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ERRATA AND ADDENDA. 

p. 14. B o n ~  of flnhea from the of Tibet mfe& to under the head Cretamous," 
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collection of the Indian Museum, a canine-tooth from the Irswadi Siwa. 
l i h   roba ably belonging to this genus. 

p 81. In tree- of the P l e i a h e  Probowidin it ohodd have been mentioned that 
the &at described teeth of dC(~tod0n pondionir are said to have been obtained 

I L - 2- n r  LL-- 

ADDITIONAL ERRATA. 

Page 182, line 27 from top, for Five raad Two. 
,, 186, ,, 8 from top, ,, "angulata-lunaria" red " aqulalo-lunu- 

&." 
,, ,, ,, 2 from bottom, omit 'lit is  figured here". 
,, 190, ,, 19 from top, for " contingene" read " contingentibus". 
,, 191, lines 2'4 and 26 from top and i n  footnote, for " Situla" read 

" &talaw. 
,, 192, bottom line, for "ponea" read "panea" . 
,, 2 16, line 4 from top, for " specimen" read 'I specimens". 

221, ,, 4 from top, for '' I have described the  species" read " I 
have never described the species." 

The mistakes on pp. 182 and 221 are important. 

Should rsad 
Diff. 
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I.-& a Bimaple Xefhod of wing on imigta$cad l$dbaro #<he X i i n  
Current produced by a Dynamo-Electric Znchine for Telegraph Yur. 
posa.-By Lours SCHWENDLEIL, M. IXBT. C. E. &c. 

(Received 29th October ; read November 6th 1879.) 

The currents which a dynamo-electric machine is able to generate 
through a small external resistance, are so enormously strong and also so 
constant and exceedingly cheap, that  I have always thought it would be 
of technical aa well as of economical importance to  use them for signalling 
purposes. The  difficulty only mas how t o  solve t h e  problem practically. 
Manifestly, the  currents could not be produced through the telegraph lines, 
in the ordinary manner of applying dynamo-electric machines, for, in  the  
first place, telegraph lines offer high resistance, and, in the second place, 
the use of the closed-circuit eyetent would become imperative. However, 
gome time ago a very simple method occurred t o  me which appears to  con- 
tain the germs of practical success, and, having lately made some experi- 
ments on the subject, I d o  not hesitate t o  communicate the result. 

Suppose me have a dynamo-electric maehinc, the two terminals of 
which are connected by a resistance r through which-any kind of rce~ful 
work is t o  be performed by the  current. 

For  instance, during the night, r may consist of an electric arc, and the 
useful work done by the current is given out as  light for the signalling 
~Jce;  or during the day-time r may consist of another dynamo-electric 
machine which acts as an ordinary electromaguetic engine, performing 



2 L. Bchwendler-Telegraphy with lGactiom2 Ourrcntr. [Xo. 1, 

some useful mechanical work, i. e., pulling the punkhas, lifting mesaagea, 
producing a draught of cool air, Bic. ; or  the  current may be made to prse 
through a galvanoplastic apparatus in  connection perhaps with the Survey- 
or General's Office, &c. 

Now connecting the negative polee of such a dynamo-electric m a  
chine t o  earth, tlle positive pole t o  all thc lines terminating in a telegraph 
ofice, while the two poles are permanently connected by the  resistance t 
through which the current produces the useful work above-mentioned, then 
it will be clear, without demonstration, tha t  all the linea so connected can 
be provided with signalling currents (which are exceedingly weak as com- 
pared with the strong main current) by simply tapping t h e  main current, 
and that  without perceptibly reducing it ,  i. s., without ailecting the wfml 
work performed by the main current through r. Supposing that  the usefnl 
work perforn~ed by the main current repays all the expenses connected 
with the erection and working of the dynamo-electric machine, then 
obviously this mould be a method which would supply the  signalling currenta 
for nothing. T l ~ i s  might be an inducement for telegraph-adminietrations to 
introduce the electric light, since they would get  the signalling currents 
into the  bargain, and the costly and cumbersome galvanic apparatus might 
be dispensed with. 

An example will show this more clearly. A Siemens dynamo- elect^ 
machine of medium size can easily be made t o  produce through an 
electric arc a current of 30,000 milli-oerstedts, of which not more than 
3 milli-oerstcdts are required t o  work the Siemens's polarized relay with 
engineering safety. Suppose that the sent current is made equal t6 
twice the current which is  required t o  arrive, me have the following calcn- 
lation for Calcutta office :-14 long lines terminate a t  Calcutta, hence 1.1 x 
6 = 84 milli-ocrstedts would (as a maximum) have t o  be tapped off from 
the main curre~l t  of 30,000 niilli-oerstedts. This represents a loss of only 
0.2So/, ,-which is eo small that  not even the  most sensitive eye would be 
able to  detect any variation in the light. 

Hence in this oase we mould fced t h e  Telegraph lines with currents 
which aotually cost nothing, as the electric light alone would repay dl 
expenses. 

During my recent light experiments in  London, it was experimental- 
l y  established that  the current in  milli-oerstedts which a dy namo-eleeth 
machine is able to  produce, can be expressed as follows :- 

In India we use positive mailing currenta I 
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E and K are two oonstaats for any dynamo-electric machine. E is an 
- - 

electromotive force in volts ; K is of such dimensions that v K repre- 
sents an electrical resistance ; ei is the internal resistance of the dynamo- 
electric machine ; r is the external resistance through which t h i  useful 
work by the main current has to  be performed. 

m and r are to be expressed in ohms. The resistance of the leading - 

wires has been supposed nil. 
If we call R the resistance of a telegraph line, which we wish to feed 

born the main current, then the signalling current passing into that line 
when the main current is  tapped would be 

I - e  
r + m  

and this current, in the case of the Indian lines, should not be less than 6 
milli-oerstedts. Hence we have the following equation :- 

from which r can be calculated, since E ,  K, rn, o and R are known. 
I need scarcely point out, that as X. is invariably so large that r can 

be neglected in comparison with i t  ; the current in one line only depends on 
the resistance of that line, and not on the resistance of the other lines in con- 
nection with the dynamo-electric machine. Hence the signalling through 
one line is not influenced by the signalling on other lines ; and in this re- 
spect the method is on a par with signalling through different Lines by 
wparate batteries. 

We will take a special case.-lor a Siemens's medium machine, making 
r = 3, we have a main current of about 17,710 milli-oerstedts, and the 
current passiog into a line of 8000 resistance (800 miles of 58 wire) would 
be 6.6 milli-oemtedts. Supposing that all the 14 lines a t  Calcutta o5ce 
are to be supplied with 6'6 milli-oerstedts each, the current carried off 
wodd be 6.6 x 141 = 92.4 milli-oerstedts, or 0.5 '1, of the main current. 

It is best t o  make all the lines equal in resistance by adding to the 
shorter lines some artificial resistance. This measure would prevent a dead 
earth (occurring on one of the lines and close t o  Calcutta) from having any 
effect on the working of the other lines. I n  Europe, where the lines are 
much shorter, the signalling currents supplied by a given dynamo-electric 
machine, working through a given resistance r, could be much greater than 
6.6 milli-oerstedts. 
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For any given R (resistance of the line) the currenta can be increased 
hy selecting a dynamo-electric machine with the right internal resistance. 

The advantages of the method appeared to me sufticiently great to 
justify a practical trial :- 

Experiment, Ociobm 11, 1879. With a Siemens's dynamo-electric 
machine (medium size) I produced a powerful electric light; and between 
the poles of the dynamo-electric machine I connected up .four- artificial 
lines, each of 10,000 units resistance, with relays ranging between 500 to 
1000 units. These four parallel circuits worked very well, singly and 
simultaneously. No variation of the electric light during telegraphing 
could be noticed, even when the line resistance was reduced t o  1000 unita. 
Further, the resistance of one line was increased to  20,000, and the 
signalling currents were still sufficiently strong (1.6 milli-oerstedts). 

Experiment, October 14, 1879. Same as above ; but a branch current 
was conveyed by the store-yard line (from the store-yard where the dynamo- 
electric machine with its electric light was put up) to Calcutta signalling- 
office (41 miles), and one of the Agra lines (850 miles in length) worked by 
thie current. 

Tlie sent current, moasured a t  Calcutta, was 9-6 milli-oeratedts; the 
received current, measured a t  Agra, 1.85. The great loss was due to the 
exceedingly low insulation of the line near Calcutta. It is now the break- 
ing up of the monsoons, when the climate in lower Bengal represents elm& 
a hot vapour bath. 

Several messages were sent to  Agra, but no variation in the electric 
light could be observed. 

11.-On the Occurrence of the diuak-Dee* in Bbet. 
By R. LYDEKKEB, B. A. 

(Received November 17th 1879.) 

Some degree of doubt seems, hitherto, to have prevailed among mton- 
lists whether the Musk-Deer (Xoschus) occurs on the Tibetan plateau, or 
whether it is confined t o  the wooded districts of the Alpine HiimPlrJI. 
Thus in a paper contributed by Mr. W. T. Blanford to  the ' Proceedioge 
of the Zoological Society of London,'* the author says that he hol p r o  
doubts whether the Musk-Deer occurs anywhere on the TibetRn plateau. In 
a paper published by myself in the Society's Journal,+ I mentioned tb$ 
from having seen skins in LadBk, as well as fram the fact of thc 

1867, p. 634. t 1877, Pt. 11, pp. 287-8. 
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, having a name for the animal, I was of opinion that  the Musk-Deer must 
occur mmewhere in Tibet, though I had at that time no positive proofs to 
offer. Lately, however, I have obtained such evidence as seems to  leave 
no doubt that  this animal should be reckoned among the fauna of 
Tibet. 

Firstly, i t  will, I think, be generally admitted that the musk-pods of 
the Musk-Deer are an important article of export from Tibet to India.+ 
Altbough t l ~ i s  a f f o r d s p r i d  facie evidence that the Musk-Deer occurs in 
Tibet, yet it might be objected that this musk was first taken from China 
to 'l'ibet, and thence exported through Nephl or Ladik to India ; I, there- 
fom, now proceed to bring forward the more direct proofs of the occur- 
rence of the animal in Tibet proper. 

The earliest evidence which I have to  notice, is that of the great tra- 
veller Xarco Po1o.t That writer mentions the occurrence of the .Musk- 
Deer at a place which he calls Ergiul, which Colonel Yule locates to  the 
north of Tibet, and south of the great Gobi desert, in latitude MO. From 
Marco Polo's description, there can be no doubt of the identity of the ani- 
mal referred to with the Musk-Deer, though he commits the error of men- 
tioning a pair of lower as well as upper tusks. Again, the same traveller$ 
mentions the occurrence of the same animal iu eastern Tibet, probably 
somewhere near the longitude of Lhhsa, and also that the Tibetans call 
the animal Gureri. 

A later traveller, Mr. Bogle, the envoy of Warren Hastings, describes5 
most circumstantially the hunting and capture of a Musk-Deer (or, as he 
calls it, Musk-Goat) at Rinjaitzay, which is situated north of the TsinpG 
river near Shightze in Tibet. Mr. Bogle describes the anirnal as being 
hornless, coated with stiff hair, and with tusks depending from the upper 
jaw of the male : he also mentions that the Tibetan Musk-Deer is of a 
lighter colour than the Nusk-Deer of Bhfithn. This description leaves no 
possible doubt as to  the animal referred to. 

General Cunninghamil mentions that the Musk-Deer (known to the 
Ladikis as La) is  found in Tibet as well as in Kashmir. 

During the past summer, I met in Lahfil with a Tibetan who had 
formerly occupied a high o5cial position a t  L h b ,  and who informed me, 

Markham, Tibet.' Int. p. cxxii, p. 197. 
Hodgaon 'Trade of Nephl.' 
Cunningham. Ladhk,' p. 242. 

t Yule's ' Marc0 Polo,' Vol. I, p. 267. 
f Yule, loc. cit., Vol. 11, p. 37. 
( Markham, loo. cit., p. 114. 
1 h c .  cit., p. 202. 
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that the Musk-Deer was of common occurrence on the Ts4npG river in the 
neighbourhood of L h h .  

Air. W. H. Johnson, the Qovernor of L a d l ,  informs me that the 
Musk-Deer is found in the country below and to the east of L h b ,  dong 
the course of the TshnpG river. The musk brought from this district, Mr. 
Johnson says, has wrongly acquired the name of Khoten musk ; this seems 
to have originated from the fact that when Khoten was a large Buddhist 
city, and important trading place, the musk was carried there from Lh& 
and thence to India. Mr. Johnson also observes that the Musk-Deer occm 
only where the birch tree grows. 

The whole of this evidence taken together appears to  me to afford 
abundant evidence as to the occurrence of a species of dlbschw in Tibet, 
though I have no means of knowing whether it be the same as X. 
fm. The Xusk-Deer is of common occurrence in BhGtBn, and it appeua 
to me to be probable that it ertends north of that district in most of the 
open countries up to Tibet, and thence across, or round, the Gobi desert into 
Siberia. 

The occurrence of the Musk-Deer far in on the Tibet plateau is a fad 
of considerable importance, as i t  is the only instance of any of the large 
mammals of the forest clad Alpine Himalaya extending its range into the 
dry and desert regions to the north. 

I n  my former paper, quoted above, I thought it probable that the 
Muak-Deer occurred in LdAk ; this, however, I now find is not the crse ; 
I can find no evidence of the animal occurring anywhere in the upper Indu 
valley. 

0ttm.-In his report on the Mammalia of the second Yarkand Pic 
sione (p. 32), Mr. W. T. Blanford mentions that the late Dr. Stoliczka, in 
his notes, referred to the occurrence of a small species of otter (Lul~)  
in the Indus at  Leh, but was unable to procure a specimen. 

During the past summer I purchased at  Leh a flat skin of an otter, 
said to have been obtained from the Indus at  Shushot, near Leh. This skiin 
is of very dark colour superiorly, and the length of the body-part is about 30 
inches ; the tips of the hairs are paler. Unfortunately, neither the s k d  
nor the claws remain in my specimen, so that specific determination is quite 
impossible. The skin, however, seems to be very like that of the E u r o p  

'scientific Resnlta of the Second Yarkand Expedition,' Mammalia, by W. T. 
Blanford. Calcutta, 1879. 



otter (5. vulgaris), and the animal, therefore, may very possibly belong to 
the m e  species as a skin obtained by Major Biddulph in Gilgit (? from 
the Indus), and which Mr. Blanford, in the above-quoted note, thinks ie 
very like L. aulyaris. 

I learn from Mr. Elias, the British Joint-Commissioner a t  Leh, that 
otters are said to  be of common occurrence a t  the bridge which spans 
the Indus below Leh ; these otters live in the stone-work piers of the 
bridge. I may add that Mr. Elias has promised to  endeavour to procure 
a epecimen of the skin and skull of one of these animals. 

Dr. Stoliczka speaks of the Leh otter as being a small species ; mnce, 
however, he never procured a specimen, and as my specimen is a large skin, 
it is probable that  Stoliczka's estimate of size was not exact. 

d l a m t s . - - I  cannot quite agree with Mr. Blanford* in calling the 
Red Marmot (Arctomys caudatus) the common marmot of LadBk, as it 
appears to me that the species is only found on the outskirts of that region. 
I have procured specimens of that species on the range between Kashmir and 
Tilel (Kishenganga valley), on the pass between Tilel and Drb ,  and on both 
ndea of the Zoji-Ld, separating the latter place from Kashmir. I have, 
however, never seen this species in the more interior parts of Ladftk, 
where it appears t o  me to  be replaced by Arctomys himaZayanue, or the 
Yellow Marmot, which appears to me to be entitled to be called the 
" Lad& Marmot" p a r  exce2lmce. I have seen or procured specimens of the 
latter spe,cies, from the mountains above Khalchi, on the Indus; on the 
pass separating the Markha river from the Gia river, to the south of Leh ; 
and, still further south, on Kiang-Chu Maidin, in Rbpsb; to the north 
oE the Indus in LadBk, on the Chang and Kai passes, forming the water- 
shed of the Indus and Shyok rivers ; around the Pnngong lake ; and in the 
Chang-Chenmo valley. Arctonlye caudatucr seems to me to be confined to  
the country on the oonfines of the rainless districts, while d. himalayanus 
wurs only in the inner, and thoroughly Tibetan, districts. 

I n  the field, the two species can be a t  once distinguished by their re- 
spective cries. The c r  of the Red Marmot is a peculiar long screaming 
whistle of great shrillness : the Pello\v Marmot on the other hand utters 
8 short chirping bark. It is not easy to convey an idea of the two sounds 
to the reader, but when they have been once heard in the field, they never 
can be mistaken for one another. 

I should be much inclined to doubt the suggestion of Nr.  Blanfordt that 
the marmot said by Dr. Stoliczka to range up to a height of 17,COO feet 
in L a a k  is A. caudatw ; i t  is much more likely to be d. hin~alaynnus, which 
I have killed above 18,000 feet ; the former I have never seen above 14,000 
feet ( D r b  and Tilel pass). 

Loc. cit. p. 37. t Loc. tit. p. 39. 



1V.-A Sketch of the IZistory of tRe Fossil Vertebrata of India.- 
By R. LYDEKKEB, B. A. 

(Received January 6th ; read FebrnarJ- 4th 1880.) 

As far  as  I am aware, there has not hitherto been written a complete 
history of the  whole Foseil Vertebrate Fauna of India, aa fa r  as it is a t  present 
known ta us, and I have, therefore, thought tha t  i t  may interest many 
members of this Society, as well a s  others, to know something of the extent 
and affinities of this fauna, without the labour of wading through the 
various works in which i ts  history is recorded. The history of the Fossil 
Vertebrato of India is, indeed, intimately connected with this ancient 
Society, since some of the earliest workers in  this branch of enquiry were 
formerly among i ts  members, and many of the results of their labourn are 
t o  be found scattered through its earlier records. Pre-eminent among t h ~  
workers will always stand out the names of Baker, Durand, Cautley, Colvin, 
Falconer, Hislop, M'Clelland, and Spilsbury. And it must alwrje bs 
remembered, t o  their honour, tha t  these workers i n  this most interesting 
department of pal3eontology mere solely amateurs, and tha t  i n  their time 1 
the study of vertebrate palreontology in this country was encumbered 
with difficulties of which we, a t  the present day, can have no adeqnate 
concept~on. The labours of Mr. Hislop were mainly expended in searchi 
the  Gondwina rocks of the Central Provinces, from which he obtained 
many interesting remains of reptiles, batrachians, and fishes ; Col. Sjka' 
collections were chiefly made among the fossil fishes of t h e  Deccan; while 
the  field of labour of the other workers lay mostly among the mammali. 
ferous beds of Northern India, and the Narbada (Nerbudda) valley. 

I very much regret t o  say that  since these illustrious workers, no 
amateurs in  India seem t o  have entered upon this interesting field of 
research, and during the five years which I have been upon the  staff of the i 
Geological Survey of India, we have not, I believe, received, i n  the Indian 
Muscum, a single fragment of a fossil vertebrate from a non-profeesi~nd 
worker. It is partly in  thc hope tha t  this paper may reach the e j e  of 
amateurs interested in  natural science, and especially of those r h o  leads 
wa~idering life in India, and induce them to endeavour t o  collect specimens 
of vertebrate fossils for the Indian Museum, that  it has been penned. 

Apart from members of the  Geological Survey of India, to  whom I ahdl 
refer presently, there are other workers who, though not member8 af 
this Society, have contributed largely to the history of t h e  extinct verte. 

A 
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brde life of India. Noticeable among these are the names of Buckland, 
Cramfurd, and Clift. Crawfurd, on his rcturn from his mission to the court 
of bva in 1826, brought bsck some Tertiary mammalian remains from the 
valley of the Irawadi, which were among the first obtained in Asia by 
Europeans,md which were subsequently described by the late Mr. Clift in the 
' Transactions of the Geological Society of London.'" In  the same volume 
of the ' Transsctions,' a memoir was also published by the late Dr. Buckland 
on the Ava bones. Another memoir also appeared in the m e  volume by 
Mr. Pentland, on certain mammalian remains from the Simsliks of Sylhet, 
collected by Sir T. Colebrooke. As you are doubtless aware, the fossil 
vertebrate fauna of the Siwaliks and the newer Narbadas, were subsequently 
frilly illustrated, and in part described, by our former illustrious associates, 
Falconer and Cautley, the results of wbose labours are abundantly dispersed 
through our Society's publications, and displayed-in that now classic work 
the ' Fauna Antiqua Sivalensis.' 

Dr. Cbarles Mumhison, the editor of the ' Palseontological Memoirs' 
of Dr. Falconer, has rendered one of the mwt important services to  the 
cause of vertebrate palseontology in this country, by collecting and publish- 
ing the scattered notes and memoirs of that distinguished palaeontologist. 
Professors Owen and Huxley have contributed largely to our knowledge 
of the fossil Reptilia and Batrachia of India; while the fossil fish have 
been enriched either by the discoveries or the writings of Messra Egerton, 
Miall, Sy kes, and Walker. 

A valuable memoir on the  extinct Siwalik genus 9ivatherium was 
contributed to the ' Qeological Magazine' by Dr. Murie ; another on Bm- 
mtharium, by Mr. Bettington and Professor Owen, to the ' Journal of the 
&gal Asiatic Society.' A few Siwalik fossils collected by the Messrs. 
Schlagintweit were described in the German ' Palraontographica' by the 
late H. von Meyer. The late Dr. J. E. Gray also determined a few of 
the Indian fossil reptilos. Professor A. Milne-Edwards determined some 
Siwalik bird-bones. Some mammal-bones from the Tibet Tertiaries were 
determined by Mr. Waterhouse. 

Among the later contributors to-our knowledge of the fossil verte- 
brata of India must be mentioned Professor Riitimeyer, who has afforded 
valuable information on the Siwalik ruminants in the British Museum ; 
and Mr. P. N. Bose, who haa described some of the fossil Siwalik Carnivora 
in the same collection. Mr. Davies, of the British Museum, has alm 
contributed to  the 'Geological Magazine' a valuable paper on Siwalik 
birds. , Professor Leith Adams has published some notes on Elephas nama- 
d k n  in the Palreontographical Society's publications. 

The above names are only the chief among the workers in Indian 
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vertebrate palaeontology who are unconnected with the Geological Survey 
of India. Of the former or present officere of that  department, 
I must mention, among disooverers, the names of Messrs. W. T. and 
H. F. Blanford, Fedden, Foote, Hacket, Hughes, Mediioott, Theobald, 
Tween, and Wynne, and, among writers, Xeasrs. W. T. arid H. F. Blanford, 
Foote, Oldham, Stolicaka, Theobald, Waagen, and, lastly, myself. 

Minor oontributiona, in the way both of specimens and papers, have 
been made by other gentlemen, all of whose names it would be both tedi- 
ous and diffiault to  bring together, but for whose exertions the workers 
in this branch of enquiry have, none the less, good cause to be grateful. 
Among these names I may mention, Bell, Dr. (Ichthyolite from Kach); 
Blyth, E. (Siwalik Mammals) ; Burney, Col. (Am Vertebrates) ; Burt, 
Lieut. (Jamna Bones) ; Cantor, T. (Siwalik fish-skull) ; Carter, Dr. ; 
Colebrooke, Sir T. (Tibet Tertiary Mammals) ; Dawe, W. (Tertiary V e b  
brates) ; Dean, E. (Jamna Mammals) ; Everest, Rev. R. (Siwalik Verb 
brates); Felix, Majar, (Narbada Mammals) ; Foley, Capt. (Diodon from 
Ramri Island) ; Frazer, Capt. (Narbada Mammals) ; Fulljames, Cap. 
(Perim Mammals) ; Godwin-Aden, Col. (Siwalik Mammals) ; Qowan, 
Major (Arcbqoraurus from a j o l i )  ; Eiigel, Raron (Ferim Fossils) ; Ewer, 
W. (Siwalik Vertebrates) ; Lush, Dr. (Perim Vertebktee); Ousely, &L 
(Narbada Mammals) ; Pepper, Miss (Perim Mammals) ; Phayre, Sir & 
(Ava Mammds) ; Prinsep, J. (Tertiary Mammals) ; Rivett-Carnac, H. 
(Archegosaurue from Ifijori) ; Royle, (Siwalik Mammals) ; Sim, Lieat. 
(Archegooaur~ from Bijori) ; Smith, Capt. E. (Jamna Mammals) ; Stra- 
chey, Qenl. (abet Tertiary Nammals); Trail, Dr. (Tibet Tertiary Mm- 
mals) ; and Verchere, Dr. (Siwalik Nammals). 

The extinct vertebrete fauna of India, with the noticeabk exoeption 
of the mammalian upper Tertiary fauna, is  generally remarkable for its 
extreme poverty ; a poverty whioh may be due in some cases to t h e  want 
of adequate research, and in others to  the small number of fossils p - 4  
in the different strata. Only here and there, in the great Qondwha 
series of India-which, as far as regards i ts  higher and fossiliferous perf, 
in serial position, in mineralogical. composition, and in i t s  fresh-water 
chamter, seems to  correspond very closely with the Trias-Juxn of the 
Connecticut valley in America,-do wo find fossils locally abundant, as the 
reptiles of the Panchet group, and the fish and reptiles af the Kota. 
Naleri and neighbauring groups. With the exception of a few Cretaceous 
reptiles, the fossils from the above-mentioned group,  which are really very 
few, are the only representatives of the Yre-Tertiary land end freah-water 
~ertebrate fauna of which we have any traces in India. 

I n  place of the numerous and gigantic dinosaurs af the s e c o n d q  Iamb 
Europe and America, we hare in India only here and there 8 few bones, 
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indicating the former existence of a small number of species ; while of 
the more specialized and bird-like dinosaurs of those countries, we have as 
yet no trace in India; neither of the toothed birds, which present so 
remarkable a feature in the secondary epoch of America, are there any 
veetiges in India. The numerous species of the volant and toothed 
pterodactyls of Europe, and of their toothless representatives in America, 
are also totally unknown from Indian strata. 

Of the gigantic estuarine or marine saurians, so chamteristic of the 
eecondaries of Europe and America, Indian strata have hitherto only yielded 
a few remains of a single Ichthyoenurur, and PZeeiosawus. Of the lower 
batrachians, only a few species are known from the (probably) Triassic 
rocks of India, and the great number of species so characteristic of the 
Carboniferous and Trias of Europe are almost totally unrepresented in this 
country. The marine fish fauna is likewise remarkable for its general 
poverty.' 

It must, however, be observed that many of the vixtebnrtes which do 
occur are only known by a single skull, or a tooth, or a few bones or 
scutes, and it,  therefore, seems probable that many ot6er species must have 
left similarly scattered remains through the strata of India, which from 
their extremely local distribution have hitherto escaped detection. 

No distinctly recognizable traces of mammals have been as yet de- 
tected in India below the Nummulitic rocks, and in the latter only by a 
few generically undeterminable bones; indeed, me meet with no well. 
developed mammalian fauna till the period of the Upper Miocene and 
Lower Pliocene, when we suddenly come upon the evidence of the former 
existence of a vast and varied fauna which is, probably as numerically 
abundant in its species and genera as any known fossil fauna in the world. 
Previous t o  the Tertiary, the whole history of mammalian life in India 
is a complete blank. The bird-fauna of India, with a few exceptions, is 
almost totally unknown previously to  the present epoch. 

The above remarks have an important negative bearing on evolution. 
W e  know that the greater part of the peninsula of India has existed as land 
for an incalculable period of geological time,-at all events from the Triassic 
epoch, 'and we further know that in other regions mammals have existed on 
t h e  globe since the Triassic, and birds since the Jurassic, period. As regards 
the  above two groups of vertebrates, India throws not a aingle ray of light 
on their origin. We have not a trace of any one of the curious generalized 
forms of the Eocene mammals of North America in the strata of Indin, 
and yet we cannot think that ancient India ww almost without mam- 
malian life till the upper Miocene. It is indeed probable that  the lost 

Marine rocks are absent over most pnrts of peninauh India, though prescnt in 
force in Trichinopoli, Kach, Sind, and the Himalaya. 
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mamnlals of Secondary and early Tertiary India may have filled many a 
puzzling gap in the animal series. 

It is the same with the reptiles, which were doubtless the dominant forms 
during the epoch of the Trias-Jura, and which have only here and there 
left a trace of their former existence in this country. Why may not many 
formsof thosehalf-birds, half-reptiles have inhabited Secondary India of whose 
existence we have ample proofs in other countries; and why may not many of 
euch Indian forms have still more closely bridged the gap which even yet  exbh  
between birds and reptiles ? Great and numerous as are the advancementa 
in uniting the scattered links of the broken chain of vertebrate evolution, 
it must ever be borne in mind that, while we have evidence of a large Secon- 
dary land-surface like India, which has hitherto yielded scarcely any links 
t o  this wondrous chain; we must never despair if we find that other coun- 
tries are still of themselves unable to make the chain extend across all the 
gaps, owing to the want of a few links. Who shall say that  such missing 
links never inhabited Secondary India, where their remaim either still lie 
buried, or have been for ever lost beyond recovery ? I, indeed, imagine th& 
early India must hav'e teemed with reptiles, and perhaps with higher form 
of life, for i t  is inconceivable that  this country was once mainly a mere 
f o r e ~ t  of plants, of the existence of which we have such ample evidence in the 
Trim-Jura, unenlivened, except in one or two small spots, by vertebrate life. 

I now proceed to sketch what is known of the fossil vertebrates of 
India, commencing with the lowest class, and tracing it through the various 
formations from the lowest in whieh it occurs to the highest ; and similarly 
with the higher classes. I must premise that very many of the Indian 
fossil vertebrates are only known by extremely scanty remains, and th& 
their affinities are consequently obscure. Of others, sgain, only very alight 
preliminary descriptions, without figures, have yet been published, and con- 
scquently foreign palseontologists have not yet had the opportunity of 
comparing them with other species, by which their a&ties might be 
more fully illustrated. 

abrbm;fmous.-The earliest fishes of which we have a t  present any 
record in India are only known by some few teeth and fin-spines, collected by 
Dr. Waagen and Mr. Wynne of the Geological Survey, in the Salt-Range of 
the Punjtib, and described by the former writer in the ' Palmntologia Indi- 
ca.'* These fish remains were obtained from strata termed by Dr. Waagen 
the " Productus-Limestone," corresponding in the main to the Csrbonife 
rous. 8igmodw dvbiua is a fish belonging to a new genus founded upon 
a single tooth ; this tooth is of an elongated conical form, and much resem- 

Ser. XIII, parte 1 and 2, 1879-80 ; tho latter part in the prose. 
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blee the teeth of some saurians ; it is referred by Dr. Waagen to the 
ganoids. Another tooth, referred provisionally by Dr. Waagen to the genus 
Poccilodus, under the name of P. pamdoxua, is of the flattened cestraciont 

type. Peephodus idicua is a species formed upon the evidence of another 
tooth. Both these genera belong to the Cochlwdontida, which Dr. Waagen 
claases among the Dipnoi, thougl~ they are more generally referred to the 
Elasmobranchii. Of the undoubted Elasmobranchii (Selachii), Dr. Waagen 
describes four species, belonging to three genera, from teeth, and four 
species, belonging to two genera, from fin-spines (ichthyodorulites). Of 
the teeth, two are referred to a genus (Helodopsia) allied to Eelodw, 
under the names of H. slongata and H. abbreuiata. A fragment of B 

tooth is referred, without specific determination, to the European genus 
Pwmmodua, characteristic of the Carboniferous. A fourth tooth is refer- 
red to the European genus Petaiorhyncus, with the specific name of P. 
i n d k  : i t  ie extremely doubtful whether Petalorhynchua is really distinct 
from Petalodus of the Carboniferous. Of the spines, or "ichthyodoru. 
lites," three specimens are referred to the American Carboniferous genus 
Xystrawnthus, under the names of X. g m i l i s  and X. major and X. gigan- 
tau. If I rightly understand Dr. Waagen's notes, he thinks it possible 
that these spines may belong to Helodopsh. A third spine is referred 
to a new genus under the name of Thamtacanthus bianfordi. 

&s far as the evidence of these &hem goes, we find that the cestraciont. 
tootlied sharks were the dominant forms in the Indian, ae well as iu the 
European and American Carboniferous. 

Biar-  Jwa.-In the upper part of the great Gondw4na system of In- 
dm, which, aa I have said, probably corresponds as a whole to the Trias- 
Jura of other countries, remains of fishes have been found in some abun- 
dance, all of which, as far as determined, are of fresh-water types, and belong 
to the Qanoidei and Dipnoi, no traces of the more modem Teleostei having 
yet been found in these rocks. The earliest groups of rocks in the 
Gondmhna system in which fish remains have been detected are the Mangli 
and Sripermath groups; but these remains have not yet been even generi- 
cally identified. In the KotkMaleri* group there occur nine species 
of Qanoids and three of Dipnoi ; the former from the Kot,a be& have been 
described under the genera Dupedim, Lt;llidotus,and Tetragmolepis by Messrs. 
Egerton and Sykes ;t many of them show Liassic affinities : the three genera 

Mr. King haa lately &own a distinction between the Kota and Maleri be& ; 
oonhning the original distinction an to the Li&c affinities of the fossils of the former, 
and tho Rhssto-tFiasaic of thoae of the latter. 

t Qur. Jow. Qwl. Soc. of London, Vols. VII, IX, X. Palmontologis Tndica, 
ser. IV, part 2. 



have a united range in Europe from the Liaa to the Eocene : f i p i l t w  is v q  
characteristic of the Wealden of England. Of the Maleri Dipnoi, teeth of four 
species of the living Queensland genus Oemtodw were named by the lPtc 
Dr. Oldham, three of which have lately been figured by Professor Miall,* 
who does not admit the fourth species,U. oblollgw. 

Cretcrcaous.-A few fish-remains have been obtained from t b e  h n e k a  
rocks (of middle Cretaceous age),but are not yet determined. The next group 
of rocke in which fish-remains have been obtained are the upper and middle 
Cretaceous rocks of Trichinopoli ; these remains have been described by the 
late Dr. Stoliczkat and Sir Philip Egerton.3 They comprehend seventeen 
species of elas.nobranchs, ranged under the genera Corm, Encbdus ,  h n m q  
Odontaspie, Otodw, Oqrhina, Ptychodus, and 13phmwdus, and one ganoid 
doubtfully referred to Pyclrodw. No Teleostei have been described, which h 
very probably owing  to^ the less facility with whioh their remains are pre. 
served ; i t  being almost certain that they must have been represented in the 
Indian Cretaceous seaa. The above-named genera are mainly cha rac te f i eo f  
the Cretaceous r o c p  of Europe : two species are common to Europe d 
India. Bones, apparently of fishes, have been lately obtained by Mr. Griea- 
bach from the Trias of Tibet. Mr. Griesbach tells me that  these bones 
are not uncommon in the Trias limestone, but that he has not  yet been 
able to extract any specimens in a determinable condition. 

Eocene.-From the probably Nummulitic rocks of Port Blair, in th 
Andamans, and RBmri Island, off the Arakan coast, there have been obtain- 
ed the oral teeth of a large species of Diodon, which I have lately prooi- 
sionally called Diodon fokyi, after Captain Foley, the discoverer of tL 
RtSmri Island specimen.§ The living Diodon4ystrix is now abundant off 
the coasts of the Andamans and 'Arakin, where the genus hss doubtless 
lived since the Eocene. From Nummulitic rocks in the neighbourhood of 
Thyatmyo, cycloid fish-scales have been obtained,ll but are not generically 
determined. 

From the Nummulitics of the Punj$b, some fish-scales and t h e  dental 
plate of a species of ray (Mylwbatis) have been obtained by Mr. Wynne.7 
From strata immediately overlying the Nummulitics of Kohht, Mr. W v  
has obtained the incisor of a sparoid fish belonging to the genus Capifodw, 
which has been recently described by myself aa 0. indicus ;** t h e  genus 

Palseontologia Indica, Ser. IV, part 2. 
t Ibid., Cretaceona Fauna of 8. India, Vol. IV. 
3 Qwr. Jour. Geol. Boc. Lon. Vol. VII. 
4 B. G. S.  I. Vol. XIII, part I. 
1 Manual of Geology of India, p. 718. 
TI R . G . S . I . V o l . X , p . 4 3 .  
** Ibid. Yol. XITI, part I. 
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Uapitodus was previously only known from the Miocene of Vienna and 
Silesia, and is allied to the living genus Xargue. 

Mio-Pliocene.-Prom the Siwalik rocks there were, I believe, a consi- 
derable nu~nber of fish-remains procured by Falconer and Cautley, but these 
were never demribed : the collection of fossil fish-remains from the Siwalike 
in  the Indian Mumum is but small. Among the Teleostei, we have the 
siluroids represented by a very perfect skull, originally described in the 
Sooiety's Journal* by Dr. Cantor ae the skull of a huge frog : subaequent- 
ly this skull was referred by M'Clellandt to  the siluroid fishes. The lat- 
her writer describes the skull as being remarkable for its grest breadth, and 
as carrying teeth on the jaws, but not on the palate: M'Clellmd also 
thought that the skull might belong to rt species of Pimslodus : this deter- 
mination ie, I think, oertainly erroneous, because the latter genus, with one 
African exception, is entirely West Indian, and i t  is  unlikely that a fresh-water 
genw of fishes should be found in the Pliocene of India, and now only in Africa 
and the West Indies. Many of the living Indian siluroids (0iariud, Hetmv- 
banohus, Xilunur, Xilurwhthye) have palatal teeth, and the fossil cannot, 
therefore, belong to any of thoae genera. The Indian & n u  O h ,  on the 
other hand, is characterized, according to Dr. Giinther,$ by ita exceedingly 
broad and depressed head, and absence of palatal teeth, and I think, therefore, 
it is not improbable that the fossil may belong to that genus, though, in the 
abeenoe of epecimens for comparison, I cannot be sure. Detached vertebm, 
from the Siwaliks, also indicate the existence of teleostean and, probably, 
fresh water fishes, but of what group is uncertain. Of the Elasmobranchii, 
a few teeth indicate the former existence of a Siwalik h a ,  whioh proba- 
bly inhabited the larger rivers : a single tooth from the mammaliferous beds 
of the Irawadi belongs to  a speci es of Curcharioa, and large squaline vertebrm 
have been obtained from Perim Island. From the Siwdiks of Sind and 
t h e  Punjhb, we have some crushing palatal teeth of an undescribed fish, 
which I have lately sent home for determination. 

S d e s  of teleostean fishes have been obtained by Col. Qodwin-Aunten 
from the Tertiaries or past-Tertiaries of Kashmir ; they are not, however, 
determined. 

m e  above notea indicate the extreme poverty of the fossil fish-fauna 
af I n d k  poverty, I think, in great part due to the want of sufficient 
waroh. 

Vol. TI, p. 583. 
t Calc. Jour. Nat. Kist. Vol. IV, p. 83. 
3 Brit. Mu. Cat. of Fieheq Vol. V, p. 2% 



!&h-Jura.-We now come to  the history of the fossil Batrachi 
(Amphibia), where we shall find an equal poverty of species and genera ; such 
es are known being merely, in all probability, a few relics left from a large 
fauna. The oldest Indian batrachians, like their European and American 
contemporaries, belong to the labyrinthodont order, characterized by the 
peculiarly infolded S ~ N C ~ U I ' ~  of their teeth. The oldest form of the  order 
in India is only known from an unde~cribed skeleton obtained from a gronp 
of the GondwBns system a t  Bijori, hence named by Mr. Xedlicott the 
Bijori group.+ This skull was originally exhibited before o w  Society in 
18M, and commented upon by Mr. H. F. Blanford, who thought t ha t  it 
should be referred either to  Archegosaww or L u b y r i n t h h , t  adducing some 
evidence to  shew that it belonged to  the former genus. Subsequently, thti 
epecimen was alluded t o  as a true Archegosai~sur by the late Dr. Oldham,$ 
and still later by Mr. Medlicott.5 I cannot discover what has become of 
this most interesting fossil, which is certainly not in the collection of the 
Indian Museum, wiere i t  is only represented by a cast. Judging from this 
cast, I think it not improbable that  the specimen really does belong to 
drchagosawua : it much resembles a skull of that genus from the  European 
Carboniferous figured by H. von Meyer. I( The European species being fiwn 
the Carboniferous rocks does not a t  all preclude the Indian species from b e i i  
of Triassic age, since there is considerable difference in the range in time of 
the Pre-Tertiary land faunas and floras of the two countries ; geners having 
very frequently survived to  a later period in India than in Europe. 

From the Panchet group of the Oondw&nas, we have two labyrintho- 
donts, to  which the generic names Pachygo7lia and Bonioglyptw hPn, 
been applied by Professor Huxley ;T these genera are only known by frag- 
mentary skulls and jaws ; they were slender-jawed forms and allied to the 
labyrinthodonts of the Keuper. They are classed by Professor Miall in 
the group Euglypta with Hartodonsaunrs and Cbpitosarrus. The fossils on 
which the two above-named Indian genera mere founded are in the collection 
of the Indian Museum. From the nearly contemporaneous Mangli group, we 
have another labyrinthodont, Brachyope luticepr of Owen, also belonging 
to a genus otherwise unknown, and allied to  European Jurassic, and African 

M. G. 9. I. Vol. X, p. 169, (art. 11, 27.) 
t J. A. tl. B., Vol. XXXIII, p. 337. 
f R. (3. 8. 1.Vol. IV, p. 70. 
1 LOC. cit. 
f l  Pulmontogrephica, Vol. VI, pl. XI, fig. 5. 
Ti Pal. Ind. Ser. IV.  part 1. 
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and Australian (probably) Triassic forms. The skull on which the genus is 
founded was described by Professor Owen.+ The European Jurassic genu* 
to which i t  is allied is Rhinosame,  the African (Triassic ?), XicrophIi8,  
and the Australian, Bothriceps; the genus seems to me to be also c l o ~ e l ~  
allied t o  Ikdirhnw radiatus of the American Carboniferous. Brachyopo 
belongs to the short-jawed group of labyrinthodonts ; and, with the first 
three above-mentioned genera, constitutes the group "Brachyopina" of 
Professor Miall. The skull of B~aehyope is, I believe, in the collection of 
the Geological Society of London : i t  is represented by a plaster cast in the 
Indian Museum. 

%tiay.-From the Trias to the Tertiary is a long leap, but hitherto 
no batrachian remains have been found in India between these two forma- 
tions. I n  the lower Tertiaries of the island of Bombay, there occur a large 
number of the remains of frogs belonging, apparently, to two species. The 
amaller of these two species was first described by Professor Owen? under 
the name of R a m  pusilla ; subsequently, however, Dr. Stoliczka,$ from 
the  absence of vomerine teeth and from the structure of the limbs, referred 
the  species to the genus Oxyg2osswr, at  the present time living in China and 
Siam, and, possibly, in India. A larger frog from the same beds, notioed by 
Professor Owen in the same paper, hae not yet been generically determined. 
I believe that these Bombay frogs ,are the oldest representatives of the 

group. 
FOSSIL REPTILES. 

Triae-Jwa.-The oldest members of the class Reptilia hitherto found 
i n  India belong to the orders Dil~osauria and Dicynodontia (Anomodontia), 
and  occur in the presumably Triassic rocks of Panchet near RBniganj, in 
t h e  horizon known as the " Panchet group." The ~ i c ~ b d o n  was origin- 
ally described by Professor Huxley § under the name of D .  orientulis ; 
additional remains have subsequently been described by myself,\\ which 
show that this species belonged to the fiub-genus Ptychognathus of Profes- 
s o r  Owen. Other remains noticed ill the latter memoir, seem to indicate 
t h e  former eistence of a second and larger species of Dicynodon. This 
group of reptiles seems, on the whole, to  be characteristic of the Trias of 
India, Russia, and Africa. The dinosaur has been 11amed Ankiutrodon 
i n d i m  by Profemor Huxley,T and is the only kuown represeutative of the 

Q.J.G.S.L.Vol.XI,p.37. 
t Ibid. Vol. V, p. 173. 
$ M. 0. 8. I. Vol. VI, p. 387. 
4 Pal. Ind. Ser. IV, VoL I, part I. 
11 Ibid. part 3. 
9 Loc. cit. 
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genus. The teeth of Ankistrodon, of which only two are known, lure 
laterally compressed crowns, with serrated edges, like those of the dim& 
saurian diegalosaurus and the n~ammalian Xachmodus, and are implanted 
in distinct sockets. The genus is allied to  the Jurassic and Cretoeeonr 
~egalosaunrs,  and to  various Triassic genera. 

From the Denwa group of the Qondwhna system, a large crocodilirn 
scute has been obtained by Mr. Hughes,' which seems to belong to Pr* 
fessor Huxley's undescribed genus Parasuchus. 

From the neighbouring Kota-Maleri group, we have the crocodilian 
Parasuchue and the lacertian Hypemdapedon. The geuus Pa ran rcku  
has never been described, but only incidentally alluded to  bj- Professor 
Huxleyt ; it  was formed for the Kota-Maleri bones : i t  seems t o  have been 
closely allied to the Triassic Bclodon and Stagonolepis. On labels attach- 
ed to  the bones of Parasuchw, now in the Indian Museum, there occurs 

the specific name of hislopii, in Professor Huxley's handwriting. Eypero- 
dupedon$ is closely d i e d  to  the living genus Hatteria (Spirenodon), represen- 
ted by two species in the New Zealand Islands, and, according to Professar 
Huxley, to  the Triassic BhyncAoaawus, though this is doubted by Profemr 
Owen. 

From the undoubtedly Jurassic rocks of Kwh (Cachh), there bae hen 
obtained (Chh1.i group) a vertebra whioh I think very probably belongs to 
Parasuchus, though I cannot be certain ;$ and (Umia group) a fragment 
of a lower jaw of a Plesiosawms, which I have named P. indicur : 11 the 
specific ailinities of the latter cannot be fully determined f rom the 
fragment. 

Cretaceous.-From the Cretaceous rocks of India, we have, among the 
Dinosauria, a species of diegalowurus, certainly from the Trichinopolii 
and probably from tllc Lameta rocks (middle Cretaceous) ;T t h b  genus is 
only known in lndia by detached teeth ; in Europe, it ranges from the 
Jurassic to the lower Cretaceous (Wealden). From the Lametr rocks, there 
have also been obtained the remains of another gigantic genus of dinosaur, 
allied to the Wealden Pelorosaurue and the Jurassic Cetwsourus, which I 
have named, from tile great size of the bones, Ti'ilanosaurw ;+a from t h e  evi- 
dence of the vertclrre; there appear to  have been two species, T iindicurznd Z 

Pal. Ind. Ser. IV. part 3. 
+ Q. J. 0. S. L. Vol. XXVI, p. 49, XXSI, p. 427. 
f Ilid. XYV, p. 161. 
QR.G.S.I.Vol.X,p.36. 
11 Pal. Ind. Sor. IVY part 3. 
O Ilid. 

** lbid. 
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b1anfo1-di. !Pilarraaaunrs was a gigantic and, probably, land reptile, but whe- 
ther bipedal or quadrupedal is not known. Remains of another, but much 
smaller, reptile have been also obtained by Mr. Hughes from the Lameta 
rocks ; the remains are, however, not sufficient for generic determination, 
but I think i t  not impossible that they may have belonged to a dinosaur. 

Of the Cretaceous Crocodilia, we only know of one species by some 
amphicoelian vertebra and scutes obtained by Mr. W. T. Blanford from 
the upper Cretaceous rocks of Sind.+ Aa far as I can judge, from these 
imperfect remains, they appear to indicate an animal allied to  #uclroxaurue 
of the Wealden of England. 

The Chelonia are only known to have existed in India during the Cre- 
taceous period by the evidence of some broken plates, in the collection of the 
Indian Nuaeum, obtained from the Lameta group, from the intra-Trappeans 
of Rajamahendri (Rajamundry), and from the upper Cretaceous rocks of 
Sind. Tllene remains are in far too imperfect condition for even generic 
deternlination. 

A large species of Ichthyoeaurus, which I bave called I. indim,+ is 
known solely by a few vertebra! collected by Mr. Foote in the middle 
Cretaceous rocks of Trichinopoli. Ichthyoeaurus, in England, ranges from 
the  Liaa to the Chalk. 

Eocene.-l'he only specifically known Eocene Indian reptile with which 
I a m  acquainted, has been referred by the late Dr. Gray$ to the genus 
Hydraupis belonging to the family Emydida!. The specin~en on which the 
determination rests is a carapace, from the intra-Trappean rocks of Bombay, 
originally named by Mr. Carter l'extudo leithii. The genus Hydraxpie is 
now found living exclusively in Tropical America. From the Nummulitics 
of the PunjBb, remains of Crocodilia have been obtained by Messrs. Theo- 
bald and Wynne, of the Geological Survey, but are not generically deter- 
mined. 

Mio-Pliocene and Pleiakcene.-From the Mio-Pliocene Siwaliks and 
f r o m  the Pleistocene Narbadas, a considerable number of reptilian remains 
bave been obtained, but, in many cases, have not yet been described. 
.&mains of Crocodilia have been obtained in considerable numbers from 
t h e  Sub-Himalayan Siwaliks and from the corresponding rocks of Burma, 
Perim Island, and Sind; and many of them have been named by Falconer. 
O f  t h e  genus C1.ocodilur, a Siwalik species has been ide~~tified with the 
l i v i n g  C. palustria (bombifrow, Gray).§ Hemains of a crocodilian have 

* Pal. Ind. Ser. IT. pnrt 3. 
t Ibid. 
$ Ann. Mag. Nat. Hist. Scr. IV, Vol. VIII, p. 339. 
6 Cat. Foea. Vert. A. 8. B. p. 200. The cranium thcm named C, palai~~dicrcr seema 

to b e l o n g  to C. palurtria. 
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also been obtained from the Irawadi and the Narbada, but their speei- 
fic determination is difficult. Of the genus Qhuriolie (Lcptorhymchw), 
one Siwalik species has been identified with the living Q. gangetimr; r 
gbarial from the Manchhars of Sind also belongs to  this species. bw- 
ther long-jawed Siwalik crocodile with slender teeth has been named 
Ghnriolie leptodus; and another with much shorter jaws and teeth, 6. 
crassidem ; the latter has been obtained from the Siwaliks and from 
Sind. 

Of the order Lacertilia, only one Siwalik representative is known, be- 
longing t o  the genus Vwanue, and named by Falconer V. sinahsir.* 
This determination was made on the evidence of a distal extremity of the 
humerus, now in the British Museum. 

The Ophidia are only known by some vertebrs, much like those of tbe 
genus Python, obtained from the Siwaliks of the PunjBb and Sind : time 
vertebrae have not yet been geuerically determined. 

The Chelonia are known by a considerable number of Siwalik, and tao 
Narbda, species. Of the land tortoises, we have, firstly, the gigantic extinct 
species, Coloeeochelye atlae of Falconer and Cautley, from the Siwaliks and the 
Irawadi. Falconer says that the fossil species is mainly distinguished fmm 
the living genus Teetudo by the thickening of the anterior (episternal) por- 
tion of the plastron ; this character was considered to be only of subgeneric 
value, and I think the species might well be named Teetudu atlas. The  length 
of the carapace, according to Falconer's restoration, is 12 feet 3 inch- 
and of the entire animal, with the head and tail extended, 22 feet. 
I n  addition to Coloeeochelye, there is good evidence of the former e x i s h a  
of other & a n t i c  tortoises in the Siwalik period. I n  the Indian Museum, 
there are several specimens of the ankylosed episternale of tortoises belong- 
ing to two distinct species. These bones are as thick, but not so elongated, 
as the ep~sternals of Colossochelys ; they have diverging but shorter ertre- 
mities than in the latter genus. The animals to which these bones belonged 
must have been, I think, two-thirds as large as Coloeeochelye, and may m s  
improbably have belonged to Teetudo. A bioken episternal i n d i c a h  a 
third, but smaller species. A fourth species is indicated by three episternrlr, 
which are not bifurcated a t  their free extremities: these bones indicate 
8 smaller animal The episternal bones, from their solidity, seem more 
frequently preserved than any others. A single carapace of a s d  
tol-toise in the Indian Museum, from the Siivajiks, seems to beloog 
to  the genus Teetodo. Among the hard-shelled emydine t o r t o k  
we have, from the Siwaliks, a species of Bellia described by a. 

Pal. Mem. Vol. I, pl. YXXII, 5ga 4-7. 
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Theobald* under the name of B. eivalensis. This species, according to  
Mr. Theobald, is very closely allied to  B. craeeicollie, which, according t o  
the same writer,? inhabits Tenasserim, Siam, and Sumhtra. The other 
living species (B. nuchalis) inhabits JBva. Another carapace of a Siwalik 
emydine, in the Indian Museum, seems to belong to  a second species of 
Bellia. I n  labels on the casts of Siwalik fossils from the British Museum, 
a three-ridged carapace of an emydine bears the name of Emys hamiltonoider 
(Falc. and Caut.) : this name was doubtless given from the resemblance of this 
carapace to that of the living D m m i o  (Emye) hamiltonii, now inhabiting 
Lower BengB1: the generic name of the fossil should probably be Damonia. 
An imperfect carapace, collected by Mr. Theobald in the Siwaliks of the 
PunjBb, and now in the collection of the Indian Museum, seems to  belong 
to Emye proper. Mr. Theobald has lately described,$ under the 
name of Clautlya annuligw, a gigantic Siwalik emydine, from the evi- 
dence of a single marginal bone ; the genus is said to be distinguished 
from all other emydines by the cartilaginous, in place of osseous, union 
of the marginal with the adjoining bones. I n  the family Bata- 
guride,  Dr. Falconer determined the identity of a Siwalik emydine with 
Pangshura (Emydi) tectum of Bell5 ; subsequently, the species waa 
shown by Dr. Stoliczkajl to  occur in the newer Narbada deposits also: 
Pangshura teetuna now inhabits Lower BengLl. Of the genus Batagur, a 
part of a plastron from the Narbada has been thought by Dr. StoliczkaT 
t o  belong very probably to B. dhongoka, now found living in the Narbada. 
Remains of a large Ba tagu~ ,  from the Siwaliks, are contained in the collec- 
t ion of the Indian Museum, but have not yet been speoifically determined. 
A small carapace, with a ridge on the vertebral plates, lately presented by the 
R6rk i  Museum to the Indian Museum, very probably belongs also to Batagur. 
Of  the soft-shelled river-tortoises, a Trionyx from the Narbada has been 
thought by Dr. Stoliczka** to be not improbably identical with the living 
P. gangeticus. Plates of an undetermined li.ionyx.have been obtained in  
considerable numbers from the Sub-Himalayan Siwaliks, and from those of 
Burma and Perim Island. A carapace of an Eniyda in the British Museum, 
f rom the Siwaliks, has been identified by Dr. Gray with the living Emyda 
a i t ta ta  ( c y i h m i e ,  Gray). This species, according to Mr. Theobald, inha- 

*R.Cf.S.I .Vol .X,p.43.  
) Catalogue of Reptiles of Indin, p. 10. 
$ R. G. 6.'1. VoL XII, p. 186. 
( PaL Mem. VoL I, p. 382. 
1 R. Q. 8. I. Vol II, p. 59. 
P Loc. c i t  

** Loc, cit 



bits Central and Southern India and Ceylon. I n  the Indian M u m  there 
arc numerous remains of Er11yJ4 from the Siwaliks of the PunjAb, Burmn, 
and Perim Island, which may or may not belong to the 1x4-named species. 

Qeneral Remarks.-The foregoing notes will show that  the f d  
reptiles of India are noticeable for the extreme paucity of species known, 
and for the fmgmentary remains of the known species. The Mesozoic 
Raptilia belong, aa far as described, to extinct genera: the one known Eoaene 
reptile (Hydraqis)  belongs to a living genus, but one which is now far 
removed from In~lia. The Siwalik (Mio-Pliocene) reptiles appear i n  grert 
part to belong to living Indian genera, and in many cases to  living specier ; 
the modern representatives are, however, in most cases, found no longer in 
the Sub-Himalayan disticts, but are now confined to Southern India. The 
Narbada fossil reptiles, in all probability, belong altogether t o  living 
s p i e s ,  and probably to species inhabiting the same district. 

dlio-Pliocene.-Fossil remains of birds have hitherto been found in ' 

India only in the Sub-Himalayan Siwaliks, and there only in eomparative- 
ly small numbers. Some of their remains are in the Indian Museum, and 
have been partly described by myself,* while others are in the British 
Museum, and have been lately described by Mr. Davies.? Among the 
carinate birds, a tarso-metatarsus is considered by Mr. Davies to belong to 
a cormorant, possibly of the genus Gmculus.$ A species of pelican (Pele- 
canus cautleyi) is indicated by a fragmcnt of an ulna; this bird, according 
to Mr. Davies, must have been somewhat smaller than the living Indian P. 
nitratus. Another part of an ulna has been referred to a new species 
(Pelecanw siualensis) by Mr. Davies, with a reservation as to the generic 
determination. A gigantic wader has been described by myself, under the 
name of Xegaloscelomis siualensis, from the evidence of a sternum and tibio- 
h~rsus. A distal extremity of a large bird humerus in the Indian Museum, 
collected by Mr. Pedden in Sind, has a diameter of 2 inches across the 
condyles: I cannot a t  present identify this bone with the humerus of 
any living genus of bird : from its size i t  might belong t o  2UeP- 
~okcelornie ; it  nlalios some approach to  the humerus of Plotmu. A 
species of adjutant has h e n  named by Milne-Edwards Argala f a l c o n e r i . ~  

R. G. 6. I. Vol. XII, p. 62. 
t Ocol. BIng. January 1880, p. 18. 
1 Thb bone was doubtfully referred by DL. Edwnrds to PAaetm. 
/ The bone in the British Museum referred to by mysclf on p g e  66 of the above 

quottd paper belongs to thk, syccicu. 
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There are also two small undetermined bird bones in the Indian Vuseum. 
The Struthioid or Batitian modification of bird structure appears to have 
been represented by three Siwalik species ; viz., an ostrich (Struthio aeiaticas) 
indicated by some of the bones of the lower leg and foot and by vertebra : 
an emeu (Drornmus sivalensi8), by bones of the foot : and, according to  Ur.  
Davies, a three-toed bird, intermediate between these two genera, by s 
single phalanges1 bone. The living ostrich is confined to  the African con- 
tinent, and tbe emeu to New-Holland ; the occurrence of fossil species of 
these genera in the higher Tertiaries of India, probably points to  a late land 
connection between these countries. 

FOSSIL MAMMAL#. 
Eocene.-No traces of mammals have hitherto been detected in India 

below the Eocene, and in the latter formation only some fragmentary bones 
have been obtained by Mr. Wynne in the Nummulitics of the PunjBb. The 
only determinable bones consist of the distal portion of the femur and meta- 
tarsals of a probably perissodactjle animal, and the astragalus of an artiodac- 
tyle.' The femur was obtained from the Nummulitic (Subhthti) zone of tlie 
Punjib,  while the astragalus was obtained immediately above the Nummulitic 
clays of Fatehjang in the PunjBb, which are probably of upper Eocene age. 
Tlie astragalus seems certainly to be that of a ruminant, as it belonged to  
an  animal in which the navicular and cuboid bones were united If this 
determination be correct, ruminants existed in the upper Eocene period. 

Hie-Pliocene.-The Tertiary ossiferous rocks of Perim Island, Bind, 
t h e  Punjab, the Sub-Himalayan Siwaliks, Sylhet, Tibet, and the valley of 
the Irawadi, have yielded a large number of mammalian and other verte- 
brate fossils, many of which are represented in the collection of the Socie- 
ty, now transferred to the Indian Museum. The fossils of the Irawadi 
valley were first brought to  notice by Crawfurd and Clift, while those 
of the  typical Siwaliks were rendered classic by the labours of Falconer and 
Cautley, and other former members of this Society. Somc of these fossili- 
fe rous  beds are of Miocene, and others of Pliocene age, and an admirable 
resumi  of their distribution and relations are given in the ' Manual of the 
Geology of India,' to which work I must refer my readers desirous of 
fu r the r  information on this subject. 

The Siwalik Primates are a t  present known merely by a few frag- 
m e n t s  of upper and lower jaws and teeth, and i t  is probable that more 
species remain to be discovered. The known forms comprehend a large 
anthropoid ape, which has been named Pakeopithecue sivaloneiu ;t this 

R. G. 8. I. Val. 1% p. 92. In that pesngo tho words " ~nnntrsaliferorcr clny8," 
ghould bo " nummulifwm clays." 

t 8. G. S. I. Vol. XII, p. 38. 
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R. Q. S. L Vol. XIL p. 92. 
t Pal. Mem. Vol. I, p. 316. In manuscript the name of Felu pakeutigrir occun. 

species is known by the palate of a female and the canine of a male, and 

f Of thie and five other spociea of Siwalik Camivonr, described by the came 
I have only seen the notice given in 'Nature,' Jan. lst, 1880. 

# R . G . S . I . V o l . X , p . 8 3 .  
11 Ibid. p. 32. 

Pal. Ind. Ser. 2L, VoL I, p. 84. Megalofir (Otocym) normally agrees with 
Asaphiyon in having throe upper true m o h  : it may, howevor, according to PmL 

eeems to  have been allied to  the living orang of Borneo, but is 
by the form of its premolars; two species of (probably) Semnopithecur 
and two of dlhcacus* have also been determined. 

Among the Carnivora, we have a large tiger (Felis wistata)t cham- 
terized by its large sagittal crest ; r second species has lately been described 
by Mr. P. N. Bose under the name of E: gsandicrietata,f with a still 
larger crest ; while a third and much smaller species is indicated by a lower 
jaw in the Indian Museum. Of the genus Machnirodus (diachmdur), 
there is dil. eioaolensie of Falconer and Cautley, said by Mr Uose to  be 
equal in size to the jaguar, and a larger species described by the same 
writer under the name of M palmi~dicus. The genus PsncdQlurw, dis. 
tinguished from B'elis by the presence of an additional lower premolar, is 
known by one lower jaw, which I have referred to a new species under the 
name of P. sicalensie.$ Among the civet-like animals, we have V i o m  
b a k h  of Mr. Bose, said to  be closely allied to the living civet, and 
Ictitherizcm Bioalenee described by myself from a lower jaw. 11 The hyaenas 
are represented by H y w  eiaalensie of Falconer and Cautley, said by 
Mr. Dose to present relationship both to the Indian H. striata and the 
African H. crocuta; and H. felima of Mr. Boee, distinguished by the 
absence of the first upper premolar. The dogs, according t o  the same 
writer, are represented by two species of Canis (C. curvipalatue and C. 
cautleyi), the latter closely allied to the wolf; there is a specimen of 
the palate of a Canis in the Indian Museum, but I am a t  present unable to 
say whether it belongs to either of the above species. The genus Amp& 
cyon, distinguished from Canie by the presence of an additional upper molar, 
is represented by A. palreindicus,T remains of which have been obtained 
from Sind and the PunjBb. The bears are known by a single undescribed 
cranium of Urms in the Indian Museum, and by the remarkable genus 
Bymnarctoe, of which two species are known : 1% sivalensiee* was the origin- 
al species on which the genus was founded, aud has the upper molars with 
quadrangular crowns ; a tooth apparently belonging to this species has been 
described by Professor Flower from the newer Pliocene (Red Crag) of 

- ~ 

flowor, have four of those heth. 
0 -  B. A. 8. pl. 0. 
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England : the second species, named by myself H. paleindieus,+ is known 
only by an upper jaw, not yet figured ; the upper molars of this speciee 
bave triangularly shaped crowns, somewhat like those of Amphicyon. Of 
the subursoid Carnivora, we have the living Indian and Africsn genus 
dielliuora, represented by M. siualemis,f apparently very closely allied 
to the living Indian species. A species of badger (Helus) is indicated 
by one lower jaw collected by Mr. Theoba1d.S Of the otters, one species 
of Lutra  (L. paleindica) has been named by Falconer and Cautley from a 
skull and lower jaw§ ; another lower jaw in the Indian Museum, collected 
by Mr. Theobald, not improbably belongs to s second Siwalik species. 
Bnhydrwdonll is a genus peculiar to  the Siwalike, and is allied to the living 
sea-otter (Etrhydru) now inhabiting tbe shores of the North Pacific ; the 
Siwalik genus was not improbably a river-dwelling form. 

Of the Proboscidia, now represented only by the Indian and African 
elephants, there were a large number of Siwalik species, belonging to the 

. genera Elephar, dlastodon, and Dinotherium. Of the first-named genus, 
there were three sub-genera living in Siwalik times, viz., Euclephau, Lumdon, 
and Stegodon. Ewlephos was represented by E. hysudrkre, provided with 
simpler molars than the living representative of the sub-genus ; h o d o n  was 
represented by L. pdanifrom, remarkable for being the only species of 
elephant in which premolars are known to have been developed. The sub- 
genus Stegodon is peculiar to South-Eaatern Asia, and was represented by four 
species in the Sub-Hihalayan and other Indian Siwaliks : these species 
am named S. ganesa, S. dnsigniu, 8. bmnbifrons, and & daftid. The molars 
of the two first are more complex than those of either of the other two, 
and are indistinguishable from each other ; the skull of the first species is 
distinguished by its enormously developed tusks. The intermediate molars of 
8. clzytii have not more than six ridges each. From (probably) Pliocene 
deposits in China, two stegodons have been described by Professor Owen 
under the names of 8. S i W  and 8. orientalis, whioh appear to be 
respectively the same as 8. cclfdii and 8. i7~igmM.y Of the mastodons, 
five species, M. rivalensis, dl. latidens, M. perinamis, N. pondionis, and 
M. falconmi, have been described from the Mio-Pliocene of India : the 
three first-uamed species belong t o  the tetralophodmt, and the two last to 
the trilophodont, sub-division of the genus: the two first-named species 
have 13 tendency t o  a pentalqbodont molar formula. Of the European 

* R. a. 8. I. Vol. XI, p. 103. 
t Ibid. p. 102 : named in F. A. 5.' Urnitazur 
f R. G. 8. I. Vol. XI, p. 102. 
# F. A. 8. aupl. pl. Fl. 
(1 Ibid. 
'I Pal, I n b  Ser. X. Vol. I, pt. 6 (in the presa) 
4 
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Miocene genus Dinotherium, three species, D. indicum, D. pmtqotomim, 
and D. gindime, have been described from the Indian Mio-Pliocene: the 
last species presents a remarkable approximation to the mastodons in the , 
form of its mandible.* 

The perissodactyle modification of the grest order Ungulata is well 
represented, both in genera and species, in the Indian Mio-Pliocene. Of 
Rhinoceros there are four named species, R. iravadicur, R. riaalmie, 2. 
pal~indicus,  and R. plaiyrhinuu ;t the molars of the two first are constructed 
on the type of those of R. wmntrensie; those of the last on the type of thoee 
of R. indicur; R. sivalensir and B. pala6ndicw were unicorn, and B. 
plutyrhinus was bicorn. Bones of one species have also been obtained from 
Tibet. The hornless rhiuoceroses were represented by Acerotherium peri- 
meme, of wbich there is a fine undescribed skull from the Punjsb in 
the Indian Museum.$ It is doubtful if the genus Tapirus is represented 
in the fossil state in India ; a symphysis of a mandible has been figured I 

in the second volume of the second series of the 'Transactions of the i 
Geological Society of London' by the late Mr. Clift, and referred ta ~ Papirug, but I think the determination is at least open t o  doubt. Molars 1 
of Zstriodun were described in MSS. by Falconer under the name 1 
of l'apirue and so published in the ' Palseontological Memoirs.'$ The 
genus Listriodonl( is represented by two species, A. pentupotamiol and 
5. theobaldi. The genus Chalicothmium is represented by one species 
(0. rivalense),~ presenting some peculiar points in its dentition : this genus ' 
has till lately been classed with Anoplotheriurn among the Artiodactgla, 
but Professor Cope has lately come to the conclusioi~ that i t  is a perisso- 
dactgle allied t o  Palaeotheriurn. The horses are represented by the genera 
Epuu8 and Hippothwiurn (Hiyparim). Epurcs is known by a Siwdik 
species (E. eit.alenrir),** never fully described, and by one from the Tibetan 

For figures and descriptions of the Indian fossil ProWdia, see F. k 8. and 
Pal. Ind. Scr. X, Vol. I, pt. 5 (in the press) : a jaw of D. pcntapotamia was deecribed 
as Antolethmium by Falconer. 

t F. A. S. and Pal. Ind. Ser. X, Vol. I. 
f Some molam of this spccies were described by myself under the name of IiAiw- 

ceros plandens. R. Sicale~isir has lately been made the type of a new genun filabic 
by Prof. Cope, but on insu5ciant grounds. 

5 Vol. I, p. 416. 
11 Pal. Ind. Ser. X, Vol. I. and R. (3. S. I. Vol. XI, p. 98 I have followed Pm- 

fosaor Cope in clnssing this genus with the tapirs ; Kowalcwsky was inclined to place 
it  among the nrtiodactyles. 

ll Pal. Mem. Vol. I, pl. XMI. 
** Professor Huxley (Q. J. G. 6.L. 1870, Preaid. Address) remarks that row of 

the Siwalik horsos show tmces of a "larmial" cavity on the skull. I do not h o w  
whether this remark applies to the Siwalik or Narbada horae, but probably the former 
as the older. 
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Tertiaries : of Hippotherim, there are two Siwalik species, H. antilopinurn 
and H. tircobaldi* : remains of the genus have also been obtained from 
Tibet. M. Glaudry remarks* that the Siwalik Hippotheria have no lateral 
digits ; th is  may possibly be the case with H: antilopinurn, but it is 
certainly not so with the larger H. theobaldi, of which there is a nearly 
complete tridactyle foot in the Indian Museum. H. theobaldi has not 
yet been fully described; i t  is very like H. gracile, to which species some 
Siwalik molars were referred by H. von Meyerx under the name of E g u w  
pninigenius. 

Of the artiodactyle modification of the Ungulata, there is a still longer 
list in the  Indian Mio-Pliocene. I n  the bunodont sub-division, we have 
Hippopoiomua represented by two species (H, i r avad iw  and 8. sivalen- 
ria), both belonging to  the hexaprotodont sub-genus. A Siwalik bunodont 
(Tetracmdon magnumn) 3 is noticeable for its enormous conical premolars ; 
this genus is probably related to Entelodon (Elothmium) of the Ter- 
tiaries of Europe and America. The true pigs (Suu) are represented by 
three species, 8 .  giganteus, 8. hyezrrErinur, and S. punjabiensis; the two 
former were named by Falconer and Cautley, while the last name was applied 
by myself. 11 Sanitheriwm is a small suine animal, only known by the lower 
molars. Hippolryue is a genus of suine animals whose molars present a pecu- 
liar complexity of pattern, recalling that of the molars of the horse ; the 
genus is peculiar to  the Siwaliks, where it appears to have been repre- 
sented by two species.'([ The European Miocene genus Hyotheriurn is 
represented in the Tertiaries of Sind and Perim Island by a species which I 
have provisionally named H. sindienee.*+ Of the suine animals with sele- 
nodont teeth, we have, among the forms with five cusps on the molars, R 

species of Anthrmotherilorn (A. silietrenee)tt from Sind, the Punjib, and 
Sylhet, and a species of Hyopotamua (H. sindieme) $$ from Sind: among the 
forms characterized by having only four cusps on the molars, we have four 
genera, Marycopotamus, Chmomeyx, Hemimeryz, and Sivarneryx,§ § aU 
peculiar to  the Sind and PunjBb Siwaliks, and each known only by a single 
epeciee : 11 I ]  the two last genera are a t  present undescribed. 

