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PREFACE 

The Survey of' Furest Resources or Little . .ilndeInan was token 
up during October, 1._;C)76 to April. 1;977. The objectives of" t he 
survey were (i) to estImate the volume of' growing stock and its 
distribution under various utility classes viz., PlYlNood , Hatchwood, 
Sawn wood, Ornamental wood, :tIon-commercial 'WOod, Residua l .... lOod a nd 
Small wood, (ii) to compile volume tables for important co~mercial 
specIes, (ii-i) to indicate the industrial possibilith·1s of' the a rea. 

The report presents the basic :facts about area s u r '\;eyed , 
the methodology ~dopted and various findings. An abridped re port 
showing in a nutshell a summary of' the main report has also bpen 
pr!;:>pared .. 

Virgin forest of the islands which were in their pristine 
glory for ages had very dense and resourceful base of' luxuriant 
growth. The idea prevalent among the f'orest officers was tha t the 
bulk of' the crop was mature and putting on negative increment. 
The survey, however, has revealed that there is adequate crop of' 
middle and lower age groups and regeneration to compensate the 
stagnation of' increment in mature crop. 

The rindings of' the Preinvestment Survey Of Forest Resources 
of' Little Andamans reveal a f'antastic resources of wood mater ials . 
It not only supports the findings of' the National Industrial Deve­
lo~ment Corporation Ltd. of viability of establishing industr ; 
with 10,000 m3 o~ construction and 5000 m3 of' plywood timber in 
both Little Andaman & Nicobar Islands, it points at a huge surplus 
for bi~ger Industrial Development. The problems, however~ centres 
round (a) adequate supply of timber (b) high cost of' logs ( c ) 
easy availability o~ shipping f'or transport o~ finished p r oduct 
(d) high rate of shipping f'reight (e) high extraction cos-t~ The 
~ield work was carried out under the able gidance o£ Dr . A. K. 
Banerjee, Zonal Coordinator who was later an suceeded by Shri 
A.B. Chaudhuri under whose guidance processing and drafting has 
been carried out. 

The Preinvestment Survey O£ Forest Resources 
aCknowledges the hard and arduous work put in by the IDcr.f.)ers of' 
the staff' of' Eastern Zone headed by the Zonal Co-ordina tor , 

( A.B. Chaudhuri ) 
Chief' Coordin~tor. 



PRE A 11 B I~ 

The Andaman & Nicobar Islands are the most isolated parts 
or Indian Union. The Litt~e Andaman rorests which are still in 
their pr~stin~ g~ory and practically untouched was considered one 
or the biggest source or high -grade wood in the country. A large 
variety or timber such as Gurjan~ White Dhupe, Chug lam , Papita 
etc. are available ror commercial exploitation, Gurjan being the 
most important species or timber. 

Keeping in view the extensive availability o~ timber, 
the ~n1stry of Food & Agricu~ture, Government of India vide 
their No. F-2-54-68-F.11 dated 1.10.71, commissione'd the National 
Industrial Development Corporation Ltd., New Delhi ror carrying 
out surveyor establishing Plywood factory, Saw Mil~s and to 
study export potentia~ ror logs, Sawn tLmber, Plywood and wood 
chips to roreign countries. Later MiS. Bhargava Consultants (P) 
Ltd., New Delhi at the instance or the Food & Agriculture 
Organization or the United Nation, Rome, in continuation or the 
studies in the "Potential ror Pul.p and Paper Development in 
India", under the Asia Component or the Pul.p & Paper Indu5triE;s 
Development Programme, Phase - II also had undertaken a study 
on the resources potential or paper and pu1p in Little Andamans 
and in other Islands. But there was no reliable data on which 
their recommendations could be based. 

The Pre-investment Surveyor Forest Resources, Eastern Zone 
was, therefore, directed by the Government o~ India in 1976 to 
undertake the resources surveyor the Andaman Forests. The work 
in Little Andaman was undertaken during the period rrom 
November, 1976 to March, 1977. 
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INTRoDUCTION' 

The Andaman and Nicobar Islands, a Union Terri tory, of India a::" 
a chain of' 556 Ish.lids 8: Islet.s in all (554 in Andaman grO-hp) and are " ie 
most isolated parts" o':f .. Indian Union s:i.t.u~ted in the South-Eastern par": Jf' 
Bay of' Bengal and ly;~g between 6 0 and 14~N latitude and 920 and 940 l eI g i­
tude. Th~ averagfil~?: d1~s!(ance is about 1200.]an. f'rom main land mass. Th0 
area break-up of' the Islands is as under :-

Total geogrnphical area 829,50d ha. 
Forest area 746,4,00 '00. ' 
Ef'f'ective :forest are-a 642,006 ha·. 
(Excluding tidal swamps, steep hills and IllB.ngrove belts). 

The Andaman and' Nicobar Islands can be divided into two maj or g rou­
ps on the basis of' its geographi.cal ·situation. 

A ' 

Li. ttle Andaman !sland 1.s s1tuated at the southern extremeties o:f 
Andaman Distric:t ang"",!§'; lying between 9'20 -22 r to 92·0_57' - East lo~~i tude 
and 10°_50' to 100";;'~5~~~~-. .. 1'l9rtP Latitude. The geographical area :,?f"'t he 
Isl.and is ?~4y.~9. ,kIn:. Some small patches have been cleared in recent days 
:for settlelfi:enft or ,ref'ugees f'rem erst-while East Pakistan and repatriates l'rom 
Burma ~d Srilanka. 

Hut Bay is the only town and port of' Li. tte Andaman. The Hut B" y 
Jetty measures 72 m. in length, 11 m. in breadth and water at lowest tiC'G 

~is 6.50 m. deep. The construction o~ 1200 metres brkak water has been 
completed at Hut Bay in Little Andaman. As a result it will be possible to 
use the Jetty f'or almost entire year. According to the .,plan the berth -,]J,ll 
have 7 m. depth of water and will be able to accomrilodate s hips similar to 
M.V. DIGLIPUR which has been accuired by the Shipping Corporation o f' India 
to transport the timbers :from Andaman Island. 

The total population of Litte Andaman is approx. five thousa nd. 
The Onges are the only tribal of this Island and their number is 112 (on u 
hundred and twelve). They live in South-Eastern corner o:f the Island. The 
Ongas have accepted the cooperation and hel.p extended to them and are n ow 
living as civilized citizens. They now mix with other residents o:f the 
Islands quite freely. They are used to gather dhup {resin} a nd honey from 
the forests and sell the same to consumer cooperative society. 

. About 90% of the geog~aphical area of this Island is covere d b y 
valuable :forests. Productive area under forest is about 70% of the geogr a­
phical area. A separatE' f'orest division has been established f'or this 
Island in 1975. The Li tte Aridamari' abounds with an excellent stand of' Gurjan, 
but ·Padauk is absent. -This type of uniclue tropical :forests of' precious g~ne 
resources of' rare species is not f'ound' 'anywhere in the whole of' south and 
South-East Asia~' 

BACKGROUND llJFORMATION 

An exploration of fores~ o:f Andaman was done by Dr. Helfer, a 
Russian Scientist in le39. A botan;ical explorat:+on was made in ~970 by r-'.r. 
S. Kurz and 'in his report he showed that Sea Mcihwa was the best @long the' 
Andaman timbers. The Andaman Forest was untouched till 1857 and in "1885 a 
Forest Officer was deputed in Andaman :f'or management of ,the f'orests. 
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ForestrY in Andaman dates back to 1883. There was no regular 
Working Plan and exploitation was conf'ined to Padauk, ~Silver grey, Kako 
and lately Gurjan. Selective :relling was in vogue_ In 1929 Matchwood and 
Plywood industrie.:3 were established and in 1930-51 a. number o:f new species 
were marketed. During the war, work was con:fined to only extraction o:f 
:few species of timber. 

After the war and partition of' Bengal, a large number of displaced 
person·s were· rehahilitate:d in se.veral Islands by clearing of forests. Post 
war reconstruction ciemanded more and more quantity o:f timber. Gradually 
the f'orest extraction was mechanised. 

Owing to di:f:ficulty in transportation of timber, :forest industry 
could not grow to a considerable extent, .except the Government Saw Mills 
which was established in 18.83. 

In 1952 a:fter re-occupation of the Islands, Shri B.S. Changa ppa 
prepared a Working P~an for North, ~ddle & South Andamans but no plan 
was made :for Little Afldaman. In 1975 a separate Forest Division wa s formed 
as Little Aodaman; but no Working Plans :for Little Andaman has been written 
so :far~ Still to-day the :forest departmental activity is v~ry limited 
in this Island. 

During the Second World War between 1942 to 1.945, the Japanese 
occupied the entire Andaman Isiands from the British Government. Ther~fore, 
they utilised the Islands ·forest \lealth hapa zardly and ruined extensive 
areas of beautif'ul forests·. . 

A Corporation named "Andaman & Nicobar Islands Forest &. P'::'antation 
Development Corporation Ltd.," has been established f'or the deveiopnent 
of' logging, marketing and raiSing o:f plantation. 

The main.objectivE's of the Co~poration are given below:­
(1) 
(2) 
(3) 
(41) 

Development of infrastructure for industries. 
Finding suitable uses for secondary timQers. 
Regeneration with more valuab~e species. 
Marketability of' the product and- supply of' pulpwoo~ 
non-commercial wood. . 

(5) Market studies and promotional activities. 

Various attempts have been made to .. estimate the total growing 
stock of' the valuable timber found in.the Island but all the estimates 
which have beep. _:procured till now are tentative. No scientific· survey to be 
reqUired degree o.f accuracy has been carried out except that the Andaman & 
Nicobar Forest and Plantation Development Corporation Ltd~~ carried out 10% 
enumerat{on of' the Li~tle Andaman Forest. 

Pre-investment Survey o:f Forest Resources was requested by the 
Forest Department of Andaman & Nicobar Islands to make. a study of Litte 
Andaman to estimate the availability of' the forest resources as the syst~ 
matic samp1ing for inventory done earlier by the Forest Department was not 
on a sound statistical :footing. Accordirigly the su~ey of' Little Andaman 
was undertaken at the instance o:f Government of' India in November, 1976. 
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CHAPTER-~ 

GENER1J.L 

1.1 Name of the area 

The a~ea surveyed is name Little ,tmdaman Island and forms the 
Southernm0st Island of the l~daman group o£ Islands situated about 
120 km. from the Southern ti~ of South Andarnan Island. 

1.2 Locatign: 

Little l..ndaman Island is si tUA.ted at the .southern extremetiee 
or Andaman District in the Union Territory of Andaman & ~ic6bar Islands. 
This Island covers a geographical area of' ~9 ha. and is situated 
between 920 21' to 920 37' East l.ongitude anq 10°30 1 ' to 10054~' North 
latitude. Hut Bay, the port of Administrative centre of the Island is 
about 140 km. f'rom·Port Bl.air, the capital of' the Union Territory and 
is about 150 km. rrom Car Nicobar, District Headquarters of' Nicobar 
District. 

1.5 Factors of l.ocal.ity : 

Original. inhabitants of this Island were a handful. of' Abo:riginal. 
tribe called 'Onge l • l~t present their popUlation is reduced to about 
1]2 onl.y owing to various genetical reasons. Government have taken 
up a project to settle them at· Dugong Creek on a parma·nent basis • 

. '( 

The major part of recent inhabitants of this Island cons~sts 
of Bengali displaced persons f'rom East Bengal. Besides, some Tamilian 
repatriates frcm Burma and Srilanka have also been settled. The remaining 
po-pulation comprises of' Government servants and worker~ posted here I n 
connetion with _Harbour building"activities·'and othEr departmental" 
workers • 

.. Literacy is about 44%, about 40% of the total. populatio~ are 
workers. Most of" tr'ie laboure-rs ... belol?:g- to Bihar, Tamil Nedu, Andhra 
Pradesh & Kerala. :36% of the population work f'or Agriculture, Forest,. 
Fisheries arid PI~ntation. ~jo~ .portion o£ the work force come from 
Bihar (Ranchi Tribal Area). 

The l.ocal settlers are undero-empl.oyed. There is- .continuous 
in£lux of Adivasis of Bihar & Ramanand D1strict of Tamil.Nadti. 

1.4 Physical_feature: 

The Island has an emongated shape and spreads in North-South 
direction. Maximum length of the Island is about 40 km.. and maximum 
width ~s about 25 km. The land is more or less £lat along the coast 
to a varying. width and there is a small ridge running North-South in 
the centre o£ the Island. The hilly portion of' the Island is mostly 
broken though the elevation is seldom beyond 150 km.. 'from the 
mean sea level. 



1.4.1. 

The maximum height is about 210 m. and is situated almost at the 
centre o~ the. Island. Northern portion of the Island is almost flat 
with Jdc::kH mangrove and sW':lmp covering the area. There are quite a 
number of creeks~ flOwing nales and small ~terfails. The Kojilae 
Nala, probably the lon6est in the Island originates from t~e ridg~ at 
the centre and flows south along the western side o~ the hill to 
south bay. The longest nala to the east of 'the ridge is probably 
'Tae-eye I which also Originates .£Tom the cent;ral hilly part of' thE? 
Island and f'lows east twisting around the :hillocks and[ falls in' 
Dugang Creek. Of' tr..e creEks, Jackson creek flows to .North-West coast, 
Dugang creek f'~ows to North-East coast and Bumila creek and Egu;"'be.long 
creek :flows to North-East. There is no creek of' considereble length 
at south, south-east or south"':'west'except the estuary of Kojilae nale 
at South B~y. 

The coast lina-}Uong t4e eastern edge cis. mostly sandy with a :few 
creeks penetrating it. The west and sout~ coast line is ~ore rocky with 
a :rew .sandy bea'ches and mangrove forests cover the creeks. The northern 
Coast line":1s entirely cqyered by mangrove wi. th many shallow and short 
creek's penetrating it. . 

There are quite a number of' inland swamp o:rten caused by nales, 
mouth of' which gets blocked seasonally by shifting sand. These - are 
mostly either sweet water swamps though 'some of these have practially 
blackish water caused, by se()page :from the sea in the- proximity. In 
su,?h,areas big shallow lak.,es·a.re f"ormed which drain of'fwhen the mouth 
or the naIa again gets opened. Most nallas flowing through sandy coasts 
get" blocked by deposit of more sRnd during a particular monsoon ar t: 
again .get c1eared when monsoon change~ direction.- On the western side 

'9:f the IslaI_ld snch sw~mps are not cOIl'lInon, as the coast line is rocky 
to '8 gre~t extent. . - .. ,,-

I2rrain .in Little And~ 

The f"ollowing are terrain classl~cation :_ 

Type of' land Survey area Un~se~eyed Total area 
in ha. area: iri ha. in ha. 

1. Hilly and Undulating 20488.45 8312.49 28860.94 
2. Flat. lilnd 

(i) land leaving limestone 
exposure or unsuitable 8217.80 24~280.68 52498.48" :for cultivation. 

-(li) land sui table for paddy 7510.02 7510.02 cuI ti va tion. 

(iii) Mangrove swamp 260?15 2606.15 
(iv) Fresh water Thuls 1467.56 1467.56 

TOTAL 36216':27 56,666.66 72882.95 
~ . )0'. 
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1. 5 Geology, Rock & Soil : 

The Li tte lmdaman Island, like the fuldaman group of: Islands are 
a southern continuation of mountain ranges of' Western Burma. The Islanqa. 
are peaks of' the Northern Arc.<e~~~nding through the Bay of' Bengal.. , .l 

Principal types o:f the rocks !;ire (i) Serpentine series and (ii) Sedimen-
tary series -.J . ,.r ;, ~ . 

On decomposition, the se:rpentine series give . a thick coveri''!lg 
of soil :fortile 1n the lower strata with good' internal draJnage .arid the 
presence ·'if springs at places. The top soil has. a. high base status o:f 
less nutrient value ~nd low:exchange capacity. 

In Little t.,ndaman sandstohe seems to be absent. ···tn its place 
c1ayl3tone {'orms tl!e underlying rock while .on the top layer limestone is 
most commonly seen. Corals ara' also f'ound qUite 'deep in hind. Humus 
or organic. matter·.is complet.ely '~acking<everi ._in forest" soil o~ngl ,to 
slop'Lsnd loose ·texture of the soil. : .. ... ~. :~. '1' < '";..-,:c -:;:'." (' 

, '" Tho soil is varying from place"t 0 pla~~. '." . It i;' ~l~Y~~r'in th~ 
tidal swamp area. This changes to clay loam and alluvial as we go 
in-land. In the valley percentage of' clay in the soil is f'pund to be 
more. The soil is also highly calcarius and the swamps ' are_:~most.ly . ..;.. 
saline. a;tlJ.lv;ta.;r.... ._ 

50i-1. :is- acidic though sub-soil m~~ be neutral.:-·it~.:i~·rich · in 
organic ca~boti lind meuium in Nl trogen phosphori.c- Acid~ ahd . pbtash are 
also' ava1liihle·. · Calcium is 'leached down. and · depos,i t~d: i.,n~ .sub-soil. ~ 
because or"heavy rainf'al.l. Deep soil a~so has soluble sal.t.s. Hlgh 
-tempe~ature and rainf'all :favot:r r"ipid: mineralisation' of organic matter. 

The sur:face so1.1 is light and .upper horizon se~ms" to be devoid 
of' :finer ~terial and soluble salts. Removal of' Calcium Salt rrom the 
soluble salt indicates heavy leaching. . '. " 

~.. '. All India Soil and !.and Use SUrvey Organization has surveyed soil 
,- .. ,. 'irl-~'£her ·Islands. and has "'categorised' seven distinct soil ·series-.- ,-

Most of' the f'orests have depth from 31 tb 180 ems. below 
whiC?h rock comes in. - --_ 

1.5.1 Humus: 

A study shows that in a 11: types of' :forests hum.us. dr;-pth. seem 
to be as :follows (in percentage) :-

Forest Type 

;Evergreen 

Deciduous 

Uttoral 

D e p t h 
0-4 ems. 

88.4% 

88.9% 
"88.9% 

5-8 ems. 

, 11.q% 

11.1% 

11'.1% 
J1 
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Cl.imate : 
~ ..'" . '). •. ;-\iO .' ~"'_ "$. , " 

Andameui & Nicobar- Isl.ands' g~t .{rai.'n ,f"a11 -1'rom bqtb North-East and 
South-We~t -~onsoon, and~ th€'r~1'ore: it is very high and _spreads over about 
9 months'" in a year •.. The rai·n1'al.l. is heavy throughout the yeaF exc~pt f'6r 
the mon1::hs. of', J:~n.:1?-8ry, February.& ;Marc;_h. _,:El:t"ac,t:tc~lly there is hardly a 
month -Which is ' to1;a~lJ: .. dr;r. - Raln . is :;Ve_ry,_heay'y, g}l.riAg, ~,q_uj.h:-West Monsoon 
though N-ort~-East; shqwers are also quit~-~,~·9~S_,.il!~~~9lef;:" -~JI~avy win~ and 
gale are quite common and cyclonic _w,?athe,r -~Jl ';V',~ey t:r~C]_~ent, spec~ally 
during the transition period- of' monso6ri~ . Mean •. cirirtual., r!3:in1'all_ varies 
f"rom 3::i,4d 'mrtI .. "" jtol;3200' - fifui:'~,f.{ Mean' 'annual.' _huini'aftg:;;i;:r..!'~I~B~;#bi~h aild varies 
:from 80% to 82% .. - 'Little Mdernan l::>G;ing-;clOsG tb" 'th"Ei ' eQ-ui3.tor, is hot and 
humid,. and' winter is alnlost cOrif"ined' ~to'::'a :few days in· iate 'December and 
earl~ J~~:ua'ry;, when ~he ~emperature ,1'~~_ to 21. Soc,. ":.}'1e_an.: 'annual tempera­
ture::,~a~_1es .:froIn 26 c to 27°c and ma~-uxg t43.mp~rat~e, " "I?"~,S~oS ;~o ,about 31°c 
to 52, R . 'dur~ng f .. pri 1 - May. ,t 

._:',;)'-
f~ ~ 

Clime. te Chart : .-,~?{ 
.~- . • ....... I" -~ . _ .~ ..:. ..,. " . _. i: . '-: " , -.-.-.-:-- .-. -.-. -.-.- .-,. -. -.-.- .. - .-.-. -.--.'-."" .. -.--:..~~.-.-. - ,.-. -.~.~.~~.--;.- .-._ ,"" - .. -. -_-

Year M;.A·~T.(Max.) M.A.T. -M .. A.T.(4;t .. }>:- M • .rI..H.(%):~? : ,·M.;A~R. (mm.) 
(Ceni;;igrade) (Centigrade) (Centigrade) (at 1730hrs'; --) (Hut Bay) 

-.-. -.- ~ ~-.~~ ........... ~ .• -. - .. -~ -. - .-.-. -. -. -.-.-. - .. -:. - .-.. -.:"" --;- . . -.";"_'_ -. ~~~:-.• '-. ~·~~r:-::v.:;·-· 
1970 3'0.7 2:3.,2 26.9 82', ~449~.9)' i ( 
1971 .-~ 30.3 22.5 26.4 80 3259!f. ;" 
1972 29.9 21.9 25.9 80 3444.b"~ 
1973 ...:,,\ 2-9.7 23.1 26.4 80 2876.2" 
1~74 ~ 2~i.4 22.3 ,25.8 80 3022.1' " 
1975 :! 29.Q 22.0 25.-0 80- 3674.1" 'i ., ... 
-.- ._/~:'" .- .-.- .-.- . ..- . ~ ", .. ~ . . -.""':"'.-. -.-.-!-.-.-~-.- .-.~. -. -. -. -.- ~';- .-::;:'-r:.-"': .~.-. -. - .... -. -.-.-. 

1.6.2 Rainf"al1. ': 
~ ~i· 

Monthly rainf'cilJ., and number o~ rainy days recorded '8. t Port Bla:fr 
_during the year' 1961- t}O'- 1965'. are as f'ollo-ws :-

~ --II_::-_._ • ..;.:::...._ .. _~t:.:._._ .-._._._."_._"._._. _._._ ._._._. _ ._._. _._._._ ._ • ...:..~:... _~_._ ._._."_. 
Morith No. of" 

rainy 
days 

..... 

Rain No. o:f 
1'a1.1 rainy , 
in days ' 
mm. 

Rain 
i'all 
-in 
lllIll. 

No. of' 
rainy 
days 

Rain 
:fall 
in 
mm • 

No.of' 
rainy 
days 

Rain "N!? oj' 

£0.1.1 - rainy 
in days 
rum.' 

.-

Rain 
f"all 
in 
nun. 

-.-.-.-.-.-~-.-.-.-.-.-.---.-.-.-.-.-~-.-.-.-.-.-.-.-.-.-.-.~.-.-.-.-~~.-.~~ 
January :5" 62~6 -13 177.7 4 70.9 2 16.2 i 10.2 
February 8 180.1 4 13.6 . 1 8.2 1 2':7 1 25.9 
March 5 39.2 0.0 3 12.7 0 0.0 1 21.4 
April 8 109.0 6 56.0 5 122.4 1 3.1 3 54.1.;,. 
May 29 106.6 22 505.5 11 2:31.25 23 587.9 20 :522.6::: 
June 22 412.3 27 42:3.5 29 434.4 21 592.3 ~ 15 '~409.9 
July 23 357.4 27 449.6 24 326.8 14 354.3 16 421.4 
'August 30 721.6 28 465.7 50.684.6 18 468.8 18 450.0 
September 27 705.1 24 521~7 25 609.0 26 662.4 24 577.8 
October 20 320~i 21 228.9 24 -567.1 15 217.9 22 515.1 
November 16 310:-9 -", '-14 145.:1 14 95.0 19 394.3 12 121.4 
December 6 85.5 8 493.1 15 269.8 3 23.9 12 507.9 

197 5408.2 194 3260,4 185 3235.2 143 3325.8 145 3215.7 

This pattern and range of rainfall is 1ike1y to be same at Hut Bay. 
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l..nnual Rainfall recorded in various Islands in mni; -ar,Et,;;~:' 'fuilows :_ 

-.-_. -.-._.,_._._._. __ •. _.~._. __ ._ .. - ._._. ~._.;. .-w_ ,. _. --:. _. -:--.;; _._. _ ._._. _. _. _. _._._ 
Station 1970 ; .. l971 _; ,~ '" <1972 - 1973 1 974 1975 

.,;.. ~ 

-.-.-.-.-.-.-.-.-.-.-.~.---~-.~.-.--~-.-.-.-.-.~ . -.-.- .-.-.-.-. -.- .-.-
POBt Blai·r 366'3~O :>.. -2964.2, 37:60 .. 0 .2912.0 3093 . 7 2 7 64.5 
tong ,Island 2870.6 .. \ 2753.0 3539.5 2607.8 2665.4 3240.5 
Car Hicobar 2610.7 .. 2800.1 1767.7 ~353 .8 3827.5 4287.0 
Hut Bay 344~.0 3259.1 '3444.0 ' 2876.2 .3'022.1 3674.~ 

• '. "i~ , , . ... ,_~ , . -. -.-.- .-.-.-.,-. - •. -.--. -.- .-.-.-.-.-.-. -. -. -.- ···--: ';';·~· -·r. -·r-· ·t~. -.-. -.- - -
~-:; ... ~. -

'h - .~- r 
Rainfall da.'ta 'in respect. of Little lmdarnan from 1969 to 1 977. 

MM. -, 
":O "'\ ... ~ 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-.-.-.-.-.-.-.-.-.-i-.-.~.r.-.-. -. -.-.-.-.-.-.-. 
Months' Year Year Year Year Year. .Year-·, Year Year Year 

1969 1970 - 1971 1972 1973 1974 1 975 1 976 
-.-.-'-.-.-.-.-'-'-'-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.~.-'-.-.- . -.-.-.-.- . -. .January 
February 
March 
Apri~ 

175.10 t71 90 3.50 · 32.50 6 .50 .. ,,9.60 57. 4 0 40. 00 152.4 107.20 6.80 -. 3.75 3 .00 79.00 
' ~ . 41.50 41.00 

20.60 · 24.00 5.00 42.50 8.50 - , ,,\ ,~ ')" ..;.. : ~ . 

May 
89-:80 39.75 

_.( 

39.50 0"225. 40 27.20 68.50 170.25 420.20 8 . 4 0 569.40 4 52.63 544·00 184.75 c. 45E:hOO 327.;76 .June 
.July ' 
August 
Sept~I;l'lber 
October 
November' 
December 

TOTAL 

,CYclone : 

-;.;.34;;:!.?·O 415 . 90 270;;[60 288.37 24~.50 595.75 ._ 6 38 .'95 303.00 712 .. ~O 5.12 . 4 0 162. 80--r. ... 480.00 450.25 487.00 - 176~'40 309~ 10 2.35.20 434. 00 268.00 " 325 • ..:0 545~25 513.50 323 ~36 4 14 .• 20 367.60 61.5.80 
612~OO 446.25 p8~ .• 02 442.10 287.50 3431. 70 488 . 34 275.00 120.00 457,.00 676.12 373.50 359.00 ' 6.21'.90 540 . 0 0 225 . 80 344.40 '650.75 ,,' 261.25'\' 57~.;.OO 317~40 559.00 , 410 ~00 363 . 00 Fr 
,38.60~ 246.75 104.75 215.50 250 .20 92.80 . ,94~' 40 368. 0 0 

, 
2505.30 5618.25' 3314.69 3589.45 2900.50 <3488 . 50 .5328.34 3493.30 

" ~: ~ " , .. ,"- ' , l .. \ ' 
" 

Cyclones pass Ov€r the Isla nds causing dama'ges every qO years or 
so. Records show that in -1792, 1844 and "1891 and Cyclones pass~d over 
a numbe r of Islands. In the year' 1976 a severe cyclone passed o ver Litte 
,ilndaman causing extensive damage {:for detailed informs'tion ref'er to 
Table No. 14 and 15). .-

303.00 
372.90 
223.00 
2 41.00 

NA 
NA. 
NJl. 
Nil. 

1.8 Water supplX : 

Ins pi te of heavy r ,ainfa1.l sprea ding over about 1~0 day s fresh 
water is Sca rce. Many strea ms dry up during March to May~ . Water v eIls 
h a ve not proved succe ssful. a t many places. The soil has a. very poor wa ter 
retaining capacity. Where.there is sedime n tary rock, soil· formed from 
such rocks .ane often interbedded 'with clays with the re s ult that run orr 
is heavy. 
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'Natural:, nef;3ources ~ ,. , 

~' '. - Ll.,tt.-:le l~ndama~ ,is eririched,'~'wi£b:f, natural f'orest :r~so~ces'. The' 
forest extends ,ov'ar' 90% of';,j::.hjs, TR!larid.":" .. This 'Isla'nd. abounds in. an 
e'xcelle'nt s:tend .... o·:f·~DiEter6o,arpus whiCh,.may of':fer ''im.niense potential to 

,meet a,major ;perceI1tage of' the·'recu:ire~n.,t of' Government Departments. 
• ••• . • - ~ -.. .-. I., _ '_ ...: ::. •.• -. _ ',__ ... ' _ ... 

- In the year. ~976_;7?-the Prelrivestrnent ' StiI"vey' of' Forest Resources 
organiza_~ion:_carried out a survey of tBe.~.~re,~ ba~.e~ C)n_.>~ounc;1 statistica l 
design tc;> estimate' 'the '::fore&;t' resources.,'- ' 'ForEists 'aro . ':the ma ifl source 
of'~liD r€~~nue o:f this :Island a,nd , are: W;~p..~~RiE,k.}~ •. a~t.\f3 .~t-.1if~.:i~;5~g.,=?n~rnic .. development •• ',r"."'lft'!Y.,V.·i>"1;'f'\,·':"'~·" · · ,- .. ' ,,>, .. ~ , < . . t';" •• d:.a;·,,, . ..... .. __ 

Total grOwing stock ,,{as fO~d': to - .be~: 1?~S:18 .. 433 thoui3i'tna, m,3,. 
distribut~d ,in various utility cIa sses of,;".,~~mbe.r .,in._ pe_~_c..'entage' :as £ollows. • , ... 

Plywood f'orm 
,Ma tchwood f'orm 
Cdb:structional 'Wood" f'orm 
Noti~construct{onai WQod f'orm 
R~sidUal 'Wood 
Small wood 

I, 
.,.. .• 11.623%' .. 
::.> .. , 14.579% .1 
...:" :11.244% ' 
- 1'28.945%-.. . 
- '~26. 957%~ 

. Of': the above mention~d six categories of' ti~ber; plywoo_d_, 
m~tch}(ood.al'l:d. constructionp.~ wood have been categoris~d as commercial 
'Wood all.d ~he bala.t.J.Ce < s nOJl ... commercial wood. .Thg commerciaT\~ood is 
6525106 m and no"n_"":commel:'c:!al "ood is 1098843~. m which are 37 .• 247% 

~" ~ 6.824%' 

' a~d 62.7250% respe'6tively cif' the total groWing stock. , . . 
• -, . , ,' • ~ • . )'" - . -=. M ", - , '\. .~ •• _ '& ,-to . ... ~:"'.;...;."'";t..";-.-

The detailed inf'orma,tion on natural:;.,resourcEl of', utility 
volume ( in .000 mB) is as under :_ 

'.(. - .. 
(1). Plywood 2036 .. 241 
(2) Matchyood 2519.065 
(5) Constructional 'Wood 1969 .... 802 
( 4) Non-commercial wood 5070.407 
(5) Residual wood 4722.461 
(6 L , Small wood _ 1195.567 

l'lu:~ l~:tili:t::i ~Ql-J..Jme J,2~1: bfi~:tfat'lil 
3 

ill m 

(i~ Plywood 31.174 5 
m5 (2 Matchwood 58.567 m5 (3) Constructional wOod 30.157 !n5 (4) Non-commercial wood 77.628 ~ (5 ) 

. , ; 

Residual wood 72.301 ~ (6) Small wood 18.504 m 

It has been :found that the total £orest area in Little Imdaman 
is 65,317 hectares (excluding the swamp area) and the average stocking 
is 268.2065 m5 per hectare. 

No other natural resources have yet been explored. 
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Land Use 

The entire.~and of the Island is owned by the State. 
Nobody can own land or hold land as a tenant. The land tenure is 
being provided as House Sites by i'ssuing licience which is also 
terminable on one Jeer's notice. 

Total geographi.cal area of' Little Andatnan is 75439 he.; 
out of' thi's only 2603 ha. have been deforested f"or Red Oil Palm 
Plantation and for other purposes. Besides, there are certain 
sreas reserved as Aborigin (Onge) Reserve and Naval. 

A land use cOmmQttee has been set up by the Andaman 
Administration to advice the Mdnistry on the pattern of land use. 
This will have some check On deforestation for rehabilitation 
programme. 

