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PREFACE

It is a great pleasure for me to present this “Report of Forest Inventory on
Pine Plantation in Vanua Levu, Fiji” to the Government of Fiji.

This report embaodies the result of a forest inventory survey which was conducted
in Seaqaqa and Koroutari area, Vanua Levu for 45 days from 28th July by a Japa-
nese survey team commissioned by the Japan International Cooperation Agency fol-
lowing the request of the Government of Fiji to the Government of Japan.

The survey team, headed by Mr. Tomohisa Fukumori, had a series of discussions
with the officials concerned of the Government of Fiji and conducted a wide ranging
field survey.

I hope that this repaort will be useful as a basic reference for forest development
of the region.

I wish to express my deep appreciation to the officials concerned of the Govern-

ment of Fiji for their close cooperation extended to the Japanese team.

December, 1980

Gk Ao

Keisuke Arita
President
Japan Intemational Cooperation Agency






1. SURVEY OUTLINE

1.1 Purpose

The purpose of the survey was to ascertain, by aerial photograph analyss, the distribution
and resources of Carribean Pne plantation planted by Fiji government in Seaqaga and
Koroutari on Vanua Levu, and to include studies on thinning, etc., practices and present

data on intended future practices.

1.2 Outiine of the survey area

The survey areas are located on Seaqaqa and Koroutari in Vanua Levu. They are managed

by the Fiji government but leased. (See Figures 1.1 and 1.2},
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{1) Location and extent.

Vanua Levu is located between the Jatitude of 16° 15°S and 17°00°S and the longitude of
178°30" and 180°00°E. The area is 5,500 km?. This is 30% of the total area of the Fiji
islands. The survey areas are located almost 1n the centre of Vanua Levu and they are
1,570 ha in Seagaqa and 300 ha in Koroutan (See Figure 1.2).

{2) Topography and geology.

The majonty of the main islands of Fiji are almost of an ancient volcanic nature, with
occasional volcanic parent material, and Cretaceous and Tertiary sedimentary deposits
occuring on the old continental shelf. Vanua Levu has many complicated undulations,
and the coastline is heawlly indented. In particular, the windward south-east coast is
deeply indented forming a mountainous peninsula connected to the mamnland by a
narrow isthmus The 1sland is elongated in a north-east to south-west direction, and the
watershed divides the 1sland centrally into a dry region in the north-west and a wet region
in the south-east. The Seaqaga and Koroutari areas are both located on the north-west
side of the watershed and are therefore 1n the dry region, but as they lie close to the
watershed, they cannot be defined as typical dry areas. The Seagaqa area 1s about 5 kms
north-west of the watershed {at about 600 m altitude) and forms a retatively flat alluvial
basin between two rivers upper reaches. Ndreketi river that is the largest 1n Vanua Levu
running west, the Koroyuh river running north. With regard to the Koroutari area is
located in between a plain that stretches inland from the coast and the watershed that
altitude is about 800 m, thus giving the area a steep surface.

Fig. 1.2 Location map of Seaqaga and Koroutari
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(3) Climate,

The climate of Fiji 1s a tropical maritime climate, with high temperatures but usually
modified by the maritime influence. The predominant wind is the South East Trade
Wind which tends to easterly throughout the year. For this reason, the windward side of
the Vanua Levu watershed, which runs north-east to south-west, is a wet region, while
the leeward side is a dry region. Hurricanes and cyclones are brought by the low pres-
sures occuring in the period between November and April, sometimes causing considera-
ble damage. Recently, they have occured in 2 — 3 year intervals, in 1973, 1975, 1978
and 1980, and the cyclone of this April resulted in a large quantity of fallen timber in
both the Seagaqa and Koroutari areas. Figure 1-3 shows the distribution of annual pre-
cipitation for Vanua Levu,

Fig. 1.3 Vanua Levu Distribution of rainfall
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(4) Outline of Seagaqa Forest Station.

The Seaqaqga Forest Station area of jurisdiction covers 1,900 ha and was established in

1959. The staffs are four planters, one research worker, and one mechamec, The per-

manent work force totals about 3Q. The facilities are as follows:
Station office |
Official residence
Guest house
Residenttal hall
Garage
Storehouse
Timber store
Oit station
Workshop
Power plant
Radiotelegraph
Filtration plant
Fire lookout tower
Timber yard

—
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Nursery
Forest road

Machinery is as follows

MF 1635 Caterpiliar tractor

D3 Crawler tractor
165 trailer

Shark loader

Land rover

Small truck (3 ton)
Mixing truck

Fire engine (7 ton)
Air compressor
Generator (240 V)

1
1
1
1
3
2
|
1
1
]

Preservative equipment (for post making) 1
As this years work was practiced only thinning, but not final cutting, the main task was

the dealing with fallen timber resulting from the cyclone.

months, April to August,1s shown in Table 1.1.

Production for the five

Table 1.1 Production for the five months April to August in Seagaqa
Category Volume Unit selling price Selling price
~ 0 150m? fone log 212.2 o 10.%0 FS /uf 2,312.98 F'B
0150 ~0 30w | 1,1437 13 20 15,096 84
0.30 o ~ 847.3 15, 50 13,133 15
total 2,203z | burdenoon 3,745. 44
total 34,288 41

This selling price is an agreed price between three private timber companies, and 15 1n-
cluded truck loading on site. The five months of April to August 1s the peak production
period, and the annual average production is about 50,000 F$. With regard to costs, the
annual budget details for January to December are given below, but by October costs

have exceeded the budget.
Timber production Jabour costs 29,000 F$
Timber production parts 9,250
Timber production machinery (including fuel) 8,400
Equipment (vehicles, etc.) 11,600
Station machinery 1,700
Tools 400
Labour (other than timber production) 28,000
Road maintenance 400
Building maintenance 500
Technological training 3,000
Technological transport etc.m -
Technological parts, and other 1,500
TOTAL 93,750






Both the Seagaga and Koroutan plantation areas are leased privately to the government
under contract, and are planted as government afforestation. A summary of the contract
15 glven here.

When the contract is agreed, 2.5 F3 per acre 15 paid as a gift Until planting or for five
years after the contract is signed, 10 cents per acre 15 paid anpnually. After planting, or
after the first five years of the contract, 50 cents per acre 1s pard annually. On final cut-
ting, 3% of the stumpage price (guaranteed minimum $20 per acre)} 1s paid. The terms of
the contract were fixed i 1956 by the Native Land Trust Board, and renegotiation will
be done next year.

1.3 Survaey Team, and associates in Fiji.
The Caribbean Pine Survey team for the Seagaqa and Koroutan areas consisted of the
following members:

Overall group
Leader Tomotusa Fukumori Adviser, Japan Forstry Technical Association
Hiroshi Watanabe Technica! Departiment Manager, Japan
Forestry Techmical Association.
Survey group

Leader  Shigeo Yamada Durector, Japan Forestry Technical Associa-
tion.
Akira Shirai Techmeal Expert, Japan Forestry Technical
Association.
Katsuo Yamashita Technical Expert, Japan Forestry Technical
Associatton.
Hitoshi Kato Engineer, Japan Forestry Technical Associa-
tion.

With regard to individual responsibilities, Mr. Yamada was in charge of the overall survey,
Mr. Yamashita and Mr, Kato were in charge of the resource survey, and Mr, Shira was in
charge of thinning guidance and other fields.

Associates in Fip were as follows:

The Forestry Agency Conservator of Forests G H. D. Williams.
” Deputy Conservator of Forests
K. T. Yabaki,
" Senior Assistant Conservator of Forests
A Oram
» Admimstrative Manager  J. T. Usumaka.
Labasa Regional Forest Office B. Mordak.
» P. Moi.
Seaqaqa District Forest Office  Supervisor 1. Wainigolo,
Koroutan District Forest Office  Supervisor T. Manawalala.

1.4 Outline of Caribhean Pine
1.4.1 Special characteristics of Caribbean Pine var.
The native Caribbean Pine 1s the slands in the Canbbean Sea. The varieties introduced
to Fji consist of four varieties named aceording to their specific native.
(1) Pinus caribaea var. hondurensts
This variety 1s found in Behze (British Honduras), Guatemala, Honduras and Nicaragua.
1t's vertical distribution is from 0-100 m in Belize. Under good soil conditions, heights






of 45 m can be reached. The special morphological features are, 1n comparison with var.
cuban: branches are long with greater intervals between branches, there are 3 or 4 needles
per leaf, and very vnusually 5 needles may be found, With regard to its growth in Fiy,
in comparison with var. cuban, 1t has good vertical growth, with six or seven year-old
trees showing differences of 1 — 1.5 m 1 height.

(2) Pinus caribaea var. caribaea.

This variety is found in the western parts of Cuba and Pinos Island, and in Cuba the verti-
cal distribution is 0 — 280 m. In Fiji, it 1s very simular to var. hondurensis and they can-
not be distinguished visually.

(3) Pinus caribaea var. cuban.

This veriety 1s widely distributed on the mam island of Cuba, and in Fiji. This indicates
very different morphology from the other three varieties. This height growth is com-
paratively sfow and st liable develops ‘taperness’. The branches are relatively thick, and
intervals between .branches are short. The angle between branch and trunk 1s relatively
acute and length of branches is generally short. It 15 a expected tree for suffering rela-
tively httle from cyclones, etc., The leaf arrangement has five needles.

(4) Pinus caribaea var. bahamensis.

This vanety is originated in the islands of the Bahamas and the Caicos Islands, and 1n the
survey areas, 1t occurs only in the Koroutari area.

Morphologically it cannot be distinguished visually from var. hondurensis and var. can-
baea.

1.4.2 Environmental conditions at native land,

The areas 1n which Canbbean Pine grows naturally are those having a frost-free chmate
with warm temperatures throughout the year. In the Bahama Islands, and the 1slands of
the Caribbean, the lowest temperature is 22.1°C, in January, and the highest temperature
is 28.3°C in August. However, Belize's, climate except on the coast, 1s more varied. For
example, the temperatures in mountainous inland occastonally fall as low as 5°C.

With regard to precipitation, the Caribbean Islands are uwsually dry in winter, from
November to April, and June to October 1s wet. In Cuba, 1780 mm of precipitation is
recorded, at around 330 m above see level; in the south-west piedmont region, it is
1300 mm, and 1n the southem coastal plains, 1060 mm. In the Bahama Islands, the aver-
age annual precipitation is between 1200 mm and 1500 mm.

Soil conditions in the Bahama and Caicos Islands are the coral reef plateaus. The soil is
very shallow, under 3 cm, and the pH value is about 8. On the coral reef plateaus it is
impossible for the roots of the Caribbean Pine to penetrate to the ground water table,
but because of the water storing capability of coral, the trees can survive the dry season.
In central America, the trees will not survive in clayey soils having bad ventilation, but
will survive in well ventilated sands or silts even if these souls are relatively infertile.

