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Chapter 1: Introduction

Management of rain forests is nowadays a challenge for people involved, because the area covered by rain forest is
decreasing at a fast rate. Destructive logging and fires destroy huge forest areas which require very long period for
recovering. Therefore a proper management can prevent lots of the damages done by logging operations. For these
management plans a lookout of further forest productivity might help in deciding the amount of allowed annual timber
extracting in terms of cutting regimes, felling intensites, felling cycles and possibilities of forest recovery.

For these purposes the simulation model FORMIX3 was developed and tested for various forest conditions around
Malaysia (Huth et al., 1996). Improvements of the model as well as further developments from a stand size of one
hectare to the size of a management unit of several tens of thousands of hectares are the objectives of the FORMIX4
project, sponsored by the German Research Foundation (DFG). Within this project the author visited the Forestry
Department of Sabah for three months to improve the input data of the model and recalculate parameters on the basis of
permanent sample lots (PSP) and inventory data taken by the Forestry Department staff in the last couple of years.

The objectives of the present sub project are:

« Elaborate new species grouping for the FORMIX4 model based on expert knowledge of light demand of tree
species and potential maximum heights.

e Calculate regeneration rates for different functional groups as a function of stand quality and the number of mother
trees. Data from forest management inventory should be used for this analysis.

¢ Calculate mortality rate for different functional groups as a function of diameter or diameter increment. The data of
permanent sampling plots should be used for this purpose.

In the following section the reason for these investigations are discussed briefly, whereas the later chapter contain the
results achieved in this work.

1. Grouping (chapter 2): For practical reasons species richness has to be aggregated in functional groups, which
means tree species with similar growth behaviour are grouped together. The grouping in FORMIX3 was based on
research by Ong and Kleine (1995), where species grouping was undertaken according to diameter increment
pattern, with additional information about height growth and light demand. It turns out that these two different
classifications of tree species do not fit together very well, so it is desirable to redo it from the very beginning.
Additional information about light demand, which is hardly to be found in literature is sought from local forest
experts. The independent information (potential maximum height and light demand) are added together to form up
to 13 functional groups. Further investigations undertaken in the following tops 2 and 3 should be based on both the
grouping used in FORMIX3 and the new grouping for FORMIX4 .

2. Regeneration(chapter 3): In FORMIX3 the input of seedlings into the model is performed with a fixed rate of 700-
6000 seedlings per group and year and patch of 400This approach assumes that the simulated patch is
surrounded by intact forest which can provide a sufficient amount of seeds. This situation does not allow
calculations of badly damaged forests and extinction of species can not be performed in the simulations. It is well
known, that regeneration rate influences the future development of the forest a lot, so a more precise formulation of
regeneration is necessary. Additionally to the data research undertaken by myself a fellow researcher, Mr. K.
Werner, is doing field research on this subject. Therefore the results in this subject have to be combined with his
achievements.

3. Mortality (chapter 4): In FORMIX3 mortality is a function of diameter increment, tree species and size. The input
for the mortality parameters is based mainly on one research study (Swaine, 1989) undertaken in Peninsular
Malaysia. Therefore it is necessary to confirm that this approach is suitable for Sabah rain forests as well. It might
be that the functional context is different in this area.



Chapter 2: FORMIX4 Grouping

A new grouping is performed, which is based on two independent classifications. The species are grouped in five height
groups according to the height layers in the FORMIX model with different boundaries in the lowest layer. These are 5m
and below, 5m-15m, 15m-25m, 25m-36m and above 36m. The second classification is done due to the light demand of
the species. We distinguish three light demands: pioneer species, non-pioneer species with intermediate light demand
and non-pioneer species which are shade tolerant.

A more detailed description of the grouping process including tests for mortality and regeneration rates is found in the
publication:

Kohler, P., Huth, A.; Ditzer, T. (1998 oncepts for the aggregation of tropical tree species into functional types and
the application on Sabah’s dipterocarp lowland rain foreStsbomitted to Forest Ecology and Management.

2.1 Height grouping

The grouping of the species in 5 height groups was done by the following procedure. Mr. R. Glauner grouped the
species in 15 groups according to old groupings of the Canadian inventory (Sabah Forestry Department, 1973) and other
available expert knowledge. These grouping is referred as SPC_GRP in Appendix A and is the basis for further
development. For these 15 groups Mr. Glauner developed height-to-diameter-curves, which represent the tree height to
the top of the crown, for 4 different slopes (variable RELI_1=1-4, which refers to ‘valley, ‘upper slope’, “middle slope’,
‘lower slope’ respectively). For all four slopes hd-curves are required, but however for further grouping the slope
‘middle slope’ is seen as representative. Maximum heights for the hd-curves are calculated and the 15 groups are
aggregated to the well known 5 FORMIX3 height layers (layer45m; layer 2: 5m < k 15m; layer 3: 15m < k

25m; layer 4: 25m < k 36m; layer 5: h > 36m). It figures out, that the calculated maximum heights for the 15 groups
are all above 25 m, which means the lower layers are unpopulated. Therefore we rely on literature data for all groups
with a lower maximum height. Out of an literature inquiry we get maximum height or maximum diameter for most of the
tree species. The diameter is transformed into a maximum height using the hd-curve of the related classification of Mr.
Glauner. Where literature data for maximum height and calculated maximum height do not correspond, we prefer the
literature data for maximum height. Qualitative statements like ‘small’ are considered as well (bushes: layer 1; small:
layer 2; small-medium: layer 3; medium: layer 3; small-large: layer 3). Some features of the performed height grouping
are documented in Table 2.1. The height group (or layer) 1 is assumed to represent climbers, shrubs, lianas, herbs and
other small plants. Therefore it is obvious that only 2 of the tree species belong to this height group. We do not need a
special hd-curve for this group.

Out of the height grouping and the existing height-to-diameter-curves of the Canadian inventory new curves for the five
FORMIX4 height groups has to be developed. Because the grouping process was rather complicated it can be expected
that derivation of the hd-curves is not an easy target. However the hd-curves are not an objective of this project. Some
preliminary efforts show, that new curves can not be derived easily. These results are not mentioned here, but are
included in the file collection which is part of this final report (see Appendix | for files).

Table 2.1: Aggregation of Sabahs lowland tree species into height groups. A:
number of species per group. B: Percentage of trees in forest management inventory
for four forest reserves in Sabah (Deramakot, Lingkabau, Kalabakan, Ulu Segama).

Height group Maximum potential height [m] A  B[%]
1 0-5: shrub species 15 5.7
2 5-15: understorey species 97 135
3 15-25: lower maincanopy species 119 329
4 25-36: upper main canopy species 117 219
5 36+: emergent species 120 26.0

Sum 468 100




2.2 Light grouping

Relying on expert knowledge and verbal communication (Mr. Masirom Rundi) most of the species were classified in
one of three light demand groups. They are in detail:

e Pioneers as very light demanding species

¢ Non-pioneers species with intermediate light demands

* Non-pioneer species which are shade tolerant

However the light demand of a lot of the species was unknown. In this case we tried to classify them according to their
maximum height, where we assume, that trees of the understorey (h<=15m) might be shade tolerant, whereas the tree
growing higher than 15m might have intermediate light demand.

Table 2.2: Aggregation of Sabahs lowland tree species into light demand groups. A:
number of species per group. B: Percentage of trees in forest management inventory for
four forest reserves in Sabah (Deramakot, Lingkabau, Kalabakan, Ulu Segama).

Light demand group Light demand A B[%)]
1 pioneers 31 24.8
2 non-pioneers, intermediate demand 317 63.4
3 non-pioneers, shade-tolerant 120 11.9
Sum 468 100

It might be expected that shade tolerant species are growing slower than light demanding pioneers and therefore
produces wood with a higher density. A statistical analysis of the parameter wood density in the three different light
demanding groups is shown in Table 2.3. For this

analysis only species with known wood density A ble 2.3:Wood density in different light demanding groups

taken into account (which are 241 out of 468). " Y g g group
However, the analysis shows that the average wodhdight demand Number of species Wood density [Ki/m

density shows no significant derivation within the Ppjoneer 14 701 + 148
different groups. This might have various reasons. lfntermediate 154 704 + 145
could be that the parameter wood density is n@fade tolerant 73 698 + 195

properly investigated, that our light demand grouping is
not performed on enough expert knowledge or the
assumption about the relationship between light
demand and wood density is wrong. However some
corelations between timber group and light demand group can be found as shown in the publication Kéhler et al (1998).

average 241 702 £ 177

2.3 Resulting grouping.

The two groupings are now performed independent on all species leading
to 3x5=15 groups. In height group 1£bm) it seems not reasonable toPFT  Height Light A B2[%]
distinguish different light demands, therefore we end up with 13 groupg 1 2 15 5.7

only. Table 2.4 shows the resulting grouping, and the number of relat

species. The classification for all species is found in the species list |§ ; ; 258 2‘;
Appendix A. :

4 2 3 65 8.3

5 3 1 14  19.0

Table 2.4: Final characteristics of 6 3 2 92 13.6

resolved PFTs. Height: related height ! 3 3 13 0.3

group (Table 2.1). Light: related light 8 4 1 10 4.1

demand group (Table 2.2). A: number 9 4 2 89 16.0

of species per group. B: Percentage of 10 4 3 18 1.8

trees in forest management inventory 11 5 1 3 1.2

for four forest reserves in Sabah 12 5 2 93 233

(Deramakot, Lingkabau, Kalabakan, 13 5 3 24 15

Ulu Segama). Sum 468 100




Chapter 3: Regeneration

The aim of this investigation was to find out the regeneration rate in Sabahs tropical forests. Regeneration rate in this
context means the amount of seedlings, which are established per time and area depending on the stand situation and
existing mother trees, distinguished in functional groups, esp. the FORMIX3 groups and the new FORMIX4 groups.

