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EDITORS' NOTE. 

This Handbook has been prepared to meet a definite 
need for a reference book for teachers interested in 
building up school museums. The teachers and several 
headmasters undergoing training every year at the Madras 
Museum in museUm technique were thus responsible foM' 
the immediate stimulus for the preparation of this publi
cation. We hope they and other teachers would find the 
Handbook useful. The annual training course in museum 
technique at the Madras Museum became possible on 
l\CCOunt of the interest taken by the Government of 
Madras and also by successive Directors of Public Instruc
tion-Sri D. S. Reddi, Srimathi O. C. Srinivasan, Sri 
S. ,Govindarajalu Naidu and ·Sri N. D. Sundaravadivt;~u
in the eaucational activities of the Madras Government 
Museum. To all of th~m, we should like to expres~ our 
grateful thanks. Though the Handbook was planned 
and its outline drawn IIp by the editors, the actual 
writing of the various sectionllJ of it has been the work of 
the curators of the scientific departments of the Museum. 
Originally the. book was intended to serve the needs of 
the organizers of school museums, but as. the writh.g 
progresSed, we th~ught its scope could be somewhat 
enlarged so as to make it useful to curators of small 
museums' without specialists on their staff to undertake 
conservation. etc. Knowing that there are a nUhlber of 
such museums in this country, we have very little doubt 
that museum curators will derive Considerable benefit by 
using this Handbook. 

EDITORS. 



GENERAL INTRODUCTION. 

Museums originally were meant to be of use primarily 
for specialists. The research material collected over years 
were n9f; exhibited in a manner to facilitate popular educa
tion of instruction. The didactic object has now become 
more important and with this end in view more attractive 
display is attempted in all progressive museums. To illus
trate an idea is now more important than to show compre
hensive collections. Exhibits are displaved to ~timulate 
thinking and questioning. The museum :'worker in India 
along with other groups of educators would like to develop 
a scientific attitude of mind in the masses of those wilo have 
acquired the habit of visiting museums. 

To-day the Government of India and the State Govern
ments are interested in fundamental education to help 
people who have not had acces~ to formal schooling to 
understand and solve their immediate problems by their 
O'Nn efiorts. As illiterate adults cannot be educated 
thr(lugh -the written word, substitute methods have to be 
found for their education through visual aids. Here 
museums come in as institutions of great utility. Methods 
of communication which museums have been developing for 
decades can easily be adaptf'd for fundamental education. 

\Vithout our being aware of i.t, progressive museums 
have changed their roles. They are no longer store houses 
of curious objects which really interested a small percent
age of visitors and mildly amused or ' bored' the rest. 
" .Museums in many countries " says a UNESCO pam
phlet "can no longer be considered sanctuarie" for the 
connoisseur or specialist. They are actively engaged in 
revi~ing exhibition policies and relations with the public' 
at large and play a more important role in general 
education. " 

In the Madras State, the educational authorities have 
long recognised that teachers a.nd students could ~ain a 
g-reat deal by visits to the museums. From about.1910, the 
Museum stafi used to conduct students from city schools 
l'ound the galleries of the ~fuseum and popular lectures 

I based on Museum materia 1_ r:~veTl lw the staff of the Museum 
\vere arra.nged periodically. As" the number of schools 
increased, this service conld not be performed adequately 
bv the limited stafi of the Museum. From about 1930 
onwards the teachers of the schools of the City of Madras 
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were ~nvited to make ~ general study of fifteen hours 
duratIon) of the gallerI~s of th~.Museum .with the help of 
the 'Qurators of the varIOUS· sectIons. WIth the greater 
know1edge gained by this contact with the, exhibits, the 
teachers were themselves expected to take their pupils on 
conducted visits of the Museum .. 

From 1949 onwards, in addition to the fifteen-hour 
demonstration course, we, organized a somewhat intense 
though short course in museum technique for teachers or 
the State. This has been now included in the Second Fh"e
Year Plan of the State Education Department. This book 
is intended primarily for the use of the teachers under
going the course at the Museum. It is our hope that an 
good schools will have small museums of their own through 
,the joint efforts of the teachers and students. 

The usefulness of educational museums may be 
briefly stated as follows, IlS a recent writer has done:-' 

(a) It conveys to the children a great,er number of 
facts in Jess. time' th.an if, these were conveyed through 
words; the mformatIOn about them can be more easily 
assimilated by the children. 

(b) A number of facts can be presented simultaneously 
and the relation between them can be presented lVlth 
clear;ness. 

(c) The teacher and pupil can co-operate in the 
process of learning. ' 

Impressions pbtained in childhood are most ,vivid and 
lasting, and to the child's mind, lmowledge is most welcome 
when its acquisition is flavoured' with entertainment. The 
best educational museums therefore provide information 
to the children in the most attractive form. Children 'are 
everywhere ~dmitted free and no pains are spared' to make ' 
them feel at home in the museum. To make the museum 
mean the most pos~ible to the child, it has been found 
advantageous to organise loans of ,portable exhibi~s of 
various categories for use in .class rooms. 'Most of the 
larger museums of the United. States . of America have 
special departments of ~d.ucatIOn w~ICh prepare and 
circulate enormous quantItIes of materIal to the schools of 
the area served by them. School_Extension Service has 
come to be established as part of most museums in t.he 
United States of America including even the most conserva, 
tive ones such as the Metropolitan Museum. 
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The more progressive museums in Great Britain and 
the UnitedState~ of America also organize leisure time 
activities for the children .. For example, tbe British 
Museum (Natural History) has a Junior Naturalists' Club 
,for children of 10-14 years of age, a Field Observers' Club 
for children of 14 years and upwards, and also publishes 
• magazine called'" The Field Observer " 'edited by the 
club members. In another very popular museum in East 
London, namely, the GrefIrye MuseuIil, the children visit
ing it on Saturdays and school holidays participate in a 
number of activities based directly upOn the museum exhi
bits and involving drawing, colouring, cutting-out, ILSsem-
bIing i~formation, using puzzles and ~ames, painting, 
modellIng, puppetry, pottery, model-makmg, etc. Educa
tional motion pictures, lectures and demonstrations for the 
entertainment and instruction of children are provided 
throughout ~he year. Several museums in the United States 
of America run a very large number of clubs and ,classes 
for children. The Rocbester Museum of Arts a,nd Science, 
o:ne ,of the lateSt and also the most popular of museums in 
ihe>New York .State (with which I am connected as one 
of its foreign Fellows) hasuniier its roof about 17 or' 18 
clubs such as the Rochester Rose Society, Rochester Aquar
ium Society, Cat Fanciers' Club, Cage Bird Club, Writers' 

. Club,Dahlia Society, Amateur Radio Association, Phila
telic ASsOciatlUn, Numismatic Association, Print Cluh, 
Gladiolus Society, Needlecraft" Club, Rahbit Breeders' 
Association, Men's Garden' Club, etc .. The American 
'Museum of Natural History, New York, and a few other 
very large museums in the United States of America have 
theIr own broadcasting stations giving regular educational 
programmes intended for school-going children. The 
Cleveland Museum of Natural History has shown com
mendable enterprise in. extending its educational influence 
to a much larger public than habitual museum visitors. 
Through the courtesy of the Am~rican broadcasting st.'ltion, 
W.E.W.S., it is now presenting' a monthly television 
programme. called " Your Museum of Natural History u. 

Two general programmes. already televized are, one dealing 
with the timely subject of the Navah~ Indians and the other 
with the recent gift to the Museum of the works of John J. 
Audubon. including the' famous early nineteenth-century 
English prints of Havell. There is also a regular weekly 
television programme built round the museu]])'s explorers" 
clubs for children; subjects so far presented include the 
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Apach~ Indi&lll~ fur-~ari~g mammals, care of pets,' bird 
mIgratIon and SIgns of .PnDI. 

The ~SQO has a division at Faris called the Division 
of':Monuments 'and MUSeums ,which aims at imprq;ing the 
standards of museum work through international confer
ences and discussions and technical aid, and the presena.
tion from war risks of cultural objects and monuments all 
over ~he world;· ~d this Divi$ion_ p~9lishes avery h~gh 
class Journal entItled cc Museum" whIch acts as a forum 
for the exchange of ideas concerning JDuseums on an inter
national scale. A tecluiiCal association called tho Inter
nation8.I Council of MuseUms, -.Iso functions in Paris I.IJfd 
cloself collaborates with, the Monuments and Museums 
'Din,slOn of the UNESCO. The"ONESCO believes that, 
apart ,from their traditional functions, museums- can do a 
great deal to improve international, udderstanding.. On 
the suggestion of the UNESCO several ptogJ;essive museums 
have organized didactic exhibitions aimed at the ,easing 
of. international tensions and the removal ofprejudices~ 
One such exhibition was onranized by the.N atural History 
Museum of Vienna· in 1951 to illustrate the theme 
.. Mankind, a Sinflle Family ". The International Conn':' 
cil of Museums with the help of UNESCO has been recently 
holdinfl several conferE'!nces on education throuah musp.ums,. 
and UNESCO ('!xperts are at the moment helping South 
America and Gr~ to organize educational museums. A 
small pamphlet on cc Museums and Young People " 
'published bvthe Int(~rn:atiollal Council of Museums win he 
of s'Decial interest to p.ducationists of thiscountrv. It is 
clear from what I have said aoove, that the ,question of the 
educational use of museums is 110 longer. a matter of concern 
to a few isolated people, but is on,e of very wide inter
national interest. 

Turning now 'to 'conditions in India. one notes with 
reflret that' Vt"rv littlE'! has been done to exploit the educa
tional possibilitieS of museums. It is no doubt true that 
.direct ,pducational w01"k. j.e., tpkinfl' ove1" thp. wor.k of the 
class room, is not nan of thp. work of a mU!=Jeum, its prima-ry 
task heinfl' the collection anti n~rvation'of th(' r.nltnl'Al 
wealth of the country; but" live museum. while performinfl 
its primary tasks :can usefully en~a~e itself in pnttinJ:! its 
collections to the best use f01" th~ lampst numbp.r. OU1" 
muSeums ha.Ve·been concentrat.in~ on the consemtional 
aspect of theirworkahnos~ to the' exclusion of severa.l 
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others. The new ideal, however, is to make museums 
U bright· and cheerful instruction centres of the com
munity ". The appeal of modern museums generally is 
to the ~an ~n t.he street, not mt':('ly .to the upper class/'s, 
and· theIr aIm IS popular educatIOn In the broadest sense 
of tbe term, stimulation of intelligent curiosity, and the 
democratisation of knowledge of the various sciences and 
arts which in pre-democratic days were the prerogative of 
the elite. All these new ideals have been embodied in the 
Deutsches Museum in :Munich, which is one of the marvels 
of the museum world of to-dav. State-assisted visits to 
this Museum have become part of the educational system of 
Germany. Between the. best of Indian museums ·on the 
one hand and the Deutsches Museum on the other hand. 
there ·is a vast gulf, but the time .is ripe for inaugurating 
work iil India in the right direction. 

Some yearS ago, in a broadcast talk addressed to schools, 
I had made some suggestions to teachers and students 
jntereated in starting school- museums: What I said then 
still seems to be useful, and so the talk is reproduced 
here: 

'c How shall we set about to organize a musel1m for 
Otl,r school 1 Can you send us a list of books that would 
help us 1" I am asked these questions very often by 
friends from schools. If I tell them that books are not of 
mtich use, they might think I ani withholding information. 
Of course there is no dearth of books telling JOU how. to 
collect minerals, .. animals, plants, objects of art, etc., how 
to preserve, arrange, label and exhibit them. Yoti may 
know all about these. things, and yet no school museum. 
would result from it, if you don't have an immense enthu
siasm for knowledge, and an equal degree of intelligent 
cUl'iQsity about the processes of nature. Museums are not 
ends in themselves. Their purpose is " to raise the gene
Tal level· of refinement by giving plea.sure and imparting 
knowledge" . If the boys and teachers of a school are full 
of scient.ific curiosity and are prepared to overcome diffi
culties to· s&tis£yit, they have then laid the foundation 
stone of their museum . 

. The. (>ducational value of museums, in the building of 
which thE' chief contributions are those made by school boys 
and their teachers, has heen recognized by every one. In 
the United States of America, there are special museums 
fo~ the. exclusive use of children. Several of the \ larger 
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museums have children's sections. Iil India mllsewns are 
very few in number, and schools have to depend'more or 
less on their own efforts. Teachers as a rule know what 
their students are interested in, and these interests would 
be the basis on which their museums grow. Boys and girls 
have more interest in things around them and they are 
more anxious than older people to know what things arc. 
I kno~ a village boy who. was greatly excited over' the 
first bIt of ooaLthat he got the chance to see. I am also 
reminded of a friend who is nQw an authority on the subject. 
of birds, but his interest in the subject began when a.s a 
scout he used to watch birds. Interesting facts about 
bird migration whetted his appetite fot more knowledge. 
Can any boy help wondering when he gets to know that 
some of our birds come here from far oft Siberia, 
Scandinavia and Iceland 1 

A scrap of information ~bol1t one thing here, a.nothl"'r 
scrap about something else tliere, are not the sort of know
ledge that anyone would care to have. A few odd curiosi
ties spread on a dusty table would not make a museum. 
The collection in any museum should be arranged on a 
definite plan and should tell a connected story . 

An increasing number of schools now-a-days ha.ve 
museums primarily to help the teachers in ma.kinlZ' their 
lessons mpre practical and interesting. Geography, botany 
and other field sCiences are most effectively taught with 
the help of museum specimens. A modelled relief of your 
taluk or district is' a hundred times more helpful than a 
flat map. Every example of minerals that the geogra.phy 
lessons deal with can be got by the joint efforts of the 
pupils and teachers. Bits of low grade iron or~s are 
kicked about by you every day. One of you may have a 
relative working in the Nellore District who won't refuse 
you a present of a few bits of mica mined in that district, 
or you· might come across it if you watch when a well is 
being dug in your own area. Boys can then easily stu~V' 
the different kinds of layers that make the earth on which 
their school stands. Samples of the different layers can 
be kept in the school museum for future reference. 

Aguod collection of plants is also essential, but it is 
somewhat difficult to make you realise why it is so. Now 
let me ask you a frank question: How many of you
leaving out those belonging to the' planting areas-have 9UY 
idea of the nature, size and habits of the tea. plant from 
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which YOU!' tea is go~ 1 Of course, your tea tastes equally 
well even If you don t know these, but knowledge is better 
~han no .knowledge. I am tempted again to give another 
IllustratIOn. Pepper, as you all know, is of great import
ance in the kitchen and also of great historical importance 
~)ecaus(. EUl'o}kan .Companies were attracted to India by 
Its pt'pper and SpIces. I showed a five inch long bunch 
of green pepper berries to half a dozen city dwellers, the 
first six to 'meet me that day, but not one of, them could 
tell me that it was pepper. But these were elderly people, 
and if your boys are not to be like them, encourage the 
museum idea and help one another to see specimens of 
these essential agricultural products in your school 
museum. 

There is the qliestioB of the school garden. Why 
should it be confined to merely ornamental plants 1 ,It ran 
be made to help you i~ learning practical botany more 
thoroughly than in the class room. There are some schools 
with good botanical gardens, but their number should be 
greater. If the headmaster would spend a small amount 
on a cement tank, you can have a fresh water aquarium in 
your garden to watch how animals live in water. 

I would recommend very strongly the maintenance of a 
nature diary by every boy and girl. In a good note book, 
ma ke a record of what you see about your own house and 
school. Several English school boys and girls do it. 
When do your trees and shrubs put forth flowers 1 How 
long does each of them take to produce ripe fruits 1 When 
and how often do they shed their leaves 1 What kind of 
birds, butterflies and 'beetles appear in your ,compound' 
What plants die ou~ and in what order during the hegin
ning of the dry srason 1 How many varieties of spiders 
can you see, on the ground or among sh~bs 1 There are 
hundreds of such things that you can enter in your nature 
diari('s, of which you will be proud when you grow up. In 
the course of t11i8 work you will develop your powers of 
observation and description. And you will come aCTOSS 
several things which would interest your friends and would 
be worth exhibiting in your school muse~m. 

Animals and plants are best'studied in natu~, but 
preserved specimens are also necessary, for the SImple 
reason that vou cannot safely examine the teeth or scales 
of a snake or the sting of a' scorpion when. these animals 
are alive. Similarly seeds, flowers and fruIts may not be 
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available for your class when you want them badly. These 
ought therefore to be kept in stock. A ten -per cent solu
tion of formalin is a good general preservative. 

~hen you h~\Te ~eci.ded to do some of the things I bave 
mentIoned, the begmnmgs of- a museum are also made. 
Then it is. a question ofprol?erly housing and developing 
the collectIOns. A good well-righted .room should be selected 
for the museum, if possible not right ~nder the head
master's .nose, for 'childrencannot be expected to -be absO
lutely qUIet, and a good school museum would sooner 01" later 
devolop into ~ juvenile science club. It is absolutely essen
.tial also that from the very beginning the museum ~houl& 
be placed under the care of one of the teachers. If the 
scout master happens.to be familiar with a few of the field 
sciences, he would make an'excellent museum curator. To 
the scouter's equipment, he would then haVe to add a collect
ing box: contai~ing one or two small bottles of spirit, 
a killing bottle of cyanide and a few tubes and corks for 
the specimens collected during excursions. Schools' that 
have sufficient funds would go in for a few glass-fronted 
almirahs to keep the exhibits. but shrIves -fitted along the 
wall would beenoug;h for most exhibits. Special areas of 
the shelf accommodation are to be allotted to the various 
subjects. In one school museum, I have seen an attractive 
disp]ay of wood specimens, blocks of wood cut ~d polished 

_ in the shape of libr~ volumes, and the name and use of 
- the wood painted _ neatly at the back. F.very museum 

specimen should be labelled. The best labels are either 
printed or neatly written in Indian ink. - Typed- labels 
are not good, -as _they fade rapidly. -

Children are always fond of living things. For t!tis 
reason no school museum should be without a small vivarium 
and an aquarium. A vivarium is a high sounding Ilam.e 
for a glass-sided box, with -small holes abQve, for keeping 
Jive animals. Small animals such as caterpill~rs, snails, 
etc., are kept and fed in these ~la.c;s bOxes and their peculia
rities can be obserVed by the children. A boy or girl who 
observes the emergence of a butterfly from a cocoon gets a 
glimpse of Dature's mvsterious ways which would never be 

_ .... forgotten. The social organization of a termite hill nan 
- equally well be studied by classes of boys withoutmnch 

trouble and the king, queen, soldier and worker termites 
exhibit.ed in the .museum. When I spea,k of a ~hool 
aquarium, you might Qtink it is goinf ,to be a very spen
Oft mattm.". N"t at all. A O'dUple 0 glass ja.rs-sbaUbw 
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ones are to he preferred--or, if you cannot afford them, 
8. kerosene tin cut into two and one of the sides repla,c~d 
with glass and made water-tigRt would serve the purpose 
equally well. 'Vater beetles, small fishes, sllaiis, pte., can 
he put into these. timks, and a few water weeds would. help 
to keep the water aerated. Aeration can be efi'l'cted by 
blowing into the water or changing the water a few t i mt's 
a day. Immediately after the monsoon frog spawns can 
be collected and put into the tank, and the childl',~n ('an 
watch t.he metamorphosis of the fish-like tadpole into th{l' 
tailless frog. Some forms of spidC'rs can be kl'pt alive ill 

bottles and their habits can be watched, but these creatures 
ape cannibals who kill and eat their relatives and neigh
bours. The ll1ethods of hreathing in fishes and frogs can 
he compared in the school aquarium. The life history of 
the mosquito is equally well studied by rearing the larvae 
in the aquarium. The methods of destroying the larvae 
can a.lso be demonstrated in a control tank. The public 
health authorities would. be thankful to the schools fOl' 
spreading the knowledge about malaria control. 

In schools on the sea-coast where sea water is available 
a. number of marine animals, medusae, Portuguest-man·of
war. sea-slugs, etc., can be exhibited for short periods. 
Shells cafl''he collected and exhibited and incidentally they 
add beauty ito your museum shelves. 

To make history lessons more interesting th rough the 
museum is more difficult. Only the bigger museums can 
do anythin~ substantial in this direction. Onp. school in 
the city of 'Madras has in .its museum models of fortrf'Rsel 
of tile various epochs .. ThIS can be supplemented by photo
graphic enla.rgt~~ents of historica1 ~onum('nts. One thing 
that every school can attempt to do ]s to have nlastef cnst.~ 
of coins of the various important dynasties of India with 
the help of the provincial museums that have the orir6nals. 
The Greek, Kushan, Gupta and other emperors hecome 
more real to the students if they can a('tll:l11v hnndlP- t.he 
ooins issued by them or at least their facsimilies. 'Even 
as obiects of art, Roman, Greek, Gupta nn(l some (l f thl" 
MuO'hal coins have rare attractiveness.:Modern ('oins and 
S~PIi will go together and would certainly be of interest 

('yOVDNMENT MmnmJ.T. 'MADUfil. 
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HANDBOOK OF MUSEUM TECHNIQUE. 

SECTION I. 

Preparation of Zoological Museum Material. 

By S. T.· SATYAMVRTI, M.A., D.SO., P.z.S. 

(Superintendent, Government M1lI8um, Madras.) . ' 

Introductlon.-As the settmg up of a zoological museum. even 
on a small scale, requires a sound knowledge of the various pro
ces~es involved in the proper preservation and display of animals, 
we have briefly outlined below the usual methods of collecting and 
preserving specimens of- the main groups of illYertebratl! and verte
brate animal'3, the sources from which these spt:Cimells may be 
obtained and other techniques of Museum work such as preservation 
of eggs, preparation of skulls and skeletons, accessories such as 
f(lliage, artificial rock and ground work for h~bitat groups, 'en
larged models of small and inconspicuous animals and varlOUS 
methods of mounting and displaying the specimens for museum 

. purposes. It should be clearly understood, however, .that inten
sIve practical training in museum work is always necessary if one 
it; to acquire sufficient proficiency in these methods. Unfortu
nately, it is not possible to describe in detail in this limited space 
all the various techniques connected with museum preparation. 
'raxidermy and other museum methods of preservation and mount
ing are. highly technical jobs requiring· considerable skill and 
experience and it is therefore essential for everyone interested, in 
this work to maintain contacts with the authorities of the larger 
public museums lor information, training and guidance in these 
methods. However ~ it is hoped that the following ~nformation, 
supplemented by directions contained in the various books listed 
in the bibliography appended at the end of this handbook, might 
prove helpful in acquiring a knowledge of the fundamentals of 
museum technique. 

Prohzoa (or one-ceUed anlmals).-These are the lowest mem
bers of the animal. kmgdom and are so small that most of them 
can be seen only with the aid of a microscope, and are hence 
difficult to be dealt with as museum objects. The majority of 
th.ese animals require expert technique for their proper preserva
t·jon. But marine forms, such as Foratp.inifera and Radiolaria.. 
which build hard chalky shells are easily collected and preserved. 
Ljvin~' speCimens of these groups may .... e colleded froIn corallines 
and sea-weeds either by picking them off under a. lens or 1Jy the
llse of a horsehair sieve with a bolting cloth fastened beneath it.. 
'rhe f:ieve should be immersed in sea.-water and handfuls of E.ea
~.ed8, etc .. shaken over it. The bolting clotb:'collects the animal. 
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that pass through the sieve. Large areal:! of the bed of the oceau 
are covered by what is known as Globigerina Ooze, which consist 
almost eutit:ely of the chalky shells of dead Foraminifera; sand 01· 

lllud dredged from such areas may be dried and sifted and the 
,finer siftings are then put into a bowl of water and stirred. The 
more delicate shells generally float on the surface and may be 
elnmmed off. The heavier shells sink, and may be dried after the 
water has been drained away. 'l'heanimals may be placed first 
iu weak (50 per cent) alcohol and then in 7~90 per cent' alco,hol, 
'or they may be placed directly in a neutralised 5 per cent solution 
of formalin. 

For museum purposes, enlarged models of protozoans may' be 
prepared to scale from a study of the actual specimens under the 
microscope. A plasticine model is first prepared and a plaster 
mould of this model is taken. A beeswax or plaster cast is pre
pared from this mould and the cast painted in natural colours and 
mounted suitably in a glass-topped box. The details of the pr9~ 
cess of moulding and casting are much the same as for rept~.~~" 
fiRhes and other subjects described later on (pp. 29 and 25;. 'l'be 
actual'specimens of protozoant!l can only he mounted as microscol'lc 
preparations on glass slides. 

PorUela (8108188).- Sponges are sedentary animals found 
living in the sea between tide marks and at all depths and also 
jn fresh water. They are generwlly attached to stones, rocks, and 
sea-weeds and may fom solid branching or encrusting masses. 
Freshwater sponges are usually bright green and may be miataken 
for aquatic vegetation. Shallow water marine' sponges are often 
found in sheltered places under rocks or in crevices of dead coral. 
'1'he, best preservation for sponges is strong (7~90 per cent) 
alcohol, which should be changed after 24 bours. ' They may also 
he preserved dry' by drying them thOl·oughly in the sun after w~ 
mg with fresh water. After drying they may be immersed in 
",hellac varnish and re-dried, to give them a, protective coating 
'fbe dried specimens may be mounted on wooden pedestaJs.'0l" in 
glass-topped boxes. 

Corals.-·J~hese are the hard skeletal parts of ,lowly organized 
invertebrat:e animals living in the tropica.l seas in shallow water; 

, When taken fresh from the sea, they are slimy and variou!!!}, 
coloured as they contain the fleshy living parts of the animals. 
Corals are generally preserved as dry specimens, but a~~~lpor
tion of the colony should always be preserved in alcohol,to;,;::t.~ .. 
nation of the soft parts. For dry preservation, the Cor.'aare 
soaked ill tubs of freshwater for a few days. ThE'yar"then 
washed thoroughly in several changes of fresh water, spla.s~ed with 
handful8 of clean water, brushed with a coarse brush and dried 
in the SUlI. 'fhey are thus bleached perfectly white, and ~ake 
good museum exhibits when mounted on wooden pedestals pamted 
with black ~namel paint or in gla.ss-fronted boxes with 1\ black 
interior. 
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Bydrolds, Sea-anemones and lelly ftlhea.- The shallow water 
kmds of marine hydroids (plant-like, branching, colonial ammals) 
and sea-anemones may be found in pools exposed by the receding 
tide. Large stones and boulders immersed under water such as ill 
the Madras Harbour or under the long railway bridge over the 
Pamban pass are particularly rich in hydroids, some' of which 
po~ss pow~rf~l s~inging cells. Sea-anemones may be generally 
found half burled 10 soft sand or mud on large mud fiats exposed 
at low tide. Such animals shoula be carefully dugout of the sand 
with the aid of a shovel. Jellyfishes are soft-bodied pelagio 
animals (i.e. , fioating, on the surface of the sea) and are obtained 
~y means of a townet, preferably at night, when they are more 
abundant at the surface. OccasionaJIy, jelly fishes Ind other pelagic 
coelenterates such aathe Portuguese man-of-war, are found washed 
ashore on the sandy beaches. 

When collE'Cted' alive from the sea, hydroids, sea-anemones and 
jellyfishes should be placedip basins of clean sea.-water and 
allowed to expand, undisturbed. It IS advisable, to keep them 
covered while expanding, in order to prevent excessive light. 
When fully expanded, they should be narcotised or ana.esthetlt:led 
ii.e., rendered insensible to touch) by gradual poisoning with 
formalin. This should be done by adding at first only a. few drops 
of commercial formalin to the water containing the animals and 
then, at intervals of about fifteen minutes, stirring in a little 
more, until about one-tenth of tbe total volume consists of forma
lin. An altemative metbod ()f anaesthetisin2 the animals is to 
add handfuls of, magnesium sulphate crystals to' the sea':'water 
contained in the basin. When they are insensitive to touch, they 
may be thoroughly washed in fresh v.w.ter and transferred ~ 4: per 
cent formalin in which they are, best preserved: 

'Planarlana (Flat WOl'1lll). - Planarians are free-living fiat 
worms found under' stones, a.~d a.mongplants growing in fresh 
water and 'on dead coral rock and stones in rock pools and exposed 
reefs on the sea.-shore. They ,may be' collected by picking them 
up with the fingers, or with a pair of forceps or a soft camelhair 
brush. Land planarians should be looked for in' damp places, 
under decayi~g logs of wood or among mosses. 

The ani~als should be placed in a dish of water (sea:'water 
for 'marine forms), lind as much as possible of the' water poUred 
off. When the animals are ex~nding a thin glass plate such asa 
slide is placed over them and the, preserving fiuid should" be 
suddenly injected over them with'.. pipette. ,This should Consist 
of 8-5 per cent. fopnalin or better still, of the following solution: 
Strong nitric ,acid 8, volumes;,' saturated coiTosive sublimate solli
'.ion 8 volumes, 'water 4: volumes. The worms should be left ~ 
this solution for ;. few minutes only, and thefixati.e washed out 
by several ~nges of water or '0 per ce?lt alco~o1. . Th" best 
storing fiuid!fI 70--00 l»61" cent a1cohol to whIch the specImens may 
be traDaferrec1 ctirectIJ. 
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Marine BriStle worms (PolJ .... ).7'" Many of these worw. 
JIl&y be found between tide mark$:~an:,the; ... shore. ,Some of them 
bUrrow into crevices of coral rock and stwle:on reefs" while others 
burrow in ~ud Ifdld sand, and, their "'Casts .. maybe ~baerved 
on the 'surface." Those burrowing,intorock may be extracted with 
~ ,Pl)ir of forceps OJ.' ~ paint brush after breaking open the rock 
WIth hammer and chisel. Worms burrowing into mud or sand 
may be dug, up with a shovel. Pi~s of~tones, corals, or sponges 
brought up m a ch'edge may be left, m ba.sms of sea-water and $he 
water allowed to get stale. After a few hours the' worms' will 
emerge from their hiding, places and collect on the bottom and 
sides of the basin. The water should then be changed and the 
process repe,ted, when more batches of worms will appear as the 
water grows stale. 

The worms should be placed in a dish or jar of sea-water and 
anaesthetised 'by the gradual addition of alcohol 'to the water con
~g the worms. The alcohol should nev~r form more than 8 

tenth part of the total volume.' . Another method' is to add' crystals 
of menthol to the sea-water. AS soon as the'worms cease to reS
pond to stiinulus, they may be straightentld out in a fiat disband 
stiffened by pouring alcohol. After 12 to 24 hours they should 00 
transferred to fresh 70-90 per cent alcohol, and the ,alcohol may be 
changed again after 24 hours. Finally, they may be stored per
manently in this fiuid. For ordinary, purposes Perenyi'sfiuill 
taee Appen~ B) is rather better as a ftiative than alcohol. After 
SUlaesthetisation the worms may be placed directly m this finid ad 
transf~rred to 10--90 per cent alcohol after a few hours. 

Bai1hworms (O~IIae&a).-Ea.rthworms may be obtained' by 
dIgging in the surface layers of the soil in moist places. Many of 
them emerge from their burrows sfter rain, when 'they may hi} 

easily collected. . 
The worms are placed in a dish with, sufficient water to cover 

them and should be anaesthetised by gradual addition of alcohol 
10 small amounts at intervals, of ~ few minutes, or by placing a 
few crystals of menthol or magnesium sulphate in the water. 
When they are thoroughly limp, they are transferred to 10 per 
cent formalfu in a fiat dish to keep them straight until they stiJfen. 
They are left in formalin overnight and then transferred to 10-
90 per cent alcohol, 

Leeeh. (lIIru.dlDea).-Leeches may be found among weeds. 
mud and stones from ponds or lakes, and shrubs and low vegeta
tion in swamps and tropical forests, but they are morelrequently 
found attached to some animal. When $hey are very, tirmly 
a.f.tached, they maybe induced to loosen their hold by placing salt 
on them. 

As leeches are liable to extreme contractioQ" great care shoulf1 
be taken while preserving them. They should be pl~ in a dish 
WIth a little water and carefully anaesthetised by the addition of 
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small quantities of alcohol or a few crystals of magnesium sulphate; 
When they cease to respond to touch, the worms should be 
straightened out a.nd laid in a 1lat dish.' Alcohol (70 pel' cent) or 
formalin (8-5 per cent) may then _ be poured over them. Sm8l1 
flattened forms may be compressed between two plates of glass. 
bound-together with rubber bands and immersed in the fixing 
dlJid. After 12-24 hours they should be tra.nsferred to fresh 
70-90 per cent alcohol or ~~ per cent formalin in which fuey 
may be permanently stored . 

• 00_ (IDalIa, 0Iama and other lheo-bearlDg an1mal.).
Molluscs.occur .on the land. in freshwater and in the sea: On 
land only suails and slugsa.re found: . They should be looked for 
III crevices in rocks, under stones, dead bark, logs, on trees, etr._ 
Freshwater molluscs such as pond snails and. freshwater mussels 
ma, be found in tanks, ponds -and lakes, partichlarly those having 
plenty of water weeds;growing in chalky water. These molluscs 
may be collected with a coarse net or wire sieve fixed at th~ end 
of a long pole. M~e molluscs may be. found between tide marks· 
on the sea-shore ;soine forms burrow deeply .into roc~, which 
must be split with a ha.mmer and chisel.~· Many . molluscs lie 
buried in the mud and sand, and may be obtained by digging and 
sifting. Molluscs living in deeper waters may be collectedhy 
dredging. Empty shells are frequently found washed upon. the 
beach, but these are usually" in a poor condition. 

Wet "Preservation 01 .0U ... - Wherever possible, two 
!'ieries of specimens should be.presened one of dried shells and one 
of the entire animals in fluid for the study of the soft parts. For 
the soft parts the best presenative cis alcohol; 5 per cent, formalin 
may also be used. but this should be neutralised by the addition 
of 5 grammes of borax to every litre of the full strength solution, 
as otherwise it has an injurious action on the shells. Marine 
molluscs sh~uld be narcotj~ with m~esium sulphate crystals in 
a.n expanded condition 'and then transferred to successive changeii' 
of alcohol of increasing strength (30 per cent, 50 per cent and 70 
per cent) to avoid shrinkage and violent contraction. Finally they 
may be presened in 70-99 per cent alcohol. Land and freshwater 
mo1!ufiCs may be narcotised by asphyxia.ting them in a stoppered 
hottle quite fnll of water. In 24 hours they would be anaesthetised 
nntl fully e:dended, an~ may be preservetl after their mucus hal! 
heen remcved witb cotton.wool. If time is short, land and fresh:': 
water' snails and slugs ma.y be killed by plunging them into boiling 
water at the moment when "thev are fully extended. This may be 
done h~' qIJowing them to crawl to the" end ot n. twig and then 
~11l1denly immersing the twig. The snails may then be washed and 
f1'eser,-ed in 70-00 per cent alcohol. 

Dry Preservation of lhelIa.- As shells have a membrallt! 
which should not be destroyed, they should be carefully clea.nec1 
witb n Rofthnl!;h, TJand Rnd freshwater mollusCs should be killed 
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in boiling water, after which. the body· may be extracted with a pill 
or a pair of forceps. The s,bells should· be dried' in the air, but 
n()t in direct sunlight. Marine shells should be wt!:'lhed with fresh
water and the specimens buried in sand (not saw dust) and left in 
the shade until the' soft parts dry up. As hot water destroys the 
lustre of marine shells, they should not be . washed in. it. Many 
snails possess a calcareous or horny plate or lid covering the a.per
ture of the shell, called the operculum. This, after removal of the 
fleshy contents of the shell, should be carefully preserved by pasting 
it on to a plug of cotton wool inserted into the shell .. Bivalve 
shells (clams, cockles, mussels, etc.) open the shells when they 
die, and after the soft pa.rts have been extracted, the valves should 
be closed tightly and tied together with thin white thread. A 
coating of vaseline or a thin wash of clear picture varnish may he 
finally given over the shells to preserve their colour. The shells 
ma.y be atored in boxes lined with cotton wool. or may be mounted 
individually on painted glass plates with pellets of plasticine or 
cell1,l10id cement, if required for exhib;tion purposes. 

Echinoderms (Star-Oshea. Sea-urcblDl, Sea-cucumben).~
Starfishes, sea-urchins and sea-cucumbers are exclusively marine 
animals and may be found between tidemarks, lying exposed ill 
pools or buried in sand. Many seek shelter underneath rocb. 
stones and sea-weed, etc. A 'favouri~ situation is the base of dead 
coral and 'stones on the reefs. The burrQwing forms may be 
obtained by digging near low . watermark. Those frequentinf!: 
deeper waters must be collected by dredging. ' 

Except for the sea-cucumbers, nearly all Echinoderms can he 
preserved dry ,but as dfy specimens tend to become extremely 
brittle in course of time it is safer to. store at least a part of the 
collection in alcohol. To preserve starfishes dry, they phould be 
taken alive from the sea,water and laid on a board, until collapsed. 
Then they are immersed, while alive, in 10 per cent formalin 
solution until they swell up to natural shape a.nd harden. The 
starfishes are now removed from the formalin and drained well ~ 
that the solution returns to its container. They are then dried on 
a board and tl}rned occasionally so that drying may be uniform. 
Tbedried starfish may be mothproofed by being briefly immers&t 
in borax solution and then redried. The natural colours may then 
be replaced with oil paints and a coating of varnish may he given 
.finally. Sea-urchins should have two small holes pierced in tbeir 
shells not at the centres. of the upper and lower surfaces and the 
sea-water should be poured. out. They should be then placed in 
fresh water fOr half an hour and transferred to 5 per cent formalin 
for a few hours and then allowed to dry. A still better method is 
to use :1 1 in 1,000 solution of corrosive sublimate instead of forma
lin. In this the specimens should be left for about twelve houl'f2 
before dryin!r. Th(> ,shells of sea-urchins need not be punctured 
if this method is used. If no preservatives are available' the ~he1l8 
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or !:lea-urchins may ,be dried after cutting a hole in the lower 
surface and removing the soft parts. For the wet preservaticn of 
Echinoderms, 70-90 per cent alcohol iB preferable to formalin 
especially in the case of sea-cucumbers . in ·which the calcareous 
spicules in the skin are destroyed by formalin. StarfiBhes and sea
urchins niay be killed and preserved by placing 'them directly in 
70-90 percent alcohol. Sea-cucumbers should be narcotised with 
magneBium sulphate or menthol crystals. When thoroughly nar
cotised; the anima.ls should ~e gripped with forceps behind the 
tentacler; to prevent their retraction and the tentacles immersed in 
IS pei' 'cent forma lin . or glacial acet,ic acid. 70-90 per ~nt alcohol 
should at once be injected into the body cavity through the anus 
and the specimenB then stor~ in alcohol. 

Arachnids and MJriapods.-Spidel's, scorpions, ticks and mitee 
Ill'e grouped under. the class Ara,ehnida and centip.edelil and milli
pede~ constitute another distin~t class, the Myriapoda. The. 
general methods of collecting AracluUdaand Myriapoda 'are the 
Sllme as those employed for inseots. They may be collected by 

. sweeping vegetation with a Btrong net or beating bUBhes over an 
inverted umbrella. The majority of Arachnids, however, hide 
themselveB from light, and should be sought in dark places, lineIer 
logs and Btones, in heaps of vegetable matter, under the loose bark 
of trees, in creviceB of. rocks and other similar situations. Tht'l 
larger and stronger forms, may be picked· up with forceps. Scor
pions' and some of the larger spiders are poisonou. and should be 
handled, with care. Smaller specimenB may be induced to drop 
into small Illass tubes with the aid of a camel-hair brush. It i8 
advisable. to carry a number of glass tubes, most of them three
fourths fuU of 70-90 per cent alcohol into ·which the specimens can 
he'transft'llTed after capturing them· in empty tubes. Water mites 
may be collected by sweeping water weeds with a hand-net: They 
should also be searched for by washing bunches of weeds aneI. by 
examining submerged stones covered with mOBB and algae. Many 
mitE'!s arid ticks are paraBitic on other animals, chiefly vertebrateB 
snch as reptiles, birds and mammals. Tickaare generally large 
fmoughto be seen with the naked eye, and can be picked off witll 
a pair of forcepS .. If the tick is firmly attached, the surrounding 
akin should be dabbed with oil or benzene to loosen .them and may 
then he gently pulled C)ff, taking care to see that it does not leave 

. its 'mouthparts buried in the !drin of the host. Mites are very 
!IImBlland not easily Been among the featherB and hairs at the base. 
of which they live. They 'may be collected by combing the fur 
with a fine comh and picking them off under a lenB. For captur
iug MyriapodB (millipedeBaDd centipedes) the foll~ng. methoc1 
may he fQllnd helpful: A shallow pit iB dug in the ground. The 
pit js lined with hay or graBB to retain moisture, and baited with 
hits of potato, . beans or other food material. A tile or boaid is 
laid over the hait nnd the pit may. if desired, be filled in. with soft. 
Tn dry weather thE'! pit should be frequently watered . 

. '. -.' ,. 
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Preserving.-All Arachnids and Myriapods may be k.illed cnd 
preserved in 70-90 per cent alcohol, which should be changed after 
12-24 hours. ,Larger forms such as scorpions and large spidcrslOay 
be killed with a few drops of Chloroform and then preserved. in 
70-90 per cent alcohol.' For mites and ticks a special preservative 
known as Oudeman's solution (see Appendix B) and for' water 
mites Viet's mixture (see Appendix B) is recommended as a pre· 
servative. In order to display to the best adva.ntage the appen
dages of spiders, scorpions and ticks, they may be spread outalld 
the specimen mounted in this position on a glass plate' or a sheet 
of mica and secured in position with celluloid cement prepared by 
dissolving celluloid sbavings in amyl acetate. The glass plate witJl 
the mounted specimen may tlien be immersed in a jar of alcohol. 
Dried specimens of spiders and scorpions tend to become brittle. 

Inseets . .....- Insects are collected in various ways. Bees, WQ::'Pfl, 

butterflie~ and dragonflies may be caught on the wing ',vith, a 
!mtterflv net. Insects should also be looked for on tlllwers. under 

.1' 1". 1. ~\l111'pJI.UIT :ros INSECT OOLLBOTING. 
A. Bu'l"rDftoY JrlIT; 
B. CYANIDli KILLING BOT'rLE ; 
C. RBa.rANOULAB I'IECB OJ" I'AI'_ J'OLDED TO JlAKB TBlANGULAJI 

BNVSLon; 
D. COllll'L:&"1'IID I'Al'BB BNVBLOI'B WITH TBB IIDG!:S, I'OLDBDIN 

.BoWING TBB 1'0SITION OJ' TILl!: BUT'IBlIJ'LY INS1D. ; 
B. 8K'rTING BOAm, WITH TBB BUTTBBI"LY SET ON IT; 
.,. A IINGLJI GI.A88·TOl'l'BD DBAWBB 1'B01I A BV'ft'S1H'L' 

.~. 
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bark of trees, in rotten wood, in decaying animal and vegetable 
matter, under stones, under fallen leaves where there is moisture, 
at the roots of grasses and trees and in ponds \ and streams, 
Ground beetles may be caught with a pair of forceps from under 
stones and decaying logs of wood. They may also be collected by 
placing a piece of meat in a pickle bottle, and bUrying it so that 
the mouth is just 'on a level with the ground. Moths, some 
beetles and other nocturnal insects are obtained by paintiug 
patches of sugar on the trunks of trees, and looking for them with 
a lantern after dark. Moths may also be caught by hanging up a 
sheet of white cloth with a lantern behind it. They are attracted 
hy light, and,may-be picked off with glass-bottomed tin boxes as 
they settle on the sheet. Some beetles and other carnivorous 
insects ma.y be obtained by hanging up skins of animals, 'or the 
carcases of· small mammals or birds. 

Most insects are easily killed by dropping them directly -into 
l.he cyanide killing bottle. This should he a wide-mouthed bottle 
with a tight-fitting ground glass stopper. At the bottom' of this 
bottle: a layer of lumps of potassium cyanide packed with com
pressed: masses of tissue paper is made lip to a 'height of about one 
inch _ and over this are placed two or three circul~r pieceJI, of 
blotting paper cut to the size of the circumference of -,theb,pttle, 
to absorb moisture. As potassium cyanide is" extr~mely~ison
ous, the killing bottle should be handled with car~ ~nd should 
always be kept under lock and key when not in use. In~ts die 
in a few seconds when dropped into this bottle, but care should-be 
taken to see that the sides of the bottle and the surfaCe of the cyanide 
layer are nor wet, ~s the more delicate insects are apt to !itick to 
the surface and g~t ,spoiled. While collecting beetles and bugs. 
this may be p.:everited by filling up the empty space in the bottle 
above the cyanide layer with crumpled pieces of blotting paper, O!' 

tissue paper among which the' insects may bury themselves. Thie 
also prevents them from rollin~ about and injuring each ot,ier. 
The specimens should never he left in the killing bottle longer 
than necessary. as cyanide _chan~es the colour of· some insects, 
gt'een becoming yellow and yellow turning into red. An alterna
ti'\"t~ method of 'preparin~ a killing bottle is to place Ii. wad of cotton 
\\001 soaked in'chloroform at the bottom of a wide-mouthed bottle 
with an air-tight lid and making a false bottom with a. circular 
piece of wire gauze OVPl' the cotton wool. 'The insects are dropped 
on the win' ga1.1Ze, and t.he lid tightly closed when they die in a 
few seconcl!'l. Reetles. hugs. grasRhopperR, and,:, other Don-hai!y 
insects may he killed by throwing them into boiling water, but 
they should be taken out as quickly as possihle and placed on 
~lH'l'ts of blotting paper to draiu off the water. Butterflies may be 
killed by pinchin~ the thol'ax IntC'l'ally whilt' the' wings are in 1l1~ 
lIpl'i!!ht pO!'lit.ion. 



10 

l'Ie. 2. LIGU Tau wo. OOLL.oftIrG D'IIJIICl'ftI. 
a. GLdS BAJ'J'L1I8 ; b. lHsJIO'r EJLLIRQ BOftI.W ; 
c. l.tOIlT CIuloI_; d. T<* rAlOL oW' LIGR,]! "BAlinll WITR 

GrIilllDfO. 

I'm ••• B ..... :rmnnu.. DI .. " .... • ... 
~. 



llAHDBOOK. OJ' KUS.UK TBOBNIQUB 11 

. When the 'insects have been Collected and killed by one 
oc the other of thevarioue methods described above, they may 
he pinned immediately if time permits, oc they may be temporarily 
packed in boxes for pinning at 0. later date. In packing insects, 
cotton wool should ttet1er be allowed to come' in contact with insects. 
Beetles and bugs may be wrapped in pieces of tissue paper and the 
tW() ends of the paper twisted in opposite directions. in much the 
same way as sweets and t.offees are wrapped. Butterflies and 
moths should be put into triangular paper envelopes with th~jr 
wings folded together over their. backs. These envelopes may be 
made thus: an oblong 'piece of soft white paper is taken and folded 
<1iagonally in such a way as to form a triangle, and the overlapping 
e.dges are then folded in opposite dIrections so as to make a more 
:)1. less closed triangular envelope. The envelopes with the insects 
inside may then be packed in tins or cardboard boxes into which 
some naphthalene powder is sprinkled. When insects that have 
been packed thus have to be set and pinned, they should first be 
relaxed by plac~ng them in a relaxing bottle for a few hours, before 
pinning them, to render them sufficiently flexible. The relaxing 
bottle is prepared thus: A layer of moist sand about II inches 
thick is spread 'at the bottom of a wide-moutned bottle, and two 
circular pieces of blotting paper are laid over the sand. The 
insects to be relaxed are dropped into. this bottle and the lid closed. 
'1'0 prevent moulds forming inaide the bottle, a few drops oflysol 
solution may be poured into the bottle: After a few hours, when 
the wings and legs of the insects are soft and pliant, they are well 
relaxed'and ready for pinnin,. 

FIG. ,. lbTBOD8 01' ftJIIJIDI'G "£aI011II ~ : 
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FIG. 6. IImBOD8 OJ' PI !'i Nl ,~; 
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rrhe· method of pinning varies with different types of inoects 
Butterfiies-are placed in grooved cork sett.ing hoards in such a Wy~' 
that the abdomen and thorax lie in the groove and the wings are 
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spread out flat over the cork sheets on either side of the groove. 
A single long pin is passed tprough the thorax of the butterfly and 
&tuck into the bottom of the groove. The wings are then secured 
in position over the cork sheets by means of narrow strips of pa~r 
passed criss-cross over the wings. The ex wemities of each of 
tuese stips of paper are pinned down to the cork.sheets with fine 
entQ)D.ological pins. The setting board with insects pinned. on 
them are placed in a dry box a,nd left for 10 to 14 days during 
which time they dry and .stiften in the desired poSition. A~ the 
end of this period, all the pins. except that passing through. the 
body of the insect, are removed. The butterflies may then be 
transferred to the cabinet or storage box by means of the &in~le 
pin passing through its body. 

1''18. 9. lIJr.fBODS 01' ,ftlf"jlUl8 
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)loths al·e preserved in much the i:Oame way, but in the case of 
Jarge and bulky specimens of moths it is necesl:iary to slit open 
the underside of the abdomen, remove the viscera, stuff the abdo
mUlal cavity with some cotton wool soaked in 4 per cent formeJin 
and the abdominal wall IS then tiapped back into position. The 
lIloths are then set 011 broad-grooved setting boards as usual. 

Beetles and bugt:> which normally have their wings closed over 
~hcir backs and pinned over plain cOl'k boards 01' pith blocks. In 
the case of beetles the central' pin passes through the right elytrofl 
(or the lIard upper wing cover), and in bugs it is passed through 
the little triangular plate behind the thorax, known as the scutel· 
ltlm. r!'he legs are spread out and pinned in the de.::;il'cd position 
by pairs of pins passed criss-cross over them. The pith blocks or 
cork sheets with the pinned insects may be put away to dry in a 
box for about a week or two. The insects, when dried and set in 
this position, may be released from the ietting boards byremov.ing 
the pins Crom the legs and lifting them of I by 'the single pin pas~· 
ing r.lu·oughthe body. Bees, wasps and dragonflies may he pin· 
ned with their wings spread out like butterflies on grooved cork 
lietting boards with the central pin passing through the middle of 
the thorax. lJOCusts, grasshoppers and crickets should be ,pinned 
111 the middle between. the bases of the wings, if the wings are 
spread out. But they may also be pinned without the wings being 
spread, in which case the pin should pass through the right wing. 
Cicadas and other large Homopteran bugs may be pinned through 
tile .large middle segment of the thorax (the mesothorax). Small 
msects like weevils imd bed bugs .may be mounted by being 
gUlllmed on small strips of cardboard near one end of which is 
passed a long pin by which the carded specimen may be pi,nned 
inside the storage box. Flies and mosquitos (lAptera) shouIc:J be 
pinned with fine entomological pins on sma.ll ;''\locks of' pith Ol" 

circular cardboard discs near the margin of which a .long pin may 
be passed for purposes of handling and storage. While makiDg 
.~01lection8 of insects, it is always important tha.t. a. label nlent.ion
ing the locality, date of capture, elevation and other deta.ils should 
accompany every specimen. J'his label is best canied under the 
specimen by the pin passing througll t.he insect or the block of 
pith 01' card on which the insect is mounted, in the case of smaU 
or minute insects. . The various methods of pinning insects are 
iJlllstrated in the accompanying figures (see Figures 1 a.nd 4-16). 
Wooden hoXf.'S with hinged lids provided wit.h hooks are suitahlp 
for· st.oring insects. Better still are insect cabinet.s with a numher 
of uniform-sized cork-lined drawers with framed glass lids. The 
essentials for storing insects permanently are: (i) To keep op.t; 
d\1!':t; (ii) to keep them dry ; (iii) to keep them in the dark a.nd{it) 
to keep out pests. Storage boxes and cabinets will accomplish the 

to. fir~t three of these conditions. but in order to keep out pests it is 
rf~(,E'::sary to employ certain disinfecting agents. Powderednaph. 
tldt>IH' may ht' 1~1a('('d in a nal1'OW perforated chamber all round in 
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the drawers and boxes contaming the insects. In addition to this 
a compact plug of cotton rolled round a long pm may be dipped 
in a strong solution of lysol andeamphor or a mixture of chloro
form, creosot.e and naphthalene (see Appendix B) and pinned in 
the four corners of the storage box 01' .cabinet drawer as the case 
may be. For exhibition purposes insects may be mounted in COI'k

lilted plywood boxes with glass tops bound with· calico ,round the 
margins. Insects are, ilrS a rule, preserved and stored dry ail des
'cribed above, but when they are required for dissection and anato~ 
mical investigation, they should be preseryed in 70-90 per cent 
alcohol, or better still, in Pampel's fluid (see Appendix B) or (; per 
cent solution of chloral hydra.te. Insects which are to be preserved 
in these fluids will have to be first chloroformed and have thier 
body walls slit at some suitable point to a!'l1'Jist the penetration of 
the fluid. 

Preparation of Insect lanae.-Insect larvae (caterpillars, 
grubs, etc:) may be preserved in 70-90 per cent alcohol, but a 
better method of preserving cat&rpillars by inflation has long been 
used by entomologists. 'l'he larvae .should first be' kille+ in a 
cyanide killing bottle or in alcohol. Cyanide is generally "'consi
dered the best for most . larvae. The caterpillar is placed on piece 
of blotting paper, a pencil is rolled over the larva from the' head 
to the tip of the body, thus protruding the tip of the alimentary 
canal. This is snipped off by a pair of scissors or a sharp knife, 
and then by rolling a pencil, as before, a number of times over the 
larva the cuntents of the body are squeezed out. One should be' 
careful to. do it rather slowly, at least with delicate larvae, '30 that 
the skin is not broken, for, if rubbed too long or tOo hard the 
pigment may be removed from the skin. A glass tube with its tip 
drawn out to a fine point . is then inserted into the anal opening. 
The skin may be fastened on the slender point bya bit of thread 
or a drop of glue. If the f{lass tip fits rather tightly into the aper
ture, then the skin may be placed a moment on a wire gauze held 
over a spirit lamp flame and then withdrawn. A spring or clasp 
or steel may be so arranged as to hold the larva to the tube. The 
skin may now be inflated by blowing in through the glass tube; 
But a more effective way is to have a rubber tube on which is a 
large pneumatic bag and' a smaller inflating bag at the end. By 
squeezing the inflating bag, the larger bag becomes inflated, and 
this makes a steady pressure upon ·the larval skin. This operation 
of inflating the larva should be performed over a small tin over ,as 
shown in the accompanying figure (see Figure 17). The glUl 
tube with the attached larva (see Figure 18}_is inserted through the 
hole" d ". If one expects to inflate· many larvae, an apparatus 
of this sort will be found to be very useful. But for occasiona.l 
use, a bottomless tin can supported by a wire gauze frame over It 

spirit lamp flame, is an effective substitute. The direct and inftated 
larval skin may then be touched up with natural C01001"S aDd 
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~red' in the insect cabinet, preferably along with the OOl'lespond. 
mg adult mseets. l'he blown la.rvae may be secured in a ll)Qp of 
cOl:lper wire nxed. to a 8lllall cube of cori( w1llcll may be pinned In 

ihe cabinet or storage box or i,t may be mounted m a giaslil tube if 
reqwred lor extub~~IOn PWpOBes. 

Orustaeea, (Orabs, PiaWaS, eto.).- ~'ree swimming formti, 
whether marme or tresh water, may be collectedwlt.l.l the aid of • 
net. ~everal kwds 01 craos and Sill'lmps are tound between tId. 
Illal'ks . on Be,a-shores. 'l'hey sh~uld be looi(ed for 10 crence. of, 
rocks" corals and wooden piles or among weeds. 'fhese may be 
collected with the aId of a long pall' ot forceps. ;Long wooden 
forceps are useful for handling tlle larger kinds as they are likely ~ 
inillct severe wounds with tJJ.err enormous claws. c.:rabs callnot. 
however, Dlp the hands if held with the thumt> and fingers at tlw 
Irides of the carapace. Digging the sand just above low water mark 
on Ilaudy beach",s or estuarme mud fiats w.ll often yield a large 
collection of crustaceans which are burrowmg in habit. }i';shermen 
are often very helpful in obtaining specimens of those !orm$ wbich 
inhabit deeper waters. 

Hermit crabs inhabiting shells of molluscs may also be 
frequently coliected between tide marks on coral reefs and !ihore. 
where mangroves abound. 

Presening. -Small shrimps niay be killed in 5 per cent formalin 
and tra •• si'urr vd to 70-90 per cent alcohOl, but, as a rule~ the larger 
crustacea are best killed and preserved by dropping them directly 
into strong rectified spirit (96 per cent alcohol). The main diffi
culty With these animals is their habit of shedding their limbs ",hen 
touclled or Immersed alive in spirit. This can be overcome to a 
certa.in extent by the following means: Most fresh water crabs are 
rapldly killed by. exposure to the sun and marine forms, i::y drown
ing in fresh water., They should not be left too long in the latter, 
but should be transferred quickly to 70-90 per cent alcohol. . rrhe 
rigidity which often results from this method may be rrevented by 
immersing in successive changes of weaker spirit before fmally 
preserving in strong spirit. If a number of crabs are to be t>acked 
in the same jar, it is a.dvisable'to tie up ,each specimen in separate 
muslin bags so that the legs, if broken, may not get mixed Llp wlth 
those or other specimens, For display purposes, crabs are better 
prflflerved as dry SpeCimens as they can' be pa.inted in natural 
eolours in this, condit~on, The abdominal flap is fold"ld back and 10 

alit made in the lqwer_ wall of the cephalotbor:~~ (in the body pro
per). Through this opening. all the flesh and muscles from inside 
the body and the,bases of the legs are removed with a pairot forcer.s 
and monnted needles.-Th.e legs may be detached in this process lr. 
the case of the larger crabs, when each of the legs has to be cleaned 
of itq flf'shy contents·'indiVidnal1yt.ndpasted::baek in po$ition witb 
eeUulold cement (see Appendix, B). The interior of the bOdy 
i. then tboroUibly WIShed with stronl formalin and stuffed with 
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cotton wool soaked in weak ~ai'bolicacid lotion. or boraxsolutto~ 
The abdommal tlap is then folued lJack mto ItS natural positlOn aud 
pasted down with CetialOld cement and wound up wltll the body 
\vit.h colourless thread. The legs may then be pL'Opedy arranged 
and fixed in the;r, correct posltioJJ.~ on a ooaHl wuh !I,liS jJaSlitlU 0\ er 
them cris~-cro::.s aud aliowed to dry. Alter a tew days, when the 
specImen IS completely dry, the pms and thread are~'emoved IU.ld 
the original co1ours are replacea wltn 011 paInts and the sul'tace 
litsntly coated with paper varDish when the colours are dry. 

Ve11ebra:es-Flshzs.-Collections of fishes may be generally 
made m tHree ways U} specImens lllay be cOllected in thell' natural 
haoltat" by use 01 nets, traps JI!les II.nd o,ner llsmng gear, (~) 
they may be obtained by the co-operation of the local tishennen or 
(3) they may be prv:.lured by meaw; 01 lrequent ViSltS to We b!\h 
markets.'.tne Department of .Fisheries will be able to advise on 
watters connected with the use of sUitable nets and traps lor 1ish· 
ing. Fishing with rod and line may be llldulged in as a. SpOl·t, bu\ 
it IS debnteJY not to' be recommended for scientific collecting .. as 
comparatively few specimens ot any value have been obtained by 
this method. Hmall rock pools lett uncoveled by tile receding tide 
ma) be explored for fishes with advantage, as this type of habitat 
renders collecting comparatively easy. The clefts in rocks, 
sponges, large bunches of seaweed and m,asses of coral, sea-squirts. 
etc., which should be broken open and·carefully examined, are all 
likely to yield interesting specimens of fishes. All fishe~ collected 
shoulci be accompanied by labels giving the data and locality hl.d, 
if possible, any information regarding sex, breeding habits and 
rood of the fishes. For speclmens preserved in fluid, parchOlent 
labels may be written with good waterproof Indian ink and tagged 
on to the fishes at the base of the caudal fin. If the colour of the 
fish is remarkable, the collector is recommended to make a. coloured 
sketch, if possible, before pre~erving th~ specimen, or, at lellst, to 
make a. note of the colours in life. It is advisable to maintain a 
notebook in which these col.oured sketches and other field observ .. 
'ionlf> may be carefully recorded. 

Fishes may be preserved either in fluid or II.S a dry, stuffed 
specimen, and for display purposes in museums it is alae usual to 
make pamted plaster or wax casts of the fishes. 