1.4.3 Growth charactenstics of Cartbbean Pine.

The Canbbean Pine has high tolerant to dry conditions, and there are occupied 1n Nigeria,
during which the relative humidity falls below 10% at the higher altitudes around 1200
m, the trees still grow. However 11 is said that during dry seasons a phenomenum may
occur in which the needles cur} and the natural growth 1s prevented. With regard to the
root system, this vares according to the circumstances of soil water. For Example,
Canbbean Pines planted in highly absorbent sand in Zululand, South Africa, form well
developed vertical roots down to the water table. On the other hand, wn coral reef zones,
such as on the Bahama Islands, the root system develops horizontally over the coral
layer and grows without forming vertical roots.

_6...






The main growth charactenstics of the Caribbean Pine can be occured as foxtails and
needleless shoots. Foxtails are the result of a lack of side branch growth m the early
stages, so that the top of the trunk assumes the sppearance of a fox’s tall. Amongst the
four varieties of Caribbean Pine found i Fiji, foxtails occur frequently in var hondu-
rensis, and rarely n var. cuban. The advantages of foxtails indicate that they produce
timber without nodes and they require less growing space. However, the disadvantages
are that the diameter increment 1s reduced, the chances of being blown down are increas-
ed, and the fibres tend to be short. In Fiji, when the trees reach ten to fifieen years old,
side branches begin to develop from the top, and with regard to adult trees, despite the
large intervals between branches, 1t seems that the trees assume a more normal appear-
ance. With regard to thinning, the advice is to thin as much as possible. Of adult trees
over fifteen years old, some have leaves directly attached to the trunk, indicating that at
an early stage, the tree was a foxtail. There are two views on the reasons for the occur-
rence of foxtails. One is that, since the proportion of foxtails to normal trees increases
at lower altitudes where there is a thick soil, the cause is environmental. The other sug-
gests that heredity is the cause. Because planting in Fiji has recently moved to slopes,
young trees developing foxtails only exist at relatively high elevations, and therefore 1t
could not be ascertained that the cause was due to site factors.

Needleless shoots occur when needles fail to grow on a new shoot, and needle buds are
arranged in a fish scale pattern. In this survey area, needleless shoots are not in evidence.
Forkedtree are common over fifteen years old. Forking occurs 1 — 2 m from the top,
where the diameter is less than 10 cms. Even within a single variety, the occurrence of
forking 1s varied from place to place. In areas where forking is common, a percentage of
the occurrence was measured at 20% For thus reason, some people feels that the cause of
forking is new growth after cyclone damage, but there 15 as yet no firmed evidence.

1.4.4 Damage and prevention.

(1) Wind damage.

The places of origin of the Carntbbean Pine, the islands of the Caribbean sea, are often hut
by hurricanes, and these are sometimes known to blow down trees, or initiate fires which
subsequently destroy surrounding areas

In the survey area, a cyclone passed through in Apnl of this year, causing considerable
damage. This damage 15 detailed below,

At 69 sample plots, we calculated the ratio of abnormal trees (excluding foxtails). Re-
sult are shown wn Table 1.2.

Abnormal trees included these uprooted, those with broken trunks, extreme forking, and
natural withered. Of these forms of damage, uprooted trees indicated 10%, broken
trunks 50%, extreme forking 20%, and withered 20%. Cyclone damage was accounted for
uprooting and broken trunks, which constituted 60% (10% + 50%) of the total damage
The average percentage of damage n the total sampling area was 3.1%, and 60% of thus,
i.e. 1.8%, was the result of the cyclone.

With regard to cyclone damage, there has tended to be more damage in the Seaqaqa area
than in the Koroutari area. Geopraphically, serious damage 15 caused at the head of a
valley, where the valley is narrow, and where the wind blows up the valley, and 1n the
area extending to the ridge. An examination, by analyzing the sample plot data, was
made to find out in which stand the damage was greatest, but no clear tendancy was
found. However, 1t does seem that damage trees are occured in stands in which trees
heve a smaller than average diameter of breast height. Although we could not measure
the heights accurately because of broken trunks, but it appears that those trees having a






Table 1.2 Ratio of abnormal tree

Sample plot i:ll;:i\?;gf Sample plot i%t;%:r Sample plot Eﬂ)‘;‘;ﬁf Sample plot i‘{:;‘(”ﬁf
No. m:a(L,g)ree No. ma(l‘}gec No. maégee No. malyee

11681 39119 [5-24 57 |37 |§—19 11}5 (Y-—-32 2.0
2182 1.67120 ;18-11 4.0 §38 Y17 1.415 |5-30 ] 11.5
3 |[¥Y-4 0 21 {8§-10 0 39 |Y-18 0 57 |5—32 0.1
41Y-5 0 22 18-9 0 40 (Y-19 24158 |[Y-33]| 0
5154 0 23 |S—26 0 41 (Y-20 1.115% |5—31 38
6 |53 27124 |Y-12 5 42 |Y-22 1.1 |60 |S5—34 0
7185 59125 |S-121 16.5 143 |S5-21 55161 *Y-35 1.7
8 |1Y-6 58126 |S—13 4.4 j44 |B~20| 15.9]62 |5-33 9.6
9 |Y-2 1.9]27 |S~14 0 45 |S5—23 3.6 163 |Y-—-34 2.4
10 | Y- 3 0 28 [Y-15 4.1 |46 |5—22 51|64 |8-—27 14
in|y-19 0 29 Y16 0 47 |Y-21 0 65 |y—28 0

12 |Y-8 0 0 |Y-13 32 |48 [Y-23 0 66 [8—28 6.5

13 15— 8 6.7]31 |Y-14 0 49 [Y-26 1.0 |67 |Y—29 2.9

14 |S~ 6] 109]|32 {S—1s 31 (50 |Y-27 8.7)68 |85—29 28
15 |87 1.1]133 |8-17 4.7 |51 |Y-25 1.3 |69 |Y-30 0

16 |Y— 9 0 34 |8-25| 12.4 52 |Y-—24 0

17 | Y-11 2,413 |[85-16 6.8 153 |Y—1 40

18 | Y-10 2443 |S5-15 1.1 54 |¥Y-31 39

high form height ratio, so presenting large wind resistance, and occured much damge.
(2) Other damage.

With regard to blight, some cases of Cercospora pini-densiflorae have occured in Malaysia
and Brazil. Dothistroma pini occurs world-wide, but there is no possibility occurrence in
Fiji as the temperature suitable for jts spore germination and growth is less than 20°C.
Lophodenmum pinastr1 has been reported 1n New Zealand, Australia and Fui, but it has
not been found in the susvey area.

In the Seaqaqa area, an insect 1 — 2 mm in diameter, called the Bark beetle has been
found. This msect burrows between the bark and the timber and eats away some 2 — 3
mm of timber. When the tree 15 felled and the bark removed, a striped pattern 1s apparent
on the timber, but, it is not problem for growth.

14,5 Wood quality and use,

The quality of the Caribbean Pine timber is placed n the group as known Southemn yel-
low pine on the American market, For companson, the differences of quality between
the Canbbean pine and Pinus densiflora SIEB. et ZUCC. are given here. Air-dried specific
gtavity of Pmus densiflora has a value of 053 and that of Caribbean pine 15 0.75. Canb-
bean Pine is heavier than Densiflora. With regard to shrinkage percentage, both have the






same value in a tangential direction, but in the radial direction, Pinus densiflora has a
value of 0.14 — 1.17%, Caribbean Pine has the 0.22% or more, indicating a larger value
for Caribbean Pme The Bending Young factor, the bending strength and the longitudinal
compression strength have similar values for both, but shearing strength (kg/cm?) for
Pinus densiflora is 96 — 120, whereas for Caribbean Pine 15 121 — 150, With regard to
tangential cut surface hardness (kgfmm?), Pinus densiflora has a value of 0.9 — 1.5, and
Caribbean Pine, 2.6 — 3.8. With regard to friction (tangental cut surface fniction 1n
mm/100revs) Pinus densiflora has a value of 0 054 — 0.080, whereas Canibbean Pine has
a value of 0.010 - 0.020, and as a rule, Canibbean Pine tends to be heavier and harder
than Pinus densiflora.

In generally use, it 1s felt to be suitable as timber for construction, packing cases, public
work and as wood pulp. The uses of Caribbean Pine in Fijt are outlined below.

After preservation treatment, it is used for fence posts, frut tree supports, ground sills,
telegraph poles, construchion, furmture, panelling and packing cases, etc.. A1 the present,
tinber form thinning in Seaqaqa is used for fence posts, and packing cases. However tiie
demand 1s low, and there is an excess supply. Final cutting nmber has not yet been re-
ached, so there is no past record of usage, but Fijt Forest Industry in Labasa proposes to
use it as plywood core material.

However, domestic demand in Fiji is not likely to be strong, so 1t is expected that exports
will be made to Japan.

1.4.6 Nursery technology.

All seed required in Seqaqag is obtained from existng mother trees within this area.
Seeds are sown in germination beds That consist of one meter wide and haveing a soil
depth of 10cms, covered by approximately 5 mm of sand. Seeds are sown on these
beds and covered with sand. Direct sunshine 1s avoided, and the beds are kept well
watered. After two or three weeks spend, the seedlings grow to about 5 cms herght,
after which they are transplanted to plastic pots of 6 — 7 cms, diameter and 10 cms deep.
The seedlings are planted 1n the pots in sifted soil. In three to four weeks the seedlings
grow to 15 — 20 cms height. They are then planted out. Planting out should be cartied
out in the wet season. Planting mterval is 9 x 9 ft* (2.7 x2.7m*) or 8 x 10 fi* (2.4 x
3m?). Stand density are 1,350 per hectare.

14.7 Special ecological features.

The special ecological features regarding Canbbean Pine are shown in clause 3.3 Stand
Density Control Diagram. However this diagram is compiled from 69 samples, and there.
fore cannot represent the total ecological stand element. In this chapier, explanations are
mainly made on the basis from the results on sample plot surveys.

(1) Average tree height according to tree age.

Figure 1.4 shows the average tree height according to tree age in the sample plots. This
indicates that 20 year old trees attain an average tree height of 25 ~ 27 m, which repre-
sents a fast height growth. On the Hiroshima area, in Japan, Even if having good growing
conditions areas Pinus densiflora has an average height 4.8 m at 10 years old, and I 1.4 m
at 20 years old, (16.2 m at 30 years, 19.7 m at 40 years, 22.1 m at 50 yearsand 23.3m
at 60 years). Compared with this, Canbbean Pine reaches twice the height at an age of 20
years.






average Fig. 1.4  Average tree height according to tree age on sample plot
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{2) Average diameter breast height according to tree age.

Figure 1.5 shows the average diameter breast height according to tree age in the sample
plots. This indicates that 20 year old trees attain an average of approximately 30 cm and
at 10 years, 20 cm. In the Hiroshima area, Japan, even if having good growing conditions
areas Pinus densiflora has an average diameter breast herght 3.6 cm at 10 years, 10.5 cm
at 20 years. In comparison, Caribbean Pine grows to three times the diameter over the
first 20 years.