Milk-molara of t h i a  apecies were at flrst referred to a new genus, Sivalhippw, 
by myuelf (R. U. 8. I. vol. X. pp. 31. 82). 

t '' Animam Fosaileu and Geologie d& l'AttiqueU p. 231. 
f Palmontopphica, Vol. XV, p. 17. 
1 Pal. Ind. Sar. X, VoL I. 
1) R. U. 8. I. VoL XI, p. 81. A suine animal hna been named by myself Hippo- 

potatnodon, but I am now not certain of its generic distinctnese. 
ll Ibid. p. 82. ** Ibid p. 77. 
f-f Ibid. p. 78, a jaw of this species wan described by me aa A. prcnjabienrs. 
ff Ibid. Vol. X, p. 77. 84 Ibid. Vol. XI, pp. 78, 80. 
1)1) Falconer in a MS. note described aome teeth of Dwcatherium, under the name 

Of dCcrywpotarnwr nanui. (Pal. Ind. Ber. X, VoL I.) 
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Among the true ruminants, we have the deer family represented by 
several species of Omus, namely, 0. triplidmu, 0. simplicidmg, and 0. 
krtidrms; the genus of the last being somewhat doubtful. A fourth 
undescribed species has been named 0. r ivalmu.+ The genua DareP 
thmiwm is represented by the two species, D. majw and D. m k . f  
At least one of the Siwalik deer had branching antlers with a flattened beam, 
somewhat like those of the living 0. dunaucellii. Omaw triplidens had a 
large accessary column in the molars, while C. rimplicidem was a species as 
large as the Khhmir stag, with a much smaller accessory molar column. A 
aingle molar in the Indian Museum seems to indicate a Siwalik representative 
of the genus Palaomeyz. The giraffes were represented in India by pm- 
bably two species, one of which has been named Oamelopar&lir n'valsn- 
#is.$ Of the family Sivatheriids, which, with the exception of Helladothe- 
rim§ from the Pikermi beds of Attica, is peouliar to India, we have four 
genera in the Mio-Pliocene. Hydarpitheriwn is repremnted by probably 
three species, H. mtyacqphalum known by the skull, which camed a 
massive conjoint horn-base above the occiput ; end H. kptognothuo and 
H, grade ,  by lower jaws and teeth. Bromatherium psrimmue is known 
by the skull, teeth, and jaws; this species seems to  have camed a pair 
of horns over the occiput and a large conjoint horn-base on the  fron- 
d s .  Piehnutherim iravadicum is a t  present only known definitely 
by a frugment of a lower jaw from Burma of much smaller size than any 
of the other genera : it is not impossible, however, that some nondescript 
upper molars, in the Indian Museum, from the Punjhb, m y  belong to this 
genus. 8ivathericcrn giganteum was the first known of this group of ani- 
mals, and was originally described in the Society's Journalll as a fossil elk : 
eeveral skulls of this species are known ; the male carried two pairs of hornq 
placed like those of the living Indian four-horned antelope (!i!&rae-r), 
while the female was hornless. An elaborate memoir on this interesting 
animal has been publiehed by Dr. Murie.T The molar teeth seem to be 
nearest to those of the giraffes, and also approach those of &am 
megaceror and Alcea: Dr. Murie comes to the conclusion that the horns of 
rSivathwiwn were intermediate in structure between the antlem of deer 
and the horns of the true cavicorn ruminante, and that they probably 

Pal Ind. Ser. X, Vol. I, Preface (in the prese). 
t Ihid. 
$ Remsins of this apeciea were deecribed under the namw of 0. n ' U  m d  0. 

@nir by Falconer. See R. G. S. I. Vol. XI, p. 83. 
Q Pal. Ind. SW. X, Vol. I, R. (3. 6.  I. Val. XI, p. 90. M. hudry  in ~ rorL, 

Les Encheinemenb du Monde Animal,' mentione that HeI&dotAsn'wm O C C ~  in 
India : I am unacquainted on what groundr. 

11 Vol. IV, p. 606. 

((r Geol. Mag. Vol. VIII, p. 438. 
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camed a deciduous sheath like those of the living American prong-buck 
(Antilocop). Of the antelopes, several species have been described, the 
largest of which (A. palmindica,)* is supposed to have presented affinities 
t o  nome African forms ; A. sivalmsist is allied t o  the Indian blackbuck 
(A. c m i c a p )  ; while A. ptulicornis and A. acvt icmie  do not appear 
t o  come close to any living forms. Other molar teeth belong to a 
species of Pwtas, now only represented by the living nilghai of Indie. 
Othera again are like thorn of P a l ~ ~ o y x ,  a genus of antelopoid ani- 
mals described from the Pikermi beds of Attica; this determination, 
owing to the absence of e k u b  and the great difficulty of precisely deter- 
mining isolated ruminant teeth, is only provisional. The oxen are repre- 
sented by five genera, among which Hernia08 is represented by three species, 
H. occipitalu, H. acuticomiu, and H. antilopinus : $ t l~ i s  genus is peculiar to 
the Siwaliks, and connects the oxen and antelopes. Leptoaoo falconeri is 
another species of antelopoid oxen, known by some crania. The genus 
BubaZw ia represented by Bubnlus platyceros, a species with horns concave 
superiorly; and, in the highest Siwalik, by B.palmindicu8, which is extreme- 
ly close t o  the living wild buffalo of Assam. Of the genus Bkon, there 
is only one species in the Siwaliks, which has been named B. rivaletwir, and 
which mema t o  have been related to  the extinct European B. priscue. of 
the true oxen (Bor) there are three Siwalik species, namely, Bor acutzyronr 
remarkable for its enormous horns and angulated forehead ; B. pZms$ronr 
with shorter horns and a flattened forehead, and allied t o  the gigantic Bor 
primigeniw of Europe ; and Bor platyrhinvs only known by the lower hslf 
of a skull, and of which the generic affinities are doubtful. There seem to have 
been four species of goats in the Indian Tertiaries, most of which are probably 
of Pliocene age, eiz., an unnamed species with horn-oores very like thoee 
of the Himalayan C a p  falconsri (markbor), and two named species, 
0. eiwlewb and 0. pmmm&, both of which are only known by front- 
lets and horn-cores: the fourth species haa been described by Profeseor 
Riitimeyer under the name of Bucapra daoicsii. No remains of the 
genus Ovw have hitherto been described from the Sub-EFimnlayan or 
other Indian Siwalike, but a cranium obtained from the presumably 
Siwalik strata of Tibet has been referred by the late Mr. Blyth to this 
genus. The genus (kimslue is known by 0. eivalmsiu, which presents a pe- 

Pal. Mem VoL I, pl. 28. 
t Pal. Ind Ser. X, VoL I. Two speciw (A. picta and A. gyriwrnirJ were named 

in MB8. by Falconer. 
$ Them three species have been also deecribed under the generio of Robu- 

b, Amphibor, and P c r i h  ; the synonomy wi l l  be found in the first volmne of the tenth 
reriea of the 'Palmontdogia India,' where all the other Indian foeail ruminanb are 
notieed Part of this volume is atill in the prose. 
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culiaritg in the lower molars, connecting i t  with the American aucheniam, 
and distinguishing it from the other old-world camels.' The similarity of 
the lower molars of the Siwalik camel and Auchenia is very noteworthy, 
since America is supposed to have been the original home of the Camlidm: 
this supposition is supported by the connection between the living Ame- 
rican camels (Auchenia) and the Pliocene old-world camels. 

The other orders of Mammalia are only represented by a few speeiea 
of Rodentia and one of Edentata. Among the rodents, a rat (Xur) is 
mentioned by Falconer as a member of the Siwalik fauna. A species of 
bamboo-rat (Rhizomys sivnlensw)t has been named by myself, from mme 
lower jaws collected by Mr. Theobald in the PunjBb. A porcupine (Hystrir 
riaalena~s) is known by a part of a cranium and a lower jaw. 

The edentates are only known by one species of pangolin @%nu 
ridienris),  which has been named on the evidence of a solitary phalangeal ' 

bone from Sind.3 I 

I 

The Mio-Plocene mammalian fauna of India, as a whole, is cham- 
terized by the great number of forms belonging to the orders including 
animals of large corporeal bulk, and also by the admixture of modem Afri- 
can and Miocene European genera with those now peculiar to India. The 
Proboecidia and the perissodactyle Ungulata, now so sparingly represent- 
ed on the globe, were abundant in Mio-Pliocene India, and were probably 
the dominant forms : the ruminants have now diminished somewhat in num- 
bersin several groups, but not to such a striking extent as the proboscidirm 
The selenodbnt hogs, like Mmycopotumur and Anthracotherirrm, belong 
to a group which has completely passed away, while their congener the 
hippopotamus is now confined to  Africa. Of the larger mammals now 
inhabiting India, nearly all are generically represented in the Pliocene, 
while forms, like Anoa (the living representative of Hernibor), inhabiting 
neighbouring countries seem to have descended from Indian ancestore. 
The micro-mammalia are practically unrep.reaented in the Mio-Pliocene, 
but this is probably due to the smaller chance of their remains being pre- 
served in a fossiliced condition, or, if so preserved, of Wig discovered. 

PLEIBTOCENE. 
The mammals of the Pleistocene of India are as yet even less well 

known than those of the Mio-Pliocene, owing to the smaller areas in which 

A second species of Siwalik camel wss named in MSS. C. a n t i q w  by Falame. 
This epecien cannot now be identified 

t For deecriptiona of this and other Biwalik mdepta, see 8. 0; 8. I. VoL SI, p 
100. Rhizomyr is probably the same as TyphWon of Falconer. 

1 Pal. Ind. Ser. X, Vol. I. 
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they are found. It seems, however, even with our present knowledge, to 
be pretty esfe to say that the numerical strength of species of the 
larger mammals so characteristic of the Mio-Pliocene had disappeared in the 
Pleistocene. From the older alluvium of the Jamna river, mammalian bones 
have been obtained in considerable quantities, but only two species have been 
satisfactorily determined ; the remaining bones have only been generically 
named, and are, therefore, not referred to here, as it is in many cases 
i m p i b l e  to say whether they belong to living or to  extinct species. 
The presence of Hippopotmw remains in a stratum is pretty good 
evidence of such stratum being not newer than the Pleistocene. The 
discovery of a molar and canine of this genus in the alluvia of the Pem- 
ganga river, by Mr. Fedden, consequently shows that some of those deposits 
should be referred to the Pleistocene. I n  many cases, as in the delta of 
the Ganges, i t  is often most difficult, or impossible, to draw the line between 
the Pleistocene deposits and the Recent alluvium of the same area. 

I n  the laterite of Madras, stone implements, and a human tibia have 
been found by Mr. Foote, and are assigned to  the Pleistocene by Profes- 
wr Boyd-Damkins. Stone implements have likewise been obtained from 
the ossiferous beds of the Narbada valley, in association with the remains 
of extinct mammals. The mammalian fauna of the Narbada beds comprises, 
among the Carnivora, a species of bear ( U r m  namadicus), named by the 
authors of the ' Fauna Antiqua Sivalensis' on the evidence of a portion of 
the maxilla with the molar dentition : this specimen is now in the British 
Museum, presented by Captain Frazer.* Among the Proboscidia, we have 
the extinct Euelephaa namadicucr, characterized by the extraordinary ridge 
on the forehead ; the molars of this species are very like those of the Eu- 
ropean Elephas antipuus, from which ProfessorLeith Adsms has thought that 
the Indian and European forms might belong to the same species. Stegodon 
was represented by S. ganesa and, possibly, by S. iinsignis. Among the fossil 
perissodactyles of the Pleistocene, we have Rhinoceros deccanensist of Mr. 
Foote from the Deccan, a species without permanent lower incisors, and 
shewing African affinities; and from the Narbada the living R ,  indicus, 
remains of which were a t  first named R .  numadieus. A third species 
(R. mamadicus) probably also existed in the Pleistocene. The horses are 
represented by Epuus namadicus,$ as yet' not fully described. Among 

F. A. 8. plate 0. I have elsewhere mentioned a epeciea of Feli'clia from the Nu- 
bnda be& the determination having been made on the evidence of the olecranal por- 
tion of an ulna in the old collection of the Geological Survey ; the history of the 
specimen in, however, unknown, and from its mineral condition I am by no means aure 
that it is from the Narbada. 

t Pal. Ind. Ser. X, Vol. I. 
f Faun. Ant. 6iv. 3. palaonw seems to be the young of E. sait~adiour. 
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the artiodactyles, we find two species of H;Ppqpotamus, one of which 
(H. mmadicur) belongs to the'hexaprotodont type, while the other (H. 
pakuindicur) is tetraprotodont, like the larger living species ;# H. 
palavindicvr haa also been found in the older alluvia of the Jsmns. 
The pigs seem to have been represented by Sw gigantew.t A speciea of 
atag was named by Falconer Osrvw nomadicus, but never described; 
a single molar from the Narbada in the Indian Museum is indistin- 
guishable from the corresponding tooth of the living 0. (Bucarmu) 
duuaucellii. Three species of Narbada oxen have been described, w i t . ,  
Boa nnmadicus of Falconer and Cautley, a taurine ox showing some &ni- 
ties to the living Asiatic genus Bibos, ale0 occurring in the Pem-ganga 
alluvium and, poseibly, in the Deccan ; Brcbalue paleindioua of the 
Bame authors, very clorjely allied to the living wild Indian buffalo, a h  
found in the Jamna alluvium ; and Leptobor fmzm' of Professor Eiti- 
meyer. A species of nilghai (Por tax)  has lately been described by 
the same writer from the Narbada rocks, under the name of P. noarodicu; 
teeth of the same genus have also been obtained from the Pem-ganga du- 
ium. 

The Pleistocene rodenta are only represented by some incisors pmb. 
bly belonging to the genus Xud, obtained from the Narbada .valley, and 
now in the Indian Museum. 

R ~ c m .  
The Recent deposits have not yet, as I have said, in many csses been 

satisfactorily separated from the Pleistocene, and the very local occurrence 
of mammalian bones renders this point of doubt one not likely to be ma 
cleared up. Any alluvial deposits of bones from which Hippopotarnur is 
absent, and which do not contain any other ,extinct animals, I should be 
disposed to class as Recent. 

Human remains have been obtained in the alluvium of the plains in 
various localities, a t  considerable distances below the  surface, but generdl~ 
in very imperfect condition. Specimens of the teeth and jaws of Xacrrmr 
rherur are exhibited in the Indian Museum, obtained from the alluvia 
of Assam and Xadras; those from the former locality are in a high17 
mineralised condition. Molars of the Indian elephant have been obtained 
in the alluvium of the plains of India, and in that of the delta of tho 
Irawadi. A last upper molar of Rhinoceros indicus has been obtained 
by Mr. Foote in the alluvium of Idadraa : this specimen is very interestkg 
aa shewing the former range of that species far to the south of its pmnt 
habitat, which Jerdon gives as "the Terai from Bhotan to Nepal." 9~ 

The mnaller Liberian hippopotamus ( O h p a i r )  hae only two lower i n b .  
t The authority for introducing this species in the Nmbeda fauna is the 

drawn in plate LXX, fig. 8. of tho F. A. 5. 
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indiew hss also been obtained by Mr. Foote in the same formation. Antilope 
aervicapra is represented by a fossil horn-core in the Indian Museum whose 
eract locality is uncertain. Antlers, horn-cores, and teeth of species of Bog 
and Oervus have been obtained from alluvia of various parts of the plains, 
and from raised beeches on the Kattiawar (Kattywar) coast ; as, however, 
thm specimens are not yet specifically determined, no more can be said 
about them. 

LIST OF THE FOBBIL VERTEBEATA OF IKDIA LFD BURMA. 
The following list exhibits in a systematic form all the well-establish- 

ed species of Indian and Burman fossil vertebrata, together with the best 
authenticated of the unnamed species with which I am acquainted. For 
the great divisions of geological times, the terms Anthropozoic (Age-of- 
Man), Theriozoic (Age-of-Mammals), Saurozoic (Age-of-Reptiles), and 
Ichthyozoic (Age-of-Fishes), have been employed in lieu of the old terms 
Post-Tertiary, Kainozoic, Mesozoic, and Palmzoic, as being more applicable 
to a chronology of vertebrate evolution, and as forming a aeries of symme- 
trical terms. 

I. ANTHROPOZOIC (POST-TERTIARY). 
1. RECENT ALLUVIA. 

MAMMALIA. PRTMATES. Homo (sapiens ?). Plains. 
Macacus rhesus. GGlpara and Madras. 

PEOBO~CIDIA. Euelephaa indicus. India and Burma. 
UNQULATA. Rhinoceros indicus. Madras. 

Sue indicus. Madras. 
Cervus. Kattiawar. 
Antilope cervicapra. Ganges Valley. ( ? ) 
BOB. sp. Kattiawar and Plains. 

m P T I L I A .  CHELORIA. ? (plates) Calcutta. 
Other undetermined remains of, probably, receut species. 

2. , PLEIBTOC~E. 
MAMMALIA. PRIMATEE. Homo. sp. Narbada (weapons) and Madras 

(weapons and bones). 
CAENITOEA. Ursus namadicus. (F. and C.) Narbada. 
P s o ~ o e c m ~ a .  Euelephaa namadicus. (F. and C.) Narbada. 

Stegodon ganeea. (F. and C.) Narbada. 
- ? insignis. (F. and C.) Narbada. 
? Mastodon pandionis. (Falc.) Deccan. 

UNQULATA. Rhinoceros deccanensis. (Foote.) Deccan. 
indicus. (Cuv.) Narbada. 
namadicus. (F. and C.) Narbada. 

Equus namadicus. (F. and C.) Narbada. 
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MAMMALTA. UNQULATA. Hippopotamus namadicus. (F. and C.) Narbada. 
plseindicus. (F. and C.) Nar. and J. 
BP' P: a. 

Sue giganteus. (F. and C.) Narbada. 
Cervus ep (? duvancellii) (Narbada). 
Bubalus palaindicus (F. and C.) Narbada and J. 
Bos namadicus. (F. and C.) Narbada. P: G. 

and (?) Deccan. 
Leptobos frazeri. (Rut.) Narbada. 
Portax namadicus. (Rut.) Narbada. and P : G. 

R O D ~ I A .  Mus. sp. Narbada. 
REPTILIA. CROCODILIA. Crocodilus (?) sp. Narbada. 

CHELOXU. Pangshura tectum. (Bell. sp.) Narbada 
Batagur (? dhongoka ) Narbade. 
Trionyx (? gangeticus.) Narbada. 

11. THERIOZOIC (KAINOZOIC.) 
1. PLIO-MIOCEIPZ. 

MAMMALIB. PEIMATE~. Palieopithecus sivalensk (Lyd.) 5. 
Macacus sivalensis. (Lyd.) S. - BP. 9. 
Semnopithecus subhimalayanus. (Myr.) 5. 

BP. 9. 
CABNIVOBA. Felis crietata. (F. and C.) S. 

- grandicristata. (Bose.) S. 
-- "P. S. 
Machairodus sivalensis. (F. and C.) 5. 

- palaeindicus. (Bose) S. 
Pseudaelurus sivalensis. (Lyd.) S. 
Ictitherium sivalenw. (Lyd.) 8. 
Viverra bakerii. (Bose.) 9. 
Hysna sivalensis. (F. and C.) 5. 
- felina. (Bow.) 5. 
Canis curvipalatus. (Bose.) 8. 
- cautleyi. (Bose.) S. 
Amphicyon palaeindicus. (Lyd.) 6. Sd. 
Ursus. sp. s. - SP. I. 
Hyaenarctos sivalensis. (F. and C.) 8. Sd. 

pahindicus. (Lyd.) S. 
Mellivow sivalensis. (F. and C.) 5. 
Meles, sp. (Ljd.) S. 
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MAMMALIA. CABNIVO~~.  Lutra palreindica. (F. and C.) 8. 
Enhydriodon eivalensis. (F. and C.) 8. 

PBOBO~CIDIA. Euelephas hysudricus. (F. and C.) S. 
Loxodon planifrons. (F. and C.) 9. 
Btegodon ganesa. (F. and C.) 8. 
- insignia. (F. and C.) S. 
- bombifrons. (F. and C.) 8. 
-- cliftii. (F. and C.) S. 
Mastodon sivalensis. (F. and C'.) 8. 
-- latidene. (F. and C.) S. I. Sd. P. 

perimensis. (F. and C.) S. Sd. P. 
pandionis. (F.) Sd. S. P. 

-- falconeri. (Lyd.) Sd. S. 
Dinotherium indicum. (Falc.) S. P. - pentapotamie. (Falc.) 5. 

sindiense. (Lyd.) Sd. 8. 
UXQULATA. 

C i  
4 
R * 
3 
m 

$: 

f Chalicotherium sivalense. S. Sd. 
Rhinoceros iravadicus. (Lyd.) I. 

paleindicus. (F. and C.) 9. 
platyrhinua. (F. and C.) S. 
sivalensie. (F. and C.) 9. Sd. 
sp. Tibet. 

Acerotherium perimense. (F. and C.) P. Sd. 8.1. 
Listriodon pentapotamire. (Falc. sp.) 

theobaldi. (Lyd.) S. 
(3) Tapirus, sp. (Clift.) I. 
Equus eivalensis. (F. and C.) S. -- sp. Tibet. 
Hippotherium antilopinum. ( F. and C.) S. 

theobaldi. (Lyd.) P. S. Sd. 
i sp. mbet. 

Hippopotamus iravadicus. (F. and C.) I. 
sivalensis. (F. and C.) S. 

Tetraconodon magnum. (Falc.) S. 
Sus giganteus. (F.  and C.) S. 

.? 4 - bsuclricus. (F. and C.) S. P. Sd. I 2 - punjabiensis. (Lyd.) 8. $ I Hippohyus sivalensis. (F. and 0.) 8. 

4 -- SP' S. 
Sanitherium schlagintweitii (Myr.) 8. 
Hyotherium sindiense (Lyd.) Sd. 
Anthracotherium silistrenm. (Pent.) sy. S. sd. 

[Hyopotamus palreindicua. (Lyd.) ~ d .  
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M AM hl ALIA . UNQULATA. r~erycopotamus dimidis.  (F. and C.) S. 
Chreromeryx silistrensis. (Porn.) Sy. 
Hemimeryx, ap. (Lyd.) M. 
Sivameryx, sp. (Lyd.) Sd. 
Cervue triplidens. (Lyd.) S. - rivalensis. (Lyd. Mss.) 5. 

eimplicidens. (Lyd.) S. 
1 - (?) latidens. (Lyd.) S. 
Dorcatherium majua (Lyd.) 9. 

minus. (Lyd.) S. 
Palmmeryx, ep. (Lyd.) 9. Sd. (?) 
Camelopardalis sivaleneia. (F. and C.) S. P. 
-- sp. 8. 
Hydaspitherium grande. (Lyd.) 9. 

leptognathus. ( ' d . )  9. 

$!, 

3 -  
3 

--- megacephalum. (Lyd.) S. 
Bramatberium perimense. (Falc.) P. 
Sivatherium giganteurn. (F. and C.) S. 
Vishnutherium iravadieum (Lyd.) I. S. (?) 
Antilope palzindica. (F. and C.) S. 1 

- ptnlicornis. (Lyd.) S. 
- porrecticornis. ( ~ y d . )  S. - dvalensis. (Lyd.) 8. 
? Palseoryx, sp. (Lyd.) S. 
Portax, sp. (Lyd.) S. 
Hemibos occipitalie. (Falc. sp.) 8. 

acuticornis. (Falc. sp.) S. - antilopinus. (Falc. sp.) 8. 
Leptobos falconeri. (Riit.) S. 
Bubalus platycems. (Lyd.) S. - palrsindicua. (F.  and C.) S. I 
Bison eivalensis. (Falc. MSS.) 5. 
Bos acutifrona (Lyd.) S. 
- planifrons. (Lyd.) S. 

I 

- platyrhinus. (Lyd.) S. 
Bucapra daviesii. (Riit.) 5. 
Capra perimensis. (Lyd.) P. - sivalensis. (Lyd.) S. - ep. (Lyd.) S. 
? Ovis, sp. (Blyth.) 8. T. 
Camelur sivalensis. (F. and C.) 8. 
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MAMMALIB. R O D ~ X A .  Mns. q. 8. 
Rhizomys sivalensis. (Lyd.) 8. 
Hystrix sivalenms. (Lyd.) S. 

E D ~ A T A .  Mania sindieusis. (Lyd.) Sd. 
AVES. CABINATB. Graculus (?), sp. (Dav.) S. 

Pelecauua cautleyi. (Dav.) 8. 
P sivalensis. (Dav.) S. 

Yegaloscelornis sivalensis (Lyd.) 
Yegaloscelornis. (?) sp. Sd. 
Argala falconeri (M. Ed.) 8. 

 RAT^. Stmthio aaiaticus. (M. Ed.) S. 
Dromms sivalensis. (Lyd.) S. 
Gen. indet. (Brit. Mus. Col.) S. 

BEPTILIA. CBOCODILIA. Crocodilua palustris (Less.) S. P. 
sp. I. 

Gharialis gangeticus (Gmel.) 8. Sd. I. - leptodus (F. and C.) S. - crassidens. (F. and C.) S. Sd. 
LACEBTILIA. Varanus sivalensis. (Falc.) S. 
OPHIDIA. Gen. indet. S. Sd. 
CHELOXIA. Colossochelys atlas. (F. and C.) 

Testudo (P), 5 sp. S. 
Bellia sivalensis. (Theo.) 5. . 
- SP' S. 
Damonia hamiltonoides. (Falc. sp.) . S. 
Emys, sp. S. 
Cautleya annuliger. (Theo.) S. 
Pangshura tectum. (Bell. sp.) 5. 
Batagw, sp. 9. 
Trionyx, sp. S. I. P. 
Emyda vittata. (Pet.) S. 

sp. S. I. P. 
PISCES. ELABYO- Carchariaa, sp. I. 

BWCHIL Lsmna, sp. Sd. 
? (vertebm.) P. 

? ? (palatal teeth) 8. Sd. 
TELEOBTBI. Cham (P), sp. S. 

? (vertebra?.) 3. Sd. 

2. EOCENE ( ~ B A T B ~ P P W  rn N~MULITIC) .  
~ M A L U .  UNQUUTL (perissodfbctyle femur). E'unjib. 

(artiodactyle astragalus) PunjBb. 



EEPTILIA. CBOCODILIA. (teeth and vertebrre) Punj4b. 
CHELONIA. Hydraspin leithii (Carter sp.) Bombay. 

BATRACHIA. A m u  Oxyglosaus pusillus. (Owen. sp.) Bombay. 

(?) sp. Bombay. 
PISCES. E u e x o s ~ a r r -  

CHII. Myliobatis, sp. (Lyd.) Punj4b. 
TELEOBTEI. Diodon foleyi, (Lyd.) Ramri I. and Pt.Bl&. 

Capitodus indicus. (Lyd.) Punjhb. 
? (Cycloid d e n )  Nr. Thayetmyo. 

111. SAUEOZOIC (MESOZOIC). 
1. CBETACEOU~ SEBXE~. 

EEPTILIA. Dmosau~14. Megalosaurus, sp. (LametaandTrichinopoli) 
Titanosaurus blanfordi. (Lyd.) Lameta gp. 

indicns. (Lyd.) Lameta gp. 
? (unknown reptile.) Lameta gp. 

CBOCODILU. (amphicdin ep.) (Lyd.) Sind. 
CHELOKLA. ? (plates.) Lameta, Itajamahendri, and Sind. 
ICHTHYO~AUEIA. Ichthyosaurus indicus. (Lyd.) Trichinopoli 

PISCES. E ~ a s x o ~ s ~ c w .  Corsx incisus. (Eg.) Trichinopoli. 
- pristodontus. (Ag.) Trichinopoli 
Enchodua serratua. (Eg.) Trichinopoli 
Lamna complanata. (Eg.) Trichinopoli. 
- sigmoides. (Eg.) Trichinopoli 
Odontanpis constrictus. (Eg.) Trichinopoli. 

oxypeion. (Eg.) Trichinopoli 
Otodua basalis. (Eg.) Trichinopoli. 
- divergens. (Eg.) Trichinopoli. 
- marginatus. (Eg.) Trichinopoli - minutus. (Eg.) Trichinopoli. 
- nanus. (Eg.) Trichinopoli. 

semiplicatus. (Eg.) Trichinopoli 
Oxyrhina triangularis. (Eg.) Trichinopoli. 

sp. (Stol.) Trichinopoli. 
Ptychodus latissimus. (Ag.) Trichinopoli. 

G~OIDEI.  Pycnodus (?), sp. (Stol.) Trichinopoli. 
? ? (sales) Lameta. 
? ? (scales) Intratmppean. Rajamahendri 

. 2. JUEA-Tsuss~a  SERIES. 

REPTILIB. D ~ O ~ A U E I A .  Ankistrodon indicus (Hux.) Panchet gp. 
CEOCODILIA. (amphidan  sp.) (Lyd.) Chari gp. 

- 
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BEPTILIA. UBOCODILIA. Parasuchus, sp. (Hux.) (hidopii. MSS.) 
Maleri gp. 

- ? sp. (Lyd.) Denwa gp. 
LACEBTILIA. Hyperodapedon, sp. (Hux.) Maleri gp. 
DICYNODOX- Dicynodou orientalis. (Hux.) Pancl~et gp. 

TIA. -- sp. Panchet gp. 
PL~sIosau- 

XTA. Plesiosaws indicus (Lyd.) Umia. gp. 
BATBACHIA. L a s w m ~ ~ o -  Brachyops laticeps. (Ow.) Mangli. gp. 

DONTIA. Ctonioglyptus longrostris. (Hux.) Panchet gp. 
Pachygonia incurvata (Hux.) Panchet gp. 
Archegosaurw (?) Bijori gp. 

PISCES. DIPNOT. Ceratodus hislopianus. (Old.) Maleri gp. 
hunterianus. (Old.) Maleri gp. 

-- virapa. (Old.) Maleri gp. 
GANOIDEI. Dapedius egertoni. (Syk.) Kota gp. 

Lepidotus breviceps. (Eg.) Kota gp. 
calcaratus. (Eg.) Kota gp. 

-- deccanensis. (Eg.) Kota gp. 
longiceps. (Eg.) Kota gp. 
pachylepis. (Eg.) Kota gp. 

Tetrsgonolepis analis. (Eg.) Kota gp. 
- oldhami. (Eg.) Kota gp. 
- rugosus. (Eg.) Kota gp. 

? ? (Scales) SripermatGr gp. Kota gp. 
IV. ICHTHYOZOIC (PALBOZOIC). 

1. CABBONIFEBOUB. 
PISCES. GAKOIDEI. Sigmodus dubius. (Waag.) Salt-range. 

ELASMOB- Poecilodus paradoxus. (Waag.) Salt range. 
saacarr.  Psephodus indicus. (Waag.) do. 

Helodopsis elongata. (Waag.) do. 
abbreviata (Waag.) do. 

Psamrnodus, sp. do. 
Petalorbgncua indicus. (Waag.) do. 
Xystracanthus gracilis. (Waag.) do. 

major. (Waag.) do. - giganteus. (Waag.) do. 
Thaumatacanthus blaufordi. (Waag ) do. 

dbbrmiutwlur used A the above. 

Ag. = Agaeei~ ; Dav. = Davies ; Eg. = Egerton ; F. m d  C. = ~ a l -  
Coner and Cautley ; Gmel. = Gmelin ; Hux. = Huxley ; I. = I r awdi  
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(Irramaddy) valley, Burma ; J. = Jamna ; Leas. = Lesson ; Lyd = 
Lydekker ; M. Ed. = Milne-Edwards Myr. = Herman von Meyer ; Old. - Oldham ; Ow. = Owen ; P. = Pmim Island, gulf of Cambay ; Pent. 
= Pentland ; P : Q. = Pem-ganga ; Pet. = Peters ; Pom. = Pomel; 
Eiit. = Riitimeyer ; S. = Siwaliks (including Punjib) ; Sd. = Sid; 
6tol. = Stoliczka; Sy. = Sylhet ; Syk. = Sykes; T. = Tibet; Theo. = 
Theobald ; Waag. = Waagen. 

Not4.-Additions to this paper have been made while it was paaeing through the 
preag bringing it up to date. 

I n  the foregoing sketch of the fossil vertebrata of India, but few 
new facts have been recorded, and, indeed, the main objects in penning it w m  
the hope, firstly, of inducing persons interested i s  scientific enquiries to 
aid us in our endeavours to increase our knowledge of this interesting 
branch of science, and, secondly, of making one of those landmarks, so new- 
sary in an ever.increasinq subject like the present, from whence new 
advances can again be made. With regard to the first object, it may be 
observed that  District Officers in India, and other officials, in the course 
of their periodical professional tours through the country, have far  greater 
opportunities of collecting the larger and more conspicuous fossils than can 
possibly fall to the lot of the officers of the Geological Surrey of India, 
who are few in number, and who, for years together, are not called upon to 
visit many parts of the country. To all who have opportunities of travelling 
through unfrequented parts of India likely to  contain fossil remains, 
the appeal is here made for assistance in our endeavours to obtain a mom 
complete knowlcdge of the fossil vertebrata of India. Any fossils sent 
to the Superintendent of the Geological Survey of India (Calcutta) will 
be most gratefully received, and, after comparison or description, either ~ 
returned to  their owners, or, if presented, carefully preserved in the 
collection of the Indian Museum. 
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V.-Aceownt of the PmiJcation of some Standard Weights with con& 
derntions on Stonda~d Weights in general.-By COL. J .  F .  TENNANT, 
It. E., F. R. S., dioster of Her Xajesty's Xinb. 

(aecd. Jan. 6th ;-Read Feb. 4th, 1880.) 

When I first contemplated the verification of a series of weights from 
a primary standard, I had little information as to procedure, and indeed 
I have till now had little as to  details. I had intended in this paper to  deal 
with the verification of a whole series of ounce weights ; but circumstances 
beyond my control have delayed the latter portion, and I think that probably 
this shorter paper will be as much as the patience of my readers will stand : 
in it are described, with examples, all the cases I shall meet ; while the ex- 
planations will, I trust, enable m y  one to follow my procedure and some- 
how to verify any other set of weights. This end being gained, the delay 
of the paper to add the numerical results of farther work, would add little 
t o  its popular, or even scientific value, and this circumstance has induced 
me to  offer i t  in its present state to the Asiatic Society. 

I am aware that I am open to the charge of excessive (factitious) 
accuracy, and I freely admit that I have used an excessive number of 
decimal places ; but the number was originally fixed by the fact that i t  caused 
no trouble and saved tliouglit. The difference between the trouble of 
dealing with 5 or 6 figures and 4 with an arithmometer is, in my case, more 
than compensated by tho absence of the absolute necessity of watching 
the increase of the last f i p :  and too, I had not, till I had gone some 
way with these weighings, so clear an idea of the probable errors as I now 
have. The systematic calculation of these is, so far as I know, new: 
i t  has taught me much, and guided me where I might have gone wrong. 
1 think that it should always be carried out ; but of course, the foundation 
of the calculation-the estimation of the probable error of one comparison, 
will not commend itself to all men :-those who in other respects may 
follow my procedure may prefer a different course in this, and, when the 
system of weighment is different, this datum must be determined in a cor- 
respondingly different manner. Even then, I hope, that the conclusions 
I have come to may have their use, for the evidence they offer of the rapid 
accumulation of error in multiplying from aamsll primary standard, is quite 
independent of the amount ascribed to the error of one comparison. 

I have added the Tables requisite in reducing the comparison of weights 
of varying density and in determining specific gravity. These are deduced 
from the same data precisely as those used in the British Standards Depart- 
ment, but I have emplojcd Fahrenheit's thermomet,er, the English inch, and 

6 
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the English grain, because, to  me, those units were more accessible (ss they 
will be to  most readers of the English language) and not because I prefer 
them. I have thought that i t  was more important to avoid conversions 
of the data before using them than to adhere to  general consideratione; 
just as (with the late Warden of the Standards) I have preferred uniformity 
of data for reduction ; rather than a possible scientific accuracy, which is, 
after all, not demonstrably gained. 

SECTION I.--& Weights. 
I n  May 1879, I received from England a set of Bullion Weights of , 

gilt bronze, with their errors on the Commercial Standard of England 
roughly given, and a Troy Ounce of Platinutn-iridium, with its error in va- ~ 
cuo in terms of the Parliamentary Standard Pound P S. I at  the same 
time received a set of Metric Weights of Platinum-iridium from 100gramrnee i 
to one milligram, with their errors in terms of the Kilogramme des Archiree, ~ 
which is the Normal Standard weight of France. My paper here will be 
confined to  dealing with some of the Bullion Weights : and i t  will be nee- 
sary in order to  understand the procedure I follow, and also the scienti6a ~ 
principles of weighing, that I should give an account of the English 
system of weights. 

Ordinary weights are made of brass, iron, or some other cheapmetal, 
but all these are liable to oxidation, and thus none of these metals is suitable 
for a Standard. Tlie metal chosen for the English Standard was platinum, 
which is nearly indestructible. Since then i t  has been found that, wherere 1 
platinum is soft, an alloy with iridium is hard, has the other advantages ' 
of and can be made with sufficient readiness for the purpose 
required : this alloy is used in my Primary Standards as i t  is in theEuropean 
Standards now being made in Paris. The use of such substances for 
Standard Weights, however, leads to some complication : these metals are 
heavy ; while the metals and alloys ordinarily used are comparatively light. 
Now the weight of a body in air is different from its weight in vacuo by 
the weight of the air displaced, and this varies with the state of the atmos- 
phere : consequently the relative weight of a pound of brass and one 
of platinum, which are alike in vacuo, will, in air, be found to vary con- 
tinually relatively to each other. I n  order to  avoid the inconvenience of 
this, it  has been found desirable that the Commercial Standard should be 
of brass or bronze ; both of which, having nearly the same density sa the 
metals uscd in ordinary weights, will show the same differences a t  all timea 
and places, with sufficient accuracy for commercial purposes; and which, 
moreover, are cheap enough to allow of the weights of all sizes being made 
of them. For general Standard purposes, weights are now made of gilt 
bronze, the gilding preserving them to a great extent from changing by 
o JJtrtion. 
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Aa the Parliamentary Standard of England P S. has its true weight 
m vacua,* the firet impression would be, that tho Commercial Standard in 
ordinary air should weigh the same as P S. in vacuo : but this bas not been 
the practical solution. When the Houses of Parliament were destroyed in 
1834, the English standards were destroyed in them, and the new Standard 
was meant to  be a restoration of the old one. Now the old Standard 
was a brass Troy Pound made in 1758, of which there were a variety of 
aopiee more or less accurate. On the evidence from these, and some other 
sources, wea determined the difference between the lost pound and a piece 
of platinum, both taken in vacuo. Then (the Government of the day 
having determined that the new Standard should represent the Avoirdupois, 
a n d  not the Troy Pound as before), a second piece of Platinum P S. was 
made which should weigh very nenrly 7000 euch grains as those of which 
the deetroyed ~ & n d  (U) contained 5,760, both being taken in vacuo, and it 
b believed that the result was accurate to  a very small fraction of a grain, 
thanke to  the great labours of Professor Miller. I n  reverting to the 
Commercial Pound, that would be 7,000 grains of which U weighed 5,760, 
bo th  taken in air, and then, as the density of the new commercial Pound 
waa very close t o  that of U, all sensible uncertainty arising from the de- 
struction of U and the impossibility of knowing its exact density would 
vanish. 

Professor Miller found the Platinum Pound P S. to be 7000.00093 
grains of U both weighed in vacuo, and by Act of Parliament, this was 
declared to be the true standard of weight, and that one grain should be a 
aeven-thousandth part of it. The Commercial Pound W was an imaginary 
Pound, supposed to be made of brass of a density of 8.15034, which was 
what Professor Miller estimated as the density of the lost Pound U. 
Though the standard in vacuo was changed, as above, by a minute quan- 
t i ty ,  it would have been wrong to change the weight of W in air. I n  
order then that its weight in vacuo should become that of the Pound P S., 
it became necessary to suppose that  this weight in vacuot, and consequently 
its density, were changed, and to ascribe to it a new density of 8.1430. 

The present definition of the English Commercial Pound then is- 

* I have followed the wording of my predecmrq.but I ehould prefer to call the 
8' rwight in oocuo" the '' Haaa," and reatrict the tern " weigJat" to the apparent fo~qce 
erercieed. If thia distinction were made, the questions involved would be much clearer. 
The Parliamentary Standard haa been treated as one of blasa; hence two of the gilt 
aecondnry atandarda, each of the same BIass na P. S., will not hnrc ordinarily the Bume 
weight, &esa they have the same specific p v i t y .  

f The weight in vncuo wag 7000 gr~ ins  of U, and in consequence of the Act of 
Parliament it became neceseary that it should be the eamc as that of P 8. or 70V0'00098 
grains of U. 
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The weight in standard air of a piece of braes whose weight in vacno 
is the same as that of P S., and whose density, compared with that of water 
a t  its maximum density (the brass being a t  the freezing point), is 8'1430. 

If we know the value of a weight in terms of P 8 ,  we shall be able 
fo find its value in terms of W by adding the weight of air displaced by 
the same weight of bmss similar to  that of which W is supposed to be made, 
and deducting that actually displaced by the weight to be determined. 

The Standard platinum-1ri&um ounce sent me is certified to weigh (in 
vacuo) 479.95979 grains in terms of P S., and the density has been assumed 
aa 21.414, which is that of the 100 gramme weight. I n  English Standard 
Air i ts  weight is given as 480.00502 grains, but that datum is useless for 
purposes uf reference. It is called E I in the books of the Standards 
Office in London, and I propose to  retain this name. 

The ounce weight of the bullion set was certified to weigh 480-00145 
grains in vacuo in terms of P S. and 480.00203 grains in English Standard 
Air in terns of & 

The following matter must be borne in mind in order tha t  the 
procedure in my weighments may be understood : 

' 

The sign = means that the weights on each side of i t  are equal in 
vacuo. 

The sign = means that these are equal in air a t  the time ; and, i n  the case 
of Commercial Weights, that they are sufficiently equal 
for practical purposes a t  all times. 

The sign means that the weights on each side being in the respective 
pans of the balance there would be equilibrium. When no 
division of the scale is mentioned as the resting point, it 
is assumed to be 10 for Oertling No. 1 and 15 for Oertling 
No. 2. 

On is one of the set of Gilt Bullion Weights-the subscript number denotes 
its nominal value in Troy ounces. 

P, is one of a set of grain weights which have been used for small quan- 
tities, and a is the number of grains nominally : all  weights 
not less than 1 grain are of platinum and have been cleaned 
by incandescence in a spirit-lamp. The tenths of grains 
are of aluminum and the hundreths of uncertain material. 

R ,  and R, are two riders (approxinately of one-tenth of a grain each) used 
with the balance Oertling No. 1. 

The Tables I have used in my reductions have been calculated by my- 
self t o  the units of the Barometer and Thermometer scales commonly 
used in England, and wliich i t  was most easy for me to refer to. That 
for the density of air, has been calculated from the formula given by Pro- 
feswr Miller, in his paper in the Philosophical Transactions, with the neces- 
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ssry changes for units, and for the position of Her Majesty's Mint a t  
Calcutta. The density of water has been calculated from a formula similar 
t o  Professor Miller's; but with the constants deduced from the new Tables 
of the British Standards Office. The other Tables, for the expansion of 
metals, are deduced from the same data as those of Professor Miller, but the 
form makes them more compact and convenient without any loss of accu- 

m y .  All will be found a t  the end. 

O&Zing X o .  1 is a chemical balance by Oertling with a beam 365 
m. m. (14.56 inches) between the extreme knife edges. The principal 
knife edge is 28 m. m. (1.1 inches) long and the smaller ones 16.5 m. m. 
or 0.65 inches ; all are of agate resting on agate planes. The beam is 
divided for the use of riders, and I have satisfied myself that the divisions 
are d c i e n t l y  accurate for this purpose. The scale is placed on the lower 
part of the pillar, and is read by a long index attached to the centre of the 
beam : this is in my opinion, the best arrangement. 

Oertling No.  2 is a balance whose beam carries knife edges 404 m. m 
(15'9 inches) apart. The central knife edge is 38.4 m. m (14 inches) 
long and those a t  the ends, 22 m. m or 0.87 inches. They are all of 
agate and rest on agate planes. The beam is very strong, and divided with 
sufficient accuracy for the use of a rider. There is an index of soft iron 
a t  each end of the beam to read an ivory scale. The left scale had very 
fine graduations and appeared to  me useless. I have substituted a better 
one and removed the right scale. 

SECTION 111.-Density of 0 Set of Weighk. 
I n  order to  compare 01 with El it is neceesary to have a density of 

O1 : I have determined that of Os and assumed it to be the same as that 
of 0, and of the other 0 weights. 

It appears from the papers received from the Standards Office that 
O3 ss 3 Troy ounces = 1440 grains with s a c i e n t  accuracy for this 
purpose, its exact value will be seen later. 

On July 4th 1879, the balance Oertling No. 1 having been prepared 
for  taking specific gravities, and a platinum hook, intended to support Os 
in water, having been hung by a fine wire of platinum so as to be immersed 
in distilled water ; OS was placed in the pan in air, and counterbalanced 
with weights. OS being then placed in the hook, and all air bubbles care. 

removed, i t  was found that ; X being about 1490.2 graius: 
X Os in water (temp. = 84". 1) + hook &c. in water + (O.s + 

R o., + O.m + O.,) in air + 4. 9 at  10.02 divisions of the seal- 
10 



then, removing O8 from water, carefully dryiug it, and placing it in tbe 
pan, I found after adding 180 minims of water 

X * O8 in air + hwk &c. in water + 2.72 4 a t  10.02 divisiom. 
10 

Hence the loss of weight apparently = O., + O.,, + O., + 0, + 

My approximate calculations gave me the sum of the above four 
weights as 167.5400 grains, and the value of the rider is approximately Ath 
of a grain, the difference from the true value being negligible. Hence the 
loss of weight between air and water was 167.5528 grains, and, though I 
did not observe the Barometer, i t  may be considered as 29.46, and the tem- 
perstwe 87O.5 ; this gives A 0, = 8.5649. 

Again on July 7th, I found in the same way. 
n, (A) X + 6 5 0, in water + hook dtc. in water 

+ 167.64 grains + 8 % a t  la 30 Dir. 
10 Temp. 

I 
I 

(B) X + 5 3 == 0. in water + hook &c in water 
water 84.25 F. i 

10 

and, after adding 169 minims of water. 

(a) x + 5 5 * 0, in air + hwk &a. in water + 7 5 a t  14.80 Dir. 
10 

Bar. 29O.a-15. 

111 R, (D) X + 5 - a 0, in air + hook kc. in water + 9 - a t  8.86 Div. 
10 10 

Temp. 85O.7 F. 
Hence by interpolating between (A) m d  (B) 

~ + 5 3  * 0, in water + hook dtc. in water I 

10 R Temperatam + 167.64 grs. + 4.14-9 Water 8 4 r O . 2  5F. 
and from (C) and (D) Air 85.7 

Rl Rs in. 
X + 5- + 0, + hook Btc. in water + 8-49 - Bar. 29.446 

10 1°i 10 I - 
Thm the loss of weight was apparently 167.4965 grains, and A Os = 8.5676. 
Giving this last result triple weight, on account of better observing, we have 
as a mean ; A O8 = 8.5669 : which may be considered the density for all 
the weights of this set ; and which will not be altered by the true valuesof 
the weights used, being substituted for the approximate ones. 



S ECTIOR IV .-Bystem of Weighments. 
I have adopted a uniform s y ~ t e m  of weighment for comparing the 

weighta Some years ago I made a considerable number of experiments 
on the speciesof errors which occurred in practice, and the present syatern is 
the outcome : there have been minute deviations, but in all material points the 
procedure has been uniformly followed, and I think it has been successful 
in eliminating all progressive errors. The principal of these is the ten- 
dency of the arms of the balance to expand unequally with temperature, 
but there are others which have occasionally been found. I annex specimens 
of the form I have used in work. 

The weights to  be compared being placed in the pans, a prepondersnce 
is given to one side of the balance ; so as to make the resting point, when 
the whole is in equilibrium, lie on one side of the centre point ; yet so slightly, 
that the  weight nsed to get the value of the scale, shall deflect the resting 
point to the other side. I n  the first example with Oertling No. 1, it will 
be seen, that with EL in the left pan and 0, in the right, the Right Rider 
waa placed at  1.2 of the beam scale ; in this state the index had i ts  
resting point a t  7-54 divisions (10 being the middle). Then the weight 
Pm was added to  the left side and the resting point became 15.81 Div. 
Each resting point is deduced from 4 readinge, two low Z1 and I,, and 
two high 4 and It3. The beam having been carefully released, the 
b a t  excursion outwards, m d  the return towards the scale centre, are neglee- 
ted ; and the next four readings of the extremea of oscillation taken. The 
first reading will thus usually be low, if the resting point be low ; and high, 
if that be high: but, when signs of irregularity occur, this may not be the 
case, as I have always,in such cases, freely omitted readings tillthe oscillations 

I ,  + 2% + 29 and have become regular. Then, supposing a low reading first, -- 
4 

4 + 21, + A, 
4 
- would be readings of the resting pointg and the sums in the nu- 

merators have been rapidly formed separately during the work, added, and 

divided by 8. This has been afterwards ohecked by l1 + &2 + 3 (19 + l l ) .  
8 

of course, when h comes first, the h's take the place of the 1's in these 
formub, and vice versa. 

We thus have two "partial weighmenta" 

R 9 E I  + O1 + 1.2 - at  7.54 divisions and 
10 

R9 EI + P., * 0, + 1.2 - at  15.81 divisions 
10 
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from which I get, by interpolation, as a result of the " weighannzf" 

%a EI 0, + 1.2 - - P.,. - 
10 

2'HI or Ol + 1.2 $ - 0-297 P., 
8.27 

The second weighment is made after the weights are interchanged in 
the pans and the result deduced the same way. These together make one 
" cotnpariuon ;" and then a second comparison is made, every operation b3iq 
followed, but precisely in the reverse order, to  make a " complete wmpri- 
ron." The result of the four equat io~l  when summed is 

4 E I  = 4 0, + 0.191 P., or  
EI = 0, + 0.04775 P.,, 

The interpolations are made with sufficient accuracy with a slide 
rule. 

In  all the comparisons of the 0 set and P set, except those of EI 
with 01, which were made with the balance Oertling No. 1, I have used 
one of the riders (the right) to add a constant weight to one side and 
the other in variable positions. Assuming that the rider can be accurately 
placed on the divisions, and that these are sufficiently accurate, it seem 
to  me that I may safely use the rider in this way, and that the error of 
determination of the weight of the rider will thus be of less importanca 
than that of a small weight. 

I n  the case of the very small weights I have added the weight P, to 
one pan, and P,*, t o  the other, in order to  steady them, with great ad- 
vantage. 

SECTION V.-Determination of 0 , ,  in t e r m  of  the English 
Conlmer-cia1 Pound. 

I have before mentioned that I have received as a Standard a Troy 
ounce of Platinum-Iridium, whose weight in terms of the Parliamentary 
Standard Pound P S. is 47995979 grains of P S. ; and I have explsined 
the relations between the English Standard Pound and the commercial 
Pound. I n  order that I may determine the errors of the Bullion set of 
Weights, it  is necessary that I should determine O1 in terms of the English 
Commercial Pound : I have i t  is true the determination made in London, 
but i t  is necessary to  verify this, not only to  make the etandard of weight 
now, identical with that I should get again, but also because the gilt 
weights may have slightly changed i n  the long voyage. 

The Barometer I have used is an Aneroid Barometer by Brown- 
ing, which I have found give corrected Barometer readings without 
sensible error. I have, exccpt in the &st comparison, used two Ther- 
mometers which were examined for me some years ago a t  Kew, and 
whose zero point I have recently re-determined: these mere suspended in 
the Mauce case of Oertling No. 1, so as to hang about half way between 
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the pillar carrying the central plane, and the suspensions of the scale pans. 
The Humidity hae been deduced from a new Masone Hygrometer : I have 
not the errors of its Thermometers, but they are modern, and riot likely to 
have any producing sensible corrections to my result. 

The following is a specimen of computation for the comparison of E I  
and 0, which is entered in the type form ; in it, v E I  = volume of water 
a t  its greatest density which is displaced by E I  at 32". F. 

wt. EI 479.95979 
it therefore = - = 

U 1  21.414 = [l.35051] 

May 24th, 1879 A. M. 

Commenced at 6 h. 48 m. Ended a t  7 h. 33 m. 

Dry Bulb 850.9 F. Dry Bulb 8594 
do' 

Vapour Tension 
Di. 4.9 0.993 in. 

o in. 
Mean of Thermometers 85.5 Menu Red. Barometer 29.605 

Correction 0.00 0.189(0.993 i-0.960) =0.369 

Mean Temperature 85.50 h. = 29.236 log - 1.46592 
b g  At (Tab I.) 5-59005 

7.05597 ................................. 7.05597 
...... log v EI 1.85051 log v O1 ... 1.74842 

... (Tab. 111.) log (1 + E Pt) 0.00036 (Tab. 111.) log (1 + E Bt) 000066 

Air displaced by E I  Air displaced by 0 
= 0.063834 gra! ] log = 8.80506 = 0.025517 gra 

grainti. 
Weight E I  in Vacuo = 479.95979 of P S, 
Air displaced = - 0.025517 - 

E I  = 479.934278 
Air displaced by 01= + 0063834 

0, EI - 0000476+ 

In section IV, I found EI = 0, + 0.4776 P.,, and (Sec. VI) P.,, - 0.009017 grains. 
7 
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dbstmct,  of Comparkms. 
1879 May 24, 0, = 479.997632 P 5. grain. 

)I 28, ,, .9!37489 8) 

PS 30, 9, -996732 99 

99  31, ,, -997266 91 

,, Jule 1, ,, '996911 39 

Mean O1 = 479.997206 2 0.000115 P S. grain#. 

I have received, from the Meteorological Reporter to the Government 
of Bengal, the following mean data for Calcutta which I take ss the defini- 
tion of Standard Air 

in. 
Reduced Barometer,. .. 293'87 

0 ............. whence A A. 
Temperature 79.0 F. = 7.06510. 

Humidity, ............... Oa76per cent. 
Hence I have weight of 0, = 479.997206 grains of P 8. 
Deduct displaced Standard Aii = - 0.065178 
Add Standard Air for W = + 0.068571 

O1 = 480.000599 grains of English Com- - mercial Pound. 
This value differa slightly from that sent me and which I have quoted 

before. 

SECTIOX V1.-On the determination oft& e m s  qjsingle cacighk. 
In the interval between Ol and Olo there are, in all English bullion &I, 

weights 06, O.,, OS, and Op; so between Ol0 and Ol, come Om Om 0, 
and O,, and so on. 

Between these weights we may make comparisons giving the following 
equations : 

010 = Os + 0, + 0, + xl + e (a) 
= 0, + O8 + 0, + xPl + e (b) 
= O4 + 0, + 0, + 01 + _+ 0 (4 

OK = OJ + O1 + x, 2 e ti being the p. 8. of one eom- 
O, r 0, + o9 + x s + e  Cparieon 
0, = 0, + O1 + x 4 2 e  
0, = 0, + 0, + x 5 f e  

Hence we have 0, = 2 0, + x4 - $8 + 2, f e 6 
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= 10 0, + 2 x 6  + ~kz, - 2xS + ax9 + xl 2 e d 3 4  from (a) 

G 10 O1 + 2x6 + 4x4 - 3xS + ks + x i  f e &6 from (6) 

~ 1 0 0 , + ~ 6 + ~ 4 - & s + & s + x 1 R f  e1 /%f rom(c )  

which equations give the ascending aeries ; and i t  is important to note, that 
if the probable error of the observations be alike, there is a disadvantage in 
uning any comparison but (a), and that even if (b) and (o) be observed as 
checks, they should not be used in computing, as they will lower the weight 
of O,, on the accuracy of which we are dependent for continuing the up- 
ward aeries; thus the mean value of O,, from (a) and (c) will be - o,, G 10 o1 + 4 (4x5 + g ~ 1 -  5xs + +x2 + x1 + xlR) r e 4172% 
end if the series (b) had been involved the loss of probable accuracy would 

have been greater. 
Nezt as to deecending or decrearing rmiee from Wl,. 

lrb. Descending through (a) 

0, s ;b Olo + & (20, + k, - Zx, - Zx, - kl) + e Jag 
0, A 0 x 0  + 6 s  (4x8 - 2s. -ha + X, - ax,) 2 e Jg 
0, I% OlO - h ( 4 ~ ,  - 22, + h,, - 4xS + 2x1) f e JF 
0, O,, - A  ( 2 ~ ,  + - 2 ~ ,  + &, + x,) _+ e d c  

Again descending through (b) 

f + e , / F  0, = + O l 0  + +(xl  -2,)  - 
0, E. & Ol0 + & (2x6 + + 2xs - 62, - 4zIf)  _+ e +/+F 
0, = ~ , O , ,  + & (42, -20,- X, -21, -3xl') + e 4-F 
0, =. &0,, -& (b, -2x, + k, -2x, + 22,') + e dF 
O , = - & O l o - - & ( 2 x ,  +k,-ha + k s  + xll) r e d - $  

Also descending through (c) 

x,, + xs - x lM 
0, = +OlO + 2 

+ e J Z  

- 
0, = & o,, + & (2x, + b, + 23, - 2xs - 4xlR) _+ c 4;:- 
0 , ~ ~ 0 , ~ + ~ ( l i ( z , - 2 . e , -  x , +  x , - 3 x l R )  2 e d - T  - 
0, = Ol0 - & (k, - 23, + 4x, - 4x, + 22,') f e 4% - 
0, = O,, -A ( 2 ~ ,  + 42, - ax,, + 32, + xln) _+ e 1/+:. 

If we were to be guided here by the same consideration as before, we 
should abeolutely prefer the use of series (a) alone, but i t  is easy to  see, 
that ss the probable error of 0, involves only ,', of that of O,, ; the 
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determination of its weight will be almost entirely dependent on the error 
generated in the comparisons of ttie group* of the series, and not on that 
derived from the starting weight : this renders the choice less important. 

As a matter of fact I have worked both through (a) and (b) talrmg 
the mean result and in this case. 

My choice wse a matter of accident, but i t  turns out that the sum of 
the squares of the probable errors of all the deduced weights is less than for 
any one of the single series. 

The other system of weights, which I have in this paper slightly to 
deal with, is  what I shall call the " Englishgroin uyrtem." I n  it the weights 
interpolated between 10 and 1 are 6, 3 and 2. Thus starting from either 
end of the decad there are four weights to be derived; but among these 
weights alone, only three .equations can be obtained. 

P,, = P, + P, + P, + x, 
P, = P, + P, + P, + s, 
P, = P, + P, + Xs. 

To make a definite resect the be& plan is to use a second PI called 
PIt : P., + P., + P., from the next lower decad height be used but the 
equations would not be independent for the separate decsds. 

P, = P, + P,' + x, and P, = PIt + x, 

and we now have 5 equations to determine 6 quantities, and the result ia 
definite. Of course by substituting P', for P,, we can get 3 more equations 
like the first three, but the labour would be increased, and the result would 
still be definite, though slightly more accurate, especially as regards the 
spare weight PI'. 

From the equations we have ; in ascending (incs-ng weights) I 

1 use the term &cad to include the weighte frum 0.1 to 1, or from 1 to 10, kc., 
the laat being ten times the first; and a group of equations eonaiste of t h w  c o m e  
the weighte of a &ad. 
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While descending, we have - 
P, = P,, - & (22, - 2x, + 2x, - 4x1 + 6x1) + e df: - 
P, = 6 P,, - g5 (x, - X, -4x, + 3x, + 3x1) f e d+$ - 
P, = P,, - &J (4x, -4x, + 4x, + 2x, + 2x1) It e 4% 
P, = P,, + (3x, -3x, - 2x, - x, - x,) + e 4%- 
PI1= f, P,, - & (7a, + 3x, + 2x, + x, + x,) + e dK 

SECTION VII. 
I now proceed to the determination of the actual values of the weighte 

below O,, and of the P set, in commercial grains. The equations have all 
been determined in terms of the rider R,, in the balance Oertling No. 1, ~ n d  
they are given in this way. Of course the whole of the computations were 
made with this unknown factor, but i t  has been determined (see page 56) 
and the value has been substituted in the results to save repetition. 
The difference8 between the two determinations of the constant term in 
each equation are given, and from them is derived a probable error of one 
equation. I had intended that the obmat ions  in each decad should be 
separately valued, but when that is done the results are so nearly alike 
that i t  seems unnecessary to adhere to this. The mode of determining the 
probable error of each weight is the subject of the next section, but the 
values are given in this. 

Valw of Weights of Wset  below Wl with Balance Oerbting No. 1. 

I have here the following equations : 
0, 3 0 + O., + O., -0.213325 R, Difference = 2600 
0, E O., + O., + O., -0238825 ,, 9,  = 1450 
O., 0 +O., -O.!Ml800 ,, 9s = 350 
O., 0 .  + O., -0.124325 ,, 9,  = 500 
O., EO., + O . ,  -0.002913 ,, ~9 = 825 
O., 0 .  + O., - 0.011113 ,, ~1 = 275 

O., = O., , + O.,, + O., , - 0.033200 R, Difference = 200 
O., r O.,, +0.,, + O.,, -0042218 ,, l~ = 2925 
omo, = on,, + oaOl -0.020938 ,, 9 )  = 475 
O.,, =O.,, + O.,, -0.032138 ,, 12 = 1475 
0 . 0 ,  ~ 0 . ~ ~  +oaOl -0.030838 ,, 1, = 775 
O.,, cO.,, + O.,, -0,035763 ,, I; = 475 
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O.,, ~ 0 . 0 0 , + 0 . 0 0 , + 0 . 0 0 , - 0 ~ O L 2 2 6 ; 3 R ,  Difference= 425 
o.,, 3 O.,,, + 0.00,+0.00,-O~021500 ,, ss = 150 
0.000 G o . o o ,  + 0 . 0 0 1  -0.076963 ,, 99 = 1625 
0 . 0 0 8  = 0 . 0 0 a  + 0 - 0 0 s  -0,015813 ,, 3, = 1725 
O-004 = O-oos + 001 -0~040638 ,, 19 = 675 
Osooa  ~ 0 - 0 0 s  + 0 . 0 0 1  -0.093775 ,, 81 = 100 
0.0,8=0.0s +o.ooa - 0.016100 R, Difference = 200 

From these equatious I deduce 
grs. 

O., = 240.000300 + 0.056006 R, = 240005927 p. e. = 0~OOWH 
O., = 192-000240 + 0.127762 ,, 3 192.013076 ,, 0MXK)GO 
O., = 1 ~ ~ 0 0 0 1 8 0  + 0.100631 ,, = 144 010290 ,, 0.000017 
O., = 96.000120 + 0.081700 ,, = 96.008328 ,, O N I 0 4 8  
O., = 48.000060 + 0.030044 ,, r 48.003078 ,, 0QOW37 
O.,, = 24.000030 + 0.020606 ,, = 24.002100 ,, 0.000033 
O.,, = 19.200024 + 0.015988 ,, = 19.201630 ,, 0.000010 
0 ,, = 14.P00018 + 0.021269 ,, = 14.402155 ,, OQOOlM 
0 = 9000013+0~031475 ,, = 9.603180 ,, 0.000019 
O 0  4.800006 + 0.025537 ,, = 4802574 ,, 0.000035 
O O o 8  = 2.400003 + 0.030932 ,, I 2.403111 ,, 0.O0O1l.7'3 
O.,,, =, 1.920002 + 0.065261 ,, = 1.926559 ,, 0.- 
0 1440002 - 0~018011 ,, = 1.438193 ,, 0.000033 
0 0.960001 + 0.038130 ,, = 0.963329 ,, O Q W 3  
O . , ~ ,  3 0.480001 + 0042634 ,, = 0.484284 ,, 0.000035 
O.,, , = 12.000016 + 0.b36101 ,, = 12.003642 ,, 0~000077 

The two largest weights P,, and Pt, of the P set are each approxi- 
mately equal to  24 grains and their sum is of course nearly = O., but 
they are of platinum while O., is of gilt bronze. Small as these am the 
errors cannot be neglected when accuracy is required. The purpose of 
the determination being mainly to get the values of the small weightaof 
the P set with accuracy so that they may be used to determine diffemncq 
i t  is enough to correct the value above given of O., so that  the deduced 
value of P.,, + PA may be the same as if the comparison h d  been 
made in standard air. For all ordinary purposes the resulting values of 
these weights may be used without correction. 

I have found that 48 grains of platinum would weigh less in my 
standard air than under the circumstances of the observation by 0.000~3 
grains. Also 0, = P,, + P,*, + 0.050238 R,. 

grs . 
The value of O., is = 48.000060 + 0.030044 R, 

:. in actual air P,, + PA s 48~000060 - 0.020194 R ,  
and the correction to standard air is - 0,000063 
Hence in standard air P,, + PA r 47-999997 - 0.020194 R, 
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I shall for convenience write M for 47.999997 grains and place the equations so far as 
BY are necessary to determine the weights down to P, in a form suitable for use thus- 

Diff. 

sc + PA -M + 0.020194 R, = 0.275 R, 
SC-P,", - 09064t88 ,, s 0.475 ,, 
s c -PI,- p a -ps -0.012918 ,, = 0.1125 ,, 

ps“? - pso -pa -PI + 0.000125 ,, s 0.650 ,, 
pa, -PI, -Pa --P~ + 0 010138 ,, = 0.900 ,, 
ps o -Pl0-Pa-P, -PI -0 008500 ,, 0 25 ,, 

P~o-P~o-po -0.018400 ,, E 0.1700 ,, 
p~o-pe-pa -PI -0~004813 ,, = 0.775 ,, 

Pa-P,-Ps-P, + 0.018908 ,, s 0.375 ,, 
Pa--Ps-P, + 0.015463 ,, G 0.1075 ,, 

P, - P, - PI, + 0009388 ,, 0.1 175 ,, 
P, - P1,-0.005838 ,, r 0.1275 ,, 

T have tried various ways of dealing with these equations but, when 
the probable errors are wanted, the method of least squares is the easiest. 
I thus g e t  

gra- g r a m  
P, , E 23.999999 - 0.006997 R, = 23.999296 p. 8. = 0.000042 
P,+, a 23.999999 - 0.003185 ,, = 23.998679 ,, 0.00004 
P,, s 19.999999 - 0.014515 ,, = 19.998541 ,, 0000050 
P,, = 15.999999 - 0~006007 ,, = 16.999396 ,, 0.00004r9 
P, = 9 999999 - 0.009026 ,, = 9.999092 ,, 0.000043 
P, G 6'000000 - 0.015531 ,, 6 998M ,, 0.000013 
Pa = 3.000000 - 0.006360 ,, E 2.999361 ,, O~C00035 
P, 5 2.000000 + 0.001371 ,, r 2.000137 ,, 0.000050 
P, = 1-000000 + 0.008077 ,, = 1.000811 ,, 0*000039 
P', = 1.000000 + 0.002461 ,, r 1.000247 ,, 0.000043 

Further P, = P., + P., + P., + 0.000038 R, Diff. 725 R, 
P., = P., + P., + P., + 0.005525 ,, $9  0 ,, 
P., r P., + P., - 0.009675 ,, 1, 6 0 0 ~  
P., = P., + P'., + 0~006963 ,, a 1325 91 

P. = PI., + 0.005813 ,, 1, 6252, 

grs* 
Whence P., = 0.600000 + 0 002673 R, r 0.600269 p. e. = 0.000056 

P., = 0.800000 + 0.005G47 ,, = 0 300567 ,, 0.000035 
P., = 0.200000 + 0.002832 ,, = 0.200285 ,, 0~000042 
P., ZZ 0.100000 + OW0842 ,, = 0.100085 ,, 0 000028 
P'. , = 0*100000 - 0.W971 ,, = 0~O!l9501 ,, 0.000045 
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By weighing the riders against the nearly equal weight P., I have 
R, = P., + 0 003813 R, Diff. 425 
R, = P., + 0 000375 R, 9 ,  600 ~ 

Sublitituting succeesively for the value of R,, of P. ,, and of B, 1 
we get I 

grs. 
R , = 0.1003814 + 0 000847 R , s 0.100466 grs. p. e. = 0~000062 
R, = 0 100000 + 0.001217 R, r 0.100122 ,, ,, = 0.000062 

Alm-P., = P.,, + P.,, + 0.089038 R, Diff. 825 
P.,, E P.,, + P.,, + 0.104750 ,, ,, 1550 
P.os s P.,, + 0.105075 ,, 9 s  900 
P.,, s 0099438 ,, 11 137 

Whence P., , s 3 P., - 0.059467 R, E 0.060769p. e. = 0.000017 
P., , g + P. - 0.029571 ,, 0.030a00 ,, OMX)031 
p., , G ; P., - 0.134646 R, = 0.019881 ,, OW0047 
P.,, = 0.099438 ,, = 0 009956 ,, 0.000056 

SECTION VII1.-Detemninatwn of the probable errors of the aaluss of the 
0 ma P sets. 

I n  Section VI, I have shown that if the probable error of the constant 
terms in the equations of a group be known, we can determine the probable 
errors of the determinations in the group, so far as they depend on i t :  and 
we have now to  consider what m y  be taken as the probable error of one 
determination. 

Each coefficient of R is derived in the preceding work fmm two 
determinations which rarely agree. The differences are noted in terms 
of the 6th decimal place of the coefficient. If we were certain that the 
true values of the constants lay between the determinatione, then, calling 

8 a 
the difference of the two 20, we should have - = the mean of errors 

l& 
a 

and p. e. of an equation = e = 0.8454 ?- ; but this value is clear1 y too 
11 1 

small ; because, if the occurrence of poeitive and negative errors be equally 
probable, then there is an even chance that a fourth of the values of 2e 
will be the difference and not the sum of the two actual errors. 

I prefer therefore t o  use the formula 

mean of errors = 2 v 
: m being the number of complete 

d m  (-1) 
comparisons 

8 v 
and probable error = 0-8454 - -  

,/m (na-1) 
applying this to any one determination we shall have its probable e m  



1880.l J. F. T e n n a n t O n  1Standa*d Weights. 67 

Of course this is a very uncertain estimation, but we have a good 
many such equations, and the mean of the values may I think be taken as 
the £airest estimate. If then n be the number of equations, I take 

E a p. e. of any one determination is 1.1955 - 
n 

The group of equations determining the P weights would give the probable 
error from their residuals ; but, there being only 12 equations to  determine 10 
quantities, I do not think this is so satisfactory as the above method; and I 
have used, for evaluating the errors in them, the weights of the results, 
deduced as usual, combined with the p. e. of an equation derived as above. 
Assuming that we may neglect the difference between the values of S, 
a n d  R, in these differences, we have 41 values of 2 a ; and it does not seem 
t h a t  there is any marked tendency to decrease with the weights : I therefore 
take  the mean of all and I get 

B a -- - 463.53 R p. 8. = 5541.16 S = 55.661 = e of Section VI 
n 

36R1 + 6 R, in which B in taken 0.100464 = -- 
41 

Hence es is 3097.0 
The probable error of any determination as of that of O.,  , for in- 

stance, depends :- 
let on the amount arising from its own group. 
2nd probable error of the value assumed as known: in this case O . ,  
3rd on the probable error of the rider which was employed in taking 

t h e  difference of weights in the pans. 
Lastly 0,  itself has its probable error 0.000115 grains from the deter- 

minations ; but there is a h  a portion dependent on P., ,, which is involved 
in determining the difference between i t  and EI ,  the mean factor of P., , 
being 0.0877. It is necessary, therefore, to start our evaluations with 
values of the probable errors of R ,  R, and P.,, ; and, fortunately, them 
are readily determined. 

Let E be the p. e. of P., from all sources except R ,  
e as before thep.  e. of one determination 
c the p. e. of R ,  

It wi l l  be eeen from the table of deduction of probable errors that the 
value of E9 is 768.2 and that it involves nothing unknown. 

Hence (p. e. R,)' = cs 
= (1.003813)' E* + (0.000842)' c*  + ea 
= 7M.O + 0~0000007 cs + 3097.0 = 3861.0 
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Determination of Probable Errors. 

I I I Squares of Probable Ermn (unit ia 6th decimal place). ( 
From From From preceding E,. group. groups. %a 

o., 774.3' 
O., 1362.7 
o., 960.1 
O., 1734.3 
O., 1207.8 

0 779'3 
0 1362.7 
O-08 960.1 
O O s  1734.3 
0 1207.8 - 
o.,,, 774.3 
O.,,, 1362.7 
O.,,, 960.1 
O.,,, 1734.3 
O.,, , 1207-8 

o.,,, 8097.0 

Probable 
From 
p-01- 

TotaL 

-- 
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BECTION 1X.-Detm-minatione of the Weights 0, to O,, and also Pn'neep'r 
Bronze Troy Pound. 

The comparisons of the weights from 0, to 0, , bave been made with 
the balance Oertling No. 2. Three complete comparisons were made in 
each case, and the weight P.,, has been always used for valuing the scale. 
I have deduced the following equations of condition :- 

gm. . 
0, =O,+o,  -0.37200 P.,, = 0, +O , 0.000000-0.37200 P., , 
0, ~0,+0,+P. , ,+0~74542P. , ,  = 0,+0,+0~060769+074542P.,, 
0, 5 0, + 0, + P. I + 0.37867 P. , , = 0, + 0, +0.100085 +0.37867 P., , 

=0,+O1 +P.,, +0.6@467 P.os = 0+ +01 +0.019881+0.60467 P.os 
O l o ~ O , + O , + O l - P . l -  P.,, + 0.45742P.,, 0, + 0, +O,-  

0.160854 + 0.45742 P., , 
Whence I deduce by the Forinulae in Sec. VI. 

