wider geographic and ecologic range. It is locally common and dominas:
on wet GHP and early PB stages, extending into DHP and MHP on adjacent higher terraces
It is gregarious on SHP on steep sandstone dip-slopes (Bukit Batu Patam and Bukit Metaum).
The third kapor in kerangas is D. beccarii which occurs only in two sample plots (SP. 16, 38 }
on a mosaic of SHP and RYP soils with adequate supply of water and possibly nutrients from
slope water. In the Sabal sampling area the species also occurs on a similar mixture of MHP
and RYP soils but is more severcly restricted to RYP loams and clays (tab. 13). Shores
elliptica in the same area is closely associated with D. beccarii. The other distributions in tab. 13
give further examples of species with very weakly marked ecological optimum (T'ristania obovats,
Shorea ovata, Dipterocarpus borneensis), Some species show greater dominance on the moist to
wet sites of unit IV (Ganua curtisii, Calophyllum sclerophyllum, Melanorrhoea beccarii). One
group of Dipterocarps avoids all the poorer sites on soil units IV and V. Some specics do
best on the well-drained MHP/GWP and SHD soils of units II, IIT and V, but are poorly
represented in IV (Agathis borneensis, Cotylelobium melanoxylon, Shorea ovata, S. venulosa
Vatica cuspidata, Palaguium multiflorum). Some species do well both on moist humic GWP/
PB soils and on dry SHP soils (Shorea rugosa), and some are most common in the driest sod
group V (Gymnostoma nobile, Cotylelobium burckii, Shorea ovata, Tristania obovata snd
Palagquium multiflorum).

These examples may suffice to demonstrate that tree species in kerangas forests are of
widely different ecological requirements and behaviour. The distinction of ecological groups of
species with different ecological optima among top-canopy species is therefore possible and can b
used for vegetation classification. A certain difficulty arises from the fact that an indicatot
tree, palm or herb species may be common in one part of the country and be absent froe
another. The use cf the tree species as indicators is further complicated by the fact that th
ecological behaviour and the relative competitiveness of a species may not be the same throughost
its range. The value of understorey and ground vegetation species for classifying vegetation &
a relatively small area has been demonstrated in Bako N.P. (BRUNIG, 1965).

242. Forest Type Classification

Pre-war inventories did not distinguish forest types except the very broad types MDF, PSF
and kerangas. The development of more sophisticated methods of inventory during the fiftsy
stimulated interest in forest type classification. Eighteen forest types were distinguished in a
port on the survey of 26,000 ha forested area in Sempadi F.R. in 1955-56. The types we™v
defined by commercial timber stocking, range of tree sizes, species composition, soil and
site conditions. Five kerangas forest types were distinguished by species composition.
types were dominated by Agathis borneensis and Gymnostoma nobile respectively. Three npe®
had no distinctly dominant species and were separated by the volume of growing stock and prop
tion of meranti timber. A 1.2% two-line per block randomized inventory in Puch F_.R- .
stratified by means of basal area diagrams which showed basal area dominance per siz&
and species or species group. However the variability of species distribution and dogmnl’“‘
was so great, that it was impossible to subdivide PSF, MDF and kerangas on the basis of O

Twe

116



into types which would bear clear correlation to differences in site conditions
.BRUNIG, 1961.) As an alternative, the area was stratified into topographic units which were
sder subdivided into forest types by ground vegetation, stand composition and soil type.
wogether five types were distinguished in kerangas, two in kerapah and three in MDF (BRUNIG,
1963).

In Bako N.P., twenty-five vegetation types were defined by topography, stand physiognomy
sod characteristic species (BRUNIG, 1957a). The classification was subsequently elaborated for
¢ kerangas and padang vegetation. Six kerangas types, five natural padang types and one fire
padang type were identified and defined by landform, soil group and type, vegetation physiognomy
w4 composition. Listing of species indicated common and characteristic species and typical
wecies combinations in the various stand layers of the main types. Subtypes and variants were
syinguished mainly by ground flora species and related to differences in soil type and water
wpply. Such simple classification was practical because the area of the park is relatively small,
wd geologically and floristically relatively homogeneous. Classification from frequency lists of
weies is feasible under such conditions.

Ia describing kerangas on the east coast of Malaya, BEVERIDGE (1953) distinguished
#ree subtypes by dominant species. His Shorea materialis-subtype is similar to my SP. 45 and
4 on a recent beach terrace. His Hopea nutans — H. mengarawan-subtype occurs on the more
scrmanently dry sandy dunes and is related to my SP. 7, except for the presence of Dryoba-
wnops fusca in the latter. Seasonally flooded kerangas sites carry a Dipterocarpus —
Calophyllum-subtype. The classification is based on a combination of topographical features and
secics composition. The area is small, the stands are few and the classification consequently
chcient.

A comprehensive classification of forest types is included in the “Forest Survey and
laventory Code, 1961” and has been later published (BRUNIG, 1969¢c). The fcllowing main
tpes are recognized at the association-group level: beach forest, salt water-swamp forest,
peatswamp forest, mixed Dipterocarp forest, kerangas-kerapah forest, riverain forest, montane
wd other specialized forest types. At second level, units are distinguished by topographic features.
Ihe topographical criterion compounds the effect of differences in the geological substrate by
wparating areas of different geology and consequently different physiographic aspect in aerial
photographs.  Stratification by geological substrate at this level should be done if suitable
geological maps are availablee. ASHTON (1973, unpubl. msc.) emphasises the correlation
Ntween species distribution and geological formation in Sarawak. At third level, separation
a by canopy morphology and albedo in air-photo interpretation or by stand structure in field
classification. At the lowest general level 4, subdivision is by species presence, species dominance
4ad stand curves. Timber quality and commercial stocking are only loosely associated with the
waits at level 4 and prediction with adequate precision for management planning requires further
®ratification into local categories defined by relative dominance of species, defectiveness of
hmbgr. diseases, stand damage and, resulting from these, productivity in terms of commercial
Powing stock. Indicators among the tree or ground flora species may be locally useful in
dns;f):mg at this fifth level of the scheme. At all levels of the classification, it is important to
fecognize that both vegetational and environmental factors are continuously distributed in space
#ad time. The delimination of vegetational or site units in the classification is consequently
SNNE. or }ess arbitrary, which is indicated by the frequent mentioning of transitional status in
™% classification. Final decision on delimiting types will always depend on local conditions

o on the objectives of classifying. In the following, the main features of the classification at
=4, <ls 2 to 4 are described in the form of a key for the kerangas and kerapah forests (main
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type 5). The values given for crown diameters dx and aerodynamic roughness z, are tentative
and further research is needed before delineation by ze-values could be applied in forest inven-
tories. The units described at classification level 4 (designated by first decimal) are not
exhaustive but only examples of the more common communities. Further subdivision at level §
by quantity and quality of growing stock and by soil type will be necessary in most cases for
forest management and land-use planning.

CLASSIFICATION OF THE ASSOCIATION GROUP 5
Classification Level 2: Topography within stand

Flat to almost flat o A R s R TS o, 51
Undulating to moderately hllly PRI - 21 SR T R AR e B 52
Hilly to bold Sy S S P L 1" L SHIRE  S SERT e 53

Classification Level 3: Stand structure

51 On aerial photographs canopy uniform, dense, tone dull medium grey, little
variation in tone, crown diameter in top-canopy d« 2-8, av. 4 m, aerodynamic
roughness z, 100-200 cm. In field data, uni-modal stand curve and largest d
between 40 and 100 cm .. . . . 51
0 R I SRR P e BTl S A 512

512 Intermediate canopy uniform, dense, tone dull medium grey, overtopped by tall
emergents, usually single, rarely in groups, very rarely merging into small
closed stands, lighter toned than the intermediates. Emergent crowns compact,
often cauliflower-like, dix 10-25, av. about 18 m, z, 400-500 cm. In field
data, bi-modal stand curve, largest d above 100 em .. .. . St B0 512
Not Ll s > SIS MRSk i rh e s A B | b

513  Irregular canopy structure, much variation in crown sizes and tone, grouping
moderate, top-canopy di 5-12, av. 7 m, z, 200-400 cm. In field data, stand
curve uni-modal or weakly bi-modal, largest d 100 to 100 cm.

52 On aerial photographs canopy uniform, but more uneven and better integrated
than in 51, dense, tone light grey to dull medium grey, top-canopy de 2-7,
av. 4 m, z, 100-250 cm. Stand curve steeply uni-modal, largest d about
A0 QM iy SRR ve e S v &~ DR et adis 521
Not ' ~4 i Tl 522

522 On aerial photographs mtermedmte canopy as in 521 but ovcrtopped by
emergents of various tones and shapes. Irregularly star-shapcd, medium
dark grey or caulifiower light grey emergent species recogmzablc and locally
oonspzcuous But on a whole, the variation of crowns is moderate and
there is not a consistently lighter tone among the emergent than among the
intermediates, dx 6-12, av. 8 m, z 250-350 cm. Stand curve weakly to
moderately bi-modal, more rarely a strongly devclopod second peak about

100 cm, largest d about 100, rarely 120-140 cm . e s

Not s0 .. .. R TN ; 523
523  On aerial photographs mtermedlate canopy medium dull grey, dense, ovcrtOpped

by emergents, of lighter tone and of caulifiower type. Emergents di 10-20, av.

16 m, zo, 300-500 cm, stand curve more or less strongly bi-modal, largost d ¥

about 140 cm .. .. . g.:‘:

Notw - .. L - .. .. - . .. .. .. - .. .. Lk
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24

$32

533

On aerial photographs well-integrated, irregular top-canopy structure, crowns
vary in shape, type and tone nearly as much as in MDF, type 42, but crown
diameters and heights are smaller, di 5-18, av. 10 m, 2 300-450 cm, largest d

gbout 140 cm .. .. .. .. v L 524

"On aerial photographs the canopy is uniform and dense, tone light to medium,
" dull grey, individual crowns more difficult to identify than in any other type,
small to very small, di 2-8, av. 3 m, z 100-200 cm, but topography rough.
stand curve very steeply uni-modal, rarely with a moderate second peak, d
usually less than 35 cm, occasional emergents to 50 cm .. .. .. .. .. 531
Wb 80 i G et an v ! Saibetuin e THR SRy Ll * Cni R e 532

On aerial photographs the canopy is irregular and varied in crown size and tone,
light grey to dark grey, grouping moderate to strong, top-canopy dkx 5-13, av.
7 m, zo 200-450 cm. Stand curve moderately steep uni-modal, largest d

usually less than 70 cm, very rarely individual trees, larger than 80 cm 8. e aad
WOt 80 7 52l T s TRl e et Wy s 5 RS P ERU T b Wby -0 s 10, 0 (sui 533
On aerial photographs, canopy intermediate between 532 and 521, more uniform
than 532 but more irregular than 521, sites distinguished by topography (iong,

gentle to almost flat dip-slopes), d« 4-12, av. 6 m, Z 200300em " .« .o e 533

Classification Level 4: Species composition

i1

Kerapah and transitional kerangas/kerapah forests, soil PG, GWP, HP with impeded
drainage and PB. Usually single species as dominant emergent species, or groups of
closely related species. Dominance usually strong but occasionally only moderate to
weak: e : NS T

.1 Gymnostoma nobile leading dominant species, dominance at least 10% of G or canopy

. projection. ,
Example: SP. 4 on lowland PB (fig. 7a).
DAL on PB and MHP (but not clayey soils) (fig. 8b).

2 Dacrydium spp. leading dominant species at least 10% of G or canopy projection.

Example:
SP. 40 on PB of high-altitude terrace (fig. 7b).

.3 Shorea albida and/or S. pachyphylla moderately dominant, with Ploiarium alternifolium,

s

e

| Common dominant emergent species are:

Dacrydium spp., G. nobile, Parastemon urophyllum, Litsea palustris or Lophopetalum
rigidum attaining local dominance.

Example: kerapah in Binio basin, top-height 20-25 m max. d 45 cm, on wet PB,
" .. grading into open sedge padang with S. albida, Dactycladus stenostachys
* % " and Ploiarium alternifolium, Hr 7 m.

Kerangas and kerapah, soil GHP, MHP, PB on sites with deteriorating drainage conditions
“99_3Imost flat to gently sloping or undulating ground. Frequently marked single-
species or group dominance. In transition zones to 511 or 513 emergents often derelict.
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513

521

Shorea albida izading dominant species, emergent (locally replaced by or mixed with §,
pachyphylla, especially on wetter spots).
Example: SP. 21, 28, 30 on MHP, interior terraces (fig. 7b).
SP, 2, 29, 31, 32 on PB, coastal to interior terraces.
SP. 57 on PB on high-altitude plateau (fig. 7c¢).
SP. 27 on GHP, coastal terrace (fig. 7a).
DAL on PB and MHP (but not on dry sites) (fig. 8b).

Shorea materialis leading dominant species, emergent (locally replaced by Dryobalanops
rappa). .
Example.: SP. 45 and 46 on GHP, recent beach terrace (fig. 7a).

Combretocarpus rotundatus leading dominant emergent.
Example: SP. 55 on PB on high-altitude plateau (fig. 7¢).

Kerangas on almost flat to gently sloping (max. 2°) or undulating (variation of relief
less than 6m) ground with MHP and medium deep sandy GWP soils. Single-species
dominance less pronounced than in 511 and 512:
Dryobalanops fusca moderately to weakly dominant species, rarely distinctly emergent.
Example: SP. 1, 3, 7 on MHP on coastal terraces (fig. 7a).
Agathis borneensis moderately to weakly dominant species, but rarely distinctly emergent,
locally mixed with or replaced by S. albida or Dryobalanops rappa.
Example: SP. 14, 20, 23, 24, 44, 47 on MHP on lowland terraces (fig. 7a and ¢).

No distinctly leading dominant species.
Example: SP. 25 on MHP (fig. 7a).

Kerangas on undulating to moderately sloping ground along the rims and on the flanks of
terraces and on dip-siopes of sandstone plateaux. Soils usually shallow, excessively
drained SHP, PG, secondary MHP and PB over sandstone. Frequently marked dominance
of single or groups of species:

.1 Whiteodendron moultonianum leading dominant species, dominance up to 20% of G.

often in mixture with G. nobile and Dacrydium spp., mostly in West Sarawak on Platcas
sandstone dip-slopes.

Example: SP. 9 on SHP.
SP. 15 on MHP.

.2 Dacrydium spp. leading dominant species.

Example: SP. 17, and types 62, 63, 64 in Bako N.P. (BRUNIG, 1967).
SP. 51 on SHP/PB on bouldery undulating plateau, Merurong.
SP. 33 on PG, peneplain remnants, Sagan (fig. 7b).

.3 Gymnostoma nobile leading dominant species.

Example: SP. 41, Bumbong Rumah, on sandy PG clay.

9 No distinctly dominant species.

Example: SP. 52 on SHP (fig. 7¢c).
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524

531

Kerangas on undulating to moderately sloping ground, species dominance moderate to
strong, soils well-drained but with large field water capacity, commonly DHP on terraces
or MHP on undulating sandstone:

Agathis borneensis leading dominant species, distincﬂy to moderately emergent, often in
small groups, dominance above 10% and occasionally above 50% of G.

Example: SP. 11 on MHP, plateau sandstone. .
-~ SP. 22, 26, 43 on DHP, terrace flanks and rims (ﬁg 7a)
DAL on raised parts and on edge of terrace (fig. 8b).

" Agathis beccarii leading dominant species, moderately emergent, dominance between 10

and 50% of G.
Example: SP, 56 on MPH (fig. 7¢c).

Kerangas on undulating to moderately sloping ground, dramage moderate, soils medium
deep MHP, weak tendency to peat formation:

Shorea albida leading dominant species but only weakly to moderately emergent and at
most moderately dominant.
Example: SP. 6 on PG.
SP. 48, 49 on MHP on sandstone dip-slope.

; Locally, S. albida may be replaced by, or admixed with, emergent and dominant Shorea

pachyphylla, D. fusca and/or D. rappa which also have light toned crowns of somewhat
similar type as S. albida.

Sites as in 523, but soils are better drained MHP to RYP, absence of conspicuous single-
dominant emergent species, transitional to MDF, number of Dipterocarp species relatively
large, but dominance less than 30% G

Example: SP. 12 on RYP of sandstone dip-slope (fig. 7a).
- SP. 13 on SHP of sandstone dip-slope (fig. 7a).
SAB mixed kerangas on MHP, GWP (fig. 12a).
Terrace flanks in Siru F.R. and in the Melinau valley.

Kerangas in hilly country with bold topography, sites moderately steeply to very steeply
sloping dip and scarp slopes, intersected bold relief or prominent ridge crests. Soils shallow
PG, HP and PB. Usually distinct single-species dominance. Occasionally mixed stands:
Gymnostoma nobile leading dominant species.

Example: forest type 65 (BRUNIG, 1965) on dissected spurs of the table land in
Bako N.P,

A ~  SP. 54 on blanket bog on the summit slope of Bukit Skalap, Merurong
plateau (fig. 7c).

Dacrydium spp. leading dominant species.

Example: Dacrydium — Shorea — Vatica submontane moss forest on Batu
Skalap, Merurong plateau (BRUNIG, 1959).

3 Dryobalanops rappa leading dominant species.

1

Example: The D. rappa — Shorea spp. — Tristania — Diospyros type on SHP,
s T southern dip-slope of the Bukit Metaum — Bukit Sangit cuesta, Merurong
p!ateau (BRUNIG 1959) ,
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4 Tristania obovata leading dominant species,
Example: SP. 53 on PG.

-5 Tristania anomala present to leading species.
Example: Ridge crest of Bungoh range, Batu Patam; kerangas and moss forests
on the Merurong plateau.

.9 No distinctly dominant species.
Example: SP. 35, Sagan syncline.

532 Kerangas in hilly country on gentle to moderately steep dip-slopes. Soils shallow to medium
HP, GWP and transitions to RYP. Single-species dominance weak to moderate, rarely
above 15% G: :

.1 Agathis borneensis leading, but not emergent, dominant, dominance usually around 10%
of G. :

Example: SP. 38 on GWP/MHP on sandstone dip-slope.
SP. 50 on GWP on sandstone dip-slope.

.2 Dryobalanops beccarii leading, moderately emergent dominant species, dominance rarely
above 10% G. '

Example: SP. 16 on MHP transition to coastal MDF.,
SP. 39 on MHP/RYP, with some Agathis borneensis.
SAB on MHP/RYP, transition to MDF.