Two different types of research were performed.
1. Data from inventories taken in different forest reserves were analyzed.
2. Various literature about regeneration was studied.

3.1 Data from inventory
Table 3.1:Diameter distribution in four forest reserves in Sabah

In a management planning inventory data weggameter classKalabakan Deramakot Ulu Segama Lingkabau

taken and are available for four forest reservggm] [1/ha] [1/ha] [1/ha] [1/ha]

which are Deramakot, Ulu Segama, Kalabaka3.1.5m-010 3701.00  4710.00 3809.00  3232.00
and Lingkabau. The three reserves mentionego_o_ls 192.55 186.65 213.00 175.20
first are very similar in terms of elevation, soilg, 5 45 119.06 106.78 104.02 99 61

and structure. The diameter distribution (s

Table 3.1) is fairly similar. It seems that th 0-025 43.37 50.21 48.37 34.99

stem numbers in Deramakot are slightly high@fzs'030 26.95 29.98 24.38 22.98
and in Lingkabau lower than the average (tf30-035 15.03 2331 12.48 16.83
later especially in the lower diameter classe$)35-040 8.80 17.40 9.37 9.15
Because of the similar stand structure their d€@40-045 4.34 7.38 4.85 3.80
were partly analyzed together in furthep45-050 2.97 5.71 253 2.94
analysis. 050-055 2.81 4.41 2.55 2.47
The inventory data were taken of various fielgfss-060 1.86 3.15 1.48 1.53
sampling units (SU) (Deramakot 487 Suogggsg ig? isg égi égg
Kalabakan: 577 SU; hgkabau:508 SU and ' ' : '
Ulu Segama: 523 SU). The sampling unit havel{0-075 0.80 1.58 0.76 0.45
L-shape structure, each side 72.5 m long and 26°-080 0.52 1.00 0.53 0.42
m width (=0.25 ha). On the whole area tred¥30-085 0.58 0.83 0.41 0.38
with dbh-40 cm were recorded, where smalle€d85-090 0.29 0.66 0.30 0.15
trees were only counted in parts of the area. Thg0-095 0.29 0.45 0.21 0.08
so called ‘regeneration’ was only recorded in @g5-100 0.19 0.24 0.11 0.10
5m & 5m square in the corner of the SU. Thesg)y_105 0.15 0.29 0.10 0.09
were trees with h>1.5m and d<1Ocm. Fofyc 14 0.04 0.15 0.05 0.04
further information on the technical details % ' ' ' '
the inventory see Chai et al. (1991). 10-115 0.07 0.26 0.05 0.04
115-120 0.01 0.03 0.06 0.00
The objective of the inventory was forest20-125 0.08 0.21 0.12 0.04
management. Therefore the data do not sdi#5-130 0.01 0.08 0.03 0.01
perfectly for our purpose, e.g. regeneration i80-135 0.02 0.09 0.04 0.01
context of FORMIX are trees smaller than 1.835-140 0.01 0.04 0.02 0.01
m in height. The design of the SU is chosen fqug-145 0.03 0.05 0.02 0.00
practical reasons and a correlation between tigc 15 0.00 0.02 0.00 0.00
recorded regeneration in the small subplot aﬂ%O—SOO 0.01 0.11 0.05 0.01
the whole SU is more than questionablée. ' ' ' '
However we try to figure out some trends and
423.65 445.60 428.24 373.49

rough orders of magnitude for the regenerati(al—rptaI
rate as a function of stand parameters like badxl0cm
area, number of mother trees and general
stocking of the forest.




3.1.1 Deramakot Data for FORMIX3 grouping

Because of the later implementation of FORMIX4 on the whole of Deramakot this data was considered as more
important. | tried to find various correlations between regeneration and basal area of the stand, regeneration and basal
area of trees of the same group, regeneration and number of emergent trees, regeneration and the number of mother tree:
of the same group. In this context emergent trees and mother trees are trees with a diameter of at least 50 cm. This first
analysis should show, where a relation could be expected, and where further investigation with other data should be
done. | tried to find linear relations and relations with a polynom of second order.

The analysis for the FORMIX3 grouping is found in the Appendix B. There the correlation coefficient (correlation, if
the coefficient is high) of linear regression and the P-value (second order correlation is suitable, if P-value is low < 0.1)
of second order polynomial regression are listed. | filtered the data in three different variables to find correlation
depending on stand quality:

e Stratum91l, which is the aerial photo interpretation on 25ha basis (1,2,3,4, where 4 indicates a good stratum)

» Basal area of the whole stand (0-28m, 20-30 rftha, 30-40 rftha, 40+ Miha)

¢ Mother trees with a diameter50 cm (0-10 1/ha, 10-20 1/ha, 20-30 1/ha, 30-40 1/ha, 40+ 1/ha)

General impression:

There seems to be no or very few relation between the regeneration and the stand, independent which variable | try to
analyze. Very few second order regression show a P-value which indicates a relation of this order. In the linear case, the
correlation coefficient is only four times (out of 252) higher than 0.5, only 66 times higher than 0.2.

In statistic terms, this means, there is only a very weak correlation in some selected cases.

In detail:

e Group 1: Filtering between different basal areas seems to be the worst description of stand quality, because there
seems to be no correlation at all. Filtering the number of mother trees achieves reasonable results, if regeneration is
a function of basal area. If you choose Stratum91 as a criteria, the results are good, if regeneration depends on basal
area or basal area of the same group, especially in Stratum91=4 (good quality).

e Group 2: Again for Stratum91=4 some fairly acceptable results can be achieved, filtering for mother trees seems to
be effective in some cases.

e Group 3: There seems to be no correlation what so ever!

e Group 4: Similar results to group 1 and 2. Filtering in mother trees and Straum91 seems fairly good.

e All groups: No relation if filtered in basal area.

For further investigation | would recommend not to find some mathematical correlation’s in strong statistical meaning,
because the correlation will always be very questionable. The cases where from an ecological point of view | might
expect some correlation (distinguish basal area for different stand quality) achieve the worst results. Therefore further
investigations are only done ‘visually’ to show, where trends can be expected. To visualize this the results mentioned
above are shown in Appendix C. For group 1 results for every filter variable is shown, where for the following groups |
concentrate on the question, which should involve the most logical answer, which is: Regeneration as a function of basal
area of the same groups, filtering SU with different basal areas for different stand quality. To visualize which additional
information is gained with the filtering the regeneration as a function of basal area without filtering is shown first.

The average regeneration incl. standard deviation is shown in Table 3.2.
It is quiete an interesting question, in whichT

dimension the regeneration varies. Therefore
Figure 3.1 contains the frequency distributionFORMIX3 group  regeneration [1/ha] regeneration [1/ha]

able 3.2:Regeneration data

for the single groups as well as for all species. Deramakot 4 forest reserves
The groups have quiet different pattern. Where h>=1.5m, d<10cm h>=1.5m, d<10cm
group 1 and all species have their main peak all 4709F 3151 3960r2374
between 3001 and 4000 1/ha, in group 2, 3 and 1 3690F 2449 2969r1931

4 plots dominate without any regeneration, 2 649F 992 6341881
indicating, that  special environmental 3 307F 113 457188
circumstances like huge gaps are necessary to 4 3407560 311¥501

establish any seedlings. These circumstances
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might be a important condition in FORMIX3, which can not be figured out in these data. The information we can get is
the range over which regeneration can vary.

100
90 —®—all [%]
80 ——F1[%]
70 —A—F2[%]
S 60 —X—F3 [%)]
>
£ 50 —K—F4 (%]
>
8 40
T
30
20
10
0 T o) ~ F %%
o o o o o o o o o o o +
o o o o o o o o o o o
o o o o o o o o o o o
— N ($7] < n © N~ [¢0] (2] o o
& o o o o o o o o F.' 3
o o o o o o o o —
o o o o o o o o o
— N ($7) < n (o) M~ o 8

Regeneration [1/ha]

Figure 3.1 Frequency distribution of regeneration rates

3.1.2 Data from other forest reserve for FORMIX3 grouping

For better understanding of the forest structure the different basal areas are compared in Table 3.3. It can be seen, that
Kalabakan and Ulu Segama are very similar forest reserves, while in Deramakot and Lingkabau the average stand
conditions are slightly better, respectively worse.

Doing the same analysis than

with the Deramakot data we Table 3.3:Basal area in different forest reserves

achieve similar results, which Deramakot  Kalabakan Lingkabau Ulu Segama
means the forest reserves ar€yerage BA [fhal] 20.86 15.41 12.95 14.26
indeed comparable, but the  gidey [nf/ha] 9.23 6.38 5.57 6.96
analysis does not lead us t0  max. [nf/ha] 57.80 42.80 33.04 44.70
further interesting relation. The min [m?ha] 1.33 0.79 0.55 0.79

frequency distribution of the
regeneration rate can be seen in Figure 3.2. It is in most features identical to the one in chapter 3.1.1. Regeneration for
all species has its maximum at 3001-4000 1/ha, while group 2, 3 and 4 tend only to regenerate under certain conditions
(maximum at 0 1/ha). Only within group 1 the maximum is at 1001-2000 slightly different from the previous one.

The same detailed regression analysis can be done, but would not achieve any new information. The same trends for
Deramakot shown in Appendix C would be the result. The regeneration for the single groups represent the same trends
than the Deramakot data. The only difference are obvious in group 3, where regeneration gets up to 1600/ha, once even
up to 3200, were it has been 400/ha or below in Deramakot. Therefore we do not investigate any further in that
direction.

Because the regeneration data in these inventories do not represent the size class we are interested in and as &
consequence of the results achieved with the FORMIX3 grouping it is very unlikely that investigations with the new
grouping for FORMIX4 will lead to any new results which can be more than rough orders of magnitude and trends.