A Multi-disciplinary St~y Team set up by the Governm€nt 
or India has recommended that to prevent destruction of' gene­
reservoirs, natural. reserves shou1.d be establl&hed in all ecological 
systems and suitable blocks left untouched Yith south-west of' 
ad Li tte Andaman besides, at:eas in other Islands. 

§loDes Classi:ficgtion : 

Slope classification of' entire rarest was made and i"rom 
analysis it is st;'en that 3.5% of' the area has 210 to 300 slope 
while the'rsst of 96.5% area has a slope varying betveen plain 
to about 20 slope. 

TopograEh~ classificat~on and forest strata.: 

4s'12ects ,~ di str~bU'tion 1 
Singlt1.e Double t1Ul.tiple Broken Valle~ Plateau Plain Total 

Evergreen 42.86% 16.96% 8.04% :1.79% 3.56.% 1..79% 25.00% 100% 
Deciduous 5.56% 55.55% 100% 53.3.3% 5.56% 
Littoral. 55.55% 16.66% 5~S6% 22.23% 100% 

Vegetation : 

~ttle Andam~n Island is a~ost entirely covered by 
luxuriant rarest except, .for a very sp-!a.l1 portion recently cleared 
for settlement. The ~or~sts are moist tropical; the composition 
is multi-storeyed and dense with lofty canopy. Giant overmature 
trees are common. Gregarious dominants are not very common and 
l.arge number of .species o£ trees occur in close association. The 
canopy is extremely dense and attains height of' 50 rn. or even more. 
'Bpiphytes ar.e numerous specially aroid, ~erns and orchidS. Climbers 
vary gr~atly in number and more conspicuous in semi-evergreen and 
moist deciduous patches. Ground vegetation and undergrowth in most 
part are scanty except for patches of Strobilanthus-carpt and tangles 
o-f Canes crepplng bamboo and palm Erect bamboos and grasses are 
absent. Long cylindrical boles, scanty branching and huge plank 
buttresses are frequently seen. 
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The ~ollo~ing types of forest are commonly seen 
(Champion & Seth's classi:ric:ation code in bracket) :-

(1) . Giant evergreen forest 

{2} Andaman tropi~~l £~ergreen :forest 

(5) Andaman moist deciduous rorest 

(4) Andaman semi-Evergreen :forest 

(5) Litto.~al :forest 

(1. liC2 ) 

(3 AC 1 ) 

(2 14C1 ) 

- (4B/T3
2

) 

Besides these, small patches o:f Myristica swamp :forest 
have also been seen in this Tsland. This is f"ound in the SWflffipS 

caused by the seasonal inundation of areas by the nalas which ge t 
blocked seasonally. These are ~airly dense evergreen forests 
which a~1;ain Bverge height o:f 30 m. or more with clean s10nder 
boles standing in mud through which abundant knee roots and some­
times buttressed roots are produced. There is hardly any under­
gr~h. Myristica species forms almost gregarious patches often 
in association with Pisonia excelsa, Baringtonia species, Syzygiu'l1 
species, Pandana~ species, Cycas ~~ies, Ca1amus ~~~, 
P~ecospermum and Andama-D1.mJm etc. 

Legal Status : l 
Previously the .:forests were administered under the 

provision of the Imdarnan Administrative Circular No. XVIII 
whose authority is derived f'r-om Regulation III of." 1876. The 
Authority to issue such local rules is now derived :from the 
Indian Forest Act, 1927. 

Little l..ndaman has ·o·e·en constituted as a separate Forest 
Division in 1975. E~tire ~orest is o~ned by the State. Besides, 
this being inhibited·by yange f nn abo~iginal tribe, the entire 
Island an arE'a o:f about 2400 he. has been set aside as f~borigin 
Reserves. Revenue settlement o:f the areas released :for rehabili­
tation has also not been taken up so far. It is also learnt that 
the area de£or~sted :for dif.":fer~ht noq-:rorestry purposes has also 
not been dereserved and demarcated as yet, but this is Under 
process ., 

Demarceti.on : 

Since the entire area o:f Little Andaman f"ormed a part o:f 
South Andaman Reserved Forest no separate demarcation was done. 
Construction o~ Jetty and breakwater and s%RK settlement of." 
refugees were taken up recently. Fo~ this purpose certain areas 
~om non-rpserved £or~st were surveyed and roug~ demarcated. 
However, ~darnan . Forest Department has taken up permanent 

demarcation of." rarest areas and it is expected that in due 
course this area will also be demarcated properly with R.C.6. 
pil~ars an the boundaries. 
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Forest Se-Gtlemr-'llt. : 

There is no local settlement in the true sense of the teI1n. 
But an area of 2400 ha. at Dugang creek has been set aside for 
settlement of' 1 Onges I s wit.hin the Reserved Forests. T'nere is recla~ 
mation plan to clear up about 25000 ha. but this is under revision. 

Socio-~conomic __ ~~tioq : 

Remoteness arn difficulties of' transport and communications 
have stQod on the way of the socio-economical progress of' the 
Island • 

Economics of this Island is so f'ar agriculture based except 
the floating population "Who are mostly Government Employees. SinGe 
very little area has so far been releaSed for agriculture and that 
too only recently no proper economy could gro"W till now and there is 
very little scope. Forestry can effort to establish. a. better economi.cal 
status. At present Forest Department extracts and exports about 7 to 
10 thousand m3 of t:imber from this Island annually. 

Infrastructu;te : 

Anda.man and Nicobar Islands have the 'biggest bottleneck of' 
communication bet"Ween the Islands. waterway being the onzy link, lack 
of good harbour and port with proper iand~g f'acilities pose handicaps. 
Lit.tle Andaman was first linked up with Port Blair as late as 1965 when 
Government of India took up an ambitious project of constructing a 
jetty with about 2 km.. long artif'icial breakwater at Hut Bay. Since 
then Andaman Harbour workers and some other Government, Departments 
moved in. Today the jetty and the breakwater have been constructed. 
Simultaneously settlement of villages have come up. 

In Litt1e Andaman an all weather road of: 22 kIn. haS been 
cons-eructed :from Hut Bay to Vivakanandapuram (3rd village). Bes ides,. 
there is another 2 kIn. approach road to the query from Hut Bay. There 
is a temporary f:air-weather road about ~3 kIn. in length from Hut Bay 
to the Light House 'point at South Bay. Of' this first 5 kInA has been 
opened by the A.H.lIl. toO connect the Nicobary village with Hut Bay. 
On this stretch all the culverts haVp. been built though road work 
itself has not yet been taken up. The remaining 8 km. is maintained 
by the Light Hou~e and Light Ship Department f:or transporting their 
stores etc .. to the Light House site. This stretch is purely temporary. 
All these roads run more or 1ess along the sea shore. There is It'll!Ilt 
no road, temporary Or permanent across the Island, or bey ond 3 km. 
inland. 

Evaluation of ports and in.:frastructural :facilities ha.ve been 
discussed in great detail in the report of' WS. Bharagava Consultants 
(p) Ltd.. and as such :would not be discussed here. 

The electricity is only produced by A.H .1.J. will small diesel 
generator f:or their of'ficis'l and demoestic USe at Hu-t Bay. There is 
a proposal for Electricity DGpartment to mOVe L~ shortly. 
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Jdfi.tai.l of wQ.o4=ba~d industties of' Andaman Ie1?.J1ds :lo 

-.-.-.-.-.-.-.-.-.-.-.-.-.~~-~-~-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-!-.-.-.-. 
N A M E Year of Installed Average No. of 

establi- capacH~y annual working 
shmeht inm5 consump days 

tion. 
-.-.-.-.-.-.-.-.-.-.~.-.-~-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-_-.-.-.-.-.-_-.-. 
.1. The western India lVIa t.ch Co. 

Ltd., Port Blai~. 1.829 .10,000 8,POQ 
2. Andamari '.eini:bdr 'IIldus1lr:les 

Limitod. ~959 ~'3,400 1.2,000 

3. J~shree Timber Products, 
Balculta1.a. 1.964 1.6,800 ~O,OOO 67 

4. As iatl "ltJoods & Polymers (P) 
Ltd ., Long Island. 1.965 1.6,800 6,000 

( 5. ·Forest Departmeni>, Saw 
Hills, Batapur 1.956 4,500 3,000 

6. Forest Department 
Saw Mill, Chatham. 1.88 ~ 35,000 ~2, 000 

7. Andaman Harbour Works 

65 

1.079 

SawHill , , L.Andaman. 19'70 . '3,000 2,000 
.. .. ~. 

B. Andsman Wood Products 
Saw Mills, Port Blair. 1~52 3,000 2,000 54 

9. Sh:ri.Dori 1al r s Saw N1.1ls'1 
Patrapur. 1.958 1.,500 ~~ooo 9 

... 
~O. S'hri Huri Ialt~ Saw .Mills, 

Port Blair. 1.971- 1., ,500 800 

-.-.-.-.-.-.~.---.-.-.~.-.-.-.-.-.-.-.-.-.~.-.-.-.-.-.-.-.-.-.-.-.-.-.-~ 

Very recently the following tiIDber indus"l.iries 'have come up 
beSides those already exis·ting : -

~_ Cooperative Saw JvIills, Billiground., Middle .A.ndaman. 
2. Rajkumar paw Mills, Port Blair_ 
3. Harbour Saw,Hills" Port Blair . • 
4. Raj Shipping & Timber Indust.ries~ Dundus Point, 

Port Blai.r. 
5. Elephant Saw Mills" Greal; Nicobar. 
6. Kamardhi Saw Hills, 'JYlerabad. 
7. Silvery Jubilee Mu~tSpurpase Saw Mills. 
8. Vanapana Pencil ~{ood Industries. 
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local Demand : 
The local demand is vc-ry negli-gible. Firewood is obtained 

f':ro!U-fa;:U~n 'trQes, l~Br_Ov~ tre es, rotten logs nnd tops o f timber 
trees from principal felling.' The -!,)resent· popu..la.-tiOn needs' lit_·tlc 
quan·tity .of fuel but future rer,uirpment may be high if' settlement. 
6:f more di.splaced persons are made. As approxima-Ge consump·i:.ion per 
year has' been estimated at 1,50,000 quintal_ 

Canes have some mark0'c, as l;1alld.ng sticks" baskets and 
furni"curG-s making inJ.ustry, but,. unfortunately no industry has 
yet developed. 

Oil and resin are not generally extracted out of .J:li£..1fel;'_i~~· 
v~ile Dhup and Red Dhup - called Rock damroar are commercially n~ailable 
but at present there is no demand; ~2,712 kgs. ~aS collected in 
1966-67 and sold. 

» • • , • • The . Ii. ttl~ And~a~ is' €xtrac ting annually 15, 0 60 roD . of 
timber and alrnost entire quantity is transported to Port BJ.air and 
l-1ainland. This industry has so far developed in the Island • ... 
Attempts are being made to develop induStri.es in the Island. 

Ihe Future PQssibili~~ : 

, - .•.. . - ~ . ~e.d~,?ng. 91' < 1'or~~t- reSPl;ll:,?G~ i~ . v~~ _limited at present in 
Little Andaman ~n proport.ion of the stock ava~lable · there.' The - demand 
~or t"u~1.:~C?~ . ts. a.l&9 :J:im:S;tQd .. _I~-is a paradox that. be plywood mills 
a.nd other '-lood-baseo. ~industr:tes :in' Calcutta' arc becoming loss produc­
tive and gradually decreasing in number 'for want 01' ~od while bulk 
remain unexploited :in this Island. The 'Plywood indtistri.es in Calcutta, 
depend. much upon the supply of wood from Andaman. Among the Andaman 
species special demand is for Gurj an wood- and it is the c h ief. species 
in Little Andaman. Besides thiS, many other valuable species are 
found. There is also a great demand :for these timbers in the. :foreign 
couhries and such demand is gradually increaSing. Consequen"'cly the 
:future o~ timber is--very··bri.B1'lt • 

Various da'cn on forest resourc~s tha t have bc:;en collected so 
.far indicate- that tho'-pulp and other wood-based industries can be 
established in the Islands provided the prob lem of' elec"(,ricit,y, water 
and labour ~aS solved • 

·Maps ! 

Forest survey maps o:f the Andaman I s land -were made in 
·1883-86 mapped on a scale of in = 2 miles . In l887 detailed surve y 
was made and maps Prepared on a scale of' ~" == 1. mile. This vlork 
was completed in 1906. 
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The following Survey of' India map shee-(js covering the 
entire arE·a of the Island 8 ' were used for the survey. 

-.-.-.-.-.-.-.-.-.-.-.-.-.~.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-
Sl.No. Index No.' Year of Survey Scale 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-·-·-.-.-.-.-0 
1. 87 B!S 5 1965 - 66 1~25~OOO 2. 87 B/S 6 -do- -do-3. 87 B/6 4 -do- -do-4. 87 B/6 5 -do- '-do-S .. 87 B/6 6 -do- -do-6. 87 Big 2 -0.0- -do-7. 87 Big 3 -0.0- -do-8. 87 B/1.0 - 1 -do- -do-9 .. 87 B/l0 -.2 -do- -do-10. 87 B/10 - 3 ~o- - dO-

1,!23 t:.QQ~~:c.~h§. 

'lhe following aerial pho t.ogra9hs of' specification No. 764-A 
on scale ~:25000 were uaed for delineation of different types of 
forest and f'or compilation ,of ar~a., 

58 
59 
60 

'4 61. 

62 
63 
64 
65 
66 
67 
68 

~I:1Q.iQ .... N o~, >-
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2-.13 
2-8 
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1-12 
2-23 
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C HAP T E R II 

RJi'S OlJRGES BASE 

2.1 QbtBctiye~: 

During preliminary discussion with the representatives of 
Andaman Forest Department the following main objectives were 
0. (.7 ped up on :-

(a) Estimation of total volume of the growing stock within 
an error ofiJ ± 10% at 95% probabllty level. 

(b) To furnish an estimate of' the growing stock separately 
on the basis of utility pattern to assess the resourceS 
potentiality for setting up "Wood-based industrial 
complexes; the uti1i~ classes are as follows :_ 

(c) 

(d) 

I - P~ood, 1I-Match wood, 111- saW wood, 
IV - Ornamental "Wood, V-Non-commercial wood" 
VI-ReSidual wood, VII-6inall wood. 

Cull study for very important snGcies like Gurjan 
(Diptel"ocarpu~ species), Badam (Tenninalia Erocex:a) 
etc. and de"termination of cull percentage. 

To compil~ volume tables fOr important commercial 
Species. -

2.1.1 Defina-'cion for diff""erent _catemries of timber : 

(a) Plvwood:- Defined as wood of specips indicated in 
Table No. 16 f'rom serial Nos. 1-5 having 
dimenSion o£ 35 am. d.u.b. to 100 cm. d.u.b. 

(b) Match wood .- Defined as wood of species mentioned in 
Table No. 16 from SL. Nos. 6-11 haVing 
dimension of 27 em. d~u.b. to 100 d.u.b. 

(c) Constructional wood :- De£ined as woOd of' species 
mentioned in SL.Nos. 12-25 in 
Table No. 16 having dimension of 
35 cm. d .u.b. and above. 

The portion of Plywood and Matchwood 
species above 100 em. d.u.b. are treated as 
Constructional wood. 

(d) Ornamental wood (~niture wood):- Defined as wood of 
species with Sl.Nos. 26-50 mentioned in the 
Table No. 16 having dimension of 1..2 em. 
d.u.b. and above. 

(e) :[Q_n.-eonnnercial wO..QQ. :- Defined as wood of species with 
sl.Nos~ 31-58 in Table No.16 
having dLmen~ion of 55 em. 
d .u.b. and above. 
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(:f) ....Residual \!.!lQd'_ De:fined as wood of a.ny species which 
are below the minimum a.cceptable 
dimension o:f all the categories and 
upto a minimum o:f 1.6 cm. d .u.b. 

(g) Small 'Wood :- Def'ined as wood of' all species .from 
16 em. d.uob o to 4 cm. d.u.b. 

utility classes o.f timber with their code number may be 
spen at Table. 

The Andaman Forest and Plantation Development Corporation 
Ltd., has been experimenting on variou~ cth~r non-commercial timber 
such as Bassia butencia. Terminalia manj_i~ Planchonia AndWanica 
other 4/5 species f'or usc as plywood timbero 

2.1.2 D9f~nation for othp,r torms : 

A. ~ - A cull means that; part of' a tree or log which is 
unusable. CuI can be reflect.ed in two ways. 

i) ~lliere the cull is obvious and can be located in 
tho tree or 10 e from outs ide examination. This 
will be re:ferred as "Exposed Cull" and 

ii) where cull has not appeared in the outside of 
the trp8 Or log but can be located when they 
are .felled or cross-cut. This will be re:ferred 
"Go as "Hidden culllt 0 

B. Buttress :flutings et~. . l'1any tre eS have these 
morphological pecularities. 
From industrial point o:f 
view they are not often 
usable • 

C. stumps :- Di.f:ferent trees depending on the locat:i.on or.. 
which they are ~ growing and also .for their 
morphological charac Geristics need felling at 
dif:ferF"nt heights f'rom the f'orest :floow. In 
order to staandardise the stump height the 
actual height at which they are felled were 
measured and averaged. The average stump 
height is calculated 

Area sta temsnt : 

The aerial photographs showed on interpretation that Little 
Andaman have f'our di:rferent types o:f forests distinc~~ differing in 
growth, density and conposition", Accordingly for the purpose of this 
surv~y the entire area of the Island waS divided in four types (strata) 
viz., Nangrove swamps, rd:ttoral Forests, Deoiduous Forests and 
Evergreen :forest. The Evergreen and the semi-evergreen :forests 
hardly di.ffer·in compostion and denSity and hence have been 
grouped together. 
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The distribution of' di£reren~ strata in the rorest area 
were calculated as per findings £rom the aerial photo~nterpretation. 
The .follO".-'ing t~ble ·Hill show at a glance "(,he area distribution. 

Area St~ent Table 

_._._._._._._._._._._._._._._._._._._._._._._._._._._.-.-.-.-.-.-.-.-.-.-t 
No.me o£ To<;c::.l others SWaDlP Littoral Dec:f.J.du- EVergr- Net area 
the Goo~~Q- (ho.) area area OUS sen area covered 
Islend phical (hu.) (ha.) area {he.) Wlder 

wr6a (ha .) ,,(he.) survey. 
-.- .-.-.-.- .-.-. -.- .-.,-.-.- ..... -.-.-.-.-.-.-.-.-.-.-.- .-.- .-.-.-.-.-.- .-- ... 
Lit"tle 75439 4096 4OZ6 1:336 5695 58288 S5517 
Andn:rn.an 
_._._._._._._._._.-._._._._._._._._._'.~._._._._._._._.-.-.-.-.-.-.~.-.-o-

N .B.: - SUl.~vey has been carried out excluding swamp and other areas. 

2.5 For~st Types: 

Forests in Li. ttle Andalllan can be broadl,y differentiated in 
·S'DC· major typos (Champ:lon ond Seth's types are indicated in bradket) .. 

1 • Southern Tropical wet evergreen i'orests (1A ei/02) 
2.. Andaman Semi-evergI'e~n .forest (2A!ci) 
"3. Andeman moist dec:iduous forest {3.A/ci.} 
4. Littoral Forest (4A!1l.) 
5 • Mangrove Forpst· ( 4B/Ts2 ) 
6. Myristica swamp f'orpst (4c!Fs1) 

Note : - Southern tropical wet evergreen :forest can again be sub-divided 
in two types i'ound :in Little Al'idaman. 

(a) Giant evergreen f'orest (1A/ci) 
(b) Andaroan tropical evergreen .f'orest (1A/c2) .. 

2.5.1(a) Southern Tropical Wet Evergreen Forest 

(a) Giant 'Evergre'en Forest (lA1ci..l 

This type is lIlOstJ.y met -"ji th on flat hnd neDr the bank of 
l,ar-g(f streams and. nalas. But these are o:ft.eri· in~~te1y mixed with 
serni.-evergrcen :forests :in small pockets at the foot hil.l in deep 
all.uvi.nl. soil. There._.are the most' l.uxuriant f'ores·ts and ecologically 
they are cl.:imatic climax. The trees that ~ttain ~ height of' 50 to 
55 m. aro giant evergreen trees. Di:gterocarpus·; 4itocarpus_, Sideroxylon. 
Plnnchonig and Hopea ara .. most common species in tne top canopy. The 
predominant species of' middl.e canopy which are almost evergreen, are 
M:x;rlst.ica and Pometi.a. Creeping bomboos and canes ar~ abundant; erect 
palms are cornmon. Tha shrubby undergrowth is rare and consist.s main~y 
of' Strobllanthes, ]jeorn, Cant"h:1um. PolYAlth~ when present. 

Floristics 
I. n_~teroca~ ol§tu§. Ih grandii'lorus, ~oearpus chapl!i'sb,a, 

tu. gomeziana. Planchoni,a andamanica, Sideroxylon ~peti.1'\­
~tUI.!!" Pisonia umbe,lli:fera. Ad§ngnjrhere ~vonin.a. Ropsa '--"-' 
odorata.. 
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II. Hyristica flndamanica. -!:L.....gla.ucesc~1 :Kanthophyllum 
andpmonicum. P·~erosperm~ (1.ceroide~ Pomet:!&, pinnata. 

III. BAo~nlowia lanceolata, Acanthus ilicifolius. 

N. Strobilant;hus specic~. 

v. DinohhlOa '~ndOmam:ca, ·Calamus palustrifl. Q. , preudoriyal15~ 
c. and,nmam££.S, _JiorthaJain 1acini~sa, ~~ scnndal1§... 

2.3.1.(b) Andamans Tropic.al 1Werg:teen Fore"st (1.A.Lc2.l 

There are multistorey~" f.""or'ests but" not as luxuriant as the 
giant evergrpen forests. The top canopy is also not complete and 
of'ten very irregular. These are Seen on top of' the hills and also 
in drier flat, land inside the island. Deciduous spec~es are more 

. in number. IliEterocarpus al.atus is replaced by !.?!ptproc.a.rpu::t 
,grandif'lorus and D_ipterocarpus grOCilli~. General f'loristic compo­
sition of' tho type is more frequent, and gregarious occurrence 
connnonet. Iilia ttaphal,. Jaiphal (Myristica specj_e:]..),. Poon (Calophyllmn 
§.oulattri), Artocarpus chaplash~. PJanchQnia a,ndamanica. Hopea odoratJ" 
Baccaurea sapi~and Endospermum chinense patches are quite common. 
Major portion of' Little Andaman is coverPd by this type of' forest. 

Andaman Semi-evergreen Forest C2AJci) 

These forests occupy in land. Flat areaS which are compera­
tively dry. Such forests border the evergreen f'orests. As such 
ecotone areas, various intimate mixtures of' deciduous and evergreen 
species are found. The number of' species is very large. The upper 
canOpy consists of: giant Dipt,erocarpu~ Te:"~ 'illi~lia, Salmrilin etc. and 
f'ew other speci.es ej.ther in group as in Pine formation. The middle 
canopy is distinct and is of'ten made up of' Mvristica. Pometi~ 
fisoniQ etc. Bamboos are absent except the creeping bamboo L' ~, "', .:1",. 
DinQchlpa= undergrowth is heavy and ground cover is lo.rgolJr made up 
of' eVergreen shrubs. Epiphytes ure abundant including many' ferns 
and orchids. 

F1.oristics 

I. Dipt 9 rocarpus alail'S£L, "0;"" pi'losus'; TeminaliA' bialata. 
T - procer". Sp1ma lia. insi puis, Artocarous chaplas!la, 
AlbizziQ lebbe~ pterocymbium tinctorium, Sideroxylon 
lanRepetialatum, Tetrameles nudif'lora. 

II. Myristicn species, Pometia pinnata, Eisonin,excelsa, 
Dillenia pentagypa, ~~ophyllum ~~nicum, 
TalauIDa'andaIDanica. , 

III. C lerodendrum viscosum. lee&, indica, .SaRorsm5! ternatLW!" 

. IV. r1;.~~~~~~\. : .. ~. _.. _ .. ~." ." . 

Dinochloa andamariica,-Calgmus andgmanicua. Ctpseudorivalis 
c. Relustria. Kox:thalsia lacininosa. COPlbret"lirn, 'fflCtensum, 
E!ecospermum QUdnmanicA. 
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Andamnn Moist Deciduous Forests (%;A/cJ.) . . 

This t.ype of: f'ore.st is not commonly encountered in Li ttl.e 
Andi:'mnn c::s major portion of' ·this Island is covered by Evergreen and 
Semi-evergreen type of' f'orest. However, r~ere are few patches of 
this type mos tly conf'ined in the central part of Is land along the 
west slope of', the hill.. In ·this type the eVergreen and deciduous 
species are very much mixed though major por'Gion of' the top canopy 
is often occupied by deciduous species. Dis"ttDct second and th:1rd 
storeys are present. The undergrowth if? dense and is composed of' 
evergreen shrubs. Climbers are heavy and canes" are pro:f'use. 
Bamboos are absent except in two or three small patches at the 
northern port of' the hills where patches of' BWbuaaJ.. llneatq :i;)? 
seen. 

El6ristic composition 

I. Term:inplla e!,a}atf.l.J T. monii. T. p:r:oce.:a, Salm..."lJ"a 
~!gni:}_., Fterocymbium tictor:i.~ Dipterocarpus :o:l.ll, 
pilosus. Tetrgmeles nudif'lora. A1bizzia lebbek, 
Lage:t:,stroemia hypol.euCi}. . 

II. Dillenia l2§ntagyna. Semicarpus ?pecies, ' C.innwnomHm 
species, Pterospermum. acer;io~slas, ranneo. co;[9l'llQllilaUga. 
Cratoxylon £ormgsum • 

IIta) Bambusl1 ]ineate. 

III. Myrraya paniculata, Ixor:~ &:!lndi£ol.:1a. Clorodend.:r:um 
y'!scosum, G1Ycosmie. penJ;.su)hylltt: _ 

IV. Calamus speci·e·s, Entada nha.seoloid2s, Hnrrison.\!1 
hroHmi.· 

Littoral Forest (M!Li.) 

This type of: .f'ores't.forms a thin bo:rder link almost all 
along the coast line except \>lhere it penetrates as creek or where 
small ridges terminate in the Sen shore. CasuaRiDa, often £orms the 

• top silorey along ",ith l1anilkarq, Af:zeliQ and a i'ew other evergreen 

(l or deciduous species. Cgsugrinll:in certain places is replaced by 
Mani~. These form almost gregarious patches. Se~ond. storey ia 
a]most· blank i.il land though the tree along the shore does not gro-wn 
beyond ~O to ~2 m",.'7·in height and f'orms the second storey. Under-
growth is tangl:~· sliruoy growth and often twined by thorney creepers .. 
On the sandy beaches above the high water line thick carpet of 
Ipomea pescap~ i.s seen. 

F~ristic composition 
... ... .. 

l:. Cas 'l1§rinn equisetUolia; ~'lit,tora;Us" Salmalla 
in~.1.:.gq~s, A~;e1iri biiuga, ~ CS!tgWP, .. T .biplata. 

II. Berringtonin asiatica" Ervtpriila variagatf!, 
Calophyllum inophyJ.lum.. . 
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III. Pongnmin pinhate,' Thespesia populnea, Hibiscus 
~iliacia~ H~rnandia peltata. 

111(0.) P£!.ndanU:~ tictorigs .. Phoenix PAl.ogoSfl. Hert tiera 
llitorqlis • 

Dr. Ipomoea peescaprQ,e, Vigna re-t:.us~. 

v. CoJ.nbrine ~iatica, Ixora s.12ecies__, Cycas rumphii. 

Manm.:2ve .for~sts (4B/TS2) 

This type o~ ~orest is Seen along the sheltered shore of 
bays and inlund creeks. The width of this type of' ~orest~ varies 
and is mostly confined to Northern part o~ the Island where throe 
big creeks almost covers the entire area. BeSides, there oro a :few 
small patches on the Eastern and Southern coast. West coast being 
generally rocky 'has very little creek eXcept Jackson creek at the 
nol-th. This type o~ ' forest hardly grows beyond 12 to 15 m. in height 
tnough there may be 'thin line ~ormed of' Mgher trees at the of"f'-side 
f'rom crrek. The crown is thickly cJ.osed and ,the undergrowth is 
totaJ.1y nil. The composition is gregarious a~d often camposed o~ 
R,hizQPhora and Bruguiera species. Nipo. i'J"ut:l.cans are often seen along 

_··the water- up-s'treams •. Stilt x-oat ,of' Rhizophox:a and }mee roots of' 
Bruguiera f'orms a tangled mass of' root and makes it, dif'ficuJ.t f'or 
anybody to enter the Forest. Epiphytr-s and Brc hide s, are common. 

Floristic composition 

(i) ltt,uAAe:r::a conjugatQ" Rhizophora muoTonata., R.cand.:i..Jax:,ia. 
Bruiru.ie:t~ parvi£l~ ~vicenni.g. o:f'ficinalis, Nipa 
frut:tcf'ir· Phoen:Jc l5l1udos a. Sonneratia. cgsc0lads. 
Arec&, ~ andriJ;. 

MYri.stice swamp forest (4c/Fsi.) 

BeSides tydaJ. SWamp there are many smalJ. patches 0:£ Swoet 
water swamps in L:1tt~e Andaman. These swamps are caus edby periodical 
f'lood.ing of' the low lying area along the st:ceams the months of 
which get blocked"·seasonally by shii'tilig of , sand o~ tho ,beacl;les. In 
certain places it forms n permanent swamp and in certain other places 
these SWalllPS get dried up during summer. Forest in such swamps 
comprises o£ pUre stand of" MvJ::isti,~ and BSll;:;rind,q,nia speci~ often in 
association of' Pisonia excelsP. HeritieM1 species and PQndanns species. 
~ saUne and parJ¥ saline loCalities Phragmiti.es, S:eini.:rfJ2C and 
Phoenix are associates and i'orm tangled growth", In sWamps Undergrowth 
is almost nil excepting a few oanes. 
Eloristic comoostion 

I. 

II. 

In. 
IV • 

i1lristica irys, l1!. a~am~nicfu llia.rringtort'ia racemOSe, 
P soni.a excelsa. .-

Heritiera littora~i~ Pandanns tectorius, Dracaena 
;ngu~d:~i;f'olin. Phoenix' ps'Iudosa. -

Phragmitos kaTka, SDir~ species, Licua& spinosa. 
Calamus species, Plecospermum ama:manicum. 

Note:- This type o:f' :f'orest waS not reported earlier f'rom Andamans. 
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Brunboo brakeSL 

, These occur t.hroughout evergreen f'orests aJ.ong' 'the streams 
or-as under-storey ~ith Dipteroc~~ species. Other associates are 
9xyt.enm}"GherD migrociliata and Brullbusa schizostachoides. 

(/V 

Cane brfkes : 

It occurs iii: throughout Evergreen, Srni-evergreen and moist 
deciduous :forpsts; Common species are - ~~ patustris, Calamus 
pseudorivelis and Ca1em~ longisctus. 

2.4 Dis~ibu.tion of' ForAst Resources- : 
- . 1. • 

The result of Pre-investment Survey or Forest Resources~ 
Eastern Zone~ Calcutta shows the following distribution :_ . 

No. of stpms ppr hectare by speciesd~ise and strntQ~s~ • 

.. -.-.-. -.-.-'.-.-.-.-.- .-.-.-.-.-. -.-.- .-.- .-.-.-.-.- ..... -.-.-.-.-.-.-.-.-. 
Sl .. No. Name of' the species Evergreen Decidupus Littoral 
- .-.-.-.-.-.-.-.- .-.-.- ~-.-.-.-.- .-.-.- .-.~- .-.-.-.- .-.-.-.-.-.-:-.-.-.-.-.-

~. 

2. 
5. 
4 .. 
5. 

6. 
-7. 
8. 
9. 
10. 
~1. 

~2. 
~5. 
l..4. 
15. 
i6. 
17. 
1.8. 
~9. 
,20. 
21. 
22. 
25. 
24. 
25. 