.3 Lithocarpus cyclophorus leading dominant species.
Example: SP. 42 on RYP, transition to mixed submontane oak-forest,

4 Shorea rugosa leading dominant species.
Example: SP. 34 on GWP/RYP, transition to MDF.

.5 Agathis beccarii leading dominant species.
Example: Marigan range; Bukit Tudal.

-9 No distinctly leading dominant species.
Example: SP. 50 on medium GWP, sand over clay.

533 Kerangas on gentle to almost flat but very long dip-slopes, soils as in 532, stands show
more distinct tendency to single-species dominance and are transitional between 532 and
521.

243. The Ordination of Sample Plots

The fifty-five sample plots were treated as fifty-five stands and ordered by means of the
ordination technique described by BRAY and CURTIS (1957) and ASHTON (1964a, 308 —
314). The thirty-four species which had the highest importance value indices among the
seventy leading species (BRUNIG, 1968b, tab. 12b) were used to construct two matrises
The species represented 45.8% of the total basal area. The similarity between two stands wa
expressed as the ratio of the mutually shared component in terms of basal area to the combined
total basal. This similarity index ¢ = 2 w/(a + b) was calculated for all pairs of plots. Thas
produced 1,512 similarity quotients ranging from 0.008 to 0.798.

The use of the basal area introduces a certain bias in favour of large trees. Differences
in understorey composition may be ecologically important but will be poorly reflected in th
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ity rating. Relatively shallow-rooted understorey species may be expected to respond

more sensitively to differences in the moisture regime than more deep-rooted top-canopy

is. For example, SP. 20, 22 and 43 are fairly close in the XY- and ZX-planes of the

ocdination, but SP 43 on the exposed rim of a coastal terrace is ecologically rather dissimilar

from the other two plots. The fact that the position of SP 43 is between SP. 20, 22 and the

plots with less adequate moisture conditions (SP. 11 and following to the right), however,
shows that the general ecological relationship is still meaningfully expressed.

From the 1,512 similarity quotients, the X-, Y- and Z-axes were constructed by using
several pairs of reference plots. The following description refers to the ordination which
proved to yield the largest amount of information.

Soil types show a distinct trend along the X-axis (fig. 13 b1). On the left are the deep,

s and well- to excessively drained DHP on holocene and late pleistocene terraces.
Towards the centre (X = 500), which represents maximum dissimilarity from both reference
stands, the kerangas soils are generally shallower. GWP and RYP soils occur especially at
lower Y-values. At higher Y-values kerapah soils lead into ANDERSON’s peat soils which
occupy the right-top corner. Towards the right, altitude increases along the X-axis in a narrow
band on both sides of Y = 500 (450 to 570) and PG, SHP and PB soils prevail. The stands
in this region are simple-structured and characterized by a relatively high dominance of
microphyll and leptophyll species (Gymnostoma nobile, Dacrydium spp.) In contrast, dominant
microphyll species are more common on the left (fig. 13 b2). The X-axis appears to be related
primarily to water regime with a superimposed and possibly independent altitudinal relationship.
The trend along the Y-axis appears to relate to nutrient supply from relatively richer and loamy
soils at the bottom (recent terrace with some colluvium and podzolic brown loam) to sandy
and nutrient deficient soils at the top. At the same time, a trend to increased water-logging
exists along the Y-axis (the reference stand is SP. 27 on GHP) which places the lowland PB sites
in the top-right quadrant away from good drainage (left), fertility (bottom) and altitude (right
on X-axis). With these environmental trends go characteristic changes in the floristic composi-
tion of the stands, which permits an ecologically meaningful grouping of stands in the X/Y
plane. Altogether five main groups can be distinguished. :

From reference plot 22 to right, the first group is lowland kerangas in which Agathis
borneensis is dominant as large tree on DHP to MHP on almost flat to undulating sites. The second
group follows to the right and consists of forests in which A. borneensis is present but smaller
and rarely more than frequent on SHP to MHP and GWP on undulating to moderately
hilly sites. The number of Dipterocarp species increases. The following third group is the
centre of the ordination and accordingly rather heterogencous. One subgroup is characterized
!’Y.a great number of Dipterocarp species and RYP soils with the exception of SP. 17 which
is included but has a secondary MHP. This subgroup represents the transition to MDF. The
number of Dipterocarp species but not necessarily of Dipterocarp basal area decreases in the
pext subgroup to the right, which contains transitional forests to Mixed PSF and kerapah. The
number of Dipterocarps decreases also from the centre to the top where the fourth group
includes the reference plot 27 with only three species of Dipterocarpaceac, but the highest
recorded basal area of Shorea albida. This fourth group is the transition to Shorea albida-PSF.
-~ Group 5 occupies the right end of the ordination and consists of rather homogencous sub-
montane kerangas and kerapah forests, in which Agathis beccarii, Dacrydium spp., Tristania
pp., Gymnostoma nobile, Shorea albida and Ploiarium alternifolium are attaining local dominance
according to site conditions. .
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The Z-axis had initially been regarded as representing undirected residual variation,
The very dense scatter in the Y-/Z-plane had obscured trends in species composition and in
site conditions. [Existing trends were only discovered when the rankings of diversity values
along the X-axis were examined,  Agathis borneensis, A. beccarii, Dryobalanops fusca and
ecologically related specics tend to be gregarious on the left of the X-axis in the Z-/X-plane.
The sites are relatively uniform, almost flat quaternary terrace or almost flat to moderately
hilly tertiary sandstone dip-slope locations with good to excessive drainage. Closer to the
centre of the X-axis follows u less clearly defined complex of stands on mostly SHP to MHP
with moderate drainage on terraces and sandstone formations. The species composition varies
rather more strongly between these plots and there is lesser tendency to single-species dominance
within plots. Beyond the centre to the right of the Z-axis follows a group of stands in which
both Gymnostoma nobile and Shorea albida are present and tend to high dominance. Next ia
importance in this range are Melanorrhoea beccarii, Calophyllum spp. and Palaquium spp. The
sites are mostly terraces in i rapid succession to peat bog or dip-slopes on sandstone formations
with tendency to blanket bop development. Soils are MHP, PG and GP with all stages of bog
formation. Edaphic and physiographic variation within and between stands is strong. The
fourth group of stands at the right end of the Z-axis is rather heterogeneous and the tendency
to species dominance is very weak. Floristic elements of the MDF (SP. 12, 34, 38), the inland-
margin Mixed PSF (SP. 37) and of submontane oak-rich forest (SP. 42) occur and may locally
achieve some degree of dominance. The sites are peneplain remnants, encased terraces, broad
sandstone ridges and, in stands which are floristically transitional to MDF, moderately steep
slopes. The soils are loams 10 clays of the RYP, GWP and PG groups. SHP are confined
to dissected but mot exposed sandstone slopes. The only MHP soils are on well water-
supplied buttresses of terraccs and on the margin of encased terraces toward MDF.

The groupings along the three axes correspond well to the previously described classifica-
tion of forest types at all five levels. The XY-axis exhibits the physiographic, drainage and
soil-type related criteria. The XZ-axis chiefly refers to the floristic subdivision by dominance
of species.

The trends also conform to the previously described catenas of soil types and vegetatios
The catena SP. 46 — 45 — 43 — 44 (sect. 134.3, ex. 1, coastal catena in Similajau FR)
begins in the centre of the ordination on GHP and close to the positions of wet, clayey terrae
sites (SP. 36) from where the PSF series commences with forest type 31 (fig. 13a). T
catena proceeds with improving drainage through SP. 45 to SP. 43 (DHP on terrace edge)
Then it turns back as drainage worsens towar ds the centre and higher levels of the terrace (SP
44).

The Belait-Melinau catena begins in Badas with GHP on a low coastal terrace (SP. 27).
Two alternative developments are possible. If the terrace is up-lifted, the GHP changes ¥
poorly drained MHP (SP. 21) and the dominance of Shorea albida decreases from 51.1%
(SP. 27) to 36.7% (SP. 21). The sequence continues to SP. 23 (DHP), SP. 26 (DHP), ¥
23 (MHP), SP. 24 (MHP) and finally SP. 25 (MHP with poor drainage), which is clos¢ ¥
SP. 29 on the Melinau terraces. The Melinau series proceeds from SP. 30 on the lowe?
terrace level (well-drained MHP) to SP. 28 on the higher terrace level with moderate draina
At the same time the dominance of Shorea albida increases from 27.4% (SP. 30) to 33.0%
(SP. 28). Drainage becomes poor in SP. 31, peat begins to accumulate and the d
of S. albida increases to 74.6%. Drainage is poorest in the following SP. 29 and d
water is above the peat surface most of the time. S. albida dominance drops J0 364%

G and all trees are derelict and moribund. The species declines to 14.9% in SP. 32 in ¥
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wme improvement of drainage as a result of a rise in peat surface level. The stand
«p. 32 is a dense pole crop of species which established themselves in the transition zone
weweca SP. 29 and SP. 32. S. albida is beginning to re-invade in SP. 32. A short distance
scwoad the plot, dense Shorea albida-forest is already established. Consequently, the catena
wowid show a change of direction back to the region between SP. 31 and the PSF type 372, if
bt plots had been enumerated along the transect. -

LI

The sequences in Pueh F.R. seem less clear which is largely due to the wider scatter of
a¢ plots in the area. The two plots in peat bog (SP. 2, Shorea albida 12.3%, and SP. 4,
& mmostoma nobile 14.4% ) are on the right of the centre of the X-axis in the zone of poorer
aramage. SP. 6 on a GWP heavy clay is surprisingly close to the peat bog plots due to a high
aexsance of Shorea albida (13.8%), in spite of the fact that the associated leading specics
;. mnostoma nobile, 15.2%; Whiteodendron moultonianum, 7.4%; Diospyros polyalthoides,
s 1% ) are non-PSF species. The Dryobalanops fusca-dominated, well-drained plots 1 and 3
MHP) are further to the left as would be expected. Somewhat unexpected is the low Y-value
« SP. 5 (SHP on a low inland terrace). This may be due to the lack of single-species dominance
«nd the fact that the plot is close to sungai Undan which drains from MDF on the Pueh massif.
o 7 is ecologically closely related to SP. 46/45 in Similajau F.R. The stand is dominated by
pryobalanops fusca (27.2%). D. rappa (9.3%) and Melanorrhoea inappendiculata (7.5%).
13 uncxpectedly low position on the Y-axis reflects the relatively large proportion of Dipterocarps
d the fact that D. fusca has not been used in the ordination because of its very restricted range.

The effects of site degradation following destruction of MDF is shown by SP. 17, Bako
% P. Originally, the RYP soil had carried MDF. The original stand would have been located
war and probably to the right of SP. 16. The secondary succession has been dominated by
Parvdium pectinatum, Cotylelobium burckii and Whiteodendron moultonianum. The RYP
anged into a secondary MHP soil and the plot position shifted upwards along the gradient of
&ecreasing fertility. It is now near SP. 12 on-RYP soil on a sandstone dip-slope in Sempadi
FR, and SP. 13 on SHP on the summit plateau in Selang F.R., which both carry mixed
Lorangas transitional to MDF.

The locations of the high-altitude plots on the Sagan ridge (SP. 33-35), Bumbong rumah
(SP. 40-42) and Merurong plateau (SP. 51-57) exhibit no patterns related to catena or suc-
cewion. This is possibly due to the rather irregular hilly topography and the fact, that SP. 56
® the reference plot. This plot is on moderately well-drained MHP which somewhat distorts the
¢~sdient of declining drainage from left to right (SP. 41 to 40; SP. 33 to 34; SP. 51 and 56 to
$7). SP. 57 might have been a better choice, except for the aberrant presence of S. albida.

~ The short distances between plots belonging to one catena or successional series are certainly
® part simply caused by floristic affinity related to geographic distance. On the other hand
®aad physiognomy varies significantly within catenas in a manner related (o site conditions, such
& ¢nainage and exposure. This variation is much less between different catena series if corres-
Meding stages or positions are compared and is less than the variation in floristic composition.
%@e¢ of the oddities of the locations of plots can be explained in this manner. An example is
: Yocation of SP. 7 in comparison to the very similarly structured, but floristically different SP.

It bad been shown in sect. 223 that the total number of species per plot and the rate of
*7eqes increase within plots is related to soil group and physiography. The standard deviation

- ¥aut the regression appeared related to site heterogeneity rather than species richness. It

“uid therefore be expected that some relationships should also exist between a diversity index
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and the position of the sample plots in the ordination. Therefore the existence of a correlatiog
between the ranking of twenty-seven plots (sect. 223.2) on the three ordination axes and the
ranking according to the index values was tested by SPEARMAN’s rank correlation coefficient
The results indicated no correlation between the diversity index ranking and the position rang
on the X- (r« = 0.015) and on the Y-axis (r; = — 0.244). The signs of the coefficienty
conform with the trend to greater site complexity and increased water-supply from left to right
on the X-axis, and to increased soil fertility and more favourable soil texture from the
downward on the Y-axis. The corresponding correlation for ranking according to total number
of species are rs = — 0.101 for the X-axis and rs = — 0.239 for the Y-axis. Again, both
coefficients are non-significant. The reversed trend on the X-axis makes sense, because site
variability influences total number of species less than the stand diversity. The sites on the
left side of the X-axis are relatively uniform, but the species richness is relatively high. On the
right side species richness is less but the sites are more varied and complex. Both ranking
according to index of diversity and to number of species are significantly (p = 0.05) correlated
to the ranking of plot positions on the Z-axis (R = 0.437 and 0.443 resp.).

The very poor correlation between either the species richness or the index of diversity and
the position of the plots on the X-axis can be explained by the nature of the sample plt
distribution in the ordination. We have seen that the centre is occupied by the most hetero-
geneous group of plots in respect to within-plot and between-plot variation in site, soil and
vegetation. Projection of this group on the X-axis creates strong variation about any trend
along this axis. The Y-axis exhibits more clearly defined trend from complex vegetation ca
the richer soils at the bottom to the extremely uniform and species-poor plots on the infenile
plots at the top. This trend is much less masqued by projection of the plots at the tails of
the X-axis, and the correlation is therefore slightly better, but still non-significant. The trend
in stand and site features along the Z-axis is more clearly defined in spite of the very deax
scatter about this axis. It is less than along the X- and Y-axes affected by the projection asd
it seems that the heterogeneity in the centre of the ordination is largely due to variation along
the Z-axis. Consequently, the rank correlation along the Z-axis is somewhat improved and
significant at the 0.05-level. This is not surprising if it is remembered that the Z-axis primaniy
represents trends in fioristic variation which are directly related to species richness and diversiy

In the case of McINTOSH's diversity index, there is no significant correlation between
index rank and the plot sequence in the ordination along the X-axis (r, = 0.085 at 38 df\
Y-axis (s = — 0.258) and Z-axis (rs = 0.116). The richness and pattern of specs
content in the stands appear to be little affected by the site gradients, which are apparent in th
ordination. The historical factor appears to be more effective than any other, and this facs¥
is poorly represented in the ordination. In contrast, ranking of the stands according to B
previous index of diversity is significantly correlated to the ranking along the Z-axis, but s
along the X-axis or Y-axis.

25. RELATIONSHIP BETWEEN KERANGAS AND OTHER FORESTS

251. Relationship to other vegetation types in Borneo

The relation of the PSF phasic communities (ANDERSON, 1961) and of the MDF iy
(ASHTON, 1964c) has been determined from their positions in the X/Y plane of the ordinsx®
(fig. 13a). The kerangas forests are clearly intermediate between the other two asso0 W
groups. The intermediate position of kerangas is confirmed by the species lists of the th
association groups (ANDERSON, 1963; ASHTON, 1964b; 1964c, tab. 13 and App
BRUNIG, 1966, App. 11). The numbers of total and shared species are given in tab. 12-
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of the MDF also occur in the kerangas forests, but not in the PSF. Relatively more
s arc shared by PSF and kerangas forests, but only few also occur in MDF. Among the
s Neoscortechinia kingii (Hook. f.) Pax et Hoffm. which is ANDERSON's characteristic
of P.C.1 (ANDERSON, 1961, 68-81). I do not know of any species which occurs in
wof and PSF but not in kerangas forests. It therefore appears that the floristic affinity is
wmet between kerangas and PSF. The close floristic relationship does not necessarily imply
;;--I cavironmental similarity. Shorea albida offers an example in this respect.

Shorea albida dominates ANDERSON’s phasic communities 2 to 4, which correspond to
o forest types 36 to 38, where the species forms almost pure dense, uniform, highly reflectant
ies. In kerangas forests S. albida never forms a dense top-canopy, but occurs as
angle, widely scattered emergent. It is part of a dense uniform canopy only in association with
. wwsostoma nobile (Dalam sampling area and SP. 1, 8, 48). Single exposure and phyllodial
- rs both improve ventilation and consequently cooling which is important for a species
«:4 relatively large leaves. S. albida is never found on periodically dry SHP in spite of its very
e soil tolerance, The distribution of Shorea albida in kerangas forests appears primarily
wisead to the soil water regime. In the PSF drought conditions may possibly also occur, but
whoemation is lacking. Shorea albida-forests in PSF are characterized oy high albedo of single
waves and crowns, dense cauliflower crown shape, dense and smooth canopy surface as.a con-
wigscnce energy absorption and turbulent exchanges are reduced. This may be an adaptation to
scavonal water deficits or to a high level of toxidity in the oligotrophic peats. Low transpiration
rsacs would then be an advantage for avoiding accumulation of toxins in the plants. This would
teour such leaf, crown and canopy features which permit efficient temperature control at low
waspiration rates as exist in the Shorea albida-bearing PSF. The close neighbourhood in the
sedmation of the PSF phasic series (type 31 to 39, fig. 13a) and of the catenas at high altitude
4=en well-drained mineral soils to PB (SP. 52 to 57; SP. 42 and 41 to 40) points at the possi-
hity that soil water regime, nutrient supply and soil toxidity may determine the stand condition
« both association groups, but each factor at different degrees. It is of particular interest in this
sipect that the twenty tree species recorded in ANDERSON’s aberrant Dacrydium-Gymnostoma-
PSF type in Kayangeran F.R. also occur in kerangas and that the type location in the ordination
& “tween PSF type 39 and SP. 40 in the region of PB in lowland (SP. 2 and 6) and high-
stiude (SP. 40, 51, 55, 57) kerapah.

