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PREFACE

1t is with gieal pléasure that'| 'pr‘esenl. this report entitled Report of Fosest lnvento-
_ 1y on Plantation of Hard-wood in Viti Leve, Fiji to the Govesament of Fiji.

This report embodies the result of a fo'r_e'sl inventory suivey which Was carried out
in Nukurua 'a_féa, from 6th Scptember to 201h Oclober, 1980 by the Japanese survey
team comniissioned by the Japan International Cooperation Agency I‘bllowing the sequest
of the Government of Fiji.

The _sui"fey tearn, headed by Mz Toinohisa Fukumor, had a series of ctose discus-
sions Q{ifh l'he"ofﬁcialé concerned of the Government of Fiji and conducted a wide scope

of Tield survey and data analysis. ' _
| 1 :sincerély hope that this report will be useful as a basic reference for development
of the region. o
1 am pérﬁcularly_ pleased fo express my appréciation 16 the officials concemed of
the Government of Fiji for their close c(}(')péralibn exlended to the Japanese team.

March, 1981

| ,&m[( | 'A/M'é:—- _

Keisuke Arita
President

Japan International Cooperation Agency
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1. SURVEY OUTLINE

1.1 Purpose , _
The purpose of the survey was 1o ascertain, by acsal photograph analysis and field

survey, the distribution and resources of hard-wood plantations in Nukurua area, Viti
Levu island, Fiji.

1 2 Outine of the sufvey aied
The survey areas are forestry land leased o the Fiji government in Nukurua on the
Fl_nan istand of Viti Levu. (See Figures 1-1 and 1-2)
0} Location and extent.
Yiti Levu is located between fatitude South 18° 2nd longitude East 178°. The area
is al:»onl‘B,Otf)(j]km'2 and this is 70% of the fofal area of the Fiji islands. The sunvey
atea, Nukurua, is located in the south-esst parl of Viti Levu island and it §s about 8,000
ha. _
(i) Topography and geology -
- The majority of the smain istands of Fiji are almost enlirely of an ancieal volcanic nature,
‘with oceasional Crélaceous and Testiary sediméntary deposits.
Viti Levu istand is also of a volcani¢ natuie, and in the centre there is a range of moun
tains of aboutl 1,000 m altitude running north-south, By this watershed,, it is divided
into a wel region in the east and a diy region in the west.
The Nukurua area is located néar the ccast and its topography is geatly wndulating.
To the south, Viti Levu’s largest river, the Rivee Rewa, runs slowly, forming an alluvial
plain.
{iis} Climate
The climale is a tropical maritime climate, with high temperatuzz bul modified by
maritime influénce. The predominant wind is the trade wind which fends to be easterly
throughout the year; thesefore extremely hol weathad is not expedencéd. Hurricanss
occu'r"in the period belween November and April, sometimes causing considerable dam-
age,bul in the long term strong winds is few.

With fegard o precipitation, according lo the meéasured value in 1972, it was 4,058 mm
al Suva, which is in the wet region, with the largest amount occuring from January fo
Apnil and from Oclobel to December. Even in the month of least precipitation, it was

1H4mm,

70n the othér hand, at Nadi, which is In the dry fegion, it was only 1.830mm with the
fargest amount oécuring from Octovér to Maich, while in the period Apiil 1o September
the amounts wére very low. In the dry region the dry and wil seasons were cleartly
separated.

Mountains in the big islands wese covered with mist and cloud almost pemmanently
and its annual precipitation reached over 7, 620 mm.

The Nukurua area belongs to the wel region 2ad its annval precipitation is generally
speaking higher than the Suva area.
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13 Survey tearn, and assoclates in Fiji :
The haid-wood survey team for the Nukurua area consisted of the following members:
Overall group
Leader . Tomohisa Fukumort, Adviser, Japan Foxesl;y Technicsl Association.
Hiroshi Watanabe¢, Technical Depariment Manages,
o Japan Forestry Technical Association.
Survey gioup
Leades  Kazuo Shishikura  Depuly Manager, Planning Depariment,
Japan Forestry Technical Association.
Kuniyasu Wakamori  Chiel Technical Expeut,
Japan Forestry Technical Association.
Michtharu Kondo  Technical Expent,
_ Japan Foresiry Technical Association.
Ryoichi Sato Engineer, Japan Forestry Technical Association.
Associates in Fiji were as foltows:
The Forestry Agency Consévator of Forests.
' o G.I1.D. Wiltiams.
Deputy Consesvalor of Forest.
K.T. Yabaki
The Foresuy Agency, Senior Assistant Conservator of Forests
: A Oram.
Administration Manager
JT. Usumaki

14 Summary of pfanung speécies of broad leaved tiees in the survey

() Planting species

_ Mahogany (Swietenia maéfb'pﬁylla) is the main planting specics, and has been planted
abundantly in this area. Because of the few technical problems involved in planting
this species, and becausé of the high qualily timbér produced at the culting period,
afforestation of this species was begun in 1961, reaching 4,900 ha. in 1971,
However, in 1970, damage from Ambrosia beetles was found (o be widespread in planied
mahogany {ress, o thal afforestation of mahogany was held back from 1972,
Along with the planting of mahogany, lest plantations were made in order to select

- other planting species. - Especially because of the Ambrosia beetle damage and Lhe
subsequent hodling back of mahogany planting, the néed to select alternative planting
species rapidly became great. Test plantations for nearty 200 species were carrded out,
from which six species including mahongany were chosen as possible future planting
species.  From 1972, affocestation is being carrded out using these six species. The six
species ate the subjects of this sumvey.

Commén name - Botanical name

Mahogany Swizlenia maccophylia
Cadamba Anthocephaus Cadamba
Deglopta Eucalyptus deglupta
Mazsopsis Maesopsis eminii

Co:dia Cordia alliodora

Kauwla Endospermum macrophylfum

Of the above, only Kauvula is of local origin, the other five being from abroad.



(i) Regene(auon and tending
With regard (o the method of afforestation, in the majcnly of cases this is by line plant.
ing. This is 2 method in which, after extracting the required species from the natural
forest, lines are dug 2 — 3m wide, speced about 10m (30 36) apait, and planting
done in lines. At the same time, large unnecessacy trees left in the forest are giedled
using arseaic, and tices which would have a detrimental effect o1 the planted trees are
cul down. The plantmg period is from November to Apnl which is the rainy szason.
Gudhng should be carried out in the six months prios (o planting, the most suitable
period still bemg under ¢onsideration; gene:ally, though a time three months prior to
_pla_nlmg appesrs to be the most effective. With regard to brush cufting, this is required
about _four times a year in the fines. Vine culling in the line is al<o an importarl opeia
-tion. Bécause the Nukurua is in the wel region, the planting quantities are large. with
“the result that the main problem concems compétition between the planted trees and
othes vegetation. Thereforé, in order {0 minimise the compelition period, planting
species with fapid gmwth in its easly stages is considered impostant. This is the reason
that comfers,rett_:. with their dow growth in the early stages, have nol become major
planiing spécies in the wet region. :This condition of fast growth in the early stage was
said to be the primi¢ factor in the selection of presently planting species.
(i} Characteristics of quality .
" H s difficult (o mention clearly about qualities of the 6 species, because the specics in
Nukurua have not yielded. So qualities of similar species which airives on the markel
~ are méationed.
(1) Mazhogany.
Swictenia macrophylia KING.
(Mel:aceae)
In addition to the abme mentioned species, another mahogany is 8. mzhagoni
JACQ which used 1o have a good repulation for high quality. However, supplies
ef §. mahago-n are now s2id to be exhausted, and it is seldom found on the markel.
Becau% of thé high value timbers of the makogany group, plantations have been
attenpléd in tropical areas all over the world. However, of the species, in South
East Asia t_on]y S. macrophylla plantations are well known, and plantations of 8.
mahagoni are not well known. Therefore, 0 obtain the attes in the future will
be 'ih-:reacineg difficult.
When naming high value timber species known world-wide, mahogany always
appears with leak walnul and 1osewocd. Ao, as with Phitippine mahogany
{of the Lavan family), names are often used to adificially boost a limber's value
which indicates the status of mahogany.
The speéiés origina'led in tmpiél America and it is distributed over the continent
in Meuco Honduras, Gua!emala Nicaraguz, Costa Rica, Panama, Colombia,
Venezuela, Perw, Bolivia and Brazil, On the other hand, the distribution of S.
mahagoni is limitéd to the West Indian istands of Cuba, Yamaica, Bahama, Puaidlo
Rico, Dommka and Haiti. In comparison with $. mahagoni (air dried spcific
gravity 0. 27 (0.77 - 0.35)), S. macrophyllais ingh(e( in ¢olour 2nd light in weighl.
The;efo:e 'S. mahagoni, with its dark colous and greater weight may be considered
superior.
'_fhe q_:douc of the corestock is pink or dark ced, with a golden gloss. The geain is
a shallow cedss grain, while the texture is rather rough. Sometimes, mahoganys
occus having frregular grain, which produces beaulifol pattems. The line of the
vessels are datk in colour and produce distinclive dark stripes visible in tongitudinal



