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Summary

& An inventory of Mulanje cedar on Mulanje mountain was conducted and the results
analysed. Approximate volumes of the crop and the health of the trees were of primary
importance during the data collection.

The health of the crop was found to be as follows : Class 1, (0-10% needle browning), -
13%, Class 2, (11-25% of needle browning) - 23%, Class 3, (26-60% of needle browning),
- 21% and Class 4, (61-100% of needle browning , dead and dying), - 43%, (30% of the
3 total crop is dead). The figures are expressed as a % of the total tree volume.

§ Volume tables for the cedar were made. The total volume of the crop is approximately
110,000m’ of which approximately 32,000m® is dead.

Recommendations for the survival of Mulanje cedar are proposed.

By
M.J.Lawrence, A.Oshino and C.Chinguwo

October 1994
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2.0 Materials and Methods

Using the 1:30,000 map, “Distribution of Mulanje cedar on Mulanje Mountain” (Dept. of
Surveys 1977), the areas occupied by the cedar was split into 3 areas; North', East' and
‘mwest'. This was to ease the actual field work. It was decided that it would take approximately
six weeks of field work in order to assess the cedar. Each area was therefore assessed for two

weeks.

This allowed the team to come off the mountain to rest, enter data into the computer and to
re-equip themselves for the next two-week assessment.

(Note : Mchese mountain was not included in the inventory).

21  Probability Proportional to Size, (PPS). sampling

&  Within each of the three areas blocks of cedar had been measured, named and mapped by
¥ Sakai(1989). PPS sampling was used in order to locate the sample plots. Each hectare of
B forest was assigned a number as shiown in the example below :

'Talb.lle 1: Example of hectare numbering for PPS

_-_:FBlock No. Hectares Hectare Nos. Random Plot No.
2 IER 50 1-50 - 11, 45, 36
12 - 25 51-75 55
| 13 76 - 88 77, 84
11 89 - 99
85 100 - 184 100, 105, 177, 145,
150

¥ Using the random number generator on a calculator numbers between 1 and, in this example,
_184 were randomly chosen in order to choose the forest blocks. As can be seen from the
| results above the larger blocks are chosen more frequently than smaller blocks. This is

obviously due to their larger size in the overall sample. Random selection of the blocks was
| done. with replacement.

g For example; Block 1 has 50 out of 184 chances of being chosen, (approx. 27% of the total
| area), and thus has a greater chance of being chosen than Block 4 which has only 11 out of

| 184, (approx. 6% of total area), chances of being chosen.

gl{f‘-_ advantage of this method is that whilst every individual hectare has an equal chance of

L § OU(::ES cho§eu_, the larger blocks have a greater chance of being chosen than the smaller
. This in turn reduces the amount of walking from one block to another.




2.0 Materials and Methods

Using the 1:30,000 map, “Distribution of Mulanje cedar on Mulanje Mountain” (Dept. of
Surveys 1977), the areas occupied by the cedar was split into 3 areas; North', ‘East’ and

“mWest'. This was to ease the actual field work. It was decided that it would take approximately
six weeks of field work in order to assess the cedar. Each area was therefore assessed for two

weeks.

This allowed the team to come off the mountain to rest, enter data into the computer and to
re-equip themselves for the next two-week assessment.

(Note : Mchese mountain was not included in the inventory).

2.1  Probability Proportional to ‘Size, (PPS), sampling

& . Within each of the three areas blocks of cedar had been measured, named and mapped by
¥ Sakai(1989). PPS sampling was used in order to locate the sample plots. Each hectare of
i forest was assigned a number as shiown in the example below :

' ] "Ifal_'b_q_le 1:  Example of hectare numbering for. PPS

] Block No. Hectares THectarc Nos. Random Plot No.
1 50 [1-50 ) 11, 45, 36
2 25 51-175 55
g3 13 76 - 88 77, 84
ﬂ: 11 89 - 99
“5 85 100 - 184 10(0), 105, 177, 145,
15

Using the random number generator on a calculator numbers between 1 and, in this example,
B 184 were randomly chosen in order to choose the forest blocks. As can be seen from the
results above the larger blocks are chosen more frequently than smaller blocks. This is

' obviously due to their larger size in the overall sample. Random selection of the blocks was
- done_ with replacement.