0, = 2 0 , +  P.,,+ P.,,- P.l+0.97142P.,8= 960011294gre. 
p. e. = 0.000757 ,, 

0, E 8 0, + P., , + P., , - P., + 0.59942 ,, = 1440.000584 ,, 
p. e.=0.000900 ,, 

0, 4 0, +2 P.,, + P.,, - P., + 1.34484 ,, 1920.084613 ,, 
p. e.=0.001194 ,, 

0,  = 6Ol+2P.,,+2P.,,-  P., +la94951 ,, e%W123435 ,, 
pa e.=0.001#38 ,, 

0 , , r100 ,+8P. , ,+3P. , , -3P . ,  +8.75167 ,, =4800.061736 ,, 
p. e.=0002795 ,, 

In the lad  Section, I have given a general formula for finding a 

p.0, probable error of obaervatian. In  this case, I have S (0) = 3941.2 - 
10, 

whence the probable error of one equation of condition will be 

3941.2 P., , = 0.%54.-.- = 0.000h13.5 43.2 10" 

The probable error of each determination of a weight depends2 
lst, on its error derived from 0, of which i t  is nearly a multiple, 
Znd, on the error derived through the weights of the P set used to 

nearly counterbalance, 
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3rd, on the error due to the fraction of P., , which is involved in 
its determination, . 

4th, on the error generated in the weighings of the aeries. 
The following Table shows the error from each source separately. 

In making these calculations, I have neglected to attend to the fact 
that the P weights used have a common origin ; the sum of the squares 
of the probable errors given in the Table a t  the end of Section VIII 
is taken, and here (as will be seen by turning back) the error from their 
common origin O. ,  is unfelt, but this is not always the case. 

Among the weights in the Assay Office is a bronze Standad Troy 
J FIELD j , rodiniot Pound in a wooden case, on which case is stamped { ' Fecit 

is written 
Jity;s;p. 1 

On the weight itself is engraved- 
Bn'tieh Boy Pound. - - 5760 graine. 

38agaI Mint. 
The d a c e  of the weight is thinly oxidized, but it seems to be quite 

uninjured. I some time ago compared it, aa well as I could, with tbe 
weights of the Gilt Troy set belonging to the Assay Ofice, which were 
supplied many years ago, and which were made by Bates in 1821. NO 
record of any previous comparisons of these exists. The conclnsion I 
came to was, that Prinsep's Troy Pound was about a mean of all the Gilt 
Pounds, the latter weights having sensible errors. I have then thought 
it worth while to determine the value of the Prinsep's Pound, and I find- 
Prineq's Pound = O , ,  + 0, + P, + P.,, - 0487 P.,, 

= 6760.148354 grains, 
from a single complete comparison. 

Probable 
E m r  x l@. 