sections. The alr dried specific gravity is 0.53 (natusal stand) and 0.53 {planted
stand), and the bulk density is 450 kgfem® (natural stand) and 420 kgfem’®

{planted stand). ~ A shrinkage percentage of up (o 2% may be measured from
fresh timbes, including a tangential component of 2.5% and a radial component of

1.6%. With regard (o strength, the following values have been oblained.

: i , Bending (‘ompre:
Froducing district | Spectfi Ratec stienzth foung

Grnvity content (&) (‘: Cl'g}lql} facior sh: ng!?

. al (1.000kgfean?) | (xgfem®)

Mexico 050 T 105 853 109 $03

Nataral Nicaragua Q:S3 10.3 - 810 196 -
Tiee | Perw 0.59 120 868 108 499
- | Honduras 0.0 120 305 96 43.2

_ Brazil 053 5L9 s | 93 453
Planted | Honduras 050 134 722 81 397
Tree | Fiii _ 052 120 120 92 434

@

ﬁis wood is easy to dry and bears lumbering and mechanical processing well. Itis
also’ a good wood for single plank culting and drying. Thé corestdck has poor
durability when in contact with the ground. The albumum is vulnerablé o damage
by Powdes post beetles (Lyctus. brunneus. Stephins) Those presently growing in
Fiji ate aot much affected by Ambrosia beelle™. so in the fulure, a fairly lasge
quanlity of middle sizéd timber will be produced.

s uses are, as alieady mentioned, various, bul, because of its beautiful appear-

ance, stability of size, and ease of processing, it is widely used as a hlghdais
malerial,

“‘Cadanuda

“Labuta

Kalampayan

‘Kaatoan banghat

Anthocephalus cadambda (ROXB) MIG.

(=A. chineasis (LAMK.) RICH))

This is distribuicd over an area streiching from South East Asia 1o New Guinea.
In the Philippinés it is known as Kaatoan banghal, and is grown mainly for pulp
timbes. It is also one of the (ypical planting spécies In tropical Asia. When the
second growth has formed, it s a quick growing species, for a pionesr species.

" Since being imported from Papua New Guinea under the name of Labula, the

range of uses for light coloured and light weight timber has widenzd.
The colour of the ¢orestock is 3 yellowish white, or 2 dull light yellow. The grain
is a cross grain, and the textude is rough. The zit dried specific gravity (walec

“content 12%) is 044 (Ludula) and the bulk density is 420kg/m? (Kalampayan)

and 390 kg/m® (Labula), and thé shrinkags may b2 up to 15% including a lan-
“teatial ¢omponént of 3.9% and a radial component of 1.0%. With regard to
s!renglh (aic dred specific gravily 0.44), the beading slrength is measured at
659 kgfem?®, the Bending Young factor is 87 10C0kefcm? , and the compiession
strength Is 347 kgfem?®. [t is easy to process. Durability is poor when in contacl
with the ground, and is vulnerable to damage by blue stain fungus.
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Some uses require light colour, light weight wood, Genesally, this wood is used
a$ lumbes, whese it will not be visible. is applications include matchsticks, pulp,
plywood, light construction and crates, ete.

Deglupta

Kamerere, Kamarere

Bagras

Eucalyptus deglupla BLUME

Myitaceae

This species is disirﬂ)uléd in New Guinea, Sulawesi and the Philippines. It is
known' as Bagsas in the Philippines,and as Kamerere in Papua New Guinea Recently
it has been planted in the Philippines (Mindana0) and Papus New Guinea for
pulp timbes, Because it has papid growth in ifs early stagés, it is considered suita-
ble for affoi¢station in which the major purpase is 1o obtzin farge quantities of
nood for lumber ‘at the expense of quality. When this species is uied for lumber,
unless high téchnology and expérience are availablé, depending on the ‘use, it
is difficult to obtain high quality products, even il the wood has beea ralurally

. grown. Furtheiniore, in the case of planted fress, bécause of ils low spécific

gavity and becausz growth stess faults or drying faults become more apparent
than in natuzally grown wood, some fairly éxtensivé seseacch may be requfred
into the téchnical developments needed in order to make good use of it as lumiber.
The ‘colour of the coieslock is, in the case of natunally gown wood, dark red,
while in the case of planted trees, no dark coloured cocestock has been found,
due fo young iree age, although having relatively large diametess. The texture
is somewhal rough, and has a ¢ross grain. Values for ais dried specific gravily
(water content 12%) are 0.60 (Kamerere, matuially grown), 045 {(Kamerers,
planted), and 040 (034 — 047 Fiji product). Bulk density is 50000 kgfem®

- (Kamesere, naturally grown), 400 kgfm® (Kamerere, planted), and 320 kpfm?
(270 -- 384 kg.mv® Fiji product). Shrinkage is up to 12% from fresh timber, inchud-

ing a tangential component of 29 — 11.1% and a radizl component of 1.1 — 3.6%.
With régard to strength (air dried specific gravity GA41), the bending strength

is $83 kgfem?, the Bending Young facior is 91 1000 kefem? | and the compres-

sion slrength i 344 kg.cm’ (planted trees). Dunability is low when in contact

with the ground, and it is vulnerable (o damage dy Powdes post beézetles.

1ts applications, in the case of timbet from natusally grown frees, inchude fumiture,

flooi boards, boat buildhg, construction and cabinelamaking. In the case of

timber from planted liees, it is |lk€l)’ that applications are limited.

Maesopsis

Musizi

Maesopsis eminii ENGL.

Rhamnaceas

This is a species of African origin, and is producéd in Liberia, Congo, Tanzania,

Kenya, Cameroon, Guinea. [1 i known as an Afiican macket timber, but it is

nol consideced 1o have any special characleristics.

The ¢orestock is a dark golden colous, and as time passes il becomes darker. It

hat a golden gloss. The textuse is tough, and il has a cross-grain. The air dried

specific gravity (water content 12%) is 048 and shiinkage is up to 12% from

freth timber, including a tangential component of 4.2%, and a radial componeat

of 26%. With iegard to strength (water content 12%), the bending stsength is

728 kglem?, the Bending Young factor is 100100 kefem® and the compression -

steength is 449 kefem?.
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W'l'leq logs are cut and stored there is a tendency for splitting to occus. Lumber-
ing and mechanical processing is easy. Dusability is podr when in contact with
the ground,

In Africa it is used for conslauction, fumniture and cabinel making. Its finish is
nol consideied good quality, so it is not used when a high quaity finish is required.
Cordia

Laurel

Cordia alliodora (R. & P.) CHAM

Boraginaceae _

This species originated in the West Indies, and is distributed from Mexico across
the whole of South América. When Lravelling around Papua New Guinea, canvings

of dolphins and sharks in wood can been seen; the wood comes from the nearby

Solomon Istands, and most of this wood is of the same type. In Africa, canvings

“cai be found In wood of the same type. This group is divided into two, one being

dark in colous and heavy, the oths being light in colous and weight, and this species
falts within the Tattes.