Wet Prelenatlon of Fishes.-For study purposes, it is best 
to preRel'Ve fishes in fluid. For the grea.t OIalority of fishes, str('ng 
alcohOl (70-90 per cent) is preferable· to formalin, hut, jn the case 
of larvae and fragile oceanic fishes, a 4 per cent solution of torm.lhn 
gjves.~ood results. '1'he firl'lt essential of good preser:vat~on is to 
make certain that the pr~servrngfluid ,reaches all the i~ternal parts, 
more particularly the litomach and intestines. The . easiest meth~ 
of doing .his is to inject 70 per cent alcohol or 5 per cent rormahn 
into the alimentary canal through the moutll and vent, and allO. 



to-
through: 80· ventral incision, into the body ca.Tity. If no syringe or 
pJpet.Le 1S .av8J1able. several short. e1its (l ~ 2 inches long, depending 
on the leugth of the specimen) may be made slightly to one. side 
of themi.d lmeof the belly, avoiding, all far as possible, dl1wage to 
the 6(·alas. '!he specimen is then completely oomersed ma .1ela-· 
th-ely weak solution. of $e preservative fluid. (50 per cent alcohol 
or ~ to 3 per cent.tormalin;as the case may be) for a period of.one 
to three days. The specimen is then transfen'ed 'to·a second 
atronger . bath (65 per cent alcohol or 4 to o percent forma,1in). In 
Ulis, it may be allowed to remain (or a ptlriod of a. week or eo fort
night. If the specimen is large it may require a few more changes 
of stronger solutions of the. preservative fluid and finally, when 
fully preserved. the specimen may be permanently stored m strong 
90 per cent alcohol or5 per cent formalin. but; as mentioned 
earlier, alcohol is preferable to formalin. as the latlier renders the 
specimens extremely brittle in course of time. In mounting fie-hes 
in specimen jars for display purposes. care should be taken to bee 
that the fins are properly spread out and d~played to the best 
advantlltge. When out on a field trip. where it is necessary to pack 
a large number of specimens in the same container. -it is advisable 
to wrap each specimen individually in pieces of clean. white. fiue
meshed cloth, with its label ptaced inside the package. Whereit 
is de-sired to transport a consignment of preserved fish, the ~peci
mens maybe packed in tin conta;ners lined with cottonwool. ftlled 
to the brim with 70 per cent alcohol and soldered so as to render it 
air .. tight. 
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the hard..aca1ed kinds of dibll are, easier to lkin and prepare· &j dq 
specimena. 'rhe fish ia laid on a sheet of brown paper Ind' "con
tact outline of the body is traced on the paper. ']'b~ specim'3n is 
then pasted all over with a sheet of tissue paper to prevent the 
-scales from being shed while skinning. When the pasted paper has 
become dry aod stiff, the fish is laid on its better side' on a. wet oil 

. cloth on the work table. An incision is made with a scalpel the 
full length of the uppermost side along ltS middle line, from the 
tail fin to the joint in the shoulder girdle. ~'he shoulder hInge 18 
cut through with a. cartilage knife or bone cutter. A cross iLcjyion 
is made along the end of the tail fin where the skin joins it. The 
comers are laid back and the base of the fin bones are cut t.l1rough 
with bone cutters, care -being taken 'not .to· damage the skin of the . 
other side of the tail. The body is now carefully removed from the 
skin, usmg, dull knife. The end of the tail is pe~led free from the 
skin. Th~ skin of the side is peeled away from the body on 
each side of the long incision' until the centre of t1:1e back and belly 
are reached. A considerable amount of the roots of the fin bones 
'are dissected and cut free from the body, leaving 1/4 or 1/2 incb 
of the roots intact on the fins. A~ain the end of t.he tl\il is ,1i.fted 
ana the 'body is gradually separated from the prone skin. When 
tbeskin is freed as far as the shoulder girdle. the carcass is laid 
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back in the skin. The body is now cut free from the skin at the 
moulder girdle, using a large pair of scissors or bone cutter. The 
point of attachment of the chest is left unbroken at the throat. 'l'he 
skinned body is now laid on t~e brown paper alongside lile super
ficial contact sketch, and a contact outline 1S made of it. Th eye-

. balls are now removed by scooplDg"them out witb a cu"ed scraper. 
The rUris of the eye-sockets are cut around inside·' to open the way 
for removmg th'" cheek muscles. A round-ended table knife is used 
to release ·the cheek skin from the meat, and a curved scraper to 
remove the cheek meat. The skull is left inta'ct but the brain case 
is nipped out with a bone cutter. The _skull bones are scraped clean 
.and arsenical paste (see Append.ix B) is rubbed in well over the 
.kull and gills. . The skin that covers the long interior muscles in 
the lower i'lws is slit and all the meat is scraped out. Arsenicr.l 
paRte is rubbed in. The. roof of the mouth i, left inta~ and rub
bed with ar&enical paste. The body skin is now ~pread open· and 
:411 mMt and 'atty tissue sticlPng to i$ are 8C1'Io);l8d away •. The aldn 
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eould.be IOraped from the end of the. tail towirck the head. usm, 
.•. d~ ,tool. Special.attent.ien should be paid in removing the 8eeJi 
~hat epreads 'anwise over the butt ends of the tail tin bones. Arieni
cal paste is rubbed in well inside the skin all over, and. also on the 
Ans; while the &;rtitiQial body is being prepared, the arsenic-curec1 
skin may be kept rolled up in an eJ\.tended position in a piece of 
lil cloth or wax cloth. . 

Maldng the Artlllclal Body. -The contact body outlines of 
theftsh are now taken, and just inside the full-figure body out1i~e, 
a heavy black inline is drawn. The brown paper IS now cut out 
~long the black line, thus making a pattern for the mannikin. 'l'his 
will cQ.I'resrond inore or less to the contaet outline of· the skinned 
body. The paper patte.rn is now traced around on a piece of }lIy
w..>Od or thin 1/2 inch dealwoodboard. This board.wil1 be the core 
of theartipcial body. This wooden core is now sawn out. A 
small block of wood may be 'screwed a.t the middle on t~e side of 
the board which will fa.ce the panel on which the fish w:ll be finally 
mounted. if it is desired to drive in rings or hooka for sUPl'ort. A 
row of five little dat-headed DailA iljl now· driven. half way in aU 
found the edge of the core-board, to hold the thread or twine when 
wrapping the tow filling .. Fine tow iR wrapped round the core
board m wads and shaped dat, and after tying an end of ~he twine 
to a nail near one end of the core the tow is wrapped uniforml~ 
round and round, looping the thread or twine back and forth from 
the edge· of the belly line to the edg-e of the back line. drawinl'J' 
tightly as the work is progressing, making a smooth. neat arttfici~ 
body with the tow. When both sides are completely wrapped, the 
nails are driven in snugly. A U-shaped wire handle is made. ~ith 
both Its ends finely sharpened. This is set in the belly of ~ t.he 
artificial body for holding it while applying the papier-macM (see 
Appendix B) surfacing over the tow. llsinga small trowel or a 
plaster-tY>l. The papier-mllcM is worked well into the tow. The 
surface of 'the body is modelled to the na.tural shape of the real 
body. leaving grooves in the· correct places for the ,fins. The hody 
is then hung up by thf) wire handle to dry. When dry, the surface 
is smoothed ~,;th a file and sandpaper and a coat of shellac is a.pplied 
over it. 

END vlrw 
ONE· SIK \ooIRAfIIID 

\ . 
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lIounUng.-l'be fish skin may now be pasted to the artificial 
~y or l~ may be P.!lt on without any adhesive. If it is desired to 
paste the skin, glue mixed with flour paste may be brushed all \l\'er 
the inside of the body and tail on the skin. The artificial body is 
laid in the akin and the roots of the fins are fitted illto their corre
sponding sockets. The sk~n is pressed lightly into ~ontact with 
the artificial body and thebooyincision is now sevIl up, beginning 
at the 'tail end .. A sharp, three-cornered needle is best for sewina 
fiah skins. It is advisable to rub the sewmg thread w~th wax 
before. sewing. The skull and the throat are set on the two' TIro
jeciing points at the front end of the artificial body. The cheeks 
are carefully stuffed with fine tow. The jaws are propped open 
with a wrapped ball of tow and the ends of the upper and lower jaw. 
are pinned on to this mass of tow. Tlie gill cover is raised on the 
view side of the fish, blocking it open with tow in the same way 
as the mouth. The gill cover is pinned to the block. The fin ~ are 
'prevented from drying up by dampening them with borax solution, 
(see Appendix B) while working on the remainder of the f\!'1h. 'rhe 
nns are sprea4 out and claspedbetw.een pieces of cardboard which 
are pinned together at the margins. Wads of cotton are placed 
nnder the gill cover and the fins to support the cardin~ until they 
are . dry. After adjusting the specimen.nd finally ehecki~ it up 
for any possible defects, the fish is ~et aside Cor'\ few daYi to dry 
(N. Figure 23). 



· B"'~ 11l~ ColoulDl. -A gieu .y. ~ the approprilnl 
~~ .Il~ colour 11 Itt 1n tlle view lid, of tbe flah with a pepier.m&chf 
limng In the eye-socket. The parte around the mouth are modelled 
into proper eh~pe by painting molten beeswax with cotton laid in 
~be-mouth parts and shaping it when cooled. ' The fin· carda are now 
rem~ved. Any te~ in ·thefins ma>: now be ~ade up by givmg a 
backlOg of glu.edtlssue paper to the tins. and trimming it when <U')'
The enllre skm of the tish and fronts of the fins are now given a 
thin, even coat of shellac. When this is completely dry, the fi&h is 
painted in natural colours. usin~ translucent tube oil paints and 
'urpentine. 'l'he silvery iridescence of many fishes may be re
produced by giving a few touches of silver powder. Pear" essence 
1D liquid nlluloid may be used to simulate a I*rly iridescence. 
When the pamt is dry, a final coat of paper varnish may be given 
and the fish mounted on a ~uitabledjsplay panel. 

.ouldln, and O&atiq a Fllh-rlrat MeOlod.-PrepariDa • 
wute mould of the fish in plaster and casting it in plaster. 

(1) Pr"imifIGf'1I preparatioN and moulding.-The t\rst etep 
in preparing a plaster cast of a fish is' to make' a coloure sketch, of 
the fish in water. colours. rrhe fish j,,' prevented from getting dry 
by wrapping it with ,a moist cloth while sketching it. 

All the fins are cut off as deeply as possible in such a way 
tbat there is enough of the bony roots of the filis left behind at the 
base of each of the fins and a ,corresponding hollow on the body of 
the fish. This serves for effective anchorasre .of the fins in the final 
ca.R. The fins thus cut away are ,soaked for' I few bours in • 
aatnrated solution of borax to prevent future damage by insects. 
The eyes are also completely rf!moved by cutting out· the eYe mem
brane and scooping out the eye-ball. If it is desired toretaiD t.he 
shape of the fish perfectly, the belly is alit OpeD at the clicie opposite 
to the view side, the intestines and viscera removed and the int ... 
rior atuffed with damp saw dust. The slit is then sewn up. 'Ibil 
makes the body of the fish stay in perfect shape. 

'j.1he fish is laid on " wooden board' on one side, the more 
Pf'rfect and better-looking side beip·g: uppermost, and then adJusted 
in the desired position by placing little: pellets of clay here and 
there underneath. the body of the fish. A solution of alum (_ 
Appendix B) whieh haC! ht'pn nTPviomdv prPTlllred for the pumoM is 
painted all over the body of tlie fisb several times with a 10ft brnsh. 
Carf'! should be taken to .see that the alum solution gets into every 
erevice of the fish. Tb:j:I l"rpvt""tq thp "kin of thp fiC!h from "tiekln~ 
to the plaster mould. After 'the Rkin is thoroughly washed witb 
alnm WAter. it lC!lightlv wil)Ptl nff with" l'liH.e of cloth and allowf'ld 
to dry for a while and the Burface is then given a coating of olive 
oil. 

Wbf'n thil h,,~ hf'fon «lone. "lft~er 0' Pari .. (fWl APMndis 
B) In which Mme vf'l1ow nehl'f' pow«lpr hal Iwn rnix.d. II pnapareeJ 
to a creamy eo!llistenoy and poured all over the aurface of tbe a.b 



· ~ • ibiD Jay. and aU ace .. plalter 1a rl!DDnd from tba Ii_ ~ 
.. ~Ih. AD even thin la,er of yellow pluter th1li forma a mauld 
ammedlately over the bod, of the fish. Care ahould be taken to 
eliminate all air bubbles while pouring the plaster. In order to 
ensure this, the bowl of plaster is tapped on the table so that the 
air l.IUbbles rUle to the surface where they can be broken between 
the fingers. After the mould has set, a separator (stearic acid, 
.oap Rolution or clay water of a creamy consistency) is applied GVer 

the· mould with a brush. Plaster of PariS, without any admi.lture 
of yellow ochre, is now mixed' and poured over the yellow mould, 
thus ma.king 0. second mould over the first. This second mould i, 
made a little bit thicker than the first. 

When the second mould hilS set properly. the whole mould 
with the fish is taken off the Doard .and the fish is pulled out from 
the mould. If the fish gets stuck up, it may be cut at the side, the 
head squeezed down and the whole body may then be pulled out.· 
'fhl' inner surface of the mould is thoroughly washed and allowed 
to dry. 
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PreparatlOD Of &he .OR for OuUDl. -BlforepoutJDg.~ .. · . 
into ~he mould' for making the east .• ill. mould .mould. be .prepated 
for casting in either of the two following ways :-

(1) The mould is soaked in water for. some mne. It i • 
. then taken' ou~ and the entire inner surface of the mould iii coated 
with soap solution, liquid soap or green soap. 

(2) The inner surface of the mould may be given a coating 
of shellac all· over. Care should be taken to see that the flhellac 
enters all the crevices of the mould.. The gloss should be seen 
everywhere on the inner surfa~e. When this first coating is Ilry, 
a second coating of shellac may be given and then allowed to dry 
again. The shellac should ,be applied in a very thin layer. When 
the shellac is dry, a coating of olive oil is .applied everywhere on 
the inner surface of the mould with a brush. The IiIhellac is to 
prevent the olive oil from getting absorbed by the J)16'ster ~nd the 
oil itself se;rves asa separator between the ~ and the mould. 

Caltlng the PIsh. -When the mould has been thus prepared, 
plaster is mixed to a creamy consistency and poured into the mould, 
eliminating all air bubbles, first as a thin layer, which is made to 
run intO all crevices of the moqld so that' a good impression i. 
obtained. The. plaster .. may' be. spread evenly with • 10ft brush or 
tIle surface of the liquid plaster may be blown.. 

If it is desired to make the cast hollow, only as much plaster 
as req~ired to make a firm . layer all round, is poured in. To rein
force the plaster, pieces of burlap (or ~nny cloth). are cut up lAnd 
placed over the first layer of plaster all over, and then the secCJnd 
coat is applied. A secon~ laver of burlap pieces may he placed .over 
this amd a third coat of plaster. applied over it and so on. This 
makes the cast very strong. In the. case of small fishes the cast 
may be made a solid one by filling up the entire cavity of the.:l1luuld 
with plaster. But in larger fishes, it is eenerally desirable to make 
it hoUow to reduce the weight. While making the cast it is 
advi$able to inBert a pair of wire rings at the back of the cast, 
before it sets. to Berve as bangers for the finished cast. When the 
cast is completely set: the mould may be carefully chiselled oft. 
The outer heavy layer (white plaster) will easily sepa.rate off from 
the inner yellow ]ayer~ as a separator had been applied between the 
two lavers, The inner yellow mould should now be carefully picked 
off bit bv bit. Wherever It stICks hard, it may be carefully cblselled 
off, but great care should be taken not to injure the surface of the 
'cast. When the cast has been entirely released from the mould, it -~ 
is trimmed and modelled wherever there are irregular!ties such .. 
air bubbles,. depressions, seI:!-tches~' etc. While modelling, care 
should be taken not to obscUre the natural details of ib. eut. 
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Preparatlon 01 the Flna .-The nns are cut oft 108 close as 
possible, leaving grooves of considerable depth in the body of the 
fish 80 that there may be suflichmt depth in the cast for the inser
tion of the nns. As much a8' pOssible as the spine bones and ftesh 
are taken away with 'the fins at their bues. The 'nns thus removed 
are lIOakodin a clear solution of1inenio or a iatUratecl solution of 
borax' tor about· three honn, , They' are .then . taken :out of • 

. -



dutiau aDd allowed to dry in thejt natural pDliit4wolaUlI* 
between a piece of 1iti1f cardboard and a s.4eet of otllulgu acltate. 
E"very t1n is clamped and allowed to dry. 

FIxing the. Fins In the Cast. -When the fins are sufficiently 
dry and stiff (i.e., after .~bout 24 hours) they should be fitted ~nto 
the cast at their respt,'Ctive'.positions. Deep grooves are made in the 
finished cast of the fish at the proper places where the fins ','Vould 

·fit in. They should be sufliciently deep so. as 1:0 lI.&ake tbe fins 
appear naturally fixed ·when inserted into them. The nns are fU'8* 
secured in position by celluloid paste and allowed to dry. The fins 
should be as close IIl.possible to the front edge of the ~ooves so that 
they appear continuous with the body of the cast. The gaps in the 

-fin grooves are filled in with molten beeswax, worked in by a wax 
tool and carefully modelled so that the joints look perfectly naturai. 
Any broken parts of the fin membrane are repaired by pasting .. 
backing of tissue paper coated with shellac to the hind surfaces of 
the fins aud then trimming the edges to the desired· outline. The 
edges may also "e frayed out with a blunt tool to make the fins look 
more natural. . 

When all the fins have been thus repaired and trimmed the 
whole cast of the fish and the surface of the fins are given a coating . 
of shellac. After it dries, a second coat of sbellac is given Bald 
allowed· to dry. The cast of the fiRh is then painted in natural 
colours with oil paints, using tbe original water colour sketch as a 
guide. Silver powder may be used in the finishing tonches to give 
a silvery shine, characteristic of many species of fish. Final!y a 
gJass eye is set in the hollow on the cast at the position of tile 
natural eye. The glass eye is fixed with a little melted beeswax 
which should be modelled carefully to for~ the 'eye-lid' round the 
glass eye. 

Moulcllng a PIsh tn Plaster and making a solid Wax Cast 
from the .~uld. -The. fish is first prepared as for maki ng II. plaster 
cast, The fins are cut away as deeply as possible anrl soaked ina. 
saturated soluation of borax. Some }Jlattter of ParIs is mixed to a 
creamy consistency nnd poured out on a soaped board to form an 
oblong layer (about an inch in thickness for small fishes, th'cker 
layers for larger fishes). The fish is placed on its side over this L~d 
of plaster and pres~d gently, till half of its body is embellrled in the 
pla.ster. As the plaster be~ins to set, ~e margin of the pla!'lt.'r 
ad10ining the specimen is smoothed and leveUed with a RcalJ>el. 
When the pIRflter ha!'l Flet comnletely. thp marIYin of the mOll: 1 is 
trimmed rou~hly according to the contonr of the fish. leaving" fairly 
wide marain all ronnd the Rpp~imen. 'KeYR (i,e .. U-flhapecf eTlOvell 
or canit'sl pits) are cut in on thp mare-inR. ahout two nn PRch of the ! 

IonprRidPi.. and the whole sunare of the mould ill ~""n a hheMI 
'OO8tin~of liquid soap with a brush. Now a clav WAn if! hnilt aU 
round the mould and more plaster is mixed and poured over the l1rst 



mould' with the apeoimen .. uLposition ... When this seoondulould' 
sets, it is trimmed at the margios to' the me of the lower ·mould. 
'l'he two moulds are OOW separated aod the fish removed from it. 

o, 

CUtlng.-An air groove is incised 00 the surface of ooe of 
the moulds from the part of the mould correspooding to the tip of 
the mouth of the fish. A deep chaooel is also cut out extendIng 
from t4e top of the head to the niarglD of the mould. This groove 
is made in both the moulds in such a way that they form a single 
funnel-shaped tube when the moulds are 'placed together. J'his 
tube is for pouring io the melted wax. If necessary, one or t \vo 
more air grooves may be incised from the tips of the fins t-o the 

. luar~iu of the mould. The moulds are soaked in warm wllter for 

. a few minutes, and then taken out and sponged with a towd to . 
have all the exce~smoisture dried. The two moulds are placed 
together and beeswax melted in a double boiler (water bath) is 
poured into the cavity of the moulds through the opening in a steady, 
contInuous stream, holding the moulds in a vertical position, uotil 
the entire cavity of the moulds gets completely filled and some of 
'he wax overflows.' The wax cast is now allowed to cool and har
den. This process may be speeded up by keeping the moulds. ,,:ith 
the wax cast in situ under a runniog stream of cold water from' a 
tap. 'When the cast has completely -solidified, the two moulds are 
separated and the cast carefully released from the moulds. '£he 
cast 1S trimmed with a scalpel warmed over a spirit lamp. All the 
imperfections and irregularities in the cast are worked up g,nd 
modelled with a wax tool or spatula (see Appendix A). The fins are 
attached in their respective positions and glass eyes are set in the 
eye-sockets. The wax cast is finally painted in natural ooloul's 
with oil paints, using benzene as a~ thinner; If an air brush· is 
available, the cast may be spray-painted. The paint should be put 
on lightly without obscuring the details of the cast. Silver powdel' 
may be dusted lightly on the cast in the case of fishes with a silvery' 
gloss. When the paints are dry several coats of clear paper varnish. 
may be given until the cast looks fresh and moist as in the hving 
cond'ition. The finished model may be mounted on specially pre
pRred display panels by means of rings or hooks inserted into the 
less perfect side of. the specimen. 

Antphlblans (Frogs, Toads, etc.) .-Frogs are generally DIet. 
with io fresh water ponds and in moist situations in the vicinity of 
pools and tankS. Toads a.s a. rule inhabit drier regioos and may be 
fonnd in burrows or crevices of stones and rocks. Aquatic formp 
may be collected w:th a net, white t.errestrial one!;J mav be ca.p\,ured 
with long pairs of forceps. While collecting a.mphibians, it it! 

. deRirable to look for their eggs and larvae. Many tropical frogF 
~nd toad. df'pclllit their eggs on the ground, in burrows, or on bUlhes 
or t1'HI. SGme carry their egg. or young, or protect them in neat,· 
madt> 01 leaves held ~ether bv a frothv secretion Ind often over .. 
hao,iDI .. ater. Most frogs an~ teads have di.tinctive mafd"'" ... n" 



which the oo11ectai': can leam .t4 distingUifh by ,e~en~;' , :Many 
specimensmay,be tracked down at mgDt,wltb tbe'aid 01 ,; powerlul, 
dash light by' following their calls. '1 his is perhaps the. only poa~ 
sible way of obtaining the nocturnal and burrowmg species, '!'be 
rainy season is th~ best.time to collect ampbib~ans ·a8 most speeles 
apJ>t'ar abov~'heground during this season for breeding purposes. 

PreservlDc .-The majority of frogs and toads and their larue 
(tadpoles) are covered with a very soft skin .. 'l'11ey should therefore 
'be placed in weaker spirit than reptiles m order to prevent shrinkage 
of those· parts which are particularly soft. Although 50 per cdnt 
alcohol may be used for the first few days, it is necessary to exa
mine the specimens everyday, as the ahmentary contents tend 'to 
putrefy. The spintmust be changed three times at least, and often 
more trequently and finally replaced by 60 to 65 per cent alcohol 
iIl which the specimens may be permanently preserved. Care 
should be taken to inject the duid well into the throat 80 that the 
interior is well permeated with alcohol. Before plunging speci
menR of frogs or toads into alco)lol, it would be advisable t.o kill 
them with chloroform or by injection with veterinary. nembutal. 
Formalin is not recommended as' a preservative 'for adult !lmphi
bians, but it is preferable to alcohol for preserving larvae and' eggs. 
If various stages in the life history of the frog are required, the 
eggs may be allowed to hatch in an aquarium and the larvae reared 
to various stages, killed, preserved in formalin and mounted em a 
glass plate in a specimen jar. 
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Preparation of Wu CUt of a J'rc, &rom Plater Koulds.":"'A. 
_ freshly lOlled specimen of a frog is la1d on an oblong bed on plasr.er 

witn llmos and toes properly spread out. When the plaster sets, 
keys are cut in, the surface of the pla.ster coated with soap ~lutiotl 
and a second mould is prepared by building a clay wal1 all round 
and pouring pla.ster over the upper e.xposed half of the speclmen. 
'l'hus a two-piece mould of the frog is prepared. From these 
moulds 8: WIIoX· cast is prepared in just the same mann~r as a nsh cast 
is l'repareuo 'l'he cast, when completely flet, may be dipped in 
wa.rnl water and the limbs carefully bent into natural .positions. 
}4~inally, the cast is painted in natural colours with oil paintfl. 

FI.. Ill. WAX CAft 01' I'&OG 
.. 'I'AKII. ow JI'JIOK TBII MOULD .. 

:-":: ~~ -: .. ; .. 
. .. 

FlO.' •• WAX OA8'l' 01' I'JU.Q, WITH uti .. 
BBlfT INTO .ATV~ 1'O"'l'IO., OOLOVlWD 

UD K017BTllD. 

Preparation of Wu Cut of a Frog frolD Rubber .oul4.-A 
frog ii killed with chloroform or by injection with veterinary nem
butal and posed in the desired<position' by means of strings suspend
ed frow a. wooden frame (see Figures 82-35). A thin coat of liquid 
rubber (latex) is given with_~ brush ioU over the specimen of 1he 
frog. After one or two ho~s when thenrstcoa.t has hardened, a 
second coat of liquid rubber is given, and so on, until a fairly thick, 
ftexible rubber mould is obtained. OvAr the rubber mould, a plaster 
of ParlS jacket is prepared by pouring liquid plaster, keeping the 
frog in IItU. V\Tben the plaster jacket haJ5 sets ,lits are made "ong 
'be ventral surfaces of the portions of the rubber mould C(\rrespoDd. 
jDg to the belly and fingers and toes of the frog. Through the slit· 
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aloD, the bell1, 1J1. frog may be pullec1 out of the'moulc1. ·TJaa 
wSallOr of tJle tllboer ,moUl.c118 hlen waaned tboroqhly and liven 
I coatlDi ofeoap so1lltion~· Beeswax me1tecl in a ciollble boller • 
now' pow-ed in"- the rubber-mould and the mowd ~ed ,eu"y 

, frou,.ide to· aide to let the wu penetray· inw all the creVices of 
,tb" moul4L l.'he plaster jacket' will serve to proVeJlG the rubber 
. ruowd tro,m b~m8 Ollt of S11ape. A sort of 'a base for the' frog lnay 
btr built up by ad~g alternate layers 01 cotton aud molten bee&
wUQDderneath the ~t of the frog. W,heo th" casG Ind the 
lttached paae have set compJetely' the plaster jacket aJid the liexible 
:ubber mould maybe rew.oved" releaeing the cast. 'the Cut ia 
finally painted m' natural coloUrs with oil paiute. 

a,pUlel (SDakeI, LIarD; 10110-. eto.)-CloIlHUDc.-
Reptil~ inhabit VarlOI18 ~~ of l~ties ~d it ,~djbU~llli 
~ Jay down any general prmclples regarding thea collection. Cro

, ~es are f,?l1Dd in inlal}d watt:rs and at the lIiO"ths of large rivers~' 
The besG way to capture tbem 18 to tJwot them WIth. a l~DOregub. 
MariDe turtles and sea. makes may be obtaiDed in nets· with the aid 
oi fishermeD. Tor1oises are geDerally fOUDdiDtauks, pon.ls und 
·rivers while the landforms' wi!b more CODVex carapace may be 
collected iD, moist . localities adjoining meadows, marsues or ·paddy 
fields. Several of the lat'ger lizards dwell in caves, crevices of rocks 
and OD tLehi1ls. These can be .best obtaiDed-by shootiug with • 
revolver usiDg very Aue dust mot •. The smaller species, howevfJr, 
are likely to be too severely damaged by eveD the fiDest 'shot aDd 
should therefore be caught by the hand or Det. Some of thediurm.: 
li2ards caD be tr,apped. A simple trap for catching lizards ClUJ be 
improvised froID an empty keroseDe tin from which the top hu 
beeD remove4 and four stout wires artaDged iD the form of a cross 
hed over tho opeuiug (see Figure·86). ' The ceDtre of the cross· has 
a small platform for the bait such as a p:~ of ripe fruit, and each 
of, the arms radia'ng from. it. is· threaded through a small piece ·of 
highly polished bamboo which is free to rotate. \Vhen a lizard 
attempts' to. crosS, to the ~ait (which may be reDdeM attractIve by 
reason of the inseCts Jl&thered round it) the bamboo tums and preci;. 
pitates the animal into the bottom of. the can. Nocturnal and 
eryptozoic (i.e:; hiding) ,cr.e&tures· caD be found by " search of 
probable hid:ng place~eadlogs. under bark of tre~s, undaroeatb 
rtones aDd in crevices of rooks. Provision of artificial hidiug places 
will attl'tict ma.ny species. of ,lizards~ Many species of . makes live 
habitually underground or are eDtirely DOctUrnal in ha~it. . Theae 
Ci.n (\DI, be obtaiDed by digging up the soil or hy searching for them 
under st.ones or among decayiDg substances~ Tree makes ue 
geDeraIly fOlIDd entwined amOUR branches Of trees and are difljcuJt 
. to see as thev harmonise with. their surroundings perfeCtly. weD. 
Great care "hould be tlaken in handlinR sea snakes, vipers. min and 
aobras &8 they Afe all highly poisonoQ.8. SpecimeDs of poisonoUi 
.nilk~s may be lwtt nhtained by arranqement with loeal suppJie1'8, 
Tillagera or juggl .... ao.ct snake. charmera who _ wOulcl b. able te 
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proeure them· at:.a reasonable cost. Many snakes and . lizards are 
adorned with brilliant colow' patterns dW'ing life, but . lose them 

. after death. It is therefore' advisable to make good coloured sket
ches of the ammals in the living condition, before they are kJlled 
'and preserYed. 

,. :Preserving-Wet PresenatioD. of Reptiles.-All .reptiles 
I5hould be preserved whole, wherever ·practicable. Bxcept for very 
large reptiles such as marine turtles, crocodiles and snakes of ruore 
than 10 feet, most species of reptiles may be preserved in fluid. 
For . the wet preservation of snakes and lizards for muse1Un 
purposes, alcohol s.bould be used wherever possible. The remarks 
regarding proper' penetration of the preservative. fluid fond the 
successive changes of stronger percentage of alcohol, made earlier 
m connexion with the wet preservation of fishes apply equally well 
to reptiles. . It. is mostimpoitan~ that the preservative should 
pe;netrate into the body cavity as rapidly as possible. The 
preservative may be injected at several pomts on the belly of the 
specimen by means of a hypodermic needle, but better r~sults are 
obtained by making a series of small incisions along the middle of 
the belly.' Incisiol!sare particularly essential where the hin<1er 
food canal lies, as the .undigested food causes putrefaction very 
rapidly. After passing the' specimen ,through successive baths of 
50 percent, 65 per cent and 70 per cent alcohol allowing a few 
hours in each, the ~pecimen may be permanently preserved in 
strong rectified spirit,(95 per cent alcohol), but this final preserva
tive ftuid should be cMnged after 24 hours. The specimen becomes 
rigid in alcohol, bu. this. can be overcome by manipulating the 
specimen for a feW' minutes twice daily for the' first three or four 
days of preserVation. If alcohol is not available 5 per cent formalin 
may' be used for preservation but it is inferior to alcohol in evel1 
way. 
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.. Ther" are IJl&Dy ways of killing a snake but this should be 

done. with the least possible damage to the spemmens. ~ The sim
plest method is to break the spme a short distance beh\nd 'iihe head , 

. by a· blow with a stick. Snakes and lizards may 0 also be killed with 
chloroform, and many of the smaller forDlS are extremely SU&CeIl:
tibJe to. o nicotine , and a few drops of it placed in the mouth will kiD 
t~e~ . Mmost instantaneously. Living colours should always be 
noted and labels giving particul~rs .ofdate, locality and habits 
should accompany the specimen. After preservation the specimens 
may. be permanently stored 0 in specimen jars if required for study 
purposes, but they should be properly mounted on glass plates and 
immersed in wide-mouthed jars if they are required for exhibition 
purposes. (see" Wet mounting "-page 59.) 

DI'J PreservatiOJi of RepUlea.-In the case of large reptilet 
IUch 80S crocodiles, turtles and large land tortoises and snakea of 
greater length than 10 feet and those of large girth such as Pythons 
and Bo~s, the preservation of the entire animal in alcohol is im
practicable. Cl'~diles may be stuffed and mounted, using an arti
tiClal body made of tow, in the same way as small mammals are 
prepared. To prepare the skin of a crocodile, it must be cut through 
along the middle of the under side, from the chin to the end of the 
tail. Care must be taken not to damage the skull. All flesh is 
scraped away from the inside of the skin and. several handfuls of 
p>wdered alum and saIto are rubbed into the skin on its flesh dide. 
The skin may be left overnight wrapped in a gunny bag, and the 
flesh side should be scraped again the next day. Finally arsel1ical 

. paste (see Appendix B) is applied all over the inner surface of 
the skin with a brush. Specimens of snakes of greater length than 
ten feet and those of great 0 girth . such as the Pythons are also 
unsUltable for wet preservatioJ;l. TheY!;lhould therefore be skinned 
The animal should be split open alon~ the whole median line of 
the belly, with a pail' of strong scissors ancl the skin should he 
l'elnoved with a knife frolll the line of the cut towards the back. 
All flesh and fat are scraped away ard arsenical paste (see Appendix 
B) should be applied all over the Lesh side with a brush. 'llhe 
skinmav then bArolled up with the scaly side of the skin outer
most. If it is desired to preserve the skin in fluid the roBed up 
skin- may be stored in a. jar of stl'ong (70. t-o 90 per cent) alcohol 
without a.pply~ng the ai'senical paste. 

Preparing and Mounting a Tortolll.--The following method 
of shifting and mounting It tortoi!':e does away with the need for 
sawing the shell apnrt nnd wiring them together again. All inci 
~Jons are made along the under side of the neck, legs and tail as 
indicated hi Figure 37. The lower edge of the body skin is cu~ free 
from the plastron, leaving enough edge for stitching, from the neck 
inCision outward to each foreleg incision; but not beyond. The 
same process is repeated from the tail incision outward to each hipd ~, 
leg incision. The· rieck, base of the head, the legs and tail are 
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aki~, lea'ringthe leg bones and the skull attached to the skin. All 
desbJrom the leg bones and skull is cleared and tlle eyeballs, jaw 
muscles and brain are removed. The joints should not be diSllfti. 
IUlated, except at the shoulder and hlp attachments in the shell. 
The entire fleshy contents of the shell are cleaned out with a long
handled scraper. Care should be taken to see -that all dorsal muscleF 
and flesh are removed from the roof of the shell. The lcterior 
surface of the skin and shell is thoroughly rubbed with arsenical 
paste and the shell is then spread out on its back t.o dry completely 
hefore attempting the mounting. 

THE IIICI5IO"$ 
F D1t SKINNlM& 

ATURTl.J: 

l!'IG.~ 37. SXINNDI"CI A. ~"rLH. 

When ready-to begin mounting, some beeswax is melted in a 
double boiler. Wads of tow are dipped into the hot wax, dra.ined 
and laid on damp paper to cool. When ready for mounting, the skin 
i& relaxed by applying arsenical paste to it repeatedly until it 18 

pliable, The neck and tail cores are pJ;epared by spinning cotton 
on wires cut long enough for anchorage throu~h the shell stuffing. 
The leg wires are fastened to the bones in the same way as m.)uut
ing a small mammal. - The ~nds of all the six wires are sharpened._ 
Bits of tow are wrapped on the leg bones to represent the muscle 
cores on the legs, binding them smoothly with thread. 

The shell is stuffed full of the waxed tow, l~aving a hollow at 
the front and _ back ends to receive the legs, neck and tail. The 
neck and foreleg wires are pushed backward tbrough 1 he body 
stuffing and the wire ends are clinched -back into the stuffing at the 
rear""nd .. -The bind leg and tail wireR are pushed forwards through ~-.~ 
the bOdy stuffing and the ends are clinched into the stuffing at the 
front. end. 
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The neck, leg and tail cores are covered with soft mOdelliDs' 
clay. All incisions are sewn up with short stitches. Tb" lower' --. 
edge of the body skin is. sewn to the correspOllding edge of skin left 
along the front and rear mariins of the plastron (i.e .• the lower 
plate of the shell), where it was cut free. A few perforations ere 
made in the skin of the neck, fegs and tail between the scales '\"lth 
a needle to allow the clay to dry out. The tortoise is mounted on 
its base~ The eye Rockets are filled with clay and glass eyes are set 
in position. The neck, leg and tail details are moulded and the 
specimen is set aside to dry. When dried. allY shrinka~e should be 

.• ·eplaced with wax. Fa<;1.cd colours are replaced with oil paints and 
It. 6n.11 conting of paper vanmb is given' over the shell. . 

,'. 

lI'Io. 88. hAft'no MOULD OJ' SNAltE 
(ansa HALJ"), 

Flo. 39. PLA!lTllla 1Io-l1LDOJ' .. AD 
_~LOW_ BA.LI" 

Preparation of a Wax 011R of ';a~Sn!ke from Plaster Moulds
Itouldlng.- A large glass plate or. wooden boa.rd is laid on the 
table and\,its surface smeare:i with ~oap solution. PlaRter iR mixed 
toa creamy consistency and spread on, the soaped surfltce '!o 80& to 
form ~ rectanc.rular layer of about an inch and a hRlf thickneRs or 
more, <!ept>nding on tIle airtb of the snake to he moulded. It would 
be ht>JpfuI if a rectan~lar pJywood frame ahout 3" or 4" hj~h is 
placed over tIle board as this will prt>'Vent the plastet: from spreadib~ 
at the sides. As the pJaster is setting the freshly kiped snake (whioh 
shollM be in a limn condition) is smellred aU over with olive <lit and 
placod' over the plaster in the desirpdllOq:tion and Jrently presfled 
JOW'l OTlfhis nll1f1tpr hp~ until the ventral hlttf of the bodv is emhed·. 
'ded i'1thf'l llhl'ltel'.Thp sna1l'e is tlenerally place!\" in a. r.oiled,· 
natllralllttit.llde. ThA p/l!tpofthe l'lfqst.er ahutH'H! arliinqt th~ bod) 
,-, the snake is· Ipvellt'1dand A'.'loothed off. The 'plaster is then 
.lInweel tQ set, Wb~ comple~11 aet, a few key. (i.e;,. conicSl or 
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V-shaped depressions) are cut in round the margin of the mould, 
and its entire surface is then coated with soap solution. A fresh 
batch of plaster' is, mixed and poured over the snake and tbe first 
mould, to make the second mQuld. While making this mould, it is 
advlSable to lay the plaster over the specimen, little by little com
mencing from the head end and blow the plaster well so that a. fine 
impression is obtained. When the second mould sets, the plywood 
wall is removed, and the edges and outer' surfaces of the moulds 
are trimmed and levelled. The moulds are now. separated and the 
snake removed from them. 

OUUq. -The moulds should now be prepared for castlng.· A 
fairly broad, shallow, U-shaped groove is cut on the marginal area 
of the ,lower mould connecting the free outer edge with'the cavity 
formed by the impression of the 'snake at some convenient point,' 
preferably towards the head end. The two moulds .. are placed 
together so that thelreys fit in a~d another U-shaped groove is 
made in the margin of the upper mould, corresponding in'llOsition 
with the similar groove in the Jower mould, so that the two grooves 
together form a funnel-like tube for . pouring in the ~ohen wax. 
Narrow, thread-like grooves are also cut in here and there connect-, 
ing the cavity of the mould with the o~ter ~argin for letting out 
the air. A few of these grooves'may be connected to a hole drilled 
. through the plaster mould at; some convenient point somewhere ncar 
the centre . 

:. :~~·:t ~~~" ' .. ;?! : .. ~} . 
. t'. ! .. I' ~ .. J •••• 

: ..... ;._. :.,....~ .. -.. . 
. . - -~ - .... . 

,FlO. '0 • WAX, CU8T O. DUB. l'ADITJID 
A.JI!J) 1I0'O'llTED. 

The two moulds. are soaked in hot water for a few minutes, 
taken out, dried with a towel, placecl.together and tied up with a 
string. Pure beeswax melted in a rlouble boiler is poured into the 
moulds through the opening of tile tubular channel provided for the 
purpose. . The wax is poured in a steady stream until the whole 
cavity is- filled up and the::wax overflows througb the opening. The 
..,11Ids are' now I$et aside to allow the wax cast to set ana budea. 
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The moulds may be kept under a jet of cold water to speed up the 
setting. The moulds are now carefully separated and the cast 
released from theIn. The knob of wax, corresponding to the tube 
through which it was poured, is cut away and the cast trimmed and 
all inegularities are carefully worked up with a warm wax tool or 
l'opatula. Finally the cast is painted lightly in natural colonrs using 
oil pamts ahel benzene. When the paints . are dry a final coat of 
paper varnish may be given over the· entire surface of the cal:>t. 

Birds.- The preparation of birds for museum purpose "equireC) .. 
a sound knowledge of taxidermy and sufficient proficiency in mount
ing birds can be achieved only by considerable practice and t'xperi
ence. 'rhe method of skinning and mounting a pigeon is described 
below, as a typical example. 

Skinning and Mounting a PIgeon-Skinning. -The pigeon is 
killed with a few' drops of chloroform and laid on a piece uf brown 
paper and contact outlines of a few natural poses are made' (in the 
paper. Cotton is plugged into the mouth and vent and the bird 
;~id on. the table with the belly uppermost. The belly and breast 
feathers are parted along the centre of the body where a bare strip 
of skin shows plainly. An incision is made in the skin throughout 
the full length of the abdomen and breast using a sharp scalpel. 
Care should be taken to cut just through the skin, leaving the· 
abdominal wall intact. The skin and body wall are easily sepa
rated. After makin~ t,be in(liltion. tbe ""kin is pulled free from the 
breast meat. Dry plaster of Paris should be sprinkled frequently 
to abAOrb any blood t.hat may ooze out. When the thigh is exposed 
on one side, the leg is pushed forward inside of the rut so that the 

XTAILS OF" BEGiNNING 
THE SKINNING O~ERATION 

FI,. 41. SJttInIINS A PIGEON. 

ONE. KNEE 
~ lUS TOINT £J) 

" 
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, bee Jo1:Dt is brought to view. Thalmee is severed with • eamlap 
/", knife or ac:iuoI:l. 'l'be l&IDe prQCe88 i. rtlpea1.ed on the otber' lea. 

Caru ihouJd be $&ken IiOt toeae tlle s.IWl ou. tlle ntoller 81de of 1Jle 
knees. 

The b;rd is DoW set up on welront end of the ,body. Th. 
tllil is bent ,biLek' and ,the tall fiesh and' bone are cut through juai 
forward of, the qUill ends. Care should be ,taken 'not to· 'cut the 
mon on top of the tail. 'i'heskin is now peeled down over the ;hips, 
baC'k and sides; using a IICAlpel, wherever necessary, to cut the skin 
free. The ski~ning is continued down ov~r' the shoullel'CJ. The 
wings are pressed sharply forwards until the joints of' tbe shoulclt·rs 
giveaway under the strain. The shoulder jo~nts 'are cut through. 
one after the other, taking care not to ~ut through the skin in front. 
If bll/od starts ftlJwin~ the veins are plugged wir.h cotton .,nd pluter , 
of Paris is applied liberally. ' 

The skin is peeled down over tbe neck and bead. ' When' the 
f'Rrs are reached, thepo:ntsof the forceps pin:::hed ' together are 
inserted forward of each ear a¥ the whole lining is lifted oatd the 
head wrthout cuttinR., ' 

, Tbe face skin' is peeled out ovei' the eyes. cutting tbe lid l1D~ 
in~ away close to the skull. 'l'be sj{inninl{ is continued down to the 
base of the bill and the base of tbe skull is cut ,off with a cartila"ta 
knife, leaving the base attaclled to the neck. This opens the brain 
cavity· and mllkes cleaning of the skull easy. The skin is now freecl 
from the body. , ' 

'rh(' eveball". brain and iaw flesh are removed from thA!lkuU. 
TheskuU is rubb('d with arsenical paste and ,aU fat and 8esb are 
scraped olffrom the neek skin. Arsenical paste is applied over the 

,/ TM£ NAPE 'NCISION 

/f?' , ~ PO,R L~E·"E"'DID ' 
,;'.' .,lt1JS ' 

, .' '/.. ' 

," , ' .: " , , ' , 

CUTMnE 



skin wtth a brush. All l1esh is cleaned away from the leg, wiug 
and ~1l bones. ·.To clean out the legs, t.ne &kin is peeleJ <1ownto . 

.. the toOp ottue bare pal't ot tlle h:~S. J.1.l8 t~41UUI.l& an: St:Vc;:U:u Wll.i& 
a '&ealpel in l1'ont ana back 01 the I)onl;; t.UfIlll tile cut euds are seized 
~"i'tJ.a I( 10rceps and ripped from the bODe in one motion. Any ilt:::h 
thllii may be sull aUllermg IS :.craped oif and al'selllcal pa::;~ is 
rubbed on the bonei. 

The halls of the feet are split and thellesh and tenduns artl 
cleared out of the balls of the feet. 

1.'he skin of the wings is peeled down to the elbows. The 
tendons are cut through just above the elbows and the tIesh is 
dripped from the upper arm bou88. 'fhe forearm flesh ma.y i:Je 
rt'mov. by! pushing lUC skin down over the fronts 'of the Iort:8.1'ms 
iDaho~willged birds. Long-winged birds require a forearm incI-
1100 to be made in the bare strip of I'kin aloDg the middle I)f tbe 
Qoderslde •. ' .. ArsenIcal paste (see Appendix B) is rubbad in allover 

· th.O .. bside of the skin as the work is proceeding. Care Fhould l'e 
· taken to . apply the paste liberally. int,o all nooks and crevice. 
including)"e' cavity of the' skull. Blood-stains on the plumage 
may be ~ed WIth weak ammonia water, using a soft sponge or 
·pleCe of tag to work with. 'rheskin should not be aHowed to 
becQme dry during the process. Tbemoist skin is kept wrapped 
up in a . pieCe of !lu cloth un'Ul the artificial body and the wires 
are' prepared. . . 

"0114_ the BlrcI,-The iirst step in mounting the l)lrc1 
akin i. to turn the neck and head inside olit and stuff the eye pockets 

.fuD 01 10ft tow or cotton. Then a layer of cotton iswrapp8(1 over 
.the tap of the skull down over each side, and its margin il5 tueked 
in under the j~w..The 'head is turned back into the skin, making I. to stuff the frunt edge of tbe cotton layer down clolile to the ' 
hUe of the beak. 

. The second step i. to ~ake, the artificial bOdy. Tow is the 
material that is generally used for this purpose. For most types 

· Gf .biryl8 ·ba\"in~ robust bodies,: the pear-shaped or egg-shaped 
andjcl~body IS recommended. The -shape, when properly made 
auflinstalled,requires little or no loose ft.llin.gto' be plued after 
the akin i8 laid over it. . . 
, .'1"0 nart making the artificial body, a bandful of tow is 
Wrapped iflto a cItibshape. more or leas pointed 8li both ends, 
Thi'l ill fo'dPd in the middle and wranTlf'!d to~ether firmlv to make 
aD ovate body core. ~rOund this body core dat wads of tow are 
W!'llpPed. and this is continued till tile .ppar-shaped form is nhrained. 
When thii is beld over the contact sketch of the real hn·,]v·.. it 
Ihottid appro-r;:.natply cnnfnrm to the dimensions of the side 'view t: .. 
(trawinRmade at the beginning. . 

The thi1"datt"'P is t.o cnt and "harren tbe neck. leC{, mnll ana 
tan wires. ."'e wlrps. fot' snpn"1"tin~ the np~1r ,,"(t It"~q ,,11011111' he 

.. ' *-g' eilough to tOt there will be· no wobbling of the' fini,be4 
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r... THE COTTON N£CIC 

'-.. THENECt< WI~' 
. /.. THE PEA'R-SH~?E» 