757 
900 
1194 
1538 
2795 

Squares of Probable Errors from 

Weights. 

~~~~~~s - 
514116 
685488 
1199600 
1713720 
58266418 

T o t d  

573420 
810187 
19254~27 
2067716 
7813751 
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To find the probable error of this we must substitute in the above equation 
the symbolic values of 0, , + 0, and thus we have- 
Prinsep'sPound=12O1 + P.,, +4P., ,  + 4P.,,-3P., +423606P.,, 
f m m  which the probable error will (when the errors generated in deter- 
mining 0, and O,,, and also in the single cornperison of this weight are 
allowed for) 

1 = - ,/- 
10, 8878998 = 0.002890 

and we may consider Prinsep's Pound = 5760.148 _+ 0.003 grains. 

S E ~ I O B  X.-Cmideratiom as to the Weights whioh ehould be made use of 
in a swim. 

The only generally used decimal system of weights, 'is the metric, 
which is so largely diffused. I n  i t  the weights between W, and W,,  are 
W ,, W, in duplicate, and W ,  . When the system was adopted in England 
permissively, the intermediate weights chosen were W ,  W ,  and W,. The 
other wries in use, are those I have described before as the Bullion, and the 
English Grain Series. I n  making a series of weights of tolabs for the use 
of the Indian mints, I have therefore a choice ; and i t  is worth considering 
which wries is the best. 

Cbmwciully,  the fewer weights required to make any weighment, the 
better. I think, too, that commercially i t  is undesirable to have duplicate 
weights, and of course none should be superfluous. I n  the strict French 
iKetric system there are 3 weights required to weigh 9 and 8, while two are 
wanted for 7,6, and 3, and the 2 is in duplicate ; and in the English mod$- 
cation there are 3 weights wanted for 9 only, while 8, 7, 6, and 4 require 
two each, and there is no duplicate : I think then that the English modi- 
fication is preferable to the original system. 

I n  our hhgliah Bullion system there are never 3 weights wanted for 
any purpose ; and 9, 8, 7, and 6 require two weights. But there are more 
weights than are wanted, there being 5 weights in each decad instead of 4. 

I n  the English Grain system there are never 3 weights wanted; 9,8,7,5. 
and 4 require two each, there are no duplicates, and none superfluous. I think 
then that the English Grain system is the best for commercial purposes. 

Rcimt@calZy, the best system is that of which the values can be most 
accurately deduced from the standard Prototype. It is worthy of note, 
tha t  neither of the Metric systems, nor the English Grain system, admit 
of the weights of a decad being completely determined without a second 
unit in each decad. 

This is not an unmixed dieadvantage. The 1, 10, &., being necessary 
for this purpose only, and not used in common, may be kept separately, and 
referred to for verifications whenever desired, and by such use the errors 
of the weights of any decad, can be determined with comparatively little 
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labour and without its being necessary to refer back to a primary might. 
Thus, checking becomes much more manageable, and, by wch a plau 
as I have adopted in dealing with the P set, one of the duplicates is far 
more accurately determined than the other, and can be laid aside for re- 
ference ; the accwacy of the second being ordinarily d c i e n t .  

The English Bullion system, as we have seen, containa the means of 
determining the values of all the weights without duplicates, and it is 
possible to have one weight practically unused, if we consent to make e i t b  
8 or 9 by three weights ; this reference weight, however, ia not so convenient 
for use as in the other cases. 

The English Grain system has this advantage over an the othera, that 
any weight from 1 to 10 requires at  most two weights to make it. It has 
the disadvantage that 6 is not the half of ten, but, on the other hand, 3 is 
the haU of 6 ; and I do not see the great gain of this reletion, unless it be 
admitted that the system of division should be binary. I n  France, it - 
proposed that each multiple of a unit by ten, and each division by 
should be a new unit. Some slight gain might have come if this had 
become a thoroughly practical procedure ; but, in fact, one rarely h- of 
any but the kilogramme, gramme, and milligramme, and so of the 0 t h  
numbers of the series. I think, then, that the advantage of being able to 
have a single weight for half a hectogramme, &c. is dearly pnrcbased, if 
there be a disadvantage in the determinations ; and, in deciding on a system 
of weight, it is necessary to consider the probable errors of these deter- 
minations. 

In each of these proposed systems, 5 comparisong giving 5 eqnationq 
are enough to connect all the weights in a decad. If this nnmber be 
alone used, then the probable errors of W,, derived from W, will be 

...... English Grain System e f i  
4~ { ............ if the best equa- ,, Bullion e tion be taken 

............ ,, Metric e 438 

............ Original Metric e 4%- 
I n  this respect the English Qrain system seems best, and the Modified Metric 
System the worst. The Original Metric system is nearly as good as t& 
English Grain system, and it is possibly better if a good deal more hbour 
be given to each ; but I think-when it is considered that weighing by the 
English Grain system requires only two weights iu each deead, and th& 
the standard system should coincide if possible with that in u-the pelm 
will be assigned to the Grain system. 

I think, too, that those who have gone with me so far, will feel as 
strongly ae myself tho great gain of a "large primary unit." It hae 
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slwxys been considered necessary to have the primary unit very indestructi- 
ble, and no doubt this is a very important point: the lead was taken in 
France, where the Normal Kilogramme was made of platinum ; platinum was 
again used in England for the Standard Pound, and now standards of re- 
ference are made of a Platinum-iridium alloy. The cost of the mere metal 
is very heavy (a kilogramme is a t  present worth $60 for mere material), 
and the use of such a metal for large weights is of course out of the ques- 
tion. It seems to  me doubtful whether equal accuracy could not be 
obtained by employing a large weight of gilt or nickelized bronze; from 
which copies could be made with far greater accuracy than they could be 
separately deduced from the small primary. It is possibly too late to 
change the material of Primary Standards now, but at  all events the 
standard of Commercial Weight should be a large mass of gilt bronze. 

Acting on these principles, I have nearly made a set of weights from 
1000 tolahs to 0.001 tolah from these bullion weights. There will be 
several copies of the largest, carefully compared, some of which I trust 
Government will allow me to distribute. The individual weights are on 
what I have called the English Grain system : that is, there a re -  
1000 tolahs. 100 tolahs. 10 tolahs. 1. tolahs. 0.10 tolaha. 0.010 tolahs. 

,, 60 9, 6 9, 0.6 ,, 0.00 ,, 0.006 ,, 
800 ,, 30 ,, 3 ,, 0.3 ,, 0.03 ,, 0 003 ,, 
200 ,, 20 ,, 2 ,, @!2 ,, 0.02 ,, 0.002 ,, 
100 ,, 10 , 1 ,, 0.1 ,, 0.01 ,, 0.001 ,, 

The final ad jdment s  and deductions have yet to be made; but after what 
I have said, there will be little new in this. I have been very greatly 

by Mr. Durham, Senior Assistant in the Assay Office, who has 
enperintended all of the gilding ; and to whom I owe devices which will 
allow the gilt weights to be made true almost to the accuracy of a single 
comparison by substitution. 

Logarithms for calculating the Weight  of the A i r  adapted to fihrenheit'a 
!l%ermometer. 

This Table gives 10 + the logarithm of the ratio which the weight of 
air a t  the temperature named and a t  Calcutta bears to that of the same 
volume of water when a t  its maximum density, the logarithm of the height 
of the barometer. 

If B be the reading of the barometer reduced to freezing point ; the 
temperature and V the elasticity of the vapour in the air 

then log sq. of air = At + log (B - 0.238 V). 
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The value of At at sea-level in latitude 45O can be got from these 
numbera by ddiog  0000785.7 k, w b  and thence the value for any other 1 
place. I 

A& 

5.6150200 
6141781 
6133379 
6124992 
6116621 

5.6108267 
6099929 
6091606 
6083300 
6075009 

6-6Oe6784 
605Y%76 
6050232 
6042005 
6038793 

6.6025596 
6017415 
6009219 
6001098 
6992963 

5.5984843 
6976738 
5968468 
5960514 
5952514 

At. 

8419 
8402 
8387 
8371 
8354 

8338 
8323 
8306 
8291 
8275 

8258 
8244 
8227 
8212 
8197 

8181 
8166 
8151 
8135 
8120 

8105 
8090 
8074 
8060 
8045 

p 1 A. 
A 
g 
!3 

80" 
1 
2 
3 
4 

85 
6 
7 
8 
9 

90 
1 
2 
3 
4 

95 
6 
7 
8 
9 

100 

.(.At. 

8848 
8830 
8812 
8791 
8776 

8759 
8741 
8724 
8705 
8689 

8671 
8651 
8637 
8619 
8603 

8585 
8569 
8552 
8535 
8518 

8602 
8486 
8468 
8152 
8436 

B - 
30' 
1 

32 
8 
4 

35 
6 
7 
8 
9 

40 
1 
2 
3 
4 

45 
6 
7 
8 
9 

60 
1 
2 
8 
4 

A(')Ac 

5.59M69 8030 
593W9 i- 8015 

6.4 
EJ 
B 

55' 
6 
7 
8 
9 

60 
1 
2 
3 
4 

65 
6 
7 
8 
9 

70 
1 
2 
3 
4 

75 
6 
7 
8 
9 

5.6366164 
6367316 
6348486 
6339674 
6330880 

5%322104 
6313345 
6304604 
6295380 
6287175 

5.6278486 
6269815 
6261161 
6252524 
6243905 

5.6235302 
6226717 
6218148 
6209596 
6201061 

5.6192543 
6184041 
6176556 
6167088 
6158636 

5928424 
692M23 
5912438 

5.5904467 
5896510 
6888568 
58-1 
6872728 

5.5864829 

6000 
7985 
7971 

7957 
7942 
7927 
7913 
7899 

7884 

5856945 5849075 1 7856 7870 
5841219 
6833378 

5.5825550 

7841 
7828 

7813 
5817737 , 7799 
5809938:7785 
5802153 777l 
5794881 1 7751 

5.57866% 
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TABLE 11. 
- 

h g m i t h m  of the R a t w  of the Denaity of Water to ik Hm.mun, Density 
fw each degree of Pahremhait'r 5rmnorneber. 

This Table is foundad on that given at  page 66 &c. of the Report of 
the Warden of the Standards for 1871-72. Certain values of the Table 
there given, were taken and the constants found to express them in a 
series of the form A ( t  - n,)' + B (8 - n,)', and, these having then 
been ,euitably modified to change the scale of the thermometer from 

the 

2 
& 

65" 
6 
7 
8 
9 

60 
1 
2 
3 
4 

65 
6 
7 
8 
9 

70 
1 
2 
3 
4 

76 
6 
7 
8 
9 

Centigrade to Fahrenheit, preeent Table wae 

A") R. 

-143 
-121 
- 9 9  

- 78 
- 6 6  
- 3 5  
- 1 5  
+ O B  

+ 27 
47 
66 
86 

1C6 

124 
1M 
162 
180 
198 

216 
234 
251 
269 
285 

d, 

w 

30" 
1 
2 
3 
4 

85 
6 
7 
8 
9 

40 
1 
2 
8 
4 

45 
6 
7 
8 
9 

60 
1 
2 

Log. Ratio. 

- 
0.0002400 

0002702 
0003020 
0003355 
0003705 

0.0004072 
0004453 
000hd50 
0006262 
0005688 

0.0006129 
00066841 
0007053 
0007536 
0008033 

0.0008542 
0009065 
0009G00 
0010148 
0010708 

0.0011280 
0011564 
0012A60 
0013067 
0013684 

AO) B. 

- 
639 
650 
659 
670 
679 

688 
698 
706 
715 
723 

733 
739 
747 
764 
762 

768 
775 
782 
787 
794 

computed. 

$' 
G 

800 
1 
2 
8 
4 

85 
6 
7 
8 
9 

90 
1 
2 
3 
4 

95 
6 
7 
8 
0 

100 

Log. Ratio. 

0.0000546 
00004M 
0000283 

0.0000184 
0000106 
0000050 
0000015 
0000000 

0.000000(i 
0000033 
0000080 
0000146 
0000232 

09OOO337 
W W 1  
0000606 
0000767 
0000947 

0.0001146 
0001361 
0001595 

A(1) R. 

+302 
318 
336 
860 
367 

381 
397 
412 
426 
441 

465 
469 
483 
497 
609 

623 
535 
548 
560 
572 

584 
596 
607 
617 
629 

Log. Ratio. 

0.0014313 
0.0014952 

0015602 
. 0016261 

0016931 

0~0017610 
0018298 
0018996 
0018702 
0020417 

0.0021440 
0021872 
0022611 
0023358 
00241112 

0~0024874 
0025642 
0026417 
0027199 
0027986 

00028780 

a 1 0001M6 
4 1 0002115 

I 

9 
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Xatah. 

Log. (1 + EMt.) 

Thus for brass a t  85-35' we have 
Br 50' 0.000622.30 or Br 80' 0-000996-68 

3 37-34 6 62-28 
0.3 3.73 -3 3-73 
0.05 o m  .05 0.62 

Const. - 398.27 
0000668.99 000066399 

P = M  1 B = M  
Platinum Baily's metal 

3W98. 

1 
' 0 0000 10598' 0.000013794 0 000006510 0~000012343 

I 
2 21190 27588 13 24686 

3 81794 41383 19530 87029 

4 42392 49372 

6 61715 

6 63588 74058 

7 74186 45570 86401 

8 84784 110362 62080 987M 

9 95382 124iM6 68590 111087 

B r = H  
Brses 
- 39897 

0.0000 12446 

WB92 

57838 

119784 

62230 

74676 

87128 

99568 

112014 

This table is founded on the supposition that up to 100' of Fahrenheit's 
Thermometer ; log expansion for no = n x log expansion for lo; which is 
true sufficiently. The linear expansions of Gold and Silver have been talren 
from Vol. I of Professor Miller's Chemistry; the others from the pap  
in the ' Philosophical Transactions' on Standard Weights. 

The argument of this Table is to be T - 32" ; or T itself can be 
taken if the number a t  the head of the column be applied. 



:. 4 EI = 4 0, + 0.191 P.,, : or EI 5 0, + 0.04776 P.,,. 

Note.-In the original the aucceaion of observations haa boon distinguiehod, but 
want of apace mdmed it noceasary to giro thk up. 

TYPE COMP~BIE~OH 1. 
May W h ,  1879. Oertling, No. 1. 

0,. 

REYABKB. 

h. m. 
Commenced at  6-48 A. kt. 

in. 
A. Bar. 29.60. Temp. 85% F. 

Dry Bulb 8549. Wet Bulb 8c0. 

in. 
Bm. 29.61. Temp. 86% F. 

Dry Bulb. 86'4 Wet Bulb 60'1. 
h. m. 

Ended at  1-33 A. M. 

R 
8.Z7 P. 

n o , + 1.2 --' - 0.297 o I. Hence EI fi 0, + 1.2 3 - - 
10 10 

Weight 
on left side. 

- 
E I  

E I  + P.,, 

0, + P.,, 

01 

Do. 

01 + p.01 

EI + P.,, 

E I  

Comparisons of E I  with 

Weight 
on right side. 

R + l.2 
lo 

Do. 

R 
E I  + 1 ~ 2 ~  

lo 

Do. 

Do. 

Do. 

0, + 1.2% 
lo 

Do. 

Deduced 
Mean. 

7-68 

""' 

16 21 

6.95 

6.60 

16-99 

SCALE 
R E A D ~ Q ~ .  

1 . 9  7.6, 

2-96 

Low. 

5'7 
6.1 

13-6 
13.7 - 
13.1 
13.4 

8.4 
3.8' 

3.4 
3.8 

13.8 
13.6 -- 
12.8 
13.3 

High. 

9'6 
9.2 -- 

18.0 
17.8 

'- 

17.4 
17.2 -- 
lo 7 
10.3 -- 
10.0 
9.6 -- 

16.6 
16.3 

18.9 
18.5 



TYPE COKPABIBON 11. 
June Sth, 1879. Oertling No. 1. 

Compmisone of 0, with O., + 0, + O., = 8. 

SCALE 
READINGS. Deduced Rmge. Mean. 1 Low. High. - 

-- 
Do. 13.0 19.0 15.90 18.4 18.6 

-- - 
Rs ' 84 10.6 

R 
8 + 1.6 -' 

10 

Do. 

R 
S + 0.6 - 

10 

R 
0, +6--' 

10 

R,  
0 1  +6G 

Do. 

Do. 

DO. 

S + 4 1 . 2 ~  Ra 

Do. 

3.3 
7- 

11.0 
11.4 

9.9 
10.4 

4.1 
4.4 

12.8 
13.1 

6.0 
6.2 

10.3 

17.6 
17.2 -- 
19.4 
18.8 -- 
9.7. 
9.4 --- 
17.9 
17.4 -- 
9.9 
9.6 

gg 

6.98 

16.10 

7.99 
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TYPE COILIYARI~ON 111. 
Octol~er 2 2 4  1879. Oertling No. 2. 

Comparieone of 0, with 0, + 0, + P.,, = 8. 

Weight 
on left side. 

8 + P.,, 

Do. 

Do. 

Do. 

s + P.,, 

0, 

Do. 

€3 + P.,, 

S 

Do. 

s + P.,, 

0, 

Do. 

Weight 
on rigbt side. 

3.09 
Hence 0, * S + P.,, * S + 0.463 P.,,. 

4.56 0, * S + El P.,, a 8 + 0'732P.,,. 

4.68 0,  a 8 + - P.,, a 8 + 0.737 P.,,. 
6-21 
3.09 

0, S + K2 P.,, A S + 0.497 P.,,. 

:. 4 0, sa 4 S+2-419 P.,, and 0, 3 S + 0.60476 P .,,. 
= O,+O,+P.,,+0~64476P .,,. 

Rmaage. 

SCALE 
R E A D ~ G B .  

Lor. I nigh. 

Deduced 
Mean. 
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I 

P. 8. June  29th, 1880.-After, the earlier part of this paper waa 
drafted, I learnt that M. St. Claire Deville had proposed to make standards 
of the Commercial Kilogram in a new manner. The metal is to be the 
Platinum-iridium alloy so as to secure hardness and indestructibility,but, in 
order that the density may be nearly that of brass, it is to be hollow, the 
parts are to be soldered together by fusion so as to enclose s constant 
mass of air, which, of course, will be included in the weighings. This plan 
has been adopted by the International Commission for making the Ewo- 
pean Metric Standards, and will no doubt be a great improvement on the 
old Commercial Standard of France, which is made of brass. The volume 
of these weights is to be 126 cubic centimetres, so that the density will be 
8.0 ; which is a little lower than that of good sound weights of b m ,  and 
materially lower that that of gilt bronze ; while it is greater than that of 
iron. 

Certainly, the visible Commercial unit, to  which reference can be d e ,  
appears preferable to the imaginary unit of England. Such a weight 
would vary in Calcutta with respect to the scientific unit to the extent of 
about 11 milligrams, and i t  would be needless to take notice (for commer- 
cial purposes) of the much smaller variations with respect to such weight 
aa m y  be compared with it. 

V1.-On the High Atmoqpimic P m w e  of 1876-78 in Asia and ~iutmlh, 
in relation to the Slcn-spot %cla.-By m n  F. B L ~ O B D ,  
Rep. to the Gout. of India. 

(Beceived December 24th 1879 ; Read January 6th 1880.) 

(With Plate I.) 

The three years 1876,1877, and 1878, more especially the two former, 
were characterized by a deficiency of rainfall in one or many parts of Indi., 
and by a more general and very persistent excess of atmospheric pressure. 
With but slight and local interruptions, from Auguat (in some parts of 
India fmm May) 1876 to August (in some cases only to May) 1878, over 
the whole of the Indian area, the barometer ranged above the average of 
many year& Nor waa this excess of pressure restricted to the land. The 
register of Po* Blair at  the Andaman Islands, and that of Nancowry at 
the Nicobars, shew that, at these insular stations, the excessive pressure waa 
of greater duration and more peraistent and intense than at  any continen- 
tal *tion at  or near' the sea-level ; indeed, with one atriking exception, 
more intense than at  any other station in the entire region. At them 
islands, the presswe rose above the average in May 1876 ; and, from %hat 
time to August 1878 inclueive, the mean pressure of every month was fram 
'00%' to -071' in excess of the average ; derived, in the case of Port Blair 
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from eleven, and, in that of Nancowry, from eir yesre' registers. On the 
mean of the whole period and of the two stations, the excess amounted 
to -0327.. 

The single exceptional sfation, which shews a greater average exceea 
than t h e  Bay islands, is the hill sestion of Darjiling in the Sikkim Hima- 
laya, a t  an elevation of nearly 7000 feet above the sea. At thii station, 
whew the barometer has been registered steadily for upwards of 12 years, 
the mean excess of the same period of 28 months was not less than -033f; 
or, since the first rise took place in August 1876, the mean of the whole 
unbroken period of 25 months' excess was .0379'. On the plains of Bengal, 
the mean excess (average of six stations) was only -0298 on the 28 months 
and -0354 on the 25 months, a reduction, as compared with Darjiling, which 
is probably explained by the fact that, in Bengal, aa indeed generally in 
India, the mean temperature of the air was elso on the whole considerably 
in excess of the average ; so that the stratum of air mating on the plains 
bsd leee than the average density. This fact is of pregnant importmix ; 
for it shews that the exceeeive presmre in question was due to tMB condition 
of the higher atmosphere; of those strata, at  all events, that lay above the 
elevation of 7000 feet ; and that, in fact, the prevailing excess, instead of 
being caused by the conditions recorded at  observatoriee on the plains, was 
to some extent counteracted by a deficiency in the mass and statio pressure 
of the lower strata 

I n  his report on the Meteorology of India in 1877, Mr. Eliot drew 
attention to the persistently high barometric pressure of that year, and 
pointed out that the barometric registers of Sydney and Melbourne in 
Australia alao " indicated, on the whole, a marked tendenoy to excessive 
pressure ; and that, therefore, there is a slight probability that this is a 
feature of the whole area, from India southwards to Australia, including 
the eea area of the Indian Ocean." Furthermore, that i t  appeared, from 
the register of Hongkong, '< that the pressure in that part of China waa aa 
markedly and persistently in defect aa it was in excess in India." 

A re-examination of the data shews, however, that this latter conclu- 
sion is extremely doubtful, and indeed probably mistaken. I find that the 
Hongkong barometric registers of past years have been so variously treat- 
ed that no trustworthy comparison can be instituted on them ; and, on the 
other hand, I find that the excellent registers of Zi-ka-wei near Shanghai 
point to an opposite conclusion, and shew that here also, on the east coast 
of China, the pressure was excessive during the grater  part of the period 
in question, though to a much less degree than in the Indian region. 

In  the case of Australia, Mr. Eliot compared the registers of Sydney 
and Melbourne only. I have examined that of Adelaide in addition, and 
find that not only does it c o n h  the general conclusion drawn from the 
two former registers, but, further, shews that in South Australia the excess 
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was more intense than at any other station yet examined either in Anstralir 
or India. At this station, the preemre rose above the average in May 1876 
(a at the islands in the Bay of Bengd) and, with the exception of 4 months, 
remained in excess until June 1878 ; the average excess of the whole period 
being not less than -0681' or of an inch of the barometer. At Mel- 
bourne, during the eame period, it averaged .0387' and waa less prolonged. 
For Sydney, I have registers only up to September 1878, and these shew an 
excess much below that of Melbourne. I t  would eeem, therefore, that in 
Australia aa in Asia the exceeeive pressure diminished towarde the east 
coast of the continent. 

Be a link between the data of the Indian and Australian regions, I have , 
the registare of Singapore and Batavis ; for the latter of which I am 
indebted to the kindness of Dr. Bergsma. At Singapore, the same b m m e  
ter baa not been in use throughout. The barometer registered in 1869 and 
1870 having been injured, waa replaced by anotherin 1871 which had never 
been compared directly or indirectly with the former ; and the relative valuer 
of the registers in the two former and subsequent y a m  are, therefore, more 
or less open to doubt. The position of the instrument elm has been 
changed once or twice ; but, in comparing the registers of peat yeere, I 
have applied an appropriate correction for the changee of leveL The 
registers extend from May 1869 to the present time. Acoording to these., 
during the four and a half years, from May 1869 to October 1873, and 
certainly from July 1871, in only two months, waa the mean pressore of 
any month slightly above the general average of the month, as deduced 
from the whole series of years ; whereae, from November 1878 to February 
1875 (16 months in all), ten months ranged above it, and sir only below it; 
and from March 1875 to June 1878, every month she- an excess, except- 
ing April 1876 (which was the same as the average) and Novemk 1876 
and December 1877, which were slightly below it. Hence, it appeare that 
the excessive presaure began earlier and was more prolonged at Singapore 
than at  any other station yet examined ; but i t  waa less than half aa intense 
aa at Adelaide ; the average of the 26 months, May 1876 to June 1878, 
being only .0298'. 

The register of Batavia affords evidence very similar to that of Singa- 
pore. Here also from November 1869 to August 1873, a period of 3 y m  
and 10 months, in only four months did the pressure range slightly above 
the average ; from the latter date to April 1876, in ten months it exceeded 
the average ; and from May 1876 to August 1878, it wae above the a v e w  
in every month except three. The average excesa of this period was .OM' 
Thus, at  these two sub-equatorial stations, there is evidence of a grmdd risa 
of atmospheric pressure since 1870; and the Batavian register recorded 
under the careful superintendence of Dr. Bergema is of the highest validity. 

In Ceylon and Southern India, the exceeeive pressure waa of ehorter 

, 
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duration than a t  the Bay islands, and on the average of the whole period 
not more than half as great ; viz., -020'. 

As far  as can be judged, then, from the available evidence, the excess 
appears t o  have been greatest (in the Indian region) on an axis lying 
between the Nicobars and Bengal. And, in Australia, a t  Adelaido, or possi- 
bly t o  the  westward of that station. I n  the absence of any sufficient 
mgisters for Western Australia, this must remain an open question. To 
the eastward, however, it certainly diminished greatly a t  Melbourne, and 
still more a t  Sydney. Whether, however, the condition of excessive pres- 
sure was continuous between Batavia and South Australia or otherwise, 
there is no distinct evidence to  show. 

In Asia, the excess was less in Assam than in Bengal, and was compara- 
tively small a t  Shanghai (Zi-ka-wei). To the westward, i t  also diminished, 
but not  quite regularly ; since, in Orissa and on the Gangetic plains, it  was 
less than on the plateaux of Chutia Nagpur and Bundelkand, and slightly 
less than in Rajputam and Sind. Some of these irregularities probably 
depend on variations of the temperature, and therefore density, of the lower 
atmosphere ; and partly also are apparent only, and owing to the fact that  
the averages which have served as the standard of the comparison are 
derived, in some csses, from longer series of years than in others. That, 
notwithstanding these irregularities, there was, on the whole, a general 
decrease of the excessive pressure to the westward of the axis above defi~led, 
appears, however, pretty clearly, from the following average values of this 
exceas for the whole period of the 28 months of its duration. 

plain 
Chutia Hajputana 

Ben@ drrrkan + + 0298"I 0317" & Bundel- ~ n g ~ u r ]  + .Oza4' [ 1 + .021- 
Bay inhnde + 0327" kand and Bind 

I Nagpur and 
+ ~0219"Bombay + -0196" 

I Dakhan + -0127" W.Coast t '01029 
Carnatic + -0199" Ceylon + .020° 

It may here be observed that  this axis or ridge of greatest intensity, 
if prolonged, lay across the middle of the two great continental masses, 
Asia and Australia, from Western Siberia to  South Australia ; a position 
which suggests the probability that the phenomenon was in gome measure 
dependent on the presence and position of these large land masses. 

The variation of the anomalous pressure from month to month, a t  all 
the stations above referred to, is given in the accompanying Table I, which 
shows the deviation of the pressure, in each month, from the average of that 
month and place (or districe), as derived from the registers of many years. 

10 
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TABLE 1.-Denintion of preueure in each month fm IL 

1876. April, - a .  . - a  

May, ..a ... 
June, ... ... 
July, ..a 

An@, *.. 
h ~ b m b a ,  ... 0.. 

October, ... ... 
November, ... ... 
December, ... 

1877. Jmaar~ ,  -.. ... 
February, - 9 -  0.. 

xmh .-9 0.. 

April, 9.- .a. 

May, ... ... 
June, -.. ... 
Jdy,  ... 
An& 0.. 

Beptember, ... ... 
October, ... ... 
November, ... ,.. 
December, ... ... 

1878. Jan-, ... ... 
Febmery, ... ... 
March, ... ... 
April, ... ... 
May, ... ... 
June, ... ... 
July, ... ... 
Anguat, ... ... 
September, ... ... 

2 
P4 ." 

- -046 
- .&lfj 

--.clog 

- -037 
+ 
+ '024 
+a034 

- .008 

+ -051 
+ .067 
+ .024 
+ -016 
+ -058 
+ -030 
+ '032 
+ '011 
-.022 

+ .om 
+ ,093 

+ .Old 
- '008 

+ -031 
+ .030 
+ s o 4 0  

+ -022 
+ .O~Y 
+ -014 
+.034 

+ -018 
-a039 

4 
2 

- .054 

-so12 

- -048 

+ '005 
+ '014 
+-044 

- .016 
+ .034 
+ ,067 
+ '052 
+ '024 
+ '060 
+ -025 
+ -097 
+ '012 
-.027 

+ -018 
+ .048 
+ '008 

- .007 

+ '035 
+ -028 
+a43 

+ 
+ -060 
-.OW 

+a033 

+ -019 
- .mi 

d 

f 
I ------ 
- 933 
- a037 
+ .m 
- 
+ -016 
+ .016 
+ n o 4 4  

- .004 

+ -042 
+ .069 
+ .064 
+ -033 
+ -066 
+ .065 
+ -038 
+ -040 
-.005 

+ -051 
+ -063 
+ ,016 
- .a 
+ .OW 
+ .034 
+.062 

+ -060 
+ -048 

+ -020 
+so36 

+ -00% 
- a023 

B 

4 
d 

- -095 
- 918 -- 
--0% 

+ '005 

+ Q20 

+928 

- -009 

+ 932 
+ 930 
- - .OM 

+ '005 

+ 925 

+ .010 
+ -026 
+ -064 
+ a 2  

+ 9% 
+ .033 
+ .032 
+ '003 

+ -011 
+ .058 

+.a1 

+ -027 
+ -012 
-910 

-915 

- -030 

-.ow 

k g  
* + ~ 1 a  

ba 

I g ; a s  
9. 
g.F 
m 

- 955 
-.Om 

- -003 
-%I41 

0 

+ .010 
+ a 2  

- -004 

+ -044 

+ .059 
+ Q31 
+ -029 
+ a050 
+ '038 
+ -034 
+ '057 
+*011 

+ -060 
+ -060 
+ Q41 
+ '002 

+ -018 
+ -028 
+.OM 

+ -056 
+ -023 
+ -006 
+*018 

- 914 
- -041 

j 
9 
8 

q j  w 

- 95.4 
- -@29 

-.m 
-m 
-915 

-901 

+ m  
- .CIO~ 

+ -044 

+ QS6 

+ 421 
+ .0?6 

+ -04 

+ '019 
+ -0s1 

+ 938 

+QB 

+ 045 
+ -061 
+ -031 
+ -009 

+ -0SJ 

+ '016 
+M 

+ 038 

+ .oeS 

- 908 
-iX)5 

- 
- 9% 
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aternge of the month and place. 
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TABLE I.-Deviation of preuuwe in each month from thu tzcmge of the 
month 

1876. April, ... ... 
May, ... 0.. 

June, *.* 

July, .*- 
An& ... -em 

h ~ t e m b e r l  ... 
October, ... ... 
Novcmbor, ... ... 
December, ... ... 

1877. Jannarg, ... ... 
Febtuary, -9. ... 
March, ... *.. 
April, 
May, .a. 

Jan% -.. ... 
July, - 0 .  -.. 

... 
Beptember, ... ... 
Octobor, ... ... 
Novembor, ... ... 
December, ... ... 

lW8. Jan-, ... ... 
Feb-9 e.0 e.. 

M a ~ 4  ... ... 
April, ... .a. 

May, ... .... 
Jnng ... ... 
Jdy, ... ... 
A M  ... ... 
Beptember, ... ... 

$ 
4 a 

- .094 

-'lo6 

+ W3 

+.OW 
+ .OM 
+ 401 

-.060 

-'I19 

+ -056 

+ -007 

+ g26 

+ -060 

+ -053 

-.I53 

+ -204 
+ -16s 

+.087 
+ -152 

+ -121 
- . a 8  

+ -011 

+ 125 

+ $64 

--018 

- a 9  

+ -072 

-.m 
- -165 

-.076 
-.I15 

and 

5 
P 

8, 
P7 

- gag 

+ '009 
+ '026 

--.ON 

+ -018 

+ .034 

+ -045 
- 
+ -023 

+ -038 

+ -027 
+ .025 

+ .029 

+ '085 
+ -065 

+ -097 
+.052 

+ .038 

+ -034 
+ '0x1 

- -015 

+ .015 

+ -043 
+ -039 

+ '020 

+ .025 

+.022 
0 

-.Om 

'- -083 

1 I 

4 
4 

- a 
+ '110 

+ -094 

+.m 
+ '101 

+. -100 

- '055 

+ -077 
+ '040 

+ Q26 

+ a57 

+ '079 
-'1B 

+ '286 
+ W 
+'118 

+ '168 
+ '101 

+ 981 
+ '063 

+ '114 

+ '092 

+ -018 
-TI25 

+ -104 
+ '014 

-'I61 

+ 905 
-.I59 

$ 
m 

- -167 

+ 972 

+ *OS9 

+TXQ 

+ -013 

- -061 

+ .120 

-'191 

+ -035 

--051 

+ -058 

+ -061 

+ '024 

-0209 

+ -198 

+ -137 

+ W 5  

+ -077 

'$ 
+r 

g 

i 
6 v 

- so39 

-'003 

+ '002 

-.oO7 
- '007 

+ 906 
+ .017 
- -013 

+ -028 

+ -045 

+ -032 

+ .017 

+ '027 

+ '017 

+ a57 

+ -O@ 

+'OSO 

+ -040 

+ -060 
+ '029 

- 903 

+ -020 

+ '037 

+ .035 

+ '026 

+ .OW 
twr7 

-.010 

-.W 

- ,009 

place.-(Continued.) 

-a 
B 

4 
------ 

- -037 

+ '030 

+ -018 

+.OZI 

-'018 

+ '049 
-.018 

+ -014 

+ -022 

+ -036 
-.011 

-.019 

+ -012 

+ .006 

+ -005 
+'015 

+ -024 

+ -030 

+ -004 

- -008 

+ '045 

+ '079 

+ -080 

+ '052 

- .015 

--001 

+ . O ~ O  

+'033 

- ,058 
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Evidence bearing on the northern prolongation of the axis of maximum 
pressure across Central Asia (at least up to the end of 1877) is afforded 
by the old established observatories of the Russian empire ; the registers of 
whicb, mnce 1847, are given in the ' Annales de l'observatoire Phjsique 
Central de Rnssie'. Before, however, proceeding to notice the barometric 
condition of this region during the special period in quention, I must draw 
attention to another class of facts, which have an important bearing on the 
enbject, and which, although not entirely new, have been brought out in the 
present investigation with remarkable clearness and prominence. 

I have already noticed the evidence furnished by the registere of 
Singapore and Batavia, of a persistently low pressure from 1869 to the 
latter part of 1873, of its gradual rise during the subsequent years, and it8 
culmination in 1877. The Batsvian register extends as far back as 1866 ; 
comprising, therefore, a period of 1 3  years, and somewhat more than a com- 
plete cycle of sun-spot variation. The deviation of the mean pressure of 
each year from the general average of the whole period is given in 
the  second column of Table I1 ; and, in the first, I have given the 
variation of Wolf's sun-spots numbers up to  1875, the latest date for which 
I have them. I need only add that from 1875 to  the early part of the 
present year, was a prolonged period of minimum solar activity. The 
coincidence of the barometric variation with that of the sun-spots is too 
obvious to need comment ; and it is emphatically to be noticed that the 
minimum of pressure coincides with the maximum of spots, and vice vmed. 
The remaining columns of the table give the annual deviation of the mean 
pressure of each year from the general local averages, for the stations 
Singapore, Port Blair, Colombo, Akyab, Chittagong, Calcutta, and Da rjiling, 
from 1867 to 1878 ; and the accompanying plate represents graphically the 
c o w  of variation a t  each station from year to year. All these exhibit, 
more or less distinctly, an oscillation similar to that of Batavia ; being most 
pronounced a t  insular and sub-equatorial stations. Table 111 gives the 
annual barometric variation of Calcutta and Bombay from 1 8 4  and 1852 
respectively, and Plate I, the corresponding curves. 
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TABLE 111.-Annual wriation of preesure at Onlcutta and Bombay. 

From these facts, it may be concluded that, in the Indo-Nalayan 
region, the pressure of the atmosphere is subject to a cyclical variation, 
coinciding in period with that of the sun-spots ; and such that the epoch 
of maximum pressure corresponds to that of minimum sun-spots and that 
of minimum pressure to  that of maximum sun-spots. When, however, we 
turn to Western Siberia, we find an oscillation, not less, nay, far more 
prononnced, and precisely of the opposite character ; the maximum of pres- 
sure thew coinciding with the maximum of sun-spots, and vice versa. The 
station which exhibits this most prominently, is Ekaterinenburg a t  the 
eaatern foot of the Oural. But i t  is also very distinctly recognizable at 
Bogolowsk to the North, at Slatoust to the South-west, a t  Barnoul at the 
northern foot of the Altai, and, as Mr. Archibald pointed out some time 
since in the pnges of 'Nature,' at St. Pehrsburg. The annual differences 
a t  these stations are given in Table IV, and the corresponding curves in 
the  accompanying plate. 

Yeare. 

1847 
'48 
'49 
' W 
'61 
'68 
'65 
'64 
'65 
'66 
'67 

Bombny. 

- .012 - .004 
-.011 - '001 - .013 
- .004 
+ -005 
- .005 
+ -015 
- .003 - W 1  

Calcutta. 

... ... 
.,a ... .,. ... 

- .013 
- .002 
+ .005 
- -0.14 
- .013 

Yeore. 

1858 
'69 
'60 
'61 
'62 
'63 
' fX 
'65 
'66 
'67 
'68 

Cnlcutta. 

- -003 
+ .OW 
-'019 
- .023 - .017 
- .024 
- ,011 
+ .Ol8 
+ 
+ '022 
+ '022 

Bombay. 

+ .003 
+ .004 
- .005 
- .012 
- -026 - .017 
+ .023 
+ .002 
+ .013 
+ ,015 
+ .027 
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TABLE 1V.-Annual variation of barometric presswe in Buwia a d  
Western Siberia. 

All these stations, be i t  observed, are in Western Siberia or European 
Russia ; and it now becomes of interest to ascertain over what area this 
kind of oscillation obtains. To do this, I have tabulated the barometric 
data for Tiflis on the South-west, and Nertschinsk and Pekin on the East. 
No one of these stations exhibits characters resembling those of the stationr 
in  Western Siberia ; and the curve of Pekin, which is fragmontnry, seem 
rather to  exhibit the Indo-Malayan type of variation than that of the 
Ural stations. Hence, it would seem there i a reciprocal oscillation of 
atluospheric pressure between Western Siberia and the Indo-Malayan region 



(perhaps including China) having a period which coincides with that of 
sun-spot variation ; and that Tiflis on the one hand and Nertschinsk on the 
other lie beyond the limits of its influence. 

Now, seeing that the Indo-Malayan barometric maximum of 1876-78 
coincided with a portion of the prolonged sun-spot minimum of 1876-79, 
the  facts detailed above would lead us to expect a corresponding deficiency 
of pressure in Western Siberia Strange to  say, however, this was not the 
case. The registers of Bogolowsk, Ekaterinenburg, Slatoust, and Barnoul 
agree in showing a great excesa of pressure in 1877, which in the 
ceee of Ekaterinenburg was greater than that of any Indian statione, 
and nearly as great as that of Adelaide. I have not yet received 
t h e  volume of the ' Annales' for the year 1878 ; but, on the average of the 
20 months from May 1876 to December 1877, it amounted to  -0611.' The 
great excess appears to have been restricted to the stations in Western 
Siberia. At St. Petereburg, although the pressure was above the average 
in  1876 and 1877, the excess wan far less striking ; and that of 1877 was 
less than that of 1876. At Tiflis, the preseure of the two years was either 
about the average or below it ; and, a t  Pekin and Nertschinsk, it was 
not greater than a t  Shanghai [Zi-ka-wei]. 

Hence, there prevailed in Asia generally, in 1877, an anomalous (i. e., 
apparently non-periodic) accumulation of atmospheric pressure, culminat- 
ing in Western Siberia, and diminishing both to East and West, and also to 
South. And this seat of maximum lies on the prolongation to the North- 
weat of the Indo-Malayan aria of excessive preesure noticed in the earlier 
part of this paper. It is a t  least probable that this anomalous accumula- 
tion of pressure extended in a much diminished degree to the Indo-Malayan 
region, where it waa superimposed on the normal periodio excess of that 
region, and produced a maximum which was more intense than any pre- 
viously recorded. Also that the excessive pressure of Australia wtu a 
phenomenon of the same order as that of Siberia; indeed its southern 
counterpart. It is a t  least certain that they exhibit a resemblance in 
aertain not unimportant features to which I shall draw attention in a sub- 
sequent paper; merely remarking that, in both cases, these great oscillations 
of pressure, both periodic and non-periodic, appear to depend mainly, perhaps, 
indeed, entirely, on the variations of the winter season. Of this, in the caw 
of Ekatehenburg more especially, the evidence is most etriking and con- 
vincing, and, as far as I have yet examined the Australian registers, it 
appeare to hold good in their case abo. 
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VI1.-Synopsis o f  t h e  Spec ies  of Choeradodis, a rsmwkable Uenw of Man- 
todea common t o  I n d i a  and B o p i c a l  America.-By J.  WOOD-MABOB, 1 
OJciating S u p e r i n t e n d e n t  I n d i a n  Museum, a n d  P+ofessm o f  am- I 
p a r a t i v e  Anatomy, Y e d i c a Z  Oollege, Calcutta.  

I 

(Received May l a t  ;-Read June end, 1880.) 

The paper of which the following is an abstract, will be published in 
full as soon as the illustrations which have been drawn on the wood under ~ 
my supervision and sent to London to be cut are returned to  thin country. 

The remarkable distribution of this genus of M a n t o d m  i s  exactly ' 
paralleled by that of another genus of Orthoptera ,  namely diosfm, species ' 
of which from the southern slopes of the Peruvian Andes have recently been 
described by Dr. S. H. Scudder. 

The nearest allies of C h m a d o d i s  are the Australian Orbhdrros, whioh 
i ts  young 'larvs' resemble in the form of the pronoturn. 

Genus C E O E B ~ D I ~ ,  Serville. 

d.  Fore f ~ m o r a  without a b lack  blotch on the inner sida. 

Madame Mbritan, Inn. de Surinam, 1726, tab. 27, 9 et nymph. 
Roeael von Rosenhof, Der monatlich-herauagegebenen Insecten Belustignng, 

Theil, 1749, Locust. tab. iii, fig. 1 e t  2, 9 et nymph (copied from Mbrian). 
J f a t ~ t u  strutnoria, Linn., S p t .  nat. Ins. t. i, pt. ii, 1767, p. 691, no. 13, 9 .  - - Fabr., Ent. S y d .  ii, 179a, p. 18, no. 21. 
? - eunccllata, Fabr., 1. c., 23. - -, Stoll, Spectres et Mantee, pl. xi, fig. 42, 9 .  - -, Lichtenstein, Traw. Linn. Soc. Lond. vol. 6 ,  p. 28. 
Chcaradodir oancsllata, Serville, Hist. nat. des Ortlpopt. 1839, p. 206, 9 . 
Qrauruua canaellata, Bnrmeistar, Handb. d. Entom. 1889, Band ii, p. 642, ( 5 ~  

. &rv. e t  Stoll. fig. 76, exclua.) 
Chwradodia canosllata, Sauaaure, Mmt. Americ. p. 19, 8 ,  9 . 
HAB. Cayenne ( O  , 8 w v i l l e )  ; Surinam ( $, iK&ian, bol l ;  6 0, 

8aussul.e). 
B. Pws femora with a b2ack blotch on the inner sido. 

(a.) The blotch on the lower h a r f o f  t h e j o i n t  (American). 
I n  the females of the following two species, the posterior angles of 

the pronotal expaneions are broadly rounded and are not produced back& 
beyond the level of the hinder end of the primitive proniturn. 

2. CHOEEADODIS BEOMBIaOLLI8. 
lliantb rlmbicaUi8, h t r .  in Voy. de Bqmboldt, Zool., Ins. p. 108, pl. 89, fip. 8 I 



~ododirgsnruiana, Serville, Hiat. nat. den Orthopt. 1839, p. 807, 8 .  
sttumaria, 8td, Byst. Mant., 1877, p. 16, 8 9 .  

The blotch commences, in both sexes, near the baae of the femur, 
extends through the ungual groove nearly to the middle of the joint, and 
is there succeeded by a marginal row of black points in contact with the 
bases of alternate 'spines. 

HAB. 8 9 ,  Guayaquil, in the collection of the British Museum ; 
nymph, Santa FB de Bogota, in the collection of the Indian Museum, 
Calcutta ; New Granada ( 8 9 ,  8tal). 

8. CHOEB~DODI~ BEBVTLLET, n. 8p. 

9 .  Closely allied to the preceding, from which i t  differs in having 
the marginal field of the tegmina proportionztely narrower, and in the smaller 
size, as well as in the different shape, of the femoral blotch, which is 
small and oval, commences just beyond the ungual groove, and is follow- 
ed by a marginal row of small black points. 

HAB. 2 9, Cache, Costa Rica, in the collection of Messrs. Godman and 
Gal& ; nymph, Chiriqui, in the collection of the Indian Mueeum, Calcutta. 

I n  the females of the next two species, and in all probability in those 
of Uh. rbmboidea also, the posterior angles of the pronotal lamellre are 
rounded-angulate and produced backwards so that the hinder end of the 
primitive pronoturn projects in the bottom of an angular emargination. 

4 CIIOERADODI~ LATICOLLIB. 

Chuadodia laticollie, S d g  Revue p. 24 ; Hiat. nat. des Orthopt. 1839, p. 208, 
pl. iv, fig. 5 9 .  - - Baneenre, Mantes Americ. p. ZO, $ . - rtrurnaria, Id., ibid. p. 18, 8 . - lafiwllir, Stal, Sy&. Mant. 1877, 17, 9 .  

The blotch ia  situated, in both sexes, just beyond the ungud groove, 
is oblong-rhomboidal in shape, and is followed by two black points on the 
bases of alternate spines ; there is a fuscous speck at the end of the dig- 
matal spot of the tegmina ; and the antero-lateral margins of the pronotal 
lamellre are arcuate or convex, especially in the female. 

HAB. 6 8, 6 9 ,  Ecuador (Buckly), in the collection of the Indian 
Museum, Calcutta; Peru ( 9 ,  8 t a l ) ;  Cayenne ( 9 ,  Bwville e t  19tal); 
Surinam ( 8 , h w u r e ) .  

6. CHOEBADODIE ETALII, n. ep. 
Differs from the preceding in the shape of the blotch (which is  

pointed a t  both ends and commences in the ungual groove, and on either 
side of which the femur is pale luteous-yellow instead of being clouded wit4 



fuscous) ; in being without a fuscoue p k  a t  the dietrl end of the 
stigma ; in i ts  shorter and differently shaped facial shield ; and in having 
the autero-lateral margins and the lateral angles of the p m t a l  expan- 
sions sinuous-concave and more broadly rounded 0% respectively. 

HAB. 1 8 , 4  ? , Ecuador (Buckkey), in the collection of the Indian 
Museum, Calcutta 

6. CHOEEADODIS BHOMBO~DBA. 

dfantis rhornboidso, 8to& Spectres et Bkntea, pl. xi, fig. 46, 8 .  
The male insect from Par& in the British Museum, agrees neitber with 

Saussure's description (h. supra cit.  p. la), nor with any of the specimen8 
in the Indian Museum ; i t  more nearly approaches Stoll's figure, agreeing 
therewith in the points in which i t  differs from them. 

The blotch commences in the ungual groove, thence extending as far 
along the femur as in the preceding four species, but it is not followed by 
a marginal row of black points. The pronotal lamellze have no posterior 
angles. 

HAB. 8 ,  Pars, in the collection of the British Museum. A nymph, 
from Ega, in the mme collection, probably also belongs to this species. 

This species is nearest allied to Oh. laticolliu. - 
(/3 ) The blotch on ths upper half of the joint (Indian.) 

7. CHOEBADODIS SQUILLA. 

P Mantis mnccIkata, Fabr. Ent. Byat. 11, 1793, p. 18. 
Choerlrdodis rquilla, Sausenre, M61. Orthopt. t ,  i, Sme faao. p. 161, pl. iv, 5g8. 3, 

8g 8 et nymph. - - Lucae,dnn.Entom.800.Fr.6&r.t.&1878,p32,9. 

HAB. India generally, from Ceylon ( 6 et  nymph, SUUI~UT~ ; larva, 
in I. M. Calc.) ; Madras ( 9 ,  Lmas) ; Central India (in 0011. Hop. Oxon.) ; 
to the banks of the Killing River, in the N. Khasi Hills, on the N. E. 
Frontier (nymph, A. W. Chennell) . 

Obs. A specimen of this species in the British Museum is errone- 
ously marked " Brazil." 
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At  the present day it is I believe universally acknowledged, that every 
t o m  should be provided with a pure and suficient supply of water for 
drinking, domestic and sanitary purposes. If  the quantity be not sufficient 
o r  if the quality be not good, it may be safely asserted that injury, 
more or leea profound, to the general health of its inhabitants will be the 
eonsequence. The very great importance which is attached to the quality 
and  quantity of the water supply of towns, is clear from the prominence 
which this subject has attained throughout the civilized world during the 
past few years. I n  the present paper, i t  will be my purpose to contrast 
t he  nature of the water employed in Calcutta in former yeam (before 
the  introduction of the present hydrant water) with the supply as i t  has 
been mnce the introduction of the Hooghly water, which is collected and 
filtered a t  Pultah, and then distributed by the hydrants, etc. I t  will be 
my endeavour to show that the old supply was deficient in quantity, and 
filthy and abominable in quality, whilst the present supply, though perhaps 

so abundant in quantity aa it ought to be, is in quality very good and 
wholesome. 

Before proceeding to the discussion of the question of the two supplies, 
it will perhaps be well to consider what is the general history of natural 
waters, as this mill enable us to understand some of the actual results which 
have been found by analysia 

12 



The primary form of natural water is rain, and although at  first eight 
i t  might appear that rain water should be very pure, yet i t  has been cleahly 
shown* that it is very seldom that such is the case, and that rain 
water almost always contains, as impurities, small quantities of organic 
matter, ammonia, and ammonium salts, derived from the atmosphere. 
I n  large towns especially, the rain water is so impure, that i t  cannot becon. 
sidered a safe water supply for drinking and other domestic purpoees. On 
reaching the ground the water becomes charged to a greater or leas extent 
with the various eoluble constituents of the soil, and with any other 
mattew which may have accumulated in it. If it falls on land either 
cultivated or uncultivated, i t  rapidly Gains off, and finds its way into 
atreams and rivers, which in the earlier parts of their course certainly, wi l l  
be tolerably free from organic impurity, except that derived from any 
manure, etc. which may have been on the land. Unless the river water 
is subsequently rendered impure by the admission of sewage from towns, 
villages, etc., or by the admission of manufacturing refuse, it will form, 
generally speaking, a comparatively pure and wholesome supply of water. 
I n  some cases, however, such water is used by the inhabitants of towxu onits 
banks, and is after use returned to the river in the form of sewage, which 
will be charged with impurity derived from animal excreta, household and 
manufacturing refuse, soap, and other filth. Water contaminated in such 
a way is clearly unfit for domestic uae. A£ter returning to the stream it will 
perhaps in its course towards the eea become partially purified by slow on& 
tion of the organic matter and by the absorbent action of vegetation, but 
ss will be subsequently shown this process of purification is an extremely 
slow one. 

I n  the case of rain water falling in towns such as Calcutta, it will, ru 
pointed out previously, be impure from the presence of organic matter, 
ammonia, etc. ; of this impure water a considerable proportion of it aa before 
shewn will find its way into the river or into smaller streams oommunicating 
with it, but another portion will be collected in the tanks, which are dug for 
this purpose, and a third portion after percolating through the soil will find 
its way into numerous shallow wells. These tanks and shallow welk may 
therefore be considered as being merely pits for the accumulation of drahap 
from the immediately surrounding soil. I n  the case of Calcutta the tom 
is densely populated, and as the manners and customs of the native inhabi- 
tants are in many respects very primitive, the soil must be inevitably 
charged with excretal and other refuse, so that the water when it reaches 
the tank or well, will be largely contaminated with the impurities deri- 
ved from these sources. I n  the absence of any system of drainage, as WM 

the case in Calcutta some years ago, such tank or well water could only 
Angus Smith on Air and Rain. 
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after use be thrown on the surface of the ground, or into the nearest ditch, 
from which it would either run or percolate into the tank or well a 
second time, and would naturally be in a dill more impure condition. Such 
would appear to be the natural conclusions ae to supplies of water derived 
from rivere, and from tanks and shallow w e b  in towns, and it will be sub- 
eequently seen that the quality of the Hooghly river water, and of the 
water of the tanks and wells within Calcutta, as deduced from numerous 
nnalyaes fully beam out the above suggestions. 

In epeakiig of the former supply of water to Calcutte, I have assumed 
tha t  it was confined to the various tanks and wells distributed throughout 
t h e  town; for though there is no doubt that the river water was used consi- 
derably by the inhabitants who lived near the banks of the river, yet the 
greater number af the inhabitants living as they did at  a distance from the 
river, must have depended for their supply of household water on the tanks 
and wells nearest to them. The modern water supply of Calcutta which we 
heve to consider is of course the Hooghly water collectad a t  Pultah and, 
sfter filtration, etc., distributed through the ordinary mains. 

For the purpoees of this paper I have not thought it necessary to  analyze 
all the tank and well waters in the town, which amount to many hundreds, 
but  as I have exsmined 200 samples, mme from the crowded districts of the 
northern part of the town, and some from the open maidan, I think a fair con- 
clusion can be derived from them. I have also to mention, that a very large 
number of the well and tank waters which I have analyzed, have been 
noticeable for their bad quality, and for having apparently given rise to  
diseaee of one kind or another to the persons who were living in the neigh- 
bourhood. Therefore the numbers usually obtained represent the bad 
rather than the good waters of the old supply. I should however wish 
to  point out, that there is every probability, that the water in the tanks and 
wells now, is of a much better quality then formerly i t  was, for by the present 
system of dlainage and conservancy, a vast amount of excreta and filth of 
all kinds is removed from the town, which in former days must have remain- 
ed to choke up the soil, and to render the tank and well water very much 
more impure than a t  present. 

I will attempt first to shew, that, when the inhabitants of this town 
depended for their water supply on the tanks and wells, the quantity was 
decidedly insdicient during a t  least one half of the year. 

With regard to the necessity of a sufficient supply of waterbeing given 
t o  a town for domestic and sanitary purposes, a well known author on Hy- 
giene, writes-* 

"It was there shown that want of water leads to impurities of all 
kin& ; the person and clothes are not washed, or are washed repeatedly in 

* Parkoe' Hygicne, 5th edition, p. 37. 
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the same water ; cooking water is used scantily, or more than once ; hbi-  
tatione become dirty, streets are not cleaned, sewers become clogged; and 
in these various ways a want of water produces uncleanliness of the very 
air itself. 

*' The result of such a state of things is a general lowewd state of h d t h  
among the population ; it has been thought also that some akin d i m  
scabies, and the epiphytic affections especially-and ophthdmia in some 
cases, are thus propagated. It has also appeared to me that  the remark- 
able cessation of spotted typhus among the civilized and cleanly natione, is 
in part owing, not merely t o  better ventilation, but to more frequent and 
thorough washing of clothes. 

The deficiency of water leading to insufficient cleansing of sewere has 
a great effect on the spread of typhoid fever and of choleraic diarrhoea; and 
cases have been known in which outbreeks of the latter disease have been 
arrested by a heavy fall of rain." 

In judging of the quantity of water necessary to  be supplied to a town, 
notice must be taken of the purposes for which the water is used. These 
we may roughly summarise by saying that water is required for drinking, 
cooking and the washing of persons, clothes, utensils and houses, for the 
flushing and cleansing of sewers aud drains and for the watering of streets, 
for the drinking and washing of animnln, the cleansing of csrriages and 
stables, for trade purposes, etc. 

From European statistics given by the authority just quoted, it would 
appear to be generally admitted, that a fair allowance of water for the pur- 
poses above enumerated is 25 gallons per head of population per day. Thus 
taking some of the largest towns in England and including Paris, each in- 
habitant receives 273 gallons per day ; the average dail; supply of 14 English 
towns of second rate magnitude was 24 gallons per head, and that of 79 
English and Scotch towns was found t o  be 26.7 gallons per inhabitant 

Let us now see the amount of water available in Calcutta during cer- 
tain portions of the year when the old supply was depended upon. The 
tanks and wells in any town can of course only receive their supply of d r  
from rain, and the rainfall of Calcutta is so unequally distributed, that 
almost three quarters of the whole fall takes place within 4 months of the 
year, whilst within 6 months, ten-elevenths of the rain falls. Thus tbe 
annual rainfall of Calcutta from 49 years' observation, has been found ta be 
65.85 inches, and during the months from November to April inclusive, 
ollly 6 03 inches fall on the average. 

If we exclude from our calculation the months of heavieet raidall, 
when t. e water would almost entirely run off into the river and be 
lost, and assuming for a moment that during these six monthe from Novem- 
ber to April, the whole of the water which fell could be collected and 
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etored for use ; then knowing that, according to the laat Calcutta Census, the 
density of the population waq 109 persons per acre, it is eaey to calculab 
that  each person could receive but 6.8 gallons of frerh water daily. I n  all 
probability, however, not one-fifth of the rainfall fin& its way into these 
tanks and wells, and this would leave the inhabitants less than 1+ gallons . 
of fifiesh water per day during the hot season of the year. I n  the Coomar- 
tolle Section of the town where the density of the population is 214 per . 
acre, this supply must be reduced to  one half or to about three quarters of a 
gallon of freah water per day. 

If  even we were bo assume, that i t  was possible to store up the water 
which fell during the rains, for use during the dry season of the year, 
and granting as before that one fifth found its way into the tanks and 
*ells, even then each inhabitant of the town could not have had more 
than 6 or 7 gallons of freah water daily, and an inhabitant of some parts 
of the northern division, could not have had more than 3 or 4 gallons. 

The conclusion seems to me to be inevitable, that at  the time when 
Calcutta depended for its water supply on its tanks and wells, the 
inhabitants must have used the same water over and over again though of 
course without knowing it, not only for such purposes as bathing, washing 
clothes etc., but probably also for cooking and even for drinking, and it 
would also appear that there could have been absolutely no water for 
neceseary sanitary measures. 

That Calcutta, under these circumstances, should have had a high rate 
of mortality is scarcely surprising. 

I will now endeavour to show that the quality of the old water supply ' 
was even less satisfactory than its quantity, and that in a large number of 
instances of tank and well water, if not in the majority of cases, the water 
was, and still is, simply sewage, sometimes concentrated, sometimes dilute. 

That impure water may be the source of disease is, 1 believe, now 
admitted on all hands, and if confirmation were required, abundant evidence 
to this effect is given in the various reports of the Rivers Pollution Com- 
missioners in England. The researohes too of Chauveau, Burdon, Sanderson, 
Klein and others scarcely leave room for doubt that the specific poisons of 

. the -called zymotic diseases collsiet of organized and 1iving.matter ; and 
it is now certain that water is the medium through which some a t  least of 
these diseases are propagated. There does not appear indeed to be any 
doubt whatever that such diseases as cholera, typhoid feve;, dysentery and 
diar rhm may be produced by drinking impure or infected water. An excol- 
lent and most conclusive instance of the propagation of typhoid fever by 
water from one infected case near Base1 in Switzerland is admirably de- 
scribed by Dr. Hiigler, and is given in the sixth report of the Commissioners 
above referred to. 
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It is then evident that, in the analysis of water, the point to be aimed 
a t  would be, the detection of the presence of those impurities whether they 
be of the nature of germs or not, which would give rise fo the di- just 1 
mentioned, but unfortunately in the present state of science, we are quite ~ 
unable even to  say with any certainty whether such g e m s  of dieease will ever 
be isolated, and it is therefore clearly out of the power of the chemist to ~ 
detect their presence in any sample of water. Failing therefore in thia 
endeavour, the chemical analyst has to rest content with the detection and 
estimation of other substances, such as organic nitrogenous matter etc., 
which cannot be present in water, unless it haa previously been in contact 
with the various forms of impurity, which we denominate sewage; and if 
such bodies are present in quantity, i t  is fair to infer that these g e m  or 
other bodies which produce the zymotic diseases, and which are undoubted- 
ly present very frequently in sewage, may also be present in the sample of 
water. It has also been clearly shown, that in many instances water which 
ie impregnated with animal or vegetable organic matter, even wuming 
any specific poison to be absent, will give rise to various unpleasant 
symptoms, such as disrrhaea, etc. I t  is therefore quite permissible and 
necessary to condemn any eample of water which is to be used as a potable 
or domeatic supply, if i t  contains any quantity of organic matter, mom 
especially if the organic matter be of animal origin. 

The methodn of water analysis have been improved very p a t l y  during 
the past fifteen years, but even now there is a very warm discussion being 
carried on aa to the respective merits of at  least three distinct processes, and 
opinions differ materially as to which method gives most accurate and relia- 
bleresults. The two methods for the determination of the amount of organio 
matter present in water, which have met with the greatest amount of 
support, are those of Professors Wanklyn and Frankland. 

The method proposed by Prof. Wanklyn, wbich consists in the conver- 
sion of the nitrogenous organic matter into ammonia0by boiling with an 
alkaline solution of potaesium permanganate, has the immense advantage 
of being quickly performed with tolerably simple apparatus, and a whole 
water analysis by this method does not occupy more than a few honre. 
Against this method there is the well recognized fact, that i t  sometimes faii 
to detect and estimate the whole of the nitrogenous organic matter present 
in  the water. It is therefore possible that a water may escape the con- 
demnation which i t  deserves, but I believe it is generally accepted that 
a water which is condemned by this process must be really of very bad qua- 
lity. 

The method of analysis which was introduced by Dr. Franklend L 
an extremely elaborate one, and requires the use of very delicate and expen- 
sive apparatus. The greatest drawback to this process is however, the 
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amount of work and time which is required for it, aa a satisfactory analysis 
by it cannot be performed in less than 4 or 5 days. On the other hand the 
results obtained by Frankland's process are eminently trustworthy, and the 
character of a water is determined by i t  with great precision. 

As I have been obliged to  perform the work of analysis of the tank and 
well waters of Calcutta during the spare time from my current duties, and 
as some two hundred analyses had to be made by my own hands, it was 
clearly impossible for me to use Frankland's more accurate process,and I wae 
compelled rather against my own notions of scientific accuracy to work with 
Wanklyn's process, which aa I have pointed out is not so trustworthy as the 
other. I n  addition to  this reason, I found that my predecessor in the ofice of 
Analyet to the Corporation had been in the habit of testing the Calcutta 
hydrant water by Wanklyn's process. As I had to carry on this method of 
rnalysis on behalf of the Corporation, this therefore formed a very intelli- 
gible standard of comparison for my work with the former water supply 
of Calcutta. I n  addition however to these analyses of the hydrant water, 
rra will be seen subsequently, I have carried out for the last four years 
mcnthly analyses of the hydrant water by Frankland'e process, and i t  is . 
upon these numbere that I shall base my conclusions aa to the character 
and quality of the present water supply. 

In  Wanklyn's process there are two principal determinatione. The first is 
t he  estimation of the free ammonia present in the water, and of the albumi- 
noid ammonia obtained by distillation with alkaline potassium permanganate. 
I n  India, I have frequently combined these two processes, and the ammonia 
&om both is called the " Total Ammonia." The reason why these two pro- 
c e s w  hare been combined is, that in almost every case when I have tested 
t h e  potable waters of India for free ammonia, I have found i t  to be almost 
entirely absent. The fact appears to be, that at  the very high temperature 
which here obtains, the ammonia oxidizes with such extreme rapidity, that if 
any free ammonia were present a t  the collection of the water, i t  would become 
partially or wholly converted into inorganic nitrogenous matters before the 
analyeis could be performed, or, if the whole of the free ammonia were not 
thus oxidized, the changes which go on from day to day are so great, that 
for any true comparison in respect of this constituent between the sam- 
ples of water - analyzed, it would be necessary to analyze them a t  definite 
intervale after collection. The " total ammonia" then, which is spoken of 
eubeequently, is the free ammonia present, if any, added to the ammonia 
produced from the nitrogenoue organic matter by the oxidizing action of 
alkaline potassium permanganate. Aa pointed out before, i t  frequently hap- 
pens that the whole of the nitrogenous organic matter present in the water 
is not decomposed, and therefore the numbers obtained always represent the 
minimum amount of impurity which can be present in the water. 
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Professor Wanklyn says with regard to this method of analysis, that 
by the aid of the ammonia process, we me now able to divide potable waters 
into three broad classes : 

(1) Waters which are of "extraordinary organic purity," i. a., t h w  
which are almost free from any nitrogenous organic matter, and which con. 
tain l e a  than 0.05 parts of albuminoid (or total) ammonia per million of 
water. 

(2) "Safe waters," which are devoid of any exceee of nitrogenous 
organic impurity, and which contain from 0-05 to  0.10 parts per million 
of albuminoid ammonia. 

(8) Waters which are '' dirty," i. a. charged with an abnomal quantity ~ 
of organic matter, and which contain more than 0.10 parts of albuminoid , 
ammonia per million of water. I 

The second important consideration is the determination of the 
amount of chlorine present in the water. Chlorine occurs in potable water 
in combination withseveral metals (as chlorides), such ae sodium, magnesium, 
calcium and possibly potassium. The amount of chlorides or of chlorine 
present in drinking water is in itself of little importance, for as most people 
are aware, common table salt is simply sodium chloride, and this substance 

~ 
is a necessary ingredient of our food. The water analyst determines the 
amount of chlorine present in water because the presence of this substance 
in water is in moat instances a clear indication of contamination by sewage 
in some form or another. 

I t  will be understood how this is the case when we consider that rain 
water, which is the source of all water supplies when collected in the open 
country and a t  inland stations is practically free from chlorine. Drink- 
ing water also which is uncontaminated by sewage is comparatively free from 
this substance, but sewage and urine,+ are highly charged with chlorides, of 
which common ealt is probably in largest quantity. If  then a given sampleof 
water contains no chlorine or verylittle, i t  cannot have been in contact with 
sewage, b u t i f  any considerable amount is present in a water, which ie 
known not to have come from a tidal river or from any geological fob 

I 

mation where deposits of salt are found, such a water would be viewed 
with the gravest suspicion, and if this were supported by other 
evidence, the water would a t  once be condemned. Unpolluted river and 
spring waters usually contain less than ten parts of chlorine per million 
of water, average town sewage in England about one hundred and ten 
parts; shallow well water may contain any quantity from a mere t~ 
up to 500 parts or even more. The amount of chlorides is scarcely 
affected by any degree of filtration through soil ; thus the effluent water 
from land irrigated with sewage contains the same proportion of chlorine 

Humsn urine contains about 6000 pa& of chlorine per million of IiqPid. 



u the sewage, nnlees it has been diluted by subsoil water or concentrated 
by evaporation. 

AII an i l l h t i o n  of the quantities of total ammonia and of chlorine 
am chlorides found in samples of geod or fairly good drinking water, I may 
quota some numbers taken partly from Prof. Wanklyn'e work on water 
snalysia, and m y  from other sources such as the Rivers Pollution Com- 
misaionere' Reports. The numbers givdn in the following table show the 
number of pa& of fotd ammonia and of chlorine in every million parts of 
the wrrter, and the ssmplee of water it will be sesn are selected from a variety 
of eoumes, such aa lakes, rivers, wells, springs, kc. 

Chlorine partr 
per million 
of water. 

28 1 
16.7 

7.6 
14.8 

. 9.0 
6.0 

12'6 
16.6 

Total Ammonia 
~ ~ ~ B I P ~ ~ O N  OF WA- parta per L on of water. 

As an additional oomparimn of the quantities of " Total Ammonia" 
and of Chlorine, which a good potable waker should yield, I will quote the 
amounts of them substances which have been obtained during the lasf 
four yeam from anslyees of the Calcutta Hydrant water made twice in 
~h week. I n  the fdowing table there are given the average results 
obtained for eaoh of the last four years, aa well as the general average for 
the whole of this period. 

Onlcutta Hudraat Wates. 

London water, Kent Company, ... - . 
N m  Iliver Company, ... ... 

G&OW -ter from ~ o c h  &trine, ,. -. 
ZdinburghtossPmter, ... ... ... 
- h m h ,  ... -. ... 
'hakc (Dee) tnvn nateq ,. ... -. 
0aon (Sirkenheed) town -tea, ... ... 
~ d d f b r d  rater, ... w e  

~ t e r h p m ~ ~ t e r ~ r o m d e e p & ,  ... ... 
spring a t  Dorking, ... ... - a  

I)eepWell.tChatham, ... ... 

1 
'No. of days 

~ l \ a l p i ~ .  

Average 1876, . . . . . .  
1877, ...... 

,, 1878, ...... 
1879, B e . o .  108 

&mu, ...... 466 

Average, . . . . . .  116 

0.03 
0.08 
0 0 8  
0.07 
0.07 
0.07 
0.02 
0.01 
0'04 
0.01 
0.06 

When ezamined by !iransmitted light in a tube three feet in length. 
l a  

No' of dayll~o. 
when 

yt 
wlorl eae.r 

137 
72 
76 
91 

876 

94 

of days 
when not 
p d w t l y  
flterad. 

18 
82 
28 
12 

90 -- 
22 

Total 
anmonia 

in parta per 
million. 

0.087 
0.046 
0'034 
0.036 

0.162 

0.088 

"lorine 

10.66 
10.40 
8.87 
8.60 -- 

37.92 

9.48 
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In passing I may here remark, that a oomparimn of these numbere 
with thorn of the previous table, shows that the present water supply of 
Calcutta is really of excellent quality, and that very few of the good 
waters eelected from thorn given in the works alluded to, 81.e as pure as. 
our hydrant water. That the purity of the hydrant weter as determined 
by this process of analysis is not merely exceptional, is clear from the 
close agreement of the results of each year with the average of the four 
years. It will also be noticed that the hydrant water will fall in c h  
one of Prof. Wanklyn'e classification, as being a water of extraordinary 
organic purity. 

On the other hand as examples of waters which are considered in 
England to  be exceptionally bad, and which are a t  once condemned aa 
sources of water for domestic purposes, and as examples of the d b  
obtained from sewage, I may quote the following from Prof. Wanklyn'a 
work on water analysis. 

I n  addition to these examples I have analysed the Calcutta s e w  
by the same process. Thus on December 18th' 1877, samples of sewage were 
wllected a t  each hour from 6 A. M. to 6 P. M. at the Pumping Station, and 
the amounts of total ammonia obtained from three of the samples showed 
84.0, 87.0 and 145.6 parts per million of water. The average amount of 
chlorine was 170.4 parts in the same volume. This shows a much more 
concentrated sewage than that analysed by Prof. Wanklp ,  but it isfair 
t o  state that the three samples of Calcutta sewage were of extreme con- 
centration, and of a most repulsive and disgusting character. 

If we take the first two tables above given as representing good drink- 
ing waters, and the last as representing sewage, either dilute or concentrated 
as the case may be, we are now in a position to understand the m& 
of the numbers obtained by the analyses of two hundred sampled af 
Calcutta tank and well waters, which are given in the tables below. 

Dnsc~xmon OP WATPB. 

... Unfiltered Thrrmes =tar at Hampton Court, 
Thsmee water at London Bridge, ... 

weli'at Leek Workhonee (Staffodehire), ... ... Well in Windsor, ... ... WellinEton, ... ... 
Pump in Drapers Hall, Loudbn, ... ... , ,, Bishopagste at., London, ... ... ,, ,, Qocdge St., London, ... ... 
,, ,, Oxford Market, ... ... ... ... Srnple of Sewage, ... ... 

Total ammonia 
parb par 

million of water. 

0 3 2  
2.1 1 
0.36 
1.28 
0.84 
6'31 
7-76 ...... ...... 

17-10 

Chlorine pvb 
per million 

of a&er. 

11-4 
17'1 
7.1 

80.0 
80.0 

177.0 
474-3 
141'4 
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I have previoudy noticed the three standards of purity suggested by 
Prof. Wanklp ,  but as in the case of these Calcutta tank and well waters, 
we shall bedealing with very impure samples, i t  will be well t o  adopt some 
standards of greater impurity than before given. I think it will be 
well within the mark to consider, that any sample of sa ter  which pro- 
duces more than 10 parts of total ammonia should be classed as a sewage 
and not as a water, and that if the amount produced is between 10 and 
6 parts, the sample may be called a dilute sewage; from 5 parts to 
1 part we have a water considerably contaminated with sewage, and from 
1 part down to Prof. Wanklyn's limit of 0.10 parts of total ammonia, 
we have the c l w  of Dirty Waters, which represent water contaminated 
more or less with organic or sewage matter. I n  the same way we may 
adopt a classification of the amounts of chlorine present, and there ia 
apparently no doubt that a Calcutta tank or well water which contains 
more than 250 parts of chlorine per million should be classed as a sewage ; 
that  a water containing from 250 to 160 parts of chlorine may be looked 
on aa a dilute sewage; that with from 160 to 100 parts of chlorine present 
we have a water considerably contaminated with sewage ; and when from 
100 to 60 parts are present a water may be said to be slightly contaminated, 
whilst if less than 50 parts of chlorine are preaent, the water may be 
considered moderately safe. 

The first of the two following tables contains the results obtained 
from the analysia of the tank waters, and the second the numbers obtained 
from the well waters. The tables contain 9 columns, most of which are 
explained by their headings. Column 1 gives the date on which the water 
was analysed, 2 and 3 the locality from which the sample was drawn and 
the section of the town in which the tank or well is situated. Column 
4 gives the reason why my attention was called to  the state of the 
tank or well, and which lead to  the water being analysed. Column 5 gives 
a very brief description of the physical characters of the sample, prin- 
cipally as to colour, emell, presence or absence of solid matters in 
suspension, presence of animal life etc., and under this head it may be 
mentioned that as most of the waters were extremely dirty and thick, 
the examination as to colour was made in a glass cylinder only six inches 
high standing on a white surface. Columns 6 and 7 give the amounts of total 
ammonia and of chlorine present in every million parts of water. Column 
8 gives the decision as to whether the water was considered fit for 
potable purposes or whether it wae condemned for such w e ,  and the last 
column shews whether the tank or well has been subsequently f l e d  up 
or dewatered. 

Most of these results have been submitted to the Health Officer to the 
Municipality in my capacity of Water Analyst, and it is due to  the courhsy 
of Dr. McLeod that I am able to give the columns 4, 8 and 9. 
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Jan. 9. 

,, la. 

Godai Khamalds Lane, 
Colinga. 

Gopnl X W s  Tank in 
Brindabun Mullick'a 
Lane. 

Dhankhit Tank, Calvin's 

rr<,ll, > ' .  sllllliil. 
1 f ; ~ a i  i!~-.re l{rialciq, (fOOt0f). 
' I ' r e l l r , \ - ' . ~  S1111:ih taken be- 

t~ rCll  l l ; , !~  water and 
mid ebb-tide. 

81, Neogipukw Eest Lane 

,, 18. 42, Hareepara Lane. ,, 14. 62, Lower circular Bead. I 
,, 16. 

0 ,, 16. 
L" , ,, 17. 

- 
0 

D 

B 
B 
R 
B 

N 

N 
N 

N 
N 
N 

K 

K 

K 

32, Neogipukw Eeef Lane 
80, Hnreepara Lane. 
16, Neogipukei W. Lane. 

Filthy &ate. 

Cholera death in 
neighbourhood, 

Filthy &ate. 

Complaint of do. 
Filthy mte, 

DO. 
DO. 

Cholm death in 
neighbowhood 

Do. 
DO. 

DO. 
Filthy-. 

Do. 

Cholern death in 
neighboarhood. 

Filthy state. 

DO. 

G r e e d  white color, turbid, and full of animal 
life. 

Of a gmmbh oolor, turbid, and full of animal life, 

Of a whitiah color, turbid, and full of animal life. 

Of s whitish color, and turbid. 
Of a whitiah color, and turbid. 
Of a whitish color, and turbid. 
Of a whitinh oolor, and turbid. 

G r m  mla. ntinb horriily, turbid, M d- 
~ 1 1 q p i  nllvll ulnt tvr. 

T T h r t ~ ~ h  l~ron,n rnlrrr, melle badly, very turbid. 
C;r[ 1.11 ( oli~- ,  er1spcilfIr4rn~tter, stinha, twbid,full of 

animnl life. 
Green color, w8pontld mattfir, etinke. tnlrhid. 
~rowni~~~rnlr~r,f:rintrmrll.~Ii~l~!~r.tu~~~i~ 
G&h white color, faint o d o k  very turb'i 

green snepended matter. 
Greenish white color, faint omell, turbid. 

Brown almoet black color, utinka, very turbid, fall 
mqanded matter. 

Browniah white color, etinlos, e x d v e l y  tnrbid. 

8.06 

S'62 

16-00 

14-80 
.lo 
.lo 
a8 

&OO 

81.28 
47.04 

WOO 
24.00 

180.00 

12.84 

40.80 

16.00 

-- 
D e  

watere4L 3 

; 
F 
e 
P 

NO. 80, 
Fillednp. s 
Fillednp. ' 

DO. 
No. 83. 

Filledup. 
Fillednp. 

Fillednp. 

v (0 

I 
166.20 Con- 

demned. 
476.1 Do. 

170.40 Do. 

196.26 Do. 
71-00 
65-67 
22-86 

W 7 6  

866.00 
230.76 

14a-00 
230.76 
387.26 

169-76 

819.60 

M8IO 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
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I I 

EFRMT~ W ~ V  W ~ ~ P P (  . I n t -  qr~)nn~ittrel " t , ~  nnr~l\ .I*. 
D d p t i o n .  

IIIar. 20. 1 

,, 
,, 21. ,, 
,, 22. 
,, 

,, 25. 

,, 
26. I 

,, 
26. 

o ,, 
m - 

Brownish or blirkish white mlm, d n k k  
excms~vr;ly tnrlid. 

DO. Do. Do. 
Grwniuh white wlor, stinhq turbid. 
Brownish white color, smells, elightly tarbid. 
Browniiih white wlor,ntinkqexceagivel ytnrbid. 
Omm+hbrown, stinks horribly, exaeasively 

tnrbld. 
Brownish white oolor, nlightly turbid, little 

-ended matter. 
h o s t  t m n a ~ t ,  little v d e d  math.  
l : r  7 .  1 I r 01 r ,  - I I J P ~ I * ,  turbid. 
bttn K -  I 0rr11 I r , TI * d v e l y  tarbid, fall of 

I r,=ht nrd r rb -~mpclnded matter. 
WII: L - 1 1  grtha n r rJor, shka ,  very turbid. 
Yellowish brown color, no mell, slightly 

- 
m ,, 28. 
V 
m - ,, 
,? 
3 ,, 29. 
3 
3, ,, 80. - 

'3 ,, 
,, 31. .. 

10, Okur Dutt'r Lnne. 

15, Ooriahpwa Lane. 
16, Cornwallia Street. 
22, Snnknr Ghose'a Lane. 
36, Sankaritollah Lane. 
l03& l04,Serpentinelaaa 

2 & 3, Holodhnr Buddan'e 
Lane. 

21, Jalliapara h e .  
8, Uknr Dnt t '~  h e .  
8, Kiato Laha'r h e .  

9, Bepentine Ian& 
90, Chitpore had. 

turbid with mapended matter. 

24.00 

AO'OO 
16.00 
16.00 
16-16 

240.00 

8-40 

200.00 
1.80 

26.40 

8'00 
0.48 

-- - 

7, Orey 8 M  

116.UpperChiWRoed. 

22, Yllejoedbarree Street 

68, El- CIhose'~ 8twet. 

6, Fnkwr Chand Chatter- 
jw'a Btrwt. 

B7. Tnruk Ohattmjee'e 
Lnno. 

81, D u e - m p u r h  Strost. 

For Cholem dpath 288.25 

356.00 
159.76 
284.00 
408.26 
319K0 

230.76 

16976 
479.26 
426.00 

366.00 
117.00 

K 

D 
K 
B: 

K 

K 
K 
K 

K 
G 

in neigbbourhd little snepended matter. 

in neighhourhood. 
I)o. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
DO. 

Complaint. 

Cholera death. 
On H. O.'s report. 

G 

0 

C 

0 

0 

o 

---- 
Con- 

demnd. 
I)u. 
Do. 
DO. 
DO. 
Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. ' 

Filledap. P 
2 
2 
3 
I 
9 - 
5. 
9 

'2 - 
C* 

t 
Q4 

La 

Do. 

Do. 

DO. 

Do. 

Do. 

Do. 

Brownish color, smells, o p a l m t ,  onnpended 
and a n i d  matter. 

Bright green color, ntinkn hombly, exhmely 
opdcecont, ~uspended matter, 

Brownish almont blnck color, ntinlnq m d e d  
matter. 

B m m  aolor, ntinh horribly, exhmely 
opuloscent, maah aanpanded matter. 

Bmwn color, me114 opdonmnt, supended 
mnttar. 

Yelluw oolor, anella, nuponQd -*. 

8-00 

19'84 

12-80 

28.66 

20.00 

8-00 

288.26 

890.60 

848'60 

61'76 

801.76 

aoo.60 

Do. 

Do. 

DO. 

Do. 

Do. 

DO. 
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Jan. 2. 64, Raja Rajbullub Street. -I- F 
,, 9. 4 Fukeer Chand Mitter'e D 

Lane. 
, 10. 21, Do. Do. Do. D 

Feb. 27.1 162, Boa 

- ,, e m .  I 
0 

L" - - - 
m 
LL Mar. 6. 1 Jwhn Bagan. I 

Reason why wate: 
wan submitted 

to analyeh. 

cr < 

,? ,, 8. 2, Manicktollah ~ h t .  
'3 I 

Cholera death in 
neighbourhood. 

Do. 

Do. 

Do. 

Do. 

J 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Description. 

full of suspended matter and animal life. 

5 1 1 ~ ~ u ~ t i ~ l r  ' I  ~i;.bl!br, contains tinimttl life. 

Yellowish green color, unpleasant mell, 
slightly opsleeopmt, little supended matter, 
animd life. 

Yellow color, e l i~h t  smell, little suspended 
matter, much &ma1 life.. 

Yellow, stinks, mall quantity snspended 
matter. no visible animal life. 

Haa a brown color, unpleasant amell, contains 
snspended matter, animd life. 

Yellow brown color, stinks, opalescent, much 
~nsnended mnttor. no life. 

Er.tv.r~ 8 , . l , , r .  - - . : t i : *  I ~ : I , ,  y of eulphuretted 
l>?t l r i r t . ,  !I, nra:11,  .*-& nt, 1 ~ ~ ~ 1 6  suspended mat- 
t ,  v, x1~ir11:d li t ' , ,  

Grv rl y.llim c~, lnr ,  stinkg horribly of sulphu- 
mttrad h y b . ~ ~ ,  n, lqt:~lt.sccnt, much euqmnd- 
ed matter. 

11.50 40S.26 Do. I I 

1.49 276.90 Do. 

. - . . - 

Brownish color, very opalescent, much 
suspended matter, animal life. 

40.68 

W).ZO 

m 2 5  

470.25 

Do. 

Do. 
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April 27 

May 10, 

99 

26, Prossunno Coomar E 
Tagore's Street. 

22, Born I d  Mitter's A 
street. 

44 Ghampoohu Lane. A 

64, Old Boytu* I 
Bamr street. 

Mirapore Publio Tank. I 

Badoorbagan Tank, 83, D 
Upper Circuler Road. 

~hnrnmtdlah Public T+ M 

Wellenley Btwet I M  
Pdmeis Bridge I It 

Reason why watar 
wan mbmitted 
to analynin. 

1 Yellow color, slight mell, emall qnantib 

Description. 

__1------- I 

impended rnntkk. 
Yellowish brown, slight moll of sulphruetted 

hydrogen, muoh auapended mattor. 

Cholera death in 
neighbowhood. 

Do. 

Do. 

Camplaint 

Cholera death in 
neighbowhood. 

Do. 

Do. 

s.az', mad DO. 
' 

I 17-00 31960 Do. 

Greenish color, stinke, very opal~~cemt, 
animal life. 

Bright green color, stinks horribly, very 
opaleecent, full of green suspended matter, 
full of animal life. 

Brownish color, bad smell, very opaleem~nt, 
small quantity suspended matter, animal life. 

Yellowish white color, stinks, large quantity 
v e n d e d  matter, visiblo animal life. 

Brown color, stinks, mnoh suspended matter, 
much animal life. 

Glreenish color, faint emel d quantity 
snapended matter, animal life. 

Greenish color, stin4 green snspended 
matter in large qnaritity, animal matter in 
quantity. 

0.80 %80 

0'84 

0.17 

147.68 

2878.6 Do. 





Tank Waters, 188&Continued. 

g 
.H + 

d - 
0 

0 

0 

F 

C 

D 

) 

Dato. 

- 
Jan. 24. 

,, 26. 

,, 28. 

,, 29. 

,, 30. 

~y 29. 

Jdy 6. 

9, 6. 

7. Elliot's Tank, north of 
Cathedral. ,, 8. General's Tank 

opposite Lindaay Street. 

9, 10. Tad oppodte E s p h d e .  

Remn why wntrr 
wna subn1itk.d 

to analysis. 

Prevalence of 
Swelling fover. 

Do. 

Do. 

Complaint. 

DO. 

DO. 

Locality. 

82, Elliott's Road. 

31, Elliott'e B o d  

86, Elliott's Road. 

11, Mohendm Ctoeeain's 
Lane. 

Radhanath Bone'e Lane. 

81, Bachoo Chatte rjea's 
8het. 

South of ParL Street old 
Cemetery. 

B. 'U Tank, m ~ t h  of 7hwhl. 

Deecription. 

- 
Gre color, nnplcseant odour, much enepend- 

egmntter, much animal life. 
Green color, elinht odonr. much green ens- 

pendell u7r~ttt.r. , ~ i l i ! ! ~ ~ ~ l  lirr,, 
Green color, stink6 abominably, much m.9- 

pended matter, animal life. 
I:I J:? ,t ! 11, ,IV coltw, nnl>lonmnt moll, me- 

~ , I I ~ I + . ~ I  ~ ~ j ! ~ t : < , r ,  rrk118-1, 1 1  i1'1.91 We. 
t :rc ( :J r . r r l g , l . ,  ~inp l . . .~ . :~ r~ t  :moll, euspondod 

n~.j!tc,r, ~ I I I I ~ : ~ I  n i~ i i~ i !~ l  I ir*,, 
r r  1 r i n  I ,  r b - 

p.114li.~I nlr1tt4.r~ r~nim.tl lib.. 
S1i;ht r.~~Ilanv c~dr~r ,  net c;m<,ll, almost c l ~  and 

1 I.:an;Turrrbnt, ~ n i : ~ t l  q~r ; t r~ t i ty  d nnimal life. 