The colour of the corestock is dark gold with a dark greenish appearance. General-
ly it has dark stripes.  Its surface is similar to that of Japanese Chishanoki. The
colour and specillc gravity vari¢s according o free age and growing condilions,
bul génerally with older and more sfow growing trees a darker colous and heavies
harder wood can be expecled. The air dried specific gravily is 040 — 0.70. The
Iexture §s rather rough, with a cross or through grain. Processing is easy, and finish
is good.

It is used for constiuction, fumiture, cabinel making, turnery plywocd, intesior
decocation and canving. On the markel, it is given the name Siera Walnut, so

its use can be expected where 3 socalled walnut-look interior is 1equired.
Kauvula

Fijlan basswood

Endospermum macrophyllum (MUEELL. ARG) PAX et K. HOFEM.

Euphorbiaceae

This type of species §s a pioneer species often found on land after forest elearance
in South Easl Asia. Becausé it has good growth in the early siage, it is often used
as a kind of planting spécies, where pulp limber is the aim. H is often sold on
the 3apanése market under the name of Gubas (Phitippines) or New Guinea bass-
wood (Papua New Guinea). Mowever it is nof related to the frue basswood
group.

In foresis, often a gigantic Kauvula tree can be found, which may indicate that
the areais a secondary stand.

The corestock is 2 hight yellowish white. It has a theough grain, or a light ciéss
grain. The texture Is rathér rough. The air dred specific gravity (waler content
12%) is 048 (040 — 0.54) and the bulk density s 432 kg/m®. With segard to
strength (air dhed specific gravily 0.51), the bending stiength is 790 kgfem?, the
Beading Young factor is 110100 kefem”  and the compression strength is 442
kgfem?.

Antificial dsying Is easy, presenting no particular problems. Lumbering and mech-
anical processing is easy, and the finish is good. Piercing is easy and tumery is
good. Dunability & low when in contact with the ground, and it is vulnerable to
damape by Powder post Beétles. As a plywood, finish is good, and a yield per
centage is also good. Its uvses include moulding, interior construction, furniture,



cabliiet making, turnesy, floorboards, fight ¢onstruction, matchsticks, crates,

boxes and banana crates. The range of application is very wide. In Fiji, it isin very
wide use.

Recent production has exceeded 19.6% of the total log production. This indicates
that it is 2n important specics.



2. SURVEY OF HARD-WOOD RESOURCES

2.4 Selection of survey method
The follomng volume survéy methods were considered:
(1) Method of every tree measurement.
(2) Melhod of sample survey.
(3)  Method of standacd sample plot.
_Thg method of é'veiy tree measurement, (1) is 3 method in which every (ree is measured,
as lh_e‘ name indicates, and,although it has the greatest accuracy, in a sunvey covering
several thousand hectares it represeats both huge expense and effort, and is almost im-
possible to carry oul. Therefore, in a wide survey area, methods (2) and (3) in which
“sample measurements are made and results estimated for the whole, are used. Method,
(2)_, meéthod of é.a.m_ple survey, generally involves samipling at random, and estimating the
total volume. 'Allhough it has advanlages, such as high efficiency in estimating the
~ total volume 2nd its estimated accuracy can be calculaled, it is not suitable for estima-
© tions of individual stand volumes. Method, (3), Method of standasd sample plot, usés
- agqial photographs, dividing the forest into various types of stands, and according to the
types, standard sam‘p!ek plot surverys are carried out at specific locations, and the yolume
estimated. Then, using the samiple p!ol tesults as dala, by esimating each sland’s volume
* from aerial photographs, and by calcutation, the fotal volume can be calculated. This
is suitable for estimation of individval stand volume. Although the accuracy of the
caleolated t61a) volume is not estimaled slatistically, if the individual stznd volume
estimation is accurafe, it is assumed that the cakulated total volume is alw aceurate.
The purposés of this survey of hard-wood resources ate to estimate the tofal volume, and
to produce a forest invenlory nole acvording to compartment, sub-compartment and
fores't‘type. Therefere, in this survey, method, (3} was adopted.

2.2 Su;'vey procedure
"The survey procedure is shown in the Resource Susvey Procedure Flow Chad, Figure
2-1.
(i} Preparation of azrial photographs.
The most fecentl acnal pholographs covering the whole survey area wese prepar-zd
Details of the zecial photographs used are given in Table 2-4.

Table 2-§  Details of Aerial Photographs Used

District Name ViTI LEVU
Flying date ture — Foly, 1978
Flying altitede 3,100

Focal kngth 132,89 mm

Scale of photograph 1= 20,000

Sca¥e of photograph vsed 1z 10,000
Planned by Fiji Government



Fig. 21 The resource su rvey procedure flow chart
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of volumes

MaXing forest inventory nole

and stock map
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(i)  Preparation of base map.

A base map was prepated by copying a seperately piepared contour map. {The contour

interval was 20 m).

(iii)  Selection of aress for survey.

The total acea of the Nukurua afea teased by the Fiji Goveinmenl from private owners

for the purpose of afoiestation of hard-wood is 8242 ha, but, taking info account the (wao

ﬁoints"':ﬁen!idﬂed below, the resource survey arca was limited to the areas afforested up

to 1977. The asca is 6253 ha.

1)  Atcas deeperinto the forests are natual forest, not yel being man made.

(2)  Because the most recent aerial pholographs were taken in June-July 1978, surveys
of mote recent areas of afforestation was difficult.

Fig. 2-2 Sunvey Area

Leased acea

% E=21 Sunwey area



@iv) Drawing up of compartments and subcompartment maps.

Former!y. in Fiji, stock maps showing compariment planting species and planted years
were marked with only valley lines.

Based on these stock maps, by field survey and interpretation of aerial photographs,
comparlment and subcompartment éxtents wére checked and amended, and by trans-
ferring this informalion onto base maps, compartment and sub-compartment maps
were drawn up,  With regard (o compariments, for the purpose of manageiment, about
100 ha, was chosen for the standaid size, and boundaries chosén on the basis of the
topography. Disision into compariménts was made for the whole leased area, and this
pioduced 2 total of 60 compariments. With regard to sub-comparfments, the stands
were divided up in the compariments acconding to species and plantied year.

(v) Drawing up of forest iype map, and measurement of areas.

In o;de{ 16" assist the suitable forest working and estimaling volume on each stand, on the
a¢ria) photographs the sub'compariments were sub-divided into forest types, based on
_Table 2-2 standard table of dividing Forest Type.

T:ansfenmg lhe;e foiest type divisions onto the sub{ompanmenl map, a map of forest
types was made, and at the same time, areas according to forest type weie measured,
and areas calculated for subfomparlme-ms compariments and the total.

Table 2-2 Standard of dividing forest type

Item Confeals Mark
: Planted year shows [ree age :
Tice age Example, p.70 neans planted year 1970. e; a’;;:]ple
Sunvey 6 species are divided
mahogany ‘ S.mac
Cadamba A.cad
Tree species Deglupta E.d:g
Mazesopsis M.emi
Cerdia C. all
Kaubula E. mac
This is divided to the nearest meter,
Average tree | Planted year 1961 — 1974, this is recorded example
height _ Merchantable Height. MH,
Planted year 1972 — 77, this is recorded Tolal ‘
Height. ,,
0--9% D,
Crown density 10 —39% D,
40— 69% D,
70 —89% i,
20 — [00% Dy
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(vi) Sample plot survey.

