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NAKASHIZUKA, T., ZULKIFLI YUSOP & ABDUL RAHIM NIK. 1992. Altitudinal
zonation of forest communities in Selangor, Peninsular Malaysia. Composition and
structure of forest communities along altitudinal gradient were studied in relation to
some climatic factors in Selangor, Malaysia. Lapse rates estimated from a two-year
observation were 0.44 and 0.43°Cper 100 m for maximum and minimum temperature,
respectively. Altitudinal change in radiation reflected the frequent cloudy weather in the
arca at elevation higher than 800 m above sea level. Higher trec density and Jower
maximum tree heightwere observed at higheraltitude. The number of family, genusand
species per 500 m? were higher, while those per 50 individuals were lower in higher
altitude. Diversity index (H') decreased linearly with altitude, while equitability (J°) was
almost uniform. Cluster analysis based on genus and family level similarity suggested the
altitudinal classification as follows: lowland (0-700 mabove sealevel), transition (700-1100
mabove sea level), lower montane (1100-1500 m above sealevel), upper montane (1500-
1700 m above sea level).
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Introduction

In tropical region, empirical classifications of forest vegetation have been
prevailing because of high species diversity and difficulty in identification. Also on
altitudinal zonation, only a few quantitative analyses have been made in tropical
forests (Forest Department Sarawak 1977, Yamada 1977, Osawa el al. 1985,
Kochummen 1982).

Several factors affecting the altitudinal distributions of tree species in tropical
forests have been analysed (Grubb et al 1963, Grubb & Whitmore 1966, 1967,
Burgess 1969). Among them, temperature and cloud-relating climate have been
considered as primarily important (Grubb & Whitmore 1967, Burgess 1969). The
importance of minimum temperature on tree growth has been reported on several
species (Roberts 1973, Sasaki 1979, Whitmore 1984). Clouds in the mountains of
the tropical region affect the radiation, temperature and also air humidity. Grubb
and Whitmore (1967) have suggested the importance of cloud on vegetation
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structure through the comparative analysis of lowland and montane forests and
climatic factors. However, Burgess (1969) suggested that cloud was less important
in Peninsular Malaysia.

This paper reports the altitudinal change in both climatic condition and forest
structure. Floristic composition is analysed quantitatively, and the altitudinal
zonations are classified. Some environmental factors along altitude are also
analysed and their effects on vegetation are discussed.

Study area

The forests in Selangor, Peninsular Malaysia, were studied both by actual
enumeration and by literature surveys. Field studies were carried outin the forests
of Gombak [180-650 m above sea level (a.s.].)] and Genting Highlands (780-1650
ma.s.l.). The data on forest composition in other parts of study sites were obtained
from literature. At Kepong (70 ma.s.l.)in Kuala Lumpur, mean annual tempera-
ture and precipitation are 27.4°C and 2400 mm, without any marked dry season.

Granite is prevailing in the area (Whitmore & Burnham 1969). In the area
higher than 1400 m above sea level, peat is accumulated on soil surface. Strongly
weathered ferrallitic soils are prevailing in lowland, while yellow podozolic soils,
acid brown forest soils or podozols are found in the mountain area (Whitmore &
Burnham 1969). Nutrient supply from leaf litter is less in mountain area, and thus
the nutrient level in the soil of montane forests is lower than that in the soil of
lowland forests (Noraini & Salleh 1985). Montane forests have rather closed canopy
with less frequent and smaller canopy gaps than lowland forests(Noraini 1990).

Method

Climatic condition along altitude

Continuous observationswere carried outat two points of differentaltitude. The
Forest Research Institute Malaysia (FRIM) at Kepong ( 70 m a.s.l.) maintains a
climatic station. An auto-recording climatic station was set at the Hydroponic
Station, Agricultural University of Malaysia, in Genting Highlands (1170 m a.s.l.).
Air temperature, humidity, rainfall and radiation were monitored from February
1987 to March 1989.

