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LOWLAND~MONTANE ECOLOGICAL RELATIONSHIPS AND
INTERDEPENDENCIES‘?ETWEEN NATURAL

FOREST ECOSYSTEMS*

E. F. BRUENIG

(University of Hamburg and Federal
Research Centre for Forestry and
Forest Products, Hamburg)

Abstract

The natural climatic climax vegetation of the upper submon-
tane altitudinal zones in Southeastasian subtropical and tropi-
cal areas is a predominantly evergreen forest, Generally, on
exposed sites and poor soils, the physiognomy is sclerophyll-
xeromorph and the structure (architecture and pattern) more
simple than in lowland forest. These features throughoyt the
world are similarly found in certain edaphic and physiographic
climax forests at low altitude., Examples are the Kerangas and
Kerapah forests and Padang woodlands in Southeast Asia and the
Caatinga forest and Bana woodlands in the Amazonian lowlands,
which occur on extremely unfavourable soils and sites, There
is no common agreement yet on the ecological factors which are
responsible for the peculiar features of these forests., Conse-
quently, the ecological and management implications are not well
understood and land-use policies correspondingly inconsistent
with needs, The highland-lowland interactions have been little
studied but their reality is being increasingly felt thoughout
the tropics as the highlands and lowlands are being deforested
at a progressive rate, Research needs are urgent, but even mo-
Te critical is the need for change of people's attitude, Imme-~
diate political action is needed to stop deforestation and vege-
tation abuse both in the highlands and in the lowlands.

1. FLORISTIC AFFINITIES BETWEEN KERANGAS / KERAPAH AND
MONTANE FORESTS IN SARAWAK AND BRUNEI

Ordination of 55 Kerangas and Kerapah forest stands, select-
~ed as mature, fully stocked samples of their type in Sarawak and
"Brunei (Fig. 1) revealed patterns of tree species soil type and
~of leaf size distribution (BRUENIG, 1966, 1970, 1974)., The soil
. type pattern (Fig. 2) indicated a gradient of water storage and
_drainage conditions along the X-axis, On the left are excessive-

1y drained, very deep sandy soils of coastal terraces {"giant
; podzol", quarzopsamment, orthic or humic podzol), Toward the
‘ center, drainage is moderate and rootable soil depth decreases

?‘International Symposium on Ecology of the Development of Tropis
cal and Subtropical Mountain Areas, Chengdu,21-25 October, 198s.
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(medium to shallow humic to.gleyic podzol, leached ultisol)., To
the right beyond the reference axis 16-27, hydromorphic features
jncrease with an altitudinal gradient to 4125 m in stand 54 and
735 m in the reference stand 56, and histosols develop on flats
{51, 55, 57) or on quarzitic sandstone dip~-slopes (54). The
corresponding gradient toward acid, oligotrophic, dystric his-
tosols formation in the lowlands goes vertically upward and
occupies the upper right quadrangle, The Mulu N, P, terrace ca-

tena is the series 28 to 32.

ANNUAL .MEAN RAINFALL in-mm BRUN{EC‘ »‘A
[ 2000 - 2500 Jﬁ\ =
=3 2500 - 3000
3000 - 3500
B3 3500 - 4000
[ 4000 -5000

=] > 5000

Z~71080K ANTU \

KUCHING | T2\
SER "SABAL

Fig. 1. Mean annual rainfall and location of 57 sample
Kerangas and Kerapah forest stands of some lime-
stone forest plots SER and of the 20 ha Sabal fo-
rest plot in Sarawak und Brunei, .Borneo.

The peatswamp series begin in the heterogenous center (31 =
peripheral Ramin Mixed Swamp) and proceeds towards the coastal
terrace Kerapah reference stand (type 36, Alan forest), but
then turns toward the submontane histosols, with 372 and 373
(Alan bunga forest) close to the Alan bunga kerapah on the Me-—
linau terrace in Mulu N, P.