In order {o provideé data on which 1o base the interprétation of aerial photographs,
iwo or three sam;&le plots were established in the area for each species and planted
ycar. The arca of the rectangular sample plot was 0.1 ha, and every tree measurement
Wwas c‘a_ui_ed out for diameter and tiee height on all planted tre¢s in the plot.

These _\l‘i':élfc 92 sample plots. With regard 1o the sample plot survey, this is described
in section 2.3, ) '

{vii) ‘ Making stereogrammies and stand volume table.

Using the results of the sample plot sucvey, by comparing the plot with its aerial photo-
grephs, stereogrammes were made for the purpose of forest type inlerpretation. Al

- the same time, a stand volume table was drawn up according (o planted year and number

of (_f:ees per bec!ake. Using these data, estimating of volume per heciare according {0
l'ores_l type was carried out, and the forest type divisions checked. Delails are given
in section 2.4,

{viii) Calculation of volumes.

" By miuliplying the area of the forest type by the volunie per heclare, the stand volume

was éalculated.  Furthermore, by totalling the volumes per tubcompartméat and com-
pastment, (hé total volume was oblained.

(ix) Making the forest inventory note.

A forest invenloty nofe was made, with area, volume, spécies and &ree height, elc., ac-

" cording (o forest iype, sub-compariment and compartment. Details are given in section

23 Sample piol surve

2.6.

Y
To provide data for volume estimating, smaple plots were established in the sunvey area
and every {ree measurement was carried out in these plois.

- (i} Distribution of sample plot.
~ fn déciding the location of sample plots, the fotlowing points were boime in mind.

(1) At least two survey plots weee Lo be established for each of the six spevies and each
planted year.

{2) Al Least theee survey plols were (o be established for each species and each planted

year for farge planted areas. ~ _
(3) Sunvey plofs were also to be established fos stands having special characlenstics,
such as closely planted stands and direct sowing stands.
The results aze given in Table 2-3.

In decfding the location of sample plots, careful consideration was givea lo ccown densi-
ty, topozraphy in order to nollean the disinbution of sample plots.

(i) Size and shape of sample plot. _

The size was fixed at 0.1 ha. with a sectangular shape formed by sides of 20m and 50
m. However, in practice because planting was line planting, and the line spxcing varied
according lo focation, the width of the plot was adjusted lo accomodate 2~5 lines,
and the length adjusted to provide an area of 0.1 ha.



Table 23 Distribulion of sample plots

Mahogany Except Mahogany
Sar g | Mo sreks | 0 | s | Mo
1961 2 plots 1 191 2 plots
1962 3 Cadaraba 1915 2
1963 3 1976 2
1964 3 1917 ? 1
1965 3 Farge planted 1964 2
1966 3 areas 19712 2
1967 3 Deglupta 1973 2
1968 3 1914 -~
1963 3 1975 2 poot tesult
1970 3 1976 2
1971 3 . 1971 2
1972 - } No phanting 1974 2
1973 - Mesopsis 1975 2
91 2 1976 2
1975 2 1971 ?
1916 2 1973 2
19712 1 . 19714 2
: Cordia
subotal 19 1975 2
: _ S 1976 2
1965 2 ‘?“ﬁ‘:ﬂﬁs 1972 2
1963 2 ciose planting 1968 >
961 ) } direct soning Kaupoh 1975 2
191 i 1976 2
sub-total 6 1917 ?
Total 46
Total niumbeér of sample plots
according to each species
Nomber of
Species samplke plols
Cadamba B plots
Degiupla 12
Macsopsis 6
Cordia 12
Kaudula 8
Subtotal 46
Mihozany 45
Tolat 92




Fig. 2-3 Example, shape of sample plot

Planling line

(iii) ltems and delails measured.

For every free in the plot, measurements were made for all the items shown on the In-

venlosy Data Sheet, Table 24.

) ,Tree specics.
With Iegird to planted trees, only six species, including mahogany, were noted.
With regard (o natural treesleft in the lines, only 4§ merchantable species were
counted. The names of the 41 merchantable species ate given in Table 2-5.

Table 24 Inventosy Pata Sheet

_ Planted Tree . Natural Tree

= _ . ; I

Tree [Stem [Meren-| Tetsd [Crimn {Forma [Damzged}Trea] Tree | Sten &:tl‘(&‘ Crown Fera] Dazaged
Dias-faatsble Sype-| Dien-gaatadle

Ne, feter [Beight |Beight[Radics|ClassTree No. | cies | eter [Heighi] Radins Class] Tree

:3
S R ~—

Table 2-5 .\lérchan[abh_e species of natural frees

1. Dakuz(m) 22 Moiv
2. Kaywha 23 Kussi
3. Kausdarow 24 Miha
4. Daruno 25 Danaki
5. Yauyasi 26 Amunu
6 Mavola 27 Rosana
1 Dawa(S) 28 B
8 Banvudi 2 %

9 Sxa 30 Xola
16 Rosacosa (Rogi) 31 Soiovals
311 Yala 32 Yot
12 Xaunicins A3 Kawewti
13 fauba 3t Vepa
14 Vai . 35 Coua
15 My 35 Sxauin
16 Tivi 3?7 Kaanigat
37  Riintree 18 Duwa
18 BRaw 39 Duwula
19 Tabadema 40 Kawlaro
A Saosaro 41 Othens
21 Vanainiveikae
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@

(3)

$tem Diameler Breast lleigh!(l) B.H)

This meatulemenl was {aken lo the rounding Iwo centimelers, with 2 caltipes.
With regaid (o p!anted trees, all trees were measured but for natural frees, only
trees of 10¢m of more were measured, while natural trees of less than 10 cm
were nol recorded.

Tree Height.

This was measured (o the nearest meler by both Blume-Leiss a2nd by eye. In
Fiji, tre2 height is generally recorded as Meschantable Height, and volume tables
for mahogany and natural trees are described in Merchantable Volume. Measure-

“ment of the Tolal Height of tall trees was certainly difficult,bul for young stands,

it is difficult to distinguish betweéa Meschanlable and Total Height. The decision
on which measutement to use for free Heighl was based on the standards shown
in Table 2.6.

Table 26 The standards of measurement fos tree height

- Planted Year
Species . - : :

1961 — 1971 1972 — 1979
Mahogsny Merchantable Height (MH) Tota! Height (TH)

Planted tes | 5 species Meschantable Height (MID) _
except Total Height (TH) s indicated | Total Height (TH)

Mahogany for seference.
Natueal dree Meschantable Height (MH)

{4) Others.

Supplementasy informstion was collected with segard to crown sadius, form class,
and damaged trees.

Table 27 The volume formula of each speckes

- Species Marchaptable Voluse Teotal Volume
Mahogany | MV =0.05356210.457 D" xMH Left formuta s substituled.
Cadamm | Mv =0.030140.4720D* xM H |TV =0.0031 +0.3763D* X TH
- Deglopta MY = 0.0307 $0.4133D" xMH [TV =0.0846 + 0.3192D" x TH
Msesopsis | MV = 0.0185+0. 11500 X MH {TV =0.0251 + 0.3034D' x TH
Cordia MY =0.0120£0.4331D' xMH [TV =0.0012 + 0.3079D" x TH
Kaubula fci]o'ﬁﬁg {forrmula is ubsiiteted. | Left formula -

Natwral-trce| V=0.101 10.4508D" xMH

MV is merchantable volume underbark in m
T\" is tolal F ] )
is d.b.h overbark in meclres.
_ I!\lll is merchanlable height above stump in meldes
lTII is total » r s
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The formuia used to obtain the single tree volume was the formula derived by
the Fiji Government used in thinning tre¢s in plantations and test planted areas.
With regazd to species for which no formula exists, the formula which seemed
most suitable was adopted.
(iv) _Resdlts of sample plot survey.
The results of the sample plot survey are given in Table 2-8.