The weekly maximum-minimum temperatures in forests were also monitored at
11 other points along an altitudinal transact. The maximum-minimum thermom-
eters were hanged on tree trunks at 1.5 m high to avoid direct sunlight. Readings
were done weekly from February to June 1987.

Cumulative radiation at open sites was measured at 13 points along altitude. A
cumulative radiometer (Sun-station, Sun Systems Inc.), which has a sensitivity
range of 300 to 1100 nm in wave length, was set at every point. Readings were taken
weekly, from 12 to 27 February, 1987.
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Tree enumeration in the field

Fifteen belts (10 m wide, 40-300 m long) were set up at about 100 m interval in
altitude (Table 1). The belts were set up along the contour line from the ridge to
the bottom to avoid any compositional bias due to topography. All trees above 10
¢min dbh (diameter at 1.3 m high) were identified and their dbh were measured.
Leaf samples were taken from all trees and were identified with the assistance of
FRIM staff. Out of total 1288 trees, 96% were identified at species level.

Table 1. Outline of the plots studied

Plot number Altitude (m) Study area (%) Slope dircction Inclination (degree)

154 180 1000 S8OE 39
b 180 1000 S85W 25

c 180 1000 S45W 20
14a 350 1000 N55E 26
b 350 1000 S85E 30
13a 430 1000 NB5E 96
b 430 1000 S70E 34
11a 510 1000 SQOE 16
b 510 1000 SIOE 16
10a 780 500 N6OE 8
b 780 500 N60F, 8
7a 920 500 N5OE 33
b 910 500 S43E 30
6 1045 1000 S98W 18
2a 1140 600 N&5W 36
b 1130 400 S70W 30
3a 1220 600 N&HW 36
b 1200 400 S70W 30
5a 1310 500 S 2
b 1300 400 S 26
la 1400 500 NI1OW 23
b 1400 500 N10W 23

8 1550 500 S85W 20
9a 1650 250 N635W 33
b 1650 150 S76E ' 28

Literature data

Data given in literature were also included in the analysis. The 1960s
reconnaissance surveys in Ulu Selangor (Hock 1967) and in Kuala Lumpur and
Klang (Cheah 1968) provided a large amount of data. However, there were some
problems with regard to the tree identification and minimum size enumerated.
The non-commecial trees were not identified to species level. Only the family
names are shown for some trees.

Another data set used was from the report on the florain Ulu Kali (Stone 1981).
Detailed enumerations [trees higher than 0.9 m (3 /) ] and identification atspecies
level were carried out in that study. Only the tree genera that contain the species
which have the potential to grow above 10 ¢m in dbh were selected as reported in

Tree Flora of Malaya (Forest Department Malaysia 1972a, 1972b, 1978, FRIM 1989).
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These secondary data, together with the present ones, were used to classify
altitudinal forest types by the cluster analysis. To unify the quality of data, all data
were converted to the exist or non-exist data at genus level. The trees belonging to
the families of Anacardiaceae, Annonaceae, Burseraceae, Lauraceae, Myristicaceae
and Sapotaceae were recorded at family level. Data in all plots in every 100 m
altitudinal class (as 0-100 m, 100-200 m, etc.) were summed together, and were
treated as one plot (represented as plots at the median of each altitudinal class, as
50, 150, 250 m, etc.)

Cluster analysis

Exist (1) or non-exist (0) coded data of genera and families in all 100 m altitu-
dinal classes (17 classes, up to 1600-1700 m class) were used for the cluster analysis.
The group average method was performed for the eucridean distance matrix
among altitudinal classes. The computer programme developed by Tanaka et al.
(1984) was applied.

Results
Climatic conditions along altitude

Altitudinal change in temperature showed a different pattern between maxi-
mum and minimum (Figure 1). Means of weekly maximum were rather constant
in the altitude 70 to 690 m above sea level and decreased gradually in higher
elevation. Minimum temperature, however, decreased linearly with altitude. The
lapse rates estimated by the regression were 0.71 and 0.51°C per 100 m for maxi-
mum and minimum temperature, respectively.