Plywood species 

Ript~~ocnrpu~ sRecies 
-Amoara wJlllichii_ 
P;-irishi;a .ins ignis 
Terminnl:i.n bialata 
TorIDinn~ n;oce~ 

5.849 
0.460 
0.819 
0 .. 945 
2.162 

- - - -- - -- - - - - - - - - - - -
. l1atchwoOd species 

Qanarium Guphyllum 
Endos~er.mum ~elaccensis 
Mtho hPhnlus cndQlllba 
SaJmaJiu insignia 
SideroXylon langepetiolatum 
Pteroceymbium tinctorimn 

- - - - - - - -. - - -

0.909 
0.104 
0.854 
~.874 
6,977 
4.955 

Constructional wOOd 
Artocargui cMPl.asha 4.721 
Artoc?raus .~~ - d~927 
HOR~il 0 o:rata 
Pa j anelln longifoll~ 
adennnth~ pavoPina 
~chonia a ndamanica 
DiplOkn~ butxracea 
Mesua f'errea 
Lannen corornandelic~ 
~rStroemia hypeleuca 
TerminpJ..in ~i 
Qalophyllum inophyllum 
Manilkern lin9~;"nlis 
Albizz!w_ lebbe k 

0.516 
0.175 
2.071 
0.872 

0.408 
0.549 
0.515 
1.302 
0.070 
0.121 

9.~81 

~.0~7 
1.244 
2.~64 

.i.244 
0.115 
2.851 . 
2.578 
6.~21 
5.739 

species 

7.820· 

0.113 
0.566 
0.226 
2.492 
0.792 

0.559 
0.1.~3 
0.565 
1.01.9 

0.226 

Q.565 

- -._ "_ - .. - - - .... 

0~15 
O.~1.5 
0.906, 
4.555 
4.505 , 

1.018 
1..246 ... 

0.226 
0.906 

0.11.5 

0.565 

~----
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"-. . .. . . -.-.- .-.-.-.- .-'.- .-.-.-.-.-.-.-.- .-.-.-.-.-.-.-.-.- .-.- .. - .. -.-.-.-.-.- ~- .-. 
Sl.r.Jo.. Name o£ the species Evergreen Deciduous L:i:ttora.l 

I .. ' _ 

- .. -.~.-.- .-.-.-.-.- .-.-.-.-.-.-.-.,-.-.-.-.-.-.- .-.-.-.-.- .-.- .-.-.- 0"· c--.-

26. 
27. 
28. 
29. 
30. 

5j If 

31. '. 
32. 
5.3. 
54. 
35. 
36. 
37. 
.58. 
59. 
40. 
4~. 
42 .• 
43. 
44·. 
45. 
46. 
47. 
48'. 
49-;' 
50~ 
51. 
52 .. 
55'. 
54. 
55. 
56 •. 
57 •. 
58. 

Ornamental wood species 

Terminalia bialata 
Segeraea elliptica 
Di9sPyros ~er~ 
Murray~ paniculata 
fggocarpUs neri~olia 

<#" ... 

0.141 

0.124 

ITon-commercial wood species 

t,tyristic!!. species -
Duab~nEa sonnerit~~ 
Albizzi~ stipuJata 
Mangif"era ,,"X ~ 
~ia °K-laka _ . 
Alianthus kurzi~ 
Alstonia scholari~ 
Tetrgmeles nudiflora 
pterygota alata . 
Garcinia species 
Gmelina, arborea 
S~erculi~ villose 
Spond~ mangif'~m. 

Nauc1W!. ~~ 
Pamilia. pinata 
Antiaris toxicari~ 
Eugenia species. 
Ganophylium falcatum 
Terminalia catappa 

." Mil~ ~ctona--­
Ag~ andamanica 
Xanthophyllum andamanicum 
Elaeocarpus. BEecies 
Biscbofia javanic2_ 
Dillenia pentagyna 
.wo.carp~ gomezi~ 
Hibiscus tiliaceus 
others -. -

11..432 

0.085 
0.103 
O1!01.7 

- . 
0.24 4 
0.445 

0.75~ 
0.1.39 
0.247 
0.016 
0 .21.2 
0.623 
0.353 
0"086 
0.856 
0.874 
3.1.47 

0.334 
0.1.05 

66.010 

8.391 

0.226. 

0.226 
0.566 
0..1..13 

1.152 

'-
0.-226 
0.339 

1.926 
1.927 
3.626 

0~226 
O.l..1~o 

68.264 

0.226 

4.419 

0.1.13 

- 0.678 
0.339 

0.792 

0.340 
1.809 
0.115 
2.606 
0.454,. 

0.113 
0.226 

52.09 :3 

------------------------------------------------~---------------------
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2.4.~ ES~imat~Qll_~~s (.000 units~ by species wi~~nd s~xata wis~. 
~ -.-:-.-.-.-.- .7.-.-.,~.-.-.-.-.-.-.-.-.-.-.-.-.-._.--.-.-.-...... -._ .-.-._._ ...... ,,_. 

Sl..No. N~.me of ·6he species Evergreen I Li.ttoral Deciduous Percen·tage 
o£ 3 s·::.ems . 

-.-.~.-.~.~.-.~.-.-.-.-.-~-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.~.-. 
~09d species ... t '. . 

1.. 
2. 
3. 
4. 
5~ 

6. 
7. 
8. 
9. 
10. 

11. 
12. 

12. 
1.5. 
14. 
15. 
16. 
1.7. 
18. 
19. 

··20 ...... 
21. 
22. 
25. 
24. 
25~. 

26. 
27. 
28. 
.29. 
'30. 

~erocarI2u~ ~I2ec;i.es 
AmQQ~ ~llichii 
Earishis insignis 
~l:min~l:?& bialat:a, 
Te;rmiI1filia prgcera 

tl:i!tch wood 'species 
,. 

~rium euphyllum 
Endosperni:kml me~cens2. 
Anth~lus cad~~ 
Bom 'Q.a.:::. ins i gne 
S~deroxy~~ longePet6~~ 

latum 
Pteroceymbium 1_inctorium 

340.922 
26.808 
47.754 
55.079· 

1.26.01.'6 

52.980 
6.060 

49.475 
109.227 

406.671. 
288 •. 696 

constructional wood species 

Artocarpus ~ru2.la sh<!:, 
art ocarpU3 lakoocha 

.·Hopea odotatA 
~ajanelia "Js.p..s1-.folia 
Adenanther{! pavoni!A4 
~cllOnia andaro.anioa 
Diploknerna butyracea 
Messua £errea. . 

275 • .\73 
54.Q2~ -. 
18,,415 
10.080 

1.20:·7ll 
50.824 -. 

·Iennea -corgnandal.ica . .. .;._" 23.779 
Ie.gerstroemi~ hypo2euca _. '- ,3f~996 
Tepminalia mani1 ~8.357 
Calophy11um. inQphyl1um 75.888 
I.fani!kau lit;-coral.is 5.069 
Albiqzia lebbek 7.050 

- ~. ," ' - ~ --, 

Ornamental wood.sRe;les 
,. " ' j ' .,.. 

T,ermina.lia bial.at~ 
Sag.;zra~ ellipt:lc~ 
DiOsP7ros matmorat~ 
M~aya peniculate 
Podocarpus neri£olia 

. .... _._ ..... 

0.751. 

2.409 
'1.507 

0.1.50 
O~150 
1.558 

6.035 
5.748 

0.300 
,1.209 " 

0.150 

0.751 
'61!502 

52.265 

5.787 
7.079 

1.2.884 

.. 
7.079 
0 .. 043 

16.114 
1.3.535 

51.916 .,-' 
21.281 

44.5~4 

0.643 
5.22l. 
1.286 

4.50 
0.50 
0.60 
0.70 
1.60 

0.69 
0.07 
0.76 
1.42 

% 
" 
II 

II 

" 

11 

11 

IT 

II 

n 
11 

3.70 If 

0.65 It 

0.05 .11 

0.60 . : 11 

. 0.1.5 . II 

':14.184 
4.507 

1. .54 " 
, 0.60 II 

1.929 
0.645 
5.215 
5~799 

1.286 

0.29 n 
0.57 
0.24 II 

0.90 " 
0.76 rr 

0.09 " 

0.1.0 II 

Neglected 
0.008 " 
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-·-·-·-·-·7·-.-.-.-.-.-.-.-.-*-.-.-.~.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
Sl.N6. Naiiie of the species 

... f ..-, 
Littora1. Deciduous Percentage 

of stems. -·-·-·-·-·-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-r.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-
;';~;_ .. Ndn-COllDllercial 'Wood species . . ... ,.' . 

31. 
32. 
q3. 
34. 
35. 
56. 
57. 
58. 
59. 
40. 
41. 
42. 
45. 
44. 
45. 
46. 
47. 
48 10 

49. 
50. 
51. 
52. 
53. 
54: 
55: 
56; 
57. 
58. 

NYl'istic~ species 
Duabangp graPdiflora 
Albizzia stipula~ 
Mangif'e£_a andamanica 
Evodi.a glab:t:a. 
Alianth~ kurgi.l 
Alstonia scholaris 
Tetr~eles nudiflora 
Fterygota alata 
GBrcini,a. speci!i~ 
·:.p'l:_::-' .Q:melina ~borea 
Ste~~li~ villosa 
Spondias mangifera 
Nau1ea ~1iW1l 
Pomet;l,a pinata 
Antiax~ tgxicar~ 
EUAAnig species 
Genophylli~ falcRtum 
TerrotQa1ia catanpa 

. Milusa !;.ectona 
Aglaia andamenica 
Xanthop~llum andamanicum 
Elaeocarpus species 
Bischo"f!.a javanic.a 
Dillenia pentagyna 
Artocarpus ycmezia~ 

666.344 

4.950 
6.000 
0.990 

14.219 
25.819 

. 42.606 
> 8.099 
. 14.394 
525.520 

1.2.355 
36.31~ 

·20.573 
5.0~0 

"48.724 
50.942 

183.430 

1.9.465 
.6.119 . -Hibiscus tiliaceu~ 

others 3847.586 

0.150 

0.901. 
0.450 

1...056 

0;454 
2.409-
0':-1.50 
3<;479 
0.600 

0.150 
0.500 

65.592 

47.768 

1.286 

1.286 
5.864 
,0.643 

1 .• 929 
50"'.976 _ 

1.286 
1.929 

10.961. 
10.968 
20.659 

,_ .. ..... _ 

1'e28i3 :'~ 
0.643·" 

8.20 

0.58 II 

0.08 II 

0.01 II 

~ 0.16 II 

0.30 II 

0.40 II 

Neglected 

0.57 % 
0.09 II 

0.1.9 " 
6.60 If 

0.14 11 

0.47 If 

0.26 " 
0.05 " 
0.68 It 

0.71 " 
2 _30 " 

o.~o % 
O.p7 II 

The result o£ the' present sUrvey have been enumerated in the ·table 
No •. 5.1, 3.2y & '3.5 whiC'h showed detailed est:lmations of st'S!m.. by species 
diameter class-w:i.se for dif'ferent ·strata. A ~wnmary of su~. £i.ndi:ngs 
is given 'below ._ • 

STRATUM AND CATT"Gcia=iiJSE UISTRIBUTION 

. -.,) S terns. per hectare 'by stratswi.se Estimation of stems by strata­
wise. 

Plywqod 
Matchwood 
Constructional .. "wood - --
Ornamental 'WOod 
Non-coromercial 

wood 

Ever~een Deciduo~ Littoral. :§.Yergceen ttecidUO;SS IJ_ttora1 
{in .000 in ·.QOQ (in .000 

Nos,> Nos¥f Nos.) 

~0.235 1.5.606 '. 5,054 596,559 78.015 4.667 
15.671 16.426 9.970 9US,l09 90.267 1.3.459 
11.862 .~ _ 14.271 _- 50.112 691.57l. 81..227 66.932 

0.265 0.226 0.226 1.5.444 1.286 0.301 
95.037 96.595 64.099 5539.456 550~529 81.593 
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I~ has been £ound that in Evergreen forest of Little Andaman 
My~tica species, Sideroxylon lan2'epetiolatum. D,iPterocarpus §J1e,Qies, 
~tocarpus chaplasha. Xanthophvllum andgmanic~, Tsrmiualia £rocera 
ai's f'ew widely oG;~urring spectes hurilel:·ically. Of the EVElrgre.en 
species MD;:!§tfca' species sUJ..~pasS others in abundance "With a density 
of." ~L,402 s~t"..:ms pel" hectare; 'yolume, Gurjnn surpasses all other: 
species with a volume of ' 23 .560 m5 'per hectarE?'· . 

In Li. ttoral f'orest Hani1kara illtoraliS!_, Sid.ru:o;xy·lon lO~!l"'" 
tiOlat'Ul!i.lO Mvristica ~flllifts and PterocevmbiUlll, t:inctorillW are numerous 
in number~ The occurrence of' Hanilkara littoralis is great.er than 
other species with Ll6 .. 058 stems arid a volume of' 115.776 m3/ ha, 

In deciduous f'orest Diptprocarpus species, Pomet.ia pianRta. 
~inalia procere, Myristica species·,,~tpcarpus ~lasha. 
Sideroxylon longepetioletuin, Pteroceymbium . ~ctorium are numerous 
in number.· The occurrenc~ of' Diptero. ca. rpus species is greats,! than 
all other specips with 9.181 st.ems and a volume of' 0 4 .459 roo/hu. . . - - -. 

The Anda.m!ll1. · &- l1'icobe.r Forest and p1ant~tion De"l(elopment ;; 2 
Corporation Ilmited in thE;li~ s,urvt:ly'~ (l.a,t en:ume;r-ation over 428 =89km ) 

. obse?vad. t.}J.at .the catmnere"5_.al timber is 75 m3 per ha-. o:f ·w.hi.ch pzywood 5 
is 37 mO (50% apProx,,) ·Ma-t<;hl,:lQod 1~ ro5 (25% approx.) and Saw logs 19 In 

(25% epprox.); Gur jan ae counG~d . 60%· P1ywood. v91ume. 

2';';5-' Invento;cy design : 

-.-.... ··-.The basic obj"ect·--o:r-·the-·pr.e.l?~nt. study :is to estimate the 
standing vohn:iie 'of: -the £or.~st crop in tne Is3..--a.nd_."I.ii?hin 10% 
precision limit.. A stratif'led-'random" sampling wi til -a cluster. of' 
'2 plots waS adop-'''ed. . -

.2.5.i 811>;e, number and locq.tion of." plots : 

The f'orest type met within Littl~ Andaman have been ulready 
dis cus s ed :in. para 2.:3. They· ha VB 1'2e ,?n' f'ouhp. to f'orm the f'o llow ing 
types on the bas;ls of' compos:t,tion, growth and densi.-ty. 

i) Swamps :,' i 

ii) Littoral Forests 
iii} Moist Deciduous Forests 
iv) EVergreen & Semi-evergreen Forests. --- .", '_ 

The semi-evergr€'en type haS been merged .:wi th evergreen type 
as th~, . ::forrn~r hardly dif'f'ers in.[C/omPosition, gr;;wth and density 

. with :t4e latter. 

Code f'or strata/types. 

o 1 Swamps 
o 2 Littoral f'orests 
o :3 Moist Deciduous f'ores"(;s _._. . 
04 EvergreE3n & Semi-evergreen forest·. 
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F~lled tree volum€t,. 

'. Vol"LIDle of each log of' utility classes I • . 1.1 and III 
(llpto 20 em.) diameter overbark of felled sample trees HaS 
ca19ulated by applying Smalian's fo~ula :-

x L. 

2 2 
or,! 4 D1. +' D2 

2 ., 

v 

,Jhere D1. and Dz are 'average o.b. diameter for o.b. volume 
and u.b. diameter for u..b. volume of', the t.wo ends of the logs. In 
Case of' small wood measurement (20 em. d.co.b. to 5 cm. d.u.b .• ) only 
one mf'asurement of' mid-diameter waS tn.ken. The vo'lume uf each 
section was calculaJGed· by Huber r S formula. 

~ 

2 'Where b = diameter over bark V = T, D2 L 
at mid-point of logs. 

4 
L= Length of the 

section. 

The trees were felled f'lushed to be ground and logging 
waste lI1aS kept nd.niroum. The volume of each log was calculated 
over '':lQd under bark fOr eaqh tree. A total of' 648 trees br>longing 
to 26 ~pecies were felled for the study of volume equation keeping 
in vieW,l t.hat each diameter class waS adsl1uately represented. 

, 

Andaman Forest Department deSired to the volume tables 
f'or fourteen important species and one f'or all other speci.os i 

grouped · ,together. As such the felling of' trees of these specie!3 
only waS; taken up. BeSides, for preparation of' an omnibus 
volume table same more species were also decided to be £elled. 
The fo1r9wing chart shows the number of trees felled in each 
diameter'. class for volume study. 
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Cull volume : 

The cull volume waS determ~ned in cas e o£ 6ach tre e 
felled and was expressed as p'erce.ptugo of' total under bark volume 
with ref'ercnce to the correspondihg d.b.h. ThG da.ta we re tabulnted 
species-wise. It was found that distribution ot: Clill in difforent 
species does not f'ollow any ddfin:i.:te· pattern corresp0l:!-ding to tho 
diameter class. Hence, this data of' cull percentage wore plot-i:;od 
against diameter o£ a particular tre e trrespoctive uf'.spociGS and 
a smooth curve waS drawn. The cull percentage corresponding to 
net value at: each diameter class "'as cOIl1puted and tabulate d as 
below :- -

-.-.-. -. -.-.-.- .-.-.- .-.-.-.- .-.- .-.- .-11 -.,.-"'.-.- .- .... -.-
Diameter class Cull~(% total U.B.)volume 
-.-.-.-.-.-.-.-.-.-.-.-.-~-.-.-.-.-.-~-.-.~~-.-.-.~.-
~O 1.9 '. 
20 29 
30 39 
40 49 
50 59 
60 69 
70 79 
80 89 
90 99 
1.00 alia ' above~-" 

0.1. ~b 
0.2 % 
0'.4 % 

% 0.8 
1..1. % 
,1.;4 oj, 
1~7 % 
2.3 % 

·_':".; .. ;2 • .6 %=, _ 
-.~.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-~~.-.-.-.-.-.-.-.~. . . ..-. -.- .... -~ . "_ '" - -

13ark volum~ : 

. ~.·-~h-e ~vor' l;:)ark and Un'c:ier bark 'V'ciltirrll:i ~n each caS'o- "waS 
summed up separa~ely and the diff'erenco in volume was foUnd out 
and expres.sed. as perce,nt~ge of' total under bark to gi:ve the 
percentage of' bark, for a particular tree. This constitutes the 
bark Percel1t age far ~ particu~r tree ot: certain diameter classes. 
For each speCies, under different diameter classes. bark percentage 
was calculated and tabulated as in Table No~ 13.0. 

General volume ~eq~u.ations 

No compr.ehensive volume table exists for tho timber i n 
Little Andaman. Basic inf'orma-tion required f'or a sample regression 
equation correlat:ii1.g t,he measured v o1.ume of' the trees with thoir 
diameter at breast height and total height were available 
from f'elled trees. 
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General volume oqus:tion tried .for "Little Andamanll 
are t],s under • 

9 

10 

1.1 

2 
1.. V = a + bD H 

2. v/n2H = a + b/n2H 
-2 

3. 'f = u + bn + cD H 

4. V :::: 
2 

a + bD H + eR 

V/n2 2 
5. = a + biD + eH 

6. V = ~ +-bD2H + CD~ 
\fuen V 

D 

= 
:::: 

U.B. 'volume (m5 ) ' upto 5 em. top - O.B .diameter. 

Diameter (in am.) at breast height. 
H :::: Height (m.) .. a,b,c,d, being constants and 

regression co-a££iciont. 
'y ~ • • • w 

Selectod generul vo}.:pi:nc egilnt;ions.(Li ttlo AndBffi.!ln) 
,. ~"'" ~ ,~' )... , . 

+ 

l
__/'JInalla' i.n.si""'f :::: 0.0001964 - O.OOO000084/n2 

id~roxylum longcpeti­
oJntum • 

~erOCymbium.tinctorium 
v/n2a 
.' 2-
V/D 

+ 0.OOOO1.87H 

:::: 0.0000264 + .1.129S/D2H 

.OO0Cl86 + 0.02059/n2 + 

.OOO(l268H 

~oearpus chaplasho 

'~rtocarpus lakoocha 

15 ~aj anelia longi.f'olia 

v/n2H 

V/D~l 

V 

v/n~ 
v/n2

H 

0000241.7 + O.2275/02 H 

:::: 0.12951./D~ + 0~9000272 

::::: 0.42 57 + 0.0000205 D2H 

= 0.0000215"+ 0.37271/D2H 17 

18 

jPlanchonia andamanica 

~ Oi.plokn~ butyracoa 

~ jp,alophyllUm inophyllum 
24 ~Mnni1.knra littoralls 
25 J others 

V/D2H 
v/n2H 
V/n2H 

0.00005091 + 0.14932/0?g 

::::: 0.000038 + O.05188/n2H ../ 
= 0.000029 + 0.08632 /D2H 
= 0.19915/D2H + 0.000022 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.--.-.-.-.-.-.-.-.-.-.-.-
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Local volume eauatio~ : 

The i'ollovting types of' regression equations were tried 
to obtain the local volume equation of best model. 

V = a + bD + 2 cD, 
V = a + bD2 

V/D2 = a ., b/D
2 + c/p 

v/n = a + b/P + cD 
V = a 4' bD + CID 
Out uf' V::~:ious local vQl-un:e equations tried the following 

local. volume equat.ions were selected f'or different spe cies which is .. 
given in the Jist below. Tho main crit.eria for 8 (-llcc-cion of" the;?,_c 
equations are (i) the stalmard error of est:imute (ii) tho multiple 
determinant co-efficient. and (iii) range of' ·applicabi1.i ty of the 
equation." . 

~:- The volume equa:tions given above arc valid . for trees of 
20 em. d.b.h. (o.b.) 'ahd above ·us . the minimum l:i.mit of 
d.b~h.(o.b.) for enumeration 'at: treGs was fixed at. 
20 em. d.b.h. (e.b.) 

SEIECTED :I.OCAL VOLUHE .. IDUATlONS· 

LITTIE ANDAH@ 

-.-.~~·.7.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.. ~.-.-.-.-.-.-.-I~.-.-.~.-.-. 
~~~:;~~_~:;;~~=~. ~.~. -v-·-·~ -.~ :~7;; '!.:_':. ~:~~~c:.po~";;i;;;;F;:;;---
~ Terminalla P'ialata VfDf ., 0.62603/D2 - O.04926/D + 

, .0~001733.'_ 

'5./ ,!enni·,nal.ia proc~r~.· ~v_:.' _ '. = '-0.1£343 + 0.00198D + 0.600SQ6])2 
\Y' _);e.narium euphyllum.~ V == ,1.2899 .,.. O.06'S98D + ,0.00175 D2 

. 9 -~ SaJmalia insi.gnis ~::;:: ":.40:l +~::b~26D + .OOQ669p2 

10 s'~oxy~~ lon~P6ti.ola~Gum V/D2_ = -O.03189/n·2 + O.-0059649/D + 
~~~~ 0.0005834 -

1~ Fteroceyrnbium tinetorium /V" ._ == 0.00999 - 0.0154D + O .. OOl.2D2 

~/ Ar'~ocarpus chaplasha V _ -._.~ = 1.5897 - 0.0611.D + O.OO~62D2 ~ 
~ Artocarpus lakoocha V = 0.~954. - 0.004028D + 0.OO0609D2 ~ 

1:~-.. ~anelia longi£,olin v/n2 == -.4406jD2 + O.Ol~8/D + 0.00083 ~ 
17 Planehonia andamanica v/n2 = 0.4363/D2 ... . 0.00082 - 0.OJ_37/n 

1.a.0iPIOlm~a·b"tityvacea ....,4!D2·::;:: O.7124/D2 - 0.04s735/n + 0.0015 

23 v1:ioPhYl.:1-1-Jffi inoPh;Uum ·....,,/',Y/p = -.0844 + 1.327/D + O.0022~~D ._,--

... . 24V~ni1kara ll't'tor.o~ V == O,!0245 0.004970 + O.0007~9D2 _",.--

58 v-Gthers , . V = i .0405 0.0589D + O.0015 05D2 ~ -.- .-.-'.-.- .-.-.-.- .-.- .. -.-.-.-.-.-....". ... -.- .-.-.-.-.-.-...... - . .;...-.-.-.-.-.-.-.-
No~e:- The volume equations given above'are valid for trees of 20 em. 

d.b.h.(o.b.) and above as the mininnnn limit. of d.b.h. (o.b.) for 
enumeration of' trees 'Wa_~ fixed at 2?cm. ~b.h.(o.b.) 
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Trep. volume and olot volume 

On the basis. of' the local~ volume equation described 
above, volume of each enumeratq,d tree is oh~ained.. Volume of 
all the enumerated trees in a plot when added up giv es -Ghe plot 
volume. . 

TREE DENSITY STI.JUX.. • 

. ::!_tand and ·'stock; ;tables 

. \ The number of stem per he. by s p ecies a n d diameter for 
various strata is giv.en in , Table No·. (1.1 -:- 1. .15) .. 

. . . 
Similarly, the volume per ·ha •. by species and diame t e r 

fOr". el";lch st.rqtum W D;:; ., derived ?-~d g:§_ven in Table No. ( 4 .1 to 4 .1.5). 

< E stimation of total No. o:Ltree s and to-tel va1.ume by 
species and diameter were obJ.ained for each stra·c,um. and' ,also for 
the entire project area (Table No. 2.~ - 2.15 , ·ntld 5.1. - 'tio\5.15) 

The--util~ty" volUme peX' l1a.; f'or ~arious. ch'(,e'~;~es of' 
utility Such as Ply,_ Mutch, . construc"tion, Residual, Ornamen tal, 
and Small is shown: in Table Iio .. ·6.0. 

. . - _.. • ~- - :~ - the pafris at:' iihe s e pe~ ha. i'igures the e s timate a 
.I'or utility-vOlUme of' various c ategories WElS carried out 
(.'1:aGl~_ I~o. 7.0): . 

- ·2:.7~. 7 - ~t:i.l'nJ3te of: Error-

The error-'for various s-crata is give n as r belo"W :_ 
.. .. . ... . 

-.-.-.-.,- .-.-.-.- .-. ~- . -.-.-.-.-.-.-.~ .--.-.-.-.-.-.. - .-.-.-.-.-.-.-.-.-.-.-
Stratum Area in '" Volume per Estimated "'3 -S.E. % 

~ctm:a. hectare (m3..l. volume (.oeon ) " __ : ______ _ 
-.-.-.-.-.-.-.-.-.-.~.-.-.-.-.-.-.-.-.-.-.-.-.-.. -.-.-.-.~.-.-.-.-.-. 
1. Litt:oral 1.336 298 .. 615 398 .94 7 10.9 055 '2 .. Deciduous 5693 2 8 3.521 1614.08 4 7.731.7 3. Eve r green' 58288 265.999 1.5504.Si4 -; 4.5 142 

-TotaJ._ 653~7 J 268.268 
"""" 

1.751.7.645 V 6 . 61.40 

2.7.8(a) Qxowing stock: 

The .estima t e d growing stock in Uttle An daman ;is, 
~ 7517.645 (.000 m3) .. 

. . 
. Strata-w_ise distribution of t_otaJ. growin g s topk 

is as under :-
~ cr -.- .- .-.~~-.. -.-.-.-.-.-.-.-.-.-.--:.-.-.- .-. -.-.-.-.-.-...... -. 

-Forests Tot.al unde rba rk .. , Volume/ ha • 
••.. •. • • ... - • ' I . ' • volmne (in .000 ro3 ) 

~ -.~-.~~-.~.-.-;-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
Decidubus~ 1614.0 8 4 2 8 3 .521 
E v ergre en 15504 .614 2 65.99 9 
Littoral 3·98 . 947 298.61 5 
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2.7.8 (b) UM_li t.y c luss -wis D brenk up of' tot,al growing stock .:for entire 
project oren is as i'ollows .:.- o. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.--
utility class Total volume VOlume/hn. (m3 ) 

(in .000 m3 ) 
- .-.-.- .~~-._ .-.-.• -.'"1"- .-.- ,- .-._._._ ._._._._,_._!_ ._._._ ._._._._ 
Plywood 2056.241· ~a.l. 74 

Matchwood 2519.065 38.567 
1 

Cons'true-Gionnl timber ~969 .802 30.157 

Residu...'1.1 4722 ~461 72 ~501 

Smo.ll wood 1195.567 18.304 

Non-cammereial 5070.407 77.628 

-.-.-~-.-.-.-.-.. -.-.-.-~-.-.-.~.-.-.-.-.-.-.-.-.-.-. - .-.-.-.-
The I.d. t otoral stratum is better stocked and haS maximum 

density per ha~ (Volume). 
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C H A po To_E, R - III 

MARKET ST..1.lDY & CONSUNPTION 'PATTERN 

5.0 ~etinB: 

. Owing to remoteness of forests, lnck ' o£ c~Unication arid 
transport, marketing has been a prohlem. Various reports indicated 
that the lack of proper marketing system and procedure of Sal have 
been the principal' reason for the slow growth. 

At the mompnt the market demand is for selected species of 
trees. But gradually more and more species are being experimented 
~or use in ~arious industries. The demand is sure to increase in 
near future. The Calcutta Timber Markets had heavy demand for 
Gur jan, Pa ciauk , Badam, \..thite anc;l Black Chuglam. The demand for 
Andaman timber is now more in South India than in Calcutta. The 
current policy of the Government is not o~ export of timber in 
long form and they have already put a ban on the export of timber. 

As the ~ort of A~ans has been opened to · foreign ship and 
export policy is likely to be liberali~ed, there must not bo any 
difficulty in the export of t1mber. These fac~s have prompted tho 
Forest Development Corporation to extract more than 19557 m3 in 
1978-79 and it is expected to go as high as 60,000 m3. 

B .1 Demand Zone : 

According to the available information at present 18 
(eighteen) wood-based industries are functioning in Andaman and 
Nicobar Islands and their installed capacity is 1,05,500 ill3 por 
annum and these factories are fully dependent on local timbers. 

There is n heavy dem~nd o~ Andaman timbors by the Indian 
Railways. The present annual requirement of l."ailways is given 
below :-

Sl.No. 
-.- .-.- .-.-.- .-~.-.-.-'.-.- .-.-.-.-.-.-.-.-.- .. -.-.-.-.-.-.-.-. 

Name of the species Quantity r~uired 
nnnunlly. 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.~.-.-.-.-.-.-.-.-.-.-.-
1. Gurjan 10,000 mB 
2. Bada.:,'n, vJhite and 

Black Chuglam. 
Padauk 

Total 

3 3,000 In 
2,000 ro5 

------------------------
= 15,000 ro3 

-.-.-.-.-.-.-.-.-.-.-~-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-
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The total annua~ requirement of' l>1a.tch\ .. nod timbers in India 
is 4.00 lakh m3 • \IT.ll1CO a~one required ~,43,OOO ro3 of'Matchwood 
timbers every year. Andaman tinber Can meet bulk requirement. 

The Plywood and ohter wood-based industries of Calcutta 
till recently wer~ mainly dependent on. the timbers of' Andaman and 
l-l:icobar Islands -though a little quantity ar timbers are SUpplied 
from Horth Bengal, Assam; Bihar, Ori:Jsa. and Madhya Pradesh. 
Calc:ut -ta. markets Can consume abou t 55, DOb ro3 of' Andaman t:i.m.ber 
annually. 

Sa'Wn timber to the extent of about 10,000 roO is sold every 
year from the entire Forest Department. The departJllent also sell 
42,000 kgs! of' Charcoal, 2,68,966 kgs. of' Resin, 764915 Nos. of 
canes, 1,663,522 nos. or bamboos, 40940 mO fire wood to var~ous 
inland and mainland agencies every year. 

3.2 Future Demsnd'Trend : 

The National Comrniss1.on on AgricuJ.ture in their interim 
rp.port on "Production Forestry and }-1anmade Forestsf! have pro j ected 
the ;follo"!.:l..ng d~J?1and f'o:t;" "!Noad in India. 

Forest PDodu~ 

Sawn logS 

'Viood requir.ed:· for 
panel boards 

Total 

Proj,ected 

1.980 

1.2,649 

943 

13,592 

demand in .. 000 mS/anm.un 

--
1990 

17,010 

1,408 

18,418 

~------~-.------.------~-------------------------------------------
The demand for pulp wood and round wood in the country as 

est~ated by tho f.lational Commiss:ion on Agricu~ture is as follows :_ 

Forest prodUct 

PJ.Y-Wood 

Iogwood 

: 

-. Pro1;ected dema~ in .cioo mo 
~980 1990 

2,129 

6,927 

9.05n 

12,730 

9,595 

22,328 •• J 

BeSides, there is a great demand of' certa:in Dndaman species 
in foreign countries. So it can be assumed that the estimated extra­
ction o£ timbers which have been planned by 11 The Andaman & Nico bar 
Forest & Plantation Deve.l6pment Corporation Ltd" will be thankfUlly 
welcomed by the various demand zones. 
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.5 The SUJ2EW 

At present Little AnClaman produce about 25,000 :m
o 

of' logs 
per year and only ano saw mill exis·bs at Hut Bay which consumes :3 
to 5 m5 round hard woud logs pElr d,:"y. Thc.'.Jh~le And~mun IsJ.an~'s 
however~ produce 1,50~000 ro5 of' wI-ncb nbou·(, 17,000 m is supplied 
to mainland and 45~OOO mo to two local indust~ies. 