Fig. 1.5 Average D.B.H. according to tree age
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(3) Relationship between stumpage per hectare and average diameter breast height.
Figure 1.6 shows the relationship between stumpage per hectare and average diameter
breast height in the sample plots.






Fig. 1.7 Relationship between stumpage per HA and average volume of single tree
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Obviously, the grater the stumpage per hectare, the smaller the average dizmeter breast
height. This 1s the basical rule in plant ecosystem. However, Figure 1.6 shows, this rule
does not apply to trees with average diameters breast height of less than 15 cms. The
rule applies where competition exists between individual trees, and the figure indicates
that, in this survey arca with 1,300 treesfha, the state of competition takes a long time to
reach. In Japan, Pinus dinsiflora 15 planted to 2 density of 3000 — 4500 ha and this will
be discussed in section 3. The reason for this density is to encourage the rapid develop-
ment of crown closure in order to make a good quality and prevent development of
undergrowth.

{4) Relationship belween stumpage per hectare and average volume of single tree.

Figure 1.7 shows the relationship between stumpage per hectare and the average volume
of single tree. Thus is called the C-D effect (Competition Density Effect) and 1t will be
explained 1n Section 3. In plant ecology, this relationship can be expressed as v = CN'd.
under full density conditions (where v = average volume of single tree, N = stumpage per
hectare). C'is decided depends on the type of plant, but d vanes little from plant to plant,
and normatly approximates to 3/2. From tan 8 = 3/2,8 15 found to be 56°10". In Figure
1.7, the lines have an angle of 56°10’. and the distrsbution of plotted values along the line
shows that the value of 3/2 as the power in the formula 15 suitable for Caribbean Pine.
With regard to plotted values which do not fall along the line, these indicate incomplete
full density.

(5) Stand composition.

As a means of expressing the stand composition 1n this section, diameter distributions are
discussed. The diameter histogram according to average diameter per sample plot are
shown 1n Figure 1.8. Where the average diameter 1s greater than 10 cm an almost Normal
Distribution appears. The greater the average diameter, variance becomes greater. This is
a general tendancy with regard to trees, and the Caribbean Pine displays no special
characteristics in this respect. However, in companson with Japanese cedar and Pinus
densiflora, the Caribbean Pine has a smaller vanance for stands of large average diameter,
and the diameter classes are evenly distributed. This indicates that competition between
stands 15 not very severe, and that low class thinning has been carried out thoroughly.
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Survey Method

2. SURVEY OF CARIBBEAN PINE RESOURCES

The purposes of the Caribbean Pine resource survey are 1) produce a Forest Inventory
Note according to Compartment, Sub-compartment and Forest Type, and 2) estimate
the total growing stock.

i) Fust step, we compiled new stock map. Based on former stock maps, Compart-
ment and Sub-compartment drew to new stock map, and after carrying out Forest
Type classification by interpretation of aeral photographs Further uncertam
boundaries were decided by ground survey.

ii) An explanation of the Forest Inventory Note is given in section 2.8. With regard to
volume per hectare, this was estimated by using aertal photograph stand volume
tables for method of Quantification (I}, and 1s a kind of regression estimate with
regard to fixed data. Also the average tree height, and basal area, were calculated
by the same method.

ifi) The estimation of the total volume in the area was made from accumulation values
from the Forest Inventory Note

2.2 Sample Plot Survey

The selection of sample plots was made from stock maps, that are published by Fin
Government.  These sample are selected with areas proportional allocation according
to each planted year.

The results are given in Table 2.1

Table 2.1 Number of sample plot according to each planted year

Planted| WNumber of sample plot Planted| Number of sample plot
year | SEAQAQA |[KOROUTARI year [SEAQAQA |KORCUTARI
1860 3 || 1970 5 1
61 2 1 3 71 1 2
62 1 1 72 2 4
' 63 4 4 73
64 3 3 74
65 5 5 75 4 4
66 6 6 76 1 3 4
67 6 6 77 1 1 2
68 5 5 78 2 2
69 6 6 | Total 53 16 69

The sample plots were chosen where thinning and felling by wind has been mintmal over
the last two years, where the forest type in the sample plot was almost homogeneous to
the surrounding farest type, and where the forest type in the sample plot 15 evenly dis-
tributed. With regard to the size of the sample plot, this was chosen 1o be 0.1 ha, because
the forest types were evenly distributed. Therefore a rectangular 20m x 50 m was adopt-
ed, to enable the plot to be onented at 45° to the line of the planting rows.

We measured subject matter what is showed ‘TALLY SHEET’ (Table 2-2). Alf tree
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diameter breast height were measured according to upper class, low class, foxtails and
abnormai trees {cyclone damaged). And every diameter class about three trees measured
total tree heights by BLUME-LEISS.

2.3 Sample Plot Survey Results.
The following details were recorded on a Tally Sheet: average tree height of upper class
trees, average tree height, average diameter breast height, number of stand per hectare,
volume per hectare (under bark), proportion of foxtails, and proportion of abnormal

trees
The results are given in Table 2.3. The species column shows the variety of Caribbean
Pine.

Ph..... Pinus caribaea var. hondurensis

Pe...... Pinus canbaea var. caribaea.

Pcu ... .Pius canbaea var. cuban.

The volume equation which was used to calculate the volume of single trees was develop-
ed by the Commonwealth Forestry Institute, Oxford, and the formulae are as follows:
Total volume (ft® under bark)=0.175 + 0.00183D?H (yards, pounds)

where D=DB.H
H = height. y
V (under bark)} = 0,005 + 0.00002636D? H (metric)
Using these formulae, Volume Tables were composed as in Table 2.4,

2.4 Estimation of Average Tree Height and Basal Area
The average tree height and basal area are the main items in the Forest Inventory Note,
and are the important factors n the carrying out of thinming method, and understanding
the stand conditions. The average tree height can be obtamed directly from aerial photo-
graphs interpretaticn, but accuracy 15 somewhat unreliable. [n this survey, both of aver-
age tree height and basal area were estimated by items from standard land conditions
according to method of Quantification (1).

24.1 Estimation of average tree height

Amongst the factors corelated to average tree height the most easily read data from exist-
ing data, aenal photographs and topographical maps, are tree age, crown density, inclina-
tion and topography, etc.

Calculated results were showed table 2.5, scores, and multiple correlation coefficient,
and a simple correlation matrix. With regard to crown density, the aerial photographs
were taken in 1978 and there is two years discrepancy in interpretation.

The score values are used to obtain an average tree height by adding each of the scroes
for the appropnate category under each of the factors.
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Table 2.4 Volume table of Caribbean Pine

H/D 4 6 8 10 12 14 16 18 20
| 3 J 0006 | 0008 0010 ] 0013 | 0.016 | 0020 )] 0025 | DD31

4 {0007 [0009 001200161 0020 00261 00321 0039 | 0047

5 | 0007 {0010 0013 [ 00181 0024 003171 0039|0048 | 0058

6 | 0008 | 0011 | 0015 | 0023 | 0.028 | 0036 | 0045 ] 0056 | 0068

7 10008|0012 100170023 | 00320041 | 0052|0065 ] 0079

8 10008 0013|0018 0026|0035} 0046 | 0.059] 0073 | 0089

9 ] 0009|0014 (0020|0029 0030 00511 0066 0082 | 0100
10 | 0009 | 0014 [ 0022 003100430057 {0072 ] 0000|0110
11 |1 00100015 | 0024 | 0034 0047 | 0062 | 0079 0099 | 0121
12 | 00100016 [ 0025 | 0037 | 0051 | 0067 | 0086 | 0107 | 0132
13 0017 | 0027 | 0039 | 0054 | 0072 | 0003 | 0116 | 0142
14 0020|0042 | 0058|0077 | 00909 | 0125 | 0153
15 0045 | 0062 | 0082 | 0106 | 0133 | 0.163
16 0047 | 0066 | 0088 ] 0113 ] 0142 | 0174
17 0070 [ 009310120 0150 | 0,184
18 0073 | 00981 0126 | 03159 | 0.195
19 ! 0103 | 0133 0167 | 0205
20 0108 ] 0140 0176 | 0216
21 0147 [ 0184 [ 0226
22 0.153 | 0193 [ D237
23 0201 { 0248
24 0210 | 0258
25 0269
26 0279
27 0.290
28 0.300
29 0311 |
HE/D 22 24 26 28 30 32 34 36 38 40

5 {0069

6 | 0082

7 | 0094|0111

8 |0107]0126

9 [0120[0142( 0165

10 lo133 015710183

11 | 0145 (017202010232

12 10158[0187]0.219]0253

13 [017110202] 023702740313 0356]/0401 |[0445[0500[0553
14 |0184|0218| 025402940337/ 0383{0432[0483[0538[0595
15 | 0196 | 0233]0272|0315[0361]0410/0462|0517)|0576|0638
16 [ 0209[0248]0290/0336[0385[0437[0493]0552 0614|0680
17 | 0222|0263 | 0308 | 0356 | 0408| 04640523 |0586,0652]0722
18 [0235| 0278|0326 |0377|0432|0491][0553|0620]0690(0.764
19 [ 0247 | 0293] 0344 [0398|0456|0518}0584 0654 0728|0806
20 {0260/ 0309|0361 |0418[0479{0545[{0614[0688[0766|0.849
21 1 0273:0324|0379|0439(0503{0572]{0645[0.722|0804[0.891
22 | 028603390307 [0460[(0527[0569[0675[0757(0842[0933
23 [ 0298|0354 {0415 0480[0551[0626|0706[0791 0880|0975
24 (0311036910433 ([0501{0574|/0653(073610825!/0919/1.017
25 [ 032403850450 0522 0598|0680]/0767(0859[0857{1059
26 | 033704000468 0542[0622{07070797/0803/0905[1102
27 | 0349{0415 | 0486|0563 [ 0646|0734{0828]0927!/1033]1.144
28 [ 036204300504 |0584[0669[0761]0858)/0062]1071!1186
29 [ 0375({0445[ 0522 0604[0693[0788]0880{0996(1109(1.228
30 | 0388[0461% 0540 |0625]0717[0815/0919/1030]{114771.270
31 | 0401 (047670557 | 0.646[0740[0842]05850({1064]1185{1312
32 04971 ] 0575 | 0666 | 0764|0869} 058010981223 1.355
33 0506 0593 | 0687 (0788 0896[1011[113211261 (1397
34 0521 [ 0611 [070B[0812[0023[1041[1.167 (12909711439
35 0536 [0629[0728]0835[/0950|1072/1.201[1.337|1481]