Therefore analysis for the FORMIX4 grouping are not carried out.
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Figure 3.2 Frequency distribution of regeneration rates for all 4 forest reserves

3.2. Literature studies

Various Ph.D. thesis and publications were studied for appropriate information about regeneration. Of course the
objective of the studies were different from ours, so information suitable for the parametrisation of the FORMIX model
were rare.

3.2.1 Kennedy (1991)

Kennedy observed the soil seed bank and counted seeds in canopy gaps of different size. There is no evidence, that seec
number depend on the size of a canopy gap - unless the gap is not bigger than 30 % canopy opening (measured with an
180 degree photograph interpretation) corresponding to 1268lled area.

He found (3437) seeds/(f* a), from which 41-60% are tree species. As a rough figure for the maximum amount of
seedlings we can therefore get:

e 14 - 20 seeds/(ft a) or

¢ 5600 - 8000 seeds/(plot * a), where plot is an area of 20m x 20m or

e 140000 - 200 000 seeds/(ha * a).

In this calculation annual fluctuations due to mass fruiting are not taken into account. But it is known that the past four
years before his study was performed no mass fruiting occurred in Danum Valley.

3.2.2 Brown (1990)

No information about humbers of seedlings. Ecological study of seedlings growth. There are shade tolerant seedlings,
which grow worse in better light conditions! This is something which is not happening in FORMIX3.

3.2.3 Moad (1992)

Moad counts seedlings systematically around selected mother trees. He gets 24200 seedlings/(ha * a), which lies in a
range Fox (1972) mentioned (6200 - 180 000 seedling/(ha * a)).

He found the following functional dependencies for the number of seedlings NS:
¢ NS =f(distance d to mother tree) = a-b*In(d), maximal distance = 60m
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*« NS#f(slope)
¢ NS = f(number of mother trees)
e no density depending mortality.

Seedlings growth depends strongly on the occurrence and duration of sunflecks. Their is a linear relation between the
relative growth RG [1/a] of seedlings and the average daily duration of sunflecks DSF [min/day] depending on the
species.

RG =-0.32 + 0.012 * DSF.

Furthermore, his study includes photosynthesis rate for 12 different seedling species, from whom only the maximum
photosynthesis R is available. These species all belong to FORMIX3 group 1 and 2 or FORMIX4 group 12 and 13.

3.2.4 Fox (1972)

Fox counts seedlings as a function of distance to the mother tree. For 19 dipterocarp tree species in different forest
reserves in Sabah and Peninsula Malaysia he gets:

e average seedlings: 1293  1/(plot * mother tree)

e standard derivation: 1170  1/(plot * mother tree)

e maximum: 3450  1/(plot * mother tree)

e minimum; 13 1/(plot * mother tree)

where plot are 400 M

Very seldom the seedlings occur further away than 40 m from the mother tree. In fact 45% (88 %) of the seedlings occur
within 10 m (30 m) distance to the mother tree.

3.2.5 Chim and On (1973)

0.60
Various investigations:
0.50 1
¢ Number of seedlings varies with soil
©0.40
type =
@
©
average seedlings: 2046  1/plot 50-30 |
standard derivation: 1387  1/plot g
maximum: 3588 1/plot Zo0.20
minimum: 131  1/plot ——data
where plot are 400 fn 010+ —B— regression
. . .. 0.00 : : : | :
« Density dependent seedling mortality 500 1000 1500 2000 2500 3000
with MN = 0.178723 + Seedli
eedlings [1/plot]
0.000119099* N, where [N]: 1/plot
(Figure 3.3)

Figure 3.3 Density dependent seedling mortality (from Chim and On)

¢ Percentage of seedling as function from the distance to mother tree:
10m 20m 30m 40m 50m 60m
38.5% 71.0% 85.3% 93.0% 96.8% 100.0%

3.2.6 Putz (1979)

This paper contains a four year analysis of fruiting, flowering and leave production. The forest studied lies in Sungai
Buloh Forest Reserve, Peninsula Malaysia is populated but is not dominated by dipterocarps. So 90% of the species of
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canopy trees have animal-dispersed propagules, which should not be the case in dipterocarp forests. However 30% of
the matured trees were permanently fruiting all over the year, while other 30% had a fruit peak every 2 years.

3.2.7. Manokaran and Swaine (1994)

In a 0.08ha plot in Sungei Menyala Forest Reserve, Peninsula Malaysia, the number of poles in 4 sizes (h > 1.5m, d <
2.5cm; 2.5cm d <5¢cm; 5cmx d <7.5cm; 7.5cmd <10cm) classes were measured. They found an average of 7529
poles/ha with an average diameter of 2.8cm. The distribution of the poles within the diameter range is exponential as
seen in Figure 3.4. With this relation it might be possible to extrapolate the amount of seedlings (h<=1.5m) out of the
diameter distribution of the Sabah inventories (chapter 3.1). It is well known that diameter distribution in virgin forests
are fairly exponential, but especially the lower diameter classes tend not to behave as predicated (UNESCO 1978).
Unfortunately there are no measurements for the adult trees in this plot, which provide a broader basis for further
assumptions. The subplot belongs to a 2ha plot with long-term observations and poles measurement was done in 1950
and 1982. It is possible to connect to pole data (in 5cm diameter classes) with the inventory in 1985, which leads to
Figure 3.5. The increase in stem number above 55cm happens because all bigger trees are summed up. The behavior i
obvious exponential, but the data below 5cm do not fit in any regression, which means a further extrapolation to the
amount of seedlings might not be very accurate and is not considered any further.
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Figure 3.4 Diameter distribution of poles in 0.08ha sampling plot,
Sungei Menyala Forest Reserve
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Figure 3.5: Diameter distribution in Sungei Menyala Forest Reserve,
Peninsula Malaysia
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3.3 Recommendations for FORMIX4

Detailed seedling numbers as parameter data for FORMIX4 should be based on appropriate field measurements. Within
this chapter it was shown that it is difficult to get these data out of inventory which were undertaken with a totally
different objective in mind as well as in an extensive literature study.

Nevertheless useful comments about the so called state of the art of regeneration in FORMIX3 and some improvements
can be done. These are concentrated on climax species due to a lack of data for the pioneers.

At the moment FORMIX3 has a regeneration rate of 13900 seedlings 1/(a x plot), from which 7900 belong to the
non pioneer species. [347500 / 197500 1/(ha x a)]. These seems to be far to high. In the data of Fox (1972) and
Kennedy (1991) who counted directly under seed trees the upper limit was 180000 to 200000 1/(ha x a).

I would recommend an upper limit of 8000 to 10000 per plot for high peak season after mass fruiting. But this level
again should be calculated out of field measurements.

Seedling input should be a function of the number of mother trees, which means number of trees of a certain
diameter. For emergent trees.f.~50cm seems suitable. For the other groups, expert knowledge may serve as
basis.

For each mother tree a basis amount NG of seedlings plus a variation NV might cover the whole available range
incl. mass fruiting which can be triggered for the whole stand with a random varialjié +1]. Regeneration NS
would be:

NS= NG+ NV (3.1)

r might be weighted with a normal distribution. A time interval between mass fruitings might be assumed and
trigger the variable r.

The main amount of seedlings (40%) establishes in the plot of the mother tree, another 40% establishes in the eight
neighboring plots (5% each) and the remaining 20% are equally distributed over the rest of the 1 ha stand (1.25%
each plot).

[l FPatchof the mother tree, 40% of seadlings

B Heighbouring patches, 5 % of seedlings each patch

:- [1 ERest,1.25% of seedlings each patch

—
20 m

Figure 3.6: Distribution of seedlings around a mother tree in a 1 ha simulation area

Seedling mortality (all trees with h<=1.3m) should be density dependent according to Figure 3.3.

The range of stem numbers (d<=10cm) in the inventory data (main peak at 3000-4000 1/ha, range up to 10000 1/ha)
should be used as a target to which the seedling input can be adjusted.
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Chapter 4: Mortality

In this chapter it is attemped to improve the knowledge about tree mortality in rain forests, especially in Sabah. The
objective of investigations is, whether there are any relationships between mortality rate and functional groups, tree size
or tree growth. Until now in the FORMIX3 model mortality is mainly performed as a function of diameter increment and
tree size based on a study by Swaine (1989) in West Malaysia.

Again | analyze data which were available at the Forestry Department and studied some publications about mortality to
come up with some useful recommendations for FORMIX4.

4.1 Data from permanent sampling plots

The data available for analysis are from four different forest reserves. In each reserve the number of records and the time
between two recordings varies widely. Therefore it is not possible to analyze the data set as a whole, we have to
concentrate on single case studies for the different forest reserves and try to derive a general trend at the end.

The data set has the following characteristics:

Table 4.1: Technical information about the data set

Forest reserve size [ha] A B C D E F G

Garinono 2 871 1973-1982 9 10 1 45 284; 285

Gunung Rara 11 4978 1981-1990 9 7 1-2  11-12 691-695; 702-707

Segaliud Lokanl 7 4258 1982-1992 10 3 5 25 571; 573; 575; 577-579; 5710
Segaliud Lokan2 1 365  1972-1985 13 8 1-2 8 601

Sepilok 4 2218 1973-1993 20 5 5 19 541; 542; 544; 545

Legend: A: number of trees at first enumeration

B: time of observation

C: length of observation [a]

D: number of recordings

E: time between two recordings [a]

F: time between last logging and first inventory [a]
G: name of plots

It can be seen, that the data were all taken in logged over forest with a wide range of time (8-45 a) past after logging and
before the first inventory was taken. This has to be taken into consideration when the data are interpreted, mortality in
virgin forest might differ significantly from the logged over forest which is analyzed here. There is no information about
the intensity of logging and the forest structure right after the impact.