24 Making data for interpretation
By using the sample plol survey results as data to estimate volume per hectare for every
forest type using aerial photographs, slereogrammes and stand volume table were made,

24.1 Making Steceogrammes
Ste:_ebg_;mes ar¢ used (6 compare suivey results and images from aerial photographs
- fof each sample survey plof, and are useful fos interpretation of forest types by visual
means. Stereogramnies were made for 92 sample plofs in this survey (Table 2.9 shows
an example).
The aerial ph-’)!og_raphs used were taken in 1978, s0 there is a two-year 6fsctepancy
wilth the sirvey which was carried out in 1980. Therefore it was necessary to back-
date the survey data by two years. This adjustmient is fzirly complicated, and the details
are given in seclion 3.
24.2 Making Stand Volume Table
The estimation of volume using slereogrammes is directly related fo volume by visual
means.  Thedefore, if the same forest type sland as the stand under interpretation is
described In thé stereogramme, ifs volume value can be used as it is. But in the case
where the same stand is not in the steqcogramme, the volume must be estimated by com-
" - parison with similar stands. Thus, there is a2 possibility of a large esror being puted in.
92 stetcoprammes were made, based on results from the feld suevey, dut the focest
type are very varied, and there is no guarantee that alf forest types are covered by the
stereogrammes. Therefore, in order to obtain standard of volume estimating of a forest
type for which there was no slereogrammie, a siand volume tablé was made.
A siand volume table is a table giving simplified values in which fadlors such as dwee
.. agé, which can be obtained from existing dala, and factors such as the number of trées
and the (ree height, which can be measuced from a2iial photographs, aré set oul to give
mdependant variables, from which appropriate formulae can be oblained in which stand
volume is a depéndant variable. The volume can be cakeulated by using the number of
“frees snd (ree height, which can be measured directly frem acial photographs, and is
~ therefore a fairly objective measurement. By delailing the measured values of the factess,
the table can be used for 2ny stand.
\ormally thete are two lypes of stand volume table. One uses 1~3 factors which can
be measured quantitatively, and, by the method of least squares, the volume formula
is oblained. This formula is given in the table. The other is a lype in which scores
are added up according to many factors including those which cannot be measured
quanh!atnel) However, this hatter lype requires a farge amount of dala wheress the
former type requires sefatively littte data. Even so, this iype required the use of over
30 pieces of data.
With segard to mahogany stands planted before 1971, a highly accurate estimate of
volome was requned and a targe number of sample plots were surveyed (32 locations).
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m*fha

Natural Tree Voluie

2.4  m*fha

(7 [~ <2 Q

. ' AT R T e i A , Planted Species | Forest Age Crown Densi iti .
meie2s  STANDARD INTERPRETATION CARD g wn Density |  Filing No
(STEREO GRAMME) Mahogany 18 D. 3
Pist No. 3 - Data of Field Survey ~ Aerial Photograph Index
Location | Nuka " a:', Site 'i)és:cri'p'_t_ibr)' -, Forest Description District Name VITI LEWU
Subconportment | 85 gy | | Tososaty | qameybotiomy |- 2<% | Mahogany Fiyng Dats M 1978
Planaed by UGCA. . | Mid-slopd. Irceguiar |Age & (PlantedYear)) 18 (4942 )] | Scte o L 20,000
Fili GovérAment _ Fiat Avérage Height 0] 9.5 m Phologragh R
Enforced by JFTA. Incfination - Moderate A"- — , il Flyng Altitude 3,100 M
S | verage D.8 1] - _ ' :
: | Séptémber—~. : 33. 4 cm e -
yeptemver —~ - —— . - Focal Léngth ; .
Surveyed 00 | gctorber, 1980 | | pirection NS, W,Nothing | Basal Area 90¢  wi/ha ocal Length 19289 mm
size or  m| [Thn e ' ot | €39 — sy
piot || N O -~ Attitude . Number of Tréés 110 n/ha Photé No. C .
Spacing (N> MX 9%z | Sthér Remarks Grown Densi | ' Base Length 173 '
2 fnes Othér Remarks - Crown Density 30 % , nm

Piot Location Map
{Scate. 1 10,000)




With regard to the other five species and younger mahogany stands, the number of
sample plots was lower, and some difficully was experienced in creating the stand volume
tables.  Also, because of the Jarge number of young stands, accuracy was nol so im-
portant. ' .

. Therefore, 2 stand volume table was made only fof mahogany planted before 1971,
There aré several factors which are closely related to volume, bul of these, tiee apge
and number of lrees per heciate wefe chosen as they could be easily oblained from
exiting data and zesial photographs. Using these two factors, calculations were carried
out using the method of least squares. Table 2-10 and Figure 2-4 show the accuracy of
the volume table and Table 2-11 shows the stand volume (able.



Table 2-10 Accuracy of stand volume table

Yolume formula Y =-9.1421 + 0.0290 x age x No.fha.
Cortiient 7085
Supvey plol No. Measured value Estimated yaloe
i 215.7 216.8
2 356 85.5
3 62.9 48.2
4 106.8 105.7
5 129.1 100.5
6 81.2 89.4
7 844 59.8
8 38.1 45.1
9 76.1 55.8
i0 1228 92.9
it 63.5 51.1
12 1120 103.9
13 166.5 130.¢
14 74.9 51.7
15 iz4.06 104.5
16 B84.4 63.9
17 . 54.6 51.7
18 §2.0 58.7
19 84.4 62.5
20 41.6 54.9
23 69.3 70.9
22 33.8 56.9
23 23.9 32.6
24 333 584
25 556 77.0
26 411 70.6
27 14.9 28.5
28 65.4 144.5
29 29.6 571.5
30 17.8 352
3 23.3 352
a2 25.4 43.0
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Fig. 24 Comparison of measured value with estimated value
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STAND YOLUME TABLE

Table 2.1 Stand volume (able (Mahogany)
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25 Estimation of volume according to forest type and total volume.

The volume according to forest type is given in 2 seperate Forest Inventory Note. This
section presents;
_ {1) Acea and volume according to species for each compartment.
(2) Ascaand volume according fo tree age of the six speciesin the plantation.
The total area of the survey aiea is 6,253 ha. (8,242 ha for the whole Nukurua area)
and the fotal volume is 366.396 m”®.
The area and volume according fo species for each compariment is shown in Table
2-12. The aréa and volume according 1o tree age of the six species in the plantation
are shown in Table 2-13. With regard to the area and volume according (o free age of
all six species, they ate shown in Table 2-14, and shown disgrammaticatly in Figure
2-5~6.

As can be seen from the Figuré and Table, it is clear that the plantation arca of 6~8
years old is extremely small. This is because of damage by Ambrosia beetles, which
put the whole mahogany plantation in jeopardy, prompling a change over to plantation
with 2 mixture consisling of six spécies-' This gap should be taken inlo account in con-
sideralion of forest management in the Nukusua area in the future.

" Table 2-14  Area and volume accoiding to age of all six species

Age-] 3 | 5 6 7 8 13 | Total

Ara b, ) 17T

(?u} 35461 33108 2%1.01] 73.65] 38,75 0 [199.03,643. 65, 617,09, 520 371645 841518 491360 807422 061350 1104 s8]110. 89 5,653 91

Volumes ~ . 4 - :
(ma) 5. 160] 4,057 7.6_-" 3.024] 1,915 Q] 6171036181 425 22. 73742, 64103173

34, 16031, 109138, 872) 7,803 11, 627} 300,539
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28 Making the Forest Inventory Note,

An gxmhp?e'of [Foredt Inventory Note is shown in Table 2-15. Explanations on the
sunvey itemt '_cvhkh are in the Foreat Inventory Nolte ace given here.