Downward from the center, the soils become more clayey, of-
ten deeper rooted and the common nutrient deficiency is proba-
bly less pronounced and the ecological consequences are less
severe,

A characteristic feature of the soils in the ordination is
the tendency to form surface rawhumus and peat (upper right
quadrant)., The causal mechanisms are probably the same in the
lowland and montane sclerophyll forests. The coriaceous 1i-
tter, rich in polyphenols (non-hydrolysable tannins) and acids
resists abiotic and biotic decomposition typically in most fo-
rest formations in Borneo. In Kerangas forest, a surface raw-

—_3—



Y| REFERENCE PLOTS ,’t) !

X-AXIS:0=S.P 22;b= S.R56 / |
Y-AXIS:a=S.R iGb= 5.R27 A ) ‘
8§00 ‘ P @ |
| @ 57
550 / %0‘28;,’31 //’.
/ o ) ,’ . P !
! PRt 1 !
/ ! \ 5, 32 '12‘7,‘02 ’r;,/ i
500k / \q; EARED S =
22 O kS I § oY o . T :_.—-..>.‘Jr
o * [Tmetd ot ab®! T3 ="
I e ) By WY WP N A £
w37 o ~lg o 33 B
450 - S &
o o @
JAY
400
l ® C s A @
—> Coastal terrace catena Badas FR. o Grey-White Podzolic gley soil
—_— e N " . Similajau FR. O Wat bleached grey soil.
~'=>» Inland = " Mulu N.R and groundwater humus podzol
e plateau =~  Merurong O ODeep spodosol {humus_podzoi)
A Oxisol {Latosol) o Medium . -
A Ultisol (Red-Yeilow Podzolic loam)  ©5 Shaliow ;
@y Secondary humus podzol on ullisel ® Kerapah peat bog

Fig. 2. Distribution of soil types in a floristic ordina-
tion of 55 Kerangas and Kerspah sample stands in
Sarawak and Brunei (from BRUENIG, 1966 and 1974).
The circled numbers 31 to 39 are the location of
the phasit communities (association groups) of the
lowland peatswamp series, 41 and 42 the location
of Mixed Dipterocarp forest on more sandy (41,
ultisol) or clayey (42, oxisol) soil.

humus layer of 5 to 20 cm accumulates, more on periodically

dry podzols and usaully somewhat less on bleached, often gley~
type ultisols, The reason possibly is lower biological acti-
vity in these soils, Deeper rawhumus or peat may develop un-
der conditions of extremely fluctuating water content, with
saturaticn alternating with dry conditions and-of extreme oli-
gotrophy (BRUENIG and SANDER, 1983). Such conditions exist in
the centers of pleistocene terraces or on flat plateaus where
drainage is imneded, or on siliceous sandstone dipslopes over a
wide range of altitude (BRUENIG, 1966 and 1974).

Some of the sample stand lie ifi the area of Mulu National
Park closely southuest of tho Herangas forest sample plot of
PROCTER et al, (19€3a) and are in line with the altitudinal se-
quence from the tarraces in the Badas-Sungei Ingel basin across
the Melinau terraces to Gunung Mulu (Fig. 3). %The notable
scarcity of coumparative descriptive studies of humid tropical
forest stands at a range of aititudes (PROCTOR et al. 1983a)



encourages o present the information available from the autherls
werangas stucies for ihis area.

Sample Plot Locctions 6. Muls
<5 20-22 S P 28-32 N
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Fig. 3. Cress-section turough the Beslalt Syncline (Ulu In-
gai, Brunei) and Mulu National Park (from Fig., 5 of
the Gunung Mulu N, P, Managemeat and Development
Plan, 1982) with the locations of sample plots 20-
22 and 28-32 on the pleistocens terraces. The sec-
{ion runs NW-SE,