- For example; Block 1 has 50 out of 184 chances of being chosen, (approx. 27% of the total
| 21;:) and thus has a greater chance of being chosen than Block 4 which has only 11 out of
| (approx. 6% of total area), chances of being chosen.

' E:‘; advantage of this method is that whilst every individual hectare has an equal chance of
blocfs chos.en', the larger blocks have a greater chance of being chosen than the smaller
S, This in tumn reduces the amount of walking from one block to another.




Once the blocks had been chosen the location of the plots within each block was determined
with the aid of a grid laid over the block on the map and co-ordinates randomly chosen.

‘More plots were selected than it was possible to assess in the time available. This was done
in case any of the plots were inaccessible and reduced the bias that would have resulted from
locating new plots whilst in the field.

22 Plot design

Each plot was designed dumbbell shaped as shown in figure 1 below. Sub-plot B would be
100 meters away from sub-plot A. The reasons for this are two fold ; 1) the area of each plot
is increased and thus a greater area is assessed, 2) the variance is reduced.

0« 100m »0
Centre of Centre of
Sub-plot A : Sub-plot B

Figure 1.

The actual size of each sub-plot is dictated by the size of the cedar in the area as a
- Spiegel relascope was used to perform basal area sweeps. The larger the surrounding trees
B the greater the area of the plot. Basal area sweeps were used as it was decided that few
t “trees would be found in the more traditional 0.04ha plots and also because it would be

P . very difficult to lay out plots in most of the forest areas due to the difficult terrain.

'."'-jlt Stems per hectare could then be calculated from the diameter at breast height of the trees
'~ in relation to the number found in the plot and the basal area factor used.

“ Variance is reduced by adding the numbers of trees of the same diameter found in the two
.sub-plots together and then dividing by 2 to get a plot average. The reduction in variance
is shown in the example below.

Let us take two fictitious plots, 110 and 120, as our example.

Plot 110A has 6 trees of diameter 10cm.
Plot 110B has O trees of diameter 10cm.
Plot 120A has 11 trees of diameter 10cm.
Plot 120B has 3 trees of diameter 10cm.

If the rcsults. of the sub-plots were taken separately then there would be a range from 0 to
11 treS:s_ of diameter class 10cm. If, however, the sub-plots for each plot were added together
and divided by 2 then the result would look like this :

Plot 11 has (6+0)/2 = 3 trees of diameter 10cm
Plot 12 has (11+3)/2 = 7 trees of diameter 10cm.

The range of values is now 3 to 7 trees, thus the variance of the results has been lowered.
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Parameters assessed.

~ ¥Tree - Height, diameter at breast height, (DBH), damage classification (see Appendix

- . 1 for damage classification sheet), basal area and diameters up the stem with
a Spiegel relascope for volume calculation. The relascope was used even
though it is less accurate than measuring diameters up the stem with a tape as
it allows for volume measurements of standing trees without having to fell
them.

ite - Accessibility, {easy to very difficult), degree of slope, vegetation, (general type
and % groundcover), altitude, exposure and regeneration of the cedar.

Forest areas assessed

able 2 : Forest areas assessed on each of the six plateaux

¥ Plateau o Forest Areas
I Chambe . | Malembe, Phalamata, Likhubula
3_. Lichenya "\ Limbe, Tayamoyo
__ Thuchila ‘e Chisepo, Mzimba, Mvunje, Thuchila, Co-op,
1 : o Zagaru, Likhulezi
4 Chinzama Te N Minunu
§§ Sombani Phalombe, Namasile, Nathaka, Matambale,
| o Moriya, Naikotho
B Madzeka S Madzeka, Nayawani

AS can be seen from the list above not all forest areas were sampled. This is either due to
._ nose areas not being selected or to the fact that the plot was inaccessible.




3.0 Results (

4 Ll_ Volume of the Resource

% From tht;« results of the first 2-week inventory conducted on Chambe and Lichenya Plateaux
B it was decided that a Standard Error of the Mean of 13% of the volume would be adequate
8 with the resources available. Using the formula from Philip (1994) -

st _c?