O r ~ . ~ i r l ~  r v ~ l r s r ,  nn .uml.ll, r l ~ t l ~ ~ t  turbid, small 

qt~ : in f i t  y ecr ?tni111!~1 lilio, 
Rlii-111, :.v.,yi~ll rolrtr, no smrtl, rather turbid, 

v r r ~ . l l l  q11.111tity 01 nnimnl lilu. 
G r l ~  r n l ~ r ,  nrr R I I I ( . ~ ~ ,  n~thrr turbid, small 

qumnlit!. n f  ~~ninjrtl  life. 
Almost colorleen, no erne& slmoet clear and 

tramparent, very wall quantity of animal 
lifo. 

Almost colorless, no well, alrnont tra~par6nf 
small quantity of animal life. 

16.20 

4.00 

6.00 

23.20 

6.30 

8.00 

0.16 

0.09 

0.10 

010 

0.07 

@11 

.----- 
195'25 

159-75 

1&00 

337.25 

356'00 

401.16 

266.80 

18.84 

8.16 

Con- 
demned. 

Do. 

DO. 

DO. 

DO. 

Do. 

82.66 

16'68 

24'1 I 



Well Toters, 2877. 

Rwraon whv wntar 
Dab. Locality. WIR m~llrnittt-d Doeoription. 

to nnl~lyair. 

Nay 8. 

,, 9. 

V 
cr 

3 Aug. 10. 146, Bunn h z a r .  

YJ 

,, la. 

,, is. 
14. 

Cholom doath in 
naighbourhurnl. 
Filthy state. 

6, Jorebngm 

1, Horo La11 Dm's Lane. 

Do. 

Filthy etafe. 

Do. 

Do. 

Do. 

Do. 

Do. 

E 

E 

2% J O ~ ( L ~  stwet. 

6, Jorabaw Street. 

7, Horo LaLlDor~~'aBustee. 

Filthy atate. 

E 

E 

E 

Filthy &ate. I 

Greenish black color, stinks horribly, slightly 
opalnncnnt, full of suspended matter. 

Sl~cht hr#,\vni-l L wlor, no smell, little 6W- 
]l+lKI! li 11l : t t f '  r. 

AIlnr~kt r.olrlrl~ -4, no ~ p e n d e d  IM*. I 
Yellowiah color, no smell, tracee of suspended 

matter. 
Almost colorless, faint anell, small amount of 

snspended matter. 
Brownish color, faint amell, emall amount of 

suspended matter. 
Brownish color, xmty smell, opalescent, SUB- 

wnded matter. 
Sll. I '  ~ ~ l l ~ \ w . h  or~lor, faint smell, d 

.i~r(,snnt wywn,I*td matter. 
zl1cl~k.t r 'llrcrl8 --, i \1 l l t  smell, a d  amount of 

suspended matter. 
Brownish color, faint smell suspended matter. 
Yellowish color, faint smell, much suspended I 

matter. - I 
Strong yellowish brown color, faint smell, 

much suspended matter. 
Yellowiah color, faint unpleesent smell, little 

mspended matter. 
Almost colorless, faint nnpleeaant amell, 

wspended matter. I 

1 164, 17750; Con- 
rlemned. 

o.snl z+r-:,ol DO. 

I 0.40 ill 170 Do. 

R-20' 51 l.77, Do. 

n r;? r;?i.ns' DO. 

w g l  9 11.5~ Do. 

1.74; 142,fld Do. 

wro . i~ r ; .oG Do. 

1rlr1' iSim501 Do. 
u-:ccl; Sll roll Do. 

4.15' 307.70 DO. 
I '  

2.16 390.50 Do. 
I I 

3.FR 791.65 Do. 



Well Water8, 1877-&timed. 

Reason why water 
Date. Locality. whn su1)mittad Dewription. 

to analysis. 

f 
24, Jorabegm Street. E Cholera death in Yellowish green color, faint unpleasant mell, 

I E  I suspended matter, animal Jife distinct. 
3, H-kar h e .  Almost colorlean. faint emell, d quantity 

suspended math .  
E Cholera death. Yellowish color, faint anpleaant ! I quantity wapemded matter, dietinat animal I me. 

so, Bnrtolah street. 

9, Shams Bay'e k e .  

1, Eon, Lall Dose'a Iane. 

16, Bnrra Baear Moyda- 
PU*. 

6, Jombagm Street 

B& Horo Lall Dose's 
Lane. 

186, Sorpemtine Iane. 

Cholera death. 

- 

Colorlean,fi~in: nn plrliqnnt ~ m ~ l l . l n ~ ~ q u n n t i t y  
of snapend# r l  nl ( t i ,  r, tli~tinr t animnl Jife. 

Almost colorlean, fault anpleaeant men,  
small qnantiv mqmded matter. 
Brown color, atinks badly, vory opalescent, 

much suspended matter, distinct animallife. 
Almost colorless, faint e m 4  amall quantity 

of suwended matter. 
Col(rt 7 .  I I - I '  u~~~~lemaut emoll, little 

* I I - I U  I I ~ '  11 I I r. 
WIIII 1 - 1 1  I I UC,\V I olnr, emeb unpleneantly, 

opll~r&nf, h ~ % ~ ~ l l l l ~ l i  ma*, and h e 0  of 
animal life. 

Almost collmll~fis, f,rint nnpl~aaant emell, 
mepaal G I  111 ~ILrnr, n r ~ i m d  lifm . 

Yellow 1 8 !,.rb aim 8 itlofl ~jn~>l~rwr~nt 5 m 4  m- 
pondod matter. 

Yellow color, unpleaant amell, UtUa mrpend- 
od matter, muoh animal life. I 

213  81960 Do. 

2. 408.50 Do. 

17' 16915 Do. 

8.95 177-50 Do. i 2.88 171.50 Do. 

U.80 8895 Do, 



D e s a r i p t i ~ ~ ~  

Alrnn~t rnlnrl~s\ bnt in lnng cylinder appear~ 
jallnivl-11, t ~ r n t  rt~lplt.r~.~lnt smell, small 
q11:intit\ en-pt nilrtt ITI ~ t t r  1, no animal life 
] 1 b b r ,  4 1 1 1 7 ~ .  

turbid, animal life. 
Almoet black, unpleasant smell, excennively 

quantity suspended matter, no a b l e  
Slight brownieh tinge, dight amell, d 

animal life. 
Yellow color, slight smell, some wepended 

I)&% 

Jan, 28. 

n SD. 

Feb. 7. 

, 
,, 
, 16. 

,, 19. 

,, 20. 

,, 23. 

,, 26. 

d 

- 
0 

B 

B 

N 

0 

A 

K 

B 

hality. 

Doogs Chmn MitWs 
Ehxt. 

l b ~ ,  ~ a t t m ~ e  

13-B, Nattm Bagan. 

14, 8dth 's  Lane. 

SO, Noyau ahaund Dutt's 
Street. 

10, Ram &I&J Base's 
Lane. 

Railway Tank, Sealdah. 

1285, Bow Bamr Street. 

20, Barnutollah Street. 

34, Berang's Lane. 

h n  why water 
w a ~  mbmitted 
to Rnalyaie. 

Cholera death in 
neighbowhood. 

Do. 

Do. 

Do. 

Do. 

DO. 

Do. 

Do. 

Do. 

Do. 

---- 
l'40 

Do. ,, 28. 

8'80 

1-D, Nemoo Oewsat's 
Lane. 

Filledap. 

079.25 
matter, small traces of animal life. 

Yellow color, undeassnt mdl, mall quan- 
I % .rnur r ,  Ir,i r I I I I ~  r ,  distinct animal life 

Y~llowish rtrlor, ~~nplc-t m e k  moderate 
nn~orlnt m p m d ~  ,I mntter, no visible animal 
life. 

Almost colorleee, slight amell, muall quantity 
suspended matter, no visible animal life. 

Almost colorless, no smell, very emall quan- 
tity eullpanded matter, no visible animal life. 

Do. 

162.65 

688.80 

452.60 

M0'86 

1.92 

12.80 

0'80 

0'60 

Do. 

DO. 

Do. 

Do. 

Do. 

Do. 

Do. 

Yellow color, unpleaennt amell, much saspend- 
ed matter, animal life. 

suspended matter, no visible animal life. 
Almost colorless, slight amell, d quanti9 

Yellow color, unpl-t well, much euapend- 
ed matter, no viaible animal life. 

48 00 816'60 

I 0'94 60B'M) 

17'62 514'76 

I 
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.B d 
g-2 
a s 6  d d d  d d j  i , m d d d  a a a  a a a a ,  
3% 

4 'a I 



Mar. 6, 

9, 6. 

C, " m 
9, 8- 

,, 11- 

19 

99 

9, 12. 

9 ,  

9, 

8, 

9, 13. 

9,  

$ 9  

*, 

26, Bnranbaee Ghw's  F 
Strcet. 

7-4 Bymck's Lane. I 
124, MnnicktoIlnh Street. 1 b 
21, Macho0 Pall Street. I 
6, Aahutoeh Dey's Lane. i * 
6, SM's Lane. I K  

14-C, Ooomgur Lane. I 

12, Nilmony Itittar's 
Lane. 

82-17, Burto11sh Street 

222, Cornwallis Street. I 

C 

E 

1, Ram Chunder Banerjee's 
Lane. 

22, Frcc School Street. 

I 

31 

16, Nilmony Etter 's  
Lane. 

136, bfwhooa Bmar Street. 

Cholern denth in 
neighhourhood. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

C 

F 

64, Old Boytwkhana 
Bazar Street. 

Greyish white color, stinks bdly, I 1.821 71.Mi Con- 
opalcscont, much auspcnded matter. demned. 

Deop brown color, undeaaant mell, opalen- 218.00 1884.6 Do. 

I 

conk .. - 
Yellow color, stinks badly, little auapended 

mattar, no animal life. 
Almost clear, trnnspmnt and colorleea, no 

smell, no visible animal lifo. 
Colorless, slight mell. little suepended matter, 

no visible animnl life. 
Blnckish color, stinks badly, very opalencent, 

full of suspended matter. animal life. 
Almost colorless, very slight smcll, little sua- 

pended matter, no animal life. 
Alnlost colorless, slight smell, small quantity 

suspended matter. 
Yellowish oolor, nasty emell, little auspendd 

mattcr. 
Yellowish color, very ~ p ~ ~ ~ t  me& little 6.68 177.M) Do. 

suspended mnttcr, animal life. 
Almost colol.lelrs and transparent, very little 1 1 1  0.60 3560 

85.74 

6-24 

9-96 

68.00 

8.63 

susoendd matter. ' I 1 O r  i .-!I i, Il..w *.#.ltr. unrltxruint mell, much 1 )O11 337.251 Do. . 
\ L I . I L ,  t ~ ~ l v u l  r~~:htt,.r. 

W h ~ i  , ~ ~ l ~ ~ r .  *l1~1lilc np,tlr,rrr,nt, little eos- 
prndctl ~nr~tter, flnimnl 1 ilh. 

Ycllowkh green color, slight amell, much am- 
pended mattcr, animal life. 

Almost colorless, no mell, little m p n d e d  
matter, no visible animal life. 

727.75 

218'00 

819.60 

660.25 

426.00 

0'46126026 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

831118T15 Do. 

Do. 

Do. 

Do. 

I 
6.04 

82'40 

8'62 

319.50 

1029.5 

582'60 



July 12. 

11 16. 

Date. 

- 

Glangaram Barick'a Well, 
4, Byeack Bagan Lane. l 

27, Zig Zag h e .  

48-2-2, Bulloram Dey'e 8t. 

Jogendra Nath Matee, 4, F 
Bysack Bagan Lane. I 

Demoription. 

------ 

Locality. 

J 

F 

8 
.d ." 
Y 
m 

19. Dnrjeepnm Street. 1 0 

Complaint. 

Complaint. 

& o n  why water 
aae submitted 
to analysis. 

--.----- 

1, outram street. 

4, Nnrsing's Lane. 

840, Upper Chitpore R d .  

For improving 
Gowale Bustee. 

0 

I 

B 

Brownish color, faint amell, much suspended 
matter, animnl life. 

Deep yellow brown color, unpleasant smell, 
large quantity of suspended matter, animal 
life. 

Deep yellow brown color, slight smell, amall 
quantity of suspended matter, no visible 

For improving 
&w& Buatee. 

Cholera, in 
neighbourhood. 

Complaint. 

Cholera in 
neighbourhood. 

Do. 

animnl life. I Yellow brown color, unpleasant emell, small 46.80 852.00 Do. 
quantity of supended matter, vinible ani- 
mal life. 

Almoat colorlese. no emell, ma l l  quantity of 8.07 813'00 Do. 
suspended matter, no vleible animal life. 

Slight color, stinks on keeping, oonsiderable 468  17.75 Do. 
quantity of snapended mattcr. 

Yellow color, faint unplearant smell, no m- 7.28 801.75 Do. 
pended matter. 

Yellow color, slight unploaaant smell on h p -  
ing, small quantity of eunpondd mutter. 

1.17 218.00 Do. I I 
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Taking the results obtained by the Total Ammonia Teat, and judged 
by the standards which have been put forward by Prof. ~ a n k $ n ,  and the 
additional somewhat rough ones suggested by myself, it will be eeen, as 
might be expected, that no single tank or well water was of extraordinary 
organic purity, and that there were only seven tank waters included under the 
head of " safe" waters, five of which were from tanks on the maidan. Of 
dirty waters there were 26 out of the 200 or 13 per cent. ; of waters con- 
siderably contaminated with sewage matter 64 mere found, or 32 per cent. ; 
of dilute sewages there were 32, or 16 per cent: ; and of real genuine 
sewages 71 were found or 85h per cent., that is rather more than one 
third of the whole number. 

I n  the following table these results are separated into the two clulses 
of tank and well waters, and it will be seen that the impurity of both 
descriptions of waters is nearly equal when judged by this test. 

Wellwaters, ..... 16 0 0 76 
3 i 21 0 0 100 

Perccntago of both 
wcll and tank1 
water, ............ 1 a64 11; 1 32 13 34 0 100 

I n  con~idering the quantities of clilorine present, notice must be taken 
of the fact that in a well water the amount of chlorine will be relatively 
greater tlian that of the total ammonia derived from the organic matter, 
because in the filtration of the water through the mil to reach the well, 
all the insoluble portions of the organic matter present in the sewage, etc., 
will be stopped, whilst the chlorides will readily pass through i n  solution. 
Again in the filtration of contaminated water through layers of earth or 
soil, a certain proportion of the organic matter will be oxidized and convert- 
ed into inorganic compounds such as nitrates, which will not yield any 
ammonia on distillation with alkaline potassium permanganate. Thus we 
may expect, that a larger proportion of the well waters will be condemned 
by the chlorine process than would be condemned by the total ammonh 



Water eupp lie8 of Ca leuita. 

Tbe following table will show the classi6cation of the tank and well watem 
according to the amounts of chlorine. 

14 16-- 7 
Percentage, ... 11 

3 i, 
6 1 6 1 1 1 . 0  

It would of course be quite permissible to consider waters which have 
been condemned by either of these two methods to be =wages, dilute 
sewages or unfit for domestic use, etc., but on inspection of the tables 
it will be seen, that as a general rule a water which is condemned by the 
total ammonia test is also condemned by the amount of chlorine present. 

The results, however, are sufficiently startling, if -we only take the 
mean of the results of the two determinations ; and at the very lowest esti- 
mate it must be said, that of the 200 samples of Calcutta tank and well 
waters examined by me, forty-four per cent. were true sewages, twenty-two 
per cent. were dilute sewages, twenty per cent. of the waters were contarni- 
nated with considerable quantities of sewage, nine per cent. were '' dirty 
waters," and about four or five per cent. only were moderately safe waters. 
These last consisted principally of the well kept tanks on the maidan, and 
two or three others in the southern part of the town. 

In the next table I have grouped the well and tank waters according 
to the sections of the town to which they belong ; in this table I have 
given, first the name of each section and its population per acre according 
to the census of 1876, then the total number of waters analysed from each 
section, with their classification according to the plan before adopted. 
There is also given the average composition of all the waters malysed in 
each section. It will be strikingly seen from this table, how much more 
impure the tanks and wells of the northern divisions are, than those of the 
southern sections of the town. 

1 I 76 
1 100 

a .  49 1 18 1 1 I I : '  2 

:2edFk1 624 18 74 1 I )  2 

Percentage, ... 64 

Percentage of1 

24 1 3 
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I..!. 

d ,- I A m o s  
Jj 3 roxPo3mox 
C 

ALL 1F.4naa 

SAME OP S ~ C T I O ~ .  

- - I -  . 

A. Tan& lfatcr.. 

Shampooker, ... 
Koomartooly, ... 
Burtolla, 
Sookea'a Street, ::: 5 2 6 1 0 0 6-48 81511 
Jorabagan, ... 1 0 0 0 0 o 17-00 319.5 
Jorsaanko, ... 4 1 1 0 0 0 26-21 815.8 
Burrs B m ,  ... 1 0 0 1 0 0 4% 191s 
Colootollah, ... 1 0 0 0 0 0 92.40 1775 
Moochceparra, ... 1 1 0 0 0 0 8.20 1991 
BOW Bazar, ... s o e o o o ei.931m; 
Puddopooker, ... 11 2 0 0 0 0 61.771307.8 
Wntcrloo Street, ... 0 0 0 0 0 0 
Fenwick Bazar, ... 1 0 0 B 0 0 196lIM-O 
Taltollnh, ... 7 8 4 o 0 o 23.70 2u9 
Colinga, ... 1 2 6 1 0 0 6-13 1640 
Park Street, ... 0 0 0 0 0 0 
Bamun Bustee, ... I 

1 1 0 1 0 o 7.17 : l6Z.1 
Hnstinp, ... 0 0 0 0 2 1 0991 530 
Maidan, ,., 

B. Tel l  Tatera. 

Shampooker, ... ... 
Koomrutooly, ... ... 
Burtolla, ... ... 

...... 

A 
B 
0 

... 

Sookea's Street, ... ... D 871 2 0 
Jorabagan, ... ... E 152 25 2 
Jomeanko, ... ... F 137 7 1 
Burra Bazar, ... 1 
Colootollah, ... 0 
Moochceparra, ... , . I  141'7 2 2 
Bow Becar, .., ... , J  166 2 0 1 

r-- 
D q t z e d  bv <'l'r'";- 7 c 

A 

0 
16 
1 
3 
1 
B 
0 
2 
0 
1 

Puddapooker, ... ...I K 119 4 
Fonwick Bazar, ... 2 
Taltoll~h, ... 2 

6 

7 5 : l  
16312 
84' 6 

0 
2 
0 
2 
0 
0 
1 
0 
0 
o 

2 
1 
o 

0 

.O 
1 
1 

1 
8 
1 

0 

0 

0 
8 
1 

0 

0 

49871 621'8 

0 
1 
3 

21.17.3711 
19.87 l533Q 
1.82 14108 
0.33 6390 
5.68'E)9.4 
1.711W6 
18.95 518-7 
6-62 14Bu 

0 
0 
0 
0 

o 
o 
0 
o 

0 

0 
0 
0 
0 

1 0  
0 
0 
0 
o 

0 
0 
0 

2 

0 
0 
0 

3 0.09'19.1 

0 
0 

OU.805898 
17.90:46&1 
3-99!%4M I 



Water nylplier of Calcutta. 

I n  classifying these waters I have not separately considered the two 
numbera I obtained by analysis for the total ammonia and chlorine, but 
have decided on the character of each water fmln the amounts of both these 
substances, and this table would therefore show the exact character which 
I have attached to the waters which I have analysed. 

I scarcely think that i t  is necessary to  criticise in detail the numbers 
which I have obtained in these analyses. In some instances the results of 
analyses &owed that the tank and well waters are considerably more im- 
pnre than the very concentrated Calcutta sewage, which was collected ab 
the Pumping Station on December lath, 1876. I have indeed never read in 
any work or research of euch horribly filthy waters as these are, and they 
are waters which are now, or have been formerly w d  for domestic purposes 
by many of the poorer inhabitants of Calcutta. 

Taking the numbera given in the foregoing tables, i t  may be said as a 
general result of the whole of these analyses, that an average Calcutta tank 
or well water contains 16.2 parts of total ammonia and 320.6 parts of 
chlorine per million of water. This i t  will be remembered from one of the 
previous tables, is if anything rather more impure than ordinary English 
sewage as obtained and analysed by Prof. Wanklyn. I n  the table referred to 
Prof. Wanklyn found in a sample of sewage 17.10 parts of Total Ammonia 
and 141.4 parts of Chlorine. We may also say that the average Calcutta 
tank or well water contains more than 400 times as much organic nitrogenous 
matter ae is usually present in the hydrant water. 

I have, however, no wish to enlarge to any extent on this decidedly 
nauseous topic, but perhaps the most striking condemnation of the well 
and tank waters of Calcutta, and which will appeal to every inhabitant, 
whether ecientific or otherwiee, is to say, that a good average quality of 
Calcutta tank or ehallow well water may be made, by miring six parts of 
our preaent hydrant water with from one to two parts of the most 
concentrated Calcutta aewage. This artificial tank or well water will be of 
about the average composition ; it will also be so far as can be judged, 
equally healthy for potable and domestic purposes, and as for its taste, 
odow, etc., it will probably be rather superior to the general run of Calcutta 
tank and well waters. 

So far as I can ascertain this was the kind of water which was com- 
monly used for drinking and domestic purposes in Calcutta in former days, 
and which may to a certain extent be still used by the poorer inhabitants of 
the northern quarter of the town. 

l?b present water apply ,  i. e., the Hydrant water. 
I need scarcely mention that o w  present hydrant water consists of the 

Hooghly water pumped from the river at  Pultah ; i t  is there collected in 
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settling tanks, and after subsidence i t  is filtered through sand and then sop. 
plied to  Calcutta. As I have made some remarks as to the quantity of the 
former water supply of Calcutta, this paper would not be complete if I didnot 
refer to the quantity of our present supply. From the Report of the 
Municipality for the year 1679, I find that as the average for the whole year, 
7,464,159 gallons of filtered water were daily supplied to the town. Becord- 
ingto  Mr. Beverley's Census of 1876, the number of inhabitants was 
429,535, and each inhabitant would therefore receive 17'4 gallons of filtered 
water daily. But in addition to the filtered water, there is an unfiltered 
supply pumped up a t  Chandpal Ghat which is widely distributed through the 
town, where i t  is I believe used for such purposes as watering the roads and 
streets, flushing latrines and sewers, filling reserved tanks, etc. The dail y 
unfiltered supply was on the average of the whole year, 1,091,866 gallons, 
and therefore the total daily supply in Calcutta for the past year was 8 

8,556,025 gallons, equivalent t o  19.92 gallons per head, or practically there 1 

were 20 gallons of water available for domestic and sanitary purposes for 
each inhabitant. This though perhaps not an abundant supply is a fairly 
liberal one, and is very much larger than the quantity of the old supply from 
tanks and wells. It is, however, not equal to the quantity allowed in most 
European towns, for aa pointed out in a former part of this paper the average 
daily water supply of English towns is a t  least 25 gallons per head of popula- 
tion. I u  this country, however, it would appear that a more liberal supply 
would be required than in a European climate, and it has therefore been 
proposed to double the present amount of filtered water, in which case 
Calcutta would receive a daily supply of 16,000,000 gallons equivalent to 
97.2 gallons per head. If this proposal is carried out, the supply of filtered 
water will be most abundant, and i t  will be amply sufficient for every possible 
want of the town so long as it keeps to its present dimensions. 

The quality of the hydrant water as I mentioned before has been 
deternlined for four years, month by month, by Dr. Frankland's process of 
snalysis. This is certainly the most elaborate and complete method dis- 
covered, and i t  is believed to  show the quality of a water, not only as regards 
its present actual constituents, but also to indicate to a certain extent, what 
its previous history has been. I n  this process i t  may be stated the follow- 
ing operations are l~erformed: first the amount of total solids dissolred 
in the water is estimated, then the amounts of carbon and nitrogen 
present in the organic matter are determined (these are called organic 
carbon and organic nitrogen in the following tables) ; next the amount of 
free ammonia present (if any) is determined, and the amount of nitrogen 
contained in the form of nitrates or nitrites is estimated ; the amount of 
ehlorine present as chlorides is also determined, and finally the hardness of 
the water, temporary, permanent and total is estimated. Of these deter- 

i 



minations the second, third, fourth and fifth are the most important 
from a hygienic point of view. Thus the amounts of organic ' 

carbon and nitrogen represent the organic matter existing as such in 
the water, a t  the time of analyeis. The ammonia may to a certain 
extent bedue to  the original ammonia we find in rain water, but more 
generally it may have been produced by the introduction of sewage 
matter into the water. The nitrates and nitrites present in water are 
derived from the oxidetion of nitrogenous organic matter ; thie oxidation 
may have taken place either in the water itaelf, or in the soil on which the 
rain water fell. Them last constituents are to be looked on with suspicion 
unless the  water i n  derived from a deep well, when it may contain consi- 
derable quantities of these enbstances without giving rise to any alarm. 
It is not that nitrates in themselves are injurious in any way, but their 
occurrence in any quantity in river or shallow well waters shows, that the 
water must hove been either contaminated with some nitrogenous organic 
matter in a s t a t .  of decomposition, or in some circumstances where decom- 
posing nitrogenous organic matter had been previously present. It ie 
pointed out that it must be more or lees dangerous to drink water that has 
thus been contaminated with organic matter or with nitrates derived from 
organic matter, for i t  is possible if not probable that in such a water the most 
noxious of all its constituents would entirely escape oxidation or any kind of 
change. The reaeon for thie opinion is very clearly expressed in one of 
Dr. Frankland's papers on potable water. I n  the Journal of the Chemi- 
cal' Society, March 1868, a t  page 81 of his Memoir, he says-"There 
ie also another aspect in which the previous enwage conkmination of a 
water (i. e., the presence of large quantities of nitrates etc.) assumes a 
high degree of importauce ; if the ehell of an egg were broken, and its 
contents besten up with water, and thrown into the Thamee a t  Oxford, the 
albumen would probably be entirely converted into mineral cornpounds 
before it reached Teddington, but no such destruction of the nitrogenous 
organic matter would ensue, if the egg were carried down the stream 
unbroken for the .same distance; the egg would even retain its vitality 
under circumstances which would break up and destroy dead or unorganised 
organic matter. Now excrementitious matters certainly, sometimes, if 
not always, contain the germs or ova of organized beings, and ae many of 
these can doubtleee retain their vitality for a long time in water, i t  follow6 
that they can m i s t  the oxidizing influences which deetroy the excremen- 
titiouimattere associated with them. Hence great previous sewrrge con- 
tamination in a water means great risk of the presence of these germs, 
which, on account of their splurwness and minute &e, utterly elude the 
most delicate determinations of chemical analysis." A considerable number 
of chemists have put forward the statement, that a river water which hae 

16 
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been contaminated with eewage mattere will entirely purify itself in a fiaw 
of a few milee, and will thus again become fit for potable and domestic 
purposes. The weigbt of the evidence appears however to dieprove thia 
statement, and further experiments made by Dr. Frankland hare l o r n  
that this oxidation of sewage matter when present in running water is 8 

process of extreme slowness. Thue in the report of the Rivere Pollution 
Commissioners, he writes : 

6GAssuming, however, that if the polluted mter had been const.ntly 
exposed to the air, a portion a t  least of the oxygen wed would have been 
mplaced, and wuming further that the oxidation proceeded during 168 
hours a t  the maximum rate observed, then a t  the end af that time, only 

. 62.8 per cent. of the sewage would be oxidized. 
. It is thus evident that so far from mwqp mixed with 20 itr 
volume of water being oxidized during a flow of 10 or 12 miles, -1y 
two-thirds of it would be eo destroyed in a flow of 168 miles, a t  the nte 
of one mile per hour, or after the lapse of a week. But even this reault 
is arrived a t  by a series of essumptions which are all greatly in favonr of 
the efficiency of the oxidizing process. Thus, for instance, it is a e s d  
that 62.3 per cent. of sewage ie thoroughly oxidized, and converted into 
iuoffensive inorganic matter, but the experiments showed that, in fact, no 
eewage matter whatever was converted or destroyed even after the lapre 
of a week, since the amount of carbonia acid diesolved in the w.ter 
remained constant during the whole period of the experiment, whilst, if the 
sewage had been converted into inorganic compounds, the carbonic acid, w 
one of them compounds, must h ~ v e  increased in quantity. 

" Thus, whether we examine the organic pollution of a river at dif- 
ferent points of its flow, or the rate of disappearance of the orgmnio matter 
sf sewage when the latter is mixed with fresh water, and violently agitated 
in contact with air, or finally, the rate a t  which dissolved oxygen dieappe~ 
in water polluted with 5 per cent. of sewage, we are led in each cam to the 
inevitable conclusion, that the oxidation of the organic matter in sewage 
proceeds with extreme slowness, even when the mwage is mixed withs 
large volume of unpolluted water, end that i t  is impossible to say how fu 
such water must flow before the sewage matter becomes thoroughly o x i d i i  
It will be safe to infer, however, from the above wsults, that there ie no 
river in the United Kingdom long enough to effect the destruction od 
wwage by oxidation." 

Thus Dr. Frankland is of opinion that a river water once h g d ~  
contaminated with sewage or organic matter csn never of it& beeoms 
sdciently pure again to be a eafe water supply. To this point I shJl 
again have occesion to refer, when speaking of the proposed m u m r  of 
new supply. 



From these remarks it will be seen that in judging of the quality of 
a potable water by Frankland's process of analysis, we pay the greatest 
amount of attention to the amounts of ammonia and of organic carbon 
and  nitrogen, aa representing organic matter actually preeent, whilst we 
depend upon the amount of nitrates (and to a considerable extent also 
on  the amount of chlorides as explained in the previous part of this paper) 
to indicate organie contamination which has become oxidized. The amounts 
of  total solids and of Hardness although important from a manufacturer's 
point of view, do not seem to  have any marked action on the health of 
persons drinking such water, except when such constituents are present 
in very large quantities. 

Dr. Frankland has unfortunately not fixed upon any very definite dan- 
dad as to the amounta of the above substances which may be present in 
water and yet not render it dangerous, and in fact it is almost impossible 
fo draw any hard and fast rule ; but so far ae can be ascertained from hia 
writing4 Dr. Frankland appears to think that 8 supply which contains 
0'10 parts of organic carbon and nitrogen in every hundred thousand parts 
sf water ~IJ of " great organic purity," whilst one containing 0.30 parts of 
the same substances in the Bame volume should be considered a water of 
" fair organic purity." If the quantity is above this a water would be of 
doubtful purity, and if in still larger quantities the water would be 
recognized as impure. 

I n  order to give an idea of the quantities of these various substances 
present in the water supplies of many of the large towns in England, and to 
show the average composition of different eamples of water from various 
aonrces, I append a table giving the results by this method of analysis of the 
London water supply from the rivers Thames and Lea, and from the deep 
we& in the chalk, also the results of the Edinburgh, Qlasgow, Liverpool, 
Mancheater and Dublin water supplies, and the average composition 
derived from the analysis of a large number of samples of rain water, 
upland surface water, spring water, and eea water. Most of these numbers 
are taken from the various reports of the Royal Commissioners who 
were appointed to investigate the Pollution of Rivers in England, but 
eome of the numbers come from the article on Water Analysis given in 
' Sutton's Volumetric Analysis." 

& Ta'able, page 120. 
Having t h w  settled our standards for compari~on, we can now discuss 

the  present water supply of Calcutta. The results obtained by the analysis 
of the Hydrant water are given in the following table; the numbers 
shown for each month are the averages for the pmt four years, and at  the 
foot of the table, the general average for the whole of tho four years is 
appended. 

See l'abb,page 121. 
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CALCUTTA HYDRANT WATER. . 
AVEBAQE mavL!ra mar THE h m s ~ e  OF mvn was#. 

RseuZts of Analysis expeesad L parts per 100,000. 

Haaonllee. 

Enmmce. 

Average for let of January, ... 
Do. February ... 
Do. w ... 
Do. Ap nl,... ... 
Do. May, ... ... 
Do. Jme, ... a,. 

Do. Jaly, ... ... 
Do. Angnat, ... 
Do. September, ... .046 '096 068  1.34 3.00 4.34 
Do. Odober, ... -027 -077 0.61 1.39 3.32 4.n 
Do. November, ... -021 975 0.73 8.16 2.92 5-07 
Do. December, ... ,025 '067 0.88 2.65 2.93 6.48 

Barns, .., ... ... -4Q3 -975 11.45 29.52 36.17 65-69 

-------- 
Average for yes~ ... ... 934 981 0.95 2.46 3.02 6-43 
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Taking the numbers repreeenting the general average for the year end 
comparing them with the standards which I have suggested from Dr. 
Frankland's works, we find that the Calcutta water falls just outside the 
class of waters of " great organic purity," but that it is well within the 
class of waters of " fair organic purity." 

Comparing again the numbere with tboee given in the previous 
bible we find that the Calcutta Hydrant water though not so pure ae the 
London waters derived from the deep wells in the Chalk, is certainly 
purer than the watera derived from the Thames, and perhaps also from the 
Lea. It is rrlso decidedly more free from impurity than the water supplies 
of Edinburgh, Liverpool and Dublin, but taking all the constituents into 
consideration, it is not so pure as the Glasgow or Mancheater supplies, or rtl 
the Rhine water above Schaffhausen. Comparing the Hydrant water with 
the average composition of mpollutsd upland surface water as given by Dr. 
Frankland, we find that it is scarcely so pure aa unpolluted water should be, 
and we are therefore compelled to admit that the Hooghly water has been 
slightly contaminated before i t  reaches Pultah. The amount of contami- 
nation is, however, not very great and as pointed out before, the Calcutta water 
falh well within the class of waters of medium purity. That the Calcuttr 
water mud be contaminated to a certain extent will be I think obvious 
to any one who is acquainted with the customs of the inhabitanta of India, 
and more particularly of the inhabitants of villages and towns on the 
banks of the rivers. This contamination is a drawback to the complete 
aafety of our water supply, for aa pointed out previously, Dr. Frankland 
is of opinion, that a water once contaminated is always dangerous, and 
that the self-purification of a river which is so strongly insisted upon by 
certain persona is exceedingly slight. It does not however a t  prkaent appear 
to be possible to cut off these sources of contamination, and the Hydrant 
water though good ia not a perfect mpply. Every effort however should 
be made to keep this previous contamination down to the lowert possible 
point, rnd it is to be hoped when systems of drainage are being introdaced 
into the up-country towns, that the sewage from them will not be allowed 
to find its way into oar river. Speaking generally the eewage from any 
one town should not be allowed to find ita way into a river which ia ueed 
o source of water supply for other towns lower down. 

It is not my intuntion to criticiae these average numbers indetd, 
but it will sueice to say that from the absence of ammonia and from the 
sm$lness of the amounts of organic carbon and nitragen, and of nitrates 
and nitrites, and also of chlorine, i t  ia clearly evident that the contamination 
of the Calcutta water is really such smaller than might have been a- 
pected under the circumstances, and we may reat assured that our - 
supply is of fairly good quality, better in fact then that received by the 
majority of large towns in Europe. 



In coneidering the  results of the analysis of the Calcutta water 
month by month, we find that ita composition varies considerably a t  
different parts of the year. A close inspection of the table will show 
that apparently there ere two distinct c a m e  a t  work in modifying the 
composition of the water. The first prominent cause, and the one which hm 
by far the greater influence, is to be found in the commenoemenf, 
and during the continuance of the rainy seaeon ; the second and smaller 
cause appears to be the melting of the Himalayan snows by the burning 
sun of Much, April, May and June. Thew changes are most clearly noticed 
in the column of Total Solid Impurity, and here we read that starting in 
January the amounts of total eolida gradually increase up to March, when 
22.37 parts are present in every hundred thousand parts of water ; in April 
and May the quantities steadily and gradually diminish, the numbere being 
81-68 and !3l*!dB respectively; this decrease continues until June 1st when 
t h m  are only 19.43 parts of solid impurity present. These numbers of 
course oorrespond with the gradual and increasing diluting effect due to the 
admixture of pure snow water with the  ordinary river water. I n  the middle 
of June, however, the rainy season usually commences, and there is a sudden 
decrease in the solids owing to the diluting action of the enormous volumes of 
rain water, and we find only 18'04 parts on July 1st ; from this time there 
ie a slight but steady decrease until October, when the water contains the 
smallest amount of solids present a t  any time of the year ; the average for 
October 1st  showing 11-30 parts. After the complete cessation of the 
rains (nfter November 1st) there is again a sudden rise in the total solids, 
and on December lst, 19.44 parts are present. Some of the other columns of 
figures show a somewhat similar change, but in the case of the organio 
matter the change is not very marked. I n  the amount of nitratsa 
present in the water, there appear to be two distinct maximum quanti- 
ties during the ydr ,  one in March a t  the time of greatest concentra- 
tion of the water as before mentioned, and the second a t  the commence- 
ment of the rains. This second maximum ia readily accounted for when 
we consider, that the first effect of the rains will be to dissolve out the 
nitrates which have been accumulating in the soil of the drier parts of 
the country during the hot season ; the amount of nitrates, however, i t  
will be eeen, eteadily decreases towards the end of the rains, and this to a 
certain extent confirms the explanation. 

Indeed during the first weeks or even days of the rainy season, the 
composition of our water supply is undergoing very rapid change, owing to  
the  diluting action of the rain, and to the fact that the fimt showere of rain 
will wash out considerable quantities of soluble organio matter, nitrate0 
&., from the soil ; afterwards, however, the rain water will run off com- 
paratively pure. We shall therefore expect that the first action of the rain 
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will be to decrease the total solids, and to increase the amounts of organic 
impurity and of nitrates, and that afterwards all the constituente will 
decrease in quantity. 

That such is the case may be seen by the following analyses made on 
June 1&, 23rd and 26th and July 1st of last year. Each of the analyeee 
ehows the gradual dilution of the water by the heavy falls of rain in the 
districts from which our supply is collected, and the increase of organio 
matter and of nitrates due to the washing out of the substances from the 
soil by the first showers of rain. 

HOOGHLY WATER. 

h l t u  of Ancrlysio capeused in park par 100,000. 

Extenuwn of the Pre~mb Water #upply. 

As pointed out previously i t  is now proposed to double the supply of 
filtered water for Calcutta, and recently a proposal has been urged on the 
Corporation to collect the new supply of water a t  Cowipore or Dukhinsabu 
instead of as a t  present at Pulhh. As I was consulted on this subject and 
gave a etrong recommendation that the water should not be taken from any 
place near to Calcutta, but that the present source a t  Pultah should still be 
used, I may perhaps be allowed to give the substance of my arguments again$ 
the two proposed sources of supply a t  Codpore and at Dukhi~lsahar. 

My opinions on this point are to a great extent founded on some 
previous analyses of the river water taken a t  various points near to Calcutta, 
which were made by Dr. Macnamara and Mr. Waldie, when the Calcutta 
supply was first being introduced, but in addition I have my& made a few 
analyses which have confirmed me in my conclusions. 
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The usual time for pumping up the water from the river into the 
settling tanks is at five hours' ebb ; this is of course done so as to avoid 
the possibility of taking in any tidal water and as far as possible to secure 
only the true river water. The proposals for taking the water for these 
two places appeared then to resolve themselves into two questions. 

(a) Whether at  five hours of ebb the water off Cossipore, at  al l  
rm#ms of the yew can be relied on as a safe source of water-supply. 

( b )  Whether a t  five hours of ebb, the water at  a distance of two or 
three milea above Cossipore, a t  all reasons of the year, can be relied on 
as a safe source of water-supply. For I think it will be generally admitted, 
if a t  either place, a t  any one season of the year, the quality of the water 
cannot be relied on, this would be equivalent to  a condemnation of the 
proposed place of supply. 

Before proceeding to ddal with the actual results of the analyses 
which have been previously made by the two gentlemen abovementioned, it 
will be well to take a general review of the conditions of our river from which 
the water-supply is to be derived. The river, as is well known, is a tidal 
one to  a considerable distance above its mouth, and i t  appears certain that 
the tidal water does not at  any season of the year, or under any ordinary 
circumstances, reach higher than Chineurah. I have already shown in a 
previous part of this paper that the true river water, as i t  has been delivered 
of late years in Calcutta, is a tolerably pure and reliable supply, and that 
there has never been the slightest suspicion of any appreciable admixture 
of tidal water with the natural river water, in the hydrant water now 
supplied from Pultah. This of course, is because the water is collected 
at a considerable distance up the river, and thst it ie taken a t  five 
horn '  ebb. 

The tidal water however, in flowing up past Calcutta undoubtedly, 
must become contaminated with a variety of'impurities. I t  may be true 
that  a large proportion, or perhaps nearly the whole of the sewage, as 
collected in the drains of this town, is now carried to the Salt Water Lakes, 
but no one, knowing the habits of the lower orders of the natives of this 
country, will believe, that this represents the sum total of the sewage. 
In  all probability, there is a large amount of filth of various kinds, which 
finds its way direct into the river. Again, on the banks of the river 
numerous factories have now sprung up, and i t  will be quite unlike the 
usual experience in England if these factories, unrestrained by Acts of 
Parliament, do not also send a large amount of filth, refuse, &c , into the 
running stream beside them. I am not aware what sanitary arrangements 
am made on the Howrsh side of the river, butait has always appeared 
t o  me, thst a large amount of drainage reaches the river from that 
BOUrce. 

17 
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Also it must be remembered that Calcutta is a large shipping port ; 
thus on the average I believe there are about 2,000 ve58ela annudl1 
arriving and departing from the port, aggregating nearly two and 
a half millions of tons ; to theae most be added the very large numbers of 
country boats, dinghis, &., which line the shores and which help to carry 
on the great and increasing trade of Calcutta. Omitting the actual husinem 
operations carried on, i t  must be admitted, that the crews of these vegselr 
will add a not inconsiderable amount of sewage contamination t o  the river 
water. The tidal water, in flowing past Calcutta, must of necessity then 
carry with i t  all such contamination, and will in that state be probably, if 
not certainly, unfit for drinking, or even for domestic purposes. 

I think it cannot be disputed that, in selecting a site from which to 
collect water for drinking and domestic purposes, it will be essential, that 
a t  all seasons of the year, a t  the ordinary time of collection, (five hours' ebb) 
there shall be practically no admixture of tidal water with river water 
proper ; for i t  is evident, that the tidal water will always be contaminated 
with various kinds of organic matter. I I 

Tho two questions which I suggested previonely, thne become limited 
to the consideration of whether a t  Coesipore, or a t  two or thme miIec 
above it, the water at  five hours' ebb is free from contamination with tidJ 
water a t  all seasons of the year. It would be bad enough to supply 
brackish tidal water for drinking purposes, but far worse to  supply tidrl 
water, which had collected all sorts of filth and abomination on its WILJ 

UP* 
Having mggested what i t  appears necessary to prove, we can now 

pass on to the consideration of the analyses which have been d e  on thir 
point. Most of these analyses were made from 12 to 18 years eince, when 
comparatively little attention had been given to the subject of water 
analysis, and an important part of the method of analysis then employd 
bas been since shown to be eminently untrustworthy and unreliable. The 
suitability of a water for domestic purposes is (as pointed out previonsly) 
believed to depand principally on its freedom from organio contamination, 
I am sorry to say that the methods for the determination of organic 
matter in water, used in the old analyses under notice, have been eince 
shown to give a t  the best but very rough indications, which do not st d 
represent the absolute amounts of organic matter present. Though them 
methods of analysis failed to give thoroughly reliible information, yet I 
do not think i t  too much to assume that, to a certain extent, they grm 
information as to comparative purity of samples of the same wri&y of 
water, and valuable information may thus be extracted from them. By 
this I do not mean to say that the exact proportional freedom of the wster 
from organic matter will be represented by the figures given in these a n a l p )  

1 
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but I do think that they may indicate that certain samples are less pure than 
others, and so on. For the purpose of a ample comparison, these results 
will be almoef ae useful as absolute statements, for we may work on the 
basis, that the good quality of our Hydrant water has been satisfactorily 

I 
demonstrated. 

I n  passing I may mention that Mr. Waldie disputes the correctness 
I of Dr. Macnamara's results as to amount of organic matter preeent in the 

water, but i t  would be quite as easy for me, with a knowledge of the 
progress of the last ten years, to dispute the correctness of Mr. WaldieSe 
results, so that in both cases, the results of the old analyses as to organic 
matter are to be accepted se comparative etatements, rather than actual 
truths. It must be clearly understood, however, that I have no wish to  
under-rate the value of the work done by Dr. Macnamara and by Mr. 
Waldie ; far from it, I believe that the results criticized are se accurate 
and reliable as could be obtained by the processes then known, and in 
those portions of the work, where the methods of analysis have not been 
changed, I think we may rely, with certainty, on the accuracy of the 
r e d t s  given. 

I n  the face of the above facts, I may be pardoned, if in considering 
these old analyses I draw more particular attention to the determination 
of the inorganic snbstances present, where the methods of analysis have 
scarcely ohanged, and refer less to the determinations of the organic 
eubstances present in the water. 

In  tidal water, that is water of which a part a t  least has been derived 
from the sea, sodium chloride, or common salt, is a prominent ingredient. 
I n  the table given on p. 120, i t  will be seen that sea water contains no less 
than 1975.6 parts of chlorine per hundred thousand of water ; thie substance, 
on the other hand, is present in very minute quantities in the true river 
water, and hence we have a crucial test to apply, in order to determine the 
presence or absence of tidal water in the samples in question. It may here 
also be well to remark that the process of analysis for the determination 
of chlorine in watera has not changed since the period when the analyses 
by Dr. Macnamara and Mr. Waldie were made, and therefore we may 
entirely rely on the accuracy of the results given as to the amounts of thir 
constituent present in the samples of water analysed. 

I n  the following table I quote four sets of analyses made by Dr. 
Macnamara of water collected, at low water in each case, from three 
different points in the river, namely, at Chinsurah, Pultah and off Cossi- 
pore, (one mile above Baug Bazar Bridge). For the sake of comparison I 
have dded  to the table some of the numbers obtained in the regular analysis 
of water for the year 1878. 
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ANALTBEB OF WATER TAKEN IN TEE MIDDLE OF STREAM sxx m 
FROM SURFACE. 

Reaults expreeued in pnrts per 100,000 of wnter. 
t I I I 

I .... ,j Total ~o l id  rcsidue from filtered water ...................... Organic matter .................. Insoluble earthy salts .......................... ...................... Soluble mlta 
Sodium chloride 

Low / w_ 

.... Total solid residue from filtered water 23.1 ...................... Organic matter 6.0 .................. I n d ~ l b l e  earthy d t a  141 .......................... ........................ Solnblo snlts 2.7 
Sodium chloride 

.... Total lolid residue from filtered water 24.6 ...................... Organic matter 6.0. .................. Insoluble earthy d t a  16.7 .......................... ........................ Solublc mlta 91'6 
Sodium chloride 

Sodium chloride ...................... 1-01 1.87 1.70 079  

An examination of this table and of the numbers given in previous 
parts of this paper shows clearly that the pure river water, i. e., the present 



hydrant water never contains more than two or at  the outside three 
parts of sodium chloride per 100,000 of water. This is proved by Dr. 
Mmnamara's analyses of the water at  Chinsurah and Pultah, and also by 
the numbers obtained weekly and monthly by myself. 

When however the analyses of Cossipore water are considered, it will 
be seen that, whilst a t  low water in September and December, its com- 
position is very similar to that of pure river water collected higher up : in 
March and more particularly in June, there are very striking differences. 
Thus on June 12th 1862 whilst st Pultah, there were only 26 parts of 
solid impurity and 3.6 parts of sodium chloride or salt in every 100,000 
parts of water, at Cossipore (one mile above Baug Bazar Bridge) on the 
same day, and at low water, in the same volume there were no lese than 
97-1 parts of solid impurity, of which 65.7 parts were sodium chloride. 
This clearly indicates that on this occasion, there was a very large admixture 
of tidal water with the river water. Dr. Macnamara's results, as to the 
amount of organic matter, also appear to show that in June, there was 
much more present in the Cossipore water than in that collected at  
P u b h ,  and this ie really what would be expected to be the case. The 
ratio of the organic matter ~hown in the two instances is greater than 2 
to  1, and I think that this diierence must indicate that the water at  Cossi. 
pore did contain an excess of organic matter over that contained at Pultah. 
The abrolute amounts of organic matter were, we now know, very much 
smaller than the numbers given in the table, but we can probably mly, to 
s certain extent, on the relative correctness of the numbers given. 

There appears then to be no escape from the conclusion which Dr. 
Hacnamara draws in his criticism of these results when he says-" the water 
(at Cosaipore) during March, April, May and June is largely intermixed 
with the saline matters of the sea water and the sewerage of Calcutta, and 
during that time ie unfit for human consumption." 

As before pointed out the sewage co~ltamination would be very much 
less a t  the present time than i t  was then, but I have tried to prove that 
we cannot have an admixture of tidal water without a t  the same time 
having organic and sewage contamination. I have no doubt that during 
the rains when a powerful stream is running down, the water at Cossipore 
may be nearly as pure as that at Pultah, but I think that Dr. Mncnamara's 
onalysee alone prove that, during the hot weather months, the water a t  
Cossipow is by no means pure enough to be selected as a water-supply. 

Turning now to the analyses made by Mr. Waldie, i t  appears to me 
that they essentially confirm the results given by Dr. Macnamara. The 
wster tested by Mr. Wddie was taken usually from the river at  Burranagur, 
which is a i d  to be two miles above Cossipore. Here on June 14th, 1866 at 
11-6 A. M., (at loco water) 30.7 parts of eolid matter, of which 14.5 parts 
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were sodium chloride, were found ; again on May 1866, two h m  before 
the commencement of tide, there were 21.60 parts of salt present ; on 
May 2nd 1866, there were 15.50 parts of salt at  ebb-tide, and on June Id , 
1866 at nearly low water, 16-50 parts of sodium chloride were found ; 1 

these numbers being the quantities present in 100,000 parts of water. 
With regard to organic matter also Mr. Waldie's results, though 

showing much less organic matter than Dr. Macnamara'a analyses, to a 
great extant confirm his statements, and prove that ae a rule, there is a 
larger amount of organic matter in the water collected a t  ebb-tide off 
Burmnagur, than in the water collected a t  higher points of the river. The 
numbers above quoted show unmietakeably that a t  two milea above (hi- 
pore during the hot season, there is a decided admixture of tidal water 
and probably of sewage contamination with the pure river water, and that 
this is the case even with samples colleated at low W r .  

The opinion of Dr. Macnamara as to the suitability of Cdpore 
water for drinking purposes, has already been given. I will now quota 
Mr. Waldie's remark in his general summary of res~lts-'~ Can the supply 
be safely taken from the river at  Cossipore ? We can scarcely answer in 
the affirmative." 

I n  conclusion, then, I may say that, so far as can be ascertained from 
the old analyses by Dr. Macnamara and Mr. Waldie, and horn my own 
results, it is my opinion- 

That during the rainy season, and whilst the river ia in full stream, 
the water collectd two miles above Cossipore, or perhaps even a t  Coasipore, 
could probably be used as a fairly safe water-supply. 

That during the hot weather months, if the water ia collected two 
miles above Cweipore, even a t  five hours' ebb, there will frequently, if 
not always, be contamination with tidal water to an extent, which udb 
i t  for a safe water-supply, and the water wiU be contaminated to a still 
greater degree if collected at  Cossipore. 

That this tidal contamination would involve also organic contamination 
to a considerable extent, and that, ae pointed out in a previons part of 
this paper, such organic or eewage contamination cannot become oxidized 
or destroyed during the flow of the water, nor can the water be p d e d  
by the ordinary processes of settlitrg, atration through errnd etc. so as to 
render it a safe supply for domestic purposee. Such water therefore would 
be eminently unsafe for potable purposes and should be at once condemned. 

That unless contrary evidence is furnbhed, the propwed new 80- 

of supply are too near to the mouth of the river and to Calcutte, and 
consequently that it is strongly desirable that the extension of the water 
supply should be carried out on the same principle as formerly, and that 
the water should always be collected a t  Pultah, and not at  the other poinb 
which have been suggested. 

1 
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1X.-On t i e  ZoalogiaaZ Poeiliim of the Bharal, or B l w - h e p ,  of 
Tibet.-By R. LYDEKKEB, B. A. 

(Received Jan. 4th ;-Read Feb. 4% 1880.) 

The Bharal or Blue-Sheep of the Tibetan region is one of those s n i d e  
which are peculiarly interesting, and at  the same time peculiarly puzzling, 
to the n a t u r d i ,  on account of its presenting &nities t o  two distinct 
groups of animals, whereby the determination of ita position in the zoolo- 
gical scale is a matter of some considerably difficulty. 

As I ahall sliow below, the bharal presents points of resemblence both 
to the eheep and the goats, and this intermediate character of the animal 
seema to have been the cause of considerable diversity of opinion among 
naturalistg as to what genus the animal should be referred. The late Mr. 
Bryan Hodgson, in the Society's Journal,* proposed the generic name 
P a d i s  for the bharal. Mr. Hodgson, however, together with the late 
M r .  Blyth, thought that there were two species of the genus, to which 
were given the names P. nahwa and P. bwhal. The latter writer, how- 
ever, according to the late Dr. Jerdon, seems finally to have come to the 
conclusion, that there was only one species of the genus, known as P. nahura. 
The late Dr. Gray, and, I believe, all subsequent writers, have adopted the 
view of there being but one species of bharal. Hodgson's generic distinc- 
tion was adopted by Dr. Gray.+ The late Mr. H. N. Turner,$ however, and 
X r .  W. T. Blanford,$ class the bharal in the genus Oois, though the la& 
named writer does not give his reasons for so doing. 

In  the present paper, I shall notice certain points in the osteology of 
this animal, which indicate its close relationship to the goats, and which, I 
venture to  think, are sufEcient to confirm its generic distinction from OUM. 

Jdr. Hodgson, in his above quoted paper, first pointed out that the 
bbaral differed from all the true sheep in having no " eye-pits," but did not 
point out that the absence of these " eye-pits" was a character common to 
the bharal and the goats. 11 

The so-called " eye-pits" are the depressions which occur in the lachry- 
mal bones of many ruminants for the gland known ae the " larmier." I n  
all the true sheep, the lachrymal bone has a very considerable lnrmial 
depression, and the greater part of the outer surface of that bone is placed 

J. A. S. B., Vol. mi, p. 702. 
t Cet. of E h m a b  in Brit. Mua Pt. & p. 177, 1862. 
2 Bcientiiio Beeulta of 2nd Yarknnd ?dkion," M8mmalia, p. 86, Calcutta, 1874. 
f Pro. 2001. Boc. Lon. 1860, p. 176. 
1 I exclude the genos Ncwwrhacdw from the goata. 



132 R. Lgdekker-On the Z~ological Position of tL Bhural. [KO. 2, 

more or less nearly a t  right angles to  the surface of the frontals ; the suture 
connecting the lachrymal with the maxilla is placed in advance of the 
suture between the maxilla and the malar. I n  the goats, the outer surf- 
of the lachrymal hae no larmial depression, and the greater part of mch 
surface is continuous with the plane of the frontals ; the lachrjmo-marilla 
ry and malo-maxillary ~utures  are in one oblique line. I n  the bbral, there 
ia likewise no larmial depression on the lachrymal and the outer surface of 
this bone elopes gradually away from the plane of the frontals ; while the 
lachrymo-marillary suture is only slightly in advance of the malo-maxillary 
suture. I n  the form and relations of the lachrymal, therefore, the b h d  
is  decidedly much nearer to  the goats than to the sheep. 

The next most important caprine character presented by the bhanl 
skull, is in the basioccipital. I n  the true goats this bone is oblong in shape, 
with a pair of tubercles a t  the posterior and anterior estremities ; of tbese, 
the posterior pair are considerably the larger and more prominent, but both 
are situated on the same antero-posterior line. I n  the true sheep, on the 
other hand, the basioccipital is always considerably wider in front than 
behind, while the anterior pair of tubercles are much larger than the posb 
rior, and are placed wider apart. The basioccipital of the bharal a g w s  
exactly with the basioccipital of the goats, and is, consequently, widely 
different from this part in the sheep. 

In the form of its lower jaw, the bharal agrees with the sheep, and 
differs from the goats. 

In  the structure of its horns, the bharal again presents caprine affini- 
ties. In  the true sheep the horns are always thrown into parallel transvem 
wrinkles extending completely round the horns ; the colour of the horns is 
light brown, or greenish brown, and the direction of the extremity of the 
first curve is always downwards and forwards. 

I n  the goats, on the other hand, the horns are never thrown into coarse 
and parallel transverse wrinkles, but are marked by finer striz, and may or 
may not carry knobs anteriorly. Their colour is dark blackish brown : they 
are always more or less angulated ; and the extremity of the first curve is 
directed backwards and upwards. 

I n  the bharal, the structure and colour of the horns is the same as in 
the goats ; the extremities of the horns are directed backwards and upwards : 
their angulation is less marked than in the goats. The horns of the bharal 
are indeed directed more outwards than those of the goats, and in this re- 
spect they present some points of rescmblance to the sheep ; the upward 
twist of their extremities, however, shows an approrimation to the curved 
horn of the Markhoor and is quite different from the curve of any aheep'a 
horn. 
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The profile of many goats, like the Ibex, is markedly concave ; in 
others, however, aa the Thar, it is nearly straight ; the profile is also nearly 
straight in the sheep and bharal, and we cannot, therefore, draw any classi. 
ficatory inference from thia character. 

In other cranial characters, there do not seem to be any well marked 
distinctions between sheep and goats. It, therefore, seems pretty evident 
that aa far aa cranial characters go, the bharal is undoubtedly much more 
closely related to the goate than to the sheep. 

The bharal is, however, externally distinguished from the goats, by 
the absence of any odour or any trace of a beardor mane in the males 
There are feet-pits (interdigital pores) in all the feet of the bharal, in which 
respect it agrees with the sheep, and differs from the goats, in which these 
pits are either absent (Hemitragus), or present only in the fore feet 
(Capra). The tail, according to Mr. Hodgson, ia unlike that of the sheep. 

From the above comparisons i t  will be seen that in the osteological 
characters of the head, the bharal is nearer the goats than the sheep, while 
in its external characters it is nearer to the sheep. The cranial characters 
pointed out above appear to me to be of such importance as to preclude 
claeeing the bharal in the genus Ovie,-aud I accordingly think that Mr. 
Hodgson's genus Peeudois should be retained for its reception. The ani- 
mal most certainly forms a very closely connecting link between the genera 
CbpTa and Ouie, and it seems to be very difficult to say to which i t  is most 
nearly related. 
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X.-Description of a new Species of Diurnal Lepidoptcra belonging to tit. 
Ocnus Hebomoia.- By J. WOOD-Mascm. 

m e  beautiful insect described below has been recently received by the 
Indian Museum from the Andaman Islands, where i t  was obtaiued by Mr. 
A. de Roepstorff, after whom I have named it. 

8 .  Differs from H. glaucippe, the only species of the genus with 
vhich I have been able to compare it, on the upper eidc, in having the 
apical orange patch of the fore-wing larger, extended into the cell, and lesa 
broadly bordered with black, both internally and externally ; the submar- 
ginal black spots smaller and completely isolated from the black of the outer 
margin ; the fore-wing a t  the posterior angle tinged, and the hind-wing 
externally broadly bordered, with bright sulphur-yellow, which colour is 
shaded off into the cream-colour of the rest of both wings 3 and the outer 
.margin of the hind-wing narrowly edged with black, which gradoally 
broadens from the anal to  the anterior angle and extends inwards in points 
st the veins :-and, on the ~nde l*  side, in having the brown mottling of the 
fore-wing arranged in the form of a tolerably conspicuous band coin- 
cident with the macular band of the upper side ; and the ground-colour of 
the hind-wing, as also that  of the mottled portion of the fore-wing, of a 
.rich golden-luteous colour. 

Expanse 3 5 inches. 
HAB. S. Andaman. 
The place of this species would seem to be between H. oossii, (Mait. 

land) and H. sulplrwen, Wallace. 
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XI.-Notecr on the Dentition of Rhinoceros.- 

(Received March 9th ;-Read June 2nd, 1880.) 

(With Plate VII . )  

A recent examination of the dentition of the fine series of skulls of 
Bhinoceroe i d i c u s  contained in the collection of the  Indian Museum, 
has brought to m y  notice several veq- interesting facts in regard t o  the de- 
velopment and serial homology of certain of the teeth of tha t  and other 
species which I have thought of sufficient importance t o  be put  oa re- 
cord, whence the following notes have been panned. My remarks will 
mainly refer t o  the  dentition of Rhinoceros irulicw, but  some points 
relating to that  of other species of the genus will be incidentally referred 
t o  i n  the course of the paper. 

T o  illustrate my subject, I have had lithographed (through the  cour- 
tesy of Mr. J. Wood-Mason) the left upper dentition of two adolescent 
skulls of R. indicw, from the  collection of the Indian Museum, each of 
which is remarkable for an abnormality. The dentition exhibited i n  fig. 1 
of the accompanying plate belongs to a young animal, and comprises two 
incisors (i.', i.e), the  milk-molar series (m.m.1 t o  m.m.4), and the true molars 
(m.' t o  m.3), the last of which is still in i ts  alveolus. The second specirnen 

. (fig. 2) belongs to  a somewhat older animal, and exhibits the alveolus of a n  
incisor (a.'), two premolars (p.m.', p.m.e), two milk-molars (m.m.3, m.m.4), 
and the  three t rue molars (m.1 t o  m.3), the laat of this series, in this in- 
stance also, not having yet cut  the gum. The grounds on which these 
teeth are assigned to their respective serial positions will be found in the 
sequel. 

18 
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The true molars (m.', mS,  m.8) i n  all species of Rhinocewe, whether 
living or extinct, are invariably th& i n  number, corresponding with the 
typical mammalian series, and, therefore, require no further notice on this 
occasion. I n  advance of the first of the  three t rue molars, there occur, in 
all young skulls of Rhinoceroe, four teeth in  aerial apposition, but in older 
skulls there may be only three. It is t o  these anterior teeth of the milk- 
molar and premolar series (the one or the  other present, according to the 
age of the animal) t o  which I now desire t o  draw attention. 

An examination of the skull of which the  left dentition is drawn in 
fig. 1, shows that,  of the  four teeth (m.m.1, m.m.3, m.m.8, m.m.4) in advanee 
of the first true molar (m.'), the three last (m.m.9, m.m.5, m.m.4) have 
their fangs and bases absorbed away by the  germs of other teeth, which are 
succeeding them from above : there can, therefore, be no doubt t h a t  these 
three teeth are the three last milk-molars of the  typical series. This is 
also shown by the last tooth of the anterior series (.m.m.*) being more 
worn than the first of the true molar series (m.1) : if the tooth preceding 
the  latter were a premolar, it would be the  less worn of the  two. The first 
tooth of the whole series (m.m.1) shows, however, no signs of being about 
t o  be replaced by a vert,ically succeeding premolar. I have carefully 
examined another skull of the same age, i n  which the alveoli of the  teeth 
have been opened, and I can find there no trace of a replacing premolar 
abovc the first of the  seven teeth of the molar series. Were this tooth to 
be replaced by a premolar, such replacement would take place before that 
of the tooth next in  the series. Several other adolescent skulls of B. indi- 
cue which I have examined show no trace of the replacement of the anterior 
tooth, and it may, therefore, be considered to be proved tha t  in many 
instances no such replacement ever takes place. 

From the  development of the tooth in question with the  milk-molar 
series (though it sometimes appears rather later than the next tooth), 
there would seem t o  be no doubt that  it is the  first of t h a t  eerics, and I 
shall show below tha t  such i s  undoubtedly the case. From the  fact of 
this tooth having in most instances no vertical successor and persistiig 
for  a considerable time during the period of use of the  permanent denti- 
tion, i t  is not unfrequently referred t o  as the first premolar, and though, 
a s  I shall show, such a nomenclature is altogether inaccurate, yet it has a 

certain amount of conveniellce which may justify i ts  conditional use. 
The dentition drawn in fig. 2 also exhibits four teeth i n  front of the 

first true molar (m.'), but they are not all homologous with those in the 
preceding specimen. The two teeth (m.m.3, m.m.4) in advance of the 
t rue molar (ni.1) in fig. 2 are more worn than the former, and wil l  come 
qucntly be the third and fourth milk-molars, or the homologues of the 
corresponding teeth in fig. 1. The first and second teeth ( p . ~ ~ ~ . ~ , p . m . ~ ) ,  
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however, in fig. 2 are still in germ, and as being totally urworn must be 
of a later d.evelopment than the third and fourth milk-molars : consequent- 
ly, the former must be the first and second premolars, which have replaced 
t h e  first and second milk-molars. I n  this instance, therefore, the first 
milk-molar, which, as we have seen, is normally persistant, has been re- 
placed by a vertically succeeding premolar, from which replacement there can 
be no question as to the correctnesspf the serial position assigned to the 
former tooth. The replacing premolar (fig. 2, p.m.',) is of considerably 
larger size and more complex structure than the replaced milk-molar 
(fig. 1, m.m.1). 

I n  the lower jaws of all the skulls of R. indieus which have come 
under my notice, I cannot find any instance of the verticaI replacement of 

' t h e  first milk-molar, which generally persists until the permanent dentition 
is well in wear, and subsequently falls out at a comparatively early period. 

. Neither can I find any instance of the replacement of the first milk-molar 
of either jaw in R. sumatrensis (ematmnua) or R. javanicus (eondaicuo). 

The formula of the molar dentition of R. ind im,  tsking into account 
t h e  abnormal form, may be written as follows :-m.m. k4 ('"--(") 

4-,psm s-s 
m. 5 - the adult molar dentition of the normal form, m.m. '-'pant. '2 

8-8 ' 1-1 8-8 

m. E; and of the abnormal form, m.m. i zp .m.  E m .  'c;. 
The succession and homology of the anterior tooth of the molar series 

apFears to have given rise t o  a certain amount of confusion among natura- 
lists. Thus Profe~sor Huxley when treating of the dentition of the genus 
BRinoceroa, observes:* "Of the four milk-molars, the first, as in the 
Horse, is  smaller than the others, and is not replaced ;" two pages back in 
t h e  same work, however, the Professor gives the formula of the premolars 

as E, which would imply either that the first tooth of the molar series 

is replaced, or else that  i t  is reckoned as a premolar, in which case there 
would be only three milk-molars.? Professor Owen appears to have come 
t o  a conclusion totally opposite to  that of Professor Huxley, aud seems to 
consider that the first milk-molar is always replaced. Thus on page 592 
of hie ' Odontography' the Professor observes that  " the  first of the 

Anatomy of Verbbrated Animals,' p. 362. 
t In a work explanatory of the homology of the teeth, as is Profeseor Huxley's, 

there can be no doubt that this homology should be given with the most strict accu- 
racy. In descriptive wology and palreontology, however, it will still be convenient, 
in referring to the dentition of the genus Rhinoemor, to count the first milk-molar, when 
pexnistent, as a premolar, in order to avoid introducing another term into the dental 
aeries. The same conventional arrangement may be adopted in regard to the perma- 
nent and milk-incisors, referred to below. 
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permanent series of seven molar teeth is  very small in both jaws, and in 
soon shed ;" and again on page 599, the first milk-molar m n  gielb 
place to the first premolar." The above given instances of the dentition 
of R. indieus show that this view cannot be normally correct : the dierence 
in the form of the first upper milk-molar (m.m.1) and the first premolar 
(p.m.')  shows, in caeee where the former tooth persists, that  it cannot be 
a premolar which has supplanted a milk-molar in utero, as might otherwise 
be the explanation according to Professor Owen's views. 

I now come to  the consideration of the non-molar dentition, and shall 
first treat of the teeth of the upper and secondly of the lower jaw. 

According to Professor Owen,' there is developed in the fetal akdl 
of B. indicw, immediately behind the maillo-premaxillary suture, a very 
small tooth, which, from its position must be the milk-canine: this tooth 
disappears at an extremely early age, and no permanent successor is ever 
developed. I can find no record of an upper canine ever having been , 
observed in the faetus of any other species of the genus, andno permanel 
upper canine occurs in any species. 

I n  a very young skull of B. indicus, figured by Cuvier,? there appear 
in the premaxilla the alveoli of two tecth, which must be those of the first 
and second milk-incisors. Two, indeed, appear to  be the normal num- 
ber of upper milk-incisors developed in the genus, though Professor 
Huxleyt speaks of there being three on either side in some species.$ 

Normally, in R. indieus there is only one permanent incisor developed, 
succeeding the first (innermost) milk-incisor; the former tooth is easily 
recognized by its lateral elongation. Occasionally, however, as in the skull 
of which the left upper dentition is represented in fig. 1, a second upper 
incisor (i.2) is developed, replacing the second milk-incisor. I n  the figured 
specimen, the two incisors (i.1, i.2) are still in the condition of gelpls just 
protruding from their alveoli ; from the condition of wear of the molar 
series it is quite evident that the two incisors belong to  the second series, 
which is also shown by the characteristic form of the innermost (i.') ; the 
second incisor (i.9 is not lengthened laterally like the first. I n  the right 
premaxilla of the same skull, only the first incisor is developed. Another 
instance of the development of the second incisor of one side of the upper 
jaw is afforded by the skull belonging t o  a mounted skeleton of an old 
individual of R. i n d i m  in the lndian Museum, in which all the teeeh of 
the permanent series are much worn. I n  the right premasilla of that skull 

' Odontography,' p. 692. 
t ' Owemens foseiles,' Ed. 1836. AUag pl. xliii, flg. 3. 
f Loc. cit. p. 862. 
p 1 am not aware which epecies ia referred to. 
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there occur two large and well-worn permanent incisors not differing t o  
such an extent in size as do those of the figured specimen. No trace of a 
second incisor is to  be found in the left premaxilla, and I cannot, indeed, 
find any instance of the development of the two upper i~lcisors of both 
sides in the same individual of R. indicus. The occasional development 
on one side only of the second permanent incisor in the last-named species, 
would seem to  be a pretey clear indication that i t  iu descended from an 
ancestor in which two pairs of upper incisors were normally present. It 
seems, indeed, that, when teeth normally absent do present the~nselves, 
they usually appear only on one side, as in the instance of the lower jaw of 
a tiger with an extra premolar, described by myself in a former volume of 
t h e  Society's Journal.. 

I n  all species of the genus, the normal  umber of permanent upper 
incisors (if any are present) appears to  be one only on either side, and I 
have not come across any instance of the abnormal development of the 
second upper incisor in any species but R. indicus. It may not improba- 
bly be, however, that such abnormal development may occur in other 
species. 

It has, indeed, been stated on the authority of the late Dr. Falconer) 
t h a t  the extinct Indian R. eivalensiu was furnished with three pairs of 
upper (and lower) permanent incisors ; none of the numerous specimens of 
t h e  skull of this species figured in the ' Fauna Antiqua Sivalensis,' how. 
ever, exhibit any incisors a t  all, and we have, therefore, no tangible evidence 
whatever to  support the new genus Zalabiu lately proposed by Professor 
Copef for the reception of this species on the ground of the unusual 
number of incisors with which i t  was provided. 

Turning now to the lower jaw, we shall find that there is some consi- 
derable difficulty in arriving a t  a satisfactory conclusion as to the homo- 
logies of the teetb in advance of the molar series. 

I n  R. indicuu, there normally exist in the young animal an inner pair 
of very small conical teeth, and an outer pair of larger teetb. The outer 
peir are succeeded from below by a pair of much larger triangular and pointed 
teeth, which, therefore, evidently belong to the permanent series. Normally, 
I believe, the inner pair are not succeeded by permanent teeth, as I can 
find no trace of such in most lower jaws ; in the lower jaw of the skull 
drawn in fig. 1, however, there occurs, a little above and internal to the 
middle pair of teeth, a second pair of small teeth, which are less protruded 
from the jaw, and which, I think, certainly belong to the second dentition. 

Vol. xlvii, pt. ii, pl. 2. 
t Owen, loc. cit. p. 689. 
3 Bul. U. 8. (feol. Geog. Surv. Vol. v, p. 229. 
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W e  may, therefore, eay that in B. i n d i m  there are always developed in 
the symphysis of the mandible two pairs of milk-teeth, and always one, and 
occasionally two pairs of permanent teeth. When the middle pair of 
milk-teeth are not replaced, they remain during the permanent dentition, 
as in the analogous case of the first upper milk-molar. 

I t  now remains to  consider the serial position of the teeth in question. 
With regard to  the middle pair.of teeth, there can be no question but that 
they are incisors, and probably the first of that series. With regard to 
the homology of the larger outer pair of teeth, two views are entertained. 
By the older writers, this pair of teeth were unhesitatingly clnssedaa 
incisors ; a view adopted both by Prof. Huxley and by Prof. Owen. Lat- 
terly, however, some writers, among whom may be mentioned Professors 
Cope* and Gaudry,? have come t o  the conclusion that  this outer pair of teeth 
are really canines, apparently from their resemblance to the undoubted 
caninm of certain genera of extinct Mammala To distinguish between a 
canine and an incisor tooth in the lower jaws of animals in which the 
incisors are reduced and no upper canine is present, is indeed a matter of 
extreme dificulty, and I do not desire on the present occasion to enter into 
the reasons either for or against the innovation. I provisionally, however, 
adopt the old nomenclature.% With this view of the homology of the 
teeth in question, the anterior milk dentition of B. indicrrs may be formu- 

lated as follows:--c. '2 i. 'E:, the adult dentition will be normally e. 
. 0-0 1-1 0--0 e-g 

m.1. - i. -, or abnormally c. - i. - 
1-1 1-1 0-0 es' 
I n  treating of the milk dentition of Rhinocmr, Professor Huxleys 

remarks of tlie two pairs of lower incisors that " it seems probable that 
only one pair, in any caea, are permanent teeth." I have shown that 
occasionally in B. inalicw both pairs may be replaced by permanent teeth. 
and I now proceed to show that such is a t  all events sometimes the case in 
another species. In  a lower jaw of B. javanicus figured by De Blainville,ll 
there are the germs of two incisors on each side in alvaolo, below protruded 
incisors ; the former, therefore, are clearly permanent teeth. I have no 
means of knowing whether this replacement is abnormal or normal. In 

Loc. cit. 
t ' Lea Enchainemenb du Monde Animal : hIammif&nts Tertiariq' p. 60, et ssq. 
$ I may perhapa observe that there seems to be some discrepancy in M. (faudryi 

nomenclatnre, aince on page 68 of hie work quoted above, he apeaka of there two 
paire of small incisora in the lower jaw of B. biwsnis fafrimnur), and yet doeg not p 
duce any evidence to show that these tceth are not the homologues of the two pair of 
teeth in the mandible of R indim, which are mkoned as incisom and &a 

6 Loc. cit p. 362. 
U ' Oeteographie,' Atlas, Rhinoceros, pl. viii. 
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B. nmrotrmir,  there is in the adult s h t e  no median pair of lower 
incisors,* and i t  is, therefore, probable that permanent middle lower 
incisors are never developed in this species.+ 

I n  the living Afrioan species of Rhinoceroa, in the extinct Indian 
R. decconrmsie, and other extinct species, no permanent incisors,in either jaw, 
were ever developed, and in the adult the ~ymphysis of the mandible and 
t h e  premarillae are consequently edentulous. It has been said that three 
pair of lower incisors were developed in R ,  uivalenain, but none of the 
lower jaws of the genus figured in the ' Fauna Ant. Siv.' show more than 
two pairs of these teeth, and none are present in the specimen referred 
B. rivnlensir. 

From the foregoing brief notes it will be gathered that the dental 
q s t e m  of the genus Rhinocsrou presents very considerable differences in 
different species, and occasionally in different individuals of the same 
epecies. These differences are mainly due to the varying extent to which 
specialization has operated in the genus, and to  the occasional develop- 
ment by ' reversion' of teeth normally absent. 

The genus Rhinocme (using the term in ite original comprehensive 
sense) is indeed one of those in which the dental system may be said to be 
i n  a condition of change, and this variability in the matter of the develop- 
ment or suppresion of certain teeth in species and individuals, appears to me 
to render the splitting up of the old genus into a number of new genera 
or subgenera (except in the case of Acerotherium) a very questionable 
measure. The relative prominence or insignificance of the anterior teeth - 
may be traced in a graduated scale from one species to  another as has been 
most ably done by M. aaudry in his invaluable work already quoted in 
this paper. 

Fig. 1. The left upper dentition of an immature specimen of R. indicua, showing 
the  g e r m  of two permanent incisors (i.', Ls), four milk-molars (m.m.1, m.m.2, m.m.5 
m.m.'). flrat and second true molara (m.', m.3, and the alveolus of the third (m.7. 
(The animal to which thin skull belonged wan killed by I&. W. T. Blanford.) 

Fig. 2. The left upper dentition of a somewhat older individual of the same spe- 
cies, showing the alveolus of the 5rnt permanent incisor (i.'), the 5rst and second pre- 
m o h  (p.m.', p.m.=), the third and fourth milk-molars (m.m.', m.m4), the 5mt and 
second true molam (m.', m.¶), and the alveolns of the third (m.S). 

Both epecimena are dmwn one half the natural size. 

Profennor Cope (loo. cit. p. 229) is in error when he gives two pairs of mandi- 
bular teeth to thie species. 

t I should doubt if the lower jaw dram in fig. 16 of p lab  188 of Owen's 
Odontography' an of R. nrmatr6ntir belonp to that species. 
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XI1.-On u Species of Trochalopterum from !&awncore. 

By W. T. BLAXPOBD, F. B. S. 

(Received Sept. 2nd ;-Bead November 314 1880.) 

A very interesting series of bird-skins obtained in Southern Travan- 
core has recently been brought t o  England by Mr. F. W. Boudilon. 
Collections previously made by the eame gentleman in the locality named 
have been described by Mr. Hume in Stray Feathers, Vol. IV, p. 351, and 
Vol. VII ,  p. 33. One of the species noticed in the second paper is ficha- 
lipterum fairbanki, a bird originally obtained by Mr. S. Fairbank on the 
Palni hills, about 100 miles north of the  range, east of Trevandrum, on 
which Mr. Bourdillon's skins were collected. Mr. Hume, 1. c. p. 37, points 
out  some differences between the Travaucore and Palni forms, but  remarb 
tha t  he has not a sufficient series to  determine whether these difFerimxa 
are  constant. 

I n  the collection now brought are three skins of the  Travancom 
Trocha20pterum~ and on comparing them with the  original type of 
F. fairbanki in  the  British Museum, I find, besides the differences noticed by 
Mr.  Hume, a few other distinctions, sufficient, I think, to justify a separate 
t i t le being bestowed on the Trsvancore bid. The following is a full de- 
ecription of the latter. 

TROCHALOPTEBUX MEBIDIONALE, sp. nov. 
T. Trochaloptero fairbanki peraflm, sed dorso grisesccnte, ahdornina 

rnedio allo, eupercilio albo L u d  post oculum p r d w t o ,  regwna postoctrkri 
grisea nec fuecn, roatroque robustiore diatinguendum : pileo brunnw, dorw 
grieeo-olicnceo, postice oliaaceo, coloribus transeuntibus ; supercilw breai 
albo, loris brunneis, cum pileo concoloribus ; capitix lateribtcs cum regwne 
pnrotica pallide rufescenti-griseis, colli lateribus cinereis ; rectricibw 
renzigibuspue brunneis, illis reniigibuspwe eecunduriio ultimis subobsolete 