2. PHYSIOGNOMIC AFFINITIES BETWEEN KERANGAS/KERAPAH AND
MONTANE/FORESTS

A distinct and congruent pattern emerged when a leaf s8ize
index was superimposed on the same floristic similarity ordina-
tion (Fig. 4). The leaf size index was calculated as the mean
-of the percent stand basal area and number of species in each.
of the leaf size classes according to WEBB, adding the class’
“notophyll" to RAUNKIAER's scheme WEBB, 4959). Plotting the
classes leptophyll, microphyll and mesophyll showed distinct
peak areas {(Fig. 4). Leptophylls peaked in the submentane his=
tosol area, but omitting 51 and 55 due to the aberrant eccur-
rence of Shorea albida Sym,., previously considered an coastal
peatswamp forest endemic (ANDERSOK, 1961). The mesophyll class
peaks in the coastal histosols, due to the sominance of S, al-
bida, and in the mere clayey ultisols and oxisols with Mixed
Dipterocarp and Ripariasn flood-plain forest, The microphyll
class characterizes a broad belt along the ¥X-axis with a boo~-
merang~shaped peak on the shallow to medium deep, sandy humic
podzols {the kerangas soils proper) represented by the Simila=-
jau catena in Fig. 5, top.

GRUBB and TANNER (1976) consider the dominant leaf size
ctlass according to WEBB (1959) as the consistently most useful
character to define forest formation types (equal to formation
or nano-ecosystem level of ELLENBERG, 1973). Their sequence
mesophyll = lowland rainforest, noto- or mesophyll = lower mon-
tane rainforest, microphyll = upper montane rainforest and na=-
nophyll = subalpine rainforest corresponds closely to the se=
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Fig. 4, The pattern of distribution of stands with leaf si-
ze index L = 0,5 (G % + Spp %) »50, 20~-50, 220 for
the leaf size classes leptophyll, microphyll and
mesophyll., The darker shaded or hatched areas in-
dicate peaks of the proportion of the respective
leaf size class (from BRUENIG, 1966 and 1974).

quence from mesic, relatively favourable to periodically xeric,
unfavourable sites in lowland Kerangas and Kerapah forests as
illustrated in Fig. 5 and 6,

This trend toward micro- and nanophyll or leptophyll or
acicular leafage or phyllodes, culminating in the submontane-
montane kerapah (S, P. 40, 57) and similarly in exposed ridge-
top kerangas (S, P. 15) and kerapah (S, P. 29 and others), is
associated with other functional, biochemical and physiognomic
features which could be adaptations to episodic moisture stress
(BRUENIG, 1970, 1971; MEDINA et al., 1978; MEDINA, 41983). Some
of the properties of some of the kerangas and montane tree spe=
cies, such as numerous large stomata on small, coriaceous lea=~
ves and needles, -improve drought tolerance but also permit high
transpiration rates if conditions are favourable, which also
helps with nutrient supply,

The trends to increased sclerophylly in it's various mani~
festations (BRUENIG, 1970) is, in kerangas and with increasing



altitude, associated with increased evergreeness of tree spe-
cies. This may be related to a suspected longevity of leaves
and serve as a nutrient conserving mechanism,

3, 4LUi FECTURAL AFFINITY BETWEEN KERANGAS/KERAPAH AND
MONTANE FOREST IN SARAWAK AND BRUENEI

Associated with increasing sclerophylly along the gradients
of decreasing favourableness of soil and site in the lowlands
with increasing aliitude on mountains is a decline in faorest
stature, TFig. 5 gives an impression of the change with axam-
ples froms

(1) Coastal Kerangas: Similajau Forest Reserve, northeast

of Bintulu (Fig. 1), coastal holocene and pleistocene

terraces (S, P. 46 to 44), and Bako N, P, (Fig. 1) with

a low-stature, low-biomass forest on shallow humus pod=-

z0l (S. P, 15) derived from thick-bedded siliceous sand=

stone. On exposed ridge-tops follows an open woodland

similar to the montane summit forest (BRUENIG, 1965).
(2) Inland Kerangas/Kerapah in Kulu K, P, on pleistocene

lerra®es southwest adjacent to PRCCTOR!s Kerangas plot,
with an instable transition in S, P. 29,
(3) Submontane Kerangas (S. P. 52, 57, 51) and Kerapah (S,