ASHTON (in lit. 1.5.64) describes a peculiar, small-crowned forest on the top of a knoll on
Carapa Pila on a basalt outflow in the Mujong-Balui watershed. This forest resembles on the
#oend and on acrial photographs kerangas structurally, but it is a floristically distinct association
&ceunated by Trigonobalanus verticillatus (Fagaceae). The soil is not kerangas but an uitrabasic
"rpe with unfavourable water regime and probably unbalanced mineral store. The kerangas-type
¥nxture seems also to be characteristic of the stands on the dacite table lands of Usun Apau
s u_ln Dapoi. The area has been visited by foresters and botanists in 1955-56 (Oxford
fipedition) and in 1965 (Annual Report of the Forest Research Officer for the year 1965, p. 5)
*st 0o information has become available to assess the floristic relationship to kerangas. According
» ASHTON (1964c, p. 52) many species of humic podzols at low altitudes seem to be absent
= umilar montane soils above 1,500 m; the montane ridge forest resembles a floristically poor

E"-Bx::: but possesses also several additional species which never seem to be found in the
<n

QY

P 'l_'hé close relationship between kerangas and the woodlands on exposed rocky ridges and
Madlands has been hinted as early as 1914 by WINKLER (1914, pp, 204-205). The vegetation
@ the tops of the large boulders and exposed cliffs of the Klingkang range at 800 m a.s.l. has
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structurally and floristically much in common with the kerangas forest type 65 and the Padany
type 72 in Bako N.P. Particularly the commonness of Baeckea frutescens in both areas is strik;
Similarly, the vegetation on the exposed boulders and cliffs of Bukit and Batu Skalap on the iy
of the Merurong plateau, above about 800 m alt., contains on open, mossy Baeckea — Ey eniy
facies which closely resembles the corresponding types in Bako N.P. (BRUNIG, 1959 and 1960)
The facies changes rapidly through mossy Dacrydium — Shorea-forest into Dacrydium — Gyn
nostoma-forest (SP. 54) (BRUNIG, 1959/60). The position of the Bacckea — Eugenia-foreg;
in the ordination would be near SP. 54 in the XY-plane. Its position along the Z-axis is uncertaiy.
because the reference plots (SP. 25 and 46) are of little relevance to the variation due to exposus
and altitude.

Structurally and floristically related to kerangas forests are the pole forests on some lowland
limestone hills sites with peat or mor soils resting directly on the rock or with very litke
mineral soil between surface mor and rock (SP. SER 1-6 fig. 7b). Water supply and extrome
oligotrophy are, as in kerangas, probably the primary cause for the simple stand structure and
the even and small-leaved canopy (sect. 226.4), low height, high density and relatively smay
basal area (sect. 225.2). This type of limestone forest vegetation would occupy the ary
about the coordinates 550 X and 500 Y in the centre of the ordination.

252, Related Forest Types Outside Borneo

According to RICHARDS (1952) Bornean heath forests physiognomically rescmbie
Guiana Wallaba forests so closely that “the two communities are so similar in their gencrd
aspect that in the heath forest it is as if every individual plant of the Wallaba forest had becs
replaced by one of similar habit and general appearance, but with different systemax
affinities. . . . Heath forest and Wallaba forest are in different hemispheres and have s
species and very few genera in common so that the resemblances must be entirely due to the
similarity of climate and soil.”

RODRIGUES (1961) describes the caatinga of the Rio Negro as “a thin rachitic vegety
tion, whose foliage is generally sclerophyllous and persistent, growing on a superhumid, very
poor bleached soil.” In the high caatinga, Eperua leucantha and E. purpurea dominate th
top-canopy, epiphytes and lianas are very rare. A stand profile of the high caatinga indicates
a rather even, dense top-canopy varying in surface height between 25 and 33 m. In the ke
caatinga, Aldina discolor (Leguminosae) dominates the top-canopy in mixture with a number o
species of the families Myristicaceae, Lissocarpaceae, Euphorbiaceae, Annonaceae, Guttifera
He concludes “that what characterizes the caatinga in general, is the similarity of its structa
and physiognomy, together with the homogeneity in floristic composition of each one, in spe
of the predominating species varying from one caatinga to another.” This indicates a w®
blance between the Amazonian caatinga of the Rio Negro region and the kerangas forests
Sarawak and Brunei. FANSHAWE (1954) reports that the Eperua (wallaba)-association
British Guiana varies in structure as well as in composition. He distinguishes a number
faciations in the range between the subcoastal peneplain and the sandstone areas ol v
Pokaraima plateau. Some faciations, such as the Dicambe corymbosa-faciation, seem to o
both on the peneplain and on coarse sandy soils on the plateau.

According to TAKEUCHI (1961/62) the soil of the caatinga of the Rio Negro reps#
is bleached sand, which has been described as HP soil by KLINGE (1965). TAKEL(H
distinguishes a low campina forest, Hr 17 m, in the Am climate of the lower Rio Negro, snf
a high campina forest, Hr 30 m, in the Af climate of the upper Rio Negro. He ent
a 5 x 40 m sample plot in the high campina, 2 km from the river on high ground with 2 &%
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surface humus, rooting depth 30 ¢cm, Hr 25 m. Only six species are present in the rather
even and dense top-canopy. Five of these are legumes, representing 73% of the number of
wees in the A/B layer, and three belonging to the genus Eperua (55% of N). The only
common non-leguminous top-storey species is Lucuma sp. (Sapotaceae). The layer is well-
Jluminated and 46% of the trees are Eperua spp. The density is about the same as in com-
parable types of kerangas forests (approx. 1.1 tree/m?* between 1 cm and 10 cm d). A second

is situated on lower, more humid ground near the river, with 3 — 5 cm surface humus
over 1.5 m deep sand. The top-height is about the same as in the first plot, but canopy is
more irregular and the A and B layers less distinctly separated. The dominance of legumes
(Eperua sp. and Heterostemon mimosoides) in the A layer is reduced to about 50% of the basal
arca. The other half is taken up by four species of Bombacaceae, Sapotaceae, Guttiferae and
Annonaceae. Seven other top-storey species are rare. The C layer is denser than in the first
plot (approx. 1.5 N/m?). The ground vegetation is also denser in spite of the greater tree
dnsity and consequently poorer illumination. The chief difference between the two plots lies
in the absence of epiphytes and the poorness of ground vegetation in the plot on high and drier
ground, and in the greater density and better integration of the A, B and C layers on the more
humid site. The two stands appear structurally very similar to kerangas on poorer sites with
kss favourable water regime and without strongly dominant emergent single species.

Kerangas sites also occur in the tropical lowlands of the West African coastal rain forest
zone but the natural vegetation has been completely destroyed by man and replaced by open
woodland or white-sand savannas.

ASHTON (1967) draws attention to the similarity between the gradient from MDF to
deciduous savanna forests in South-east Asia and the gradient from MDF to kerangas. The
similarity between kerangas and some deciduous forest types is largely structural. (NEAL, 1967).
But some of the more evergreen types on lowland and hill podzols and podzolic kerangas-type
wils in continental South-east Asia appear also floristically more or less closely related to kerangas
forests in Sarawak and Brunei (SETTEN, G.G.K.; ROLLET, B. verbal comm.) According to
ASHTON “the widespread quartz sand beach ridges which extend even to Cambodia, with their
characteristic humic podzols carry the distinctive but remarkably uniform and probably ancient
Heath forest flora. As the species are apparently nearly always found also on sandstone cuestas
lndlplatgeaux inland, it is not possible to speculate on their origin and dispersal. . . . ” (AUSTIN
et al. 1972).

BEVERIDGE (1953) and WYATT-SMITH (1963, III-7/17-18) describe a typical
kerangas vegetation which occurs’ on strips of raised former sandy beaches on the east coast
of Malaya. Much of this vegetation type has been destroyed by man. Only a few small
#ands survive which apparently still possess the original species complement in spite of
disturbance from timber cutting. These stands show close floristic affinity to kerangas on
comparable sites in Sarawak and Brunci. All listed genera in three stands also occur in Sarawak
kerangas but stands differ at species level. Of the twenty-three tree and shrub species in a

rea glauca-community in Tanjong Hantu F.R., only five species have been recorded in
Sarawak kerangas. Of the twenty-cight species in a Shorea materialis-forest in Jambu Bongkok
FR., which appears closely related to my SP. 45 and 46, eleven species are also known to
occur in Sarawak kerangas. Of twenty-three listed species in a similar stand in Menchali F.R.,
Rine are recorded from kerangas in Sarawak. BEVERIDGE (1953) recognizes five distinct
€10p types in Menchali F.R. The Hopea nutans-type has an almost pure, dense top-canopy
Over scanty undergrowth. The Shorca materialis-type is somewhat more complex and has a
ficher understorey. Both types occupy the drier sandy ridges in the arca. Seasonally flooded
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sites carry a Dipterocarpus gracilis—Calophyllum-type in which the stems may be covered with
moss up to 60 cm from the ground. The other types are secondary growth. Common species
are Eugenia spp., Garcinia spp., Vitex pubescens Vahl., Rhodomyrtus tomentosa Wight, Podo-
carpus polystachys R. Br., which are also characteristic of open primary or secondary coastal
woodland on kerangas soils in Sarawak. The fifth type is swamp forests. The shallow
perimeter swamp has little surface humus on sand and carries stands of an unidentified stil.
rooted Melanorrhoea sp. The interior is occupied by pole forests which are dominated by
Vatica wallachii Dyer. The vegetation changes to stands of stemless palms on deep peat.

The kerangas forests on the east coast of Malaya are obviously quite different from those
on the Sarawak coast at species level. The proportion of shared species is apparently not much
above 50%. Even if the possibility of continued disturbance by man in Malaya is considered,
this difference seems to support the assumption that the kerangas forests in Malaya have evolved
in isolation from the Sarawak kerangas for some considerable time. On the other hand,
CORNER (1961) points out that the sandy soils on the east coast of Malaya have developed
from a mixture of granitic detritus and marine sand. Coastal kerangas in Sarawak is derived
from redeposited tertiary p.m. The difference of flora on kerangas sites in Malaya and Sarawak
may therefore be caused more by edaphic differences than by geographic factors.

WINKLER (1914, p. 202) reports HALLIER’s observation that the kerangas forests nea
Sambas, Kalimantan, closely resemble Australian forests in their physiognomy. WEBB during
the UNESCO symposium field trip to Bako N.P. in 1963 noted the great structural similanty
between the tall kerangas forest types 61 to 63 (BRUNIG, 1965), and his simple notophyll vine
forest subformation of Australian rain forests on coastal soils of low fertility (WEBB, 1959
There is also some floristic link in the characteristic presence in both areas of species of Casuaring
(Gymnostoma), Agathis, Dacrydium, Podocarpus, Tristania, Baeckea, Eugenia, Leptospermum.
Xanthomyrtus, Weinmannia among others. The Australasian element is according to RICHARDS
(1936, p. 354) more important in the mossy forests than in kerangas and least important in MDF.
SP. 54 on blanket PB is transitional between kerangas (SP. 51 and 52) and mossy Dacrydium--
Shorea—Vatica-forest on the summit of Bukit Skalap. The Australasian element contribute
12% of the species and 50.6% of the basal area of 35.2 m2/ha in SP. 54. A similarly high
proportion of the basal area in kerangas is only reached in the Agathis-bearing forests on sandy
HP soils in the lowlands, RICHARDS connects the variation of importance value of Australasas
floristic elements in the various Bornean vegetation communities with edaphic and microclima¥
conditions (RICHARDS, 1963). The floristic composition of my sample plots indicates that ti
dominance of the Australasian elements in kerangas is related to conditions of unbalanced max
ture regime and nutrient deficiency. This gradient appears comparable to the gradients from
more mesic to more xeric forest types in continental South-east Asia and in tropical Ausifata
where the more structured sclerophyllous forest types with greater affinities to kerangas fores
occupy the sites with a more unfavourable moisture and nutrient regime.

26. UTILIZATION
261. Growing Stock and Site Potential

261.1 The Exploitable Growing Stock

Man has been exploiting kerangas forests for a great variety of products, such as gute®
cha, very hard special purpose timbers, scented incense woods, and several kinds of ress -
dyes. Felling of timber in accessible areas intensified since the turn of the century and in @
cases severely upset the relatively stable “dynamic balance”. Locally, the result was lasting &'
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rioration of the stand and site productivity. Incense-producing Thymeleaceae have disappeared
from many kerangas areas close to villages. The stock of Agathis borneensis has been alarmingly
exhausted on most lowland terraces in recent years and severely logged stands with negative stand
curves of the species have converted to unproductive, dense stands of undesirable species. National
goals require more efficient use of the natural resources and maintenance of the site productivity.
Decision on policies to achieve these goals requires information on the ultimate limits of production
in exploiting natural forest and on productivity potential in regenerated or nearly established stands.
such information is notably meagre for kerangas forests. The following is an attempt to sum-
marize available information by evaluating the few data from the kerangas survey and from
dcpartmental inventories.

The cross-sectional or basal area of a tree stem at breast height is easy to measure and gives
a convenient indication of a tree’s contribution to the plant biomass of the stand. The relationship
petween g and V or biomass of trees is ideally linear. Deviation occurs, due to differences in
height and shape. In kerangas forests, crown shapes of different species vary between narrow-
long and broad-spherical. Crown dimensions also change with age usually from narrow and long
to broad and flat. Preliminary evaluation of data for Shorea albida from PSF at Tanjong
Kranji gave evidence that stem taper varies strongly with position on the phasic gradient. We
have seen earlier that the distribution of basal area over diameter classes varies between stands
of different ecology in kerangas. The same is true for PSF (ANDERSON, 1961; BRUNIG,

1969).

Consequently, the same basal area in two stands may be associated with different bole
volumes. The variation is due to differences in tree height/diameter ratio, tree taper and basal
area density per diameter class. Tree volume per unit basal area is affected by crown volume.
It is smaller in trees with narrow crowns (Agathis borneensis) than in trees with big crowns
(Shorea albida).

The basal areas per hectare of the sample plots are given in fig. 15a in order of plot sequence
along the X-axis of the ordination. The weighted mean of all plots (excluding SP. 10) is 36.5
m®/ha >2 cm d o.b. The basal areas on the well-drained soils with balanced water supply on
the left are more uniform than those on the SHP, GWP, PB and RYP soils to the right of SP. 9.
The biggest value in kerangas occur in SP. 27 (GHP with S. albida) in the transitional SP. 31 (PB
margin with overmature S. albida).

The basal area of the MDF plot (SP. 10, G 55.5 m?/ha) on an exceptionally fertile igneous
hillside is larger than that of most kerangas plots. It is 30% larger than the mean of the good
quality MDF in Sempadi F.R. and probably near the maximum of the association group. The
basal areas in the structurally similar phases in PSF lies within the mean range of kerangas
forests. A study of variation within stands showed a mean basal area above 9 cm d of 40.8 m*/ha
{;84).2%) in type 372, 30.6 (£ 15.0%) in 381 and 39.0 (= 8.7%) in 382 (BRUNIG,

The mean top-height of all kerangas plots (excluding SP. 10) is 37.5 m (fig. 15a). The
fange is from 21 to 51m (1:2.5) compared to 17.5 to 88m? (1:5.0) for basal areas. The top-
beight is only loosely correlated to basal area. The basal area in natural undisturbed forests
reflects primarily successional status (e.g., SP. 29 and 31), species presence (e.g., SP. 27, 41)
and topographical restrictions to use of space (e.g., rocky slope in SP. 16). The top-height
of a stand is more closely related to the micro-climatic site potential. Top-height and canopy
morphology together are therefore a more satisfactory indicator of site productivity potential
than basal area dominance.
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The product of stand basal area above 2 cm d and 1/2 stand top-height assumes a tree
volume form factor of 0.5. It is a useful, if conservative, estimator of total above ground wood
volume under bark. The relative values of the index are subject to a certain bias, as a result of
adopting a constant height instead of actual height per diameter class. The estimator will give
too high estimates for plots with a steeply declining stand curve and few emergents (SP. 15, 4-
43.2%; SP 4, + 28.5%). The estimates will be too low in stands with a bi-modal stand curve
(SP. 27, — 17.1%). The deviations of the estimates for plots with moderately steep positive
total stand curves and with even basal area distributions are within = 15% of calculated volumes
(SP. 10, + 12.8%; SP. 40, + 16.7%; SP. 1, 4 7.3%; SP. 43, + 6.6%; SP. 50, — 11.0%;
SP. 54, + 3.4%). The ease of computing makes the estimator useful for quick comparisons of
total wood volumes in different forest types. But the possibility of bias in stands with extreme
stand curves must be kept in mind.

The estimated total above-ground under-bark wood volume equivalents are shown in fig. 15a.
The lowest value is 195 m® (SP. 29). The largest values are 1390 m? (SP. 27, GHP), 1760 m*
(SP. 31, MDF to PB) and 1720 m® (SP. 10, MDF). The mean of all plots (excl. SP. 10) is
778 m®/ha. The lowest values occur on the periodically dry SHP on sandstone dip-slopes (SP. 9
and 15), in the transitional zone between kerangas and raised peat (SP. 29) on the PG clay soil
of the peneplain relic (SP. 33) and on the blanket bog on the summit slope of the Merurong
plateau (SP. 54). Also rather low are the values for floristically very different stands on GWP
clay on pleistocene terraces (SP. 6, 36 and 37) and on tertiary sandstone (SP. 51). Moderately
large values occur on well water-supplied young GHP (SP. 45). The variation indicates that
water regime may be an important factor in determining the limits of growing stock volume on a
site.

Detailed and reliable data on stand volumes per species in kerangas and other forests are
rare. Some data exist for Shorea albida in PSF from a volume table survey in eight blocks of
2.5 ha each in various sub-types of the Shorea albida-consociation at Tanjong Kranji, Saribas,
and from a 0.4 ha clear-felled sample plot in sub-type 3.71 of the Shorea albida-consociation
near Lingga, Batang Lupar. The latter plot has a basal area > 5 cm d of 38.2 m?/ha and a
top height of 52 m. It contains thirty-eight tree species and 152 trees > 5 cm d, of these sixty-
eight Shorea albida and forty-four Gonstylus bancanus. The other species occur only in the smal-
ler size classes. Measured volumes (in m®/ha > 5 cm d under bark) are 588 m?® Shorea albida
logs (excl. 6 m® = 1.02% hollow centre), 54 m® Gonystylus bancanus logs, 621 m?® mixed
crown wood, and 1263 m?® total solid timber (BRUNIG, 1958). The corresponding biomass is
shown at the right in fig. 15b. In the Kranji project, only trees above 30 c¢cm d are included.
The basal arcas decrease from 31.6 m*/ha (N = 150.6) in block 38 near the perimeter of the
consociation (type 371) to 29.2 m*/ha (N = 211.1) in block 68 close to the transition zone
to padang (type 3.73/3.81). The top-height decreases from 45 m in type 371 to 42 m in type
374. The growing stock volume of commercial log timber > 25 cm top diameter decreases from
606 m®/ha in block 38 to 376 m®/ha in block 68. The agreement between PSF and kerangas
estimates seems reasonably close, if the structural differences are taken into account.