=TT p?

where - n = number of plots
s* = variance of sample
D = 5/% (where - sg = standard error
‘ X = sample mean)
C = coefficient of varation (s/X)
s = sample standard deviation

.' :Using this equation it was found that 66 plots were needed to attain this degree of accuracy.
_ 7_ plots were in fact laid in the time available.

] total volume of timber on Mulanje mountain was calculated as -
. 110,000m’ s 14,000m® at 80% confidence limits

Total volume and confidence limits given 10 2 significant figures (Snedecor 1961).
 ; | ~where the confidence limits, (CL), are defined as

CL=X*(1.28)xs

where - X = sample mean
s, = standard error
1.28 = constant from the Students t Distribution for =
degrees of freedom and P-= 20




Shown below is the general volume equation for both variants of cedar calculated from the
volume data taken with the Spiegel relascope.

Ln volume = -10.0371 + 0.979291(Ln D’H)
R? = 98.23% Std. Exror = 0.1787

Where : Ln vol = Natural log of volume
La D*H = Natural log of D’H
D = Diameter at Breast Height (cm)
H = Height (m)
R? = Measure of fit
Standard Error = standard deviation of the
estimate (Freese 1990).

- 33  Testing for Variation in Stocking and Volume Production Between the Plateaux

- The volume and stocking ‘per hectare on each of the six plateaux was tested for significant

- .. differences using an analysis of variance.

No significant differences were found at the 95% Confidence Limits using Least Significant
Differences.

34 Yolume_tables

Using the above equation and the limits of the tree heights and diameters measured, a volume

7 table was constructed. However, due to the unwieldy size of the resulting table, it has been

 placed in Appendix 6 at the end of this report.

'35 Bole length

The Atypical cedar had a mean clear bole of 62% of the total tree height. The Typical had
a mean clear bole of 47% of the total tree height. This was what was expected due to the
differing phenotypes of the two variations as mentioned in section 1.2. This has a direct
beai:ing on the value of tree being utilised. The greater bole length and the smaller branching
hab.lt of the Atypical variant gives a greater amount of readily utilisable timber than a Typical
variant of equal volume.




3.6 Proportions of Stems and Volumes of each variant

The proportions of both types of cedar are as follows :

| : Tﬁble 3: Summary of volume and stem data for Typical and Atypical cedar.

Typical Atypical Unclassified cedar | Total
cedar cedar
No. stems 29,000 110,000 30,000 170,000
% of total no. of stems 16% 65% 18% N/A.
Volume (m’) 39,000 1 62,000 7,100 110,000
% of total volume 36% 58% 6% N/A
Average tree volume (m_i)_ 1.35 0.55 024 0.62

! " NB : Unclassified is all those trees not classified as either Typical or Atypical. Average volume figures given to 2
§ decimal places. All others given to 2 significant figures.

§ From the above table it can be inferred that there are fewer small diameter trees to large
P diameter trees of Typical cedar than for Atypical cedar, (mean single tree volume of 1.35m?
@ as opposed to the Atypical cedars 0.55m). Possibly this is due to the younger Typical cedar
being more susceptible to the various causes of cedars decline than young Atypical cedar. A

4 more likely cause is the tendency to fell large Atypical cedars in preference to Typical cedar
4 due to its greater clear bole length and smaller branches. -

3.7 Diameter distribution.

Figure 2 shows the diameter distribution of Mulanje cedar on the mountain. The distribution
 of the cedar follows the classic reversed J-shaped curve of a natural forest with most of the
stems at the smaller diameter ranges, except, in this case, for the smallest diameter class. This
 81ves a clear indication of how little recent regeneration is surviving. 10 cm diameter classes

 were used for greater graph clarity. Note that the graph shows the number of stems as the %
of the total number of stems.




Diameter distribution of Mulanje cedar

on Mulanje mountain
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Figure 2

x '.: . This curve is affected by the exploitation of the cedar. If no exploitation had occurred then
. there would be more cedar at the higher diameter ranges.

Qﬁ Volume Distribution in Fach Damage Class

Volume distribution amongst representative damage classes are :

Category Approximate volume (m®)
1 14,000
2 25,000
3 22,000
4 46,000
(Dead) (32,000)

_ NB : Figures are to 2 significant figures. This gives a total of 107,000m® which is then rounded off to 2 significant

- figures to 110,000m’.