P. 57, raised bog) and lower montane "moss forest™ on

the Merurong Plateau east of Bintulu (Fig. 1) with an
instable but highly divers transition zone, containing
aberrant Shorea albida Sym., in 51, On exposed ridge-
tops follow an open woodland to scrub (BRUENIG, 1966

The microphyll, mossy upper montane and summit forest plots
in Mulu N, P., as described by MARTIN (1977) -and PROCTOR et al.
(1983, 1984) are similar to 52-57 and 15 with respect to: crown
sizes, tree height, canopy architecture (aerodynamic roughness),
life sizes and crown architecture, There is a notable similarie-
ty of the change of crown architectural types along the gradi-
ents from lowland Mixed Dipterocarp forest on favourable sites
and Kerangas/Kerapah forest on poor sites and from-comparably
rich submontane/montane Conifer-Broadleaf forest on favourable
sites to submontane Kerangas§Kerapah and submontane/montane
moss forest (see Fig. 5)s If crown architecture is related to
tree functioning under environmental impact, especlally stress
(BRUENIG, 1976; FISHER 1984), similar environmental conditions
may beeinvolved (see chapt. 4).

Results of field measurements by KLINGE and BRUENIG in Ama=-
zonian lowland forest showed that leaf area, leaf weight and
crown/canopy volume declined less than wood volume and weight
along a site gradient of increasing unfavourableness from tall
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coastal, Agathis dammara (45-43) and Shorea albida
(435=44) terrace catena (Similajau Forest Reserve,
Bintulu, Sarawak), a strongly sclerophyll stand cn
a coastal sandstone plateau (Bako National Park)
with dominant Dacrydium beccariij

Melinau terraces (Mulu N, P,) with Shorea albica




" and Casuarina nobilis initiating peat formation;
(¢) Upper lowland to submontane sandstone plateau (Meru-
rong Plateau) with Casuarina nobilis, Dacrydium Spp.,
Shorea albida, S, monticola.

Castinga forest to low bana woodland in the MAB Amazon Ecosys-

tem Study area at San Carlos de Rio Negro, Venezuela (BRUENIG
et al., 1979; KURZ, 1982), The relationships to rates of pro-
duction, decay and decomposition have yet to be investigated,
but BRUENIG hypothesized that energy~related adaptation of
form might be involved, The relatively ample sclerophyll leaf-
ag3 c¢f the generally flatter crowns can take advantage of pe-
riods favourable to growth, and at the same time maintain it~
self well during unfavourable periods of low illumination, in
damp, foggy conditions with high indirect sclar radiation, and
in windy, bright and dry pericds., The relative to the wood
hiomass less ample mesophyll leafage of the more semispherical
on more favourable sitesg could be explaiped as avelding
and excessive iranspiration from the high heat-lsad on
ger leaves, but maintain high performance under favour-
qung conditions, However, so far experimental evidence

mmon associates at all aliitudes are tree species of Myr-
Sapotaceae, Guttiferae, Euphorbiaceze, Lauraceae a;é

e, BEriecaczae (Vaccinium, Diplocosis, Rhododendron) oc-—
ferably at higher altitude, but slszo on certaln sites,
iglly exposed to light, at low altitude,

te the change in tree stature and blomass density which
is not related to soil fertility. In Similajau, S, P, 46 on a
fairly nutrient-rich, undeveloped holocene terrace soil, tres
height and biomass is less than on the flanks of the tertiary
terrace with much poorer soil and single- or two-species domi-
nance. Similarly, in Mulu N, P,, the taller forest and highest
biom: is not on the less nutrient-deficient lower terrace le-
vel, but in S, P. 28 and 31 with beginning peat formation and
single~species dominance, The same feature is repeated on the
Merurcng Plateau.