The volumes above 5 cm o.b. per 10 cm diameter class were estimated for eight kerangas
sample plots and for SP. 10 (MDF) by multiplying basal area o.b. with the mean height of
each class. A constant form factor of 0.66 was used for conversion to total above-ground
volume. Little information exists on form factors. The Shorea albida volume surveys indicated
a total-wood form factor of 0.66. Measurement of ten sample trees in RP 38, nineteen years old
Gymnostoma nobile, gave a mean stem-wood form factor of 0.523. The mean branch-wood pef
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in the ten trees was 21.4. The adoption of a form factor of 0.66 for total wood volume o.b.
xpears therefore reasonable. A flat reduction of 15% was applied to allow for bark. The
mcrchantability of trees was assessed by size, visible defects, average frequency and size of hollow
scart per species and forest type, referring to conditions in 1962/63. The results of the calcula-
soms are reproduced in tab. 14a. The figures show the large disparity between total ‘wood
wdume and presently commercial volume. The 1962 forest inventory of Puech F.R. gave the
sdowing reliable minimum estimates of the commercial growing stock above 40 cm d: 27 m®/ha
(6.26 Hoppus tons/ ac) in mixed kerangas (type 52) on MHP or shallow GWP on undulating
patcau sandstone sites, 68 m*/ha (15.19) in Shorea albida — Dryobalanops fusca—G. nobile-
\:zrapah (type 51) on MHP on low, almost flat sand dunes, and 82 m®/ha (18.41) in Shorea
+™da — G. nobile — W. moultonianum-kerangas (type 51) on PB overlying white sand. The
ocans are up to 10% higher. The values agree well with the calculations from the single sample
phats in tab. 14a.

An estimate of total plant biomass can be derived from the known average specific timber
sasitics, the species composition of the stand and the above-ground wood volume. The wood
solume > 5 cm d is converted to total plant volume by adding 12% for small branches and
saderstorey trees below 5 cm d in SP. 43, 20% in SP. 15 and SP. 54, and 15% in the remain-
eg plots. 15% are added to account for bark volume. The root volume amounts to
spproximately 15% of the above-ground volume. Volumes are converted to weight in metric
was by average dry weight per stand (0.55 in SP. 43, 0.6 in the Lingga PSF plot and in SP. 10,
40 and 50, and 0.7 in SP. 1, 4, 15, 27 and 54). Leaves may account for up to 8% of the live
somass of forests (OVINGTON, 1962, tab. I) but is most likely considerably less in mature rain
torests. The contribution from herbs and epiphytes is small in heath forests on sandy podzols
bat may be somewhat larger in the Shorea albida-forests and in some kerapah forests. However,
¢ may be ignored in this rough estimate of scale. The results of the calculations are reproduced
i fig. 15b and in the last column of tab. 14a. The figures indicate a surprisingly high level of
growing stock even on such unfavourable soils as the SHP and PB soils, The relation to site
conditions are the same as shown by the volume estimator in fig. 15a. The ratio of presently
commercial biomass to total-wood dry-weight demonstrates the tremendous potential for improv-
=g yields in all types of stands. It is particularly great in the Shorea albida-forests with a high
&gree of defectiveness which affects many stems but involves little volume (SP. 27). It is also
great in the stands in which the timber is of small size but of rather heavy weight (SP. 15).
This indicates that full utilization of the kerangas forests can only be achieved if use is not only
exiended to a wider range of species but also to smaller tree sizes and to defective timber.

. The only stand data available from kerangas-type forests outside Borneo are from Wallaba
foeest in Guinea (DAVIS and RICHARDS, 1933-34; RICHARDS, 1952). From data given by
RICHARDS in tab. 4 the basal area > 10 cm d is calculated as 13.5 m®/ha and the wood
volume as 257 m®/ha. The wood volume is high in relation to the basal areca because Eperua
falcata has a marked peak of density in the 41-61 cm d class in a stand with a mean top-height
of 30 m. This peak raises the volume level of the stand in relation to basal area. It is note-
worthy that the basal area in the Wallaba forest is smaller than in any of the kerangas stands
exasured by sample plots or in forest inventories.

The estimated volumes in the single sample plots as well as the measured volumes in the two
Shorea albida-areas are much higher than the figures for whole-tree volumes and stem biomass
©ven by SOERIANEGARA (1965) for several forests in Kalimantan. His Shorea uliginosa-
P“Bwan_lp forest had 246 m®/ha tree volume and 170 t/ha stem biomass, and his Agathis
borncensis-forest 329 m®/ha and 216 t/ha respectively. They are also higher than the values
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which KIRA (1969) calculated for two forest sites in Sabah and a heath forest in Malaya. He
uses an empirical formula which derives total and leaf biomass from tree diameter and a height.
related constant. His estimates are 493 t/ha (11.4 t/ha leaves) on well-drained sites in cag
Sabah, and 288 t/ha (6.9) in heath forest at Kuala Rompin. The reason for the relatively large
discrepancies between these and my data is obscure. Preliminary evaluation of a recent very
careful biomass measurement in a 0.2 ha sample plot in Amazonian terra firma rain forest neas
Manaus corroborates my assumptions on basal area/height/volume relations (KLINGE, pens
comm. of 21st Jan. 1971). My estimates of biomass in kerangas, MDF and PSF therefore appear
realistic.

261.2 The Site Productivity Potential

Productivity is the net matter production of the vegetation per unit time and area. . It equaly
the gross photosynthesis (= primary productivity) minus losses from light and dark respiratios
minus losses from separated dead parts of the plants. Potential productivity is the amount of
net production of a crop per unit time which is the highest possible under the given set of
environmental factors acting on this crop. Ultimately, the maximum potential productivity os
a site is determined by amount and distribution of light, temperature and water available foe
plant growth. '

The maximum potential net photosynthetic productivity of forests in Sarawak is unknowa
Its value may be approximately assessed by means of certain aspects of the energy budg:
ROSENZWEIG calculates the net annual above-ground production by a logarithmic relationship
to actual evapotranspiration. Evapotranspiration rate is closely related to net radiation rate.
Actual evapotranspiration E, is closely correlated to actual transpiration from vegetation surfaces.
According to WIT (1958, p. 59), the correlation between transpiration and total dry matiet
production of plants is simple, provided the moisture and nutrient regimes, and the stand density
are not extreme. The approach of ROSENZWEIG should therefore give a reasonable estimate
of the productivity of natural mixed forests on sites where nutrient supply and moisture regims
are not too far from optimum. According to the diagram reproduced by ROSENZWEIG.
the NAAP is 30.9 t/ha at Yangambi, Kongo, for an E, of about 1,260 mm. The annual rainfa3
at Yangambi is 4,300 mm (169.1 in. according to RICHARDS, 1952, tab. 12) and no moatd
with less than 200 mm. According to ROSENZWEIG's formula and using the means of ba
constants, MDF in Sarawak would have an NAAP of 50.2 t/ha/yr at E, = 1,700 mm and 63 9
t/ha/yr if E, were as high as 2,000 mm and no other factors limiting (ROSENZWEIG, 1968)
WESTLAKE (1963) estimates the average net primary productivity of tropical rain forests
50 t/ha.

A different way of assessing potential productivity uses information on locally availaNe
energy from incident radiation in the photosynthesic wave-length and on the efficiency of
plant cover to utilize it. The normal range in forests is 3 — 5% cfficiency based on meas
apparent gross assimilation and incident radiation during the potential growing scawe
Multiplying the incident radiation in the photosynthetic wave-length by utilization rate e
dividing the result by the average calorific value of the produced matter gives the maxime=
potential apparent gross photosynthesis. Assuming that tropical rain forests have a 3%
efficiency, the potential productivity would be 56 t (Amazon) to 89 t (S.E.A.) apparent poe
photosynthesis per hectare and year. DAWKINS (1963, p. 59) estimates the apparent g
photosynthesis in tropical high forests as 60 t and WECK (1960) as 82-95 t/ha/yr on the buss
of similar calculations.

In concluding, it can be safely assumed that the potential maximum apparent %
photosynthetic rate in Sarawak lowlands is about 90 t/ha/yr on relatively fertile, decp 535
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— clay-loam soils with adequate water supply. Approximately, 45% of the assimilates
ecuid be consumed in dark respiration in the leaves and by respiration in non-leaf tissue,
gavieg about 50 t/ha/yr net production of plant dry matter. About 8 — 10% will be used
we current root-tip and fine-root production below ground. Leaf-fall will consume another 10
1§ % and other debris (bark, twigs, branches) 3% of the apparent gross photosynthesis.
& ANNER (1970) calculates a rate of decomposition of organic substance in the soil of the
m.mrma—-Salacca-—Artocarpus-forest in Bako N.P. as 10.7 t/hr/yr. The soil respiration
measurement in the small cylindrical space of the method used reflects mainly the carbon dioxide
mepat from leaf litter decomposition. This amount agrees well with most other records on
i<t production in tropical rain forests, which average about 10 t/ha/yr. Lower rates
axcid be expected in kerangas as a result of its lower leaf mass and its higher degree of ever-

prrcancss.

All this leaves about 1/3 of the apparent gross photosynthesis, or 30 t/ha/yr of which 3
s sa/yr will be used for bark production, 11 t/ha/yr for branches and roots and about 16
¢ a/yr for the production of stemwood. Higher rates could be obtained only if the tree
weows had a higher photosynthetic efficiency or if the distribution of assimilates is shifted in
tmour of stemwood production. Actual rates in the field will usually be lower because of
yesting environmental factors and of senility and mortality in overmature stands. In most
weural and undisturbed kerangas, MDF and PSF mortality will more or less balance annual
wt production. Senility of one part of the population is balanced by the youthful vigour of
a¢ other. Among the external limiting factors, water and nutrient supply are probably more
¢excal than energy supply and the effect of consumers, decomposers, toxins and abiotic
gsmaging factors. The latter factors may however locally attain critical importance (ANDER-
$ON, 1961b and 1964b; BRUNIG, 1964). WIT (1959) estimates that due to the combined
=t of limiting factors on an average only two-thirds of the potential productivity can be
rralized in Holland.

The effect of mineral nutrients on photosynthetic production is indirectly shown in the
swlts of conventional fertilizer experiments. There are very few records on the direct
ssiationship between nutrient levels and net photosynthesis of tropical tree species.  Critical
seaimum nutrient levels in the plant and in the substrate cannot yet be defined below which
wt photosynthesis and fertilizer are positively correlated. There are indications that this
neumum level is fairly low (WIT, 1958, p. 23). It is possibly lower in plants which
wsually grow on such nutrient-poor soils as kerangas. It is known that net photosynthesis
excs decline considerably with increasing degrees of water deficiency. This decline is largely
mdependent of any effect of stomata aperture reduction on Cos diffusion rates to the place of
phexosynthesis (WIT, 1958). It is likely that under conditions of water shortage net photosyn-
®eus is controlled by other reactions but almost nothing is known about the nature and
ef:xtiveness of these limiting reactions. The rate of productivity decline on kerangas as a

ol of periodically insufficient water supply and low nutrient level must thercfore be assessed
¥ other ways.

=t The pqtemial productivity of kerangas sites may be approximated by reducing the climate-
; *‘:‘d maximum potential production rate in proportion of the ratio between the MAI on the
aIE ;)ﬂd ‘on the poorest site classes in established forestry yield tables. The yield tables of
EMANN-SCHOBER (1957) for Fagus silvatica L. show this ratio as 4 to 1. The cor-
::‘;‘"’d'ﬂs range of soil types is comparable to the range from the best LS and RYP soils to
©y GWP and sandy PG clay soils. The yield ratio in Pinus silvestris L. is 7 to 1. The
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corresponding range in soil types is comparable to the range from sandy RYP and DHP soilg
to very shallow GWP sands on exposed rock sites. The best beech site produces about 1.5

times the dry weight under beech, than the best pine site under Scots pine.

As a tentative approximate assessment we may assume the potential net annual above.
ground production of stem wood on the best kerangas sites as 8 t/ha/yr, or only half of the
maximum potential productivity on the well water-supplied sandy RYP, DHP and on sand/clay
GWP. The MHP, clayey GWP, GHP and PG soils and well water-supplied SHP most probably
lie between 3 and 7 t/ha/yr. The SHP and shallow sandy GWP with high frequencies of
periodic drought will accordingly produce between 1 and 3 t/ha/yr (1/7 to 1/5 of the
maximum). Productivity of some extreme sites is probably even lower.

Very similar ratios are obtained if the NAAP is calculated according to ROSENZWEIG,
The full rate of 50 t/ha/yr is produced at 1,700 mm. 31 t/ha/yr are produced at 1,200 mm
E,, which applies to better kerangas stands, and 10 t/ha/yr at 900 mm E, in stands cn
moderately poor SHP. Stemwood production rates are accordingly 16, 10 and 3 t/ha/yr
respectively. Even less would be produced on poor PB with dense and uniform pole stands
and an E, of 740 mm. The estimates agree well with the figures given by DAWKINS (1965a)
for Malaya. He considers 50 t/ha/yr total above-ground dry-weight production of wood as
maximum obtainable from eucalypts on exceptionally good sites. The more mormal range
obtainable in forestry is 13 to to 40 t/ha/yr, while nothing more than 12 t/ha/yr can be hoped
for from indigenes on average sites and good soils in the lowlands. The limiting factor in the
latter species is the wide crowns which they need for good growth.

An indication of relative productivity of forests may also be derived from canopy surface
morphology and reflectivity. Irregularity of the top forest canopy allows the interception of
additional light by individual emergent trees and groups of trees, but will hardly affect intercep-
tion per unit stand area. High albedo will reduce the amount of absorbed radiation and
consequently the energy available for photosynthesis, nutrient absorption and transpiration.
Shorea albida and other species with high albedo (sect. 226.2), as well as kerangas and PSF
types 36 to 38 as a whole, are possibly disadvantaged by their high albedo especially during dull
days. The relationships between stand structure and actual evapotranspiration E, (sect. 117.3)
and between canopy surface morphology and aerodynamic roughness (sect. 226.4) have beea
discussed earlier. NAAP has been calculated for nine stands from Eo and plotted over the
corresponding log z.. The few points suggested the existence of a linear relationship. This
would necessarily be so if the same parameters had been used in estimating Eo and Zo, which is
not the case (see sect. 117.3 and sect. 226.4). The plot is reproduced in fig. 15c. The few
data and the uncertainties underlying the basic estimation demand greatest caution in intets
preting, but at least the results suggest that further research into the correlation between canop¥
roughness and productivity appears promising and is justified in view of its potential usefulness
for land use planning.

Fig. 15c shows that in the mixed or more weakly single-dominant stands the NAAP is
kerangas rises from about 10 t/ha/yr at z, = 100 (kerapah on BP, type 51) to about 40 t ¥
7z, = 328 (Agathis-forest on DHP, type 52). Higher productivity occurs in MDF on RYP
with about 50 t/ha/yr (type 42) and in PSF, mixed Gonystylus bancanus-forest on shalid
peat close to river alluvium with 55 t/ha/yr (type 31) and finally in rich riparian forests with
. a NAAP of 63.9 t/ha/yr (type 21). The different slopes of the lines for the mixed forcst
and for the single-dominant Shorea albida-forests (types 381, 371, 362) are possibly related 0
differences in albedo and in soil conditions.
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It would seem reasonable to compare site productivity by using maximum tree sizes as an
indicator. HEINSDUK (1960) states in a report on surveys in the Amazonian rain forests
that volume of the average tree is considered the best standard for judging soil fertility. This
is certainly true for limited areas and for nmarrow ranges of site and vegetational gradients. It
docs not apply to areas in which between-stand and between-region diversities are high. The
results of the kerangas study clearly show that present tree size is neither a good indicator of
soil type and topographical position, nor of relative soil fertility as indicated by moisture, tex-
tre and nutrient status. Tree size can be a good indicator of the relative fertility of soils
with respect to defined fertility factors, if the compared stands belong to the same ecological
continuum and if the indicator species and their ages are the same. An example is the decline of
max.d of Agathis borneensis. It is largest on DHP at the terrace margins, where trees are also taller.
Diameter and height decline towards the centre of terraces and toward higher terrace levels, if
the p.m. is the same and the soil changes to MHP of SHP. Similarly, the max.d of Agathis
porneensis decreases up-slope along the catena on tertiary p.m. (sect. 134.2, ex.3). Diameters
arc generally much smaller on any site along the latter catena than on the terrace sites. At
the same time, the scils along the catena on the tertiary p.m. are medium deep to deep sandy
loams in the top-soils and sandy clay loams in the subsoils. Soils analyses of samples from
SP. 48 and 50 show that their nutrient and moisture status is superior to the terrace DHP and
MHP soils. The soil data would suggest a pattern of tree sizes which is reverse of what is
found in reality.