4.1.1 Stand structure of the forest reserves

In Figure 4.1 the diameter distribution of the different sample sites are shown. The sites have quiet different structure
which can also be seen in the total stem number and basal area (Table 4.2). Total stem number varies from 365 1/ha in
Segaliud Lokan2 to 608 1/ha in Segaliud Lokanl, the range of basal area goes from 12 m2/ha to 31.3 m#/ha in the same
two forest reserves. Apart from Gunung Rara they are all in the lowland areas with elevation under 300 m.

Table 4.2: Stem number and basal area at the
beginning of observation for trees with
d>=10cm for different forest reserves

Forest reserve N [1/ha] BA [m?/ha]

Garinono 435.5 28.3
Gunung Rara 450.4 17.4
Segaliud Lokanl 608.3 31.3
Segaliud Lokan2 365.0 12.0

Sepilok 554.5 24.6
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Figure 4.1 Diameter distribution of different forest reserves

The following Figures 4.2 and 4.3 show the distribution of the trees in different functional groups. We show both the old
FORMIX3 and the new FORMIX4 grouping. In the old grouping the huge amount of pioneers especially in Garinono,
Gunung Rara and Segaliud Lokan2 are worth noticing. In the more detailed FORMIX4 grouping four groups (5, 9, 11,
12) seems to dominate the stands.

A detailed listing of the different stands divided in diameter classes and functional groups is found in Appendix D.

100%
90% T . B unknown
80% T BF3Grp 4
70% T ME3Grp 3
g 60% + BF3Grp 2
g 509% | OF3Grp 1
;-:- 40% T
30% T
20% T
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0% : : : :

Garinono Gunung Segaliud Segaliud Sepilok
Rara Lokan1 Lokan2
Forest reserve

Figure 4.2: Tree distribution in FORMIX3 groups
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Figure 4.3 Tree distribution in FORMIX4 groups

4.1.2 Theoretical calculations for deriving the mortality rate

One has to calculate the mortality rate carefully. Because field measurements as well as computer simulation with a time
stepAt need a discrete consideration, while normally a theoretic approach would assume an infinite dtevetep
can be regarded as continual. We try to calculate now, how mortality rate can be achieved from the field data.

In FORMIX3 the losses of tre@ according to mortality M is calculated in Huth et al (1996) with Eq (1) and (16) to:

N _ M [N(t) 4.1
dt - 1 ( . )

with N is the number of treeit the infinite time step. Solving the differential equation leads to
N(t) = N(t,) [expE M) (4.2)

This is the logarithmically approach used in literature. M is the relative mortality rate (unit: [1/a]). In practice however
the time stept is to large to be considered as infinite, so that we have to have a look at the discrete formulation:

At I '
or
N, = N, [{1- MIAY), (4.4)

where N is the tree number at time I, the tree number at timg;tandAt the time step between two discrete times. It
has to be mentioned that no regeneration, which might increase the initial number of trees, is considered. Following tree
numbers can be calculated iteratively from the origin numbeat i.

N, = N, {1~ MAt)’. (4.5)
With m as the relative part of,Mhich is dying in the timét the equation becomes to:
N, =N, [1-m'. (4.6)

If we have two inventories j and j+1 with a time steg\bbetween them, mortality m is calculated from the data as:
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m=———= (4.7)

Because generally the time st&pis too big, discreting can not be done easily by M = A. /A parameter for the
exponential function has to be found which represents the discrete points in time. Let it be:

M'=Inl-m) or exp(M)=1-m (4.8)
Eq. (4.6) and eq (4.8) lead to
N, = N, Cexp(M' ). (4.9)
The transition to the continuum equation derives:
N(jAt) = N, @xp@%[j mtg. (4.10)
The discrete data are interpolated with the continuum equation of the type of eq. (4.2) with
M =—M:—M. (4.11)
At At

Only for At<<1 with m<<1 it is In(1-m)Y m, but not generally, which leads to the expected M =Am The mortality
rate M we are interested in therefore is derived with the following equation:

Iné ”lé
M = (4.12)
At

N, =N

4.1.3 Average mortality rate

Average annual mortality rate M independent on tree size and growth is calculated using eq (4.12). The results are
summarized in Table 4.3. The mortality rate M varies widely from 0.24% to 6.34%. Literature studies show, that the
expected average mortality rate should be between 1% and 3% (see chapter 4.2). Therefore the data seems to presen
rain forest stand which show different mortality behaviour than expected. If the time past after the last logging is taken
into consideration, the forest in Garinono had the longest period of 45 years for regeneration and present the most intact
forest within these sample. Its average mortality rate of 2.59% seems the most realistic one. The higher mortality in
Segaliud Lokan and Sepilok might be an effect of the logging, which happened 8 to 25 years ago. One has to consider
the high part of pioneers with a higher mortality rate than climax species within some forest reserves (Gunung Rara and
Segaliud Lokan2). Higher mortality can also occur due to a droudt@88/83 with nearly no rainfall at all for eight

months, which effected parts of the forest reserve Segaliud Lokan. There seems to be no suitable reason for the very low
mortality rate in Gunung Rara, where logging was performed 11 to 12 years before data were taken.

Table 4.3: Average mortality rate M

Forest reserve Trees at first Death intime of At[a] M [%/a]
census observation
Garinono 871 181 9 2.59
Gunung Rara 4978 108 9 0.24
Segaliud Lokanl 4755 1700 10 5.10
Segaliud Lokan2 365 205 13 6.34

Sepilok 2218 1416 20 5.09
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To investigate the influence of the drought further the mortality as a function of time is visualized in the following
figures. It can be seen that in Garinono and Segaliud Lokanl the mortality is fairly constant, varying from 0.9%/a to
5.0%/a. and 5.0%/a to 5.2%/a respectively, while in Segaliud Lokan2 and Sepilok there are sharp increases in mortality.
In Segaliud Lokan2 after eight years of no dying trees at all, mortality rises after 1982 up to 36.7%/a. In Sepilok M rises
from moderate 2.8%/a after 1983 to 9.6%/a in 1993. This might be correlated with the drought as well.

However for the analysis of data we take all inventories into consideration to rely on a data set as large as possible.
Keeping in mind the effects of the drought it seems that the forest reserves Garinono and Segaliud Lokanl might lead to
the most reasonable results, Sepilok with some deficiency according to the drought.

Mortality M [%/a]

0 : : ‘ ‘ ‘ ‘ ‘
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Figure 4.4: Mortality over time inGarinono. M is the mortality for the previous time stéy, cumthe cumulative
mortality of the past years.
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Figure 4.5: Mortality over time inGunung Rara. M is the mortality for the previous time sté&$, cumthe cumulative
mortality of the past years.
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Figure 4.7: Mortality over time inSegaliud Lokan2 M is the mortality for the previous time stéy, cumthe
cumulative mortality of the past years.
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4.1.4 Mortality as a function of species group

FORMIX3 grouping

The mortality rate for the different FORMIX3 groups are shown in Figure 4.9. It is quiet obvious, that the rate for forest
reserve Gunung Rara differs significantly from the rest. Therefore Gunung Rara is not taken into account for further
statistical analysis. A multi sample comparison shows significant difference between group 3 and the other three groups.

The average annual mortality rates vary from 2.5 % (group 2) to 3.8 % (group 1) except group 3 which has 8.1%. They
are illustrated in Figure 4.10.

A detailed listing of the number of dead trees and the correspop@tegt for significant differences from the average
mortality are found in Appendix E. These additional tests show, that most of the functional groups have a mortality rate
significantly different from the average rate. In Table 4.4 the distribution of the probabilities that the mortality does not
vary with functional group is documented. It is obvious that in all forest reserves apart from Gunung Rara two or more
groups have a probability P<0.1. Only in Garinono and Gunung Rara there are two and three groups respectively with
P>0.1 (one/two groups even with P>0.5), which indicates, that in these forest reserves the mortality rate does not differ
too much in different groups. Howeveratest for the whole data set,(Pn Table 4.4) indicates, that not in a single
reserve the mortality rate stays constant in different functional groups.
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Figure 4.9 Mortality M in different forest reserves for the FORMIX3 groups
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Figure 4.10: Average mortality M incl. standard derivation in FORMIX3 groups
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Forest reserve P>0.5 P>0.1 P<0.1 P<0.05 P<0.001 a P

Garinono 1 1 2 <0.001
Gunung Rara 2 1 1 1 0.002
Segaliud Lokanl 4 <0.001
Segaliud Lokan2 2 2 <0.001
Sepilok 1 1 2 <0.001

Table 4.4: Distribution of probability P fory®analysis of mortality in different
FORMIX3 groups. Statistical details are found in Appendix E. A high probability
indicate that the mortality of the single functional group does not vary significantly
from the average mortality ,Pis the probability for the whole data set.

Conclusions have to be drawn from the two different results. A multi sample analysis for all reserves indicates only a
difference between mortality in group 3 and the other groups, whid@alysis for the single forest reserves indicates

that most groups have significant different mortality rates. Normally one might expect that mortality does not vary a lot

in different samples. However the different reserves have a different history and it is therefore not automatically justified
to analyze average data from the reserves. Nevertheless the aim of this investigation is to derive average values for
Sabah’s lowland dipterocarp rain forest. For that reason | tend to prefer the results of the multi sample analysis. If data
for a lot more reserves would be available one might decide in single cases to rely on the data of a specific forest
reserve.