L, POSSIBLE CAUSES FOR THE LOWLAND-MONTAKE FOREST AFFINITY

GRUEE (1977) after reviewing the meagre informaticn and ba-
el on kis own results in Jamaica and New Guinea hypcthesized
that the mere important ecological factors determining the dig-
tritution snd productivity of ferests on wet tropical mountains

erziare and solar radiation climatey
scarcity, especially of nitrogen and phosphorus,
culy rarely and locally be of meajor impact. Al-

—0—



so, leaf production would relatively increase and wood matter
production decrease with altitude,

The results of a more recent investigation on 4 sites on

Gunung Mulu, Mulu N, P., differ partly and in some respects
from GRUBB's generalizations (PROCTOR et al., 1983a-c), They
found differences between "windy", i.e. exposed, and sheltered
sites similarly to MARTIN (1977). The nature of these diffe-
rences accords with those reported by BRUENIG (1966) from Keran-
gas forests in the lowlands. Also, the leaf litter production
on Gunung Mulu was relatively low in the upper montane forest
plot at 1860 m, and the nutrient status of the upper montane
forest plots at 1310 m and at 1860 m was in many respects su-
perior to that of the much more luscious lowland Mixed Dipte-
rocarp forest of much larger stature, They exclude fire as a
major influence on Mulu, but the find of charcoal in a kerangas
soil pit on the Melinau terraces (BRUENIG, 1966) and the rela-
tively frequent fires in the sclerophyll forest on limestone in
the area should caution not to exclude episodic fires as ecolo-
gical factors in Kerangas and more exposed montane forests,
The evidence on soil and plant mineral contents, nutrient sup-
ply, cycling and demands is yet inconclusive and no clear-cut
answer is yet possible with respect to.major and minor limit-
ing factors in Kerangas and Montane forests.

TANNER (1980) concludes from results of his work in Jamai-
can montane rainforest, that lack of water is not limiting the
growth of the forests, and that the large differences in struc-
ture and composition between the studied 4 forest types are un~-
likely to be due primarily to differences in water relations,
Similarly, .differences between these improverished upper mon-
tane rainforests in Jamaica and the much more luscious lover
montane rainforest in New Guinea are not likely to be due to
water stress (either too much or too little) in the impoverish-
ed Jamaican upper montane rainforest. TANNER explains the
greater longevity of leaves in the poorer upper montane forest
by the possibility that, "perhaps, in a situation where mine-
rals are in short supply, leaves are retained by trees for
lohger periods, even though they are becoming less efficient at
Photosynthesis, whereas in a situation with a better mineral
supply the leaves are shed sooner and replaced more easily (in
terms of minerals) with more efficient leaves",

BRUENIG estimates water use and depletion from calculations
of plant-available soil water, water storage in the biomass,
30-days sliding totals of rainfall, saturation pressure defi-
cits, vegetation stature and corresponding rates of evapotrans-
piration (BRUENIG, 1973). His conclusion was. that ‘more or
less severe drought conditions will occur episodically and spo-
radiczlly on all sites, but particularly and more often on soils
which are shallow, have a low field capacity, or a deep but only
partly rooted (e.g. giant podzols). BAILLIE (1972) confirmed
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that drought conditions may cccur near the coast on shallow
soils, History of droughts in Borneo and the .severe and wide-
spread 1982/83 droughts in many parts of Southeast Asia con-
firmed that episodic droughts occur, may effect large tracts
of land, and have-a profound ecological effect on trees and
forests even on deep, loamy to clayey soils and inland sites,
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Fig. 6. Effect of a broad coastal mountain range (top/,-a
complex mountain massif with broad valleys and
plateaux (middle) and of an isolated coastal peak
on cloud formation, condensation levels and preci-
pitation.

BRUENIG's interpretation of the ecological significance of
sclerophylly in lowland and submontane kerangas and kerapah and
in lower montane moss forest accords with WALTER's (1973) state-



ment that sclerophyllous plants were better able to maintain in-"~

tensive stomatal gas evchange during favourable periods, when
water supply is adequate, but may close stomata during drought,
drastically reducing transpiration with low risk of heat stress
or damage.