I=t haS bepn lately reported "'Ghat "~he saw mill. haS been 
closed down and a :Hatch Splint & Veener Fact,ory has also been 
establishE'!d at Hut Bay ",ith ap. annual intakE'! oE 10,Oeo roO of Ha'bch 
log and 2, 000 m3 of' Sa".. logs. ; 

Fur'cher, i"t is esti,matpd that the f'ollowing additional 
quantity of' Andaman timbers 1.1i11 have to be supplind to the local 
(Islands) Industries to meet up "..i th their expansion p:rograrnmes • 

1,J I H.C 0 
Andaman Timber Industries 
Tayashree Timber Proo.ucts 

"'l'CiTAL 

. ' 

6,000 m3/anntml 
15,000 mO/annum 
25,000 -do-

According to the plan -'Ioihis extra 'c,i...'Uber wi.ll be supplied 
i'ran the South and l1iddle Andaman. AS such this will not ef'i"ect 
Li.:ttle Amamari .. 

. k·'·· 
The inter Island supplies of' ,""ood are carried ou'~ generally 

through rafts, small sea-going vessels or barges in calm weather. 
The Forest Department uses El 'sea going flat. bottomed 200 cap:lac~ty 
sell propelled barrages whose speed varies from 6 to 9 knots. Most 

,of' the transport is now being don.e. by the L.C.T. 

Generally one raft can assemble six logs of about 6-7 m5 

Towing launches have 50 H.P. motors and can tow t.ogether 50-60 m5 

at a speed of' 2;";3 knots. '. 

The Forest and Plan·l:>ation Development Corpora'1;ion Lt.d. or 
Andaman and Nicobar Islands has taken up work over 6,800 hectares 
in :tittle Andaman"and 9,755 he. ilY'North Andamarl in l!:!±i;M. their ~st 
phase of: operation. They will s'Cart their operati.on over 200 he. 
in the 1st year to 2,245 ha. in the 5th year with a view to produce 
15.,000 m5 in the 1st year to 120,000 m3 in the f'if't.h year. 

The por-ti of' Hut Bay has a depth of' 5 m. water where 
M.V. Yerawa, H.V. Andaman 2~ 000 dwt can berth regularly. Another 
berth inside the brf'>ak water has been comple-ted which has 7 m. depth 
of' water and 'Will be able to accommodate the Shj.p similar to H.V. 
Dig1ipur of' about 5,000 dwt. capacity. 
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Previously t.he Forest Department '·las dependent on one log 
loader viz. (,1.'1. Shampen 'With a capncity of' 2,,000 ro3 • Big loaders 
were nominated occasionally by the . Shipping Corpora-GiOll Of' India 
Li.m.i t",d. 

Very recently the Shipping Corporat.ion Of' India Ltd. 
acquirf:'d M.V. Diglipur mainly for the transportation o:f timbers. 

It has be8n estL~ated that from different sectors the 
availabili~ of Pulpwood would be as :1'ollows ._ 

North and Jctlddle 

Diglipur 
1'lJaya-bunder 
M. Andaman 
Baratung 

TOT A L = 

Little Andaman 

Grand Totai = 

AndaITIfin ~ 

1.30; 000 m3 

90, 000 roO 
48 , 000 mO , 
33,000 mO 

3,0;1,000 mB 

1.,00,000 roO 

. 3 
4,01,000 m 

vlith the expansion o:f the sphere of activity of the Andatnan 
and Nicobar Forest and Plantation Development Corpora-tion and cons­
truc"tion o:f more r03ds, more and more quantity of' timber would be 
av~lable :from Little Andaman. 

0.4 Consumption Pattera : 

Taking Andaman Islands as a whole the present prOduction 
is about 1,50,000 mB/annum of which Little Andaman share is 25,000 mO. 
Cornmprcial wood is utilised in the Island .about 70,000 nO and sbout 
17,000 m5 is exported to mainland. Further scope for consumption 
is l:ilni ted in near :future. It is possible to ·til:tilise substantial 
quanti ty of' timber for local consumption for Calcutta &: Madras 
Markets, Railways, DGS & D and Defence etc. 

The consumption pattern in 1975-76 of' the present 
produce waS as follows ._ 

Ply vood 
Hatch wood 

Govt. Saw Hill 
Export to Indian 
Mainl.nnd 

&iall Saw Mills 
others 

TOT A L = 

30~000 roO 
7, 000 roO 
34,000 roO 

1.7,000 roO 

4,000 m5 

8,000 roB 

1,,00,000 roO 

But this has increased to 1.,50,000 mO in 1.977-78. 
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According to the report published by the Food and Agriculture 
Organization of the United Nations the following market exist.s for 
disposing 3,00,000 ro3 of commercial 'Wood per annum; this quality of

5 timber is available in the Whole of' the Island including ~,OO,OOo III 

.f'rom Lit t 1e Andaroan. -

2. 

5. 

5. 

6. 

Particul.ai'."S 

For existing consumption 
in the Islands. 

For expansion of 1.ocal industries 
in the Is lands. 

Suppzy to Calcutta Marlfet. 

Supply to 1-1adras Market 

Supply to Government Department 
(Railways, DGS & D, Defence etc.) 

other supplies 

TOT A L = 

55,000 m3 

25,000 roo. 

50,000 roo. 

3 
24,000 1:1 (Approx.) 

o 3,00, 000 m. 
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CHAPTER-IV -------

4.0 Foz:est M::::.llap.:p.ment : 

The system adopted in mid-forties for felling "~reeS was 
termed as IIAndamaIl Canopy Li.f"~ing Shelter Wood Systeml1 which 
implied gradual ·removG 1 q.f over mature trE'>es. The commercial 
species are rpmoved first,_ then the non-comrnercial species felled .. 
In the firs";:; phase of their operation the commercial species would 
)::>e ramov·Ad. and the f'ollOl"ing gir"ch c·lasses for d:iff"ereht' types of" 
wood prescribed :-

Girth at brr;8st 
he:iJifii_.l~n;;; • ) 

120 cm. 
150 em. 
180 em .. 

Wood clas§.. 

Soft 'Wood 
Hard wood 
For other species. 

In their Second phase of operation fellin~, brush wood 
cutting, girdling of undesirable species, the under growth and 
poles of non-commercial species up to .10 m. hei ght would be f'elled 
and all such trees be"ween 10-20 m. height girdled to attain an 

"appropriate canopy of" overhead light and shade. Unhealthy trees 
and trees having very small heart'wood are also felled or girdled. 

'Systematic and' proper Forest· Management waS -limited to SOme 

commercial species. With the :iJnprovement of' Saw Mill, Plywood and 
~mtchwood industries some other species entered into the" market. 
The Andaman and Nicobar Islands Forest & Plantation Development 
Corporation Limited has been established recently f'or better 
management of' the forest. It would strike to evolve better methods 
of' logging, plantation techniques make market stUdies ani initiate 
pramot20nal activities. 

4.1 Rep.:eneration : 

The Andaman & Nicobar Forest anp Plantation Development 
Corporation Ltd. has adopted regeneration of the annual harvested 
area by both natural or" artificial mpons. It has been decided that 
75% of' the area harvested ~ould be noturalJy regenerated,by gradual 
1i.f'ting of canopy under "Anda.man Canopy Lifting Shel."tcr Wood System" 
that would caUSe least disturbance to the existing forests. The 
balance 25% area would be intensive~T regenerated by artificial 
means. 

The removal of non-commercial species should be easily 
incorporated w:ithin the system of f'elling Hnd regeneration. AS a 
matter of' fact, the removal of" Such less valuable species is likely 
to facilitate the regeneration operation in the area. 

The .:following are planta-'cion/regenaration plan of' the 
Andaman and Nicobar Forest & Plantation Development Corporation 
Lirn.:1ted. :-
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CHART ON PLANIATICN}RY.GRNF.RAT.ION PIAN @OPTED ,nY' THf; 
ANIiAMAN A}TI:i 'N-iCOBAR Fffi'PBT l?J'TD pLNJT'ATION DEW,WPMENT 

CCRPORATION LHUTED' (IN HF,cTARE) 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
Year Particulars Timb~~ Area tabe 

extrac- released 
tion~ far oomm-

ercio.l pl­
antation. 

Area to Forest 
be relea-Planta­

Natural 

sed far tion • Ro generation. 
rehabili-
tatiQ:t:l. ~ ,.' 

-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
1st Little 200 100 ioo 

Andaman 

2nd -do- 400 290 100 400 

3 rei -do- 600 400 100 100 .. 
4th -do- 800 500 200 ~oo 

5th -do- 800 600 '100 100 
6th -do- 800 600 :1:00 100 
7th -do- 800 200 600 

8th -do- 800 200 600 

9th -do- 800 200 600 
10th • -<10- 800 200 600 

-.- .-.-,.-.-.. -.--.-.-.- .~.- .~.-.-.- .-.-.-.-.. -. -.-.-.- ....... - .-.-.-.-.-.-.-
4.2 ~r~th Statistics : 

Neither sufficient reliabl~ nor extensive data are-available 
to aSseSs the gro-wth of' valuable species. Dena I s Working Plan 
(1955-36) gives some reliable information o.f growth statistics. He 
ascertained diam./ages and volune relationship in Pndauk, Gurjon, 
White Chuglam and Papita. Chcngappa in his Working Plan also mentioned 
about such relationship. Dean also prepared diameter/volume curvo 
from i'olling of' many trpes. The Silvicultural Division also prepared 
separate volume table for 15 species (for 11iddle & South Andamc.n). 
A gro-wth of oVer 180 em. g.b .h. waS f'ound in Padauk in 110 years aod 
annual increment -waS assessed at, 1.44 em. Chengappa measured g.b.h. 
of 195 cm. at 150 yoars ages with an annual increment of' 1.3 m. 
Ho-wever, in his Horking Plan the f'ollowing girth and rotation 
-were adopted. 

Girth 150 cm. at b.h. f'or Podauk to be attained in 100 years 
and theref'ore, a rotation of' 100 years -waS adopted. This c an be 
adopted in case of Gurjan and other hardwood species. 
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4.3 Rotat~o~ And Convorsion Period: 

Data on rotation, e'i:ther silvi.cultural or f'inancial are 
lacking. From the available data in 'f.,.lorking Plans and in S ilvicul­
t'ilral Divisi9n, it \.;ould appear that Padauk and Gurjan wood reach 
girth of 150 em. in 100 years. ·It is Pos.siple _i;-hat they would 
grow :fastor if' properly tended.. ChengnPPa f'ouncl that H.A .1. in 
Padauk starts falling after ],00 years. As such there is a reliable 
indication that the rotation is not likely to be more than 100 
years in Padauk and other timber species.. In caSe of' Soft wood 
rotation should qo iess than 10b years. But it is expected that 
plantation and assisted natural re·gen~ration will give n faster 
growth to the crop. Moreover, Cull Study has indicated that trees 
of' diameter' 50 cm.· and "Ovnr develop mark~ detects. 

I~ viAW'of the fact that substantial proportion of' crop 
being mature to ovrr-mature and need f'or ~arly conversion has 
:fixed a rotation of' 75 years. Papita, Didu, White Dhup which Gre 
Match wood timber could be. worked at a rotation of 30 to 40 years. 
For calCUlation of annual cut and yield, a cODVersion period of 
75 years and a rotation'of]'OO years seems to be justified and 
has been adopted. 

4.4 EOTENTIAL ANNUAL G lYI' & ANNUAL YIElil : 

4.4.1 Annual Cut 

(i) Area of annua 1 cut Area to be convcrt0d 
Convorsion poriod 

&5517 hR. 
75 years. 

= 870.89 ha. 

or = 800 ha. 

But it is necessary to have a volumo chock to nvoid over 
folling and fluctuations in annuaI yield due to irregular stocking. 
The static growing 'stock is preserved as mature Or over-maturo t.rees 
will PUt on negative increment while younger girth class wi.ll pu°t; on 
increment to pass f'rom lower to higher girth c ,lasses. Annual yield 
calculatrd as follows :_ . 

Annual yield : 

(ii.) Annual yield 
(by volume) 

= ViR (MOdified Von-Mantel's formula) 

V = Volume of: growing stock (m5 OJ 
R = Rotation = 100 yoars. 

22600~ = 226000.09 mO. 
100 



(iii) Annual yield 
(by volume) 
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'. 
of t'i-.f>es · tfv(!lr exploitable 

25 (Felling Circle) 

= 11400299 
-25 

456b~1.94 ro3 • 

. 
4.4.2 Annual yield as per loIorki.ng model of the A & N Forest 

aud_Plantotion Develonment Corporation I4rnitpJi : 

The work schedule of" the Andaman and lUcobar Forest & 
Plantation ~D~:velc;>pmen.t Corporiltion Limited· propo"sed to r"a1:se 75% 
6£ the area_under Natural Regeneration System and the balance by 
arti£icial regeneration system. As such ~200 ha. 'Would be clear­
f'elled and 600 he. naturally regenerated;. 

• (1) Yield from clear felling area - 200 he. 

Yield = 200 X (268.268 ~3/ha. + 77.737 m3 /hn. 
Which. is yield of' non-commercial tre es 

o£ diameter 10-19 cm.) 
= 200 x 346.005 m3 

3 = 69,201.00 In. • 

(2) Yiold from convers ion area - 600 ha. 

girth 

Yield = 600 X (i) Volume o£ tree. ovgr exploitable 
girth,- ~74.5~8 m /hn. 

= 

~ (Plus) 

(ii) Volume of \rees over 10-19 em. 
diam~tAr - 77.737 n 3/ba. 

600 X 252.275 m3 

." 

Therefore~ total volume available under .(1). & (2) & 
above :;=.,69,20'1.00 + 1,57,365.00 = 2,26,566.00 m3. 

This yield (2,26,566 .00 mO) is calculated as per Working 
Model. of the Andamnn and Nicobar Forest and Pln~tation Development 
Corporation ani outturn tallies with tho :findings by using Van­
l-fantel. l s modified :formula as in para 4.4.1 wh(')ra yieJ.d has been 
cal.cuJ.ated at 2,26,000.09 mO. 



- 43 -

The Corporation_hos not taken into conSideration the 
volume of' non-comrnerciol trees of diameter class 10-29 cm. nnd 
has as seS sed a total vol:ume of' 2,00,000 .00 mB ( or 800 hn .. x 
250 roB/hoe) from 200 ha. of' Clear-felling nnd.GOO ho. of Natural 
Rogeneration areas which revpals that most of' tho adVanced 
growth -which ~orm more than 50c~ of' volume/ha. -will be kept 
intact and heavy f'elling done -to rna ture and over-mature crop. 

I~ the present rf'port calculations l1ave been based B 
on 800 ha. and with an outturn of' 268 .268 mBjha. or ;2,14,6:1.4 . 4 0 m 
for 200 ho. of Clear-:fellLng and 600 hOe of Natural Regeneration 
arf'as. 

As such the "\-lorting Hodel of' the Corporation has been 
accepted and adopted in yield calculation bu~ with a volume 
check. 

/ .... ,. ....... / 
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\oJ ODD .. B A LAN C E 

5 .~ Local. Cc1nsmption : 

5.2 

,~":' 

It has already been indicated that the population is very 
small and their requirement, 'therefore, is meagr-e.. Horeover owing 
to peculiar si-tuation, there is no likelihO.9d of growth of popula­
tion at an abnormal rate.. Total Population._ ;i.~ llard;ty five to six thousand. . _, 

The nature of: soil. will no·:- also permit l~rge s'~ale cult:.iva .... 
tion for agricultural. purposes, as such their need .for agricultural 
1ffiplements will also be very small and possibility of fresh rehabili-, tation is meagre. 

.' 

It is estimated that in next 10 years, requirnlf>n"i; of houses 
may be to the extent of 6000 to the maximum and "1::.herefore,600(l x ~.5 mO 
of' wood or 9000mo of timber will be required beSides another 6000 x 
0.~5 roO of wood Or 900 roO likely to be required 1l1£ for repair of' the 
houses: At present local consumption of' Sawn timber is about 1200 mO. 

Fire wood re uirement pp.r year has been aSsessed at 9000 mO. 

Commitment to Industries : 

At present there is no all>r:!mitment to anY indus-try. Govern."Ilent 
Department like Public Works Department, Electricity, Shipping Corpo­
ration EstabliShment, other Government Of India establishments require 
some timber, but at the moment -Cheir demand is small. 

5.3 Net Wood Balance 

Net wood balance vis-a-vis rich timber/firewood potential low 
requirment of the area gives a lucrative vlood baJ.a.nce. Almost entire 
produce from annual cut area would be available for growth of' industry 
at site or in the main Island. 

-.-.-.--.-.-.-.-.-.-.-.-.-.-.-_.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-
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The net wood balance of Little .. hndaman is as follows :_ 