FORMIX4 grouping

Annual mortality M as a function of functional groups for the FORMIX4 grouping is shown in Figure 4.11. Results from

the Gunung Rara forest reserve again have a significant lower mortality, so that they are taken out of further analysis. A
multi sample comparison show a significant difference between group 5 and all the other groups. For the groups 2, 7 and
13 only in some forest reserve trees exist in a small number, so these data are too few to make any statistical statement.
In Figure 4.12 the annual mortality rate M averaged over the forest reserves and the standard derivation is drawn. M
varies (excluding group 2, 7 and 13) from 2.0% (group 3) to 6.3% (group 1) for all groups except group 5, which has a
M=15.2%.

Again a detailed listing including statistically analysié-{est) are found in Appendix E. The tests prove the significant
difference in mortality rate of most functional groups from the average mortality. In Garinono, Gunung Rara and
Segaliud Lokan2 more than half of the functional groups have a probability P>0.1, for 5, 5 and 1 groups respectively
P>0.5, indicating no significant variation from the average mortality. In the other reserves at least half of the groups
have a probability P<0.1 indicating significant differences from the average value. A statistic for the whole data set leads
to probabilities E<0.001 even for the forest reserves Garinono and Segaliud Lokan2, umiyn@Rara has a slightly

higher P-value of f/=0.035. These indicates that the mortality for different groups varies significantly from the average
value.
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Figure 4.11 Mortality M in different forest reserves for the FORMIX4 groups
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Figure 4.12 Average mortality M incl. standard derivation in FORMIX4 groups

Forest reserve P>05 P>0.1 P<0.1 P<0.05 P<0.01 ar P

Garinono 5 4 1 2 <0.001
Gunung Rara 5 6 1 1 0.035
Segaliud Lokanl 3 2 7 <0.001
Segaliud Lokan2 1 6 4 <0.001
Sepilok 2 2 2 8 <0.001

Table 4.5: Distribution of probability P fory*analysis of mortality in different
FORMIX4 groups. Statistical details are found in Appendix E. A high probability
indicate that the mortality of the single functional group does not vary significantly
from the average mortality . Fis the probability for the whole data set.

Following the same arguments than in the previous section the results of the multi sample analysis should be regarded as
more important than thg™-analysis for the single forest reserves.

Light demand grouping
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Figure 4.13a Mortality M in different forest reserves for the light demand groups
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Figure 4.14k Average mortality M incl. standard derivation in light demand groups

Following the ideas from the previous section the mortality rate depending on light demand groups can be analyzed (Fig.
4.12a & 4.12b). Again Ghung Rara has a unexpected low mortality rate and is taken out of further analygistéidte

shows as well as the average vales (Fig. 4.12b), that mortality varies signifigantly for different light demand groups as
seen in Tab. 4.6a, where again the P-values are listed. For all forest reserves P-values are very low,gf@nthiee P

whole sample. Mortality rate for pioneers is significantly higher (7.1%) than the rates for shade-tolerant (4.2%) or
intermediate species (3.6%).

Forest reserve P>0.5 P>0.1 P<0.1 P<0.05 P<0.01 ar P

Garinono 1 2 <0.001
Gunung Rara 2 2 0.010
Segaliud Lokanl 4 <0.001
Segaliud Lokan2 1 1 3 <0.001

Sepilok 1 3 <0.001

Table 4.6a Distribution of probability P fory*analysis of mortality in different
Light demand groups. Statistical details are found in Appendix E. A high probability
indicate that the mortality of the single functional group does not vary significantly
from the average mortality ;Pis the probability for the whole data set.

Height grouping
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Figure 4.15c Mortality M in different forest reserves for the height groups
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Figure 4.16d Average mortality M incl. standard derivation in light demand groups

Forest reserve P>05 P>0.1 P<0.1 P<0.05 P<0.01 ar P

Garinono 3 2 0.326
Gunung Rara 1 3 1 1 0.068
Segaliud Lokanl 1 1 4 <0.001
Segaliud Lokan2 1 2 3 <0.001
Sepilok 1 1 4 <0.001

Table 4.7h Distribution of probability P fog*-analysis of mortality in different

height groups. Statistical details are found in Appendix E. A high probability indicate
that the mortality of the single functional group does not vary significantly from the
average mortality. [ is the probability for the whole data set.

The same analysis as for the light demand groups can be performed for the height groups. Again Fig.4.12c shows
mortality rates for different forest reserves, Fig. 4.12d the average mortality withoutwtatag@ara. In Tab. 4.7c the
P-values derived from thg>-test are shown. This time in Garinono and Gunung Rara there is no significant difference
for different height groups, where for the other three reserves significant difference is obyjou®. @01, more than

half of the P-values <0.05). Apart from height group (15m-25m) (M=8.6%), where most of the pioneers are grouped in,
there is a slight trend of lower mortality rate for species with higher potential maximum height (M is 6.3% and 4.3% in
the smaller growing groups and 3.2% / 3.7% in the higher growing groups).

4.1.5 Mortality as a function a tree size

In determining the mortality as a function of tree size we choose the tree diameter at breast height as size characteristic.
Doing so the dying trees are normally grouped in the diameter class they had at the first inventory. By the time they are
dying it is very likely, that they have a different diameter. However it is not possible to analyze data for the current
diameter, if not a huge area with a very frequent census is the source of the data.

5cm diameter classes

In this first approach we choose diameter classes of 5 cm width. In the following figures 4.13-4.17 the annual mortality
rate M as a function of diameter is shown for the different forest reserves. The second drawing in the graphs is always
the average mortality in this particular reserve.

In Garinono the mortality does not vary a lot with the tree size. In the Gunung Rara reserve their seems to be an increase
in mortality to bigger size classes. In diameters below 40cm mortality reaches not even 1%, where it rises up to 4% for
trees with 60cm in diameter. Gunung Rara again shows very untypical behavior strengthen the suspicious about any
mistakes in the data set. All the other three forest reserves show a trend, that mortality does decrease in bigger size
classes. However it has to be considered that there are only very few big trees in the sample plots which might lead to
misinterpretations of mortality in this short periods of census. Mortality in Segaliud Lokanl & 2 is below average in
small size classes (d<=15cm). The high peak of more than 12% mortality in Segaliud Lokan2 might happen due to the
big number of pioneer species in this site. In Segaliud Lokanl and Sepilok the amount of pioneers is relatively smaller,
so the species group might not be the main reason for these mortality pattern.
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Figure 4.17:Mortality rate of trees (d>=5cm) in 5cm size classeSaninono
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Figure 4.18:Mortality rate of trees (d>=5cm) in 5cm size classeSumung Rara
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Figure 4.19: Mortality rate of trees (d>=5cm) in 5¢cm size classeSdgaliud Lokanl
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Figure 4.21: Mortality rate of trees (d>=5cm) in 5¢cm size classeSapilok

A detailed listing of the number of dead trees and the correspop@tegt for significant differences from the average
mortality are found in Appendix F. These additional tests show very different results for the individual forest reserves.
In Table 4.6 the distribution of the probabilities P that mortality does not vary with tree size are shown. In Garinono and
Segaliud Lokan2 all but one size class have a P-value >0.1, in the first reserve even 10 classes gain P>0.5, indicating,
that mortality does not vary with size class. It has to be considered that in Segaliud Lokan2 all size classes above 40cm
are poorly inhabit. In the three other reserves more than half of the size classes have P-value P<0.1, indicating
significant differences in mortality from the average rate.

Forest reserve P>0.5 P>0.1 P<0.1 P<0.05 P<0.01 al P

Garinono 10 4 1 0.52
Gunung Rara 2 3 5 5 <0.001

Segaliud Lokanl 3 3 3 1 4 0
Segaliud Lokan2 2 9 1 0.002
Sepilok 3 1 1 9 <0.001

Table 4.8: Distribution of probability P fory®-analysis of mortality in different tree
size classes (5cm diameter width). Statistical details are found in Appendix F. A high
probability indicate that the mortality of the single functional group does not vary
significantly from the average mortality,Hs the probability for the whole data set.
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The probabilities | for the whole data set are very low,0.005) for all but Garinono which has a P-value >0.5.

Again this indicates constant mortality in all size classes in Garinono and a functional coherence between mortality and
size class in the other reserves. However there seems not to be a relation which describes the coherence generally, it is
very different in different sites. Therefor it is difficult to derive a general formalism for the FORMIX4 model.

20cm diameter classes

In most cases the data set is so small that in a distribution in 5cm classes there are often classes with very few or no
trees. For better statistical analysis we therefore apply a distribution in diameter classes of 20 cm width and do the same
analysis than in the previous section.

Trends seen in the previous section are confirmed in this analysis. In Garinono and even in Segaliud Lokan2 the
mortality rate of the different size classes does not differ much from the average annual mortality, while in Segaliud
Lokanl and Sepilok there is the clear trend for lower mortality in higher size classes. Gunung Rara again shows the
abnormal trend of higher mortality in big trees. The only astonishing result is an increase of mortality in middle sized
trees in Segaliud Lokan2 compared to the 5¢cm classes. This might be due to only one tree per size class in the 5¢cm
distribution, from which it is not possible to derive a mortality rate and therefore M is assumed to be zero.
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Figure 4.22: Mortality rate of trees (d>=5cm) in 20cm size class&Sannono
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Figure 4.24:Mortality rate of trees (d>=5cm) in 20cm size classeSdgaliud Lokanl

Mortality M [%/a]

005-020 020-040 040-060 60+

Diameter class [cm]

Figure 4.25:Mortality rate of trees (d>=5cm) in 20cm size classeSdgaliud Lokan2
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Figure 4.26: Mortality rate of trees (d>=5cm) in 20cm size classeSdpilok
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Forest reserve P>05 P>0.1 P<0.1 P<0.05 P<0.01 ar P

Garinono 3 1 0.217
Gunung Rara 1 3 <0.001
Segaliud Lokanl 1 1 2 <0.001
Segaliud Lokan2 3 1 0.243
Sepilok 4 <0.001

Table 4.9: Distribution of probability P fory%analysis of mortality in different tree
size classes (20cm diameter width). Statistical details are found in Appendix F. A high
probability indicate that the mortality of the single functional group does not vary
significantly from the average mortality,?s the probability for the whole data set.