Another featurs of adaptation o moisture stress is the re-
ductien of aerodynamic roughness of the éanopy and the increase
of albedn in Kerangas, Kerapah and Peatswamp forests which fre-
quently experience very dry soil conditions, The smooth canopy
absorbs less and reflects more incoming radiant energy, causes
less turbulent forced or free convective air exchange, and
thereby reduces the demand for water and the risk of water de-
ficiency stress.

Sclerophylly and canopy smoothness would on mountains only
be of advantage if moisture stress and high winds would occur
in mountain areas as in the lowlands. Longterm time series on
rainfall are necded; means and mean minima and maxima are of
little information value in this respect, It is the rare, epi-
sodic extreme event which acts as decisive siressor and forces
the forest ecosystem and the trees to adapt., Fig. 6 illustrates
typical wind and cloud conditions in a humid tropical landscape,
The barricr effect of mountain ranges causes wet conditions

windward and drier conditions leeward (top). On exposed, single
peaks, conditions are commonly reversed (bottom)., The conditions

‘and rainfall distribution patterns are more complicated in the

array of mountains, plateaus and valleys (middle). In all casess

however, periods of bright dry days, especially if stabilized by
descending inversion layers with dry, warm and desiccating
wvinds, may raise the condensation level high above the land sur-
face (see level 3 in the middle of Fig. 6).

MARTIN (1977) considers exposure of the site as a major de-
terminant which distinguishes forest types with very different
physiognomy, structure and stature on the west ridge of Gunung
Mulu. High winds to gale-force in squalls are common in lowland
and mountain areas in Borneo during convective rain-storms and
during frontal disturbances. Lesser wind speeds prevail during
oright, dry days, but even a strong breeze on such days can havo
pronounced effects on leaf temperatures, stomatal conductance,
leaf and canopy diffusion resistances and transpiration rates
(BRUENIG, 1970, 1971).

Dry periods of varying length with bright sunshine and high
midday saturation vapour pressure deficits are more common in
.ne lowlands than on mountaims (BRUENIG, 1971 and 1974), but
they de occur in mountain areas and their effect on forest on
exposed sites may be fortified by local diurnal wind systems and
occasionally low inversion layers., The xeromorphic, sclerophy-
llous leafage and the aerodynamic features of Kerangas and Kera-
pah forests (Fig, 7) are described and their possible signifi-
cance as adaptations to episodic, unpredictable drought and to
chronically low nutrient levels of the soil discussed by BRUENLG

—~12 —



ETE "RYP one Fare
d.s(max) >150 > 100 100 i 40-100 L0 cm
LEAF SIZE meso noto/micro noto/micro ! noto/micro micro/lepto
‘2o 565 | 400-500 * 250 - 350 150 200 150 ¢m
AVAIL; WATER 200 (552) (284) 154 85 mm
BIOMASS a.g. 1160 709 452 300-400 246 t/ha
Type L2 512 522 51 S

Fig. 7.

Changes of stand structure and physiognomy in sample
plots along a soil catena in Sarawak (Borneo) from
more humid conditions (deep, loamy-clayey, deep-.
rooted soils with balanced water supply and high
biological activity in Mixed Dipterocarp forest type
42) to more xeric conditions (very deep to shallow,
very acid, periodically alternatingly water satura-
ted and water deficient, low biological activity) in
Kerangas and Kerapah forests. Tree heights, maximum
dismeters (d), and stand biomass (a.g. = above
ground), leaf sizes, crown size and the estimator zZ,

of the aerodynamic roughness of the canopy decrease,
the albedo increases, Trees over 4 cm diameter at
breast height. The soil notations are:

RYP = red-yellow podzolic loamy ultisol/
clayey oxisol

deep, medium and shallow (podzol)
spodosol

shallow woodland peatbog, histosol
water amount expressed as mm water
column which is potentially plant-
available in soil and which is sto-
‘red in the biomass. Figures in
brackets: only partly available
feeding roots mainly in A and Bh’
not in the very thick Be'

DHP, MHP, SHP

SPB ;
Avail, water

Hu



in several papers (esp., 1970, 1973, 1974, - and SANDER, 1983). .
The conclusions would also apply to montane forestse.