t(~~~II.1fr A'RT I F"leiAL .BOl>Y.. 'REA'JY 

~~~~~~ . FOR TNE" $I<IN 

THE l)OTTEJ) LINE SHOWS THE 
COURSE OF THE NECK WI. 

"O'R S Tf\ON" ANCHORAGE 

mount.. Temperless galvanised iron wire is the most practical. The 
neck wire is cut two and a. half times the length of the body form, 
and is sharpened at both ends. The two leg wires are cut two and 
a half times the length of a leg from the kn~ to the ball flf the 
. foot. These are sharpened at one end only. Wing wires 8l'e 
generally used only when the wings are to be set in a spread out 
position, and may be dispensed with if the wings are to be kept 
closed over the body. But even in the latter case wing wires may 
be· used to give adequate support for the wings. . The two wing 
wires are cut twice the length of the 'fing from the shoulder joint 
to the end of th~ hand bones, and sharpened at both ands. The 
taiI wire is cut· one and a half times the length of the body. . One 
end of it is sharpened and the other end is bent into a. T-shape for 
supporting the tail quills. Some taxidermists do away with th~ 
tail wire a1t.osrether, and use long pins for supporting the tail· 
feathers. Before inserting the neck wire into the body, the pose 
in which the bird has to be mounted should be determined. If 
the head is to be held high, an ink spot is marked at apoin. 
abo.,e the centre of the front end of the body. If the head is to be 
held low, the ink' spot is· marked at the eentre of the front. .. '[,he 
neck wire is pushed in at the ink spot and through the body length~ 
wise. The protruding ehd of the wire is turned hack and clinched· 
into the body ~ 

A cotton neck is spun upon (be wire in front of the body, 
Winding the· first layers of cotton tight a.nd lDDooth.· The remainder. 
of the lavers may-be slightly looser, but they should be placed care
fully and stnoothly. Large bird necks may be made with tow 
cores wrapped down with thrflad, then finished with a cotton 
surface. ·All the outer layers of the artificial neck are wrapped with 
thread. The cotton neck is tapered and made just a. little fu]].-! 
than· the renl neck. At the· top of the Deck sufficient cotton j!, 
Q(ldedto fill in· the brain cavity. The neck layer first wrapped is 
pinned to the body to prevent the n~ from slipping on the wire. 
The base of the neckja tapered out a bttle 011 the body and the Jast 
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layer is pinned in several places on the front of the body to hoM:.· 
it 'Snugly in position. The positions of the shoulder joints, knee 
j"oints and tail attachment are marked on the body with ink spots. 
The wing bones are wired by slipping the wire along the back of the 
elbow joint. One point of the wire is probed out into the wing tip, 
through the cords under the wrist. The wire is wrapped to the 
upper arm bone with thread. The muscle shape is replaced with 
cotton smoothly wrapped oyer the bene. The forearm is stuffed 
with cotton and the incision is neatly sewn up. The same is 
repeated on the other wing, and the wings are bent half-closed. 

nl£ TAIL. WIRED. 'REA'DY TOBE FASTENED '" 

TH F BODY. WING AND L EG WIRE~ SHOWN ABOVE 

l'Ie. '4. Wmnro 'nDI PIGIJOB' n:nr. 

A leg wire is slipped up through ~~. back of a leg until the 
tip of the wire is just beyond the top oCtlle bone at the knee. 'J'he 
Wire is wrapped to the bone with a few turns of thread. 1he leg 
muscles are replaced with a tapered wrapping of cotton. This is 
bound with a. few turns of thread. The wi;:e should slip freely to 
go through the body. The same process is repeated with the other 
leg. The tail wire is put in through the tail on its underside. 

AII9mbllng the Btrd.-To assemble the bird, a little rotton 
is fmt wrapped over the tip of ·the neck wire 80 that it will 1'asII 
inside of the neck skin without clltching into it. The sharpened 
tip of the· wire is pushed out through the top of the skull (or ou~ 
through the mouth). Tbe brain cavity is pushed on the end of the 
neck. The skin is drawn down over the neck. The wing wire 
ends are passed through the body at their ink marks and elincJted 
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into opposite sides of the body. The body skin in pulled Partly 
into place and the leg \\'ire is paAfled on one side int.() the ink mark 
at the knee. The leg is worked back on its wire repeatedly and the 
wire is pierced through the body until ellough of it comes .:lut 011 the 
other side to be turned and clinched into the body. The knee is 
plisbed down to the body. The same process is repeated with the 
other leg. 

, The tail wire is pushed in at its ink mark. The tail is stuffed 
with cotton and the tail is settled to the body. The wire, is pushed 
in until the T -bend rests near the skin under the large quills, but 
not close e.nough to press the feather butts apart. • ' 

, The IE'gR are bent somewhat back along the body. TIle hird 
is picked up by its legs and shaken a little to loosen the feathers 
so that they will settle into place readily. The long breait incision 
is ~ewn. The lells are then bronQ'ht hack down to the standing 
,positinn. A wooden base is drilled and the bird placed upon JG, 
temporarily bending the leg wires from underneath~ "to hold f.he 
feet close to the base. . 

• The wings are lifted &, litileand the body llkin is adjUl'ted 
under them, pinninl( it up in place at the arm pits. Where neces
sary, ,the skin is moistened before sewing. 

The wings, neck, legs andtaHare bent to suit the pose chosen. 
The plnmalle ill then preened to its, natural effect with forceps. 
When all the plu~age is arranged an.d adjusted in natural position, 
the ~l&ss eyes are set in pIllet> with a littll:' clay in the eye ~kets, 

,adjusting the lids with 8., needle point. The bill is tied, up 'iii" the . 
closed position with a loop of thread (leWD through the nostrils, first 
placing a little, cotton in the throat. 'The toes are pinned in place 
on the baRe. 

If thawings are to be, set in a spread out position, the Sight 
quJ1lsare to be carded with long strips ot thin pasteboard pinned 
across them, thE'n aupported on rolls of cotton held up with, 
sharpened wires set into the sides of t)i$ body. 

, 'When the hirClhaR heen well-RhRpP.d and preened, the plumage 
is looflely hound 'from franG to !ear with fine thread, passing _tbe' , 
thread round and round the bird ,'in criss-cross directions 

The speci~en is ~t away to dry and is given anoec,sional 
.check-1JP. while dl'Ving.' WhE'n perff'Ctly drY, the, tints of the bare " 
8kin. beak' and feflt are replaced with tube oil ,colours, 'lin~ed oil 
and tUTnp.ntine: The teQ' wireR are ptrainhteTlt'!dantlthe end of each ' 
wire is clinched into the perch or base where it will not show. '.rbe 
feathera are preened again. The bird is now ready for display. 

Pr,.,,,faflon of B'rels r", 8'1J4' ....... Wben birds are ~uirec1 
,lOlely for- study purposes, they' are better made up &S bird' skins M, ) 
tbey~ occupy much less space. The bird is skinned and the skin 
poisoned with al'fllenieal paste &8 desen"hed above. The bird skin, 
however,' is ,not' left flat, but ~led cmt to the __ of thebodr 
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removed, 80 as to show the relation of the plumage totl\e 4ifferent 
parts of the body . . First a fluff of cotton is rolled on to the end of.a 
finely pointed forceps into a small, hard ball e~actly the size of the 
eye. Taking the ball firmly in tbe forceps, itis'passed up througb 
the skin of tbe neck, througb the back of the skull, and lodged in 
the Qrbit. . 'Another ball fillstbe other orbit, and a little cott.on in -, 
~ brain apace holds them firm. The eye-lids are arrllngf'cJ Crom 
the 'outaide with it. needle, '18 thougbthe eyes were wide open, 10 

that aamooth cotton surface shoW's. 
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FIG. ~. BlBD SEUI PBlIl'ABJIlD EOB STUDY. 

The stuffing for body and neck is put in together. On. a soft 
iron wire, somewhat larger than the required stufting, cotton i. 
first rolled in the form of the neck, tapering to a point anteriorly • 

. Farther back more cotton is tilhtly l'olled,until it approximates the 
size of the body removed. It must never be larger •. The CottGn 
neck protruding from the cotton •• body " should not exceed the 
length of the bird's n~k. The tlkin is now opened and the pointed 
anterior end of the stuffing (at the tip of the wire) is inserted, run
ning it up the neck and into the.·throat, until its tip appears in t.he 
mouth. The skin of. the bird is pulled back until it encloses. the 
cotton body. ~~skin is p1'9perlyarranged with the forceps, and 
the. ~ are folded close to the . body. The general appearance of 
a finished bird skin should resemble that of a dead bird lying on 
its back. The posterior, projecting part of the wire is cut off and 
the ~ision of ·,Ghe .belly is sewn up with a. few stitches .. The 
mandibl,es (i.e., the beaks) should be tied· together so that the bill 
remains closed as· in life. The thread may be passed through the 
nostr,ils with a fine needle, provided it does not injure them, and 
tied around the lower mandible. The legs are QI'OSsed and the toes 
extended moderately. A·label specifying the. date, locality and sex 
should be attached to the legs by means of a strong thread. Finally 
the skin is pressed and moulded in the palm' of the hand. and 
·wrappped in a sheet of brown paper or a thin layer of· cotton and 
stored in a cabinet. 

DlleeUODI for· OoBeeUDg a1lcl Pr8IenIDg BIrdI' egp. -It is 
important, while collecting birds' eggs, that the identity of the 
owners of the eggs should be' properly established. To identify 
eggs for certain at least one bird leaving tbe nest should ha"e been 
shot and determined. Particulars of the nests, their position .and 
construction should also .be recorded. 

PreIenIDg. -:-Fresh eflgB can be easily emptied of their con
tenk. A hole must be drilled with an egg drill on the side of. tbe 
egg with· the fewest· markings. In the case of small. d$lir..t. 
shelled eggs, it is advisable to ftrst prick a bore with ... nee~~ or pin 
before· commencing to drill. The hole should be as small as possible 
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but ::;hould be large enough to allow perfect cleaning. When 
1J1owingan egg it should be held downwards ovei a bOwl half fi:ll~ 
witil watet', 'file pOint of the blowpipe is 'held close to,but just 
outside. the hole. and by blowing with force graduated in pro
portion to the size of the egg. the contents Can easily be forced out. 
Clean water should then be drawn mto the egg, by filling the Llow 
pip~ with waGer and blowing it into the~.. After thcnugh 
llhaking and rinsing two or three times the egg is placed on some 
clean cottonwool or white blotting paper to dry J inspecting the egg 
Occasionally. while drying. 

Incubated eggs are much more difficult to. be dealt with. In 
the earlier stages. the embryos 'may be broken up" with a cu"ed 
needle and macerated with warm water. After constant shaking 
lip the entire contents may be removed bit by bit." Finally, the egg 
is thoroughly washed out and allowed to dry. . ~en tlJe" egg is 
perfectly dry. a small piece of white paper may be pasted over the 
hole to keep out insect intruders. 

Eggl3 should be marked with Incm.n· ink as soon as possible 
with a senal number and. if known.' the specific. name of the bird 
together with the number of eggs in the clutch. Ot~er details uiay 
be entered in a field diBl'Y. against the correspOnding number. 

Mammala-PreparIDg and IouaUng a sman ".ma'· (PIe1d 
RatHkl~nlDg,~Thedead aniinalisposed on its side on a sheet of 
brown paper and contact outlines of several attitudes are made. 
After skinning the animal. outlines of the carcass. posed like·the 
superficial drawings. are made. Dry pla.ster or Paria is"used to dry 
up blood lIond body juices while skinmng. 
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.. An inoisioD is~' ~: $he mj.dclle of the belly from in 
front 01 liuu vu'nt; ~p1iQ ,Ii~~· ~ud1e of the breast bone. The body 
skin is peeled do,wn o~et: .the ;hips.' T:h~ hjp joints and leg muscles 
are severed from the pelvis •. Th~·.tail skin .is peeled ba.~k 011 the 
tail far enough toa1!oid a grip. The Jingers andthumb'"iiail of the 
tight hand are'eet aga;inst .tlle roUedbacktail skiD, the flesh at the 
bae.aof the tt\ilis·grlpped. with the left hand and the tail is stripped 
out of its skinwitb a 8~n1J even p1,11lboth' way •• 
, . ..1l1e body skin is peeled down o~er the chest.· The. forelegs 

are severed at the shoulder jo~ts a.nclthe sJrinning ill ,QOntinued on 
down' over the'h~. The ear)mmgsare cut deeply in the f.ubes: 
The eyelids and the lips are· cut free close to the skull, so as to keep 
the'lfuinga entire 'Withthe.'eIdn.' ~ .mIl is severed from Ule 
neck at its hue. keeping it attached to the skin at the snout. All 

·'!neat,is cleaned from the skull and ~e eyeballs and brain are scooped' 
OUG. 

The lips are split, ,C8l'tilage and tissue are cleaned out oft.1w 
nose. Arsenical paste is rubbed into all' partsRs the work proceeds. 
Meat and ten~oris are removed from the ul)deraidesof ~he paws and 
feat through small incisions over theSe parts. All flesh is roleaned 
f~m the leg bones, but the join~ should not be disarticulitted. 

. "Flesh and fat are .C¥efully scraped offfroin all over the 
inside of the "Bkill. ~nica.l paste is rubb~d in; the skin is scra~ 
again thoroughlya~a a' seoondeoat of arsenical paste.is rubhed in. 
4~xture of' powdered alum and arsenic in.equal proportions is 
alSo.flOOd for the8k~ns.· otamall mammals. ,The skin thus prepilred 
is roUed up iii .n oil cloth while preparations are being made tor the 
work of assembling.' . 

PnparIDg the ArWlcial BodJ.-;-The paper sketches Bre now 
brought out. The legs aremea$'urad and~ft. thin galvanised wiree 
aJ'f' cut fcii,themtwicetbe len.nh fro-rnthe toeR to the shonldprRncJ 
bipioints;' These are sharpened .t one end. The body wire ,.hoalel 
be .. little thicker tbaD- the lei wirett• The bodv wire is cut a.hout 
tWice the len,nb of tbe body and neck eombined. A wire is ~l1t for 
the taD. a little longer than ,'the actual tail. 'The body and leg 
wIreIare lhaqJened at ~ end and the. tail ",ire ,t botbends.· . 
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An ari~ial body is made by binding tow around the body .' 
wire, commencing from the blunt end of the wire. The tow 11 ,.. 

bound round and round with thread and the artificial body is 
moulded and shaped to. approximate as far :IoS possible, to the- shape 
and size of the real body,' without the tail, limbs and neck. 

Now, using the real tail for a model, a taperecfartificirJ.: tail is 
sp~n rdund the t,il wire with t-ow or cotton., commencing from one 
end of the wire and going up as far as the point where the butt end 
of the tail will be. The artificial tail is given a gradual taper. A 
couple of inches of the tail wire is left free in front: of the butt end 
of the artificial tail. This should not be made too thick. It lIhould 
be either exactly the dimensions of the natural tail, or just a shade 
smaller. Now the skin is turned hair side out, arsenical paste is 
painted on the artificial tail and its taHering end is inserted into the 
tail skin carefully and pushed up till the tip of the wire reaches the 
termination of the tail skin. The pointed end of the b08y wire is 
next inserted into the skuU' cavity and passed out through the roof 
of the skull and the artificial body is adjusted; into proper position 
l;}sid~ the skin. The sharpened end of the bare protruding I.art of 
the tail wire is inserted into the hind end of the artificial body at 
the natural position of the tail at,achroent. The skull is adjusted 
on the body wire and .an artificial neck is wound round the front 
part of the body wire between the base of the skull and the front 
end of the artificial body. 

The leg skins are turned inside out down to the toes for attach. 
ing the leg wires to the bones. The wires are hent to fit along 
onder the leg bones. 'The wires are bound in place on the bones 
with thread. Three or four inches of wire are left to extend freely 
beyond the ends of the paws and feet for anchoring the specimen OD 
a base. 

At the shoulder joints the sharpened inner ends of the wires 
are inserted into the artificial body, passed out through the opposite 
sides and clinched back into the artificial body, adjusting the· 
shoulder and the joints at the correct position and angles. The 
same process is repeated with the hind limb wires. 

To replace the removed jaw muscies, tow is wrapped and 
. stuffed over the skull, or soft modelling clay may be moulded over 
the skull to give the correct shape. To replace the muscles of the 
leg bones small wisps of tow are plucked to shapes resembling. the 
thigh and upper arm muscles and these are bound in th,eir I'.()rrect 
piaces.. The back parts of the thighs are . left unfill~d. rrhe~e are to 
be stuffed with loose tow when the body is to be sewn up. 

Before sewing up all hollow spaces are filled to the ('orrect 
proportions with loose tow and the stuffed body is pressed and 
moulded into natural shape. The body incision is sewn up from the 
rear towa.rds the front end, using short stil;ches and arawing up 
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every two I,)r three stitches tightly as the sewing is prC"...eeding. 
Before entirely completing the sewing, the stuffing IS checked tc 
make sure that no more is required. 

Holes are drilled in the perch or base to receive the leg wires. 
The animal is shaped sbmewhat into the attitude chosen and 
mounted on the perch. . 

Mounting and Flnlshlng.-The leg wires are drawn snugl~ 
dowri under the perch and clinched to hold the feet in contact. The 
E:hapi~ of the specimen is completed. All lumpiness and irregu
larities are pressed out and all hollow spaces or lumpy spots in th& 
body are adjusted and re-arranged. 
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The toes are pinned to grasp the perch naturally. The head 
should be kept wrapped in moist cloth until the rest of the .specimen 
is completed.' . 

The head is, uncovered .and a little, clay isp1t.ced in the hollow 
of the ears or they may be held up with ,two strips of thin card
board pinned together. The eye sockets are 1iI1ad with gum and 
plaster and the glass eyes are set in natural position.: 'l'he riOfie 

and lips are 1iI1ed with a little papier-mache to b~g .them. to natural 
form. The 'hair on the body is combed and the specimen allowed 
to dry: when it is completely dry, the. eyelids, hps, nostrils and 
nails are touched up with a little oil colour 'and paper varniBh. 

\ 

Pi'eparationot A Small.Mammal for studJ .-The followins 
information is based on the leafle~ issued by the British Museum. 
(N atura! History) on the preparation of small mammal skiDs :-

(1) The first step in preparing the skiilof a small mammal 
for study is to wrIte the label., 'l'his should bear on the front a 
serial number, date, ~x, locality and alti,;ud~ above sea level: on 
the back, the following measurements in millimetres should be 

. G1VeD.: (1) length of head and body; (2) of tail, (3) hiJJd iuotw-Uhout 
claws; and (4) ear, from notch atbase 00 tip. . 

(2) l'heskin is opened by cutting up Ghe belly from the 
anus to the :hinder end of the br~st' bone. FirSt one knee is pushed 
and then the other lm~e througn the 'opening and the legs are cut 
through at the knee joints. The chief muscles of ilie leg bones are 
cleared off, and the skin.is separated away from the body all round 
the tail. Then hol~ the Skin at the base of the tail fimily 
between the finger and thumb nails, the tail vertebrae are pulled 
(Jut froD). inside with a pair of forceps. Then gradually turning the 
~ inside-out, the skinning ill continued over the. body, should~ 

, imd head, separating the forelimbs a,li the elbow Joint, an4 takiDc 
great care not to cut it in passlDg over the eyes. It is skinned 

, entirely off over the mouth, cutting carefully round the lips. 
Throughout the process plas~r of Paris' should be sprinkled freely 
to keep the fur unsoiled. 

The inside of the skin is cleaned of all flesh and .fat and 
brushed all over with arsenical paste. . 

The skin is turned back right side out and the caviGy of the 
body is fi.lled with cottonwool, putting it iIi, \ as far 'as possible, in 
one piece. Care should be taken just to fill out the skin without 
lVeratretching it. A piece 'of straight wire long enough to extend 
.:rom the front end of the belly opening to the tip of the· tail, is 
~aken, one end of it is, sharpened and enough cottonwool is .wound 
round it to1il1 out the skin of the Gail. It is then brushed' with 
arsenical paste and the pointed end is pushed down to the extreme '.,. 
tip of the, taillJkin, and, the near end is fitted into the belly, packing 
it round with the wool of the body. Some cottpn is put into the 
empty akin of the arms and 18p, WindiDg it round the hones and 
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eonn~ it w;itJ:l ~ewool .of the body. The opening. down the 
belly is Stitched up .and the l,abel is tied to the right h~d' foot abQve 
$he ankle.' . II 
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The skin,is laid' onal}oa.rd. ()r 'pieoe of cork, the fore paws 
are drawn out forward and· pinned'do,m to the board by a pin 
passed tDrough -the, mi4dle 01.. the paw. . Similarly the bind r('et 
are' drawnbackwa.i'ds and- piIXned dOWDj,oles dotDntD4,dI by the 
Bides of the tail., I~ is important that neither the fore nor hind 
teet aboulcl pl'Qject laterally ,ou~ds ~d that the fingers .and t~s 
ahould be kept ~el, not spread out stdeways. As the skin begms 
to dry the f~ and ears should be aaju~ and set 80 as to _ome 
their naturrJ aliapa. The skull is disarticulated from' the trunk, th~ 
eye, !LOd brain sooqped out, and washed an~ dried. ,If it .is dropped 
into 'sawdust, it dries up and little cleaning is necessaly~ Th~ dry 
uollshould, be . ~serVed ina muslin bag con~a;ining a li~~e, drY 
naphthaIene and should accompany the study skin of the animal to 
which it belonged. 

M01UltIDg or Larp .... maIL-The ,satisf~tory ·mounting of 
larp. mammals requires an expert kn,owledge of piece JDoulding, 
outing and modelliDg and is generally beyond the ability of the 
amateur. The, skinning ,is usually done as described for the small 
m~mn!,aI, bu~ it is generally necessary to skin along the 1H.lder siies . 
• f the fore and hind 'limbs from the central'trunk incision' td'~tbejr 
.xtremities, and the paws should be iOpened and cleaned of'~ 
anel tendons.' The, um thus prepared ~hould beproparly ~ 
and the. tanned skin should be placect 'over a holl~papiei!'m' me 
manm1dn or model of the careasswhich· is reinforq8d' by iron' rods 
for the limbs, trunk and neck. Tanned skina may&1so'be preserved 
as. Reb for study purpoae.. 
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DlrectioDi for TUDIDg Bide (llauecl' bJ tile American Museum 
of .atural BistoQ'). -(1) Soak the skin until it is soft in the fqllow
ing solution: 50 gallons water, 25 lb. salt, and leave it for 5 or 6 
hours. Let ,the water-drain off. Rub several handfuls t)f ",art oil 
desh side'. ' Use dull side or bsck of carpenter's draw shave'or back 
~oll in tight bundle and leave it overnight, covered with brunny 
cloth.. (2) Serape and clean all excess fat, blood~ etc., from the 
fle~ side: Use dull aide or back of car'Mnter's draw shave or back 
of carving knife., A sloping wooden shaving bea.m (as !:Ihown in 
ftgure 56) will be foand useful for scraping skins. Take care not. 
to' cut, the hide. Dry hide in the ,shade. (3) Soak hide in the 
following solution. Dissolve in hot water 8 lb. :of alum. Put 25 lb. 
of MIt in 50 gallons of water. 'Add a,Iumand mix. Soak bide for 
:=t days ~or thick-skinne,d mammals. such as bea.r. leSs, f~r thinner-

ned emmals. Take hIde out; dram thoroughly and nnse for at 
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least 20 mIDutes. (Running water is handy). l'aste hide for salt ,_ 
removal. (4) After washing all sah out, hang hair s~de out, fint 
over su~pen!ied pole· to dry for a. day or two. 'fhen hang Resh sice 
oU,t. Always work with hide in the shade. Do not dry in the SUl. ' 

(5) Sprinkle hide with lukewarlU water, tamping on with sponge 
to dampen (not wet) evenly. Fold flesh to flesh, roll and wrap :n 
gunny cloth. Allow the hide roll ro J:emain ovemight. (6) Soften 
the hide in the moming, the way you soften a glove, by pullbg' 
over a dull 'edge. You can use a hoe blade or dulllxe- hlade chmred 
in a vise. Be careful not to cut the hide. This should not take 
more than 15 or 20 minutes for softening. (7) Grease the ('ntire 
flesh side of the .hide with butter • lard or vegetable oil. (The Red 
Indians used the brain of the kiIlE'd aiu;mal.) Rub in well a.nd work 
the hide with the hands. (8) Place the hide in a barrel or hasin 
and .tread for two hours or more with bare feet. turning the hide 
over and over. This works the vegetable oil or hutter in;o the hide 
indo softens it with the warmth of the feet. Kick it aronnd and 
tread it thoroughly to work the oil well in:o the.hide. (!) Put the' 
hide in a barrel with 'several $hovellt of hardwood saw dust and roll 
the barrel around to tumble the hide. This process rem~ves the 
excess butter or oil, rendering the fur glossy and the hide soft. 
pliam and clean. Use only non-resinuous saw dust for this purpose. 
Then shake out the saw dust after the hide is cleaned and the f'lkin 
bas bee~ ,well-tanned. Coarse sandplI:per may be used on the flesh, 
side of the hide to give a fine finish. 

NOTE.-Be 811re to stir all solutions at least twice a day to 
make sure that the hide is constantly touched bv ~resh so]ution. 
When tanning; " sma]] mammal the ~olution may' he rp.duced in 
volume by using proppriionately smaller quantities of salt, alum 
and water. It does not matter if you leave a skin in the tanning 
bath too'long. It will not over-tan. But be sure that it ~ta.)~ 
in the 8Olution long enough. 

Preparation of SkeJetons.-The skeletons of birds and small 
mammals may, as a rule, be prepared as ligamentary RkElletonfl, 
i.e., withtbe various bones ·attached by their natural ligllment~. 
The "nima! is first skinned, the belly opened and the vise'era· 
emptied. As much of the flesh AS possible is scraped 'away, the 
skulUs separated a.t its base and the brain scooped out with a f,r&in 
spoon. The skeleton is then al'lowed to macerate in a tub of water 
for a day or two and the water clianged frequently. The skeleton 
requires careful watching from time 'to time to prevent the ti~a
ments giving way owinf!' to ower-maceration. The skeleton is thf'u 
thoroughly washed in runnm .. water and soaked in lime wlltpr 
(chunaml for a ·few davs anel aD ftesh is clearedawav· bvearefullv 
scraping the hones. For thoron~" cleanin~, the skeieton mav b8 
lOaked in a IJ()lution of pancreatin" or sodium Rtllph!ife ;;with 1\ 

!Iteam pipe dipl'lf'd into it FlO that the Rol11tion ii:= kf'Tlt at.a tf'mpE'1"1l-" 
ture of about ISO-F. (see Figure 57.)" From time to time tllA 
skeleton should be lifted out and the feet. vertebral' column and 
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FIG. 56. SRAVING B1':AK 1'0. SHAVING I'LBSJf SlDB 01' 8KDIII ~ LABGB 
KAMKAL8 DUBING Tn TANlifIIlfG PBOOJI8S. 
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tail scratched smartly with small wire brushes. When clean,· the 
skeleton is placed in warm water for a short time and then dried. 
It is then degreased by soaking in a jar of benzene or carbon 
tetrachloride and then bleached by immersion into hydrogen 
peroxide solution for about 24 hours. The skeleton may then be 
dried thoroughly in the sun.· A wire is threaded through the neural 
canal of the vertebral column, alid the skull fixed securely in POSI

tion at the frorit end of this wire. The ribs may be properly 
spaced out, with thin Copper ·wire. The skeleton may be . finally 
mounted on two brass supports fixed to a wooden pedesta.1. 
Detached parts of the skeleton may be seeured in position with 
celluloid cement and teeth, which have become loose in their 
sockets in the skull shauld also be fixed up in position with the 
same cement. 

The skeletons of large. mammals ·should be. prepared as> @J
articulated skeletons, i.e., with the various bones takeB apart. The 
processes of maceration, cleaning, bleaching and degreasing are 
much the S{lme as for small mammals and birds described above, 
but will take a much longer time in the ease of larger mammals. 
The various parts of the· disarticulated skeleton should be assembled 
jntheir proper positions when ,mounting. and the bones should he 
joined together by wire passed through holes drilled near their 
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ends. The skeleton may be finall, mounted with strong metal. 
supports for the skull and neck and the pelvic regions on a strong' 
~akwood pedestal. 

PreparaUOD' of bWged Modell Of-.A1d •• -Enlarged models 
are useful in caSes where sman and inconspicuous animals have 
to be displayed fm: museum purposes, ~. mosquito l~ae, house-
1Iy, earthworm, . etc. With the actqal specimen and enlarged 
diagrams of the ~e,' the model may be prepared either. directly 
or by casting in wax from a plasticine model. The process of 
plaster moulding and wax casting from an original plasticine model 
is much the same as described for casting fishes and snakes; Direct 
mooellingis done by painting melted beeswax with a brush over 
a core of galvamsed wire armature wound round with tow or cotton 
wool, to the desired shape. After a great deal of trjmming~ shaping 
and modelling the final shape of the body 'of the anima1 is obtained. 
Appendages such as legs, proboscis, feelers, etc .. (as for instance, 
in a house lIy) should be modelled separately, on separate cotton
wound wire~.armatures, leaving enough of the wire bare at tbei~ 
proximal euds for anchorage . and these. should be fitted into the 
main body of the mod81 at th~ir correct positions. Wings may 
be reproduced by celluloid sheets with the nervures painted on 

. them and fine glass beads may be used . for simulating the com
po.und eyes of insects. Fine bristles may be stuck into the model 
to represeD:t hairs arid. the finished model is painted in na~rr.l 
eolOUl'l with oil 'paints anct turpentine.' . 

.. 
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Models may prove very useful in representing interna.l organs 
of animals, such as the heart, liver, lungs, 'etc., when such exhibits 
are required for illustrating lessons on food, respiration and other 
topics. 

Wet Mounting of Zoologloal Specimens and Seallng Specimen 
Jars. -Zoological specimens which cannot be preserved" dry should 
be mounted suitably in fluid if they are to be displayed for muoeum 
purposes. Wide-mouthed specimen jars with air tight ground glass 
lids of various" sizes will be found useful for mounting zoolog:cal 
specImens. Small and light specimens may be mounted on glass 
plates with- celluloid cement. The glass plate should be cut slightly 
narrower than the diameter of the jar so that it would slide easily 
Clown the mIddle of the jar. The specimen should be' firmly" 
pasted down with celluloid cement on the glass plate a.t its centre 
and -allowed to dry thoroughly befor~ immersion into the jar c.on-" 
taining the preservative fluid. A thick white drawing" paper cut 
to the required size may be placed at the back of the glass plate to 
Ren'c as a background in the case of dark coloured epecimens. For 
pale coloured specimens, the drawing paper background may be 
coated with black waterproof carbon ink and thoroughly dried 
before i~mersion into the jar. Larger and heavier specimens 
should be tied properly to the glass plate by means of silk thread 
threaded through the specimen .with a needle at more than one 
pomt-; but as the string shows, it is better to use mica sheets for 
these specimens, Two small holes may be pierced close together in 
the mica sheet and the threa.d from the specimen may be passed 
through these holes and tied up at the back. Two or more of such 
pa.irs of holes will be sufficient for mounting a specimen. The 
glass lid may be finally pasted down on the tOp with rubber solu
tion or celluloid cement. Ox bladder soaked in water ma.y.llfl 
stretched in a thin sheet over the lid and drawn tightly over .the 
rim of the jar and tied up securely with strong fine thread' below 
the rim. The surplus portions of the bladder are trimmed away 
and the jar set aside in an insect-proof place to dry overnight. ~ 
next day when the bladde~ is completely dry, it may be I,ainted 
over with black Lbndon" enamel paint. Bladdering not only 
lessens the rate of evaporation of the preservative fluid, but 80180 

renders the appearanc~ of the jar more pleasing for. display pur
pORes. Though celluloid cement or Dunlop rubber solution will 
ordinarily spffice for sealing specimen jars the following special 
cements used at the British Museum for sealing specimen 'jars may 
be tried:~ 

(1) Glllcerine-Gelatine Cem"nt for sealing ja1'8 contaill.ing 
specimens" mounted in Alcohol.-Before sealing, the edges of the 
jar ". should be perfectly clean and free from grease and the spirit 
contained in the jar should be well below the top (about i inch). 
A small hole should be drilled through the mar~n of the lid, 
.sufficiently big to take an or<linary blowpipe, for the purpose of 
filling ~be jar after sea.ling. 

". 
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The drilled lid is now placed in the hot water bath to ' 
heat and a small quantity of the hot cement (see Appendix 8) i~ '., 
carefully. applied to the edges of the iar with a small hog-hair" 
brush, taking special care that the cement does not run down inside. 
T-he lid is now removed from the hot water, hurriedly wiped (so 
as not to cool it too much) and placed on the glued sui-tace of 
the jar. 'After allowing to cool for a·minute- or so, an additional 
coating of cement should be run round the outside edges in .contact 
to fill up sPaces where air would enter when the glycerine-glue 
contracts. An additiGnal thin coat should be applied about two 
hours after sealing, again next morning, and again in the after
noon. The edges of the iar ,are now ready for trimming with a 
scalpel, care being taken not to trim too close to the cemented 
edges. 

Spirit may now be introduced through the small hole in t.he 
lid, anel a .piece of cork fttted in the hole and cut oft flusb with 
the surface. 

To obtain a better finish the edges of the jar may be painted 
with black enamel paint. 

It is advisable to make up only a small quantity of this 
glycerine-gelatine cement at a time as the adhesive value of the 
gelatine is lost by con,tmued heating . 

. on Gtltt4percha ,,~ ABphalt Cement (jor sealing l"rs con
taining BpecimBf1.8 in joimalin).-;-The Guttapercha and Asphalt 
mixture (see Appendix B) is melted up in a ladle over a gas st-ove 
and stirred together taking care not to burn this cement. It is 
applied. when liquid to ~e edge of the iar with a hot table knife 
blade. 'The edge of the lid which will he in .contact with the etlge 
of the jar is treated the same way, the lid heated over the gas stove 
till the applied C8!Pent is quite soft and then pressed down care
fully on the cemented edges of the jar and smoothed round with 
the hot knife blad~. FInaUy the edges are trimmed up when the 
cement is cold. As there is considerable difficulty in obtaining old 
Guttapercha of a suitable nature for making this cement, the 
s~bstance known as • Chatterton's Compound' proves a very 
efficient substitute. This is easily obtained from any chemical or 
electrical firm. 

DrJ-MouuUIII of Zoological SpeeIIIl8lll. -Dry-preserved speci
mens such as sponges, corals, shells, dried starfishes. crabs. and 
in~s may be mounted dry in suitable plywood boxes with a glass 
iop which may be pasted down with a binding of pa~sc-pal'tout or 

. c;alico all round the ma.rgins. The interior of the box should have 
'a neat white lining for dirk-coloured objects or dark grey for light
coloured specimens. Heavy specimens such as coral masses or 
larger shells may be fastened to the back panel of the box by meanA 
of a thin wire passed through the specimen and out througb two 
small hol~ in the panel twisted together at the back. Light speci
mens may·be firmly pasted down or pinned in such a way that the 
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pins do not show. Boxes for displaying butterflies and other insects 
should have a cork lining pasted over with clean white paper. The 
insects may be pinned on to this cork lining. A narrow chamber 
wi.th a perforated lid may be provided at one edge of the box. for 
holding naphthalene powder especially in the case of insect exhibI
tion boxes. The passe-partout chosen for binding the glass top to 
the box should be of good quality and of a pleasing colour. 

Preparation of Accessories such as Grass, Fonage, Rocks, etc., 
for Habitat Groups-Preservation of Grasa. -Most arasses lU'e 
easily preserved in the Glycerine-formalin solution (see Appendix B). 
This'solution is also suitable for preserving tough-textured 
leaves such as palm leaves, cacti, etc. 'fhe material preserved in 
this solution, loses its colo~r and emerges darker. When all excess 
moisture is evaporated, the gra.ss should be wiped carefully to 
remove dust, and a coat of oil colour applied, preferably with an 
air brush. The first coat should be Anuch lighter in tone than the 
final colour and should contain some body white. . When this IS 

thoroughly dry, the final coat is applied with transparent colour, 
" Oil paint is heavy and should be used as sparingly as possible on 

delicate, preserved grasses, or they wlll sag into ullilatural posi
tions. In drying. it is advisable to hang the grass clumps upsidp, 
down. Mosses also are. readily prest:rved by this method. Grasses 
may be reproduced artificially· by cutting wax-dipped celluloid into 
,-ery thin grass-shaped strips, securing these to a wire and dpraying 
tramparent oil paint. 

.:: 

~. 
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FIG. 58, .TOOLS FOR WORXING WITH l'LIJITSB. 
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'Preparlng ArUftclal Leaves out of Cotton and Wax.-A 
fresh .leaf is posed face up on a bed of soft clay w hichcan be 
moulded to conform totlle contour and undulations of the leaf 
without pressing on the surface of the leaf and thereby destroYlllg 
its details. When suitably posed, the leaf surface is C'leaned with 
water by ~eans'of a" soft brush and a clay dam is built around the 
bed of clay, leaving a margin of about three quarters of an inch, 
and plaster of Paris, mixed to a creamy consistency is poured over 
the surface, to a depth of about one inch. All air bubbles'should be 
eliminated from the plast~r. When the plaster is set, the mould )s 
lifted off from the clay .bed with the leaf intact, keys are cut IU 

the'margin of the mould, and after soaking it thoroughly m water, 
the whole surface of the mould is brushed with soap solution or .a 
"SOft mixture of stearine and ker9sene to pt'event stlc!nng. A day 
wall is built around this, with the leaf surface of the mould upper
most, and again an inch of plaster is applied over the first monlif 
with 'the leaf in position. When this is. set, a two-piece mould 
is, obtained. When many leaves are to be prepared. thp. moulds 
should be mounted in hinged clamps in perfect alignment 

FIG. 69. Tool.8 .I'OR OlTl'TlNQ JUlYS Ilf PLUTJIR MOULDS. 

Thin galvanized wire is 'used to support the cast of the leaf. 
Th~y shoold be cut into lengths about an inch longer than tlte 
lea.f from the tip to the end of the petiole and of sufficient thickness 
to support the leaf wi,t)~otit sagging., The wires shoul,d ,be 
tapered at one end,' by/tymg them up mto bunches and dIppmg 
one end of the bunches into strong nitric acid and draining alter
nately until the -desired taper is obtained. The nitric acid is 
washedbff and the wires are rubbed with fine sandpaper to remove 
the rusty deposit. Ea.ch wire is wound with a film of cotton, and, 
if the mould is undulated, the contour of the ~idribis bent before 
beginning to press. Thin sheets of absorbent cotton form the haRe 
. for the leaf casts. Pure beeswax melted in a double boiler is used 
to give the leaf body and detail. 

The moulds are now" soaked in water as hot as the hand ('an 
stand. They are then taken out and dried with a toweL A C(ltton
wound taperp.tl wire is plac~d in the groove which represent::; thf' 
'midrib. the tapered end being placed near th., front fOnd of the 
leaf mould, A· thin sheet of coiton is placed, over this and a 
sufficient amount of hot beeswax poured over this to insure the leaf 
sortac,e being wholly cOvered, . The clamp niU&t be cloaed as speeclil, 



IB possible after·· POUllDg, the wax, as. Uris alone is the. secret of 
making thin leaves. Verj. little. pressure is required. The surface 
of the mould is moistened after each impression. The hot wax Inay 
b~' given a body colour by di880lving oil colour in it. Ct.re should 
be taken not to overload the wu' with paint' as this may ca~ the. 
wax to emulsify and make it unfit fOr use. Flake white colour and 
not zinc white should·' be . Used. A good general rule in easting 
wax leaves is ' Use a maximun:i of cotton and a minimum of wax '. .' - .. 

The excesawax is trimpled .from the margin of the leaf by 
using. slightly warmed' scissors. If the margin is smooth then the 
'bimming is accOmpanied by a slidingn:iotion of the scIssors. If . 
selTate, " ~he result, is achieved by a choppy motion. The edgeS 
of . the finished leaves. should be thinned . sufficiently to give a 
~tural appearance, and this is best done by p~ching the barest 
~argin between the' thumb and forefinger. A sliding motion of 
the thumb on the, back of the leaf -and the natUl:al warmth of the 
hand accomplishes the desired 'result. 

FIG. eo. TOOIA 1'08 MODELLING 
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In most ca.ses, leaves are built into clusters a.fter the charactet 
of the plant and these • tips ' secured to the real branches. I.f the 
plant be sma11 and succulent, then the whole assembly is built on 't9 
a wire stalk, which is' modelled and bent, as the assembly pro
gresdes, to give the 'charactet: of the plant. The individua.l tips of 
the leaf wires should first be soldered to a thick wire represelltiilg 
the main item whi~h should then be wound round with cotton and 
coated over with melted beeswax and painted in natural colours 
. with oil paints. 

Preparing Artificial Leaves out of Oellulold.-A plaster mould 
of the upper surface of the leaf is made and sheet celluloid of suit
able thickness dipped into dilute acetone, then into water and applied 
to the. water-soaked 'surface of the mould with backing of water cl",y 
to hold ·.it in cOntact until S'et. When removed, a tapered wire is 
'dipped 'into celluloid cement and applied to the back along the 
midrib 

Preparing J)ty, Leaves. for t"te Groups.-Dry leaves for the 
groundwork in groups may·be preserved by soakIng in fairly hot 
water and then immersing in 'glycerine solution for a day. When 



dlorough1y drained:, the ex.. moisture. is evaporated and the 
leaves will ~ s~tly flexible to sand handling without bresk-

~~.',"jarIDc Ole aroUDdwork In BUlat arouPL--The hr of 
,the lfOuP c&IM? is first DlOlI1.ded to the desired contour by'laying a 
sheet of wire meah and namng it down, supported by wooden 
atmts of ,varying . heights underneath: The surface of the wire 
mesh is covered with bits of burlap (gunny cloth) dipped in plaster. 
The surface of the earth, with twigs, dry leav,es, small stone'S, ~tc., 
it then I~ed. A mixtUre of cement and sifted ashes~ about 
one to,four parts,' with dry colour added, if desired, is applied to 
the plaster surface, and the, earth, etc., worked inw this swliciendy 
to hold it in place and obtain a natural effect.' Dry-preserved 
leaves· u;tay be sea_ed,over this loosely ,or if necessary to lleCure 
them, dipped. into a diluted solution of glyCerine and gelatine before 
·W~~, . 

In Small habitat groups and diorama~ a pasteCOInIoOsed of 
plaster, asbestos, dextrine and whiting (see Appendix B) may be 
used in mod~· the foreground. Dry powder' colours may be 
mixed into it to giv~ a natUl'al etIect.The paste remains soft 
~ciently long to permit eJlf! modelling. 
, Pnpar.UOD of ArUftelal BockL-Bocks and stoiles may be 
prepared artificially by carefully modelling them from photograllhs. 
A pi-...,pf ~esh is folded and moulded after the contour of 
th, iOck~hi8 is·Covered with bits of burlap or jute cloth dipped 
in plaster. The details of modelling and texture· are 'added with 
pluter. A wet ~g.", dipped in thi,n plaster, if skilfully haudled, 
will give a rock texture, of considerable variation. ' Ground cork, 
mixed .with the finishing 'cOat of plaster, will be found 1lseful in 
obtaininJ a coarse granite texture. pry powder colour is sometimes 
miDd wlth,plaster to give a base colour. But it is more Convenient 
to paint the white plaster with diamond dyes after it bas set. 
When the plaster is thorougbly dry, a light coat of shellac is given 
and the surface then punt-ed with Qil colours. Spattering the colour 
from a brush is usually more etIective than spraymg; , 

Ar&lftela1 Repr8l8DtafloD of ,rater In aroops. ..... 1h8 portion 
that is supposed to 'represent the Dond or, the pool is jirl5t scooped 
:aut into a shallow hollow and a· sJ:Jeet of glass is installed horizon-' 
tally over this hollow .at the level which is suppoRed to repreRent 
the surface of the water. The shore !in" above the wat.er is built 
separately from the main groupbaae, including ,whatever objects 
\here are which are to 'appear as proj8cting from the pt)91. Before 
sticking in the glass the bqttom of the ~I is painfed dark gre'en 
and· whatever objects are' to be represented at the boti!om of. the 
:pool. are placed there (e.g., stones, mosses,bits of leaVes, etc.). 

-. " ':fainting or flowing the surfaeeofthe. glass with varnish or celluloid 
(coloured &8 desired) wiD enbance the W'atery appearance 'and trive _, 

'it .. realistic effect. A slight clou,ding of the under surface of the '\ 
11MB will ~uce:& deceptjve effect of depth or of muddy water •. 
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APPENDIX A. 

TOOLS. APPARA~US AND MATERIALS. 

I'ot ,e.eral ~neotlo. ollllvertellrates (other thaIllDHo&l). 

ITiDa 

IS ':!'ook 

6 Sievea 

7 Ra,v ..... 

S Miaoe1laneoua •• 

S~en tubN of variOWl shea with corks will be 
required for colleot.iag small apeoim8118. For tbe 
~r ones, wide·mout.hed -specimen bot.t.Jea with 
air·tight. ground glaaa stoppers or kilner jars with 
rubber wallhera will be useful. 

TiDa whioh may be oloaeJ tIoir.tight by aolderiDg wiD 
. be useful for paokiug _ spirit.preserved BJ)8Oim.:na.-
Forceps of various sizes, mounted needles. camel bair 

brulhea,- pipettes, aciriaors - and aoalpels. Loug 
W90den foroe'lll Me useful, eapocicl1li- for marine 
collecting &8 the) do' not. rust. ._ 
~el, gWaa or poroelain dishes - are. ull8fUl for 

sort-iag out. speoimeDB baCore killing and piftlervlDl 
tbem. 

Spade. shovel, rake, trowel, hammer, obilel. crowbar 
and buckets are useful, especially in mArine oolleot
ing. 

Siev8l! of varioWl calibre made of wire. borae-hair or 
muslin. . 

A haversack and a cartridge belt toO bold CO&:!!:II 
tubel! WIll be found useful for oarrying 
apparatus. 

String, thread, gum, cottonwool, strips of stiff drawiug 
~por and waterproof Iqd an ink fur labebl oard. 
board boxes, etc., will be required for ieneraI 
collecting work.., 

I'or lpeolalooUeotlDJ: Land ooUeotiBl. 
1 Net 

I Sheets of oloth 

I MetaUlerap.' •• 

.1 Dredp •• 

A st.rong insect net for sweeping vegetation will be 
required for oollecting aracbnids, etc. 

ThetIa are requirfld to provide a light background 
against wbich BJDaIJ auimala may be pioked out. 

An entomological killing bottle. obiU'ged with cyanide 
Dlf'y be Ulled in killing email arachnids in the 
aeld. 

(See Flame 8.) This apparatWl is aaetbI far 
collecting certain groups _of animaJa (inaeota, myri. 
apod&, ftc.) in bulk 

~ water eolleotiDl. 
'l'beae should -be made of strong muslin or 0IIIlV&B aDd 

mounted on strong metal rings to which a handle 
can be attached. A diameter of aboat 9' to IS
is usually sutBclent for the riilg. 

This is useful for aoraPing the snrt'aOl!8 of roob, ete • 
aDd for workiug among denaa weeds. • 

A dredge is required for colle<'t'ug on the bottom In 
d~per wAt.tr. It consists of a ooaraa .,.. or De6 
supported by aD obloug f!'alb of UlNl &ad .. 
tecsed on to • boat. 



This ja used for oolleoting fioating ~ADIamI in deep 
water. . It COIl8ista of • conical bag of lineD 
.tt..ched to • circular fra1Qe ~hioh ia faatened to • 
IiDe by· three oorda. The'net may be draged 
througb the water J:IehiDd .. boat. 

"J'or marlDe co11ecti:lg . aIao, various dredges, u.w~ . Dete and ~~ . .allecting 
.pparatus are uaecl,for fuller accounts ofwhioh the read~ ia refemld to '1>8Oience 
of the Sea" (Second edition, Ozford,· Clarendon PreII.IBi8). 

Por eolleeUq and preeervIDC ~eg. 
1 Beating ab.eet, tray or :Many insecta will fall to the ground it the'brancbee 

umbrella of treea or ahruba on which they are resting are 
sharply knocked with. heavy nick. To faoilitate 
the co1leoti .. ~ of theae fallea iDaeou.I. white sheet; 
IDay be ,spread on the fl1'C)UI1Ci beneath the foliap 
and the insecta picke<i up with foroepa. An 
umbrella with white ,cloth held upaide down under 

• Berlela funnel (lI"fguJe 
3). 

SBruabea 

the foliage will serve the aame purpoae. 

This apparatus is Used to coUec;lt the amall illl8Ctl that 
occur in the 1Oil. vege~ble, rubbish. et9. The 
principle is tbflt the rubbish is held in. wire·bot
tomed t-i over a funnel. The iQ88Cte j)" out of 
the rubbish down through the.twift:.bottom· and 
fall into thecoue which -Pid&i ~m into a jar or 
tube ~ntainiyoohol or otberJdlling fiuid. 

Camel·hair pa.int brushes are Useful in pioking up 
small in~ta from deoa;ying logs of wood. 

, Collecting Bottle, This' is a special· form of killing boUle, with. strong 
glass tube having a bevelled ltd,. pasaing through 
the oork. Small Wae.ota are pa.saed into the bottle 
down the tube. whioh is oloaed with. amall cork. 
The large oork is removtld to empty the bottle • 

• li'oreepa Bn~ologio.l fOM8pa made with specially ihall8d 
pointe are.88Pd for handling pinned inaeots. "lor. 
08piI with B;:.Ji.!:'"S are required for handlin, 
inaeotII when' . m: sorting them. 

• OyIDidekiJling bottJe A wide·mouthed glass bottle with an air-tight lid and 
(FIgure 1 B). layer of potassium cyanide. and tiaaue pa.per about 

1 inoh tbiok at the' bottom is used for ki11iDIr 
insect.. The oyauide layer may be ooVll1'ed with 
two or three circular aheet&of blotting paper. 

7 Chloroform knlfng bot· A Wide-mouthed bottle with 6 tight-fitting lid' and • 
tie. . false bottom of wire mesh below which is placed 

lOme ootton wool aoaked in ohloroform may ..., be 
used as a killing bottle· for inaeote. The inaaots aN 
dropped over the w4'e mesh. 

S Lin. A good pocket knife ja eaaential for collMtfns. 
. Sca1pe~ of v.t.rioUl aizee will be handy. 

• Lamps •• Electrio light, where 6Vai1able. or petromax lights may 
be used for .ttracting inaeota .t"Disht. . 

10 LeDaee •• A pocket m&gnifying leu ia neoeaaary for field work 
m enhmolol1. 

11 Lfsht trapa • A variety oflighUrapa are used for catohiDg intecMo 
. Figure ! illustratea • simple. form. The inaecta aN 
attracted by the light aGd are then hold captift b7 
the glass . baftlea. In thia position they may be 
killed by t\unea from • ki11ir;asbOttle placed .. 
shown in the figure. 

11 JIeUDtecl aeecllta Needlea moun~ on wooden haadl. will be tequ1re4 
for manipqJatiDS iIIaM. b7 mod oolleotaIII. . 



I ..... •• ' JW oolleoting iaaeote OD tbe wiuir. butted,. UeH with 

.: . 

, 114 oplumg of approximate),. one foot in diamew 
"m be required. The tram .. ~a,. be of metal. wi. 

' .. Jempr or aborter woodelihaadle bed to it. 
~ble framllll are more oonvenieut.' SweepiDlJ 
.... uaed for braahiog througb h8l"bage abould haft 
IIkoDg fl'lUDIIII and hauc:Uea aud t.be net Ihould be of 
.. ~t.81' material. e.g .• unbleached cotton. W ... 

, neta with' amaller framea anil a1llillower ba&a an 
aaefuJ for aolIeotiDg aquat.o iDllOta. IuHrcb .. np
able framea and hancllea .. re oonvem.u. 

1'.Cork -ttiDs boMda. Giooved. _ttiug boarda' are requirel for aettiD, 
(J'iplel B). 'butterliee and other iDA80t81ritn.wmp apread nut. 

11 ,BI'MCIiDi ... GJ8. 08181 with Wire meeb topa are' uaed. for reariDg 
eaterpillan or motha and biltterfliea. ,The,. Ihoulcl 

18 Trowe18 . " 
It BeJaziDa bottle 

.'~ .. 

be kept .. ..".,. from direct auwi&ht. 
lI'jDe,polntecl palra of 1IOiuor. are required. to cut 

open the abdomen of motha for Impt,... the 
oontenta. 

Theae are avaiJable in varioua grad .. of thickDe8il and 
aizlIII a:ld are used for pinning out inaeotl prior to. 
their p8!'Dl8Il8Dt preaervatbu. 

'Strong trowela of the kiDd UII8d. in gardeJting are re
quired for digging among rubb.ilb. eapeoiaJly wIIile 

, oollecting beet.! .. 
A wi Ie mouthed bott!e withmoiat eand at t.he bottom 

il 1Ued for reJaxilll ill88CtB before piDniDtr. 
• • Small ooped glua tubeaare band,. for cioUeOting am.n 

• and. delioate ill88Cta ill. the field. 

i,or tolIteUoD aDd we" pn18rvaUoD of lower Verteberatel 
(fIIhM, Amphlblau aDd Reptne.). 

• • A wide varlet,. of neta for oatching filh are .. vaiJable. 
T .... ps are alao DIed for ooJ1ectiDg certain tyPIIII of 
filhil. The illlherielt department will adville on 
, then mattel'l. 

• • lI'or _,-,bing amphibians and reptiles.. 
lI'or' oolfecting iDaectl. Tb8118 may be made fIom 

empt,. kerolllD8 tiDa. , 
, J"ordi,Uing up to oollect bunOwingf~ 
, lI'or making inoiaioDl ill. the bod,. of the animal befo .. 

preeerviug. , 
lI'or injecting ~he pl'8B8l"Vative fiuid into the bod,. 

cavi .. ,. of aQimals to 8D11lre proper penetration. 

'or PJalter-moul_, wax castlDl. modelling, eto. 

a BeoIaDplar'frameII. 

; • Thick,' rounded oountty bruahea are required for 
brubing soap lolution. olive oil. etc •• preparatol'J" 
to moulaing. 

Pl7W0O!i frames of various aiB88 are ~quired for _. 

• PlMteir tooIa. (lI'~ 
18~I8)o .. 

10 w_ tDoJ..(lI'fsare 80). 

. CJ .. ~ the specimen prior to mouldinlr • 
.,. amall ~n'lI Ibovel. Raw.edI(ed kuifit. instrument. 

for outting ke,.. in plaster. et.o •• are u.fuU .. plaIItol" 
work ,". 

Steel ~111 with pointec;i ana 8p.iuI ...... pecl ea .. 
DtIC8IIaI7 for modelling in wax. 

I'or Tuld81'lDJ, tannlq. eto. 
1. 0..'lar&Miaad O1lttiq pH ..... 
I. One 1ID&Il... aattiq- PlierL 
.. ,One iIull poiDied-DGllClp1ieia. .. 



4.. One pair of large scissors. 
a. One pair of tine scissori. 
6. One pair of fine forceps. 
7. One pair of large forceps. 
8. One large scalpel. 
9. One fine scalpel. 

10. One oilstone and a can of oil. 
11. One bone cutter. 
12. On" cartilage knife. 
13. One small hammer. 
14. On~ drilling machine with drill bits of nrious siBel. 
15. Ona small spatula or brain spoon. 
16. One three-cornered file. 
17. Mortar and pestle (for powdering arsenio,zino oxide, alu'll, salt, etc.). 
18. Bal! of twine. 
19. Reel of sewing thread. 
20. Brown paper sheets. 
21. Tow. 
22. Nails, tacks, pins, etc., of various sizes . 
. 23. Teml>erles.~ galvanised wire ~f various grades "f thicknea. 
24. Dealwood planks: 

. 25. Glue. 
26. M.odelling clay. 
27. on paints and brumM. 
28. Paper varnish. 
29. Glass eves. 
:10. Cuttonwool. 
31>Woodcn shaving beam for shaving skins before tanning. (}'iguro) 

56) •. 
32. I,ar~e shaving knife with wooden handle on either side for shaving 

skins. 
33. Saw dust. 

Besides the above equipmont, various traps, gu~ and rifles \fill be 
helpful in collecting birds and mammals. 

For preservation of Birds' ens. 
1. Several braSil blow pipes. 
2. Egg-drills of different silles-it is necessar;r to haTe ,plne ones as 

they become blunt with use. 
3. A fine curved needle set in a handle fer extracting embryos. 
(. A fine eye-scissor and a pair of sharp-pointed foreep!' for dealin« witA 

iIlcubated eggs of large si,.. . 

For preparation ,of SkeletoDi. 
1. Apparatus lor cleaning skeletons (Figure 57). 
!. Large wooden tubs. 
3. Glass jars (wide-mouthed). 
4: Wire brushllII. 
5. Brass wire. 
6. Galvanisect wire of vari011l &l'adaI. 
7. Wooden pedestals. 
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APPENDIX B. 

CHEMICALS, PRESERVATIVES, SOLUTIONS, ETC. 

For general~olleetlon of Invertebrates (other than Insects). 
1. A.cE:tic acid. glaciaZ.-A few drops of this added to solutions contalJlro . 

. iug cOl'J'osivo sut'limate tend to prevent shrinkage of delicate tissue'J. 
2 ... tlco/wt.--Rectilled spirit supplied by Messrs. Parry & Co., is 96 per 

ct'llt strong. Thil ... y be diluted as follows:--
To ten volu... of rectified spirit add: for 80 per cent alcohol, It 

lolume of waterj\ for '70 per cent alcohol, a .volumes of water. 70 
pl'f cont to 90 per eeat alcohol is "enerally used as • preservative for most 
.animals. . "-.". . . . 

3. Cawtic ~taM.-.A solution of this substance is used for cleaning the 
.hells of For anii.Jiifera. Immersion in 0. weak solution of this ,will protect 
!'t(.'el instrllmeau from' rust during marine work. 

4. Chloral, HlIdrate.-This is recomm~nded-as_o.n anaesthetic for variotli 
groups of invertebratel. "-

D. (JlJ,loroform.-This is sometimes useful as an anaesthetic or as a 
killing agent.' . 

6. CorrOftlle aublimate (bichloride 0/ mel'cw' . -This su:bstance is used 
as 0. fixative, generally.in a saturated solution 1.1 fresh water or sea water. 
This is E'xtremt-ly ~isClnous and great care shouli be exercised in haudling 
it as its solution 18 colouI:less and odourless. It. should be thoroughly 
washed out of the specimens in running water afUlr fi:ution. . 

7. Ether is occasionally used as an anaesthetic. 
S. Formalin.-The commercial formalin or 'formaldehyde' is 40 per 

c('nt strong. To one volume of it add 9 volumes af water for 4 per cent 
formalin· which is the strength generally used in preserving SOft-bodied 
illv('rtebrnt~s. The free acid in formalin is irlJruious for specimens that 
havo hard parts containing lime. It may .be neutralised by the addition 
of 5 grammes of. borax to every litre of the full strength. solution. 

9. Gtllcerinll.-In hot climates, or when some time is likely to elapse 
bofOl'(' specimens are unpacked it is useful to add glycerine in the propor
tioll of about 1/20 part to the alcohol in which they are stored to prevent 
complete drymg up of the specimens. 

10. Magnelium ,ulphate crysta.ls.-This substance is a very efficient 
anaesthetic for a large range of marine invertebrates. 

11. MenU/or.-This substance, in the form of crystltls, is a· good anae!!
thetic for marinew~rms. 

12. gude,"!-an'. Sohl!ion.:-This is reco!llmended for fixing and preserv~ng 
tcrrestrlal mites. A slmphfied formula IS as follow!!:-

Al.·ohol (70 per cent.) 22 volumes. 
Glycerine 1 '.Jolume. 
Acetic acid, glacial 2 volumes. 

13. Perenlri' .• Fluid.-This is a good 
It ma'ybe made up as followl:-

Strong nitrio acid 
Alcohol (90 per cent) 
Chromio aoid crytals 
Water •• 

fixative for mar.ine bristle WOI'IDf. 

~o c.c. or l/~ pint. 
300 c.c. or 2 pints. 
II gms or IllS oz. trOT 
660 0 ••• or ~l pinta. 

Th~e quantities give approximately 4 litres. In mixin<'" it i~ ad,,'!'l'\\'" 
~I) add the acid slowl! to tile wa~r ,,~4 JlQt. *be 1t'atcr to' the ar.!u. 
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14. Viet" SoZution.-This is reoommended',',oJ: ~ aDd, p.niItI 
w~ter-mites. It is made up as follows: -- ' 

6 'VoluiDM. 
11 "olumeia. 
h·olum-. 

Distilled. water 

Glycerine 
Acetio acid, glaoial 

15. Saturated .0Zution 0/ Bora:J:.-For treatiD& interior, of Orahl .... 
urohins, eto., during dry preservation. 

lor Inseets. 

1. OMor%rm.-Used as a killina: aa:ent in' chloroform killina bottle. 
2. Ullanide of Potassiul1l,.-Used as a kill~ agent in Cyanide killi.n& 

bottle. Cyun :de in all forms is extremely POllOnoua aad ~ ·mOlt .trm
aent precautions should be taken in handling it. 

, 3. l"'f!sc1'1;ing fluids ana jixati"es.-Pl'eserving S.uids keep the, iD&emal 
Oi'gans 100ft and allow subsequent dissection. ' Flxl1t.ivaa ,render the 
tissueS fit for l~i~tological investigation, but they become hard and brittle. 

(i) l'res/lr"mg jtuids-(a) .Alcoh.ol. -70 J(ler cent ~,90. pel' cen~ 
alcohol is a general preservative for hard-winged, non-hauy U18ects. 

(b) PamptZ', FZuid.-4 parts by volume glacial acetio acid. 
6 parts by volume fOl'glaldehyde ('40.per oeut). 
~ parts by voiulne wa~r (distilled). ..-. . -., 
16 parLii by vo!urue 95 per cent alcohol (rectified spmt). 

The lm;(~cts are killed with chloroform and thea plaoid' in 1.hi. Ruid 
"'ith their be.dy walls slit at some suitable point for' penetration. 

(c) Ohloral HydroJe.~A 5 p~r cent solution of Chloral Hydrate • 
u'Jed for preservi/lg. insects killed with Chloroform. 

(d) -Jt'01'1iIalin may be. used as substitute for alcohol, bllt it is infe
rior to the latter for insects as their skins are' hard. 

(ii) Fixati"es.-A great variety of fixatives are 1188d. A good 101utioa 
for general purposes is Picro-Chlor-acetio fixative made up as followa;-

12 parts by voulme 1 per cent of Picrio acid in Bectified Spirit • 
. 2 parts by yolume Chloroform. 
1 [,art by volume Glacial acetio &cid. 

4. Disinfectants.---lnsects preserved, and stored u1 storage boxeIr or 
oabinets must be protected from the ravages of pest.. To ensure this the 
8tor!,~e boxes sh~uld be treated int~rnally' with two' or three applicat.ions ot 
a d18lDfeotant mixture. The followmg Dllxtures are commonly 1188d:- . 
lysol. (a) Lysol and 'Camphor.-A saturated solution of camphor in'strona 

(b) Oorbet and PendZeburll'hmi:dure.-This is made up as follon' 
In one part of chloroform dissolve 6 parts of ~owdered naphthalene and 
OM part. ot creosote. Petrol may be added to mcrease the bulk Cott.on 
rolls soaked in. the above solutions and mounted on long pi~may be 
pinned i!l the corners of the cabinet drawers and storage boxes oontai .. ln, the lDsects. . 

it;) Naphthaleno and Paradichlorobenzene IDay also be kept in nar
row perforated chambers all 'found the margins of storage bCJ'XeII and 
oabinet drawers. 

Por wet preservation of lower Veritlntel (PIIheI. 
Amphibians and lleptll ... ) 

1. Alco1t.ol.-For. general museum purposes tbif is undoubf.ecUy the !len 
preservative. 70 'Per cent to 90 per cent alcolwl may be 1188d, \ut atroq 
rectifi,'<i spit j"; (96 ,per cent) is' suitable for permanent storace. 

t. Jt'ormatin.-For ~ner.al museum purposes this is inferior to alj)()hol 
'vt a • .,er cent solution pf thit lQa.)' be qaeCf wh~ alcobol ia ao" anU.blt. 



Por plaster-mouldlnl. wax-eaaUnc. mode_,ete. 
1. Pltutef' of PaN.-Bell brand plaster of pads .bould be used for len .. 

ral moulding and casting purposes. 
2. PUTe Bc:c.nocn.-Pure bleached beelwax may be UIIed for Cl.A8ting. It 

may be hardened by addition of paraftin. wax" 
a. Latex.-Rubber in liquid form is used for making flexible rubber 

moulds. 
4. Alum wateT .-This is prepared by .diss,?lvin" one part of 'powdered 

alum in three, parts of water. The solutlOn 18 ·boiled and allowed to 0001. 
It is applied over .the scales of 'fishes prior to moulding. 

5. Olive Oil.-This should be applied over th~ s~ins of fishes and reptllee 
before moulding to prevent the scales from stickIng to: the plaster. 

6. Liquid soap, E1nulaion 0/ soap in cocoanut oil 0'1" Shampoo.-'I'hi, is 
used as a separator between ~wo plaster moulds. 

7. SleaTine-keTosene mixture.-This is also a good separator for plaster 
moulds. . 

8. SatuTated solution oj BOTax.~For preserving natural fins tQbe stuok 
in the plaster pr wax cast. 

9. TVhite shellac.~This is used for coating plaster casts before painting 
them in oil colours. . 

10. Celluloid cement.-Fine shavnigs of celluloid are dissolved in Amyl 
acetato to form a thick paste. It is used for fixiJlJi the fins in the cut. 
It Play also be used for mountina: specimens on. 'glass or mica sheets in 
spicel~en jars. . . 

11. Paper Varnish.-For coating finally over the painted wax or plas-
ter cast. . 

12. Benzene.-This is. used as a thinner for mixing oil paint .• 
13. Plast.icine or Modeliing Clay is used for embedding Ipeoilnens or 

building walls around them before moulding. 

Por Taxlderm)" tanning, etc. 
1. ATsenical paste.-This is prepared by 'mixing ~ual ~roportions of 

white arsenic (arsenious oxide), soap shavings and ZInO OXide, adrljn~ a 
few Jumps of camphor, di88olvin~ to a creamy consistency in water, boihng 
and allowing the mixture to cool. T):J.e paste thus prepareCi may be stored 
in a jar and is the best preservative known for treating bird and mamma) 
skins in taxidermy. 

2. Alum and saZt.-A mixture of equal proportions of powdered alum and 
common salt is used for tanning mammal skins. .. 

3. l'cgetuble oil.-This is used for greasing the flesh side of tanned 
skins to render them loft and pliant. 

4. Henzene.-This is used for washing. out excess ·of fat from bird skiDi 
such as those of ducks, geese, etc. . 

5. Plalter 01 Paril.-This is useful in ablJOrbing blood during skinning 
'WorK. . 

6. Modelling clav.:--J~his is U!!.ed fOJ; ~iving the 'proper shape of th. 
muscles over the arhfiClalbody In mountlDg mammals. 

7. Papier mdchI.-Severa' pastes are used in taxidermy. Paper plup 
.and finely ch~ppedtow may .be added to casein glue and flour paste mixture 
to !Jl"~(> pl\PJe~ mAoh6. whlc~ may be used 'tor. s!Iapin~ the !Ietails of the 
artifiCial body ID mountlDg skillS over the mannlk!ns of mammals • 

. S. Sat'!lf'a~ed •. olutiot~ of Bora:.:.-This· is used by lOme taxidermists to 
pOison IkIDs of bIrd, and small mammals sa a ,ubatitute for arsenical 
paste. 

Por p~servlnc Blrda' ens. 
1. Po"!,, pe.r ceAt soZu.tion. oj P~n.-This may be nsed for waahin ... 

out the mtilrl(lf of the • shell after removal of :the content.. --
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For preparation 01 SkeletoDl. 
1. Lime (Ccalcium ecrbonate).-This is a useful cleaning and bl •• chillK. 

aeent . for. 'JkeJetons. 
2. l'ancreatin or Sodium ""Zpllide.-For cleaning skeletona. 
8. Benzene.-This is used for degreasing skeletoJUi. 
4. Carbon tetrachloride.-This is also a' useful degreasing agen. for 

Ikeletons. 
·S. Hydrogc'n l'erozide.-Tl>is is used for bleaqhing skeletons prior to 

drying them in the sun. 

For wet-mounting of Zoologic_l specimens and Haling 'pecimen Jan. 
1. Celluloid Oement.-Prepared as stated above (see under "Plaster 

castin(/; ") is useful for fixing. up specimens on glass or mica sheets immersed 
in flUid in specimen jars. It may also be used for pasting the lid. 