Increment data from research plots on kerangas soils in Sarawak and Brunei are rare. Mr.
C. G. MERTON supplied copies of sample plot records of RP 4 and 5 in Anduki F.R. The plots
are an almost pure stand of Dryobalanops rappa in a seral forest on coastal GHP with pronounced
micro-knoll relief. The age is not known and the stand is probably mature. It has been thinned
between 1936 and 1940. After thinning the d-increment increased by 30 to 50%. The MAI
is 0.5 to 0.9 cm d/yr, and 1.9 to 2.1 m?/ha/yr commercial saw-timber. The volume increment of
1.5 t/ha/yr (spec. density 0.75) saw-timber and about 2.5 to 3 t/ha/yr total wood above 5 cm
d. From a site in Malaya BEVERIDGE (1953) reported a height growth immediately after a
check period in planted Hopea nutans and Shorea materialis saplings of about 20 to 30 cm/yr
on a degraded MHP, and a MAI of 0.4 cm d in twenty years old Hopea nutans on coastal MHP
in Menchali F.R. Growth in RP 21, Nyabau block, Similajau F.R. (sect. 233) on MHP and
DHP shows a MAI of 0.4 cm d in nineteen Agathis borneensis trees of 20 to 90 cm d in a mixed
stand where competition is probably fairly fierce. Growth data on a number of exotic species in
plantations on kerangas were supplied by J. R. PALMER in 1970. The best single-tree per-
formance on record is for one of six surviving trees of originally sixty-four Eucalyptus deglupta,
New Guinea provenance, planted at 3.7 x 3.7 m on humus podzol (? DHP of MHP) in Nyabau
block, Similajau F.R. 2.7 years after planting the tree had reached 13 m height (MAI 4.7 m)
and 19.3 cm d (MAI 7.2 cm). The best stand performance at three years after planting at 2.4
X 2.4 m on humus podzol in the same area showed Pinus caribaea var. hondurensis from British
Honduras (MAI 155 cm h), followed by two Bahama provenences (124 and 145 cm), P. kesiya
from the Philippines (114 cm) and Agathis macrophylla from the Solomon Islands (114 cm).
The figures must be interpreted with caution because early height growth of exotic conifers on a
cleared tropical broad-leaved rain forest site can be deceptive. Also climatic conditions might
havc_ been exceptionally favourable, and the trees grown under experimental conditions possibly
received more than normal attention. Growth data supplied by J. R. PALMER on Gymnostoma
nobile in SP. 38, 6th Mile F.R., indicate an early decline of growth rate. The original stand
bad been MDF. G. nobile was planted at 2.4 x 2.4 m in 1937 under a shelter which was
removed by 1940. The soil is a gley-type clay-loam with strong bleaching in the more sandy
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top 30 cm, which there is reason to assume to be largely due to the G. nobile crop. In 1956
at nineteen yeat. of age, the mean stand height was 22 m, the mean diameter 16.5 cm and the MA]
11.03 m®/ha/yr stem volume and 13.42 m® tree volume. In 1964, the mean height was 23.8 m
and the mean diameter 20.1 which indicates declining growth rates, perhaps partly as a result of
excessive density (N = 765 per ha). The increment is unsatisfactory for the site and may
reflect a low volume growth potential of the species.

ASHTON (1973) remeasured the growing stock and the girth increment in a number of
sample plots in MDF after 5 years. His results support the view that generally girth increment
strongly decreases with altitude, but that the volume growth rate and the growth percent are not
only determined by the site but also by the structure of the stand, especially by the accumulation
of tall and possibly long-lived and less vigorously growing trees. A large biomass is therefore no
indication of a large growth rate and growth percent. Also, the biomass and the growth ia
natural forest cannot be used as indicators of the production potential of the site under a managed
forest.

The average dry weight per unit volume of wood tends to be higher in kerangas than ia
MDF. Within the kerangas forests, stands on well-drained but well water-supplied soils have a
Jower average stand specific gravity as a result of different species composition than those oa
excessively drained or very shaliow soils. Also, specific density within a species seems to vary
in relation to site. Wood samples from seven felled Shorea albida trees growing on differeut
soils in SP. 1 (MHP), SP. 3 (GHP), SP. 5 (one tree on PG, one tree on SHP/GWP) and oa
chain 18, line 3 (1955) on MHP in Pueh F.R. at the same distance from pith were heavier
(s.g. 0.964-0.972) on sites with very good to moderately good drainage and lighter (0.834-
0.874) on soils with impeded drainage. The weights were consistently higher than those reported
by BRAZIER (1956) from peatswamp forests. Consequently, the volume production in the
drier types of kerangas may be relatively lower than the dry matter production in comparison 10
well water-supplied sites. There is practically nothing known about the variation of silica and
extractives content between different sites. Higher silica contents and consequently highet
weights might be expected in trees on the quartz-rich kerangas podzols. But timber samples of
many common kerangas species, such as Shorea pachyphylla, S. scabrida, S. havilandii, Diptero-
carpus borneensis (MURTHY, 1965) and Shorea albida (GOTTWALD and PARAMESVARAN,
1966) do not contain silica, while other species of the same genera in MDF contain silica. Fee
example, all species of the section Anthoshorea have silica in the wood except Shorea albidé
which is the only kerangas species in the section.

262. Agricultural Use

The kerangas forests on well water-supplied and well-drained sites are a relatively stabi
and robust vegetation on very sensitive soils. Rapid seral development along gradicnts
deteriorating drainage may locally make also the stands very sensitive to disturbance. Thrquﬂ"
out the tropics kerangas-type forests in accessible areas have been converted to oonvcntifjﬂ-‘
forms of agriculture by burning. The so-called white-sand savannas in coastal West Afn<a
Surinam, Honduras and Borneo are examples that usually the final stage of agricultural us
kerangas land is unproductive degraded land. The obvious ecological unsuitability of kerangs
soils for permanent agriculture by conventional methods does not protect the sites from conti®
attempts at farming these soils in coastal areas. Kerangas lands in coastal areas have relative™
good external and internal accessibility which continues to attract farmers. The first crop !*“
may be quite high if the burn has been good and a good supply of nutrients is tempoean
available, provided rainfall is adequate during the scason after planting. But eventual 5
is inevitable when the productivity settles to the low natural potential of kerangas sites

138



M crops. ANDRIESSE (1962a) found that RYP soils reached their lowest nutrient
yoci already after two crops under the hill rice-bush fallow system. Red- brown LS reached
e point after much longer farming. The RYP soils are the relatively most fertile soils in
s which is transitional to MDF. It could be expected that sandy HP and GWP soils
euid lose the store of available nutrients even more rapidly after burning and farming.

The store of unavailable nutrients is very low in sandy HP and GWP soils (sect. 135).

id loss of available nutrients during conventional farming and the low level of

awvailable nutrients in these soils indicate that they possess low fertility and low agricultural

F""“" The susceptibility to break-down of structure and erosion precludes the agricultural
e of these soils on slopes of greater steepness than 5 — 10°.

Kerangas soils with some amount of clay fraction in the sandy top-soil above clay-pan at
pvfam depth are more favourable for agriculture. There is less surface erosion and leaching of
nemscs and nutrients in more clayey soils. The natural water regime is more balanced, except in
suiow PG heavy clay soils. But these soils may be improved by irrigation. DAMES
(192, p. 47) pointed out that the humic PG soils may be suitable for agriculture if irrigation
a feasible. Farming of heavy-clay PG and podzolic gley-type soils on slopes is inadvisable
secause they are easily eroded.

The sandy loam RYP soils under primary kerangas forests are usually moderately to very
aallow and restricted to small pockets within areas of HP and GWP soils. They would be -
sutable for soil-tolerant agricultural tree crops if the soil is sufficiently deep, the slope less than
13— 15° and the area sufficiently large and of easy access.

In concluding, agricultural use of kerangas for annual crops should be restricted to clay-
A soils on level sites which can be effectively irrigated and fertilized. Agricultural tree
oops for oil, latex or fruit production may be grown on sandy loam to sandy clay RYP soils
o gentle slopes if the soils are sufficiently deep, of sufficient area extent and of easy access.
Y«kls on these soils will be lower than on MDF, possibly in proportion to the difference in
umbcr yicld between MDF and kerangas. The growing of these crops on kerangas will therefore
% lcasible only on exceptionally favourable sites and if multiple use management can be
peactied.  Annual cropping on all sandy HP and GWP soils and on clay-rich GWP and PG
sals on slopes will cause persistent soil deterioration and finally padang formation with per-
mancat loss of productivity and corresponding social costs to the country. Examples of such
%asd misuse are common around Sematan and Kuching, in Bako N.P. and in the Miri-Tutong
w2 The low-productive PG soils, the kerapah and the blanket bog groups are equally unsuitable
¢ agriculture as for production forestry. .

M3 Forestry on Kerangas Soils

Kerangas and kerapah soils appear more suitable for growing perennial crops than
#ssuals. The infrequency and briefness of exposure of the soil surface and of disruption on
% mincral cycling in perennial crop-growing are advantageous to soils which are notoriously
mwely structured, unstable, poor in nutrients and low in absorption capacity, the latter being
wicly concentrated in the organic matter of the soil.

The relatively large biomass on the nutrient-deficient tropical podzols is possibly maintained
m&h a closed system of rapid re-cycling of the minerals. The number of dead standing
= I:iU.Z to 9.7% of standing trees) and of fallen dead timber, which amount to several per

omass in some stands, and the dense cover of freshly fallen leaves above a fairly uniform
&exh Of mor and moder are an indication that the turn-over rate may be slow in comparison
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to MDF, but is relatively high for the infertile sites. The rapid peat accumulation in pgp
(ANDERSON, 19642) is an example of relatively high rates of biomass production og
oligotrophic sites in the tropics.

Live and dead mycorrhiza and bacterial root nodules probably play an important part iy
this system. They are common among kerangas tree species and are likely to improve nutriens
supply, especially of nitrogen and phosphorus. Live mycorrhiza also assists in water uptake.
The destruction of large portions of the biomass during conversion to annual-crop agriculture
disrupts essential processes and upsets the state of dynamic equilibrium beyond its range of
tolerance. Persistent soil degradation follows. Extensive areas of sandy podzols have degraded
as a result of human activity into white sand savannas in Latin America (HEYLIGERS, 1963,
STARK, 1970) and “padang” in Malesia (HENDERSON, 1931). These areas are charx-
terized by the loss of the A, and part of the A. horizons through fire, leaching and erosica
The remaining soil is extremely infertile and carries very poor vegetation of groups of
sclerophyllous shrubs and stunted trees separated by bare sand or on open vegetation of sedges,
grasses, ferns, fern allies and few other species (BRUNIG, 1965). It would be extremely costly
to rehabilitate these areas by planting any timber species. Survival is likely to be low especially
in the open sandy areas (WYATT-SMITH, 1963) and judging from occasional invader,
growth will be very slow. A more feasible approach to rehabilitating such areas would be by
fire protection and natural succession. In time, soil fertility will be restored to a level tha
investment into plantation forestry may become feasible.

Forestry is ecologically more adapted to kerangas lands than agriculture with short-lived
crops. Forest utilization in kerangas is largely a problem of small sizes and high specifs
timber densities. Stand conversion by natural regemeration is largely a problem of scedling
availability and of controlling aggressive intermediates and ecologically undesirable species
Plantation establishment carries high risk from drought, fire and soil deterioration. The coee
tinued management of kerangas for timber production is an ecological problem as much as #
is an economic risk. Yields on kerangas lands are lower than on MDF soils and on pere
meter peat swamp soils. The productivity of kerangas sites is low (sect. 261.2). The estimaid
NAAP of 8 t/ha/yr includes at most 2.7 t utilizable timber, of this 1.3 t saw- and pulp-kys
(BRUNIG, 1967). On the poorest sites, the NAAP may be as low as 2 t/ha/yr of which abos
0.5 t would be utilizable as pulpwood. The dense pole stands on shallow blanket peat asd
sand on the tops of exposed headlands in Bako N.P. and on the Klingkang range am
likely to produce even less than 2 t/ha/yr. The low productivity imposes severe limss
tions on the level of investments in Kkerangas management and results in hgh
cost/benefit ratios. An example may illustrate this (tab. 14b). We assume that Apsh?
borneensis is planted at 2.5 by 2.0 m on a well-drained MHP/DHP soil in an arca of ¢a
access close to the market. Pulpwood, sawn-timber and peeler logs are produced with a provs:
tion period of fifty years. The MAI is consequently estimated at 0.5 cm d, 52 cm Hr. and
5.4 m* pulpwood and timber over 5 cm d under bark corresponding to 8 t/ha/yr NAAP o
stemwood. Costs are US$300 for plants and planting, $25 for the weeding during the &%
five years and $5 for the first thinning by removal of every third row. Opportunity coxs g
using the land are ignored. The net stumpage return is $160 from the third thinning )_1"‘3""
40 m*/ha and $1,400 from the final harvest of 200 m3/ha. The compounding rate © - %
The costs are calculated and adapted from data given by VERSTEEGH (1966), DINC™
(1967) and FAO (1968) and include plants, planting, tending and maintenance. The """'::
values were taken from BRUNIG (1970c) and apply to optimum economic and natural & o
tions. Logging costs given by FAO (1968) were used to check stumpage valucs.
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. n case accumulated costs of investment at harvesting time are considerably higher than
ac sumpage proceeds. Natural regeneration on the same site would reduce initial investment
w sbout $50 per ha for regenerating and establishing the second crop. Greater expenditure is
socessary for the first thinning at age ten because more trees have to be removed which cannot
we wilized due to their small size. The total compounded costs are less than the revenue,.and
o small profit is made. This indicates, that production forestry is possible on the best kerangas

if access is easy and about 2,000 desirable trees can be established at low cost with little
« oo additional planting. In the present example, the break-even point would be at $96.79
per bectare for the initial silvicultural work.

The situation is somewhat more encouraging, if the same forest is regarded as a going
wocern of 50 hectares. Each year 269 m® are thinned or harvested and return US$1,560 in
gempage. The annual expenditure is US$330 in the plantation and US$90 in the natural

ration system. Again, the opportunity cost of using the land for forestry are excluded.
Th model of a going concern is only valid in cases in which natural forest is converted to
peoductive, managed forest and the liquidation of the idle capital in the virgin growing stock
uces a stumpage return which is at least as large as the expected stumpage from the first
ganaged crop.  An excess of the proceeds from the liquidation over the expected returns from
¢ managed crop is a non-forestry mining bonus which may be freely disposed. If the
bquidation returns are less than the expected future returns, application of the going concern
sodel during the conversion period is only justified if the liquidation returns at least balance
sanual costs of managing the future fully established going concern.

The liquidation of the virgin growing stock may realize less revenue than it costs to
extablish and grow the succeeding crop. This is very likely to happen in the poorer types of
Aerangas forests, and generally in stands which had been creamed in the past. In this case,
& least the part, which is not covered by the net return, must be viewed as a new investment,
and compound interests must be charged as in the example in tab. 14b.

Most kerangas sites appear to be sub-marginal not only to agriculture, but also to produc-
voa forestry. A profit under a natural regeneration system can only be expected under the
‘most favourable conditions. Plantation forestry is financially feasible only if the costs are
considered as plow-back and are written off the net return from the harvest of the virgin-growing
wock. Whether such a plow-back is economically attractive or not, will depend on the attrac-
uveness of alternative investment opportunities and on the further benefits which accrue at the
coaversion and processing stages in the forest-based industry.

A further disadvantage to kerangas forestry is the lack of very fast-growing, short-lived and
wrongly water- and light-demanding early colonizing ephemeral species which are so characteristic
of the !dDF vegetation. Such species as Anthocephalus chinensis (Lamk.) Rich. ex Walp. have
®0 cquivalent in the kerangas flora. A substitute could be exotic pine species which have
comparable growth characteristics and are adapted to the nutrient and water regime of kerangas
utes. Pinus caribaea var. hondurensis grew very poorly on degraded white-sand savannas in
j'umnam (VERSTEEGH, 1966), which seemed to be very similar to the coastal white-sand padang
@ Sarawak. The poor growth has been attributed to the absence or almost absence of soil
ofganic matter. The species grew well in the same general area and on similar soils if the natural
()0;51 was removed without destroying soil organic matter. At five years, the tallest trees were
2< m in the white-sand savannas, and 4.6 m to over 10 m on cleared but not severely burnt

savanna forest” sites. Planting on the former sites was discontinued in 1959, because the faster
trowth on the latter sites was expected to compensate for the cost of removing the forest stand
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which doubled establishment costs. It is likely that this species would produce a very much
higher MAI in pulpwood rotations, than A. borneensis, S. albida or other “persistent-seral”
(DAWKINS, 1965b) species of the indigenous kerangas flora. It must however be expected
that exotic pines will be more expensive than indigenes to protect against damage from fire, fung
and insects. The risk of soil degradation under successive pine crops secm particularly great on
the lighter sandy kerangas soils and its reduction may require €rop alternation or fertilizing, or

both.

Site clearing by burning causes loss of soil humus and nutrients especially on porous sandy
soils. The dilemma is that retention of part of the original stand as cover and source of litter, and
to avoid severe burning, will involve heavy expenditure to reduce competition with the planted
crop. Therefore, burning of the area before planting is usually unavoidable to reduce costs. If
burning is unavoidable, it must be as light as the objective of weed elimination admits. Planting
of exotics and of kerangas species should be supplemented with heavy and concentrated applica-
tions of phosphorus and nitrogen to increase initial growth rates. Both nutrients are generally
in limited supply on sandy podzols. Fertilizing on the very acid and poorly buffered kerangas soils
is risky and success is uncertain. Soluble phosphate fertilizers may be rapidly fixed and become
unavailable to trees. Heavy applications of some forms of N such as ammonium sulphate may
cause more mineral leaching than others, such as urea. In some kerangas soils, even P may be
Jeached at substantial rates.

If the humus content of the top-soil is at least 2.5%, fertilizing with urea or ammonium
sulphate would be feasible on the best types of RYP, GWP and HP soils. At the same time,
superphosphate should be added because the amount of available phosphorus in all kerangas soils
is very low. Addition of P is essential because the low phosphorus content in kerangas soils
is associated with relatively low rates of biological nitrogen fixation. Fertilizing with phosphorus
will therefore also improve nitrogen supply. Additional fertilizing with NH fertilizers is advisable
in very inactive soils.

One risk connected with fertilizing is that repeated light applications may reduce the root:
shoot ratio and increase the tendency to shallow rooting. As a result, susceptibility to drought
would increase, particularly in young plants. This side-effect is particularly undesirable on keran-
gas sites. Water supply is a severely limiting factor on most kerangas sites. Moisture avaik-
ability may set the level of productivity so low that the economic justification of fertilizing becomes
questionable. It is therefore recommended to fertilize in kerangas only on sites with reasonably
satisfactory water supply and to use fertilizing only as an initial booster to overcome weed com-
petion and reduce COsts for clearing and weeding. The fertilizer should be concentrated near the
plant and applied in holes either loose or in perforated plastic bags to ensure gradual release.
The possibility that exchange at the absorptive complexes may, in these soils with low buffering
capacity, result in unexpected side-effects must be investigated before fertilizers are applied 0
kerangas soils. In addition, the possibility that serious deficiencies in trace elements exist musl
considered. This is particularly important if tree species are planted which are not native to 1b¢
site. :

Recent observations on the early height growth of exotic pines on humus podzol in Sarawab
(see sect. 251.2) indicated that mixed nutrients and trace minerals fertilizing improved foluage
colour and height growth in some species, but also palatability to termites (PALMER, Jetter &
24.9.1970).