A

C_Cb Climate Almosphere

Water~
" body!

Sub-Soil

- Fig. 8, System modell illustrating some of the interdepen=:
dent and interacting elements and properties of na~
tural forest or plantation foresit ecosystems at
stan? level of the system hierarchy (BRUENIG et ale,y*
1984) , :

o

Stand structure (complexity of architecture and organization of ..
the ecosystem); P
Species richness (spp/A and .spp/N) and floristic diversity;

Physiognomy of the canopy trees; By
Biochemical composition.of the plant tissues; %

Micro~organisms as decomposers in the soil (not shown are consu=,
mers, pests, diseases); e
Soil~humus as stabilizing and absorbing complex;

Biomass as nutrient filter of inputs.from the environment; 5#
Litter composition as Motor of biological activity in the soilg ¥
Water availability and cycling (nutrient "pump"); =
Nutrient cycling, balance and outflow;

Stability features (statie and dynamic); referring to dynamic
equilibrium states with elastic or persistent stability of surwvis
val}

Growth, increment and yield as resultant of the interacting sys-,
tem process, interacting with; ' ‘
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"Stand dynamics, regeneration/mortality cycle and successions

Each of the elements of this scheme aggregates already a fums=
. ber of component factors, The variation of the values (intensi-
"ty, level etc,) of the factors affects the functioning of the .
elements. Positive or negative interactive feed-~back mechanisms
balance the system functioning or may upset it if positive loop
- effects dominate., The result of these interactions determines
the dynamics and stability of the forest ecosystem and is simu-
lated by the system model.
+ and - ¢ positive or negative interactive feedback loop
' (:::> . neighoouring system, from which inputs flow and into
: * which outflows transfer matter and energy,

The manifold interactions and feed-back loops between the
climatic factors, the soil conditions, the structural, physiogno-
mic and biochemical conditions of the biotic fraction of the eco~
system produces a complex picture (Fig. 8) which is further com=-

|, Plicated by environmental variations and endogenous rhythms of

- growth, litter fall and decay, mortality and regeneration. The
situation is further complicated by the differences between fo-
rest stands with respect to structural pattern and i‘rends, and

' corresponding longterm dynamics of growth, regemeration and spe~
cies associations, superimposed on pattern of micro-site differ-

ences (NEWBERY et al., in press),

5. LOWLAND~HIGHLAND INTERACTIONS AND INTERDEPENDENCIES,
RELEVANCE. TO DEVELOPMENT IN CHINA

The ecological, economic and social interactions and inter-

* dependencies between lowland and highlands have been neglected
by scientists and landuse planners in the tropics until the dis-
astrous consequences of abuse.and misuse grew to proportions wh .
which could no more be overlooked. Floods droughts, river and
estuary silting and drying are results of interference with in-
teractive ecological forest functions such as:

(1) very effective moisture combing, rainfall interception,
absorption storage and evapotranspiration hy montane
and lowland forest vegetation, thereby stabilizing the
site hydrology;

(2) soil protection and soil stabilization by forest vege=
tation, thereby reducing erosion and transport of sedi=
.ments and solutes to the lowlands;

(3) reduction of sensible heat and increase of latent heat
by forest vegetation, correspondingly increase of the
BOWEN ratio (see XU DEYING, 1985) after deforestation,
consequent reduction of moisture and energy content of
the airmasses and change of local and regional climate,

Remarks on (1)
The hydrological effects of forests on stream {low and water




quality are well documented and known, The effects of defores-
tation and overuse of mountain lands on the hydrology and land-
use in valleys and lowland are felt throughout China from the
Taklimakan desert to the rice bowls of the tropical south.

Remarks on (2)

There is a very active downward transport of weathered soil
material and nutrients from tropical mountains to the lowlands.
This may be well to the advantage of the fertility of down-slope,
valley and lowland plain sites. For example, soil flushing and
creep is a common phenomecnon in humid tropical clayey soil.