H/D 42

44

46

48

50

52

54

56

58

60

13

0609

0668

0730

0.795

0862

0932

1004

1080

1158

1239

14

0656

0719

0.786

0855

0928

1003

1081

1162

1246

1334

15

0702

0770

0842

0916

0.993

1074

1158

1245

1335

1428

16

0749

0822

0897

0977

1059

1145

1235

1328

1424

1523

17

0795

0873

0953

1037

1125

1217

1312

1410

1512

1618

18

0842

0524

1008

1098

1191

1288

1388

1463

1601

1913

19

0888

0975

1065

1158

1257

1359

1465

15786

1690

1808

20

0035

1026

1121

1220

1323

1431

1542

1658

1779

1903

21

0981

1.077

1176

1.280

1389

1502

1619

1.741%

1867

1998

22

1028

1128

1232

1341

1455

1573

1696

1824

1956

2093

23

1074

1179

1288

1402

1521

1644

1773

1906

2045

2189

24

1121

1230

1344

1463

1587

1716

1.850

1989

2133

2283

25

1167

1281

1399

1523

1.652

1787

1927

2072

2222

2377

26

1214

1332

1455

1584

1718

1858

2004

2154

2311

2472

27

1260

1383

1511

1645

1784

1929

2080

2237

2309

2567

28

1307

1434

1667

1706

1850

2001

2157

2320

2488

2662

29

1353

1485

1623

1766

1916

2072

2234

2402

2577

27567

30

1400

1536

1678

1827

1982

2143

2311

2485

2665

2852

31

1446

1587

1734

1.888

2048

2215

2388

2568

2754

2947

32

1493

1.638

1790

1.948

2114

2286

2465

2650

2843

3042

33

1539

1.689

1846

2009

2180

2357

2542

2733

2931

3137

34

1586

1740

19501

2070

2246

2428

2618

2816

3020

3231

35

1632

1791

1957

2131

2311

2500

2695

2898

3109

3326

H/D 62

64

66

68

70

72

74

76

78

80

13

1322

1409

1498

1590

1684

1.781

1882

1984

2090

2198

14

1424

1517

1613

1711

1813

1918

2026

2137

2250

2367

15

1525

1625

1727

1833

1942

2055

2170

2289

2411

2536

i6

1626

1733

1842

1955

2072

2191

2315

2441

2571

2704

17

1728

1840

1. 57

20717

2201

2328

2459

2583

2731

2873

18

1829

1948

2072

2199

2330

2465

2603

2746

2892

3042

19

1930

2056

2187

2321

2459

2601

2748

2898

3.052

3210

20

2032

2164

2301

2443

2588

2738

2892

3050

3212

3379

21

2133

2272

2416

2565

2717

2875

3036

3202

3373

3548

22

2234

2380

2531

2687

2847

3011

3181

3355

3533

3716

23

2336

2488

2646

2808

2976

3148

3325

3507

3694

3885

24

2437

2586

2761

2930

3105

3285

3469

3.655

3854

4054

25

2538

2704

2876

3052

3234

3421

3614

3811

4014

4223

26

2640

2812

2990

3174

3363

3568

3768

3964

4175

4391

27

2741

2920

3105

3296

3492

3695

3802

4116

4335

4560

28

2842

3028

3220

3418

3622

3831

4047

4268

4495

4729

29

2944

3136

3335

3540

3751

3968

4191

4420

4656

4897

30

3045

3244

3450

3662

3880

4005

4335

4573

4816 15066

31

3146

3352

3565

3784

4009

4141

4480

4725

49717

5235

32

3247

3460

3679

3905

4138

4278

4624

4877

5137

5404

33

3349

3568

3.794

4027

4267

4514

4768

5029

5297

5572

34

3450

3676

3909

4149

4397

4651

4913

5182

5458

5741

35

3551

3.784

4024

4271

4526

4788

5057

5334

5618

5910







Table 2.5 Score value of average height

Item Category Score Score range
0~ 2 — 21. 48
3~ b - 17.70
6~ 8 - 10.68
Tree age g9~ 11 - 7.64 21,48
12~ 14 — 479
15~ 17 - 238
18 ~ 0 00
0~ 30% - 107
31~ 50 - 242
Crown
51~ 70 0.17 2 42
density
71~ 90 059
91 ~ 100 000
0~ g° - L16
Inclination | 10~ 19 — 08l 1.16
20 ~ 0.00
Convex 25 76
Concave 23.86
Topography 2.28
Paralel slope 25,65
Frat 26 14

Multsple correlation 0.960

Simple correlation matnx

average CIOwWRn

height trec age density inchination topography
Verage 1 0.929 | 0.8 | —0.510 | 0022
tree age 0.929 1 0 857 -0 395 — 0 083
density 0. 854 0 B57 1 — 0,395 | -0019
inchination | — D, 510 - 0.395 —{.395 1 0 190
topography [~ 0.022 - 0.083 — 0 019 0 190 1

The muitiple correlation coefficient of 0.960 15 a high value. The average tree height
column 1t the Forest Inventory Note were calculated using these valves. In addition,
these score values can be used when the average tree height 1s required for stands in areas
near the survey area,

In the sample plots, the real values of average tree height, and the estimated values using
these score values are shown 1n Table 2.6, and they prove the score values to be a highly
accurate means of estimation.






Table 2.6 Real and estimated values in the sample plot (m})

Sample | Reat llisumated Sample | Real Esumated| Sample | Real Estimated
No. |values  wvalues No |values  values No. |[values values
1 22.3 23.2 24 212 208 47 17.3 | 20.4
2 23.0 23.2 25 158 | 156 48 183 208
3 25.6 25 6 26 149 | 17.5 49 17.0| 175
4 23.8 25.0 27 24 62 50 15.9 1 17.4
5 27.5 23.2 28 263 | 256 51 163 | 148
6 250 256 29 25| 256 52 182 204
7 26 2 250 30 231 207 53 156 | 208
8 227 23 2 31 22 4 20 4 54 51 62
9 21 4 23.2 32 19.6 17.8 55 3.3 48
10 25,2 23.2 33 182 183 56 12 0 62
i1 245 23.2 34 17,6 17.4 57 141 | 157
12 21.8 22 6 35 18 8 18 2 68 24 4 256
13 19.7 225 36 21.6 { 17.5 59 69 61
14 221 20 0 7 213 17.5 60 46 61
15 220 20.4 38 213 20.8 61 57 61
16 22,5 23.2 39 21 6 20 4 62 61 55
17 20.1 207 40 20.4 ] 20.8 63 65 55
18 221 207 41 21 5 20 8 64 15.6 17.8
19 23.2 23.0 42 20,31 204 65 143 | 17.4
20 201 20.3 43 16 7 17.4 b6 14 6 14.3
21 22 24 44 162 | 143 67 122 | 145
22 26 24 45 58 57 68 125 | 11.9
23 21.7 200 46 120 125 659 14.5 | 145

2.4.2 Estimation of basal area

The factors corelated to basal area, easily interpreted from aerial photographs, are tree
age, number of stand per hectare, and crown density. However, in this case, due to
picture reduction, there was a lhittle problem in accurately interpreting the number of
stand from the photographs. Therefore number of stand grade was arranged 1n units of
200 stands. Score values, multiple correlation coefficient, and simple correlation matnx
are shown in Table 2.7.

From this multiple correlation coefficient high accurate estimation 15 expected. The
figures in the basal area colump of the Forest Inventory Note were obtained using this
score values, In addition, these score values can be used when the basal area 1s required
for stands in areas near the survey area. In the sample plots, the real values of basal area,
and the estimated values using these score values are shown in Table 2.8, and they prove
the score values to be a highly accurate means of estimation.






Table 2.7 Score value of basal area

Item Category Score Score range
0~ 24 — 29.64
3~ 5 —21.19
© 6~ 8 - 3.7
g 9~ 11 - 038 29.64
= 12~ 14 — 050
15~ 17 - 036
18 ~ 0 00
< 0~ 400& | — 0.48
g 401 ~ 600 - 10 39
g 601 ~ 80O - 7.27
] 10 39
b 801 ~ 1000 — 576
_’.‘é 1001 ~ 1200 - 200
2 1201 ~ 0.00
0~ 0% 32.68
2 A~ 50 35.88
© 51~ 70 37.94 | 1435
E_ 71~ S0 40. 61
91 ~ 100 47.03
Multiple correlation 0 947
Simple correlation matnx
Basal area Tree age | No. of stand ir:mwtr;
Basal area 1 0. 658 — 0 067 0 809
Tree age 0 658 1 — 0.637 0 857
No. of stand — 0 067 - 0.637 1 —0.376
Crown density 0. 809 0. 857 —0 376 1
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Table 2.8 Real and estimated values in the sample plot ( m? fha)

Sample| Real Esnmatj Sample | Real | Esumat-|Sample | Real |estimat
No | values |ed values| No. | values |edvalues| No. | values led values
1 30.35 | 29 86 24 3813 |34 3 47 29.44 | 30.17
2 3915 | 32 99 25 28 97 | 35.57 48 26 37 | 32 84
3 3231 | 31 14 26 37.87 | 37.56 49 28.25 | 31.80
4 38 41 | 36 64 27 204 5,48 50 31 60 | 37.56
5 33.21 | 30.78 28 30.67 | 30 22 51 23.50 | 28 23
f 27.53 | 31 14 29 31.05 | 30.22 52 3277 | 3017
7 36 81 | 36 64 30 2077 | 3284 53 367713811
8 27.54 | 29.86 3 27.50 | 27.05 54 454 422
5 20,27 | 29.86 3z 39.08 | 40.23 55 1116 | B8 93
10 31 04 | 29.86 33 37.40 | 40 23 56 20 05 { 11 49
1l 30.85 | 24 86 34 46 03 | 38 24 57 38 47 | 33 50
12 3213 [ 403 35 37.37 | 35.57 58 29 41 | 30 22
13 46 79 | 44 68 36 32.73 | 31.80 59 10.23 | 11.49
14 40 08 | 44 53 37 40 44 | 31 80 60 275 5.73
15 26 33 | 31 68 38 34.69 | 3284 61 9.421 949
16 33.91 | 34 49 39 34.26 | 30.17 62 14 26 | 14 69
17 32.75 | 34.35 40 31.74 | 34 35 63 12 88 | 14 69
13 34.05 | 34 35 41 37.23 | 34 35 64 37.48 | 40 23
19 27.47 | 29 86 42 3678 | 34 35 65 37 69 | 37,56
20 47.97 | 46 67 43 40 60 | 37.56 66 24 06 | 23.81
21 140 3.04 4 23.31 | 23.8 67 30.03 | 32.20
22 4 67 3.04 45 14 36 | 11.49 68 27 68 | 30.14
23 52.41 | 44.53 46 28 61 | 26 38 69 3109 | 28 44

2.5 Making Stereogrammes

Stereogrammes were useful in the interpretation of Caribbean Pine forest types in the
survey and nearby areas. The stereogrammes were made for the 69 sample points of
the survey area (Table 2 9)

The aeral photographs used were taken 1in 1978, and there 15 a two year discrepancy
with the actuval survey date, 1980. Therefore, it was necessary to back date the survey
data by two years.