Pinus caribaea was successfully planted on white sand in the Guianas if 50 g NPK wert
applied to each plant (VIEIRA, 1967). Growth rates of Araucaria cunninghamii on €X
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infertile sandy podzols equalled those on its native rain forest soils if adequate amounts of phos-
phorus and, to a lesser degree, nitrogen were given to the plants (RICHARDS, 1965). In Sara-
wak, trial plantations of Shorea albida and Dryobalanops fusca in the 6th Mile F.R. showed rapid
carly growth on moderately to poorly drained GWP and HP over clayey subsoil, but were still too
to judge in 1963. Fertilizer trials were inconclusive. Agathis borneensis disappointed in
the same plantations probably due to faults in the nursery and planting technique. Older planta-
tions of Gymnostoma nobile in the 6th Mile F.R. showed a moderate to poor increment on
ded RYP soils (sect. 262), but disappointed financially because demand and prices for
firewood had drastically dropped when the plantations became harvestable. A further disadvantage
of G. nobile is the acid, tannin-rich and scleromorphous litter which tends to accumulate as acid
raw-humus. The use of this species on sensitive soils is risky and inadvisable, unless humus
accumulation is desired on degraded soils.

Reliable information on the long-term effect of tree plantations on the soil is scarce for
temperate climates. There is practically none available for the equatorial tropics. In East Africa
present soil conditions in a sixteen-year-old plantation of Cupressus lusitanica and in an adjacent
natural broadleaf forest indicated that changes might have taken place. There was more exchange-
able hydrogen, less nitrogen and a lower pH under the conifers. The C/N ratio was 13.2 as
compared to 12.3 under the indigenous forest. The nitrogen contents may however be equal if
the whole soil-litter complex were compared because there is more litter produced by the conifer
forests (ROBINSON et al., 1966). Increased nitrogen contents of whole sites have been com-
monly found in high-yielding pine plantations replacing natural low-yielding eucalypts in
Australia, but decline of nitrogen and growth has been observed in second generation pines and
associated with a complex of manifold changes involving biotic and abiotic components of the
ecosystem (FLORENCE, 1967; BUNN, 1967). Similar changes in organic matter content and
associated changes in soil moisture and nutrients have been observed from time to time under
plantations or single trees in savannas, especially in Africa. In India, stronger podzolization as a
result of higher soil moisture and lower soil temperature and pH is said to have followed the
replacement of dry deciduous forests by more mesic forest types on borderline sites near Chittagong
(GAHNI, 1966). The only observation of soil changes under introduced species in Sarawak
concerns increased bleaching of the top-soil under Gymnostoma nobile and the development of
a secondary humus podzol under Dacrydium pectinatum in SP. 17. Risk of such changes will
always arise if a species is introduced to a new site. In this respect, the difference between
mixed and pure plantations is only by degrees and mixing species does not eliminate risks.

Available information is inadequate to assess the ecological consequences of timber
plantations on kerangas. More information on plantation ecology and species performance on
these and related marginal MDF soils must be supplied by research before an answer can be given
1o Ehe question whether profitable production forestry on kerangas is ecologically possible.
Similarly badly needed is information on private and social costs — benefit ratios in natural and
plantation forestry on kerangas sites. Without this information land-use planning and develop-
ment will remain a gamble with unknown odds. Almost nothing is known about risk levels in
ﬂlﬂf:rent silvicultural systems and on different sites in kerangas. Some species, such as Shorea
albida, have a significantly higher ratio of heart rot on wet GHP and on heavy GWP clay soils
Uli_ln on well-drained HP soils. Susceptibility to wind-throw seems also to be greater on these
soils. It is likely that similar hazards will develop in plantation on these sites. Similarly, the
Widespread fatal defoliation of Shorea albida in natural stands mostly of type 37 is a warning that
similar risks may be high in any monoculture in Sarawak. We have discussed carlier (sect. 226)
that certain forms of stand structure and stand physiognomy are associated with certain
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sites. There is strong indication that stand physiognomy and structure affect matter and energy
exchanges and are adapted to site conditions. In consequence, the choice of species and of stand
structure must consider the energy and matter regime of the site. In kerangas, moisture regime
and exposure are of particular importance in this respect. Complex structures, such as a selectioa
forest, with noto-mesophyll physiognomy can only be supported by sites with a well-balanced
moisture regime and with adequate supply of water to the stand. Peat bog sites and periodically
dry sites limit the choice of species to lepto-nanophylls (e.g., Gymnostoma, Dacrydium) and
specially adapted noto- or mesophylls (e.g., Shorea albida). At the same time simple-structured
uniform stands with smooth canopy surface are preferable on these sites which reduce the
impact of environmental factors (radiation, wind) on the stand and on single trees.

Site classification and selection of the most productive sites for plantations cannot be based
on the volume of the growing stock in the natural forests. Basal area, density, height and sizx
of timber and species composition are only loosely correlated with apparent soil fertility ia
kerangas and PSF. Decisions on siting of plantations must therefore be based primarily oa
physiography, soil type and stand structure and stand health. Growing stock volumes in natural
forests may be considered in addition, but they are of limited value in forecasting site productivity
in managed forests. The commercial volume in the natural growing stock is a more important
factor in the pre-investment analysis of the financial feasibility of converting the primary forests
into managed production forests. We have been introduced to this problem earlier in this section.

So far we have only considered the role of kerangas forests as timber producers
With continued social and economic development other functions of the forests will attaia
importance which locally may exceed timber production. Kerangas forests like other forest types
protect soils from erosion. They even discharge water from the site. This function is particularly
effective on shallow soils. The consequences of indiscriminate removal of the forest cover from
such soils can be observed on the rock padang of Bako N.P. where the whole solum has beca
Jost after destruction of the original forests.

Recreational use of forests in scenic areas will rapidly increase, especially in the first division
which is becoming more rapidly urbanized. Forests on the light-textured podzols and podzolx
soils offer particular attractions in this respect. The predominantly kerangas-type vegetation 8
Bako N.P. is certainly an additional attraction to visitors, The stand climate in kerangas is drxf
than in most other lowland forest types. This and the generally good access and casy, wek
drained terrain make the sandy podzol sites in the tropical lowlands generally more suitable fot
recreation and scouting than more mesic forest types. The kerangas as absolute forest site alw
will be an important factor in landscaping with the aim of optimum overall combinations of pre~
duction and service functions.

The ecosystem on tropical HP and GWP soils is extreme in its energy and mallcr.mm‘_‘"
Consequently, physio-ecological reactions of plants and vegetations can be observed in situ whx
would be excessively costly to simulate in experiments. The interaction between plant speo
and plant individuals and between plant and animals are strongly accentuated on the kerangm
sites. The kerangas ecosystem reacts more rapidly and drastically to interference by man, (&
ecosystems on LS and RYP soils which have a wider latitude for modification, compensauion
reserve mobilization. The ecosystems under the marginal conditions of tropical HP, GWF.
and PB soils offer therefore unique opportunities for research. The tiny amount of research #
tropical podzol ecosystems in the Guianas, in Amazonia and in Borneo have already contr
important knowledge to the understanding of forest ecology generally. The protection of nat
ecosystem on kerangas is essential if this research is to continue and possibly ex
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ASHTON considers the creation of permanent natural forest reserves an urgent necessity
use these reserves offer opportunities: (1) to continue research, (2) to provide refuge for
;es threatened with extinction, (3) to provide educational facilities, and finally (4) to provide
recreation.  The preservation of permanent natural forest reserves containing all types of natural
tocest throughout the tropics has been a subject of concern of the International Biological

programme.

A general model of strategies of land use on kerangas and kerapah sites is out-lined in tab.
1S. The suggested strategies are based on the more important site characteristics: (1) natural
site productivity, (2) protection value, (3) recreation and scenic value, (4) accessibility, (5) ease
of natural regeneration. It does not incorporate alternative political preferences. It is largely
focestry orientated and does not fully demonstrate potential alternatives for the use of sites within
2 scheme of comprehensive land use development. The major concern is to indicate the potential
and limitations of land use on kerangas in a manner related to the individual site.

A kerangas site with high productivity is capable of yielding at least 8 t/ha/yr NAAP
of wood. This will produce a harvestable wood fibre yield of about 5 t/ha and about 2.5 t/ha
(approx. 4.5 m®/ha) merchantable bole-wood. High protective value means that removal of
the vegetation and burning will be followed by heavy erosion of the top-soil. This will certainly
happen on sandy HP and GWP soils along terrace edges and on slopes which are steeper than
§°. Heavy clay PG soils are similarly susceptible. Sandy loams to clay loams in kerangas have
a somewhat more balanced texture and more stable structure. They will suffer exposure on
somewhat steeper slopes to about 10° without destructive erosion.

Recreation and scenic value are difficult to quantify in an objective manner. Appreciation
of forests in these respects differs between people and varies with time in relation to general
changes in culture and value scales. For the present purpose, recreational and scenic value
are considered high if the forest satisfies the majority of people who enjoy recreation within
the forest, or its sight from without. A well-illuminated and airy pole forest or a more irre-
guar Agathis-bearing stand may rate equal to any type of forest which only serves as a back-
ground feature in an otherwise open landscape.

Accessibility includes aspects of internal and external accessibility. “Good accessibility”
means that the stand contains flat to low hilly ground and is surrounded by country which
provides easy access by navigable river or road. “Poor accessibility” means that the area is
itself hilly to mountainous and that access to the stand by navigable river or by road does not
exist and cannot be provided at presently available means.

Natural regeneration is easy, if a satisfactory second crop can be established at such low
cost, that the calculation of the internal rate of return at present cost, prices and yield expecta-
tions indicates a satisfactory return in relation to alternative investments. Difficult natural
regencration means that costs of establishment are so high that the internal rate of return is
below the rate for alternative investments (BRUNIG, 1970c).

_ The suggested general strategics indicate broadly possible policies in pursuing the goal of
optimum land use. Plantation forestry is restricted to two site classes, both of low protective
and scenic value but of good accessibility. The one is a highly productive site, the other is
poor. Timber production is suggested only for highly productive and accessible sites. The
accessible, but poorly productive sites may be suitable for production forestry, if amelioration
h-chcap, simple, effective and feasible. All other sites with poor productivity are at most
suitable for Protective Forest or National Parks. On some sites, only exploitation forestry
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CHAPTER 3
THE FLORA

Altogether 849 tree species have been recorded and collected during the kerangas study.
The total number of tree species on kerangas and kerapah sites in Sarawak and Brunei is probably
above, but possibly not much more, than 860 (BRUNIG, 1972). The number of species is
considerably less in PSF in which ANDERSON (1963) recorded 242 tree species. MDF is much
richer in species than the two other groups together. 712 tree species above 10 cm d were
recorded by ASHTON (1964c¢) in the Andulau and Belalong plots alone. The total number
of three species in MDF appears to be about 2,000, assuming that the Dipterocarps represent
about 10 to 15% of the number of all tree species. ASHTON (1968) records 221 Dipterocarp
species in Sarawak.

Tab. 16 shows the distribution of number of individuals and of basal area among the sixty-
nine tree families recorded in fifty-five sample plots, excluding twenty tree species of which even
the family could not be determined. The Myrtaceae have the largest number of individuals
(583.8 per ha, 15.3% of the total number of individuals). Second are the Dipterocarps (501.5,
13.2%) followed by the Sapotaceae (384.3, 10.1%) and Euphorbiaceae (199.5, 5.2% ). The
Dipterocarps have the largest basal area (9.42 m®/ha, 25.8% ), but they are much less dominant
in kerangas than in the MDF. FOX (1967) for example reports that Dipterocarps represented
16.6% of all individuals above 10 cm d in 7 ac. of MDF in Sabah, and 40-100% of the indivi-
duals above 50 cm d. Euphorbiaceac were the second most abundant family with 13.6%.

The dominance of Dipterocarps along the X-axis of the ordination is largest near the centre.
It declines in the region of the Agathis borneensis-stands at the left and in the Dacrydium-
Gymnostoma nobile-stands at the right. On the Y-axis, the basal area dominance is lowest at
the centre and increases downwards into the MDF and upwards into the single-dominant Shorea
albida-forests. Second most dominant are the Coniferae with four families (4.01 m%/ha, 11%),
followed by the Myrtaceae (3.89, 10.7% ), Sapotaceae (3.26, 8.9% ), Guttiferae (2.85, 7.8%),
Casuarinaceae (1.56, 4.3% ), Anacardiaceae (3.7% ), Euphorbiaceae (2.6% ) and Leguminosae
(24%). The eight families and Coniferae together account for 77.2% of the basal area in the
fifty-five plots. :

Family representation differs between the three stand strata A, B and C. The Dipterocar-
paceae, Anacardiaceae and the Coniferae have a greater number of species in the A-layer than
in B or C. The Guttiferae, Lauraceae, Myristicaceae, Myrtaceae, Thymelacaceae and Sapotaceae
have the largest number of species in the B-layer. The typical understorey families Annonaceae,
Euphorbiaceae, Rubiaceac and Theaceae — Ternstroemicae have the greatest number of species
in the C-layer. Together with the B-layer species, they also dominate in the regeneration layer
of trees with less than 1 c¢m d.

The number of shrub species is small. Shrubby, terrestrial Ericaceae are an important element
of the open padang at high altitude (SP. 57-1), and also are abundant on exposed coastal cliffs
(BRUNIG, 1957a and 1959). Palmae are common in the undergrowth on moist sites and are
locally good site indicators, (BRUNIG, 1965). Rubiaceous and melastomataceous shrub species
occur throughout the kerangas forests. Podocarpus neriifolius occurs as shrub in the C-layer of
some coastal kerangas, but is an emergent tree at high altitude (SP. 41). Some, especially
myrtaceous, tree species grow into a more shrubby life form under extreme environmental condi-
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tions on open padang or exposcd rocks where they are part of the main canopy of the
vegetation. The most conspicuous shrubby Myrtaceae is Baeckea frutescens which is loc‘\:,
common in open lowland padang and on exposed sandstone rocks at high altitude.

Herbs are generally rare and become abundant only locally on wet, riparian sites and w
montane open woodlands. Epiphytes are not common. Usually they are rare in kerangas fores,
Only locally epiphytes abound on certain tree species in open vegetation and at high altitade
Lianas are rare. Nepenthes are locally common on peaty or open sites, especially at high altitude.

An annotated list of all recorded 849 tree species, 133 shrubs, ninety-six herbs, }io
epiphytes and fifty-five lianas in kerangas forests has been published as vol. 2 of “Der Heidew 1
von Sarawak und Brunei” (BRUNIG, 1968). Revisions since, especially of Coniferae, and a ==
additional new descriptions made this list obsolete in some parts. A new edition in the Engha
language is planned and will be published in due course. ;
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Fig.1 RAINFALL PATTERN
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Fig.2. MONTHLY MEANS OF RAINFALL
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Fig. 3. SATURATION DEFICIT 1963/64
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Fig.S. MUNSELL .COLOUR NOTATIONS IN 20cm soiL DEPTH
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FIG. 7a: CATENA IN COASTAL LANDFORM
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FIG. 7b CATENA IN TERTIARY CUESTA — PLEISTOCENE
) TERRACE LANDFORM
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Fig. 7d:

COASTAL LANDFORM DEVELOPMENT
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fig.8a: PEAT BOG FORMATION ON SANDSTONE PLATEAU
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rfig.10¢. DIVERSITY INDEX OF 27 SAMPLE PLOTS (17~ 57)
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Fig.llc. DOMINANCE ~ DIVERSITY CURVES IN 5 SAMPLE PLOTS
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Fig.12b: CROWN SHAPES
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Fig.12¢c. STANDARDIZED CANOPY SURFACE
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Fig13a:Distribution of a leaf size index in the ordination
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Fig.13b (1) Disiribution of Soils.
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Fig.13b (2) Distribution of species ar
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Fig.13¢c. RELATIVE DOMINANCE OF SPECIES
ALONG THE X-AXIS
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Fig 13c CONTINUED
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Fig.14 : DEPLETION OF AVAILABLE WATER IN 2 SAMPLE PLOTS
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Fig 15a. BASAL AREAS, TOP STAND HEIGHTS AND G.-J2 Hp
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Fig.156. GROWING STOCK PER HECTARE
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Fig.15¢c: AERODY
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Fig. 16.RELATIVE FREOUENCIES OF POLLEN AND SPORES
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Table 1. Frequency distribution of monthly rainfall and
monthly and annual values of the MARTONNE Index of aridity

; Monthly Rainfall in 2 ins classes, in mm Martonne Index
S oSl 101 i8I 303 254 08 2S5 406 43T 508 08 Pm’ | T’ | M2
Frequency of Months
KUCHING mm co
(71 yrs)
1 1 3 4 4 6 6 47 655 254 | 222
F 1 3 6 1 2 12 5 5 30 505 257 | 170
M 1 6 7 9 8 12 8 6 2 12 385 26.4 127
A 1 7 12 12 18 13 3 5 257 26.9 84
M 2 5 24 10 12 10 7 1 241 270 ™
J 1 2 15 19 12 10 b 3 1 174 216 He
¥ 1 5 17 24 11 5 6 2 192 213 62
A 2 3 10 16 18 15 2 4 1 , 216 | 270 170
S 3 6 18 13 11 7 8 3 1 | 258 26.9 84
o 1 5 17 13 10 10 ] 3 2 i 324 26,5 107
N 1 4 12 12 12 11 8 6 5 34 26.5 113
D 4 4 6 6 8 13 6 24 380 26,7 216
Sum: peryr: 4 18 73 148 5 G €y 92 79 51 29 120 | 4020
006 03 1.0 2.1 [ % - 1.3 1.1 07 04 1.7 26.6 110
MIRL
(31lyrs)
J 2 3 1 3 5 7 3 2 3 34 260 | 105
F 5 7 5 1 3 2 5 2 1 187 | 263 62
M 1 8 1 6 5 3 1 164 26.9 53
‘A 1 6 5 5 9 2 1 | 1 189 214 ol
M 1 1 5 9 4 2 1 1 229 21.7 73
J 1 1 4 1 5 6 4 2 1 I 246 217 7
J 1 4 4 8 5 4 4 1 204 215 65
A 1 4 v 8 2 5 1 | 1 | 207 211 68
s 4 1 2 4 k) 7 | | i 27.3 103
(o] 1 6 5 7 4 2 1 5 352 213 113
N 1 6 4 2 8 2 2 6 378 e Ml R
D 2 5 6 6 2 2 3 4 365 27.6 116
Sum: per yr. 10 33 46 46 62 51 46 24 16 14 24 | 3158
0.32 1.1 L5 1.5 20 1.6 1.5 08 0.5 0.5 0.8 21.2 85
BARAM
(22 yrs)
I 1 6 3 3 3 3 1 3 259 | 258 87
F 2 1 4 4 2 4 4 1 206 26.0 69
M 1 6 4 2 3 4 1 1 237 26.6 78
A 2 2 2 k] 5 4 1 1 1 | 220 270 7 )
M 2 9 5 3 2 1 221 273 71
b 1 8 4 5 2 | ] 198 21.6 (%)
J 5 3 5 4 2 1 2 188 277 60
A 3 3 8 3 3 1 1 212 274 68
S 1 2 8 2 6 1 1 1 261 27.0 85
o 1 2 6 5 5 1 | 296 27.0 96
N 1 1 6 4 3 | 240 269 78
D 2 1 5 1 4 3 4 2 324 26.5 106
Sum: per yr 4 15 40 58 48 40 217 1 8 6 7 | 2960
0.16 0.7 1.8 2.6 22 1.8 1.2 0.5 0.4 0.3 0.3 26.9 80