Plywood 

v" 
Ma-t.chwood' C onstructi-
~ ' ona~d 

-----_. 
liesidual, Small 

(--;:-.~. '--A""'nn---u-a-l-·· """c:-=t=(==h==a::.:'::) =~:::::::JA===8=0::O:-: I - 800 ------ ~- 800 800"""" 

~~~~~~~--~~--~~~-) 
\... 2. ____ m3) ____ . .,.,..3-1_._1-;:7_4\'T" ...... -l-_3_8_.5 __ 67 ___ ~.< I :30.;L57 168.2 

& Non-commer­
c~aI wood Or 
Pulp wood . 

:3.. ·AnnUal potential of 
Residual, Small wood 
& Non-connerc ial spp. 
(~5c;" loss. considered) 

(m:3) 
\ 

4. Annual potantial of / 
co,-0mercial species (15% ~ V 

5. 

loss considered) (m3 ) 2~, 198 .32 26,225.,560 

Adhoc cut on account 
of' unsuitability of 
non-availability of 
wood including local 
consumption (~3) 

Available wood 
balance (m3 ) 20,000.00 25,000.00. +, GO~ 000.0 ' .. 

I .. 

I ~. 1 
From the above table it is evident that there are varied 

resources of wood of' diiTerent categOries and are available in vas"b 
quanti-by. The local consumption is insignificant and therefore the 
vast surplus has not yet been put to any economic or commer cial use. 

There is enough SCOpe of' proper. u'~ilization of the forest 
resources by creating of different wood .based industries which may 
provide adequate employment opportunities. As the POP1,llation is very 
small in the Island and they are already engaged ~n various emplo~nent 
uni ts • People are to be sent from the mainland to aVail s u ch 
employment opportunities. 

~~q~, 
\':141 _ 

.-~ 1 4- , -' ao 
7 tn:nrv 
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C 'HAPT F. R VI 

E.r. ON QM~V A U·C!.H.IT.TTv -A ND C OS T OF RA bf. 
Hit T'P.R IAI-:...l!E LIVERY 

6.1 Y.hY. Cos_t st.~~ : 
- " 

Harvesting and transport of: timber have' been ser:fou s ' 
problems ~ling to distant ~ocation of' :indu~;~r~~s f'rom the painland 
and other infrastructure,l def'iciency •. The problem of' permanent 
labour and administrative procedures stood in -the way of' higher 

. production and COS1; st.Udy. Fe;:tling, dragging and USe of' tractors 
make the extraction difficult 'and costly. Merchanization involves 
higher initial investment and, the weather cqndition reduce -'GOO 

• working days to minimum. The detArmination of methods, economicd l 
and feasible, for harvesting and the extraction of' wood is intimately 
linked with the harvest~g of' commercial and o~her wood by the Forest 
Department/Corporat;ion on the one hand and Shipping arrangement on 
the ohter. All these cannot be synchronized and a-t; the moment only 
macro~level assessment of cost is possible. 

Most problematic operatiori will be t:"'ansportation of' such 
logs from Hut, Bay (Port) to Port Blair and to the }[inaland. Big sized 
transport carriers may be necessary to transport Such timber. As 
Such the- entire process' of' felling" logging, extraction and transpor­
~ation will involve prohibitive cost and a proper cost study is 
theref'ore essential.' This---f'nc-'Gor Should be conSidered bef'ore 
establishment of'. any .industry eithe r at LLtt.le Andaman or in' Port 
B'J'fiir or in Mainland. 

,j 

6.2 g,b j ec~i Ves : 

The broad .objective of' the st.udy is to find out 
-t) t .a.. ..... t1:~,e ,cos inyolved j.n 'ph$ presen~ me\Jhod of' felling, 

logging and extraction; Bnd transportatio!l. 

ii) the present valuat;ion -of crop. " 

6.:; Iogcing OperatiQ,U : 

Thp logging operations: now :in vogue at li. ttle Andamans are 
old fashioned while the present need dictated modern scientific ~ 
method of logg:i,ng. The felling is done by saw and axe. Hand saw 
and pownr chain SaW have been intro~uced to some met.,ent. Inspite 
of' haVing introduc8d hand saw and power chain saws, the use of' 
axe is still going on predominently • , The cross cutting is generally 
carried by two persons. IDeal rate of output for felling, logging 
etc. are :-
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Felling Q~th axe (one man) 

Fe1.llng H~ th pOlJe-r chain Saw 
(two men) 

Cro~a cutting w~th hand Baws 
(two men) 

Fel.ling wi·th power chain saw 
(oue man) 

Cross cutting. with pOwer chai.n 
saw (one mand) 

/ 

- 20 ~day 

Not es·tablishoo. 

Not established 
but it has' bron 
estimated th~t one 

power chain Baw (ono mand with 
hel.:per) and one hand saw (.t'WP 
men) to gather mny pj_ vo a pro-' 
'duction oC 8_000 m5/annum. 

Usual. methods of haulage of timber in other Isla.m aro 
done by elephnnt_ crayJ.er ~and wheoled tractors, buf'f'aJ.o carts and 
cab1e cranes. The aVail.ahl.o out put wCorroation is as under t-

. > ~'E1ephant 4 m5 per day/lane 

BU££a1.o 1 m3 ,per day/lane 
Crav1.E'r tractor - 40 m5 per, ,day/lane ~ 
Whepl.M tractor 
aab1e crane. - Deta~1 not availab1e. 

The ioading and 'Unloading are done by pJ.ephants and. a1.so 
manual.ly.. An eJ..ephont can 10ad and unload 10 m5 per ~url whil.c 
manUally (six mpn) it is 8 :olD per hOurs.. Use of p].eph3nts are' being 
discouragro owing to 10w work capacity 400/500 to 800 mB/annum. 
Forpgt to Depot Hau1age is g~nerally done by -truck arid~it"·truCk can hau1 
22 m a day (4 trip a day on 20 kr:l~ d1:!tance). Debarking has not 
been meChanised. -

. In C1iture short di.stance transport may need winches, ornw1e;t' 
or sheel.ed tractors and cal:>].e ways dependi.ng on Terra:1n~ So:l.1, 10ad 
and size of' Jngs slddding distance ete~ Mopo·Cabl.e system ~y; riOt /. 
at all necessary as the terrain i.eI not h.:U.ly or swampy. The CrawJ.~r . 
Slddder tractor :for short distanee transport and 4 x 4 wheeled dr:tve'l 
truck f'or haulage might be usei:uJ.. (Skidding distance upto 500 m. . < 

by CrevIer am 1. Jan. :for Whee1ed Traotor) ~ 

6.4 Cost of .Felling. ~g~g ~. 

The cost of: f'ell:1ng, loggirig and extraet~on ete. a~ 
• as under :-

, A~1. operations are done by departroentai 'labour who get high 
~ages , and many facilities are ~tencied tp ~ht!Dl •.. A1!J per prof'prma, 
account of' 1.~75-76 wP.~ch :tncorporate~ the aggregate f'iguro tor 
wh01e of' the department, ;the co~~ on vari.o~ 'ope~et1ons are i 

furnished be~ '.:-, 
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Fel_J}-ng, logging & dragging 
... .~~~~ ,,_.'d _ ~.~ 

Transport co~t_ o.:f lb~', fr~ 
Gha'b to Depot1~1ln:d "the~e to 
delivery Depo'b. 

Rs. 190.52 per 
.I, • 

m'3 lGencral 
~vor 
~cud 
~add€:d 
o 

TOT A L == Rs. 227.27 m3 ~ 

t, Tr~nsp'ort bY Sea ~rom Delivery-Depot to Hainland would 
further cost Rs. 140.00 1m ,. 

, I 

Bea id es, anoth~r f'actor of" peramotult :importance is the 
'.pride. fixsti,c)u .:for .. :tl\e t:!Jnber. Economic viability of: an industry 
wilcl· much, depend ·on. the cost of timber. 

" , 

Transportation !", ~~, 

Dur~g 1975-76, 1976-77 Rs. 25,796=50 was spen~ by the 
Forest D~par-Gment in loading und unloa~ing of timber at Hut BQy 
and, transport to Main1B.nd. ' . " ' ~ 

Timber w6rth 4989=96&\3' was sent to Calcutta'. l'ransportu·· 
tion to Calcutta !including loading ~nd unload:ing cost about 
Rs. 6, 81,' 012 :itl ~wo years. 

Timber exported to the Railways was 5852:::::4m 
5 

dUring 
1975-76 to 1976-77 (June) with an expenditure of Rs. 6,91~590::::00 
waS spent. 

Q-no.nti ty of" timber exported to other private parties 
during the, period lolas 4~13=41Qn3 'and royalty of' Rs~ 9,1.0,452=00 
was . realised; an .expend~ture of Rs. 447 804=00 was J..I'lcurred:. 
~~.._:~ . 

rJ:>ng Distance Transport ::.. long d:istance. hauling need dif'i'~r(mt; 
mechfUrlcal equipments ;for., skidding and hauling in the forests. 
Each tr1,1ck (Tata-121.0 8/42) can carry 12 ra'3 o:f timber •. Avnrago 
haulln'g speed i:3. 30.km-./hour o.rtd number of" trips may be as 
-f:ollows : - ' 

;, -. 5 (five) trtps ;for&.distance of 10 1a:n.s., 4 (four) 
'trips f"or 20 kms~" 3 (thrEH~}.~trips f"or 30 lons., 2 (two) trips 
'f"or:-4d_ .. ~s! and 2. (two) ,grins f"or':5b-krns. A truck isc.apabJ..e 
of! trsnsp()rling 10,000 m, . nnmml:LY. 

t· ... K .. "tr: . .,]. ... 
', l 

S hi:ppi~g 'phd Movl?lIl~nt of' l.ogs.:,' . 
• 

" Inter .Island shipping o:f wood ~kes place :from. Little 
Andaman to Port Blnir for the industri~'s' located thore. Thl.s 
transport ts through. small sea going ves sels or barages. The 
Forest Department has been using sea going f'lat bottomed 200 ft. 
capacity':sel£ .... propelled barages. Rafting of tiJnber as done in 
South and Biddle Andaman :may 'not be required in Little Andaman ~ 
The, use of" tractor eame :tnto .picture in the dif'.t'i.cuJ,.t terra.in. 
Army· truck rel.eased f:r'bm the D~fencG Department could b_e used" 
but that would. not be a wise propl:;)~it;ion to work with second! 
hand machine lolith new ·vehi.yles 1ihe entire 'Work becO!!les expensiVe It 
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The productivity of Winch Lorry is much lower than the Skidder/ 
Crawler ov~r medium/short haul distances for long haul distances 
it does not estab..::t.ish its, superiority in prod~cticm and cost wi'i:;h 
4-:.-wheel Drive high speed vehicles (bli3ing made aVailable within 
India by Tate). .. ... .- . _. - . 

Short distance transport has to be done with the help 
of lUnches, Crawler tractor, Wheeled tractors & Cable ways depending 
on ter~ain, soiJ., loac1", 109 :size, sld.dding dist~nce etc. 

. The eXisting method of ,tmber mov~ment is to cut the 
logs after felling into :300.4 metre lengths. These are then brought 
to foreshore by trUcks Or tracto,r-trail.or complex and roll them 
into log ponds. They are thf'n rafted into J.ot~ of 1.0 to 20 depending 
in towing vessel. and then transported. TQwing l.ong distances b-oJ 
launches has not been .found suitable. In Little Andaman, extraction 
is very simple and dellvery._a1? Hu~ ,Bay ,is not a prob~em. 

A Jetty evists and the bay will accommodate smal.l ships. 
The break water recpntly const"ructed has a length of 1200 m. With 
the construction of wharf at about middle of the brf'ak water, it 
will. be possi ble to bprth "a yesse;l o;t' a capacity of 5000 m5 • 

\. In Id. ttJ.e Andaman all logs :from the :felling Zones has been 
-"planned to be delivpred at H~t Bay by the Forest Corporation. 

Ship berthed a't Hut Boy should be loaded and unloaded 
by belt oonveyor system; loadi.r:ig:and' uiiloading by crane grabs are 
conSidered nneconomical., Ship of the type self-discharging bu.lk 
carrier is considered most suitable. But there are difficulties 
in innnediate construction such ship_; rv's. Bhargava. Consultants (P) 
Ltd. suggest sh:J,p ot' si~e 7 l S_9? 9,:w:f_ f'Qr Li tt.1.o Andaman as tho depth 
of' water at Hut Bay -doei:r hot-- permit bi gger ship. 

Suggested Harvesting System :- Mechanization has been considered 
necessary to cope with large-scale production of wood & pulp wood 
to ensure its supply \-1ithin an economic range. The existing system 
su:ff'er .from the defects as fol.l.ows :- (i) - Ccmnerc:ial species 
being scattered (ii) higher cost of' extraotion (iii) shortage 
o:f lnbour (iv) transport bot'cleneck (v) llmited l.ocaJ. demand 
(vi) limi tation in shipping (v1.i) deterioration by stora~ (viii) 
paUcity of' fund, but it is possible to ~overcome these. ' The 
harvesting and transport operations/cost are related to yieLd per 
acre, topography, soil. cond~tion, climatic condition, mechinur,y, 
labour rate, distanoe :f'rom the port of despatch eto. 

6.7 [chedule of' Rates : _., . _ 

The selling prices. o£ Andaman timber are fixed af'ter 
considering the cost of' extrao~ion", freieht rates and depot charges 
in vogue etc. and revi.sed from time to time with the approval. of 
Andaman Administration and the novernment of' India.. The Chief 
CommiSSioner, Andarnan ~ Nicob3r lsIands, Port Blair has fixed the 
f'ollowing F .O.B • . pr:l.ces f'or one , ear f'or ~978-79 effeotive from 
1..4.1978. 



Sl.No. 

1. 

" 50-

Species of-timber Rate per m3 (Rs .) 

2 

Gurjan "Grado - I fug§!: :: 
-i c' 

(a) 210 em. and up mid-girth under 
bark 450 em. and up in length 
and 1. roB ,and. up in volume,. 

" -. (b) ". 
120 em". and up mid-girth under 
bark and 300 em. and up in 
length. 

Gurjah Gr~de II ~ 
(0) -do-
(b) -do-

Bi!dam Grade I I.o~ : 
(0') -do-
(b) -do-' 

Badam Grade II logs . . 
(0 ) -<l0-
(b) -do-

l..f.hite Chu~.L'Un G:z;:ade I I.D~ : 
(a) -do-
(b) -do .... .. - ,i .. · 

\fuito Chu!?l{w Grade II Io~ 
(3) -do-
(b) -do-

Black Chuglam Grado I 1.0&5 ; 

(a) -do-

(b) -9-0-
Black Chuglapi Grade II logs • 
(0) -do"': 

. ,. 
(b) -do-

Koko, POppe PyiImno • Jhigam, 'Nabbfi . ' 
and ·Tounf!P«?dnne Logs ~ 

(a) 

(b) 
-do-
-do-

:3 

1,650/-

1.,500/-

525/-

477/-

'337/-
007/-

25'3/­
' 230/-

3l5/-

28"7/-

250/-

2~8/-

' 484/-

440/-

363/-

330/-

396/-

360/-
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6. I.alchini lof@ '': 

7 

,8 

9 

1.0 

(a) 21.0 co. and 'up mid-girth under 
bark 450 cm. and up in l ength 
and 1 m3 and up in VO].urJ.9 250/-

(Q) 120 em . and l."!.p mid""'g~th undel.'" 
)Jark and 300 'cm. and up in length. 2 28/-

.TI::!W gam. 1.0 £S_ : 
(a) -do-

(b) -do-

Red Bombwe Io~. : 

(a) 
(b) 

Hi~l 

(a) 

(b) 

All 

(a) 

-do:'-
-;10-

Hohwa Lo~: 

-do-
-do-

Hatch t-rood spe~\l. : 

2~ 0 em. and up mid - g irth under 
bar1c, 45~ em. and up in length~ 
and 1. m and up in. volw.g.e. _ • .. _ .. 

.. -p ' .., ... . ' ..,.. •• .,,.,_' -~.' . 

90 em. and up mid girth under 
bork and 2qO em. and up in :­
length. 

<186/-

442/-

266/-
242 / -

257/-
234/-

250/-

2 28/-

The Managing Director, Ardam.a.n & Nicobar Islands Fore st. and 
P~antation Development Corporation Limited, Port Blair haS ~ixed t he 
.fo1.l.o'-l:ing F .. OeB. ex-Hut Bay/North AndaITla n Ports :ro r s a le oJ: l.ogs 
\.t.e.f. 1. .11.1978. 

-------------------------------------~------~~------~~------Sl.No. Species of' timber Rate per m3 

I P JX I..CGS.: 

GUT j an Grade I I.oe:s : 
21.0 ern. and up mid girth under bark 
4 50 em. and up in 1ength and 1. m5 
and up in volume. Rs. 460/-

~j&!n Grade Ii _ logs : 
120 em. and up ni~d-g1.rth under bark 
and 260 em. and up in ~ength. Rs. 442/-



S2.No. 

T 
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, 
Species timber >, 

other Ply Species' : , " 

Non-Gurjan Ply species above 
120 em. mid-girth Under bark 
irrespective of girth, and length 
above 260 cm. (Badam, White. , I 

Chuglam, Ialchini, 'Nabbe,land 
Red Dhup et.c.) 

II Saw logs _: 

Non-Ply Gurj an Grade II 
Non-Ply Badnm 
NonTPly 1-lhi te Chuglam 
Silvery-grey 
Toungpeinne 
Black Chuglam 
Mohwa 
Poon 
Thingam 
Jh in grun 
Red Bombwe 
Thitpok 
Ohter Miscellaneous Hard wood 

(Rate per roD) 

Rs. 275/-

Rs. 4201-
Rs_ 2701-
Rs. 270/-
Rs. 425/-
Rs. 360/-
Rs. 400/-
Rs. 235/-
Rs. 360/-
Rs. 440/-
Rs. 350/-
Rs .. 240/-
Rs .. 2:10/-
Rs. 240/-

=o=o=o=o=o=o=o=o=o=o=o=o=o=o~o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o_0-0= 
o=o=o=o=o=o=o=o=o=o=~o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o=o 
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C 1-1 APT 'R R - VII 

DEIffiLOPHENT .. OF RO~ 

7.0 COltnn'-¥li~~n: 

Remoteness a.nd di.f'.ficuH'ies of transport and cammunics:tion 
have stood the way o~ substantial exploitation of fores~ resources 
and in 1::.ho economic development o£ the Islnnds. Communications 
between this Island and Mainland are maintained by u bi-weekly 
service from Cal.cutta 7 :t-'f...adras and Visagapatnorn. In order to tra.ns­
port substantia]. quantity o:f' timber to mainland more vessels 1.ol1.ll be 
necessary. Communi.cations 'Within and bet-weeh the Islands ar:~ very 
unsatisfactory although e~forts are being made to 'overcome the 
difficulties. . ". 

Transportation of logs f'rom the Andarnrins to Mainland have 
posed a problem. Ltt.tl.e CarGOs come from Mainland to the Andamans. 
The Forest Department has bp.en dependent on M.V. Shampen (Capacity 
2,,200 m3 ) for transportation ot: logs. Recently a vessel M.V .Diglipur 
with a capacity of 5,000. ro3 has been instal.led. The Shipping 
Corporat,ion of' India is responsibl.e for the operat.ion of the inter­
island transport as well as Island-Mainland routes. 

The mainland vessels are comparati.vely· small and as such they 
take longer tm(>. "GO r(1uch Calcutta/Madras. It takes about 7 days to 
re~ease a load of' 2000 ro3 • A round tri.p to the mainland takes ~6-20 
days approximately.. Moreover, most of: tho ports drs inadequately 
equipped • 

. Satisfactory wireless communication is essential for the 
proper development of any industry in the Island. All the GOVernment 
Departments should have a ~:leet of' boats are in order to have 
prompt mobility. 

The Indian Airlines ?pe:z:.stes a bi-weekly· Boeing air 'service 
between Calcutta and Port BJ.air. The landing strip is rather unsui­
table for Boeing air services. 

7.1 Evaluatiou_o£ ports and ~frastructure :f'acilities und ove r 
all f'ind~ : 

Evaluation of Xffiportant ports on the· East Coast of: India 
(Madras, MDshilipathnm, Kakinada, Visukhapatnam, Gopa1pur, 
Paradwip and RaMia)" their suitability for unloading ~hips and 
also £01' setting up of: ~arious plants sho~ form a very 
important subject of: study. 

A berth has been planned to be constructed within 2/3 
years inside the brea~-water at an estimated cost of 0.4 million. 
This berth wi1.1 have 7 I!l. depth of' water and 'Will accommodate 
bigw'r shi.ps. 
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7.2 Planning for new roads: 

To remove the remoteness and difficult,ies of' transport, 
and communications and to enSure proper and prompt mobility within 
the Island it has been plaru).ed to cons truct the f'ollowing roads 
within a very short time. 

E!:Qm. 
Hut Bny 
'HUt' Bay 
Hu"t Bay 
South C:r'eek 

. . Tackson Creek 

7.:5 ROads existj_._!!ff in the area : 

IQ 
South CrAek 
Dugang Creek 
Jackson Creek 
J ackson Cr0ek 
Dug-ang Cre'?k 

39,km. 
. ~ 26 kJTi'. 

72 1mt .. 
42 kill " 
37 km • .. 

The road communication "lithin the I s L-md i s still now 
unsatisfactory. The estimated total requirement of: road in Little 
Andaman is about 46 km.. as assuraed by the Andaman and Nicobar 
Islands Forest & Plant.ation Development Cor poration Limited. But 
only 22 km .. has been developed in Little Andaman so f a r.. The r e 
is. another :2 km;, approach road to the query- from Hut Bay.. Thol..e 
is a temporary fair weather road about 13 kIno length from Hut BaY 
to" the Light House point at South Bay" Of this first 5 kIn . h as ~ 
been opened by the A.HeW. "GO c onnec t the Nicobary village with Hut 
Bay. On this s-i:;retch all t he culverts have been built though road 
work itself has not y~t bA(:m taken up., The r emaining 8 km. is 
maintain~ by the Ligh,:t House pnd Light Ship Departmen t for trEms­
porting their. stores et.c. to t he Light House sites. This stretch 
is purely -Gemnorary.. All thes e roads run more or l ess a long tho 
sea .... shore. . 

It has been planned that i'urther road will be constructed 
when the exploitation work will be . started in now areas and it is 
proposed that ~eeder roads will ,b~ constructed in Little Andaman 
within a very short t~e . 

Estimate _gf_formation and mnint ena n co costs 

The estimated cost of construc tion of rOads in 
li ttle Andrunan is :-

i) Service Roads Rs. 4 .00 lakhs 'pe r ktn. 
ii) Feede'l" ROad- Rs. 1.50 lakhs per lan. 

qost assumption for maintenance of roads in Andama n is . -
i) Service ROad Rs . 4000/- p e r km. 

ii) Feeder Road Rs . 2000/- p e r km. 

Little 

For extraction t hroughout -the year it may be necessary 
to cons truct black top road. 
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Q__H APT E R-=.JLIII 

SCOPE OF FmEST BAS...m....m.nUS1RIAI; DEVELOPMENT ASSESSMENT OF 
INVESTt-WoNT & RE()UlliF.MENTS BEllEFTI' & DEVELOPMENT OPPORTUIHTIES. 

8.1 ~ustrial Investi~ations and Possibilities: 

Investigation made .~U.· 

In :1_972 National Industrial Developmc>nt Corpqration Ltd. 
carried out a feasibility study for entire'Andaman & Nicobsr 
Is lands with respedt "1:.0 following. industries . _ 

i) Plywood and Saw :Hill complex. 

Ii) Export potential for ronnd wood, Sawn timber 
and wood chips. 

iii) Chip production - a pilot study. 

The Feasibility study recommended a 'wood-based complex for 
processing 10000 m~(r) timbF'r per year 1:>Y a Saw Hill and 5000 I115 
wood/year by a Plywood Mil],. 

Industrial potential • 

The Survey results of forest resources and existing market 
demand have shown that the i'ollowing quantity of' wood :for diff'erent 
and products may be surplus fOr future wood-based industries :.:.. 

TyPe 0 f' l{Q.Q.<l Quanti ty (m ~ 

i) Ply logs 20,000 
ii) Match wood 25,000 

iii) Construc'cional tilnber" 19,.000 
iv) Pulp wood 1,00,000 

A list of' "lood based units in whole Andaman and Nicobar 
Islands have been Seen under para 1.19. There is a small 
Department a2 Saw Hill in Li. tt~o Andamiin which is mainly 
catering the needs of" harbour works. 

Infrastructura2 £acilitics •. 

In Little Andoman there is on),y- 22 m. all weather road 
-which runs .:from Hut Bay to Vivokanandpuram vill.aga. There is 
a ~3 kIn. long f'air weather road running £rom Hut Bay to the 
Light House points at South Bay. 

Both the r08ds :i'Ul1 albng the Sea shore. No road leads 
to inner part of' the Island. 
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ii'!-
___ ~i;1.iln bill tv of' F.lectric -PoWE-X _ and' wah:r • 

.. , ., 
Thore is n sm~lJ" diesel geqorator ai. Hu;t Bay entering ·to 

the needs of' Andaman·-Hydro~lecW:i.cs but thore is u proposal to 
increase the production of' e~C~~icity~! ~ 

There is scarcity of' f'resh wat.er in. the Island. HovlCvor, 
u i'OT. ~oll .. §:cale 'wood-based units -Che. c.:x~s1(in,g water ;may bE) ~ ;f 

sufTicim:rG'.. . . " • 

~ilabilitv o.:[_) ... 'lbour • . 
" 

. The. "">opulat-:ipn of' t.he whole IsJ,arld i.s· .about .6 lnkhs and 
the literacy 1-s about 44c~. Nearly 40% of' the total population 
is workers. Tho problem of' labour is'~cut~ in tho region. 

Industrial possibilities. 

According to ~revailing circumstances the possibility of' 
new wood-ba;3ed industries is remote •• However, there is possibility 
of' expanding the capacity of' the existing industries .. 

The f'ollowing existing industries. can be expanded on the 
basis or surplus wo.od available in Little. AndnmoJ;l Islando 

_' , 

i) Match Industa, :- At'p~GSertt there is a: · ma:~.ch splint 
f'nctory' at Port Blair. '1he installed capacity of' the 
mill if? 10,900 m5 • The capacity o:f.' ~thiS I1'1.:tll can be 
doubJ.ed·,·to 20,000 m3

0 Thus will nroduce .about 20,000 
x f).6 million mat.ch splints ( 1. m3 == 0.6 m:illion 
splints) ~ .0. 1.2, S99 million match boxes or '1. i:7 
million grosses of safety matches 0 

i1) 

iii) 

Iv) 

Plywood Indust~:- There are two plywood industries 
in Andaman Islands ~ The total intake o.f wood by these N 

units is about 1.99pOm5/yeuro The available wood f'or 
this purpose f'rom Lit~lo Anda:tn.an is about 20~OOO m5 
which XE suffic1.cnt to expand tho c~Pacitios of" tho 
existing mills. . . 
Saw Millinf!.J!::!9.ustr~ : -. There are 19 Saw Hil~ in 'eho 
Whole Andaman and NJ.cobar.lslal.lds •. The total 1nstalled 
capaci ty of' the mills'" is about 1.01,500 m5/yeare The 
aVergge' annual intake of' wpod by these I!1ills is 
5&1,.800 mO. On the. basis of' E'.xist:ing; wood bu~.nco f'or 
consi;ruc:tionnl timber the capoci. ty of the existing saw 
mills can be proportiona:tcly increOsed. 

Chorcoill Industcy/Puln & Pnpe;r Industry :- Tho possibility 

of setting up pulp and Paper unit in Andoman and 
Nicobar Island is remote due to non-availobili'cy 
of' Pre-requisits f'or pulp and paper industry. Henco, 
it is s~sted that the quantity of surplus pulp 
wood which is around 100,000 nO nay be d~vortod f'or 
manuf'acturing activated wood charcoal. A detailed 
feasibility study for setting a wood·~harconl industr,y 
should be carried out. 

/ ••.........•.• / 
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C H ,A PTE R - IX. 

R!!:SOURCES OF FOUR :RIi!C.J;P.-AL ANDAM.IlN FOREST DIVISIONS _ 
A COMPARf~TIVE STUDY • .. 

Simultaneously with the completi_on o:f . ... 9.ata .processing of: North 
.Andarnan. inventory <le.ta, . detailed .. data ... of.'-M.iQ_9,.le & SO,uth ilndamans was 
also to hand. This 'led a ' '~omparative study o£- the f'our divisipns viz., 
Li ttle" ./lndama~, North .}...nda:nan~ Mi9dle hndlUllan ~ South .zlnda:nan. 

:The :followillg detaiie.d study should rev~al various interesting 
and striking .f'eature of the £orests o:f ·these f'our divis.ions :_. '-

-....-.::.=..=-=..~-.:.:c--....,~1 ___ . : tn· , 
class &' divis on-wise ro3 e~~~tare. 

Utility class 

I4ttle ~1n~d~a~ro=a~n~'~'~ __ __ 
Llttor+ Decid- Everg-

N •• Iiildaman 
Tropical 
rain 
:forest 

al duous reen_ 

14~ 026 
23.813 

40.019 30.703 20.882 
36.921 39.065 11.p5~ 

PlyJ.OOd 
MatcihW'ood 
Constructio­
nal. ''''ood 
Ornamental. 
wood 

99.551 . 25.232 28.051 16.675 

N on-COInm<erc 1 it 1·, 
wood'" 78.497 
Residual. wood 67.008 
Small "'ood I 1~.417 

.. 

~ .. - J8.201 

84.517 76.934 28.648 
76.827 71.979 65.278 

~ 1~.43~ 18.260 51~668 

M.Andaman 
TrOpical 
rain 
:forest' 

19.155 
8.874 

:1 7.572 

31.551 

34. 4 14 
66.301 
42.026 

S./..ndaman 
Tropical 
rain _ 
.forest. 

29.462 
16.279 

15.777 

14.778 

31.04 1 
76.69 1 
43.689' 

(i) 

(ii) 

Va,rious categories ;o:f util.i ty class timber, Non-commercial 
timber, Residual t~ber and Small Wood timber do not show 
significant' di:f.fe r ehce in the main thrEe Mdaman Divisions. 

Little Jmdaman · dces. not have, Pad~uk and there:forE there 
is no figUre under Ornamental wood. 

(iii) 

(iv) 

t - i 

Ther.e 1s signi:ficant increase in volu:ne o:f :Plywood, Match 
wood and Constructional wood in Little ~da~n. 

Small volume under Match 'Wood in the three main dlndaman 
Divisions eoti.ld b 'e due to use in bulk quantity as 
:floater. 
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(i) Dipterocc..rpus species: 
fl i 

Rogenero.t:i.on soens to he TJcagrc ip Li tUn Anclaf.1Q!l 

(10-19 cn. troes not cnlcul.nted). South Andnnan, has Got 

pro fuse ·rcgen.ertl.tion 6 f' the three no.i.n eli visions, ,"{hi10 

Hi delle - Al1dnno.n has go t the lcC\.st. , 

South Andru:lO.n also ha.s no.Xinubl 

poles in tho dioneter c1uss 3Q"!5<J en. 

nunooi' 0 f r.ddcU 0 need 
1 

South AndnJ'lo.n nlso scores 
• ., ._ r"'" e;......" '-

the higllest 0 f thC3 three. AndnnWl eli visions in the vol une 0 f 

under natured trccs(Little And'nnnn horn hns Got the l:1.:\Y.i.nun 

of &1 tho :four Divisions). 

(ii·) Ptero cnrpu's dD.l bergj_oidos: 
.. . ~ . . ... , .. 

Tho voluoe par heotare does not differ siGnificantly 

in tbe lOt'!er dj_ru:1otex: cl6.sscs in tho three divisions. But 

Hi.dcl:e. Andoqan .hus - Got· ~ubstnn·tinJ. vol uno :Ln the din:r.leter class 

below 60 en. - 100 CCl., y,?cl nbo vee 

~(iii) Other Species: 
I . . 0· " ~ .. ... 

There 1,s no notable :foCl.ture in tho distribution of 

voluno in other spocios except in Li.ttle Anda.r.lnn. 



I~ 

-"0 



............ 

+ ........... 

0 ~ 
C) '--' ..--{ 

0 IV) 
~ '-0 
0 
(.0 

I --- + ~ 0 ga I '~l 
CD CD 0 I.J") m "<:jf "<:jf CD t- t- F-

'OJ 0 0) m ..--{ to ~ C\l t- O CD ~ ~ 
..--{ ro CO ~ C\l U) to to '<jI 

I l 
• • • • • • • • • .. 

..--{ · 0 I:"- m C\l U) '<;ff co 0 a 
Q 

, 
0:> :4 ~ ~ 11:1 e- ~ ~ co t-a CD to to ..--{ 0 

.~ , 
C\l C\l <0 

L S <::b 
~ 

~Pp ..... t- ..--{ ..--{ 0 I:"- '<;jt (C 
~ 

I 
~ e- m C\l to m co LQ t-
co ~ e- m C\l I.J") to tQ '<;ff ·0 A 

~\ill · • • • • • .. • • .. 
C\l co C\l '<71 ..--{ t- O) ~ (0 OJ r:s co "<:t' ~ m I.C '<71 0 m I:"-

""'" C\l ..--{ .--t ..--{ .--t .--t ..-I to 
~ t() 

""'" tr.l 
to ~ 

_... 

l~ 
c:> 

S ·5 m 0) ..--{ C\l (0 co C\l co 
""'" 

m I I.J") U) t() <D 0 tr.l to .co t<J a P-t a en co ~ 0 0 t.r.l C\l ..-I tQ 
E-1 f;5 en • • • .. e ' • • .. .. • t.r.l 

""" CO ..--{ en 0 ..--{ m' e> (0 

'~ z 

J Ii 
tQ t<J ..--{ C\l ..--{ 

""'" 
~ U) ~. ~ 0 ..--{ 

~ 
0 

..p to. 

I' :::<::: ~ 8 

I 
I , 

~ I 0 

18 •• E-4 M 

.~ I m · fo <: B I:"- t<J ..--{ m t() CO (.0 m 
it 0 t() <0 I.J") (0 0) C\l m I~ E-t 0 g C\l (0 t<J .--t .--t t- eo .. CD 

C'> I .. .. • .. .. • <3 • 

J~ CIJ 0 i CO @ CO .--t N .--t '<jI 8 ~ 

""" r:.::l <D t.r.l CO 0 ..--{ tQ lr.l 
CC a::I tQ ..--{ ~ t() .--t -.;j-I to tQ t() 

or-! 

I 
N 

""" t~ ......_.. @ 
m l <:: 

..--{ I~ ~ 
<D I.C t"- (0 N , CO to -.::J< 

If.) ~ ...... "<." t() .~') t"- C\l (0 to 

J 
1 ...... <D CO = t"- t<J tQ c:::l 

~o 
.. .. .. .. .. .. .. .. .. 

0 
::o;t() .-l ro l() '<t' CO ..(.l N t() 

~ • :> g m t<J N :'<' N t() Q 

""'" ..-i C\l (0 -.--t If.) .--t t<) t<J H 

~m 
CO t<J < ~ ~ 

E-t en 0 t"-
""'" 

(0 8 m en CO .-4 
t"- "G' N C\l m m tr.l tr.l 

J~ p:j ~J: -c-\ C\l N C'o;! .--t I.J") .--t CO U) 

~ · • .. .. .. .. • .. 
:c:; .--t CO to .-I C\l to t"- CD · c::> 0 • to 

~ -.;!' m I.C U) t<") 

""'" CO ;:t 0 
t"- ..... C\l 0 I.J") 

f§ en 0 .. 
EE ;! ~ 01 

(!) 

.0. @ §~ CIJ 

leg ~ 
I ~ ~ ~.... o ° CJ • eIlO,", 0.0 

(.) • CJ m""'" ... r-! • d tT.l 0.. ..cl ,... ~ 'bb .. 
o tIl'M'M ~ CJrl CJ;q.r-! f-o mop ~ ~J til 
f,.,W..cl§, ~t::f,., Gh0..QOlOOf-otl:l CD 

~ I (!) .~ f (!)"r-! C/l ~ ,.;i or! ~ 11 c.> ,....-1 0 Cl> f-o.r-! J..p. c.> oM ·ri E (.) 'r-! 0 c.. 0 0 H..o 0 0 8 <:> 0. 0. ,... moO H CJ t\l) . 0 r-! .Q Cl 
'r-! c.. CJ t:: Cl..... c; H CJ ia ~ ..cl ~ S;;:..p Cil t5 0. ZCI) t=I 11) p.. -ri. E-1 P 8 o.CI) OM ~ 0 ..cl p.. '0 00 



, 
I 

I J 
1:- .--I <.0 I .--I 

~ co t::! r-f .--I I to 
~ • co 0 • s:: 
~ lJ') 

I 
0 I.t".) to 0 I.t".) m lr,) to (/) e-. to to to .--I '0 ' r-i 

M M 

I ~ ro 
p. 

+ (\l S I.t".) to c:.o 0 to 

I 
0 C1I 0 ::-,. (.) <:) I.t".) t- O 

I 
.-I r-i <:) <> • <1 0 CI) s:: ri C\l .--I C\l '<ji ::1 .r-i 

0 

I~ I I . r-i J:.4 
:> (lJ 

J c3 ~ m 0 ri l{) (l) 

~ 
m .--I tr:I N 

f 
o;;tt S I 1:- . m 0 1:- g:J I M a ., 

f 
0 ... 0 0 ' r-i m a 0 .--I <:) til '0 , s:: I 

I 0 0 . j ...... E ,w 
I 

co (.) m .--I .--I ~ I .r-i cp ~ to C\2 , C\l :> 0 I~ m I m m .r-i t.D 0 ., .. • .. '0 co ..-l .--I or-( 
t to ~ (ll 

~ 
, 

I 
(I) § ;> . .c 0 lwl . 
~ ..0 , 

OJ OJ t 
'... "'0- m ' • 0 to Ol s:: ...., 

(0)j t-

1. 

.~ 0 u:l 0 ..-I co 
ttl) I m 

I 

C\l ...tI en ::-,. 1 (]) 0 • ., • u (L 1:- C\l to C\l L.Q r-I a r-. 
_.; .-! ~ 

~ I'~ s:: , . co til '+-< , - 0 til 0 

~I 
m .--I 0 LJ') 'r~ ~ t-' '" 
toO , co I to 00 U) '+-< H t 1 ~ """ ~t ~ 'r-i (.) Q) 

!f 0 I u . <J '" s:: .0 ~ , co 
"""' I ~D ...tI Ol tlO s.. S' c..:if ! or-i (I) 8 Z 

Ii) ~ s:: """' ~ I . 
(I) w z I ;:.., @ . I m 1:- <:) , "" ... 

I 

(l) § 

~ 
1f 0 to, 

I 
co & '+-< .r-i i1 IX) «:::!" Lr.l I 

c,...., '0 E 
~ 0 " 0 " <> . ...... .r-i ll) . t- .--I co to '0 Q) >< .--I .--I .c m ~ 1 

J 

~ ~ 81 

t 
0 , s:: 0 +" :r m '<:Jf OJ 0 +" 0 81 l' to .-I CD 0 co tlD t- W 

I 
CD m I (lJ tlO . 

U)j I 0 0 ., 
'" • I 0 s:: til co 

""" Lr.l 0 U') m i '0 0 ro s:: 

:1 
.--I C\l .--I .--I I · 

,....... .co 

I 
. m or-i 

Q .0 s:: til .c CIl'r-i Ol t- to 

f 
ro I ............ U) ~ .::; tp to t- N";) 0 til (jJ 

<:) C\l 0.2 en • E ('.J '0 ~ a .. .. J . co I CD f.o ~ r~ ell to co I.t) 0 t- I +" +" C\l to to C\l (J) <I.. 

I I <D CD.c 
i rl .c ,....... +" H t· 

r.tI +" +"0 
~ m I ~ 1:- ,t-'"-l • ~ ~ 

~f ~ '8 0 I.I'.:l co 0 c,...., 
~.8 T m I en M f-t 0 

I~i 
0 <> 0 u () 

C\l m C\l I m co ;1 w co <D o;;tt 

I , 

I > 

m co co C\2 

7 co (X) to 
C2 CD m 

~ J. ," , .• 0 

.--I Lr.l I en 
C\2 C\l .--I 
C\2 (\l I C\2 

~ 
I 

II 
z ~ I z Z H 

I .~~ .iS~ ::r::~. e3~ ~ 'A ocr: 8 ocr: E-« 
~'" .~-§ 8~ J 5€@ r:l S 

r' ~ ~~ U)< z ~ H~ 



, 
I t 

I I J I 
J 

I I 
. 

J I + 
, I I 

0 
0 c:J CO CO CD l.r,) to CO 0 col ,...... 7 C\l fiJ CD C) C\l ..-j CD '<jI 

~ 
I.l') CD ~ lQ ~ to ..,....f ,~ 

~r 
• • • • • • • • 0 CD ~ 0 0 CD t-- 0 V Ol 0 :;;1 Ol to Ol 10 

j ~ C\l ~ t-- 0 oM ~ 
..,....f CD 

N) 

~ !1~1 CD co Ol ~ ~ '<;jf CD ~ '<;jf C\l co C\l 0 ~ "<:!' ['-I.l') CD C\l CD co co CD ..,....f 

I~ 
<0 • • • • • • • • 

~J 
N 0 lI> m ro r-f C\l Ol ~ ~ 11) <J) to co M CD C\l r-f co 

~ 

~ 
<J) 

~ CD m e-.. ~ e-.. to Ol co m 0 ~ <J) (0 

~I 
I.Q tr.) 0 co C\l ..,....f ~ to • • • • • • . • <0 C\l C\l e-.. U) CD 0 r-f 

I~ 
~ to 0 

tr.l 
..-j 

8 co t-Q II) (.0 £:0- M (!) 0 rl ~ c:l "<t' c:l e-.. (.0 

~ (.0 m tr.l t.O C\l m C\Z (.0 1:0 t-- r-f 

Ii 
0 • • • • • • • • • co 0 co ..,....f (0 to C\l m ~ tr.l -<J'I to £:0- 0 to CD co m co m r-f C\l ..,....f en rl 

'm 
C\l 

I~ tQ to 0 0 ~ ..-t m ~ 0 ZItp m to C\l Lr.) to m £:0- to-~o 0') to to CD .-t II) m m C\Z I~ • • • • • • • . • < to to & £:0- 0 to ~ N 0 to-

~ 
fiE tr.) <::j< C\l t<J C\l £:0- N en OJ N N C\Z C\Z ~ < 

to 

~ CD m .....r co to 0 I.l') C\l 0 0 

~I 
0 0 ~ m r-f I.Q v.> .....r 0 to 0 .:jI C\l £:0- 0 m to ~ 0 0 II- • • • • • • • • M tQ £ m tr.l C\l -.;;j< CD CD .....r 

,~' 
m to ..-t t-- co fl') C> "<t' co 

C\Z 



! 

I ' 

II 
I I 

I 

! 
-r::l= 

~ j 
J ! 
j I 
II 
! t 

I I 

+ 
<:) 
o 
...-i 

c: I 
"" t~_) ~ 
C\1 I 

I 
i 
I 
f 

I 

E • 
<:) 
Ln 
tQ 
C\l 
C\l 

, 
I 
j , 
• I 

! 
I 

~I 
to 

i -I 
EI 

I 
I 

I 

R 
<:) 
• 

LQ 
t.D 
.-l 
N 

(j) 
m 
co • co 
c:J 
o 
LQ 

~ 
(j) 

• 
C\l 
LQ 
CO 
t<) 

....... 

~ o • 
.-l 
Ln 
C) 

to 
C) 
LQ • 
8 
tQ 
.-l 

, 

I 

I 
--

- 4· .~-- ... --



+ 
o o 
T-
O 
CD 

CD 
Lr,) 
CO • 
c.2 

1(.1 
o 
Ci~ 

o 
"~ 

• I:G 

.-. 
r'--
m .. 
O· 

I:G o 
C\l .. 
o 

o 

(j) 
CO T""I 
. ..qt c-

OM 
o • 

o 

(j) c­
O c­
CJ :::-. ., 
'.-; ::::> 

u:io 
tQ' "J' 
",-,"i 't- ~ 

oj ..:. 

0 0 

l() 
C\l • 
C\l 
" ...qt 

o 

Q 

N 

(j) 
..,." 
Lr,) 

" o 



+ J C> 
C> ..... -.:1< 0 II') to-

~ to Ol 
"T e::) C\2 C\2 KI U') ~ ro CD 

~ ~ ll) o C\2 C> ~ • t- e::) , ~I· • • • • • • • C\2 0 0 .......... C\l 0 (!) '<.:!' 
i . .-t C\2 

Ii 'cit co U) 0 

~~ 
C\2 t--- .-t 

~I tr.I Ol CD 0 ~ C\2 j ~I 
ll) t<') .." en 1 t---• • • • • • • • ~8 tQ 0 0 ..... 0 C\l 0 m 8 

j5l:p1 
m 

'"' ..... 
~ co C\2 ~ tr.I C\2 C\l C\2 .-t .... " en C\2 co tQ t--- CD ~ ~ ~ C\2 tQ KI co t.(') en 

i~21 • • • • • • • • • C\l 0 0 00 ..... 0 ~ 0 
'-..0 Lr.l CD 

'-0 I Oll 0 I:() to C\l C\2 0 ll) to ~ ~i 
'<.:!' t- t--- CD t- ~ B co 
C\2 0 0 C\l C\l en C\l ..... • • • • • • • • • 

t C\2l 
..... 0 0 00 0 (") Lr.l en 

oc:!' '<.:!' 

,~ 
f 01 e::) I:() t- ...... co 0 CD r-iO ooG< 

71 w C> 0 C\l C\l r-i t- O) 0 0 
Cl to C\l t- tQ t<') C\l r-i ll) C\2 i £ • • • • • • • • • .. 
KI 0 0 00 0 a r-it- ~ 

M 
I 
I~~ 

tQ ~ 
U') to C\l C> 0 Lt) tr.I t---

0) Lr.l «) r-i C\l 0 0) CD ..-i co <:1' r-i ~ CD ~ Lr.l ro co 0) • • • • • • .. • • 1~15' t<) m ..-i 1.() r-i ~ t- tQ ~ 

~I ~8 ~ m 
N t<)1 

I§~ , 
(D ~ C\2 o Ol ~ 0 C\2 0 C\21 m J.r.) co 0 C\.l t<) 0') to C\.l' 
0) tr.I ll) tQ I.l) C\2 m c-- to ~I 10 a • • • • • • • • • 

r~ 
m to 0 C\l 0 tr.I 0 r-i"'<1'. I:'-

"'<1' 

Ii t- "'<1' KI CD to CD 0 tr.I tr.l en rot:) 0 CJ 0 0') t- Oo en 0 m 0 ..... co ll) ..... C\2 • • • • • • • • • 
I~ I ~ rot:) (D 0 t() ..... "'<1' CD C\lO 

tQ lI) 
C\2 



r-i 
(1j 

..p 
0 

E:-< 

. 
+ 
u 
.0 
oM 

Q') 

cr 
.0 
Q') 

(l) 
til 

-.-I 
~ 
til 
(I) 

Q') 

cp 
..:i 
(,) 

0 
(X) 

J.4 -
(l) 
.p 
(l) 

§ 
-.-I 
'tj 

~ 
I 

.~ 0 c-
"0 
§ 
(l) 

'"'I fa 
ff.I 

..-I • a ~ M.re ff.I 
t--- (l) ~ .(/) 
to -.-I 

! 
Z § 
~ 0 

.D ~ C':I 
E-I p... 

.n 
(l) 
J-t 
d 

Q') 
w 
6 
\0 

en 
li") 

cb I U') 

I 

+> 

!I 
j 
~ 
~t 

I en 

l 
~ 

I 
\_ 

-m 
tr.) 

I 
I 

0 
t<':l 

Q') 

~ : 
cv. 

I 

EJ 
~I 

til 
0 

or-! .. 
(,) 0 

8.'8 
tf) 0 

-..;'" 
en g aut') C\2 
'<:It M "<tf (0 
to ~ (X) m ..-t • • • • • li")OOOC\2 

mb w M c- 0 . · ..... 
00 

~.~ ~ l1 LQ 8 J • •• 
f\V' :=' 

B~~ I.() T--f ....-I • • • • • 
0" 00 

we-e-<no 
t()MO~U';) 
LQO....-l C\2 • • • • • 
00000 

LQ~U')~en 
to LQ cv. W ,C\2 
~ 'O....-lM~ • • • • • .0.0.000 . 

• , 

wm.-lLQtO 
t<:)8t>-NW 
Lr.l O.-(C\l • • • • • .000.0.0' 

M tr.) ~ I.() 0 
~ ,Lf) to C\2 '<j< 
(X) 0 ...-t ...-f to' • • ' . • • 
.000.00 

1:-- en e- t'- '0 , 
Z:-~001.f;) 
W ...-f .-I C\2 • • · • • 00000 

1.()t-...-f...-f0 
t<:) 0 t- to- I.f;) 

N.,...-IOOC\2 .. • • • • .-10000 

MNt<':l'<:t'U) 

I.() 

~ 
C\2 • 0 
~ 

, _ -, 

~ 
<:> 
~ • .-r 

c-
e-
....-I • 
0 

(X) 

8? • 0 

- -
m 
m 
Q') 

• 0 

t<:) 
t<:l 
C\l • .-I 

t--

e-
0 
...-t • .-I 

.0 
C\l 
LQ • 
...-t 

= -
0 
~ 
~ • 
...-f 

~ 
t<:l 
t-• 
.-I 

I r-I 
til 

.p 
0 

E-< I 

ld 
T-I I • 

00 t-- '!ot) 

tffi~~ • • • .0 000 

c- Q')t--M 
o co T-I c-
M flO 0 0 • ••• o 00.0 

~ 
t­
O 
• 

.0 

~ • 
.-I 

to 
LQ 
co • o 



a) 
to 

1 

~I ....... 
~ 
CIl 
en 

m cp. 
o 
CO 

'(J") 
l:-

I 
O' 
I:-

j 

J

m 
CD . ·1 

~. g 

•• t-- t-- lI)' 

-.;tl.-lt<:l 
..,flO 0 

o .... 
000 

.~-
.-I • o 

lI) 
to o I 

a 

o 

. 

to t<) to 

~~I~ .... . 
00 0 

It';l c-

J~81 
o .. 

00 

to U') t--. i 
~~8 l 

• D 0 

000 

, ~ ~ 
,t-­
.-I o 

• • • 0 • • a • 0 • I
tDtOlt';lt--""tCtO't:--:U').-I 
C\l"<t'v').-IOtJ";)LL).-ItOtD 
tD.-IOOtQoooo~ 

• .0 P .0 0 ,<_::> 0 0 b- 0 'P • a 

[/) 
<P ....... 
() Cll 
CDi'd 
Pto 

tr.l 0 

tnC\l..--ft--lI)"<:j<t()t--t--"<:j< 
0C\lt--.-I1:-.-ILL).-I.-ILL) 
COt<)OOtOC\lOOOtJ";) 

• ••• 0.000. 
0000000000' 

c;z ,_ 

~ I~ 
~I~ 
!j 

I' 

i_ I 

I 
I 
r 

"f ," 
1 " "j 
_I r 

t--u;i 
.-I t() 
00 • • 
0-01 

0') 0')' 
a) a)' 
0 0 • • 00 

I. 
f 

! 

tJ";) 
t() 
o • o 

C\l 

8 • o 

f.e 
.-I • o 

, . . 



1.+ 
6 a 
r-4 

d 

1 
1 

m 
I J ~ 

• o 

{g ~ . 
100 I I 

..-i~ 
~.-l 
00 · .. 

00 

lO 
tr. 
a • a 

c<- Lf) 

B~ · . 00 

. .. 
00 

~ CD 
..-i co' 
0C>l . .' 00. 

~ 

B • a 

c:-
8.1 • o 

c:-
ci . 
o 

~~ 

88 . . 
00 

.t.tS 
tG o • o 

u:> 
l'<:l 
o 
• o 

t<:) ~ 
, tr.) ...-i 

100 
• • • 
'00 

a 
0) 
It:l • o 

""" 0) 
co .. 
a 

~6 .~ C'-~~ ~ tG C'- ~ co ~ 
cjBS'b,8BB~,B · . . . . .. . 

~ 
0:00 0 000 r-I 0 

6 
I,~,; ""or-le ~ ':2 ~ ~ ~ ~ ~ ~ 
L~ 0 I a 0 ..--l Gl 0 a a 

CO tr.) GP ..-i L""' m 
~ t ( C;) ~ ~~ ~ 
..--lONOO~ · ...... . 

u:> 0 0 0 OOOr-iOO 0 
,. . . . . . 
00000""" 

10 e-
lSa · . 
rj~ 

J~ 
It-; 
I C'..1 

I 
'tD 

J

.g ~~~ 
o · .. 

If.) 0 

Lr. \'0 1:-'~ ... ( "<l' 
'" I..Q 0 r-I ~ c.o 
OO..-iOOW · . . . . . 
OwOOO..-i 

._ 

CX) co lO ~ t<:l "<l' 
c.o, ~ .-I .-I I.() t<:l 
C'..1..-i~00~ 

' ..... . 
000001.() 

..--l 

1.0 r-- 0 If) ~ "<l' lO ~ t<:l c:- N'1 t<:l <1> if) 
t<:lO~t<:lr-lc.oC'..1O)l.t:l..-l"""COo)t<:l 

I 0 .... -1 tG 0"0 CD r-I r-I a a r-I ~ ..-! a 
& .. • •. '. • • • • • • • • • 

00000..-!000000..--l0 

I 

...-i 
tG 
l.Q • o 

c:­
eo 
to • 
C'..1 

I 



j 

J 
i 

, 
I 

I j 

+ 
6 
.~ 

~. 
I· 

o 
t'-

I 

o tQ 
o:;tf .-l 

I tQ.-l . . 
00 . 
K> tQ 
.-l\.{") 

'.-l'<t' . . 
00 

IJ') 
co 
IJ') .. 
o 

co 
C\l 
N • 
C> 

m 
C\l 
N • o 

~I 
~. J r: 

I~ 
i:g 

o:;tf .. 
o 

o 
I I iB 

I I 

• o 

I • 1 

~ 
M .. 
C> 

C> <:0 
"<t' C\l 
tQ N · . 00 

• I 

K> 0 
IJ') --:< 

I '<;ji tQ 

• • 
00 

to tr:l t'- 0 
........... O~ 
M l .-; V' ~ • ••• o 000 ,. 

o to 
(0 0> 

I I. tQ!:'-· . "'-:'0 

I 

tn 
lJ') 

'-• o 

~ 
IJ') 

• o 

to 
0> 
!:'-• o 

tn 

1.
5 I 

I~ 
tQ 
I.Q 

.-l • 
C\l 

r-i 

Ji 



~ ... 
I °f 

n 0::> W (.0 c:.o ~ 1.0 co C\2 «> t.o 

'"" 
.-f<;j1C\2Ot<:)(.OtO ;::1 C\l C\l +" ONC\lO),-iI.OO ~ ~ 0 • • • • • • . • E-t ..-I..-Iooooc.o 0 0 0 

"<ji 1.0 

-+ 0 0) <» 
0 '<:t' (.0 0 

~ I J m t() 
0 • • • ..-I a tQ <;j1 1 

CD 
m .-I 

~ m <;j1 ::s I I 0 
GQ. 0 .. • t'l m C\l C\2 I C 

~ 
~ ~ <» to 1.0 co 
CD or 1.1) t- C\2 ...., 

~ 
"<tf I. 'i (.0 . 

IV 0 • • 
~ 0::> '0 t<) ~ 

CI) .... 
rc:s 8 <» 

§ 
co • • C) ~ c:.o t.r.l oq; M ,-i ::;;: I:'- .-t C\2 t<) t-• .-i C\2 co T""I. • • H 0 • · . · • io 

CJ) 0 < t- oo C\l to \z t CD Z a .... '~ () (j) 1-1 
<ll r-f E--< ..0 .0 g m to C\l I.Il ·as - ¢ to M 8 <» E-t 

l:-- E--<. ~ I 1 M ..-i a • ., .. 
I CI) c.o a -<:i< .qt 5 § 

0 

.p 0) 0 CD t<) 0) 
() OJ;) '<:t' C\2 co '<:It 
<ll I to C\2 E:- tC ..s:: a • • .. • 
~ 

i... a o LQ' <D .! 

~ 0) ~.~ a • ~ tr.) C\2 

'1 ~ tr.) , "<tf 
J 

,of c:.o 
~. - "<ji 

to ..-f <;j1 

I a • · . • · . . oq; ob 0 o co t- , I 

0) c.o a tr.) 
~~ l::-

to C\l"""::t m I C\2 N':l ..-I u;) C\l I 
0 .. • • • • · , 
tQ 009· 00::> 0) 

~, 

21 
m c:.o tr.) to 1.0 c- <D (.0 

7 ~~ • ;:t~ tr.) C\2 N c:.o ru N 
~ 0 • • • • • • • C\2 00 00) m 0 0 ~ 

~f 
CJ) 
(]) 

'M .-t rl (.) CD as ~ , (Oro b -j:> 

~f p.o C\2 tQ I:- 0::> .-f to ..qt m 0 
(I') 0 ..-I ...-i ...... .-IC\2C\lC\.! E-t C\2 8 



• 

I· _ 

I 

• 

C\l 

~ • 
Cl 

r-­
<.0 
U"J • o 

o 

1'(:) 1'(:) 

~:::\ ... 
00 

, . 

t() 
...-f 
...-f l 
• o 

E2 I I I 
• ...-f 

I 
" 

.: 

c .... 
Col 
N • o 

~·I~.I~ -J •. ~. 0; 
~ 0 0 

o 
oQl 

~ -­o 

tr.) -ri 

~~ .~. ~ . .. 
00 

t() 

;J. I 

o 

0:0 0 t() 
C\l ~ ...-f 
C\l to ...-f • • • 
000 , 

• • o N 

o . r--
• 0:0 - . 

10 

..,., 
t ,·Si . # .. • 

o 
N 

co 
q ... 
I.r.) 



.$ 
CD 

~ 
-r-! 
"0 

11 g:: CJ 

Q) 
0) 

-r-! 
;3: 
til 
CD 

OM 
o 
Q) 

til 

Q) 
H 

'" +> 
() 

Jg 
~ 
CD 

tI) 

~I 

I 

I:- t() 
o .-f m .-f 
• • 

00 

o 
~ • o 

to 
f~ 
, . 

0 -, 

to ~ to (.0 
C\l ~ W C\l 
ru..-:-iruN . ., . . ...... 

0000 

o 
"<t' 
t() 

• o 

C\l 
to 
00 • 
N 

t() 
I:­
'"<:i' . ' 

o 
CO 
t() 

• 
N 

o 
~ 
tC • o 

to 
.-f 
.-f • o 

to 
C\l 
N • o 

o 
o;;tt 
ton • o 

(.0 

gj, 
• o 

,,~ ~~:~:m 
N NtCLf)"<i' • • ••• o 0000 

to 
.-! 
..-I • o 

ton ,0 1:<:) :1:-. 0 

';::: •. ~';:l ~ ~ . .. - ~ . 
o 00..-10 

• I 
(.0 to I:- r:--; 

I ~ ~.g,~ 
•••• 
0000 

o 
& • 
..-I 

tC 
tQ 
CO • 
C\l 



I I 
r-l o . t<:I <.0 <.0 C\Z C\Z m t<:I II.). ~ CD ...... <.0 , CO 
~ C\l ~ CO ,C\Z 0':1 0} l'I':) ~ CD ...... C\Z t- ~ 

C\l 

-fQ ~: • ~'~ ~ t-; ~"-J ~ ~ ~ C\l ~ • 
E-t t-OOOC\ZOOOO.-iO ~ 0 0 

...-f 

+ t- t-

O 
(0 -. '. 

to 
II.) I '. 1 • ~' I 

0 • .-i 0 0 

en to to 

'r C\Z " I 
C\l 

C\Z l I ••• • ' I 1 ~ • 
l§ 0 • m 0 0 

~ rg 
p.. 
(/) m tt'J tt'J to 

~ t<:I 

~ 
II.). , ' rl to ~ 

<M -C;:1 I I . ...-f 1.1) .-t • • ,. ",~ • • t:Il J 
.,...; 00 0 0 0 ...... 

~ • • 0 
0 0 ~ r:- :;=:; en I:'- to'CO (j) :;=:; 

1 
r-- 0 ~n~ 

1.i.) H 

~ 6 (j) 1 '1 t ~ ~ < 
• • • • ~ .0 t:- O 00 ...... .0 

CCl <13 

~ [-0 E-t 
E-< 

~ en I:'- t<:) to CO 0, 

~ «:f' . I .~ •• ...... C\Z (j) 

(.) C\Z ...... C\l J CO • 0 • · • • • 
«J .-t 0 00 ...-1 

0> ~ ~ 0 tt'J t<:> C\Z 
lI:l ·en I' ::I '~ M ~ I:'-

I r-- t< ' ......c "'" 0 • • · • • • 
1..:'. 0 0 0 0 0 ...... 

en' $ 0 to to n ~ I..Q !t ~ 
;!. " ;t, C\l ...... ~.-t "'ft 

N:l 1 C'j 
, ......c ...... '='l ......c 

• • • • • • • 
"<I' q 0 0 000 ......c 0 0 

CJ) ~ t<:> CD C> to to N:l o to 0 
t<":1 ..-t • I .C\l ~ C\l C\Z ......c "<I' ...... to 

1 I:'-.-t ' C\l C\l ,C\Z ...... ~~ CO 
0 · • • • • • • • 
e<':l :0 O · 0000 0 00 C\l 

, 
en "<j< N:l r-- 0 to t- ~ 

t<:) 

~. .~' I'~ O .~ LQ 0 ::I 0> to "<I' tr.:I' ...-I 
0 · • • • · ... . . e' • • 
C\Z C\Z 0 00 0 "<I' 0 0 

tf.l 
<l> .-i .~ r-i 
o <l> a) ttl 

&'8 ;::t <j4' 1.i.) CD t-- CO 0 .-f C\Z to I..Q h CO -+5 
(/) 0 .-t ......c ...... .-f ...-f C\Z C\Z C\Z C\Z C\Z' E-l N E-t 



r4 <-f t.O (0 (0 .. ~ N m II) t.O m t.O I:- (0 t.O 1:0 '<;j1 IIJ I ctl en N NCO : ...-I ~ ~ II) N 1:0 C\l C\l N C\l .-i w en .p 
~ ~. ~ ~ 'i ~ ~ q ~ ~ ~ ~ ~ ~ ~ ~ ~ .~ 

E-t. co b. 0 0 0 ...-lOco 0 0 ... -1' ..-I t()' 0 '0 ·CO CD. 
W (J) 

, + c:j to (0 i ;! n ~ ir .. Wo> a ... • ... • • .. • "!" , 
~ . . IIJ :._ 

0 • .. ., 
.-! 0 '0' 0 

oj 
0 0 cr I I . I I 
'<;j1 -.:jf 

.~ 1:0 t;f) 0 • • r=:l m 0 0 

~I 
fE 

~ t() t<:) "'<ft (/) j en t() 

Cf .... II) 
i 

.-! 

• i I 
I. 

~ <-f r=l .... '<;j1 .... I ~ 00 8 <:) : .. • . . co 00 0 ..-f ..,.j ;3: II) • c- o ;.::; ....:< \ 

~ en t<".l .t- • t() (0 II) -.:jf 

~ t- ..-t . 0- to .... C\l :. I 
.-! t() 0 ~ ..-j 1 "II) 1 .-! N II) U) .0 

! 
0 • • . : . • , · , • ctl t- >;,0 0 0'· 0' . -~ . "'<!t. Eo. 

~ i ,m ~ t() 0 t() (0 N ., l:-I 

' ~ ~ I, ~H2 ~ C\l -.::< ' ~ 0 0 I C\l .t- ·0 Z 0 d ... $ • • • • · • 

r 

" c.q 0...-1 0' o· "tQ' Cf' 

J 
<:) 0 

fi 
en ~ t() l:- t() to 
f ~::tEg I.l) '<:fI I:- .t-I I -.:;It to I (0 C\l 0 .';' • • · !~, • • :. 

I II) . 
00 .... O· 'I.Q ' co 

I . I m .t- tJ"' W .... {g~fD .... co l' co ~ C\l 8 1 
en CD 

I I 
I.Q 1 C\l "'<!t t~ II) 1 ~ .<:.0 0 .• .. • • • • • • • 

""" b 0 0 C'.l 0 ' 0.0' co ' C\l 
..... 1 

m T"it<".lt<lt<".lt<".l 0 t:-o ~ t:('j (0 to . 00 
~ ~~::f::f;:t C\l to I.l) m C\l II) 

.~ 

1 
0 LJ") --=t' .t- C\l II) 

0 

t 
. . . . . '. • • • • • • • ro C\l o ·a 0 0 ..-I 0000 to . C\l 

...-I C\l 

1 
en I 0 ~ N") t-COt()O'<;j1~ 

~g to 
~ t- m COC\l~'<:fII:O.t- II) J, co .-f t- I.Q C\l to ..-I "'<!t .-! c.o C\l 

I 
0 ~ . • • • • • • · • • • • C\l;' U) 6 0 <-fOOO..-l..-l o co 0 

C\l <::t' 

til 

! :.~ 
r-I om 

0;1 O'"l:j 
..-I'<:fI.t-coenN"'<ftII).t-CO<:)..-IC\lI.Q(Oco ~ PoO 

;tI) .O t<".ltGtQtQl:O'<:fI'<:fI'<:fI'<;ff'<:flI.QII)I.QII)I.QLJ) E-t 



t. 

+ 
,18 
1 ...-I 

I 
~I 
II.) 

<:D 
(J> 
II.) 

• co 
CO 

i~ 
I • jl'Q 

1 00 

J
, en 

t.D 

I~ 
J 

m o 
...-I • 
t<.> 
...-I 
en 

..-I ' 
II.) 
II.) · , W" 
.-f, 

(0 

~' I 
~I 

I 

o 
co w • 
t.() 

...-I 

I: C-l 

;.-f 
I.:J 
J~ 



8 
" 

O'l 

l' 
o 
<:';1 

c.o 
,0) 
C\l 
• 
~ 

000 
mmen 
en en en • • • 
000 

~0000)0 ..... """m""" to en eoomo ..... cn 
• • • • • • en C\l0 C\l"""O 

cr:-f~ . .. . - .. :u;, • _ 
o o • 
Uj 
C\l 

.. . .. 
i i .. '" 
6a ''<:I'0 
m~CX)-..:t' momo . . . . 
a C\l m C\l 

en 0 a eo ~ en 
00 en • • • c,()C\l_0 

eo. • 

deoo 
en to ~ 
en .-t 0 
••• o '<jl C\l 

o m 
m • o 

<Xl 
.-t 
en • en 
~ 

I 

o 
to o • to 



co 
t'-

I 

til 
Ci;l 

ooooo~ 
mmmenenco menenenmJ:l"J ;. . . . .. 
000000) 

o 
Q) 

• '-il • o 

00 
'<1' m ' -0 m • • c..z0 

bo 
~8 • • o C\2 

o 
"'" I 0 • 
C\2 

b 
m 
Ol • • o 

o co m 
J:I"J en 
...-! • 
-0 
~ 

o. o t"­
en w 
en • ·W o .-r 

o 0 

mig; • • o 0 

'0 ' 
m m • o 

00 
en m mm • • 
00 

c" .0) (D 'en o'co m I 
co co co .-t en t() co 
~~~c-;q~~1 
lOJ:I"J"'_~O"<t1t() 