2.5.1 Average tree height

With regard to tree height, the growth rate varies according to the site index. In Fiy,
site index curves were drawn for the Caribbean Pine according to each site index m the
Seaqaqa area These are shown in Figure 2.6 in section 2.8. Each sample plots the
values for tree age and average tree height were plotted on this graph and values for
average tree height for two years earlier were oblained by back-dating two years along
the site index curves.

2.5.2 Stand volume

The two year adjustment for stand volumes was obtained in the following way. In
section 3.3, the stand volume, V was obtained from the stumpage per hectare, N, and
averape tree height. H, by regression catculation. The formula 1s as follows:

log (V/N)=—1.4759 + 1 7431 log H — 0.4532 log N






If the stumpage per pectare, N, has not changed over the two years, present stand volume
can be made using the present average tree height, and the average tree height for two
years earlier which has been estimated in section 25 1, and the growth rate over the
two years can be defined as:

Present stand volume — stand volume two years earlier
present stand volume

Using this growth rate, the stand volumes obtained in the sample plot survey were altered
io values for two years earher.

2.5.3 Diameter breast height
The diameter breast height could not be estimated directly from the aenal photographs,
50 the sample plot survey results were used as they stood

2.54 Crown densily

Crown density 15 not obtained by sample plot surveying, but is obtained from aenal
photographs  Therefore, 1t was not necessary to alter the data, and the values were used
as they were.

With regard to sample plots 21 and 22, the planting year was 1978, and at the time the
aerial photographs were taken. The planting had not yet been carried out, therefore,
stereogrammes for these plots were not made

Table 2.10 shows the average tree height and stand volume for the present and for two
years earher of the sample plots.

Table 2.1Q0  Average tree height and volume for the present and two years earlier

Sample | Average height | Stand volume |l ¢, y1e | Average height | Stand volume Samplc| Average height | Stand volume
No. 28:1?:13115 Present zegr"l::::r: Present No ze;fr‘l?elrs Present Ze:ﬂ}le:::rrs Present))  No i;‘;mrrs Present 2::;;?:1;: Present
1 20.3 | 22.1|203.31235.8) 24 184 20.7 23581289 5| 47 144 | 166 |144 2| 184 7
2 21,04 22.81277.0(319 7| 25 131 15.7{129.3]/177.3| 48 146} 167 ({141 5] 178 8
3 2381 254 1247.3|277.0( 26 12.5]| 14 97154.51209 9| 49 13.5) 163 [126 5[ 1757
4 2201 23.51285.5|3203] 27 1.2 24 3.8 75| 50 126 148135 7}179 7
5 254] 27.41280,11319 7 28 24.71 263 |24811276 8| 51 135 16 3 | 98.4} 136 7
6 233 248|215, 62404 20 24 7| 26 3 (258.0|287.8| 52 1581 181 (175 3] 222 2
7 241 2591201.91331 0 30 204 2251201 9{232.5) 53 13.5{ 154 {164.8] 2067.3
8 20.5 225|185 3|217.9 31 20,17 221 |181.3(213.9) 54 17 5.1 1.9( 130
9 19.7 | 21 4(193.31223.3| 32 16 371 19.2 [203.01270 1 55 13 33 62 313
10 226 245(2340|269 3| 33 155 1821925254 7 56 60 120 28.1| 94.1
11 223 242|2287)263.7) 34 14 8| 17.5 206 9]277.1{ 57 116| 141 1150 3! 211.2
12 196 214121292481 35 158/ 186188 9)251.0{ 58 228 244 |2280| 2566
13 172 19.21275.9(334 2 36 1837 21518881250 0y 59 17 69 27 31.2
14 193 | 21.4|334 8|400.8 37 1821 21 31(233.2,306 8ff 60 22 46 27 9.8
15 18.21 207 [167.3]2004) 38 1871 21212122 |264.1|) 61 27 5.7 7.3 267
16 88| 208|225.0(2683) 39 190 21 3207.71253.5| 62 28 61 99 385
17 180 20.0(151 4230 0f 40 181; 20.4118541228 4 63 30 64| 10 0f 37.3
18 188 21.0j218.8{265 3| 41 181 20.4 (2287|281 7| 64 127 156 | 146 9f 210 3
19 195 21.7}1748{210 6| 42 17.4| 196 |214.71264 2| 65 11,3 13.7 1140 0| 185 9
20 181 20,1 (205713550 43 1271 155(190.4 |269 4| 66 113 46 ; 790|123.5
21 - 2.2 - 7.21 44 126 16 2| 853 [132.2| 67 89 11.7 | 84.4,1359
22 - 26 - 14.04 45 22 58 68 37.0|| 68 9.7 125 | 83.8| 1304
23 18.6 | 209|326 1{399.6} 46 9.1 11.8( 80.6 126 8| 69 11.4 ( 14 4 |106 9! 160 6
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2.6 Aerial Photograph Stand Volume Table

The estimation of stand volume by the regression estimation method was already ex-
plained in sectton 2.1 Survey Method. While, generally, the regression estimation method
uses the multiple regression calculation, in the survey it has been explained that estima-
tion can also be made using Quantification (I). Amongst the factors which have a strong
relatronstup wath stand volume, and at the same time, can be measured from aerial photo-
graph analysis or topographical maps, are tree age, stumpage per hectare, crown density
and inclination. But average tree heght 1s also considered to be a factor having a high
relationshup  Average tree height was estimated accurately as explained n section 2.4
The calculation results from using these five factors are shown in Table 2 11.

Table 2.11 Score table of stand volume

ltem Category Score Range
0~ 2 —~ 20 49
3~ 5 - 659
B 6~ 8 10 30
8 9~ 11 59 38 79.87
= 12~ 14 35 67
15~ 17 497
18 ~ 0 00
~ 6m |- 21553
7~ 10 - 217 72
= 1~ 14 - 145 93
=3
k 15~ 18 —136 66 | 217.72
E 19~ 22 — 7497
2B~ 26 - 47.02
27 ~ 0 00
0~ 400 ~ 20.30
E 401~ 600 —- 3522
S 601 ~ 800 - 17.61
Z m~w00 |-z | >Z
5 1001 ~ 1200 0. 46
1201 ~ 000
0~ 30¢% |—15338
£ 31~ 50 |-140 59
% 5l~ 70 -120.24 | 153.38
3 T~ 90 - 9280
“ 91~ 100 000 |
5 ~ 9g° 421.82
E 10~ 19 40000 . 2182
E 20 ~ 411 09

Multiple correlation 0.972
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Simple correlation matrix

v%}ﬁ’t‘ge Treeage | Tree height | No. of stand gt?s‘l‘;’; I:ﬂ}‘gg
Stand volume | ) 0.820 | o871 | ~0308 0.899 | — 0.401
Tree age 0. 829 1 0 914 - 0.637 0.857 | — 0531
Tree height 0 871 0014 | 1 —0 601 0.845 | —0 490
Noofstand |—0 308 | —0.637 |~ 0.601 1 — 0 376 0 467
Crown density | 0, 899 0 857 0 845 — 0 376 1 — 0.395
Inclination 0401 | —0 531 [~ 0490 0 467 — 0 395 1

Inference from the value of the multiple correlation coefficient, the estimation can be
made with a high degree of accuracy. Therefore, the volume per hectare column of the
Forest Inventory Note, the estimated values calculated by this Score Table were used.
In the sample plots the real values of stand volume, and the estimated values using the
score values are shown in Tabie 2.12

Table 2.12  Real and estimated values in the sample plot

Sample | Real [Estimot-| Sample | Real | Estimat- | Sample | Real Estimat-
No. | values ldvalues] No. | values |edvalues| No. | values edvalues
1 2358 1 223.8 24 289.51 2650 47 184.7 | 183.0
2 3197 [ 269 4 25 177.3 1 203.0 48 178.8 [ 210 4
3 277.0 (263 7| 26 209.9 224 3 49 175.7 | 199.5
4 320.3 | 339 6 27 7.5 25.0 50 179.7 | 202 5
5 319.7 | 313.7 28 276 8| 246 8 51 136 7 | 164.5
6 240.4 [ 261 7 29 287.8 | 203.8 52 222 2 | 183.0
7 331.0 | 3396 30 239 5| 278 2 53 207.3 | 228.5
8 217.9 [ 251 8 3t 213.9| 227.1 54 13.0 69
9 223.3 | 223.8 32 270.1 | 291.6 55 31.3 12 5
10 269.3 | 25L.8) 33 254 7| 229.9 56 91 941
1 263.7 | 251.8 3 277.1| 2522 57 211.2 | 184.4
12 2481 | 305.2)| 35 251.0 | 275.7 58 256 6 | 246 8
13 334.2 | 330.5 36 250.0 | 261.2 59 31.2 | 22.3
14 400.8 | 361.2 37 306 8| 261.2 60 98 0.0
15 209.4 | 237.5 38 264 1) 2721 61 26 7 260
16 268 3 | 262 2 9 2535{ 2447 62 385 | 484
17 230 0 | 243.1 40 228.4| 2650 63 37.3 ) 46 2
18 265 3 | 243.1 41 281.7| 2650 64 210.3 |226.9
19 210.6 | 229.9 42 264.2| 265.0 65 195 9 [ 193.2
20 3550 | 351.8) 43 264.4) 2025 66 123.5 ) 118 2
21 7.2 10.6 44 132.2| 118.2 67 135 9 | 166 4
22 14.0 10 6 45 37.0f 463 68 1304 | 146 1
23 390.6 | 361 2| 46 126 8 110.1 69 160.6 { 150.5

* Score values of szmple No. 6015 —0.3

In some cases, when it is desired to find the stand volume for areas near the survey area,
using all five factors mentioned above 15 not possible. In these cases, where the inclina-
tion factor is missing, or where the factors for inclination for stumpage per hectare are
mussing, score values as given in Table 2.13. Single correlation coefficients of these factors’
have only a small effect on the estimated stand volume.
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Table 2.13  Score values of stand volume (except inclination and number of stand
Score values Score values
ltem Category (except inclination) (Exzﬁ:;::g?i:fnnd;md

0~ ~ 6109 — 28 42

3~ — 43.69 — 19 48

g 6~ - 17.21 — 5.88

o 9~ 11 21.77 60 82

& 12~ 1 15 72 36 07

15~ 17 — 531 3.51

18 ~ 0 00 0 00

B ~ 6m — 208 69 — 189, 68

7~ 10 — 210.68 — 181 72

g 11~ 14 — 142 60 — 115 12

2 15~ 18 —134 74 — 128.25

& 19~ 22 — 7238 — 74 41

2B~ 26 — 48 68 ~ 5256

27 ~ 0 00 0 00
- 0~ 400 — 27.24
3 401 ~ 600 — 0.9
5 601 ~ 800 — 18 86
3 801 ~ 1000 ~ 2431
5 1001 ~ 1200 1.16
1201 ~ 0. 00

R 0~ 30% 280 38 228 70

E 3~ 50 206 84 242 21

E 51~ 70 319 79 272.59

2 i~ 90 340 50 302 00

© 91~ 100 419.35 397. 64

Multiple correlation 0 959 0. 965

2.7 Estimation of Growing Stock according to Forest Type and Total Growing Stock

The growing stock according to forest type 1s given in a separate Forest Inventory Note.
This section presents computer compiled data on Canbbean Pine planting area, growing
stock, and average growing stock per hectare for each compartment; and total area and
total growing stock according to age group and compariment,

In the total survey ares, the growmng stock was 456,000 m® and the area was 1868.7 ha.
Seaqaqa accounted for 401,000 m?, 1571 76 ha., and Koroutar, 55,000 m?, 296.94 ha
With regard to area according to tree age, the overall results are shown in the below table
and the results are detailed in Figure 2.1.