GRUBB and TANNER (1976, p. 359-360) suggest in analogy to obser-,
vations in temperate regions, that the very commonly cbserved
penetration of lower altitude species to their highest altitudi-
nal limit in gullies on tropical mountain may be related to sup=
ply of nutrients from adjacent leached and flushed slopes and {
ridges., At the upper limits species range may be delimitated by
an "interaction between mineral supply and climatic factors such
that mineral supply (determined by topography) can become the
chief limiting factor of species range and site productivity.

It is, however, difficult to separate the strongly interactive
effects of nutrient and water availability, BRUENIG (1973) des-
cribes an example from Bako N. P., of a luscious Dipterocarp fo-
rest on shallow and infertile podzol and ultisol which is sus~ -
“tained by water input from a quarzitic sandstone further upslope,
Excessive erosion from denuded sites may cause havoc to lowland
rivers -and agricultural land., The highest rates of sediment dis-
charge by rivers into the sea occur in Southeast Asia and in tro=
pical South American (Fig. 9). This indicates ongoing heavy de-~
gradation of the progressively denuded and overused land, espe=-
cially in the mountains. The consequences to the physical and
biotic conditions in the coastal and continental shelf waters and
the feed-back effects on'the climate are hardly understood, but
probably serious.,

Remarks on (3)

Diurnal local and regional monsoonal wind systems, espec1a11y
perlodlcally or seasonally blowing desiccating wind, interacting
with site’ exposure, 'are considered important ecological factors
affecting the natural and man-made vegetation and landuse general®
ly in the highlands of Sri Lanka (WERNER, 1984), Any moisture
" and energy change of these wind systems would have strong effects
on landuse, Removal of montane forests will alter local albedo
and the hydrological cycle. Lowland sites will suffer floods and
droughts, which in turn affects atmospheric conditions (increase
in BOWEN ratio). The recharge of moisture and energy into the
monsoonal air-flow declines, the water recycling becomes less in-
tensive and less moisture will reach the interior (Fig. 10). Re=
forestation of the denuded lands must conform with the limits sel
" by the site conditions., The new forests must have such structi="




SEDIMENT YIELD
(t. km=2.yc ")

Figs, 9. Sediment yield expressed in tons dry soil ﬁatter
eroded annually from one square kilometer -land/sur-
face. The highest rates of over 3000 t¢km2 occur
in Malesia and continental Southeast Asia (from MI-
LIMAN and MEADE, 1983). As a result of the interplay
of high relief energy, intense rainfall: in humid ;
areas and dry winter sand storms in arid-areas, de- 5
forestation and overuse and misuse of forests,. scrubs,

agricultural and grazing lands in all afeas. ;

ral, physiognomic and biological properties that they are adapted
to the site conditions and can survive any extremée episodic
stress situations. They must not be designed to maximize cer-
tain functions, such as wood production, but to optimize broad-
1y their overall performance (BRUENIG, 1985; in press), and aim
at survivability.

6. CONCLUSION :

In concluding, the sclerophyll Kerangas/Kerapah and Montane ¢
forests are of high environmental protective value. Site and :
soil conditions are such, that the ecosystems are fragile and
possessllittlerresistance, resilienceaandcelasticity, Therefore;
essential principles of lanuse planning for the lowland oligo-
trophic and the Montane forests must bes .

= protective functions have absolute priority over productive

functions (sec BRUENIG, 1974); :

- management practices must change surface characteristics as
little as possitle and make use of the natural capacity for
self-regulation;

= landuse planning must be comprehensive and take local low-
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land-hlghland and reglonal coastland-lnterlor interac-
tions into account. ‘
To put these principles into effect, the structure and func-
tioning of the interactive networks and feed-back mechanisms at
forest stand (nano-) ecosystem level and at the levels of land-
scapes and regions must be much better understood than present
scientific knowledge permits,
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