.-I 

i • 

mO 

~~ • • 
to o· 

J.[.g ...... tr.l "'" I.Q t.O t"- C\2 tQ """ ll) (0 t- co m 0 ~ c..z U') (0 co 
CI); 0 tr.l to t(') tQ J:I"J t() """ """ "'" """ """ """ """ '<:fI IJ') U') 1..(;) ll) IJ') ll) 

I.l) 
co 
t"-• o 
IJ') 
.-I 

& o • 
(0 
o 
t() 

I 

I , 



.--.. rl8~ t-- OOCOLQ co en I QJ ,IJ) 0 (0 l.Q LQ IJ) tl') ~ l.O Ul .p ~ '<t' IJ) (0 
'i"""J~~ t-- '<t' +> 0 

.~ • .. • .,-l E-t o .-t o:;t< OO..-lto IJ) tQ § 0 ..-r 
0 
0 

~ 0 
+ O..-f.-l CO 0 CO s:: 0 

11)00 Ltl 

'-............. • I 
0 IJ) Lf) ..... tr) to.) t-- en .-f 0 oM 0 • • • • • .. • .__ 

..-r 000 0 "- a 0 .-f CJ.) "-
rtl 

~, 
'r-! 
;:K 
rtl m B ..... IJ) IJ) Ul 

~ a 0 0 ,.!:j to() tr.) CD <.D • • j .. • Q (t) 0 0 0 0 
f-i a 

.p 
(I) f@l m a CD 'f rg • I I t--I o,-l N 0 0 e-

m <0 .re 00 C\l M ['- 'g .. m. A.o 0 • tI) • <U :z; 0 
8 en 00 0 Z '<t' Cj lh (I; Q) c-- Ll) 1..D 0 § IJ) Lf) rtl M 0 • ..-r .-4 to() 

~ ~ to t-

'~I 
..0. ;;; 0 • • .. 0 .. .. • ctJ t- oo 0 .g ~ 0 0 0 E-< p::l C1) E-t 0 OM 

~ 0 
co m ~B ..-f 

&5~ ..q< 8 b IJ) 

I 
Lf) rtl .-I tr.) "<t< ..... (!) ..::: N . .. • . . .. • • ttl CD; 00 ' 0 00 0 .-I ~ 

+=> 
C/) 

O~ 0 o .-I '<t' en cs Lf) rl Lf) lJ) IJ) Lf) Lf) .-I 1O to Qi l .-I .... ' (0;; "i 1 rl N "'" m 
~I 0 .. . • • .. • • 1.1) 00 0 0 0 ...... 0 ..-r 

en 00 0 ('~ Lt. t-l' U'.l l.Q 0 (!:) 0 <.D 'it-;! eo to CD m 
~ .. • • • 

~ 
00 0 ..-I 0 ...... 

m ~g ~ CD en IJ) 

~ rl l.O t--'<t' ...... CD co => co 0 . .. • • • • t() 00 0 M ..... N 

§ 
.p m o IJ) 11') 0011') 11') 0 CI1 CJl I ~g 

11') 10 IJ) 0 ..-I C\l f-i tr.) .-I .-I <.D 11') 

"'" ..p 0 .. • • • • • .. .. m C\l 00 .-I 000 ..-r C\l 

II) 
Q) 

....t oM • rl o Q) a:s 'C\1 8.'8 .p 
b 0 0 ..... 

CJ) 0 C\l '<;jt LQ E-t t-coen..-l .-I E-t 



, 
I 

rl I ~tOO(j)O.-fN 

I 
C\l 

«J ll)<OOOLQLJ';)O to 8 .-f +2 to <0 to C\2 ..-I t:- ll) (j) 0 0 • • • • • •• • to ~ 
E-t .-frlO..-lO0..-1 <0 • • <0 <0 0 0 

+ '<:t' & <0 
0 

tr,l a.n 
'<:t' to t:- I 0 • · .. I 

.-l 0 LQ LQ 

(j) <0 co cr C\l C\2 

~ t:-o • (j) C\l C\2 

E fa 
I-i 
U ()) I.t:) .-f <0 I'Ll co or 0 ~ '<:t' (j) ~ • <0 C\2 0) • U) 

l C\2 0 • .. • C\2 <D 0 ...:' "" 0 ' . • 8 co ~·o g 0 :2: ::s. 
~ o .-f t:- O) 

~I 
U? 0 co to Q) 

1&\ 
rl to t:- C\2 r-! H .. .. • • .0 <I! co ~ 00 to(") "" CIS 

~ 
t:-t 

H E-t 

E-4J 

~ j(j) 0 tn to(") Z 
~ 

t.Q 0 5 

~I l~ <:r <0 .. · • 0 lI;) I.Q 

I~ ~ .... <0 rl 
L() o C\2 co 
'<:t' to c- ~ .. .. .. .. 
0 o t- eo 

J 

I I 
(j") o U) "'" o "" to .. ··1 t.Q C ll) \.() to ()) r .-l c.o "'" ..-I c.o 0; 0 • • .. • • 
"'" 00 0 oeo (J) 

()) rl'''''O o C\2 r:-
to o Ll) L.Q lJ'J <0 '..-i 
I 

to(") "'" ..-I rl t<:l "" 0 • • • • .. .. 
to 0·00 o rl C\l 

rl ..-i 

(j) I rl 0 o .-f .QJ ..-i 8 )'l o Ll) 1.0 t:- ,..... 0 
t(') ..-i ..-i C\l . .G:) t<:l r:o 0 .. .. .. • • • .. 

C\l 00 o C\2 C\2 0 0 
rl rl ' 

~~ I, rl I rl 'C!3 W <l>"d 

I'w 
+2 +2 AO C\l t(') t:- <D ...-I tor.) ~ 0 m 0 U) (_) .-l rl .-l .-i C\2 C\2 C\l ~ N E-t 



, 
r-f C'-lO~OCO'<jimc>mooo"-l tG at ~~a;~~~~~~g~S5::g 0) .p 

lQ 0 •••••• • o. • • • • • • E-< l.QooO...;OC\lOtGOOOtn ..... 
I:D CO 

+ 0 00 0 ...; ~ 

i 
I.Q 1.1;) tn I.Q ...; (3 0 ...; ...; ,.+f ...; C'-l 0 • . • . • • M { 0 00 0 .-I ..-t . 

I 

1 (J) ..... "<j4 tn cr 0 LQ LQ 

I tl) '<1' t-O . • 

,I 

• m 0 0 0 ! / 

fg' , t 
0 f 0) a <:) ~ 0 I:D .,..; r:a, Oi' LQ l./j If.) 

~ ro 

~I 
P-.:: 

I . I::() I .,..; I '<ji , M r--
C/)J 0 · • .. .. • • ro 0 0 0 0 c.z ~ 

~I 
§! I 
or 
-' 0) .0 0 0 0 I..{) 1.1;) gl ~~ e- t.r.} I..{) lQ I..{) t-Q to ...... HI I M ...; ...; ...; I co C\l ro wi ~I 0 .. • • . · .. 

e-' 0 0 0 0 to ~ I 
r-fl ~ .g 
Eo-< 

CO) 000 M B 0) ...; 

YJ ~ I.Q. I..{) I.Q 0 ~ ~ 
; , MMM I ~. t<:: I ...; 

~~ 0 . .. .. • • • .. 
I:D 000 0 0 ~ UJ 

zr 

I 0") 0 ...;0 8 UJ 0 00") to ur UJ o I.Q o lr. I..{) 0") 0 ..... 1 to .-{ tG co .,..; "';0) ro 0 • • • • .. • • • .. 

I 
I..{) 0 00 0 00 O"<t' co 

en t- o a 0 t.r.} tG 

I '1 LQ LI) UJ t- tG e- M ~ ~ LQ m 0 • • • · .. 

~ 
-q< 0 0 0 C) t- eo r 

en ..... B .,..; <1' 0 o C\l 8 . j tp c- o LQ LQ L.Q (() 
N tG I to "'" ..-I ...; "<t' .-{ r 0 .. .. • • • .. .. • , to N 0 0 00 o t<) e-

~~. 'f ..... .-{ 

! 0) t<;) ~~M 0") ..-I C\l 

f 

<f ~ I.Q LO 0 I:D 
I ~ C\l 

"'" "<:i' to 0:. 0 0 • .. .. · • .. • C\l N qoo .-+ to- t<":) 
C'-l t<;) 

Lil 
!.~ 0 r-f I () (J.l d 

J 
(i)'1:I 

.-It<;)c-roC\i~LQCD to- ro 0 ..-I ro 
.p AO 0 h:f) 0 tGtr.ltGtl)'<1''';<'<1'''''' ""''<1'u;,LOlQ ~ 



I 

' ... 

~ 
I 

co 
t'­
to • co 

o 
~ • to 
.-I 

C\l 
.-I • 
C\l 

• 
~ 

~ 
to • o 

co 
CO 

IN • 
.-f 

to 
CO 
C\l • 
.-f 

~ 
CO • 
LQ 

tr. 
to m • o 
.-I 

I ~ 



M 
I 
I 
~ to .-I ~ -c;f1 ~ en to ·1.t) e:l co ~ ~ co 

P:I .-I -c;f1 C\Z 0:> 0:> 0 N . ~ ....... m CO C\l CD CO 
..p V':ICONC\l.-lLl)c;~C\l~C\l C\.I N C\.I 
0 • •••••••••• • • • 8 ~OtO"",,~.q<.-iObr.lLl)~ ...... ,; M .-I 

J 
.• <;jO .I ....... ~ ( . , ~ CO ' 

~ ~ 

d N • C\l 
C\l C\l 

0 • • 
.-I ~ to 

t 

en CO CO I 
~ 

CD CD 
C\l C\l • • en .-I .-I 

en 0:> to .-I 

f§J 
or ~ 

I 
.q< C\l 

LI) I (D C\l 
0 • • • 

~I ro C\l 0 tC' 
0 

f3:3 "" ~ I 
M 

tQ CJ) • 
...-1 m to ~~ LI) C\l CJ) • ['- CO ro CD te-
C\l § • .-I t I C\l C\.I ~ l 

J 0 • • • • • § to 0 ['- LI) .-I .-I ~ 0 
CD . ~ . ~ 

0 
....:I I 

:;3: 
z 

< Q) 
....:I ~ S en en ~ to ~ .-I r-i 

~. en <;jO ro ~ .a « 
.0 H I 0 I ~ <0 C\l ~ Cl3 ~ ; I, 

Cl3 E--< 

I 
O' • • • • • E-I 

E--< (.D ~ 0 OM (j) 

.~ i p * ." 
~ 'z 
CJJ ' 5 
~I 

en -.it to LI) to to CD 

I '1 M .. ;E to ~ '<:t' I:'-
V') 0') w W to 

0 • • • • • · LI) -c;f1 0 .-I P 0 co 

en' t..(") Lt:l ~ to t() tr. LI) ':!(:) to 
r N:l to 0:> -c;f1 "'" ~ co ~ ~ m m C\l (D co ~ <:) co (!) 
0 • • .. • • • • • • 
"" .-I ;.-I .-I 000' I:'- 0 0 

J. , 
0'> I ~ N:l t.O .-I (!) (D to t..(") to I:'-

? I 
....-4 -<;Ii OJ ~ OJ co 

I -c;f1tO(S 0 
I.C ~ C\l co C\l C\l ~en .-I 

f 0 " .. • • .. • • • • • 
~ N:l "<flO .-I' tG ..-I .-I 0.-10 ~ .' ! .-I 
~ 

I en I OJ t() tQ t..(") OJ t- tl) to 
7 m .;'i; ~ tG ~ .-I '<ji -=:tt 

.-I ..-I (j) U') I.t) co (D 
0 <> • • • • • • • N -c;f1 0 10 .-I C\l -=:tt 0 0 ...... i . C\.I 

I I] · r-f r-i o (I) .g al 
cP"d 15 p.,o ~<;jOV')(Dt-OOOMC\lt()1.t) co 
CJJ c:..:> ....-4 M ....... .-I .-I C\.I C\l C\l C\.I C\l e... N E-< 



I r-I- cototO~tOtOm~c.om...-lcoO')~tOC\l 0') 

'" tOCOCOtO"d''<;j<N!:,-COC\ltO~tOCO«:tfC\l C\l _,.;, 1::-C\lC\lCDto""'mmC\l(j)mmtOC\lCO~ LO 0 • • • • • • • • • • • ••••• • E-t 1::-..-{.-ftOO<O..-{O...-l....-lOC>O....-lOCO 0 "d' 1.L)....-l .-f N CO 1.L) 
to lr.I 

+ LO to ...-I 
0 J I 

to(",) • .. I 
0:> C\l CJ) C\l C\l 0 • d- • • ..-{ ..-{ .-f t<.) , 

~-
en LO I.(.) 

~ I a- t<.) !)() 1- m m • • m ..-{ ..... 