By analyzing the probability distribution (Table 4.7) only in the forest reserves Garinono and Segaliud Lokan2 more
than half of the size classes have a P-value>0.5, indicating no variation of mortality with tree size. The same result is
achieved by interpretation of the,®alue, which is >0.2 for the two mentioned reserves. In the other three forest
mortality differ significantly from the average value. However there does not seem to be a simple functional context
between mortality and tree size.

4.1.6 Mortality as a function of tree size and species group

This analysis applies the two filters (species group and tree size) which were used in the two previous section
independently.

Using the knowledge from the previous section we only investigate mortality as a function of species group for
FORMIX3 grouping and tree size for 20cm class width. The other possible combinations (FORMIX4 grouping and 5cm
class width) will lead to classes with very few or no trees inside, where it is not possible to derive a mortality rate. Even
with this classification it is not possible to appl¥Zatest, because various classes are not occupied leading to a data
sample which will not pass tfé equations (division by zero).

The detailed listings of mortality rates and dying trees for the different forest reserves with the used classifications is
found in Appendix G.

Trends in the mortality are the following:

¢ In Garinono groups 1 and 4 have a fairly constant mortality over all tree sizes, while in group 3 mortality decreases
with increasing tree size. For group 2 only one reading at the lowest diameter class does not give information about
size distribution.

¢ In Gunung Rara forest reserve especially group 2 shows a significant increase in mortality from below 1% for small
tree up to 12% for trees with d>60cm. In all other groups M tend to increase only slightly to bigger trees size.

e Segaliud Lokanl: Again in group 3 mortality M tends decrease significantly for bigger tree size, while the other
groups have a fairly constant mortality rate for different size classes.

e Segaliud Lokan2: In group 3 there might be an decrease in mortality to bigger tree size, unfortunately there are no
recordings for trees with d>40cm. For all the other groups it seems that M is not varying much with different size.

« In Sepilok forest reserve we do not achieve the same decrease of mortality M in group 3. M is constantly high in
this group, while a decrease of mortality to bigger size classes can be found in group 1. For the other two groups no
distinct pattern in mortality rate can be found.

Summarizing the analysis it seems that mortality as a function of species group and tree size might be weaker than the
dependency on the individual stand site conditions. Some pattern are found repeatedly in more than one reserve
(decrease of mortality rate to bigger tree size in group 3; constant mortality rate over tree size in group 1, 2 and 4), but
there are always examples which do not confirm this results.



31

OF3grp1
B F3grp2
B F3grp3
B F3grp4

HIHI i

005-020 020-040 040-060 60+

Mortality M [%/a]

Diameter class [cm]

Figure 4.27:Mortality rate of trees in 20cm size classes and functional grouparinono

14
OF3grp1
27T B F3grp2
T 107 BF3grp3
= gl B F3grp4
=
2 -1
?E 6
g .|
PRt
0 41 —= } } m }
005-020 020-040 040-060 60+

Diameter class [cm]

Figure 4.28: Mortality rate of trees in 20cm size classes and functional groupsrinng Rara
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4.1.7 Mortality as a function of diameter increment

In this section the correlation between growth in terms of diameter increment and annual mortality is analyzed. The
detailed listing of mortality rates depending on tree growth is found in Appendix H.

Because not for every tree which was counted in the first enumeration a growth measurement is available the sample size
is reduced again, especially in the forest reserve Segaliud Lokanl, where only 3 measurement are available. Only trees
which exit in the first inventory and do not die before the second inventory produce data which can be analyzed.
Therefore in some forest reserves (e. g. Segaliud Lokanl) it seems that the distribution of mortality rate over the
increment classes might have a different average mortality than the one shown in the Figures 4.28-4.32. For the average
mortality the trees, for which no increment data were available were considered as well.
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Forest reserve P>05 P>0.1 P<0.1 P<0.05 P<0.01 a P

Garinono 7 3 2 <0.001
Gunung Rara 2 6 1 3 <0.001
Segaliud Lokanl 1 1 10 <0.001
Segaliud Lokan2 4 6 2 0.069
Sepilok 1 2 9 <0.001

Table 4.10: Distribution of probability P fory®analysis of mortality in different
diameter increment classes. Statistical details are found in Appendix H. A high
probability indicate that the mortality of the single functional group does not vary
significantly from the average mortality,®s the probability for the whole data set.

The trend of the relationship between mortality rate and diameter increment is quiet different in the various forest
reserves. In all but Segaliud Lokan2 no or a negative increment has a significant higher mortality, in Gunung Rara the
mortality of the class with small increment (0-1 mm/a) is even higher than the class with negative increment. In Segaliud
Lokanl the mortality decreases with annual diameter increment, while it stays fairly constant over the increment range in
the other forest reserve.

This pattern can be seen again in the distribution of probability P gfttest. Segaliud Lokan1 and Sepilok are the

only reserve with more than half the increment classes with a P-value<0.1, indicating a significant difference from the
average mortality rate. In the other forest reserves more than half the increment classes have a probability P>0.1
indicating no significant difference from the average mortality rate.
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Because of the small data set | do not try to find relationships between mortality rate and diameter increment in different
functional groups. For this analysis a much larger data set is necessary.

It is a well known problem in the FORMIX3 model, that a mortality rate as a function of diameter increment tend to
effect large trees a lot. Trees which reach their maximum size in the model do grow only very little each year. A
mortality function which would increase mortality in trees with little annual growth might increase mortality in matured
trees more than observed in nature. For that reason it would be interesting to analyze mortality as a function of diameter
and diameter increment. Unfortunately the data set is too small for this purpose. Their are seldom tre@dewth d
becuase most of the PSP are logged, regenerating forests. However a brief analysis of big trees show, that their diameter
increment is spread over the whole range from no increase up to 10mm/a (in Sepilok forest reserve). The mortality rate
in the very little cases where the increment classes are occupied do not indicate a higher mortality in larger diameter and
low increment classes.

4.2 Literature data

4.2.1 Manokaran and Kochummen (1987)

The data source for this paper were long term investigations (1947-1981) on a 2 ha piogen Menyala Forest
Reserve, Peninsula Malaysia. It is an dipterocarp forest, dominated by ‘red meranti timber’, which are the species
Dipterocarpus and Shorea. It is a mature to over-mature forest as near to virgin as possible.

Basal area (@10cm) varies between 30.05 and 33.3 m#/ha. Tree dens&ity(dm) is in the range 537.5 to 461.5 1/ha.
Annual mortality rate M is calculated with the log-model explained in section 4.1.2.

Annual mortality is 2.02% with no variation in different diameter classes.

Mortality rate however varies within different species groups. The author distinguish the following five groups:

« Emergents (E) 1.43 % mortality per year

e Main canopy (MC) 1.82 % mortality per year
e Understorey (U) 2.58% mortality per year

e Pioneers (P) not enough data
e Late seral (LS) 3.29% mortality per year
e P+LS 3.77% mortality per year

where ‘Late Seral’ are light demanding but relatively shade tolerant species during late stage of succession. They can
form parts of a matured forest.

The paper further presents a diameter increment analysis, but without relation to mortality.

4.2.2 Manokaran and Swaine (1994)

This book contains research results from three forest reserves (A: Bukit Lagongnd®i $Menyala, C: Pasoh) in
Peninsular Malaysia, from which one is the study site in chapter 4.2.1. The length of observation varies from 13 to 38
years.
Again the mortality rate is calculated with the log model.
Results are:

* Average mortality rate varies from 1.39% (A), 2.03% (B) to 2.07% (C).

e Mortality as a function of diameter: There seems to be no variation of mortality rate with diameter in two study

areas (B, C), where in A the mortality in the bigger diameter classes (50-60 cm) rises to nearly twice the average
value .
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« Mortality as a function of diameter increment: In study site A and B there is a significant higher mortality in trees
with negative or poor increment and a drop of mortality to larger increment rates. In study site C the data set is
poor for further interpretation. Only one increment measurement over seven years is correlated with a mortality
estimation of following five year. In these data the mortality of tree with negative growth is surprisingly low and
the overall variation is smaller compared with data set A and B.

« Mortality as a function of functional group: Similar results than in 4.2.1 can be seen here. The mortality rate is
lower in species groups with a higher potential maximum size. They are in detail:

Table 4.11: Mortality rate for different species groups.
A, B, C refer to different forest reserves

Species group A[%] B[% C[%]
Emergents 1.11 1.44 1.65
Main canopy 1.33 1.8 1.90
Unterstorey 1.45 2.58 2.35
Pioneer - - -

Late-seral 2.74 3.26 2.65

Pioneer + Late-seral 3.60 3.69 3.12

average 1.39 2.03 2.07

4.3 Recommendations for FORMIX4

Mortality seems to be very sensitive for different circumstances. Environmental factors like droughts and site quality as
well as logging seems to effect mortality on a long scale. It is therefore not easy to derive principles or functional
relationship s between mortality and various other features. For a general modeling approach which tries to cover most
possible situations, a very simple formalism seems to be the most appropriate, while special feature like depending on
diameter increment might be a good approach for selected sites with a good data base available.

For a final statement | like to concentrate mainly on results from the forest reserves Garinono, Segaliud Lokanl and
Sepilok. Gunung Rara is the largest data set, but all the features in this reserve tend to oppesientcharacteristics

of the other reserve. And mortality seems far too low to take it as a long term average rate. Segaliud Lokan2 data is only
based on a 1ha sample site, which is to small for most of the statistical tests.