trnnxf(~aciatis ; nzeiato, gula, atpue pectore albescenti-griseis, conrpicw 

fueco-striatis, media gula fere alba;  abdomine medio albido, l a t d r r  
cum pennis subcnudalibus tectricibwque inferioribus alurum fenugrgrReir, 
tibiis olivnceie ; rostro sigro, peddbus fuseis, iridibus saturate ru*. 

Long. tota exempli masculi~li 9, alm 3.5, cauda 3.6, tarsi 1-46, roetri 
a fronte 0.8, ejusdem a rietu 1,  culminis 0.9 poll. Angl. 

HAB. I n  summis nlontibus provincire Travaucore, ad ertremitatem 
meridionalem peninsula Indics .  

Head above hair-brown, the feathers rather pale-shafted, the colour 
passing gradually into that  of the back, wl~ich is greyish olive, becoming 
greener on the rump ; s very short white soporcilium, only extending from 
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fhe base of bbe bill to obwe the middk of the eye; loms the mum dour 
am the crown ; sidem of bed, i n c l d n g  the ear-coverts, grey, with a 
xdesoe~t  tinge; sidea of neck purer grey ; wing and tail-fedhers brown 
with olivaceous margins, a11 the tail-feathere and the last (proximal) 
secondary quill-feathers with faintly marked narrow transverse bars on the 
upper  surface ; chin, throat, and breast pale grey, with conspicuous dusky 
atria, the central portiw of eech feather being much darker than the edges ; 
the middle of the throat is very pale, almost white, middle of abdomen 
white, lateral portions and flanks with the under tail-core~lis and under 
wing-coverts ferruginous ; thigh-coverts oliv~oeous. Irides dark red,* bill 
black, legs dusky. 

The three specimens were all shot a t  an elevation of 4000 feet. Two 
are from Mynall, one f ron~ the 'hvancow and Tinnevelly boundary. Two 
are 4 8 8 ;  of the third, the sex has not been ascertained. The difEerences 
in me'asurement are trifling : the wing is 3.4 to 3 55 inches ; tail, 3.4 to 3.65 ; 
tarsus, 1.4 to 1-46 ; culmen, 0 9 to 0.95. The length is given by Mr. 
Bourdillon from 8+ to 94 inches in difEerent specimens. 

IP. metidionale is distinguished from T. fairbnnki by (1) the much 
shorter white superciliary stripe terminating above the eye, whereas, in 
T.P.fuirbank.i, i t  extends back above the ear-coverts ; (2) by there being no 
brown band behind the eye, the feathers immediately behind the eye being 
rufescent grey like the cheeks in T. meridionale, whilst they are brown like 
the  lores and the crown in Tf i i rbnnk i ;  (3) by the back and upper parte 
generally being much greyer and by the brown colour of the crown passing 
graduall~ into the olivaceous tinge of the back and not being separated by 
a distinct margin ; (4) by the tail-feathers being browner and more dis- 
tinctly transversely barred above ; (5) by the striation on the throat and 
breast being more strongly marked ; (6) by the middle of the abdomen 
being white instead of femugimst  ; and (7) by the rather stouter bill. I 
oonaider the differences matked 1,2, and 3 characteristic ; the others taken 
done would sosrcely ju~tify the separation of the two forms. 

A.om T. jerdapli the present species may be known by the absence of 
a black chin$, by the flanks Md under tail-cow& being rafms instead of 

Noted by Mr. Bonrdillon, as also are the dimensions taka  in the dwh. The 
leogth above quoted in from them meammmenta. 

t This may not be constant ; I have en indistinct recollection of having seen a 
~ i r n e n  of T.fairbcmki with the middle of the abdomen whitish, but I am not e m .  

f With reference to thie distinction between T. ja&ni and the two 6outhem. 
fonns T. fairbanki and T. W i o n a l s ,  it is as well to note that the presence of a black 
CIA in the lortnek in mentioned by Blyth b hie original description J. A. 8. B., 1851, 
kx,.p. is. I eoll athition to thPa dktihction, ss Mr. Hume hao overlooked it in hir 
note on the specigs (Stray Ferrtheq vii, p. 36). 
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olivaceoas, and the middle of t h e  abdomen white instead of mfous. It ir 
w a U y  to be regretted that  [r. jerdoni has never been, collected again, m 
far as can be judged b j  publiijhed accounts, sin- Jerdon first procured it 

XII1.-On a new Speeiu of Papilio j h m  8outh India, with Remark on 
the Species allied thereto.--By J. W o o ~ - ? t f ~ a o n ,  Oflciaiing Superis- 
tandent, Indian Museum, and P r o f e m  of Comparative haw 
and Zoology, Medical College, Calcutta. 

(Received Oct. 16th ;-Rend Nov. 3% 1880.) 

(With Plates V I I I  and IX.) 

I n  December last, the Tndian Museum received from Mr. F. W..BOU~- 
dillon of Trevandrum, a small collection of diurnal Lepidoptera, amon& 
which was a much worn and tattered example of a female insect eriden* 
closely allied to the  North Indian P. Uaetor and t o  the Burmese P. Xuhdew,  
with the same sex of the latter of which it turned out on examination to 
agree in  having the discal markings of the  hind-wing confined to the 
median region of the organ, where they form a transveree band of lanceo- 
late spots, instead of being diffused over the  whole disk and extending into 
the  cell, as in the former. 

About a month ago, a few species of butterflies were received from 
Mr. Q. H. Kearney of the Berkodee Coffee Estate, Koppa Ancbe, Mysore, sod 
amongst them is  a fine specimen of the  male, which provea tha t  the species 
is, aa the above-mentioned female specimen had already indicated, more nearly 
related t o  P. Malradeva than t o  P. Cwtor, and enables me to describe it. 

PAPILIO DUVIDABVM, n. sp., PI. V I I I ,  Fig. 1, 6. 
Allied t o  P. Castor and to P. Mahodsm,t  but  more closely a, to 

latter, with which it agrees in  the form of the wings in both sexes. 
Sexes alike, having not only the  same form of wings but a h  tbe 

same general type of coloration a s  t h e  f e d e a  of t h e  two described 1 
species ; the male differing froin the female only in the darker and richer 
t ints  of its upper surface. 

8 .  UPPEEBIDE rich fuscous of a much lighter shade than in P. 
tor, or even than in P. Mahadcon, and more deneely powdered with fulvom 
scales than in either. Anterior wzng with the basal area of a richer 
darker shade of brown than the rest of the organ; with four dintinel 
longitudinal lines of fulvous scales in  the  0011, a t  the extremity of which is 
a minute but distinct cream-coloured s p c k  ; with t h e  outer portion b e p d  

Moore, P. Z. 8. 1878, p. 840, pl. ii, 6g. 1. 



with Rema~ke om the 8pepeaisr allied t b e t o .  

the oell very denaely covered wiCh fulvous scales between the veins ; with 
a marginal row of oohraceous-white spots pLeced a t  the incisures ; and with 
a submarginal series of nine oonical or sublanceolate ocbraceous ones; 
each series decreasing at  either end and paling towards the costal margin. 
P m t m k  wing.witb the anterior third of its surface devoid of fulvous 
scales; with the incisures of the outer margin very narro\vly edged with 
ochraceous-white ; with a sub-marginal series of seven strongly and angu- 
larly curved lunules or arrow-ehaped spots, the'four posterior of which are 
ochraceous-white, and the thrce apical ones creani-coloured; and with a 
discal band of seven externally-dentabe lonceolate cream-coloured spots all 
irrorated with fuscous scales except the anterior two ; with the cell m d  the 
parts of the wing-membrane external and internal to it tolerably thickly 
sprinkled with fulvous scales. The wing-membrane being in both wings 
devoid of fulvous scales in the intervals bebween the sub-marginal and 
incisural markings presents the appearance of having a sub-marginal row of 
dark blotches. UNDEE~IDE less richly and deeply coloured, with the markings, 
especially the spot at  the end of the cell, all slightly larger and white, with 
tlie exception of the discal series of the hind-wing, which are tinged with 
cream-colour a t  their inner poitits ; and with the fulvous scales s i ~ ~ l i l a r l ~  
though not qu ib  so thickly distributed over the fore-wing, but evetlly 
sprinkled over the whole of the hind-wing. Body lighter-colourd than in 
P. Oaetor, but marked in identically the same manner. 

Length of fore-wing 2.2 ; whence expanse = 4.5 inches. 
HAB. Koppa Anzhe, Kadur District, Yysore, 5. India, at  about 2,500 

feet elevation. Obtained by Mr. 8. H. Kearney. 
$. Marked above and below, spot for spot, as in the male, but 

lighter and lees richly coloured, with the spot at  the end of cell larger and 
apparently more distilrctly visible on the upper side, and with all the 
markings (except the sub-marginal aeries of the underside of the hind- 
wing, which are white) straw-coloured. 

Length of fore-wing 2.8 ; whence expanse = 4.7 inches. 
HAB. Trevandrum. Obtained by Mr. P. W. Bourdillon. 
I n  tbe male of P. Dravidarum, there are visible up011 the upper surface 

of the fore-wing a spot at  the elid of the cell, a sub-marginal row of coni- 
cal or sub-lanceolate spots, and a marginal row of iucisural spots ; and upon 
that  of the hind-wing a discal row of lanceolate spots, a sub-marginal aeries 
of lunules, and incisural spots as in the fore-wing. 

I n  the male of the darker-coloured P. Mahadeva, the incisural spots 
of the fore-wing uloue remain, but the hind-wing retains its three series of 
epots, which, however, ore all smaller and apparently less clouded with 
dark ecalea than in the preceding species. 

I n  the fueeous-black male of P. &ator, the fore-wing may be said to 
be uniform black, the incisural spots, which alone remain, being so reduced 
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in size an to be barely visible, being, in f a t ,  mere ~ p e c b  confined to the 
fringe; the hind-wing has lost dl bnt the incisural specks (which .re 
similarly confined to the fringe) and the first thres or four spota of the 
d i w l  series, which together form a large and conspicuous cream-coloured 
blotch divided by the veins : P. &tor may, in fact, be described as a rich 
ded-black innect with a conspicuous cream-coloured blotch near the outer 
angle of each hind-wing. 

I n  P. Cbeiw, then, the sexes are, as regards colour and markings, ae 
etrongly differentiated from one anotller as in any species with which 
I am acquainted; they also differ to some extent in form, the male 
having the fore-wing narrower, with the external margin obviously emar- 
ginate, and the hind-wing also narrower and prduced, with the eame margin 
more deeply incised and lobed than in the female, both pairs of whose wings 
in form more or less closely* resemble those of both sexes in the  other two 
species. 

In  P. Hiahadson, the sexes are also tolerably well, though not eo con- 
spicuously, difierentiated in point of colour and markings  at^ in P. C W ,  
but not a t  all in form, the wings being of the same shape in both eexes. 

In  P. Draaidumm, the sexes agree perfectly both in form of wingsand 
markings, differing very slightly in colour only ; so that but little s e d  
differentiation has here taken place. 

The female of P. Dmaddancm is scarcely distinguishable, as far as one 
can tell from a description alone, from that of P. dLbha&m, the only 
differences that I can make out being that in the latter "the fore-wings 
bave very small and less distinct sub-marginal white spots, and no spot at 
the end of the cell." From that of P. Castor, however, i t  is readily distin- 
guished by having, ss I have already pointed out, the discal markings of the 
bind-wing in the form of a transverse hand of ehort lanceolate spots. 

At the meeting of the Linnmn Society OF London held on the 18th 
March last, a paper by Prof. Westwood, on a supposed polymorphic butter- 
fly from India, was read. I n  this memoir the following conclusions am 
said (vide abstract in 'Nature' Vol. XXI, p. 531, April let, 1880) to have 
been arrived at by the author :-(1) " That Papilio Cmtw is the male of r 
species whose females have not yet been discovered; (2) that the typical 
P. Pollux are feriiales of which the males with rounded hind-wings having 
a diffused row of markings has yet to be discovered; and (3) that the 
coloured figures given by the author represent the two sexes of a dimorphic 
form of the species." 

The femalea preeent an inconspicuons dimorphism, some having retained the 
primordial form of hind-wing, while othem have the outer nuugin of this toothed 
aa in the male (vi& inf*or). 
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W i b  regard to the laat of these conclumons I cannot spat ,  because 
&her bbe paintings nor the specimens in qnestion are accessible to me ; 
but, having spoken abme as if the opposite sex of P. astor  were perfectly 
well-known'to naturalists, while, according to Prof. Westwood, it is still 
nndisecnrered, I ought perhaps to say a few words about the material on 
which my remarks are baaed. 

Papilw &tor is restricted in i ts  distribution to the slopes and valleys 
of the hill-rnnges of North Eaetern India and to the parts of the plaills in 
immediate contipity with them ; i ts  place being taken elsewhere, ae in 
Southern India, by the new species dewxibed in the preceding pages, and, 
in Burmah, by P. Mahadcva. The Indian Museum powsees specimens 
from the Southern slopes of the Khaei Hills (Silhet), from the Sikkim 
Rill. (Darjiling), Cherra Punji in the Klrasi Hills, and the Naga Hills ; 
and three males were taken by Lieut.-CoL Godwin-Austen during Ihe 
Dab Expedition ; in these h t ,  in a large male from Chern, Punji, and in 
two specimens of the same a ~ x  from the Naga Hills the upper surface ie 
dark brown of a much hgl~ter tint tban in nine males recently received 
from Sikkim (2) and Silhet (7), which are all brown-black of no dark a 
.s to appear quite black except when astrong light falls upon them when 
their colonr appears brownish ; in fact, the brown of the former is t o  that of 
t h e  latter aeries of specimens what dark green is to the colour known as 

invisible-green." I n  the large Cherra Punji specimen, the short tooth, 
or rudimentary tail, into which the third branch (d?, pl. ix, fig. 1) of the 
median vein of the hind-wing is usually produced, does not extend beyond the 
line of the other lobes of the outor margin, and one of the three dwarfed 
winter specimens* captured by Col. Austen approaches ib in this respect ; 
moreover, one of the Silhet specimens has this tooth smaller in one wing 
than in the other, so that this, like secondary sexual characters in general, 
is snbject to variation. I t  is possibly to difference of station, but probably 
fo long expomre to the vicissitudes of the Calcutta climate, and to the 
eppliaations of benzine and other noxious substances to wlrich they were 
subjected before I took over charge of the collmtion of Lepidoptera, that 
these brown specimens owe their lighter coloration. However this may be, 
it may confidently be asserted that it would be impossible for the most 
inveterate species-maker to discover any character by which t o  separate 
them as a distinct species or race from the fresh and oonmquently dark 
Bikkim and Silhet specimens. So much for the males. 

Of the nine females in the collection refarred by me to P. Oaatw, 
seven being perfect can readily be divided into two sets according to the 
form of the outer margin of the hind-witlg-three (one from Assam, one 

The insect 5gured by Westwood (Arcana Entom. vol. ii, pL 80, 5g. 2) -8 to 
have bean a dmilarly dwurfed aad faded individoeL 
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from Cherra Punji,, and a large one from Silbet) having the third branch 
(dS, pl. viii, fig. 2) of the median vein not prodwed and the outer Bvgin 
of the wing conseqaently 'rounder,' being, in fact, typical P. PoUuc-- 
and four (two from Silhett and two from Sikkiml) having th& winlet 
produced into a small tooth (d.8, pl. ix, 6g. 2) as in the male. I consider 
that these two different forms are both females of P. &tor, and that Uw 
elight differences they present we explained on the supposition, warranted by 
numerous analogous facts in nature, that the secondary sexual charactera a+ 
quired by We male have been palfirlly transmitted to  aome females hut not to 
others ( P .  PoNw), which have retained the primordial rounded form of wing. 

The fact that the discoidal markings of the hind-wing in the two Silhet 
females with toothed wings are lighter and more distinctly cmm-coloud 
than in any of the females with rounded wings ; that the malformed speci- 
men from the same locality (which certainly belongs to  the form with tootbed 
hind-wings) has thew markings in the fourth, fifth, and sixth interspooer, 
thoae, that is to  my, corresponding to the ones forming the principal pert 
of t l ~ e  blotch in the male, of almost as rioh and pure .a colour ='in that sex ; 
and that one of the two former has the spot a t  the end of the cell and the 
submarginal markings of both fore-wings obsolete and is thus still further 
approximated to the male ; do certainly seem to lue to  tell rather for thaa 
against the above supposition. 

The Helenur-group of Papilios, to  which Papilio Oatw and its alliea 

Thew in another specimen from Chom Punji, the largeet of dl in the collec- 
tion, with the outer margins of its hind wings no ragged that it is impossible to be 
quite sure to which form i t  b e l o w  though, from its close agreement in othet rerpeee 
with Westwood's figure in the ' Amma' as well es with the other insect from the 
same locality, I should nay i t  is a typical P Polluz. 

t There ia a third specimen from Silhot in the collection, taken at  the snme time 
and place as the other two, but it unfortunately hae the hind-wings symmetrically mal- 
formed at their outer margins, the third lobule on each side being short and angubted 
and the fourth W i g  somewhat longer than usual and alao angulated. This d & n  
is intereating as showing in the eome mpecimen the inatability of thie chanrcter, the 
strong tendency to the assumption of the male form of wing exhibited in the lengthen- 
ing of the lobule next in order, and the unmistakable ' reversion' to the rounded 
form of wing in the suppression of the rudimentary tail. 

It should be mentioned that a gynandromorphous example of the form of female 
described by Prof. Weatwood as P. Yollua haa been figured and described as P. 
Carfw by G. Semper in Wien. Entom. Monatachr. 1863, Band vif, p. 281, Taf. 19. 
In this specimen both the wing8 of the left side are truly female, but on the o p p d  
side the postarior portion of the fore-wing from the first discoidal veinlet to the inner 
margin on the upper side only, and the anterior portion of the hind-wing from tbe 
costal margin to the second branch of the sub-costal on both sides, exhibit the masculine 
livery not unmingled with female charactors (Conf. weatwood in The6 Ent. Oxon. 
p. 187). 

$ The two SikLim apecimem have the tooth lese developed and the diacal mark- 
inga of the hind-wing8 exactly like those of the other form fP. Yolk). 
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nnqne&ionably belong, taken as  a whole, presents us  with a remarkable series 
of gradations in the amount of difEerence between the  sexes, comprising as  
it doea : one species (P. Drauidarmn) in which the sexes cloeely resemble one 
another in the form of the  wings and in colour and markings, and there is only 
a n  incipient sexual daerentiation : another (P. Mahadeva) in which, while 
agreeing in structure, they differ t o  a considerable e r ten t  in  markings and 
coloor, and the secondary sexual characters of the male are much more 
pronounced: another (P. Caelor) in which they differ from one another 

such a remarkable extent tha t  no lesser an authority than Prof. 
Wedmood originally described them under different names and still main- 
tains their distinctnew, and Mr. Wallace* placed them in different groups 
of t h e  genus ; the  male having acquired the most pronounced secondary 
sexual characters (including rudimentary toils), which have been partially 
t~mi t t ed  to some females but not t o  others ; and the two forms of 
female having retained, one of them the form of wings, and both t h e  
general style of wlouring, characteristic of both sexes in the  first- 
naaned species : and, finally, others (P. Helmus, P. Chaon, etc.) in  which 
t h e  male has perfectly transmitted t o  the oppoaite sex all the  secondary 
sexual c h a m t e r s  (including the long tails) tha t  he had acquired, the female 
only differing from him in such trifling points as the lighter coloration of the 
outer half of both wings and the dingier shade of her upper surface generally. 

From these and other facts, we are, J think, entitled to infer t h e  pro- 
bable descent of all the  membera of this group from an ancestor with 
tpilless, rounded wings in both sexea, closely resembling P. D r a v i d a m ,  bufi 
with diff u a d  discs1 markings in  the  hind-wings and probably alao t h e  
fore-wings ; the conspicuous wing-blotches of P.  elanu us, P.-&tw, etc., 
bsving apparently resulted from the concentration, so t o  speak, of such 
diffused colouring in the direction of the breadth of the  wing, j u t  as  have 
t h e  discal bands of short spots in P. Drauidarum and P. Mahadma horn 
a similar process of modification in the opposite direction. 

If his conclusions are  correctly reported, Prof. Westwood's draw- 
ings must represent a epeciea different from either of those alluded t o  herein, 
w d  I look forward with much interest to  t h e  appearance of his paper. 

ErP~ananolr OF THB PLATES. 
Plate VIII. 

Fig. 1. Papilw Draoida*um, w.-M., 8 .  
Fig. 2. Papilio Castor, Westw. 9 2nd Form (P. Polluz, Westw.), from 8ilhet. ' 

Plate IX. 
Fig. 1 .  Papilio Ca~tor, Weatw. 8 ,  from Bilhet. 
Fig. 2. - - 1st Form, from Silhet. 

d.S = third branch of the median vein. 

In his well-known memoir ' On the Phenomena of Variation and Geographical 
Dintribution ua illmtrated by the PapiIhidg of the Mdayen Begion' in Trans. Linn. 
BOO. Lond., vol. u v ,  pp. 38, 34. 
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SIV.-Description of the Pemale of Hebomoia RoepstorRii. 
By J. W O O D - M A ~ N .  

(Received October 97 ;-Bead November Srd, 1880.) 

HEBOMOXA ROEPSTOBFFIL 

E. Rwprtordfii, Wood-Moeon, antes, p. 131, 8 .  

9 .  UPPEBSIDE. &re-wing with the orange patch devoid of arnethys- 
tine gloss, externally more broadly b o r d e d  with fuacous (which at each 
veinlet gives off inwards an angular process the extremity of which is 
mntinued on as a very narrow edging to each side of the veinlet), but inter- 
nally much less distinctly so than in the male ; with the cell more clouded 
with dark scales; and with the sulphur-colour at  the inner angle more 
diffused. Hind-wing with a ma1.girla1 row of large subtriangular fwuma 
@pots placed upon the veiulots from the first subcostad to the first median 
(the two last obsolete), decreasing from the second in the direction of 
the anal angle, and connected together at  the extreme margin of the wing 
by a narrow edging of the same colour, which extends to the anal angle ; 
with a submarginal series of six roundish spots, similarly decreasing fmm 
the first, and alternating with those of the marginal series, each being 
placed upon c fold, the &st and largest on the foldbetween the costaand the 
fint branch of the subcostal, and the last on that between the first and 
second median veinlete; and with the sulphur-colour around the four inter- 
mediata sub~narginal spots stained with orange. U N D ~ B ~ I ~ E  of both wing8 
paler. 

Length of fore-wing 1.7 ; whence expanse = 3.5 inchee. 
HAB. South Andaman. 
Described from a specimen in the collection d Captain Q. F. L. 

Mar#hall, R. E., who courteously offered me the loan of the ineect for 
description as soon ee he had seen the description of the male published io 
the lust number of this Journal. 

In  Captain Marshall's specimen of the male the submarginal spotr 
of the fore-wing are obsolete. 
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XV.-Notes on and Drawings of t h  dnimok of various Indian L a d  
Mollusaa (Pulmonifera).-By LIEUT.-COL. H. H. GODWZN-AUBTEN, 
F . R . S . , F . Z . S . , & .  

(Received July 16th ;-Rend Nov. 3 4  1880.) 

(With Plates X and XI.) 
Previous to  his appointment to the Yarkand Mission, Dr. F. Stoliczka 

had been working for some years a t  the animals of the Indian land Mol- 
Insca, and had enriched this Journal with many valuable papers. Among 
t h e  numerous MSS. heleft behind him in Calcutta, there were found, after his 
death, some very excellent drawings that had been made under his superin- 
tendance from the living animals; they had been drawn on scattered 
sheets of paper, and remarks on the colour and other characters of the soft 
parts had been made in pencil on the margins, which were fast becoming 
illegible. I, therefore, with the concurrence of Dr. J. Anderson, pasted 
these interesting drawings into a scrap-bookf and copied into it, as well 
as I was able to  decipher them, the names, localities, and remarks noted. 

As it may be some years before many of these species are obtained 
again by any naturalist with the means or talent to correctly draw them, 
I have thought that lilhograpl~ed copies published in this Journal would not 
only be preserving, but in a measure carrying out the work of so good an 
observer, and would be of use to those in India who are interested in the 
land-shells of the country. There is an immense amount of work to be done 
in this particular branch of Natural History. We know as yet very little 
of the relationship of the many species, especially among the Zbnitide 
(Semper) ; the anatomy of most of them has never been examined, and, until 
this is done, or a t  least more careful descriptions and sketches of the out- 
ward form of the animals are made, our attempts a t  a satisfactory classifica- 
tion must fail. 

I have to each species figured given Stoliczka's remarks and identifica- 
tions in full, and added a few notes extracted from my field-book wherever 
I could do so, and I also distinguish a few identifications by Messrs. W. T. 
Blanford and Geoffrey Nevill. 

The plates that will be given contain species of the family Zonitide 
variously assigned to the generti Ariophanta, Henziplecta,t Rhyeota, Xeeta, 
and Rotula; and one plate has been required for the Helicidm of such very 
different genera as Plectopylie, Ei.uticicola, &c ; those of the genus Xacro- 
chlanays, I have also copied, but as I am engaged on a paper treating of this 
group more in detail, which I propose to send t o  the Zoological Society of 
London, the plate will I hope appear in the Journal of that Society. 

In the Libmy of the Indian Muscum, Calcutta. 
t Ozytes. 

20 
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Genus ARIOPHANTA, Dee Moulina 

B d  80c. B o d  III, p. 227, @OV. 1829). 

life 
With plate giving three figures of shell and two of the animal from 

m ; type Im@es, Miiller, Bombay. 
The description by Albers (Die Heliceen, p. 62, 1860) is aa fonom: 

" Testa einiatrorsa, umbilicats, tenuis, diaphana ; anfractus nltimos ango- 
lstus vel earinatue ; apertura obliqua, lnnarie, perishma simplex, scnDom, 
margine columellari reflexo" ; in the sub-genus, thus defined by ehell alone, 
this writer places the following species :- 

himakryana, Lea = interrupts, Be. Bend. 
kmipe~~, Mull. Bombay. 
rek0r~8, Qould (Hmipbota, Sect. E of Theobald) Tavoy . 
jnnw, Chem. Malaem 
rumphii, v. d. Buech. Java 
Adams adds to thew :- 
ryseolemwa, Albers ( ? rngrm, Bs.) Java ? 
trifasciata, Chemn, = h i p e s ,  vw. Malabar. 

and he figures Zffivipee, quoting M. E. Gray, Fig. Moll. Anim. pl. 288, fig. 
7, which is a trace of Des Moulins' original drawing (l. c.). 

Mr. Geoffrey Nevill, in his Hand-List of Shells in the Indian Nuseum 
Calcutta, adds to the above :- 

laidlayana, Bs. Lower Bengal. 
kadapaensis. Nevill, M a d  

= nicobqrica, Chemn. re-named, as it is not found in the Nicobar Islands. 
oyeia, Bs. Nil@ 
thyteue, Bs. Nilgins 
intumeeaene, W. T. Blf. Bombay. 
immerita, W. T. Blf. (in coll. Beddome) South Canan 

near interrupts. 
cam bq'ensiu, Reeve Sam. 
regalis, Bs. Bormo. - uittata, Adams and Reeve, (aide Adams. &n. Moll. pl. lxxix, fig. 6, re 1 

Naninu) . 
bsjadera, Pfr. = ammonia, Valenciennes Bombay. 
Jdr. William Theobald (Cat. Land and Frephwater S h e b  of Brit. 

India) includes- 
awis, Pfr. (? yeis ,  Bs.) Kundah Hi Madna 
cyclotrma, Bs. Gurneyear Hillu, North of Tirhoot. 

a true Helia! belonging to the delibrafa-group. 
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foaeolu for foaeda, Pfr. J a v a  
Mi. Edgar Smith agrees with me, on a comparison of the species in the 
British Museum, that this is ~wmphi, MUS. Cuming. 

saccata, Pfr. Tavoy. 
and this is only the young of retroma, Mna Cum. 

Dr. C. Semper (Reis. Arch. Philip. p. 50, 1870), on the character of 
the born above the tail-gland and foot, places one sinistral species (rumphi, 
v. d. Busch.) and the following dextral shells in the sub-genus :- 

~ t i n s ' ,  Pfr. Sumatra. 
netnoren&, Miill. 
juvaaica, Lamark J a v a  
rareguttata, Mouss. (Xwta) Adenare, near Timor. 
utriuta, Gray (Nanina) Singapur. 
utrofusca, Albers. Singapur. 

I t  is very unlikely that these last six species from the islands of the 
Malay Archipelago have any very c l w  relationship to the typical einistral 
Bombay species Imvipes, although the tail-gland doea assimilate, and i t  
would be better to keep them, as well ns all the other species from the 
same region, separate for the present, as nothing is yet known of the anatomy 
of the Indian species. Only those purely Indian forms which I distinguish 
by antique type can be with certainty placed in this sub-genus. 

Pfeiffer has also, besides typical forms and others (Zeite. 1856) :- 
ammonia, Valenciennes, (sp. in Brit. Mus.) Habitat ? 
regalis, Bs., (I do not consider should be included.) Borneo. 
rannio, Pfr. Habitat ? 
ampulZurioides, Reeve (Mus. Taylor a yrie.) Nilgiris. 
Zimtedti, Pfr. (Mus. Cum.) Malacca. 

is closely allied to rumphi, but it is sharper keeled, and, if the latter should 
prove a true Ariophanta, i t  should also be included. 

Des Moulins founded his genus on the animal.of a specimen which 
had been sent to bim alive from the island of Elephanta, Bombay, by 
M. Thhphiie Laterrade in March 1829. The mollusk lived some short 
time and two drawings of it were made. Pravious to this the shell only . 
had been deecribed by Miiller. 

To M. D e  Moulins, therefore, belongs all the credit of first noticing 
m d  distinguishing the very distinct and large group of Asiatic Helices 
poeeeesing a mucous pow at  the extremity of the foot, and for which group 
so characterized he proposed the title PHEBEPO~,  placing the Bombay 
shell in his sub-genus Ariopkntu. 

Dr. J. E. Gray four years afterwards, on the similar characters of 
another but very distinct species, created the genus Nanina, for Beiatic 
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Helices of this type, and his genus wee adopted by Adama and others, 
although Thos. Hutton first, and Benmn afterwards, had pointed out the 
distinction in the sub-genus Xacroch2amys ; I do not, therefore, see how in 
fairness and by all rules of nomenclature Mr. Uray's title can be adopted, as 
it  has been, for the whole group (Indian and Malayan) of these Eastern 
Helices provided with a mucous pore which Des Moulins described so we11 
and so accurately ; the latter saw at  once the important differences such an 
organ implied in the general anatomy of the animal and understood its great 
value in classification, and he shewed also its affinity in this respect to Arion 
by the title he gave i t  (aide, pp. 230, 235, where he gives in full the 
description of the animal, his remarks on which are well worthy of perusal). 

H. (ABIOPHANTA) LBVIPES, Miill., var. TsmascIATA, Chemn. 
PI. X, Fig. 3, 30. 

H. hi' liiller, Hiat. Verm. 2, p. 22, no. 222. 
,, - Qmelin, Syat. h'at. p. 8616, no. 13. 
,, - Chcmnitz, Conch. 9, t. 108, fig. 916, 916. 
,, - sub-genug Hdlicclb, 2me group Aplostomeg Sect mbannk 
,, - FBruasac, Hint. Moll. pl. xcii, flg. 3 h 6. 
,, - FQruaeao, Tabl. Syst. p. 41, no. 229. 

Sub-genua Ariophanta, Des Monlins, var. a. all white, without bandg from Island 
of Elephant8 ; var. b, c. banded, from the mme locality (only this banded var. In@- 
ciata figured in the Conch. Ind. pl. cxxxi, fig. 4.) 

The figures are taken from No. 67a and 67b of the MSS. drawings 
representing specimens from Bombay. 

ABIOPHA~~TA ~ E B R U P T A ,  Bs., P1. X, Fig. 1, lo. 
Heliz itilmpta, Bs. Zool. Jour. Vol. V, p. 461, (1834), from S e  and on 

the Jellinghy rircr (tributary of the Ganges). 
= Himalayans, Lea. 

These figures have been reproduced from No. 44 in MSS. in Ind. Nus 
Library; the specimens from which the original drawings were made were 
obtained in the Botanical Gardens, Calcutta. 

Benson's description of this last in above Journal applies to H. Loiprs, 
but in his description of the animal, he says the excrements are " voided 
from an opening in the terminal and posterior part of the foot instead of 
from the foramen commune" he must here evidently be mistaking the 
mucous gland for the anal orifice, although on the previous page (4601, 
describing the genus Nanina, bo shews that  they are didiinct openings. 

H. - Conch. Ind. Hanlcy, fig. 3, plate uv i i .  Specimens from 
Faqirabunda, Jessore District, are thus described in my note-book-"The 
animal being of a pink colour the same tint is given to the shell, while black 
mottlings shew through the body whorl. The head is dark-eoloured up to 
a well defined black line (extending from posterior part of the neck to 
below the oral tentacles), thence light-coloured with a pink tinge, which 
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ie more intense near the extremity of the foot. The mucous gland has the 
form of a long slit with a very small lobe above." 

HELIX (AEIOPE.~TA) LAIDLAYMA, Bs., P1. X, Fig. 2. 
Ann. Nat. f i t .  Ser. 2, Vol. 18, (1866) p. 263. 
The figure is a copy of fig. 30 of MSS. drawing of a specimen from 

Manbhum. 
Helix laidluyana, Bs. Hanley, Conch. Ind. P1. lviii, fig. 3, 4, 5 : 

figure 4, from Cuttack would appear to be a d i e r e n t  species from fig. 3, 
O r b ,  which agrees with the original description, fig. 5. 

H. ( A R I O P ~ A )  ~ M E B C ~ B ,  W. T. Blf. P1. X, Fig. 4. 
J. A. 8. B. 1866, p. 33, type from Mahsbleshwar, Weetern Qhata of Hindustan. 

The figure is from fig. 17 of MSS. drawings and bears the following 
remark " N. Canaricn from Fairbank" [Stoliczka]. 

t 

g r .  Blsnford writing of the animal and comparing i t  with bajaderm 
a y e u  The animals also shew a difference in colour, that of intummcena 

uniformly, so far as I have seen, dark cinerous, while that of bajaderm 
i~ much lighter, but very variable. The latter shell is found mostly on 
&rubs, the former on the ground, and while intumescena has as yet only 
been found a t  Mahableshwar 4,500 feet above the sea, baja&a (which 
is rare a t  ahableshwar) abounds on the equally or nearly equally high 
hills of Singhur and Poorundhur, and along the summit of the Western 
Ghats at about 2000 feet. It abounds a t  Kfiandalla a t  the top of the 
Bow Ghat." 

Genus HEMIPLECTA, Albers. 
Die Heliceen, p. 60. (1860). 

Founded on the shell alone ; type humpfysiana, Lea, from Singapur. 
LL Testa supra granulosa vel decussatim striata ; subtua polita, anfrac- 

tea ultimus plus minusve nngulatus vel carinatus." 
Albers gives for the distribution of the species of this group the large 

ialands of the Malay Archipelago, Java and the Philippines, New Ircland, 
&. ; only one species Zabiata (= monficola, Hutton) being from India, 
and that  not agreeing with the description, the last whorl being well 
rounded. The two characters given would embrace a vast number of species 
having a much wider geographical range, and I should be inclined to restrict 
it to  the Malay region and not to include any of the Indian forms, until 
other characters in common can be found after examination of the 
animals. 

To Albers' list, Adams added, i t  is dificult to say why, several other 
species, among them ligulata, semirugata, and t~anquebarica, shells 
widely Tier ing  in their very globose form from the generic description. 
Semper does not follow Albers, but places many of the species under 



Bhyuota, on the character of the odonhphow ; these I have marked with 
an asterisk. 

Albera refera the following species to Hmiplcetn :- 
+bulls, Pfr. (Bicyoota, Albere) Lmon. 
flloida, Pfr. M'idanao. 
biarnsnrl, Mow. Java 
hubta, Wouse. Javr 
rufa, L e a  New Ireland. 
wnthotricAa, Pfr. Guimares Is. and N e w .  

+retigem, Sow. Luzon. 
+g~rmr ta ,  Sow. Luzon. 
theodori, Phil. Mergui. 
batoaiorur, v. d. Bunch. Java. 
amtmlh, Mouse. Jam 
cuoimb)?ana, Lee &nzon. 
croaa-hiliernics, Quoy. New Ireland 
humphreyriana, Sea Singapw. - OM. gsmina, v, d. Busch. Java 

P labiota, Pfr. Landow. 
r m i p a w a ,  Sow. Phillippioer 

panayencuin, Brod. .Pansy, do. 
+uemiglobora, Pfr. Saxmu, do. 
Adams gives some others, three of which are Indian :- 
bl..invi21icr~, h. 
umoidalin, Adams and Reeve Mindom. 
dsnaa, Adams and lteeve Philippines. 

3 ligulata, FBrus. Bangdm 
Mow. 

l k d a ,  Cfould Feejea 
mbricaki, Cfould Feejee. 
. (Lfums, Gratel. Madagascrrr ? 

P cemicugata, Beck. Ben& 1 
rtawcii, Shuthl. Amhior I 

P kanpuaban'ch, Fabr. Indk 
veb t im,  Sow. = aaznthotricl, Pfr. Philippinas 
Theobald has included a large number of Indian epecies in thie mb- 

genua, with forms BO varied he subdivided i t  into 6 sectiom ; be does not 
give the charactere, but note8 the typical species in each (aids Suppl. I n d q  
Conch. Indica). 

Nevill in hie Hand-Liet makes it much more circumscribed end odmib 
dutincto, Pfr. Saigon. 
nqtunw, Pfr. CunW 



*cymatirm, Be. 
ryZoicoZa, W. Blf. MSS. 
bmMleur, Be. 
bedhmsi, Blf. 
ban'zema, Be. 

? unhsa, W .  Blf. 
Jenui, Pfr. 

t o q t a ,  Be. 
t g c l o p k ,  Bs. 

? tcauto~, Theobald 
? t p o l k ,  Theobald 
P tbbnfwdi ,  Theobald 

orobia, Bs. 
Qenns OXYTES, Pfeiffer. 

Zeita. 1866, p. 188 [Without descriptio~~] 

1. Xanina ozytes, Be. (type.) 
2. thyreus, Be. 

ia a true Ariophanta. 
3. avus, Pfr. 3 

sinistral and it  is difficult to understand on what grounds it ie placed hew. 
4. pollariama, Pfr. ? 
This sub-genus would be the same ae Hmiplecta (Sec. D) of Theobald 

0. c. p. 22) : who places therein :- 
baaiImsa, Bs. Travancore. 

this should not be included. I do not recognize any resemblance even 
in form of the shell. 

blanfwdi, Theob. Darjiling. 
castor, Tbeob. Khaei. - var. a. e h e r r W ,  W. Blf. Do. 
cycloplax, Be. Darjiling. 
oqtes, Be. Khasi. 
pollux, Theob. W i .  

Peneng. 
Naga Hills. 
Annamully 8. 
Travancow. 

Annamullys. 
Mandalay. 

Ceylon. 
Khasi Hills. 

Do. 
Do. 
Do. 

Darjiling. 
Do. 

IIEWLECTA OBOBIA, Be., Pl. XI, Fige. 1 and la. 
No l o d t y  given. 

HELIX ( H E ~ L E C T A  P) LIBUUTA, FBr., PL XI, Fig. 8. 
No locality given. 
7ids Nevill'e and-Lis t  (1878), p. 60, No. 284, as Xsstn 1 his notes 

on the animal are taken from thie drawing. Madraa ranging to Bhrrgulpur 
and P h a .  (H. H. 0.-L) 

Placed in Bhywtcr by Stolicaha, J. A. 8. B. 1878, p. 11. 
t Sub-gens Ozytsr, Pfr. (we furthex on) f o m  s very r e c o ~ b l e  group. 
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HELIX (OXYTES) OXYTES, Benson, PI. XI, Fig. 2. 
" No projection above the gland which is rather small ; sole broadly 

margined, and with a double line," (w. T. B.) Nevill's Hand-List (1878) 
p. 47, No. 261. 

I would call attention in this drawing to the clom contiguity of the 
b w  of the eye-tentacles. 

HELIX (OXTTEB) POLLDX ?, Theobald, P1. XI, Fig. $, 
'I Cherra Poonjee from Godwin-Austen" [Stoliczka]. 

Animal of a pale light yellowish ochre. Head rather darker, eye 
pedicel8 long and rather thick a t  the base. Extremity of foot and under 
part of it very pale, short, flat and rounded, the mucous gland has a very 
emall lobe above it. 

I found this shell very abundant on the limestone in the forest belor 
Nongkulang in the West Khasi Hills, and it ranges westward to  the Garo 
Hilh  following the band of the Nummulitic rocks. The very peculiar 
thick shape and drooping form of the tentacles is to be noted in the draw- 
ing, their bases adjacent as in H. oxytes." (H. H. Q.-A.) 

A small lobe above the mucous pore ; margins of mantle not produe- 
ed over the edge of the shell, sole of foot narrowly margined." (w. T. a) 
Nevill's Hand-List, p. 48, No. 26&. 

Plate X. 
Fig. 1, la. Helix (driophrta) intmpta, Ba  
Fig. 2. - - hidkiyara, Be. 
Q. 3. - - him, Yiiller, var. tnyaa&f& 
w. 4. - - intucnsrwnr, W. T. BE 

Plate XI. 
Fig. 1, la. Hem@lccta wobia, Benson. 
Fig. 2. ITeliz (Ozytcs) ozytu, Benmn. 
Fig. 8. Heliz (Hemipkcta ?) ligukta, Ffk. 
Fig. 4. 4 8 1 i z  ( O t y i u )  p0Uu.z ?, Theob. 
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(Received Norember let  ;-Read December 1880.) 

Subfamily B Y T H I N I I N B ,  Troechel [emend.]. 
Ctebiea dm [Jchnecken, I, 1867, es Group ''Bythin&" ; emend. Btimpeon, 1866, 

and Cleasin, Malak. Bliit. 1880, as subfamily of the Riasoidm. 

l'. p m a ,  imperlfwata, ovafo-aeuta, sorida, crassa, pallide u kidula, 
polita, nitida, (sub lenle) obsolete submalleata ; rrpira a c u l e z ~ ~ * m k ,  sub- 
conmva, products, apice pmacutiasimo; anfr. 6,  h a d  conam', ultimus 
pertumidua, m d w  submgulatw, baei applanntus, antics ad aperturnm 
abrupte et valide dejectus ; apertura purcmtracta, perfecte rotundata, 
w g i n i b w  continuis, v a l a  incrassatis. 

Long. 3;, diam. vix-2 mill. 
HAB. Port Canning. 
This interesting form is easily recognized b j  the very acute and con- 

cavely-excavated spire, the subangulate last whorl, flattened round the 
umbilical region ; i t  is not spirally pitted, as in  most species o f  the 
genus, but appears obsoletely mdleated or indented under a powerful lens. 

This is one o f  Mr. Wood-Mason's interesting discoveries from tho 
still imperfectly explored brackish-water Snnderbunds (embouchure of the 
rivers Hooghly, kc.).  

Type Indian Museum, Calcutta ; also in coll. Dobrn, Beddome, Theo- 
bald, Blanford, and Hungerford. 

STENOTHTU HUNOEBFOBDIANA,  n. sp. 

!l'. pa;lrra, impmforata, ovato-elongnta, eolidiuecula, viridula, v i x  nitida, 
(mb Zen f e )  l inek impressie ac d m e  puncticulatie confertirn cingulnta ; spira 
paululwm eZongata, ovato-convexa, apice obtueo, sutura profunda ac obsolcta 
marginata; anfr. 4, convexi, ultimue compresee ovuliformie, antice sub- 
n p p l a ~ t w ,  ualda descendens ; npertura perpusilk, suboblique rolundnto- 
ovata, s u p m e  lntiter angulntn, szrlco profundwri ab anfrnctw ventrnli 
rqarata,  peristonrate obtueo. 

Long. 2), diam. 1+ mill. 
HAB. Andaman Islands. 

21 
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This is one of the moat distinct and interesting speciea of the genur 
as yet discovered: the few imperforate whorls, with markedly obtnee apex ; 
the distinct, though minute, close pundulation; the unusually conrex 
whorls, with the remarkable long, compressed, slightly flattened, and egg- 
shaped last whorl are all good characters. The suture is very distinct and, 
on the last whorl, distinctly marginate below. The operculum is normal. 

Type Indian Museum, Calcutta ; also in coll; Dohrn, Warneford, 
Theobald, Blanf ord, and Hungerford. 

STENOTHYEA BLANTORDIANA, n. sp. 

T. minima, ruper$cie rimata, subventricoao-ovata, VL rolidilsdmla, 
nitidu, luevis, pallide cornea, subpellucido ; q i n a  aubacuba, apice mintrio, 
subobtuso; anfr. 4h, conoexi, ultimus magnue, subsolutus, tumide-ventrim- 
ma, sulbiangulaiua, antice subapplanutw ; aperturo subovalis, paululua 
poetice reirorsa, perhtomate continuo, aupmne angulato. Operculum ow4 
superne Ieviter acurninatum, viE ~.asuiusculum, &translucidurn, spirale, 
apice eubcentrali, interne testaceo-costaturn. 

Long. 3&, diam. 2& mill. 
HAB. Chilka-lake (type) ; also Port Canning and Madras. 

I am indebted to Mr. Wood-Mason for a careful examination of the 
operculum of this small form : " it  is oval, subtransprrent, spiral, of fen 
whorls, with the apex almost central, on the inner side three ridges, one 
semicircular and two short ones with a slight S-curvature, for the attach- 
ment of the animal." 

The species is somewhat variable, especially as regards size and the 
greater or less distinctness of the angulation of the last whorl. Specimens 
from Port Canning agree better with the above-described typical form than 
do those from Nadras. 

I have named this species in honour of its first discoverer, Mr. H. F. 
Blanford. It appears to be abundant a t  Port Canning, Chilka Lake, and 
Town of Madras ; living with i t  there occurs another form, nearer 
St. minima, Sow. (but I think distinct), with more produced spire than 
a t .  blanfordiuna, less tumid last whorl, without any trace of biangdation, 
with the aperture rounder, and not angled above ; there is yet another 
still smaller decollate form k o m  Port canning, probably also s distinct 
species. 

Type Indian Museum, Calcutta; also in coll. Hungerford, Theobdd, 
Beddome, Blanford, and D o h .  

Subfamily HYDROBIINE, %8cRel [emend.]. 
Qebiss dor Schnecken, I, 1867, as Group " Hydrobiae" ; emend. Stim- 1886. 



HYDBOBIA ( B E L B B ~ I A )  YILIACEA, Il. Sp. 

!l? minu ta, VL rimaia, conico-elongatula, solids, pwz~ lc  nitida, albido- 
airidula, Loigata ; spira paululum producta, apice minuto, acutiwculo ; 
anfr. 6, convesiuacuti, ultimis duobus rapide accrescentibw, ultimo baei 
nrbplanulato, ad aperturam gibbositate crassa circumcripto ; apertura 
ooato-rotundatcr, intus incrnoaata, peristoma continuum, nalide ineraeeatum, 
rnargine externo arcuato, bosi sinuato, margine colume2lari sybangulotim 
contorto, subre$em. OperwZum *at profund6 i m ~ o u m ,  tenue, peZlwi- 
dum, vitreum. 

Long. vix 24, diam. 12 mill. 
HAB. Port Canning. 
Var. minor ; long. 2, diam. 1+ mill. 
HAB. Port Canning. 

Found in great abundance in brackish-wafer ponds, associated with 
Palmda ( I )  micl.oscopica, Nev., new species of Bythinia, biarteeia, Teredo 
(?), Phrel la ,  Theora, Stenothyra blanfordiana, &c. From the last-named, 
t h e  remarkable callosity behind the outer lip, besides many other charaa- 
ters above recorded, at once distinguishes it .  

This  interesting shell i s  the firat extra European species described of  
t h e  genus ( ? ) Belgrandia, Bonrg. 

Type Indian Museum, Calcutta; also in coll, Beddome, Theobald, 
Hungerford, Joly, Dohrn, and Blanford. 

.subfamily A S S I M I N E I N E ,  [emend.]. 
Group Lithoglyphi, Troschel, Gebisa der Elchnecken, I, 1867 [pars]. 
Fam. Asshhidae, H. and A. Adama, Cfenera Moll. 1868. 
Fam. Aaaimineidae, Cleeain, 1880. 
Bection of sub-fam. Pomatiopsinaa, Stoliczka, Gtut. I ,  1868. 

I! imperfo~ata, ooato-conica, soliduh, nitida, subglabra, cnsinneo- 
fueca, lznea impresea wtfra mturam subobsolete notata ; q i r a  producta, 
mica, apice wbacuto ; anfr. 7*, aubpbniusculi, vltimus compressue, vix 
convem'wculua, caIr'na nulla munitue ; apertura parua, oubuerticalie, mar- 
ginibw, callo subobsolete junctia, m r g i n e  e x t m o  tenui, margine columel- 
h i  arcuato, ineraseato, saturate caataneo-fusco, infeme oubungubto. 

Long. 6, diam. 8 mill. 
Han. Hongkong. 
I am indebted for thie, as for many other novelties, to Surgeon-Major 

B. Hungerford. 



G. S e ~ i l l - 3 ~ c w  Species of Brack~h-water 2liolluskr. P o .  3, 

Type Iudian Museum, Calcutta ; also in coll. Hungerfod.  

A B S I M ~ E A  PEASWA, H .  Nevill, MSS. 

T. peranguete perfmata, omto-conica, notabiliter tenuw, glabra, nit&, 
viuide straminm, ad eutwam f i c i a  Ziaida (p lus  m i w e  subobwlete) mar- 
ginata ; q i r a  convem-conica, products, apice ocuto ; anfr. 7 ,  conamiwcnli, 
ultimtu rotundatus, i n f m  convexus, circa perforqtwnem h a d  mlinatus ; 
peristoma pmegukrriter rotundatuns, ad b a s h  h a d  angulotum ; mrgo 
columellaritt h t e  dilatatus, subduplex, caetnneo v i v a  timtw ; ap&m 
cubrotundata, marginibtu callo tubobeolete castansojsnctk. 

Long. 6$, diam. 3f mil. 
HAB. Lake Negombo, Ceylon. 
Named in manuscript by  m y  brother, in  honour o f  the late Harper 

Pease o f  Honolulu ; it is a very distinct species, easily distinguished from 
A s .  subconica, b e .  marginata, &c., b y  its thin texture, peculiar coloration, 
absence o f  any trace of sculpture, rounded margins o f  the  aperture, be. 
Specimens o f  rather larger size than that o f  which the measurements am 
above recorded occasionally occur. 

Type Indian Museum, Calcutta; also in coll. H. Nevill and H. 
Dohrn. 

A S E I M ~ E A  BIFABCIATA, n. sp. 

I! imperforata, ovato-conica, aolida, v i z  gZabriwcukr, tubnitida, rotdida 
viridula, f i c i i a  binin fuecia et eubobsoletis eincta; spira modmtcpto- 
ducta, convexo-conica, apice rubacuto ; anfr. 6#, mvexiusculi ,  ultimuc 
tumid6 ventricoeue, ad peripheriam subangulatus ; apertura ampkr, d- 
verticalin, marginibw callo pervalido fusco-limbato jmtis, margine colu- 
metlari fere recto, oalide incraesato, sordidejkco, inferne eubrotwrdoto. 

Long. 6+, diam. 3 )  mill. 
HAB. Brackish-water lagoon, Port Natal. 
A common species, quite distinct from tbe three forme deecribed by 

Krauss. 
Type  Indian Museum, Calcutta. 

ASSIXINEA DOHBNIABA, n. sp. 

I! pama, aolidiwcula, ovata, fuseo-viridescenr, angusts umbilieoto, 
laevigal, su twa Zineari, haud marginatta ; spira curto, apics p e r o b h  ; 
an$.. 4, rotundato-convexi ac tsmidi, uttintus in$atw, eubtua c o n a m ,  brui 
props regionem umbilicalem rubexcavate depreerur ; apwtura eubaerticalu, 
ovato-pyrfrmnak, dint idim totille Iongitvdinis aequam, intur @lids 



zriridesccnr ; lnnrgo columellariu s u p m e  valide intortus, re&ue, inconspicue 
fulvo tinctus, infeme mx rotundatw. 

Long. 3, diam. 2) mill. 
H a .  Hongkong. 
The short spire, with obtuse apex, the depression of the last whorl 

round the narrow umbilicus, the bent columella, and the thick somewhat 
eroded texture, of a greenish colour unusual in the genus, are the best 
characteristics of this small species, for which I am indebted to my friend 
Surgeon-Major R. Hungerford; I have named i t  after my esteemed 
correspondent Dr. Henry Dohrn of Stettin. 

Type Indian Museum, Calcutta ; also in coll. Dohrn and Hungerford. 

ABBIX~JLA WOODItCA80KIbRA, n, 8p. 
I! impqforata (vel ad regionem umbilicalem mintheim perforata), 

cmM?na p m a  ac dobao2eta circumdmpta, lanceolata, conica, solidiwculo, 
mitida, subglabm, dilecte castanea, prope s u t w m  pallide rrcbido faciala 
ac linsa impressa marginota ; spira conico-elcmgata, anfraotum vltimuln fere 
aequms, apiceperminztto, acutiusim; anfr. 74, vix convaxiueculi, regulariter 
crsocentes, vltimwr subcmpressua, obscure submgulatus ; apertwa p a m ,  
auLoerticolic, ovata, marginibw callo tenui junctis, margim columel2ari 
pallids castaneo, paululun, incrasato, rubrecto, ififme subangulato. 

Long. 4, diam. 2+ mill. 
HAB. Port Canning, near Calcutta. 
I have named this pretty and very distinct species after my friend 

Mr. J. Wood-Mason, to whose very successful researches in the Sunder- 
bunds the Museum is indebted for so many interesting mollusks, as I have 
already pointed out in my Catalogue, Fasc. E. p. 22, when describing the 
operculum of h r i n a  bzcrmana. The small, almost obsolete, keel round the 
very minute perforation (which is sometimes completely covered) is very 
characteristic. 

Mr. Wood-Mason haa favoured me with the following extrsct from 
his note-book on the animal of this species-" Eyes large, intensely black, 
eituated on the upper side and near the extremity of the peduncle ; animal 
transparent, above very slightly greyish, between the tentacles reddish, 
which are so transparent that the eye-8pot.s can be seep very nearly aa well 
from the under side." 

Type Indian Museum, Calcutta ; also in coll. Beddome, Hungerford, 
Blanford, D o h ,  Theobald, and Joly. 

A B S I M ~ E A  BEDDOMEAXA, n. sp. 
I! depresso-turbinata, puoad f m a m  specieu generis Collonire quo- 

damnodo memomnu, pecuiiarider obccure sed profunde umbilicata, de- 
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peuso-conoidea, solido, c)y~diwcula, nitida, uubglabro, ad h i m  (d 
lente) strik inerementi mbobsoletw munita, aaturatissimafulao-Ziaidb, infm 
rvturam albo faociota, fascia prope aperturam plus minrisae evuncacmtc; 
uutura vviz distincta, lineo obscwe impreusa et wbobsoletli notab; qk 
0btua6 &preauo-umoidea, apice minutksinw; anfr. 6, u l t k u e  uubtwper. 
globose ventricosus, ad peripheriam obsolete wbmbangulatw, i n fm  Nb- 
plmrulatue, circa umbilioum oallo k t o  pallide Jiisco et o b s w e  a2h-Zirnbato 
munitw ; apertura ampla, subrotundata, intus imauaata, mcrrginih calb 
albido prope a p e r t w ~ n  aalido oo distinct0 (interdurn uubobsoleto) jtrnctis; 
columella pemotubiliter et aalids incrasrata, i n fans  abrupte retrwsrr, 
h-M:ngula+Clingua~~'miu, applanata ac excavate lugosa, atcperns in  umbilieum 
abrupte &inens. Operculum ten- ac corneum ; ana.  3 (4 lenta ais 
dirtiquendi) i n  umbonem wbctmtmlem ac prominentem desinsntes. 

Alt. 3, diam. 3+ mill. 
HAB. Port Canning. 
The most remarkable and abnormal species of the genus as yet de- 

scribed. The animal is that of a typical hsimineia, both the lete Dr. 
Stoliczka and myself having examined numerous specimens. The Museum 
ia indebted for its extensive series of this and the following speciee to 
Mr. Wood-Maeon. 

Type Indian Museum, Calcutta ; also in coll. D o h ,  Hungerford, 
Blanford, Theobald, Joly, and Beddome. 

[P. puma, angwte umbilicata, ovato-conica, solidiuumtla, v i s  niH&, 
corneo-fulvida, eub Iente sp iraliler minutkaime confertimpua eulocrto, 
sdriis incremeratiplue minwva obsolete decuesata ; spira conica, vix productcr, 
q i c e  acuto; anfr. 64, convexi, supremi uublaeverr, cneteri i n f i  artmtn 
distinct8 angislati, errpeme sublaeueu, inferne epiraliter confertimpue ~ 2 c o t i ,  
oblique wbgranubtim decwsati, ultimvs globose subrotundatus, in medw 
s tr ik  decussantibua p l w  minueve subobsolctis, prope umbilicum du- 
tinctioribwr, notatus ; apertwa sat ampla, subverticalis, marginibw cal& 
nitido jrclrctis, margiae columellari supra leviter contorto, i n f m  wtudabo. 

Long. 4+, diam. 3 mill. 
RAE. Port Canning. 
I n  old specimens, the last two or three whorls have a pitted appear- 

ance, ae in many species of LJienothyra ; in younger ones, the two antepend- 
timate whorls have a beautiful granulose appearance under the lens. 
The oblique and decussating striae are always obsolete on the last whorl, 
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except near the umbilicus and in the interstices of the spiral sulcations ; s 
the narrow smooth ledge below the suture, on the last two or three whorls, 
formed by an abrupt cessation of the sculpture, is very peculi i  and oharao- 
taristic. I need scarcely say that I have named this remarkable species after 
my friend Mr. William Theobald of the Geological Survey of India. 

Type Indian Museum, Calcutta ; a h  in coll. Theobald, Hungerford, 
Beddome, Blapford, Dohrn, and Joly. 

A S B M I ~  MICEOBCULPTA, n. 8p. 

P. pama, oix pe-$orrrta, cylindrieo-conica, mlidilcscub, vix niti&, 
fulvo-cinerea, apiraliter distincte aulcata, r tr  iia longitudinalibus obliquis 
ac $exmeis decuaaata, apice acuto ; anfr. 5), gradato-cylindrici, eupremi 
&ever, 2dus viral i ter  sulcatw, Stub et 4tw insigne epwliterpue decwsati 

g m ~ u l a t i ) ,  ultirnus rubbiangulatw, wpra perkheriam angu- 
&us, atriia dectleeantibus paululum subobaoletia motatw, aculptura infra 
eraneacante ; apertura oubverticalia, parva, marginibus callo indistinct0 

junctia, mrgine columellari hud contorto, leviter rotzcndato. 

Long. 2*, diam. 14 mill. 
HAB. Port Canning. 
Type Indian Museum, Calcutta ; also in coll. D o h ,  Joly, Hunger- 

ford, Theobald, Blanford, and Beddome. 
I t  presents some resemblance to tho preceding species in the sculpture, 

which in Am. microsculpta, however, is much more strongly developed, 
the  dierence in young specimens being especially marked. The shape 
ia quite different, the whorls being cylindrically-gradatad, instead of con- 
vexly-swollen, &. 

A881~1m.4 HURQEBFOBDIANA, n. sp. 

T. hnperfmata, mato-conica, solida, nitida, glob, polita, omnino laets 
caataneo, m t w a  mbindietincta ; spim brevie, apice vix acuto ; anfr. 6, 
subturnids convexiusculi, ultimuu magnus, r egub i t e r  oaulifmis,  infra 
ruturam linea impresou suboboobte noiatw ; apertura verticalir, margint 
bw callo cas t am jullctis, lnargine extemo tenui, m ~ g s ' m  columelbri 
incrassato, recto, p a u l u l m  retrorso, ad basim subabrupte angulato. 

Long. 4, diam. 24 mill. 
.ED. Mouth of the Rangoon River. 
I have much pleasure in naming this beautiful and very distinct ape- 

cia after its discoverer, Surgeon-Major R. Hungerford, who has lately been 
most s a c c d u l  in collecting and dredging Mollueca both at  Hongkong 
and the Philippine Ialands. The rich chocolate, or chesnut, colour of the 
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v species is very characteristic ; there is a slight tendency on the upper 
portions of the whorls to be of a darker and duller shsde ; the indietin& 
suture, short but produced spire, large and regularly egg-shaped last whorl, 
straight and slightly twisted columella, forming en angle at i ta  base, are all 
well-marked characters. Under a very powerful lens, Btrire of growth 
are discernible, which become more developed behind the outer lip. 

Type Indian Museum, Calcutta ; also in coll. Hungerfod. 

A S S ~ A  TE~~~PLEATTA, n. sp. 

T. imperforata, ovato-conica, parsolido, crassa, nit&, lam+, furao- 
cornea, suturo dietincta, had marginata ; spim colrica breviter pwduckr, 
apies acuto ; anfi. S*, eonvexiwculi, vide crercentes, ultinrur magnw, 
twida  ventricosw, ad peripheriam subungulatus, basi subapplanabur ; aper- 
turn sat myna, marginibw callo acuto valido et albo junctu, rnargiw 
ect.terno reguhi ter  conoexo-rotundolo, eolumellari eubrotudato, dtrplice 
ac valide ref em,, regionam umbilicalem tegenlq supm distinct6 trarom- 
simpue uniaulcaCo. 

Long. 33, diam. 2k mill. 
HAB. Nicobar Islanda. 
I have named this interesting small epecies after Lieutenant R. 0. 

Temple, who has presented the Museum with many valuable shells from 
the Andamans, Ferozepore, and other places. It is eminently characteriz- 
ed by the remarkable callously-reflected, duplex columella, transversely 
notched or eulcated above. 
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XVI1.-On some Experiments i m t i t u k d  to supply all the Lines iermi- 
noting a t  the Calcutta Telegraph Ofice with Currents tappe.l 

fvom the b f~ in-Curren t  produced by a Dynamo-electric X a c h i n e . ~  
-By Lours SCIIWENDLEB, M. Inst. C. E. 

Introduction.--On the 5th November 1379, I had the honour to  read 
a short paper before this Society entitled,? " On a simple Method of 
using a n  insignificant Fraction of the Main-Current produced by a 
Dynamo-Electric Machine for Telegraphic Purposes." 

I n  the present paper, I wish t o  record some more experiments on the 
same subject. As stated in  my former paper, the dynamo-electric machine, 
during t h ~ s  first experiment, was placed a t  the store-yard, and was driven 
by the steam engine of that place. The telegraph current was conveyed 
t o  the Calcutta Telegraph Office by the store-yard line, which is about 
4 miles in length. This first trial proved so successEul that I ventured t o  
propose a larger trial t o  supply a l l  the lines entering the Calcutta Telegraph 
Office with signalling currents derived in this manner. But  I could not 
then execute the new trial, as in the first place there were no proper driving 
arrangements a t  the  store-yard (the erection of these would have cost 
money), and in the second place the dynamo-electric machine a t  my dispos:~l 
had, by an accident, been temporarily spoiled. It was thought advisable, 
therefore, to postpone the suggested trial on a larger scale until the electric 
l igh t  arrangements a t  HowrabS sliould be completed, when an eauy oppor. 
tuni ty would offer itself for trying different dynamo-electric machines for 
t h e  purpose. Besides, telegraph lines being already up between the Howrah 
Railway Station and the Calcutta Telegraph Office, no additional expeuse 
would need t o  be incurred. 

New 29-ial on a larger scale.-The preliminary trial was instituted on 
t h e  28th August, the final one on Sund:~y the 20th August 1880. 

In the  accompanying diagram, bf is the dynamo-electric machine 
which produces the  main current t o  be made use of for any required 
purpose ; the negative pole of the dynamo-electric machine is con~~cc tcd  

The moults given in thk paper are taken from my report submittud to tlic 
Direator Genenrl of Telegraph in India on the 7th Soptember 1880. 

t J. A. 8. B., Vol. xlix, part ii, 1880, and Phil. Mag. No. 62. Suppl., Decem- 
ber 1879. 

$ Mr. Bmdford hslie,  Agent of the East Indian Railway Company. gnve me 
permission to use the electric light armngoments at HowMh for tho purpoee. Ha 
also kindly permitted tho use of tho telcgmph lino connecting his office at Cn11-utln 
.with the Railway Station at Howmh. '1% lino wna required to give orders during 
the experiment. 

25 
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permanently to earth. The earth consists of 3 copper plates+ joined 
parallel and offering a parallel resistance of 1.67 ohms.$ 

T is a tangent galvanometer for measuring the main current. In  this 
case i t  was the tangent. galvanometer employed in my electric light 
experiments in London in 1878. The resistance of the copper ring of this 
instrument is nil. Taking the late Mr. Brough's value for H, the hori- 
zontal component of the Earth's magnetic intensity a t  Calcutta to be 
H = 0.37158 dynes, the formula for calculating the currents c from the 
deflections observed by this tangent galvanometer, is :- 

c = 47330 tang a (milli-oersted). 
r is a coil of iron wire (No. 24 i. w. g., 0'21" diameter) offering a 

resistance of 1.517 ohms a t  8 5 O  F. The wire is coiled on a large wooden 
drum and serves as the constant resistance by which from time to time 
the efficiency of thc dynamo-electric machines a t  Howrah can be gauged. 

E ~ ~ ! P Z ~ , Z ~ & Z L  
70 om. 

J represents an electric light, in this case produced by a large anin- 
lamp. . 

I n  the following experiments, either r or Jwae used as the external 
resistance for closing the poles of the dynamo-electric machine to produce 
the main current ; but maw the two joined parallel. 

L is the telegraph line from the dynamo-electric machine to the 
Calcutta Telegraph Office. This line is 1-75 miles in length and consists, 
from the electric light room to the Howrah Railway Station, of Hooper's 
india-rubber cable core, from the Howrab Station to the Kirk, of No. 6 

The three singlo Osrths meaanred e v e  : 7.7,8.1, and 6.9 B. A. U. 
t The dimemiom are 4' x 2' and A". 
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i. w. g., and thence to the Calcutta Telegraph Office i t  is American com- 
pound wire of the same resistance as iron wire of No. 27 i. w. g. 

At the Calcutta Telegraph Office, the battery wire* could a t  a moment's 
notice be connected with the key of each instrument, after throwing off the 
copper of the signalling battery in ordinary use. The telegraph lines 
terminating a t  the Calcutta Office were therefore all connected parallel to  
the battery wire, as is indicated in the foregoing diagram. 

I n  order to enable me to  directly compare the sigualling current sent 
into the lines by batteries and by a dynamo-electric machine, each line 
is as tested for mt current a t  Calcutta, and for received current a t  the 
out- station. 

Preliminary trial on 28th Augwt 1880.-The line used for tapping 
the  signalling current was No. 6, Calcutta to Allahabad, 577 miles in length, 
worked direct and having a real conduction resistance of about 3075 ohms. 
(taken from the August 1880 tests). The resistance of the relay a t  
Allahabad equals 492 ohms. 

1st Experiment.-This consisted in taking the sent current at Ual. 
ar t ta  and the received curre715 a t  Al lahbad as produced by a battery of 
60 minotti-cells connected up in series. This is the usual signalling bat- 
tery during the monsoon. 

2nd Espriment.-The main current in this experiment was produced 
b y  dynamo-electric machine A t  through the resistance r .  The resistance 
in  circuit was not measured, but may be taken t o  be as follows :- 

m = 0.652 \ internal. 

r = 1.517 ohms at 85O F. 
= 1.543 

Leading wire to tangent galv. 1 = 0.026 external. -- I 
Total. 2.195 ohme. 

max. 39 
The main current gave a mean deflection of 37.g0; - = - - 

mln. 36.2 ' 
max. 62 

mean speed of engine 60.3 revolutions per minute ; - = -- 
mill. 68.5 ' 

The 

variation of the current corresponds with the variation of the speed. 
3rd Experiment.-The main current in this experiment was produced 

by dynamo-electric machine E.1 through the resistance r. This experi- 

The Telegraph Line conveying the current produced by the dynamo-electric 
machine to the Telegraph O5oe may be called most appropriately the battery wire. 

t Thia ia a Biemem' dynamo-electric machine called medium &s (see myprdcir 
of report on the electric light experimente in London). 

$ This is a Siemens' medium machine altered wording to my apeci5cation 
(See prdar of report on the electric hght experiments in London). 
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I I I ~ I I ~  was made irl order to  see whether A or E maclline would suit the 
c i rcu~~rs tances~bs t .  

The resistance in circuit was not measured, but may be tsken to be 

the same as given for A. The main c u m n t  gave a mean deflectionof 
mar. 33.7 30-6"; _- - -. - 27 0 ,  mean speed of engine = 59-9 revolutions per 
niln. 

max. 
minute ; - = The variation of the current correspond. with that min. 54' 
of the speed. 

Tlie results of the preliminav trial are given in t h e  following table :- 
- 

The three efperiments more made in the order given. Xoe. 2 and 3 
were made from 11 to 11-44 hours, during which time messages were 
sent. The insulation of the battery wire L was variable from 11,000 
t o  95,000 ohms absolute. 

From Experiments 2 and 3, it will be seen that  A machine produces 8 

larger main current than E, which is due to the higher speed of A ; fnrther, 
that  the sent c m e n t  tapped from the main current of A is larger than the 
sent cuwent tapped from that  of E, just as i t  ought t o  be. I n  fact, if tbe 
line during the two experiments had kept coostant, and if also r had kept 
constant (r increases considerably by heating), the  proportion of the two 
main c m m t s  would have beem the  same as t h a t  of the  two sent c ~ n h  
and this is very nearly the case.? No. 3 Experiment with E machine @VM 
about the  same result as No. 1 Experiment with battery. T o  produce the 

l The amall fiumbers in tho form of exponents mean the number of oboermti~ 
made. 

+ 4 main currents = 1.32. E 

z 
2 5 Mode of pro- 
2 .: ducinq the 
Z & current. * 

i;; -- 
1 , 60 Minotti 

I 

/ , f : ~ ~ n d k .  

machine E. 

BIenn speed 
per minuto 
of dynamo- 

electric 
machine. 

... 

783 

---- 
641 

Speed of engine 
per minute. 

Mean of 
main cur- 

rent in 

JIcnn. 

... _ , -  

Cnrrent in milli- 
oersteds 

3 1 ~ .  - 

-- 
. . . 

62' 60.370 i 68.51 
-,-- - 

1 66' '' D6 ' 
- - I 

milli- Bemt st Received 

9.8 

- - - - -  
86,846 

27,991 

-- 
9.8 

14'6 

--- 
9.4 

6-1 - 
7.7 

66 



main current by A is therefore more advantageous than to produce it 
by E. Hence I employed A in the final trial. 

The$naZ t rM i  on Sunday 29th August 1880.-The battery wire, before 
the trial began, was tested for insulation, and gave an absolute i n s a t i o n  
greater than 1 n ohm. The main current, aa already mentioned, wao 
produced by dynamo-electric machine A ; i. e., from 8.46 to 11.6 hours 
through the wire coil of resistance r, and from 11.6 to 11.32 hours 
through the arc of an electric lamp producing the light J. The light of 
the lamp wan not measured, but may have been equal to about 6,000 
standard candles.* The first line was connected to the battery wire at  
8-45 hours; the last line a t  10.53 hours. The whole trial was completed 
at 11.32 hours. 

. The change from r to lamp (J) waa made in so short a time that none 
of the out-stations noticed it. Messages were sent and received in the 
aeual regular style. 

Mr. C. B. P. Gordon, the Superintendent of the Bengal Division, 
attended at  the Signal Office. 

At the beginning of the experiments, the resistances in circuit were 
measured. 

Internal resistance of dynsmo-electric = 0.662 inhrnal 
machine A 

Wire 'coil r = 1.517') 

1 ) 1.543 externd Leading wire to tangent = 0.026 
galvanometer 

After-the experiments were over, these resistances were not measured 
again; however, on account of the very considerable heating by the strong 
main current, they must, we know, al l  have increased considerably. 

When r closed the poles of the dynamo-electric machine ( 8 . 6  to 
11.5 hours) the mean speed of the engine was 6013 revolutions per 

max. - 64' 
minute ; - - - while the mean deflection of the main-current was 

niln. 56' ' 

When the lamp was in circuit (from 11.6 to 11.32 hours), the mean 
max. 61 

speed of the engine was again 6013; - = - - while the mean deflec- 
mm. 69 ' 

max. 468 
tion of the main-current was 4417, - = - 

min. 42l' 
I n  the following table all the results are given :- 

When m e a d  under 4b0 with the horizon. 



172 Louis Schwendler-On the Employment of [KO. 3, 

Table shewing the r9ent and Received Currents and other partinrlarr. 

1 2 4 6 6 7 8 

- 

oemhdn. M o d e  of pro- 

7-- I--.--___ 

- -- ------- the bat* winl 

KO. 6 

677 --- 
No. 6 

cutta, and &r(J 
No. 8 4'00 3-80 119 c e b  currm~frattheont- 

660 6.18 - 

14.62 --- - ---- 
No. 3 13.64 

9-41 



After  t b e  dynamo-current was stopped a t  11-32 b o r n ,  and the bat- 
ter ies  bad been connected up  again, the  nmt currents a t  Calcutta and 
t h e  receiued cuwents a t  outstations were again ascertained. Hence columlis 
5 and  6 contain 8 readings of sent and received mrrents  for each line ; 
first, with battery, secondly, with the  dynamo-electric machine, and, thirdly, 
w i t h  the  battery again. All the readings of the  currents tapped from the  
main current of the dynamo-electric machine were taken between 8.45 
a n d  10.53 hours, when the iron wire coil of resistance r was connected t o  
t h e  poles of the dynamo-electric machine. From 11.5 t o  11.32 hours, 
when the  lamp was substituted for r, no current readings a t  Calcutta and 
t h e  outstations were taken. 

T h e  main current of the dynamo-electric machine, when r was in 
circuit, was 86,801 m. 6 ;  when the lamp was in  circuit, 45,706 m. o.* 
F r o m  this it does not follow, however, that  the  tapped currents in the 
second case were larger than i n  the  first, because it would also depend on 
t h e  resistance offered by the arc, which is  not known. The resistance of 
t h e  arc, as more current was produced with the same speed of the  dynamo- 
electric machine, must naturally have been smaller than r = 1.517 b. a. u. 
(iron wire coil), especially as  there is an e. m. f. i n  the arc opposite 
to the e. m. f. of the  dynamo-electric machine. 

To  produce 36,801 milli-oersteds through an external resistance of 
about 1.543 b. a. u., a total energy is consumed by the  dynamo-electric 
machine of about 27,000 D ergs per second (representing about 3 h. p. 
per second). 

Concliuions.-These experiments shew that  it is perfectly possible 
and practicable t o  t a p  from the main current produced by a dynamo-elec- 
t r ic  machine all the signalling currents required a t  t h e  Calcutta ~ e l e ~ r a ~ h  
Office. These currents were for the 11 lines connected up  = 129.1 m. 0, 

if all keys were simultaneously and permanently sending. This represents 
only 0.35 "1, of the main current (36,801 m. 6) with r in circuit, and 
-28 O l 0  of the main current (45,706 m. 6 )  with lamp i n  circuit. Further  
it will be clear that  such a small variation of the main-current could not 
influence the regularity of any work done by that  main-current. 

Further, it will be seen that  in all the experiments the sent currents 
tapped from the main current of the  dynamo-electric machine were 
considerably larger than when produced by the large batteries a t  present 
i n  use. Experiments IX  and X only form an exception. However, 
I think these exceptions are in  both cases due t o  errors of observation, be- 
cause the  battery readings i n  Experiment I X  do not all agree. The 
dynamo-current readings in No. X must be wrong, because in No. XI, 
for  a total circuit resistance of 7759 units, the sent current is 13.38 m. 6, 

Calcutta by the formula : r = 47330 to (m. ODD]. 
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while in No. X, for a total circuit resistance of 65.29, the sent current is 
only 7.14. The error of obeervation is therefore obvious. 

That with such etrong received currents as are produced whell the 
dynamo-electric machine ie wed, the lines should work well, is not to be 
wondered at. But i t  waa also confirmed by the outstations having k 
adjust their relays much more unsensitively. 

Supposing now that we had useful work day and night for the strong 
main current, and that on the whole the new method could be always 
depended upon, I believe these experimente have proved that the signal- 
ling currents required in telegraph stations could be had for motling, and 
that the method would be quite practicable. 

The useful work for the main current a t  night would most conveniently 
false the shape of an electric light to illuminate very efficiently the Signal 
Office. The electric light, besides being more powerful, would possess the 
additional advantage of being produced by a t  leaat 50 times less heat 
than if the same light were obtained by combustion. T h b  is no doubt a 
great advantage in a hot climate. During the daytime, I would use the main 
current for pulling punkhaa, lifting messages, or, more genel.ally, for work- 
ing a pneumatic system of sending and receiving messages, &., &c. If 
Crlcutta had the good fortune to possess a colder climate, i t  might he 
suggested that the heat developed in the coil of wire should be used for 
warming rooms. It would then only be neceserry to lead the wire along 
the walls, in a manner aimilar to that in which hot water pipes often are 
for heating rooms; the electric method being only far more economical. 
The heat given up by the wire, after dynamic equilibrium of the eystem has  
been established, is quite regular, and the method is obviously exceedingly 
clean and very convenient for domestic purposes. The wire attained 
its constant temperature of 93" C. after the current had acted for about 
half an hour, the air of the room having a temperature of 30" C. 

The heat given out by the wire is by no means small. For instance, 
in our case, the average current working through a resistance r = 1-548 
b. a. u. wae 86801 milli-oersteds. This representa work done at a rate 
of 20173 ,f), ergs per second, and supposing the wire haa obtained ita 
constant temperature, this whole energy is developed into heat emitted by 

20473 
the wire into space a t  a rate of ---;-- = 488 gramme-degree-centigrade 

42 
per recond. This is equal to the heat produced by an ordinary German 
stove consuming 6 b s  of coals per hour; supposing that the loss of heat 
when coale are burnt under a steam-boiler is four times as great aa when they 
are burnt in a German stove. Ibappears, therefore, that the heat developed 
by the wire would be sufficient to keep a moderately sized and ordinarily 
ventilated room at  a comfortable temperature even when situated in the 
highest latitudes. 
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XVII1.-On t i e  Lapidqptewau Genus Emona, with tho DercriptMn 
of a new 8pecier.-By J. W O ~ D - ~ A B O ~ .  

(With Part of Plate VI). 

Several yearn ago, three plain pale-fulvons butterfliee of moderate size 
were forwarded to the Indian Muaeum by Illr. S. E. Peal of Sibeagar, 
Assam. 811 t h m  are of the male sex, and they agree m remarkably 
closely in size and colour ae to have been taken for specimens of one and 
the  same species. On examination, however, I find that, though super- 
ficially m similar to one another, they differ in structure and represent two 
distinot but closely-allied apecies, one of them being a male (hitherto 
undescribed) of arnona Amatirwia, and the other bwo, moles of an 
andescribed form belonging to the same genus. For the benefit of 
naturaliets in India to whom the costly works in which they occur are 
inacceeeible, I have extracted the original descriptions of the two ileecribed 
species. 

The gsnw Ahma waa eetablished by W. C. Hewitson in 1868 
for the reception of an insect from Northern India which he had ~ J B -  
viously described under the name of Olemms dmathwia. Hewiteon appears 
to have had some misgivings ss to the propriety of this step, but, aa will 
be seen from the following amended diagnosis, the genne ie at  least 
ss dilltinct from Clmorns as thia ie from Tkmumtir, or aa Zbwidia from 
Amathutia. 

Genue EMOXA, Hewitson. 
Head malL Aatenncs rather short. Ant& acutely pointed 

and produced, or sharply angulated, at the apex ; ita inner margin etraight 
in both sexes, not being lobed at  the baee in the male as i t  is in UZmorns 
ond less distinctly in Thic l~n t iu ;  the costal vein reaohing to the end 
of the fiflih seventh of the length of the anterior margin; the subcostal 
4branched, the first branch given off juet before the end of the cell, 
and, after running free for nearly the same distance beyond that point 
as it originates before it, completely coalescing with the coetal, but again 
becoming free just before this Iaet-named vein turns off to the anterior 
margin, the three remaining branches free. Postmior wing more elongated 
than, and not quite so rounded as, in CIeronw; without the pencil of 
erectile setae whioh, in the males of O h m  and !4l"haumcmtir, arises from 
the wing-membrane of the discoidal cell cloee to the subooatd vein and lies 
obliquely PCMSB r patch of elevated and crowded d e e  on the other aide 
of this vein, the male scent-fans, if such are really preeent in thin genue, 
being eituated in a different port of the wing, oiz., in the anal region, 

28 



176 J. Wood-Mason-& the Lepidaptmt~ Qenrrs A h o u  [No, 

where a line of s e b  running along the anterior side of the submedian vein 
ends in a curled whisp which, when a t  rest, lies in a aiight groove or fold 
of the wing-membrane. 

Plain ,and delicate butterflies of a pale fulvous colout inconspicnously 
or obsoletely ocellated on the undereide. 

I n  the form of the hind-wings and in the position of the male ecenL 
fans &ona agrees with Xanthotmia, and in ita pointed fore-wings witb 
Zeuxidia, Eniqe ,  and Diacophora, but it differs from these and from all t h e  
other Indian genera of Nwphina in the relations of the costal and subcost.l 
veins to one another, and in ot11er.respecte. 

(8.) P o r ~ - ~ a g  praanwd and point& at apz  w$tA it# dn. mmya'm cnmmwwk-. 

1. f l ~ o n a  AMATUU~IA. PI. VI, Figs. 3, 4,8.  
C I m  Amathusia, Hewiteon, Trans. Entom. 60c. Lond. ser. 3, vol iv, 1867, 

p b66, 9. 
Bmona dmcrthuria, Id., Erot. Butt. vol. iv, 1868, k. et a. pl. i, Bg. 8-4, p. 

9 .  "UPPEESIDE rufous-brown, the bands of the underside seen 
through. Anterior why crossed beyond the middle by a band of orange- 
yellow: the apex dark brown. Posterior wing with nome arcuate spoh 
n$gr the apex. 

u U n ~ ~ ~ a w ~  rufous, tinted with darker colour. Both w h g r  omased 
a t  the middle by a common rufous-brown band : both with a band of 
minute rufous ocelli some of which are pupilled with white : both with a 
submarginal band rufoue. Anterior wing with a pale rufoue band near the 
base and a spot of the same colour a t  the end of the cell. Post& maw 
with r dark rufous band near the base. 

Expanse 3& inches 
" HAB. Northern India." 
The female ie only known to me from Hewitson's dmription .Dd 

figures. 
8 .  Lighter-coloured than the female. UPPEESIDE pale hlvons, the 

strigae or bands of the undereide showing through. Afibsrior coing k k w  
at  the base and a t  the tip, between which darker parts the colour is verf 
pale yellowish-fulvous. Posterior w i q  of the Bame shade as the bsee of 
the anterior one to within a short distance of the mnrgin, whence it is 
paler, and with an indistinct eubmarginal eeriee of arcuate marks extending 
from the apical to the anal angle. UNDEBSXDE uniform pale f u l v o ~  ; the 

' 

str igs aa in the female ; the ocelli (one, the second and largest, perfect, the 
remaining five rudimentary) of the posterior wing also aa in the female, 
but in the anterior wing only the one between the first and second median 
veinlet and faint traces of that between the 6 r e t  median veinlet rml 
the submedian vein are present; the thin submarginal brown line mom 
obviously engrailed than in the female. 



Length of anterior wing 14 ; whence expanee = 2.9 inohee. 
HAB. Naga HiUe (8. A'. Peal). A single specimen. 

8 .  If Upp~asmn. Pb*s wing pale brownish grey, oroseed by a 
dark brown band, interrupted by the nervures from before the apex to near 
t he  posterior margin st two-thirdrr of i ts  length from the base, beyond the 
band darker, with a slightly marked and incomplete submarginal line, 
before which is a series of five pale lanceolate blotches between the nervuraa 
directed towards the outer margin. 811 the nervures tinged with yellow 
and more or less dark-bordered. Hid wing : anterior portion from base 
fo 'outer margin pale, posterior portion bright yellow, crossed by a sub. 
marginal series of three dark-bordered white blotches, and a fourth fainter 
blotch between the nervures, forming a short interrupted band from near 
the apex to  the second median nervure. The aubmedian nervure fringed 
from its origin to near its extremity with long yellowish hairs, longest and 
most conspicuous towards its extremity. 

UNDEBBIDE. Both wings crossed by a dark ferruginous band with 
sharply defined outer edge from the costa of the fore-wing near the 
apex to near the extremity of the submedian nervure of 'the hind-wing, 
and having a faintly traced submargi~lal line, before which is a series of 
blind white-centred ocelli. The cell of the fore-wing crossed near ita 
middle by a curved ferruginous bend. Hind-wing crossed by a ferruginous 
band near the base. 

6 1 d n t e n ~  ferruginous ; palpi and legs tawny yellow. 
81 Expanse of wings 3 t  inches. 

, " HAB. Yunan." Moolai, Upper Tennasserim 3,000-6,000 ft. (Moore). 
Atkinson does not give the sex of the specimen described and figured 

him, but, the two specimens in the Indian Museum obtained at the 
-me time are maleo and agree perfectly in size and markings with his 
figure, he may be presumed to have described a male. I n  a specimen of tho 
male recently received from the upper Thoungyeen forests, British Burrnah, 
by Captain Gt. F. L. Marshall, the three white spots on the anterior half of 
the  hind-wing are huger, forming a band divided by the veins. 

(8.) Jiwe-wing rhrply augdatrd at fL a p a  with it# outer margin arched. 

8. BMOXA  PEAL^. PI. VI, Figs. 5,6, 8 .  
2, Pcdii, Wood-Manon, Pmo. Baiatic Sac. Bengal, July 1880, p. 123. 

8 .  Closely allied to a m .  Amathuoio. UPPEB~IDE coloured and 
marked in the same manner, but with the ocelli aa well aa the s t r i p  of 
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the underside showing through. Antmior wing with the apex angulated 
but not produced, the outer margin arched instead of concave-sinuous, and 
the inner angle not so broadly rounded: Port& wing darker-colonred 
and also paling towards the outer margin, but with the mbmarginal seriea 
of arcuate marks smaller and less distinct. UNDERBIDE colonred and 
marked in much the same manner, but with more perfectly formed and more 
numerous ocelli ; the anterior wing having three (the first between the 
submedian vein and the first median reinlet, the second the largest and beat 
defined) perfect ocelli and two or three rudimentary ones following them, 
and the posterior wing, one rudimentary (close to the submedian rein) and sir 