(1) Sub<ompartment
._‘,:?’,“?’?‘m‘"“ han‘ng stands of different species or planted year were divided into sub-
mm_pzrtmenls. The ¢ode for sub<ompartments is a)phabelical.

ég: a, b

(2) Forestiype

Thére are some situations in which diffesent tree heights or crown densitics occur in the
same sub-_comp;rln’wnt. In this case, it is divided acéording to forest type and a number
1,2,3...is added.

(3) Distinction between Meschant (M), Total ().

With regard 10 forest type, this is shown as either M or T of the average free height or
volume. Wilh regard fo the volume of natural trees, it is always shown as M,

(8) Avwa

!Jsing thé stock map drawn up from this survey, the area was measured according to
forest typeé in heclares to iwo decimal places.

(5) Species
In the species column, codes according to usage such as native fease, elc, were added.
Codes are as follows
Species or usage Code
Mahogany S maé
Cadamba " A.cad
Deglupla E.deg
Massopsis M. emi
Cordia C.all
Kauvula E. mac
Other planting species Other
Natural trees Natusal tree
Grass land Grass land
Forest station Fore sfation
i Native reserve Nati resenve
Native ease Nati lease
Reszarch afea Res atea
Deserled willage site bes Vil Site

(6) Planted year

The planted year of the planted (reés was checked from the stock map.

(7)  Avenage tiee height

Average Uee height was obtained using the stereogrammes and it was interpreted from
the aerial photographs in melers. The same applies lo average dominant (ree height.
(8) Crowndensity

Crown densily was interpreted to the nearest 5% from the aerial photographs.

(9) Number of trees/ha.

Number of trees’ha was interpreled to the nearest m? from the aerial photopraphs.
(10) Basal area

Basal area was oblainéd during sterzogrammses and is given {o the nearest mt,

(1)) Volumefhs

Volume per hectar was estimated from the aerial pholographs by using stereogrammes



and the volume table, and fs given to the nearest 10 m®,
{12) Stangd volume

By the multiplying the area by thé volume pér heclare, this was oblainea to the neagest

L]

(13) Natural (rees

The merchantable volume per hectare was estimated from the aerial photographs, and, by
multiplying the aréa obfained in (4), sland volume is obtained.

(14) Nete

Plantation species except the six main species and the direct sowing plantations were
coded as follows:

~ Naine of species, efc. Code
Opepe Opepe
Albizzia Albiz
Alstomia Akto
Vaivai Vaiva
Terminalia pen T.pen
A lela A el
“Terminalia superba T.sup
Direct sowing arca D.sow
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3. ADJUSTMENT FOR TIME DISCREPANCY

As Vy‘nenr'ti'oned s seclion 2.4.1, the aerial photogsaphs used to make the slereogrammes
weré laken Lwo years prios to the survey. Therefore, an adjustmeant is required to allow
for this time discrepancy.
First, segression formulae were prepared for average Iree height, average diameter, num-
bes of trees, volume, and diameter breast height for ‘each species and tres 2ge, and esti-
. maléd values were calculated. In the caleulations, regression calcutations using the
foltowing $iX vegression formulae wese tried, and after considering the corretation coef-
_ .ﬁcients a;ld ‘the: diffeiences between actual and estimated values, the most suitable re-
gression formula was adopled.
Furmula 1. log ¥ =2 +b{10/x)

“ 2. 10f¥ =2+ b(10/x) + C (10/x)?

3 iflegY=a+b(10/%)

" 4 log¥=atblogx

* 5. I{SQRT=2+b(10/x)

" 6. log¥=atblogx+C(10/x)
Tsble 3-1~36 and Figures 3-1~3-7 show the regression formulse, régression cuives
and estimated values according to tree age which were adopted fos each species and each
stand factor.
In the case of mahogany, with tégard to volume and average free height, the calculations
were made for Merchantadble (7—19 years old), and Total (1-6 years old).
According o the régression curve, the present values were back dated fo values for
two years earlier. For example, in the case of volume the following calculalion was
done:

Volume 2 years eardier =

Volume from regression formula {2 yeass earlier)

Present volun : -
resent volume x Volume from regréssion formula (presént)

By this means thé present volume for the sample plot was adjusted 1o a value for two
‘years éartier. With regard (o average free height, elc,, the same calculation was done
té achieve adjustment, but with regard to the number of {rees, 2 suifable regression
formula could not be oblained, so the ¢alculation was made form average diameter and
breast height. _

With regard to ¢rown density, there was no need for adjustment as this ¢ould obvioudy
be interpreted from the aerial photographs, o the interpreted vatues were ueed as they
siood. Table 3-7 shows each value for both present and two years earlier for the sample
plots.
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Table 3-1 Estimate value of Merchantable Tree Height and Merchantable Volume for each age, mahogany

...P.ge 7 TP 8] etz 3] fts s 1z] 18| 10 »
Treehelght(m) | 5.81] 6.10] 6.35] 6.60| 6.53] 7.06| 7.25] 7.45] 7.63) .81 7.98] 8.14| 8.30] 8.46
’ Volume {m®/ra) |14.90]19.81125. 4631, 87[29.04 47.00}ss. 7465 28 115, 61 |85 7618, 73 111, 52125, 14 [199. 00
Regsession Formuly Costelation ¢oefficient
log MH=-—0.6218 + 2.1312 1og A r=0.40
log MV = 0.4530 +0.3567 log A r=0.15
MH: Merchantable Tree Height
MV: Merchaniable Yolume
A :Age



Table 3-2 Regressioh fosmula and estimate value of age: Total {ree height

Age Estimate valee for each specg-s .
Cadamba | Deglupta Maesopsis | Cordia | Kaubula | Mahogany
1 32 1.86 0.85 2.44 L.27 0.40
2 5.78 377 2.47 4.3 2.32 1.51
3 8.12 5.70 4.60 6.01 3.9 3.28
4 10.34 7.63 7.16 1.61 4.24 5.69
5 12.48 9.58 10.09 915 5. 14 B.72
6 14.54 11.53 13.36 10.62 6.02 12.37
7 16.56 13.49 12.06 6.83
8 18.52 15. 45 13.45 1.73
o 2.45 17.42 14.82 8.56
10 22.35 19.39 16.47 9.38 |
i 24.21 21.36 12.48 | 1010
12 26.05 233 i8.78 10.¢8
13 21.85 25.32 20.05 1.77
14 29.65 27.30 21.31 12.55
15 31.42 29.29 22.54 13.33
16 3318 31.28 .78 14.10
17 3.9 .26 25.00 14.86
18 35.63 35.26 26.20 15 61
19 833 .25 27.39 16.36
2 40.02 39.24 23.57 17.11
. Species Regr-essi_on formula . |
Cadamta iog TH= 0.5085+0.8407 tog A 0.90
Deglupta leg TH= 0.270 4+ 1.0172 10z A 0.90
Siaesopsis log TH=—0.0713 +1.5385 log A 0.93
Cordia log TH= 0339 +0.5217 log A 0.78
Kawula log TH=0.1018 1 0.8672 log 4 0.90
Mahogany log TH=—0.3332 1 1.9155 log A 0.91
- . 2 cogrelation coffwiznt
(At::::::)ol' adjustment vntil botd lines. T:' * Totah Teee Height
Indication for reference under bold lines, A cage