Adding all available information together the following topics might be the best approach in the FORMIX4 model,
whose target is modeling large areas of different site quality. In general | will figure out trend whereas absolute
parameter values are difficult to define. Larger study areas (50ha plot in Pasoh, Peninsular Malaysia and 50ha plot in
Lambir, Sarawak which are all primary forest) might be the appropriate sources for further investigations.

« Mortality rate M might vary with time due to water stress in unusual long dry seasons. In single cases M might rise
up to 30%/a for a short period of time.

¢ Mortality does vary with functional group. Pioneers have a significant higher mortality (especially FORMIX3
group 3 and FORMIX4 group 5). For the other groups differences in average mortality are small and fall within the
range of the standard deviation.

* Mortality seems not to vary with tree size. In Sepilok reserve M might be smaller with larger trees, which can be a
feature for a selected case study.

¢ In the permanent sample plot there are no information about seedling mortality. | like to refer to results archived in
chapter 3 for small trees.

« If one distinguishes species group and tree size for mortality pattern there are selected cases, where M decreases
for bigger trees in emergent or pioneer species. However this seems not to be a general pattern.
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* Mortality is significant higher in trees with no or negative increment. However near matured trees do tend to have
the whole range of increment, which does not allow them a higher average mortality, as it would happen if a
increment dependent mortality is applied in the FORMIX model.

¢ Over the range of diameter increment in most cases mortality in constant. In selected cases it might decrease for
larger diameter increment.

Finally 1 would like to recommend to keep mortality rate and functional dependencies as simple as possible. Various
relationship do tend to appear in nature, but the only general features which can be applied for all study sites seems to be
a higher mortality rate in pioneer species and within very small trees.
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Chapter 5: Summary

Within this project three different objectives have been the target of investigations.

1.

Species grouping. Based on expert knowledge a grouping of 436 tree species occurring in Sabah rain forests was
undertaken in 5 height groups (criteria 1) and 3 light demand groups (criteria 2). An independent performance of
both groupings results in max. 15 final groups, from which three (lowest height layer) are considered as identical.
Ending up with the resulting 13 groups this new species grouping should be the basis for a further development of
the FORMIX4 model. Height-to-diameter-curves still have to be improved for this new grouping.

Regeneration: Data from inventories in four different forest reserves in Sabah were analyzed for regeneration of tree
species. Because the field data did not content the tree size we are interestéBm)(lve can only end up with

some orders of magnitude and general features about regeneration. Additionally interesting publication and Ph.D.
thesis’ were analyzed. As a result it seems that the number of seedlings varies widely and depends on the distance to
the mother trees, the number of mother trees and a biological phenomenon called ‘mass fruiting’ which occurs every
4-6 years. Some functional relationships between number of seedlings and their occurrence in the FORMIX4 model
can be mentioned, however the defined numbers of seedlings are better taken out of the research undertaken parallel
to this study by Mr. Klaus Werner. His results combined with the expected range for small trees might give a good
basis for site quality dependent regeneration pattern.

Mortality: Data from permanent sample plots in four different forest reserves over different lengths of time were
analyzed for relationships between annual mortality rate and functional group, tree size, tree growth and various
combinations of the latter. Some of the data sets were strongly influenced by a drdl@f#2/88 which makes it
impossible to present reliable figures for the mortality. Therefore again only trends can be worked out. Mortality
seems to be significant higher in pioneer species, for trees with no or negative increment and seedlings depending
on their tree density. All other relations are not confirmed over the whole range of the data set, but might be used in
single case studies. They are:

« Decreasing mortality rate in big trees, especially for single functional groups (pioneer and emergent).

« Decreasing mortality rate in trees with large annual diameter increment.

* Increasing mortality over a short period due to environmental circumstances (e. g. droughts, ‘El Nifio).

As general it can be said that there are very few principle pattern in regeneration and mortality which can be applied for
simulation of rain forest. A worthwhile investigation might be the analysis of a data set of a huge area over a long period
of time like the established 50ha plots in Lambir, Sarawak and Pasoh, Peninsular Malaysia. Unfortunately these data set
were not available for this study.
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Appendix A: Species list with all available information

The following table contains all available information about the species, including the grouping for FORMIX4 with all
the previous sub steps. It also contains information collected by Andreas Huths working group about maximum height
and wood density.

The table is two pages wide and 11 pages long!

The legend below describes the columns in detail.

Legend:

SP_NAME full botanical name

SP_LOCAL full local name

SPC_CODE Forest Research Center code

SPCD_HQ Headquarters code, used in inventories

SP_TGRP timber code, see Ong and Kleine (1995), p.20

SP_GRP unknown grouping

SP_IN increment grouping according to Ong and Kleine (1995)

F3 grouping in FORMIX3

SP_VO grouping for volume in Canadian inventory

SP_HT grouping for height in Canadian inventory

SPC_GRP Reinhold's grouping, mixture of SP_GRP, SP_VOL_EQ and expert knowledge

HMAX1 maximum height [m] due to literature studies

H4 1 height grouping of HMAX1 with Busch(1), klein(2), mittel(3), klein-mittel(2), klein-gross(3)

GIRTH maximum girth [m] due to literature studies

DIA calculated max. diameter [cm] from GIRTH

HMAX2 maximum height calculated from max. diameter and Reinhold's preliminary hd-curves

H4 2 height grouping of HMAX2

DIFF_H4 difference in HMAX1 and HMAX2

DENSITY wood density [kg/m?] due to literature studies. This should be air dried wood.

HF4_N height grouping of SPC_GRP due to max. height of hd-curve and FORMIX layers

LF4_MR light demanding grouping of Masirum Rundi

LF4 final light demanding grouping, where unknown in LF4_MR grouped according to height
(h<=15m (3), h>15m(2))

HF4 final height grouping where HF4_N is corrected for small (h<=25m) growing trees with
H4 1 and H4_2 (first one dominates)

F4 final FORMIX4 grouping

C_SPHQ counts the number of species in SPCD_HQ

DERA tree number of this SPCD_HQ in Deramakot inventory

DERA W Deramakot inventory weighted with COUNT_SPHQ

DERA % relative species share at Deramakot inventory

D_MIN minimum diameter of trees occuring in Deramakot inventory

D_MAX maximum diameter of trees occuring in Deramakot inventory

FREQ frequency of occurrence due to literature studies with: often(3), medium(2), rare(1)

SOURCE literature source with:

1=Tree Flora of Malaya
2=Timbers of Sabah
3=Dipterocarps of Sabah
4=Trees of Sabah
5=Preferred Check-list
6=Horn et al (1993)
7=PROSEA 5,2 (1994)
8=Keating et al (1982)
9=PROSEA 5,1 (1994)
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Appendix C: Regeneration (h  >1.5m, d<10cm) for FORMIX3 groups in
Deramakot Forest Reserve
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Figure C.1: Regeneration [1/ha] for different groups, incl. linear regression:
a: groupl as a function of basal area of group 1 [m#/ha]
b: group2 as a function of basal area of group 2ha
c: group3 as a function of basal area of group %ah
d: group4 as a function of basal area of group Zhaj
e: all groups as a function of total basal aredHa]
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Figure C.2 Regeneration [1/ha] of group 1 incl. linear regression for Stratum91=4 (good quality) as a function of
a: basal area of group 1 [m#/ha]
b: number of mother trees (d>=50cm) of group 1 [1/ha]
c: total basal area [m#/ha]
d: total number of emergent trees (d>=50cm) [1/ha]
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Figure C.3: Regeneration [1/ha] of group 1 as a function of basal area [m?/ha] of group 1, incl. linear regressnio, data
filtered as:
a: number of emergent trees 0-10 1/ha
b: number of emergent trees 11-20 1/ha
c: number of emergent trees 21-30 1/ha
d: number of emergent trees 31-40 1/ha
e: number of emergent trees 41+ 1/ha
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Figure C.4: Regeneration [1/ha] of group 1 as a function of basal area [m#/ha] of group 1, incl. linear regression, data
filtered as:

a: Stratum91=1 (0-4 emergents per ha)
b: Stratum91=2 (5-7 emergents per ha)
c: Stratum91=3 (8-15 emergents per ha)
d: Stratum91=4 (16+ emergents per ha)



70

(x 1009) (X 1000)

X 10000 X 1000
( 1)7 T = ( 13
N B Y I i
HO'S’ - 127
[ o o i —i
LLp67 ] ] oo Lng,
O \ﬂﬁﬁgﬁ/ O D\$ o L—
LJ0.4 g e 6 N R ———
[0 0 0 m oo 0 R 0
f/DDH oflo Jo 0o o om | .
0.2 : —8 : 3=
: . \\:
11 15 19 23 27 31 35 20 25 30 35 40 45 50
BA F1 BA F1

Figure C.5: Regeneration [1/ha] of group 1 as a function of basal area [m?/ha] of group 1, incl. linear regression, data
filtered as:
a: total basal area [m2/h@][0,20] m#/ha
b: total basal area [m#/h&] (20,30] mz/ha
c: total basal area [m#/ha] (30,40] m%/ha
d: total basal area [m#/h&] (40+) m?/ha
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Figure C.6: Regeneration [1/ha] of group 2 as a function of basal area [m?/ha] of group 2, incl. linear regression, data
filtered as:
a: total basal area [m2/h@][0,20] m#/ha
b: total basal area [m#/ha] (20,30] mz/ha
c: total basal area [m#/ha] (30,40] m%/ha
d: total basal area [m#/h&] (40+) m?/ha
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Figure C.7: Regeneration [1/ha] of group 3 as a function of basal area [m?/ha] of group 3, incl. linear regression, data

filtered as:

a: total basal area [m2/h@][0,20] m#/ha
b: total basal area [m#/ha] (20,30] mz/ha
c: total basal area [m#/ha] (30,40] m%/ha
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Figure C.8 Regeneration [1/ha] of group 4 as a function of basal area [m?/ha] of group 4, incl. linear regression, data
filtered as:
a: total basal area [m2/h@][0,20] m#/ha
b: total basal area [m#/h&] (20,30] mz/ha
c: total basal area [m#/ha] (30,40] m%/ha
d: total basal area [m#/h&] (40+) m?/ha
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Segaliud Lokan2

FORMIX4 groups

FORMIX3 groups

unknownTotal

11 12 13

10

unknown

4

Diameter
class [cm]

20
81

19
25
30

20
39

005-010

10

22
40

32

10

26
54
49

010-015

108
63
50
25

14
17
15
14

48

015-020
020-025

11
9
2
0
2
1
1
0
0
0

24

39
22

025-030
030-035

035-040
040-045

045-050
050-055
055-060
060-065
065-070

70+

365

86

69

23

130 16

12

10 199 22

133
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Appendix H: Detailed listing of mortality rate as a function of diamenter
increment

Comparison of tree mortality in different diameter increment clagééssts are based on expected values from the total
mortality of all increment classes pooled.