~ 
0') to NlOO to(",) .1tj C\l err "d' "d' I::- '<;j< lL) to 1 CD to I.(.) to I "<;t< en c..::> 0 • • • • • • If: 0:> 0 o C\l 0 to 0 

~I .-f 
• (1) 

C\l § '<:If m tQ £'- !)() to ~O 0') CD 0 ca "<I' C\l 
"'" 

0:> ..... 0 • ;:;:: • ~ C\l <0 C\l 0 co 0 ~ • • • • • • :;;::; ...:I 0 tr.. 0 ..... 0 lL) c:a:: C\l :- C\l 
~- H 

c..::> 

~ 
~ 

en to to .Q) to <0 ,to to 8 ~ "<;t< "<:t' !:'- oQ< ro 0 m to • <0 co to N Nj ..... '0 • · • • • • • , '1' to 0 am a ..... ...-l "d' 
C\l to e:; 

z 
im to t<.) "<;I' ,«> • II) .g: C\l :ur "<;t< "d' to t- tQ , .-f • CD <D a lL) I CJ) C\l .-f a • • • • · • · ll') aOm C\l ..... C\l c-

to(",) "'" , 

'~ 
t- en to ,.0) • to.LQ t- .0.) ~ C\l "d' co ....-l t- tQ C\l co co. C\l to C'\l to LQ en ~ e- N 

~ • • • • • • • • • to 0 ...-I ...-I C\l ....-l tr) t- N ..... "d' c-

O') en !)() to en tQ to t- . co ~ CD- .to tQ 
~ ...-I~"<;t<""""<I' 0 C\l t- ....-l co I.(.) U"J <0 <0 <0 co co C\l tQ U"J C\l C\l ro 0 • • • • • • • • • • • • tr.) ::1 Qoqo 1(;) NlC\l'<J<....-l '<;ji I.f) 

0') C\l 
....-l 

m m t() • ...:;t<- ."", CD tl:1 I.(.) ,Lr,) .-I- NlC\l u) 
'fl !:'- "d' 

I 
.-I to ro .qt !)() u) m ~ t(J I.r,) 

C\l co LO OC\lwm"<;l'KI to t<.) "i a • • • • • • • • • • • C\l C'\l 0 .q< m....-lO ..... CDCO o tr.) m KI to N ..... C\l CIl 

:l • r-i () (I) as G.>"C 
...-I "<;ff t- -00 en C\l ~ 1.L) t- co 0 MC\lLl')CDCO 15 P<O 

CI) 0 tOtOtr.)tQto(",)<;;ji <;;ji.qt<;;jiU"l I.(.)tQl.r,)u)LO E-1 



,......._ 

~f 
!f 
:1 
-.-I 

(II 
U) 

• ,-1 
;3 
U) 
U) 

~ 
'11 0 

f..j e<.l 
(l) 

u:l -p 
OJ Q) • s 0 

ro Z 
-.-I 
ro ~ 
'1:l ..0 
s:: o::ll 
ctl 81 
(l) 
U) 

-.-I 
;;: 
til 
Cl) 

• .-1 
0 
(l) 

til 

.u 

~. 

~f 
ri. 
(tj' 

.. ;! 
0' 
E .... J 

s::1 
~I 

M 
~I 
~I 
~I 

'-.D ~'-.D 
{:::~~ r- C\'"I ,..._ 

l~~ ~~ 4r'( ~ ~~ ~ ~ ~ cr~,~ ~ 
~ 

..5.. U-- t~ ~J 

~i ~~ ~~ J 

1m 

r~ ,0} 
I 

~, 
.S en 
'0; cr 
I 10 

co 

wi 

m 
.-1'<.0 

ul6 ,CO 
I 

M'm 
(l) L{"J 

I I -I-", g 
(1;, 

I 

I S, 
~I 

• .-1 '7J 
j Q: ~II' 

I 
II I J 

fen 

~I 
en I' '!l 

~I 
J ~ ,i 
I~ 

C'\l.: 

0 
en tr.) ~t·lf.) a . '"'" <X) t() C\l e<.l 

C\2 0 a ~~. r:t'l 
• • • • • • 

mC\lt0oo.,...f 
C\l' - ....... 

C\2O<.Ot-C\l 
",,'" en,r:t'l m I:'- ' 
C'J'ffiN ...... U) . · . . . . . 
.-10WU)'<;;.H 
t ( ,. • . ...... -

r en(.O<jlU) 
ocococoo 
.-1 a C\l t:0 0 

t- 0 co en 
...... en 
• • 

1..1'";)0 

to 0 a a 
co enenm 
C\l •. mmm 
• ••• t- 000 

· . . . . 
I:'- V I:'- m U) 
C\l • C\l 

OWt.Q 0} 1:'-01:'-0 
me<.lt-()~N:l'<::flCO'<::fl 
enC\lC\l~U)t().,...fO 

• • • • • • • • • 
~, .0 (.0, co 1..Q I:'- U) C\l 
, t0t0 

~ 

00 
g ~ J ... 
• • 

C\2 C> 

moo CO,"",m 
OOm ••• 
N":l C\l a 

C\l I:'- co co 0 a (0 (0 '<1< 
~':' co t<l m t-- t<l '<j' to t() a 
C\lMMC\l(OC\lOC\lC\l«;j< · . . . . . . . . . mcolJ')oOmmmoo'<::fl 

~cot()'<ftmMcocom'<j<CO 
"'Ot<"'Ot<t<lomt--OOmOe<.l 
• • • • • • • • • • • 

1..0 c..o co C\l a t-- .if.) tn 0 C\l m 

o m m 
M lj') "';. I:'- <.0 co N (Q <0 co e<.l' ...... • • U) 

-.0 t:- <:.D <.0 
M CD i.Q to 
...-l..-lC\lC\l · . . . 
...-l L() c:.o c:.o 
L() ' ,. , 

t<) t<l ...-l 

• o 

0t<lC>C> 
~ I:'-mm 
O~mm 
• ••• 

NC\lOO ...... 

t' r ' • 

I 
I 
! 
j 
I 

I 
! 
i 

! 
! 
i 
I 
i 
! 



to 
eo 

en 
l)-
e) 
~I 

ffii 

,6'1 (,0 

~oo 
c-- c:n en 
"'" en c:n . . 0-
C\l 00 
.--I 

Sil~ 
~.I ~ 
t.n c:; 

a c:n 
0') ,. 
o 

"'" 

00 

88i ,. . 
C\lO 

<X) 0 
to c:n 
.--I c:n . ,. 
"",0 

00 
en t­O')m . . 
0<0 

.--I 

o 
O"l 
O"l 
• o 

o c:n 
en • o 

o 
m 
m ,. 
o 

00 
0') c:n 
0;0; 
00 

a C> 
en"", 
Q;;) C> 

00 
c:n m 
enO'lI . . 

ON 
• • 
00 

a 
8 

0') 0 0"'<1; 
co cn cn t­
o 0') en 0 

o 
O"l 
cn ,- . " , ... . 

C\l to a 0 lr.) 
t-

o 

Cf). => L{) 0 
co ..qt r- en 
OOl')U) _ ... ~ ... 
tOC\lOO 

M 

a o • ..qt G 
..... ; co co "" q<0t<)0 . . . .. 
t<') to 0') C\l 
(X) 

t- a 
co 0-. 
.--I 0') . , . 
L{) 0 

o 
~ • 
C\l 

o 
~ • 
C\l 

0')0 
co 0] 
o cn 
• • 

tG a 

OtOt-OOMtO""'O')OL{)tot-O 
"'" to M "'" m 0') co C\l co 0')' ~ L{) co "'" o C'Q a:> 0, Cf) 0') C\l "'" a 0') to M 00 0 

• .• ... ,. ~. ", - _. fII • • • .• • • 
OJ to en C\l 0 to t- rl t<? 0 co co cn N 

Men ' M NtO .,. 

I I. I ,1 l' I l. I. I 

• 

m 
co 
to . 

~ CD C\l to "",,' l.i'). to' [,-·eli d> 0 .,..:.f OJ an to co 
~t<')""'..qt""''''''''''''''''~~L{)~L{)L{)L{)L{) 

-T 
~ 

m ' m o • 
..-! 
~ 

, 
~ ,1 
o • o 
C\l 
C\l 

to 
C\l 
t<') 

] ~ 
I~ ,,....... 
.... ,.r:=-
,'0') 
1 to • 
~ 
to 
..-! 

.0":1 
'<l' 
0":1 • a 
0 , 
eo 
C\l I 



00 
11) In 
..-f ..... . . 
00 

I J 

• I 

~ 
CD . 
O. 

gj8 
CD <.0 I • • 0.0' 

'<t' ..-f 
· 11)0 
l~tQ 

• e 

a ..-f 
Lt') 0 

l..-ftQ 

00. 

o In ~ 
l.Q 0 In 

I ..-f t.o -.;j'I 
• • • 
000. 

• • .0 O. 

'<:tI 

~I • a 

C\l tn 0 l.Q 
WOtnO 

Itn:.o..-fO 
• • • • 

..-1000 

OLl) OOtnLl)..-fO 
I ~ ~ , ( ~ ';:.1 g id ~ ~ I .. .. - .... 
00 O..-fO~QO 

to 
g:::. 

e, 
, Q.l 

-!,. f 

:;;jl a 
C\l I tQ • •• 

" -.;j'I o· 

t"­
eo 

I c- I I • 
"~ 

o 
l.Q 

I ..-t • o· 

c­
'.t:I c- I .. 
o 

~ 
I C\l I '. C\l 

.; 

~ ., 
~ 

~ 
Jf 
fl 

I 
II 
P, 

~ 
II o 
" ~ 
II o 

# 
w o g 
II 

P& 
~ o 
" 

IH 
# 
g 
~ 
II o 
11' o 
g 
# 
R 
~ 
II g 
W' 

• 0 

H 
g 
II 

~ o g 

I ~ II o g 
II 



~I .-1o(o-.:f4enOOlOOOSf C\2 Ol..fJt.nt.nOt.ne-OI.QO 
~ ~}:J 

.~:,"'t ~ "t "'t.~.""t.~ ~~ ~ 0' • E-c .OO...-tOc\zOtOC>OOl.t;) (.C) 
c.o (C) 

~ 

+ 0 00 a ..-f c-
~ I.Q If) If) .-r c-o I I , I ~~ T"f N to a • • • • rl 0 00 0 rl Ol 

m a ~ e-m I.l) co <:!, I to -.:f4 to • • • en 0 0 "<1' 

en 0 -.:f4 a CD N or l.t;) 1tJ ~. C\l to .T-! '<:ji e- N 0 • • • • • co 0 0 0 C\l (j) 

en 0 0 a 0 t.n I co e- LQ I.Q U') tr.J to C'J I r-i ..-f . ..-4, , . ..-f (C). U') ro 0 • • • • • 

J 

• ro e- o a a 0 to 0'> 

m C> 0 B ...-t en . 
~ ~ U') UJ 0 ro 

- J 
..-f ...-I I .' to •. J to J 0 --::' 0 .. • • • • • <:D C> 0 0 0 ""'~ N 

J ...-t 

~·I 
ria rl 1. .. 0 C> m w o J.r~ 0 

J g-~ lOO'> UJ to .-f 
" ~ ~ T-! en . ro • • • • • • • o C> 0 00 o o:!i e-

.-f 

m 0 8 C> UJ to 
l' t.n t.n e- Ol .-f to ~ I. I ·, Lt>. rl a • • • · -.:f4 C> 0 a e- T-! 

C\2 

en 8 ..-f ~ 0 o C\2 8 ~ r 0 tr.l tr.l lO ro I to to ~ rl ...-I --.:f4- 0 0 ~ • .. • • • • • to 

I 
0 a 00 o to ~ 

..-f to 

en ~ ~ M' Ol .-! 0 
~ t.n t.n 0 (0 C\2 e-

'~~~." (j) ~ tG 0 • • • C\l o CI a ..-f e- O'> 
C\2 '<:ji 

[/'J 

.) 
(I) 

H 'n • 
() (I) e-COC\2-.:f4U')CD~~O..-f<:O < (I) "tl t<") to <;It -.:f4 "<lI ~ ~ LJ). V,) LJ) 

~ P<O 
U)O E--o 



J 
rl J i:'t;)c-.Q)~ en ~~~~..-l~~..-l~~~en~~m~~en tU ~ 00' t:- ro z:..... ~..-l~..-lrorl~NCDCX) ~~rlm~CX)W +" ~ t-- <:) ro 0 m..-l~WN~WNNrl~mW~t--NNt--0 , I ... . ' .. • · · · · ., ..... •. , ........ E-t W ~ t-- C\l D- PW~rlrl~<:)~~~~rl<:)i:'t;)~rlMt--m ri' rl-ri tr.) N '~ ' rl ~ 
I 

I~ ~i:'t;) W ~ m If,) t--c;o ~ en ~ tr.) !'() C\2 rl c.o C\2 I m 0) C\2 f 1 I I 

r~ 
.. • . .. .. .. • _...-.. , ~<:) .-1 ..-l .-'! rl t<.l 

~I " 
J 

OMI 
l~ I ~ tQ' toW §I W 

I 
~ .. ~ ~ CO ro jg en I W CD N I I C\2 I I I I • .. .. .. .. .. 
rl <:) o ..-t ..-t ;J I I " I I 
i<:lWt()W 

~I 
i I~ 

t:r.) W wen ~ wen~co lJ CD en t-- ~ .-l C\2 W N I ~ Nm W 10 e. ~ ..• '. rJ .. .. .. e- .. 
~ ro m..:-t<?.-l C> rl riN 0 ~I 6 

rjj 
~I lo~ Ig: W tr.) to (D to tQ ~ to ro L() tQ (D W oo..q<enco"", ~-=:t'~t:-toCD a;l 00 

~I 
~ <D N C\l W <:.Owcolf.len..-t C\2 C\l • J J f~l~ · ..... .. • • " .. .. - .. ..-f 0 ..-f ..-l 0 o 0 0 C\2..-t ,L{) ~ ..-f 

~j 
~. <111 m 

~I c ' 00 

~I F l 
l~:m .0 W to 00 CD tO~t:-enen tQ eo to ~ ~I (1) ''-0 , I:"-ooool:"-ro 00 ~ C\2 I:-- en '<j1 .,j< en ~, .0' 1..:..:> j I I en N C\l Lf) C\2 Nm~Lf)O I to I W N I ,I W 111 ~! , ill JO ! " ~ . . . • • • •• .. .. . .. is&, en O..-jrlN..-l ..-I .,-l tr.)' ~ I:'-;. 0 0..-1 0 

.~l I 
.-l 

I 
t'M f 
I~jen ..-f ~ 00 to tr..l men..,,;' to l.Q to l'J 

I 
;3. I~ I:-- «t< I:-- ~ <:1' m t- rl <:1' t:r.) '<:t' '-<;;fl i31 I~ 

CO W L() I <:.0 O~L{) W m W I ICD I 

I 
.. .. co .. • . • .. • .. . .. 'M' I:G 0 C\2 0 0 , t:- N "<fI 0 ..-l C ' '0 0' 

(1;1 I :.' rot 1m I tQ~I:Gu)~ ..-I I)() en ..-l t.r.) U",) (D to l:G tQ to t-- / roi 1"1 <.0 ",,, '<it tQ ~ t---=:t'ent-to I)() co <:ji , '<;j1 "<fI ~ C\2 

I 
..-f CQ (D m c.o I ooc.oOooen I en I ~ I I <D (D (J) W C\2 IDI i~ · .. ". ,. -. .. . .. . .. .. .. • .. • • ~I tnOO '..-lO ~ 0 ., ~ I:G ..-i ..-I rl 000 o.~ 

I 
·-11 

1m ~I 00 to co to LQI:::-'<;jitr.) CD.-t(DCD to L() to m 
.j..:> 

e::1 Itp t:- oo 
i CO""t<JNri"" en t:- en co ~to <:ji ..-f CD C\2 ~(D m~LQc:.o C\l co N C\2 I CD m W I <D 0 ... .. • .. .. .. .' . • • .. . .. .. • • 001 ~ Q) .-t M ,O .-I,t:r.)" 'O]' 0 .-Itr.)rl~~' O~O .-t 

~! 
r' 

.--j 

en <::t' to I)() I:::- tQ C\2 tQ en .-1 CD ~ t<J ~ CD tr.) m 

j 
~ 

C\l 

.I 
tQ<:1'''''N'<:j< <;;11 co I:-- t- .en ~ co I:G I:--

"" l:::-
S o <:.0 <:.0 ~ <:.0 I 1:--..-1<:.000.-1 I <.0 ..-I en I , Lf) I c;o ~ 0 · .-, ... . . . ... .. .. .. .. • .. ~ mOOtQO t:'- ~ m Kl.-<;;l'. ·0 L() rl C\1 o C\l ..-I I:G 

~ 
fgs J .p 

co .. 
r 

; .... rg t;J <D 
"d 
0 O~N<:1'I.i.)(Dl:::-ooOrlN~I.i.)COM I J~ 0 rlKl-<:ttmco. 

I:-- en OJ .-t. r-I ..-l M ..-l .-I .-I ~ C\1 C\1 N N C\2 NJ 



J 
I I I 

J r-I CDCD<:;f<tOtOO)(.O(.OO):-{CDO)(.OtOc\z C\Z 
ta:I qJCD('o<:;f<<:;f<C\Zt--~C\lc.o~tOCD'<!tC\l C\Z 
~ ~.~ ~~.~9!P' • ~~ a; ~ ~ ~~ to 
0. • E-< .-i.-itr.lOC'O.-iO ..... .-iOOO.-iOCD ..... 

an ..... .-iC\l co 0 
t-t:) CO 

+ I.r,) c.o UJ 
tr.l CD -.;::tt 

8 en I' C\Z tr.l • • • 
.-i .-i ..... 0) 

.-i 

en I.r,) .CO 
en 

I i I 
to C\Z 

l 1 . 0) e-
o • • en ..... e-

en tQ tQ co tQ 1.{) to co ~ ~ t-- ",,- l./') ~ 
I CD <.0 l() c.o '<j< I:-

0 • .. • . .. • en 0 o C\l 0 <.0 UJ 
C\l 

0) tQ e- tr.I co 0 0 
t-- '<;fI C\l ...:< en .-i tQ 
I co I C\.l <.0 C\l 0 -.-i 

0 .. • • • · • 
c- o to 0 .-i 0 lr.l 

C\l ",,'"' 

~ 0) tr.l co tr.l co to 0) en , 
<.0 ~ c- '<;fI en 0 en 

I J. I CD c.o CD C\l to C\Z 
0 .. • .. • I • • w o en 0 ....; ..... 0 

C\l e-

m t~J t.r;, ~. co ~J OJ l./') 

ur -:::t' "," tQ t-- tr.l e- <:;f< 
<.0 <.0 <=> I.r,) 1.0'> C\l' I..() 

0 .. .. .. .. .. .. • 
lQ 00,7) C\Z ..... C\l to 

tQ e-

en to w 0) 00 LQ e- m tQ 

"1 "':' 00 ..... c- t<) N W ~ 
<D C\Z <.0 Ln O)'N I " I "t:- I..() 

O . .. • .. • .. • .. • 
~ 0 ....; <-f C\l .-i tQ t-- '<jt 

<-f ~ ~ 

m to tQ to to <:.C e- 00 '<jt c.o tr.l l:-
t(') ~ '<t' '<jt ~ 0 C\Z I:- ....;.co I.r,) ..... 
I <.0 <.0 <D to CD C\.l tr.l LQ N C\l 0 

o . • . • • • • • • .. · • 
t-n 0000 tr.l to C\Z <:;f< <-f -.;::tt C> 

m <0 
..-f 

m to <:;f< .><:t' <D tQ LI) LI) ....; tQ C\Z m 
C\.l .<;ji ....; ~co-.::t'tQl.!lm 

I· 
'<jt tG l.l) 

I c.o. lr.l o· C\l c.o en ~ tr.l <.0 ~ m 
<=> • • • ••••• .. • • 
C\Z 0 <;f< 0)....;0"";<.000 o to <:;f< 

<D 0) 
.-i C\l 

til 
C> 

H • ..-1 • 
Q (]) g C> 'd 

C-COO..-fc\ztOWCO P. 0 ~ I:- 00 en C\l <:;f< I..() 

Cf,)O tQtQtOtQ"<t' -.;.;t<~ "<t'''<t'LI)LI)I.!)L.Qt.Q1.!) E-4 



" o z 8 
~ 
..0 

~I ~ P-.-

~I 
~I 

I 
I 
f 

".2 '<:t' 0 CD ~ 
0) ...-i c..\l u:> co 
u:> C\.l '<"j1 L'- co 

o D a .. • 
-rl000...-i 

-.;!' ...-i C\.l ~ C\l 
""j a I:'- co 0 
LQ C\l -rl tel (0 

-0 • • • • 

...-iCOOO 

('). t<J tQ N 0 
'..0 r:- CO 0) '<:t' 
COOOON 

• • • G • 

00000 

I:'- co (j) 0 u:> 
oU'")~~o 
I:'-OOO-rl 

o • • • • 
00000 

I 
I~ 
I·et 
~. 

o 
, CD 
J ..... 
i . 
Jo4 
1:3 
O. 
"'<1<' 
ro' . 
CD 

a 
L() . 

t-

~ '. a 

• o z B a 

~I I 

t- (0 ~ 
m m CX) 
L() 0 '<:t' 
• • • 000 

t-CX)8~~<X) 
WO v)(j)lO 
OO ...... Om to 
•• 0 (Jo •• 

000000 

I ~ 
co 
1..') 

• 



~I' .gs 

~1 
~, 

--­. 

I 

~J 
~l 
+. 
8 
.-i 

to I:'- '<tI 

CD 
to .. ~ 
• o 

I I 

to <;fI I:'­
~N.-I • I • • • 
000 

m.-lLC;) tOOC\lcnOC\lOJt-Q 
OJ .-l lO c- N I:'- 0:> c- (D ,,~ -.::t< 
I:'- C\l...-i It--· ""~ 0 ~ 0 1:-(:. 0 .-1 · .. ......... . 
.-100 60000000 

co co I:'- I:'- co to '<tI I:'- N to .,.j. 
o "<t' <:> to N". co .-1 to t-- UJ to 
C\lN.-IOtO.-I.-10SlOIO · . . . . . . . .. . 
.-'000000000 0 

to .-1 1:'-' to to <;j' t-- -=:t< en C\1 ('1 
LD..-ItOLC;)tr,)'<jfentO"<Z"co tr,) 
1:'-.-1.-10(Dt-Q0...-i0"<:!'10 · . . . . . . . .. . 
0000000000 0 

Lt) '<jf 
..qt CD 
LQ ...-i • • 
00 

c.DtOtOOLr.ltoLr.lto..--t 
.-1 I:'- ~~" en • .". N C\.l ..--t rl 
OtoO.-lOONOO 
• • • • ••••• 

·000000000 

I f 
I~ • 

aJ 
to 

;t 
I ~I tol 

~I N, 
~I 
~I 

r-I 

"" 
NtoLQCOI:'-COO..--tC\.lto<::j11.t') I~' ..-I ~.-I .-I .-I .-l C\.l N N C\l C\l C\l ~ 

N N 
<:) I:"­
M 0 • • 
00 

I I 

I 

o 
3 • o 

co to 
.-l C\l 
00 
• • 

00 

"', (() 

~6 .. . 
00 

00 0 
C\.l to 

J 
,~ 

f~ 

I 

<:) 
<::j1 
<:) 
• o 

~ 
<:) 
• o 

o 
:3 • 

' O 



lC • 
~ 

I 

u . .;gl '. 0 
E-< 

+ 
C> 
C> 
.-! 

I~ 
Ii 

to ..q< m 
I.() 0). I:­
<0 0 .-! • • • 00'0 

~ I:- C\l 
lC ·If.J .1:­
I:- 00 • • • 
000 

0)0 
0C\l 
NO • • 
C\l 0 

~ • 
C\l 

~§ 
• • 

C\l 0 

~ o • o 

01:-
0::> 0'> 
00. 
• • 
00 

co 
to 
...-i • o 

co 
I~ 

• ..... 

to l:­
to "<Ii 
to .-! • • 
00 

~~ 
.... ml I • • 
O . ...-i 

to to N . I:­
<0 In t:- <D 
...-joocr . . . . 
000""" 

g 
• o 

a:l I:-

~§ ... 
00 

o 
m 
C\l • 
C> 

o to 
-':jt I:­
C\l 0 • • 
00 

0'> ...-j 
N • 
0) 

to 
I.() 
co • 
C\l 

I.() 
to 
C\l 
' . 
co 

.... 
co 
'1 

~l 
0'> . l:-

• to .... 

t'-
0. 
ro • 
~. 

I:­
m 
I.() 

• o 
C\l 



...... 
~ '1 I-
• ...... 

I I J 

- ~'£ 
CO to • • 
00 

['.. C\l 
CO G2 
l{) W 
• • 

00 

C'- c:­
to 0').­
'"'l0 I 

_ ... 
Or; 

t:- CO 

.~ CS I . . 
00 

.--1.0) 

8~ • • 
0 0 

i~ 
w • W 
...-f 

...-f w-
0') 

• 
.-t 

. 8 
C\l . 
o 

• o ·z 

~ 
..0 
~, 

I I 

I I 

I I 

! 

t-r.:' CO 
C\l co 

1C\l..-f • • .-I .--1 

~ C\l 0 (J) 
LQC\lm w o 0 ..-I tr.> . .. . . 
0000 

, 
I~ 
I~ 
j 

~.--1 
.~ 

tt-
I • 
It-

f 
i 



co • q. 

+ 
o 
~ 

m 
t­
I o 

c--

tr.l 
l:-

I LJ') I 
• 

C> 

...-I "'<to' 
C\l 0::.0 

I CO en 
• • 

.00 
....-I 

c_r- 0 LJ') OJ tr.l 
am I:- 0'>"<:1' 
...-ILJ') Itt;) 1....-10 •• • •• 
00 0 Oro 

ot- N 
t- LJ') (J) 
...-I C\l 0 • . . . 
000 

<.0 0 
tr.l t.O 
...-10 • • 
00 

o ...-I 
~ ........... 

........ 0 
e' • 

. Cl to 

~~ 
I ....... C\l • • ,,0 to 

~ 
<0 • ....... 
...-I 

ml 
,';1 

I , 

J; 

t · 

t­o 
...-I . , 
o 

t-

~ • o 



(() 
m 

I 

I 

+ 
<:) 
<:) 
T"f 

m 
m 
I 

<:) 
m 

I~ 
J 

m 
7 
o · 
N 

(() co m 
N m,m 

I J N I. ,I N N 
• • • 

M MM 

I:'-

L :1 ~ I I 
'-, 

I:'­
I:'-

1 Lf) .. . 
<:) 

• 
N 

(() 
co 

, I. " • . 
o 

I.f) 

N 
co • 
<:) 

(!) 
en 
W 1 • 
<:) 

<:) 
m 

1 N 
• "<:j<' 

M 

L- L.) co 
tr.) M m 
NILr.l(;\l1 .. . .. ~ 

tn • 
~I:'- WN 
w.m, (.0 "<:!' 
<:) N I · (;\l ~ 

o 00 
.. .. 

<:) ~<:) O~ 

tr.l co I.f) 

~ J ~ I. ~ . . . I . I 
<:) 0 0 

co 
m 

co J (!) 
I:'- (!) I:'-

1 .~ ....... J NO 
• •• o o 00 

I:'- ...... m 
I:'- CO .-I 
.-I ............ 

'0 ~ a 

o 
o 
-.jf 
• 

CO 

,: 

N 
"<:j< 
co • m 

<:) 
co 
"<:tI .. 
o 
,-I 

~ j. 
(;\l 
rl 

rl 
ttl . 

. ..p 
o r:-o 



o 
:z; 
(j) 
r-I 
..D 

~I 

(J} 

''r o 
(J} 

I~ I ~ J 

co 
o 
0> 

e 
C\2 

Ig J ~ 

I G; f! (.!) C\2 en ~ 
C\2 to. If;) -._j1 LQ 
I • 0>' 0 ,0 C\l 

I ° "1 •.• • • C\2' > 0000 

~ 
e ' 

c'l' 

o 
<D 
CO • 
M 

• o z 

l:'­
.-! ro 
• 

C> 

.'<J1 
(.!) 
to • 
rl 

. ': 

to­
If.) 
If.) 

• 
M 

~ c> ;.-f CO 
"'<!lmc:;!i..-t 
C\l 0 CO (.0 • • • • 
0000 

t-- eno(pco 
CO en (.!) LC m o 1 t.O , to CO ....... . ."~.:.. o OQOO 

CO 
t() 
t-- , 
• 

t() 

IE 
• 

(.!) 



I I .-I o 0 a ·0 co to c- -'<:jf If.) co to co ;::t ...--l a:1 ~~b~~.~~ '$ '~·~ ~ I 
co ....-i .p co C\l C'.l 0 · .... , . . . .. .. • • • E-< t.r,) 0 ...-l0 tol ...-l 0 0 ...-l ...--l b If.) 0 0 C'.l ! to 

+ co co , 0 
0 

1 " t 0 

I 
m , ,- m 0 • • I .-l l:- t--

rLI m co co 
.-rQ en ...-l old 1 CD ,. 1 

QB ~ 0 • • tI) 01 .-l .-i 

~ 
c.:> 

~ 
m w to 0") 

~ co IX) c.o ~ 
~ 

, cn -I - I , co CD a • • • ~ co N 0 to 
~ 

I~I R :1 
H 

~ t::l 

~ , 
C'.l i r:- c- w ; ~ :w' N to J 1 N ' c.:> 

t£j s:: I- tt; "I 'CD N -, <;j-< '<:jf ,ff: rLI ..-I 0 ; • • • 'r'f rQ A-, c- ~ 0"-' w • 1:1) 
::;;: tOl 

(/) 
~ 

()) ...--l 8 8 r::i • [f.) • co ~ 0 [f.) cn <0 W ryt co g 0 m 
-~ :::;:: 

~ <)' "i'C-:';' t5 OC).! :::;:: .. (j) .I <;;t' ['-P-. 0 .....:I (.) 0 • • .. ' • U) z «: c.o to 0 00 '<l> H i5 H <>: I <l> ,_. 
". .0 ~ r-l H Q) a3 .0 E-< E-< 

~f 0 co g Q) en ...--l t-() to (j) CD C\l -co:! E-< ~., If "<I" tQ 01 ~ r:- f m :, ~ ,If.) J:r.I C I t.";) 1 ...-J o 

~i 'r-i 0 • . • . • ' . 
[§ Q Lr.) ...-J 0 0 a 0 to 

~! Q 

~ 0-_ ...--l C.l C\l ~-::l 0 c_') , -tt 
~JI --to ·1' <0 0 ~ ~...--l~ ;;--1 
~ L{) .__.. 

If.) c- ,~ r ...--l ...--l 0 .. • .~ .. • • • 
~ 

~ 0 0 0 000' C\l b 0 

0 
::> Ul t() 0 o to If.) co ...--l C\l I>- en ' to (..0 en 

~2~~ -o-..-{ 0 : • to; 1 If.) 0 .-I ....... ...--l --to . , 0 · .. • .. .. .. • • • • t-() 00 ooqo 000· C\l 

III i 
rm 

If.) t.r,) If.) ...-l 0 co l:"- I>-.<y! ~ t() f;;~ 
" " 

tD cn If.) If.) '.-I 0 , , 
~ :--to 0 0 <> I~ • • • • • • • ~ .-I 0 00 CD C\l 0 0 

~I I·~ . I r-i .-I ,g ~ a:1 ctI 

~I .p .p A.O C\l '<:jf If.) <0 ' I>- co 0 ....-1- C\l to If.) 0 co 0 CI) (.) .--t...--l.-f...-i.-l....-lC\lC\lC\lC\lC\l E-< C\l E-t 



I 
I 

I 
~ 

+ 
a 
~. 

to 
(D 

.,.-i • 
(.) Q) 
(j) "d 
P. 0 
tI) 0 

.-

~ 
a 
tr.> • a 

~ 
• a 

r 

o 
U') 
..-i • o 

, I 

.-l 'tr,l ...--l 

, I ~ .b ~ •• • -0 :t.(). Q 

c- ~ 
(.0 ~ 

I t.r'0) I . . 
.0 L() 

01:0 0 
..-i (.0 N 
N N tr.> . . . 
0,0 1:0 • 

00 
m 
N) 

• 
0. 

., 

c­
o:> 
0) I 
• 

N . 

..-i 

..-i 
0) 

• o. 

o 
~ I. 
• , M 

c-
....-I 
a::> I • o 

.-{ ro a 

..; <;j-i a::> 
I:"- OJ< co • • • 
000 

~ 
a .. 
t.') 

. 
en 
co 
U') 

• c- , 

o 
C\l 
to • c-
..-i 

.C\l 

.~ .' ..-i 
'.-1 

m .-l a::> 0) c-
commm m 
"," 1:0 to M I co • • •• • 
0000 N 

.-I 

~ co , 
a . . 

co 
8 • 
tn 

~. 
a • 
~ 



. ~ 
'-.J 

<pI 
o~l 
~ 
til 
til 
CIl 
rl 
o 
~ 
Q) 

~ 
Cl:' on 

I 
C\l 0:0 co C\l 00 
t<:l I..Q m co c:.o 
.q. I m CD I..() tr,) . . ...... 
. ~' t- c:;t< I..Q t­

(0 1-0 



I 
J ~ • ...1 • 

f~ . .g 
fU). (.) 

~ CJ') 
~ ffi 

·1 c- CO I 
; . -'. 
CO ffi 
rl 

I 1 

(.D 

tr.l 
0"> 
• . ~ 

I~ 
I~ 

I ::2 I. 