' 3.9 Tree damage
Figure 3 illustrates the damage trend of the cedar over the mountain.

Damage distribution of Mulanje cedar
in each Damage Class for Mulanje mountain.

50%

(] Volume m3
M stems

3

30%

20%

Amouht of cedar %

ox

o SR
Class 1 Class 2 Class 3 Class 4 (Dead)

Damage Class

Figure 3

3 The amount of cedar in each Damage Class is presented as a % of the total of the parameters
4% shown in the legend, ie. Class 3 accounts for approximately 21% of the total volume of the
§§ crop and approximately 17% of all the stems.

8 On the far right of the graph is the data for dead cedar. This has been extracted to give an

3§ indication of the amount of dead cedar. The Class 4 bars include the amount of dead cedar
& s d_ead cedar falls within this Class.

The Damage Classes are defined as
Class 1 - 0-10% of needles brown
Class 2 - 11-25 % of needles brown
Class 3 - 26-60% of needles brown
Class 4 - 61-100% of needles brown and dead trees.

Figure 3 shows

8 Clas 4 the overall poor health of the cedar on Mulanje. Over 40% of the crop is in
A L.1ass 4,




Tables 4 and 5 show the Damage Classes of the cedar in each of the six plateaux and for the
' mountain as 2 whole expressed as both the % of the total number of stems and as a % of the
total tree volume. The figures are rounded off to the nearest whole number for ease of

reading.
Table 4 :  Summary of the number of stems, (as a % of the total number of stems),

in each Damage Class of Mulanje cedar on Mulanje mountain , (rounded
to nearest whole number).

Damage Class ]

Asea ) 2 3 4 (Dead) H

“AMotanje | 16% 21% 17% 46% 9% |

o mountam

|| Chambe 5% 3 |22% 23% 30% (30%) .
Ulichenya . |36% - |21% 21% 21% (20%)
C ¢l Thuckila  [3% . |18% 17% 62% (52%)

Chinzama |23% 4 18% 13% 45% 8% | |

-+ | Sombani 3% ¢, | 9% 20% 68% 57%) ¢ |

" “y)| Madzeka 0% 47% 2% 11% 1% =

NB : Both tables 4 and 5 include trees that were 1ot classified as either Typical or Atypical but were still classified
" with respect to Damage Class. A full explanation of the Damage Classes can be found in Appendix ).

Table 5 : Summary of the tree volume, (as a % of the total tree volume), in each
Damage Class of Mulanje cedar on Mulanje mountain , (rounded to
nearest whole number).

Damage Class
Area 1 , 2 3 - 4 (Dead)
i Mulanje 13% 23% 21% 43% (30%)
mountamn
Ehambc 7% 30% 29% 34% (32%)
lichenya {239 29% 2% 16% (14%)
zhuchila 4% 16% 23% 57% (38%)
E}inzama - 133% 22% 15% 30% (6%) :
Sombani | 8%, 20% 21% 51% 35%)
Madzeka 35% 37%, 10% 18% (13%)
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; | The Atypical variant shows a stronger

& figure 4 but of a more erratic nature. The
M curves tend to oscillate more widely.

F 8 proportion of stems from the smaller to

Figures 4 to 7 show the % of each Diameter
class in each of the four Damage Classes for Distribution of Atypical and Typical cedar
both cedar variants. The % figures are in Damage Class 1 _

éalculated as the % of the total number of

stems in that diameter class for that 3".“
particular variant only. Thus the two variants § -
can be compared d:irectly. 5 -
s E -
Figure 4 shows the healthiest cedar, (0-10% 2
of needle browning). The Typical cedar ™

displays a slight downward trend as the tree

%
313 B N 4 5 NN N T T e 14 S

diameters increase indicating that younger, Diameter Classes {cm)
smaller trees are slightly heaithier overall.

. ) . Figure 4
correlation between increasing diameter and gu

increasing % of healthy stems. The larger the
§ diameter of Atypical trees the greater the Distribution of Atypical and Typical cedar
® proportion of stems within Class 1 except in in Damage Class 2

& the very smallest diameter class. This is -
¥ possibly due to a tendency to fell the larger
& Atypical trees which are unhealthy due to its
& high value as timber. '

i

§ Figure 5 shows the same kind of trends as

% of Dlameler Class
§

o
1 1F ¥ M o 5 o 73 8 O 10§ 115 120 138 145 158

. Diamster Classon {cm)
- Figure 6 illustrates a roughly equal ~ Atypicat + Typical
distribution of stem proportions across the '
diameter range except for the higher
diameters classes of Atypical cedar.