1year old| 2 3 4 5 6 7 8 9 10
Dha | 5468 90 04) 5512} 2672 | © 0 [134 82 [187,44 [ 185 68

11 yearsold| 12 13 14 15 16 17 18 19 20

231.00hn |281 64 [330 83 (164 40| 5828 | 30.28; 13.44 1 11.64| 816} 4 48
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Fig. 2.1 Area according to tree age
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Fig. 2.2 Stond volume according to tree age (Semi log)
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Table 2.14  Planted area stand volume and average volume per HA. according to each compertment

g
§
|

Seaqaqa Koroutari
(G| Towme] ot [0 | s | Vo] ol LS| e[| dobe
| I | 2008 | 9,143] 314 || 29| 1568 | 3.815] 243 | 1 412 | 906 220
1 2 62.92 | 18,881 300 || 30| 19.84 | 4762 240 | 3 2.16 | 475 220
| 2| 2656 | soas| a0 | 3] 1300 | 3120] om0 | 4 516 | 703 | 136
[ 4 32.52 | 8302| 255 || 32| 1672 3797 240 || 5 408 | 315 77
5 20,16 | 6,280 312 | 33| 40.24 | 1.870] 295 | 6 1228 | 2341 191
6 968 | 1.431 148 || 34 | 40.48 | 12,954 320 | 7 13.76 | 1,321 96
7 13.56 | 2,188 161 | 35| 51.12 | 16,007 313 | 16 632 | 363 209
8 34.88 | 10,115 290 § 36| 47.92 | 15,334 320 |17 19.80 | 2,593 131
9 20.64 | 8493 287 || 37 | 41.84 | 13,389 320 22 32 40 | 7,052 218
10 29.80 | 8,966 301 | 38| 34.64 8.943] 258 {23 20.12 | 1,152 57
1 47.00 | 13,685 201 | 30 | 33.04 | 11,432 6 |24 16 52 | 2,062 125
12 2296 | 5539 241 | 40| 42,68 | 13,561 318 || 25 7.80 | 1,863 239
13 2668 | 6679] 250 || 41 | 3592 | 1L036] 307 || 26 15.44 | 3,586 232
14 8.96 | 1,884 210 | 42| 2412 6117 254 | 27 27.28 | 7,164 263
15 10.00 335 M 44 | 40.36 1,746 43 | 28 25.96 | 7,810 301
16 35.76 | 4,671 131 | 45| 40.40 | 8.364 207 {20 14 84 | 3,960 267
17 23.56 54 2 || 46| 2016 | 1.524 76 |30 1596 | 2,873 180
18 23.64 | 6,700 263 | 47 3072 | 1153 38 |31 31.54 | 4,494 142
19 20.72 | 6,532 315 || 48| 2492 811 33 [ 32 21.40 | 2,843 133
20 41.16 12,708 309 | 49| 1816 | 4358| 240
21 0 56 184 320 | 50 | 4472 | 13,800 309
22 2868 | 7,216] 252 | 51| 63.68 | 15925| 250
23 2492 | 573| 230 | 53| 3596 | 11,456 319
24 19.84 | 4,819] 243 ] 54| 23.12 | 695 303
25 g.24 | 1,903 206 Il 55| 2496 | 7.650| 307
26 23,08 | 5570 24 || 56| 42024 | 14,122 334
2 27.16 | 5,357 197
28 22.40 | 5469 244
Total |1.571.76 |401,080| 255 |Totat| 296 94 (54,896 185

With regard to growing stock according to tree age is given in the following table, and the
results detailed in Figure 2.2,

1 vear old 2 3 4 5 6 7 8 9 10
0nd 0 2,004 | 1,252 752 0 0 | 24,348/ 47,303 | 47,201
)1yeatsold| 12 13 14 15 16 17 i8 19 20

54,817 | B7.514 [102,715 | 50,122(16,298 { S.043| 4,258 | 3,464 | 2430)] 1,365
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Figure 2.1 shows the large area of 11 — 13 year old stands, and there are no stands 6 — 7
years old. If a Normal Age Class Distribution aim, to give stand continuity, these find-
Ings must be given consideration in making future forest plans.

Nexi, the esmated quantity of saw-timber obtainable from the present stands is pre-
sented here. The minimum standard stumpage for usable saw-timberin Fjiis24m x
23 cm (centra) diameter). Therefore the aim is to produce D.BH 24 ¢m, or more, and
30cm or more, and calculaions were made to establish the volumes for these D.B.H,
To this end, first, in the 69 sample plots 1n the survey area, the ratio of stumpage volume
for DBH 24 ¢m and over, and 30 cm and over, Lo the total volume was measured. The
deviation function was obtained by regression calculation on tree age in the sample plots
and this ratio, and using this coefficient, the stumpage volume for D.B.H. 24 cm and
over, and 30 cm and over was estimated from the present volume according to tree age.
Figure 2.3 shows the relationship between the percentage volume and tree age for D.B.H.
equal or greater than 24 cm. The regression hine was drawn excluding data for tree age 7
years and under. Figure 2.4. shows the percentage volume for D.B.H equal or greater
than 30 cm, and the regression line was drawn excluding data for tree age 8 years and
under. From these two rtegression relationships, the percentage volumes according to
tree age, for D.B.H. equal or greater then 24 c¢m, and equal or greater than 30 cm, can
be obtained, and these are given in the table below.

tree age

overem | g 10 [0 |0 |0 |0 |34]40 |46 |52 {57 |63 |69 |74 {8086 |02 |97 100

overdem | o |0 |0 jO0|o[0|0ojo0| 6{12(19]25|32[38|45|52(58|65] 71

(%)

Table 2.16  Volume that can be used as saw-timber according to tree age.

;3 D.B.D. 24cm over D.B.H. 30cm over
& Seaqaqa Koroutart -8eaqaqa Koroutan
8 4,174 'od 4,105 o) ) )
9 6,524 12,398
10 18,759 2,953 2,447 385
11 28,505 0 6,578 0
12 48,988 895 16,329 298
13 64.710 0 25,679 ]
14 34,584 0 16,039 0
15 12,061 0 6,193 0
16 7,234 0 4,069 0
17 3.662 0 2,214 0
18 2,296 891 1.448 561
19 1,717 640 1,151 429
20 1,365 0 969 0
| Total 234,579 21,882 83,116 1.673
P 256,461 84,789
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Fig.2.3 Relationship between the percentage volume and
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Fig. 2.5
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The volume that can be used as saw-timber can be calculated by multiplying these per-
centage volumes (%) by the total volume according to tree age as shown in Table 2.15,
and the results obtained are given in Table 2.16.

Figure 2.5 shows the breakdown of stand composition volumes for the total survey area,
according to the above-mentioned results.

The Commonwealth Forestry Institute suggest that, for pulp use, Caribbean Pine in Fip
should have a diameter of 3 inches or more, and the proportion of usable volume to
total volume can be expressed by the following formula:

V(ft® 3" and over) = —0.45 + 0.9359 TV (total volume ft)
i
V{m*) =-0.01274 + 0.9359 TV (m*)

Thus, the amount of timber for pulp in the present volume, 1s estimated to be 375,301
m® out of a total volume of 401,080 m® in Seaqgaqa, and 50,441 m? aut of a total
volume of 54,896 m® in Koroutari.

28 Making the Forest Inventory Note

Each of the details in the Forest Inventory Note were calculated by computer, and are

given below. The total area and volume was calculated for every variety and every com-

partment, starting a new page of printout for each.

1} As each new forest plan is added to the Fiji government stock map, it is labelled
aiphabetically, so that within one compartment there may occur sub-compartments
beanng the same alphabetic label. Therefore, in order to distingwish them, a number
was added, ex. a-1,a-2.

2) Where there are different tree heights, or crown densities, within the same sub-
compartment, 1t is divided into forest type.

3) Areas for sub-compartments and forest types are measured from the stock maps
created by the survey and are given in hectares to two decimal places.

4y All tree types are Caribbean Pine, but as this includes var. caribaea, var, hondurensis,
var. cuban and var. bahamens:s, and these varieties may be mixed, the following
codes are used:

VAL CEHDABA . oo v e ineie e i PC
var. hondurensis . . v oo i ettt i e e PH
VAL CUBAN . . vt i PCU
var.bahamensis ... .....c..v it PB
broadleaved tree . ... ... v it e B
caribzea, hondurensismixed ... ......... ... ... .. .PCH
caribaea, broad leaved treemixed .................. PC.B
caribaea, hondurensis, broad leaved treemixed . .. ... .. .. PCH.B
canbaea,cubanmixed ... .. ... .. i, PCCU






3)

6)
7

8)

9
10)

15))
12)
13)
14)

15)

16)

Average tree height was obtained from score vaiues shown in section 2.4, and are
given in whole numbers,

Crown density was estimated to the nearest 10% from aerial photographs

The number of trees per hectare was estimated to the nearest hundred from aerial
phatographs.

Volume per hectare was obtained from score values shown 1n section 2.6, and are
given to the nearest 10 m®.

Total volume was obtamed by multiplying the area by the volume per hectare.
Altstude was taken from the stock maps drawn up by the survey, and are given to
the nearest 10 m.

The direction of dip was taken from the stock maps drawn up by the survey, and
there are nine directions' N, NE, E, SE, S, SW, W, NW, and FLAT.

The inclination was taken from the stock maps drawn up by the survey, and are
given to the nearest whole degree.

The topography was taken from the stock maps drawn up by the survey, and they
are referred to as CONV., CONC., PAR.S and FLAT.

Soil water content was estimated from aena) photographs, and are indicated as DRY,
MID, and WET.

The site index was obtained according to tree age and average tree height at the
time of the survey, from the Caribbean Pine site index curves (See Figure 2.6) drawn
up from the Seagaqa area by the Fiji government.