Table 3-3 Regression formuta and estimate value of age : Average diameter

Age ) Estimate value for each_spctiﬁ . B

Cadanis | Deglupta | Maesopsis | Cordia | Kaubula | Mshogany

i 547 1.78 1.52 3.06 0.80 0.%6

2 9.18 3.9 403 5.53 2.00 2.14

3 12.42 6.30 713 7.82 3.41 3.66

4 15.40 8.76 10.69 10.00 1.9 5.35

5 12.20 11.32 14.64 12.09 6.70 7.18

6 .85 13.95 18.92 14.13 8.52 9.14

7 23 40 16.64 16.12 10.45 1.2

8 25.85 19.32 18.07 12.46 1.3

9 23.23 22,20 19.98 14.56 15.62

10 .54 .05 21.86 16.74 17.95

11 32.79 27.94 23.72 18.9% 20.3

12 3.9 0. 25.55 21.30 22.84

13 37.15 33.83 27.35 23.63 5.3

1" .27 36.83 29.14 25. 1% 23.00

15 413§ 39.86 0.9 28.61 .67

16 33 el x| 15| 340

17 45.39 46.01 3540 375 36.19

18 47.37 4913 36.12 3540 35.02

19 £9.33 52.27 31.53 39.09 41.91

20 51.25 55.43 39.52 §1.84 4.3

Species _  Regiéssion formula ¥
Ceadamba log D= 0.7373 1+ 0.7470 log A .85
Déglupu log D= 0.2526 1 1.1461 log A _ 091
Maesdpsis log 0= 0.1814 + 1.4078 log A 0.87
Cordis log D= 0.4856 +0.8511 log A 0.85
Kabuls log D=—0.0977 + 1.3215 log A 0.9
Mahogany © tog D==—0.0674 +1.3214 log A 0.%
(Mteﬁ:ion) ‘_ ; if::::i:;i:ﬂm
Exteat of 2djustment vatd bold lines. :
Indicstion fos 1eference under bold lines A g



Table 34 Regression formula and estimate value of age® Number of teecs

- Lt

Age o . Estimate value (o each species )
Cadands | Deglupts | Macsopsis | Corgia | Kaubuta | Mahogany
H £05.22 359.18 583.37
2 311.00 No suitable estimate value 291.13 319.18
3 321.94 27144 261.06
4 312.82 262. 10 236. 10
5 0746 256.65 | 222.28
6 303.95 253.08 | 213.52
7 301.46 250.56 | 207.48
8 299.61 8.9 | 203.06
9 293, 18 247,24 199.68
10 297.04 246.09 197.02
1% 296. 11 245,15 194. 88
iz 296.33 24031 { 193.10
13 294.68 243.71 191.62
111 294 1.2 ; 243.15 190.35
15 293.64 242.61 189.26
15 233.22 242.24 183.31
17 292.84 241.87 | 187.48
18 25251 241.54 186. 74
19 292.72 241.24 185.08
20 - 291.95 240.97 185. 49
Speties . Regression formula ¥
Cadamba log N=2.4518 +0.0150 { 1074} 0.16
Deglupta No suitadle formota  (10/A)
Macsopsis *
Cordia ’
Kavbula log N=2.3728 +0.0i82 (10/4) 0.10
Mahogeny log N=2.2421 +0.0524 (104) o2
. . © 4« Comrelaticn coefiiat
uu}:ﬁ:t’i:::r 23justinent untd bold ines. . : ’:::‘-‘** of trees/ha
Indication lof reference vrder bold dines.




Table 3.5 Regression formuls and estimate value of age: Total Volume

Age - Estimate value for 23ch species .
Cadsmba | Deglupta | Maesepsis | Cordia | Kaubula | Mahegeny
1 1.57 0.00 0.98 0.27 8.42 4.23
2 7.31 0.02 4.08 1.59 15.85 9.06
3 18.21 0.76 9.41 4.51 22.95 12.66
1 3460 2] 1702 9.43 29.84 15.33
5 56.94 14.03 26.96 16.70 3558 1.3%
6 B8S. 57 29.11 39.%6 26,65 43.21 12.91
1 20.43 49.03 £3.94 29.57 43.74
8 162.35 72.48 71.03 55.73 56.19
9 211.12 93,24 90.54 75.38 62.56
10 267.04 1229 11250 63.76 63.88
H 330.29 15288 | 136.92 126.10 75. 14
12 190.46 | 163.81 81.%
13 27.65 | 193.18 §1.53
14 71191 225.06 93.65
15 2092 |  250.44 99,74
16 28475 | 2963 105.79
37 jé1| /T 111.82
12 L. | . 3776 117.81
19 353.42 | 4222 12317
20 3. | 469.37 12.70
: Species Regrisson formela T
Cadamda log TY= 0.1953 1 22303 log A 0.55
Deglwptz fog TV = 3.0487 —-0.9508 {10/4) 0.91
Maesopsis ' log F¥ =--0.0096 +2.0608 log A 0.83
Cordin tog TV =—0.5693 + 2.6539 tog A 0.92
Kautals log T7V= 09251 10.9120 log 4 0.71
Mabogeny log T¥= 0.7509 1 0.76837 log A 0.31
{Atlention) 7: Corrclation coeffickent

Exteat of adjustment until bold ines.
Indication for refefence under bold tines.

TV: Total Volumé {m® fha)

A: Age




Table 36 Regression formula and estimate value of age: Basal area

Estimate value for each species

hee . Cadambe | Degivpta |Maesopsis] Cordia | Kawbula | Mahogany
1 0.78 0.00 0.17 0.16 0.0l 0.02
2 2.14 0.00 0.69 0.62 0.08 0.63
3 3.84 0.11 1.5 1.3 0.24 0.26
4 583 0.62 2.79 2.% 0.50 0.53
5 8.04 vzl 4w 3.64 0.90 0.9
s 10.47 3.38 6.32 5.18 1.45 1.44
7 13.09 5.49 8.63 6.93 2.2 2.11
8 1581 7.9 11.29 2.63 313 2.9
9 18.83 i0.48 11.35 4.26 3.93
10 21.93 13.14 13.92 5.63 510
1 %17 15.81 16,74 7.2 6.46
12 .55 18.45 Xt 8.02
13 2.0 21.02 11.25 9.78
i 35.68 23.51 13.68 11.75
15 39.43 259 16. 81 13.95
16 43.29 23.19 19.46 16.31
17 . 30.38 X 19.02
18 51.33 247 26.55 21.92
12 55. 50 34.47 30.62 25.07
2 59.78 36.36 as.06| 2847
Specics Regression formula _ ¥
Cadanda log BA=—0.1057 + 1.4463 log A 0.81
Deglupts log BA= 2.0025 — 0.8840 10 /A 0.92
Mecsopsis log BA=—0.766 t 2.0163 tog A 0.73
Cordia log BA=—0.7927 + 1.9362 log 4 0.89
Kaubut; log BA=— 18574 +2.6350 log A 0.9
Mahogany log BA=— 1.7i34 ¥ 2.4810 log A 0.92
. y: Conelation eoellicizal
(Atteation)

Ba: Basalarea {mz i)

Extent of adjustment until bold lines. A: Age

Indication fot referende under bold Lines.



Fig. 3-1 Regression curve of age® Merchantable Tree Height (Mahogany)
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Fig.3-3 Regression curve of age: Total Trez Height (6 species)
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Fig. 34 Regresslon curve of age: Average D.B.H. (6 species)
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F'g.3-8 Regression curve of age: Tree number (only 3species)
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Fig. 36 Regression cunve of age: Total Yolume
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Fig.37 Regression curve of age: Basal area
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Table 3.7 Each stand value for both present and 2 years eattier for sample plots