(the first in the same interspace with the rudimentary one, and the second 
the largest of all) perfect ones ; each ocellus dark brown encircled by 
a very fine line of the colour of the strigsa and pupilled with iridescent 
silvery-white; the thin submarginal brown line rather more deeply 
engrailed. 

Length of anterior wing 1.35 ; whence expanee = 2.8 inches. 
HAB. Sibsagar, Assam (8. E. Peal). Two specimens. 

X1X.-Description of a new Papilio from tho Andaman bIrrn&.- 
By J. WOOD-MASON. 

(With Part of Plate VI.) 

PAPILIO LIETBYQON~.  PI. VI. Figs. 1 ,2 ,  8 .  
P. Lautrygonum, Wood-Mason, Pm. Adat. 80c. Ben& June, 1880, p. 101. 

8 .  Wings above cretaceous-white, the anterior ones black a t  the 
insertion, scarcely tinged with greenish a t  the base, with five black bands 
commencing a t  the anterior margin and cutting the cell, the first basal, 
extending to the inner margin, the second rather broader, also extending 
to  the inner margin, and emitting a short conical prooesa a t  the origin of 
the first median veinlet, the third ecarcely broader, extending to  the median 
vein, the fourth narrower, triangular, reaching or all but reaching the 
median vein, the fifth much the broadest of all, triangular, divided anterior- 
l y  into two forks by a curved narrow decreasing and interrupted band of 
the ground-colour running from the costal vein to  the third median veinlet, 
extending to  the inner margin, separated from the black outer marginal 
band by a band of the ground-colour divided by the black veina and very 
slightly if a t  all narrowing from the anterior margin up to the second median 
veinlet, whence it gradually decreases in width and diatinctneae to the inner 
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angle ; all these black bands connected a t  the anterior margin,and the k t , ,  
mcond, and tifth of them a t  the inner margin also, by a very narrow edging 
of black. 

Posterior winge with two black bands commencing and connected a t  
the anterior margin and coinciding with bands of the underside, one 
m, extending to the end of the first half of the &st median veinlet, and the 
other discal, extending a ahort distance into the .space between the 2nd and 
3rd median veinleta; with a small black spot near the end of the cell 
-rcely distinct from thediscal band ; with four discal apota immediakely 
beyond the cell running nearly parallel with the band, the firat and largest 
tmnaversly elongated and coinciding with a a p t  on the underside, the rest 
amaller than the corresponding ones on the underside, which latter are 
consequently seen through the wing-membrane beyond the margins of the 
former ; with a black spot succeeded by one of luteow a t  the anal angle ; with 
a marginal and aubmarginal seriea of black lunules coalescent in the anterior 
th i rd  but more distinct in the posterior two-thirds of the wing, where the 
t w o  series are more or less separated from one another by aehy-grey acalee 
continuous with the ashy patch occupying the outer third of the wing and 
extending also along so as to obscure the ultra-cellular part of the basal 
black band ; with the discal band and spote more or 'lees irrorated rind 
obscured with ashy-grey scales so that the disk of the wing appears mottled 
with black and grey ; and with the black tails, ao also the incisma, margined 
with cretaceous-white. 

Wings below pure white, anterior ones marked aa above, with the 
ground-colour a t  the base and between the black bands aa far as the 
median vein and its aecond branch yellowish; with the band of ground- 
colonr aeparating the 6fth black band from the black outer border distinct, 
and not decreasing but on the contrary rather increasing in breadth, to  the 
inner angle ; and with the curved line dividing the fifth black band into 
two forks more distinct and less discontinuous. 

Posterior wings, from the base up to the median vein and the discal black 
.band, yellowish, with three black bands, one narrow running from the 
insertion along the inner margin close to  the abdominal fold, and two broader 
oommencing and connected at the anterior margin and cutting the cell, one 
of these latter basal, extending nearly to the end of the basal half of the first 
median veinlet, and the other discd, some dietrrnce into the space between 
the 2nd and 3rd median veinlets, the two first of the three bands connect- 
ed together a t  their outer extremities and with two largish coalescent 
black spote in the anal region ; with a  mall black apot near the extremity 
of the cell, and air of the same colour immediately beyond i t  d i a p o d  in a 
line which rune atraight from the coatal vein as far aa the cell, but then curve8 
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abruptly inwards, the first of thew spots fxanrverwly elongated, ertendiog 
from vein to vein, and conneoted with the ~ n d ,  which is roundish md 
itself connected with the d i d  band, the third oval, about one-thld 
the size of the second, and touching the discooellular veinlet, the fourth 
twice the size of the third, in conbect with the median vein and its two 
last branches, the fifth rather smaller than the third, the sixth cresceotio 
and connected with the two above-mentioned large spots in the and region ; 
with six large difised luteow blotches externally margined with black, 
and increasing in size and depth of colour from the anterior to the inner 
margin ; with the ground-colo& between them blotches and the d i d  
black spots pure white ; with an increasing aeries of six marginal lundeq 
between which and the wavy black margins of the luteous blotchee the 
ground-colour is white in the anbenor and grey or greybh-white in the 
posterior portion of the wings ; and with the incisurea and the taile mrr- 
gined with lutescent. 

Head black with two white frontal ban& ; collar with a lateone spot 
on each nide ; thorax above jet-black ornamented at  the aides with long 
grey setre, below cretaceous-white ; abdomen cretaceous-white with a taper- 
ing dorsal black band and two lateral fuscous ones. 

Length of anterior wing 1.7 ; whence expanee = 3.6 inches. 
HAB. South Andaman. Two specimens, both maleo, obtained by Mr. 

A. R. de Itoepstorff. 
To .mark its close relationship to  P. AtipLtcs ,  I have called the 

species P. Laestygonum after the mythical people over whom Antiphatee 
is supposed to have reigned. It differs from its nearest ally in having the 
upperside much blacker (the ban& of the forewing being broader, and the 
first, second, and a t h  of them with the marginal one extending to the inner 
margin where they are all connected together by a very narrow black edg- 
ing, and the disk of the hindwing mottled as it were by black and grey) and 
a much greater extent of grey and more highly developed marginal and 
submarginal lunules on the hind-wing ; in the abdomen being dorsally 
banded with black and the thorax ornamented with grey s e h ,  Btc. 

P. #.-On the 17th Nov., after the above had been sent to press, the 
fourth part of M. Oberthur's work entitled ' Etudes d' Entomologie' was 
received in the Indian Museum, and in i t  I find the same species described 
and figured under tho name of P. Zpaminondoa; but, ae i t  aeems to me 
not quite certain whether this name was actually published before mine, I 
have left it to X. Oberthur to effect the change of names that will beeome 
necessary if the fourth part of his work should redly have been b a d  to 
the public before June, 1880. 
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(With Plates 11 and 111.) 

More than ten years have elapsed since the last number of these ' Con- 
tributions' was published.' The time that I have been able to devote to 
Zoology in the interim has been occupied with other subjects, and several 
forms of Indian land-shells that have been in my possession for years have 
remained undescribed. Of a number of these, I had drawings made some 
years ago, and several of the figures that accompany the present paper were 
included in a plate prepared for publication a13 long since as 1871, but 
never lithggraphed. 

Tliese ten years have seen so many additions to the literature of Indian 
land and freshwater shells that the whole aspect of the study has been 
changed. Foremost in importance are the late Dr. Stoliczka'a papers in 
this Journalf on the anatomy of several forms of Helicidc. The un- 
timely death of Dr. Stoliczka, one of the most able and energetic workers 
who ever devoted his attention to Indian Molluscs, has prevented the 
design he had formed of publishing a monograph of I n d i n  Cyoloutomacea 

J. A. 9. B., 1870, xxxix, pt. 2, pp. 9-25. 
t V o 1 . 4  1871, pt. 2, pp. 143, 217, and xlii, 1873, pt. 2, p. 11. 
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from being carried out. A considerable number of drawing6 had been made 
for  the work, in t h e  preparation of which I had agreed t o  join, but of these 
drawings the most important, those representing the  anatomy of the various 
genera, are not, I fear, sufficiently clear fo r  publication i n  their present 
form, and notes to explain them are wonting. &me of t h e  most useful 
of Dr. Stoliczka's anatomical studies, those on the structure of various 
Helicib, have, however, I am much pleased to say, been continued by 
Colonel Godwin-Austen with important results. 

The same decade has seen the completion of a aeries of ilhmtrationq 
many of them well executed, of Indian land and freshwater shells, the 
' Conchologia Indica' of Hanley and Theobald. The work is mainly due 
t o  Mr. Hanley, upon whom the  whole of the editorial labour has fallen, 
Mr. Theobald having been absent in India during the  publication. Whilst 
it is impossible to avoid regretting that  more complete illustrations of most 
of the species have not been given, and tha t  some additional details have 
not been furnished in the accompanying letterpress,* it is unquestionable 
that  the  plates me  a valuable contribution to the  knowledge of I n d i  Mol- 
lueca. 

Two other rather important works on Indian land and freshwater 
shella have been issued since the  completion of the ' Conchologia I n k '  
One of these is  Mr. Tlieobald's ' Catalogue of the Land and Freshwater S h e b  
of British India'f, the  other, Mr. Q. Nevill's ' Hand-list of t h e  M o l l m  
i n  the Indian Museum, Calcutta', Par t  I .$  The value and accuracy of the 
first-named work are unfortunately eeriously diminished by the  great num- 
ber of misprints, errors, and omissions, partly due  t o  the  author's absence 
from Calcutta when the list was printed. Five quarto pages in small print 
are filled with additions and corrections ; this list, however, is not only far 
from being exhaustive, but  contains some additions t o  the  catalogue of 
mintakes. $ The ' Notes on t h e  ' Conchologia Indica,' ' p. 50, contain some 
important corrections of localities cited i n  that  work. 

One moat important omission might yet perhsps be mmed. A kvge namkr 
the fignres aro from types, or from typical examploa, and, in mchoaaes, if the figm 
correct, there cnn be no question as to the determination of tho apeciea But many 

of the figurea are from ahella that, although doubtless in general correctly identilied, 
are not the apecimena originally deacdbed, nor even in all c a w  ftom tho same localit).. 
A lint of the @urea taken from actual t y p  would be useful in cama of disputed iden- 
tity. 

t Calcutta, 1876, published by Thacker, Bpink and Ca 
f Calcutta, 1878. 
1 To justify my criticism of my friend Mr. Theobald'e 'Catalogue', I wi l l  give tw 

instances of the errors it contains. At p. 16, tho genus Omplcalotmpis (with two species 
0. dirlmnina, B. and 0. auraniiaca, Dcah., is placed in the family Rimoidcrc, subhmily 
Pmuatiopir~ar. A t  p. 43, the same genus ~nphalotrqni (with but one specior 0. & 
mina, B.) is repeated as a member of the family Hdki*ide, subfamily Hydrwrrian 



Mr. Nevill's ' Hand-list of the Mollueca in the Indian Museum' is espe- 
c b l l y  important for the large number of localities given. In  some few 
inataneea (as in all such lists), some names will be found to require revision, 
.nd one or two instances will be given in the present paper. I have already' 
expreesed my reasons for dissenting in some respects from the olaasification 
adopted. But ib would be unfair to convey the impresttion that mistakoe 
are numerous, indeed, considering that Mr. Nevill had not the advantage of 
oorrecting the proof-sbeeto himself, errors, so far as I have examined the 
work critically, appear singularly few in number, and in many points the 
olassifioation adopted for the Helicida of India ia a considerable improve. 
m e n t  on anything that h d  previously been published. At tbe same time, 
there is, I believe, very much mow to be done before these puzzling shelle 
ore properly arranged.t 

I n  the variouo works just mentioned, wme species are quoted by names 
given by me, a t  various times, in manuscript, but never published. Of 
thew forms I have given descriptions in the fallowing In  eeveral 
instances, the shells have been figured in the ' ~oncbologia Indica.' One 
form thue figured (Spirooulntl zrrarturei), I have alreadg described in this 
Journal (vol. xlvi, 1877, pt. 2, p. 313), and two other species (Oremnocon. 
~Awf i i rk r rk i  and Corbicrrb iravadica) represented in  the same work 
require explanation. To facilitate reference, tliis ie given below under the 
name of each shell. 

This mietaLe b not oarreoted in the long liat of ' Addenda et  Comgenda.' To 
#hew how grave the error ig it ie only necessary to mention that the Riaaoidas are as 
dietinct from the Hdicinidas in organization as are the Liltorinidas from the Nerilidoa, 
and that OmpAalotrqpiu hna been clearly proved to belong to neither, but to the Cyclos- 
h i d a s  (Sea Ann. hhg. & Nat. Hist. May, 1865, eer. 4, vol. iii, p. 841). Moreover. 
the Indian locality of Omphahh-opia auramtiwa had been .hewn to be erroneous Q 
Hanley in the ' Conchologia Indica.' The error was Ion8 since suggested by Beneon 
(Ann. & Mag. Nat. Hint. Bept. 1851, ser. 8, vol. viii, p. 194). 

The other error that I shall notice occurs in the ' Addenda et Corrigenda' and rnns 
thu:-"Page 15, add ACX~LLA HYDIUA, Qodwin-Aueten. North East Bengal." The 
reference qnoted ia 'Minutes of the Trustoea, Imperial Mueeunq' Cnlcutta, vol. vii, 
p. 162. Now the minutes quoted are not published, but merely printed for record, 
and the notices contained in them of additions to the Mueeum are mere lints of the namw 
thathappen to be attached to specimens, inserted without any attempt a t  vedcation. 
Precisely the same M the case in the ' Register' a t  the Britiah Museum. Had Mr. 
Theobdd looked at  the specimens, or had he made any enquiry about the shell, he 
would, I think, havo d y  learned that no such n a m e s  ' Aelnelka hydria' was ever 
published, and that the shell so-called, was, if I am not mistaken, Tricda inontuna. 

Pmc. A. 8. B , 1879, p. 55. 
t For inat8noe, I cannot help doubting whether any of tho numemu fo rm refer- 

red by Mr. Nevill to ilCicrocyutu cue really mugunuric with H. on~atella the t y p  of the 
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Of the remaining species here described, the majority have been collec- 
ted by Colonel Beddome in the hill-tracts of Southern India. Some of them 
were sent to me as long as 9 or 10 years ego, others have been received more 
recently. I feel that I owe many apologies to Col. Beddome and to the 
other gentlemen, Dr. Anderson, CoL Evezard, and Col. Godwin-Busten, 
who have kindly entrusted me with the description of their discoveries, for 
leaving these so long unnoticed. 

The plates accompanying the present paper are unfortunately deficient 
in many respects. Several species are not represented, and some of the repre- 
sentations given are far from being good. The original drawings were, in 
all cases, excellent, but some of them may, after being kept for several years, 
have become indistinct in parts, and as the lithographer had not the shells 
for comparison, he may have misunderstood the details. The larger shells 
represented in plate iii. are fairly well delineated, but several of the small 
forms in plate ii. are more or less faulty, 

The importance of a careful study of the anatomy in the different 
forms of H e l i c i h  hss already been mentioned. Vcry much remains to be 
done before anything like a correct classification of the family can be pr* 
ticable. That all the forms referred to  N a n i ~  (a name which bas no 
claim to recognition) m u ~ t  be separated fiom Helix is clear enough; the 
animals belong to different subfamilies at least, but i t  is by no means cer- 
tain how many real generic groups there are in the so-called Nanim. I 
su~pect  that iKacrochlamys, very possibly with mme of the forms referred 
by Stoliczka to .RotuZa,* will have to  be separated generically from another 
group comprising the sections known as Hemiplecta and A&phanta, which 
are very closely allied to each other, and which are probably congeneric 
with Xesta and several other forms. For the present, I have simply refer- 
red the species described to the sections t o  which they appear to  belong, an 
Btoliczka did, but I am by no means prepared to  follow him in accepting 
such sections as of generic rank. The ditficulty is to  determine what generic 
name or names should be adopted. Nanina is utterly bad; i t  offends every 
law ; the name had been used previously by Risso ;t the type is the same 
as that of Benson's genus dlbcrochlamys; and the tenn is objectionable on 
account of its signification. All this 11se been pointed out by Martens,f 
but still he and others employ the name because it haa crept into use. 
Now, in such difficult matters as these generic terms, unless rules are 
strictly attended to, utter confusion must result, and undoubtedly it 
has resulted. Wlien, however, a search is made for a better found- 
ed term then Nanina, endless difficulties are encountered. The ear- 

* Thene appear, however, to deserve distinction from true Botulq see after. 
t See Stolicz!a, J. A. 8. B., 1871, XI, pt. 2, p. 47. 
f Albem Eeliceen, 2ta Auagabo, p. 46, where the synonymy in fully disc- 



1880.1 W. T. Rlanford-Contributions to Indian MaZacology. 185 

l ied  name is Helicarim of Ferussac (1822), but it is far from clear 
that  this is not generically distinct from both Macrochlamys and driophan- 
fa. The next term is Stenopw of Guilding (1828), applied to a West Indian 
shell. This genus is evidently closely allied to the so-called Nnnina : the 
only distinction pointed out by H. and A. Adams* is that the sole in 
Stenopue is narrower than the aides of the foot, but this does not hold good 
universally.? A better difference is probably the position of the genital 
orifice, which appears to  be, in Stmopus, some distance behind the head, at3 
i n  Zonites, and not just behind the right tentacle, as in ' Nanina.' After 
Stenopus follow .Xacrochtamyu of Benson (1832) and AriopRanta of Dee- 
moulins (1833), the first founded on H. indica (Benson nec. Pfr.), believ- 
ed by many authors to be the same as H. aitrinoides, the second founded 
on H. lmipeu. The name Nanina was given in 1834. My impression is 
tha t  Helicarion, Macrochlamys, and Ariophanta will have to be accepted as 
genera, Nanina being merely a synonym of Mamochlamys. 

I must apologize for taking up space by repeating what has been often 
written before, but it is only right to explain why I now describe as Hmi- 
pZecta, Euplecta, 6Zc. shells allied to others formerly in these ' Contributions' 
called Nuaim. 

1. A R I O P H ~ A  IMMERITA. Plate 111, Fig. 4, 4cr. 
Nanina (Ariophanta) immcrita, W. Blanf., J. A. 8. B., 1870, xxxu. pt. 2, p. 17. 
Hcliz immeita, Pfr., Mon. HeL vii. p. 128 ; Henley & Theobald, Conch. Ind. pl. 

cl, fig. 7. 
This shell was originally described from an immature specimen, and 

the ssme was figured in the ' Conchologia Indica' Subsequently, Col. Bed- 
dome obtained an adult shell from the same locality, South Canara. Of 
this example a figure is now given. The species only differs in sculpture 
from A. intempto,  which is found in various parts of BengalT and Orissa, 
and has been procured by Col. Beddome as far south as the Golcondah 
range of hills in Vizagapatam. The two forms replace each other in the 
eastern and western parts of the Indian peninsula, precisely as do their 
allies A. bvipes and A. laidlayana. 

2. OXYTES BYLVICOLA, sp. nov. 

. Teats perforah, depreusa, crcrinata, sotidula, olmro-micanu, epider- 
mi& crassiwculo obtecta fulva we2 lu#eo$wca, sdriis oblipuis incrementi 

t 3. g. in iKacroch&rnya, some forma of which at  last have the central tract nar- 
rower than the lateral. 

f Amonget the localities given in the 'Hand-list of Molluacn in the Indian 
Mnsenm,' part i. p. 19, ie Singhar. Thin cannot be Sinhgarh near Poona, in the Deo- 
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atpue Iineia impedsu minutia p ' ~ l i b u r  nrbdiskrntibor aFperna daGurrio 
( n u c h  sorublavigata), subdus Zmvior red dialincte &xuasato-striata. Bpira 
p r u m  akvota depreseo-conoidw, fsre convexa, apica obturo, s v t d  linawi, 
ontice vix impr~sd.  Anfr. 6+, senaim aociwcenter, p.mip&nulati, uldimi 
~ o n v ~ ~ r s a u l i ,  ultimus b u d  deremdmo, rubtus o o r r u ~ m s ,  m~dica in-, 
red infra carinam, niri juota aparlumm, lecitw aompus lu .  Apsrtvra 
obliqw, angulata-luuaric, intus livido-albido; periotoma -turn, irrtvr d- 
iner~8ato-lahiotum, wrginibur callo t a u i  jwctis, columellwi m a t o ,  
breviter rej&xa. Diam. wj. 82, Pnin. 29, acir 17 M. dpmb. 16f sm. 
lato, 13t  obIiqrue alto. 

HAB. In montibu ' Burail Range' dictis, ad alt. 2OOO-?M)00 pedum, 
in provincia ' North Cachar' Bengalis orientalin (8. H. Qodwisdrrfac). 

Shell perforate, depressed, osrinate, not very thin, having a greuy 
lustre, and a thick epidermis, tawny or yellowish brown, marked with ob- 
lique raised striae of growth decnssated by fine subdistant apiral impressed 
lines above (the nucleus almost smooth), and with fainter radiating stria 
and concentric impressed lines below. Spire but little raised, almost con- 
vex, depressedly conoid, apex obtuse, suture linear a t  first, but slightly im- 
pressed near the mouth. Whorls 6+, gredually increasing, the illner nearly 
flat above, the outer slightly convex ; the last not descending, convex and 
moderately swollen below, but slightly compressed just below the keel, 
except near the mouth. Aperture oblique, angulately lunate, a little 
hroader than high, pale livid within. Peristome sharp, with a slightly 
thickened lip inside, the margins joined by a thin callus, columellar mar- 
gin curved, reflected for a short distance a t  the perforation. Major diameter 
1.26 inches, minor 1.14, axis 0.69, breadth of aperture 0.65, height (measur- ' 

ed obliquely) 0.63. 
There is a very remarkable resemblance between this shell and that 

described by me as Nanina koc~daensio (J. A. S. B., 1870, uxk, pt. 2, 
p. 16, pl. iii, fig. 12), yet I am by no means eure that both belong to the 
same section or subgeneric group. A? koondoensw is an ally of N. indiaa 
(Pfr.) and N. shiplayi, shells doubtless nearly allied to Hcmiplecta, and 
very possibly belonging to that subgenus, but hitherto referred to Rotuln,* 
or to other sections. 0. aylaicola is larger, mow solid, and covered with 
8 distinct epidermis, and the sculpture ia leas granukte above, the s p i d  
impressed lines being more distant. 

I have seen but one specimen of 0. eylvico&, for which I am indebted 
to Col. Qodwin-Auten. It is figured here. Other spesimene, 1 learn, 
larger. 

Stolicska, J. A. 6. B., 1871, xl, pt. 8, 231. 



8. HXXIPLEU~A TIROBTOMA, SP. IIOV., Plate 111, Fig. 1. 

T a t a  a w t s  rmbilicobtl, cmt;azo-depmssa, aonfmtim rtrr'w spi~libus 
minutis lineiapue i m e n t i  decueuata; fuloa, lined pallidd anguetd rupra 
penjh+am, aHerd fd infm, Eincto ; . ubh  paUidk ,  ksoior, ritidda, 
+a eonvcxa, apias obtueo, mtwd primvm linean', antice impesrd. Anfi. 
6, planiw~yli ,  rmsim acmaucentes; ultimtu conve@ior, antice latior sub- 
auendenu, od pwiphmium angulatur, mbiur conoexm, aperduram uorrw 
p h u h t u r .  Apertura obliqua, multo latwr guam olta, lunoto-oblonga, 
intan albe~ens, fared pariphe+-ali albidd conrpicd ; perietomcrtir wargini- 
h s  nrbparalldw, callo tmui junctis, bauali albo, recto, erasriurculo, longs 
obiiquo, ad umbilicum subrejkso, unpm armato, Zemtm infixo. &am. 
may. 60, man. 89, a& 21 mm. ; aport. 28 mm. bkr, 18 oblipw olta. 

H ~ B .  In montibus ' Tinnevelly Ghats' dictia Indis meridionalis, ad 
latus orientale provincire Travancore (H. BccMome). 

Shell narrowly umbilioate, convexly depressed, closely decussated with 
fine s p i d  striae and lines of growth, smoother beneath, yellowish brown 
above, paler below, surrounded by o narrow pale line just above the peri- 
phery and a dark line below. Spire convex, apex obtuse ; suture at f i s t  
flat, becoming impressed towarde the mouth. Whorls 6, the first nearly 
flat; the last convex above, becoming mpre so towards the aperture, where 
it is rather broader and rises a little ; below, the shell is convex, but flatten- 
ed near the mouth, and the greater breadth of the last whorl near the 
aperture is more conspicuous than above. Aperture oblique, much wider 
than high, brow,nish livid, with a whitish enamel within, the pale peripheral 
band beiig conspicuous ; perietome slightly sinuate, the upper and lower 
margins nearly parallel, the former slightly inflexed, the latter oblique, 
straight, white, and eomewhat thicker than tlie other margins. Major 
diamebr 2 inches, minor 1-65, aria 0.85; breadth of aperture 1.1, height 
(measured obliquely) 0.72. 

Thia shell mmewliot resembles E. bauileeua and H. beddomei, but 
difEers from both in the peculiar form of the aperture and the great flatten- 
ing of the last whorl beneath. The h e ,  decussated, almost granulate 
eculpturepf the present species, and the less rapid incream of the last 
whorls would serve to distinguish i t  from either of the forms named, even 
if the peculiirr shape of the aperture proved to be an individual peculiari- 
tr-not a very probable supposition, aa &ere is a faint approach to the 
same change of form in the last whorl in H. barilssw.. 

But a single specimen has been procured by Col. H. Beddome, and 
entrusted to me for description. This shell waa obtained on the Tin- 
nevelly Ohate, between Tinnevelly and Travsnom, at  a spot e& of Papa- 
nsseom, and at  an elevation of 5000 feet. 
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4. HEXIPLECTA EKIBA, sp. nov., Plate 111, Fig. 2, %. 

Testa angrrste umbilicata, depreera, subcarimla, f u l v o - m a ,  nrbtvr 
pallidior; fascia esigu8 peripherclli albidd &cumdata, confertirn rtriia 
incren~enti lineiapue minutia qiral ibus rubgranulatim dccwscrto, circa 
wmbilicum lmuior. &ira ctepresso-convexa, apice obtwo, nr twd primrr 
tineari, antice impreeed. Anfr. 4+, planiueculi, smsim accreacentu : ulti- 
mu8 superne rnagia convexre, ad periphuriam mba~~gtrlatw, antics btiw, 
rubtus colrveme,jwta a p e r t l ~ ~ n  paululo cmprestrun. Apmtura obliplrq 
latior puam alta, lunato-bblonga, supra per9heriom rubanyahto, iutw 
pallide livida, farcid peripherali albeacents conspicud; peridomatir mar- 
ginibua subparallel#, callo tenui granulate j u c t i s ,  rupero stcriiopw 
arcuatir, bawd intexia we1 inctassati-8, barali albo, recto, obturo, longe oblC 
quo, ad  urnbilicum eubre jm.  Dianr. maj. 42+, mi* 36, =is 20 ma.; 
apertura 23 lata, 17  oblique alta. 

HAB. I n  montibus 'Agbastyamullay' dictis, inter provincias Tinne 
velley atque Travancore, in IndiB meridionali (H. Beddome). 

Shell narrowly nmbilicate, depressed, subcarinate, yellowish chestnut, 
paler and dull yellow below around the umbilicns, surrounded by a narrow 
pale band, which is only well marked near the mouth ; the sculptnre in fine 
and subgranulate, formed by decussatiog strig of growth and fine spiral 
lines, the latter disappearing below near the umbilicus. Spire depressed17 
convex, apex obtuse ; suture linear, and not impressed, except in the ante- 
rior half of the last whorl. Whorls 4), all except the last flat, gradually 
increasing ; the last whorl more convex above, especially togards the mouth, 
where i t  is slightly broader, subangulate a t  the periphery, convex below, 
but a little compressed close to the mouth. Aperture oblique, broader than 
high, lunately semioval, subangulate a t  the upper portion of the outer edge, 
pale livid within, with the narrow whitish band along the blunt keel very 
conspicuous. The peristome is not thickened, except very slightly dong 
the basal margin, which is white, oblique, and straight for a considerable 
distance, being very sligl~tly reflected a t  the umbilicus ; the other margins 
are regularly convex, the upper and lower margins being subparallel ; the 
callus connecting the free margins of the aperture is thin, but. granular. 
Major diameter 1.72 inches, minor 1'4, rub 0.8 ; aperture 0.95 inch brad, 
0.68 high (measured obliquelx). 

Col. Beddome has sent to me two specimens of thin shell, one adult, 
the other not quite fully grown. The species is near H. tinastoma, but is 
considerably smaller, and the peculiar flattening and compression of the 
last whorl, near the mouth, is far less, the aperture being, in coneequenca, 
not nearly eo broad in proportion to  the height. Another allied form, also 
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from Travancore, is H. basileasa; but this is a thicker shell, with broader 
whorls and rather a thick lip to the aperture ; the sculpture, too, is dSer- 
ent. None of the remaining species of Hmiplecta occurring in the Mala- 
bar province have the mouth compressed. -- - 

5. XESTIXA~ ALBATA, sp. nov., P1. 111, Fig. 8, 3a., 86. 

Teata angwrtissima a tpw subobtecte umbilicata, depresso-globoaa, soli- 
diuscula, rugoso-striata, laneis impressis digtantibus spiralibus superne 
circwndata, dbida, e b m w .  Npira depresso-conica, apics obtuso, sutwd 
impeasd Anf~. 66, convexiusculi, sensim accmscentes, primi translucan. 
ter, sublamigati; ultimrcs primum, nec antics, ad periphuriam subanguhtus, 
operturam aersus latior, vis descendens, subtus eubin3atus. Bpertura obli- 
qua, k t e  lurroris ; psristomato s u p e m  simplici, cxtue subtuspue subrty%xo, 
j d a  umbilioum rejkm atpue subincrassato, margine baaali arcuato. Diarn. 
mcy'. 29, min. 233, axis 173 m. ; apert. intus 15 bta ,  14  oblipw alta. 

HAB. Ad Papanassam, in montibus ad latus occidentale provincies 
Tinnevelly, India meridiondie (H. Beddome). 

Shell very narrowly and subobtectly umbilicste, depreaeedly globose, 
mbangulate a t  the periphery, rather solid, ivory-white, the surface wrinkled, 
forming a cos~se oblique striation across the whorls, with fine spiral distant 
impressed lines on the upper surface only of the two last whorls. Spire de- 
pressedly conicd, apex obtuse, suture impressed. Whorls 63, slightly oonvex, 
regularly increasing, the first almost smooth and translucent; the last 
whorl a t  first snbsngulattr a t  the periphery, the angulation disappearing 
some distance behind the mouth, the lower portion inflated near the aper- 
ture, which is oblique and broadly lunate. Peristome simple above, subre- 
flected on the outer and basal margins, rnther thicker and turned back near 
the  umbilicus, which i t  partly wvers ; the b a d  margin is curved forwards. 
Major diameter 1.6 inch, minor 0-95 arb 0.7 ; breadth of aperture inside 
0.6, height (measured obliquely) 0.66. 

This form is allied to X. maderaspatam (Helix madkraspatana, auct.), 
bu t  i t  is thicker, much more coarsely sculptured, and white in wlour. The 
peristome too is elightly reflected. There is some resemblance also to X. 
belangeri in form, but the month is somewhat Werently shaped, and the 
sculpture of 8. albata is coarser. X. belangeri appears to be a near ally 
of 8. tmaquebarica, smirugata, and bombayano, forms differing in shape, 
but so variable and so closely allied that i t  is very doubtful whether they 
really merit distinction. All of these forms havo a horny shell differing 
from the ivory-white substance of the species now described. 

* PfeSw, J. B. Jahrbnoh d. Mal. Gee. v, p. 267. 
26 
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But a single specimen has been sent by Col. Beddome. I think I b e  
reen the same, or a very similar form, from either the Pulneys or some 
other range of Southern India; but I cannot 6nd specimene in my collec- 
tion. 

6. EUPLECTA VIDVA. Plate 11, Fig. 6. 
.Ed& o u h ,  W. Bl., WS. ; Hanley, Conchologis Indioe, p l  am. &. 2,s. 
Nmim clicnclcteicq Bern., var. u i d q  Nevill, Hand-Get Moll- Indian Ymu18, 

Calcutta, pt. i. p. 30. 

lbsto Cmpm$mta, ctntoidao-dqweldvl, nrpmns oblipve mfertirn a t p  
arctrotirn $iiformi-costuZato, rubtw iaaqata,  polita, d i a t i m  striatub, 
q m e  pallids mmta, t~rbtur pallidior. 8pim d e p r m - ~ d w ,  Lteribm 
rubraotu, apice ocutbsoulo, b ~ t d  i m p r e d .  Anfr. 8, conaexi, arcti, Isnts 
rcctwcentea ; ultirntu supems ad pmpheriam q ( ~ l a t t r e ,  antics ais d a m  
dens, rubtw m v ~ .  dpertvra dlipwo, l m i r ,  ktiw gum alk. Z'srir- 
tomcl obtustun, laaiter r h w t r m ,  intw aix albo-labiabmn, margins h a l i  
wcunto, aolume2luri v ix  reJexo. Dkm.  maj. 17, min. 15#, azis 9), mm. 

HAB. I n  montibw Qaro Khasi et  Nags dictis, vallem Amameneem 
meridiem versua conbingens ( X c ~ t m ,  CfOdwin-Auten). 

Pariatos minor, +e8oo-turbinato, r p d  coniod. Diem wwj. 14, 
win. 12+, wir 9 rmn. (PI. 11, Fig. 2.) 

HAB. Cum prmedente. 

Bl~ell imperforate, conoidly depreseed, above ornamented with oblique, 
alose, and arcuate fine hair-like costulation, smooth and marked with rrdis- 
ting strim below ; pale horny, paler beneath. Spire depwssedly conical, the 
ddee nearly straight, apex rather sharp, suture impressed. Whorls 8, con=, 
narrow, slowly increasing in size, the laat angulate above a t  the periphery, 
ecarcely descending towards the month, convex below. Aperture oblique, 
lunate, broader than high. Peristome not sharp, slightly wary, with a very 
slight white thickening inside, the b a d  margin curved forward, the cola- 
mellar scarcely refleuted. Major diameter 0.67, minor 0.62, aria 0-38 inch. 

The above in the typical form ; but there in e amaller variety, depress- 
edly turbinate in shape, with the spire conical, messuring 0.68 inch in its 
major diameter and 0-36 in height. This form paesea by insensible p&- 
tions into the type. ' 

The shell represented in the ' Conchdogia India '  ia intermediate 
between the two varieties here described and figured ; the apex in the 
' Conchologia' figure in more prominent and blunt than in the specimens 
now before me. These were prooured from the Naga hills, south of &la 
U h ~ t ,  beam, by Mr. Masters in 1850 ; other speoimexu were subeequently 



found on the Qaro, Khad, and Naga hills by Colonel Godwin-Aueten. The 
nhells from the K h i  hills have the filiform cosfulation on the upper sur- 
face finer and less regular than those from the Amam aide of the Naga 
hills. I n  Khasi shells 2, 3, or 4 ribs occur a t  nearly regular intervals, and 
then P rib appears to be omitted ; this is not the caae with those from np- 
per Assam. 

The speoies scarcely differs from E. mwmatkima, found on the other 
aide of the Brahmaputra valley a t  the bese of the Siklrim hills, except in 
being imperforate. E. climacterislr, of which Mr. Nevill considers the , 

preeent shell a variety, is always sharply keeled a t  the periphery. The two 
f o m s  may pase info each other, but I have never wen any intermediate 
links ; and as they T i e r  from each other much more than E. viduo doen 
from E. ooratirsirmr, or E. climwtsrioo from E. aurteni, it is better to 
have distinctive names for them. 

I am indebted to  Col. Godwin-Ansten for the following note on the 
animal of 3. v i d w  observed a t  Cherra Poonjee, Khasi hills. 

" Animal of a neutral grey t int  about the neck and eye-tentscles, which 
ere rather long and fine, the oral tentacles are also of a dark tinge. Extre- 
mity of foot truncated, with mucous gland. Body long and thin. No 
tongue-like processes to  the mantle observed." 

The genus Euplecta was proposed by Semper* for two Ceylonese she& 
Helix subopaca and H. layardi. The latter of these is referred hy both 
Theobaldt and Nevillz to Situla, a position which ie scarcely tenable, for.  
the  animal of H. Zayardi is destitute of shell-lobes, whilst these are present 
in 8itukS ; and the odontophores are very different, neither the shape nor 
number of the teeth being similar. At the same time, I am rather doubt- 
fu l  whether H. Zayardi should not be placed in a separate section from H. 
mbopaca on account of differences both in the shell and odontophore. The 
last-named species, however, is, I think, to be accepted 8s type. It is great- 
ly to be regretted that Semper should have adopted so loose and uncertain 
a proceeding as to  name two distinct forms as types of one genus. I n  such 
a case, the only plan is to takw the first-named-in this case, H. subopaca- 
ae the type of Evplecia. 

The genus is thua defined by its author in Qerman:-On the mantle 
edge only neck-lobee are preeent, the left is divided into two seprate lap- 
pets (as in many Helices). Above the caudal glund there is o short horn. 
The she21 entirely exterior, ribbed or striated above, rinooth below. On the 

&isen im Archipel der Philippinen, 2te theil, Wb. Res. vol. iii, p. 14. 
t Cat. p. 20. 
3 ~md-lirt, p. a4. 
I) See, for description of the animal and odantophore of SiW (or &w&M, whioh 

i. the aame), Btoliczka, J. A. 8. B., 1871, vol. J yt. 2, p. 236. 
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genita2wgaiu u gZindrire2 female rlipplmncntary g l d  (Anhangsdriiee) with 
a cartilaginous point (analogous to the dart P) ; on the vas deferene (Samen- 
leiter) a closed appendage, in which ca2earsous concretwnr are fwmed, and a 
figelEum. 

The odontophore is not noticed in the generic description. In  1 sub- 
opacu, the number of teeth in each crose-row is about 100, central tooth 
tricuspid, the neighbouring laterals 12  in number distinctly bicuspid, from 
the 13th to the 24th almost without e trace of the little lateral point, which, 
however, reappears in the outer laterals. Euplectcr belongs to Semper's 
rubdivision Cmatophora with a horn-like lobe above the caudal gland, and 
the eole of the foot divided into a central and two lateral regions as in 
Macwchlunys (and 8tmopus). 

I n  the characters of both shell and animal, so far as we know the 
latter, there is a remarkable resemblance between E. wbqaca  and E. 
aidua. The conneation between E. vidua end 1. climcrctm.011 has already 
been noticed, and in the latter the odontophore (of which Col. Qodwin- 
Austen han kindly furnished me with notes and drawings) agrees very 
closely with that of E. eubopaca. The following is a description of the 
teeth in E. ~Eitnactm'ca :- 

" Median tooth tricuspid, the central point very long, the lateral cusp 
very small. 'The first 14 laterale are long and broad with a single ehort 
small cusp on the lower outer margin, the 26 outermost are long narrow, 
curvilinear, bicuspid, the outer point the shorter, being less than half IU 

long as the inner. Jaw slightly curved, the front edge a little convex." 
The number of teeth in a row is apparently 79. A sketch ehews that 

the form of both central tooth and laterals is very similar to that in 3. 
subopaca. 

Eupleda is by Semper classed apart from Rotula. The animal of the 
type of this latter genus (H. detecta, from Bourbon) is still unknown. Sem- 
per has described the anatomy of two very different species, and there is no 
proof that they are congeneric. It is also extremely doubtfuI whether, of 
the forms referred to Rotula by Stoliczka,+ any belong really to the section ; 
and I am disposed to believe that Nevi11 was right in removing them in 
his ' Hand-list,' where, however,? he simply classes them in Nanina without 
specifying any subgeneric group. Judging, i t  is true, chiefly from the shella, 
I should class the following Indian and Burmese species in Eupleda :- 

H e l i s  p o w ~ , $  Benson ; from Burma. 

J. A. s. B., 1871, XI, pt. 2, p. 231 ; 1878, rlii, pt. a, p. 14. 
t 1. o. pp. 28, 29, SO, 80.  

$ I flnd thin nhort note on specimens of this apecien obtained in upper Bwma in 
1861 :-Animal of the c i t r i~ id r r  type, bat the projecting lobe (i. r, that above tbr 
o a d  gland) M amall. 
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N a n k a  n'biyallcnsia, Nevill ; Bengal, Bebar (Hand-list, p. 28). 
H e l i s  clisnocterka, Benmn ; b w m  hills, Burma. 
Eupkcta  vidua, Assam hills. 
Nanina austmi, W. B1. ; aaro hilla, Asearn. 
N. falcata, W.  B1. ; Garo hills, Assam. 
He l i x  ornatiaujmz, Benson; base of  Himalayas, Sikkim and Nipal. 
Hel ix  m u l a  also probably belongs t o  the same genus. About H. 

anaepa and its near ally, H. arata, I am more doubtful ; for there are shell- 
lobes t o  the mantle i n  the  former, and the teeth o f  the odontophore differ 
i n  several particulnrs.+ 

As regards H. indica (Pfr .  neoBenmn), H. Jiplayi ,  and H. acuducta, 
I cannot now find the notes I made many years since on the animals, but 
I believe they belong t o  the f o r m  allied to driophanta, in  which the foot 
h broad with the sole undivided, and there is no projecting lobe above the  
caudal gland. The  shella present much resemblance to the type o f  Alberd 
section Ilhalastia. H. tugwiunr and H. camura from Sikkim are still more 
like E. rubrugata from Australia, the  type o f  !l'halassia. 

Heliz inqrranni, Blanford, Hanley, Conchologia Indica, pl. lx. figs. 9, 10. * 

Botwha dip- Be., partim, Theobald, Cat. Land & Freahwnter Shelln Brit. Ind. 
p. el. 

Nanina (Suara fl diplodon, Bs., partim, Nevill, Handlist Moll. Ind. Mua. pi. i p. 63. 

Peata impsrfomia, t rochi fomh,  tenuia, diapham, pallide cornea, minu- 
tireinw atpue confertiarime granulatim decuusato-rtriata. rSpira rubconica, 
b t e r ibw  eonveziwculi, apice obtwo, suturdparum impresad, ZinedJiliformi 
marginatd. Anfr. 64, regulariter accreacentes, v ix  convexiusculi, ruperwrea 
Zmigati; u l t imw acute carindue, non descendem, et u u p a  et infra 
carinam compreuaua, basi eztua decuusato-otriutue, atqw, prceourtim antice, 
q m t u r a m  verrus,planula#ua, i n t w  cmaeziuuculus atpue lcaaigatus, atriis 
mcdium v e r m  evanl~emtibw, regione umbilicali i n~res rd .  Apartura dia. 
gonalis, inourvo-triangulario, intris tridentatus, dentibur EMneIliformibur 
omnibus baaalibur, duobus inperirtomate, uno majori fulcato intrante, e x i w  
convezo, i n  m d i o  margine barali, alw minori oblipuo rubcolumcllari, tertio 
profwrdo, incwvo, traneaerrim post -*ern posito. Perirtoma aaurn, 
modics inemuaturn, margine basali siniotrorcncm arcuato, dextrorrum rub- 
angulatim sinuato, colnmsllari vix ref ixo.  Diam. maj. 6) ,  min. v i x  6, 
alb. 4+. 

HAD. I n  montibua ' Yoma' dictie, Pegn ab A.rakrn secernentibuq 
haud procul a vico Tongoop. 

Stolicrts, J. A. 8. B., 1871, J pt. 2, pp. eB4, 286. 



Shell imperforate, trocbiiorm, thin, translucent, pale horny, very 
minutely and closely ntriated both obliquely and spirally, m aa to be cover- 
ed, except on the upper whorls, with fine almost granular decussated sculp- 
ture. Spire nearly conical, with the aides slightly convex ; apex obtuse ; 
suture very little impreseed, and with a filiform line above, the continua- 
tion of the keel on the last whorl. Whorls #, in& regatPrly, nesrly 
flat, only a little convex, the uppermost quite smooth, the ~ c n l ~ t u r e  gmw- 
ing stranger on the lower whorls ; the last whorl sharply keeled, not 
descending, compressed both above and below the keel, with the outer par- 
tion of the base flat, especially towards the mouth, and decussated, the inner 
portion moderately convex and smooth, the seulptnw gradually disappearing 
tawards the middle ; umbilical region impressed. Aperturs diagonal, trian- 
gular with the sides curved, with three lamelliiorm teeth inside, all palatal, 
a d  in the basal margin : the largest is in the middle of tbe margin, and 
is much curved, with its convex side outwarda ; i t  begins by forming a kind 
of thickening to the lip, and then curvea away into the interior of the 
whorl ; the second is amaller, oblique, and situated near to  the columellar 
margin ; the third is a t  some distance within the aperture, it is curved, and 
placed transversely behind the first. Peristome white, somewhat thickened, 
the basal margin curved forwards near the umbilical region, and angulately 
curved back near the periphery of the shell ; columellar marg& scarcely 
reflected. Major diameter 0.25, minor 0-23, height 0.18 inch. 

I n  the figure in the Conchologia Indica,' the internal tooth ia not 
shown, although all the teeth are clearly seen through the semi-trrmsparent 
base of the shell. 

The caudal pore in the animal is very small, and furnished with alobe 
in front of it, but the tail is not truncated abruptly ss in Marrochlomy8. 
This is the only note I can find on the soft parts. 

This shell was named in MS. in the year 1861, and s specimen tram 
mitted to Mr. Benson, who, however, doubted whether i t  could be distin- 
guished from the Khasi-hill form described by him as Helk diplodon. The 
typical specimen of the latter must, I think, have been in poor condition, for 
i t  was described as " lmvigato, parum otriatula", whereas freah s p e c i m e ~  
exhibit nearly the same fine subgranulate decuesating striation as S. ? ingtm- 
mi,  and Mr. Benson very probably, and very justly, thought that  fresh 
specimens might agree with the Arakan shell in other charaoters. S u b  
queotly, fresh specimens of S. 3 diplodon were obtained from the original 
locality by Colonel Godwin-Ansten; and I find that they differ from 
S. ? ingrorni not only in being minutely perforate, a character to  whioh by 
its& I should attach little or no importanoe, but also in having but two 
teeth in the aperture instead of three, the internal transvenw, tooth of 
S. f ingrurrti being deficient in S. ? diplodon, whilst the other teeth am 
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differently shaped. The sculpture is somewhat finer in 19. 3 dipladim, and 
the basal margin of the aperture is mbangularly concave, without the curr- 
ing forwards due to the transverse portion of the larger tooth in 8. iqiumi.  
The last character is well shown in the ' Conchologia' figure. 

8. MACBOCHLAIKY~ P P L A T T C E L A ~ ~ ,  sp. nor., Plate 11, Fig. 9. 

Teato perfmta, conoideo-depressa, pertenuis, nitida, kmvigata, sub lent6 
obsolete atriatrlo, fulvo-cornea. Bpka parum elevata, apice obtum, sutwd 
Zevi aliquando mrginatd. Anfr. 5, vix conaexiuacuti, regzrlariter accres- 
centce; ultimur non descendem, periphwid rotundatus, rubtue convexus. 
Aper twa obliqw, lunark, lu t ior  quam aZta. P e r  istoma tenua, simplex, 
leniter ainuatum, marginibw remotis, calto tenuiasimo junctie, ~olvinellari 
brm'seime oerticoli, peranyuste reJEexo. Diam. m ~ j .  11, min. 9+, axis 6). 

. 
dnimalpallio maximo indufum, duos loboa &tor linguifoom~ea emitten- 

te, qui piram teatm omnino circumtegunt. 
HAB. Ad. Bombay. 

Shell perforate, wnoidly depressed, very thin, smooth, and poliehed, 
obsoletely striated beneath the lens, fulvous horny in colour. Spire sub- 
conical, but little raised, apex obtum ; suture smooth, scarcely impressed, 
rometimes marginate. Whorls 6, very slighly convex, regularly increasing 
in size, the last not descending, rounded a t  the periphery, convex below. 
Aperture oblique, lunate, broader than high. Periatome thin, simple, slight- 
ly curved when viewed from the side ; margins distant and united by a 
thin callus ; the columellar border vertical for a very sl~ort  distance, slight- 
ly  reflexed. Major diameter 0-M,  minor 0'38, axia 0.22 inch. 

This shell belongs to  the group of thin, more or less depressed forms 
d i e d  t o  the type nsuslly known aa jK. oitrinoidea (H. indieus, Benson). 
It appears, so far as I can see, to be undescribed, as is  also, I believe, an 
d i e d  form of darker coiour, and with a subangulate periphery, occurring 
a t  Trichinopoly and elsewhere in the neighbourhood of the Coromrndel 
coast south of Madras. 

The animal of M. p&tych&mys is chiefly distinguished by the peculiar- 
ly broad shell-lobes, which, instead of being narrow and attenuate towardr 
the ends, as in most allied species, are broad and flat, so as sometimes to 
cover the whole spire, and usually to  conceal all' except a narrow band. 
These lobes somewhat resemble those in the genus Helioarion. The lobe 
obove the caudal gland is very much smaller than it usually is  in iKacro- 
c h h y a  and rounded, not horn-shaped. 

This shell is common in the island of Bombay and neighbouring low- 
hnde on the weot ooast of India, and I have seen a form from the hilh of 
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the W y n d  in Southern India that appears undietinguishable. I have a h  
several specimens of a Macrochlamyr from the ancient town of Champanir, 
near Broach, that may very possibly be a variety of M platychlamyt. The 
specimens are larger than the Bombay types, an adult measuring 16 mm. 
by 14 in its two diameters, and some individuals attain even greater dimen- 
sions ; the mouth too ie rather more convex beneath, but otherwise the two 
forms agree very closely. 

The figure gives the idea of a rather thick shell, and the form of the 
mouth is incorrect, being too convex below a n 4  consequently, too high in 
comparison with the breadth. 

9. M ~ c ~ o c a ~ a x m  ~mrnmi P1. 11, Fig. 8. 
Xaerochkrmy8 tauicuka, H. Ad., P. Z. 8.1868, p. 14, pL iv, flg. 9. 
Es l i  tcnuicda, Pfr., Mon. Hel. vii. p. 94.-Hanley, Conch. Ind. pL Ixxri., 

flSs. 7, 10. 
Macroehlmyr s m a u ,  W .  Bl., MS8.-Theobald, Cat. Land and M w P t e r  Shells 

of British In* p. 18. 
Nonina (M-hbmyr) s$dgau, Nevill, Hand-liet Mollwcs, Indian Museum, M- 

ontta, part i. p. 26. 
Nanina (Miorocyrtir ?) tenwincla, Nevill, ib. p. 36. 

D r t a  apetfc parforata, turbinato, tauis,$avo- eel fulvo-cornea, Z e a i  
gata, nitidu, diaphana, oblique rtriatula, rub lentc IinuM impranair mfertu 
minutie i n  anfractibur ruperioribus tubtiliatimc dccussata. r9pira rubconi 
co, lateribus conacxiurculia, upice obturo, nrtwd koitm hpre88b. Anji. 
64-6, conacxiusculi, rcgulariter orstcentee, u l t b u r  non &rc&, ud 
periphodm obsolete rubangukrtus, angulo omnino unticc cvunebcente, red in 
t a t k  junioribur validiors, rubtw convaxur, radiatim atriutulua. d . v m  
obliqua, oaoto-lum't, latior quam alta. Perintomu tenw, rectum, mar@ 
nibur rubconnivsniibur, columellari rubuerticali, brsvitbt. rcjkxo. Dirrsi. 
maj. 9, min. 8+, axit 6 mm. P 

HAB. Ad Bombay et in terrie vicinis, necnon in montibns ' Western 
Ghats' aeu ' Syhadri' dictis. 

Shell openly perforate, turbinate, thin, yellow or fulvons horny, emooth, 
polished, transparent, obliquely striated, and under the lens finely decuseaL 
ed on the upper whorls with minute, close, impressed spiral lines. Spire 
subconical, the sides a little convex, apex obtuae, suture slightly impressed. 
Whorls 6i-6, rather convex, regularly increasing, the last not descending, 
obaolately subangulate a t  the periphery (in immature shells distinctly angu- 
late), the angle disappearing near the mouth, convex below and radiatelj 
striated. Aperture oblique, ovately lunate, broader than high. Peristome 
thin, straight, the margins approaching each other elightly, colomellu 
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margin subvertical, reflected for a short distance. Major diameter 0'86, 
minor 0.33, aris 0.24 inch. The foot of the animal is very long and narrow, 
and there are the usual pointed shell-lobes to the mantle. The colour of 
the body is almost black. 

The shell described by the late Mr. H. Adams as Xacrochlamye tenui- 
cula appears to me almost certainly to be the immature form of a species 
common in Bombay. This form I have had for many years ; and I former- 
ly  distributed specimens under the MSS. name of Helix efulgane, a name 
which has unfortunately got into print. The adult shell has never been 
described ; but the specimen figured in the ' Conchologia Indica' must have 
been nearly full-grown. Mr. Adams's original types were said to be from 
Sattara. It is probable they came from the Weskrn Ghats in the Sattara 
district ; but the species may extend to  the damper portions of the Deccan 
plateau. 

The figures herewith given are very unsatisfactory; the left-hand 
figure is quite inaccurate. This, however, is of less importance, as the shell 
is very fairly represented in the ' Conchologia Indica.' 

Nanina pliaatulq W. Bl., J. A. 8. B., 1870, mix, pt. 2, p. 13, pl. iii, Q. 7. 
N.pliccltuia, Mart., Nnchrichtabl. mal. Qesellnch., 1869, i, p. 149. 

Hsliapliccrtuia, Hanley, Conch. Ind., p. 14, pl. uvi i i ,  fig. 1. 
Macrwhbtnyr plioatulq Theobald, Cat. Land and Freshwater Shells Brit.Ind. p. 10. 
Naflina, n. ep., Nevill, Hand-list Moll. Ind. Mus. Calcutta, p. 27. 

I am indebted t o  Mr. Nevill for calling attention to the fact that the 
name I gave to this shell was pre-occupiod. I propose t o  change the speci- 
fro title to plicifera. 

11. & c ~ o c ~ ~ a a r ~ e  ? W Y ~ E I ,  sp. nov., Plate 111, Fig. 5, 5a. 

Pertape?$orata, subtwbinuto-depreesa, etriatula, nitida, albido-coma, 
diaphana, fascia rufd supra peripherium circunrdata. Spira depresso-coni- 
ca, apias obtuso, sutwd leviter impresd, fascdd rufd intut  marginatd. 
dnfr. 64, lmts  accraocmtas, u2timu.u per@herid rotundatus, subtwr lnodics 
convamr, aperturum v e r m  vix deec~ndm.  dpertura late lunuriu, obliquo, 
diagomlia ; periatoma tenue, i n tw  b u d  incraeeatum, margins basali eub- 
recto obluro, columellari rejZexo. Diant. maj. 19, min. l?) ,  aria 9+ nm. 
(ex &me). I n  exemplo minore diani. maj. 13+, min. 123, ark 7+ nun. 
apmt. 7 lata, 6 obligue alto. 

HAB. Ad Mari (Murree) in montibus Himalayanis occidentalibw 
inferioribus haud procul a flumine Jhelu~n (8. B. Wynnc). 

26 
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Var. major, depressa, anfrnc fibw 6, apird concezd, pcrrucn elewtd : 
dhm. maj. 21 ,L, min. 194, & 10 mm., apert. 11# bta, 10 oblique dk. 

Hab. Etiam ad Mari. 

Shell perforate, wbturbinately depressed, faintly striated, polished 
white, translucent, surrounded by a narrow rufous band above the periphe- 
ry. Spire depwssedly conicrrl, apex obtuse, suture slightly impressed, and 
with a rufous margin inside. Whorl8 5#, increasing slowly and regularly, 
thelast rounded a t  the periphery, moderately convex beneath, scarcely 
descending towards the mouth. Aperture broadly lunate, oblique, diagonal ; 
peristome thin, not thickened inside, b a d  margin almost straight, columel- 
lar reflected. Major diameter 0.76, minor 0.7, axis 0.37 inch (taken from 
the figure). A smaller specimen measures :-major diam. 0.54, minor 0.5, 
axis 0.3, breadth of aperture 0.27, height (obliquely measured) 0.23 inch. 

There is a larger variety, more depressed, with the spire convex and 
six whorls. I t  may possibly be a distinguishable form, but I t h i  not. 
A specimen measures :-major diameter 0.86, minor 0.78, axis 0.42, breadth 
of aperture 0.45, height (obliquely measured) 0.4. 

I greatly question whether this form is really a M m c h t m y e ,  and 
anno t  help suggesting the possibility of its belonging to a different wb- 
generic group, or even to h i t w .  However, it is associated a t  Mari with 
a true dlncroohlamys (M. prono*) and two or three species of Heliaarion ; 
no i t  is evident that a few of these tropical types extend to this extreme 
north-western portion of the Himalayan range, where, however, the majori- 
ty  of the mollusca consist of Bulimini of the Patreus section. 

The specimen of iK. icynnei from whioh the accompanying figore ww 
taken has been mislaid or lost, and the description is drawn up from a 
smdler individual. I have named the shell after Mr. A. 13. Wynne of the 
Geological Survey of India, to whom I am indebted for aeveral mollusca 
from the ieighbourhood of Mari. 

I have been in  some doubt aa to whether this might not be a form of 
the shell described by Prof. v. Martens as Nanina jacpwmbnti (Malak. BL 
xvi. 1869, p. 75 ; Pfr. Nov. Conch. iv. p. 48, pl. cxviii, figs. 6-8) ; but, in 
the first place, i t  can scarcely, I think, be the species figured by Jacqos ~ 
mont (Voyage dans l'Inde, Atlas, pl. xvi. fig. 2), and, secondly, N. jacp.e- I 
mmii is described as having "paristoma obtuewn, in tw inmasaturn, WT- 

gine ... baoali Ieviter arcuato," none of which can apply to the present speciee. 
Pfeiffer's figure in the ' Novitates' shows a very much less oblique mouth 
than is found in Mamchlamyr? wynnei. Now, I have another speeier 
from Mari, which agrees admirably with Marten's description in them re 

Nevill, ' Bcientitlc Roeultn of the Second Y a r l d  Nkion,' MoUasca, p. 17. 



apecte, and which reaemblea Jaoquemont's figure also, but 'it wants the red 
band round the periphery shown in PfeiflEer's figure. It is just possible 
that two species are included by Martens. The true N. jacquemonti ie 
probably s Benamio. 

12. MA (&PISOMA) EVEZAEDI. 

Bp (Bphmw) muurdi, Blanfod," Ned& Hand-liet Moll. Ind. Yus. Calcutta, 
pt. i. p. 192. 

P " PLpa euardi, Blanford MS," Hanley, Conch. Ind. p. 41. pl. ci, 568. 6, 6.- 
Theob. Cat. Land & Frdwater Shells Brit. Ind. p. 30.-Pfr. Yon. Hel. viii. p. 416. 

Testa dmpcrfwato, vix wbrimata, ccmoidco-on&, tenuia, coma ,  lineis 
h o t i s  irreguZaribus$lifomibw oblipuis m t o .  Spira mbtw rubylin- 
draceu, m p m  m i h a ,  lateribus conoerir, opice obtuso, suturd inpreasd. 
dnfr. 44, convezi, regulwiter oredcmtea, ultimus parum major, peripherio 
atpue basi rotundotw, haud antics descendens. Apartura diagonalis, 
truncate-rotunda, cdsntula ; pm'stoma tenue, rectum, expansiwculum, mar- 
ginibw conniventibw, columblkri verticali, ad basin rubtorto, adnato-re$ezo, 
regionnn umbilicalem teymte. Long. 2#, dicim. fere 2, long. ap. 1 mm. 

HAB. I n  cortice arborum ad Khandalla inter Bombay e t  Poona 
(9. Evezard). 

Shell imperforate, with ecarcely even a tracre of rimation in the urnbili- 
cal region, conoidly ovate, thin, horny, with raised hair.like oblique linee, 
rather irregularly disposed,on all the whorls. Spire nearly cylindrical below, 
conoidal above, the aides convex, apex blunt, suture impressed. Whorls 4), 
convex, increasing in size regularly ; the last but little larger than the 
penultimate, rounded a t  the periphery and below, not desoending in front. 
Aperture diagonal, nearly circular, but truncated above, without teeth ; 
peristome thin, all in one plane, slightly expanded, margins converging; 
columellar vertical above, slightly twisted below, reflected and united to 
the whorl so as completely to cover the umbilicus. Length 0.11, diameter 
0.08, length of aperture 0.04 inch. 

If the form represented by Hanley in the Conchologia Indica' be 
precisely the same 8s that described above, I am inclined to question the 
locality given, "Singhur," or, as Mr. Theobald prefers writing it, " Synghar," 
presumably Sinl~garh, near Poona. The origind specimens were found by 
Colonel Evezard a t  Karkalla, near Khandalla, a t  the head of the 130r-ghat ; 
and I suspect that Hanley's figure was taken from one of them. There 
are two or three allied forms found in the Syhadri range aud the Nilgiris, 
forms that do not appear hitherto to  have been described. 

The subgenus Puyiromo was proposed by Stoliczka* for the htoulmein 
J. A. 6. B., 1873, vol. xlii. pt. 2, p. 82. 



P. ligniaola,+ s form very cloeely resembling P. coezardi, but rather 
ehorter and less ovate. It is by no means improbable that intermediate 
varieties may be found ; indeed, so much do I doubt whether the two are 
really worthy of distinction that I should not hsve described the present 
species if the name had not already crept into print. 

Mr. Nevill, in his Hand-list I. c., haa referred the H e l L  oreulcr of 
Benson t o  the same section of Pupa  se P lignicola; and in this he ie, I 
think, unquestionably right. 

" 8. eollina, Blanford, MS.," Hanley, Conch. Ind. p. 30, pl. Ixviii. figs. 8, 9, 10 ; 
Theobald, Cat. Land and Freshwater Shells Brit. Ind. p. 31 ; Pfr., Mon HeL viii 
p. 668; NeviU, Hand-liet Moll. I d  Mw. pt. i. p. 212. 

Teda eoniw-ovata, tenuiwcemlo, pamm nitida, dietinete a tqw J I e r m ~ 8  

atriata, airidweenti-cornea. Spiro realarb, apke  acutiuaeula, sudwdvalds 
impreuod. Anfr. v b  3, perconvezi, ultimue + hy i tud in ie  subccpwnr. 
d p e r t w a  oaata, oblipua ; periutoma tenue, maryine d e ~ t r o  mediocritct 
arcuato ; columella arcuata, recedenu, calloaa. Long. 17, diarn. 10, aH. 
(v .  diam. min.) 6 mm., npertwa 13 mm. longa, a h  9 Iatcr. 

HAB. Saxia rupibusque adhrerens p r o p  Mahabaleshwar ad summos 
montea ' Syhadri' seu ' Western Ghats' dictos Indiae occidenMia. 

Var. aurantiaca v. rufo-cornea; habitat i n  co2le ' Ibm' dicfo, i n k  
Mahabaleshwar a t p w  wbem P o w .  

Shell conically ovate, rather thin, but  little polished, distinctly and 
flexuously striated, greenish horny in colour. Spire step-like, apex rather 
pointed, suture much impressed. Whorls scarcely 3, very convex, the lad 
about 3 of the length. Aperture oval, oblique ; peristome thin, the right 
margin moderately curved forwards ; the columella arcuate, receding, and 
covered with a thin callus. Length 0.76, diameter 0.4, height (when laid 
mouth downwards) 0.24 inch ; length of aperture 0.52, breadth 0.36 inch. 
T11e largest shell I possess measures 20 mm. in lcngth (0.8 inch). A 
rufous variety occurs a t  Torna Hill, near Sinhgarh, west of Poona. 

This is a rock-inhabiting species,t found on cl& and large blocka 
of basalt a t  Mahabaleshwar and Torna, and ia allied to 8. gimarica, a 
larger and thicker form, rather differently shaped, found by Mr. Theobald 

J. A. 8. B., 1871, vol. xl. pt. 2, p. 171. 
t I t  is rather difficult to underatand why Succinca nhould be plsced amongat fmh 

water shells in the ' Conchologia Indica.' Most of the Indian forms am found either 
on troes (often on palme) or on rocks, and generally at a distance from water. Litbtu 
and Canaptonyz are also, I think, incorrectly claased as freahwatar uhelle, both baing 
found on baealtia CMR 





parietal lamina is double. Home specimens are rather smaller thsn the 
type. It is doubtful whether these difIerences justify a separate -me. 

16. S r ~ m ~ a n a  ~ ~ s s o m n ~ u s ,  ap. nov., Plate 11, Fig. 10. 

8. p m o n a t y  Wl. Bl.," Theobald, Oat. Iand and Freahwutm Shells Brit. Ind. 
p. 33. 

Testa umbilicata, dqresaa, aphceroideo-ovato, Zmipta, nitid&, d+ 
haflu, cereoalbidcr. Hpira dkpreeaa, apice viz exaerto, auttud impread. d f ~ .  
6, eonvexi, pmultirnur postice rotundatw, vix ultra ultimtm (a h i  spec- 
gatus) pmjieiena ; ultimua e c m t h ,  artrorec~n deoionn, wbtve canveslcr, 
&rcusn um bilicum compr~ars,  poet aparturam fossiculia k p r u a u  constrio- 
tru. ApsP.tura oblipw, fm aemiovalis, &mind und vaEidiij8e;Fuoob i n f d  
pariehli, dmtibwpus 6, tribua in  margin0 columelluri, d w b w  is &dm, 
harum ~WK) inferiors majm lani&parietoli oppoaito, alw mitwre #up& 
marctata. Peristoma ~ a a t ~  contisum, fm oolutum, album, vndiprs 
&te mpaniwm,poaticejwta angukrn rubprofun& retrosinucrfuns, margins 
parietali valido, concavo. Diam. ~ j .  4 min. %, all. 2+. 

HAB. I n  montibus. haud procul ab urbe Cumbum (Maduro) Lndia 
meridionalis (H. Beddome). 

N. B. Iia nonnullis e x q 2 i s  psristomo gmadri-vel t d a t a t t u n  M 
p~inpuedentatam eat, k t e  wro columelZari et d i q d  o palatali 
carcne. 

Shell umbilicated, depressed, spheroidally ovate, emooth, moderately 
polished, translucent, pale yellowish white. Spire depressed, the apex 
scarcely exserted, euture impressed. Whorls 5, convex, the penultimata 
rounded behind, scarcely projecting beyond the last when seen from below; 
the last eccentric, convex below, compressed around the umbilicus, and 
constricted by pits corresponding to  the teeth inside, just behind the 
mouth. Aperture oblique, irregularly semioval, and furnished with one 
strong re-entering parietal lamina, curved inside, and with five teeth, three 
on the columell~r mrrgin, two on the right ; of the latter the lower is larger 
and opposite to the parietal lamina, the smaller is above, nearer to the 
angle. Peristome thickened, continuous, almost free (the thick callus which 
unites the columellar and dextral margins projecting from the last whorl, 
in a hollow curve, the concavity corresponding to the parietal lamina) ; the 
outer margins expanded, the right margin deeply recurved cloae to  the 
posterior angle. Major diameter 0.2, minor 0.16, height 0.1 inch. 

In  other specimens, rather worn, and with the peristame somewhat 
less developed, the teeth are rather smaller, the upper eolum8Uar tooth in 
wonting, and in one case the upper tooth on the right margin in oleo de 



ficient. All, however, are characterized by the great development of the  
parietal callus. 

16. STEEPTAH~ C O B C ~ ~ B ,  sp. nov., Plate  11, Fig. 11. 

T o t a  umbilicata, depresao, globom-ovata, rtrintula, nitidula, d i u p l n a ,  
ccrco-albida. Spira depreaso-eonica, parum exserta, apiee obtueiuaculo, 
m t u r d  impress&. Amfr. 6, concern', penultimua postiee rotundatua, haud 
ul t ra  ultimum (a basi apectntm) projiciens ; ultimue in$atus, multo major, 
eeeentricua, antrorsum devians, subtus convems, levigatus, politwr, circum 
mnbilicum prueaertim antice contpresrua, post aperturam fosaicu/l impres- 
sis conrtrictw. Apertura oblipua, fers semiovalis, lamellis duobue intran- 
tibus parietalibus, ainistrd longiore, intus tort&, dentibusp-ue 6, duobtia 
coZumellaribua, mperiore minore juxtu umbilicum, inferior8 magno duplici, 
uno basali lumelliformi tranoverso, duobuspue i n  margin8 daxtro, inferior6 
mbbijido, atiperiore millore, - oourctata. Peristoma album expanam, ud 
a ~ u l u m  poatice vix ainuatum, marginibtre cullo d m  Zcamollos far& jmc- 
ti.. Diam. 4. e, man. 4, alt. 34 mm. 

HAB. I n  montibue ' Balarangsm' dictis (Mysore) In& meridionalia 
(H.  S e a ) .  . 

Shell umbilicated, depressed, globoeely ovate, rather indistinctly &ria& 
ed, shining, translucent, pale yellowish white. Spire very low, scarcely 
exserted, apex blunt, suture impressed. Whorls 5, convex, the penultimate 
rounded behind, and not projecting, when viewed from below, beyond t h e  
lower whorl ; the last whorl much larger than the others, eccentric, convex 
below, smooth and polished, compressed around the  umbilicus, especially 
near the mouth, and ,constricted by indentations, corresponding to the  teeth 
inside, just behind the  lip. Aperture oblique, nearly semioval, and furnish. 
e<l with two plaits on the parietal side, t h a t  t o  the left (nearest t o  t h e  
umbilicus) longer than the  other and bent inside ; there are five teeth in 
t h e  peristome, one on the  columellar margin near the umbilicue, a second 
large and double nearer the  base, one lamellar and traneverse a t  the base, 
t w o  inside ther igh t  margin, the lower being larger t h r n  the  other and 
almost bifid inside: Peristome white, elightly expanded, ecarcely Rinuate 
near the angle, margins joined by a callus bearing t h e  two parietal plaits. 
Major  diameter 0.23, minor 0.2, height 0.13 inch. 

Thin is the  only known species from Southern India, so far  as  I a m  
aware, in whicb, when the shell is viewed from below i n  the  direction of the  
axis, the penultimate whorl doe8 not project a t  all beyond the body-whorl. 
T h e  transverse lamellar tooth a t  the barw of the aperture ie aleo peeuliar. 
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17. STREPTAXIE PBOBUE, sp. nov., Plate 11, Fig. 12. 

Testa umbilicata, depresso-ovata, w p m  eolrfertirn atqucr mcwti~ 
costulato-striata, nitiduh, diaphana, cepeo-allida. Spim deprco.6-conh, 
parum exswta, apice obtuso, arcturd parum inqrered. dnfr. 5+, acperioru 
convexiusculi, pmultimus postice rotundatus, longe ultrb ultimum (a brrsi 
qectatus) projiciena; ultimw valde eccentricucr, antroreuln &vianu, d t w  
mbplnnulatue, h i g a t u s ,  i n  umbilico s t r i i s ~ f i l i f o r r n i b t ~ ~ ; ~ w s i s  ornatlcr, 
circum unzbilicwn compressur atpue aperturam versuu anplutw,  jurta 
peristoma scrobiculiu constrictus. Apertura obliqua, truncato-ovalie, law& 
2d valid8 parietald intranteJEexuosG, antice sutbi$dd, dantibuspua pwtuor, 
uno columelluri, alw basali, duobus in ~nargine dextro, coarctata. Pmir- 
toma incrossaturn, subcontinuurn, album, expansum, marginibus callo wrrsro 
Zamellifero junctiu, destro prope angu2um oinuatm. Diarn. maj. 6+, inin. 
4, alt. 8 mm. 

HAB. I n  montibus haud procul ab urbe Tinnevelly In& meridio- 
nalie (a. Bsddoma). 

Shell umbiiicated, depressedly ovate, closely and arcuately ornamented 
above with subcostulate striation, polished, translucent, pale yellowish 
white. Spire low, conical, but little exserted, apex obtuse, suture but little 
impressed. Whorls 54, the upper slightly convex, the penultimate rounded 
behind and projecting considerably beyond the lower whorl when viewed 
from below ; last whorl very eccentric, somewhat fiaetened beneath, smooth, 
except within the umbilicus, where there are h e ,  irregularly flexuow 
filiform raised lines on the surface, compressed around the umbilicus and 
angulate near the aperture, where there are deep indentations correspond- 
ing to the teeth inside. Aperture oblique, tmncately oval, furnished with 
a strong re-entering parietal plait, curved within and mbbifid in front, and 
with four teeth-one columellar, one basal, and two (of which the upper 
is small) inside the right margin. Periatome thickened, subcontinuous, 
white, expanded, the margins joined by a thick callus projecting from the 
body-whorl and bearing the parietal lamella. Major diameter 0.26, minor 
016, height 0.12 inch. 

This shell resembles S. comprsssue in form, but it wants the angulrr- 
tion of the penultimate whorl. The peristome. is much thickened, a s h  
8. personatu-8. 

The forms of Ennea and S t r e p t a h  described in this paper are the 
principal that have been collected in the Southern Indian mountains by 
Colonel Beddome, from whom I have received specimens fmm various 
localities from time to  time. All of the species of m t w u  are some 
what variable, and, with a large collection from South India, i t  would 
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probably be found that many intermediate varieties occur. As a rnle, the 
general form appears more constant than any other characters, and the 
teeth in the mouth vary considerably. The parietal lamella are peculiarly 
inconstant. Thus, the original type of Streptaxis purmtteti, the common 
species on the top of the Nilgiri hills, has two lamellsea ; but I have a 
variety from Ootacrunund in which the smaller of the two, that nearer to 
the angle of the mouth, is obsolete, and in other specimens from the 
same locality there is but a rudimeitsry representation of this plait. It, 
was the form with a single lamella which was compared with 8. watsoni 
when the latter was originally described (J .  A. S. B., 1860, mix, p. 127). 
The variation in the teeth of S t r e p t h  has already been noticed in 
these contributions J. A. S. B., 1861, x u ,  p. 359. 

The genus Streptaxu is abund~ l t ly  represented on the various bilJ- 
groups of Southern India, especially on the higher elevations of the 
Syhsdri, or Western-Ghat range. The most northern locality from which 
I possess a specimen is the hill-fort of Torna, near Sinhgarh, west of Poona, 
in the Bombay Presidency. The shell in question is weathered, and not in 
very good condition; it is a large form (that is, large compared to t b  
minute species described iu the preceding pages), measuring 11) mm. 
by S t ,  and i t  is nearly allied to  the Nilgiri 8. perrotteti, mnd perhaps still 
more nearly to  the Ceylon t9. cinga2ma.s. 

18. E m  YACBODON, sp. nov., Plate 11, Fig. 16. 
Testa flexuoae vimata, subcylindrico-turrita, diaphana, nitidula, colr- 

fertim caflilluceo-coetuluta, cereo-albida. Spira elongata, w s u m  parum 
attenuata, lateribus subreetis, apice obtuso, suturd impresad. Anfr. 7, 
convexi, duo sllperiorea lavigati : ultimus aperturam versus subascendem. 
A p d w a  verticalis, oblique semiovalis, lamell& valiJB bicrwi intrante 
parietali, ali6 cokmellari profundd, dentibugpue tn'bue, uno tuberculz~ormi 
coluntellari, alio magno 2amellz~ormi traneverso baaali latun dextrum versus, 
tertio minore in rnargine dextro, coarctata. Peristoma album, expansum, 

j u s t a  nnfraetum penulttmum sinuatum, murginibus callo lamellifem junctis. 
-Long. 5, diam. viz 2, ap. long. 1+ mm. 

HAB. Apud Pykara in summos montes ' Nilgiri' dictoa Indiia meri- 
dionalia. 

Shell flexuously rimate, subcylindrically turreted, translucent, polished, 
yellowish white, closely sculptured, except on the apical whorls, with fine 
hair-like vertical costulation. Spire turreted, elongate, diminishing very 
slowly in thickness upwards, the sides nearly straight, the apex blunt and 
rounded, the suture impressed. Whorls 7, convex, the first two smooth, 

Petit, quoted by Pfeiffer, Mon. Hel. i p. 9. 
27 
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the last ascending very sligbtly neqv the aperture. Aperture vertical, 
aemioval, obliquely truncated above, and very much eoqtracted by k t h ,  
consisting of r strong re-entering bifid perietal* plait on the callus con- 
necting the margins of the peristome, an internal re-entering columellar 
lamina, commencing at  a distance within the mouth, and three teeth--one, 
more or less tubercular, on the left or columellar side, a second tubercular 
tooth on the right margin, opposite the parietal plait, and with it nearly 
cutting off the posterior corner of the a'perture,'and a third, broad, lamelli- 
form, and transveme (parallel to the plane of the mouth) on the riglit mde 
of the basal margin. Peristome white, expanded throughout, curved a 
little back near the angle, where it meets the penultimate whorl, the mar- 
gins united by a callus bearing the parietal lamella. Length 0.21, diameter 
0.075, length of aperture 0-05 inch. 

I obtained several epecimens of this ahell near Pjkara, on the Nilgiri 
hilla of Southern India, in 1858, and for along time aupposed i t  to be 3. 
pirriei of Pfeiffer,t but I noticed it ss a distinct form when describing 
2. rccu~pta (J. A. S. B., 1869, xxrviii, pt. 2, p. 141), and mentioned some 
of its peculiarities. X. mucrodon ie distinguished not only from Epirriei, 
but also from all other Indian apeciee of the genus, by ita strong basal 
transverse lamelliform tooth. This character serves to distinguish the two 
species a t  all agee ; for in the present epecies, as in E. reulpta, E - p i e  
and, doubtless, in tbe two forme (E. exilis and E. atbcortulata) described 
below, the apertural teeth, and especially tbe parietal lamella, are well 
developed in immature ehells even before all the whorls are completed 
E. macmdon, too, is only half the size of E. pirriai, and there appear to 
be several alight diBemnces in form, sculpture, and dentition. 

19. E m  SUBCOBTUUTA, BP. ~ o Y . ,  Plate 11, Fig. 14 (upper). 

Te'eeta arcwto-rimata, subylindrico-turrito, d iaplnn,  carao- 
albida, confertim eubobsolata cortulnta. Spira parum attmmta, laieribur 
converiusm~is, apice obtueo, suturd iU&pre88c%. Anfr. 7*, conoeriusculi, 
ultimw anfice breviter aacenddlu. dpert tuo uerticalir, obliqm renniowlir, 
Zamelld validd i & ~ ~ t e  bier&, JEexuor%, parietali jurta angulrwn, a2i6 pro- 

findd columallari, et quatuor dentibur, uno columeilm-i, dmbw borrilib~, 
~ ~ w t o  dextral2 plicca parietali opporito, coarctata. Paristoma e x v m ,  
albidurn,jurta anfracbumpmltimz~rr 8kU5t@m, ma~ginibu.8 d b  k u i .  
fero j imctic.  Long. &am. 2, up. long. 14 mm. 

For the meaning of the tern palatal, parietal, and colnmellar, applied to teeth 
within the mouth, see Pfeiffer, Mon. Hel. ii, p. 300, note. 

+ It was quoted as that ahell, J. A. S. B., 1860, x x k ,  p. 126, and 1861, XXX, 
p. 864. 



1880.1 W. T. Blanford-Oontribdionr to Indian M~lncology. 207 

HAB. I n  montibus ' Shevrai' vel ' Shevroy' dictis, b u d  procul a b  nrbe 
Salem, I n d i s  meridionalis (H. Beddome). 

Shell arcoately rimate, subcylindrically turreted, translucent yellowish, 
white, finely and somewhat indistinctly ribbed. Spire turreted, elongate, 
becoming rather smaller above, with the sides mther convex, tile apex blunt, 
and  the suture impressed. Whorls 7*, moderately convex ; the last whorl 
ascending slightly close to the mouth. Aperture vertical, semioval, obli- 
quely truncated, with a strong re-enteriug parietal plait, bifid and flexuous 
within, near the posterior angle, a columellar lamina a t  a distance within 
t h e  mouth, and four tubercular t e e t h - o n e  columellar, two basal, m d  the 
fourth inside the right margin opposite to ' the parietal plait, so as partly 
t o  cu t  off the upper (posterior) portion of t h e  mouth. Peristome white, 
expanded, except near the  junction with the la& whorl, where the edge is 
curved back somewhat; margins united by a callus, on wliich is the  parie- 
t a l  plait. Length 0.22, diam. 0.075, length of aperture (including peris- 
tome) .05 inch. 

I have received from Col. Beddome three specimens of this species, 
t w o  of which are evidently immature ; the  third I believe t o  be full-grown, 
bu t  the  peristome may perhaps be more fully expanded in older examples. 

E. asbcostulata is allied t o  E. pirriei,  E. rculpta, E. macrodon, and 
their  allies, but is distinguished from all by sculpture and the form of the  
teeth in  the mouth. It was, I believe, this species which was erroneously 
quoted as E. pimiei  from the  Shevroy hills (J A. S. B., 1861, xxx. p. 364). 

20. ENNU mimxa, sp. nov., Plate 11, Fig. 14 (lower). 

Testa rimata, osrbcylindrico-turrita, diaphnma, bvignta, nitidula, albi- 
do-cerea. 8pira elongntn, arrsum uix attenuntn, lateribus apicm versus 
convexis, v i c e  obturo, w t u r d  parum impressd. Anfr. 66-7, convcxiusculi, 
s l t i m w  mtice subarcendens. A p e r t ~ r a ~ f i r e  verticnlie. obliqw semiovalis, 
h e l l &  valid& ilrtrnnte bicruri parietnli ,  alid profandd colzlmellari spirnli, 
dentiburque quatuor, uno columellari, duobus basa2ibu.s qweijmctis ,  quar- 
toque minore i n  margine dextro, canrctata. Peristoma expansum, albidum, 
postice j t w t a  angulvm sinuatum, nrarghibus call0 lamellifero junctia. 
Long. 4+, diam. la, up. long. 1 mm. 

HAB. I n  montibus ' Balanmgam' dictis p r o v i n c i  Mysore in  Indis  
meridionali (H. Beddome). 

Shell rimate, subcylindrically turreted, translucent, smooth, polished, 
yellowish white. Spire turreted, elongate, diminishing very slowly indeed 
below, but  more rapidly above, where the sides are convex, apex blunt, 
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mture slightly i m p r e d .  Whorls 6t-7, slightly convex, t h e  last whorl 
a w n d i n g  very little near the mouth. Aperture nearly vertical, semioval, 
obliquely truncated, with a strong re-entering bifid palatal plait on t h e  
callus uni t i ig  the  margins of t h e  peristome, a spiral columellar lamins 
commencing a t  a distance within the  mouth, and foar tubercular teeth just 
inside the  peristome+-one columellar, two joined together a t  their bnse, 
a t  the lowest part of the aperture, and one, very small, inside the  right 
margin and opposite t o  t h e  large parietal plait. Peristome white, slightly 
expanded, except near the junction with the  last whorl, where the  margin 
L slightly curved back. Length 0.18, &meter 0.06, length of aperture 
0.09 inch. 

This form, of which I have received four specimens from Col. Bed- 
dome, is distinguished from its allies by being quite smooth. Bs in the 
case of some of the a l l i d  forms, it is not improbable that  in old specimens 
the  peristome may be mow broadly expanded and t h e  palatal teeth may- 
become more or leee obsolete. 

21. E m u  S T ~ O B M Y A ,  Bedd. MS., Plate 11, Fig. 17. 

Teak  longe profundepue rimata, pupiformie, cylindraceo-ovato, mlidv 
lo, lavigata Cforsan alipunndo oblique atriata), impolita, b u d  nitido, albi- 
da. Spira subcylindrica, lnteribue convexiueculis, apice ro tunkto ,  obturo, 
m t u r d  impressd. Anfr. 64, convexi, pwtuor  penultimi eubmqwlee; nlti- 
mu8 pout aperturam vnlde compressua, haud aacendene, capillaem-strbtw, 
lateribus antbobuo jux ta  perietoma ecrobiculis imprearis constrictus. Aper- 
tu ra  verticalis, eubasialie, non bteralie, uuboblonga, altior pwm loto, 
marginibue lateralibua concauiuewlis, baaali convexo, dml ibw o a 2 h  e m -  
tata, p l i c l  zm& valid& einaplici intrante parietali  juzto angulum, t d e r c v l u  
duobus columsllaribue, uno ruperiors profundo, alio majors inferiors in 
periuiomate, duobus minoribus basalibua, uno dextrali, a2w einiatrali, uw 
dmipue majors bifido i n  margina dextro, plicm par i s ta l i  oppoeito red infe 
riore, munita. Peristoma album, r s e x r m ,  poetics tinuaturn, margin&rr 
callo lamell~oojuncta'a.  Long. 3+, diam. 14, up. long. I+ mm. 

HAB. I n  montibus ' Qolconda' dictis, haud procul a b  nrbe Vizugapatam 
(H. Beddoma). 

Var. minor, anfractibw 5a ; long. 3, diam. 1+, ap. long. 1# mm. (Pl. 11, 
Fig. 16.) 

HAB. I n  montibus hand procul a b  urbo Earnul  (Kumml)  In& 
meridionalis, (H. B e d h e ) .  

None of the teeth are well repmented in the figure. . 
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Shell with a long deep groove a t  the base, pupiform or cylindrically 
ovate, rather thick, smooth (perhaps sometimes obliquely striated), dull, 
destitute of polish, whitish. Spire subcylindrical, with the sides slightly 
convex, the apex blunt and rounded, and the suture impressed. Whorls 
6i, convex, the four behind the last whorl subequal, the penultimate being 
scarcely smaller ; the last strongly compressed behind the aperture, with 
raised hair-like lines of sculpture, not ascending, deeply indented on both 
sides. Aperture* vertical, nearly in the axis of the shell, not lateial, nearly 
oblong in shape, higher than broad, both the right and left margins sligbt- 
ly  concave, lower margin convex. Teeth in the mouth numerous, and 
consisting of the simplet strong re-entering parietal fold near the posterior 
angle, two columellar tubercles (the upper and smaller situated a t  some 
depth inside the mouth, the smaller and larger in front close to the lip), 
two small basal teeth right and left of the lowest portion of the mouth, 
and one large bifid tooth on the right margin nearly opposite to  the parie- 
tal fold, but not very close to it, and rather inferior to  i t  in position. 
Peristome white, expanded throughout, curved back near the posterior 
angle, the margins united by a thick callus, on which the parietal lamina 
is situated. Length 0.14, diameter 0.06, length of aperture 0.05 inch. 

The typical form waa obtained in the Oolconda hills near Vizagapa- 
tam, and the single specimen sent to me by Col. Beddome, from which the 
accompanying figure was taken, was broken after being drawn. The de- 
ecription is  from a specimen in the British Museum. 

A smaller variety with 5a whorls, and measuring 0.12 inch in length, 
0'06 in diameter, and 0.37 in length of aperture, was procured by the same 
naturalist in the hills near Kurnool. 

I have received three specimens of this variety from Colonel Beddome, 
and there are others in the British Museum. A11 have the Bame dull wea- 
thered appenrance, though they look fairly fresh ; but on one there appear 
what may be traces of sculpture, apparently stria similar to the fine raised . 
lines occurring on the last whorl near the aperture in all. 

I am not acquainted with any species of Ennnea nearly allied to this 
species. I n  form, the Sikkim and Khasi E. etempylia shows some resem- 
blance ; but that shell is strongly costulate, and its curious aperture, with 
the poaterior portion almost cut off and forming a semi-detached tube, shows 
the  species to be merely an ovate form of the Himalayan and Burmese 
group, comprising E. vma, l& blanfordiana, and E. cylin&elloidca. 

It M too broad in @ue 17, and the nhape M incorrect. The teeth, however, are 