Pm = mean monthly rainfall.
Tm = mean monthly temperature.
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Table 2. Frequencies and Length of Periods with a 30-Day Sum of Rainfall below 100 mm for Calendar Months of Certain
Rainfall Class, 1963/65.
Monthly Number STATIONS
rainfall of months oy T
recorded recorded Kuching Semengoh Bako Miri Long Total
(Rainfall Class) (all stations) Airport F.R. N.P. Lama
Frequencies of 30-days periods with less than 100 mm P
Below 100 1 0 0 0 "N 0 ()}
101-120 4 1(2) 0 4(1.2,2.3) 1n 0 6(11)
121-150 9 2(2,9) 0 11200 3(2,3,10) 0 6(46)
151 -200 11 0 0 3237 2(1.4) 0 5(17)
201~ 300 36 1 12) 12) 327 0 6(15)
above 300 53 0 0 0 0 0 0
Total months 113 23 22 23 23 2
Frequencies 4 1 9 10 0 24(96)
2(2,9) means 2 events of the 30-days sum of rainfall falling below 100 mm with 2 days duration in the one event and
9 days in the other,
Table 3. Monthly means of daily hours of sunshine and mean monthly frequency of days with thunderstorms .
Station 3 F. M. A M. 1 A. S. 0. N. D. Year Yewr
(mean) | (Totall
1, Sunshine
Kuching
1955 17 3.6 5.3 58 1.0 6.2 58 4.6 3.6 53 5. 28 49 1787
1957 23 43 4.0 % 58 6.1 6.3 6.4 49 4.5 54 43 5.1 1862
1962 2.6 24 4.4 50 6.2 9.1 7.1 5.5 49 49 50 4.1 49 1789
Bintulu
1955 6.2 48 6.5 57 79 5.3 6.8 6.1 5.6 5.8 55 4.5 59 2155
1957 5.0 6.0 6.0 12 54 6.0 6.3 10 50 6.0 6.0 6.0 6.0 21w
1962 34 39 53 58 6.2 13 6.8 6.5 50 58 5.6 5.2 5.6 2044
Miri
1955 6.2 53 19 6.9 14 6.0 6.9 6.2 6.5 74 6.3 6.0 6.6 2406
1957 5.6 6.7 6.5 8.4 1.2 6.9 6.7 1.4 53 7.1 70 6.9 6.8 un
1962 5.0 5.0 6.8 6.9 10 19 6.0 171 6.2 6.8 6.4 59 6.4 2!3_0_1
2, Thunderstorms l
{mean for 20 40 57 62 102 85 51 66 9.1 66 38 8.2 62 7o |
the 3 stations) |
e
Table 4. Monthly waterbalance for Kuching after THORNTHWAITE.
Month 1 n m v v Vi Vil vilu X X X1 X1 Year
' 25.10 1 258 265 210 212 278 214 210 269 26 26.7 268 26.7
PEd 39 42 4.5 4.6 4.7 49 48 4.6 4.6 4.6 4.6 4.6 4.6
PEm 122 118 140 139 148 165 158 144 139 158 139 158 1728
P 660 505 190 260 250 225 195 225 270 325 340 375 4020
PPEm e T R ey A W Sl 292
ST 80 80 80 80 80 80 80 80 80 80 80 80 80
AE 122 AR 140 134 . 138 165 158 144 139 158 139 158 17128
D 0 0 0 0 0 0 0 0 0 0 0 0 0
S/R.O. 538 387 250 121 102 60 1 81 131 167 201 217 2292
T ~.  mean daily air temperature PPEy, = monthl precipitation less potential evaporation
PEq « daly potential evaporation ST " e i szmre storage, average for 80 cm rooting depth in fine sand
PRy ~ monthly potential evaporation AE = actual evaporation
P & monthly precipitation D - any deficit in the water balance
S/RO. = surplus, resp. run-ofl
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Table 8. Ld&chdnmmiamplepbuouk«mu{ﬂdnm Table8b. Leaf size index representation in storeys A, B and C in 8 selected plots

kerapah (29 - 54)
SP Alt. Soil | Lepto- Nano- Micro- Noto- Meso- Macro- P | Storey | Lepto- Nano- Micro-  Noto- Meso-  Macro- | Soil
27 10 | GHP 0 0 18.1 333 41.6 1.6 371 C 0 L1 162 496 10.7 24
28 185 | MHP 3.7 0.5 196 3BT 361 1S B 0 0 198 5.1 226 64 |GWP
52 745 | SHP 1.6 1.1 25.6 198 284 1.3 A .0 0 534 265 20.2 0
2 33 | DHP 0 L1 343 396 250 05
17 95 | MHP | 117 0.2 314 33 o UL ]
29 182 | MPB 0 L1 194 4 335 0
3 82 |oes | o 0 “y 85 261 0 "y s : 3 ‘;g‘g i e g T
40 680 | DPB | 220 07 197 390 186 O A 9.6 0 826 ° 18 o
57 730 | mMpB 65 08 14 310 302 0 : .
54 125 | mpe | 198 32 X e | e e )
o [ o] 0 VLT ey | el L iy RE
]| = | - | 35 os 28 2 M9 10 BT TR e i R
29-54 - - &1 239 U g AT g : . -
: | C 0 100 422 290 188 O
ﬁ' zo-??oo !i:,'; g g 2; ﬁ ;’: '-;' : 0 26 $18 123 174 O |DHP
0 : . 9.5
BeL2 | 700 | SLI AN - S TR . LA g
0| C 1.7 0.8 145 627 204 0
: B 16.8 0 0.1 35T 11 0 DPB
Leaf size index:  LSI = 1/2(G % + Spp. %) A 35.7 0 241 258 145 0
Bel 1: Belalong area, lower hillside, Mixed Dipterocarp forest
And.: Upper hillside of undulating landform, sandy soils, M.DF.
Bel.2: Ridge in bold-hilly landform, shallow clay lithosol, species-poor M.D.F. 57 g :g g §3'2 gg\: 1}; g s
M.D.F. figures represent leaf size class ratios expressed as percentage basal area A II:T 0 24:6 23:5 39:3 1]
(estimated from ASHTON, 1964 c, fig. 37).
g 0 0 244 521 203 3.2
‘B 0 0 415 381 203 0 |GHP
A 0 0 24,1 0 75.9 0
17| ¢ 20 0 M6 392 242 0 sec.
B 16.2 0 387 211" 208 0 |MHP
A | 503 0 13.5 188 1.5 0
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Table 9. Species arca lines on

different parent materials in 0.5 acre sampie plots in order of total number of species

+ (tan times 100)

230

S.P. Parent material Alt Soil Spp. S.D. tan D.L
3 Encased pleist. terr. 32 G.W.P,, clay-loam 256 2 0.54 86.9
38 * Belait sandstone 110 R.Y.P., sandy loam 240 0.8 0.40 65.7
47 Encased holoc. terr. 67 G.M.P., sandy loam 220 4.0 033 64.5
39 Belait sandstone 110 S.H.P,, sand 174 0.5 0.25 438
33 Pleistocene terrace. 430 Gley, clas-loam 168 1.5 0.24 45.2
28 Pleistocene terrace 185 M.H.P., sand on clay 163 0.9 0.22 410
50 Belait sandstone 175 G.W.P,, sand on clay 162 37 0.27 54.7
53 Belait sandstone 845 Gley, sand on clay 161 1.7 0.25 46.4
48 Belait sandstone 107 M.H.P., sand on clay 157 0.5 0.22 39.3
52 Belait sandstone 745 S.H.P. onrock 155 217 031 55.2
44 Pleistocene terrace 14 M.H.P., sandy loam 140 1.3 0.20 8.6
16 Plateau sandstone 90 M.H.P. onrock 136 28 0.23 47.0
21 Pleistocene terrace Kk S.H.P,, sand 135 19 0.16 347
- 45 Pleistocene terrace 6 M.H.P., sand 135 1.0 02 392
41 Meligan sandstone 740 Gley, clay 133 0.5 023 37
0 Pleistocene Jerrace 165 M.H.P,, loamy sand 120 1.4 0.17 148
51 Belail sandstone 733 M.H.P,, on.rock 119 i1 023 478
22 Pleistocene terrace 33 D.H.P,, sand 106 L7 0.22 40.6
24 Pleistocene terrace 34 M.H.P,, sand . 100 0.7 0.10 23.7
15 Plateau sandstone 200 M./S.H.P. on rock 98 28 0.1 348
43 Pleistocene terrace 6 D.H.P,, sand 95 1.3 0.17 133
25 Pleistocene terrace i3 M.H.P,, sand 93 1.0 0.06 348
23 Pleistocene terrace 34 M./D.H.P,, sand % 0.9 0.21 352
21 Holocene terrace 10 G.M.P., sand/clay 89 0.7 0.07 19.9
40 Pleistocene terrace 680 Peat bog on sand 7 1.5 0.08 21.2
517 Belait sandstone 730 Peat bog on clay 65 0.7 0.11
17 Plateau sandstone 95 Secondary M.H.P. 54 0.8 0.04 16.8
Spp. Total number of tree species. over | em d, recorded in 0.5 acres (5 &q. ch.)
S.D. Standard deviation of species numbers about the regression
tan  tangent of the species/arca line between square Jand Sonfig. &
D.L Index of diversity (spp.% of total number of tree species in the formation type) + (S.D. as percent of number of species/5)




Table 11, Structural characteristics of forest types

Type SP. Soil Hp A Mean diameter (range)of | Distance | Zo | Leal St |d G |Group

betw. em. size max. ing
Hp/Hy | Crowns | Groups Gaps | clements

m m m m m m cm | class cm mzﬂu -3

33 D- Peat | 45 15 13 20 37 21 527| me | 7 100 30 1
( 5-20) | (15-30) | (30-50) | (17-35)

31D B- » 39 19 15 30 40 23 607 | me| 7 120 28 2
(10-26) (30-55) | (20-31)

362 B- " 49 14 .20 45 35 13 712 | me/n| 5 120 5060 | 1
(12-33) {20-60) | (30-50)

371 B 38 " 48 7 15 22 25 15 353 | me/n| 5 96 | 6070 | 2
(10-22) (14-60) | (12-20)

371 B 40 " 45 5 12 28 10 9 251 | me/n| 4 90 | 6070 | 2
(717 (735 | (81D

an B 61 " 43 3 11 18 7 230 | me/n]| 4 82 60 2
( 4-14) (530 | (812

an B 63 " 42 2 9 17 ¢ 8 178 | n 4 60 | 5060 | 2
( 3-11) (510) | ( 7-12)

381 B 68 " 38 2 8 12 7 7 157 | /m | 4 66 | 4050 | 2
( 2-10) ( 612) | ( 510

382 B0 " 36 2 6 11 7 7 - | nfe| 24 60 | 2540 | 2
(2-8) (513) | (41D

42 §500 | RYP | 53 17 12 35 25 17 565 | me | 7 120 | 521 1
(15-20) | ( 5-25) (15-40) | (15-29)

51 D67 | Gwp | 45 8 7 13 25 12 329 | o/l 6 4| M 1

(512) | (5-12) | (1020) | (10-25) ( 7-20) ;

51 D16 | MHP | 35 6 6 11 13 7 293 | n/1 | 5 45 | 42 2
(5 9| (10-13) | (1020) | ( 5-10)

52 §274 | GWP | 42 8 5 20 13 11 283 | n 6 58 | 498 1
(610) | (2:10) (10-15) | ( 8-15)

52 §149 | MHP | 40 6 5 15 13 8 219 | n 6 48 38.7 1
(5-8 |(2-8) (10-15) | ( 6-12)

52 S 49 SHP | 28 2 4 11 11 7 157 | n/m 5 47 212 1
(2-3) |(2-8) (819 ]| (69

51 D47 DPB | 13 6 5 15 12 5 188 | m/1 | 4 51 3 3
(4 8 |(310) | (1025) | (720 (49

§P: Numbers of sampling units in Dalam (D) and Sabal (S), and of Blocks (B) in Tanjong Kranji
ces

/\ Hp/My: the difference between the top height and the height of the intermediate {op-canopy tr
Leaf sizes: predominant sizes classes in the lype, me = mesophyll,

St: number of more or less distinct storeys. Ground vegetation counts as one storey.

Grouping: the tendency of trees to associate in groups, | = weak, 2 = moderate, 3 = strong.
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n,= notophyll, m = microphyll, 1 = leptophyll



LA

2 (0§/6F NOSHAANY ‘d'S)
2d 1 pworsouwAn-wnplowg 152204 dummg jmag seme] - 1"
(Pp/E¥ NOSHIANY 'd'S) 1'D°d 153504 duremg 183g seme -
(9°0)'d) UONEIOSSY snpepojipegsndisoiiquo) < 9 .
(7D d) uonedOssY wninbe[ed VOWIISEIR BUTISUL - § ” *

(' D'd) uoneossy UOWIASEIE - BISI] EPIGT FIIOYS = P pe .
(£'D'd) UONEIDOSUO)) BPIQIE BAIOYS = { = X
(z°0'd) dossy STUNUOWS)S -SNAIS AUOD) ¥PIGIE BRIOYS = T “ “

(1°9°d) Dossy prugoanI0as0aN snpeojiive-snifiskuog = | “wo) dsedd

"T1/8' WA § uonwou [xpors 001 <8 00l 001 s6 L8 SL S8 % uowwo)
*dHS %a %M.!ﬂgzﬂw“a =A o It & 61 .$6° €& 69 LS |ANPEISIVEONERD
€/ WA 0 UONEIOU [FpOU §2109ds (€10,
fgd 9% dMD UM ‘403G 31 10 UM MOIRA 17¢p = AT OF- - Tt ok Rl B R MRk 192ds #101L
T-1/5°L WA §°L — MA 0] VOnEIOU [Fpow =
$ AN K218-um03q 1| K238 1Fn Suum = 111 b e gl o W it So—
e /L BAOL somou Epoe . 2y et
{dMO Aakep ‘umoiq 1| ‘umoiq B =] = :
Wdap W 07 1¥ 9/8 WA 01 UONTIOY TTISNNW [Epow M w._ 2 m M__ _N.ﬂ “_M MM o u_m._n._._unmu_ _.En_w
td AN MOfP& 14T ‘moRA-umoIq ‘MOfPA-pI = | : 2heg
g 5 € 9 8 9 St S§1|aNpuvdSd®UouRIO)
set | oz Lz 4] (4 wroynjnw wrinbered 8 8 £ G e Rk | e sapads [MO0L
LLY sey | 91 ol 08 usnInd ENURD nivy
89 st £l oot 08 : oy UOIpUIPOINYM g0 80 80 0 *FT 91 [ 2 | vy U1 3715 101d
44 £9 £ 9 (13 BIEACGO BIUTISUL TR 19 T R E z 1 Anunuiwod seYd
£9¢ 65 | v Ter P61 wnjjfydos2}ds ° 3
s 0€ 0§ 8 86 wmoupinus) wniydoE) 15910 seBuRII Y PUB 15210) dWOMSINAG  °q
ost (X4 691 L8 991 wpepidsnd ¥INEA
4 : : o = . o i pos [manje Lep ¢ am e uﬂu_ M_n oY
0t {174 (414 (R4 it » epLIqEDS S josoe| h!.u .h—_..____ __’ax J.ﬂn‘,- proiq * - - =g
£9 Bs | st 0z ot wsofinui ’g opruye ysiy ‘28pu oeys pasodxa ¢ BuoERg = ¥
ot | s | s | s | o¢ wnopued 'S 08 Sofl owen Saen g |, | U =8
vit | os | ¥ 9 | or nwr0 S 9813 peoaq Jo adots t
dAY 98pu proig * "Y' ENPUY | s
+ L 5 8 o1 viogn[nw °§ =
- z |u |9 | m wondsp e2304S 9 sl ! L . S35 e hw u_wsh__.. =
$6 oz 76 L9 SL eijojiuaoea eadoy ° € ot ¢ o = P owtiats,
T * L 1 S0T nressaq sdouejeqofiq am JQW 2 U1 s Y
8 o 62 £l r1 sisuayemeIes 'd jo saads Fuipea) ST JO
i e 1z 43 L1 snfydiyoed 'q 0 &4 6 ov or £ i
- - £ - £1 smuud °q 0 9z 8r 8 LL 69 | AaW pue 4 Ut vounto
99 L 911 8 o1 sisus3u0q sndse20sdiq 0 T E Mt 1z 9st 191 $2123ds [¥10L
sL z (14 st L uojfxourpu ° 0 T Wn Mm MM wm y IR
0 61 £ L JCUA PUB N W1 voWW0))
LR ek [ o - PP weRoRie) 0 S8 89 96t 971  LEl | sawadsdmoomdia voN
LL sop | 1€ 661 9 18203 BIOYLOUTRI 0 L o1 ol 0t §1 | qap pue 4y w vowto)
e iL (414 897 L sisu2auI0q siy1esy 0 v ri st 0t 144 saaads dawaodiq
9 3 3 £ z 1 (71961 "NOLHSV) 21'S
A Al 1L 1] 1 sun o
153105 seBur Yy pur 1530} dwsodiq RN Y
(vy/,wp Ul

g nania SESUR DY £q pameys s10dS 7] ATl




Table 14. Yield:
a.  Growing stock volume and biomass’
Above- Total
SP. Geol. Soil Leading species Basal Top ground |Commer- plant
No. form. type area height wood cial dry Locality
(G %) volume | volume | matter
g 3 > g cmd
m /ha m m /ha rntha t/ha
21 HT GHP ?6:1:14! 67.7 41 1 381 280 1415 Badas
.5)
10 TIG LS (MDF) 55.5 62 1 219 156 1 160 Sempadi F.R.
- AL Peat ?B. :l;:ida 38.2 52 1 269 421 1 158 Lingga
.3)
4 HT | GHP/PB g ;3&1: 36.0 45 504 23 765 Puch F.R.
4.
50 BS MHP E\B :)orneenm 50.4 35 819 174 747 Jelalong P.F.
a PT DHP G:‘b;xmu 456 45 867 | 204 209 | Similajau FR.
.3)
40 BS PB/HP 1(33.9 > inatum 52.0 31 500 61 457 Bumbong rumah
1 ur | e | D.fusea 319 39 25 57 452 | PuehFR.
(9.8)
9 BS PB G. nﬂ:ﬂe 30.1 22 246 nil 264 Merurong
' (36.4
15 PS SHP W. moultonianum 273 30 215 nil 246 Bako N.P.
(16.4)
b. . Yield estimate for Agathis borneensis on a moist Medium to
Deep Humus Podzol
Cost Cost Net
nat. plant. | Year N D Hp dy G v v F Ve Revenue
reg.
$/ha $/ha ha'l m m m%/ha m? m3/ha m3/ha m3/ha -$/ha
50 300 1 2000 0.5 0.3 02 0.2 — — -— — 0
12 12 2
8 8 3
5 5 5 1800 4 4 —_ -— _ —_— -_ —_ 0
15 - 10 1800 1 7 25 b 0.01 15 5 10 0
0 0 20 1200 12 13 29 22 0.04 b 24 47 0
0 1] 30 800 L3 v & 18 40 21 0.14 110 40 70 160
0 0 50 400 25.0 26 55 20 0.50 200 200 0 1,400
1,360 4,050 269 1,825
All costs and returns are compounded at 5%.
N = number of trees of A. borneensis v = volume of mean diameter tree under bark
D = meandiameter of stand under bark Yy = stand volume under bark
Hp= stand top height F = removals
dg = mean crown diameter Vp = residuals
G = basal area under bark
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Table 15, General strategy for land use on kerarigas sites