Sa{g&h specrs |- Ave. helght al A_..\jg.'di;mete: Number - Volume’ Basalares
o . ’,g,‘fj’:,‘ Present %5&? Present ﬁﬁ‘e’: presenl zﬂ’:ﬁ"‘ Present ﬂr‘;’_‘i‘: present
1 { Mahogany 9.3 | 97 ] 2.60| 30.81 sz | 410 {1702 | 215.7 | 23.55 | 30.56
2 ’ 7.4 | 7.7 )28 3221 | 13| 10| 67.5| 8.6 11.79 | 15.5¢
3 P 91 | 9slesnu|mnis| nel mno| s e2ol 2227| om
4 ’ 723 | 726301350 | 2u4] 20| 831 |106.8] 1556|2124
5 ' 65 | 68 [3508)40.98] 214] 216 |100.4 | 129.1] 20.68 | 27.69
6 . 6.4 | 6720313062 ] 204| 20| 668 57218 13.81 18.83
7 : 6.1 6.4 | 3698 |4363] 3] wo| eeé| sr4al 15| 20.0
8 P s2 | se|mm|xno) nz] nl we| w1 228] o
9 ’ 20 | 7.3 333749 13| wmo} 52.3| 7161 ) 11.03 ] 1545
10 ’ g1 | o1 lmer || 25| 20 wo|1m2s]ies| 2
1n : 2.8 s2izmm|xByr| 13| 10| 478 63.5] 841 1
12 ’ 1.9 | 125 2094 2590 | 6] 200 | 26| nz0] 916]13.07
13 P 04 | o9 |2633|3103 | 381 0 |1227 | 166.5] 12.97 | 563
t ’ 8.0 | 84 |es?|ats| M3 uo| ss2} Te) 9 18 | 13.10
5 . 83| 88lasze|3r0]| ] 20| 8.7 124.6] 1442 ] 21.13
16 ’ g1 | 78|l ]l 1| 190] e8| 814 11.49] 1683
1 ’ 76 | s1lzzelzme | 1| o] m2| ss6| 640] 980
8 : as | 101 |2es1]a0e0 ] 18| w0 e23] 0] 875 B2
e | e 722 | 76z |ara | el 10| 01| 844 100802520
20 ’ 6.4 | 68 |ou 2| 16l 10| B2 el sos| 7.9
21  . 60 | 64 |29 |2025] zo | 47.0] 69.3) 9] 1546
2 ’ io| szjuslzn] ] | o) Be| 473) 74
n 3 sol 63lslam | 1] 12| 156 29| 262] 430
24 r 59 6.3 116.12 | 21.00 1% 190 | 21.7 ] 3.3 400 6358
25 ’ 56 | 6.0 1663|2176 | 29| 200} 363 55.61 6.11 ] 10.65
26 e 62| 67 |88 | 29§ 0 2681 a1 422 694
2 ’ a7 ] s1|ues|muss | ] | o3 19| 130} 22
8 ’ i9 | s7lne |ses| sio] so| s07] esa} se7jron
29 s 62 | 61 lunolue | ] 20| 184] 296 221 3.9%
0 ' 62 | 68| 8641265 177 7o | 104 12.8] 1Lo4 ) 1.9
3 ’ 2.8 | 8s 10 |13 | i8] 10| 13.6) BI 141 ] 29
x ’ so | 65 f1061 |1es0 | 28] 200 | 14.9] 254} 1.8 3.4
a3 s 06 | 1w | ras {120 | 2 o0 | B2l »17] ow| 26
34 . 8 | 108 ] ear |10 | 257 200 | 224] 2077 os2) 2%
35 ' as ]| 0| ass]ess| s sof 31| 43] coo] 03t

— 52—




Mahogany

9.5

3% 3.6 aa2f ser| 32| 0| 204 204 058 | 1.8
57 ' 20| 241 263 68| 25| 20| 165 209 0.16 | 0.9
% x 23| 86| 33| 8aa] 36| 30| 66| 1] 031 ) 1.8
39 ¢ 63l 26|05 22| 0| 0] 37] 1n2] oot | 013
] y 03| 27| 04| 1os] 30| 20| 39| 7] o0| 0.0
& . 67| na1|zad 2o | e | 0 |ses | 2000 2087 | w4
&2 ’ 30| 724|193 2007 | 73| 560 f100.8]| 148.9 | 172.85 | 25.48
43 s 781 s2{usolosa] 26| 200] 87] 3.2 1157 | 1690
i ’ 28| 82 lzam (2691 ] 26| 20| 7.3 95.4 j10.22 | 14.58
45 ’ 65| 66 |10z |1873]| 42| 40| s22| 6| 812 | 1280
45 ’ 80| 83|28 17.89 84 92] 157| 1e8{ 201
01 |eatampa | 178 | 220 |25.23 | 3165 | 284 | 200 {1517 | 268 4531 | 22.02
. ’ 150 15 ' 163.9 | 257.0
48 F 0ol 235 bosar | 2230 ] 23] 300 f200.4 | 308 [ 1930 ] 20.85
v ) 161 189 215.7 { 377.2
£ r 5.6 | 10.2 |10.53 | 15.43 x| | s7] z2] 22| 48
50 ’ 78] el omfrss] ao| w| 136 29] 30| 645
51 . sé| 00 ] 956 1600 | 26| =0 64 30| 1851 565
42 . a5l sol ess|ines | 20| 2] 32| us] 10| 29
53 ’ 26! oileosj1zm} a5 wo| 27| 33| 1.23] 606
54 ’ 42 165 | 232|662 | as| M| 33} B/2} 1 6.52
5 |Degrosta | 22 214 |35.20 | #raz | 29 2083 | 31e.8] 203 | 22
. o | na| »s w6.4 | 206.9
56 ¢ 000 | 200 12301 | 3952 | 1s9| 10 |157.0 } 190.9 | 132 | 1717
’ . 13.0 | 149 1397 | 1608
57 ’ 136 ) 124 1is.as [ 1868 | a0 ) a0 453 m27] 563} 1317
$8 . Wz | 100 |13z | 00| o] a1a}ie3 460 | 10.75
59 . usl e lwwlas | ] | ss|10] 548 |17.9
6 ' 3.7 | 193 [ues jaras | 2w | zo| 22 9k 3.7 | 10,42
61 s ss| 76| szl ora | 0| w0} 04} 797 06| bA
=) . 32| e3lsasjses| of ] or]| 20} o0e2| 02
& . T eal sslsejues ] 0] o ool 27| 0l o4
T ' sal 68la22| 93| o] 0] 00] 1s5]00| 0%
6 , ol a3 | 12e] a3 | 0| i 0ol 18} o0} 015
6 : 23f 72 238| 837 ] s| col 18fjoc| 03




67 . | Maesopsis 77 | 143 (1033|1830 200 | zi0]| 2106 485 ) 3.15| 7.13
63 ’ 74 )12 loz|ies| zs| 20| 11.3] 2.1 | 1.85| 4.18
69 ’ 6.4 | 10.7 | 9.06 | i6.61 247 2o} 1.2] 320} 214] 600
70 ’ 491 116 | 279|600 305] 20| 3] 325 ] 184 544
n ’ 24| 69 |39i|10s2| 0] 39| 42| ws5| 613} 2.9
72 ’ 23] 68 }383] o3 o] ao0| 34] 141} 0s] 20
73 | Cerdia 11.9 ] 156 |1645]19.781 500 00| s555)] 1058 9.45]15.37
. 6.8 | 83 58| oo
(7] ’ ] 65| 117 [16es] iz | ew| en| 66| ss8 |07 | 175
’ 59| 7.3 1] 8.9
15 . msl iss lizgs|anes| 30| am| 32| sso} 455 8.
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4. OTHERS

We would like to mention here the necessity of right free on sight site, and site index
SHIVeY.

At present, in Fiji, tine planting in which the same species are planted in a line after
deciding direction has beén followed. Because this method is simple and clear, it is casy
16 prepare séedlings and the planting method is easy. Also the cultural work is easy.
However, it does not seem desirable to plant the same species régardless of the grovnd
factors, such as topography and soil conditions. For example, in the case of mahogany,
this species flourishes atong ridges and on steep hillsides,whereas in valley boltoms and
low areas growth seems poor. Some areas are left with few irees even if they have bien
planted. In such places it is obviously more effective to plant species for which the
environment is bétler suited rather than mahogany. It seems o be imporlant to ¢arry
‘oul surveys on which trées are suitable for which areas, and to estimale what degres
of growth can be expected.
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