I ~ f ::2i 
J 1 

I ~ I 
I ~ I 
I 
i 

t CO I 

f m I J 
~, r I • ' I 
I ~ I I 
I ; I 1 1 
,

.... t (I t 

~ ; V'll ~ I ~ I 
J ~. I "'t:. : .. ,' ~ . ~ • I ~ ~ . §t t I 

: I ~!I" ~I'·'-ci. ~ ; ~i" 1- 'i 

w _~I 
<....)1 

1 t .. 

l"- en 
c- rl o LQ 

• • 
~rl 

co 0 w rn 

, I 

I~ 



~I 
~I 

• 
If.) 
• 

,If.) 

• o 
Z 

000· S':)S'i' 

I . I 

0) co 
.,...;.0 

I r.:-- U? I 

- . ""~ ...... .,...., 

C\Z 
0) 

"'" • 10 
CO 

l£.l 
CO ....-f 
....... m 
C\l • 
-m 

mo ...... 

I I 

J~ . ...... ...... 
u:J u:J m I I a . . 

en 

co co 
....-f ...... 

INN • • 
tD m 

CO 
0) 
C\l • 
CD 
~ 

!4 

QG§J 



----t;(")~1 
0 
0 
0 
• 

Q 
.,-1 

<l> 
(/) 

• .-1 
;:J; 
V) 

]i 
O! 
~. (I). 

+=>, 
(lJ\ 

~I -rl 

I' .-0 I 
tn'S 
~ (tl, 

(lJ 
1(1) 

.,-1 

='" (f.l 
QJ 

.r-! 
C) 

gl 
I 

(J) 

] 
0 
P-

M 
t"J 

~I 

• 
~I 

.J 

~ P 
~r 

~J 
~ 
P-. 
U) 

§I 

~I 

I 
I.~ 
I~ 

...-! ...-! en "" 

, 
en' .-I 
enl w 

I I c.D I I gs, • 
W 

f 
~I I . l I I 
'0' i CO ! 

en l "I.."j-t 1..() 

t-I wt;(") 
I )..-ICO 

0 · • 
I:"- '..-1 0 

en · I.Q 0 

Cf CO en 
I I:'- 0 

0 .. • 
to 0.,...., 

en l t:-- <..0 L.lJf rl (..0 

~i 
t<) ~ ... t · .. 
0..-1 

: 

I~I 
0.-1 t- tQ 

. .,...., tQ J 
• • 

00 

1171· , o .-! 
rl I.Q 
l.f) ...-! 

p~ • · 00 

I~I 
to tI"J 
to ..-I 

JOW • • 
0 0 

. 
(J) 
.-0 
0 

0 (.'\l '<jf If:) 

co 
&1 · . ~. 

wI 

W 
I.Q 
W • 
I.Q 

I: i 
I ~ I, 
• 

I 

I 

IJ 
If:} , 

~I 
~ I 
CO 
CO • . ...-! 

l~ 
It-; 
,""'" 
r 

,151 
10 
I 

f~ ,0 
Lo: 
I~: . 
t 

bl 
,of 
, E-~ 

Q-c.t·Lr 

...-! OZ 
- t'- t.--

1 I CD. I <0 ., . 
<X) ..-t 0 

I .-I 

c:; ~ 
J I 1 I <X) CO · • 

I.Q I.Q 

~I~ tQ tQ 

I .. 1 ~ .. , ~ 
I = 

• fil • • <::ji ~ I ~18 

I °1 · l Q) -. ~ I:'- ..-f ~ ~ to CO W 
..0 0 , I I ItOLO 1;'\1 

t! ~' .' · .. • 

I 
. ;;.,...., tQ 

i 
tQ I:'- en 

I 
en 

CO tQ 0) B I .. l<::jitOco .. , .. • • 0.,....,..-1 ~ -
<::ji tn 0) tf') I :J) J w 

I 
CO -<;J' 0) 

I "'Ji 

I 
,~ to .qt ...-! «j< 

• .. • .; • 
0 O,W..-i 

I 
<:ji 

tQ 1.r,) I 'CO I 0<...o to 
I I I 0) CO I:'-

~ 
.. · .. 

.-:to C\l 

j 
t- <::ji ...-! , 
t:-- If.) tQ 

I I I ~O I.Q ; . • • I • 
ri...-! I C\l t 

I I 
..-I 0, "<t' tQ ~ I I:-- C\l I.i.l en ~ 

19.'?~~ CO - • 00'0'0 0 

ri . 
to 

o .-I 
.p 

• I 0 t-coen..-l..-f ~ 



+ t- C\l 

1~11::: 
• • 

I:"- I:<') •. 
Ul 

C\! CC> co 
~~I~ .. ... .. 
00 0 

§ 
.-t • 
.-t 
(.0 

orGQ·o 

$) 
o 
o _-
I(;) 

~ 
.-t • o 

~, 
.-t • o 



\ 

'}--8 '~ • J , 1 ~'Og-~bC;: 

~9f:·oa/ I 
iss .J~?;=' 

\ , 

r\._~~!) Q J~~~c'\'~ ~ ~, ~-...R~ ~ Q OV'\;'"I tea ~ V} "f ~ v~ - 0 oo,.._ :-.J) ~ , 1 r",\~~o~ .:_~oo,p=-
I rl L{) ,-1.-1 1:0 C\l ~ t'- "<:fl <0 CD ~ ~ t'- CD 

~ I ~ "<:fl<.O t>r.lC\lm"<:flCD t>r.l..-i 0 t:- o,ro co 
+' I C\l ~ t>r.l If) co C\l to t-- tr.I 1:0 1:0 tr.I:.-{ C\l o ............. e_ • • l E-<J <00 to C\l 00 Sl .-.l"<if t>r.l 00 <0 

' , 

I 
.-, 

, ' r. ~ co 
T"'I 

I + I , 
co ~'<I' t-=. t-- 0 
to tc.l to lJ:) 0 t-

° I , I <.D I I t-- t-- 1C\l I I to .I <.D 
0 • • • • • • 

I 
.-{ ..--i .-i.-i C\l ..--i co 

C\l I C\l 

m lI.l ~ I m 

J 
m 

I 
to C\l l.Q 

I I J I 1 I t'- I I I I I 0 c-
1° • • • 

C\l "<if I <.0 

I 1
m 

I~J t'- C\l C\l 0 ..-f C\l 
<::!' C\l <0 I ;g. I m c-
ool .-{ • la-a:> I 0 ro r.f • • • • • ' . 
M ...-i C\l 0 m LQ 

M C\l 

rg," I~ , m 0 0 ~ to C\l CD . 0' i>:: ~I c- tr.I I>- ~..I' m 
0 ~£I I I c"-. I J I <.D I <.0 I <.0 I 00 lI.l 
.-i P-.. 

~J~J · · • • • · .. 0)1 0 (':) 0 0 00 M 
LO L!') 

aJ 
M C\l 

0 I~ Io>j 
.-i 

~ 0' MOO ~ C\l 00 C\l 
~I :::'-1 !~ '-f co ~ m 0 = t'-

1 ""' l1)~ I I 0 l.-i I I C\l 00 

~l .0 p=gj . . . • · • • 

~I 
obo M ~i ~ c-

It' .i _l 
M .-i 

~I C; 

~ jm i E-fl p:: 
~, I>- C\2 00 0') rl I:- eo to to 

;'21 t·~ ,tl 
.-; co c;;, c- I~t:r.: lJ:) rl 00 

I ~ I <.0 to I I CD I to C\l t>r.l 
0 · · • • • • .. • • 
C(I ~ LO I 0 00 0 ..-i 0 o C\l (,0 

M .-i, a i ' 
~i 

. 
z! I 

I 
..-{ c- C\l 00 C\l 0 

I· 
I:- cJ. OJ ~:Ji C\l lI') 
01 to I.~ I I I C\l M 

I~-~ 
• • • • • 

f .-i 0 0 0 M t>r.l 
n ..-i 

I 
m C\l ",-Y 00 o C\l C'- 00 8 tc.l (.0 <.D t>r.l L{) 0 "--....;-4 I:<) 

1 l>- t I I C\l I C\l I t>r.l.-i I ...-iM 0 
0 • • • • • .. • .. , t>r.l ..-I 0 0 00 o~ ",,4 

J ..-! 
t 

t ~; 
ro t.D t>r.l 0 0 C\2 !.() 
"'-'l' ['.') «:l' co 00 l::t ro 
C\l I 1C\lC\l..-l 1m I OJ • • .. • • • .. 

L 
..-I 000 0 "<:l' <.D 

~ ..-! 

r 

I~ . rl 
C,) Q) (tJ 
Q)'1:;I 

..-! t<1 t-- 00 C\l.:ji lI.l (.0 ~ ro ° ...... co ~ 
P-.O (.) 

tCf.l 0 t-Q = to t>r.l '<;f< "Y '<;ji "<1': ",4 ~ Lt;) lI.l tr.I E-f 



--~ 

'~?;I:rt lHI &55: · o/"'b ~(;' -r.(,5~ 

~~~ 
~~~ /t~ • & I: t h 0 ~ & ~J 

':""1? -.~ ~'T~ 
. ..__ 

owo' ~~~Oc> '~ ~~~ j;~~~' 'Cr-~~ 
'V\ c- C(' 0 ~ 

• ._. If j. 

t"'~'--. ~ I"" "" ~ '" V\ -~-V) 

~~~~~ en . t 
COu:ll:gC\lC\lCO ~ u:l C\l.-l C\l(OtG 

I 
e .-t "<t' t:Q u:l u:l oenoootG C\l o " •••• • • • • • • • • E-< CO ~ .-I CO ~ u:l C\l (0 C\l C\2 .-I en enN'lt-Q"<::I' I.() C\l l.r,) I.t) t'- U') 

.tG C\l 

.+ Nl.r,) l.r,)' C\l m U') en tG I I ;;j Sl :::l 
en 0 

~ II 
(0 (0 0 e- l.r,) I I CO 0 0 •• • e e . • • .-I cD tG (0 (0 0 .-t C\l l.Q <0'.-1 .-I en ~ C\l C\l t'-

en I ~~ 0 CO C\l en en en 
f I 

N tG e- CO ~ en I .-t I .-I (0 lm.-ll t'-0 ... • • • • • m I.t) l.r,) (0 l.r,) 0> I .-t .-I. ..-{ 
C\l 

en ~.-I(O 0 .-t .-t l.r,) CO ~ OJ' a:f"LO t:Q w t-Q lI) (0 In t'-..-.. I 0::1 C\l t-Q ~ Ol «) I 1 t'- I OJ C\l 0 • • • • • • • • • CO co- 0> (0 CO 0 "<;It t'- (Xl ..-t I; Lf) <D C\l 

~p!ll 
Ol 

J 
~'.-I .-I '<:I< "' ~ I ~I ~I 

t<)l.r,)en~l.()~ 0 t'- C:--,t'-' ~ >..t;) (Xl.-tC\ltOOC\l en t Q CD .-I <Xl lI) Ol t'- o · "'" ..-I t'-0, . . . .. • • • • • · • (0 l.r,) 01 t'- tDtrlCO<.O r: '<"j<C\lt-QtOen..-t <::!i C> 

:1 :1 
I: :., ff) ,--1 tQ ..-i 

°1 
'U) 

til 0> OC\lLO.-I ::c:. § C6 tQ 0 to CO . <Xl 

I 
<0 <.0 ·tOO..-l-.:::< 00 '<:I< C'- en C\l en rl I C\l~CO"<t' ..-I "1' t.t:) LQ to ..-I 0 0 C> '. • · • · C)) ..." • • · • • rl ::;;: (0 en'''<t' (0 0 .-I {ll !5:: l.() ocj< (0 CO 0 l.r,) 

~I ~I t-Q ..-I CD it . .-1 to )\.j 
Ql 

I 8. -!'> 

~ ,

ol 00.0" 0> C\l '<;j' ..-t tl) 0 '1 Ol to Ol @ tQ I~ t'- t'- 0 '<:j"<e-<.O I C> l Ol"-{ "'" j 
or-! 0 .. • .. .. • • • .. • t=l >..t;) O>>C-!I .CO m C\l .-t tQ to- o;:jt 

I I .-I .-I C\l 

,~ c..~ .-I t:Q <0 (0 ~ C\l <D ..-f l.Q CO 
, 

t- tl) t:Q en 

I~ 
t:Q l.Qcn~en Ol 

I~ 
",,« CO . .-1 ..:< cn 1.-1 ..... to 

I 
C\l 

f 

• • • · • • • • • • CO C> ..-I !>(") 0 Lf) ..-I 0 (0 ,,~ 

~ I 
..... 

I 
C\l 

~( 
r ~ I I . 

j CD C\l J 00 f t<)C\2COC:O .-I 
~l I~ t~ I ~~~.~ 0 I ~ I j I C\l 

II 
• • . .. • • · ,. • 0> .-I 

I; I 
.-t C> "" .. t<') 0 I 

.-t I 
t~ 00 to LO <D LQ en Q) tQ to C\l ~, ~~~~ Q) t- ',:jt I:-'- u:l U') 

"'" Imooo(1) t<') 

j~ • • • • ,~ • • • • • • tr)oo ..... 0 t:Q C\2 ~ 0 N 

~I 
..-t 

I I 

I 
til I 

~I 
Ql 

Ii 0..-i . 
r-{ o Q) 
«I Q)'"CJ 

b p,o 
<Ot'-coo>~;:l WO ..... toO "<Ii LO E-< 



~ 
1 1 1 I I I 1 O"l 1 • 

00 C\l 
o ""H 11:--01 . . 
o;:j< I:'-

• 
'<:I' 

[ I 1 1 

l.t) c:.o 0") 
l:--o;:j<Q 

1l.t)t0<:.O 
• • • 

G> C\l C) 

as 
1 1 o;:j< I 

• 
.-I 

~f 
I ~I 
I , 
I ~ I 
J ~ C\l, 
J ~ . 

'

I ~ 
to 

c:.o 
CO 
CO 

~I r.-I
J 

I gs I 

" 

:: J 

- ~ I' 

'

I .-f I 
asl 

13.1 
~J 

, ~IJ 
~.,~ , , 

:1 
~J 

i IY(;: -/ 

~, 
~I u:J

1 8 

Q 
o 
Q .. 
() i 

I~ 
I 
I 
I 1 

f I 
j I , 

I 
I 
i 

:3:ot--_.l....I._-1-­
H. 

ill i 
':;i! " 
~ . 

o 
. 1:­
e­
Cl) .. 
o 

U) 
C\l 
to . 
o 

CO 
C\l 

i 
'. 



. ~~:-cr ---rtr1~ 
-.nJo-y'" ~ ~ ~" 4 

I I 
..-..f 

CIS 
~ 

~I 

~ 
~l 
MI 
0) 

~ 
ICP 
I~ 

b 
0) 

% 
00 

~ It) 
m 

~ 
t-

I.t:> ~ I 
co ...... 

;t 
• ..-l 

I: 0 .. 
...... I.t:> 

I • til 
0 til 
Z co 

r-i 

~I H' <..) 0 
:w 

~I ;l ~ I 
(I) 

~, ~I 
,(I) 

l.~ 
~I IA LO r 

~I I 0) 
'~""looIt 

I , 
! j~ 

I 

• I~ 
~, I .gl 11 m 
-rl. I~ 
~I I • g 

~ 
I~ I-M • 

0(1) I Cl> ro 0..0 
(J) 0 

e-
I I I 

C\J. 
I en • 

tQ 
"'d' 

I I I I I 

C\J. 

I' t I ~I • 
~ 

<J) 
CD 

I w I I , . 
C\J. . 

e-
I:(".) 
-<::t< I , I ! 
• 

C\l 

I I I I I 

eD -<::t< 
t<.l I..{) 
I:(".) I I co I 
• • 
~ 0 

0)~1Q~r:6 
U') co~<.t' 
I.Q CD c.o CD • . • • • 
mooOo 

t- .-t 
0) 00 ...... I tQ I I 
• • w 0 ...... 

3Z~:Z 191 

'p.,·~b~ 

~ 

! ! j 

I l ~~ 
t.D -~ 

I '<:!t \:=-
Lr.l 
• • m 

I to 
co 

...... 
I I I I I I , I I I I 

CO 
w • 
~ 
C\J. -.... 
Lr.l , I • I I I I I I J 
C\l ...... • e-...... 

lr.) <:D C\J. .q< 

• 
-.:::t<o 

I 
IQ 

I I I I 
0 

w lr.) t<.l I C\2 
• • • • 

-<::t< t- -<::t< '\ t<.l 
...... -<::t< 

C\J. en CD ~ ...... CD t:-
I I m I 0 • I t<.l I I t<.l • • • • 

lr.) to <0 0 ...... 0 ...... 

O) I.t:> 0 0) <J) 

co CD CD 
I 

l:"-
I . 

I:(".) 
I o c- , I C\l ...... I en 

• • • • • 

...... 
co · 1 co 
t.D 

I II.) 
C\l 

I ...... • e-
.-f 

~ I 
C\J. 

, 
• I 

"'d' 

I t:-

t:-
to I I..{) 

• co 

I ~ 
en 
t.D 
to • 

C\l to C\l "'d' lr.) 

tQ I:"-
0 
C\J. ...... 

m ~a, co ...... t<.l 
m ...... t<.l co lr.) to 
MI.I.)O I I tc.l I w I l l.iJ 

• • • • • • 
.-f 
C\l 
LO • 

............ 0 <0 "'d' e-
02 t:-

...... 
;:II 

a I.I.) coO 0 tQ 
!CD g ~u:! ...... to 
lr.) I I I Ou:! a I I c-
• • • • • • 

co 
m 
0 
• ...... e- '<:j1 C\l 1.Q CD 

M (0 
C\J. 
0 ...... 

W 00-<;.'fC\2 IQ 

co 

• 
e- I:(".) I:"- (.Q 

I 
C\l 

I I ...... I <.0. C\J. 0) en '<:ft 
• • • • • • 

lr.) C\2. C\2 to 0 I:(".) 
t:-

«i c--: <X) c-i c:o c:o ~., ~I:Q 
(.0 1I.)0)0C!;t.D'<;j< 

I 
01..{) 

C\l I to I.Q tQ C\l to to 0 
• • • • • • • • • 

C\l '<:!too ...... I.I.)"'<:!' o.~ 

I ~ t<.l · 0 
0 

I 
.-f 

I:Q 
C\l 
'<I' • ! .t.D 

. ..-l 
...... 

r-I 
co 

-g 
Eo< 



I ~ I I ~ 

~ 
I 

J 

~I 
E:5 ro • en 
1:.0 
en 
~ 



'~I '~ --- .c 
(j) ~ § , 
rl i o . 

~, . 
"' .~ . 

~ 01 
,~, 

wI 

ii' '~ 

~ 

! 
I 

co 
~. 
• en 
~ 
C\.Z 

en 
..qt 
C\l • 
Ilr.l 
~ 

,~ 

/; 

'"p 
I (j) 0 

'

I .!::; .~ 
..p 0 
Q,~ 

rz:-' p. .. 

w 

~ 
o 
::-
ro o 
o 
;3: 

rl 
a:J1 
~I 

"=:t' a::- '<ji 
..-i '<ji co 
c.o 0'> 0 • • • 
""~ co '<ji 
Otn,-f 
II) Ilr.l c.o 
II) " rl 

...., co rl 
tr.I~M 
..-t t() t--• • • ° Lr.> t..r.l 
t() ...... co 
t-- ..-t c\.z 
t() 

<;;Ii a::- co 
..-t "0 
..-I ..-I "=:t' ••• 
rl ..-{ <;;If 

en 
l'0 
CD . 

C\l ~ c:c , 
c.o 

I 
II) 
co 
..-! • 
t() 
Ol 
<D 
rl 

a::­
t..r.l 
Ilr.l 
• 

l'0 
en 
en 
..-i 

a::-
.~ . . 
° 0:> 

. rl 
C\l 

O"l 
t..r.l 

! I..t:l 

• co 
tg 
..-! 

t<l 
en a::-. 
t() 
CD • co 
..-I 

o 
<:) 

~ 
en 
a::­
"<:tI 
..-I 
<j< 

./ ..-I 
Ilr.l • 

'&5 
c.o 
..-t 

/. 

I 
r 

I 



I 

..-t 

..-t 

..-t 

I 

H 
..-t t­
CD Ol 
I)() tr.l . .. 
C\l Ol 
..-t 

~I 
.. 

o z 

CD 

~I 

+ 
18 
• ..-I 

. 
~ 

o Ol 

or o 
<X) 

F~ 
U) 0 

t-

~~o 
CO "<t' tr.> 
~o~ • • • c.o I..{) t-
eo 0 CD 
..-t<X)~ 

~ 

o <X) I)() 
eo CD C\l 
I:G t<:) Ol • • • 

I Ol ~~ 
C\l 

o CO <D 
Ol .qi 0:> 
I:G r:- en • •• 
~ ~..-I 

~ 

co ..-I to 
tr.l Ol C\l 
lJ) ,..; t-
• • • 

Oll..{) 0 
~ tt:I 

to 

<::j< ,..; c\z 
..-t t- to 
"'I' I)() t:--. • • • 
c\zO ~ 
..-t t- "<t' 

I..{). 

I~ co 
..-I 
tr.> 
CD • 
~ 
CD 
c\z 

~ 
..-I • 
~ 
co 

N') 
CD 
,,~ 

• 
CD 
I..{) 
C\l 

~I 
t--

8 • o 
I)() 
<:D 

t<:) 
co 
U') 

• 

I~ 
t-­
m 
CD · (,0 
,..; 
to 
..-t 
t<:) 
~ co • <:D 
~ 
.-I 
to 

"'i' 
~ • o 

c\z m 
• 

to 

o 
m • 
I..{) 

I..{) 
<:D • en 

~ • 
to 
..-I 

o 
co • 
t-­
ev 



- 112 -

j 
TABLE NO. 12.0 

cut!. PmCF,NIAG,FS BY prAM. r. LAS § 

LITT IE ANDAl·1AN 

1 

Diameter"C las s 

20 - $0 

30- 40 

40 - 50 

·50· - ~o 

60 - 70 

70·-'80 

80 - 90 

90 - 100 

100-11Q 

Cull %. 

0.,1 

Oc2 

0 .. ,1, 

~ (508 

1.1 

. 1.4' 

1.7 

2.5 

2.6 
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. 
!@_IE NO" 1.4 "Q 

--.. --......;.----~------

Diameter 
(in em.) 

20 - 29 

30- 39 

40 49 

50 59 

60 69 

70 79 

80 89 

90 99 

100 + 

Total 

C;\ of' damage by s"Gem 
----;-,->:_.:.; . . ~,.---..._-

Evergree~ r~ttoral 
strata stra-G.'3. 

24.98 1.~1 c 34 

15.13 9",82 

10.90 7020 

7.34 3,.0.5 

5.25 2c18 

2.89 2 0 u2 

1..78 2.62 

0.61 0 0 22 

1.55 :l .~c):) 

~~:f~~~~~1._~: 
E"TcrgrGc;,"' . 

. StTtc-~~a 

(; ,,:';_J 

5 .. 87 

800:~ 

8 .. 06 

9 0 15 

G oO -'75 

~. ~-.~ 
..;_) QO ( 

_~I_ .,8'1 

:i5c'10 

--.q:-~-~--- ..._.......___ 
70. L14 "1-3.20 67 .. 74 

.~~.';-,-'-'.>' _'·ra~_ 

8 t· ... f.:.:.t'c1 I.") 

3,,52 

0085 

4 ,,97 

30.54 

5~24 

6,,()6 

9,,25 

0,,93 

1..1045 

·16,,81 
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TABIE NO. ~Q. 

Little Andaman witnessed a severe cyclonic damage that start~d 
on 29t,h December, ~979. 

An attempt waS made to estirilate -"the percentages of damage f'or 
commercially important species. The study waS restrict,ed to 
two strata namely Evergreen and Littoral. 

Tho observa-t.ions are tabulated· as below :_ 

------.~-----------Species Name 

Dipterocarpus 
Amoora wallichii 
Parishia ins ignis 
Terminalia bialata 
Terminalia procera 
Canarium euphyllum 
Artocarpus chaplasha 

Over all damage % for­
the Stra-t.um 

% damage 

41.9 
83.5 
57.~ 
62.5 
59.5 
85.2 
82.7 

70.4 

~TRATUM - LITTORAL 

Species Name % damage 
-------.-------------------Terminalia bialata 
Terminalia procera 
Sa1malia insignis 
Sideroxylon· 'langepet iolatum 
Maniikara littOralis 
Fteroceymbium tillctorium 

Over all damage % f'or 
the Stratum 

75.0 
28.6 
50.1 
63.6 
16.26 
60.9 

43.2 



Sl..NO~ 

1 
2 
3 
4-
5 
6 
7 
8 
9 
~o 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
25 
2 4 
25 
26, _ 
27 
28 
29 
)SO"'­

.I' 31 V"" 

~; 
/ 4" 
~5 

36 -
'/'97' 
/38 

39 
40 

4~ 
~5 
:{: 
~6 
/47 
/48 
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TABlE NO. 16.0 
...... 

LIST OF LI'ITJ!! ANDAkIAN SPEC IES mill..1ERATF'dl 
l.JITH THE 1R C QDE NUNBE;RS. 

Gurjan 
Ialchini' 
Red Dhup 
l...rhi te Chugl.a.m 
Badam 
Whi'l:;e Dhup 
Bakota 
Kadam 
Didu 
Iambapatti 
Papit3 
Toung peinne 
Iakuch 
Thingan 
Jhingam 
Jwegyi 

- Red Bamowe 
Hill Ifohwa 
Gangaw 
Nabbe 
Pyinma 
Black Chuglam 
Poon 
?ea :Mqhw~ 
Koko 
,Silvery: ,grey 
Chooi 
Marble wood 
Satin wood" 
Thitmin 
Jaiphal 
Duabanga 
Benmaza 
Jangllam 

-"EVoidia 
-,,*ilanthus 
Chattiam 
Thitook 
Lith ok 

Gmelina 
Saf'ed chill:ka 
Ambers 
ThWkala 
Thit KaDdu 
Jungll J.akuch 
Janron 
Jangli Neem 

Bo-tanica 1 Nf!.llte 

'Dipterocarpus species 
Ar~oora wallichii 
Parishia ins ignis 
Terminalla bialata 
Ter.minalia procera 
Canarium euphylJ.um---­
Endospermum malaceense _ 
Anthocaphalus .cadamba 
SaJ.malia insignis 
Sideroxylon langepetiolatum 
Pteroceymbium ~inctorium 
ArtocarPus_ chaplasha 
Artocarpus lakoocha 
HOPea odorata 
Pajanelia longi£oJ.ia 
Adenanthera pavonina 
Planchonia andamanica 
Diplolmema butyracea 
Mesua ferrea 
Lannea coromandelica 
Lagerstroemia hypeleuca 
Terrninalia manii 
Calophyllum inophyllum 
I~n2lkara littoralis 
Albizzia lebbek 
Termirialia bi~lata 
Sageraea elliptica 

1Diospyros marmorata 
VMurraya panictilata 
''Podocarpus neriir.olia 
~ristica species 
vtIuabanga sonneritioides 
'V'Albizzia stipulata 

:t-fangi:fera andamanicaV'" 
Evodia glabera' 
Ailanthus kurzii . 
-Alstonia Scholarisv 

Tetrameles nudifloraJ 
Fterygota a lata v­
Garemia species 
Gmelina arborea../ 
Sterculia villosav 
Spondias roangi£era 0/ 

Nauclea ga-geanav 
Pometia pinata if ..,/ 

Antiaris toxicaria 
Eugenia species v 
Ganophyllum f'alcatum V 

Code No. 

001:;;:: 

g~~ 
004~ 
005~ 
006~ 
007 - ./ 
008~ 
009.._/' /" 
010~ 
011.~ 
012J 
gi~~ 
015~ 
016~ 

gi~ :/ 
019 r 

020"\.._...../ 
02~~ 
022-..----
023~ 
024~ 
025·~ 

026 ~ 
027~ 
028 ....---
029 .------050~ 
05~~ 
032 ~ 
053~ 
034~ 
055. 
056 ~ 
037~ 

..,- 058 ./ 
-039----

040' ./' 
-O41..._/ 

-042/ 
-043 ~ 
'-044 
-045~ 
--g:~~ 
-048 .../ 



~l.No. 

~ 
..-t1 
/52 

53 
54 

,,55 
/56 

57 
_".sa 

L~.cal_l:!m!l~ 

Safed Badham 
.Jangli SOg\·,an 
Latuk 
Iat?yaw 
Elaeocarpus 
Yc-padauk 
Korkot 
Kala IeJruch 
Khari Kapash 
oth~rs 

- 1.17 -

Botgnical.Name 
... . v-

Terminalia catappa 
Hi1:uso tectona. .../ 
A.glaia andamanica..l 

~Xanthophyllum andamanicum~ 
Elaeccarpus species 
Bischoi::i.a javanica" . . 
Dillenia pentagyna/ 

._Artocarpus gomezianat'" 
Hibiscus -ti.liaceus v 

Q.pde No. 

--049 ~ 
-050~ 

-051 I~ 
-052 

053 _, 
-054 .._..,/' 
~055 .~ 

- 056 "'-""" ~ 
-057 ,:/.....-

058 '\./" 





31. No. 

1 
2 
:3 
4 
5 
{) 

7 
8 
9 
1.0 
11 
12 
15 
14 
~S 
1.6 
17 
1.8 
~9 
20 
21. 
22 
25 
24 
25 
26 
27 
28 
29 
50 
31. 
52 
35 
54 
55 
56 
57 
58 
59 
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APPENDIX 1 

THE AT.£EAR"F',IlCAL NAl.'fE 0I"i" EN1TMEBA'rF.p I.IT'J'LF. 
_ /?-NDAJ;1A11 SPECITS ., 

Botanical. Name 

Adenanthera navonina 
Ag1aia and~anica 
Ailanthus kurzii 
Albizzia lobbnk 
AlOiz7.ia stipulata 
Alstonia scholnris 
Amoora wallich~i 
Antiaris toxicaria 
Anthocapha~us cadamba 
Artocarpus chaplasha 
Artocarpus lakoocha 
Artocarpus gomeziana 
Bischo£ia javanica 
Hibiscus til1aceus 
Canarium . ! ~ , euphy11urn 
Calophyllum inophyllum 
DipterocarpUS species 
D~ploknema butyracea 
Diospyros marmorata 
Duabanga grandiflorB 
Dillenia pentagyna 
~nd"ospe:rmum ce.J.aceena.e 
Evodia gla bra 
Eugenia species 
~lacocarpus species 
Garcinia spec~es"" 
(imslina arborea 
GenophylJ.um falcatum 
Hopea odorata 
Lannes coromandel1ca 
Iagerstroenda hypoleuca 
Mesua f"errea 
Hanilkara l.:lttoralis 
Murraya panicula~a 
]'1yristica speci.es 
}.fangif'era andamanica 
M:i.lusa tectona 
Nd~a gageana 
-farishia insi.gnia 

IDcal Name"-

J -WBg:{i. ('1\:Ie&'li) 
Iatuk 
Ailanthus 
Kolco 
Benmaza 
Chattiam 
Ialchini. 
Jungli lakuch 
Kadam 
Toung peinne. 
Iakuch 
Kala Iekuch 
Ye - padauk 
Khari. Kapash 
Whi.te Dhup 
Poon 
G~jan 
Hill Mohwa 
Marbl.e 'Wood 
Duabanga 
Korkot. 
Bakota 
Evodia 
Jamun 
Elacocarpus 

Gmelina 
.Jnngli Nee1p 
Thingsn 
Nabbe 

.. Pyin.rna 
Gangaw 
Sea Mohwa 
Satin ",ocxi 
Jai.phal 
Jangli-am 
Jangll Sagwsn 
Thin1<:aJ.a 
Red Dhup 



Sl.No. 

40 
4,1. 
42 
45 
44' 
45 
46 
47 
48 
49 
50 
51. 
52 
55 
54 
55 
56 
57 

- 1.20 

Bot.anical Name 

Pteroce~'lllbi um tinc~oT.ium 
Pajanelia longifolia 
Planchonia andamanica 
Podocarpus nor1ifolia 
Ptery got a alata ' 
Pometia pinata 
Snlmalia insignis 
Sideroxylon langepetiolatum 
Sngeraea elliptica 
Sterculia villosa 
Spondias mangifera 
Terminalia bialata 
Terminalia procera 
Terminalia manii 
Tetrameles nudiflora 
Terminalia catapPB ' 
Xanthophyllum andamanicum 
others 

/ ••••••• , e.- •••• / 

Local Name 

Papita 
Jh in g8lll 

' .. Red.,:BaI!lbo~e, 
Thitmin 
Utkok 
Thit Kandu 
Didu 
lambapa:tti 
Chooi 
Sa:fed c~lilka 
Ambera 
'VJhite chuglam 
Badham 
Black chuglam 
Thitpok 
Saf'ed Badham 
I.c.tgpyaw 
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