2. llubber solu·tion.~Dunlop rubber solution may be used for sealing 
specimen jars. 
, 3. Paraffin 1Caz.-Molten par&ftin wax may be brushed over the lid for 

sealinjl; specimen jars. . 
. 4. lfladden.-Ox bladder soaked in water' I,nd stretched may . also be 

used for tying lip lids of specimen jars air tight. May be obtained from 
elaugntsr houses. 

S. Enamel paints.-Black. London enamel paint should be painted over 
bladdered lids after the bladder dries up. 

6. Cr-mcnt for sealing specimen jars contai ... ,1Iof1 alelI1,ol-
No.2 Photographic golatine • • 1/2 oz. 
Prices' Best Glycerine 4 co. 

Aftt!:' weighing, soak the gelatine in cold wawr for 15 minutes, drain 
·off the water and melt in a double boiler. When liquid, add glYcerme and 
Itir. 
.. 7. Ctmeli,t for sealing speci~en 

Asphalt .. 
jars containing /Of'malin--

4 parts. 
Old perished guttapercha IJ parts. 

Melt the above miXture in iL ladie over gas atoveand stir well together 
taking care not to burn the cement. ., 

For preservation of Grass, FoUa19, preparation 01 Aoceasorles, tee. 
1. Glycerine formalin solution lor pt'e'eT11ing ,nul GW f.otia,t>-. 

Glycerine •• aa parU. 
10 per cent Formalin • • ! 

.11 

Water 
" 

This solution is suitable for Prellerving grass and loUace. 
,. De:drine mdeAI for constructing grouM1oork i ... dioTGtIICU-

Plaster 4 parta. 
:Asbestos a •• 
Dextrine 
Whiting 

.\l1 tbe$6 are ~ix6ll wi~h w"f-er 

! " 
1 pari 

'to f9~ * ~ 
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APPENDIX C. 

FIRMS SUPPLYING ·CHEMICALS AND EQUIPMENT. 

MOlt of the chemicals, instruments, appliances and material, listed in 
Appendices A and B may be obtained from one or other of the followinc 
firms:-

(1) Adair Dutt and Company, Mount Road, Madras. 
(2) Scientific Instrument Company, Mount Road, Madras. 
(3) Andhra Scientific Company, Mount ROad.' Madru. 
(4) Premier Indian ScientIfic Company, EgmoN, Madras. 
(5) British Drug House, Nainiyappa Naick' Street, Madras. 

Paints and varnishes may be obtained from-
{1) Parry and Company, Dare Houae, Esplanade, Madras. 
(2) Ambal and Company, Park Town, Madras. 
(3) Ba1>hyamand C!ompany, Park Ton, Madras • 

. Plaster of Paris may be .obtaiIied from: ~ 
Messrs. Spencer and Company, Limited, )(ounii Road, Madr ... 

Rectified spirit may be obtained under a permit from-
Messrs. Parry and Company, Nellikuppam, Southern Railway. 

Glass eyes, entomological pins, eork meetAl, .wrag_ box~ and other 
ectll1pment which carmot be procured from local firma may be obtained 
from the following foreign firms:-

BTituh /irm,.-Flatters and Garnett, Limited. 309, Oxford Road, 
Manchester-13, The Entomology Company, 44, Great Ru~ll Ettreet.. 
Lr,ndon, w.e. 1 and Watkins and Doncester, 00, Strand, Loudon, W.O. 2-

\ 1111~ef;clln /irms.-General Biologic~l Supply Houae Inc.. 761-763, 
East ii9th Place, Chical(o, III. U.S.A. 

Wards' Natural Science Establishment Ino., P.O. Box U. Rochear.er, 
N.Y., U.S.A. . 

APPENDIX· D. 

HELPERS. 

1. Madras Government Museum, Egmore, Madr ... 
2. l"lsberies Biological Supply Station, Ennur. 
3. Department of Agriculture, Government of Madras, CoiDibator •• 
4. Department of Inland Fisheries, Ohetput, Madras. 
5 .. Government Veterinary Hospital, Vepery, ·Madras. 
6. Public Health Department, Corporation of ·M&dras. 
7. Malaria Research Institute, Teynampet, Madra&. 
8. District }'orest Officers and Forest Rangers in the various diskiet.l 

Of the State. . 
9. Bombay Natural History Society, Apollo Street, Bombay. 

10, ~.rm.. Bioloiical Station, Kf.~,.i :Jalapd, Pamb~ :r .Q. 
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SECTION II. 

Plant Life-Collection and Preservation. 

B'/M~ S. CHANDBASEXHAR, B.BC.,P.B.8. 

(Ourator, BoiaDJ &DcI GaoloU SeeUt., Go~ ... am, 
1Iadru.>. 

IDtrocluoUoD.-Plants differ widely from each other in struo; 
tural details, and have di1ferent seasons' forllowering or fruWni. 

,lI'urther, thQ' s&m.e ~nt does not grow at all places, nor do aU 
plants grow at the same.place. Structurally closely related plants 
may gtowwidely separated from ~h o~her. The difficulties involv
ed in making a comparative study and appreciation of plaritl and 
their modes of living, do not require more amplification. 'i'he role 
of .botanical gardens and' greenhouses in this matter, no cJoUbti is 
magnincient; but with their liD)ited scope, these institutions faU 
far short of meeting the needs of the students of Botany. If; is 
therE"fore 01 utmost importance to keep the materials collected -
together at one place 'for study. 

When making a collection, it is imperative to collect the speci
mens entire with toot and all. If 1l0wers, fruits, etc., a.re all avail
ahle, the plant collected should show ~hem all. \Vithout these 
parts in entirety, the specimen will be imperfect and will become 
very difficult. (sometimes impossible) of identification. There will 
be no difficulty in collecting entire specimens, if they ~e of a 
s¢all size. Larger specimens will need some manipulations, if 
intended for the h~rbarium, since they should be able to go' into 
the size of a herbarium sheet which usually measures 171~' bylOj-". 
When difficulties are confronted in this regard, the best way of 
getting over, them, is to collect the full plant and bend it to· and fro 
as many times as necessarf, provided (like grasses and f8J'l1S) it 
yields to such handling. W~en the plant is too large and brittle 
(like woody trees, shrubs, etC.), ~he only alternative is to have .. 
'1I1uch of the. plant as possible from the ends of shoots or branches, 
and to collect and preserve representatives of the other parts sepa
rately. Should there be only a very small number of specimens of 
a certain plant in a certain p~, they should on nO accoun~ be 
collected, so that the stock in the place, is not depleted. 

Only' the generil and very co~n equipments for collection are 
described jn these pages, l~vingout the ~ J'8(Iuiiemeilts to th8 
collector's own' choice. Two ,essential equipmentl, tHllcul.,M .. 
ponfolio, are· very import-aut and. eVeu c1istinpiah the ~ 
collector. 
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The vasculum (figures 61 and 62) is a japanned tin box', convex 
on both' sides and capabk of accommodatmg plants of the size of 
17 i" by lOr. It has an adjustable sling attached to the ends. One 
of its convex sides is binged at' the bottom so as to open outwards 
and downwards, thus serving as the lid. When closing, the lid is 
.secured by a pair of wire latcbes at its top. Its dimensions vary 
-,With the size of the specimens to be collected, and with the collector's 
personal conveniences a-s well. If finances permit, it may be lined 
inside with thin asbestos sheet (about 1/16th inch thick). As it 
is not available ready-made in t\1e market, it has to be made" to 
order" with the help of a tmker. The indispensability of a tin 
hox of this typl' can be easily guessed. It serves as a very good 
receptacle for any kind, or all kinds, of specimens that are collected 
in the field. 

The botanists'portfolio cdnsists of two frames (df either wooden 
boards,' or wooden laths, or- pasteboard, or leather-board; or wire
laths) with a considerable number of blotting sheets between them 
(figl~:'e 63). 'l'hc frames and' the blotting sheets measure 18" hy 
12", and the former are held together, tightly pressing the blotting 
sheets, with the help of leather straps. The entire bun:Ue is 
provided with a leather handle or a sling! for carrying it about. '. 
Rmaller or larger portfolios are also there, which are suitable 
for collecting any special type of plants. The portfolios are used 
for collecting plants for the herbarium. They begin the first preli
minary treatment in the field itself. Other item~ are specially 
mentioned, if necessary, in the relevant portions of this t~xt. 

1' •. II. POUI'OLlO. 
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". ' Plants or their parts continue :to live and grow for a long time ,yen after they are collected from the field. Thus their structural 

features undergo ,some physiological changes which, have to be 
arrested at once. Oenain kinds of fungi grow on ~he organio 
matter and ,cause putrefaction;, oeIWn kinds of bacteria' grow on it 
,and cause deCay; and insects also feed on it and damage it. liere 
comes the need for proper care and attention on the preservation 
and storage of plant specimens, which leads on immediately and 
directly to, organiZation and maintenance of herbaria and botanical 
museums. 

Tba1IophJtel. -These include bacteria, 'fungi and algae. 
'Bacterio are the primitive, unicellular, JIricroscopic plants that 
cannot be seen without the aid of, powerful microscopes. Pre
p~ed slides with the specimens of bacterIa can be had from the 
biologioal firms, and exhibited with the help of, microscopes which 
are fitted up with stages in the form of revolving drums.' This 
will be rather a costly venture, since the microscopes have to be 
kept in special cabin~ts whica should enable the necessary adjust
ments, and at, the same time, ensure safety for the iostruments
not to speak of the cost of the microscopes themselves. \Vhere 
the nt'Cessary finance~ are .wanting, the bacterIa may be illustrated 
in charts which ~ay be e~bited. 

,The fungi are 110180 'microscopic and are similar to the bacteria 
in being devoid of chlorophyll (the green colouring matter) and 
i.herefore incapable of manufacturing their own food. They grow 
parasjtically on other living things, or saprophytically on dead arid 
decaying organio matter. Many of the fungi put forth visible 
fructifications, but their spores are" microscopic in size .. 

As for the miCroscopic' forms, they may be best obtained in the 
form of prepared slides from the biological firms, and exhibited like 
the bacteria. Those with visible fructifications are cllrefully col· 
lected and preserv~d. If they are fungi with small fructifications, 
UJey should be collected With their suBstratum in situ. If they are 
intended for the herbarium ,(please see under Angiosperms) they are ' 
dried, with their substratum in situ, in the home-press. If large and 
woody or corkY fruotifications are to be preserved on the harbarium 
sheets, thin sections in.a vertical radial plane may b~ taken of them 
(fructifications) and dried in the home-press as explained under 
herbarium-keeping. 

The hard fructifications can be, preserved entire by a process of 
slow drying and without the application of any pressure. For this, 
they are placed in a wooden or preferably glass container (in the 
form 0( a tray~ cistern, jar or box) which is open at tile top. The 
container with the specimens in it, is placed in the sun and covered, 
over at the top with a glass plate. A small~ narrow, gap is nlso 
providec1 for at the top when placing the glass cover. As the heat 
is aNorbec1 more and more, more and more moisture is given out 
by the specimens, and the space inside the container becomes more 
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and mor~hun;rid. ihe humidity arrests the rapid loss of moisture _ 

.Jrom the specimeD,8, and consequently protects them agains$. 
damage. In the afternoon, atter the day ha'8 begun to be rooler, 
drops of water will be seen glistening trom below the glass plate. 
As and when this occurs, the container and its glass plate are wiped 
dry. This proces.s is repeated every day, until'the amount of mois
ture that is gi,yen up by the specimens is reduced to nominal levels. 
Thereafter the drying may be stopped. The poison to be applied 
on these dried fructifications is prepared bydissolvlng 4 dr. of 
Corrosive sublimate in S oz. ot sulphuric. ether, ana then adding to 
it 2 oz. of turpentine and 3 oz. of alcohol. It should be applied 
immediately after it is prepared and in the way the herbarium speci
mens (of Angiosperms) ar.e poisoned. The fructifications ·are then 
allowed to dry in the shade and'undet~no pressure. They wi)} also 
look best i,f they are given 8r double or" tnple coating of any/spirit 
varnish at intervals of two days. # 

Large fructifications require n<? special mounts, while the 
smaller ones need glass-topped boxes. In the absence of any such 
box of suitable size, the inner sides of an open, wooden or thick 
cardboard box of sufficient depth, are given a lining of strips of 
paper at" the same colour as that of the intended background. The 
specimen-is fastened on-to a thin cardboard, or a thick paper, of the 
chosen background colour. Pins should not be used far fastening 
it, because the metal would rURt andl spoil the specimen. The sheet 
with the specimen on it, is then pasted on the (inside) bottom of 
the box.. The casing is closed whh a glass plate of the size that is 
just sufficient to cover it without protrusions. The glass is held in· 
place by strips of passe partout or of calico, pasted all round. The 
use of cellophane paper in place of glass, it may be stated here, is 
not advisable, as the cellophane does not last long. 

Fleshy fructifications of fungi can be preserved in 5, per cent 
formalin or 75_ percent alcohol. A.2·5 per cent solution of zinc 
sulphate in 1 per cent formalin, is recom,mended for preserving 
them with colour. The specimens have to be kept permanently in 
this solution. For more details of preservation in fluids, the pages 
under Angiosperms may be referred to ,<pag~ 98-98). 

Algae are a group of primitive plants without the' differentiation 
of the tissues distinctly into stem, leaves, roots, etc. They are 
mostly aquatic or marine, while some are also terreAtrial but with 
preference for moist situations. The more primitive ones are micro:. 
scopic,but tlie others are quite big enough~. -They are capable of 
manufacturing their own food materiala and are not dependent on 
other" living" things for existence. 

Museum illustration of the microscopic algae,. may be ~a.nged 
for in the same :Way as of'-'the bacteria. The larger aglae, how
ever, require different treatment I when they are preserved· for tbe 
"heJ'ba.rium" or· mUSBUID.. 
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When algae are preserved for the herbariu:QiJ., they are given a 
preliminary treatment before they are put in the press. The speci
men concerned is placed in a basin of water (only ",ea-water -should 
be used for marine algae or sea-weeds), and lightLY agitated WIth a 
quil (or any similar instrument) so that the tilalltents float in the 
manner natural to them. A sheet of mounting paper of t4e bize of 
the specimen, is then introduced under the alga. When everything 
is fairly spread out and settled, the paper with the specim~n resting 
on it, is slowly 'and gradually withdrawn from the water~ OJi to an 
inclined glass plate which is kept half-dipping into the water in the 
basin. The mounting paper with the specimen on i~, is then 
covered over with a piece of muslin, or of slightly greased tissue 
paper and dried in the home-press as explained under herbarium
keeping. The mounting paper below the alga, anu the latter's 
superimposed cover should never be separated or disturhed, from the 
Lipecimen through the entire process of drying. By this means, 
most algae are made to adhere to the mounting paper below them. 
Thip. flakes of mica are preferred to this paper, in the case of 
minute specimens. Melanos,permous algae should be put into boil
ing' water, until all the mucus is given out, before· tloatlllg them on 
paper. Thn plants, after drying" may be treaterl as herbarium 
specimens (please see under herbarium-keeping). 

So far as wet preservation is concerned, marine algae or s~a
weeds are to be preserved in only 2 per cent solution of fo~maldehyde 
in sea-water. Certain types of algae. known as the Chatales, h&\ e 
calcareous ~ntents and should therefore be prserved only in 50 
per cent solution of alcohol in wai:er, formalin being injurious to 
them., Fresh-water algae may be preserved in 5 per -cent solution 
of formaldehyde in fresh water. Green fresh-water algae can be 
preserved with colour by treating them with '~pper acetate. A 
1 per cent solution of copper acetate in 2 pe cent formalin i& 
prepared. The alga is soaked in this solutio for twenty-four 
hours, and then washed and preserved in 5 percent formalin. !t'or 
mpre details of preservation in fluids please see pages 93-98. 

Sometimes the algae and the fungi enter into a pannership ·and 
form a biological combination, by which both these organisms are 
benefited. The combination is known asa lichen. The fungi store 
the necessary water for the algae which, in tum, prepare the food 

. materials not only for themselves but also for the fungLThe lichens 
occur in various forms in almost all dry situations .. Just as·in tbe 
ease of the algae and funfri. the 'Jichens also have no leaves, stems, 
roots, etc. -

Lichens should be collected with their substrata in situ. 
Immediately on collectIon, they shouid be pressed (if they admit of 
pressing) in the portfolio, with the substrata in situ, and then 1ried 
in the home-press (please see under herb~rium-keeping). Licllens 
tbat de; not admit of any pressure, aI'~ pr~l 8l'ved and e"lthibited like 
the woody, fungal fructifications. The poison useu, however, is 
only an 1·95 per cent solution of corrosive sublimate in alcohol. 
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Brl0phltes-These include liverworts and mosses. Liverworts 
\Hepaticae) like fungi and algae, show little or no differentiatlon 
among their tissues into stems, roots, lea.ves, etc.' They are flail 
and spreadmg in habit, and possess a little thiCkened tiDlme some
what like the midrib of fleshy leaves. Liverworts are geperally 
seen as flat, dark-green, mattress-like strucliures Rpreading even on 
bare rockS. They can tide over long periods, of drought and high 
teUllJarature, quite successfully. 

Mosses (il1U8~i)are closely allied to liverworts in the deta.ils of 
thell' life history. ,They a.re however efidoweri wit.h a djbtinc' 
upright stem and leaves, but they have no .true roots. Their leaves 
are simple, stalkless, composed of a single layer of cells except at 
midrib, and arranged' in three vertical rows. 

When collecting liverworts ,and mosses for the herbarium 
(please see page 83), they should be subjected immediately to- a 
moderate p~essure in the portfolio. -Even after they are placed in 
1.he homepress the pres,sure should remain only moderate. 

Given a special treatment" the liverworts and mosses can be 
l'r.eRill'ved ,with colour. b'ustly, a saliurated solution of copper 
acetate in glacial acetic acid is prt:pared. It is then dlluted by 
addmg four parts of water to everyone part of the solut,ion. The 
specimen, Wlth a string tied to it at one end, is placed in tl.i. 
101ution and heated nearly to the boiling point. Just when the 
solution begins to boil, the speClmen is taken out by the string, and 
washed and pre.~erved in 5 per cent formalin in the usual way. 
}t'or more det&ils on wet preservation please see pages 93-98. 

Dry specimens of liverworts and mosses can be preserved and 
'exhibited in glass-topped boxes as in the case of the hard fructifi
cations of the fungi. The poison that is required to be used is' {lnly 
the l·25 per cent alcoholic solution of corrosive sublimate. 

P&erUophytes.-These include club mosses, horse-tails and f~m •• 
Cluh-mosses (Lycopodiales), horse-tails (Equiset;;.l~f:,) and ferns 
(}t'ilicales) are green pla~ts with fully developed tl~sile-dilrerel\tja
tion. They have stems, roots and a great variety of leaf-forms, a.nd 
an elabotate system of conducting vessels. They are, in 1a(.'t; very 
highly evolved, non-flowering plants. The club-mosses have long 
stewii with very short internodes which are densdy covered by 
amallJeaves. Their spores are produced from, aDd home on, the 
upper surface of the leaves. The spore-bearmg leave:; mny rema.in 
like the sterile leaves in shape and size, or they' may be speciaiiy 
modified and arranged to form cones. The horlie-ta.ils, too, have 
long stems, but they are rough with a Coating of silica. .. The int6r
nodes are conspicuously long and the leaves are small, sheat;hiog 
and scale-like. The spore-bearing (on upper surfl\ca, as in ·club .. 
lnosr.es) leaves are shield-shaped and arranged in the form of CODes 

'atthe ends of shoots~ The fems hardly heed any introduction, 
.ince'they are '80~ popu1ar.·Their stem generally remains witlria 
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the soU as a rhizome: The conspicuous aerial parts that are seen. 
ale ol,1ly th~ leaves. The leaves, wben young, are geuerally kepi 
coiled like a watch-sprmg. '1'he leaf-ieins geIl"rally bran~h III 

rorks. 'l'he .spores are borne either at the margins, or u~ th~ lower 
surface of the leaves. A few of these plants assume gIgantIc pro
portions and are mistaken for trees, unless minutely examined. 

The club-mosses, horse-tails and ferns may be preserved on 
hlU'barium sheets as explained under H~barium-.keepmg. The club
mosses and horse-tails can keep even better, If they are dipped in 
boumg water for two minutes and hung up in the air to dry, aJ.ld 
sUbsequently poisoned with an 1·25' per cent solution ofcorroslve 
8ubhmate in alcohol. '1'hey may be mounted and displayed like lhe 
hard frucoiitications of fungi. 

The club-mosses. horse-tails and ferns can be preserved 'with 
colour, if they are treated with copper acetate and glacial acetio 
acid, in the same way as for the liverworts and mosses. 

GJIDIlOlperms.- These are mostly trees, either tall or short, and 
bear naKed or exposed! ovules and pollen graind. '1'he1rovules are 
borne along the ,margins and the pollen grains on the upper sw
faces, of special~y modified lea\es. The seeds are also na'ked and 
are not encased in fruits. The Gymnosperms include such plant.s 
as the cycas and the pme. 

For the herbarium, they can be pressed and dried, as explaiJred 
undm· Herbarium-keeping. 

Gymnosperm cones are woody and may be preserved dry like the, 
harf} fl'uctifications of fungi. But the polson used, is only the 1·25 
per cent alcoholic solution of corrosive sublimate. Gymnosperm 
leaves, ,if intended for wet preservation (please see pages 98-98), 
require to 'be immersed in boiling water for a couple of minU1i&l, 
imDlediately after they are collected. Aitel ward&they may be 
preserved in 5 per cent formalin, but not in alcohol which is injunoi18 
to them. If the leaves are not treated in boiling water, they drop 
off soon. 

The leaves of Gymnosperms can be preserved with colour, if 
they are treated with copper acetate and glacial acetic acid in the 
same way as for the liverworts and mosses. 

Ang!OIperms-.:.. These are trees, shrubs or herbs and their seeds 
are contained in special struc~ureB, the fr.nts. The Angiosperms are 
further divided into the Monocotyledons and the Dicotyledontl. For 
museum work, however, the Angiosperms may be' artificially divided 
mto herbae-eous, aquatic, succulent, loose-jointed and glutinous 
plants. The herbaceous plants are recognized by their thin leaves, 
weak stem and small stature. 'fhe aqiIatic plant, are those that 
grow in fresh-water, either doating at the surface, or half submerg
ed, or' at times, even fully submerged. ~ucculent plants are those 
which have thick deshy and juicy leaves, or stems, or both. The 
loose-jointed plants possess caclucous parts (i.e., parts WhiCh do not 
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hold on to the main body of the specimen for long). Gluti
nous plants stick to the paper between the 101ds of wIDeh tbey should 
be drted. Certain amount of experlence ~much time is not required 
to gain it) is required to spot out the loose-jointed piants and the 
glutmous plants from the rest. 

Herbarium-keeplng.- A collection of dried plants named and 
systematically arranged, is known as. the Haroariu,1n or Hort1l8 
81CCtU. bpeclmens cOllected tor the herbarium, are brought hOlUe 
as_ quickly as possible and subjec~ed to rapid) extractlOn of the 
moisture lD them, in order to preserve as much as possible, their 
natural colour and general appearance. During this process the 
plants are also sUbjected to a certain amount 01 pressure between 
several folds of drlers (absorbent paper) just to obviate brittleness, 
and to prevent, curling up, of theIr ditterent parts. Only very 
simple equipments are required. f~ , 

The driers may be good blotting papers or old- :newspapers, 
measuring ~~i inches by 17i inches. '1'11ey should be smOOth and 
absorbent; tj,'hey are &lTanged in batches of five sheets, each bilit,cb 
being folded across the centre to form a parcel, in such a mann.er 
that the fold runs parallel to the seventeen-mch side. The larger 
the number of driers per parcel, the better. If so desued, they 
may even be stitched together along the fold. 

The pressure required is supplied in the home-pre88 or herbarium 
prea8 w1l1ch, when lDtende<1 lor accommodating not more than 
two reams of driers, consists of a pair of what are known as ou.tside 
boards, 8 imide boards, and a few fJentilator8. l'he ofltside board 
is a double board, measuring 18 inches by 11 inches by I inch or 
~inch, and is formed by two boards closely glued together, anel 
firmly secured by small screws at intervals of 3 inches along the 
edges, in such a way that the grain of one board crosses that of the 
other. The inside board is generally Ir wooden plank, 18 inches by 
11 inches by 3/8 inch. A tin sheet may also be used in its . Dtead. 
The ventilator (fig. 64) are slatted frames of wood, 18 inches by 
12 inches. They are formed by nailing five. straight woodel') 
pieces, each measuring 18 inches by 1 inch by i !nch, parallel to 
and equidistant from each other, on six other wooden pieces, each 
measuring 12 inchp..s by 1 inch by i inch and forming cross-bars. 
The cross-bars also should be parallel to, and equidistant from each 
. other. The frames, thus prepared, should not have any of the 
wooden pieces protruding out from the sides. . High quality venti
lators are made of aluminium rods, but they are costly. It is 
advantageous to possess at least a few ventilators, as they clm also 
be used as outside boards during long collection' trips. 

With the malierlals described above, the (lress is 1:,uilt up aa 
follows:-

Two parcels of driers are placed one over the other on Ol1e of 
*he outside boards, and then the' specimen is laid over them 
(parcels) in as natural a position as possible, without crumpling the) 
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leaves and flowers. Both sides of the leaves and flowers must be. 
displayed, if possible, while arranging the speclmen.'· bpecllnens, 
too long for the paper, may be carefully fOlded; or, if this is uot; 
possibJe; they may be cut in twO", }I'Ol' equalising l'ressure, and for 
keeping up the ~tability of the press, the specimens should be distri
buted about the drier, rather than. confined to the centre. Parts of 
a specimen found overlapping other parts, should be separated frolll 
the. latter by placing pieces of bibulous (absorbent) paper between 
tbem. Thig would prevent moulding and dlsccloura.tioJl. For large 
and coarse plants, strips of pasteboard (stiff pad of 86\"eral sheets 
of paI'er pasted together) or pIeces of cotton battmg (cotton prepared 
in sheets),· should be placed about c the sides. The large and 
cumbersome parts, such. as tubers, corms, bulbs, etc., of the 
herbaceous p~ants, may be pared down, or their interior scooped 
uut, before pressing. Aquatic plants and those collected in wet 
weather, should be wiped dry with'8o napkin, before they are placed 
in the· pre~s. Glutinous plants are sprinkled over with soapstone 

• powder \" Talcum " face powder will also do), and then dried ill 
the press. Succulent plants are first immersed in boiling water {or 
a. minute or two, but only up to the point from where the flowers 
arise. They are then allowed to drain on a cloth for a few 
minutes. Next, they are enclosed be~ween two sheets of dryiug 
paper, and rolled over by a glass bot de {or any smooth roller) so as 
to, gently crush, without completely flattening, the flowers aud 
other parts that were not dipped in boiling water. 'they may 
afterwards be dried in the home-press. The soft fleshy portion 
inside such stollt, succulent stems as in Cactus, etc., should be 
scooped out after scarring the exterior, and before pressing. Each 
specimen should be accompanied on the drier, by a number-sUp giv;. 
ing reference to notes· concerning the specimen. 

Then a.nother parcel of driers is placed over the specimep, 80 

that its folded edge rests over the open edge of the parcel below it; 
and a pile is thus built up with alternating layers of -specimens and 
parcels of driers (the bottom-most being a double parcel) .. The use 
of plenty Qf driers in proportion to the succulence of the specimens 
facilitates rapid absorption of moisture: A double. parcel of driers 
is placed over the eleventh specImen; and, over this, is placed an 
is placed over the eleventh specimen; and, over this, is placed an 
jnside board .. Layers of driers and specimens are repeated above 
pile of driers, specimens ·and inside boards is formed· to a height ·of 
not more than tWo feet. '.rhe inside boards serve the double 
purpose of securing uniform pressure for the specimens, and of 
giving stability to the press. On top .of the pile, the other outside 
board is placed. It is advantageous·to introduce a pair of ventilators 
at regular intervals into the pile, as they promote rapid drying. 

They should be nsed in pairs with the cross-bars of one frame 
butting ag~inst those of the other. The entire pile is tied rOlina 
with ropes or straps and then kept in the sun, preferably iaised 
.. bove the ground by means of a couple of dry objects like bricks, 
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atones, etc. A. certain amount of weight is placed over the. whole 
pile. which completes the formation of the home-press. 

The weight used sho~d be heavy enough topreventwrink-. 
ling, without crushing the plant tissue. Different plants l'eq uir. 
different pressure. On an' average, however, a weight of GO lb. 
would suffice for most plants. If plants have thick !<'.:ems, a sand
hac or two, of the size of a drier , may be used to equalize pressure. 

The home-press formed as stated above, is known a<:. the 
flieight-pre" ,because a 'weight is placed on top to obtain the 
required pressure. It will be "Called a lever-press, if the pressure 
is obta.ined from a lever mechanism; and a screw-press, if the 
outside boards are kept pressed towards eac.h other by screws as ill 
the case of the press for a tennis-racket. - The term '!Cire-press is 
used when frames of stiff, stout, galvanize"d iron wire form the
outside boards. The wire-press can be used as a weight-pre oS as 
well as a portfolio. ,Being i,good conductor of heat, it accelerates 
drying. 

There is no hard-and-fast rule fixin~ the length of the period of 
drying. which ~s dependent upon the nature of the specimens. and 
upon the quality and quantity of the driers I used. The driers 
should be regularly renewed. the first change being within the first 
\~t'We hour" of pressure. When cha-nging the oriel'S, the T\la~t. 
Ii}lQuld be lifted with a pair, of forceps -only. Mistakes. jf any, 11\ 
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laying out the specimens on. driers, are rectified during the tim 
change of driera, as afterwards they become too brittle for altera. 
tions. The lised papers which must liave absorbea moisture, can 
be separately heated again in the sun and then put to use. The 
driers are changed when they are hot. Daily changes are neces
sary irithe first few days (or the first week) and the subsequent 
changes are carried out on. alternate days. A thoroughly dl'ied 
speCImen is recognized by its. hay-like rattle, and by our not feeling 
it cold if placed against the cheek. 

Most flowers reta.!n their colour on herbarium sheets, if' they 
are dried very rapi~ly, by enclosing· them between driers and 
ironing them hot. Sufficient care must also be taken to see that 
they do not get charred. 

. After the specimens have thoroughly dried, they are poisoned 
with an 1·95 per cent solution of corrosive sublimate in alcohol. 
t'he poison is applied' with the belp of a soft brush without auy 
metal fastening on it; or as an alternative the specimen itself may 
be dipped into the (same) solution kept in a glass cistern or tub. 
Any metal coming in contact with this poison, discolours it and (il) 
'consequence) the sp~imen as well. After the poison is applied, the 
herbarium specimens are again .dried in the home-press for 11t. day 
or two, but drying in the sun is not necessary. 

The specimens may he kept indefinitely between tht' fo~dsof 
driers, till they are required for an exchange transaction with any 
other institution, or for mounting on herbarium· sheets. 

The herbarium. sheet is a firm, thick, white, writing cartridge 
paper of compact. texture,'measuring 17t inches by 101 inches and 
weighing about 98 lb. to a ream of 480 fla.t sheets. A drawing 
paper. fulfil1in~ all these conditions,. may also be used. It will be 
convenient to have sheets rea.dy and printed at the "bottom left 
eomer as in the accompanying form. The botanical name of the' 
plant is entered hl a single line at the botton right corner.' . ~'he 
regi\lnal name or names may be entered below it. Thell3me of 
the family to which the specimen belongs, may be entered opposite 
the item ,. Remarks ", and other points below it. 

Not Dlorethan one species should be mounted on one herbarium 
sheet. The specimen may tie fastend to its sheet by mea.ns of a 
sewingtbread which. should go round, but ~ot through,tbe' 
cliifp.rent organs: or by means· of bands of gummed paper. No 
metallic pins should be used, as they will rust alld $poil the 
specimen. 

Tbey may also be permanently fastened to. their sheets, with 
bot~lue (of about the confliRtencyof cream). For this pulpose, the 
"omtion which the plant should occupy on the herharium Rhee~, i8 
liRhtly marked out with a' pencil. The specimen is laid. face 
iowriward8 •. on 'a sheet of newSpaper. and the alueis applied over 
~wjth the help of 8- fine .. oamel-hair btusli; .It istben lifted·Witb. ~ 
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pair of forceps, and laid in its position on the herbarium :Jleei. 
'fwn straps of gummed paper may be pasted across the thicker 
parts of the specimen so as to prevent them from breaking l\lOBe 
whenever the herbarium sheet is accidentally bent. 'rhe excess 
glue is removed with a clean cloth, and the specimen with its sheet 
ill subjected, overnight, to a slight pressure between the driers. 

Herbarium specimens of one genus may be placed in a genus 
cover which is but a sheet of paper, 221 inches by 171 inches, lind 
of the same quality as the herbarium sheet and folded breadth. 
wise. The genus covers of one natural order may be grouped 
together between the folds of a brown paper. The latter groups 
Illay be arranged in the systematic order ma cabinet. 

Care of the herbarium is a p.pecia.l task by itself, and calls f~ 
undivided attention. Tht'specimens should be kept dry, free 
from dust. and not too overcrowded. Naphthalene, camphor, ur 
any strong-scented' oil keeps out the herbarium pests. to a certain 
8~tent j but safety liee ouIT in ~ocUca.llT poisonin" tbe s~imen., 



in addition to renewing. those volatile· insecticides. They· should 
be frequently examined, and~ If the I:llightest trace of mould, or of 
moisture, is seen even on one specimen, the entire collection should 
be re-poisoned. . 

lrulect depredations can be reduced, if the specimens with their 
.... eets are periodically. fumigated in an air-tight tin box, by saturat
ing the space wide, with the vapour of carbon bj&ulphide. A 
mIxture of three parts of Ethylene dichloride and one pa~ of Carbon 
tetrachloride is recommended as a safer fumigant. If these two 
chlorides are not available, large quantities of paradichlorobenzeDP 
may be used. 

Mounted! herbarium specimens, if selected. for exhibition, 
aho"':lld be protected against exposure to dust; for which, it is hetter 
to keep all the specimens covered with gJaBB. . The h~rbarium 
-heet with the specimen, is pasted on a glass sheet cut to the 
required size. Long narrow strips of glass are pasted one over the 
other. along the four edges of the herbarium sheet to. a uniform 
height of the maximum. thickness of tbe specimen. Another gl808l 
sheet of the same dimensions as those of the one placed at· the. 
bottom, is now pasted firmly over the glass strips. GUlli .arabic, 
cliBsolved to the required consistency •. in 1 per cent a:queous solntioL 
of corrosive sublimate, can be used for pasting these materials. 
The joints of the glasses are all spra)ed or painted over with a thin 
1 per cent solution of celluloid in a mixture of equa] IJarts of aeetone 
and amyl acetate. The specimen thus gets encased in glass;· The 
irregularities at the sides may be neatly covered. up with paRle 
fl4f't;IUt. or with calico. 'rhe ca3in~ ma.y also be provided with a 
Itmt (or two. if necessary) at the back, using glaes bits and calico. 

Flowers. etc.- Flowers, pitchers, etc., of the A n~iosperms will 
lose their shape if treated in the home-press .. ThflY get tlattened 
out and become unseemly, although they continue td .. retain the~ 
structural details. They sa~isfy the scholar alri~ht but notthe other 
classes of people. Such specimens are. generally preser\'ed; .there
fon, in tluids. When the cost and inconvenience of Landling the 
Ul.'1terial are to be avoided, the following method is re~ommended 
hut onlv with ~ome re~ervations. The given snec!men ispaekpd in a. 
tin of. fine, warm (preferably cedar-wood) sawdust.and h('ated m'er 
an oven. ·While packing it, care sbould he take·n to pee that all 

. po~~ible hollo"'~ ,in the ~necimen are al~o filled ~o that the preSdUl'e 
applied it; equal both inside and outside the specimen ... This et'lUreS 
the ob1ect IIQ'A;n~t shrinkage and collanl'le. Within the tin. tb~ 
spedm~n should occupy a positiop in the centre, hut not near t·he 
bottom, nor the sides nor the surface. With thf\ help of !;uitahle 
elRmn~. It centiqrllde thermompter is in!olerted into the sa:w!111Rf: IIolu1 
1>0 heM thAt it~ hll1b :!01 clo<:p. to the bottommo~t part of the specimen. 
far recording the temperature nenr the flower. . A" the hf'ating 
pl'tJ(llepd!'!. the tin Q'~fS hp.ateit nn ve~ 0111cklv. but the bpat takes a 
longtime to .come up through the &awdust which is a badconduetor 
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of beat. In the meanwhile. 10 much of heat accumulates at the 
bottom of the tin. that even if the heating is stopped~ the accumu
lated heat still keeps coming up through the sawdust. 'I'he epeci
Olen inside the sawdust thus runs the risk of getting charred. 
The safer procedure will therefore be to heat the tin for a shor' 
while till the mercury begins to move a.little, and then to stop 
heating. The moment,the thermometer records 60·0; the specimen 
should be taken out and the whole process repeated with another 
tin oi sawdust. ·There is no specification regarding the optimum 
temperature and the period for drying. These factors vary with 
individual specimens, but there is a generalized Iecom:mendatioll of 
a temperature of about, 40·0 lasting for about 10 minutes. The 
temperature can be maintained constant, by stopping or introduc
ing the heat at the bottom of the tin. If, however, a heating devroe 
provided with a temperat.ure:.regulator can be had, it will be very 
useful for work of this kind. Mter the drying is ~tisfaetori1y 
completed, the specimen is taken out, and the particles of sawdust, 
it found adhering to it, are brushed off with a camel-hair brush. 
The specimen may afterwards be given a thin protective coating of 
(laper varnish. 

Dry fruits, etc.-Such hard objects as drl fruits, rarks, seeds. 
etc., may be preserved and mounted as indicated for hard fructifi~a
tions of fungi. but with this difference that the po!son required is 
only: an 1'25 per cent Solution of corrosive sublimate in alcohol. 

Tlmb,r. -Timber specimens, however, present a problem olf 
their·own. The reductidn of moisture in timber, known as season
ing, gives the material its durability, strength, stability, lightness 
and ability to get well-polisbed and to take in preservatives (if 
required). All these useful ~ffects of seasoning oversbadow, the 
harmful one. namely , reI)~erinj:( the wood combustible. Also, 
timber is capable of ar.·..orption of moisture in tbe atmosphere, 
and of parting with t~le same when dry conditions return.. The 
rate of drying of ti~lber is much faster at the sunace than Hot tlte 
interior. This property causes it to warp or split, when drying. 
Several months are required for drying timber. the· perintl varying 
with th·_ thickness of the material. In view of the importance of 
wood in trade and commerce. neW" and improved methods of 
seasoning are devised every daYi by research institutes. As far ... 
mUReUm specimens are concerned, any easy laboratory method ran 
be ~evised succesRf\l11y, provided' the temperature of tbe ~imen 
is raised gradually (not above·1S·0) and provided the rate of 
evaporation at the surface is ~ade to .~eep .paee· with that in the 
interior. These conditions .are achieved by ~dually increasing 
the temperature of the· specimen. as well as the humidity of the . 
iurrounding air, to the .required levels. 

The tempA1'&tut'e and . the period required for drvinlr ar • 
. cUfFerent for diff~1't'Int types of timber. OJ! an avenlre, however •. a ~mn~ of '70·0 apf8arB W be within safe liIQita f~ 1I1OIt 
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timbers. The heating should last till the specimen has dried to the 
required extent. This can be felt by the weight and warmth of 
the material. To the experienced eye, the ·colour also serves as an 
indicator in most cases. 

Hand specimens of timber can be seasoned in an almost closed 
container. A glass jar is filled to ab6lut a tenth of its capacity 
with water, Samples of timber are put into the jar with plenty of 
air-spaces among them, and its mouth is so covered with a ~las;i 
plate as to leave but a very small.gap. The smaller this gap the 
better the result. The jar is then placed in an air-bath, and 
gradually warmed up to the required temperatur€. Thus heated, 
water in the jar gets vaporised; but quick escape of ita vapouria 
effectively checked by the minuteness of the opening at the top. 
This results in the increase of humidity inside the jar, which !lelps 
to equalize rates of evaporation of moisture from the surface. and 
from the centre, of the specimens. They may be periodiCally 
examined for splitting, warping, etc. This method of heating should 
be continued for a few weeks after the entire quantity of water in 
the jar has evaporated. The whole process may take some montha 
for completion. 

In case an air-bath is not available, a number of timber IIpeci
mens may be piled up in. a regular. order, with plenty of room for 
free circulation of air between them, and the pile may be. exposed 
to warm dry air for a number of months. It is absolutely necessary 
that the pile should be protected from damp and cold. 

There is certainly no objection. to procuring already-seaaoned 
specimens of timber from. the market, prof)ided reliable informa
tion can be obtained concerning the. name of the plants, locality, 
etc. Such specimens would indeed go along way-to lessen the task, 
but the authenticity of tlie· informati<?n furnished by traders· is 
always questionable. They may not bee able to give ou6 the correct 
dAtails, either because of their ignorance, or because of their fear 
of competition. 

If the timber specimens are intended either for storage or for 
exhibition, and if they are not likely to be frequently handled about. 
they may be coated with two or three layers of varnish. after season
ing. Varnish severs their contact with the moistlU'e in the atmos
phere, and thus offers adequate protection for most spec'mens from 
fungi and insects. . This protection will however be lost if the llpeci
mens are· frequently handled, or if they are allowed to be frecly 
~rawled upon by insects. 

There are also certain kinds of timber, which are readilY 
susceptible to decay and insect attacks. Such· specimens may he 
.kep~ immersed, with the help of si~ers, fora few months in 9 per 
('ent solution of. corrosive sublimate in 00 per cent formalin, before 
they are seasoDed. -' The treatment leaves deposita of the subli
mate inside. the wooel, which keep out· the fm;lgi ~ud insects to. 
eMaidenble exten$. 
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If it is desired to render the timber spe.-imens fu'e proofs, they 
may be kept immersed (with the help of a sInker) for two or three 
months in a solution of Ammonium phosphate, and then seasoned. 

Timber specimens with holes should be fumigated in an air
tight tin box, as explained under herbarium keeping. The hole~ 
rnay later on be filled with molten paraffin wax, with the help of 
any convenient spoon. If it is desired that the holes should remain 
as such, fumigation should be carried out periodically. 

It is better to preserve timber specimens with the bark intact, 
using if necessary, glue or poisoned gum arabic. 

!l'or exhibition purposes, specimens of timber should sht)w as 
much of the stru.ctural details as possible. A single specimen can 
be cut, for instance, int.() a six-sided block. One of the ~i<1es 
should remain with the bark. Its opposite side should represent 
the tangential section (the section taken at right angles to the 
radius of the stem). Of the remaining four sides, one should 
represent the radial section (taken through the centre of the stem). 
Its opposite side will invariably represent a tangential section. or 
a portion thereof. Both the fifth and the sixth sides will conse
quently tW'D out to represent the cross-section of the timber 
(Fisure 67>' 

c 
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. A ~ber specimen may also be shaped into: anothet form 
(Figure 68)' if it be a small log with the bark intact. Using the 
Sf.C)uter e.n~ u the base, the specimen is cut horizontallv at the 
middlE' and at right angles to the longer axis. The cut ~liould no' 
cross the pith, and should stop when it coincides with anyone 
diameter of the log. The specimen is then cut from the top verti. 
(""1~. downwards alonQ' the diameter which should be in the eame 

e as the· one a~ which the horizontal cut stopped. When bo~ 



,. 
these .cuts meet, a small block' comes off and .may. . be . .stOred . as a 
luplieate . specimen.. The parent. piece: will show out the deta.ils of 
the radial, longtitudinal and cross sections (Figure 68). 

BIG. 88. 81U.1'11 8l1GGBSTIID ft)B 
ftXBB. BllllJll1T8 (B). 
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~ little more . complicated but improved form for a 5imber 
'peClmen can be attempted with a little experience and patience,' 
a. in Figure 69. 

J'Jo. 8.. 8.... IR1GGBII'1'BD :roa 
~IIrBBa UJIlJIft (0) • 

•• UBK ; o. OBois-• .crroJl': AlID 
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Lea/-skeletons.-Leaf-skeletons,. 'properlyextraeted and mount
ed willgreaUy benefit the learners. 

A known quantity of 30. per cent soluti9n ofsodi~m carbonate 
(chem~cally pure washing Soda) in water, is heated in aglaas vessel. 
When the liquid begins to boil, the heating is stopped, and after 
the' boilibg h&s ceased, 7 grams of . calcium hydrate (anhydrous 
ftalciumhydroxide} are dropped into every5G C.c. of the Iiq1lli1. 
The solution is then allowed to cool down,' sind filtered. 'l'he 
leaf choSen, is boiled in the clear filtrate in a glass vessel till the 
colour. of the. I!olution becomes very dark. In th~ . initial stages, 
the leal may keep floating on the surface, in which case, it should 
be repeatedly thrust into the liquid, by.means of a glass rod with 
.asmooth, rounded end which may not injure the specimen. The 
bulb-end of a broken thermometer can be used for this purpose,. 
When the solution becomes dark in colour, the leaf is taken out 
and' placed in a petri dish. Its surface is gently rubbed-several 
times, with cotton swab!!!, to see if the soft tissue could be easily 
removed. The leaf should not be rubbed'with fingers, as the liquid 
in which it is boiled is caustiq. If the soft tissue is not easily 
,removable, the leaf should be boiled again and tried. The whole 
pl'()Cedure should be repeated !Lgain. and again, till all the BOft 
ti8bue comes off· with ease from both the surfaces· of the leaf. 
While rubbing, the soft tissues off, the leaf .. should. not 'be. allowed 
to get. dry; it ~uld be frequently moistened with tl-.1e solution. in 
which it is bOiled ... The skeleton, thus extracted, is dried 'between 
sheets of glass, and mounted dry. 

l'Iuld-prel,rvatlon.-Soft parts of plants are best preserved in 
fiuids orily, if they should retain their shape without suffering lJdly 
shrinkage. In order to arrest as quickly as possible the physiological 
changes (page 78) within the specimen, the material is first exposed 
to the action of a stronger fluid, and then transferred to a v.eaker 
one. The latter fluid serves to "'ash out the lingering action' of 
the first, and is therefore generally referred to as the washing fluid, 
a.s opposed t9 the killing fluid which is used first. If alJowe(l to 
remain far tQo long in the killing· finid, the plant material get. 
damaged. Hence the need for washing off the killing fluid. It IS 
advisable to keep the specimen for a number .of days in the washing 
fluid which not only dilutes the traces of the killing fluid, but also 
enllects and dissolves the waste matter that precipitates down from 
the specimen. After a prolonged period of washing that may 
extend over a few weeks and after the waste matter has ceased to 
precipitate. the washing agent is discarded and the specimen if! 
transferred ,to a third solution which. may be appropriately termed 
the preserolng agent or the preseroatJoe. If the treatmeut in f.h •. 
·washing. agent has not been thorough, the. preservative will get 
stained in cOurse of time, in which case it has only to be used as a 
IeeOnd washing agent. 'Por this purpose, and for the purposes of 
certain scientific requirements, it is most desirable that the washing 
.n. and the preservative are of the ume chemicalcompoaitiOll. 
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Of the severallluidsin use, formalin and alcohol are the mos. 
extensively used for kil1mgand preserving plant parts, althoagh 
their colour is lost unless some specialtreatlllent il:l given to thODl. 
A few formulae for their dilution will. be found very usefuL 

r per cent solution can be obtained from a ·c.c. 'of an X,l--er 
cent one, by adding .(X;.) c. c. of water. Numerically, a 10 
per cent solution, cBf.; be obtained from 20 c.C. of a 40 percem one. 
by adding ,1"'( !!=!!.. lor 60 c.C. of water.' . 

1" . 
A copy of the following table for the dilution of alcohol lIlay be 

kept on a card, for easy reference whenever required. The deiir~ 
dilution is obtained by adding to every hundred cubic centimetres 
of alcohol of the given strength, so many cubic centimetres .If water 
as represented by the figure in the table, shown below the dilution 
given and against the dilution desired. 

TABU • 

. Table Jor diluting alcokol. 
lHZulion Dilutitm (Jil:eft • 
, .....,.", ,... .... 

90 85 8' 76 711 61 6U 55 60 ..... PER PBB PER PEB PER lER PER PD 
CJI1ft'. CDT. CUT. CBNT. CBN'r.. CBIoT. CBNT. CBNT. CDT. 

86 •• 6'6 
8) 13'S 6'S .. ,. 
75 21'9 14'0 7,9 , .. 
71) 31-1 1'3'1 15'1 7'6 .. 
61 4:1'0 33'U ~4'7 16'4 s':! ., 
60 03'7 44'0 30'4 20'0 17'6 S'S .. 
06 6j·9 57'9 48'1 . 38'3 2S'6 19'11 9'5 .. 
10 84'7 73'9 6.'4'0 GN 41'7 31'3 20'5 10'4 .. 
45 100'3 93'3 81'4 69'0 07'S 46'1 3t·o 22'9 11" 
4O 130'8 117'3 IM'U 90-8 77'6 64'5 51'4 31'4'5 21)-6 
35 163'3 148'0 132'9 11i'S 102'S S;'9 73'1 58'3 '3'8 . 
30 2,,6'2 I1\S'6 17H 153'6 131)'4, 118'9 1017 !!4·5 b7'5 
J5 266'1 245'~ 224'3 203'5 182'8 16:!.2 141'7 121':! 100'7 
to 353'8 3JII'S 3, ".) 278'3 20~'11 I!i-" :!ul'4 1:6'0 15 -6 
15 105'3 471'0 436'0 402'S 368'8 334'9 301'1 267'3 233'0 
10, .. SOi'5 753'7 702'9 662'2 601'6 Sa 1-1 600'6 450'2 389·' 

ACcording to another method, if it is required to get fI C.C. of 
b per cent solution from an 'a' pel' cent one, (a-b) c.c. of water 
should be added ,to b, c.c, of a per cent solution. Expressing it 
numerically, to prepare 75 C,.C. of 60 per cent bolution from one 
of 75 per cent (75-60, or) 15 c.c. of water should be added to 
60 C.c. of the 75 .per cent solution. 

The commercial formalin sold in the bazaar is (nnless specifi
cally indicated to the contrary), a 40 per cent l"olution of formal
dehyde in water. A 10 per cent solution is recommended as the 
killing agent in most calles, and 5 per ('ent solution as thc\\ashing 
agent and preservative, Of the various typel'l of alcohol, only 
t'tbyl alcohol is referred to in these pa~es, It is not nC!('c:.sal'Y to 
buy the .. absolute" ethyl alcohol which ill costly; ethj'l alcohol, 
~ld as rectified spirIt which is -generally 9·j-fl6 per cent stroDl, 
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may be used .. When the strength is not indicated, it is 'safer to 
a~sumt' that it is 95 per cent strong. The rectified spirit is recom
mended for use as the kIllIng agent, while a 75 per cent solution 
sen·es as the washing agent and preservatIve. 

When a particular plant material is known to contain sub
!;tances. which are soluble in water, it is killed, washed and 
preserved in alcohol, but if it is known to . contain substances 
which are soluble in alcohol, it is killed, washed and preserved in 
formalin. If the substances in the specimen are soluble in neither 
formalin nor alcohol, the chOlCe of the fluid is decided by the pro
hable -treatment that will be given to the specimen on some· future 
day. If information on this too is wanting, then the cheaper (,f 
the two fluids (viz., formalin) is used. " Dithculties will arise if the 
substances contained in a specimen, ~e soluble in formalin as well 
as in alcohol. In such cases, special solutions are tried. A word 
of cautIon is necessary, when dealing with specimens contaimng 
calcareous (calcmm carbonate) materials. These substances are 
not soluble 10 formalin as such, and may be preserved successfully 
in formalin, but for short periods only .. Formalin in course of 
time, slowly changes into formic acid and water. The acid part 
reacts on calcareous matter. For preserving such specimens, 
therefore, only alcohol should be used. In this context it goes 
without saying, that when specimens are to be preserveq for 
indefinitely long periods, and when funds permit, alcohol is the' 
medium to be preferred provided it does not harm the speClmens.· 

Fleshy fruits should be preserved iJl Hessler's fluid only. 
This fluid is obtained by first preparing a 5 per cent solutIOll of 
zinc ehlOl'ide in water, and then adding to every 40 c.c. of the 
solution, 1 c.c. glycerine and 1 c.c. of 40 per cent formalin. "'Then 
preparing the zinc chloride solution,some heat may be produced; 
in which case the liquid should be allowed to cool down. If a 
precipitate appears on cooling, tke clear solution at the top should 
be filtered or decanted off, and then glycerine and formalin added 
to the clear filtrate. The fruits are dropped into the fluid, and 
kept immersed with the help of any small weight such as a glass 
stopper. 'l'hey may take a few weeks to absorb the solution and 
sink by themselves, by which time the liquid will also get deeply 
stained. 'fIle speCImens may then be transferred ttl, and preserved 
in, freshly prepared Hessler's fluid. 

Green Angiosperms can Pe 'Preserved with colour, if they are 
treated with copper acetate and glacial acetic acid in the same 
way as for the liverworts and mosses. 

But the rol~owing trea.tment gives better results: The commer- . 
eial formalin is diluted to 10 per cent strength by adding water. 
Hard, blue crystals of copper sulphate are then dropped into it 
little by littI~, stirring the solution in the meanwhile with a glass 
rod-,till no more crystals get dissolved. Heating t~e' solution for 
hastening the process, should be avoided lest the formaldehyde gal 
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,hould get lost. The solution is then recanted. The chosen Elpeci
men Is Kept Immersed in the filtrate for a. week and 'then transfe~
red to a. colourless, 5 per cent a.queous solution of formalin (freshly
prepared, but without copper sulphate) which acts as the washing 
fluid (page 93), and gets discoloured. Whenever the discolouration 
appears, the 5 per cent strong fluid is renewed, until there is no 
more discolouration. The specimen can then be, preserved with 
colour 10 II. colourless, 5 per cent aqueous solution of formalin 
permanent!y. 

. Plants containing red-brown and green colours can be pl'eserved 
with eolour, if they are treated as follows. They ~ho~ld fa' kept. 
10 an 1 per cent solution of sodium bisulphite 10 water~<';ltl'lc 
acid is then added to the ~lution, little by ,little,' till a strong 
odour olsulphur dioxide is given off. The specimens are next 
washed and preserved in 4 per cent formalIn. Hy this trea.tment 
the red-brown and green colours are retained, though not t~lltil'cly. 

Wet specimens require no special supports for display, if they 
comfortably fit into the jars. But when the jar is toq big, or when 
the specimen is too small to keep itself erect, it should be fastened 
to a transparent support, with the different organs spread out 10 

the very manner intended for display. A thin glass plate \\ith 
edges ground, or (preferabl)} mica, is so cut that itsbrcadth il'l 
about 0·4 inches shorter than the internal length or the diameter, as 
the case may be, of the jar. Also. it is better to ha\'e it about 

. 0·2 inches longer than the depth of the vessel. A fine, strong thread 
serves as the fastening medIUm, passing through only :JUell pal't~ 
of the specimen as are expected to be close to the SUppOl't. \\;hcn 
glass is used the two ends of the string are knotted at the back. 
There may be one or more such fastenings of Ftrings, and in the 
latter case, the s~ings and the fastenings should run hOl'i;.wntal 
and pa.rallel to each . other . If mica is used as tlie support, the l)'uts 
of the specimen expected to be in contact with it, are stitched to 
it, and so adjuilted as to get the knots on the other side of the mica. 
The ,whiskers of the knots are trimmed off wlth a pa.ir o( ~Elcissors. 
For niat display, therefore, mica. is more helpful than gla!;s, but 
the choice is governed hy the weight of the specimen and the funds 
anilable. The dimeosionsgiven above for the support, need not 
be rigidly adhered to. They should be so varied as to suit the 
size of the specimen concerned.· 'rhe background is provided by 
pamting the back of the jar, externally, with an oil colour. Or a 
gJa~ed .white paper, or ~ny colo~ed paper (if a c~lour other than 
whIte IS reqUired, and If the c610ur of the paper IS fast enough), 
may also be profitably llsed, wherever possible. It is placc,i im.ide 
the jar, closely pressed against the back, and kept in place hy it. 
own stiffness; or it may be fastened to the support on which the 
specimen ic; mounted. 

The jars of specimens, preserved wet, should be l'lroperly sealed, 
~ore they are exhibited or stored. If the jar is F!llpplied with a 
li4 fitting into it, it is closed, and' with a convenient brush, a. coat
.1Df or two of molten para8iD wax, the meltinc point of' which .. 



a$ 1eU.t .600 0, is applied over the edges of the lid, after doubly 
,making. sure that the lid and the rim of. the, jar are perfectly dry. 
~bcd~eguJ.ari~esof the pa~ layer can be triuuned /011 with an 
used safety-razor blade. 

, ~ the jar has no lid of its own, a circular wall of plasticine is 
built IIp from an inch below the rim (Figures 70 and 71) ,and to the 
height of 2 inches. There should be at least 0·3 inch of gap all round 
between the plastieine' w~ and· the' jar, except at, the place of 

,attachment which, as. alrelidy stated, s1?ould be an inch below the 

~. ; The cup of plasticine wh. ich is thus built up round the mouth 
o the jar, should be able to hold any thin liquid, without leakage. 

, he jar is now covered with.' a glass disc, shorter than the outer 
circumference of the rim, but \ligger than the inner diameter of 
the mouth of the jar. Keeping all the· external glass surface perfect
ly dry (near the mouth of the ja~) molteJ?paraffin wax (the melting 

FIo. 70. Top 1'QBTIOlf 0., .6. 
mOIJDl1f UB, IIlIADY lOB 

SBALING 'WJTI[PW~ w.o:. 

FIG. "11. A 01B011L.6.1l WALL 0., 
l'LASTIOINB, BtrlLT BOtnQ) TBB J[()1JTB 0., 
'TBI! IIPBotxBlf lAD I'OB hlALINe 1'1' 

W1TB 'P.6.JU.I'I'P1' w.6.S, 

FIG. 72 A P.6.:aT OF dlI 1'LUIl'icDril (aBOw. Df FlO. 71), CUT ow •. 
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'point of which is not lower than 60·C), when about to iiOlidiiy 
is gently poured over the glass disc. During thi$ process, the g!aU 
disC should not move, nor should any air-bubble get in. For :iliis, 
the paraffin should be poured slowly, but fast enough not to give 
it time to solidify before filling up the cup of plasticine. The para
ffin is allowed to .solidify; the plasticine is retnoved; and the wax 
is trimmed as required, with a penknife (Figures 73 and 74); It 
may ber allowed to stand as it is, OF if desired, painted over witla 
any oil colour. 

FIG. 73. TOI' POBTION OF A SPECIMEN 
JAB, AI'TEB THE PABAF.FIN WAX 
HAS SOLIDIfiED, AND .&rrBR THE 
pLASTIOINE HAS BEEN BEHOVED. 

FIG. 74 .. TOP POBTIO. 01' THE REOI
KEN JAR, AFTEB THE PARAJ'FIJI 
WAX HAS BEEN TBIKKBD. 

If funds permit, formalin jars can be given lin excellent finish, 
if they are sealed with Stockholm tar and red lead. The black 
mobile tar is kept stirred in a cistern, and more and more red lead is 
added to i~ (in small quantities each,time). till the mixture puts on 
a chocolate colour and a thick pasty consistency. The mouth of 
the jar is closed with a glass disc of the size mentjoned in· the 
preceding paragraph, and the disc is kept lightly presoed down 
with the. left fore-finger. The chocolate-coloured paste is then 
applied over, and along, the edges, using an old penknife for the 
purpose. Excess of the paste, if any, and its irregularities can be 
scraped off,. after it has dried. This method of sealing is not 
recommended for jars containing alcohol. 

The best sealing cement would give way, if repeatedly hrought 
in contact with the preservative. Frequent handling of the jars 
should tIierefore be avoided. 

If, for any reason, the jars are not satisfactorily sealed, the 
specimens have to be examined frequently, to note if the preserving 
fluid has evaporated away leaving the specimen or a portion of it 
exposed, in which case, the loss from evaporation has to be made 
good. It is better to have the entire fluid renewed. The evapora
tion, however, is effectively checked if th...:· jar 1s sea.led· with 
pa.raffin wax. 
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~ECrioN ill. 
Minerals, Rocks, Fossils, I;tc.-Collection and Preservation, 

B, M. S. OHANDRASEKHAR, B.SC., P.B.:;., 

(Curaior, BotanJ an4·Geolog SeoUODS, Government Museum, 
'1Iadru.) . ' 

lnb'oclo.cUon.-A collec~on of local l'ocks, minel;als and fos&il:; 
will go a long way to'driv.e home to the students accurate ideas of 
these important objects of study. The value of chartl:i, maps, etc., 
as teaching aids is surpassed by that of relief mOflels. An attempt 
is made here to give an account of the methods of prep:u'wg these 
models, and of collection, preservation, etC., of rocks, minerala and 
fossils. 

Derals. -Minerals can be look:ed for at mines, quarrieil. exea- -' 
vations, railway and river cuttings and exposed masses' of rocks. 
They may be collected in sextuplicates, if abundantly available. 
One specimen may be reserved for exhibition in 'the museum, and 
t.wo _ for study and identification. The remaining three specimens 
may be ~tored for renewing the exhibit if necessl!?" or for collecting 
moremmerals by exchange. 

Most minerals keep well if they are protected from dust. Fine, 
transparent crystals of, sulphur and other thermosensitive minerals 
should not be exposed to bright sunlight, as they crack, sometimes ~. / 
with explosion, even by the warmth of our hands. 

1;>reservation of minerals which easily change, present.s a dim..; 
cult problem to their custodians. Deliquescent minerals (those 
which take up atmospheric moisture and dissoh'e in it) , and 
effiorescent minerals (those which lose water of crystallization 
and become powder), should be kept dry in air-tight containers, 
the air nrside being dehydrated by quicklime in the case of the for
mer minerals. A glass jar of a convenient size can be used, pro
vided it is strong, DOn-leaky and free from cracks. The mouth of 
the jar should be closed with a glass plate and celluloid paste (made 
of waste celluloid strips and .acetone). A thin coating of paraffin 
wax along the joint, will complete the work. ShQuld there be anv 
difficulty in procuring such a container to suit -the specimen, one 
can be improvised as follows :-

A thick rectangular slab with a central elevated platform on 
it, is prepared in clay ana cast in plaster;bf Paris. The Ilrea of 
the elevated platform should suit the size of ~he specimen, The 

. position which the mineral should take up, is lightly marked out 
ttn ,this platform, Around this marking, small linear trenches are 
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made at convenient distances from each other. Glass bits, much' 
"smaller than the size of the mineral conCerned,' are firmly heel 

int() these ,trenches with a little plaster, so' that cmly, very l~ttle 
of them is exposed. They thus form a ,sort of a 'lence for the 
mineral. Next, four tren~hes are made near and along the outer 
four edges of the plaster : slab, and four 'glass plates are fiXed into 
these trenches, forming the ,walls of the future air-tight container. 
l'11ese glass! plates should just touch each other laterally, without 
overlapping, nor with appreciable gaps between them. ',rheplaster 
slab and the corners formed by the glass walls, are all heavily 
coated several time& with a 5 per cent solution- of poly-vinyl acetate 
in a mixture of equal parts of t.oluene and acetone. The mineral is 
placed on the central platform, and is prevented from slipping oui 
by' ,t.he fence of small glass hits. Another glasS plate is then 
plaeed on top of the whole mount, so that its edges just rest on thts 
,1&88 walls of the container Without projecting out nor leaving 
appreeiable gaps'. , The edges are then' sealed with cellploi:l I,aste. 