Basal area was obtained from score values shown 1n section 2.4,

Figure 2.7 shows an example of the Forest Inventory Note.
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3.1

3. GUIDE TO THINNING

Study of thinning methods,

The purpose of thinning is to adjust the stand density to match the purpose of produc.
tion, by suitable control of crown closure between canopy closure and final cutting in
forest of unifarm type. The four factors which affect the choice of thinmng method are:
1. Maximization of stand yield (final cutting and thinning total)

2. Healthy growth of the stand during the growth period,

3. Matchung of timber produced to the standard required according to use.

4. Ease and cost of thinning operation.

The choice of thinning method must take all the factors into account.

The first step 1n choosing the thinning method is to consider the special ecological charac-
tenistics of the exploitable stand. This requires an examination of the relationships be-
tween stumpage per unit area, trunk volume, average tree height and average diameter
breast height in the existing stand. In Japan, as a method of expressing the stand com-
posihion, a Stand Density Control Diagram 1s used. A simple explanation of this diagram
15 given here.

Where the forest tree height 15 constant, the relationship between the number of trees
per unit area and the volume can expressed by the following formula:

1WV=A+BIN . ... i £))
where V= Volume per unit area.

N = Number of trees per unit area.

A, B = Fixed values,

This is called Y—D Effect (Yield Density Effect).

Figure 3.1 is an example showing the YD Effect for each tree height class. The fixed
values, 4 and B, can be obtamed by the method of least squares for each height category
from sampling,. Where there are sufficient samples, the relationship for each tree height
shows the smooth curves indicated in the figure, whereas small samples will produce a
wide scatter. Therefore, A and B are expressed as deviation functions according to tree
hewght, and by, ba, ba, b, as n (2) and (3) were obtained by the method of least squares,
and smoothing was achieved.

A=bHP? )
B=bHY 3
where M = average upper class tree height.

The relationship between volume per unit area, number of trees per unit area, and tree
height can be obtamned by substiuting formulae (2) and (3} into formula (1), which then
becomes formula (4) as below,

1/V=A+BIN=bH* + b H* /N

V=(bHPY + by HYAINYY o 4
On the other hand, the relationship between form height of stand, F, average upper
class tree height, H. and number of trees per hectare, N, is known from expenence to be
expressed by the following formula

HE=C, +CoH +Cy _IM__M ........... 5

.—.48_.






Fig. 3.1 Y-Deffect
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From the sample, using the method of least squares, values of €, C; and Cy can be
obtained. Basal area, G, can be obtained from V/HF, so G can be obtained by substitut-
ing appropnate values for A and N 1n formulae (4) and (5) The average basal area diame-
ter can be calculated from

Dg =200/ G/(m-N)

Furthermore, the relationship between the average basal ares diameter and number of
trees per hectare, tree height, average diameter, D, is known from experience 10 be
expressed by the formula:

D=d +dy Dg+dy v/N-H[100......... (6)

and by the method least squares d,, d;, d3 can be obtained. The average diameter, D,
eventually becomes a function of H and N, and for appropnate values of H and N, D can
be calculated.

Thus, trunk volume per hectare, number of trees per hectare, average tree height and
average diamenter in the exploitable stand can be shown as a functional relationship.
If the stand is left to grow without thinning, competition between individuals starts, and
natural thinning occurs. The following method 15 used to obtan the pomnt at which
natural thinning occurs.

in each sample a functional relationship exists between number of trees per hectare,
volume per hectare and average tree height. There are differences between closely spaced






and well spaced stands, and these conditons can be described by the competitive ratio, as
shown in the following formula (7):

Ro=baHb-VIN .. ...
where R, = competitive ratio.

This R, can be calculated for every sample, but the value of R, is smallest for closely
spaced stands If the area 1s left without thinning, the ratio reaches a critical value, ac-
cording to the each growing stage, which represents the limit of acceptable competition
in the exploitable stands.

In the Stand Bensity Control Diagram, there are hines representing natural thinning cuive,
which indicates that a number of trees will die off as a result of natural thinning, when
thinning operations are not carried out. The yield rate curve indicates the condition of
highest density.

On the Stand Density Control Diagram, basal area, G, can be drawn, according to the
formula:

G=D/2* o N
where #=13.1416

The appropriate average breast height can be obtained from diameter, D, and the number
of trees per hectare.

This Stand Density Control Diagram explains the ecological condition of the stand, and
the thinning method should be chosen using this diagram, and with due constderation
to the earlier mentioned factors 1—-4.

3.2 Current thinning method in Fiji.
In Fup, for thinning guidance, the following criteria have been composed.
1) Thinning prescription for Caribbean Pine.
For stands having reasonably good growing cinditions (site grade 120), details as shown in
Table 3.1 are used as a standard prescription However, these figures are rough averages
and are not meant to be stncily adhered to. The relationship between tree age, predomi-
niant mean height, and basal area differs from stand to stand. Therefore, it was decided to
carry out actual thinning according to the graph shown in Figure 3.2. On thus graph, the
top curved line indicates the maximum basal area for each predominant mean height, and
thinning must be carried out where basal areas exceed this level. The middle curve runs
between the upper and lower lines and indicates the optimum basal area before thinning.
The lower curve indicates basal area after thinning and this represents the lower limat
below which the basal area must not fall. For example, if a stand with a basal area of 30
m?/ha and a predominant mean height of 18 m. has a diameter growth rate greater than
1ts height growth rate, then it can be plotted as shown by dotted hine(1) 1n the figure. If
this line crosses into the area above the middle curve, thinning is acceptable. If, however,
it crosses the upper hne, thinning becomes essential. Suppose that at the predominant
mean height of 22 m low class thinning 1s carried out, then the basal area drops, as in-
dicated by the dotted line. The thinning amount should allow the basal area to remain
above the lower curved line. Thinning of this kind should be repeated so that the basal
area remains between the upper and lower curved lines. As a seperate example, where
the height growth rate is greater than the diameter growth rate, it can be represented on
the graph as dotted line(2),and thinning is needed less frequently. This method 15 2 field
method and the values ohtamed from the graph are shown in Table 3.2.






Table 3-1

Predomir_lam Average age Basal area , Average stems/
mem(l"l‘l)elgm (years) nt:f:{g;:g thﬁfirng‘ /f:‘ﬁl:f,‘,eg'
1st 18 m 9 33n/ha| 28g/ha| 840 ha
2ng 24 1:3 36 315 600Q
3d 29 17 37 33 400
4th (34) (21) (37.5) (34.5) [(290)

Fig. 3.2 Current thinning method
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Table 3-2
Predom:flant ) Optimum basal area Maximum Ba. Basal area
mean height (before thinning) (before thinning) | after thinmng
18m(17 ~19p) 33.0 M,/ ha ] 37.5 ot/ ha 285 of/ ha
21 (101~22 ) 35.0 . 385 30.0
]
24 (221~26 ) 36.0 40.0 31.5
'
29 (261~32 ) 37.0 j 42.0 330







Based on these criteria, the most effective means of thinning is explained n “Thinning
Procedures On Caribbean Pine Plantation™. For the stand on which thinning is proposed,
the predominant mean height is esimated from the permanant sample plot. If there is
no permanent sample plot i the stand, select eight peints scattered over the stand, and
within the surrounding 3 ft x 6 ft area of each point, the highest tree should be taken
as the predominant mean height. Then three pilot are set out at representative places in
the stand. The diameter breastheight 1s measured, and the basal area calculated. The
thinming amount can then be decided, Trees for thinning are then selected in the pilot
plot, and in a surrounding area amounting to five ttmes the size of the pilot plot. Withun
this area a check plot 1s set up, and from basal area measuremenis the amount of thinming
is checked. By repeating this procedure, trees for thinning are selected in the exploitable
stand.

The above is an outline of the current thunning method, but due to costs and labour re-
quirements, 1t 15 difficult to execute satisfactonly. In fact, when walking around the
stand, it is apparent from the white paint marks indicating trees to be thinned that delays
in thinning are occuring.

3.3  Stand Density Control Diagram.

We calculated four regression equation, they based on the reults obtained from the sur-
vey of 69 sample plots. They show below. And by dividing the deveations between actu-
al and estimated values by the standard error, decisions could be made to abandon sample
plots from which the results proved highly irregular. However, none of the sample plots
produced such irregular results, and all 69 plots were approved. The regresston coeffi-
cients and multiple correlation coefficient of the four kinds of regression calculations are
as follows:

= N-H Multiple correlation
HF=1.7799 + 0.2792H — 0.0352 100 coefficient 09570

D= -0:3580 + 1.0011D, — 0.0332 ——‘”Vl(;f ” 0.9972

VN H "
100
logy = —1.4759 + 1.7431 logH — 0.4532 logV " 0.9843
where HF = Form height of stand.
H = Upper class tree height.
N =Number of stads per hectare.
D = Average D.B.H.
= Average basal area diameter.
= Average tree height.
= Average single tree volume.

H=0.2569 +0.99424 — 0.0888 0.9962

D,
H
v

The results of the regression calculation 1/V = 4 + B[N (Y--D Effect) according to
height category are shown in next Figure.

_52_.
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Table 3.3 A, B of Y-D effect according to tree height

Height class (m) Numbet of plot A B
1 ~ 29 3 —0.03715 21546115
3 ~a49 2 —0.47038 i 462.27602
5~ 69 | 6 —0.03627 84 76315
7 ~89 0 - - -
9 ~ 109 | 0 :——- | -
11 ~ 129 4 001984 ' —~12.50509
13 ~ 149 5 B . 000316 2.34311
15 ~ 16.9 7 0.00277 1 2.36060
17 ~ 18,9 7 000235 | 1.92809
19 ~ 20,9 6 0.00077 2.85491
21 ~ 22,9 16 000148 1.68918
23 ~ 249 6 0.00177 1.06092
25 ~ 269 6 0.00145 0.94123

{Height class 7 - 8.9m and 9 — 10 9m are not able to calculate with no sample )

The values of &,, bs, b3, b4 in the deviation functions 4 =b,H??, B = b3 HP* obtained
by regression calculation are as follows

b, =0.104683

by = ~0.366508
by = 142.720201
by = 1478392

In formula (4) in section 3.1, 1n order to minimize the total square deviation between
estimated and actual volumes, the values of b,, by, b3, by were improved using Mar-
quardt's algorithm™® and the results are as follows:

* D W. Marquardt, An algorithm for Jeast squares estimation of non-linear para-
meters. J. Coc, Indust. Appl. Math, Vol 11 No 2

by =0.129018

by =-1.389128

by =444.5

by = 1.856444
Using these lixed values, the Stand Density Contro} Diagram was drawn up. Figure 3.3
shows the Stand Density Control Diagram for Canbbean Pine
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34 Study of optimum thinning amount,