The lapse rate calculated from the seven-day running average of two years data
obtained from two climatic stations (70 and 1160 m a.s.l.) showed some variation.
The lapse rate for the maximum temperature showed a greater variation than that
of the minimum temperature. The lapse rate during the two-year period were 0.44
and 0.43°C per 100 m for the maximum and minimum temperature. The above
rates were rather small compared to those reported by Whitmore (1984) (0.67°C
per 100 m) or by Burgess (1969) (0.55 and 0.61°C per 100 m). However, they are
comparable to the rate reported in Equador (0.43°C per 100 m) by Grubb and
Whitmore (1967).

Radiation showed an almost similar pattern as by the maximum temperature
alongaltitude (Figure 1). Radiation was comparable among the observation points
lower than 800 maltitude, and decreased in higher altitude. This radiation pattern
suggests the occurence of frequent clouds in the area higher than 800 m above sea
level in this region.
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Figure 1. Altitudinal change of air temperature (Figure 1 a) and radiation (Figure 1 b); solid and open
circless in Figure la show the mean weekly maximum and minimum temperatures respéctively; @

and O in Figure 1b show the radiation during February 12 to 21, and during February 22 to 27,
respectively

Altitudinal change in vegetation structure
With increasing altitude, the maximum height of trees became lower and the

density of trees became higher (Figure 2), but there was no significant change in
basal area (not significant at 5% level). Decrease in maximum height was not
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obviousin the plotslower than 800 ma.s.l. The change in density showed the reverse
pattern; the density valuesin the plots lower than 800 ma.s.l. were comparable and
became higher in higher elevation.
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Figure 2. Altitudinal change of tree (dbh > 10 ¢m) density (Figure 2 a)
and maximum tree height (Figure 2 b)

The number of species per unitarea (500 m?) increased with increasing altitude,
while the number of species per unit number of tree (50 individuals > 10 ¢min dbh)
decreased with increasing altitude (Figure 3). Similar results were obtained for
genera and families (Figure 3). Because of the high tree density in high altitude,
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the number of species recorded per 500 m? increased with altitude. A similar pat-
tern of change in density and maximum temperature, that s, the change in the plot
higher than 800 m a.s.l. was conspicuous.
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Figure 3. Altitudinal change of the number of taxa per 500 m* (Figure 3a) and per 50 stems
(Figure 3b); solid and open circles and triangles show the number of species, genera,
and families, respectively

Species diversity measured by H’ (Shannon-Wiever’s index calculated from the
number of individuals of each species) showed a negative linear relationship with
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altitude, while equitability (Pielou 1975) remained constant with altitude (Figure
4). The number of species per 50 individuals (suggesting the potential floristic
richness) decreased along altitude, but the equitability did not. This fact suggests
that the basic organisation of the forest tree communities does not change with
altitude.
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Figure 4. Altitudinal change of species diversity (H’, Figure 4 a) and equitability (J’, Figure 4 b)
Altitudinal zonation

Two kinds of cluster analyses showed consistent results. Both the data, based on
genus and family level dissimilarities, suggested that there were two major clusters
and a transition between them (Figure 5). The two compact groups consisted of
plotsin 0 to 700 and 1100 to 1700 m a.s.l. corresponding to the lowland and mon-
tane forests. The forests between 700 and 1100 ma.s.1. were classified as a transition
zone.
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Figure 5. Dendrograms by cluster analysis based on dissimilarities of genus (Figure 5 a) and
family level (Figure 5 b)

Among the forests higher than 1100 m, a cluster of the forests higher than
1500 ma.s.l.showed a sub-clustering, suggesting upper montane forests (Symington
1943). However, among the forests below 700 ma.s.l. no marked sub-clusters were
recognised.