Figure 5

| Figure 7, (overleaf), is approximately the . . .. . .

& opposite of figure 4 with the gl_eatm,Dlstrtbutu:m ot:nﬁstzne;c:lg 3;15% Typical cedar
@ Proportion of stems at the higher range of <

B diameters for Typical cedar and a declining oo

'- | larger diameters for Atypical cedar in Class
f 4 the unhealthiest Class. :

B Thed figures show that for Typical cedar it / : < N
15 the smaller diameter trees that are '

marginally more healthy than their Ia:ger T EE T
brothers, Atypical cedar displays the opposite lmater Clses fem

§ 20d the trend is much stronger. The larger

trees are far more healthy in general than the Pigure 6

% of Diameter Class .
§

B smaller trees.
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A possible reason for this relates to the way
aphid damage spreads through the crown of
the tree. Needle browning caused by aphids
starts at the bottom of the crown near to the
stem and then spreads upwards and
. outwards, (Chilima 1994). In the smaller
diameter classes whete the tree crown is
small, any needle browning is quite obvious.
The Atypical cedar has a thinner crown than
the Typical cedar. Thus any damage in
Atypical seedlings looks proportionately
more than an equal amount of damage in
Typical seedlings due to the differing size of
the crowns. Also the smaller Atypical crown Figure 7

makes it easier to see any needle browning. This could tend to push Atypical seedlings into
a higher Damage Class than a Typical tree with an equal amount of damage.

Distribution of Atypical and Typical cedar

in Damage Class 4

bo%b/#

HE R T EE T
Diwmeter Classsa (cm)

% of Diamatar Class
§ 2 % 3

~ Mypical + Typlcal

3.10 Access

Access to most of the cedar forests is difficult, almost impossible in some areas. This is
- probably one of the reasons that has helped the cedar to survive over-exploitation. Any felling
of cedar must take into account the difficulty of the terrain.

Much of the cedar is on slopes which can be up to 45 degrees steep. Vegetation in most cases
tends to consist of dense, tall groundcover with a variety of natural regeneration of trees.
Unfortunately there is little regeneration of cedar, possibly partly due to the lack of
management of the groundcover, hence the cedar seedlings are shaded out or smothered.

Appendix 5 contains brief summaries of the notes taken detailing site characteristics.

3.11 Deliberate damage to trees.

In some areas ring barking of trees andfor the burning of the base of trees was noticed.
Whilst not seen in large numbers, it is an alarming situation when taken with the fact that
there are already so many dead and dying trees which could be utilised. In Namasile forest
area 2 trees of diameters in excess of 1 meter and heights of 30+ meters were found both
of which had been deliberately killed by buming of the base of the trees.

3.12 Regeneration.
Regeneration of the cedar is extremely low. Of the seedlings seen over 40% were in Damage

Categqﬁes 3 and 4, (note that these seedlings were not found within the plots). The frequent
fires kill many seedlings. Aphids were also found on nearly all the seedlings inspected.
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3.13 Zomba Plateau Mulanje cedar

pAE

| The cedar located on Zomba Plateau is currently suffering due to the combined effects of the
§ cedar aphid and drought. The exact effect of the aphid s difficult to gauge due to the cffect
J of the drought. Constant monitoring is currently being carried out by the Entomology Section
§ at FRIM. .




4.0 Conclusions

Unless the major contributors to the destruction of the cedar are stopped then there is little
hope for it's continued survival far into the next century. The aphid, fire, pine and h
factors must be adc}ressed urgently. uman

: | New plantings of cedar are an obvious answer to the threat to the survival of the cedar.

t 8 They are, however, of little use if the causes of the decline of cedar are not tackled

effectively and quickly. There is little point in expending time, money and manpower ot a

8 [lanting programme if the aphid or fires subsequently kill off the planted seedlings. The

; ‘same can be said of expending scarce resources on promoting natural regeneration if the
' regeneration is to meet the same fate as the planted seedlings.