After the paste has dried, the plaster and all the joints of the glasa 
,plates are heavily coated on the exterior with I) per cent 'solution " 
of poly-vinyl acetate. The casing which is thus constructed is both 
air-tight and water-proof. 

It is recommended that pryrite and marcasite (the two iron 
sulphid'es which beCome disiupted in damp air into iron sulphate ' 
and sulphuric acid that may affect the neighbouring minerals 
too). should be washed first in ammonia and then in absolute 
(ethyl) alcohol. They should be driecl at 70·0 and may afterwards 
be given ,& coating of one or two thin layers of I) per cent solution 
of poly-vinyl acet.ate. 

Some authors recommend wrapping minerals closely with 
cellophane paper. The writer is opposed not only to this mode of 
preservation. but also to ,coating a specimen with chemicals. 
Either method will obliterate the lustre arid texture of the Jnineral 
nr sometimes even nIter the colour, thus destroying the purpose of 
exhibition. 

A good plan will be to restrict ~hese treatments to the duplicate 
minerals only, so t.hat, if the, specimens on exhibition get affected 
by exposure to air, the duplicates' may be stripped of their preser
vatiV8cOat and eXhibited. The preservative treatments however 
"(Joe to h~ given to very rare minerals which cannot he ~asiJy prO: 
cured, even if they be under exhibition. 

As a rule, 8 minerological crystal should not be broken out. of 
its J'OCk: it should be' exhibited as such. 'Powdery minerals like 
mon~te, san~, etc., may be exhibited in glus-topped box~, the 
making of which baa already been described at page 79. 

.... -- ... 
Not only the name and locality. but also the chemical (',otDpOs.: 

tjon (when it is known) $bould be stated on the labels of minera~, 
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Rocks.-When collecting rocks., those of convenient size may 
be chosen. They should be neatly trimmed in the field itself by 
breaking out the projecting parts with a geologist's hammer. This 
hammer is of hard steel that does not easily chip on the edges when 
it is used for breaking rocks. It has a rectangular face with sharp 
edges at one end, and a chisel at right angles to the handle, at the 
other end. It may be japanned to prevent rusting, and fastened to 
the handle by a screw-wedge. The actual process of trimming, how
ever, requires practice. While trimming, a portion of the outer 
weathered surface should be retained intact. 

Rocks, in general, Jleed no other special care than adequate 
protection from dust and abrasion. Samples of soils may be 
ex.hibited in glass-topped boxes. How to make such boxes has 
already been described on page 79. 

It is desirable that the label mentions also the constituent 
minerals, in addition to the name and locality of the specimen. In 
the case of soils, the label should include, if possible, also the 
results of their physical analysis. 

FossUs.-Fossils may be looked for on weathered surfaces of 
compact limestones, abandoned quarries, exposed sections of earth, 
nodules, concretions and ploughed fields. Even q,pparently unfos
siliferous limestones and clays may also be microscopics.liyexaruin
ed, for the remains of micro-organisms. When collecting fossils, 
those from one stratum of earth should not get mixed up with 
others from another stratum. They should be packed separately, 
then and there, at the time of collection. 

Fossils should be collected with the matrix intact. In general 
they do not require any treatment in the field. Fossil leaves in· 
particular ,should not be given any protective coating since it 
damages them. Small friable fossils, however, may be. streng
thened with a thin coating of gum arabic. Fossil impressions on 
wet clay, shale, etc., should be dried only slowly as, otherwise, the 
material will crack. '£he dried material may be· cleaned with 
a soft brush and hardened therefater, with a solution of shellac in 
methylated spirit. Specimens of fossil wood may be hardened with 
.. coating of paraffin wax. 

. Large friable fossils crumble to pieces on drying, and! should 
therefore be carefully handled. They should be first wrapped in 
paper, and then covered up with a inoderately thick layer of 
plaster of Paris. If they are. not hard enough, th~y may, before 
wrapping in paper, be given a coating of glue, or a thin solution 
of gelatine in warm water, or a thin solution of sheijac in methy
lated spirit, The paper serves only to prevent the plaster frorn 
adhering to the specimen. Wooden splinters or thin iron rods. if 
tied to the·p!aster, would· serve as additional supports in transit. 
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Moderatel:,)' delic&te bone fossils may be wra.pped in ·liueJt .or 
calico. and covered up with a thick layer of corn-flour paste, o~ 
paraffin wax. When w fossil skeleton has to be taken out in pieces 
from the site, a rough sketch of the saDie in Bitu has to be drawn. 
Each piece that is taken out should be marked . with a number 
which should correspond with those on the adjoining piece and on 
the rough· sketch. 

Small fossils, embedded in a loose matrix of earth, can be 
easily cleaned by breaking up and washing it inside a beaker 
of water. The fossils that separa.te and. float at the top can then 
be easily collected. If however, their matrix is hard, they are 
soaked for a day in a solution of Potassium hydroxide, before 
washing in a bea.ker of water. Dirty and coloured corals may be 
washed wJth soap and water. 

Large fossils, embedded in a. loose matrix, may be washed 
with water which should afterwards be filtered through a series of 
sieves of diminishing mesh, so that no microscopic fossil can 
be lost. If, however, their matrix is hard, it should be chipped off 
using only a gentle force and keeping the material on sand. 

Fossils, aft~r cleaning, should be kept dry. A solution of 
Canada balsam in Xylol serves as a useful varnish for any fossil. 
When a coating of any preservative is applied, the matrix (if it is 
not removed from the .specimen, should also be treated with it. 
Fossils with tra.ces of marcasite a.nd pyrite should be dehydrated 
thoroughly by washing in absolute (ethyl) a.lcohol, and drying at 
70·C. They are then given a coating of a thin solution of Canada 
balsam 'in Xylol or of Cellulose acetate in acetone. In their stead 
molten paraffin wax may also be applied in thin layers, but it will 
~ a; poor substitute. These fossils, though treated with preserva
ives, should be kept in air-tight containers. An ac~t of such 
JOntamers has already been given at pages 100--101. 

Large broken pieces of a. fossil can be stuck to each ~ther with 
plaster of Paris. Smaller ones would require a paste of celluloid 
'n acetone for cementing. Small fossils, when intended for exhi
bition, may be mounted on plaster pedestals. For· this, the lowest 
part of the specimen is slightly inserted into the plaster before the 
latter begins to set. 

The label should contain the family name, the name of the 
specimen, its geological age and its locality. 

. Geological M~els.-.Because of their ability to present subjects 
In terms of three dImensIOns, models should take the place of charts 
wherever possible. . • 

Relief models are expensive and generally not accUrate. Simple 
models of geologica.l features, such as faults, folds, etc., can hOlf

ever be made of wood, or plaster of Paris. or even cardboard. 'l'hev 
will A'e:aera.lly be in the form of six-sided blocks with the sidei 
\lid the top painted over in the required manner. 
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FIa. 75. A OOlftOUB KAP 01' AN I1U.GlNABY LO~. 

The relief model of a given' area, if it is a simple one, can be 
preparedwiti:: tolerable accuracy by the method descrIbed below ;-

Two copies of the contour map of the~ven locality (Figure 76) 
are traced on a sheet of good plywood of the same dimensions 8S 

the map, with the help of carbon pap"r. As it is, desirable to 
have the vertical scale slightly increased (lest the elevations should 
escape recognition in the model) and as the yertical scale. is propor
tionate to the thickness of the plywood, plywood of 1 inch thick
ness would go well with a six-inch map. The odd contours of one 
sheet snd the even contours of the other are sawn out with a fret
saw Figures 76 and 77). Each resulting strip will have t.hree 
contours on it, two of which will be reprtlt1ented by the two edges, 
and the third by the unsawn carbon Hne, The strips are then built 
up on a fiat base, by glueing or nailing them firmly down one over 
the other in such a way that the outer edge of e~h over-lying strip 
lies just over the corresponding central (carbon line) contour of the 
nnderlying strip. (Figure 78). The result will be what may be called 
a contour model. WIth the contours running in the. form of steps 
(Figure 79). . 

The steps are t'hen smoothened out by filling in with a.ny 
. modelliI;lp:. material such as clay or plasticine, without· deeply bury
itig any of the edges (Pigure SO), When smootheniDg out the .. 
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.-.za. 77. A COJnOua ftaR WI'lW .. UR8AWB !JOO·rooT OOl!rT01J~; 

,....78. ail: .................... 78 .0............, ovaa 
.. ............... ''1 •. 
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Fla. 71. A 110..,... COJITOUB JIODJIL O~ TIIJI AMA .. Ow. Jlf ftfiI. 7 •• 

FIG. 80. 'l'JIII II'1'BUII 01' ftm OOlftOUB JIODm. no". Dr ftG. 'It. 
. I'A.orr.y OOVDm) Wr1'II J'I.Aft'IOIJnI. 

due care should .also be exercised upOn the interpretation of the 
slopes, as concave (wheQ. contOurs have large~ intervals between 
them) or as convex (when they run very close). The COfttou1' t'n048l 
is thus converted.u.to.a ,IINI tnotUr (Pigare 81) of which a er.n DUty 
be taken in plaster of Paris and painted in oil eoloUl'l. It is need. 
less to add . that these models will remain incomplete, unl_ their 
bonr;ontal andvertieal scales are dimnMIy "W. 
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SECTION IV, 

On Coinage and Preservation. of Coins. 

BlI P. N. MOHAN DAS, M.A. 

(l'ormerlJ Curator, Ifumiama&iel SeoUoD,· Government· .useum, 
1Iadru.) 

IDtroducUOD.-Numismatics i~ tHe study of coins. Its impor~ 
anoe to the study of history is great. Numismatics is an important 
source ofancienthisto!Y. It confirms,. modifies and even amplifies 
historY. To a great extent the political and 8COJlomic history 0\ 
a country is constructed by Numismaties and historical facts are 
very often corrobora~ or rejected bJ numismatic findings. 

Numismatics ili!&n important source of the political history of 
ancient India. Our knowledge of the Indo-Bactrian Greeks, the 
lindo-Scythians, the Indo-Parthians and the Kushan kings is 
based on their coins. Many facts connected with administrat.ion,· 
historical geography and ~us history of ancient lt1dia are 
revealed to us by Numismatics. 

The evolution ofeolnlge. ""'"T~ simplest way in which goods 
. changed hands was by barte:r and at that stage of" economic develop
meDtth~e was no need for a medium ·of exchange. But as econo
mic conditiollfl became more and more complex, people began to 
feel the necessity for a common medium of exchange. 

The first. stage :was marked by the' use . of some article of 
Common use, such as shells which were used as medium of exchange 
in Ohina, India and. Africa. SometimeS'this' was an object which 
was most commonly and indispensably: used'.in every household; 
for example, corn, cattle, furs, hides, salt,rice, opium-pills, tea, 
spades and: knives. When these were adopted as a measure of'. 
valu~ they became money. 

Gradu,JIy much inconvenience was felt in using these articles. 
They were not durable nor portable, nor divisible. As the boun
dariesof commerce came to be extende~, ther~ arose the deman<l 
for ~·common standard!-a, standard tbat would .satisfy all sorts of 
persOns. Tbis led to the use of metals for coinage. Metal£' were 
found to have many advantages. They are durable, portable, 
homogenous and easily divisible. They are also resistant to 

~ destru,ction and v&1ued asornam.eJ:lts . 

.A:t 1irn met&1s w~re used as such, as currency. A given weight 
of. a particular meta,} was used a~ the common medium of excha.nge. 
This was found to have many disadvantages ~use .it necessitated 
·the eo~tu~ of weighing balanees. The methOd Qf I!!trikinfJ 



.; 

eoinl! 'Was adopted· to overcome this dh;advantagc. It must bo\vevu, 
be noted' that it took Dimy years before the methOd of coinage' was 
invented and finally adopted. 

The material use4 lor oolDap..-AImost all metals have at some 
time or other been used as material for coinage. Iro.o was nsed 
in the Peloponnesus in the ftfth century B.C. ~d aga4l m Japan 
even to a recent time. Lead was used in Roman Egypt, and in 
Uoman Gaul and by the Andhra Satavahmas in ancient India arid 
in Denmark.as late as the 17th century. Tin was used in Rome. 
'l'in half-pennies and farthings were cUl'l'ent. coins in England' up. 
to 1692. Brass was used by the eady Roman.'Emperors and nickel 
by the Kings of Bactria. aCt~r 200 ;B.C. The other metals used are 
electrum, potin and billon. But tile most common!,: used lUf'ta1a 
have been gold, silver, copper and bronze. 

The technique of 00Inag8.-1n the beginning the metals WeJ;8 

kept: in their natural state. Later on they 'were k~pt in . lumps. 
In India coinage seems to have begun with the .. punch-m.arked .. 
coins. 

'1'he word •• punch-mll,rked " has been ,used in coiltra~distinction 
to •. die-struck ". A die . covers the whole ot: very )learly the 
whole of the faeeof a coin; but a punch covers only 'a small portion 
of its surface so. that the blank of a coin is impressed not by one 
but by many separate punches. . The face of the coin th~s consists 
of a regular net~work of punches often· overlapping. 

In the West, in Asi~Minor md Greece, the earliest coins were 
small ingots of metal with a punch. The earliest: coinage of China 
CQnsists of three kinds, spad~ mon~y, knife money and ring money. 
'1'he first two are peCuliar as they provide examples of coins 
made in the . likeness of the primitive barter units which they 
resemble. 'l'hey succeeded a currency of real spades and re&! 
knives. '1'hc earliest method of pr¢uoing these coins was to run 
the molten metal into moulds, tbe moulds being of bronze, stone, 
earthe,n-wa.re, beaten~clay Or iron; 

The development of the technique of coinage Was marked by 
many stages. The latest development was to strike them from 
dies .. But before it was fin~lly .. adop¥ various interinediate 
experiments had. to be gone through and the double die-struck 
coin was tinally adopted. . 

Terms·usecllD the deseriptiOD' .of. oo_-The following'terms 
are commonly used in describing co~i:~ 

•. ~. 

1. Flau.-The metal disc or bodY'which receiv~s the impl'8S6 . 
of the die~ -
'. I;Obt1e,,~ G~ ·!,"er'~Tre:f~e .aiI a .6a;,j:~1 (I' (;()jtl.~As 
regards the earIiest'OO~f. the .. O~81'!I8.1B the ~e which received its 
impressioil from' thc"lOwer' side, 'the die beings~pol't~(bb~ the 
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anvil, the reverse is the side which received its imrressioll from 
the upper die. But as regards later and modern coins" the side 
bearing the head of the principal device is commonly described !WI 

the obverse and the side showing the ftevice o( secondary importance 
&s the reverse. 

3. lield.-The area or surface of a coin on which the type, 
legend, etc., are shown, somelimes enclosed by a rim. 

4. Type.-The most salient feature or characteristic of the 
design. 

5. Symbol.-Qn ancient coins, a small accessory device, 
unconnected with the type and having an importance of itR own; 
for example, the mark or signet of an issuing authority or mint 
officer. 

6. Legend.-rrhe inscription surrounding or ac('.ompanying 
the type. 

7. Aurum.-Gold. 
8. Argentum.-8ilver. 
9. Aes.-Bronze, copper 01' brass. 
10. Electrum.-A natural mixture of gold and silver. 
11. Potin.-An alloy of copper, zinc, lead and silver. 
12. Billon.-A mixture of silver and copper. 

The weight system in ancient India.-In Northem India. the 
base of the metric system was the ", Rati" seed (Abrus 1)reca
torius) which was approximately equivalent to 1·75 grains troy. 

The table of weights used in N orthenl India as is shown in the 
works of Manu and Yajnavalkya is as follows :-

Graim-
3'5 ... 2 Rati 

56'0 = 32 " 
560'0 = 320 " 

SILVBB. 

= 1 l\Iaahaka. 
= 16 .. = 1 Dharana or Purana. 
...,160 .. 

GOLD. 

Rati == 1 Maaha. 

" = 16 " 

i Satam~ 

8'75 = 5 
140'0 = 80 
560'0 = 320 .. = 64 .. = 1 Suvarna. 

=4 1 Pale ar Nishka. 
5600'0 = 3,200.. = 640 " .. = 10 •• 

CoPPER. 

UO'O = 80 Rati = 1 Kal'sha Pana = 1 Dhal'ana. 

In Southern India, the monetary system was based upon the 
weights of two kinds of seeds of indigenous origin , namely, the 
Ma.l1,iadi (AdelL!mthera pauJHil1a) weighing about 5 grains of troy, 
and the Kalanju or Molucca bean (Caesalpinia bonduei weighing 
10 manjadis or 50 grains. 
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1'he punch-marked silver coins of the South arc eqniva.I~Ilt to 
th. Kalanju in weight and the gold fanam of Southern Indja to 
the manjadi seed. The gold varaha or pagoda is the equivalent 
of ihe Kalanju seed. 

The punch-marked coins or puranas.-- The pUllclHnarked CU1US 

are the earliest Indian coinage. 'l'hey are so called because the 
devices on the coins are impressed, not by means of a die covering 
the face of the coins, -but by separate punches applied irregularly 
at various points on the surface .. U suaIly the obverse shows larger 
number of symbols and the reverse none or at the most OIle or 
two symbols or marks. IIi Hindu and Buddhist literature these 
coins are referred to as Puranas. The Sat amana coin v;hich 
Panini refers to in his work is a particular variety of the Pnrana. 
The Satamana is the heavy bent bar of silver with devices stampec1 
out with a -punch on one side. The Purana usually weighs 5G 

, grains, while the weight of the Satamana is 560 grains, ten times 
that of thePurana.. The symbols on the punch-marked coins have 
been classified under six groups-(1) human figures, (2) imple
ments, arms and worI~s of man, for example, stupa or chaitya, 
bow, arrow, etc., (3) animals; (4) trees, branches, fruit, (5) symbols 
connected with Solar, Planetary or Saivite worship and (6) other 
unknown symbols. 

The punch-marked coins were III use in Northern India from 
the earliest time to tfie beginning of the Christian era at lea.s!. 
The silver Karshapana of 56 grains was the standara coin of the 
Mauryan Empire. In _ Southern India the circulation of punch
marked coins was perhaps continued for 300 years more. 

Coins of Southern India-How t~ identify them.-Coins are 
usually identified by studying the figures, the emblem, the legend 
and the date on them. 

Various form'S of le~ters have been prevailing in the history 
of Southern India. Taking the lettering of the earliest Asokan rock 
inscriptions as a basis, we have in order _ of time, (1) the cave 
characters, (2) the Chera, Chalukya and Vengi, (3) the old 
Grantha, Purva-hala-Kannada, Vatteluthu, West Chalukyan, East 
Chalukyan and Nagari, (4) old Tulu, middle Grantha, Hala-Kan
nada, old Telugu and Devanagari, (5) Modern Tnlu, Malayalam, 
GrtOntha, Tamil, Kanarese, Telugu and Nandi-Nagari characters. 

The eras most commonly used are the Kaliyuga, the Saka or 
_ Salivahana era, the Kollam era and the Brihaspati era of the Jains. 
Numerals are expressed by words and by letters. 

The emblems of the important South Indian dynasties.-(l) 
The Andhra Satavahanas. The elephant is the most Common 
emblem. The horse and the lion are 801'80 shown. On the reverse 
is commonly found the Ujjain symbol. so called from the old 
Asokan letters bearing that name. (2) The Pallavas-the seals 



on the.:Pallava copper charters have the figw-e of a bull l'ooumbent 
or standing. But it may. be noted that no coin bearing this emblem 

". has beendiBco~ered yet. (8) The KadambaB, who are said. to:.ha\'c 
. ruled over the . Mamad or. West . Mysore had the. figure. of a . lion 
looking backwards as their emblem. The monkey-god Hanuman 
i8 also found .. (4) The Chalukyas-the insignia of the ('llalukya::; 
consisted of the bOar, the peacock fan, the ankusa (elephant goad), 
the golden sceptre; the banner of the sharp 8word,a drum, the 
f!imhasana. (5) The Rashtrakutas-the Rashtrakuta· coins show 
the head of the· king on the obverse and· a bull couchant· on the 
reverse, (6) The lialacburis who ruled Northern Mysol'c had the 
golden bull and tlie Garuda on their coins. (7) rfhe Yadavasof 
Devagiri had the golden Garuda as their emblem. (8) ~rhe Hoysala 
Ballalas who ruled over Mysore had the figure of a tigcl'on tJl(,il' 
coins. (9) The Chera, Kongu and Gajapati dynasties .. The cogni
zance of the Cheras was a bow. The Kongus adopted the iigul'e of 
an elephant in addition to the Chera bow. The Gajapatis had 
the elephant as their emblem. (10) The Ganga.s had the bull as 
their crest. (11) The distinctive device of the Cochin and 1'1'u\,an
core dynasties was the sankha or.-the conch shell. (12) The Pandyas . 
-':'The special emblem of the Pandyas. was the figure of a fiilh in . 
various combinations. (13) The Chola coin'S bear the Chola 

, emblem, the tiger in the centre, with the Pandyan. and Ch~ra 
emblems (fish and bow) on eitl1erside of .it .. (14) The Vijayanagar 
dynasty-The "varaha" or. the boar with·a sword was the chief 
emblem of the coins of thiS dynasty. But the bull,theGaruda, 
and the elephant also appear on their coins at various times. (15) 
Myso~The Mysore coins have the emblem of· the figure of the 
_elephant and the figures of Siva and Parvati. 

Coins Issued b, foreign settlements In Southem IDcliL-The 
Portugese, Dutch, ,Danish, French· and the English were the 
European powers that issued coins for use in their settlements in 
Sout,hem India. 

PortugUU8 coins.-The Portuguese coins· do not bear. an) 
inscription or word in a. native . language. A very large number of 
these coins bear initial letters or abbreviations which stand for the 
name of the sovereign or the denomination of the coin. 

Danish coins.-Danish coins consist mostlY of four cash 
pieces in copper and vely .ral'l3ly of the cash in Bi1~el' .an~ copper. 
All of them bear on one SIde tl~e monogram of the reIgnmg mon
arch. On the other side of the earlier -issue is found the monogram 
6f the Company and in later issues "X" or "IV J{AS" as the case 

. - might be, with the date below. The coins most commonly found· 
. are those of Chritian VI, Christian VII, and Frederick VI, 

French coins.-The French have i~sued silvel' "1)<1 eoppt'l' 
coins. These coins bear on the obverse either the cock or fieu detil'!. 
On the reverse is found either the date or the word " Pondicherry t, 

in Tamil. 

. ; 



JIAlmBOOK 01' MUSEUM TBOBNIQUB 111 

D",tch coins.-The e&rly Dutch coins consist of 2, 1, 1-, i, 
and 1 silver pieces. They were stamped with the value of the 
coins. The later ones bear the monogram of the Company fonned 
by tile three letters V.O.C. (Vereinigte Os tindiche Compaame). 

English coins.-The English East India Company minted 
coins for the use of their settlements from the beginning of their 
existence. The Madras mint was in existence from about 1661. 
From this mint were· issued the Pagodas-the single swa.mi pagoda, 
the old star pagoda, the three swami pagoda and the mohur iD 
gold and the star pagoda in silver. 

The pagoda or the v&raha bears the figure of Vishnu singly, 
or together with his two consorts. The Mohur has on . one side 
the &rms of the .Company and the inscriptions in }~nglish, 
"English .East India Compl\ny". On the other side is found the 
Persian inscription, which translated into English read" ., Asbrafi 
of the Honourable English Company". 

The silver star pagoda has the temple gopuram on one aide 
and the other side . ~a.s the figure. of Vishnu. 

The English Company also issued cash and pie coinl in 
copper. 

In 1816 the rupee became the standard coin of the English 
in Southern India. 

Preparation of models of coins:-It may not be possible to exhi· 
bit the coins in original to the public ori grounds of &&fety. 'lhere
fere oplaster cast impressions of the coins &re prepared and exhibited 
in. public gallaries. 

The impression of the coin is first taken on sealing wax !.Lnd 
on tliis impression is poured the plaster of Pa. ris solution. The 
plaster cast impression is then filed, cut to size and painted the 
colour of the metal of the coin. This is the cheapest and ealieai 
method of preparing models of coins. 

APPENDIX I. 

MATERIALS USED FOR PREPARING .MODEJ.JS. 

1. Thick card beard. 
2. Sealing wa. 
3. Pluter at Pan.. 
4. Quick-dl'lm; paint--Gold,ailnr and copper. 
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APPENDIX n. 
SOME ADDRESSES OF COIN DEALERS. 

1. Gboshal &; Co., 85, Tantipara lane, Santragacha, Bowrah. Calcutta. 
2. V.UhockaHngaMudaliyar, ;Retired Superintendent, P"bI!c Worke 

Department, -7/1, Dr. Menon Road, -Kodambakkam, Madral. 
a. M. Sitaram, 2452, A:yyankadai Street,Tanjore. 
4. J .. K. Agarwal, MIs. Krishna & Co., Chowk, Lucknow. 
5. CheJikani Kri&hna Rao, Landlord, Grasa Post via PithaparaJll, 

East Godavari district. 
6. N. I .. Shenai, -P.D. No. 6007, Bombay-12. 
7. S. T. Sreenivasagopalachari, "Sambanda Vilas", Rnja AI,na

malai Chettiar Road, Purasawalkam, Madru-7. 
8. Hans, M. F. Schulman, 545, Fifth Avenue, New York, 17, N.Y. 
9. Stack's, 12, W. 46th Street, New York, 19, N.Y. 

APPENDIX ITI. 

BIBLIOGRAPHY. 

1. Coins of India by C. _J. Drown. 
2. Hints to Coin Collectors in Southern India bye.pt. II. H Cam .. 

bell 'l'ufnell. 
a. Coins of Southern India b7 Sir Walter &IlioL 



SECTION V. 

Materials for History. 
By.P. R. SRINIVASAN, M.A. 

(ClIrMor, ArtIiaeoIOllAl SeoUoD, QoVtnUDlDt _aH1IID, IbtIMtJ 
IDtrodll0U0D.-The science of ArchaeolOflY has two c1ls$iaR 

parts, one dealing with the stll~y of p~hia~ antiCJui~~ aD~ till 
other with the study Qf materi&la relating to the historical· tiDIII. 
The latter group of antiquities is the theme of this ·aection. TiMJy 
fall into various groups such as insc.-iptiona, examples Qf .... 
tecture, sculptures, pamtings and terra:'cottas. . A careful anal,.. 
of the various details of items of each one of these groups is e888lltia1 
for aproperunderstan~ of the gro~ and developm.eDJ. of, 
Indian culture. In the ultimate analysis, it will be -found that 
Indiancultul'eis a composite one where induences from varioaI 
quarters and traits of several cultures have, become' naturaliled 
and assimilated with the result that though it . is not a.bsoluW, 
Indian in character, yet its roots and bases are the cr~tions ofIucJiaD 
genius. ,Before launching upon a cJetailed study of thevarioua 
aspects of Indian culture and history, it is necessary to know aINJId 
their fundamentals, and they are briedy dealt with in the followDlg 
paragraphs. 

O1ItllDe ollDdIaD B .. I7.....:.or&h IIldIa (Bar., dJDlltIea).-ftI 
hist-olj of Indian. culture commences from the Srd millenni_ 
B.C. when the Harappa culture daurished, which is represented by 
the .large number of antiquities found at MohanJo-Daro and 
Harappa (both the places now in Pakistan). A study of thele 
remains ,has enabled us to know that the people of the Indus .vaUey 
had a .highly refined urban civilization. As the writings on tile 
seals, examples of which have come down in large n~m~, haft 
not yet beendeciph-ered, it is not possible to know niore definitely 

.. -and in greater detail. the real charl¥)ter of the. culture. • 
~ culture is said.to have been superseded about 1500 B.C. " 

the culture represented by the Vedic literature. A study of Vec1ie 
U""ture: gives a glonous picture of the life of the Indians up to 
about· 600 B.C. Unfortunately, except examples.of pottery ddI 
~od is not repl'esented by any other signifi.cant, .groups of .... 
qUlties ormon11ll)en,ts. . Nw is the history, pieced 'together fraa 
tIM. historical referenC8scontained in Vedic literature, free froID 
alDbigulty and doubt. But one thing becomes clear that du,ring the 
last phaH.of.this period, the lndians developed their mental facultiea 
to unprecedented heights.-

. From about .the 6th century B.C., the history of. India becomea 
~Jearer; At the co~me~ceIIient of this period, the Sai8unag&8 ancl 
the Nandas were ruhng In M~a; The ruleoft~ latter dynasty 
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lasted till about the 4th~tury B.O •.. This period witnessed the 
commg mtu being of the two great l'eligions, namely. Buddhi~nn and 
Jainism.As a consequence, a vast literaturebearioc oil these reli
gions &15 well as on Vedic religion was' produced' during this periOd .. 
8:tJ!ce actual remalDS of the mater al culture of thia period are not 
mt.ny, we have to rely on this. religious literatUre for our Dowl. 
ledge about the development of the' culture of this Period • 

• The Mtiu1'fIas.-The rule afthe Nandas ended in the 4th century 
B,.O. Then a powerful dynasty headed by. Ohan~pta ·Maurya 
bejan to rule from about 820 B.O. With the able assistance of his 
flpwus ministerOhanakya" Ohandragupta extended his empire over 
tbe whole of North India. He is said to have met Alexander, the 
great Greek adventurer. '. The grandson of Ohandragupta, the worl.... .. . ... 
renowned Asoka, was able; by peaceful means, to elttendhis empire". . 
e:ienbeyond the borders of India.into Oentral Asii:"'1'he 8Outhem~ .' . 
'JDQat part of India remained outside Asoka's empire and wast'Uled 
bytbe three ancient royal dynasties, namely, the Oheras, the'CboIaa . 
_ the Pandyas. After-his conversion to Buddhism, Asoka atroYe 
·lwotd to propagate Buddhism by various means. One of the means 
li. employed wc.s ereclrmg and '~xcavating monument! in stone, such 
.u'Jltupas, monumental pillars and rock-cut caves. Thus ·Buddhism 
began to attract a larger following, and due to the royal patronage 
extended to its followers, Buddhism held a pre-eminent pollition in 
lndialornearly six centuries.· So, monuments of Bucldhism of this 
period have come down to this day. in large numbers, imd they a.r~ 
seattered all over India. Aso~a was also responsible lor the mtJ;'Q
duetion'of Buddhism in Ceylon, where Buddhist monuments dutiiig 
from'the.8rd century B.C. are still to be seen. Asoka seefilito have 
sought the assistance 'of IIortists and architects of the Per.uan empire 
. to achieve the best results in the works of art and architectUre which 
he caused to be created. 

The 8ungas.-'-The great creative Maury.an period .as over by 
about .180 B.C. 'then the empire disintegrated and its various 
parts came to be rUled. over by several smallerdynailties.. 'l1le '. . ...•.. 
central region was taken posseIJsion. of by the' Sungaa,~a13ra,hm~~ J; :":':;:,.';x,;,. 
clJIDasty, Who by performing Vedic sacrifice.s declare4. their" polic1~;'tt·:~/.:;,,/?:> 
Qf'reviYing ·Brahmin~. The famous kings. of Ghe;~"'7;>:t:,·j·> 
Pb.ihyamitra and Agnimitra who is said to have b6ea'" ~M'ro/~2:}<:?';. 
'&a1idaaa's Ma.lavikagni.Jpitram. Even 'though the',··'"".·.· "yoWeI:::,: (.' .,'; 
fOllowers of VelUc religion'durinll their rule there· ... ·ao~titio1i 
.. other religions. On the contrary, their tolerance ia ~yed beyObd J 

doubt by the stupas of Bharhutand 'Sanchi belollling. to thea 
period. The Sungas were followed- about the beginning' of t~e 1. 
century B.C~·by the Kanvas who. ruled till about/the end ot the' 
lit century B.O. 

The Kushanaa.-The north-western part of India was, from" 
time of Alexandar's visit, changing hands and it W&8i ruled ,over 
Iometunes by Bcythians and sometimes by the Parthians about 2nd· 
lit centuries B.C. ·The Kushanas, an Indo-Scythian dynasty, cam. 
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to power in this area about the 1st century ~.D. and ;Kanishka, 
the most colourful member of this dynasty, who ruled from Peshawar 
at the beginning of the 2nd century A.D., .extended his domain 
into Central and Eastern India also. . Kanishka was a. Buddhist and 
like Asoka, he was also interested in propagating Buddhism. One 
of the ways he adopted for this was the erection of monuments. 
The Kushan period witnessed the growth of two schools of archi
tecture and art, the one in the north-west region. called Gan~a.ra 
and the, other at Mathura. The two styles were disGinct 80 far as 
the technique is concerned but. the subject they treated was Bud
dhist legends and stories. The Gandharan art was i'llhienced by 
the art traditions of Greece and. Rome in their decadent; fo~, 
whereas the Mathura works were in the. purely indigenous ",ay. 
The Gandharanart traditions, however, disappeared about the 5th 
century A.D. without leavip.g behind any marked llraces in the art 
traditions of the subsequel)t period. 

The Deccan and Southem !ndla.-:-The Afi.dkrfl8 ani/, the KskatraptJ8. 
-1'h6 Andhr&. dynasty came to power about 200 B.C. in 1..he region 
. now repr:esented by the modern Bombay. Province. They were 
at loggerheads with the Kshatrapa kings who h~ld sway over the 
.Gujara:t and Kathiawar regions. The Andhras slowly e:xtended 
their way over the entire Deccan and reached the east coast al80~ 
where they were supreme in tpe Krishna-Godavari region till about 
250 A.D. During the period of these kings a number of rock-cui 
('aves were excavated in the Western Ghats and stupas were erected, 
the Sanchi and Amaravati stu pas being the most important of them: 

The Kalingas.-The south-eastern part was secured by the 
Kalingas and they ruled here from about ~OO B.C. for two or three 
Centuries. Kharavela, the Jain king was the most distinguished 
member of this family- and it was during his period the' famous 
Jainacayes in the two hill ranges of Orissa, namely, Khandagiri and 
Udayagiri, were excav.ated. 

From a long time before Asoka the southern-most part of India 
was ruled over by the three fap10us royal d,.nasties, namely, the 
Cheras, the Cho~as and t~e Pandyas,. In the Asokan' edicts they 
are mentioned as good neighbours which obviously means that 
Asoka maintained friendly relationship with these powers. They 
continued to rule over this region for along time after Asoka, some
times suffering temporary obliVIon but. soon emerging with 
redoubled vigour. Although there is a great dea.l of traditional and 
literary evidence regarding these dynasties no antiquities 01 
'!lndoubted date have been discovered about them. But there is De 
doubt that there was brisk literary activity during 1ihls period as 
testified to by the famous works mancient Ta.mil such as the 
Tolkappiyam, a ~reatise on g~ammar, t~e Tirukkural, a treatise o~ 
moral~~y and. ethICS, the Tan:n~ anthol?gIes, and the epic-like works, 
th.6 Supnadlkaram and Man.lmekalal. A number of Ro~an gold 
COlDS of the first three centunes A.D. as well as a few inscription, 
of uncertain date are the only archaeological data available for the 
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history of the material culture of the early Tamil kingdoms. 
Recently some antiquities dating definitely' from the 1st century 
•. D. have .been .brought to light. at Arikamedu near Pondicherry. 
Other evidences "Of material culture of thie part of Ind!a, especially 
IIOhiteotural works, .are available only from 600 A.D. 

M",tItion 0/ lfUlta'" culture.-It was during this early period 
..... t there was a migration of Indians from North India to countnes 
in the South East Asia such as Cambodia, .~do-China, etc. In 
those places have been discovered evidences of Indian culture 
_ting ~m the 1st-2nd centunes A.D. 

The Guptas.-After the Kushanas, the central part of North 
India was rule4 by the Guptas~ of whom Sam.udragupta and Ohan
.... Gupta n, Vikramaditya, w~re famous. During their time the 
Gupta empire QOvered almost· the entire nor.thern Indian and a 
pertion of south-eastern India and the Deccan. No other dYDIlMty 
linee the Mauryas possessed such a.large.dominion as the Guptas. 
~ rule colllD).enced about :800 A.D. and lasted till about 600 
A.D. 

·The Vakatak4s.-Contempdl'ary with the Guptas and in ·fac. 
OQnnected wit,htbem by marriage were the Vakatakas of the liOuthern 
Vindhya Pradesh. They also ruled' from the 4th centwy A.t>. 
till the 7th century A.D; 

The Kadamba,.~:rn the western part of India the Kadarubas 
were ruling till about the 6th century· A.D. when they had t.o yield 
to the' Chalukyas tJf. Badattrl; 

The Gangas of Kalinga were contemporary with the Guptas and 
tbey were ruling here. for a long time. 

801dh IncUa-BarJr QDuUeI.~The Ikshvakus were in po~s
sion of $he Krishna valley in the Srd century A.D. when th.e And,hra 
power waned. They were succeeded 'by th~ Salankiyanas aud t.bE' 
Vishnukundins who ruled till about the beginning 'of the 7th ~tlDtl1ry 
l.D . 

T1£, Ean, PaUGMI.-They are mentioned in the Prakrit grants 
and were ruling over the region _called l.'ondaimandalam from the 
c~ ~f the Andhra period till about the 6th century A.D. 'fbeir 
capital was Kanchipuram. From the end of the 6th century A.D. 
the well known line of the Pallavas headed by Simhavishnu began to 
rule and it lasted till the 9th century A.D. As has already been 
aid.. there is evidence to prove the existence of' the rule ,)f the 
three ancient dYnasties of kings in this part during this period 
also. 

Ifonh IDdIa-Later DJDutlll. -The. period from 800 to 600 
A.D. is represented by a: vast number ofarchit-ectural monuments . 
. In Nortb India the Guptas started building Hindu temple!' of a 
.iml'le variety and erected pillars ofvict.ory including the. fnml'lls 
iron pillar of Meharauli. . In the Deccan the Vakatahs, tbe 

. Kadlimbas and the Chalukyas continued thepraetice of excavltthlg 
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rock-cut clves devoted to IJl the three religious, namely, Brahmi
, ni.sID, Buddhism Ind J i.inism. In the elst of India. also a few 
Buddhist and Hindu antiquities,. though not examples of 
architeQture, have been discovered' representing the period. 

From . about the 6th century A;D. North India was ruled over 
by I number of dynasties. In the seventh century the Vardhanas 
of Kanauj were ruling over the entire North India. Harsha 
Vardhan,. was famous amongst them. The eastern rart rf North 
India was ruled by ,the later Guptas and the Gaudas.' Then from 
the eighth century the Palas "ame to poWer here and their reign 
lasted till about 1100 A.D. After the Vardhanas a number of 
Jtajput dynasties began to nile in the western part of North India. 

Tlie Decean and South India-Later Dputles. ·-i'his region 
waR in the possession of three important dynasties from about the 
7th, century A.D. The Chalukyas of Badami ruled till about 
the 'middle of t!te 8th century. . They were succeeded! by the 
Ras1".trakutas whoRe rule ended in the 10th celJtury 'A.D. !'l'hen thfl 
later Chalukyas of Kalyan, began to rule. Contemporary with these 
later Chalukyas were,the Kalachuris, the Solankisand the Yauavas . 

. Finally these dynasties were all overthrown by the Muslim invaders 
about the 13th century A.D. But in Mysore the Hoysalas were 
powerful from the 11th century A.D. to the 14th century A.D. 

In the south-eastern part of India, the ·Eastern Chalukyas of 
Vengi were ruling for nearly six centliries from about 620 A.D. 

; 'Afterwards this kingdom was annexed-to the ehola empire. In the 
southern part of India the PaUavas were powerful from '600 A.D. 
ta 850 A.D. Then the Chola dynasty asserted its independence and 
was master of the Whole of South India py about the beginning of 
the 11th century A.D. Their rule continued till the end of 13th 
century A.D. Contemporary with them were the Pandyas who 
suffered defeat sometimes and were back in power at other tunes. 
But about the end of the 18th century A.D., they re-asserted them
selves in South India and their rule lasted for about a century aud 
a Iialf thereafter. 

From about the 18th century A.D. North India came to be 
dominated by the M. uslim rulers ~longing to the dyjiasties such as 
the Slave, the Khalji, the Suri, etc. In the 16th de'ntury A.D. the 
Mugilals came to power and their rule lasted for more than two 
centuries; Then the· British usurped their power. During the 
Muslim rule there were a number of independent Rajput principali-

. tiE'S in Rajasthan and the Himalayan regioilswho kept ative the 
ancient traditions of enIture, art and architecture of Bharat. 

In the Deccan, there were a number of Musl~ kindgd9ms tin 
about the 17th century A.D. But in the southern part of the 
l~.eccan there rose' to power the famous Hindu empire called the 
"ijayanagar empire. It stood as a bulwark against· the Muslim 
onslaught from about 1850 A.D. till 1600 A.D. The \ijayanagar 
kings including th~ famous emperor Krishnaden Raya' slowly 
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e'ltenoed their sway our the entire Bouth India and SootJiem 
Deccan, and they entrusted the administration of the ciifferent 
parts of their empire to their Viceroys Qalled the N ,yakas. 'lhe 
N ayakas of the Vijayanagar kings were ruling froin'l'anjore and 
Madurai. The N ayakas asserted their ~ independence about the 
16th century A.D. when the power at the centre was at its lowest 
ebb. The rule of the N ayakas over these' territories lasted nearh" 
a century. At Tanjore the N ayakas were overthrown by the 
Mahrattas. The subsequent history of the British period is coremon 
knowledge. 

Eplgraphy-General.-Amon~st source materials of ancient 
history of India inscriptions are important. rfhe study relating to 
them is called Epigralllty. Inscriptions are in'different scripts, the 
study of which is called Palaeo'graphy. 

Materials employed for engraving writings were varied .. slaba 
of stone nad sheets of metal being the commonest. CORP8r-plates 
and sheets of other metals such as gold, silver and bronze were 
used for the purpose. rfhe famous Meharauli iron pillar WIth the 
inscription of I{ing Vikramaditya is a unique example in which the 
larface of an object made of iron is used for carving inscriptiops.on. 
The technique of inscribing on the variou& materials, in old.en wpea, 
was simple. The surfaces of the objects were well. prepared and 
·the writing was done' first in ink or other erasable materials, prior 
to chiselling ~he letters. 

Serlpts -In India, the earliest extant examples of writing are 
those found on the seals from Mohe~o-Daro and Harap~"the 
typical .sites ~f the Harappa culture which ilourished between, Sl)()() 
and 2000 B.C. The script of the seals is'a variety of picture-writing 
(Fig. 104) which, owing to lack of clues, has ~ot yet .been 
deciphered. 

The period from about 2000 B.C. to about the end of'tbe 4th 
century B.C. is not represented by any inscribed antiquity. How
ever. the vast bodY of Vedic. Buddhist and Jain literature' attri
buted to this period suggests that 'the people should have knOwn the· 
m of writing. This fact is proved beyond dOllbt by the famoul 
A80ka's edicts. The.Jorms of letters of the script employed here" 
are highly developed and the alphabet .is phonetic which'is quite 
clliIerent from the pictographic or ideographic writing of Mohenj~ 
Daro. 

Inscriptions in ever increasing numbers are met with in each 
of the historic periods after the Srd century B.C~ A great majority 
of them, however, are from South India. Th~ inacriptionsare' in 
a' variety of scripts and it is a.,ascinatirig study'to trace the d8V~ 
lopment' of a. modern script stage by stage from its origin to itsftnal 
form. 

At the ti~e of A80ka only two scripts were employed fot '9l'it
ing ·viz., KharOlhti and Brahmi, (Pig. 89) the former clnflned to 
the NOl'tb:-West Frontier Province of uDdiVidedIndia, 'and _b' 



RANDBOOJ[ 011' )I1]I!BUII TlIOllNIGUB 191 

latter found throughout the reBt. of Iildia.. Kha.rosht disappeared 
totally from India. about the 6th century A.D., "without leaving 
any descendant ". Through the conta.ctsestablished by Asoka.,·the 
earliest inscriptions of Ceylon are also in Brahnll. In the Maliura. 
Ramanathapuram .and Tirunelveli districts there are natura.l cavernll 
in the rocks containing inscriptiGns, which are written ~n a slightly 
variant form ,Fig 83) of Asokan Brahm. 

The Brahmi acnpt was in vogue throughout India for a prett) 
long time (Figs •. 84 and 85)" till about the 4th century A.D. But it 
WIo8 slowly changing as time went on and about the end of the ·lth 
century A.D~, it began to assume definite local forms in [he difTt'rellt 
regions. - The derivative Brahmi that came to be used for writing 
in North India sinCe the time of the Guptas was called the Na.~:lfi 
(Fig. 86). After a long period it underwent changes in the various 
regions of North India, finally to assume the forms of the !':cripls 
lIuch as the Bengali; the Sarada, the Gninrati and the NeDali. of 
modem times. The. Nagari script of the (;upta times was also rhe 
one used for writing in the Kalinga (modern Ori!':sa) countrv for 
• Ion« time. In\the Deccan the earliest derivath'c of Brahmi 
(Fig. 87) was Old Kanarese;' This wal'1 in vogue for a few cent.UriAS 
and later on it developed into the modern Ka.narees. In the Anclhra 
country a variety of Old Kanarese script (Fig. 88) was fouud em
ployed in inscriptions dating between the 7th and 9th ('cntnrif's 
A.D. Afterwards the script assumed an independent form which 
'Was called the Telugu. In the country south of the I(ri!':hna four 
derivative scripts of the earlier Brahmi were employed in the 
inscriptions. They are the Vatteluttu, (Fig. 8m the GraI.~ha 
(Fig. 90), the Tamil (Fig. 91), and the Nagari (Fig. 92). Of 
these the Vat~luttu was universaUy employed for writing in the 
WeBtCoast from about the 8th to About the 10th century A.D. The 
other three.scripta were ufled by the people of thePallava and Chola 
eountries. During the Vijayanagar period inscriptions were written 
in all the scripts that are now in vogue ill South India including 
the Nagari which was then called Nandinagari (Fig. 93). 

Lanpage -The ·languageof the, Mohenjo-Daro pictnre-writin~ 
is not yet known. .A great majority of in!':cription!': belongin~ to tho 
period from Asokan to abollt the 4th century A.D. llre in Prakrit .. 
"But the langua~e of inscriptionR of each re~i01; il'1 a c1inlf>('t of Prakrit. 
The earliest inscriptions of the . Tamil country are, howe"er, in 
T~l. ; 'l'his early period is not, however. devoid r,f iuscriptions in 
S"allikrit \lut.examples are few and far between. At NRgari and 
Gh?Wll~~:~Udaipu! State are insCri,ption~, dated to about 1.50 R.C:. 
whJch a,re :tn Sanskrit. FTom about the thIrd century A.D., SanskrIt 
~~lly 'replaced Prakrit in the inscriptions of the whole of India 

;'peep.t. the far Soutn, bet'.ause Sanskrit 'Wall used by king!'! Rnd 
·:.~cialll for administrati'Ye purposeB~ 'D~rmgth~ short trnn!':itional 
l"triOd a.-.kind of mixed dialect wuemployed. The passa~e" ot pure 
:.~Urit. tnllCriptionB are either entirely inpreae o.r in verlle or in 

-',. - " . 
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~ and verse. From abo~t the. 6th-7th centuries A.D., especiaUy 
m the Deecan and the Eut Cout, regional bmguages lIuch as 
Kanarne and Telugu came to be used. In the far South, the cave 
inscriptions and the gtaftitifound at Arikaineclu near Pondicherry 
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during the excavation of 1945, dated·to about the mnoeotury A.D. 
are in Tamil, while the early copper charters of fiDe Srd-4th oeD
~urielJ A.D. are in Prakrit. The copper chartera of abou, the 7th. 
8th centllJ'ies A.D. from places on the West Coast are also in Tamil. 
During the Pallava and early Chola periods both Sanskrit and Tamil 
were used. Similarly· both Xanarese1Pdld Sanskrit were used in the 
Deccan while in the inscriptions of the Andhradesa, Telugu and 
Sanskrit were used. But from about the 10th oen~ury A~D., 
inscriptions were entirely in the various local l~nguMes except f~ 
one or two verses in· Sanskrit at the beginning and end in lOme 
inscriptions. 

OODhnts.- The inscriptions are generally the records of achieve
ment~ of a king or of donations or of dissertations on morality and 
~oot1conduct. From the inscriptions the use of a variety of eras 
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such as the Vikrama, Saka, Gupta, Kali, Ganga, etc., which were 
in vogue in different parts of India at different times '8tl'e known. 
Various astronomical details given in them are helpful in fixing the 
dates of many a royal dynasty. Namea of kings, poets, sculpt..rs, 
etc.,· who are otherwise unknown, are known from them. For 
example Asoka is mentioned by name iJ,l hia Maski Gujarra edicts; 
Pushylllitra in an inscription from .. AY()dhya; and fJle Greek. king 
Meiland'er of the Milindapanbo fame is mentioned in an iJlScription 
from the North-West Frontier Province of Pakistan. The existence 
of' royal dynasties such as the Maghas, the Nalu, the Ikshvakus
and·. the Salankayanas was established by their inscriptions dis
covered recently which incidently provelt b'eyond doubt the veraci~ 
of the Puranic statements about the dynasties. 

Information about various sacrifices. educational institutiona, 
social practices, religions,. festivals, administration, unknown placeo 
and .. yariety of other matters is av~"ble from inscripticms. He
aides some of the inscriptions are written in beautiful language and 
are the only surviving examples of the literary skill of their authors. 

lIullim IDIodpUoDi. -Front about the 11th century A.D. a 
number ot'Muslim inscription are met within India. . They are 
engraved on mosques, tombs, stone tablets, copper-plates and coins. 

Sodp". -The Muslim inScriptions are krittn in different scripts 
such as the Kufic, Naskh, Bihe.r, Thulbth, etc. They are all 
extremely artistic in form and ingenious in c:1evice. Of these, the 
Kufic was reserved for inscribing passages from r6ligious works such 
as the Quran. The inscriptions on the tombs of Sultan Ghari 
(1281-32) and of Sultan Dtumish (1285) are in the KWic script. 
The Kufic is said to be the source of other scripts. But there rare 
inscriptions in the Naskh script from about the 7th century A.D. 
The N askh script is simple and it replaced"" the Kufic in th-e 13th 
century A.D. This script has a variety of forms such as the florid 
and the simple. This difference is due to the skill of the caJligra
phists. Before it came to India the N askh reached perfection in 
Iran. The script called N astaliq, a deriVative of the N askh mIran, 
came to India in the 16!h century A.D., and was preferred by the 
Mughal emperors. From now the Naksb was reserved for writing 
religious passages alone. 

Languages.-The earliest extant Muslim inscriptions of India 
are in Arab,ic, the religious and literary language of the' Muslim· 
world. It was in vogue till the 13th century A.D. During this 
period a few in8C~riptions in Persian were also engraved on some 
tombs. During the period of the Khalji, the Tughluq, the Sayyid 
and the Lodi dynasties! Persian was the language of inscriptions. 
During the Mughal periOd due to'Iranian influence there came into 
bring Urdu, a hybrid of Persian and Indian languages. Urdu then 
became the language of inscriptions, while Persian was confined to 
literarv works alone. 
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Contents.-The )Iuslim inscriptions contribute much to the 
t('("on~t rlld ion oC the history of India during the Muslim rule. 
Home ill;.:criptiom; contain passages from the Quran, some are 
tlisH('rta t iOlls Oil ethics while some perpetuate the traditjons of the 
founder. 

Technique of Preparing Impreu10na of In$crlpUona. -Inscrip
t·joJls arc usually fouJld on rock faces, sculptures, stone pillars as 
well as cOllpcr-plates and coins. For purposes of study it is 
uh"olutl'ly t!sscntJal to take exact impressions directly from the 
inscriptions. There are two methods of taking such impressions. 
Oue of the two methods is for making impressions of large inscrip
tions fouud on walls, stone tablets, etc., and the other for making 
impressions of portable inscriptions on metal sheets, etc. 

Material required fOT the work-For larg. inactJptiClfll.
(1) water, (2) thick white paper, (3) lamp-black or charcoal powder, 
(4) gum Ambic. (5) clay. (6) dabber and (7) thick-haired brush. 
(Fig. \H.) 

A B c D 

FrG. 04. INS rKUMBNTS .oB PR1':PARING .aTAIIl'AGJIS. 
A. KNU'E; R. ROLLER; C TBIOIt·BAIBBD BBtTSB; D. DABBa. 

For poria 1,11' ;IIscriptioIlS.-U) water, (2) thick white paper, 
(3),pl'illtRl~ ink. (4) soft roller, (5) dabber, (6) thick-haired brush. 
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Inscriptions on stone.- p.,ocess A.-I. First clean the ;)tt)l:~' 
thoroughly by washing to remove all the dust and other l'xtraneou:; 
things from its surface. No f0rc(' ~hould be used; nor ;,;hould any 
attempt be made to render a letter or !"ign clearer by c1w .. elling, ,(\t<; .. 

The stone should not be inked 01' bla<:kened because this injlll't·" 
the stone and makes it hard for use in future. 

2. lJ.'ake a sheet of thick paper, cut it to the size of the 
inscriped surface, and soak it in water for a while. 

3. Wet the stone itself well with water before placillg t'l': 
sheet of paper on it. 

4. 'fhen place the sheet of paper on the stune as e\'cllly it;; 

possible. It will stick to the stone as it is wet. 

5. Take a thick-haired brush, or dabber alld beat the paper 
~JUartly from the eentre outwards so as to get rill or illl ail' bnhble.;. 
Go Oil beating until the paper ha.s taken i "'~ I~xact: shrtpe of till' 
stone an~ followed every hollow, depressicn and inequality. Jt 
will crack and split in many places if the inscription is cut deep\ \ 
11)1' the inequalities of the surface are great, in whieh case a secolld, 
and, it neCeStl<lry, a third sheet shoulll he la ill wet oyer the fir~t II n\l 
the beating repeated. 

6. Do not try to puB the paper off the stone immediately afkr 
thebcaliing proces~ is over. Wait t.m it is dry when it will I'om.· 
nfl' Ly itself. 

7. When the beating process is over you will find that y£JIi 

. bave made a paper cast or stereotype of the original stone. 'l'hi;~ 
will, when dry, be quite hard and c'l.pable of l'esik'iting consilleJ'flbil' 
pressure. 

S. Make a mixture of lamp-black or charcoal powder, guw 
and water, smear a dabber with the mixture and apply the uaLber 
evenly on the paper, while it is still slightly damp, but not wet:. 
The qua.ntity of lamp-black mixture should be mo(1erate as too much 
of it will blur the impressions, also if it is too thick it will rip the 
pR.per off the stone; and if the ink is too thin ·it will spoil the im
pression; too great or uneven pressure of the dabber also has the 
!'lame effect. Then the. raised parts will thus come out black nnd 
every depression of inequality will appear white. By tl.iR. pr('ct'fls 
rninnte details of the impression can be had. • 

S. If the sheets are not large enough to cover the whole stone. 
1\' hich will frequently be the case, repeat the above process over 
different parts of the stone, taking care that each sheet overlaps its 
neighbours so that its proper place can afterwards he ea1!i1y 
ift-tennined. . 

10. Then the paper should be allowed to dry on t.h,. ~t.one 
:"'~ can hp rolled up for packing without fear. . 
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U. JJike erery mechanical procelSlS the above requires a certain 
,lI,lUunt of practice before it can be done well. In order to ensure 
Ilccuracy aud to enable the reproducer to correct errors it is best 
always to take three impressions of every part of the stone. 

Proce8S B.-This is intended for taking impressions of small 
,..tulle inseriptioll::> when they are met with by chance a~d when 
t hel'(, is no time to assemble the. materials,. required for taking 
j 1I1J)\"('f;f:ions usually. 

Get some quantity of clay which might be available locally 
and knead it well. Apply the well-kneaded clay over the cleaned 
stone to a thickness of about an inch, and allow it to dry. 

'When it is dry the clay will come off of itself, his is the 
negative of the impressions. 

N ow this negative is ready to· be taken home, A posiilive 
from this can be prepared easily by means of plaster of Palis 01' 
clay itself. 

Inscriptions on metal.-lnscribed copper-plates or other 
illscribed metal articles of no great weight should preferably be 
c:cnt to the Madras Museum or the Government Epigraphist for 
Jndia at Ootacamund, for study after which they will be . returned 
to the ownerlS imtuedilitely. In case the owner of the inscription 
ohjt>cts to such a course, the following process should be followed ~-

'Wash the' plate with soap and watdt. If this fails to remove 
f he dirt the usual tamarind or lime j.uice method of cleaning inay 
be tried to remove the thick encrustatiim, care always' being u.ken 
to see that the pressure applied is even BO as not to mar. the form!' 
of the letters of the' inscriptions. . 

When the plate is dry, go over it with the BOft r~ller 
~meared with printers' ink. A little ink should be .poured on a 
piece of glass, and spread out and worked over with the roll~I 
until the latter is evenly coated before it is applied to the plate. 

When this is done get your paper ready. Thick paper is the 
best. Cnt it a little over the size of the plate. Damp the paper 
and place the inked plate on it and fold the paper over the back of 
the plate to prevent the paper froIJ;l moving. If the plate is provided 
with a ring, a hole should be cut in the paper and a slit made for 
the ring to pass through. 

Tum the plate face up, and, with a piece of. hard' smooth 
paper between, commence to beat the paper evenly with 3. stiff 
hrush; The paper must be kept damp throughout by laying a· 
folded damp piece of cloth ovef the parts you are not working ott. 
Then remove the paper carefully, and allow it to dry. I The peintt 
are reversed but can be read by holding their bla.ckenedlacee 
against light 
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After takIng the impressions, the plate should be thoroughly 
cleaned with turpentine and then brushed with soap-water, so 815 

to remove all traces of pl"inting ink.· 

·Archltectme.-General. -Indian architecture is 80 fascinatintc 
8ubject owing to its great antiquity and variety of beautiful forms 
ill which the examples of architecture are found. The originality 
of planning and dexterity of execution displayed in thei! works by 
the architects of ancient India compare very favourably with the 
best in the worid. Above all just as in the other countries, in India 
also, her architectural production~ reveal. the g~nius of the people 
as well as their cultivated emotions. 

The development of Indian architecture requires to be traced 
tlirough the three major periods of Indian civuization'J, viz., the 
premstoric period, the Vedic period and the historical periods. 

Prehlstorle period. -Though the art of building has beeu 
known to Indians for a very long time, the most ancient examples 
of buildings met with are tho§6 unearthed at Mohenj<rDaro in Sind 
and Harappa in the PUDjab~ both now in Pakistan, the typical sites 
of the Harappa. culture which dourished about the third millennium 
B.C. The buildings here are in complete ruins except for :.heir 
basements. They are built of large burnt bricks. I'be lughly 
scientific manner of construction reve~led by the buildings is .. >otli· 
cient proof of the great heights to which the art of building was 
developed during this period. These buildings, except a few 
religious ones, are noted for their utilitarian character as exempli
fied by the famous bath and other buildings. This does not quite 
agree with the fact that architectural works of subsequent periods 
are predominently religious in character. Nor does it agree with 
the high religious awareness of the people of the Harappa culture 
itself as evidenced by the large number of cult objects, including 
the famous seal with the figure of Si:va.Pasupati, discovered here. 

Vedle period. -The Indus civilization having ended in a sudden 
and abrupt manner, about the beginning of the 2nd millennium 
B.C., there followed the period represented by the vast and wonder
ful literature called the Vedic literature. Very few remains of 
msterial culture representing this period have survived. The 
numerous references to· several varieties of buildings met with in the 
Vedic literature have yet to be substantiated by actual. remaius. 
That perishable materials were used for construction seems to be 
one of the reasons for the absence of examples of buildings of 
this periocJ. Anyway & fairly good idea of the form and meaning 
of both the secular and religious buildings of this period can be ':lad 
from the reference~ tl1emselves especially in the Lests called the 
Sulba sutrtJ8. 

• The clirectionsare adapted (rom the fllle~ re~rdiDIl decipherment of Indian 
inscriptions contai'lM in Government of MlICl ..... Public Department, 0.0. No. , .. , 
dattd l6th Jane. 1907. 
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Post-Vedic period. -From about the 6tll century, H.U. the 
history of architecture becomes clear. It appeares that for iIo lOllS 
time wood and other perishable materia.ls were employed for build
ing houses ·and shrines, as for instance the Mauryan palace as 
Pataliputra. Isolated cases of rubble building and stupas built of 
bricks are known, e.g., the walls of the fortress of ltajagriha a.nd 
the stupa of Piprahwa which belonged to pre-Mauryan times. Bu~ 
stone was largely employed in buildings only from the tim" or 
Asoka. from which period, the development· of Indian 1l~'Chitecture 
can be traced with little difficulty. Among th; large ~umber of 
examples of buildings, a great majority are religio\ls in character; 
examples of secular buildings are few and far between. 

Fronl the time of Asoka to about the 4th century A.D. 
Uuddhism was very popular. Hence a large number of Buddhit!t 
shrines, etc., belonging to this ·period have survived to the present 
day. There waf:l buildings belonging to other religions also bub 
tbey were few~ Later on Hinduism became very popular and iL.
l'rotoganists, in their zeal to get rid of Buddhism, adopted "ariQu!; 
methods of propaganda. by which the Buddhists popularised Bud
dhism. One of the important methods was communal worship in 
a shrine. So the Hindus began building shrines and temples not 
(Iuly. loftier and grander in their appearance but also peopled them 
with larger number of images of goos and goddesses than in the 
Buddhist shrines. Though Buddhism was thus overwhelmed by 
Hinduism, Jainism continued to exist side by side with Hinduislll 
and the J ains followed suit by building magnificient temples. When, 
in Northern India and the Deccan, the Muslims began to rule, they 
built mosques, tombs and palaces in a style which is c'llled Sara
cenic. The chief characteristics of tlUs style of architecture are the 
arch. the dome, the minar, the mosaic and the calligraphic pa.tterns. 
Below, a brief outline of the development of Indian architecture 
<!u!'ing the historical periods is -given. 

MaIn categories of bulldlnglo-The religious bulidings of ancient 
Iudia fall under the following three heads, viz. J (1) the Stupas (2) 
the rock-cut caves and (3) the temples. Of these the examples o.f 
gtupae and rOGk-cut cavee !1>re available from a very early period, 
and they fell into disuse about the 9~h or 10tb century A.D. It 
may, however. be remembered that wherever Budhism id still 
followed, the practice of. building stupas continues, for instance in 
Ceylon, Burma. and. Tibet. Examples of temples are available 
only from about 200 B.C., but the pra.ciice of building temples 
continues to this day. 

Stupu.-The stopa WilS, to start with; out a burial mound or 
tumulus, enclosing within it the relics of enlightened souls, great 
seers or famous monarchs. The veneration of such a CJtructure waf! 
('.()mmon amongst the masses. 80, when Buddhism and J aittism 
which were popular with the masses got established; the building 
oT stupas over the relics of the Buddha or his. disciples and over 
.those of the Jaill" seen, and o1feriDg worship to them became an 



186 HANDBOO][OF MUSEUM l'ECRNIQl1[~ 

important practice among the followers of these faiths. 'l'hi& !Jli!C· 

tics was, however, more perdominant amongst the Buddhists than 
amongst the Jains. Owing to this fa~t Buddhist stupas have beeu 
discovered in large numbers not only in different parts of Inaia 
but also in Ceylon, Burma, Indonesia and China where altro this 
religion spread.. 

KInds of Smpaa.-There are three kinds of stupaK, uamely 
,ariraka stupas which aro SO called because they enshrine the hodily 
relics of the founder or saints of the religion; paribltpgika slupat\ 
which are erected over the articles such as the beggillg bowl or ,;ti~1l' 
of the founder; and pariy&trika stupas 80 called because they are 
put up on the spots hallowed by the visits of the founder or his di!'l
CipJCF. 

Porm of stupas. -The stupa in its simplest, form consists of a 
hemispherical dome surmounted by a square railing called harmika, 
the latter enclosing one or more shafts of the crowning umhrella; one 
or more cylindrical or square plinths supporting the dome and one 
or more railings enclosing perambulatory passages (Fig. 95) . 

• 
FIG. 95. VERTICAL SECTION OJ' STllPA. 

Generally the stupas of earlier periods were hemispherical in sh:tpe 
with a low base. But as time passed on the stupar;; began to assume 
an increasingly cylindrical form with the drum f,urther developed. 
In the case of the later stupas the decorative elements came tc 
predominate and the drums and umbrellas were multiplied. 
Though this was the unit commonly met with,owing to local con
tributions, the construction of the stupas in the different parts of 
India and in the different countI:ies where the religion went came 
to possess certa.in distinguishing features. 

SpeelaUeatures oUIa Stupas of cWrerent regions of India. -Thus 
the ~pecial feature~ of the North Indian stupas are the gateways with 
sculptural decoratJOns on them, and those of the North-West 
India.n stupas are the multiple .square bases or drums with trefoil
arched niches containing Buddhist images and with no raiIin~ (In 
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gateway. 'fhe features of the South Indian stupa3 (PI. HI) arc tue 
lion pillurs at the gateways and the five ayaka pillars erected ou 
.:ach . of the projections at the· four cardinal points. The 
characteristics of the Ceylon stupas are the hell-shaped dOllle, the 
wahalkadas or architectural projections at the four cardinal points, 
t he row,~ of stone pillars said to be intended for carrying a roof 
over the :,tupa, the moon-stones and the Yakshas cal'l'ying a 
pllfllay7wia. 'l'hc features of the Burma stupas are the tapering 