Distributions of the upper and lower limits of genera and families also showed
that the forests between 700 and 1100 m a.s.l. are transitional (Figure 6). Many
genera and families had their lower limits in distribution at 700 to 800 m a.s.l.; such
genera as Aporusa, Ardisia, Glochidion, Ilex and Mastixia, and families as Cornaceae,
Rosaceae, Rutaceae and Theaceae showed such a pattern. Many taxa had their
upper limits in 1000 to 1100 m a.s.l. These facts showed that of the two groups of
taxa, one should be called lowland taxa and another, montane taxa, which overlap
in the zone between 700 and 1100 m.

Discussion

The present results suggest that the altitudinal zonation in Selangor could be
classified as lowland (0-700 m a.s.l.), transition (700-1100 m a.s.l.), and montane
forests (1100 ma.s.l.and higher). Forests higher than 1500 m a.s.1. could be classi-
fied as upper montane forests. Both classifications based on the formation (Burt
Davy 1938, Whitmore & Burnham 1969) and on the floristic characteristics of the
forests in Peninsular Malaysia (Symington 1943) have shown a consistent boundary
at750 and 1500 ma.s.l. The presentresults are fundamentally consistent with those
classifications. Similar classifications were also found for Gunong Hulu, Sarawak
(Forestry Department Sarawak 1977). However, the upper dipterocarp forests
(Symington 1943), which were classified as lower part of montane forests (Burt
Davy 1938, Whitmore & Burnham 1969) should be re-classified as a transition zone
between lowland and montane forests from the present results. From his observa-
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Figure 6. Altitudinal distributions of lower and upper limits of genera (Figure 6a) and families
(Figure 6b); solid and open circles show the number of taxa which have their upper
and lower limits in each interval (100 m) of altitude

tions of Dipterocarpaceae, Whitmore (1984) considered the boundary between
these forests as abrupt. The present results, however, suggest that the transition
zone is rather wide, ranging from 700 to 1100 m a.s.l.

Hill dipterocarp forests (Symington 1943) were not recognised as a marked
group. Burgess (1969) suggested little floristic difference between them. The
present results support this. Several features of forest community structure, maxi-
mum height and density of trees and number of species per 50 individuals showed
no marked difference among forests lower than 800 ma.s.l. This fact suggests that
the lowland and hill dipterocarp forests are very similar in structure. However, as
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the classification was made based on the data at genus and family levels, the
difference between them could be recognised at species level.

The upper limit of lowland forests (700 ma.s.l.) is consistent with the lower limit
of frequent cloud formation. The maximum temperature and radiation also
remained constant.below this altitude. Grubb and Whitmore (1968) also recog-
nized the lower limit of montane forest in the Andes as being related to the lower
level of constant cloud occurence. The factors that determine the upper limits of
the lowland forests could not be identified by those data, since the change of both
the factors along altitude showed a similar pattern. They may also effect vegetation
in a complex way. :

Burgess (1969) suggested the important effect of low temperature. Sasaki
(1979) suggested the chill damage on tropical lowland tree species occurring at
15°C. Chilling injuries were also reported by Roberts (1973) at around 10 to 15°C
in some seeds of tropical lowland species and by Mori et al. (1990) at below 15°C
in seeds and seedlings of tropical tree species in Malaysia. These observations
indicate a narrow plasticity of Dipterocarpaceae to changing temperature in the
environment.

If lowland species have such aresponse to temperature, the minimum tempera-
ture could primarily determine the distribution of such a species. Minimum
temperature showed a continous decrease with altitude. The annual mean
minimum temperatures at 800, 1100 and 1500 m a.s.l. are 19.4, 18.2 and 16.5°C,
respectively. Within the two years, the lowest temperature observed at the station
at1160 ma.s.l. was 16.1°C. It may go lower episodically. The minimum temperature
could greatly affect the tree distribution in such an episodic climate. Eco-
physiological analysis in detail could give the answer.
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