The upper diameter increment of each increment class belongs always to the same class, while the lower diameter
increment belongs to the class below (e. g. 1-2 can be read as (1, 2].).

Garinono
Diameter Treesin Deathin  Mortality ¥’ P
increment [mm] 1973 1982 rate [%/a]
no d,. data 23 23
<=0 75 28 5.19 33.823 <0.001
0-1 198 44 2.79 11.055 <0.001
1-2 139 20 1.73 0.016 >0.5
2-3 90 14 1.88 0.176 >0.5
3-4 100 13 1.55 0.086 >0.5
4-5 51 11 2.70 2.412 >0.1
5-6 42 4 111 0.704 >0.1
6-7 46 9 2.42 1.174 >0.1
7-8 19 2 1.24 0.192 >0.5
8-9 16 3 231 0.297 >0.5
9-10 18 3 2.03 0.105 >0.5
10+ 54 7 1.54 0.050 >0.5
Total 871 181 2.59
Gunung Rara
Diameter Treesin Deathin  Mortality v’ P
increment [mm] 1982 1992 rate [%/a]
no d, data 19 19
<=0 48 6 1.48 24.134 <0.001
0-1 133 21 1.91 116.241  <0.001
1-2 2569 40 0.17 4.541 <0.05
2-3 1157 6 0.06 14.858  <0.001
3-4 468 7 0.17 1.001 >0.1
4-5 115 4 0.39 0.928 >0.1
5-6 52 1 0.22 0.015 >0.9
6-7 47 0 0.00 1.042 >0.1
7-8 45 0 0.00 0.998 >0.1
8-9 55 0 0.00 1.220 >0.1
9-10 54 1 0.21 0.026 >0.5
10+ 216 3 0.16 0.620 >0.1

Total 4978 108 0.24
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Diameter Treesin Deathin  Mortality X P
increment [mm] 1982 1993 rate [%o/a]
no d,. data 982 975
<=0 46 19 5.33 0.036 >0.5
0-1 94 28 3.54 4.028 <0.05
1-2 369 103 3.27 22.197 <0.001
2-3 534 147 3.22 34.215 <0.001
34 572 147 2.97 48.261  <0.001
4-5 509 115 2.56 63.746  <0.001
5-6 325 65 2.23 53.794  <0.001
6-7 229 36 1.71 55.935 <0.001
7-8 161 21 1.40 48.505 <0.001
8-9 114 13 1.21 38.664 <0.001
9-10 92 7 0.79 40.058 <0.001
10+ 232 24 1.09 84.634 <0.001
Total 4258 1700 5.10
Segaliud Lokan2
Diameter Treesin Deathin Mortality ¥ P
increment [mm] 1982 1992 rate [%/a]
<=0 2 1 5.33 0.031 >0.5
0-1 28 18 7.92 0.750 >0.1
1-2 32 14 4.43 2.003 >0.1
2-3 40 24 7.05 0.239 >0.5
3-4 33 12 3.48 5.255 <0.05
4-5 35 17 5.12 0.820 >0.1
5-6 33 16 5.10 0.790 >0.1
6-7 40 21 5.73 0.218 >0.5
7-8 27 18 8.45 1.210 >0.1
8-9 15 11 10.17 1.796 >0.1
9-10 16 8 5.33 0.247 >0.5
10+ 64 45 9.34 5.203 <0.05
Total 365 205 6.34
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Sepilok
Diameter Treesin Deathin  Mortality r° P
increment [mm] 1982 1992 rate [%o/a]
no d,. data 299 299 - - -
<=0 61 59 17.09 25.568 <0.001
0-1 284 226 7.94 30.465 <0.001
1-2 339 213 4.95 0.150 >0.5
2-3 305 164 3.86 13.398 <0.001
3-4 264 132 3.47 21.791 <0.001
4-5 181 86 3.22 20.847 <0.001
5-6 150 69 3.08 20.675 <0.001
6-7 109 44 2.58 28.229 <0.001
7-8 82 39 3.23 9.415 <0.005
8-9 a7 26 4.03 1.479 >0.1
9-10 33 14 2.76 6.557 <0.01
10+ 64 45 6.07 1.161 >0.1
2218 1416 5.09
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Appendix I: Listing of files and their contents

All files are zipped with WINZIP 6.2.

They are:
ZIP name Name of files contents
report.zip AppendixA.doc Appendix A of the final report
AppendixA.xls large table out ouf Appendix A of the final report
AppendixB.doc Appendix B of the final report
AppendixC.doc Appendix C of the final report
AppendixD.doc Appendix D of the final report
AppendixE.doc Appendix E of the final report
AppendixF.doc Appendix F of the final report
AppendixG.doc Appendix G of the final report
AppendixH.doc Appendix H of the final report
Appendixl.doc Appendix | of the final report
FAGrouping2.doc  Chapter 2 ‘FORMIX4 Grouiping’ of the final report
intro.doc Chapter 1 ‘Introduction’ of the final report
Literature.doc Chapter ‘Literature’ of the final report
Mortality.doc Chapter 4 ‘Mortality’ of the final report
Regeneration.doc  Chapter 3 ‘Regeneration’ of the final report
Summary.doc Chapter 5 ‘Summary of the final report
sepilok.zip sepilok.xls Permanent sampling plot (PSP) data incl. analysis for Sepilok
segaliud.zip segaliul.xls PSP data incl. analysis for Segaliud Lokan2
segaliud_1.xls PSP data incl. analysis for Segaliud Lokanl
garinono.zip gar2.xls PSP data incl. analysis for Garinono
gunrara.zip gra.xls PSP data incl. analysis for Gunung Rara
mndata.zip GRP.xls PSP analysis, species distribution in functional groups
MNdinc.xls PSP analysis, mortality=f(diameter increment)
MNF3.xls PSP analysis, mortality=f(FORMIX3 grouping)
MNF4.xls PSP analysis, mortality=f(FORMIX4 grouping)
MNsize.xls PSP analysis, mortality=f(diameter)
MNsizegrp.xls PSP analysis, mortality=f(diameter, FORMIX3 group)
MNsizegrp2.xls PSP analysis, mortality=f(diameter, FORMIX3 group)
nd.xls PSP analysis, stem-diameter-distribution

deramakot.zip

linkabau.zip

hdreinhold.xls
pkcorelation.xls

pkrec2.dbf
pkrec235.dbf
pkregen3.xls
Recordl.dbf
Record2.dbf
Record31.dbf
Record4.dbf
Record5.dbf

pkrec2.dbf
pkrec345.dbf
pkregenl.xls
Recordl.dbf
Record2.dbf
Record31.dbf
Record4.dbf
Record5.dbf

all information about hd-curves

corelation between regeneration and stand for Deramakot
pk stands for PETER KOHLER

processed data of regeneration (d<10cm)

processed data of stan@{dcm)

processed data of relationship between regeneration and stand
raw data, general information

raw data, regeneration (d<10cm)

raw data, trees (1Qgir20cm)

raw data, trees (20etr40cm)

raw data trees®dOcm)

processed data of regeneration (d<10cm)

processed data of stangl@tm)

processed data of relationship between regeneration and stand
raw data, general information

raw data, regeneration (d<10cm)

raw data, trees (1Qair20cm)

raw data, trees (20etr40cm)

raw data trees-@bcm)
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ZIP name

Name of files

contents

kalabakan.zip

segama.zip

sabah.zip

data.zip

pkrec2.dbf
pkrec345.dbf
pkregenl.xls
Recordl1.dbf
Record2.dbf
Record31.dbf
Record4.dbf
Record5.dbf

pkrec2.dbf
pkrec345.dbf
pkregenl.xls
Recordl.dbf
Record2.dbf
Record31.dbf
Record4.dbf
Record5.dbf

diadistr.xls
pkregfd.xls

pkspecies.xls
fox.xls
kennedy.xls
manok.xls
mn_chim.xIs

processed data of regeneration (d<10cm)
processed data of stanell@m)
processed data of relationship between regeneration and stand
raw data, general information
raw data, regeneration (d<10cm)
raw data, trees (1Gaiw20cm)
raw data, trees (20eix40cm)
raw data trees-@Dcm)

processed data of regeneration (d<10cm)
processed data of stanell@m)
processed data of relationship between regeneration and stand
raw data, general information
raw data, regeneration (d<10cm)
raw data, trees (1Gair20cm)
raw data, trees (20ex40cm)
raw data trees-@4Dcm)
Diameter distribution forall 4 forest reserves
Summaring file for regeneration for all 4 reserves

detailed information of grouping for all species
data analysis of Fox (1972)
data analysis of Kennedy (1991)
data analysis of Manokaran and Kochumnen (1987)
data analysis of Chim and On (1973)