<11'11111 \\'ith the sl'ries of crowning umbrellas merging with It and 
thtl cO\'ered circlIllluUI\)ulutory pa8sage. Similarly, the Buddhist 
stupa;; of 'l'ibet and China have distinctive features. Besides these 
there are ~oU\e uniquo stupas such as the stupa at Nandangarh and 
tIle ~t1!pa at Borobuclur in Java. 

History of the Stupas.-l'be most ancient of the stupas is the 
one discovered at Piprahwa in the former United Provinces. From 
the palaeography of an inscription found in' it and the'large sized 
bricks employed in its construction, it is dated to pre-Asokan ~irues. 
Havillg been built of perishable materials more examples of stupas 
of the period have not survived. But it is more true to say that 
(Illy after Asoka's time did the art come to be practised :>0 .~ 1 rge 
scale as he, with the characteristic zeal of a new convert, iltrove 
hard to spread Buddhism far and wide. Asoka is said t.o ha.ve built 
84,000 stupas oyer relics of the Buddha which he got by demolish
ing the seven out of eight original stu pas . which contained the 
original relics of the Buddha. Although we have other corroboro.', 
tivc evidence to prove this, no remams of such large number of 
stupas have come down. Asoka is said.to haye built the first stupas 
at' Sanchi and Saranath. The, Asokan stupa at Sanchi was 
('oYE'I'('d with stone slabs. in the 2nd century B.C .• a~d at about 
the cl080 of the first century B.C., were added the lavishly c:l.rved 
gateways. Among other important stupas of North India, the 
one that stood at Bharhut in Central India was remarlr.aole for 
the wealth of sculptural decorations on all its parts. The remains 
of this stupa are now housed in the Indian Museum, Calcutta. 

A larg'e number of stupas were erected during the period from 
the 2nd c(>ntur,v B.C., to the 3rd century A.D., in South-East India 
in the J{rislma-Godavari region. They included the stupas of 
Amaravathi; Nagarjnnakonda, Bhttiprolu and Jaggayyapeta. They 
are all remarkahle for the marble scnlptures that adorned them and 
for the wealth of information contained in the inscriptions. 'rhe 
Amaravati stupa was specially noted for the magnificient . marble 
sculptures, a ~ronp of which is hOl1sed in the Madras l\Inseum, 
while another important group il'l to be fonnd in t:he British Museum 
T,ondon. 

A number of stupas were discovered in the North-West of India 
at liiuch place!:las Taxila, . Manikyala, Takhti-i-bahi and Charsada, 
l'hey are all executed .with corinthian pillars. An exceptionally 
larl!e stupa discovered at Shahji-ki-dhel'i neal' Peshawar crmtainell 
tho famous relic-casket of Ka.nishka. 
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Brick liliupaa were constructed during the 5th-6th centuries 
A.D., both in the plains of Sind and in North India.. 'l'h('y are all 
ornamented in the typical Gupta style. 

In this connections something has to be said of the rock-cuI, 
t>tupas in the rock-cut caves of Western India. .These arc but 
replicas of structural examples and closely follow their development. 
Finally, however, having attained an elongated. from decorat('tl 
with a wealth of details these rock-cut stupas became a kind of 
shrine enclosing a huge figure of standing Buddha or· Buddha seated 
in the lffiuropean fashion. 

Rock-cut caves.-Early caves. -N3 in the case of the stupas, the 
earliest rock-cut caves also date from. the time of Atroka. But these 
caves of the 3rd century B.C. which are. excavated in the Barabal' 
and N agarjuni hills of Bihar have the characteristic Mauryan polibh 
in their interior and tbeir date is definitely known foom libe insCl·ip
tions on them. Further, tbe figures of elephants carved in relit'f 
on the tympanum of the facade of the Lomas Rishi cave are 
crtremely good examples of .. plstic art of the period. Moreover, 
these tiny caves dedicated to the wandering ascetics called the 
Ajivikas, appear to have been based on the models of grottoe/1 
dating from the 6th and 5th centuries B.C. of Persipolis, in Persia. 
proving that Asokanart and architecture were intluellced bv tlJt' 
ideals of Persian art. 

Types of cavea.--Of the Buddhist caves there ·8ol·e two. type:::, 
namely, the ."iharas (monasteriea) and the chaitya-halls. 'l'he 
Hindu and Jaina rock-cut caves are simple caves with niches onthc 
walls containing powerful carvings of gods and goddesses. '1'h(' 
earlier Buddhist caves are unmistakable copies in rock of structural 
works in less permanent materials such as wood. This is evidenced 
not only by the adoption of several designs and devices characteristic 
of wooden structures but also by the presence of actual woodell 
beams, etc., in the roof and other parts of the cave. 

Cbaltya-halla.--Of the two types of Buddhist caves the cha,it!J(l 
ball is more important and consists of a vaulted congregation-hall, 
with. an apsidal back. It hu a JOCk-hewn st'npa. Rows of pillar!> 
divide the cave into a nave and side-aisles. The most important and 
carefully worked part i·B the facade with doorways below and hOl'be
!!hoe shaped window above, which lets in light and air .. ·rhe Iljost 
important examples of the chaitya-halls of the early phase are those 
at Bhaja, Ajanta (cave No.9) and Karle (Poona District). The 
early chaitya-halls are characterised by restrained ornamentation, 

, pronounced. te .. ndency to imitate wooden Jllodels sometimes actnal 
wooden girders being employed, and the slow introduction of 
sculptures on the various part, particularly on tops of pillars. Of 
aU the c1laitya-halls the one at Karle which dates frOID the bt 
century B.C. is the most magnificent. All the early examples of 
rock-Cllt caves belong to the Hinayana sect of Buddhism. 



HANDBOOK OF l\lUSEUM l'l!:CHNIQUE -1.39 

Viharu. -1'he monasteries of the earlier pha~e are 1Ja.l:ied U11 

ordinary dwellings consisting of rooms for monks around a court
,)ard. But the monasteries of the middle phase are dwellio~
c:,'Um-shrine caves containing not only a shrine chamber wlth " 
plliared a.ssembly hal~ in front but also ha.ving niches on the walls 
with Buddhist images carved in them. Furthermore, as time wene 
on, instead of simple single-storeyed monasteries there were eliC" 
vated caves of enormous size with two and three storeys with a large 
number of pillars also in their plan. Brahminical cave~ of this 
phase are met with in the Krishna valley a.lthough no example of 
Jain cave representing this phase has been brougnt to notice. 

caves 01 Western India.-'l'he rock-cut architecture which began 
Oll such modest scale in the 3rd century B.C., however, developed 
into " a p,?werful and popular architectural mode " during subse
eluent periods. This is proved by over a thousand caves scattered 
t.hroughoutthe country. But a great majority of them occur ;n the 
Western Ghats, and in the Bombay Province, the rock of the Ghats 
bein~ especially suited for the excavation of the caves. There are 
three phases in this type of architecture, the first phase dating 
from :.!OO B.C. to 300- A.D., tlle second fwm the 5th century A.D. 
io' 7th centw'y A.D. and the third phase from the 7th to 10th 
(?p.ntury A.D. Examples of caves of these groups are found.in the 
Western Ghats at Bhaja, Bedsa, Junnar and Kllrle;Elephanta 
and Kaneri near Bombay; and N asik, Ajanta and Ellora in the 
Hyderabad state. There are thirty caves at Ajanta dating from tilL' 
2nd century B.C. to the 7th century A.D. and these are all Buddhist. 
There are thirty-four caves dating trom the 5th to 8th century at 
Ellora. which include caves devoted to Buddhism followed by tho;OL' 
of Brahmanism and Jainism. 

caves 01 Kallnga.-Comtemporary WIth the earliest caves lllell

tioned above are the caves in the two hills namely Khandagiri and 
Udayagiri in Orissa, which are devoted to Jainism. There are 
thirty~fi.ve of them, but only a few of them are of any consequence. 
The workmanship of these caves is rather archaic and they are 
characterised by fanciful piRar brackets, animals 011 piluters put 
back to back and riders ()n griffins. The Rani Gumpha cave, the 
Ganesa...Gumpha and a few other caves contain friezes of. sculptures 
depicting scenes from So J airi1l. story 

Later eaves 01 AJeta and other places. -'1'he }lliddlephase of 
rock-cut architecture is exemplified by a large number of e~ca.vu.
tions scattered all over the country including the· South. Still u 
great majority of them are found in the Western Ghats, particularly 
at Ajanta in Hyderabad and Bagh in Central India.. The note
worthy features of these caves are the complete elimination of wood 
eonstmctions and imitations thereof and the introduction of images 
of the Buddha and Buddhist pantheon. The pillars and chaitya
window above the doorway show greater developments. Th~ shafts 
of the pillars are ornately worked with cushion-like capitals and 
masElive brackets the most important difference betwen these latf'l" 
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Buddhist cil.vesand the earlier ones. being the intl'Oductioll .)L the 
Buddha image in the rock-cut stupa itself, which has now assumed 
an ~longated form Its finial touchi.ng the roof above. or the 
examples at Ajanta, the cave No. ~6, is noteworthy '1'he latest, 
chaitya-haIr of this phase is the Visva.k&rma cave which is tho be~t 
known of the rock-cut caves at Ellora in the Hydel'ubad ~tate. 
Although not decorated with 80 much of sculptures as in the cave::; 
a.t Ajanta., the Visvakamia cave or Ellom is distingwshed by its 
novel chaitya.-window design. 

La" caves.-~xamples of the last phase of rock-c\l~ architec
ture' exist at Mahabilipuram, ~llora,· Elephanta and J ogesvari. 
Their date falls between the seventh and ninth centuries. The earlier 
caves are Brahminical, while the later ones are of Jainism. Of the 
BralnWnical caves there are three or four types, n~ely simple 
Dlonstery-like caves, for example $e three-storeyed Dasavatara 
cave at Ellora with sculptures representing scenes from Hinull 
mythology; the shrine ileparated from the halls, for example the 
Dhumar Lena cave.at Ellora and the caves at Elephanta and Jilges
vari which are noteworthy for their elegant pillars with cushion 
capital and for the interestfng way of getting the interior lighted 
through their three portals; and lastly the rock-hewn copy,of.Jfoll 
actual structural temple, for .example the wonderful Kailasa.at 
Ellora and the group of monolithi" shrines at Mahabilipuram the 
former dating from the 8th and th~ ,latter from the 7th century 
A.D. These last works impress the .visitors by the grandeur of 
conception, magnitude of' excavation, and the rich' sculptural 
embellishment. . 

The last examples of this phase are the Indra SabIta and J agan
natha Sabha caves at Ellora de-.dicated to JaiDism. They date from 
tlie 9th and 10th centuries. They are distinguished by their rich 
carvings and beautiful pillars. But here in the caves are uoticed 
the signs of decadence of this style of architecture. 

Temples-BariJ temples-By far th~ most mteresting! cla~ of 
Indian architecture is that of the temples built of bricks or blocks . 
of stone. It had its roots in the prehistoric periods and the Vedic 
period. But actual examples of this class also date Crom the Asokan ' 
time, Not many examples of temples have come down represen~in~ 
the period from'the 3rd century B.C. to the 4th or 5th century A.D 
Belonging to the Mamyan time are the foundations of an apsidal 
temple met with at San.hi. To the second century B.C~ or so 
belong the ruins of two BhagavMa temples .of uncertain plan aiu! 
design; one from Nagari in Udaipur and the other from Besnagar 
in Gwalior .. There have survil'ed temples in an Indo-Greek style 
characterised by the ;ronic pillars and dating from the end of 2nd 
century B.C. in places around Taxila. Apsidal temples of the first 
three centuries of the Christian era are known, two from Taxtlft 
and one from Nagarjunikonda. Besides these actual examples, a 
!lumber of shrines of a variety of form and design appear to Have 
existed at this period, remains of which have not survived owing 
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l,wbably to the pcrishable materials employed in their cOllstruction. 
A good dl'ul of information about these is avaiiable in the epic, 
[lurauic l\llC] othcr kindtl of literary works of this period. More 
:;iglliHl"Olllt than these are tho figures of temples carved in relief in 
t.he sculptures such as those of Bharhut (2nd ~entury B.C.) Sanchi 
(1st century B.C.) and of Amaravati (2nd century A.D.). 

Beginnings of Slkbara templa-In North India, from the time 
of the Guptas, the temples came to be built in an increa.sing number. 
nut. ill t)outh India, however, the art of building temples in more 
permallent materials began to be practised widely only from the 7tb 
f<lllury A.D., although temples built of perishable materials, whic11 
tlierefore, could not survive, should have existed before that tune as 
evidenced not only by So volume of liter&ry references in the early 
HallgHUl works in Tamil language but also by the more authentic 
evidence of an inscription of Mahendra.varmau I Pallava 
((j(JI./-mm A.D.) wherein it is stated that he built a temple to the 
Hindu 'l'riuity in stone av~idiDg the use of wood, brick, metal and 
mortal". Beginning with small shrines of little consequence Juring 
the Gupta times in the North, in the Kadamba period in the 
Deccan a.lid in the Pallava period in the far South, temple arcllitec
ture was soon to grow into a. system of building quite unequalled 
Cn!" the variegated beauty of its fonns, decorative elemen ts. both 
pictorial and sculptural and stupendous size. This class of religious 
structures has had a continuous development -and is still in: vogue ill 
many _ parts of the country. Owing, however, to variations of 
details introduced into the works by architects of different locali
ties, the examples of this class belonging to the different periods 
and places of India differ in their fonDs -and decorations. 

Three ancient styles of temple architeeture.-ThuB the temples 
iall into three major- groups each haVing one or more sub-groups. 
'rhey are the Nagara (or northem), the Vuara (or tht> Decca..ni) and 
the Dra"idu. (or the South Indian). Besides them, there are two 
other groups of temples namely the Kadamba and the Kerala temples 
which are confined only to the sma.U territories of Konka.n and 
Kerala both in the West Coast of India. 'l'heKa.damoa temples are 
easily identified -by the sanctum roofed by a. stepped pyramid 
(Fig. 96) each of the steps sometimes being decorated with a series 
of projections. The Kerala temples are akin to the temples of 
Nepal not only in their wqoden constlllction but also in their. pitched 
roofR a device calculat.ed t.o. withstand thf'l torrentia.1 rain that falls 
in these areas. 

Plana of temples. Before proceeding to observe the dE'velop
Ilwnt of the tlll"~\"' major groups of temples, a wofd abOut the diffe
rf'nt kind:t of plan!': employed in their construction may be said. 
There are templ~!'I with (R) '0. circular plan, e.£{., a number of them 
llre fonnd in I{eraln; (b) temples with square plan which are more 
commonly met wit-h ill all parts of the c.ountry; (e) temples with "n 
npsidaJ plan, e.g., the early temples from Sanchi, Taxila, etc., 
noti(,f.'rl alrE'Allv. the temple"! at Tel" -and Chezarla of the 4th or 5th 
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centw'y A.D., the Durga temple at Aihole of the 6th 01: 7th 
century A.D. the Bahadeva Batha at Mahabahpuram of the 7th 
century A.D. and a large number of temples of the early Chola 
period met with in the Deccan and the South; (d) the templell1 
with rectangular plan, e.g., the bas-relief representation of Lndi'il 
Babha in the Bharhut sculptures of the 2nd century B.C., tbe 
representation of a shrine in the sculptures from Ja~gay3peta 
also 2nd centuary B.C., the Bhima Ratha shrine of Mahabalipm:lm 
oi the 7th century A.D., the Vital Deul of Bhubanesval' of th(' 
8th century A.D., the Teli-ka-Mandir of J aipur of the 15th 
century A.D. and gopuras of all th~ later temples of South Iwlia; 
and (e) temples with a multi-angled plan: e.g., the Hoysala 
temples of Bomanathpur and Belur in the Mysore State dating 
from the 12th to 14th century A.D. 

Sur", of Templea In Dlfterent Styles-~\agara style. --Thl~ 
earliest temples in the Na.gara style consist of a flat-roofed cubical 
cellar with a. pillared portico in front. The temple No. 40 at Sal\chi 
;s an· example of this variety and it dates from the 5th century A.1>. 
Soon alter, 'a superstructure of a distinctive type was added to ti!(' 
top of the cell. This superstructure possessed the characteristic,", 
f;uch as a curvinlinear form, an amalaka finial and amulaka slab fit 

regular intervals at the corners to indicate the storeys (Fig. 97). The 
earliest example for this variety is the temple at Deogarh in Jhansi 
District, dated to the beginning of the 6th century A.D. rrbib kind 
of temple is further interesting 'in that it is raised 011 a high 
plinth with flights of steps. The further development of this ;;tyle 
iii seen in the groups of temples at Bhubanesvar and l{hajuraho, in 
Rajasthan and in the Vindhya Pradesh. From the forms of their 
superstructure or tower they can be classifi.ed as follows: Curvili
near type, the temples of Bhubanesvar; meruMinga type, the temple,,: 
or T{hajuraho tower with multiple miniature towel'S on its body as 
in the temples of Rajasthan; and the temples in the Vindhya. 
Pradesh especially thQse of the Hamadpanti type towers with 
broad ribbon-like projections from top to bottom Qn their four 
sides. 

Bhubanesvartemples.- Of the group of temples at Bhubanes
var the earliest is Parasuramesvara. temple which is dated to a.bout 
7th century A.D. It has the cimplest of the curvilinear type of 
towers and a peculiar mukhamandapa or Jagmohrzn in front. But 
as time went on the Natamandapa and Bhogamalldapa were added 
in front of the Jagmohan and the whole was enclosed III a wall with 
o torana or gateway. Fine examples of the developed type are the 
Raja Rani and Lingaraj temples of the 11th centu;y A.D. at 
Bhubanesvar. the Bun temple at Konarak and .Tagannath temple 
at P~ri of 8; l~ter peri~d. ~he Sun templ~ is further noteworthy for 
the mtroducbon of gIgantic wheels on Its sides and the colosf,IlJ 
horses supposed to draw the chariot-like temple of the SUll God. 
Although the temples Qf Nort.hern style -are generally astvlllr i.e, 
built with a minimum of pillars, the late!';t temple" have ~ m;mlJe; 
or pillar!'! in th.ir halls. 
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Temples at Khajuraho.- The temples at lOtajuraho which 
include Hindu and J aina shrines and dated to ~e 11th aDd 12th 
centuries A.D. are noteworthy for. th~ir multiple Bikhara, u.e 
covered pm-ambulatory passage, the porticos with· the peouliu' slop
lDg seats, the mandapqswith richly carved ceilings, the wealth 
of ornamental· mouldings and hlghly reiilistio ilCulpturea on ~e 
exterior of the wall~. The famous example of this 'YP8 is the 
Kandariya Mahadeo temple. 

lain temples.- ,The temples of the Rajasthan area are re1ll&fbble 
for their beautifully designed pillared porticos, and ~ Hema.d.panti 
temples of the western Vindhya Pradesh for their highly interesting 
towers. This note will, not ~ complete if no mention ia made. of 
the Jain temples of Gujarat &D.d Kathiawar. The typical eXB!DlpJ.es 
of the group are found at Satrunjaya and Mount Abu. These are 
called the Di\waras. There 'are only a few towers in these ~ples, 
and in. their place a va.riety ot squat domes are employed. 'l'hese 
are said to have been employ.ed practically as a protection agains' 
the iconoclastic fury of the Muhammadan invaders. Though the 
general view of these . temples will not 'be 'Very impressive they are 
unparallp.led for the richness and delicate beauty of the ca.rvings. ot 
their interiors especially of the pillars and ceilings. The grandeur 
of the interior of these shrines is very' much enhanced by the 
material, white marble, .employed in their constructicm. The 
famous examples of this group of J ain~temples are the Vimalsha 
and the TejpeJa temples of the lIth to 18th renturies A.D. at 
Mount Abu. 

Decoanl SQle.- Coming to the teIilples in. the Deccan, there illt 
noticeable in them a tendency for. a mixture of elements of northern 
a.nd southern styles of construction. At first examples iIi each style 
were built side by side separately but later on the fusion·· of the 
elements of each style ca~e to be effected in one and the same 
shrine. In the Deccan, however, the temple building is known for a 
long .time and the earliest of the temples of this region is thefam0Q.8 
Lad Khan temple which is unique in several r8$p8Ct8 •. Its pillars are 
square and m~ve, its sanctum is n!>t surrounded by an aisle 
enabling the devotees to go round, and its roofing is done by means 
of stone sla.bs in the .. tile roofing "fashion. A cen:tury or so later 
than the Lad-Khan temple was built the apsidal Durga temple. It 
has also the massiveness and other primitive features of CODSfirQc.. . 
tion found in the Lad Khan telQple. But here fore the fiNi time is 
met with So northern tower in its simple&tform over the sanctum. 
Furt-her theseulptural decoratioils of this temple are worihy of 
Flpecial mention. Belonging to ·the earlyChuukyan times IDCl 
dating from the end of the 6th century A.D. are .the Mahakutenara 
and the Hucchimalligudi temples at &hole both of them in the 
Dravidian style,in which the tower is constructed in. a pyramidal 
fashion with storeys rising up in a diminishing series ~h of them 
contajning replicas of shrine I. Temples in northern style ocoar 
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side by side with temples in southern style at Pattadakal, some of 
them dating from the 8th century. But from about the 9th century 
the tendency for fusing the elements of. the. curvilinear tower with 
tho~ of the pronouncedly .southern pyramidal tower where 
horizontal. lines predominate, has begun to appear with the result 
that the temples from this period began to have a plan with more 
angJes than four. Further, as time went cn a temple built in this 
style consisted of three temples joined by a. clodedverandah 
(Fig; 98), 

All these were erected over a plinth which closely followed the 
angles of the ~imanas themselves. The famous examples of this 
star-shaped style are the oneo built during the period of the Hoysalas 
'.If DvarasamuJram, and they include the temples at Belur, Halebid 
and Somanathpur in the Mysore State. These temples are 
characterised by minutely and delicately carved figure sculptures and 
pillars of a variety of forms. The lathe-turned pillarl:l with high 
lustrous polish of the Jaina temples are specially noteworthy. 

TamDlan 8tyI8.- The story of the temple architec~ure of tbe 
Tamilian (Dravidian) style remains to be told. As has already been 
foBili e'lta.mples of temples are available only from the t.ime of the 
Pallavas in the southern-most part of India, the earlier temples of 
this region, if any existed, not having survived owing to various 
reasons. The. examples of the Dravidian style are found IC&ttered 
througbQut the undivided Madras Province .. well r.a in some parts 
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\'1' '!"l'Ulalll'orc :lUd ~lpurc ~Lalt's and the DecciUl, Til(; ucn'lGp
ment of the architecture in this style being continued unbroken hll 
this day, there are naturally dJtlltrenct'~ betwt't'll (II(.' temples or Oil'; 

period nnd tho~f' of tht: other. Ac('ording1y the t('!lIpl(':~ of SOlllli 
India ('ian be classified as follow:,:: tht' tl'nll)l~s of tue l'allan, tllp 
Chola, the Vijayanagar, the Pandya, the, Nayak and the Model'll 
periods. In each period, a significant addition to the temple com
plex was made and a distinctJl.'e denllopment 10 the del'orul!\,~ 
~etalio: and lJ!o:ifs IS nuticed, 

Pallava temples.- Building temples in :.;Ollt' heill~ ~lll i 1I1l0Va I io:! 

introduced into South' India by the, great art-Hundt,a .Mahelldra
vat'man of the Pallava dynasty, temples of his per-iud ~how clearly 
thE' ma.rks of archaism such as massive square pillars ulhl kilt/ill>' 

enclosing human heads on the cornice~, .\llli all his Ll'lIlplt-;-; ill\' 

only rock-cut caves which are scattered t h l'Oug-hout I he ('011 n try 0\ e1' 
which be held sway. Thus itIahendravanllan'::\ ('an~ tl'lIlp'-':,jI'e 
found at Pallavaram near Madras, Dalavanur near Gingee, 'l'il'll
chirappalli and 8ittannavasal neal' Pudllkkottai. Architecture 
I'eached an interesting- lind significant !'.wg-P 01 til'n:iopnlt'nt. durillg 
the time of Narasimhavarmltn I l'allava. till' "nil allll ~lIcee:.:·'OI' of 
Mahendravarman I. The noble little monolithic "hrines of Malla
ba.lipuram were hewn out of a long boulder by the hiqhly tulentpd 
Pallava. architects who were inspired to crea.te out of ~hapl'l(',* 
masses of rock, works of great beauty and of everlasting interest hv 
the art-minded son of an art-minded father. 'rile creative geniu:; 
of the people who were responsible for these monolithIC shrin('8 j~ 
dearly brought out by the variety of beautiful form!'. Each one of 
the five shrines is an interesting study by itself. The so-called 
Draupadi Ratha (the Durga shrine) has the simplest form with a 
thatched hut-like superstructure. The Al'juna Ratba 1::1S a more 
developed form and is clearly the predecessor of later magllificient 
pxamples of temple vintanas. The Sahadeva Ratha IS jr>terestillg 
for its apsidal plan. The Bhima Ratha has a wagon-shape which 
'lnticipates the stupendous gopuras of later periods. Th~ most inh'
resting of the shrines is the Dharmaraja Ratha which has three 
storeys, each storey being separate from the other. In these tem
ples the pillars assume a. slel!der form with seated lions at thEir 
bal'es. Besides these monoliths, Narasimhavarman also caused 
the excavation of a few Tock-cut caves which also have the tlewloped 
pillar. Excavating temples was continued during the reign" (,if 
Nara,simhavarman's two immediate successors also. But H: hold step 
forward was taken in the art of building by Rajasimha, th" great
~rrandsoD of Narasimhavarman I who began the practice of bti.iIding 
structura.l temples and out came from worked slabs of stone the 
mag!1ificient Jalasayanesvara temple popularly known as th~ Rhore 
Temple which has remained through the centuries, the -::ynosnre of 
both mariners on the sea and pilgrims to Mahabalipuram. The 
characteristics of the Shore Temple are pillars with rampant lions. 
the prismatic linga in the sanctum facing the sea, and the compound 



ilANDBOOK OP MUSBUM TBCBNIQU& 

wall surmounted by couchant bulls. HaVing met with a good E'UC

C(',fIS 1D this novel eXlleriment in the art of bU1lding, the grea' monarch 
Hajasiroba caused similar structural temples a' J:'analllalai ill thE. 
South Areot distnct and at Kancheepuram. '1'11e l\.allasanatha 
temple at Kanchi built by him is justly famous for its magnificientl 
de~ign, beauty of decoration, wealth of powerful pu,an.c sculpt.ureli 
and grand towel' over the sanctum. Here the piUar with rampant 
lion at its base is conspicuous. Other special features of this temple 
are the subsid.iary shrmes lining the interior face of the compound 
wall and the small stunted tower over the gateway which is the 
most ancient example of a gateway tower. At a later period a 
hall was added to this temi>le in front of the sanctum, which is 
also a noval feature having great potentialities to develQp into hallJ 
of hundred and thou;.;:,md pillars of later periods. 

A few years lat<lr and during the reign of Raj!l.Simha's succeS:iOr 
Nandivarman II, the Vaikunthaperumal temple aG ~anchi wu 
built. The central shrine has three distinctively demarcated 
storeys like the Dharmaraja Ratha at Mahablipuram. I, is 
enclosed by a. wall and on the inner side of this wall is put up a 
verandah on a raised platform. The pillars of this temple show 
8(jated lions at their bases, and the palagai and cuahioIJ.-capital at 
tl!eir tops. 

Chola templea.- The norm of the temple unit establisbed by 
these examples was continued till about the end of the . 11th 
century. But in the meantime, due to causes which are to be 
t'xplained elsewhere, a la.rge number of temrles with an apsidal 
pian came to be built. The hte Pallava temple in this style at 
Tiruttani is an early example. But a great majority of them 
belong to the period between 850 A.D. and 1100 A.D. The build
ing of temples on ~his plan wa.s discontinued after that date a.gain 
due to causes unknown. The culmination· of the type initiated hy 
Rajasimha Patlava was reached in the Brihadil1vara temple 
'it Tanjore built by the great Rajaraja Chola.· The note
worthy featurea of this temple are the larger, now more 
interesting pillars, simple mouldings of the ba.sement. the large 
mahamandapa and the much more pronounced tower over the gate
ways. Till this time the temple unit remained the same, namely, 
the sanctum, antarala, mahamtJndapa and Mndi pavilion, all these 
surrounded by a high wall with its entrance surmounted by a tower 
of stunted dimensions. A few a.dditions such as' the separate shrine 
for Chandikesvara and the second gateway with tower are seen in 
the Brn, 'Hlisvara temple. But in the temple at Gangaikonda
cholapm ~m built by Rajendra. Chola lone more significant addi
titlll has been made in the form of a separate shrine for the goddess. 
Up to f.his time no separa.te shrines to the goddess. either in " 
Vishnu temple or in a Siva temple, were found although there 
existed independent shrines for goddesses of a terr'u~ nature Bu('h 
IS Dure:a and Kali. Subsequent to the 11th century till the end of 
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the Chola. period no more significant additJons have UCCIl made to 
the otemple unit except the elaboration of the pillartldllUlutltlpao lind 
the decorative features of the pillars. A beautiful example 01 
ll1andapam in the form of a chariot is found in the tt:ruple at Dara
puram which belongs to the 12th century A.D. 

ArcIl1tecture during Ole Vija,anagar perlod.-It is only in tllC 
Vijayanagar period· that a great effort was made to embeHisu the 
already e:&isting °temples of great sanctity with more elaborat.ely 
wrougbt balls and gateway towers. The simple oduted llillal's with 
highly restrained decorations of the earliel' temples liave heen 
substituted by huge monolithic pillars carved very minutely and 
with figures of lion trampling an elephant, horseman a.t hunt, cLc., 
of exqui~ite workmanship. The most famous example of thIS kind 
of °mandapa is the Kalyanamandapa at Vellore of the liith century 
A.D. Further, a lot of time and labour was spent in the construc
tion of elaborate gateway towers which from this pcriod onward~ 
began to dominate the entire temple complex and made the central 
sbrlDe dwindle into insignificance. A more important devciopluellt 
than all· these is the introduction of the feature (if erecting m(.re 
than one compound wall around a temple, the famous example being 
the temple at Srirangam. It is m the va\lant colll't.-yat·ds between 
tbe central shrine and the first wall and between the walls them
selves that the above mentioned elaborately worked pillared ha.lls 
were erected. A significant development observable in the cOl'beh 
at the top of the.pillars is the foliage motif. Monumental examples 
of the towers of Vijayanagu' period arc those found at 'fil'Uvauna
malai, Chidambaram and Hampi. Erecting similar ~owp.rs wr.s 
also the practice with the kings of the Pandyan dyn:lsty. 

Karak contribution to Archltecture.-During the period 
of the Nayaks of MadUJ'a a novel addition was made to the temple. 
It is the er~tion of corridors which is exemplified i>y the l'udu 
Mandapam at Madura. The traditIun of buildmg gopul'as v. as also 
continued with grea.t vigour. Further ° the corbel:; of the pillars of 
this period show at . their ends a plantain flower-like motif. 
Another good example of an early corridor is met with in the 
N ellayappar temple at Tirunelveli. 

Architecture of the modern perlod.-'.L'he last great step taken 
by the architects of the Tamil country was in the direction of 
integrating and unifying all the different parts of a temple, buch 
as the central shrine, mandapas and the porakaoras, which till now 
remained disjointed, into an integrated whole. The way for acbiev
ing this was paved by the innovation of corridor building during the 
Nayak period in the 16th and 17th centuries A.D. 'l'hc latt-,.r 
achie,-ement consists in covering the spaces between the walls by 
a stone roof and introducing into the spaces the corridors all rOUDO. 

The finest example of this development is found in the temple at 
r.amesval'am in the Ramlln!Hhapuram distnet. 
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Indo-Islamic Architectute *.-The contributioll8 of the MUlfuni 
t.: the artistic wealth of India are considerable. Their acb..e'f8-
IIwuts in the field of architecture are marvellous. Some of the 
c:;alJlples of the art of buildings produced under the aegis of Muslim 
l'ult'r& rank among the best of their kind in the world. Thouall 
the MUl:;lim incursions into India date from the beginning of the 

. 8th century A.D. the Indo-Islamic works of art date from only 
the lith-13th century A.D. after the firm establishment of 
l\Iuslim rule in Delhi. 

From long hdore this period the M:uslims in ..)t.htil' parta of the 
world have produced works of art and architecture. Bu~ what 
was produced by them in India has _ ftavour of ill own. 
EFpceially in the field of architecture, the Muslims who pe~
JI(mtly settled in North India got several new id .. from the illdi
gt'nous architects, e.g., the· brackets for supports. They had 
<lif'carded manv an element of Islamic architecture of.Persia and 
ot her places. ·The result of this judicious combination was Islamio· 
architecture of Indian type. The chief characteristics of this 
t.yhrid architecture are, use of concrete and mortar, spaOning big 
spaces b~' e,rches, covering large areas by domes, beautifying by 
mii1arets, . etc. Their· decorations included beautiful geometric 
Ill'vire.'!, fine calligraphy, gilding and mosaics. 

Since the Muslims were concentratea in North Indiar and &pces.d 
io a few places in the Deccan, their monuments exist only in these 
places. In -South India. examples of Indo-Islamic architecture do 

. ll(,t ('xist except for a few insignificant imitations. But, in. se\Teral 
,:l'eUln·l· buildings belonging to the late Vijayanlqlara. and ModeI'D 
periods a number of elements of Ind~Islamic architecture have 
found a place owing to their special architectural and ae~thetic 
Ill1uJitieR. 

D{'lhi hein~ the caplt8l1 of India during almost the whOle of the 
p('riod of the Muslim rule (nearly seven hundred years) it has a 
lI\,mhel' of l'plendid monuments belonging to this period. Earll 
specimen!:; of architecture show Hindu influences toa large extent 
C.S!. Quwwatu'l-Islam (1191 A.D.), the tomb of Sultan Gbari 
huilt hv Emperor Iltnmish for his eldest son U2Bl-82 A.D.>, and 
th,., 101;1h of 'II tum ish (1235 A.D.) 

The Khal,l perlod (1190-1818 A.D.)-DuriDg this period the 
url"h('~ and o.ther domed c:ons~uctionB ~ ~ be built o~ true 
f'('iC'ntJfic baSIS. The earbest mosque built entirely accordlDg to 
Islamic conceptions is the Jama'at Khana Masjid at the tomb of 
Hazrai Nizamu'd-Din Autiya, I)elhi. A notable specimen of 
al'('hitcctnre of this period is the • Alai Darwaza to Generally the 
ln01!11ments of this period are noted for their rich ornamentation 
'11111 elahoration of detail!'! 

,. Summary of the 1'11a., ..... wa5f' "he same titl!' occurr'ng m the book 0'\ 
. I rrlI1Jeo'Of1/1 fn T lI"i(/; 
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The Tughluq period (1320-U13 A.D.). -In the monumemil 
huilt during this period a puritanical simpli~ity is no~i~C'~ble. 
Special features of the architecture of this perIod are mull1phclty 
of small domes, battered walls and squinch arches. Important 
e:<amples of this period are the fort of Tughlu(lahud and the tOlUb 
of Tughlllli Shah (1321-25), the fortre!\s of 'i\dilahad and tht> 
l-i:otln Firuz Shah. 

The Sayyld period (1414-1444 A.D.}.-Under Suyyid rmd LOlli 
kings the austerity ·of the monuments of the previous period was 
to !lODle extent removed, but Dot compI,etely. The tomhs belong
ing t.o the 15th and 16th centuries show more elevated domes. 
pinnacles at the angles of the drum and pillared kiosks in plncl:' of 
jow subsidiary domes. Enamelled tile-decoration a.nd IlJtus 
finial'! are some of the other characteristics. 

The Lodi period (14'11-1528 A.D.}.-The most signiflc:lut 
contribution of this period is the double dome which is probably 
Syrian in origin. The tomb of Sikandar Shah J.JOdi (1517-18) is 
a. good example of this style. 'rhe Moth-I{l-Masjic1 is, however. 
the best specimen of this style. 

ProviDclalstyles. -During the period from 13th to 16th century 
A.D. when Muslim rule F:pread to various parts of India, se';~r&.l 
provincial styles of architectur~ also ~pra.ng up. such as Multan. 
Bengal, Gujarat, Malwa, Jaunpur, I\'nshmir and th(> De(·can. Of 
the~e, the Decca.n style is pa.rticularly important because of it ~ 
"aricty and extent. There are the following sub!ltyles under its 
Rahmani style (1347-1527 A.D.), examples of which are founl1 
at Gulbarga and Bidar the successive capitals of the dynasty; Atlil 
Shahi style (1490-1686 A.D.), specimens of which are 'foOtld 
mainly at Bijapur. the Gol Gumbaz which is the tomb of Muham
mad Adit Shah (1627-57) being one of the largest bnildings in Inelia 
ana which showl' a beautiful projecting. cornice u.nd the unique 
metllOd of supporting the dome by a combinaiion of intersectin~ 
arches, unknown to Indian architects till then: Faruqui style 
03$2-1601 A.D.); Barid Shahi style (1487-1619 A.D.) exampleE 
l)f which al'e found at Bidar, the finest of them being the tomb of 
, Ali Barid; and Qutb Shahi style (1512.1687), tombs, etc., of 
"hich are found at Golconda.. 

)lugbal Archltectur'.-The Mugha-l period in Indian history 
it; a, remarkable one especially in regard to Islamic architecture. 
Owing to disturbed political conditions during Babur's ;Lud 
Humayun's times no significant buildings were built. But tbt· 
tomb of Humayun, which is a specimen of early Mughal style was 
bnilt by his devoted wife: and it is interestin~ to note that it ::Ierve:t 
as the model for the world famous Tai. Its imnortance lieR in the 
fact that elements of Persian and India·n styles of architectar" 
balTe been blended in it successfully. 
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The Surl at,le (1540-1666 A.D.). -::;her Shah ud his aUCCe<hiOl'!» 

who ,l'uled ,during this period built 110 few interesting buildingll a~ 
DcllJl and III Hlhar. lu view of their restrained chll.1'acter these 
Luildingil are said to commenc~ the era of Mughad architectme. 
'fbe ,til,ler ::;11a11's, mOlique (1541 A.D.> built in the Purana Qila at 
DeHll J:.i a beauuful mOllument. ~rhe octagonal tomb o~ Sher 
Shah a. Sa.hasram in the Shahabad Diatnct Of Bihar is considered 
to be a gem. 

Akbar'a period (1&&6-1606 A.D.).-The highly. cultured 
emperor Akbar was responsible for innumerable -buildings of archi
tectural interest scattered at such places as Agra and Allahabad. 
Those found at his new capital of Fatehpur l:)ikri are specially 
ir.teresting. He borrowed very little from other oountries, used 
red sandstone fol' his buildings with a sprinkling of white marble, 
ewploy~d trabeate order, made 'pillar-shafts of many Bides, etc. Of 
the severa.l magnificient 'buildings at Fatehpur Sikri, .the Jami 
Magjid, and the l>iwan-i-khas are important. The latter Imilding 
has a. beautiful central column supportmg a circular platform. 
'l'he Agra. Fort is an achievement of Akbll1"s time. 

Jahanglr's period (1805-1811 A.D.) .-Though fine arts ill 
gl~neral were encouraged during this period, architectural achleve
ments are few. N evel'theless the tomb of Akbar (1613-14) lllay 
be said to be a fine example where gardens &.re introduced with 
'Jourl etfect. Anotber building of some importa'Ilce is the tomb of 
JtiUUi du'd-Vaulah at Agra., which marks the stage of. transition 
betwe@n Akbar and Shah Jahan. 

Shah Jaban's period (162'1-1658 A.D.)~ -This emperor WIli; for 
cleerance and charm while his father and grandfather were for 
ex;berance and vigour. His buildings are of white matble, show 
cusped arches, have bulbous. dOllies, possess pillars with foliated 
baS(;:'I, etc" and are bea.utifully decorated with fine scl'oll work a.nd 
ftowers Pl'OOUceC by inlaying semi-precious stones on marbale. 
Buildings of his period are found at Agm, Delhi, Lahore, Sriuagal' 
:mtl Ajmocl'. Of these the '!'aj Mabal at Aara is juatly famous for· 
its beauty and is said to be one of the finest buildiI1j{s of the world. 
It is now known t..> have been designed by U t;tad Ahmad 0£: 
Lahore, nO,t by a foreigner as was believed. till a. few decade;; ago. 
Its grace and lovt,liness are .chiefly ~ue to. the chaste white marble 
and its etlU'l'eal splendour IS a fittmg trIbute to the lady of tht, 
l.'aj. The other important specimen of architecture is the Moti 
Mllsjid (tht' Pearl :Mosque) in the Agra Fort. Shah Jahan shiftf>.d 
his eapital from Agra to Delhi where he built the famous Red. Fort 
:md the .1 ami Ma.;;jid. There are a number of buildings within thp 
Red Ie'ort of which the Diwan-i-khas is typiCM. 

Poat-8hah Jaban period (18&8-1858 A.D.).-Decadence set in 
in every branch of art, particularly in architecture. The Pea!'l 
;\TOStlUC" 01' Moti' )OIasjid built bv Aurangazeb in the Delhi Fort i~ 

OJ instunC'P in IJOint. 
~I 
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8eulptlm. -As in the case of architecture the most &llcient 
exsmples of the art of sculpture also date from the period oJf the 
Indus civilization. 'rhat the art was highly developed dllring this 
period is amp~y bQme out by specimens executed by the Indus 
sculptors· . both in· the round and in relief. '11be hesdless male 
figure in the round and the Brahmani bull in relief on the sp.al of 
Mohenjo-Daro are instances in point. Besides these, the artists of 
this period were also proficient in making images in metal. A nne 
example of a bronze figure is the dancing woman whose head-dress 
and the way of covering her left arm' with bangles are features of 
great interest. This figure cast by the process called tile " lost
wu" process is interesting because the bronze figures of much 
later periods were also made by the same process. suggesting tllereby 
tlie great popularity of the process through the ages with the Indian 
artists. 

The Vedic perjod which followed in the wake of the Indus 
civilization is represented by very few antiquities. Whether lJtllne 
sculpture wu practised during this period is not definitely known. 
However, from the copious .references found in the literature to 
images, it would appear as though figure sculpture in perisltahlc 
materials such as wood was in vogue but owing to the impermanent 
character of the material they did not survive. Although large 
figores belonging to this period have not come down. figurines in 
clay repreSenting the laSt phases of the period have been met with
in .several places in North India. These figures in general are hand
made and show primitive features. Nevertheless a good nUJllber 
of them are done so beautifully as to prove unambiguously the fant 
that the art of sculpture "ontinuecl to be practised wito undiminished 
vigour and with high plastic qualities. In fact. it IllclV be said 
that· these ftgurines were the proto-types of the beautiful figures 
ploduced la~ on in di1ferent parts of India where the traditions of 
the art a'8 seen in the clay figurines' were not only kept alive but 
also greatly improved upon . 

...,.. I01IIptare.- The subsequent historic period witnessed 
the rise of the two great religions. Buddhism and.Jainism. The 
followers of these religions were probably the first to develop the 
art of sculpture, particularly sculpture in stone .. Bitt an unprece
dented briskness in this field of creative aetivitybecame evident 
only from. the third century ~.C. A80ka,the great Yauryan 
emperor,' was not only a devout· Buddhist, but aleo a great patron 
of. art which he employecJ 80 successfully for spreadi. Buddhism 
far and wide. The chief works of art of his period are the stupas. 
the pillars and a few roek-cut caves in Bihar. Of the scmlptnres of 
this period two groups are met· with, one group done in the tradi
tional Indian way; and' the other group done in the Persian way. 
The . most important examples of the former group are the figures 
of Yakshas from Parkham (now in the Mathura Musenm> Rnc1 
Patna: a Yakahi from ~88nlgar {now in the Tnllian llU88d1n); 
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the front parta of an elephant at Dhauli in Orissa; the Chauri
bearer (PI. I) from Didarganj (now in Patna Museum); the 
frieze of elephants in the Lomas Rishi cave in Bihar and the 
Hampurva bull which formed the ·capital of a pillar. These figures 
show features characterised by vigour, volume and mass. In addi
tion to these, the very decoration of these figures is unmistakably 
Indian. Above all the subtle and most effective way of expressing 
inner strength and feelings of emotion is truly native to the soil 
a.nd shows the consummate mastery of the sculptors in the tradi
tional lpre of this art. 

The main elamples of sculptures in the Persian sLy-Ie are figures 
of animals which topped the pillars erected by Asoka. These are 
distinguished by realistic delineation of features and the high polish 
of the surface. Moreover amongst the decorative details of these 
are found motifs which a.re for.eign. These facts go to prove 
that there was active intercourse between India. and i'ersia: and 
Asoka in his zeal to propagate Buddhism did not hesitate to get help 
from foreign artists. The best example of this style is the Saranath 
lion capital which has been adopted as our national emblem. 

Sunp sculpture (180 B.C. to 100 B.C.).-During the reign of 
the Sungas the art of sculpture was developed still further and sur
prisingly the examples of sculpture of this period are in the pure 
indigenous style, not free yet from archaic features, which suggests 
that the art· had· not yet advanced much. The sculptures of this 
period are' exemplified mainly by those of the Bhuhut stupa (lndian 
Museum) and those of the stupa No.2 at Sanchi; and they show 
si~ns 'of emerging from the primitive style . into.a classic one. 

Bar., ADdhra sculpture.-Next to the Mauryas, the credit for 
producing sculptures of -great artistic merit on a large scale goes 
to the Andhras. The early members of this d1nasty were con
temporary with the Sungas. The Andhras were responsible lor 
the oonstruction of the great gateways of the Sanchi stupa in 
Bhopal State. Here the sculptures are in a. much advanced f>tyle 
and show co fine composition, perspective and detail": A few 
flCulptures produced 'in the same period In the Krishua valley are 
available but they show primitive features. Repr~senting this early 
period there are only a few Jain sculptures and a few Hindu sculp
tures. The Jain sculptures of this period excavated at Kankalitila 
near Xathura are exhibited in the Museum at Mathura and th'!Y 
include beauGiful Yakshi figures. The Hindu sculptures of this !lge 
are exemplifie(! by the famous ZingG· at Gudimallam (PI. ~ in 
the Chittoor district and the ling.'l and a terracotta medallion from 
Bhita near Allahabad. 

Later ADdhra lOulptute . -The most noteworthy examples t. f 
sculpture of this period are those thatadomed the Buddhist stupas 
erected in the Krishna valley between 100 A.O. and 800 A.D. A 
significant and important colleetionof sculptures was discovered 
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at Amaravti, the ancient capital of the Andhras, where i'tood one 
of the most wonderful stupas, adorned all over with t'xquisit~ sculp
tures. They belong to different pel·iods. a~d consequently show 
differences in their workmanship. The sculptures of the period 
ending about 100 A.D., are poor of workmanship compared to the 
ones that were carved on the railing round the Stlipa. era.cted about 
150 A.D. (PI. III). These later sculptures reveal classic qualities, 
such as beautiful modeling, restrain in decoration, perspective 
and· vigour, although there was overcoming in the cornpositiOll .... 
Examples of sculptures from Amaravati, Goli, etc., dating from 
about the beginning of the 3rd eentnry, A.D. show slight conven
~ionalism and stIffness. 

Indigenous sculpture of Kushan times (100 A.D. to 300 A.D:).
To this period belong some of. the J ain sculptur~s from Mathura 
mentioned above and a Yakshi now in the Bharat Kala Bhavan. 
Banaras. The early works of this period, as should be. expected 
show archaic features and are rigid. But the sculptures of the 
2nd century A.D. are more graceful and voluptuous in feeling' 
than even the Andhra sculptuJ;,es, the Yakshis of the Bhutm-;ar 
railing from ~a~hura being particularly beautiful. It was d.uring 
the latter part of the first century A.D. that the image of the 
Buddha was created for the first time by the indigenous sculptors. 
The Kushan Buddha figures in the indigenous style are true to the 
Indian fashion, and are good examples of the art which tended to 
idealise spiritual perfection rather thah the physical beauty as was 
the character of Greek art. In the sculptures in the indigenou<: 
style the Buddha was shown only by symbols up to about tha Lt 
century A.D., while in the Gandharan sculptures which are influ
enced by Greek ·and Roman 'U't human figures of the Buddha2ppear 
from the very beginning. But in South India the Buddh& was 
shown as a human being as well as by Rymbols, a practice whwh 
continued till the 3rd centry A.D. when the Andhra. rule ended. 

Graeco-Buddhilt sculpture.-The art Of sculpture was wen 
established even in the 2nd century B.C. in the North-western 
part of India. Here the families of Greek sculptors who accom
panied Alexander had been living for a considerable period, ·con
tinuing the Greek art traditions. When the Kushanas came to 
power they encouraged the development of these art traditions witb 
the result that a vast qUlLntity of sculptures relating to Burldhism 
have been discovered in this area. A great majority of them hel<;)llt! 
to the time of Kanishka a great patron of art, who was rurng 
from Peshawar. The art received a setback about the 3rd century 
A.D. here, but it was again revived at-out the 5th century .\.D. 
and exmnple,.; (If sculptures of this phase, mostly -lone in stucco, are 
excellent. 

The Gllndhltl'an scntptur(\~ of the early period are aho fO!'rIl:1i. 

\~hile those of the " Indo-Afghan " period exhibit qu&lities, such a~ 
vitalitv. fref?dom and realism. The ~111ptur~~ of the parlier period . . . 
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.re executed in stone while the later ones are in stucco. The 
main difference between the Gandharan and indigenous styles IS 
that in the former greater attention is paid tot~e details of human 
body than to spiritual qualities which are a distinctive feature of 
the sculptures of the indigenous style of all periods. 

Gupta 8culptun.-The sculptures of this period (4th to 6th 
cent~ry A.D.) are numerous and they consist of specimens 
illustrating themes of all the three religions. The style of 
sculptures shows a continuation of the mdigenous Kushan style 
but rapidiy tending towards idealism. " In its cl<!.ssical restra.int 
a.nd mastery of materials, the sculptures of this period re8emble 
the works of the Greeks several hundred years earlier." The 
Buddha figures (PI. IV) of the Gupta period have as llo rule, their 
aureole covered with beautiful carVings of foliage. and other 
Immature figures, and worshiripers are shown at the feet of the 
Master. Some of the most beautiful specImens of this }lfilTio!l were 
discovered at Sarnath. 

Chalukyan sculpture and Its derivatlves.-[n the Deccan the 
art of sculptuI'e was developing in a mixed way. It retained all 
that was best in the indigenous style such as the decorative features, 
the supple limbs and the details of human body characteristic of 
the region, while it was much influenced by the Gupta lift tradi
tions which were carried over to ·Western India through the inter
vening territory ruled over by the Vakat<tkas. Beautiful examples 
of sculpture of the early Ohalllkyan period (6th to 8th century A.D.) 
are available at Badami, Pattadakal and Aihole. The sculptures 
of the Eastern Chalukyas who were ruhng on the eastern coa.st Vtith 
Ven~d as their capital differed a little from those of Badami. But 
thE:' Vengi school was influenced by the art of Amaravati to a great 
extent. The Rashtrakutas who came to power in Western India 
after defea,ring the Badami Chalukyas. continued to patronise the 
art and were I'l'~p()nsible [01" the wonderful temple of :Kailasa at 
~1l01'a (8th century) as well as for the beautiful Jain sculptures dis
C'OVf'ren at Dana.vulapadu (nc,w in the Government Museum, 
Madras). 

The TI' ~strrn Gangas of Tala~'ad alflo contributed to the develop
ment of the art of fl('ulpture and it was during their reg·ime thl.> 
('olo~sal monolithic figure of Gommatesvara, 57 feet high, was 
carY(>d on the hill at Srav:ma. Belgola in the My~ore State. 

Rf'lmtifuJ sculptures belonging to ahont the 10th and 11th 
centuries .\.D. have hp.()[! discovflred at Hemavati ill tl1e Ananh
pur dist.rid. Th('se were made during the rule of the Nolambas 
who were feudatories of the Western Gangas and others. The 
sculptnrf' ie; in the 'Ve!':tf'l'n Chalukyan style a.lthongh a few ele
mentll of thf' art of sculpture of the Tamil conntrv· are found in 
theFle work!:. The detA,ils of carvinlZ s11ch M~ Aiva.'s hair. etc .• betrav 
Tamitian ipfluence. Contemporary with the Nolambas were the 
later Western Chalukyas. Representing their period are a numher 
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of sculptures which show features &kin to those found on the sculp
tures of the early Chola. period bUG with this ditference that their 
decorative details are influenced by the Deocani school. 

The H oysala 8chool 01 8culpture which flourished between 1100 
and 1300 A.D. is reputed for vigorous modelling, plumpy fhysi:}ue 
and an extraordinary richness of decoration. The· delicate carving 
of these sculptures is in fact in the nature of carving "in more pliable 
materials such as wood, ivory, etc. Examples of, the Hoysah 
sculptures are to be found in the Mysore'State, in the temples at 
Belur, Halebid and Somnathpur. . 

While the Hoysala school of sculpture was producing sllch 
wonderful sculptures in the western Deccan, the school patronised 
by the Kakatiyas of Warangal who were contemporary with Hoy
salas, was producing sculptures which showed a combination of the 
Western Chalukyan and the Eastern Chalukyan traditions. The 
figure sculptures are elongated and they are shown in interesting 
poses embe1lis~ed with ornaments and costumes equ;illy interesting 
and characteristic of the localfty. 

TamIUan seulpture.-The sculptures of the. Tamil countt'Y 
dating from the 7th century are simpler in treatment than those 
from the Deccan. "In the lines of its figures, in its treatment of 
eyeE' and the absence of canopies, .this sculpumre resembles the 
Amaravati sculpture, but it has more rugged strength than the 
Amaravati and Gupta sculpture." The poses of the figures are> 
treated less hea,\;iiv in this sculpture than in the Chalukyan ~peci
mens. ,As in the case of arch!tecture, the Chalukyan and 'l'amiJ 
seulptures were developing independently till' VijaY"!lagllol' .period 
when the traditions of the Tamilian sculpture began to dominate. 

The five periods of Tamilian architecture--Pal1ava, Early Chola, 
Later Chola, Vijayanagar and Modern-have each its own charac
teristic type of sculpture too. A gradual evolution of the featureo; 
of the sculpture is met with as time passed on. 

Pallava. perlod.-The figure.s are natural in pose and' their 
modellina is fine. 'fhe draperies are heavy and the ornaments are 
few and delicately carved. Feminine figures are extremely grace
ful and their workmanship immediately -brintlS to the mind the 
voluptuous women of the Amaravati SCUlptures. , In general the 
sculptures of this period are distinguished by an extreme simplicity 
of treatment and gracefulness of form. and high-,restraint of decora
tive designs. 

Early Ohola perlod.-The sculptures of this period a»6 noted 
for their classical restraint and grace, reminiscent in feeling of the 
ea.rlier classical Gupta sculptures of the North .. In pose ani mouM
j~ they tend to be formal although in the best examples (Pl. V) 
a higl. degref\ of w-ace aDd dignity are easily seen. 
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Later Chola perloeL-The sculptures of this period show a 
roarke,l tendency to conventionalise the pose"J, dJ'aperies and 
ornaments. . Nevertheless there have come down to us a few 
F,cmlptures of this period which hav~ preserved the Ungcung clllo88ic 
traditions of the earlier period. 

VlJaJanagar perioeL -The examples of sculpture of this period 
show an e1obration of details such as draperies and ornaments, 
which is unknown in the sculptur~ of the earlier periods. ~'he 
poses"'ind forms themselves are still more CcsnvelltloI'lalised. The 
face is somewhat expressionless with sharply pointed and prolDl
nent noses and vertically grooved chin. Examples of these are to 
be found at Hampi in the Bellary district and in the telJlples and 
towers erected by the Vijayanagar kings in the different parts of 
South India. 

Modern perloeL-Even during the post-Vijayanagar period the 
art of sculpture aspecially the religious sculpture, was practised 
widely as will be testified to by the examples of sculpture tLatare 
seell m the temples built during this period. They are usually stiff 
3.ud lifeless with unduly prominent noses and conventionalised 
draperies and emblems. 'l'he general character of these sculpture!j 
is rigidity. 

Metal sculpture.-·Side by side with the scone carving, there 
existed the practice of making artistic images in metal. 'l'hat the 
art of bronze figures was in vo~e in the 3rd millennum B.C. is 
exemplified by the small bronze figure excavated at Mohenjo-Daro. 
Coming down to the historic periods, the metal figures that helOllg. 
to the period from the lst century A.D. to about the 5th century 
A.D. are also few. Kanishka's relic -casket with figures of seated 
Buddha and others, from Peshwar, is a well-known example of the 
art of the 2nd century A.D. But the figures are nC?t fine and do 110t 

compare well with the contemporary stone figur~s. Perhaps the 
immature technique of working in bronzes might be a reason tor 
their somewhat primitive features. 

A.. good number of examples of Buddhist bronzes of the Gupta 
period have come down chiefty from Kurkihar. But there is noth
ing to excel the superb bronze standmg Buddha figures from 
Sultanganjnow in the Birmingham Museum. To an earlier 
period tban this belong the bronze Buddha figures unearthed at 
Amaravati now in the Madras Museum. But unlike the Sultan
ganj Buddha, these'Amaravati ones which are the earliest exainples 
of bronzes of South India, ~how features of undeveloped fltyle 
although the faces are highly expressive of qualities of self-pos8~.s
sion and spiritual calmness. In north India, bronze figures were 
produced, in some quantity, tluring the Pala and Sena periods in 
the Bengal region while in r.he other r~ionR not much attention 
was paid to this art. In S011th· India. bronze casting was invoe;ue. 
C'n a. restricted scale during the Pallava period, >!I'eater attention 
having been paid to the art of stone sculptures. Further, bronze 
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ligures were not necessary in that period because there was no 
rigIdIty regarding the admission of people into the temples wblCh 
therefore naturally restrained the use of such movable figurea 
mtended for purposes of taking out in procesSlon, a practice which 
became universal dwing later periods. The few images in Illetal, 
claImed to belong to this period, show the sa.me ·characteristics as 
are met with in the stone sculptw'cs of the period; 'fhis IS true 
also of the metal figures of the 8ubsequentperiod~ Of courde, 
there may be some little difference in the modelling and decorat)olt~ 
etc., between specimens of metal figures and those of stone which 
is ineVItable because of the difference in the materials and the 
technique employed. The sects of Vaishuavislll and Saivism 
havmg become well established by about the 11th century, and 
ca.ste dlstmctlOns aiso having come to stay, the practice of restrict· 
ing admission only· to high caste people into the temples came to 
be practised widely. 'fhis necessitated the taking out in proce~t'ioJ\ 
the images of gods and goddesses so as to enable the maiiSe:il of 
people who were demed entry into the temples to have darshall of 
the .Lord.· So there was need to make a larger number of these 
portable metal figures as it was not easy to move out the stone 
ligures permanently installed in the sanctum. Consequently a vp-ry 
large number of metal figures dating from 11th century A.D. have 
come down to us. Amon2st them are found images of gods awl 
goddesses of the Hindu pantheon as well a.s "Rnddhiflt and .Jai" 
images. 

Of South Indian metal figures, those of the Chola period 
(950 A.D.-l300 A.D.) are charming and digmfied. Especially the 
groups of Vishnu with Sridevi and B,llUdevl and Rama (PI. VI) with 
Sita, Lakshmanan and Hanuman, in the Madras Museum and 
National A.rt Gallery, Madras, respectively, are excellent specimens 
of the art. Above all, the metal figures of Natesa produced l;uring 
(his period, have evoked 3.dmiration of artists and connoisseurs from 
all over the world. Of the Natesa figures, one from 'ril'uvalanga<1u 
in the Chittoot' district and a.nother from Velanganni in the Tau· 
jore district are masterpieces of metal work and the French artilSt 
A. Rodin went into raptureR over them. Another interesting 
"Natesa from Punganur is illustrated here (Pl. Vm. 

Terracottas.-As forming an important item in folk ritnals and 
cults, hand-made terracot&a or .clay figures have been occupying a. 
spec!ltl position for a long time in Indian art. A large number of 
examnles of this folk art have been unearthed iIi Mohen10-Da.ro 
and Harappa among which the figures of the Mother Goddess type 
abound. But, as a rule, the human figurmes are somewbat crude 
compued to the ammal and bird figurines. 

Ar. in the case 01 the other arts, few specimens of this art 
belonging to the perlod from 2000 B.C. to 300 B.C. have been 
discovered. BUli a. quantIty of such fiJ;!urines. made hy hand and 
with archaio features such as are found on tlle' figtlrines 
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of Ihruppa culture have been discov'ered in different parts of 
~orth India and they have been assigned to a perlOd earlier than 
the Mauryan period. 'I'he examples definitely attribbted to t.lIe 
:\luuryau pt:riod are Hcen to contmue' the older traditions, IIDd 
:HIIOllg tllese grey coloured figunnes are noteworthy. A little later 
lU llie ::>unga pt:nod, tile figurines while being still in the round 
are worked by a. double process, namely, the nand-made body 
allixed to the head, nla.de from a would. 'fills technique CWle into 
w.e [Oi' the fu'llt time now. After the introduction of the use of 
tOlllpldc moulds, about the first century .H.C., the art made 
rapId progress, and moreover the examples done in this style 
','ntIca to be more arti:-;tic ill quality than those o[ the previous 
period. l'he well-known examples of this period are the (.nes 
!ilsl'oycrcd at ~lathura, Kosambi, Ahichchatra, Fatna, etc. More 
far-reaching than the technique was the replaccment of religi(lllS 
li:,{ures by secular ones with the result that a large number of 
tigures of llIen and wOlUen Jolld of couples (mithunas)' ill (lifferent 
poses, etc., were produced durmg the period. A number of 
tcrracottas of this and the subsequent periods were also found at 
I.'ondich(·n'y ill Houth India. 

Durmg the KUl5han period, the art reverted to the hand-made 
technique. As a result of this, the examples are crude. But this 
:-;tatl- of ailuu's did not continue for long, as, with the ad,'ent of 
the Gupta age, the terracotta figures came to occupy a' p()sition 
similar to sculptures in stone and big temples built of brick hegan 
to be decorated with beautifully carved terracotta pla'jues. ~he 
survivlllg brick temples at Bhitragoan (Kanpur District> and Sirpur 
furt her show that moulded bricks were also used for buildings. 
or the Gupta terracmtlEl. a. good number are plaques presse.d out 
of moulds; but an equul'lualltity of large panels jn high relief for 
use m buJldings was also uwt wit·h, l'his art persisted up to recent 
tlllles as would be seen by the brick temples of Bengal and the 
figures of folk deities of South India. 

Paintlngs-Murals.-The graphic art has had a long 4istory in 
IndIa. A variety of folk-cum-symbolic painting wa.s in vogue in 
tile 3rt! millennium B.C. The examples of this art are both in 
I'mgle colour (monochrome) and in several colour<$ (polychrome). 
The traditions of paintings were continued in the subsequent 
periods. They were also much improved upon. Tbe fact tha' 
lhe painter's art was much encouraged is proved beyond doubt by 
the numerous references to the halls of paintings (chitrasaZa) and 
teachers of painting in the literary works of different periods .and 
locahties. There is a separate section in the Viahnudharmottaram 
devoted to the technical aspects of painting. 

The ea.rliest extant examples of painting date from the 2nd-1st 
l'C'nhuv B.C. and are found in the caves Nos. 9 and 10 at AJanta. 
Thev are vigorous in their lines and Imbued witll a naturalism not 
,\'t'1 completely freed from a.rchaic features. 
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There 1.: an ab.·upt break arid further examples of the art are 
,waiJablu only from the 6th century A . .D. They are again at 
Ajanta in the later caves, such as cave No. ·16 and the caves at 
lhgh. 'l'he subjects are .Buddhistic, and along with the delineation 
of the Buddha and the Bodhisattvas, a number of domestic acen. 
l'l'\'t~alillg a vast panorama of social life of the times are painted. 
Jt hal; been remarked by very competent critics that although the 
paintings abound in details, there is rarely a repetition of auy \lne 
of them. 'l'bi~ fact shows unmistakably the deep knowledge of 
tile artists. Above all. the expressions of the figures in \hem are 