The current thinning guidance for Fui is plotted on a Stand Density Control Diagram.
The continuous line 1n Figure 3.4 plots the results from Table 3.1 in section 3.2, and the
dotted line plots those of Table 3.2. Suppose Table 3.1 to be case 1 and Table 3 2 to be
case 2. In case 1 at the third thinning, the predominant mean height is 29 m, and 1n case
2 the same height 18 reached at the fourth thinmng. If the fourth thinning for case 2 and
the third thinning for case 1 are both carned out to give a stumpage per hectare of 400,
the total thinning quantities, from first to thurd thinnings for case 1, and from first to
fourth thinmngs for case 2, can be compared. Table 3.4 shows the thinming amounts for
cases 1 and 2. This shows that, in order to reach a stumpage per hectare of 400 and a
volume of 280 m®/ha, 1n case 1 the thinning quantity produced 1s 179 m?/ha, and in
case 2, the quantity 1f 145 m3/ha If this level 1s to be attained in one thinning, it can be
represenied on the diagram as point (1) 1.e. 1320 stumpage per hectare, and 510 m® /ha.,
and the amount of thinning 220m®/ha It is clear from these three examples that in
order to produce the maxtmum thinmng quantity, the frequency of thinning operations
should be reduced, and thinming carried out as late as the maximum density will allow.
In other words, factor 1 in section 3.1, maximization of stand vield, involves the mini-
mum number of thinning operations. In a thinmng method employed in Japan, a vatue
for the yield amount Ry 1s decided according to the use of the final cutting, In other
words, n closely packed stands, timber with narrow annual ring and beautiful grain can
be obtamed, while in widely spaced stands, timber with wide annual ring and large dia-
meter timber can be obtained, useful in boat-building These differences in closely
packed and widely spaced stands are expressed by the yield ratio value (Ry) in Japan
Yield ratio is a ratio of volume to maximum density and at the growing stage the yield
ratio category must be chosen. For example, in forestry areas famous for closely packed
stands thinning 15 carned out when the yield ratio 15 in the range 0.8-0.9, whereas in
the forestry areas famous for widely spaced stands, thinming is carried out when the yield
ratio 15 1n the range 0.5-0.6. In Fiji, on the other hand, thinning is carried out 1n order
to maintain a fixed range of basal area for any given predominant mean height. This is the
biggest difference in thinning metheds between Fiji and Japan.The Stand Density Contrel
Diagram can use both thinning methods, but in Fiji one factor in deciding the thinning
requirement 1s the predommant mean height, and the Stand Density Control Diagram
does not show this. Therefore the average tree height can be used instead of the pre-
dorminant mean height.

Factor (4) in section 3.1, ease and cost of thinning operation, involves the reduction
of thinning operations to the mnimum, and the greater the thinming quantity for one
thinning operation, the lower the cost. Also the timber from thinning can then be pro-
duced in larger quantities, thus reducing the fixed cost element.

Factor (2) in section 3.1, healthy growth of stend during the growing period, involves
encouraging healthy growth, preventing blight, insect damage and weather damage, by
controliing the density of the stand to maintain the optimum density. In order to decide
what sort of stand density 15 most suitable, the relationshup between the abnormal tree
ratio and stand density in the sample plot survey is shown in Figure 3.5. The numbers
n the figure represent tree height As an explanation of this graph, the sample areas
with greater number of trees per hectare have a greater number of abnormal trees. This
indicates that the greater the stand density, the greater the number of abnormal trees,

Thus 15 only to be expected. Where the number of trees per hectare 1s more than 1000,
a smaller number of abrormal trees 15 found among trees of small average hetght, than
among trees of greater average height. With regard to stands with less than 1000 trees per

_56—.
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Fig.3.4  Thinning amounts for cases 1 and 2

Case 1 Case 2
Ist 45 of 50
2nd 45 20
3rd 80 15
4th 60
Total 170 145
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hectare, the reverse is tnue; the greater the average height, the smaller the number of
abnormal trees This mndicates that for each stage of stand growth (height category),
there 1s an optimum number of trees per hectare. When the relationship between average
tree height, number of trees per hectare and number of abnormal trees 15 shown on the
Stand Density Control Diagram, the result 15 as shown n Figure 3.6. In the figure,
crosses (x) indicate over 50 abnormal trees per hectare, tfangles (A) indicate 10-40 ab-
normal trees per hectare, and cicles (O) ndicate no abnormal trees 1t 1s clear that a
Jarge number of abnormal trees occur n stands having a large number of trees per hectare.
Stands having a large number of trees per hectare are considered to produce a lot of trees
that die out naturally through competition, but as mentioned in section 1.4.4., trees that
die out paturally compose only 20% of all abnormal trees, thus 1t is estimated that
cyclone damage 15 more widespread in stands having a Jarge number of trees per hectare.
Here, factor (3), matching of umber produced to the standard required according to use,
18 considered.

Table 3-5 Standard wse for Caribbean Pine

Use Diameter Length
Fence posts 1 0em< 1.5 ~2.0m
_ Foundation 20~35am 1.5~2.0m
House pillar 1 5am< 4.0~6.0m
Frnt tree supports 15~20amm 2.5~ 4.0m
Telegraph pole 2 0em< 60~856m
Pulp 1 0em< L5m<

Table 3.5. shows the current standard vse in Fiji for Canbbean Pine. And that is given
m order of frequency of use. Of these, thinmng timber can be used for fence posts, fruit
tree supports, and pulp, etc. and these uses will probably require a mummum 14-16
cm stand diameter breast height including bark. Also the maxmmum diameter according
to Table 3.5 15 reckoned to be about 40 e¢ms, but taking into account the opening of the
plywood factory, the use value of very large diamenter trees (diameter breast height over
60 cm) 15 likely to be high.

The following is a summary of methods of satsfying the previously mentoned four

factors individually.

1. In order to maximize the total stand yield, thinning should be carned out as infre-
quently as possible, and heavy thinning should be carried out at a time when the
stand density 15 as high as can be allowed.

2. In order to maintain healthy growth of the stand during the growing periods, in the
early stages the density can be high, but when the average height exceeds 14—15m,
the number of stumpage per hectare should be less than 1000.

3. In order to match the timber produced to the standard required according to use
thinming should not be carned out until the diameter breast height of low class trees
exceeds 14 cm  Whth regard to large diameter trees, there 1s a limuted number of
uses for trees with diameters breast height i the range 40—60 cm, so these are not
accepted.

—~ 50—
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4. In order to economize on thinning costs, thimning should be carned out as infre-
quently as possible, and thinning quantities at any one time should be heavy.

By putting all these condtions together, the most suitable thinning hine can be con-

structed and drawn on the Stand Density Control Diagram. Figure 3.7 shows the

result, which indicates that, 1n order {o obtan a dizmeter breast height of the thian-

ing timber of about 14 cm. The first thinnmg should be carned out when the average

diameter breast height 1s 1/ cm, and should leave YUU trees per hecrare arter Nrst tnin-
nng. The second thinning should be carned out when the average diameter breast height
is 24 cm, to leave 400 trees per hectare after thinning, If the stand is required to have a
diameter breast height of 38 cm at final cutting, no further thinning 15 required. Howe-
ver, If a diameter breast height of over 60 cm 1s required, a third thinning should be
carried out when the average diameter 1s 38 cm, leaving 200 trees per hectare. This 1s
shown in Table 3.6.

Table 3.6 Guide of optimum thinning

Before thinning After thinning ) —
al:':lrg:,]lff. nu;’:’:; of basal area a}r;]:l.,gf nu;n::lsaof Ibasat atea. volume
Ist 14m(1320 300 13m 900 330 |50m/ha
2nd 23 850 37 21 400 22 140

Furthermore, 1f pulp timber is to be produced, the stand should be left without thinning
until the average tree height reaches 24 m. The cutting cycle for ths situation 15 estimat-
ed from Figure 1.4 to be 18 years.

The choice of optimum thinning amount is a particularly difficult one. Although a thin-
ning line can be produced on the Stand Density Control Diagram, because this diagram
1s obtained using the method of least squares, it may not match the individual stand;
also this Stand Density Control Diagram was created from the results from 69 sample
plots and cannot therefore be sad to represent fully the stand composition. According
to the site conditions, the time or amount of thinmung wil} differ from stand to stand,
but fortunatelly, in the Stand Density Conirol Diagram there is no tree age factor, and
the stand average tree height 1s used as a measure to decide the thinning time.

If the thinning method used m Fyi 1s drawn on the Stand Density Control Diagram,
taking into account the varrous conditions, 1t is shown to be an appropnate method.
However, i relation to individual considerations, there is still room for improvement.
One of these considerations is the cost of thinmng, and 1t seems that a reduction m the
number of thinning operations would be an improvement, with two thinning operations
being sufficient. This would be more appropriate considenng the present labour force.
As has already been said, the Stand Density Control Diagram s very useful in studies on
thinning guidance, but 1t 1s also useful in explaming the average stand composition. For
example, if the average diameter breast height is 22 cm, at 800 trees per hectare, 1t pro-
vides information on average tree height, being 18 m, volume, being 200 m? fha., and
basal area, being 29 m?/ha , etc. From the number of trees per hectare and average tree
height, a yield quantity estimation 15 possible, and z yield esumation table can be drawn

up.






Also, mdwidaual stands can be monitored. In other words, by reading off the volume and
average diameter breast height from the Stand Density Control Diagram with regard to
the stand for which the average tree height and number of trees per hectare is known, and
by companson with the actual stand values, an indication is given regarding that stad’s
condition in relatton to the nom

In Japan, the slope of Ry on the Stand Density Control Diagram is less steep for Pinus
densiffora SIEB et ZUCC, than that for Canbbean Pine. This is because the number of
trees planted per hectare is large, being 3000—4500 per hectare. With regard to Carib-
bean Pine in Fiji, as shown in Figure 1.7 and by the hne of natural thinning on the Stand
Density Contrel Diagram, competition begins to occur fauly late in the growing stages.
In the earlier stages of growth, if the stand is well spaced, very fast diameter growth takes
place and the annual ning 1s wide, and the timber becomes undersirably uneven.

The above thinning gurdance was developed from data obtained from survey results over
one month, and with reference to existing Japanese thinning methods,

With regard to Carnbbean Pine, personnel in Fiji have a great deal of experience, and a
large amount of data, so it is hoped that a system of thinning will be established, with
reference to the method explmned n thas report, aded by the addition of new data.
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4. OTHER

The following points regarding the planting number are suggested

The Canbbean Pine planting number currently used i Fijs 1s 1350/ha , the reasons for
this figure being a saving on labour requirements for thinning, and planting rows bemng
wide enough for machinery access However the annual ning indicates that at early stages
of growth, the diameter growth rate 15 very high, and Figures I 6 and ] 7 indicate a need
to increase the planting number somewhat. In the future, new plantations can be created
on mountzin slopes, and, as the present record for planting on slopes is not very good,
with problems of trunk bending and poor machmery access, for these reasons there is a
need to reconsider the planung number.
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The panorama from the fire tower in compartment 3
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