Natural Protec- Recreation Access- “Natural
site pro- tion and scenic ibility Regene- General strategy’
ductivity value value ration
Ea: FR, SS; NP
l.Tti;Il'lfl|r I FR,SS 3 NP
High cult asst. nat. reg.;
Easy FR, GLS with pg
Poor
Difficult FR.GLS
Eas FR.MUS
Good : — -
T o Dilficult FR, MUS with improvement and residual pg
Easy GLS, low limit
High Difficult GLS, medium limit
Easy FR. SS or MUS; NP
High Difficult FR, MUS asst. nat. reg.; NP
Easy GLS, low limit
Low Difficult GLS, high limit
Easy FR, MUS; intensive agriculture
Low Difficult ‘FR. SS or MUS asst. nat. reg.; PL; int. agric.
Easy GLS. very low limit
Poor
Difficult GLS, med. low limit
E NP: FR if MUS feasible
Good — -
High Difficult NP
Easy PF for future conversion to FR
cult PF
High Diffi
Easy PF, admission of GLS with medium limit
. Dlni It PF
Low e
Easy PF
v Difficult
Low PF
Easy NP, admission of SS if feasible
Good :
Easy PF for future use as NP
Poor -
Low Difficult PF
Easy FR, MUS if site amelioration feasible
Lo Dilficult FR. PL if site amelioration feasible
E Protecti i ienati
Poor asy tection against alienation
Difficult No action
FR Productive permanent forest reserve GLS Girth limit system of exploitation
PF Protective permanent forest MUS Malayan Uniform System of silvicultural management
NP National park for recreation and research asst. Natural regeneration assited by planting of blanks or
PL Plantation forestry nat.reg.  along lines
Ss Selection system of silvicultiral management PE Silvicultural treatment by poison-girdling
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Table 17 List of Single Sample Plots with Soil Features, Leading Dominant Tree Species and Basal Areas
Depthfrom A surface of Max. Drai B G
i L ; ] i A Soil G% — SP.
Sp Locality Geol Alt Av. slope Parent material o A. Az A:{ B, sh 33 c/D rooting e ,I,i:i: Name G% Name G% Name 18-20 =
In_cm incm. 2
1 3 3 4 5 6 Tl 9 10T Y 13 e T 16 17 18 19 20 21 22 23
) Puch PT 15 1-5 Sand on gravel B 0TI 26530 gy e 15 MHP 2 D. fusca 98 | S.albida 6.7 G. curtisii 50 21.5 319 1
2 w HT 5 0-1 Clay L B O IS n RS e ? PB 5 S. albida 123 G. curtisii 58 M. inappendiculata 52 233 329 2
3 - PT 12 0-1 Sand and gravel 71 0 10 — — 33 — % FL3 MHP 3 D. fusca 123 W. moultonianum 6.8 P. ridleyi 56 247 280 3
4 » PT 10 0-1 » and clay 10 = = — i — g 7 PB 5 G. nobile 144 | C.sclerophyllum 126 | C.rhizophorum 121 | 390 | 360 4
3 » PT 13 2-3 » w 20 0 15 — - 20 25 s 60 SHP/PG 3 G. rheedii 7.0 | E.multibracteolata 45 W. moultonianum 38 153 257 5
6 " PT 10 3-7 Clay 3 0 — — 11T — — » 55 PG 35 G. nobile 152 | s albida 138 W. moultonianum 74 213 | 30.1 6
7 " PT 20 1-3 Sand 50 20 — —'45 — 60 60 MHP 2 D. fusca 272 | D.rappa 9.3 M. inappendiculata 86 | 451 | 346 7
L n PS 50 0-10 Sandstone 3 0 10 — — 18 25 % 75 SHP 2w V. borneensis 10.7 | P.ridleyi 78 S. albida 7.5 260 | 299 8
9 | Sempadi PS 3 2-10 Sandstone - R W e A 80 SHP 2w | W.moultonianum 193 | . birckii 105 | G.nobile 100 | 398 | 207 9
10 " GD 120 20-30 Granodiorit 0 0 — = — = — = 40 LS 3 Dipterocarpaceac 37.8 = i e i — | s48 10
3 " o o -8 Sand and clay 8 e S 80 MHP 25 | A borneensis 323 | G.curtisii 70 | W.moultonianim s | 444 | 386 |
12 " ’s 37 5-10 Loam on PS L e N R T 60 RYP 2 V. borneensis 75 | G.cunisii 60 | E-kuchingensis 37 | n2 | 29| 12
13 | Selang PS 450 1-8 Sand on PS § 0 2l — —~ 22 — 3 0 SHP 2w | S.ovata 1.1 | P.ridleyi 110 | G, nobile 86 | 307 | 400 | 13
14 " PT 27 0-1 n w» gravel 20 0 200 — — 60 85 100 50 MHP 2 A. borneensis 17.1 | G, curtisii 19 S. retusa 53 | 303 | 377 14
iy (e PS 200 -1 Sandstone 0 0 35— — &4 — @ 40 MHP lw | W.moultonianum 18.0 | C.burckii 106 | S.ovata 723 | 337 | 210 | 15
16 - P§ 90 10-45 Wi 5 3 0 10 — — 35 41 80 20 MHP 1. D. becearii 12.1 | S.flava 10.3 D. borneensis 86 | 310 | 287 16
17 " PS 95 -7 " ¥ 0 30 — — 15 — g0 7 MHP 1.5 Dac. pectinatum 13.6 | C.burckii 76 W. moultonianum 68 | 280 | 327 17
20 | Ingei PT 66 0-5 Sand and clay 8 0 20 — — 55 — 0D 80 MHP 3 A. borneensis 159 | S.muliflora 9.0 D. borneensis 41 | 290 | 341 20
on gravel
21 " PT B 0-$ Gim 50 20 @2 — 4 0 b |y MHP 4 S. albida 36.7 | Ison.lanceolata 6.1 | T grandifolin 50 | 359 | 443 | o
22 Badas PT Kk} 0-3 Sand 100 0 30 — — 290 — 360 290 .DHP 1 A. borneensis 40.0 D. borrigensis 148 C. burckii 127 67.5 46.5 2
23 " PT 34 0-1 » 10 0 40 — — 80 100 ? 80 MHP 3 A. borneensis. 24.5 H. pentanervia 10.3 P. leiocarpum 6.7 4135 41.6 23
24 ¥’ PT 34 0-2 % 0 0 27 0 — 715 — 1% 5 MHP 3 A.’borneensis 237 | S.albida 204 D. borneensis 73 | 514 | 46.1 24
25 = PT 33 0-1 24 130 .30 80 — 82 '— 8§ 80 MHP 3.5 M.inappendiculata 1.1 | H. pentanervia 10.5 St. umbellatus 102 | 318 | 348 25
26 " PT 30 0-5 » 2 0 0. — 40 — % 140 DHP 1 A. borneensis 68.3 C. burckii 55 P, leiocarpum 4.5 783 444 26
21 » HT 10 0 » andclay 0° 0,9 M — 100 ! 55 GHP 5 . albida 577 | D.rappa 100 | Dyefalowii 31 | 789 | 745 | 27
28 Melinau PT 185 0-2 Sand on gravel: 130 12 27 — 31 — 6D [} MHP 2.4 S. albida 313 | G.nobile 7.3 P. ridlevi 58 | 504 } 299 28
29 " PT 182 0 » n oo 90 0 (humic sand and clay) ? 'PB 5 S. albida 364 | M. calophylloides 9.7 | P.ridleyi 83 | 544 | 169 29
30 " PT 165 0-2 w! ;W 2 0 15 — 45 50 55 60D 50 MHP 2 S. albida 274 | C. palustris 12.6 M. calophylloides 82 | 482 | 357 30
31 p PT 183 0 i g 120 0 (humic sand and clay) ? PB 5 S. albida 746 | M. beccarii 1.9 P. ridleyi 4.1 | %06 | 880 31
2 " PT 182 0 " W w - R M TSR R ? PB 4 C. flavoramujum 175 | S.albida 14.9 M. calophylloides 10.4 428 | 381 2
33 | Segan PT 433 0-5 Clay 0. 0 — = = — 2 # 0 PG 4 Dac. beccarii 190 | S.revoluta 9.1 | T.obovata 42 | 323 | 299 13
34 " BS 425 10 " 2 0 — — — — 7 80 RYP 3 S. rugosa 178 | C.scriblitifolium 8.1 M. inappendiculata 73 336 | 35.1 34
35 " BS 420 15 Sandstone 2 0 — — — — 24 2 60 . SHP 2 M. beccarii 8.1 C. scriblitifolium 74 C. malayanum 4.7 20.2 38.6 35
36 Temburong PT 35 0 Clay on gravel 25 = 0 e~ = — 5 45 GWwp L V. vinosa 42 D. lowii 37 Dill. pulchella 27 10.6 24.0 36
37 " PT 32 1-3 S S T 0vAS el 25 GWP 5 D. lowii 47 | M. beccafii 3.0 S. parvifolia 27 | 104 | 296 37
38 Kpg. Bako BS 110 5-10 Sandstone 5 0 3 B — — 2 B 40 RYP/GWP 2 A. borneensis 156 | P.spicatum 10.8 D. beccarii 107 1-3%1. ] 393 38
39 n on BS 110 3-7 W I 0 — — — — — 35 25 GWP 1 P. spicatum 159 | D.borneensis 8.6 T. obovata 78 323 | 314 39
40 B. rumah PT 680 0 Sand and clay 30070 20— . 45— . ? PB 5 Dac. beccarii 390 | P.rostratum 114 T. obovata 93 | 597 | s20 40
41 " . Ms 740 5-20 Gl o Woda i N S L 9 25 PG 3 G. nobile 28.8 | P.alternifolium 224 D. beccarii 83 | 595 | 550 P
42 LA Ms 790 10-20 Sandstone ol S T e 0 RYP 2 Lith. cyclophorus 127 | M. havilandi 114 | M. beccarii TR P SO R S 42
43 Similajau PT 6 1-5 Sand and clay 4 0 43 15 160 170 — 290 17 DHP 1 A. borneensis 563 | D.rappa 74 E. spicata 37 | 614 | 4s6 4y
44 " PT 4 0-2 PR B 0 N 807 e Y 85 MHP i A. borneensis 433 S. ovata 113 K. malaccensis 7.0 616 35.1 44
45 % PT 6 15 BY =l & 060 0L =~ e 1o MHP 2 S. leiocarpa 235 | A.borneensis 219 D. rappa 03 | 557 | 480 45
46 » HT 4 0 w on gravel 5.0 0,60 — '— — 58 80 GHP 15 G. curtisii 157 | S.scabrida 154 E. cf. chrysantha 7.1 | 382 | 402 46
47 Jelalong HT 67 0-5 Sand and clay 10 0 26 — 130 — 190 200 0 GWP 3 A. borneensis 335 | S.albida 7.6 S. rugosa ' 66 | 477 | s48 47
48 " BS 107 2-3 Clay and sand S 0 22 45 — 48 80 ‘100 b3 MHP 3 S. albida 20.1 D. borneensis 10.0 P. urophyllum 9.1 392 45.8 43
49 & BS 155 3-5 Sandstone 270 "3 = 40" 15N 40 MHP 2.5 5. albida 354 | S.pachyphylla 14.6 C. burckii 73 | 3713 | 593 49
50 - BS 175 12 Sand a. claystone 0 — — — 13 B 0 Gwp 3 A. borneensis 88 | C.burckii 7.8 Garc. Sp. Ny 134 4.3 209 | s04 20
s Merurong BS 733 0-10 Sandstone LG s SR R §0 MHP 4 G. nobile 123 | Dac. beccarii. 89 | P.rostratum 62 | 274 | 414 T
52 » BS 745 5=7 = 1S 0 (variable) 25 — 10/60 60 SHP 2 D. ferruginescens 11.5 P. leiocarpum 9.7 S. scabrida 7.3 28.5 :3“5 52
33 " BS 845 3-15 Claystone 10 0 — = — 20 — 160 PG 4 T. obovata 102 | P.leiocarpum 84 | G.nobile s ) 237 | 522 53
54 " BS 1125 5-7 Sandstone | s R SR 10 PB 2w G. nobile 36.4 | T eliyptica 8.6 P. rostratym 6.4 514 .zs,z 54
3 »” BS 130 0-2 Clay M - — — 0 — — |9 10 PB/PG 5 C. rotundatus 26.1 | D.evemn 152 | T.obovaa 126 | 39 | s66 | &5
56 " BS 735 0-7 Sandstone 100920 50 — 80 — [ 60 MHP 2.5 A. beccarii 19.3 | P.leiocarpum 17.2 M. beccarii 13.5 52-0 fﬁ-ﬁ 56
51 - BS 730 0-1 Sand and clay 0 0 — — 20 — — 3 30 PB,PG 5 S. albida 248 | D.evena 98 | G.nobile £ N . e 04 VA

" Drainage class: , | = very casy:

2= casy; 3 = moderate; 4 = slow; §

= very slow: w = moisture extremely variable,
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Tadds 7 & Bange of wme chemnal

characteristicn of 3 profiles in sandy

Table § ¢ lmtdmdmkdchummdﬁpwﬂhhﬂﬁuumtw

Med Veliow Podiol Soil. over sandy loam subsoil.
Al Ae2 c Actt Aci2 Ae B c
Org. matter % 1.3 - 25 05 - 20 04 - 0.8 Org. matter % 75 - 90 1.5 =30 03 -12 20 - 8.2 03-19
N 0.1 - 0.3 0.06 — 0.1 0.03 - 0.2 N'% 0.8 0.04 - 0.1 tr. — 0.01 0.03 - 0.1 0.004 - 0.02
C/N 8- 20 10 - 35 6 — 20 C/N 33 - 100 20 - 40 20 - 32 40 - 122 80
C.EC.m.e% 4-15 2-10 35-1 C.EC.m.e% 3-20 35-2 05 - 31 4 - 45 5~ 10
Ca 0.1 - 0.6 0.06 - 0.5 0.03 - 04 Ca 03 - 0.7 03 - 07 0.3 03~ 04 0.1 -03
Mg 04 - 0.7 0.08 - 0.3 0.04 -~ 0.1 Mg 0.3 - 08 03 - 06 tr. r. =03 tr. = 0.2
K 0.02 - 0.4 0.01 001 - 03 K 0.01 - 0.1 0.1 = 0.6 0.05 - 0.15 005 - 0.3 0.01 - 0.1
Na 0.01 0,002 0.01 Na 001 - 0.3 02 - L1 0.1 = 03 0.02 - 0.8 0.03 - 0.2
C sat.% 8~ 10 3i-10 §- 16 Base sat.% 30 - 40 10 - 40 17 - 100 4-8 6— 13
pH 3-4 4-5 3I-5 pH 3-4 38 - 56 45 - 67 29-49 4.5 - 51
P20spom. 2-5 1-2 1-3 P05 0 0m. nd. 3-4 -1 2-5 1-2
(available) (available)
Table § b. Range of some chemical characteristics of 3 profiles in sandy Table $d. Some chemical characteristics of Kerapah peat bog soils and peatswamp soils.
Grey-White Podzolic Soils over clay subsoil.
Ay Ao B c SP. 52 - § SP. 53 -1 PSF 19* PSF.5*
Org. matter % 1=2 0.2 - 0.7 02 - 14 03 - 0.7 inian 06 75.5 86. 89.0
N% 003-01 | 001-003 | 002003 | 001-004 g, 0.80 o 1.90 e #
C/N 15 - 35 8 - 22 9=30 -1 Ca in % ash 0.70 0.7 n.d. ad
Mg in % ash 0.78 0.60 nd. nd.
K in % ash 0.16 043 n.d. n.d.
C.EC.m.c% Yoo b 5 5% - 10 10 ~ 20 Na in % ash 0.32 0.18 nd. nd.
C = P p.p.m. 0.5 0.7 0.6 0.6
. 013 | 006 -0.15 [ 003 -03 0.05 - 0.2 H (KC1) 14 32 3.1 3s
Mg « w-001 | u -0l v - 0.06 s j ' y
K 0.19 0.01 - 0.06 002 - 0.12 0.01 - 0.19
Na 0.02 - 0.3 0.03 - 0.1 0.1 -03 002 - 0.18
Base sat.% 10 = 20 2-3 3~-9 1-2
* Both PSF — samples are from RICHARDS (1965). PSF 19 is Alan peatswamp forest
pH =4 4s ik s =9 N2 close to SP.27 and PSF.S is Alan bunga peatswamp forest between SP.27 and SP
P05 p-p-m. 1=4 bt 1-2 =3 22 — 26 (Badas quarterhary terrace). Both samples are top-layer peat above the
(available) - =
water table at the time of collecting.
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