:::upl·l'b. I·'amous examples of the paintings of this period are ahe 
HodhisIlU\'a Padmapani in cave No. 1 the Mother and Child 
in CIlV<; No. 17, bot,b at Ajanta anll the scene of mel'riment and 
dance in the Bagh cave. 

In this connection, it has to be said that a large number· of 
Buddhist caves containing' wall paintings were discovere4 in places 
l"Ul'h al:! Bamiyan in Afghanistan and other places in Cent.raI· Alia. 
'l'bese paintings are dated from the 5th century to me 9th cen*"ry 
A.D. Although t.ht"se examples show a mix~are of Indian, 
Il·ltllian and Chinese traditions. the earlier specimens are predomi
nE:nt.ly Indian. It is through this route that the traditions III 
Indian Art, particularly of painting, travelled to China and Japan. 

In South India, the art of painting has been a fashion from 
very early times. But OWlDg to the non-survival of any kind of 
~tl'uctln'cs belonging to periods earlier than 000 A.D., neither 
~1l('cimells of sculpture nor those of paintings of this period have 
come down to us. At the beginning of" the 7th century A.D .• the 
artists of South India were very active and examples of wall paint
ing!o1 of this period are found \n the famous Jaina cave temple at 
Sittllllnavasal near Pudukkottai, attributed to the time of Mahen
dl'RVarman I of the Pallava dynasty. Although tbe 101mils of 
Sitt:umavasal are a little later in date than the Ajanta. palDtings. 
a close scrutiny will show the remnl'knble height to whicb the 
m·t wai; (}('ve]oped in South India at that tiDl3 and. the \"I~t 
:1it1'erence in the form, content, details. expression, aud the 
tt>chnique between them and the Ajanta paintingfl. Later examples 
ill the same style are found in the Kailasanatha temple at Kanchi
pm'am and in the Siva temple at Panamalai, both of about 'i.00 
A.D. 

That the traditioTJS of the painting were ooI>tinued in the 
suh~eqll('nt periods is shown by the paintings on the walls of Jaina 
ea,"es at Tirumalai in the North Areat Di.stri~, 'dating from the 
10th century A.D., and the 11th century wall paintings recently 
hl'ou#{ht· to light in the Big Temple at Tanjore. a nonle edifice built 
hy the Great Raja Raja Chola I. The superb rytbmic movement, 
h'I'eat vigour, and beauty seen in the figure of the dancing girl at 
Sittanna\"asal are continued intbe danciDg girl in the BrihacJisvara 
temple at Tanjore. 



lAter eumplea of them of painting in South-India are founcl 
at Hampi, Somapalle, Lepaks.tu and m a number of p1acea 
jn the.Kerala Stace auch aa l'rivandrum, Padmanabhapuram and 
MattaDcheri. 

_ !Ihde" JllDuap of Butera Inclla.-;while the development 
of wal".paiD~ was ,oin; on as noticed above, tb~e was_ a reaction 
agaiDA.'.n wmch manifested itself in the growth of mWature 
pai&inp, in/Eastern andWesWm India. Gen6l.'aily the Drlniatures 
toU_ b form of -illustrations of manuScripts, and the subjects 
dMl\ with are gods and goddesaes of Buddhism and J ainism. 1'm • 
.. » characterised by simplicity in- composition and flowmg lines 
~ w.w al glowing colo~ achemes.' Ii is exemplified t, the 
rePl'*ntations in the famouS Buddhist work Prajnaparamita 
dating from the lOt.h-llth century A.D. of the Pala period • 

...... India .-In Western India, miniature painting baa 
had a contmuoUl historY from 1100 to 1600 A.D. 'The _ paintmg& 
were illustrations of Jainamanuscripts, the earlier ones having 
been dODe on palm-leaves and later ones on paper. The early 
specimtmlabo-W the use of red colour' in the backgroUnd while the 
later ones show the use of blue and gold. The 'notewor~y charac
teristics of these western Indian miniatures are angular faces with 
protmding eyes, pointed noses and great elaboration of decorative 
details. The subjects are "ftom the J aiDa tex~s such as .he KaJpa
SURa, and the Vaishnava texts such as the Gitagovinda, Bha~avata, 
•• The secular paintings mainly deal with tbe theme of love. 

_ ... banl The miniature -paintings -produced at the "..ourts 
of the Rajput kinga form a distinct group and they were contem
porary with the miniatures produced in. the Mughal Court at Delhi. 
Beginning with the 16th century A.D., the Rajasthani sehool haa 
bad a varied development and ita influences are met with in the 
independent hill schools of the West Himaiayas of 17th anei 18th 
r.enturies A.D. Tbe chief quality of the ltajasthanipaintingsis their 
idealistio representation of the emotionaiaspects of the Indians .. 
Tbe6gares of hl'llUll beings and those of animaisand birds are 
also idealistic. - The themes are varied and the sentiment~ of Ivve 
and devotion are mingled with an exuberant joy of life, the 
common subject-matter being- _the -Krishna -legends. The most 
important claas of Rajastbani miniatures is the series of Ragamalas 
or paintings of the musical modes. These modes afforded btreat 
opportunities for artistic treatment. The best examples -are' thol5e 
of the 17th century A.D . 

....... -or BID 101lo01l.-Theexamples of miniatUre paintings 
found mnb-Himalayan Statel such &s Jammu. Basholi. ChslQba. 
KIUlgI'a, etc.-, are a1Io ill the same tradition. Of th'!se tIle Kangra 
and Tehri-Garbwalachoo1e produced io number of good specimen. 
during the 18tb- and the early 19th centuries. The subject-matter 
was Krishna's boyhood prankS land his love episodes with Radha. 
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'fhe Basholi paintings being characterised hy the use of bl'illianfi 
colour> and vigorous linel> rank high amongst thewClrki of the 
Hllnalayan pchools. 

Mughal. -The Mughal emperors were enlightened patron, of 
art, and they encouraged the art of paint.ing. Akbar and SJme of 
.bIS successors are said to have learnt the art themselves and invited 
master artists to their courts for executing illustrations for many a 
masterpiece of tlanskrit and Persian literature. ALUOl!g these 
iJlul:1trated works are the Ramayana, the Akbar-nallla, the Mahr.
bharata and a host of other works. Besides these book illustrations, 
Ii number of portraitures of emperors and noblemen and com 
8(~enes were also painted. The Mughal school was eclectic and Ita 
works show a judicious combination of elements from other schools. 
A clear distinction of paintings of the Gugha.l school !s found in 
the various facial types of different persons actually paint~d from 
life while in the Gujarati and l{ajas~hani paintings t4e iClealised 
facial type is repeated. 

The paintings done during the regime of J ehangir are mainly 
e~isod(;s from his life and they are distinguished by delicacy of 
liM and beauty of colouring. Many beautlful paintings of animals 
by Ustad Mansur of Jehangir's court have survived. 

The art of miniature paintings enjoyed as high a position in 
Shajahan's time as in the previous periods. But the paintings of 
nis period reveal careful treatment and fine decorative details 
although they are somewhat conventionalize.d. Owmg to lack of 
encouragement painting naturally began to decline during 
Aurangazeb's rule. Artists from Delhi went in search of new 
patrons. Thus a good number of artists came down to the Deccan, 
where they found patronage not only from the rulers of the various 
Muslim kingdoms but also from those of the Vijayanagar empire. 
A good number of miniatures of the Deccani school have been 
preserved. While they are not of good quality so far as. drafts
manship and expression are concerned, they are distingulsl,ed by 
Rome characteristic embellishments. such as carpets, balustrade. 
and furmture not met with in the Mughalor Rajasthani miniatures. 
Further there have been set-backs in the history of this actin the 
DecCan owing to the frequent political changes. The res1llt wu 
decadence: Nevertheless a few specimens such as the Yamapat" 
paintings from Cuddappab show a high level of artistic achieve
J:.lent I1.ot only in composition and colour scheIUe bl11i also in· t}~e 
vigorous and precise lines. 

Bazaar paintings of Tanjore and other 1l1aces. -The art d 
miniature .painting was also patronised oy the Marathai. kings of 
Tanjore and by people in general in 3uch places! as l'atna •. Delhi, 
Calcutta. Banaras and Lucknow. They are mam]y portraits. and..,. 
preserye the traditions of decorativ~ details. The c~a~s of mjnja~ures 
portraying men an~ women of. dIfferent commUDltJ.~s and amm~ls 
and birds1 are specIally noteworUly for their:'Itl~st photographic 
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exaetn('ss and clarity details. This realistic apprtJach was due to 
tue inJiuences of buropean art. AltHough we earlier 'J'aujore 
miniatures are tolerably good the later ones -.;h;)w pl'Ogf('~SIV~ 
deteriotation in quality, finally to be superseded by a type of 
Wei.ltern art not wortlly 01 mentlon. 

Arrangement of the materia:s of Hstory in a lttuseum. -The 
abo,,, lutroduction to the various aspects of the archaeology of 
the historical periods of Iudia, is intended to give a museologist the 
theoretical basis for IllS more imponam work, namely, the impart
inti of the knowledge of the ancient history of'India to the 
visitors and students by menns of effective display of the materials 
of history in his museum. The impvrtance of this ml~thod is that 
instead of teaching vocally, the visitors are· taught through visual. 
aida. Tht'se materials include all things that the hum'1n mind could 
conceiv(' and the human hand could produce. Broadly, they may 
be classified under val'ious heads such as pots and pans, food 
materials, costumes and jewellery, toys and doll", whicles Rnd 
conveyances, tools and weapons, reaidential buildings and reli
glolls edific{'~, coins, weightb and measnres, art and literature and 
a host of other things. According to the availrtbility of the space 
in, and the resources of. a Museum, the display of tlie!-le articles 
may he either elaborate or limited. In either case it IS necessary 
to divide the materials into well reco~nised gronps period-wise in 
.. chronological order. This may be done as' follows ;-

THE MOST ANCIENT IMDIA~ CTVILIZATION OF THE 
INDUS VALLEY. 

(30/)() B.C h 1500 B C.) 

I I I 
" 

-, 
1 1 I 

J t I 
'So 

• ~~ :i I .. !~ !~ 3 i 1 -; I .U 1 .. 
it .., ;;::.., 

!! :> 

4 ~"' il .~ := 1 0 a ... 

Now tbd Ciue~tion arises as to where exhibits to illustrate this period 
of Indian hIstory can be got from, as tlle number .JC items of 
antiquities .. bearing (.oJl this clVllization IS limited. They are 
preserved m the :National Museum, New Uelhi,ahd i.n the Uepart
Jllent of Archaeology of India, New DelhI. It will tuel'eiore be 
tllilicult to get original specimens of tllese. In 'luch ~ases a~tual 
casts from, or authentic replicas of, the onginals may be obtai'll'd 
fIom those two institutions. Eyen supposmg that it is difflcult t.() 
get !lucb casts, etc., a person planning to build a museum need 

. not get disheartened. He l11ay get photographic e:llarg(}m~nts of 



•• lead a lew' artiolea ~presenting each of tJle variOUI group. of 
&DUquiUea and display, them in his museUDl~ ,Each exhibii 
whaUler original, cut 01' replica or photographic print should be 
properly mounted and provided with a brIef but telliDgly-worded 
!abel in three laoguaaea~ namely" regional, national and inter-
naUonal.1anpages.' ' , . 

, Another, essential thing to be borne in mind ~to show &1 the 
eommeneement of'this display-room a large'map of India with the 
Indu Valley 'region marked out prominently in bold colours. 
'.m~t 'sites such as Mohenjo-Daro and HarappRo where the 
bUlk of Ule antiquities were unearthed mould also be indicated by 
bold letters. This, map must be followed by a general label which 
gives in a nut-shell an the,salient features of this civilisation. These 
two items will be found useful by _the eduCated adults visiting the 
museum. In order to make children and the illiterate adults under
stand the chief characteristics of this 'civilization there should he a 
large picturesque chart at the end of the display-room. This cLart 
&bould have at the left hand side simple titles in three languages, 
of important aspects of th~ ,Divilization written in bold letters. 
Against each title should be shown diagrams and sketches that can 
be easily understood by the children and the illiterates. The chart 
for display-room in question may be as follows :-

,INDUS 'ClVILlzATIOlf. 

(aooo B.O.-laoo B.CL) 

TOOLS 01' COPPER AND &TOn OHL'l' 
IBO~ TOOLS. NOT COKE I~O USB. 

II: 
~. , 

J&. 10. &.roJIa FI8. 100. 'Oo!on_ F~G. tOl. Oo~ 
~ uaow~ ~ 
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BOUSBS BUILT OF LARGE BURNT BRICKS. 
ITRAIGHT STREETS CUT AT !\lGBT ANGLES. 

DRAINAGE SYSTEM: PBRFBCT. 
IN SBORT. WORLD'S J1'IBST PLANHED CITY. 

FIa. 102. &aaTS A1Q) Havas. 

LWUAT WAS STAPLE FOOD OJ' THE PEOPIJI. 

1', •• 108. W ... ~. 



• 

PEOPLE WROTE A...'fD READ PICTURES. 

THEY DID Nor KNOW ANY ALPHABET. 

J'ra 104.. S.B"Il1IlIlI O. P,OS'OOu.& 

THERB WERE EXPERT SCULPTORS. 

Pta. IO!'. SOl1LPTO'BI' IN 
TJllI1I aoUND OJ' .. OHllI1' , 

J'IG.. 106. SoULnIlU III lUlI.l>~ 

PAINTING W.u DOWN. 

I'M.IO? J"oIrW1'l'1I p~_ 

»"811 •• 



&UmBOOlt OJ' MUS.UK 'lBCKNIQU& 

DANCDf(J W.d ltNOWlT, 

liT 

CLAY'TOTS AND DUOEB, A 
BPBCULITY 

MUD POTS OF VARIOUS DESIGNS WED 
IU.Dlil. 

FIG. 110. TnaAooww .. 
J'l4R1BDl'B 01' 

MoHlJlBoGoDD .... 



lWfDaOOJt or II11UUII '1'IOUI,,11 

SAIVITE RELIGION' WAS IN VOOUB. 
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The display-room should be spacious and the exhibits kept t.() the 
minimum. All the small items of exhibits, phot.oglaphil and charta 
should be shown at the eye level of a. boy of 19 to 18 years of age. 
If there w8l'wall space above the exhibits, which gives an imprea
fion of emptiness and monotony, it may be filled up with suitable 
panels of paintings. Each of them may depict a scene of life o~ 
those times. These paintings will of course be imaginary., But 
neyertheless if the representations of men, animals, de&igns, 008-

1umes, etc., are similar to those associated with the civilization 
the 'painted panels will add to the etlecL of the displllloY and their 
colourful character will be appealing, especially to the young 
viRitoJ's. TIm!'! thE\v well assist the retention of the facts in the 
memory of the visitors. . 

The next period of Indian. history is betwel"n 1500 B.C. and 
600 B.C. It iR represented by the Vedic literature and is therefore 
called the Vedic period. No significant antiquities belonging to 
this period have been unearthed. But the evidence furnished by 

, the literature about the social life of the period is such that it is 
possihle to reconl'truct it, somewhat satisfactorily, under the variou!!. 
headings !loS mentioned under the previous period. There are also 
quite a number of new headings characterising this period: 

VEDIC PERIOD. 

(From 1500 B,O. to 800 B.O.) 

r- I I I I I I 
~ ii. 

11 i ~ ~ ooS~ ., . 
""'3 '0;. 

J Ii e.., ",E1 ! .: i s - i'; .,; Bt' ''C 

I i !§c: .. ] g !.!! 0 .. 0: ~ jl • ro. t,; 1:1 

In VIew oft}1t> fact that antiquities representing this period are 
few, the section devoted to this period may have to be filled with 
charts and murals. In this section also, a large map of India 
f!:howing- clearly the extent of the area which was influenced by the 
Vedi'e culture may he exhibited. The ehart at the end of the . 
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section can contain only topical headings, al the'h~.dinp eanUGt 
'. 'her' illultrate with diagra-ml, etc.. of !IOtual .peci'D)8DJ. This 

chart may be II follow. :-
VaDIO l'DIOD. 

'IIOOB.O --100 B.o. 
I. Compilation ohlae V.u...o .. aia Vea. yaJ\U' .,. ........ nda anel 

Atharvana Veda. ' 
J. Iron oame to be uecI wlde17. 
I. KiJlldoma and BepubU. were .. tablisbecl. 
" Greatthinken.lib .Janaka, Yajnavalk)'a~ and the other .... ~. 
I. 'varioui cu· .. and religloaa ... re practlled. 
I. Paiaae. and ho~ bunt of wood anel brick 811:i.tecI. 
7. Varnurama qatem .".. intl'ocluoed. 
I. Elaborate arrangementa for war ,... deftloped. 

Even here the wall ,pace may be fl1led up with panata of pain'" 
ings depicting scenes from the Veda,'ed Upanishada. ' . . . 

Similarly separa.ssections may be arranged for the following 
periods :-

North Intli4-
1. , N andas and other dynutiel. 
9. Maury ... 
3.' Sunga.~ 
4. Kushanaa. 
5. Gupta •. 
6. Vardhanu. 
7. Palae. 
8. Guriaras. 
~. Rajputs. 

10. MusliDie. 
11. Mughala. 

DecCG1l-
1, Andhras, an~ Kalingu. 
9. Kshatr&pas. 
8. Kadambas and Vabtabs. 
4. Badami Chalukvls. 
&., EaAtem' Chalukyu. 
6. Rallhtrakutas and Gangu. 
7. Chatukyas of Kalyani. 
f'. R'akatiyas ana. Hoysalu. 
9. Vijayanagar; 

Bouth r"tlitJ-
1. Third 'Sangam- Age. , 
9. The Chene, the Chblaa an!! the Pan(fy .. 
8. Pallava .. 
4. Pandyas. 
lS. Imperial ChoTal. 
ft. Later Pandyu. 
Y. Vijayanagara VlCIl'OJI 01' NIY'" 
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~ep1iCII of originalt belon,m, to Ul ... periocIa may be macIe to 
flrder with the help of the department of Archaeology, Govemmen, 
of India, New, Delhi 8,nd the Deparimena of Archreology of the 
'Varioul Statel where the relict of the abo.. mentioned period& 
exi~~. In the absence of replietl, ph9tographic· prinamay be 
obtained from the Am. authoritiea &Deli cJiaplayecl. 

In every aection, the map, ,eneral label, labels for individual 
exhibit~, and the summary chart ap eaaential ooncoDiit&Dn. Mw-al 
paintmgs. are optional. \ 

Collectlon.-Besides obtaining tbe neceuary exhibit. from the 
inetitutions specialising in ·arQhaeology, the men planning a museum 
can Mllect minor antiquities such &8 coins, miniature paintings, 

-inscrIptIons on portable materials, costumes, etc. Thete also nll"y 
hE' purchased from private dealers. Securing of Inch antiquitiett 
b(,A.rin~ on the hiRtOry and culture of the locality where the museum 
is located will be easier. In fact a museum should start witb 
mntprial" of local interest and lJ'&dually develop into museums of 
State Importance or of National importaDcw. 

Coins can' be found in ancient city or town sites: Tbey will be 
Isually cO,"f'red by earth and will be visible after a beavy downpour 

of rains. Miniature paintin'ga, ivory works, etc., may be-purcbased 
from person& associated with ancient royal households. 

ReJ)lIcas and 'OU~L-These can be made of any material. 
Usually plaster of Paris is employed for the purpose. An artiat or 
moneHf'r is necessary for making replicas of larger or smaller sizes 
tl~an the originals. A trained person will -do for making actual 
cuts ()f specimens. There are various methods of taking pla.ster
CASts from the ori~jnals, especially of sculptures and carVings. 
But thE' mo~t common method is the piece-mould method. ,Piece
mou lit" made of plaster of Paris will last for a long time; piece
mouMt' of clay will be useful for taking casts only once. Makio(l 
~f plaster-casts of coins is comparatively easier. 

After making tbe casts, they will "ave to be trimmed and 
coloured a.cenrilinll til the colour of the originala before they are, 
ctsplayed ,in the gallery. 

llaoldn'l: ani t"DllIOn 0' Iftl".-Stone ~ulpture8. hronzes, 
carvin~. etc.. require carefnl packiJig before they are ~ ... nsported 
from the place of acquisition to the Muaenm.::ne following ill 
(Ine C)f the safest methoC1s:-

Each piece of seulptnre. etc., .honld N COftred firIt; With tow 
or 'Pnekh\!~ ('.otton and t:ed to th~ '~imen. This is covered then 
withoit cloth. . Then hay ,tltiftly- twiRW into the form of rope 
shol1lrt hI.' wound closely round the ~ulntnre from its bead to base. 
This kind of Coverin( enables the scnJpture to absorb all shocks. 

"l'hitI bnndle should bta packed ill' a box maae ,of ~ wood. 
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planb; The bundle should be placed on six inch81 dMp hal or 
tow or some such suitable packing material. ,Further all around'the 
bundle there should be space about six'inch81 wiele which 'should 
be tightly packed with anyone of the packing material.. InelelHl 
of filling the space with ,loose hay" etc~, hay may be .tufted into 
small pillows and plaoad all round the bundled sculpture .1 
padding. This method is a slightlYi better one. The:n the rox is 
closed with it. lid using'strong screws at close intervals. The box 
is ~terwards bound by iron' tapes. The box should be proviiled 
with coir rope handles which make their shifting, hr.ndl1ng, etc.~ 
easy. Then the addrE)sBeS of the receiver and the !lender are painted 
on the lid legibly and neatly. If the material is fragile, it mould 
be boldly written in a few places on the box. It is alwaYladTiBable 
to send the package as insured railway parcel. ',It il "lao advan
tageous, to entrust the transport and boo~ ,Of ,the package to 
reputed transport agenciea. ' 

PalDUnp,ete. -The paCking of paintings, textil .. , pI",. 
cuts of coins~ manuscripts and ,so on should be doll. 'c1ifterently. 
As far 'as possible fra~e8 • glass-panel of paintiDp ahonld be 
removt'!fl before packing. Then ~b of them is put between two 
sheets 9f rough payer; Then the whole lot of paiDtinp il put' 
bfotween two stiftcard-bo&rdswhichare wound ro1lllcl, by twine or 
country twine. ~ bundle is afterwards placed in an obIon,! 01' 
it}uare or 'circular tin' or' ,wooden box made ,to the required size 
with at leRRt two inches of free space all round the bundle. The, 
space is ~lled with packing cotton. Besides, at each of the four 
corneraof the box, .both below and above the bUlldle, there should 
be placecl, across, a bit of wood. It is intended to absorb the shock' 
during, transport of the, box and prevent the paintillgl, etc., from . 
being damaged ~ven to a slightest extent. Then the lid is fixed to 
the box; and the box covered with oU cloth aud properly stitched 
and sealed. The addresses of the ~iver and the sender should be 
written legibly on it; similarly the word FRAGILE alsol!hould he 
prominently indicated. The packages of this kind should invanably 
he insured and sent by post, instead of by raUway parcel. RaIlway 
parcel transport may, however, be adopted incase a verv Jarge', 
numher of jtems are to be sent or paintings, etc., with frames and 
gless-panes are to be sent. In this, case the articles should be 
p6C1red not in boxes of wood of thetype& mentioned above buf. in 
IItrong steel boxes, which will not bend even slightly e'l:cept during 
extraordinarily careless dropping 'or handlin~. The frampd pa.int
ings, wbenplaced inside 91lch boxes, should be provided with 
sufficient quantity of padding between two paintings so &s to 
prevent their glass-paues from being damaged due to C'II,reless 
handling. Just as in the case of packing, great care should also 
,be exercised while unpacking the packages. Before proceedil:lg to 
llTlTlack, it i!:1 essential tl') note down the C'.Ondition of the packa6!es. 
After unpacking one by one the articles should be ca:refully 
~xamine<l and stored. 

• : h 
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llegfiterng the artlcles.-After acquisition, the antiquities 
should be entered in a Gem'ral Accession Register with Imef 
descriptions and measurements of them. Tlais register m!ly have -
the following columns;-

SerIal 
\lumber. 

(1) 

Cost. 

(7) 

U- nl'. 

GENERAL ACCESSION RBOISTER. 

Date of 
acce8ll1on. 

(2) 

Brief 
description 

of the 
article. 

(8) 

lIJaterial. 

(') 

InItI&Il Reference to) ofthfJ reoorda. cnatollian. 

(8) (8) 

lleaaurement. 

(5) 

Inltlala of the 
IUperviaIDg 
auUlorlt:r • 

(10) 

(II) 

Remara; 
refel ence t~ 
claaalfted 
acce .. lon 
recilter. 

(11) 

In this reglster the articles may be entered year-wise, conveniently 
calendar year-wise, i.e., the first of the series' commencjng in 
Janua-ry and the last of tDa series ending with Dec,ember of a year. 
. The advantage of having this register is that at a glance it will 
be possible for one to say the number of items added to the collec
tions year by yeu. 

After study of the individual items, which in several cases can 
be done only after the articles are cleaned and"restored, the antiqui
ties," should be classified and entered in a special register {or each 
group of articles, e.g. 

.\ceessi(>11 
nUIIlLte[. 

(lJ 

Whether 
trLat"d, if 80 

wben. 

\ ;) 

REOIS'l'BB FOB SCULPTURES. 

"ate. Detailed 
particuJan. 

Ha&erial 
and abe. 

(~) (8) ('> 

CrOll refereuee 
to 8'lneral 

.Hefcre.oce to aceeaa10ne 
publieaiJon. relliater and 

initials of tM 
IUper'"1aiD& 
authOrl'>' • 

llll) te) 

Provenanee. 

(i) 

Bemarkl. 

(10) 

Schooler 
~te. 

(I) 

"NheN kept. 

(11) 
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':l'he 1CC8ai0D D~ inthil variety of ~ia_ may be eoutiDUou. 
When indlvidual iteJu&re entered separately, the total Dumbez 'of 
i~ of a particular IJI'OU-P may be e&Illymown at .. ny time. 
l:$eaidea, ~repa_will IeI'Ve II $be buia· far $be' preparabdl of 

.• ·'<ietailed· prmted casalope or IDOJlOIftpb. ' " 
The custody of these regi8tera may be as follOWs: The gmenl, 

accession registers may be kept by the supervising 'officer wherever 
there' 11 I'acb a ileparase omcer. The classified regietera should be 
kept by the custodian or the keeper oftbe section. Sollle ,incon
venience ia1ikely to be caused, in Alling up the eross-feference 
columns in both the registers. But in the m,erest, or the sutety 
of the articles and the proper registration of themthia wOrk mun 
be a.ttended to without fail. 

Then the serial nUIIiber according to· the"classi1ied tegisters 
should be painted indelibly on each article. It will be advalltageous 
-to have only one integral number, e.g., 888 or 555 •. Cumbersome 
numbering as for instance'494f1987-88 x - (6) should be', astar 
as possible, avoided. . Care must be taken to' paint or write the 
accession numben nea~y on the article!) in place8~()t visible to 
th, observer's eyea. Painting1he numbers indiscri1:ninately on any 
part of an article must be .voided. 'or. the . .u~ of,C()nvenience the 
acceBSion numbers may be paintN at the left hand bottoID. .cotner 
Clf the articles wherever' possible. 

8torbti of ,,--,-.;.Thestoringol atoue objects· suc!l .. 
sculpture. is 'eomparatively fJU1. They may; be, kept eitherm' a 
ample shed or.better provisionally displayed in' the open air on 
suitable platfonna.·, There ~e, however 'sculpturel ma~ of, such 
IOlt 's~nea loB marbles and lJOIop-stones which should be 'carefully 
watched' as . even' a slight.', dashing orrobb4tg .. again.t ,them wiU 
cau~ them irretrievable damage. . . . 

Metal objects in general ~d ~les made of ·precious meW 
in particular should be itbred·· iIi 'very '-atto~: rooID.s~ This has to. 
be done in .view Of their great antiquarian value.' Small articles' 
like . coinS, medala-, ucljewela .• y be .kept. in safes while .. bigger 
articles such as bronzes, may be kept either in almirahs or in racks 
or simply on the ftoor., Their safe cuatodY1llay be the responsibility 
of more than a singl!. penbn~ PeriOcUcal checking, at mort 
intervals~ must be done just loB the daily checking of, the balance of 
the Permanent Ad't'&IlC8' in an' .01Ilce. Th:ia will prevent the loss of" 
memory regarding the loCation o~ even the smallest piece &S well as 
help ,the custodians to attend to :the' proper pteeeriationof articles 
immediately. 8toriJ:a1. of pottery~.~, bricb, etc., is' also not 
very ditlicult. . ' .... , 

PaintiDp. prill.. ~d . manUllCriptiwill present •. " problem 
fOr stonn,. The two former iteinl abouW be keptiD;: ncb a way 
u to make an examination of tb.em iteaa b,iteaMIY.' They s~ ,~, 
not be spread in a manuer which makes the1ll bend, ' •. arp Jud roU. 
Any one of theIe clef .. will CIollle 'damage to'a painting or a print. 
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'The best way of storing them would be to keep each of them in a 
glass.topped drawer, several vertical aerie. of which bemg arranged 
in cup-boards. 
. ~'extJlel and similar articl.. may alto be .tored in the. above 
manner. 

Treatment and Presenatlon.-'l'he specimens kept in dOOre . and 
those on show are likely to be affected by a. variety of facOO~s such 
u:; atmospheric effect, duct, frequent handling; heat, light, and 
insects. So,. the specimens must be examined at regular intel'V'8ls 
and·defec~s', if any, removed at once. Even specimens.of stone and 
metal arc anectt.:d. '1'he case of the affected specimens of anti
quities should be examined bya chemist well v~rsed in the treat. 
Illent of ;;uch objects. The methods employed for this purpose are 
dealt with in Section vn of this book. There are three chief 
methods of cleaning and treatment of exhibits. They are the 
mechanical, chemical and electrolytic. The former two -are 
employed for simple treatments while the electrolytic' method is· 
employed for the treatment of highly corroded metallic objects. 
~'he stone articles which show signs of decumposing due to salme 
action, (';te., are treated with paper pulp. AJ:lyway the work of 
treatment and preservation of antiquities including fragile objecta 
and paintings is a specialist's job. 

Dlspl.,. -Something h~s already been said about the display 
of a.ntiquities, their photographs, and chads relating to them. 
Various effective methoda are known to be in vogue in the DlUseumS 
of the countries which are prosperous. In poor countries and in 
the institutions with little or no resources, .experimentation of dis· 
play <lan be conducted only to a limited .extent. If sufficient 
resources are available, experiinents can be done till a satisfactory 
arrangement is devi~ed. Here an analogy may be given. ~a 
marriage, the most important thing is the ritual of wedding.· The' 
other items of expenditure will be great or small according to the 
wealth of the parties concerned. Similarly, a. mU8~um . should 
always concentrate upon the collection of significant articles and 
their preservation; According to the availability of .resources the 
whole collection .or a part thereof may be put on show. Whate\"er 
may be nature of exhibits, their proper display, however, \\ ill 
always enhance their worth, and raise the prestige of the institution 
beeaUHof its popularity with the people; Consequently more and 
more people will derive the benefits for which the institution is 
intt"nded. 

In the case of specimens of art and archaelogy, it is better 
that experts in showmanship are entrusted ·wit~ the designing. o~ . 
galleries and the display of exhibits. . They should,' however,· be 
in eon.tant consultation. with the specialist. • 

As has been !laid above, the chief things to he borne in mind in 
disrlay are the followin, :--

(1) Restrict the exhibits, in each section, to the minimum. 
"(2) Show only the best and the most characteristic of a group. 
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(8) !1low mouch eiboW-room to the viaitora. 
(4) j:tut up ex1ubita ,at eye level. , 
(I" Pu~ up proper but not obtruift labela at ~ inaipibu 

but convenient ;t:.,~ainat each exhibi'. 
(6) Have . neutral colo. backgrounds for the exhibits. 
(7) Take precautions against natural enemies of exhibits. 
(@) Provide seats in the aectioJi for viaim ,to si. and punine 

the' exhibits leisurely. 
(9) Have sections of ~era. size to minimise the fatigue 

that would be caused to the visitors. 
(10) Between two sectioDs provicIe a small room' with ita 

yell painted with pleasiDg <:plours; and pface there a few 'pictures 
of greal~uty, a ~ew items of ~urDiture .md a few 1l0wer pots 
with' sweet-smelJing llowers. These ~ will not only relieve 
the fatigue of the 'visitors, but also ' make them f~l fresh, while 
aamjning the emibits in the adjacent section. 

La1leJIIDI. -Labelling of exhibits displayed in the ,galleries and 
those kept in store, is another important item Of work of a museum 
curator or Jteeper. The gallery exhibits should have, 18 mentioned 
above, generallabela and label6- for individual iflems._, The general 
label should be precise and containaJI the iJiformation pertaining 
to a group of exhibits. Individ~ labels .bould be very brief bu~, 
contain aU the relevant information such 18 the identifica.tion, 

• achool, ~od, Dia~' and the proVenance.' They should he in Ii 
neutfai, colour and should be diaplayed in a corner so as Ilotto 
,~ ,the attention ,of the visitor from his appreciation of the 
antiquities without the aid 'of .my ,label. This must be the rule 

,in th$ case of worbot art such as iaculpturea, bronzes, paintings 
and can:iDgB of wood, etc.,SiDiilarly the collection kept intbe 
reserve shOuld 'a1so' be 'prov;ded wi_h labelS' 80 as to identify them 
easily. 

'LllhtlDl.-Beaic1es ,labelling, the exhibits should blt properly 
lighted. There are two distinctly cJitlerent views in the matt«. 
Some .ythat in,. Vopical country like ~India,with plenty' of 
'nat~ light, it will be useful to, u~ the natural light itself for/ 
the purpose otilluminatingthe exhibits, without resorting to 
ammg8P1ents of artiftciallighting, involving .• lot of initial' expendi
ture not" only in r81p8Ct' of electrical fl~ but also in respect of 
adjusting the arcbi~ c1eaigns of the galleries. Oth8l'l.y 
that; in these ~ mD.es, when ,advancement in technology bas 
reanhed • high 'level of development, ConttoUed artiftcia1 ligbm., 
of a auit .. ble type may be employed' for the ,purPose. Tbey' are also 
of the new, that thia' proce8I.,wiIl . bel leas costly in the long run 
than the 00It of adapting' natural light for, this purpose. Further. 
they .y that the, utural lighting will 'have adverse effects on the 

-. Qbibita particularly' OD I1ICh ez1u1;ita .. paintinp~temlea, leather, 
work, and 80' OD. Since mon ef the muaeD1D8 in India do not 1et 
posse.. enouch reso1m*l to 118t" apart • big portioL of, them for 
anificial lightini~ they cannot but d8penc1 OD the natural light' for 
1ip~ the, embits. 
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1n the, case of artificial lighting, the lighttl and their ftttiugs 
should be invisible, allowing the light alone to faU on the exhibits. 

Gulde servlce.-Despite the excellent methods of display, 
iaabelimg, etc." the meanIng and the educational value of the exhi
bits in a. gallery require to be orally communicated to the visit.ors 
especially to the illiterates, by intelligent, weU-equipped, and 
enthusiastic Guides possessing pleasing manners. Only then the 
visitors will be able to grasp the full import of the exhibits·. The 
Guides, fbrthelr part, should only guide the visitors into the 
mysteries of the displayed antiquities, by speaking gently a.nd 
plasantly, and to the miniinum, to the viSItors. 'fhe ,Guid~'s chief 

'aim should be to kindle in the visitors a' desire to learn and profit 
directly from the exhibits, charts, etc., and to sustain t8:at interest 
in them rather than ,to parade his information. 

POSten, pamphlets and' picture post oards.-Some of the 
chief instruments in the hand of the Guides mentioned' above are 
these. Effectively and invitingly designed' posters hung a.t the 
entrances to the gslleries of a museum Will attract the V!SitOl'S to 
the iu-stitution. Similarly, attpactively got up folders. with pictures
que and colourf~l reproductipns of at lea.st a few of the outstanding 
exhibits,in the museum and containiilg the list of the who~e lot in 
bold Pl'int should make the visitors ,examine the items and 
understand their meaning efiorttlesely, At the end of their visit, 
'visitors would like to take. with them something, books or repro
ductions, as mementos. This should be supplied by means of 
beautifuUymade picture postcards, preferabl) in colour, of a few 
mast.erpieces, sold at as Iowa rate as possible so as to make them 
available even to the poorest class of visitors. The Guide's duty is 
to introduce naively these things to the' visitors. This is one of the 
very, essential services rendered by.the Guides, bp.cause these aide 
are to the mutual benefit of both the visitors and the institution. The 
visitOrs get enlightenmen,t' and' satisfaction 'through these_ and will 
tell their people and friends about them. Even if they do not tell 
anybody a;bout the importance of the museum, a mere sight of 
the&3 aids in their hands will make their associates curious about 
the actulI:I exhibits and the institution where"-- they are kept. 
Supposing, everyday ten of the visitors to the museum take with 
them, when they go a~y, folders and postcards and show them, 
each at least to two of his or her friends, the total number of DP)'sons 
in whom a desire for seeing toe museum is kindled works· out to 
twenty for a day. This twenty multiplied by about 300 working 
days .in, a year works out to 6,000. Thus in a year at lea8t 6,000 
people become really interested in the museum. This is plain 
arithmetic. This number will be greater as' years pass by. 

Apart from these folder~ and postcards, pamphlets containing 
t, little more of reading matter about each 'grollO of exhibit" c;;honld 
be made' available to those who want it and who can afford it·, 
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Research publleatlons.-For aU .the various types of 'guiding 
aids mentioned above, the foundation is the 'research and com
parative studies of the different groups of antiquities and wl)rks' uf 
art. In fact this is the most important aspect of the whole museum 
work. It helps the retention of useful item. for m.play, the storing 
of surplus items and the discarding of the items which are of liUle 
or no use. It helps the display of exhibits. in. anyone of the 
intelligent Iways of grou,ping such 88. chronological, ty})()logical, 
iconographical and regional. . It· helps providil1g easy facilities Cor 
academic pursuits in these· subjects. So, themu~um men Eobould 
first and foremost be specialists in one or more branches of the 
subject with which they are dealing. The manner ofdevJ'lopmen~ 
(}f the various sides of the museum work. as such which dtlpttJlds 
all various factors like the availability of funds, buildings, and staff 
can be learnt in course of time, by the museum men. In the case 
of wea.lthy institutions, the museum men who are experts in their 
own lines need bardly bother about the museum activities ~ -such, 
as these can be safely entrusted to the hands of experts in' the 
various aspects of these activities such as d~ of the galleries 
and Jighting. . 

The results of the· researches of the experts· which (orm thIS 
rundamental basis of museum artivities should be published as 
and when tliey are available. In' these publications the reproduc
tions· of photographs of antiquities must be good;, hut the reading 
matter is, however, very important. If there are a number of such 
publications to the credit of a mUl'leUm, that museum automatically 
becomes well known in the world because more people will benefit 
by knowing about the contents of the museum through these publi
cations even though they cannot see them personally. In this 
respect it is the publications on. the museum exhibitg that are 
importa.nt rather than the window-dressing of the muqeum.Although . 
the show cannot be said to bf\ non-essential yet window~dressing is 
not all important, at any rate it is not certainly as important as 
the research publications. Window-dressing helpsio hide the 
inadequacy of good material while publications broadcast. the glory 
)f the collections of a museum and serve as instructions in so far 
as the £Iubjects with which they d·eal, areconcemed .. The' memory 
of a beautiful window-dressed gallery may be short-lived while a 
mere knowledge of the existence of. the world famous Tiruvalangadu 
N ata.raja in the Madras Museum leaves an indelible\ impression in 
the minds of those whoq,re interested in it. Further, knowledge 
and appreciation of window~essing will not make any "itritor an 
iota' more learned after he completed his visit of the museum th':tn 
before he entered it. On the contrary, the knowledgeaboutth6 
N ataraja that a person living in a remote comer of the world, 
who has no hopes of visiting the Madras Museum, derives through 
the books on it,'opens out to him vast vistas of Indian culture and 
pllilosophy as embodied in this bron.ze piece an~ the bea~ty ?f the 
figure gives him an idea of the heIghts to whIch the plastic ari 
of India· has reached centuries ago. 
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Popularisation of the Museum-AnnoUDcemenli of recent addi
tlODS.-ln order to make the people constantly awai't; of the utility 
of a museum and the practical ServiceS to the cause of educatIon 
th .... t it renders, it is very essential to forge ties of friendship with 
the Press and tlJe radiu, universities, colleges, learned bodies, 
leaders of men and intellectuals. Of all these agencies it is 
the Press that is the most important friend of a museum keeper. 
Immediately after the addition of a significant specimen to the col· 
lections, ,its' proper value has to be found out and a. P"Pular but 
instructive note prepared and sent to Press, especially ,to those 
papers which cater to large sections of the people, and wide pub
licity sought. The editors of such papers should be made to render 
this help in the interest of education and spreading of knowledge. 

Special articles. -Besides, these short periodical announcements, 
museum curators should contribute to the Press special articles ill 
popular language on all important specimen or a group 1)f specimeus 
in order to rouse the intetest of the reading public in these subjects. 

Radio broadcasts. -Similarly, the next/most important "ehicle 
of public e:-:pression, namely, the radio should be wooed and its 
medium obtained for publicising the recent additiolls to the 
museuui's collection and for broadcasting talks on special features 
of the collections or of the useful services tha.t the museum r6Ilders 
to the people, 

Association with Universities, etc.- The museum keeper should 
be actively associated with educational institution like a university 
or c9llege and learned associations QY bringing the value of the 
contents of the museum before scholars· and learned men for 
discussion. Professors in the subjects with which the museum 
(leals, may be invited to deliver-lectures at meetings organised by 
tho museum. Every opportunity of the visit of experts from other 
parts of the country or from abrpad to the locality should be availed 
of and arrangements made to listen to their talks bea.ring on their 
approach and the results achieved through it, to .the various 
branches of the subjects pursued in the museum. This will enable. 
the ac:ruisition of popularity for the museum in all pa.rts of the 
world. 

Publishing bulletlns. -Such deliberations and learned discussion!! 
as m('ntioned above are always of great interest both to the specia
lists and to laymen. So the publication of the results. of such 
djscl1ssion~ in the form of bulletins in quick succession will be 
another useful means' of popu~ising the museum. 

SPecial exhlbltlons.-Things a.cquired may sometimes have to 
be. stored up inlresreve for want of space for their exhibition in . .the 

, . galleries. As almost all. the acquisitions a.re new: and must be of 
; F.Omeint~rest or other to the public, it is 'not enough to give ver~al 

< : puhlicity to them through the PresS. It is essential that they are 
~ •. ~ properly prepared for displa.y and put up a special exhibitions 

'.,:" ~ . . 
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running for a stated 'period o~ a fortnight or a. month before they; 
are stored. A brief announcement should be made in' the Press 
setting out the salientfea.tures of the show. Besides, etlorts should 
also be made to send special invitations to the' authorities of sehoolb" 
QOilegcs andleamed bodies and even to individua.ls wllo are triends 
of the museum and who are known to be interested in the, articles 
lint (m show. 

KobOe' exhlbltlon. ~An, e:x;tl'eme but an effective 'step in popu
lari~ing the museum is to have mobile units of exhibition intended 
to cater to the people inhabiting the remote nooks and corners of ' 
the' locality as well as to the people of the nearby towns 
and villages. ' The theory. on whicn this method is based is similar 
to the idea of bringing god to the doors of the people. The taking 
out of images or pict1ll'es of gods and goddesses in procession is based 
on this idea, because such processions are intended to enable the 
weak andtb,e deformed. th~ mai~ed and the lame to have dl'rshan 
of the Lord'. image when the procession goes through the 'streets 
where tbeael;"OPle' live. Similarly, to give the benefit of the 
knowledge of anliquitie~ to s~ch classes of people ,and others of 
similar categ<»I'Y, the mobile exhibitons are very essential. 
Although every museum cannot afford to provide for this, .yet such 
of those as have plenty of' resources ehould have this method of ' 
~pularising the museUm as an important and integral part of their 
routine. ' 

Excursions to hlsto.rlcal places .-Another importtint means 01 

popularisingthe museum of art and archlBOlogy is to assist in taking 
out excursion parties of people to places of artistic and archaeologi
cal interest situated in the neighbourhood of the town or loc.'\1ity 
where the museum is situated. 

, AdmlDlstratlon.-:-To attend promptly to the above mentioned' 
activities, the museum-keeper should have a group -of efficient 
assish-nts including .an office-manager, store-keeper, accountant,' 
stenographer, clerks, photographer, duffadar and peons. All public 
correspondence should be promptly attended to. The museum~keeper 
shouB always be on the alert to acquire tunds and in t,ha flpeedy 
acqllisit,ionof exhibits. Steps must be'taken quiokly to get the 
required items of furniture, etc., made. ' Proper arrangements should 
be made to supply the demands of photographs to visitors. Bringing 
out the publications mentioned above' must be an important 
routine and no eBorts should be spared to print new edition!! of 
books that are being ~xbansted. Tools, instruments and other 
materials required for day-to-day work must be constantly examined 
and fresh ones purehased whenever there is a need for them; 

The stait of the museum should be kept contented, because the. 
maintenance of the show-rooms and benefits, that accrue to the 
people at large through the show, rest solely on :the willing, ,enthu
lias,tic and intelligent work of the' staff. It 'is therefore of prime, " 
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necessity to secure the full co-operation of the staff by all possible 
. means. When their wants are satisfied and respects due to them 

glven the ;:;tatt naturally dedicate themselves to thelrnohle WorK. 
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SECTION VI. 

Man and His Cultural Beginningfi. 

By C. J. JAY.~.DEV, M.A., L.T. 

(Assistant Superintendent, Government Museum, M;adras.) 

I. Introduetion.-Anthl'Qpology is the subject which specially 
studies primitive and ancient man. It is conveniently studied under 
three of its main aspects which are closely interrelated. r:I.'hesc are 
the historical, biological and sociologic.al aspect~, (1) 'l'he htUJy of 
Eadv man and his works is spoken of a;s Pre-history or Pre-historic 
Archaeology. All the remams of past civilisations of the stone, 
bronze and iron ages are included in ,this study. (2) The biologi
cal study- of man and his relationship to't.he animal world is ha8cd 
OJI the principle of evolution. His relationship to several l'xtinct 
species 0'( men, ape.:.men imd man .. apes and the extant species of 
apes based on structural feat1Ues form the content of this science 
which is termed Physical Anthropology or Human Biuloyy. (3) 
r:I.'he study of man as a social being, his manners and customs. 
knowJedge'of arts, and industries, his material and moral culture, 
tradition, social structure, language, religion, etc., is termed Social 
01' Cultural A nthropoZogy. 

• II. Pre-hlstory is divisible into certain definite ages each of 
whicll is characterized by & certain level of culture of ancient man. 
Thus in the Old 8ton~ Age or Palaeolithic time man was at best a 
ga.therer' and' collector' of readily available food. He made weapons 
and tools of stone, antler, bone ' and wood 'and used them for 
diggjng, hunting and fishing. He knew the use of· fire and ia 

, even credited to have given his dead ceremonial burial. But he 
had no knowledge of agriculture or the domestication of animals, 
He did not make or use pottery~ Large cQllections of quartzitfil 
Implements found in the lateritic formations of Chingleput, Nellora 
and Kurnool district~ are examples of this culture of early man III 

Soutb Indi~. 'fhese stone toQls are roughly chipped and R~lke<l'. 
This pa.1&eolithic culture is believed to belong to the mid-Ple'istocene 
period 'in South India. 

During the next period, the Neolithic age, man is no looJ(er 
dependent upon food-gathering. He has disCovered the ,nse of 
agriculture $nd domestication of animals. The making hnd use 
ofpottety is also considered to be a feature of the Neolithic peoples. 
Inste.adol the rougbly eJripped and, \1rudely faahioned quart2.ite 
tools of the. :Fa1s.eolithic he had more or less perfected the art of 
stone tOol in&nufaeture~ The stone tools were also E'Tountl and 
polished. The large numbers ,of m-ound and polished StoM" hnplA- , 
ments from the Bellary district which have pointed butt and oVlI.l 
cioss-section witb a fine cutting edge belong to this perio(l. 'The. 
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are ,called celts, and are usually made of trap rock. Side 'by side 
with these tools we have· a. large number ~f small ftake tools of 
chert and jasper. The agriculture of thia period is probably cum
(,arable to, the shifting cultivation of many of our present day 
aboriginal peoples. 

Settled agriculture is said to have led to the estQ.blisllmeut of 
urball civ~ations of the river-valley type, e.g.:, Nile, Euphrates 
and Indus.' Here the discovery of coppar and bronze led to their 

. being ~sed fQr tools .and weapons. Iron was entirely unknown 
during this Bronze- Age when some of the neolithic stone tools 
perslsted side by side with the bronze as 1$ seen· at. Mohenjo' d~' 
and Harappa. The. bronze age has also been recognized in South 
India in Mysore and other. places: While the Neolithic in Bouth 
India is consid~red to be nearly ten thousand years old the BronZe' 
~ge is believed to be roughly' five thousa.nd yea.rs old. 
. The Early ItOrt Age in South IIidia. is recognized. to ·be ever two 
thousand years ,old. The la.rge Bumbers of iron implements and . 
bottery . obtained from numerous a.ncient South Indian.. buria.ls 
illustrate this period with' which is, associated the· preva.]ence of 
rude stone monlUilents called megalitM. These· include ctJtrn' J, 

eiIt,', dolmen' a, and ,tone circles I,. PM tuft-buriGl8 • 0/ 
Adischanallur in Tirunelveli District and the' Sarcophagus burials' 
of the Cbingleput and South. Arcot Districts also b~orig to thU 
period, Bronze objects, pottery, beads and chank shell oruaments 
are associated with these burials. 

lB. PhJBlcal AnthropologJ or Human Biology deals \vith the 
study' of the human species and its. division illto several races. 
Certain measurements and anatomical characters are considered 
to be ~iagnostic of racW groups and among these are stature, colour 
(If the eyes, hair aDd skin, head, face' and nose form, etc. On ·the 
basis of these features mankind is divided in:o certain definite 
races-Negroid,' Ammnd, Mongoloid, OtJtlC48tM au AustraZoicJ. 
Of. these the Caucasoid is again subdivided into Nordic, ,Alpine, 
Armmoid, Dinaric, Oriental and Medi.t«ra'Mafl. types. Most of 
these ra.cial types ~re represented in the population of Iilaia. 

Physical characuristics of the races of India.-l. The Austra-
loids or Veddoida.-Mostof the aboriginals o~ peninsula.r India 
belong to: this stock. T)ley have short stature,long heads, promi
nent eye-brow ridges, broad short faces, fiat broad noses, curly or 
wavy hair, dark brown skin and dark eyes. The Chenchus of NaUlt'
rnala.is and, the Veddahs of Ceylon a.re good examples. 

2. The Mediterraneans.-This forms the ;major element in 
the population of India. They have medium or short stature ~ 
longish heads, faintly marked eyebrow ridges, broad, short faceR. 
prominent medium noses, wavy hair, da.rk or light brown skin and 
hrown eye!!!. Most of the Dra.vidian speaking peoples belong to 
this type. .' . 
,I. a.@i~e3. 2 •• ~17 .. 3. ~.liallO. 4 .• "..L. 5. (YJl6lw!l;a. ,IArr!B. O. R'1llJ$l5rrl;8' 
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8.- The Brachycephalic ATmenoids.-They have medium 
atature, round heads with flattened occiputs, long convex noses, 
brown skin and eyes. The majority of the peoples of Mabarashtra, 
Gujerat, Bengal and Canara come under this racial type. 

4. The Proto-NoTdics.-This racial type is characterized 
by tall stature, long· heads, long faces, prominent narrow noses,. 
light, straight hair and light eyes. These are represented in the 
populations of N ortliern India. 

5. The Mongoloids.-The peoples inhabiting Assam and the 
eastern borders of India and the cis-Himalayan re~l)n helcng to 
this racial type. They have medium stature, often broad, round 
heads, .medium noses, flat faces, dark, coarse and straight hair, 
)ellowjsh skin, brown eyes and a prominent fold of the upper eyelid 
on the inner side called the epicanthic or- Mongolian fold. 

None of these groups can be considered to be pure hut are 
the products of an age old· process of interbreeding so that we get 
all 90JtIt of intermediate racial types, one racial t)"Pe Int1rging into 
another. Thus in South India the Veddoids merge into the Medi· 
teJ.:raneans, the MediterraneaIts- merge into the Brachycephals OD 

me one side and the Mongoloids on the o\11er. 

IV. Soelal and Cultural Antbropolog)' .-The study of man as a 
socil'l being includes two int.errelated features-his social urgani
sation· and material culture. The manners and customs, -beliefs 
and practices of a tribe or community are closely r~lated to the arts 
and industries, dwellings, implements used in gathering, hunting. 
agriculture, war, music, dance, the wearing apparel and ornanlents 
vf the tribes. Many of the practices of -aboriginal people are 
explicable only in the light of their social organiza-tion and level of 
culture. 

The Radars of Cochin and Chenchus of the N allamalais are 
food gatherers with a diggi"ng stick culture. The KuruDlbas and 
Todas of the Nilgiris are pastoral peoples -tending their ~locks Ull.! 

herds. The Mannans and Muthuvans· of 'l.'ravancore are given to 
axe cultivation called Podu. -The Savaras of the Agency dist11ctS 
are settled agriculturists. 

v. Collection of Anthropological exhibits. -Prehistoric 
At'cMeologtl;-.The fossil remains of early man ~d all the objects 
made and used by him are objects of archaeological interesli. 
Among these are implements of stone, tools and weapons of hrQn2.c 
and iron, utensils and ornaments of brom~e, pottery, shell, bone 
and horn, beads of stone and mezal. Most of these antiQuities are 
obtained from archaeological excavations while a fairly large 
number of them can be obtained as surface finds from ancient 
sites. 
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Physical Anthropology.-Exhibits under this head includtt' 
sknll types, models and photographs of the physical types of 
different races, plaster-cast reconstructions of the various fossil 
types of early men such as the Ape-man of Java, the Ape-man of 
Pekmg, Neanderthal man, CroMagnon man, etc. 

Photographs of the ahoriginal tribes of South India can be 
purchased from this Mm;euiu at Rs. 20 per set of twenty half plate 
size prints. 

EthnoloY!I.-E,xhibits under this head include models of tlie 
dwellings of such primitive peoples of South India 8S Kadars, 
Chenchus, Todas and Savaras, their dress and ornaments, the 
implements used by them in digging, hunting, agriculture and fir& 
making. Musical instruments, objects used in religious worship 
and writing materials ate also included among ethnographic exhibits. 

Anthropological exhibits of the following types can he collec
ted by school teachers with the co-operation of their pupil~ :-

Models.-Models of huts, limekiln, oil-mill. potter's wheel, 
hand loom, furnace, Persian wheels, etc. Such exhibits can be· 
purchased from manufacturers or. constructed. Toys, . puzzles,> 
traps, musical instruments, artistically worked pieces of baskersy, 
eheap je~ellery, votive offerings, objects used in v~rious cPl'emonie>l,· 
festivals and rituals can also be collected as exhibits. 

VI. Preservation of Anthropological museum· specimelll.-Before 
u)llllnencing the preservative treatment of anthropological exhibIts 
thefirf>L essential step is the normal routine of cleaning', dusting and 
provision of insect repellents and insecticides such as naphthalene 
and D.D.T. 

Four definite stages have to he recognized in the ti'eatment of 
exhibt-

(a) The identification of the object or material8, its nature, 
c-jassification and labelling have to be attended to first. 

\ b) The ll'lrure of deterioration to which the object 01' speci
men is normally subject to and stage at which such deteriora
tion has taken place. This is necesary to vary the nature of the 
preservative treatment according to its state of preservation. 'l'he 
specimen may be new and Quite fresh requiring very little r~'eat:
ll1ent or it ma,y he in a ~tate of decay requiring verv ean·i'nl 
treatment. 

(c:' The nature of the changes expected on preservatn'f' 
treatment. Here some of the injurious effects of certain proce£:ses 
hayf' to he foreseen and avoided. 

(d) The actual processes and techniques involved in !'Illch 
treatment and the chemistry of materials and processes. A detailed 
aIlt! practical knowledge of such processes and techniques is e~:'~n
tial for the successfnl preservation and protection of anthropological 
eshibits. 
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The preservative treatment of anthropological specImens 
cousists in strengthening them and reducing the action of the 
variolls agencies tending to their deterioration or destruction. 
Here considerable care and judgment- is to be exercised in deter
mining the nature of the damage or otherwise of the specimen and 
its effective preservation. A record of previous -preservative treat
ment giving the dates on which such work was carried out and a 
detailed account of the techniques and processes used in such pre
servation will be helpful in estimating the state of pl'esel'Vation of 
a partic1;llar specimen. 

VII. Special methods In the preservation of Anthropological 
museum specimens. -A classification of anthropological museum 
speCImens into materials of (a) animal, (b) vegetable and 
(c) mineral origin is helpful in devising ways and means of t,heir 
ca.re and preservation. 

Among materials of animal origin, are bone, ieathers, fur, bail'. 
horn, ivory, leather, shell, silk and' wool. 

Materials of vegetable origin include· b&mooo, bark, bRl;ketry, 
leaves, fibres, textiles and wood. 

Materials of mineral origin are beads, glass, pottery, plaster 
caats, stone implements and objects made of metals and alloys iuch 
11ri bronze, copper and iron. 

A. Objects of Animal Orlgln-Bo1l.e.-Two kinds of specimens 
11a,-e to be- distinguished here-

(a) Actual skeletal remains whether of human or animal 
origin are dug up in lfchaeological excavations, (b) Tools, weapons, 
carVings and other artifacts made of bone are met with as anti-
(tuities or ethnographic :q.laterials. ~ 

(b) Skeletal remains are preserved and strengthened if they 
are found in a crumbling condition by the Uf:e pf phellac 
solution in spirit (2 per cent) or with vinyl acetate solution. 'The 
solution is allowed to permeate the specimen before it is ·~oJllpI('tely. 
dug out of the soil. 

(c) Bone artifacts if met wi th in a well-preserved condItion 
are cleaned with soap and water and treated with _celluloid wiution 
after thorough drying. If the specimens are in a frll.gile condition 
('leaning with alcohol is necessary before strengthening. 

fi'ra.thers.-The dance head dress of many of the Mundari 
speaking tribes of Orissa and Central Provinces are decorated uith 
peaCock feathers. Specimens which include feathers rer-:luire care
ful preservation. They tend to become brittle and' deteriorate 
(·asily. Fumigation with insecticides (carbon tetrachloride, cflrholl 
bisulphide, etc.,) and storage along with containers ·of camphor 
dissolved in lY801. ensures adequate protection. For preservation 
spraying with a very thin solution or celluloid (a-bout one per cent) 
is necessary. 
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. Fu1'.-Furs are liable to be attacked by moths. This is p1'6Ventell 
by flimigatiori and protection with the uSe of insecticides as in 
th~ case of feathers. . The skin pari of the fur tends to become 
hard andhrittle on long storage and the hairs begin to fall out. 
Under sllchconditions the skill should be rubbed with smallquan
tities of vaseline or preferably a mixture of, castor oil and rectified 
spirit (1 :4). . 

Htli1'.-8pecimens made of hair preserve :well in storage. If 
they become· dry and brittle and lose their glossy appearance 
·they may be treated with vaseline in small quantities. The u:3ual 
protection from insect pests· is necessary. . 

Horn.-Articles made of hom keep we}l under normal condi
tions. Cleaning with water is necessary if they become dirty. 
Greasy specimens can be cleaned with methylated spirit. Drying 
is necessary before storage. StrengtheDing of hom specimens 
can be carried out if necessary with celluloid solution. Horn 
articles must be carefully proteCted against insect pests, fungi and 
bacteria by uSing camphor disaolved in lysol and naphthalene jn 
stora.ge or exhibit cases. 

If1ory.-Objects made of ivory preserve very well in museums. 
Cleaning ivory specimens with water is not advisable. Old 
specimens tend to crack and split on being wetted. Alcohol is to be 
used in such cases. DisColoured or greasy specimens can be 
bleachec1 and cleaned by using hydrogen peroxide. Liquid soap and 
nelluloid solution is used for strengthening and preservation after 
thorough drying. ' 

IJeather.-Articles made ot hides, skins or leather tend to 
become hard and brittle with ·age. Such. specimens are treated 
with a mixture of' castor oil and rectified spirit (1': 4), The 
membranes of drums, strings of sinew used for bows and mnsica.l 
instruments and leather thongs respond . well to this treatment. 
Coating the leather portions of such objects with the mixture is 
repeated several times if its' absorption is slow. . The mixture is 
thinned out .with excess of !!pirit ~nd applied, to facilitate absorption .. 
The leather shadow play figures . in this museum are given this 
treah,nent periodioally. This process increases the IIOftness anel 
flexibility of the leather objects and prevents them from be-coming 
hard and .. cracking' up. Leather objects have to be (·arefully 
protected from insects, fungi and bacteria. 

Sh6ZZ.~A.rticles made of shells especia;lly inlay pieces, ban~les, 
rings and other ornaments are frequently met with among 
archaeological finds. They are' ttSoally.in a' gOod state of preser
ntion.Theycan be cleaned with soa.p and water unless they are 
in a hi~hly deca.ying condition. After drying the specimens are 
soa.ked into a thin solution of celluloid. 
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8ilk.-The cleaning and preservat;on of articles made of silk 
rnay be carried out much in the same manner as any other textile!:!. 

WooZ.~Articles made of wool can be treated in the same manner 
aR ot1ier textiles. Great c~re should be exercised in the protec:tion 
of woollen objects against moths. 

B. O"Jecta of Vegetable Origin-Bamboo.-Most of the primitiTe 
tribes of South India use bamboo for building their huts, for mak
ing household utensils, bows' and arrows, fire-making implements, 
~, B~oks and musical instrument.s. 

In the preservation of specimens made of bamboo two kinds of 
articles bve to be distinguished. On the one hand there are large 
and substantial articles which preserve well. These require 
treatment in the form of a thin coating of paraffin wax. The wax 
is melted in turpentine which is wa.rme.d on a water bath.' r:l'he 
wax dissolved in turpentine is applied' uniformly over the $peci. 
mens. .' The large- models of huts of aboriginal people aioe alst 
treated in this manner for preServation. The smaller a.rticles are 
usually made of fine bamboo .strips which are woven. Such are 
mats, baskets, woven . utensils, purses, bags, etc. 'rhese can be' 
given wax treatment or coated with 'creosote thinned with turpen
tine. 

B41'k.---Objects made of bark and baJ'k fibre are used by many 
'hill'tribes as ornaments, utensilS' and wearing apparel. Paraflin 
.wax .. dissolvedin turpentine is . coated with a brush while l,he 
eolution is warm for the preservation of bark objects. H the 

. objects are small they can be coated with creosote and turpentine. 

Basketry.-Being of vegetable origin basketry a.rticles tt>nd to 
. beCo~ehardand' brittle with age and are to .be preserved with 
care~ Paraflinwu' in turpentine is agoodpreservativ6. Beeswax 
dissolved in petroleum can also be used instead of pal'affil1 wax. 

Le4t7e8.-Articles made of leaves are in common use. among 
many tribal and rural peoples. Rolls of Pandanus leave.s arenBed 
to dilate the pierced opening of the ear-lobes. 'Some bill tribes 
formerly. uaed to wear leaf. aprons. Palm-leaf oadjans . are still 
used for writing on with steel styles. ,Many household articles 
such as mats, screens and baskets are made of leaves. Sucb articles 
are' best preserved by giving them a coating of wax melted in 
turpentine. Oreosote ill. turpentine may also ~ applied. 

Filwu.-Plant fibres are used for making bags, nets, l'opes and 
sliDp. Articles mad. of· fibres are beet preserved by treating. them' 
with parat1in wu and turpentine. 

TNtilu.--ootton ·textiles pr~e well if protected from 
bacterial and fungal infection. They are, however, subject to decay 
hy a process of slow combustion. If the specimens a.re {rcah alld 
RroDg they can be oleaned and washed with. soap and water. Care 
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fohould be taken to see that such wet cleaning is not likely to remove 
dyed or painted designs on them. Dry cleaning with petroleum or 
alcohol is preferable especially if the speci~en is dirty or . greasy. 
A solution of alum and gum arabic strengthens t~xtiles and frephens 
up their· colours. 'fhorough drying and storage protected by 
cainphor dissolved in lysol and naphthalene protects them from 
fungal and bacterial action. ' 

Wood.-Enthnographic collections include a large number of 
articles made of wood. Household utensils, implementi'l used in 
agriculture, hunting, digging and firemaking, ornaments such as 
combs and ear discs, musical instruments and many toys are made 