: The amount of dead cedar causes something of a problem. Should the Forestry Dept.
& impose a ban on felling of the dead cedar or should licenses to fell and utilise the dead
R cedar be given out?

3 Ifa ban is imposed upon the utilisation of dead cedar then a lot of valuable timber goes to
B waste and local pitsawyers could lose employment causing resentment. Resentment which

3 is often taken out on the forests themselves in the form of arson. However a ban could

stop the deliberate destruction of the live trees and makes the cedar forests easier to police

B than if licensed felling were allowed. Any cedar coming off the mountain would have to

. be illegally felled if 2 complete ban was imposed.
2 If felling is allowed then this could cause more live trees to be deliberately killed

- weakening the cedar's chances of survival. It does give employment to the local people
4% however which is very important especially in the current economic climate.
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5.0 Recommendations

| Below are a set of recommendations for the protection and regeneration of Mulanje cedar.
$ 1 cannot be emphasised enough that ail the recommendations be acted upon as soon as
§ possible and as fully as possible. There is no point in getting rid of the aphids if the pine
¥ invasion and fires are allowed to continue unabated. This will lead to a wastage of
‘$ valuable resources. This is the problem which has been encountered in the past with the
pine eradication programme. A great deal of time, energy and money was put into the pine
& radication programme but because it was not finished properly it has made little
& Jifference in the long term.

B A decision must be made as whether to put enough resources into the protection of cedar
‘%< outlined in the recommendations and see the recommendations through to completion,
or not to put the resources into cedar protection at all and use them elsewhere. A point to
4note whilst making this decision is that Mulanje cedar is Malawi's National Tree, it's
Pgrowth potential is unique to Mulanje mountain and that Malawi is head of the SADC
WRegion for forestry. For Malawi to lose Mulanje cedar will be a great blow to ecological
Wbiodiversity as well as Malawi's credibility as head of SADC forestry.

The aphid problem is currently being worked on by the Entomology Section at FRIM
under the ODA funded Biological Control of Aphids Project. At present the parasitoid
Pauesia juniperorum has been released on Zomba plateau and is being monitored for
- it's impact on the aphid population and how well it establishes itself, (Chilima 1994).

Fire control is of great importance. Fire breaks are maintained yearly in an effort to
- stop fires spreading into the forests. Unfortunately they do not stop the fires the local
hunters light within the cedar forests in order to smoke out game. Although hunting
is illegal there are fires most of the year round to facilitate hunting. Tighter controls

are needed to stop the poachers. This would involve more manpower to safeguard the
. forests.

Control of pine invasion. The invasion of Pinus patula has been reported in the past
by Sakai (1989). In his report he recommended the complete eradication of the pine
from the mountain, especially Sombani plateau. During the inventory it was noted that
the pine invasion continues, seemingly unabated. Sombani plateau is by far the worst
ai_:fected area. In some parts of Matambale forest area are dense thickets of young
pines of perhaps 50,000 - 60,000 stems per hectare, In other areas on the plateau are
dense carpets of seedlings. The cedar has little chance of regenerating under such
conditions. Serious thought and commitment must be made in order to clear the pine.

Tht:i pine should be felled, seedlings uprooted and all pine cones bumt to destroy the
seed.

15




Regeneration planting and encouragement of natural regeneration by managenient of
the groundcover vegetation is necessary. However as noted earlier this will only be
useful if the causes of the cedars decline are tackled.

It has been proposed that seed be collected from Mulanje and planted in areas yet to
be affected by the aphid in order to preserve the genetic stock (Nsapato 1993). This
should be carried out as soon as possible. If the sad event of the total eradication of
cedar from the mountain were to occur then these proposed plantings could provide
the seed source to replant Mulanje.

Banning the burning of cedar in the Forestry huts on Mulanje mountain should be
instituted with immediate effect. Where there is pine near the huts this should be used
for firewood instead. Sombani hut especially should adopt the burning of pine as there
is a vast amount of pine ‘that has been killed in a forest fire that is now going to
waste.

All aspects of protection and exploitation should be assimilated into a management
plan designed to ensure the sustainable utilisation of the resource.
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