of wood. Articles made of woo.d preserve' well if protected from 
insects and fungi. The preservative treatment consists ill coating 
the specimens with paraffin wax dissolved in turpentine. Repeated 
coats are to be given so as to eI,lsure permeation of the wax illto 
the porous portions of the wood. . Creosote is also an excellent 
preservative of wood. It has to be applied in the pure " form or 
diluted with turpentine. Wood carvings can be preserved by_ 
eoating them with varnish and linseed oil. /Ascu treatment is also 
effective in protecting wood carvings from destruction by insects or 
fungi. 

C. Objects of MIneral OrIgIn. -Beads made of agate, carnelian. 
chalcedony, quartz or other mineral stones re'luirepractically no 
preserv:ative treatment except cleaning and washing with soap and 
water. Usually beads have the,it' perforations clogged up with soil 
or dirt and this is cleaned with needles. Glass beads can be treated 
similarly. Beads of terra cotta sometime8 requirE! strengtherung. 
'I'his IE: done in the same manner .. a~ the strengthening of pottery 
~Ylde pottery). If be~ds form a series, they can be strung together 
on a piece of thread. Broken beads can be repaired with celluloid 
cement jf the broken pieces are fairly large and few. . 

Glass.-Antiques of ~lass can be cleaned with soap :mrl water 
,or methylated spirit. For mending. broken specimens celluloid 
cement should be used. Glass articles which show signs of c1evitri
fication should be treated with one per cent sulphuric acid 
immersed in alco'hol and coated with dilute celluloid solution after. 
drying. 

Pottery.-In the treatment of pottery the following steps are t.o 
be recognized. Cleaning, removal of soil incrustations, strengthen
mg, repairing and restoration. 

Cleaning should not be attempted'in '.the case of painted' pottt'ry 
unle8$ it is made certain that such cleahing would not affect the 
rainting. 

(a) Cleaning .-Repeated soaking in water is advisable if the 
POt is in good condition and is not likely to be damaged by water. 
Coarse pottery and pots which are not well-baked are likely to be 
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destroyed by treat1nent with water. In such cases strengthening 
alone is enough. Soaking in repeated changes of water removes 
salts which have permeated the pots and may damage them. 

(b) RemofJal of soil incrustations.::-Many pots which are 
dug out of the soil have soil incrustations· of calcium carbonate 

. which are unaffected by soaking in water. After cleaning "ith 
water the pat is soaked in five percent hyd~ochloric acid. The 
acid is applied from time 'to time and the pet washed in water. 

(c) Strengthening.-When pottery specimens aJ;e in a crum
ling condition strengthening them is necessary. . Such specimens 
should not be clea.ned with wat~r or treated with dilute acid. They 
have to be kept dry and a thin two per cent solution of shellac 
applied tothela repeatedly by' means of a paint ~rUsh till the 'aolu
tion permeates the entire pot. This treatment has to be repeated 
ali intervals and the pot stored' after drying. 

(d) Repairitr.g.-Pottery specimens usually break into pieces 
on their being dug out of the soil during eXflBovations. Very often 
entire pots are broken in transit on' account of bad packing. In 
such cases the broken pieces or 'potsherds' have to, be collected 
t.ogether and stored together. The arrangement of the broken 
pieces together for repairing re.seD};bles the fitting together of the 
pieces in 80 jig-S80w puZzie: 'Pile broken bits have to be. carefully 
cleaned 'and, assembled. A mould or prop of plasticine is ubeful 
in assembling the pieces together. The broken edges of the pots
herds are. smeared with a thick shellac cement and held together 
to, dry. After drying the mould or prop is removed. If 'l11' the 
pieces could not be, held together the mending work can be calTied 
out in parts. The basal pieces 'a.re first joined together. This is 
followed by the'bodY and finally the rim pieces are put together. 

(e) Re8toration.-In repairing broke.n pottery it will be 
found that small pieces are missing leaving gaps in the pot when 
me~ded. Such gaps are usually filled up by me~ns of plast~~ ?f 
Pans casts made to resemble the lost potsherd m. t.hat poSItion. 
To carry out· such restoration a mould is made out of plasticine and 
propped up against the gap into which the mixed plaster is poured 
and the excess is removed by. scraping off before it sets hard. rfhe 
parts restored are allowed to set and dry thoroughly and then painted 
ov<er to match the colour of the pot. 

Plaster cast models.-Replicas of rare antiquities, fossils, bilo
gical specimens, etc., are made of plaster of ,Paris. S9,me anti
quities are made of alabaster .. Tbese are fragile' and should be 
carefully; handlt1d. They are often broken in transit. Repairing 
plaster casts can be carried out by joining the broken pieces together 
with plaster of Paris or celluloid cement. Cleaning of plaster casts 
except for routine dusting a.nd brushing is not advisable. Occa
sionally they may be cleaned with methylated spirit. 
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, SteHle imple1nmt8~-Aitifacts made of stohe l'equil'e practi
eally no attention as they preserve very well. Cleaning with soap 
and w~ter is 8ufficient.Men~ing o! broken tools with ,-~elluIOld 
cement is recommended. 

The preservatIve treatment of metal objects, especially hro~, 
copper and iron" articles is dealt with lindeJ;' the section of " Chemi
~l Conservation" in ~s handbook. 

Appendices to this section mclude a list 'of chemIcals ,::eql!ll'ed 
for the' preservation' of anthropological museum ~xhibits. 

APPENDIX I. 

CHEMICALS USED IN PREsERVATION WORK 

Acetone. 
Alum, 
AmyJ acetate. 
Beeswax. 
Camphor. 
Carbon bisulphide. . 
Carbon faitrachloride. 
Castor oil. . 
Celluloid.' 
. Creosote. 
Gum arabic. 
Hydr<?gen flero~ide, 
Hydrochloric 'acid. 

..Naph1haJ.ene. 
Pa.raftin wax. 
Petrolew:o. 
PlaSter Of PBJis. 
Plasticine. 
Shellac. 
Spirit-Tuethylateo ' 
. Spirit-rectified. 
SulphUric acid. 
Turpentine . 
Vaseline. 
Vmyl acetate. 

APPENDIX II .. 
THE LOCATION OJ' PU.HISTORIC OR 

ARCH.sOLOGIOAL SITES. 

8u..face indications often give the clue to· the existence of arcbaec
logical or prehistoric sites. At the sites of prehistoric habitations, 
stone implements, potsherds a.nd bead$ may be found on the surface. 
In connection with prehistoric burial sites huge stones, la.rge sheqls 
of urns or other burial pottery, iron implements, obnkshell oma
ments and beads may be found.. At historic sites s.ueh. remains of 
buildings and walls as scUlptured stones or large bricks may be found, 
in an unusual~etting. An arohll3oJ.ogi~ .site overgroWn with natural 
vegetation may often present definite patterns on"its appearance. ,Ai 
certain. regions correspondirig to :buriect- bufidings or walls the ve~ta
tion would be ~aparse or a&ent while in the surrounding regions it 
would be abundant and dense. This is often verye1eari:Q"aerlal 
views. ., . 
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APPENDIX m. 
SITES .FROM WHERE PREHISTORIC STONE IMPLEMENTS 

COULD BE COLLECTED IN SOUTH INDIA. 

Hadara •• 

Tanjore •• 

Tiruohirappalli 

Bellary 

Cuddappah 

NorthAtcot 
Chinaleput 

Nellore 

Kurnool .• 

.. 

Guntur and Krishna. 

Shingle beds in the alluvium of the Vaig&i 
on the left bank immediately north of 
Madura town. 

Laterite deposit lying to the south east of 
Vallam and south-west of Tanjore town. 

Laterite forming plateau Eaat of Ninniyur, 
45 miles north-east of Triohy town. 

Surface of the shingle fans along the foot of 
the oopper mountain south of Bel1ary 
town. Also frOin Halakundishingle fans. 

Thin spreads of laterite gravel in Rayaohoti 
t&luk. 

Laterite gravels. 
Boulder oonglemerate at Vadamadarai in 

Kiorttalaiyar valley; laterite conglomerate 
of Attir"mpakkam, 

Laterite gravels resting on th~ gneissio rooks 
in Maneru valley.· . 

Laterite pebble bed in Bhavanaai . gravels at 
Krishnapuram ·on the Atmakur Dormals. 
pass on the RaJIu va.gu and. Yerrakonda
paleIP. on the bank of SagUeru at Gidda]ur 
near N andikama pass. 

Valley of Khunda near Roodi-a.i in laterite 
gravele• 

High level gravoIs a.t Ippala.m and Oosta. 
palli. 

APPEN OIX IV. 

ADVlSORY INSTITUTIONS. 

Teachers· and others who are interested in . building upschooJ 
museums a.nd similar institutions can obtain special advise a.nd heir 
:n the colleotion of anthropologioal museum specimens from the 
following: -

1. Superintendent, Madras Government· Museum, Madras·S. 
2. Direotor, Department of Anthropology, India.n Museunl, 

Caloutta. 
8. Dh'ectol'·General of Archaeology, Al'chaeologiclll 'Survey of 

India, Curzon Road. New Delhi. 
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APPENDIX V. 

,mLIOGlUPlIY. 
1. Leachman, D.-1.'eOhnical Methods in the Preservati~ of 

Anthropoloeical Museum Specimens. Annual Report, 1929. Natural 
History Museum of Canada. 1981. 

2. Lucas, A.-Antiques, Their Restoration and Pl'eservation, 
London, 1982. 

3. Plenderleith, H. J.-'rhe Preservation of Antiquities. The 
Museums Assooiation, London, 1984. 
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SECTION VII. 

Chemical Methods of ReStoration 'and Preservation 
of Museum Exhibits. 

By B:, SUBBAJrlANlAN,II.A;, I'.LI.O. 

('ormeJr CUrator, OIiIJDleaI OoDIervatioD SeeUOD, 
GoYllDlll8$' • ...., 1IadraL) 

~irod1leUoD.-:The a~plication of chemistry to the field u! Art 
and Archaeology 18 one of the :recent developments of SCleuce. 
Archaeologists encounter various .types ,0fmaterialB", both OJ·ga.~ic 

, arid inorganic,"ciaring excav.a.~n which are in, a' state ~f partial or 
~mp'ete dililmtegration and they ~eed the' co-operation (If. ehem~.&ts 
.lor the restoration and ~r preservation of, these ~aterials. Ii is 
irl(leeci ~tifYQlg to note that· a number of foremost men in 
ehewistry have been devoting ~t attention to this subjeCt recently 

. and several aefini~ conclusions have lleen arrived at as 'the outcome 
'01 their admirable, studies and experiments. " 

. ,No less important has been the b~ of.chemistry and 
'physics in settling'9arioU8 disputed points. Applied cheuiistry bas 

, been the crucial means 'for "the detection of frauds or the establish
"'men* of authf)nticity. James J. Rommer . of the Metropolitan 

Museum of Art bas ~e~eloped a,method, for., me detection of the 
age of ~bleobjeets. ' .. :Onder the nItta-violet my old marble is 

.difterent 'from,freshly cut marble' and.from old 'marble which ,has 
been recut;" •• 'In several ca8ea it has been po88ible, to demonstrate 

. . concl~sive1y, that ce~' ob~ of ...-t had been rather. recently 
repaired, the new' inserts showing up in strong' cOntrast ,vitb the 
'originalstbne ". X-r-y. and u1tra,.;:vio~t rays, have been of great 
use in studying the various layers ofpaintingtr-th'-' ground (can,'&s 
ur panel), the priming&.yetand~e paint layer. Each has a 
j)fimcnlarabaorption for these rays ~d is reproduced in the photo: 
graphic image in its char~ristic manner from which the critic 
can draw conclusions. Radiographs also indicate how much of 
metallic oore is left behind in a ¥ghly" corroded object and the 
feasibility: of ,unde~ng the cleaning process. 

Hundreds ofchemic.,I analyses carried out on antique materials 
have put al'Chaeological data such as date and lOcality. on a firm. 
ftl'Ound.· It has·been' shoWn for example that the metal in the iron 

'objeCts of tile Le Tene 'period in Switzerland came from the mines 
"of Tnscany. KieroscQpic examination ,ofcoinsan~ me~allic"o),iects 
. ·l'eVf!IJ ' .heirinteril" structurelDd' 'the patterns ()btained indicate 
wbetlier·.t~had 'been.caat or· worked .. or~. In recent years 
the ~tivityQf.miorochemiclltests has been greatly incceal!ed, 
.eliminatingthenecessity for .takiDg large samples, from valuable 

"antiquities. ElectroChemical analy8i1J has been yet another means 
in this direction. ' . ••. . ... .., 
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Restoration and Preservatlon.- Tfhe aim here is to give in broad 
outline some of the methods that are employed in the reatoration 
of particular materials. For full details the books listed at p. 220 
et seq. may be referred to. 

Before undertaking the actual cleaning of allY anti:lue object, 
f!ertain general points have to be noted.' It muat. be remembered 
that the materials upon which the experiments are made are 
frequently of great value. All cleaning processes take time and 
. restoration work should never be hurried. •• It should not on the 
other hand be set aside for long periods when once begun ". _The 
great urge to resort tQ crude mechanical means in removing hard 
crusts should be fully arrested. 'A close examination of the 
material is in all cases necessary. In some cases the antiquities 
would h~ve undergone very little deterioration calling for !l0 

drastic treatment while in some others the 'disintegration would 
Lave progressed to such an extent that it would be unsafe to 
undertake any restoration. Conservation and not restoratioL 
Fhould be the foremost point in such cases. It is not uncommon 
t.hat all that is left out of an ancient iron object is just a mass of 
rust. Lastly if there is the leaet shadow of doubt about the sde!.y 
of using a· particular reagent, it is well to determine by careful 
experiment the effect of the reagent on a small portion in an (ldd 
comer of the specunen.. • 

(1) Copper and BroDze.~ The most frequently occurring objects 
which need restoration are' of copper and 'copper alloys, Bronze 
is an 80110)' of copper and tin. Ancient bronzes vary considerably in 
composition. They range in composition from those containing 
5 per cent tin or less. to otQers which contain as high as 30 per 
cent. The hardest bronze contains about 12 per cent tin; a highe) 
}lercentage makes the metal brittle. Some 'of Lhe bronzes aJSf 
contain a little. lead and zinc besides 1.races of several other ele
ments. The nature and degree of deterioration suffered by an 
object depends upouvanous factors : (i) .the composition of the "Uoy, 
(ii) . mode of smelting and the original manipulatioTl of· the compo
nents such as good or poor mixing, fine or coarse grains, etc., (iii) the 
porosit.y and the character of the soil in which the alloy has lain, 
(iv) 'the galvanic action with other metals, (v) contact with organib 
remains, (vi) the length of time during, which the object has been 
exposed. to the particular conditions. Among the salts Cound in 
the soil which are respOnsible for the decay of metals and aUoys 
are the chlorides and nitrates of sodium and calcium and the sul
phate of calcium. The bronzes are -gradually attacked giving rise 
to green, blue, brown and red crusts. Copper is changed into the 
oxide, chloride, oxychloride and carbonate; tin IS con vened . into 
oxide. Occasionally sulphate and sulphide are also found. In the 
case of bronzes whose, t1loy had· been' bomogeneouo;, fine-grained, 
dense and not porous and whose surface had "p.en sosmootb that 
.the process of disinte~tion could proceed only velV' slowly, the 
'3OrTosion products are formed in such a. way that the contours of the 
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bronzes with all their markings are distinctly visible. The &urface 
film-the patina-is thin, smooth, hard a.rld enamel-like in 
appearance. The colour of the patina m~y vary greatly. It lllay 
be bright green, blue or of darker shades. Such a type of patina, 
otherwise known as .. noble patina " or ". edel patina", protects 
the metal beneath and should not be interfered with. Such bronzes 
call for no treatment beyond simple cleansing. But this type is 
r~r8, :md ~ hat !. comn·1nlY me, w 1h' is a rough, porolls type of 

. uneven thickness, containing in some cases calcareous dirt, and 
exhibiting great outward deformity. Sometimes, an object other
wise in good condition, shows green spots. willch ale of a veI"y 
dangerous character. The usual cause of this is the presence of 
traces of chlorides and the action is mainly electrolytic. The "pots 
grow in l:Iize, sometimes slowly and sometimes rapidly and COnlilDue 
the destructive action indefinitely. This type of corrosion has lleen 
termed •• the bronze disease" and the green spots are known as 
•• malignant patina ••.. 

The main problems with the bronze objects are-(i) to remove 
the disfiguring incrustations which concea.l the decorative details, 
(il) to restore to the object <its original appearance and (iii) to 
eliminate the eorrosive substances which cause the rapid disintegra
tion and thus to assure the permanence of the exhibits. VarIOUS 
methods ha.ve been developed ,for the restoration of these bronzes •. 
Thete is no universal treatment applicable to all objects and 
experience is the only" guide in arriying at the proper decislOn. 

The restoration methods may be grouped unde!" three cate
gories:-(a) electrolytic, (b) electrochemical and (c) chemical. 
TLel·e has been. some controversy about the advautages and merits 
of ODG type over the others. The restorations carried out in the 
chemical laboratory of the Madras Museum· dUring the.past ten 
. ye~ have s~own that,. in point of safety and \the lcc~acy. with 
WhICh the hidden detaIls are brought out, the electrolytic method 
is unequalled by others. This method is being regularly used by 
tbe Fjeld Museum of Natural History, -Chicago. Museum (If the 
University of Pennsylvania, Fogg Art Museum of Lhe Harvard 
University and other American Museums. 

(a) Electrolytic Method.-The electrolytIC procesti which is the 
reversal of the process of corrosion was first suggested by Finkener, 
Ch. Frisch, Francois Margival and Francesco Rocchi. It was Colin 
G. Fink. who worked out the experimental deta.ils for the first time. 
'.rhe apparatus used is much like that employed for electropl~ting. 
Without any preliminary cleaning, the bronze object to be treated 
is hung 8S cathode in a 2 per cent caustic sods. solution. (Commer
cial grade of caustic' soda in flakes is used; if ihe sample is damp and 
in lum(:s, it is rejected lest the carbona~ present iI;dt I.'Ihould damage 
the valuable bronze). ~e object is suspended with copper wires 
and is complet-ely immersed in the solution. Iron wire gauze or 
sheets hung on either side serve as the anode. (In the MadraH 

• These methoda are also applioable to objects of copper and other alloys of 
copper. 
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Museum cylindric&! iron tanks with welded joirlts are used as anodes.; 
A glass trough of suitable dimensioBs serves well as a Ct.niainer. 
(For large objects glazed earthernware ta.nks are used). The 
current required can be tapped from some kind of primary battery 
6uch as three or four Daniell cells (in series) or from two accu
mulators (in series) or from the mains {should be direct curreRI)· 
Other primary batteries can be used, but Daniell cells are 
recommended on account of the steadiness of theiraetion. r.i'he 
negative pole. of the battery is connected to the bronze (cathode' 
aud the pbsitive pole to the iron'anode. If there is any doubt a.bout 
the polarity, moisten a small piece of filter paper with a. drop of 
solution of potassium iodide and touch the two conducting wires 
with it simultaneously. A brown spot will be seen on the paper 
at the point of contact with one of the wires; this is the poSItive 
wire. (Filter paper moistened with ~ sodium chloride and. 
phenolphthalein 'r may a\80 be used. In this ease the pink colour 
produced indicates the negative pole.) Sometimes 4ue to the 
resisteD<.le of the crust, current will not flow easilv at Drst. 80 it is 
best to immerse the object in the solution at· night, allow the 
F.11ution to penetrate the crust slowly and start the electrolysis tbf\, 
nezt morning. The optimum current density is one ampere for 
every 20 sq. in. of the surface treated., This means that for .. 
small obiect of about 10 sq. in., only 0·5 ampere is requirecl. 

'fhe action. of . the electrolysis is to evolve hydrogen at tbe 
cathode (bronze) and reduce the crust to fin~ly divided copper. 
The reduction of a thin cl'lli (1/16th to 1/8th inch thick) requires 
3 01' 4 days. It is advisable to renew the electrolyte onCe ot':twice. 
The reduction is complete when all the chlorine (andotber radieaJs) 
previously combined with the metal, has' combined with the 
hydrogen produced by the electrolysis. There. being no f~her 
chlorine with which the hydrogen produced by the eontin~ed. 

, action of the current may unite, the completion of the proeeas is 
iudicated by the free evolution of the gas at the .cathode even with 
very low current densities. The object is then remmled Crom the 
solution, well washed in running water and then so&ked in repeated 
changes of water, forsever"l hours. The final washings must llR 
aone in repeated changes of distilled water. Fetweell t.be soakings, 
the object is gentlybrusbed with a soft tooth brush. (Fine' braes
wire brushes may also be used when necessary). The last washing 
when tested with silver nitrate should show no turbidity. The 
most, frequent cause of failure is 'inadequate' washing' and the 
inevitable result is a perennial 'Btruggle against fresh attacks . 
.. Too much stress cannot be laid upon the necessity for tborowr" 
washing which as a rule means soaking the. ~biect, for several clays 
in repeated' changes of water to . 

After thorough washing. the bronzes are dried. at once and 110" 

Iluicklyas possible. They should be wiped with ~£t clotband 
then dried upon metal rings over a stove. Small obJects may be 
freed from water by immersion in alcohol for 24 hours before 
drying. 
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The bronze is ,finally given a preservative coating to protect it ' 
from internal influences. Various substances have been used fer 
Uue purpose. O. A. Rhousopulos employs the following method: 
., 'fhe objeci is heated upon a metal plate by a dre or gas or spirit 
lamp. The object' whilst still warm is rubbed with a brush which 
has been stoked over pure wax and this procedS is repeated until the 
bronze has receIved an extremely thin layer of wu.'·. Molten 
paraffin wax may also be applied by immersing the object 'in it. 
Alternatively,the object can be coated with a solution of paraftln 
wax in be~ezene (5 per cent) by means of a brush. Two or lhree 
coats of either' a solution of vinyl acetate in toluene (2 pel'. cent) 
or of celluloid in equal parts of acetone and amyl acetate (2 per 
".ent) can also be given. 

(b) Electrochemical Irlethod.-In this method the object is kept 
in cont.act with~ suitable metal such as zinc, both being'immersed 
m acid or alkali." The mechanism of the reaction is very complex 
-mechanical. chemical and electrochemical. 

The bronze is Drat given' a preliminary cleaning by soaking in 
repeared. changes of water to wash away the soluble salts. 

Take an ena.melled iron vessel and shake into it a layer of 
granulated zinc. Place the object over that and spread more zinc 
granules so as to cover the object completely. Add enough of a 
dilute solution of caustic soda (10 .per cent) so that the object.is 
completely under the ~lution. Heat and allow it to simmer gentJy. 
A rapid evolution of hydrogen takes place, and reduces the Cl'WIt. , 

The objeci is removed. after 24 hours and brushed. The process 
iSl'epeated, if necessary. The solution is renewed every time but 
the same iinc may be used again and again after washing' in 
~ water. Instead of using granulated zinc the object ~ 
also be wrapped in stripS: of ,inc. 8omealloys are more responi3iv~ 
to acid reduction than to eJkaline reduction. In such cases 5 per 
cent sulphuric acid can be used in place of caustic soda. 

The object is washed ,well, dried and given a preservative 
coating.' Rhousopulos who baa used a mmlar Inethod Viith greal 
8U9Cess for the'restoration of Egyptian bronzes and those from the 
Akropolis and Anticythera.. says: uThe process is charactarised 
by its pimplicity. thoroughness and sure, exact. smooth working. 
,.'his method can be applied to the largest \)bject whhout difficulty 
or cost worth mentioning ". 

(e) Chemical Methods: (i) Rochelle Salt Mtthod.-Tbe alkaline 
rochelle salt solution required for the process is prepared by dissolu
'ing 15 parts by wmght of rochelle salt and I) parts by weight of 
caustio lIOda in 100 parts by volume of water. The object' is' kepi! 
immersed. in the solution for some hours or Jvemight, after which 
it is taken out, brushed and rmsed in water. If the treatment is 
incomplete. the process is repeated. The specimen is washed and 
impregnated. A solution ofl part each ·of tartaric amd and cautio 
!!Oda hi 10 parts Qf water may also be used instead of the alkaljD,e 
rochelle salt 101ution. 
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'I'his method 18 admirably suited for objects exhibiting ilight 
corrosion. The safety of this method depends upon the fact that 
while it may attack and dissolve c.pric oxide and the compounds 
derived from it, it leaves unchanged both cuprous oxide aDd r.letallic 
~pper. 

In caaea of considerable corrosion the object is altemately treated 
in dilU.te sulphuric acid (5 parts of strong acid to 95 parts of water) 
and alkaline rOchelle salt. The time of immersion in. sulphuric 
acid inay range from a few minutes to several houls but is usually 
very short. If the cleaning is to be interrupted for any reason, fot' 
lIIstance at night, the object should be left in the rochelle salt bath 
and not in the acid. l Further the final trea\ment lIhould alway. be 
II) rochelle salt. 

(iiI Sodium .• e'quicarboMte: (commerciallfl know'" as COt&C,. 

t;r'ated BOda CTy,tals).-This method is of sptlCial value in treating 
gilt bronzes. A cold or slightly wftrm dilute solution (5 per centl 
can be used. When the gold is loosely adherent, '3uaking lnust be 
avoided and it may be necessary to use" syphon when changing the 
fiulution. Dr. Alexander Scott strongly recommends this reagent 
for treating s~imens sufferin~ from "bronze disease" and (01' 

curin~ them without destroying the patina. The sl-ecimen is left 
in a ::.trong solution (~ither cold or hot) of sodium se,s(luicarbonate 
(20) parts by weight to 100 parts by volume of water) as l,mg al' 
r:hlorine is being removed from the incrusta.tion (test with silver 
IJitrate). The object is then well washed, dried and impreguated. 

Isolated spots on large bronzes can be treated by applying to 
('lICIt spot paper pulp charged with 10 per cent sesquicarbonate 
liOJution. Repeated 3wlication may be necessary. 

(iiij Sodium metaphosphate.-This r~ent has the property of 
rOrluillg "table soluble complexes with calcium and magnesium Ions, 
i.to., calcium and magnesium salts are soluble in it. This I'l.·i)perty 

"makes it an excellent substance for removing the calcareous dll·t 
with which buried objects are frequently coated, Objects. with It 

gO()(' patina have been succesfully cleaned of foreign dirt, leaving 
the surface otherwise practically untouched. This is done by pro
longe,l soaking in a ., per cent solution of Btmiuru inetaphosphate 
01" b~' a shorter soaking in a hot 10-15 per cent solution. Th(~ 
object is'removed from the solution now and then aUf! the t1.lftene!1 
lime deposit brushed off, 

(I) SD,.. -Silver is a soft metal and is Iilnt welladllpted to the 
wear and tear of daily use. This softness Is overcome t.o a large 
f!!xtflnt for coinage and other purposes by alloying iL with copper. 

The products of corrosion on ancient silver alloyt'l consist of silver 
chloride, silver sub-chloride, silver sulphide and compounds uf 
eopper derived from the copper alloyed with silver. Silver chlori(t~· 
is produced by the sodium chloride dissolved in the sub-soil wRter 
wbieh nets in conjunction with oxygen and carooOlo acid. The sub· 
_loride is formed by the decomposition of the normal chloride of 
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eilver by the action of light and organic matter. .Black silver sul
phide is formed by the continuous contact of the object with decay 
ing organic substances which have contained sulphur. 

Ancient silver objects vary very much in their state of preserva
tion. Sometimes the objects suffer only a slight surface tarmsb 
(gn:y or black); in other cases the objects are covered with a thick 
SI"('ell crust and have been mistaken for bronzes. 

The use of warm formlc acid in various strengths for cleaning 
all kllltis .of sih'r alloys has given excellent results. 'fhe object is 
kept immersed in warm formic acid (10 per cent) for about an hour, 
taken out, rinsed in water and well brushed ",,1.11 a brush not hard 
l'lllllgh to !'crateh it. If the object is not clean, ~he ellperiment 
j~ !'cIJI~ated. If necessary the strength of the arid may be increased 
up to 25 per cent. After cleaning. the object is thoroughly w~hed 
and tlrjed. 

III SOiliC cases where the above l}lethod is not satittfactol'Y, the 
object can be alternately treated in formic acid (10-25 per cent) 
anl1 dilute ammonia solution (20 parts of strong ammonia of sp. gr. 
{J'SS to 1:'0 palt.s of water}. [Caution: Strong ammonia causes 
"lit-ter8 on the skin.] In using ammonia it must be home in mind 
that. although it has almost no corrosive action on silver. it attacks 
and dissolves copper. So this me~hod is not safe for objf.ct:3 of thin 
metallic base silver as it may increase their na.tura] fragility hy 
t'xtructing the copper. The object is given a coating of vinyl ~Ice!ate 
III celluloid. 

(3). Iron.-Iron objects are· very sU$ceptible to outside agencies 
and deteriorate more rapidly than other metals. Iron cullisining 
little cubon (wrought iron) rusts with greater ease than iron l\:hich 
is rich in carbon (cast il'oft or steel). The agents re ... poll!"ihle for 
the rusting of iron are: (a) moisture, without which rusting is 
impopsible, (b) common salt derived from the earth and (r,) oxygen 
and carbon dioxide from the air. 

The condition of the objects differs widely. ,. 'rhe rust.1l1ay be 
uniform in colour and hardness in ODe case and in another. son 
areas, generally light in colour, may alternate with darkt:r patches, 
et~.'· Sometimes the specimen is only a mass of iron oxide. III 
highly corroded iron objects, the rusted surface contains anlall 
browniB'h moist beads consisting of cl,lorine compounds of Iron 
surrounded and permeated with oxides. 

A satisfactory method in many cases is to boil the object in 10 
pel' cent caustic soda solution. The solution is repeatedly change.} 
till the chlorides are completely eliminated. Lumps of lime 
incrustation can be removed by subjecting the object to dilute nitrio 
acid prior to treatment with caustic soda. For removing the 
softened incrustation only soft iron brushes should be used (not 
bra[l~. as it leaves an yellow colour). 



BAlfDBOOK 01' MUSBUK TBOHNIQUB 

The object ia wuhed thoroughly in wa.ter, quickly dried and 
impregnated with 9.coats of paraffin wa.x in benzene (5 per cent). 
Shellac varnish may'alsO be used. The object. can also be impr~
Dated by immersing it in hot molten paraffin wax. This metnoo 
can be· used in the case of highly' corroded objects containing .little 
or'no metallic core. 

In case there is a strong metallic core left behind, the specimen 
can be reduced with zinc· and caustie soda. (See 'electrochemical 
method under copper and bronze.) . In this method zinc oxide, a 
white powder, is deposited on the iron to some extent. This is 
removed by washing the object in dilute sulphuric' acid. The object 
is finally boiled in fresh caustic soda solution (10 per cent), washed 
in running water, quickly dried and impregnatec}. 

(t) Lead..- Notwithstanding· ,the general inactivity of metalli&t 
lead, antique objects of lead are usually covered wIth 3 white inerus
mtiofl, consisting mainly of a basic carbonate of lead mixed with a 
little oxide. . In some cases the incrustation also contains a little 
lead chloride. . 

If the corrosioQ is slight, th~ object is painted over repeatedly 
with dilute acetic acid (10 parts of strong acid to 90 parts (·f waier) 
by means ofa brush. If the object is highly corrode<1, it is soaked in 
the dilute acid, taken out at intervals and brushed. (When clean
ing lead objects, it should not be forgotten how very soft and easily 
rnarkedthe metal is. It must also be 'bome in· mind that acetic:. 
acid is not without action upon metallic lead and tha.t all traCes of 
acia must be completely. washed.) The object IS theu !06ked in 
c1ilutecaustic sod.a . solution (1 per cent) to neutralise the acid. 
Caustic soda also acts upon lead; therefore the treatment must not 
be prolonged. The alkali is washed out by hot freshy-boiled'tiis
tilled water until no free alkali remains, as indicated by the beha~ 
viour. of phenolphthal~ (should remain colourless). The object 
is dried in a steam oven and taken to a clean atmosphere and allowoo 
to remain there tor at least a week so that a uniform protective layer 
mlloY ~orm. FineJ1y the surface is protected either by varnishing 
it with viI:lyl acetate solution (2-8 coats of 2 per cent solution) or 
. by dipping in hot paraffin wax. G.elluloid is not recommended for 
lead (lince it gives off traces of acid which may prove injurious to 
specimens. Dammar ,shellac or mastiolfarnish may also be used. 
(Note that lead objects sb:ould not be stored in oa.k cabinets as the 

\wood gives off traces of vola.tile acid-to which. it owes its peonliar 
w.ell--destructive to the metal.) 

·I'(&)PrlDU, Dramp, ete.-The chief ailment from which prints 
MId drawing auft.er is a di8OC)10uration of the paper on which ttlt y are . 
exeCuted. Brown and other coloured spots are 1een all over the 
paper. Such a condition is known ·as ' foxinR '. These spots have. ' 
been usually in some way connected with the growth of mildew and 
-mould or· similar organisms.· Paper· usually contains small. 
quantities of iron, derived, perhaps, in some cases from the "essel 
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In which the pulp was mixed. "Paper-infesting fungi pradu('.e 
acid from cellulose (of the paper) and this acid attacks the small 
quantit)· of iron impurity present in the paper. Organic iron wu 
IIore formed and the,) oollecL at various centres (according to the 
conditions of humidity, etc.), where tbey eventually Jecompose 
yielding by atmospheric oxidation foxed spots consisting of oxide 
and hydroxide of iron. Some of the factors having a bearing on 
the question of foxing are the nature of the paper, size, inks and 
pigments, humidity and 'the type of fungus. Whatever IIlay he 
the ClaUBe, these marks are highly disfiguring and have to be erir.di
oat-ed,.to prolong the life of the print and to enhance the aesthetic 
etIec~. 

Various bleaching prOcesses ha.ve been designed to remove the 
discolouration and the brown spots and to restore to the paper the 
original tint. An active agent, like oxygen or chlorine, is made use 
of to oxidise the colouring substances (that make up the stains) to 
produce colourless or less strongly coloured ones. Such b)eacbing 
processes in themselves a.re easy operations but when one is ·dealing 
with prints and pictures, there is the question of attaining satis
fact.ory results without loss of brilliancy in / the inks or pigments. 
'the nature of the picture and the stains should determine the best 
kiud of treatment, and experience is here of utmost value. 

(4) Ble4Ching Processes-{i) Ezposure to sunlight.--Any 
loose surface dirt is removed by means of a soft dry brush. (Dirt 
may also be removed by means of a piece of bread, worked into a 
kind of ball, by going over the surface of the print in a series of 
circles.) The print is placed in a dish of water and exposed to 
strong sunlight for several hours. When free from discolouration, 
t.he print is removed from the water, blotted repeatedly bet .... ceu 
fresh sheets of white blotting paper. A piece of cardboard is laid 
on the blotting paper and a slight weight pl~ed over it until .thtl 
print is dry. This method has given good results in the case of 
Egyptian Papri where the writing material is a stable caroon ink. 

(ii) Ble4Ching Powder-Hydrochloric Acid.-Jn·thismethoc1 
• foxed ' marks are removed with dilute acid and a. weak solution of 
bleaching powder nsed alternately, followed by extensive washing. 

After removing the surface dirt, the print is immersed, face 
upwa.rds for about 10 minutes in a· 1 per cent solutiou of bydro
.chloric acid (made by diluting strong acid of sp. gr. 1·16 with 30 
times its volume of water), then transferred WIthout washing for 
another 10 minutes to a second bath containing a dilute solution of 
bleaclling powder (1 gm. to 100 C.c. of water), then back again to the 
acid without. washing nnd 80 on until the discolouration (lisappears. 
The print is then washed thoroughly • w·ith something of the ritual 
of the. photographic studio'. It is immersed in a tray of clean water 
and the tray rocked gently causing the water to travel back and 
forth. The water is repeatedly changed until the washings are 
free from chlorides (test with silver nitrate) and from acid (test 
witl! litmus) .. This may take an hour or two. The print is then 
. drit'.d between blotting pa.pers. 
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This method is applicable only in cases where the basi" of 
trle pi~ture is carbon in some form or other. PrUltiIl~ iJ.:.k if; com
posed of carbon containing a binlling material like linseed oil. and 
so }Jrinteo malter can be tiafely treated by this method. \Vith a 
little precaution, pencil drawings can also be treated, for, although 
there is no binding medium, the graphite (graphite is also a variety 
of carbon and so is permanent) particles become fixed, in time, to 
the paper. Any writing in iron gall ink will disappear unless it is 
protected beforehand. This is done by the local applica.ion of a 
solution of celluloid (2-3 coats of 5 per cent solution>_ It may be 
remo"ed afterwards when the print is .dry by a wash of acet{)l'e. 

(iii) H1Idrogen Peroxide.-The a.dvillltage of hydrogen 
peroxide lies in the fact that the products of decompositio~ are just 
oxygen and water, eliminating the necessity for prolonged washing. 
For use, a mixture is made of hydrogen peroxide solution (10 
vols.) and water in equal proportions in which the print IS 
immersed until clear, when it is taken out, washed amI dried . 
. Hydrogen peroxide is not very quick in its action, ilDd in some 
cases it may be neceRsary to leave the print in the hath :)Verni~ht. 

Where the presence of water is undesirable, as in the ('.ase 
of water colour paintings, hydrogen peroxide vapour can he used. 
A flat block of stucco plate is prepared and dried. A small quantity 
of a concentrated solution of hydrogen peroxide is distributed U~ 
uniformly as possible over the surface of the block. The print is 
placed, face downwards. at a distance of an eighth of an incb or so 
and the hydrogeon peroxide vapour which comes off gradually acts 
on the picture and not only removes the spot!; bllt also brightens up 
the pigments. In many coloured pictures, white lead is freely ueed. 
These whitened parts in time become dIscoloured and finally quite 
black owing to the conversion of white lead into the black lead 
€mlphide. Hydrogen peroxide oxidises thtl lead sulphide to the 
white lead sulphate and the pigment regains its warm original tone. 

Another method of applying hydrogen peroxide is in alco
holic solution, cllilal quantities of hydrogen peroxide solution and 
absolute alcohol being mixed and painted on the disc{)lonred spotR 
with a soft brush. 

(iv) ChloramineT.-This reagent has been recommended 
by Dr. Plenderlt'ith of the British Museum. It ilJ a white, rather 
insoluble powder 'lnd mnst he kept in a. well-stoppered bottle on 
account of its instability. A 2 per cent solution (2 /llTI. in 100 c.c. 
of water) is prepared as and when required. The solution is 
applied to the spots with a soft brush. The nrawinlZ' is then *" 
covered with blotting paper and placed UDder a glas'l plate. The 
result is examined after an hour and the treatment repeated if 
necessary. Chloramine T as a bleach has the advantage Clf not 
having to be wa!!hed. 'rhis proceRS is particularly suitable for water
colour drawing as the reagent may be applied to those parts of 
the work which !ire stained without ent1angering the wbole. 



(/) lLp./lwt·a/ uf Stailts.-Hcsidt!S discoloUl'atlOll by willit.'\\. 
print!; may be accidentally stained in other ways. Oil and gren;,.!' 
Hainf: are a common source of trouble. Petrol is effective In rt:

moving wax and candle grease stains. The print is immersed in a 
bath of pure petrol preferably face downwards and the back brushed 
gently fIOm time to time with a soft brush. If tht, iitain is per:,j". 
!t-llt, ;U'l'W: It' and bell1.t'ne can lie tried. For the removal of oxilliSt'd 
oils,. ,[,.:phaltic. stains, paints and varlli!>helO, pyridine has bet:n found 
t.:J be very effective. This is applied by means of a brush of g-las" 
flhre allll tlw lifJl1icl aftel' a l-ihort time l'emm'ec1 by p11l't> whitl' 
hldtting paper. The application is repeated. 

tc) Fllllli!latiolt.-Jn addition to the restorative treatment. 
l.ht~l'l· are certain types of treatment for paper that have a largely 
j.rc\,f:ntive value. Fumigation is one of these and is done to destl",,v 
allY mould or bacterial growth or to kill spores before they develop. 
\Vith a few exceptions. prints, drawing~. manuscripts "and water· 
pulom p:lintain~~ c'an hl' ~tflriti"ed by me:m.; of thymol \'3:POUI'. 

The pictuf(' is placed in it tray inJ;ide a fairly air-ti{!ht bc,~. 
prderabiy ~hOVt· a large clock glass containingahout 10 ~m". of 
tllymol cI·ystals. If a littlE' heat if: applied (e.g., by switching on 
f,lr a short tim(~ an ()l'rlinal'~' ('lectl'ic lamp fixed somfl two jnches 
"plow thp ('lock glac;sl. the thymol readily melts as its melting point 
is 44°C and soon the air inside the box becomes saturated with 
lite vapour. The p(~riod of sterilisation may range from three or 
four hours to anything \lpward~ depending upon the degree of 
infestation. 

Carbon-di-sulphidt· which il' a very effective insecticide has also 
been used in some cases. However, it possesses the disadvantage 
of being highly inflammable. When miui with air in certain pro
portions, it is explosive. It has an exceedingly unpleasant'smell, 
too. A mixture of f'thylflne-di1choride (3 parts by volume) p,ud 
('arbon tetrachIoridp (l part b:v volume) is another effective r~ent. 
These are liquids that on exposure to the air evapor~te forming 
ga!'les which are efi'p,ctiVf'l inRPCtiddp.fI. Thifl mixture is non .... 'xplo
:-:ive a.nd non-inflamma.ble. 

i6) BODe aDd Ivory.-Bone and ivory have been WIed from 
a n<'lent times fOT many purposes--purely utilitarian as well as 
decorath·p. Being organic materials, they present peculiar prob
lems in conservation. Both are made up of calcium phosp:ttate 
and calcium fluoride and ossein, an organic ~teria.l. Ivory is 
more compact than bone. 

Generally old bone and ivory are found warped and hrittle doe 
to tlw action of heat and moisture. Being light of colour. they nIso 
get easily stained. When buried. underground for long, they tend 
to get weakened by salt incrustation or water which decompo~~ 
the organic material in them. . 
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When the bone or ivory object is in a, fairly good condition, it 
may be cleaned with water and eith~ soap or • detergent. It 
Diu. not be allowed to be in contact with.water longer than neces
lary. After washing off th~ SQap with disti1ledwater, the c.hject 
is dried with a $Oft towel. If the ivory or bone is partially 
~ecayed, the final drying has to be done by p~ it two or tl.1'ee 
tunes through 95 per,cen~· alcohol. 

When the objects &re covered with carbona.te incrustation, the 
~ation·is more complfuated.' The use of acid to decOmpose 
the C&rbonate is e&sential but it has to be done without letting, the 
eiIt'l"VesCent e&rbou dioxide disintegrate th~ object. J.' Franklin 
Ewing used the following formula successfully for specimens· of 
heme recovered from limestone breccia: 

Glacial aoetio acid • ...,0 o.o.diiaOlved in 
Water •• • • .. 1 litre ;tothia 
fWurat-ed 1Odi~ . hydroxide solution. 10, 0.0. is added. 

. Theaetionof this solution upon the crust was dow. 
Unprotect.ed.. bone is, how 8l er , not tube exposed fOr more than 8 
or 4 hours. ·The bone may Wely be Pl'Qtectecl from ,tbe acid hy 
being impregnated with a thin ,solJ}tion of Alm~. It was also 
found ~t two coatings of a c)llorinated 'rubber varnish a1l:ord8d 
adequate protection even against ,strong hydrochloric acid. In 
such ,a case, the crQ.st was decomposed by the acid dropped on ta it 
with a pipette. Every time the removal of the erust expqees' the 

, bone"fresh coatings of the ru~berVarnish have to be given; After 
the acid treatment renderS the Crust porous and. soft, it can . be 
removed by gentle mechanical means like C&reful piCking with a 
needle. 

After restora~, bone or ivory must he dried by. uposing'tbe 
object to air in a dry·place. '}leat should never be used. Impreg
nation of ivory or'bOne may be done with .. solution t)f vinyl acetate 
;n toluene (15 per cent). Durofti: may be safely used for repairing 
brOken fragmente. 

BIIIDI, W • ., .DrJIDI 0lIl, eto.-";' Various resins, both 
natural and synthetic, drying oils and other' orgllonic Sllbstances 
like p&rliffin wu, beeswu ad glue h&ve been exteniively 11S8el in ' 
the reston.tion of museum: exhibits. 'They h&ve been used ,for a 
vllol'iety of purposes :-(4) as preservative, coatings to protect the 
objecte from external inft~ (c1irt, moisture, acid, fumes, etc.), 
(b) for conso1idllotion and strengthening of fragile objectIJ, '(0) for 
fixing craked and scaling p.mt ~ on paintings, (d) &B cements 
in joining broken pieces, etc. 

Among the most promising of these have been :-mastic, shellac, 
damm&r, canada balsam, copal, isinglass., BIIoIld&rac, chlorinated 
rubber, linseed oil, 'Celluloid, cellulose acetllote, polYvinyl acetllote 
rmd waterglass. _ > , 

• J[aaufaotured by ShawinigaD Produets Company, Limited, BhawiDigaD l'aIIa 
P.Q.. CaDada, or Empire Bta~ BuildiDg, New York, United etateaof Amari .. 
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. 1n choosing the proper substance and $he solvent, various factors 
,have· to be taken into consideration-(a) me adhesiveness, elasticit1 
and toughness of the lacquer films, (b)' transparency of the film, 

. (0) ~emical inertness. (tl). resistance m weathering,. (e) moisture
proofne&8, (j) power of penetration of the lacquer· solution, (g' cost 
01 the Rubstancemd the solvent, (h) rate of evaporation of th,", 
solvent. .. . . 

: ' Vinyl acetate, for example, is superior to many other substanoeR . 
on' account of lts water-:white transparency. The· polyvinyl resin 
is more elastic and less inclined to embrittle and peel than cellu
loid I film. But the films produced 'by most of the artificial resins 
are permeable to water vapour and they are not to be chosen when" 
protection from moisture is the first consideration. In this respect 
they are· inferior to substances like beeswax. The colour of 
beeswax is a disaduntage' when treatiD.g~80me of the white or light-

jcolonrecl materials and·in such cases paraffin wax is used, Also 
paraffin wax is safer than beeswax in being chemica.lly more inert. 
The tonner is. only a mixture of satura.led . hydrocarbons while t 11£' 
latter contains Some acids. But the film formed from paraffin i~ 
not so elastic as the one from beeswax. Cellulose acetate is a mn)"c 
stable compound than celluloid and so is preferred in strengthening 
woven fa.brics. Celluloid ma.y eventually develop some slig ht 
acidity and old fabrics are ve~ susceptible to traces of a.cids. 

The rate of evapori.tion of a liquid is also a very importa.nt facto)' 
when it is nsed in a lacqner formula. Rapidly eva.porating solvents 
are liable to canse a blush, and to overcome this, high-boilinlf 
liquids are added. Cellnloid is dissolved, for this reason, in a. mixed 
solvent of -acetone and amyl acetate. Various specific f(lrmula~ 
have been suggested for these lacquers but it is best to prf'pal'p. 
one's own depending upon requirements. Some among the many· 
solvents used for this purpose are-( benzene, toluenfl, alcohol, 
acetone, ~yl acetate, ethylene dichloride, petrol, turpentine, 
ether and carbon-di-sulphide. The - usual strengths of the!>e 

. solutions range from two to five per cent. 



218 H.UIDBOO~ OF MUSEUM TECHNIUUE 

APPENDIX A. 

LIST OF OHEMIOALS AND MATERIALS EMPLOYED IN 
OHEMIOAL RESTORATlVE AND PRESERVATIVE WORK. 

4cctic acid (Glacial).-lt is a conosive organic acid with a m.p. 
of 16·7 c C and b.p. 118°0; sp. gr. 1·05. Both the .. pure acid " 
(i.e., glacial) and liquids containing various percentages of acid 
(40 per cent, 80 pel' cent, eta.), are available in the market; the acid 
ill soluble in water and alcohol. 

Acetonc.-Colourless organic liquid belollgiug to the groull of 
compounds known I1s" ketones". b.p. 56·5°C, sp. gr. 0·79. A 
~ood solvent of cl'lluloid. 

Alcohol.-The term is generally undel'Stood to signify spirits of 
wine of ,'arious strength. AI,solute alcohol (same as ethyl alcohol) 
is alcOhol without any water, but; as it absorbs water from dle 
atmosphere, the strength o[ commercial absolut~ alcohol l'81'dy ('xceedM 
98 per cent. Rectifierl 8pirit!l are spiritR rende-I'I'd pure and st.rong hy 
redistillation (about 95 PI'" cent;.strong). 

AftlfMnica.-·It is used 8S a washing agent for neutralizing any acid 
t.hat might have formet} on a mineral. 

AfllmoiJium PhOBphate.-It is a goodfire·proofng matel'ial for WOOlf . 
... myl Acetat(' .--C-olourless organic liquid. with an aromatic smell. 

Sp. gr. O·875 v , b.t>. 140~C-148°C. 'l'here are three varietieli 
of amyl acetate of which .• common amyl acetate ", is the compound 
.. iso_amyl actetl.te ". Used as a solvent of cellulose; used along with 
acetone for preparing celluloid varnish, cement, etc. 

Ascu.--This is the trade name given to " preparation containing 
copper, arsenic and chromium salts in the proportions which are most 
resistant to bleaching. It is extensively used as a wood preservative. 

BeeRwa~.-It is a yellow, tough solid of complex composition. 
Melting point ranges from 60°C; soluble in ethel' and chloroform. 

Ben.cne (Benzol).-A colourless, inftammable organic liquid with 
"b.p. of sooC; an excellent solvent of resin, fats, etc. 

Benzintl (Petrol, Petroleum spirit).-Benzine is not synonymous 
with benzene. The name is given to u light petroleum oil boiling 
bet\veen 120°-150°0. 

mbulouB papel'.-It is Olle which is capable of absol'bing moisture. 
Any paper possessing this property, can be used in drying plants. 

Bleaching powder (also known as the" chloride of lime ").-It iR 
a white powder containing 85--40 per cent of available chlol'ine. A,:. 
its name indicates, it is used for blenching, for example, pap(>1', 
textiles, etc. 

Calci1lm H!Jdrate.-It is also known as Oalcium Hydroxide. 
Calico.-lt is sold as cloth or ns paper. The latter is easier to work 

with. 
Camel Hair BmS/h.-It is sold ill vnrious sizps. Size No.4 llnli 

sizl!I No. I win be useful. 
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e,.,,,,,adG Bcalaom.-Iti is a resin obtained from certain fir trees 10 

Canada. 11; is soluble in xylol and benzol. 
00""6" T.tftJChZorid •. -It is employed in 'fumigation, when mIXed 

with ethylene-cliohloride in the ratio of 1: 3. 

Oouatic Po'-" (ohemical name: potaBSium bydroxide).-White 
deUqu8lO8Dt and caustio substanoe. When it ia dissolved in water, 
JrNIot heat is produoed. (ef. Caustic soda.) 

Oouatic Bodo (chemical name: sodium hydroxide).-White.highly 
deliqueacent, caustic substance. Marketed in several forms-tlakes. 
aticks, pellets, etc. Much heat is evolved when it is dissolved in 
water. (01 .. Caustio potash.) 

OeUuloid.-Good, transparent sheets are available in the market. 
Old photographio films may also be used, though this is not advisable 
when dealing With works of art. _ The sheets are cut in bits and dissolved 
in equal parte of acetone and amyl acetate. .. Celluloid cement" 
consists of oelluloid di8801ved in a suitable solvent (acetone) to give 
'a thick syrupy liquid (about 10 per cent). 

CeUulo... .ic.ta.te.-A non·inft.ammable substance. Soluble ir, 
aaetone giving a. solution which ~ be used for preservative ooat.ings. 
It is a more stable compound than celluloid and so is superior to 
celluloid solutions for treating old fabrics. 

Ohiffon.-It is a fine, almost transparent, silk gauze. 

CMoral·hydTt£tc .--Crystalline sub~tance with a melting point of 
57·t'. Soluble in water nDd alcohol. 

Chloramine-P.-A dull white substance; capable of generating 
chlorine; must be kept in a well.stoppered bottle. 

Ohloroform.-A volatile. anaesthetic liquid; b. p. 600 e. Good 
solvent for fat and other substances. 

Clay.-Pine.grained kaolin, which should not crack when dried, i8 
used for purposes of modelling. 

Oorro.i11e Bublima.te (chemically known as mercuric ohloride).-It 
is a highly virulent poison. If any metal is alloweeJ to come in contact 
with it, the solution not only gets itself stained but also stains the 
specimens. 

Bt"er.-It is highly volatile and inftammable. 
- Ethyu" • .Dichlorid •. -It is employed in fumigation mixed with:< 
carbon t-etra·~hloride in the ratio of 8 : 1. 

Forccp3.-.'rhese are oi various sizes. It iIJ better to possess a pdl" 
about one foot long; and another about six inches long. That with 
a sliding button to keep the two arms closer will be very helpful. It 
will also be advantageous to possess in addition to these It. pair of small 
forceps with slightly curved tips. 

FOT,n4Zin.-A commercial aqueous solu~ion containing 40 per cent 
of tile compound .. formaldehyde ". 

Formio Acid.-When pure, it is a colourle88 liquid which boils at 
101-C.. It is a powerful autiseptio, very corrosive, and mixes with 
water in all proportions. Solutions of-various strengths (50 per cent, 
25 per cent. etc.). are available in the -market. 
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Fret .~aw.-It is a light steel frame holding ~in saw-bladee of 
varying grades of fineness, which can be remond or changed .. 
will. 

Glue.-It is un impure form of gelatin and a good adhesive for 
wood. Fish glue which is commonly sold is unsatisfactory. Quality 
glue should be of a light colour and free from smell. It is prepared 
for lIse by breaking it into pieces and soaking in cold- water till ~e 
pieces become soft and swollen. The excess water ~poured off, and 
the sul;Jstal1ce is heated in a glue pot, below eoo. The glue iaapplied 
with a brush when it is hot. 

Hyd~ochloric acid(Oone-.).-The commercial concentrated acid with 
a sp. gr. of 1·18 is an aqueous solution of 80 per cent strength. The 
Ilcid must be carefully handled (when diluting, etc.); the vapour has 
.1 pungent and irritating effect. 

Hydl'ogcn Peroxide.-It is an odourless and colourlesa liquid like 
water. On decomposition it gives water and oxygen. Solutions of 
hydrogen peroxide in water are used for bleaching straw, l1air,etc. It 
is marketed in various strengths ". 10 volumes .. , "20 volumes", 
P,tc. A 10-volume solution means that on decomposition it will yield 
to times its volume of oxygen; on chemIcal 'Calculation, this works 
out to 3 percent approxima.tely. 

Meflthol.-A colourless crystalline substance with a m.pt. of 40°0. 

Methylated 8pirit •. -A mi:x~ure of alcohol denatured with other 
flubstances such as pyridine, naphtha, benzine, etc., to render it unfit 
for consumption but yet available for chemical purposes. 

Na.phthalcne.-It is used for keeping off the insects. It, however, 
does not confer more than a limited protection against certain kinds 
of insects. 

Nitric acid (Conc.).-Coloul'less, strongly-fuming, corrosive liquid, 
IIrhich attacks many metals with avidity forming nitrates. Also a strong 
oxidising agent. The usual' commercial concentrated acid with a sp. gr. 
of 1·414 contains about 68 per cent of nitric acid by weight. The acid 
must be carefully handled while diluting, etc. 

Para-dichloro-benzene.-White crystalline solid with a m. p. I>f 
43°0. Used as an insecticide. 

Paraffin wa3:.-White, translucent mixture of hydrocarbons wiiih 
m.p. 60-65°0. Soluble in turpentine, benezene, chloroform, etc. 

Passe parto-ut.-It is a. kind of ribbon, sold by: the photographio 
companies, and is, of immense use in making glass boxes, preparing 
specimens for displa.y, etc. 

Petri dish. -It is a wide, circular, shallow glass cistern wiiih a fat 
bottom. 

Pla.steT oJ Pa.ri8.-Plaster. of Paris is calcium sulphate whiCh ,has 
been deprived of part of its water-of combination' by heat.. It baa 

& greattendep,cy for recombining with more water, with which it seta 
into a hard mass.· A slight· expansion occurs during setting so that 
it will take a. sharp impression of a mould, and so is used in making 
casts. Admixture of alum, borax, etc., with the plaster reduces the . 
rate of setting while common salt, etc'", aceelerate it;. Generally any 
hastening .qt. the setting is unnecessary. ~ 
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Pla,~tlcine ,-It is a soft, clfl.,Y-like plastIc material that does not 
"tick to the hands. lt is very useful for making ~nodels in a laboratory. 

Polyvinyl Acrtate,-It is a good and reliable varnishing material 
for unstable millerals. :For liRe it is dissolved in a mixture of equal 
parts of toluelW find acetone. ' 

Pota.sium OyanWle.-White deliquescent, crystalline 831t of very 
poisonous character. 

Pyridine.-A practically colourless liquid of penetrating,sharp odour 
with ab.p. of 115°C. 

Quicklimc.-It is also known as calcium OXIQe. It j~ capable of 
absorption of moisture in the air. 

Rochelle Salt (Sodium Potassium Tartrate).-ColourleBs, crystalline 
compound soluble in water. 

SawduRt.-That obtained from cedar-wood should be preferred. 
The finer the grnins, the better,. 

Shcllac.-A resinous excretion of the lac insect. Shellac varnish 
consists of the resin dissolved in alcohol. 

8tocldaolm Tal'.-It ilil also sold as Pix liquida. 
Bulph,"ic· acid (Conc,).-Colourless, oily liquid, without odour. 

Extremely ~orrosive to the skin and all body tissues, and so causes very 
seriO\~s bums. 'fhe commercial concentrated acid, with a sp. gr. of 
1·84,.,contains about 98 pel' cent sulphuric acid. On mixing sulphuric f 

Olein with water, the mixture becomes hot and the temperature may 
rise as high as 120°C. This is liable to cause serious accidents if ClUe 

be not taken when diluting the acid. 'fhe acid should always be added 
to the water with vigorous stirring. Under no circumstance .Muld 
water be added to the strong acid. 

7'hy,mol.-White crystalline substance ,of mild, pleasant odour with' 
r~ m.p. of 44°C. Used as an insecticide. . , 

TiBlue pa~r.-It is a thiu, soft ,unslzed paper used- for protectin~ 
delicate objects. 
T.~M. ---Oil of turpentine is Il. mixture of hydrocarbons 

produced by nature in pine trees. A colourless mobile fluid with a' 
eharacteristic odour soluble in alcohol and ether. The property of 
turpentine of dissolving resinous and fatty substances renders it exceed-. 
ingly useful in the preparation of paints and varnishes' and for the 
removal of such substances from fabrics. When oil of turpentine i. 
exposed to the air, it slowly becomes solid, absorbing oxygen. 

VarniBI&.-It is of two varieties, spirit varnish and oil varnish. It 
if:! the former variety tha.t is used for timber. 

White Arsenic (also known as arsenious oxide).-In commerce it 
is also sometimes called simply " arsenic ". It is used as an insecta
c-ide .and for. rat poison; used in preserving the skins of animals. 
Arsenious oxide is Vf'!ry poisonous as are also most of the arsenical 
compouuds. . . 

Xylene (also called xylol).-There are three kinds of xylene-the 
ortho; para and meta. va.rieties with b.ps. of 142°C, 188°C and 1890 0 
respective~y. The c0!l1~ercial product is a mixture. Colourless liquid ~ 
with :l fmnt odollr dll:lhnct ft'om that of benzenE'. 
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APPENDIX B. 

PUBLICATIONS CONSUI"TED. 

(1) Fink, C. G. and Eldl'idge, C. H.: Th:e HestoratiolJ of 
Ancien~ Bronzes and Other Alloys. The Metropolitan Mus('um of 
Art, New York, 1925. . . 

(2) Lucas, A. Antiques :'ltheir Restoration and Pl"Cservation. 
IAndon. Edward Arnold & Co. Second edition, revisedi, 1932. 

(3) Nichols, H. W. : ReatQration of Ancient Bronzes and Curl' 
of Malignant Patina .. Field.·Museum of Natural History, Chicn.ao, 
1930.'. -D 

(4) Plenderleith, H. j.: The ~resel' ... ation. of Ap.ti(luities 
London. The Museums Association, 1934; 

(5) Rathgen, F.: The Preservation of Antiquities. English 
translation. by G. A. and H. A.· Aud(>n. Clllllbridge at the 
rrniversity. Press, 1905. ,j 

(6) Scott, Alexanllel". : 'l'he Cleaning' and' Restoration of 
Mnseum Exhibits. First report 1921; Seoon<1 report 1923; 'Ithird 
report 1926. Pnblished under the authority of His :Majesty's 
Stationery OfliCl'. IJondon. 

(7) Plenderleit·h, H. J.: The' Conservation of Antiquitic5 tHHl 

'Vorks of Art. Oxford t)"niversity Press, TJonlloll, 1956. 
(8) Fink. C. G. : II Cheinistl'Y and Art ", Industrial .lnd Bngi

neering. Ch'emistry, Vol. 26, p. 234, February 1 93-i. 
(9) Gairola, T. B.: II Restoration and Preser"cl"ion of Archl2Ologica1 

~ruseum Exhibits ", The .Touroal of Indian Museums, Vol. 5, 1949. 
(10) Paramasivan, S. : II Electrolytic R(>!\torlltion of Bronze 

Statuesftnd .Inscribed Copper Plates ", The Proc('edings of the Indiail 
Academy of Sciences, Vol. XIII, No. I, Section A, 1941. 

(11) Bhousopoulos, O. A. : " On the Cleaning and Peservation of 
Antiquitiee ", The Museums Jourual, Vol. II (1911-12) . 
. ' (12)TeCh~cal Studies, Fogg Art MUR('um, Hnrvard University, 
U.S.A. Vols. 1-9(1932-40) .. 

(18) Beaufort, T. B. : Picture!; unll How t.) Clei.n Them. Johu 
Lane, 'l'heBodley Head; Londoll, 1926. 

(14) Gunn, M.J.: Print Rl'stol'3tion a~d Picture Cleaning,Lo~~on,. 
I The Bazaar, Exchange and Mart, Second Edition, 
Revised 1922 . 

. (15) .Plenderleith, H. J.! The Conservation of Prints, Drawings 
. and Manuscripts , published for the Museums' Aasociation by the 
Oxford University Pres~, 1937. 

(16) Ewing, J. Franklin: II A New Technique for Removing Bon~ 
from LimcRtone Breccia" Antiquity. No. 94, June 1950. pp. 10']· 
104. 
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APPENDIX C. 

ADDITIONAL REFERENCES. 

Gettens, R. J. and Usiltoll, B. M.: Abstracts of 'l'echnical 
::3t.nclies in Art and Archaeology. 194~1952. ~reer Gallery of Art: 
Occasional Papers, Washington, 1955. 

I.1.C. Abstracts, International Institute for Conservation of Museum 
')I',iects, London. 

Plellderleith, H. J.: 'rhe Preservation of Leathet· Bookbind
inglo>, Btitilo>h Museum. London, 1946 . 

.. Studies in Conservation, Vol. I, No. I, October, 195i onwards. 
JOUl'llnl of the International Institute for Conservation of Museum 
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Pu.!'F. IX 

BEFORE TREA.TMENT. AFTER TREA.TMEN!'. 

A bron~e image before and aft;er eleqtrolytiic treatlll6nt. 
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LIST OF AGENTS FOR THE iALE OF MADRAS 
GOVERNMENT PUBLICATIONS 

IN MADRAS CITY 

Messrs. ACCOUNT TEST INSTITUTE, Egmore, Chennai . II. 
Messrs. CITY BOOK COMPANY, Chennai . 4. 
Messrs. HIGGINBOTHAMS LIMITED, Chennai . 2. 
Messrs. NEW CENTURY BOOK HOUSE, Chennai . 2. 
Messrs. P. V ARADACHARI & Co., Chennai" 1. 

. Messrs. THE SOUTH INDIA SAlVA SIDDHANTHA WORKS PUBLISHING SOCIETY, Chennai • 1 
Messrs. VENKATRAMA & Co., Chennai . 1. 
Messrs. V. PERUMAL CHETTY & SONS, Chennai . 1. 
Messrs. M. OORAISWAMY MUDALIAR & Co., Chennai . 1. 
Messrs. C. SUBBAIAH CHETTY & SONS, Chennai . 5. 
Sri. S. S. SRINIVASARAGHAVAN, Royapettah, Chennai· H. 
Messrs. THE FREE INDIA CO·OPERATOR'S AGENCY, Chennai • 14. 
Messrs. PALANI & Co., Triplicane, Chennai· S. 
Messrs. MOORTHY PUBLICATIONS, Alwarpet, Chennai . 111 

~ 
IN MUFASSALOF MADRAS STATE. 

Messrs. AMUTHU BOOK DEPOT, Booksellers, Dhasarpura .. PO., Chengleput district. 
Sri. E. M. GOPALAKRISHNA KONE, Madurai, Madurai diotrict, 
Messrs. THE OREINTAL BOOK HOUSE, Madurai. 
Sri. A. VENKATASUBBAN, Vellore, North Areot diotrict. 
Messrs. MUTHAMIZH MANRAM, Mayuram. 
Me.srs. BHARATHA MATHA BOOK DEPOT, Tanjore, Tanjore diotrict. 
Messrs. P V. NATHAN & CO., Kumbakonam, Tanjore district. 
Messrs. APPAR BOOK STALL, Tanjore. 
Messrs. P N. SWAMINATHASIVAM & Co., Pudukkottai, Tiruchirappalli district. 
Messrs. M. PALANI PRACHARAM, Booksellers, Clock Thwer, Pudukkottai. 
Messrs. S. KRISHNASWAMI & Co., Tiruchirappalli district. 
Messrs. PALANIAPPA BROTHERS, Tiruchirappalli district. 
Sri. S. S, SULTAN MOHAMED, Alangudi, Tiruchirappalli district, 
Sri. S. R. SUBRAMANIA PILLA!, Tirunelveli, Tirunelveli district. 
Sri. B. ARULOOSS, Villupuram town, South Areot district. 
Sri. V. B. GANESAN, Villupuram, South Areot district. 
Messrs. C. P S. BOOK SHOP, Childambaram. 
Messrs. THE EDUCATIONAL SUPPLIES COMPANY, Coimbatore (R. S. Puram) 
Messrs. V ASANTHAM STORES, Booksellers, Cross· cut Road, Coimbatore. 
Messrs. MERCURY BOOK COMPANY, 223, Raja Street, Coimbatore. 
Messrs. SIVALINGA VILAS BOOK DEPOT, Erode, Coimbatore district. 
Messrs. ARIVU Nq<lLAGAM, BOOKSELLERS, Market, Ootacamund, Nilgiris. 
Sri. S. M. JAGANATHAN, BOOKSELLER AND PUBLISHER, Nagerkoil, Kanyakumari district. 

IN OTHER STATES. 

Messrs. U. R. SHENOY & SONS, Mangalore, South Kanara district. 
Me.ssrs. HAJEE K. P AHMED KUNHI & BROS., Cannanore, North Malabar district. 
Messrs. The S. S. Book Emporium, Booksellers, "Mount·Joy" Road, Basavangudi, Bangalore • 4. 
Messrs. PEOPLE'S BOOK HOUSE, MY80re. 
Messrs. H. VENKATARAMIAH & SONS, Vidyanidhi Book Depot, MY80re, South India. 
Messro. PANCHAYAT SAMACHAR, Gutala, West Godavari district. 
Messrs. BOOK WVERS PRIVATE LIMITED, Guntur and Hyderabad. 
Sri. D. SREEKRISHNAMURTHY, Ongole, Guntur district. 
Messrs. JANATHA AGENCIES, BOOKSELLERS, Gudur. 
Messrs. M. SESHACHALAM & CO., Masulipatnam, Krishna district. 
Messrs. THE COMMERCIAL LINKS, Governorpet, Vijayavada, Krishna district. 
Messrs. TRIVENI PUBLISHERS, Masulipatnam, Krishna district. 
Messrs;·GUPTA BROTHERS, Vizagapatnam. 
Messrs. JAIN BOOK AGENCY, New Delhi·!. 
Messrs. INTERNATIONAL BOOK HOUSE, Trivandrum. 
Messrs. C. M. JOSEPH & SONS, Trichur. 
Messrs. THE CRYSTAL PRESS, Book Sellers, Marthandam P.O., S. Travancore. 
Messrs. THE BOOK AND REVIEW CENTRE, Vijayavada. 
Messrs. THE B.H.U. PRESS BOOK DEPOT, Banares. 
Messrs. B. S. JAIN & CO., 71, Abupura, Muzaffarnagar (U.P.). 
Mess ... ANDHRA UNIVERSITY GENERAL CO·OPERATIVE STORES LTD., Waltai. 
Messrs. BALAKRISHNA BOOK CO., Hazratganj, Luckow. 
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