nearly correct. 

t Erraneody represented aa double in fig. 17 on the accompanying plate. 
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Tmta rimata, rubcylindracso-tum'tn, cereoslbida, &ti&, col$ertim 
vrrtica2iler costulala, costulio in anfrnctu ultimo pkr minunae obsoletis. 
Bpira elongata, eursurn attenwrta, apicc obtuso, nutar8 imprersd. Anfi. 6, 
convexi, ultimw antice ad aperturam aiz ascendens. Aperdura fme certi- 
wli., semielliptiaa, lamellicr duobus twlidis parichlibus, d anferiore dcr- 
br t r l i  intrnnte intms twtd, slid profundd rinistrali r&lumellari incartcb, 
ckrrtibuuque lamelliformibur minoribus duobus we1 tribus profvndu p l a h -  
lihur eoarctafa. Peristoma albidnm, ezpanaam, poetice j u r t a  anguhn 
leciter tinwtum, marginibw callo lamel1ifk-o junctis. Long. 3#, dicrm. 1+, 
up. long. mn. 

HAB. In  molltibus ' Sivagiri' dictis (Tinnevelley) Indim meridionah 
(E. Beddome). 

Sheil rimate, subcylindrically turreted, pale yellowish white, polished, 
with close vertical ribbing on all the whorls, the ribs being more or lea 
flattened and obsolete on the last. Bpire elongate, becoming more slender 
above, apex blunt, euture impressed. Whorls 6, convex, the last scrrcely 
ascending in front a t  the mouth. Aperture nearly vertical, semi-elliptical, 
with two strong re-entering parietal lamellm-one of them in front to the 
right near the angle of the mouth, sligl~tly twisted inside, the other to the 
left near the columellar margin, commencing a t  a distance within the 
mouth, and curved ; there are also two or three small depressed lamelliform 
palatal teeth ; but they are seen with difficulty from the front. Peristome 
white, expanded, the margins united by a callus bearing the parietal f o l k  
Mle right margin curved bsck near the angle. Length 0.15, diam. 0-05, 
length of aperture 0.025 inch. 

I have named this shell after the discoveror instead of adopting the term 
he had given to  it in MS., as the latter might be objected to and chan,d 
I have no specimen myaelf a t  present, but there are four in the British 
Museum. The form is peculiarly distinguished by the absence of any 
teeth in the pristome itself, although there are two or three a t  a little 
distance inside the aperture, and two folds on the callus joining the margins 
of the lip. I n  general form there is aome reeemblance to 1. esilic. 

23. E m u  CANABICA, Beddome, MS. I 
Testa rho to ,  turrita, albida, solidula, confmtim oerticaliter cortata 

& i ~ a  subreguluriter atienuata, apice obtuso, suturd profundiuaculd. Anfr. 
5+, aocluexi, infra saturam in$aii, gm&tim c 9 w m t a ,  u h u s  arttics air 
ancendms. Apertura nubrotunda, arperne truncata, lame114 validb park- 
tuli intrante aubtortd,portem posferiuretn apcrturas fme dieoernante, olidpmc 
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eolume1la~-i profirndd, aiz in fauca conspkud, ooarctata ; dentibus palatali- 
b w  in p e r i ~ t w a t a  nullir. Perisdoma continurn, long8 adnntum, album, 
inemorado-patens, vndipw ecpanrum, in t r r  granulatm, margine columeE 
hri angulatim inciaurn, bosali lato, dextrali intms juz ta  lamellam parieta- 

breuiterprojicicate, angulurn v e m  biter retro-sinuatum. Long. 3+, 
diem. 2, ap. inters 3 nnn. aita. 

Hm. In  provincie a South Canara' ad latus occidentale Ind i r  meri- 
dionalis (2% Beddoma). 

Shell rimate, turreted, white (fresher specimens are probably yellowish 
white and polished), all the whorls ornamented with close vertical ribs. 
Spire almost regularly attenuate, apex blunt, suture rather deep. Whorls 
e, convex, swollen, and projecting beneath the suture, increasing in size 
by degrees, the last not ascending near the mouth. Aperture nearly round, 
except above, with one strongly developed parietal lamella, comnlencing 
in the front and re-entering deeply, a little twisted within, and so large 
aa almost to  cut off the upper left or posterior portion of the aperture ; 
another smaller, deep-seated columellar fold is scarcely discernible from the 
mouth ; no palatal teeth. Peristome continuous, attached for a considera- 
ble distanoe to the last whorl, white, thickened, broadly expanded, granulate 
inside ; the columellar margin with an angular incision, the basal margin 
broader than the others, right margin curved back near the angle, and 
having a blunt projecting tooth-like process inside, opposite the parietal 
fold. Length 0.15, diameter 0.08, length of aperture within 0.025 inch. 

The above description is taken from the only specimen I have ever 
e n ,  which ie in the British Museum. The shell is remarkable for i ts  
peculiarly shaped whorls, each of which is suddenly swollen below the 
a t u r e ,  so as to give almost a step-like appearance to the spire. The round. 
ed mouth, too, with the broadly expanded peristome is quite different from 
that  of any other Indian form of the genus. Perhaps the Khasi-Hill 
Ennea aura is as closely connected as any of the South-Indian forms, 
though there ie but little resemblance between it and the present species, 
except such as is due to  both being strongly ribbed, and to the manner in 
which the posterior or upper right-hand corner of the mouth is almost 
isolated by the strong parietal lamella and a projection from the inner 
margin of the periatome. 

Bern., Ann. & Mag. Nat. Hist. ser. 3, voL iii, p. 2G8.-P&., ?don. Eel. v. p. 64.- 
Hanioy, Conch. Ind. pl. xvi. fig. 8. 

XwocAbmya mlpu, Theohald, Cat. Lnnd Freshwater Bhella Brit. Ind. p. 19. 
IXanino fIIimqdu) odpu, Nevill, Hand-list Yoll. Ind. Mua. pt. i. p. 38. 
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This species was described from specimens collected by myself in 1356. 
I had but an imperfect knowledge of land mollusks a t  the time, or I should, 
I think, have seen a t  once, aa I did some years afterwards, when re-examin. 
ing my collections, that the shells were all young specimens of Baphuula  
(J'treptaulus) blanfordi. I had altogether a considerable number of speci- 
mens of the supposed Helix calpis; of them four were sent t o  England, 
and were examined by Mr. Benson ; and it is manifest, from his descrip 
tion, that there was no difference between his examples and mine. I n  aome 
of the latter I found the operculum still remaining. 

I n  Mr. Nevill's Hand-list of Mollueca in the Indian Museum, Calcutta 
(1. c.), specimens of Nanina calpia from the Nhga and K h L i  hills are 
included. Streptaulur blanfordi has been found in Sikkim, and in the 
Dafla hills, east of Bhutan ; and I learn from Col. Qodwiu-Austeu that  he 
obtained a specimen from BrahmakGnd a t  the head of the Assam valley ; 
but, as no example of the shell is known t o  have been found in the hill- 
ra~iges south of Aseam, I think the specimens in the Indian Mueeum must 
be something difEerent from the form described as Heliz calpis by Mr. 
Benson. 

25. SPIBACULU~C TEA~ANCORICUM, Beddome, MS., Plate 111, Fig. 6. 
Testa late unibilicatu, deprerso-turbinata, in exemplo aetwto adhuc 

detect0 lcevis, albescm (junior fwaan epidermide induta, eoloratuque), 
Spira elevata, depresso-wnica; suturd profi~ldd, upice acuto. Anfr. 44, 
rotundati, ultimus cylindraceus, aperturam versus descendens atque brevitcr 
rolutus, 3 mill. pone aperturam tubulo longiwculo antrorsum directo, anfrcrc 
gum penultimum tangente, nsunitus. Apertura diagonalis, circularis ; peris- 
toma duplex, internurn breviter porreclum, supems sinistrmsum biter 
einuatum, ezternum expansum, atpw, nisi ad lnarginsm sinwtrum, undda- 
turn. Operculum extua fere planum, morginibw anfractuun, ezteriorun 
lileris, intlls concavum. Dicrm. maj. 12&, min. lo&, uxia 7, d i m .  aped. 
6) mill. 

HAB. I n  montibua Travancoricis haud procul a Tinevelly (H. 
Beddome). 

Shell broadly umbilicate, depressedly turbinate, and, in the mngle aged 
specimen found, decorticated, whitish and smooth throughout. Traces of 
a brown epidermis remain around the umbilicus, and younger specimens 
are probably brown in colour, and perhaps ornamented with coloured bands, 
like otlier species of the genus. Spire raised, depressedly conical, suture 
deep, apex acute. Wl~orls 4*, rounded ; the last cylindrical, descending, and 
free near the aperture, and provided above, about three millimetres behind 
the mouth, with a rather elongate tube, which projeots forward, and b in  
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oontact with the penultimate whorl throughout. The tube appears broken 
at t h e  end, and may have been even longer originally ; t h e  anterior termi- 
nation i n  the specimen is in a line with the  oblique peristome of the shell. 
Aperture diagonal, circular ; peristome double, inner lip sharp, not project- 
ing  much, curved backwards near the  penultimate whorl ; outer peristome 
expanded, and wavy above externally and below, straight and somewhat 
narrower on the left margin. Operculum nearly flat externally, concave 
within ; the outer margins of the whorls free and lamellar, except towards 
t h e  middle ; the  circumference surrounded by several fine raised lines, t h e  
edges of the outermost whorls. Major diameter 0.5 inch,. minor 04!2, 
axis 03, diameter of the mouth 0.23. 

This species differs from all others of the genus by i ts  higher epire, 
and by the  combination of the mouth being free and the sutural tube being 
directed forwards and attached to the last whorl. The solitary specimen 
obtained was procured a t  a considerable elevation, M O O  or 6000 feet, i n  
the  hills between Travancore and Tinnevelly, not fa r  from Cape Comorin. 

26. CATAULUS COSTULATU~, sp. nov., Plate 111, Fig. 7. 
Teota silbpflorata, subovalo-turrita, solida, ozlbsinuate costulata, pal l j -  

de straminea. 8p i ra  conuexo-lurrita, apice obtusiuscub, suturd valde im- 
pecrsa. Anfr. 74, convexi, ultimua arctiua convolutua, antice porrectua 
f ~ e  solutus, carind baeali validd, compressd, costulotd, antice dilatatd muni- 
#us ; periompklo mediocri, costulato. Bpmtura eubcirculnrw, fere verti- 
calis, canuli ad  latus sinistrum marginis basalis patente, ore ruboblipuo, 
mbtus spectante. Peristoma album, incraseato-expansum, revolutum, postics 
dextrorsum atpue antice sinistrorsutn ad  canalem basalem p r o d u c t w ,  mar- 
g i n ~  colwmellari anyustiore, cum anfractu penul!imo breviter juncto. LOBY. 
16, diam. (perzit. incl.) 5, dioin. min. 5+, apert. intus 3 mm. 

HAB. I n  montibus ' Tinnevelly Ghats' dictis Indire meridionalis, 
(H. Beddome). 

Shell subperferate, subovately turreted, solid, rather coarsely and sub- 
einuately costulated, of a pale straw-colour. Spire turreted, with convex 
sides, apex rather obtuse, sutures well impressed. Whorls 7+, convex, the 
last more closely wound than t h e  penultimate, t o  which it is scarcely attach- 
ed just behind the mouth ; the basal keel compressed, costulate, dilated i n  
front ; the space inside the  keel and around the umbilicus is  of moderate 
eize and ribbed. Aperture nearly circular and subvertical, with the opening of 
the  basal canal on the 1eft.side of the base, and not quite i n  the same plane 
as the aperture, but turned rather downwards. Peristome white, thickened, 
expanded, and turned back, produced above t o  the right of the penultimate 
whorl and below around the  canal, narrow on the columellar margin, and a 

28 
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only united for a short distance with the penultimate whorl. Length 0.65 
incb, breadth (including the perietome) 0.25, minor diameter £ram front 
to  back 0.23, width of aperture inside 0.13. 

This species of Uataulw, the third hitherto obtained from the hills of 
Southern India, i distinguished from all other known forms of the e n n s  
by its comparatively coarse ribbing across the whorls. I n  other respects, 
i t  closely approaches 0. cabademir, Bedd. (J. A. S. B , 1869, xxxviii. pt. 
2, p. 137, pl. mi. ilg. 8), having a similarly shaped spire, aperture, snd 
basal channel. I have only seen one specimen of 0. coabulafw ; this diffem 
from 0. calcadanaiu not only in having stronger sculpture, but also in being 
rather shorter and in having one whorl less in the spire. The colour of 
0. cortulatuu also is paler than that of the Calcad shell, and the lip of the 
aperture ie white. 

Like the other Sonthem-Indian forms, 0. aalcademsir, 0. ~ m a t w ,  
and the species hereafter described, 0. costulatus haa the canal a little to 
the left of the lowest portion of the aperture, or nearer to  the umbilicus than 
to the outer margin. I n  most Ceylonese species of the genus, the canal is 
nearly a t  the lowest portion of the mouth., I find that in 0. tortmosw 
tbe position of the canal is precisely aa in 0. ca2eadentie and 0. coatulofw 
(in 0. r e c m a t 1 ~ ,  the Biniatral pomtion of the canal ie much more marked). 

27. C A T A ~ U S  AJiBEECEN8, Sp. nOV. 
Testa su5p@wata, subovato-twrila, tenuiwcub, a2bido-cwnsa, s u G  

nuuta costulato-atriata. Spira t W ,  lateribus come&, a p k  obbwiw- 
ouzo, wturd valde impred .  Anfr. 7, convan', uttimw arctiw conwlutw, 
antice porredue, fera aolutwr, VL dwcendens, c a r i d  bosali transvemim 
a i k t d ,  postice obaoletd, antice valid&,juzta aperturaw di1at-d ~ i t w  ; 
pffiompholo mediocri, plicato-st~iato. Apertura aubcirccrkuia, fwe verliw- 
Zia ,  canali ad latics sinwtrtcm marginis basalir patente, ore antice rpectmrfs. 
Periotoma album, incraasato-ref i~ ,poat ice  et ad canalmn b ~ a h p r o d u e -  
turn, margine co2rcmellari anguatioru, cum anfrabtu penultimo breoiter june- 
iwn. h g .  13, diam. maj. 5+, min. 44, apert. dkm. in- v k  3 mm. 

HAB. In  montibus Travancoricis haud procul ab urbe Trevandrum. 

Shell subperforate, subovately turreted, rather thin, whitish horny, 
rather sinuately and costulately striated. Spire turreted, with the mdea 
convex, apex obtuse, suture much impressed. Whorls 7, convex, the 1& 
more cloaely wound than the penultimate, to  which it is but sliihtly attach- 
ed just behind the mouth. Basal keel transversely striated, subobeolete on 
the body-whorl near the junction of the peristome, becoming stronger in - 

It is slightly to the left in C, pyramidaty C. mytrma, and 0. awkniarwr; 
basal in the amaller forms, like 0. tmphanni  and C. layardi. 
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front and dilated near the mouth ; the space inside the keel and around the 
umbilicus is of moderate size and plicately striated. Aperture nearly circu- 
lar and subvertical, with the opening of the basal canal to the left of the 
base, and in nearly the same plane as the aperture. Peristome white, 
thickened, expanded and turned back, produced slightly above to  the right 
of the penultimate whorl, and to  a greater extent below a t  the mouth of 
the canal ; columellar margin a little narrower, joined for e short distance 
only to the penultimate whorl. Length 0.53, major diameter 0-22, minor 
0-18 ; breadth of the aperture within 0.12 inch. 

This is the smallest form yet obtained of the peculiar group of Sou- 
thern-Indian Catauli. I received three specimens some years ago from 
Mr. Theobald, who supposed them to be CI. caloadenru. Mr. Theobald, I 
believe, procured them from Mr. F. W. Bourdillon, who obtained them near 
Mynall, on the hills east of Trevandrum. This shell is, I think, mentioned 
8e Cataulus calcadenrio by Mr. Theobald in his description of Mr. ~ d u r d i l -  
lon's shells (J. A. 5. B., 1876, xlv. p. 185). The present species, however, 
has one whorl less, and is a much smaller shell, with proportionately shorter 
whorls, the sculpture is less close and di~tinct, the colour whitish instead 
of golden brown, the basal keel less developed, and its opening is in the 
=me plane as the aperture, instead of being turned downwards, &c. From 
0. cortulatue, the present form is clriefly distinguished by its much finer 
sculpture aud by the characters of the basal keel. 

28. CATAULU~ caLcaDEnsI8. 
The original specimens of this species described by me in 1869 (J. A. 

8. B., xxxviii. pt. 2, p. 137) were bleached and chalky. Subsequently, Col. 
Beddpme, who discovered and named this very interesting form of Oataulue, 
procured fresh living specimens of a golden-brown coloul; with the aperture 
of the same tint as the shell.* The perktome in these specimens is not 
free from the last whorl. The operculum ie normal, and precisely eimilar 
t o  that of Ceylonese species of the genus. 

Tbe specimens described by Mr. Theobald as Hapalw travankoricust 
are, I am eatisfied, immature shells, and I believe them to be the young of 
this, of 0. albescm, or of some nearly allied species of Cntaulur. Mr. 
Theobald states that  the types of his supposed Hapalur differ from the 
young of Cataulw calcadmcricr, i. a, 0. albescene, but he omits to  point out 
the dietinction. I had an opportunity of examining the types, which were 

I have not seen specimens of the olive colour represented in the ' Conchologie 
Indics,' pL cvi, fig. 10. 

f J. A. 8. B. 1876, d v .  pt. 2, p. 186, pl. xiv. flg. 6. The name should, in any 
case, be Latinized an traaawrieus. There is no such place as Travankor, tho uolnlnon 
English name Tnr~anwre being a corruption of the real name. 
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shown to me by Mr. Theobald, and I told hi my viewe on the subject, 
but he did not agree with me. 

I have recently examined the specimen of CI. tmtuomu (two in num- 
ber) a t  the British Museum, and find the views I expressed several yearn 
since (J. A. S. B., 1869, xxxviii. pt. 2, p. 138) as t o  its alliance to 0. cd- 
cadensis fully confirmed. I n  form, C. tortuosur, C. calcadmsir, C. codukr- 
tw, and 0. albescenr are closely allied, all being much more ovate than any 
of the other species of the genus. The sculpture on 0. tortlroacs is much 
finer than on C. calcadensia, or even than on 0. albescm. The discovery 
of two additional forms of this section of the genus in the bills of Southern 
India, and the absence of the genus from the collections hitherto made in 
the h'icobar Islands, tend to support the probability that C. toriuc~nw is 
also in reality a Southern-Indian form. Not a single Cotaulw has hitherto 
been discovered in the Andaman Islands, in any of the countries to the east 
of the Bay of Bengal, or in the Malay Islands, so that the existence of the 
genua in the Nicobar Islands is extremely improbable. 

29. REALIA (OMPHALOTBOPIB) A ~ E B S O K I ,  sp. nov., Plate 11, Fig. 18. 
Testa perforata, ovato-conica, icnuiuscula, mfescenti-film, lmgata ,  

parum nitida, oblique striaiula. Spira conica, luteribus subrectis, apica 
acuto, szrturd leciter inipreasd. Anfr. 7, planiusculi; ultimus ad  per& 
pheriam capillaceo-carinatus, subtzcs conuemr, Ievigatw, radiatim striatulua, 
carind circunzumbilicar4 obtued, Sere obsoletd inatruciw. Apcrtura ocata, 
oblipua, fere diagonalis, spiranr aliitudine Raud aquons. Peristorno obis  
rum, marginibw subconniventih, callo tenui junetis, externo recto, batali 
expaneiusculo, columellari eubtus expanso, juxta perforatwnm emargiMto, 
angulatim inciao. Operc.? Long. 7, diam. vix 5; ap. long. 3f ,  kt. 22 ma. 

HAB. I n  insulis Andamanicis (J. Anderson). 

Shell perforate, ovately conical, thin, reddish brown in colour, smoatb, 
not polished, obliquely striated. Spire conical, with sides nearly straight, 
apex acute, suture slightly impressed. Whorls 7, rather flat ; the last with 
a hair-like keel a t  the periphery (the keel sometimes appearing on the 
upper whorls just above the suture), convex, smooth, and radiately striated 
below, and furnislied wit11 an obtuse, subobsolete keel around the umbi -  
cus, the space inside the umbilical keel being smooth, not ribbed. A p e r h  
ovate, oblique, nearly diagonal, a little shorter than the spire. Peristome 
obtuse, the margins approacliing each other, and joined by a thin cdlus; 
outer edge straiglit, basal expanded, columellar expanded below, but emargi- 
nate and cut away into a re-entering angle near the perforation. Length 
0.29, diameter 0.19 ; leugth of aperture 0.18, breadth 0.11 inch. 
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This species closely resembles R. (0.) rubens of Mauritius ~ I I  form, 
but differs in sculpture, the shape of the whorls, kc. The umbilical keel 
is but faintly marked. Several specimens were procured about ten yeare 
ago by Dr. J. Anderson, Superintendent of the Indian Museum, to whom 
I am indebted for the types. They were obtained, I believe, a t  eome dis- 
tance from the coast. 

30. REALIA PALL~DA, sp. nov., Plate 11, Fig. 19. 
Testa perfwata, ovafo-conica, tenuicr, albido-cornea, levigatu, nitidula, 

six verticaliler etriatula. Spira conica, apice acuto, suturd impress&. 
Anfr. 6, convexiusculi; ultimwr ad peripheriam alpue subtwr rotundatus, 
circa perforationem radiatim rtriafw. Apertwro fme verticalis, ovato, 
q i r a m  allitudine haud ~ q u a n r .  Peristoma tenue, mnrginibus subconniven- 
bibw, callo tenui junctis, externo recto, columellari eqaneiueculo. Operc. I 
Lvng. 4), diam. 3; up. long vix 2, lat. 1 4  mm. 

HAB. I n  insulis Andamanicis cum prrecedente (J. A n h r o n )  . 
Shell perforate, ovately conical, thin, whitish horny, smooth, moder- 

ately polished, with faint subobeolete vertical striation. (There is also, 
beneath the lens, a faint indication of minute spiral striation, but I am not 
eure that this is not an individual peculiarity.) Spire conical, apex acute, 
suture impressed. Whorls 6, slightly convex, the last rounded at the peri- 
phery and below, radiately striated around the perforation. Aperture near- 
ly vertical, ovate, shorter than spire. Peristome thin, margins approaching 
each other, joined by a thin callus ; the outer lip simple, the columell~1. 
elightly expanded. Length 0.17, diameter 0.12, length of aperture 0.075, 
breadth 0.06 inch. 

I have but a single specimen of this species, which wants both the 
keels of the last species, and differs besides in size, colour, and sculpturtj. 
The specimen is perhaps not quite adult, but there can, I think, be no 
question of its being a peculiar form. 

Neither of the two species above described can be confounded with the 
globose B. (0.)  distermina (Benson, Anxi. & Mag. N. H. Dec. 1863 ; Pfeif., 
Mon. Pneum. Suppl. ii. p. 178) with its cortulate striation near the suture 
and inside the umbilicus, its rounded whorls, and its aperture equal in 
length to  the spire. A glance a t  the figure of this shell in the ' Concholo- 
gia Indica,' pl. clxv. fig. 10, will suffice to show how different it is from 
either R. andersoni or R. pallida. Even if, as is possible, Benson's type 
was a young shell, it was manifestly a very distinct species, and the adult 
would probably resemble Realio (Ompklotropiu) gbboso of Mauritiue in 
ehape. 
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Testa p@orata, ovato-conica, tenuitucrcl, s t r ib  obliquh incrmmti, 
aliisqua spiralibue, minutia, sublenta subtilisaime deeussata, in anfraetibw 
superioribus, niai duobw q r e m i a ,  undiqua, atqua in infhoribw e l  .up 
et i npa  ruturam costuklo-striata, pallide ruf~centi-filva, anfradu u U i w  
cingulopa22ido circumdato. Spira conica, apice acuto, w t w a  imprur& 
Anfr. 6, convexi ; ultimus odperipherinm rotundatus, uubtus conveam, ra- 
diatim rtriutus, in umbilico costulato-strialus, lined impress& baaali i n  loco 
cat-inm circum wmbilicum instructw. Aperkra  obliqua, rotundato-oaatn, f 
longitudin ir wbapuam. Peristoma h u e ,  rmarginibus aubconniaentibus, 
ca2lo tenui j m t i s ,  extarno basalique rectia, colwmellari aubtus expamiurnrlo, 
juxta perforntionem retrosinuuto. Operc. 3 h g .  3+, diam. 22; up. long. 
It, 2at. 1+ mm. 

H a .  Cum prsecedentibna in insulis Andamanicis (J. Anderson). 

Shell perforah, ovately conical, rather thin, finely marked with oblique 
&ire of growth and minute decussating apiral lines (only visible beneath 
the lens), costulately striated on the upper whorls (except the two upper- 
most) and close to  the snture on the lower whorls, pale rufescent brown, 
with a pale band round the body whorL Spire conical, apex sharp, euture 
impressed. Whorls 6, convex ; the last rounded a t  the periphery and be 
low, radiately striated beneath, more strongly in the umbilicus, end having 
an impressed lime a t  the baee around the umbilicus in the place of a keel. 
Aperture oblique, oval, but little higher than broad, about Jt of the  length. 
Peristome thin, the margins approaching each other and united by a thin 
callus ; the outerknd basal edges simple, columellar margin slightly expanded 
below, curved back into a shallow re-entering sinus close to the perforation. 
Length 0.16, diameter 011 ; length of aperture 0.07, breadth 0.06 inch. 

This shell i n  distinguished by its h e  decusaated striation. I have but 
a single specimen, received from Dr. J. Anderson, with the othem. Un- 
fortunately no figure has been given, as I did not observe the distinction 
until after the accompanying p lde  had been d ram.  Independently of 
sculpture, the species may be distinguished from 0. d i r t c m k  by ita leae 
globose form, and by the absence of the keel around the periphery ; from 
B. alrdmsoni by its much smaller size, more rounded whorls, and by the 
absence of the keel ; and from 8. pallida by rounder whorls, by oolour, and 
by its rather more turreted form. 

There is thus evidence of four different forms of Realia in the An- 
daman Islands. The genus is absolutely unknown in either India or 
B m a ,  the species of Omphalotropw (0. auruntwca) once mported £ran 
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Pondicherry being really from the island of Mauritius ;# and it is uncertain 
that the forms reported from Coehin China, Siam, and Singapore are not 
d~iminecc.  It is remarkable that the genus is almost entirely insular in it8 
known distribution, end that it is especially common in the Mascarene 
Islands and in Polynesia. 

82. P a ~ m o a a n s  TEA~AXCOEICA, Beddome, M8., Plate 11, fig. 22. 
Testa impeforaba, ouato-conica, solidula, epidemide fused induta, tn& 

cpidermide albida, fasciis fusco-purpweis JEexuosia vertica2ibtu mib, 

wstis spiralibus subconfmtis circumdata, intarspatiis glabria, striis incre- 
menti inwnspicuis. Bpim mnica, subturrita, apiee eroso, arturd impressd. 
A*. q e r s t .  3, mnvui ,  ultimus dimidium testa superans. Apertura 8 t h  

amtiealia, oaata, postice angulata, intus ccerulescmti-albidu, strigisJEemosk 
c m f ~ t i s  conqicuis. Peristoma rectum, margin; e x t m o  amto, eo2umellal3 
basalipue albis, in tw inwaesatis, dilabatie. Operc. nomob. Diana maj. 
16, min. 13+, alt. 23 mm. (apiee non eroeo ad 25) ; apmt. 12 mm. h g a ,  
9 Zata. 
h. I n  Travancore (H. Beddome). 

Shell imperforate, ovately conical, rather thick, corered with a dark. 
brown epidermis ; beneath the epidermis white, with narrow vertical, very 
wavy dark purple stripes; all the whorls spirally ribbed, the ribs rather 
close together, with the interspaces smooth, the str ia of growth being 
inconspicuous. Spire conical, apex eroded (doubtless acute when perfect), 
suture impressed. Whorls remaining 3 (probably in the perfect shell 5 or 
6), convex, the last exceeding half the length of the shell. Aperture nearly . 
vertical, ovate, angulate a t  the posterior extremity, bluish white, with con-' 
epicuous, close, vertical, wavy, deep purple bands within ; peristome in one 
plane, the external margin sharp, the columellar and basal margins white, 
thickened within, and dilated. Operculum normal. Major diameter 0 65 
inch, minor 0.52, height (apex wanting) 0.9 (when perfect ebout an inch) ; 
aperture 0.6 high, 0.86 broad. 

I n  a young specimen of P. trawncwica, there appears to be a ten- 
dency t o  the development of minor parallel ribs between those forming the 
spiral sculpture, and the latter are rather closer together near the suture. 

Bee Benaon, A. M. N. H. Bept. 1861, 8er. 11, Vol. 8. p. 194.-Nevill, Handliet 
Moll. I. M. pt. i, p. 320. Hanley, Conch. Ind. Syatematio list of Species, p. xiii, note 1, 
whilst pointing out that the species ia not Indian, statas that it occurs in the Isle of 
Bourbon. An he does not give his authority, the name of the island may have betm 
inserted by &take for that of Mauritius, but it is possible that the form occurq like 
0. rrrbar and two or thrBB othar specie#, in both ialando. 
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This fine and well-marked from of Paludonw wm p r o c a d  by Colonel 
Beddome in streams traversing the plains between Trevandrum and the  
foot of the Aghastyamali hill. 

So far as I am aware, none of the forms of true Paludomw hitherto 
described from Southern India and Ceylon have the marked spiral snlcation 
of the present species. There is, however, a remarkable resemblance t o  
the Ceylonese Philopotamis eulcata, the shell of which is only distinguished 
by wanting the conspicuous coloured bands within the peristome, although 
the operculum is very different. Perhaps the nearest ally of P. iraoan- 
corica is the Burmese P. regulota ; but that is a less conical form, and Tiffere 
both in sculpture and coloration, as may be seen by comparing the figure 
of the present species with that of P. regulata in the ' Conchologia Indica' 
(pl. cviii. fig. 6). In  form, P. travanco~ca has some resemblance to the 
common P. tanjorica* (Helix tanuhaurico, Qrnelin, Syst. Nat. p. 3655). 

33. B Y T H ~  EVEZABDI. 

Teeta anguade umbilicata, ovato-conica, aolida, a t r i b  regvlaribue spi- 
raljter circumdab, albido-cornen, epidennide crass& oliuncd obtectn. Spim 
conics, apice eroao, svtzlrd valde impred. Anfr. mperst. 3 (in teat& in- 
tcgra 4-s), concexi, ultin~tur dimidiam longiludinia aubmpwns, mo&e w e n -  
t r i c o g ~ ,  mblur circn umbilicum angulatim compreasua, umbilico conk,  
intus buigato. Apertura subverticalis ouata, antice atpue pootice s&nytr- 
la fa ; perktoma einlpzex, rectum, obluallm. Operculum n o m a l ~ .  Long. 3f, 
diam. maj. 3+, min. 2 mm. ; apert. intus fere 2 longa, 1% Inta. 

HAB. Ad Lanomlee (Lanaoli) juxta viam ferratum inter Bombay et 
Poona (a. Evezard). 

Shell narrowly umbilicate, ovately conical, solid, surrounded by regular 
spiral impressed lines rather close together, whitish horny, covered with an 
olive epidermis. Spire conical, apex eroded, suture deeply ;impressed. 
Whorls remaining 3 (in a perfect shell about 4 to 5), rounded, the last 
about half the whole lengtb, moderatcly ventricose, angulately compressed 
st the base around the umbilicus, which is conical and smooth inside. 
Aperture nearly vertical, oval, subangulate in front a t  the base and a t  the 
posterior extremity ; peristome simple, straight, obtuse ; operculum normal. 
Length 0.15, major diameter 0.13, minor 0 08  inch ; aperture within 0.07 
long, 0.05 broad. 

This peculiar little species, distinguished by i ts  distinct umbilicus 
from all other Indian forms, was obtained by Colonel Q. Evezard a t  Lanaoli, 
a station on the railway from Bombay to Poons, situated a few miles east 
of Khandalla a t  the top of the Bor-ghat. 

I think it ia to be regretted that Gmelin'a spelling lould be adopted for thir 
rpeoiw, as the derivation of the name in thereby rendered obecure. 



35. C ~ ~ o c o n c w s  FAIBBAXKI. 

" kmnownchur f a i r ,  BMord," Hanley, Gnch. Ind. p. 68, pl. cxlvi, fig. 7. 

I have described the species here attributed to  me, and I greatly 
doubt my being responsible for the specific name, even in manuscript. I 
find amongst my collection a small box of 0. carinatus, labelled C, fair- 
banki, but I cannot recollect whence the name was derived. The shell 
figured in the ' Conchologia Indica' resembles 0. carinatus in form, but 
the angulation of the last whorl is not shewn, and the coloured bands 
represented are not, so far as I know, found in that species. 

The shell figured in the same plate of the ' Conchologia Indica' (pl. 
oxlvi, fig. 10) as 0. carinatua, is certninly not that species, but 0. conicus, 
var. Some of the references in the letterpress, p. 58, t o  my descriptions 
and figures of Oremnoconchua (J. A. 8. B. 1870, xurix, pt. 2, pp. 10-12, 
pl. 3, figs. 8,4, 6) are incorrect. 

36. COEBICULA IEAVADICA. 

'' Car. iravadica, B h f .  MSS." Hanley, Conch. Ind. p. 62, pl. clv, flg. 8. 

n 8 t a  few cepudateralis, rhomboideo-ovata, ventricosa, rolidiusm&, 
concentrice striato afpua coetulie rubrsmotis, interdurn plus minusva obso- 
Zatia, m a t a ,  epidermide olivaeed induta, intur violacea : tatere antic0 ants 
urnbones prominmtea subhorizontali, tune fers regulariter convexo, portico 
declivi, oblique mbtruncatulo, demum subangulato, margins aentrali modice 
a c w l o  ; 2igarnento postice subito conbracto. h t .  lo* mm., bng. 9, Cfas8. 7. 
I n  alio ercmplo long. 11*, Eat. a), crars. 7. 

HAB. Ad Msndulay, urbem capitalem regni Avre. 

Shell nearly sequivalve, rhomboidally ovate, ventricose, thickish, con- 
centrically striated and ornamented with ribs rather wide apart often more 
or less obsolete. The colour of tlie epidermis is olive, that  of the shell 
inside violet. Anterior sido nearly horizontal in front of the um- 
bones, then almost regularly convex, the posterior side slopes away gently 
8t first, then sharply, almost as if truncated, and forms a rounded angle 
with the ventral margin, which is gently arcuato. The ligament behind is 
suddenly contracted and compressed, the hindermost portion, about a quarter 
of the length being very much smaller than the rest. 

Dimensions of one specimen :-length 0.42 inch, breadth from um- 
bones to ventral margin 0.36, thickness 0.28 ?of another much longer 
ehell, the same meaeurements are 0.46, 0.34, and 0'28 inch. 

I$ in very possible that this may not be separable from some of the 
numerou3 other forms of the genus, but I can find none precisely agreeing. 
The form is more ventricose and the umbones more prominent than in most 
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Indian Cwbiculm. The genus, like Unio, appears to have been designed by 
a beneficent Providence for the amusement of speciesmakers. Many of 
the described local races inall probability pass more or less into each other. 

Fig. 
1, 

EXPLAXATION 01 TBB P u m .  
Plnte 11. 

2. Eupketa vidua, Tar. minor, natural size. 
4. This shell hen not been described, the type having been midaid. and o m  

flgure, that shewing the shell from the mouth, omitted in the plate. 
6. Ettpkcta oidua, typical form, natural size. 
8. Macrochlamyr lenuieula, two vie- natural siae. I n  the left hand figure 

one whorl too many is represented, and in the right hand the 
peristomo is represented en thick instead of very thii .  

9. liacrochlamyr phatychlamya, two views, natural size. In the right hand 
view the lip should have been represented aa very thin. 

10. S t r c p t a z i a p r a m t ,  three views, enlnrged two dirrmetera, fair. 
11. Strcptazir mncinnur, three views, enkuged two diametere, teeth rather in- 

distinct, otherwise good: 
12. 6treptmir pronw, three me- &ged two diametera, teeth not c o d  J 

reprose~~ted ; see description. 
18. Strcptazia eompreraua, three views, enlarged fom diametenr ; tho teeth are 

incorrect, especially in the middle figure, where three are represented 
on the banal margin of the aperture instead of one only. 

14. (Upper flgure) Bnnea subawtrtlata, enlarged four diametera. The wlumellar 
tooth should be lower down. 

14. (Lower flgure) Ennea exilia, enlnrged four d i a m e h .  All the teeth am 
wrongly represented ; see description. 

16. Ennca m a d o n ,  enlarged four diametem The teeth in the perkdome M 
not distinct in the @we, and the large tooth inaide the base is omitted 
altogether. 

16. &Inca atenortoma, var., enlargd fom dinmetam. Teeth not comxt, they 
should be precisely the arme aa in fig. 17. 

17. &nea aterroutoma, typical form, enlarged four diametem. The mouth too 
broad, it should be of the wame shape aa in 5g. 16. The teeth on, 
correct. 

,, 18. Reulia (Omphablmpir) a n a h m i ,  enlarged two diametera : fair fipra ,, 10. Realia pallido, enlarged two diameters, not good, the penultimatewharl 
is by far too large, and the suture wrongly drawn. 

,, 22. Paluabmus t rarmm'ea ,  natural size, good f p .  
N. B. An already noticed in the text, aereral of the fignres in this plate ant 

unsatisfactory. I n  especial, the teeth in the aperture of some forms of Enneu and 
Glrrptaria are by no means accurately represented. The plate having been twicr, 
lithographed, it appears hopelem at p m n t  to try to obtain greater acc lmp .  The 

cueral form of the ahelln is us a rule correct. The impcrfcction of the plate is partly 
8ue to its having been lithographed during the absence of the author of the p-nt 
PPW. 

Plate 111. 
Fig. 1. Emniplcda t inodma.  
,, 2. Eemipkcta cnira. 
,, 3. Xeatina albata. ,, 4. Ariopharrta immmmmto. 
,, 6.  dlacrochla~nya uyntra'. 
,, 6 .  b'pirarulum trac.ancbc~~cum. 
,, 7 .  Catadw watukatwr, 

N. B. The figures on this plate am all fairly good ; all u e  of the nahvPl an 
excoyt i b .  
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YX1.-Liat of Diurnal Lepidoptera from Port  Blair, Andnmon 181cmd8, 
with Description8 of rome new or little-known Species and of a new 
Species of Hestia fr-on8 Burmah.-By J. WOOD-MASON, Deputy 
8uperintendent, Indian Museum, and L. DE NICE'VILLE. 

(With Plate XIII.) . 

The first collection of Andamaneae Lepidoptera of any importance was 
made by the native collector (Moti Ram) who accompanied Mr. Wood- 
Mason on his first visit to the Andaman Islands in the year 1872, and 
remailled a t  Port Blair for some months after Mr. Wood-Mason's return 
t o  Calcutta, collecting insects in the immediate vicinity of the settlement. 
This collection was entrusted for determination and description in this 
Journal to the late Nr. W. 6. Atkinson, who, however, only described in 
the 'Proceedings of the Zoological Society' two of the more obvious novel- 
ties, and eventually returned a few of the specimens t o  Mr. 8. Nevill, who 
at that time had charge of the Museum collection of lepidopterous insects, 
and who placed them in the collection. These specimens are included in 
the p r e ~ e l ~ t  list. 

Since 1872, numerous collections of Lepidoptera have been formed a t  
Port  Blair and a t  Kamorta in the Nicobars by the officers of the Port; 
Blair establishment, and forwarded by them to England, where in 1877 
Mr. F. Moore examined all the material that had been thus collected and 
drew up a complete list of " The Lepidopterous Fauna of the Andaman 
and Nicobar Islands," describing therein many new species end varieties 
both of butterflies and moths. I n  this list, 71 species of rhopaloceroue 
Lepidoptera are recorded as inhabitants of the Andaman Islands. Since 
Mr. Moore's paper appeared, 4 new species and  varieties of butterflies have 
been described by as many different authors, bringing up this number t o  
75. I n  the present list, 29 additional epecies, five of them described for 
the first time, are recorded, making a total of 104,-a number which might 
no doubt be largely increased by an experienced collector in a few weeks. 

&veral common species which occur everywhere in the neighbouring 
regions are not recorded, and these are all the more conspicuous by their 
absence from the circumstance that their supposed models are also absent ; 
we dlude to Dypolimnas misippus, Elymnias undularia, and the 2nd and 3rd ' 
forms of the female of Papiliopolyter, which respectively mimick Danau 
&y8ippw, Damis  plexippus, Papilio hector, and Papilio wirtolochias. 
It is a curious fact that both in the Kulu valley and in the Simla district 
in the North-Western Himalayas, where Papilw hector and P. arietola- 
chhe  have never been found, the same forlns of the female of Papilio 
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polyter are also absent : whether they. are really absent from the Andaman 
Islands and the other regions mentioned, and, if so, whether they c e d  
t o  be developed or rather were exterminated as soon as the species spread 
into regions wherein neither of the forms which its females rnimick 
exist, are interesting subjects for future enquiry. 

Tribe PAPILIONES. 

Family NYMPHALIDE.  

Subfamily D A X A ~ B .  

No representative of the genus Heetia has been received from Mr. 
de Roepstorff, but we are indebted to  Capt. G. F. L. Marshall, 8. E., for 
the gift of a specimen which that gentleman had received from Colonel 
Cadell, Chief Commissioner of the Andamans and Nicobare, but which 
does not agree with Felder's figure and description of Hestia ngamnrachnu, 
the only species of the genus hitherto recorded from those islands, either 
in the extent and relations of the black markings or in the shape and 
proportions of the wings ; the former being larger, more or less coalescent 
generally, and completely run together a t  the outer margin m as to form 
a di~tinct  black border to each wing, and the posterior pair of the latter 
being broadly rounded off a t  the extremity and consequently not presenting 
the peculiar egg-shaped outline so characteristic of these organs in all the 
hitherto described Indian Hestius, a. g., H. Lynceus, H. Jasonicr, etc., with 
the latter of which Felder compares his species ; the specimen apparently 
also differs from H. agawarschana in having the white of dl the wings 
everywhere more or less clouded with minute black scales. H. agumarh 
chana, it is true, to  judge from Felder's figure of it, has the posterior 
wings a little less pointed, the anterior discd spots on the anterior ones 
obviously more elongated, with more black in the cell and behind it, and 
the markings generally larger than in H. Jaeonia, and i t  is, as might 
have been expected, more closely related to the specimen obtained by CoL 
Cadell than to any other species; but, large aeries of specimens having 
shown us how extremely constant the different species or local racw of 
Hestia are, we cannot unite the two, and we think that the differences they 
present are in all probability due to a difference of station, and that  Helfer 
may have obtained the specimen that  served Felder for type on a different 
island ; all the lepidopterous insects of late years received from the Andamam 
having been obtained in the immediate vicinity of the settlement at Port 
Blair, in an area therefore which is a very small fractional part indeed of 
the Andaman group of inlands, which extends through nearly four degreer 
of latitude. We, therefore, propose to describe the specimen ae a new 
species under the name of 



1. HEETIA CADELLI, n. sp., P1. XIII, Fig. 1, 8 .  
8 .  Allied to  Heetia agmwrechano, Felder. Wings above pure 

subpellucid white clouded, especially on the outer halves, with minute b h k  
scales, and marked and veined with intense black ; all the markings larger, 
more or less coalescent, and blurred or paler a t  the margins, the veins 
more broadly black-bordered, and the marginal spots completely run 
together so that the wings are all, especially the posterior ones, distinctly 
bordered externally with black. 

Anterior wings relatively narrower and longer, being more than twice aa 
long as broad, with the discoidal cell equal in length to the submedian vein, 
that  is to  say, to  the inner margin, and all but as long aa the outer margin 
measured in a straight line from the extremity of thesubmedian vein to that 
of the subcostal ; with the anterior discal spots more elongated and more 
completely coalesced, the spot between the first and second median veinlete 
alone constantly free, and the large rounded one internal to  i t  in the same 
cell coalescent with the enlarged extremity of the cellular mark (which fills 
tlle cell nearly t o  the level of the origin of the second median veinlet, and 
is divided a t  the base of the wing by three indistinct longitndinal clouded 
white streaks), and the large mark in front of the submedian vein larger, 
triangular, and united by a black streak to the discal black spot beyond it. 

Posterior wings shorter and broader, with the outer margin more 
broadly rounded off, the cell and the interspaces beyond i t  broader, the 
spot in i t  larger, and all those around i t  free, though exhibiting a tendency 
t o  coalesce with the black margins of the veinlets. 

Wings below dirty-white of a dull opalescent tinge, with fuscous- 
black markings and veins. 

Length of fore-ying 2.45 ; extreme length of discoidal cell, 1.88 ; 
expanse 5 inches. 

HAB. Port Blair, S. Andaman. 
We have much pleasure in naming this species after Colonel Cadell, 

Chief Commissioner of the Andamans and Nicobars, who obtained it, and 
who has shown himself no less ready than his predeceseors to  help those 
who are engaged in working out the interesting fauna of the islands under 
bis charge. 

Oh. The specimens of Heetia which Hemitson, in his list of Butter- 
flies from the Andamans (Ann. & Mag. Nat. Hist., ser. 4, vol. xiv, 1874, 
p. 856), considers to be specimens of H. agamarschana remarkable for 
their dark colour, doubtless belong here. 

2. DANAIE MELAXOLEUCA. 

Daflaia mclatio&uca, Moore, Proc. Zwl. Soc. Loud. 1877, p. 581, pl. Iviii, fig. 8. 

Numeroua specimens of both sexes (A. do Roapatorf and Moti Ram). 



8. E W P ~ A  CORE. 

Papilio m e ,  Cramer, Pap. Exot. 1782, vol. iii, pl. 266, flga. E, F. 
Euplea core, Butler, Journ Linn. Sac. Lond., Zoology, 1878, vol. xiv, p. 301. 

One female (Moti Ram) agreeing with Bengal specimens. 

4. E u P ~ ~  ~ A Y - S I B .  

Euplea andamanmsi~, Atkineon, Proc. Zool. Soc. Lond. 1873, p. 734 pl. lsiii, 
Bg. 2, 8 .  Butler, op. cit. p. 300. 

Numerous males and females (A. de R. and Moti Ram).  
This is one of the species described from the collection made by Moti 

Ran1 in 1872. 

Pubfamily SATYR~Z.  

6. LETIIE EUROPA. 

Pap. europa, Fabr. S y k  Entom. 1776, p. 600. 

Males and females, all remarkably fine specimens. 

6. MELANITIS LEDA. 

Males and females (A. de R. and i i fo t i  Ram) and males of 211. b m e ,  Cr. 

7. M Y C A L E ~ I ~  pIaws, Linn. 

,, DEUSIA, Cr. 

,, BLASIUS, Fnbr. 

Males and females (A. de B. and Noti Ram).  

pap. atrea, C m e r ,  Pap. Exot. 1782, vol. iv, pl. 314, figs. A, B. 
- franciacn, Id., ibid., pl. 326, figs. E, F. 
A female of one of the  numerous varieties of this species. 

8. MYCALE~IB R ~ D Z A .  

dd. rudza, Moore, Proc. Zool. Soc. Loud. 1877, p. 683, pl. lviii, fig. 2. 

One male and two females. 

9. ELYNXIAB COTTONIS. 

M. eottau, Hewitaon, A m .  Mag. Nat. =st. 1874, ser. 4, vol. xiv, p. 358, 8 Q. 
Numerous males (A. de B. and Moti Ram) ; one female (A. & B.). 

Subfamily M o s ~ ~ w a o .  
10. DISCOPHORA CELINDE. 

Pap. oelinde, Stall, Pap. Exot. Suppl. 1790, pl. 37, figs. 1, 1 k 
One female. 
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Subfamily NYMPEAL~B . 
11. CETHOSIA BICOBAEICA. 

Felder, Verhand awl.-bot. Oeaellsch. Wien, 1862, vol. xii, p. 484 ; Novara Reisg 
Lep. p. 884 pl. xlviii, figs. 7, 8, 3.-Moore, Ptoc. 2001. Sac. Loud. 1877, p. 683, 9 .  

Two pairs (Xoti  Ram)  and one male (A. de B.) agreeing perfectly 
with specimens from the Nicobars. 

12. ATELLA ALCIPPE. 

Pap. alcippa, Chmer, Pap. Exot. 1782, vol. iv, pl. 389, flgs. a, E. 
Numerous specimens, male and female (d. ds B. and Moti Ram). 

18. CIEBHOCHEOA ANJIRA. 

C. anjira, Noore, Proc. ZooL 60c. Lon& 1877, p. 684, 8 9 .  
31ales and females. 

14 CYNTHIA EBOTA. 

Pap. crota, Fabr., Entom. Syst. 1793, VOL iii, p. 76. 
Numerous males and females. 

15. Msesa~as EEYMABTHIB, TAB. BICOBABICA. 

Felder, Verh. zoo1.-bot. Geaellnch. Wien, 1862, vol. xii, p. 486. 

Males and a female. 

16. JUNOXIA (EXOKE. 

Pap. anm,  Linn., Clpmer, Pap. Exot. 1776, voL i, pl. 86, age. A, B, 0. 
Numerous males and females (A de B. and Xoti Barn). 

17. JUNOXVIA ALMANA. 

Pap: alma~.Linn.,  Oramm, Pap. Exot. 1776, vd.  i, pL 68, figs. F, (3. 

One pair. 

18. JUXORIA MTEEIE. 

Pap. cwlerie, Linn., h e r ,  Pap. Exof. 1776, vol. i, pl. 68, fig#. D, E. 
Three males and two females. 

19. DOLEBCHALLIA BIBALTIDE. 

Pap. bisaltidc, h e r ,  Pap. Exot. 1779, voL ii, pL 102, fig. 0, D. 

Numerous fine specimens of both rexes. Specimens were also obb~ined 
by Moti Ram in 1872. 

20. KALLTMA ALBOFASCIATA. 

X. albofarciata, Mooro, Proc. Zool. 8oc. Lond. 1877, p. 684. 
Male and female. 
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21. E W Y T ~ A  HOXBFIELDTI. 

Eurytrla hornpCkiii, Boiduval, Faan. Ent. Madag, 1833, p. 64, 8 .  - r t e p h s i i ,  Id., ibid. p. 66, 9 .  

A single male. 

22. CYBEBTIS CO~LES. 

Pap. wcle~, Fabr., Yoare, Pm. Zool 80c. London, 1878, p. 829. 
P Cyrmtir formra, Felder, Reise Novarg Lep. p. 412, 3.  
A single male of this delicately tinted butterfly. 

23. CYBEBTIB TEYODAMAS. 

*.thyohmar, Boisd. in Cuv. R. A. 1836, Inn., pl. 138, flg.4. Doubld. W&. 
and Hew. Glen. D. L., pl. 32, fig. 3. 

Amathusia ganmha, Koll. in Hiigel'e Kaschmk; 1848, voL iv, p. 430, pl. 7, 
fige. 3, 4. 

One male. 

2 4  HYPOLWA~ BOSI.KA. 

Pap. bolina, Linn., Clerk's Iconw, pl. 21.-Diadnncr bolinn, Wallace, Tram. Ent. 
W. Lond. 1869, p. 278. 

Numerous male and fernalee (A. ds B. and &ti a m ) .  

26. H E B O ~  MABATEUS, var. ANDAMAXA. 

ZTwans nccrrathur, Westw. DoubL and Hew. Qen. D. Lep. 1850, p. 293, pL 45 5g. 3. - andatma,  Moore, Proc. Zool. Soc. Lond. 1877, p. 585, 8 9 .  
Two males and a female. 

26. PABTHEROS ommrsma. 
Pap. gadria'ur, Fabr. 

Numerous specimene of each sex (A. de R. and Xoti a m ) .  

27. NEPTIB MANAWA. 

N. manan&, Moore, Proc. Zool. Soc. Lond. 1877, p. 686, pl. lviii, flg. q 9.  
Two paire (A. de R. and Mofi Ram).  

Seems very near t o  N. khariano. 

28. NERIS AXDAMAX& 

N. andacncma, Moore, Proc. Zool. Soc. Lond. 1677, p. 686, 8 9 .  
Five males and a female (A. ds R. and &ti Ram). 
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29. A T ~ A  SELENOPHOXA. 

Limenitid r s h p k a ,  Koll. in Hiigel's Knschmir, 1848, vol. iv, p. 426, pl. v% 
%@I. 1,2, 8 .  

A female, the only one in the Museum, was obtained by Moti Itam 
in 1872. 

80. SYMPEZDEA TEUTA, VBT. TEUTOIDES. 

8. tactoidu, Moore, Proc. Zool. 800. Lond. 1877, p. 686, 8 9 .  
Males and females (A. da B. and Xoti Ram).  

81. TANAECIA UIBARITIB. 

ddoliar cibaritis, Hewitson, Ann. & Mag. Nat. Hist. 1874, ser. 4 vol. xiv, p. 858; 
Exot. Butt. vol. v, Adolim, pL iv, flgs. 12, 13, 15, 8 9 .  

Tairtaaeaia dban'tis, Moore, Proc. Zool. 800. Lond. 1877, p. 688. 

Numerous males* and females (A. de B. and =obi Pa). 

82. TA~AECIA ACONTIUB. 

Adoliar acontiur, Hewitson, loc. cit. p. 857 ; Exot. Butt. vol. v, Adoliar, pl. ir, 
fig. 11, q .  Tanaecia acontiw, Moore, h c .  ZooL 800. Loud 1877, p. 686. 

One female. 

83. LIMENITIS PBOCEIB, Var. ANAETA. 

L. anarta, Moore, Proc. ZooL 800. Loud. 1877, p. 686. 

One female. 

841. NYXPHALTB ATHAMAS. 

Pap. athamar, Dmry, Ill. Exot. Entom. 1778, vol. i, pl. ii, flg. 4 

One female. 

Family E R Y C I N I D E .  

%. ABIBARA BIFAECIATA. 

A. bifan'ala, Moore, Proc. ZooL &. Lond. 1877, p. 687, pL lviii, flg. 1, 0. 
Three females. 

Family LYCENIDZ. 
86. LAMPIDEB ABDATEB. 

uemcr ardatu, Moore, Proc. Zwl. Soc. Lond. 1874, p. 674, pl. lxvii, fig. 1, 8 .  
One female. 

Hyr. wlianus, Fabr., Lycwtaa wli(lfln8, H o d d d ,  Cat. Lep. E. I. Co., 1839, p. 7S, 

One male. 
80 
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38. LAMPIDES ELPIB. 

Polyotntn. rlyia, Godt, Encyclo. Yeth. Ins. vol. ix, p. 654.-Lycuma elpi., E d e l d ,  
opcit. p. 76, pl. 1, fig. 9, ? J. 

One female and one male ( A .  dc R and Xoti Ram). 

39. LAMPIDES PANDAVL 

Lycaaa pandava, HorsBeld, op. cit. p. 84, 9 . 
One female. 

9 .  Wings above much as in L. pactoluu, differing in having the  dark  
fuscous outer border of the anterior wing spotless and that  of t h e  posterior 
wing very much less distinctly marked in the same manner, no discocellular 
mark in either wing, and the whole upperside apparently more clouded 
with smoky fuscous scales. 

Wings beneath very pale fuscous, with a submarginal fascia composed 
of rhomboid spots and a marginal one of narrow oval spots fuscous of a 
rather darker shade than the ground, both margined and connected together 
by whitisll, the latter of them developed, in the interval between the  first 
and second median branches, into a conspicuous jet-black circular spo t  
divided externally by a semicircle of pale blue metallic scales and encircled 
internally by luteous white, and into two minute ones, one on each side 
of the submedian vein, interr~ally covered with blue scales. 

Anterior wings with two small subcostal spots, a short discocellular 
fmciole, and a diecal fascia strol~gly faulted ut the second median veinlet so 
tha t  the outer white margin of i ts  posterior portion is in line with that  of 
i t s  anterior portion, and the inner white rna~gin  of its posterior portion in 
line wit11 the  discocellular veinlet. 

Posterior wings with a similar discocellular fasciole, and complexly 
faulted and contorted discal and basal fascire ; all the fascia in all t h e  
wings margined on both sides with fuscous of a very slightly deeper t i n t  
than the ground and with whitish. 

Since the above description'was written, we have discovered t h a t  
five unnamed insects in the Museum from Cherrapunji in  the Khasi Hills, 
the  Sikkim Hills, and Sibsagar (8. E. Peal) in upper Assam are males of 
this species, and the following is a brief description of one of them :- 

a .  Wings above semitranslucent palish fuscous with a light and 
tolerably brilliant amethystine lustre, edged with a darker anteciliary line. 

Wings below mucll as in the female, with the macular submarginal 
fuscons fascia of all the wings broader, and the anal and subanal black 
spots rather k rger  aud conspicuously encircled with fulroue internally. 
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Length of anterior wing 9 -72, 8 .58-.68; whence expanse = 9 
1.5, 8 1.2-1.4 inches. 

41. LAMPIDEB PLUMBEOMICAXB, n. sp. 

Closely allied to  the  preceding, but much smaller ; with three instead 
of two fasciae on the underside of the  anterior wings, with all t h e  fascia 
relatively broader, and with those of the posterior wings much less com- 
plexly faulted and contorted. 

8 .  Wings above dark amethyst-purple with a dull greyish leaden 
metallic lustre, with a deep black anteciliary line and fuscous fringe. 

Wings beneath pale fuscous of a purplish tinge, with a marginal and 
a submarginal fascia composed of suboval spots of a darker shade 
than the  ground, both margined and connected by wbitish, the latter 
of them bearing in the posterior wings subnnal and anal black spots in  . 
every respect as i n  t h e  preceding except that  the luteous inner line is  
rather more distinct. 

Anterior wings with a basal fascia, a discocellular fasciole, and a discal 
fascia faulted as in  the preceding ab the second median veinlet; with the 
fasciae as also the fasciole commencing a t  the costal vein where they-are 
all  broken. 

Posterior wings with corresponding fasciole and fasciae, which latter 
are more or less faulted a t  every vein though much less contorted and 
consequentlj more easily traced than in the preceding ; fasciae and fascioles 
of both wings margined on both sides with fuscous of a rather deeper 
shade than the ground and with whitish. 

9 .  Wings above dull smoky. 
Anterior wings with a pale discnl patch which has a brilliant metallio 

pale bluish lustre in certain lights. 
Posterior wings with a thin interrupted white line before the dark 

anteciliary one and a submarginal row of dark spots before it ,  spots and line 
increasing in size, breadth, and distinctness from the apical angle t o  the 
subanal region, the former obscurely encircled internally with smoky 
wl~itish. 

Wings beneath lighter, with all the markings more pronounced, being 
margined with fuscous much darker than the ground arid with pure white, 
and the  marginal arid submarginal macular fasciae, especially conspicuous 
and coarse. 

Length of anterior wing 8 .SG, $! 5 8 ,  wlie~ice expanse = 8 1.12, 
9 1-16 inches. 

Two mdes and a female. 
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42. POLYOM~CATUB 8ANGBA. 

P. sangra, Moore, Proc. Zool. 600. Loud. 1865, p. 772, pl. 41, fig. 8, 8 .  
Innumerable males and females. The commonest 'blue' in Calcuttq 

being obtaiiiable in  any number wherever there is a patch of grass. 

43. APHNZU~ LOHITA, var. z o a u a .  
.A. wilw, Moore, Roc. 2001. 8oc. Loud. 1877, p. 688, 8 .  

$ . Larger than the  male. UPPERSIDE smoky brown, marked ob- 
ecurely with darker bands corresponding t o  those of the underside. 
UNDERBIDE with the intervals between the  hands wider owing to the 
greater breadth of tile wings. I n  all other respects as in the male. . 

Length of fore-wing -7 ; wheuce expanse = 1-46 inches. 
Males and one female. 

41. HYPOLYCZNA EsnLua. 
H. mylw (Godart), Hewihn, Ill. D. Lep. Lyc. p. 49, pl. rxi, flg. 1 8 ,  $ 4  9 .  
H. andnmana, Moore, Pmc. Zool. Soc. Loud. 1877, p. 689, 6 0 .  
Tllree males and a female. Absolutely indistinguishable from fresh 

Sikkim epecimene. 

46. SITIIOX BUOIIIVA, var. UECA. 

dddypodia rwgricra, IIodeld, Cat. Lep. E. I. Co. 1829, p. 105, pl. i, figs. 10, loo, 8 .  
Nyrifro mgricra, Hornfield m d  Moore, Cat. Lep E. I. Co. p. 61, pl. la, fig. 1% 8 .  
Myrino orem, Felder, Verhand. rwl..bot. Geaellnch. Wien, 1862, voL xii, 

p. 481, 6. 
9 .  Smaller than the male. UPPERSIDE sepia-brown with a bronzy 

gloss, the  spots and fasciar of the underside scarcely showing through. 
Hindwing with a pure white patch divided by the brown veins, margined 
extenal ly by a fine and sharp dark brown or black anteciliary line, and 
marked by a large circular black spot a t  the base of the tail on the 
anterior side and by another srnaller lighter and less distinct one on  the 
posterior side ; with the caudal lobe blaclcish, and the tails black with pure 
white cilia. UNDERBIDE pure white ma~.lzed as in  the male with dark 
eepia-brown fascia and spots, but  with the  black caudal spots larger and' 
the  cilia of the posterior part of the hind-wing pure white like those of 
the tails. 

Length of fore-wing .66 ; whence expanse = 1.38 inches. 
I t  differs from S. phocides 9 (= S.jolcus (Felder), Hew., IIl D. Lep. 

Lyc. pl. riii, figs. 16, 17) in the far less extent of the white patch on the  
upperside of the lrind-wing, and in the larger size and darker colour of 
the  spots and fascia, as well as in  the greater purenew of the white, 
of the underside generally. 
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One male and one female, +he former differing from a specimen from 
t h e  Indian continent (Sylhet) only in i ts  rather darker and more distinctly 
marked underside. The lighter apical portion of the  fore-wing in the 
male bas a beautiful bronzy gloss changing to dark purple according t o  
t h e  incidence of the light. Both the insular and continental specimen, 
bu t  especially t h e  former, present slight traces of the blue marginal band so 
conspicuous i n  t h e  hind-wings of Javan and Ceylonese examples, in  the  
shape of a small patch of metallic green scales on the auterior caudal 
lobe. 

The male of this species, with its velvety black upperside, rich dark 
brown underside, and elongated hind-wings produced into long robust buff 
tails, presents a strong contrast t o  the dull-coloured female with hcr 
pure dazzling white underside conspicuously spotted and banded wit11 dark 
brown, broader wings, and compa~lrtively short and feeble white and black 
tails. 

Sithon kamorla is not the  female of 8. sugrivo, var. areca, as Felder 
has suggested, but  that  of a distinct though closely-allied species peculiar 
t o  the Nicobars, whence the Museum has recently received a ~ p e c i m e ~ i  of 
t h e  true male differing from S. kanzorta just in the same way as S. sugrivrr 
8 does from i ts  female, whicli appears not to  have been previously described. 

46. SITHON WE8TERMAmI1, Var. 
Diprar wuutmannii, Felder, Beise Novara, Lwp. p. 245 pl. m, flge. 21, 28, 9 ,  

from Luron. 

A male and a female, the  latter differing from the former in having 
t h e  upperside smoke-brown instead of purplish fuscous, no discal pale 
patch in the  fore-wing, the  hind-wing devoid of blue, and the  underside 
ochraceoue-brown instead of dark fawn-colour with a vinous tinge. The 
male differs from the same sex of 8. westermannii, in having less blue on 
the  upper surface, and the anal spot completely encircled with grey scales. 

A comparison of Andamanese with Philippine specimens would, we 
have no doubt, show that  the former is just as much entitled t o  a name 
of its own as the latter. Both are merely insular races of the Indian 
continuntal S. jangalo. 

47. SITHOR TARPINA. 

Myrina tarpinu, Hewitson, Ill. D. Lap. Lyc. Snppl. 1877, p. 23, pl. (Snppl.) iii (i, 
figs. 93, 94, 9 .  

8 .  UPPERSIDE rich deep metallic violet-blue, with the  anterior 
margin of the fore-wing narrowly, and the  external margin of both wings 
n o r e  broadly and decreasingly bordered with black. UNDEBSIDE with 
about the basal two-thirds of both wings ccerulescent or virescent opaque 
d d  white, the rich red-brown of the  outer margins dtrrkcr but similurly 
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banded and marked with white, and the orange spots smaller with a diffused 
patch of greyish white scales between them and two or three i n  front of 
them all somewhat confounded with the  white marginal line. 

Three specimens. 
Length of forewing -84 ; whence expanse = 1.78 inches. 

48. D E ~ R I X  EPIJABBAR. 

Dipsan rpuarbar, Moore, Cat. Lep E. I. Co. 1857, vol. i, p. 32, 8 0 .  
Deudmiz rpiiarbar, Hew., Ill. D. Lep. Lyc. pl. vii, figs. 16,18,  8 ,  17, 9. 
Very numerous specimens of both sexes. 

49. DEUDOBIX DIENECES. 

D. d i a m r ,  Hewitson, Ill. D. Lep. Lyo. Suppl. 18i8, p. 31, pl. v q flga 6 5 , 6 7  8 ,  
66 0 .  

Males and females. 
The Museum possesses males from Silhet and Calcutta also. 

60. DEUDOBIX O R ~ E I S .  

D. orm'r, Hewitaon, n l .  D. Lop. Lyc. 1863, p. 23, 8 .  
9 .  UPPERSIDE lighter, with a distinct purple gloss which hss  a l ight  

steel-bluish t int  a t  the base of all the wings. UNDERSIDE lighter, with all 
the  markings more distinct. 

Length of fore-wing -68 ; whence expanse = 1.42 inohes. 
Two males and two females. 

61. D~vnosnc TARUKA. 

!,7%sela caruna, Hodeld, Cut. Lep. E. I. Co. 1829, p. 91, 8 0. 
A single male. 

62. MYRIXA a . r y m o e ,  vrr. PBABHA. 

dlyrinaprabha, Moore, P m .  Zool. SOC. Lond. 1877, p. 689, pL l v i c  fig. 4 9 .  
Yalea and female. 

63. AMBLYPODIA IVAEADA, V M .  EEICHSORII. 

Amblypodia navada, Hornfield, Cat. Lep. E. I. Co. 1820, p. 96, pl. 1, flg. 8, 8 9 .  - erichonii, Folder, hise  Novm, Lep. p. 218, v ,  from Luzon. 

Two females. 

Pap. Ecntaurur, Fabr. dmbly. cmtatrrus, Horaf., Cat. Lep. E. I. Co. 1829, p. 101. 
Hewitson, Cat. Lyc. Brit. Ins .  pl. ii, figs. 10-13, 9 .  

Male and female ; the latter much smaller than the  former. The 
bases of both wil~gs i n  both sexes, bu t  especially i n  the  female, lighter, 
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with a greenish tinge, so that the wltole oentral portion of the ineeds 
appeare brilliantly illurninated by a pale greenish blue reflection in most 
lights. 

55. SURENDBA QUERCETORUM, Var. LATIMABQO. 

8. &timargo, Moore, Proc. Zool. Soc. Lond. 1879, p. 142, 8 P. 
A male and two females. 
I s  A. puercetorum itself more than a local race or variety of A. vioar~lo, 

Horsfield, Cat. Lep. E. I. Co. 1829, p. 99, from Java?  

Family PAPILIONIDE.  

I 
Subfamily PIEBINI. 

66. TEBIA~ HECABE. 

Pap. hoeah, Linn. 

Hales and a female. 

67. TBBIA~ H A R ~ A .  

T. harina, Humfield, Cat. Lep. E. I. Cu. 1829, p. 187. 

Males and females. 

58. HEBOMOIA BOEPSTOBFFII. 

H. Rocprlw$i, Wood-Mason, anten, p. 134 8 ,  et p. 160, 9 .  
6. Differs from H. glaucippe, the only species of the genus with 

which I have been able to compare it, on the UPPEESIDE, in having the 
apical orange patch of the fore-wing larger, extendsd into the cell, and lees 

0 broadly bordered with fuscous, both internally and externally ; the submar- 
ginal fuscous spots smaller and completely isolated from the fuscous of the 
outer margin ; the fore-wing a t  the posterior angle tinged, and the I~ind- 
wing externally broadly bordered, with bright sulphur-yellow, which colour 
in shaded off into the cream-colour of the rest of both wings; and the 
outer margin of the hind-wing narrowly edged with fuscous, which gradually 
broadens from the anal to the anterior angle and extends inwards in points 
a t  the veins :-and, on the VXDEBSIDE, in having tlie brown mottling of 
the fore-wing arranged in the form of a tolerably conspicuous band coin. 
cident with the macular band of the upperside ; and the ground-colour of 
the hind-wing, as also that of the mottled portion of the fore-wing, of a 
rich golden-luteous colour. 

Length of fore-wing 1.76 ; whence expanse = 3 63 inches. 
V . UPPEBSIDE. fire-wing with the orange patch devoid of amethys- 

tine gloss, externally more broadly bordered with fuscous (which a t  each 
veinlet gives off inwarda an angular process the extremity of which in 
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continued on as a very narrow edging to each side of the veinlet), but in- 
ternally much less distinctly so than in the male ; with the cell more 
clouded wit11 dark scales ; and with the sulphur-colour a t  the inner angle 
more diffused. Hind-wing with a marginal row of large subtriangular 
fuscous spots placed upon the veinlets from the first subcostal to  the first 
median (the two last obsolete), decreasing from the second in the direction 
of the anal angle, and connected together a t  the extreme margin of the, 
wing by a narrow edging of the same colour, which extends to  the anal 
angle ; with a submarginal series of six roundish spots, similarly deeming 
from the first, and alternating with those of the marginal seriea, each 
being placed upon a fold, the first and largest on the fold between the 
costa and the first branch of the subcostal, and the last) OII that between 
the first and second median veinlets ; and with the sulphur-colour around 
the four intermediate submarginal spots stained with orange. UNDEBSIDE 
of both zoings paler. 

Length of fore-wing 1.7 ; whence expanse = 3.5 inchee. 
HAB. South Andaman. 
In  a specimen of the male from the collection of Captain O. F. L. Mar- 

hal l ,  the submarginal fuscous spots of the fore-wing are obsolete. 
The place of this species would seem t o  be between H. aossii (Meit- 

land) and H. eulphurea, Wallace." 

53. 1 x 1 ~ 6  AWDAMAXA. 

I. cmdamana, Moow, Pmc. Zool. 80c. Lond. 1877, p. 590, 8 9 .  
Numerous males and females (A. de R. and &ti Barn). 

Pap. crocab, Cramer, Pap. Exct. 1779, vol. i, pl. lv, age. C, D, 9 .  
Cullidryas crocub, Butler. Lep. Exot. 1869-74 p. 22, pl. k, 1, 2, 8, 6, 8 9. 
Two males. 

61. Pmsre NAD~NA, var. NAMA. 

Bw;~ nadi~a, Lucas, in Qu6rin's Rav. e t  Mag. ZooL 1862, ser. 53, voL iv, p. 833,&. 
p. n m q  Moore, Proc. 2001. 80c. Lond. 1857, p. 102, pl. 44,568. 1, 2, 13 7. - Hewitaon, Ex. Butt. Pieridac, pl. 6, fig. 37. 
Males and females. 

pap. eoronir, Cmmer, Pap. Exot. voL i, 1776, pl. 44, 0ga B, 0. 
per. lichmora, Moore, Procz ZooL 6 0 ~ .  Lond. 1877, p. 691. 

Two pairs. 
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63. EEONIA VALERIA, var. WAEAKA. 

Pap. valm'a, Cramer, Pap. Exot. 1779, vol. i, pl. 86, fig. A, 8 .  
Gronia narakq Moore, Proc. Zool. 80c. Lond 1877, p. 691, 8 9 .  
Males and a female. . 
The Javan specimens of the male described by  Horsfield and figured 

by  Cramer both have the black outer border of the anterior ae well as the  
posterior wings immaculate, and thus agree more closely with the 6.  Indian 
(var. pingasa), Ceylonese (var. ceylonica), and Andamanese (var. m m k a )  
varieties. As might have been expected from i ts  more northern station, 
the Andamanese more nearly approaches the north Indian form (var. gaea). 

64. TACRYBIB PAVLIRA. 

Pap. paulina, Cramer, Pap. Exot. vol. ii, pl. 110, I@. E, F, 9 .  
Picris aibina, Boisd., Sp. O h .  Lep. p. 480, 8 .  
Tachytirpaulina, Wallace, Trans. Ent. Soc. Lond. 1867, ser. 3, vol. fv, p. 369. 

Two males and two (white) females differing in no respect from those 
of continental India (Naga Hills, Cachar, Bhutan, and Madras). 

Tachyriu galaihea, Felder, is  a perfectly distinct race peculiar to 
t h e  Nicobara, whence we have specimens. 

Subfamily PAP~LION~E. 
65. OBNITIIOPTEEA IIELTACONOIDEB. 

Omith. helieonoidsr, Mooro, P m .  Zool. 60c. Lond. 1877, p. 592, d 9 .  
A male and a female. 

60. PAPILIO CHAEICLE~. 

P. chariclu, Hewitson, Ann. & ~ a g .  Nat. HG. 1874, W. 4 vol. xiv, p. 868 ; 
Exot. Butt. voL v, Pap. pl. xir, fig. 45, 9 .  

One female of the 3rd form ( N o t i  Ram). 
This is the Ardaman representative of the continental P. androydus ; 

it is interesting t o  find that  i t  has acquired the red tails of i ts    nod el, 
P. rhodifer, the slight Andnmanese modification of the  continental P. 
doubbdayi. 

67. PAPILIO MAYO. 

P. mayo, Atkinson, P m .  Zool. Soc. Lond. 1873, p. 736, pl. 1x5, 0g. 1, 8. 
Two males (A. de R. and Moti Barn). The specics was described by 

Atkinson without acknowledgment from the specimens obtained by H o t i  
Ram. 

The Andamanese representative of the  continental P. polymnestor. 

68. PAPILIO POLTTES, var. NIKOBARUS. 

Felder, Verh. ml.-bot. Ocscllsch. Wicn, 1862, vol. xii, p. 483. 
Males and females of tho first form ollly (A.  de 8. and &ti Barn). 

ar 
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69. PAPILIO AQAMEMXON. 

Males and females (A. de R. and d i o t i  Ram). 

70. PAPILIO~BYPYLUB. 
One pair. 

71. PAPILIO CLYTTA, var. FLAVOT~MBATUB. 

P. diraimilir, var.$aparolinrbatua, Oberthiir, Etudes d'Entom. 4 me livr. p. 101, Q . 
This variety agrees in  the size and distinctness of the cretaceous w h i h  

markings of the upperside best with specimens from Silhet, Sibsagar, and 
Burmah on t h e  Indian mainland, but differs from them, as indeed it does 
fro111 all specimens in  the Museum, in  the  large amount of rich golden 
yellow a t  the outer margin on both sides of the posterior wings : the  marginal 
and submarginal tlavous spots seen a t  the anal sngle of the wing in most 
continental specimens are in  this case so completely run together on  both 
sides as t o  have left only a small central spot of t h e  black ground-colour 
that  separates them from one another in  continental specimens ; they are 
succeeded by a eeries of six (incisural) marginal spots of t h e  same eolour ; 
the submarginal lunules are much larger and more spear-shaped and, m o m  . 
over, sullied with yellow, especially the one near the anal blotch: on  the 
underside, the marginal golden yellow spots are larger and tend to coalesce 
with the hastate submarginal markings, which conaequently are more 
s d u s e d  with yellow than they are on the upperside. 

A single male. 

72. PAPILIO I 9 8 T E Y Q O K ~ .  .. 
P. lacstrygonam, Wood-Mason, Pmc. Amah 800. Bengd, Jme, 1880, p 102, 

et anten, p. 178, pl. vi, fig. 1, la, 8 .  
P, apaminonda, Oberthiir, Etudes d'Entom. 4 me livr. p. 62, pL iv, fig. 1, 8 .  

8 .  Wings above cretaceous-white, t h e  anterior ones black at the 
insertion, scarcely tinged with greenish a t  the base, with five black bands 
commencing at the anterior margin and cutting the  cell, the Grst basal, 
extending t o  the inner margin, the second rather broader, also extending 
t o  the inner margin, and emitting a short conical process a t  the  origin of 
the  first median veinlet, the third scarcely broader, extending t o  the  median 
vein, the fourth narrower, triangular, reaching or all bu t  reaching the 
median vein, the fifth much the broadest of all, triangular, divided anterior- 
l y  into two forlzs by a curved narrow decreasing and interrupted band of 
tlle ground-colour running from the  costal vein t o  the third median veinlet, 
extending to the inner margin, separated from the black outer marginal 
band by a band of the ground-colour divided by the  black veins and very 
slightly if a t  all narrowing from the  anterior margin up t o  the  eecond 
median veinlet, whence i t  gradually decreases in width and distil~ctness to 
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t h e  inner angle ; all these black bands wnnected a t  t h e  anterior margin, 
and the first, second, and 6fth of them a t  t h e  inner margin aleo, by a very 
narrow edging of black. 

Posterior wings with two black bands commencing and connected a t  
t h e  anterior margin and coinciding with bands of the underside, one 
bad,  extending t o  the  end of the  first half of the first median veinlet, and 
the  other discal, extending a short d i ~ t a n c e  into the  space between the  2nd 
and 3rd median veinlets ; with a small black spot near the end of the  cell 
scarcely distinct from the discal band ; with four diacal spots immediately 
beyond the cell running nearly parallel with the band, the  fir& and largeet 
tmnsvenly elongated and coinciding with a spot on the underside, the  rest 
rmaller thau the corresponding ones on the underside, which latter a m  
consequently eeen through the wing-membrane beyond tlie margins of the  
former ; with a black spot succeeded by one of luteous a t  the anal angle ; 
with t marginal and submarginal series of black lunulee coalescent in the 
anterior third bu t  more distinct in the  posterior two-thirds of the  wing, 
where the two series are more or It?= eeparated from one another by ashy- 
grey scales continuow with the ashy patch occupying the outer third dE 
the  wing and extending aleo along eo aa t o  obscure the  ultra-cellular part 
of the basal black band; with the  discal band and npota more or less 
irrorated and obscured with ashy-grey scales so that  the  disk of the  wing 
appears mottled with black and grey ; and with the black tails, as also t h e  
incisures, margined with cretaceous-white. 

Wings below pure white, anterior ones m ~ r k e d  as  above, with the 
ground-colour a t  the  base and between the black bands as far as  tlie 
median vein and its second branch yellowish ; with the bsnd of ground- 
colour separating the fifth black band from the black outer border distinct, 
and not decreasing bnt  on the contrary rather increasing in breadth, t o  the 
inner angle ; and with the curved line dividing the fifth black band into 
two forks more distinct and less discontinuous. 

Posterior wings, from the  base up t o  the median vein and tlie discal 
black bsnd, yellowish, with three black bands, one narrow running from the 
insertion along the inner margin close t o  the  abdominal fold, and two 
broader commencing and connected a t  the anterior margin and cutting the  
cell, one of these latter basal, extending nearly t o  the end of the basal half 
of the  first median veinlet, and the other discal, some distance into the  
epace between the 2nd and 3rd median veinlets, the two first of the three 
bands connected together a t  their outer extremities and with two largish 
coalescent black spots i n  the anal region ; with a small black spot near the  
extremity of the  cell, and six of the same cblour immediately beyond it 
disposed in a line which runs straight from the costal vein as far  as t h e .  
cell, but  then ourves abruptly inwards, the  first of there epota trclnsvenely 
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elongated, extending from vein t o  vein, and connected with the  second, 
which is roundish and itself connected. with the discal band, the  third oval, 
about one-third the size of the second, and touching the discocellular 
veinlet, the  fourth twice the eize of the third, in  contact with the  median 
vein and i ts  two last branches, the fifth rather smaller than t h e  third, the 
sixth crescentic and connected with the  two above-mentioned large spots in 
t h e  anal region ; with six large diffused luteous blotches externally mar- 
gined with black, and increasing in size and depth of colour from the 
anterior to the  inner margin ; with the ground-colour between these 
blotches and t h e  discal black spots pure white ; with an increasing seriea 
of six marginal lunules, between which and the wavy black margins of the 
luteous blotches the ground-colour is white in t h e  anterior and grey or 
greyish-white in the posterior portion of the  wings ; and with t h e  incisurea 
and tbe tails margined with lutescent. 

Head black with two white frontal bands ; pronotum with a luteone 
spot on each s ide;  thorax above jet-black ornamented a t  the  sides with 

. long grey set=, below cretaceous-white ; abdomen cretaceous-white with a 
tapering d o r ~ a l  black band and two lateral fuscous ones. 

Length of anterior wing 1.7 ; whenoe expanse = 9.6 inches. 
HAE. South Andaman. Two males. 

T o  mark its c l o ~ e  relationship t o  A. aatipiate8, I have called the 
species P. Zaestrygonum after the mythical people over whom Antipbates 
is  supposed to have reigned. It differs from its nearest ally in having the 
upperside much blacker (the bands of the forewing being broader; the  first, 
second, and fifth of them togeblier with the marginal one extending to the 
inner margin, where they are all connected together by a very narrow black 
edging; and the disk of the hindming mottled as i t  were by black and 
grey), a much greater extent of grey, and more highly developed marginal 
and submarginal lunules on the  l~indwing ; in  the abdomen being dorsally 
banded with black aud the thorax ornamented with grey sete, &c." 

73. PAPILTO BIKODIFEa. 

P. chodifsr, Butler, Ent. Month. Mag., vol. xi. 1876, p. 67. 

Five males. 

Fam. HESPERIDIE. 

74. IBMENE C I I B O ~ ~ U B .  

Numerous examples (A, de B. a ~ l d  Noti Barn). 
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75. is ma^ ABIA. 

Im~cs aria, M m ,  Proc. Zool. Soc. Loud., 1866, p. 784, 8 9 .-Hewitson, Exot. 
Butt, vol. iv, Heap., pl. iii, fige. 24, 26, 9 .  

Male and female. 

76. I~ME~PE LEBADEA. 

Hmpm'a Ma&, Hewitaon, Exot. Butt., 1868, vol. iv, H w .  pl. iii, flge. 28, 23, 8. 
One male. 

77. 1- D R r n A .  

I. d-, Moore, ROC. Zool. Soa. Lond. 1865, p. 7841, 8.-Hewiteon, Exot. Bott. 
vol. iv, 1868, Hcrp. pL iii, fig. 26, 8. 

Two malee. 

78. T A Q ~ A D E S  Ban. 

P l a y g ~ ~ d o o  ravi, Moore, Proc Zool. Soo. Lond. 1866, p. 779, g 9 .  
One male and two females. 

79. TAQIADES azrca. 
Z dim, Moore, Proc. Zool. Soc. Lond. 1877, p. 693, pl. Iviii, flg. 11, 8.  
9 .  Above lighter, t h e  dark markings consequently appearing more 

prominent. 
The anterior wing has a minute transparent speck behind the three 

subapical ones, a very indistinct and small double whitish spot near the 
end of t h e  cell on the upperside, and two discal whitish spots on the under- 
side, the anterior one of which only is partially transparent and visible on 
the  upperside. 

The posterior wing is less white above and has the anal angle rounded 
as in T. obrcurus. 

Male and female. 

80. P L E ~ I O ~ A  ALYEOa. 

P. a&w, Moore, Proc. Zool. Soc. Loud. 1865, p. 189. 

Many specimens. 

81. HE~PEBIA OCEIA. 

E. o& Hewibon, Desc. Heap. 1868, p. 31. 
Males. 

82. HE~PEBIA COLAOA. 

E. soh, Moore, Proo. Zool. 800. Loud. 1877, p. 694, pl. 1% flg. 7, d 9.  
Two specimens. 
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88. HE~PEBIA c a a n t a .  
E, eakira, Moors, Proo. ZooL 800. Lond 1877, p. 69% pL lviii, Og. 8, 3. 
Males and females. 

84. HALPE B ~ U B I A .  

Hwpria beturia, Hewitson, Dm. Hesp. 1888, p. 86. 
Halps hturicl, Moore, Proc. ZooL 80c. Lond. 1878, p. 890. 
Males and one female. A pair from Calcutta in the Museum. 
The number of epots in  the forewing varies from 6 to  8. 

86. HE~PXBIA CHAYA. 

H. ehaya, Moore, Proc. ZwL Soc. Lond. 1866, p. 79L 
M d e .  

86. ! I h ~ ~ e o l m e  THYR~IB. 

TeIsgonw t iyreir (Fabr.), Butler, Fabr. Lap. p. 262. 
Heapria pndipl, Moore, Boo. Zool. Sw. Lond. 1866, p. 790. 
Three malee. 

87. PAMPHILA MZSO~DES. 

P. wroidas, Butler, Trana. Linn. Sw. Lond., ser. 2, Zoology, vol. i, p. 664. 
Many epecimens. 

88. PAMPH~A GOLA. 

P. go& Mwre, Pmc. Zool. Soc. hnd .  1877, p. 694, pl. IT%, flg. 9, 8 .  
Numeroue ~pecimens (A. de. R. and dloti  Rm). 

During the preparation of the foregoing list: we received from Brreeein, 
on the mainland, two females of a species of Heet in  of the same type as E. 
ca&lIi, in  which the modifications of form and markings begunin H. 
agamu~echana and continued in H. mdelli are carried t o  an extreme. 
These insects were obtained by Mr. Algernon Haden, who has genemusly 
presented one of them to the Museum, and after whom we have,conseqnently, 
all the more pleasure in naming the speciee 

HE~TIA HADENI, n. Sp., P1. XIXI, fig. 2, 9 .  
9 .  Closely allied t o  H. cadelli. Wings above pure fleckless white 

marked and veined with black of o fuscous t int  ; with the marginal, sub- 
marginal, and all but the two posterior (which are subcoalescent with the 
marginal band) of the discal aeries of epote i n  t h e  anterior wings, but  with 
the  margiual and submargil~al series only in the posterior wings, com- 
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pletely run together so t h a t  only the inner portions of the outlinen of the 
innermo~t  series of the  coalesced spots are in either case still discernible, 
and so ae t o  form a very broad outer border of black t o  each of the wings. 

Anterior wings broader and shorter, being less than twice as long as 
broad, t h e  extreme length of the  cell bearing the same relation to the sub- 
median vein and t o  the less deeply emarginate outer margin ; with the  
apot a t  the base of the  second cell smaller and free of the veins, ae also is 
t h e  discoidal cellular spot a t  i ts  posterior extremity ; the curved club-shaped 
mark in the 3rd inner marginal cell much as in H. agamarsohana, but not 
connected by a black streak with the snbcoalescent marginal spot beyond 
it ; t h e  outer black border with a clouded white spot in  the second cell 
more or less distinctly separating the second discal black spot off from the 
band ; and the black second inner ~narginal,  o r  sutural, cell longitudinally 
streaked with clouded white. 

Posterior wings broader, with their undulated outer margin still more 
broadly rounded ; the spot in  the discoidal cell smaller and the  spots around 
it also rather smaller and free of the black outer border though exhibiting 
a tendency t o  coalesce with it in front of the second median reinlet. 

Wings below of a less pure white than above, marked and veined 
with fuscous. 

Thorax more conspicuously marked with greyish-white than in E. 
cudelli, in which these marks are almost effaced, but this character, as alao 
the  diierence in the proportions, and the less obvious emargination of the 
outer margin, of the  wings, may be sexual. 

Length of anterior wing 2-54 ; extreme length of i ts  discoidal cell 
1.35 ; expanse 5.18 inches. 

HAB. Bassein, Burmah. s o  specimens agreeir~g in every respect 
with one another. 

E X P L A ~ A ~ O X  OF PLATB XIII. 
Fig. 1. Eeatia cndelli, W.-Di. & de N., 8 .  
Fig. 2. He~licr hadmi, W.-M. & de I?., 9 . 
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XXI1.-Description of an Awicola from the Punjab  H i m l a y a r .  
By W. T. BLANPOBD, F. H. 8. 

AEVICOLA W ~ N E I ,  sp. nov. 
A. a u p m e  rufeacenti-fuscua, a 2 i q ~ n d o  griseo-lavatus, rubtuspaiZidior, 

caud4 pedibuaquc cum dm80 concoloribur, c a u d  fere + eorpwu cum capits 
equante ; auriculis breuibw, vellere contectia, pi l i r  longiusculk extur muni- 
tis ; unguibus longis, albidis comprerris, p i l i e  hnud obtectia ; poll& heai, 
~ g u i f e r o  ; dente molario inftriore antico angulir 4 externis, 5 i n t m i r ,  
v a t j i g  i n  corona 7 munifo, secondo terbiopue singulu angulir u t r i n q ~  tr i -  
bus, totidem q a t i i s  ; dente azyleriws primo apat iu 5, angulis u l r i n p w  
tribus, secundo spatiis 4, angulis tribus e z t m k ,  duobus internis, fsrtio 
denique angulis tribur, quorum ultimlce rotundatus, externk, duobus intcrnia, 
in lobum elongate-ovatum postice productum desinente notando. .Long. 
corpwia m m  cnpito 0.12 met., c a d @  0.032, auris  0.07, p e d b  posterioria a 
caloaneo 0.18, cranii 0.028. 

HAB. Ad Mari (Murree) in  montibus Himalayanis occidentalibns, ad 
latus occidentale flumillis Jhelum. 

General colour above dark rich brown with a slight greyish tint,  head 
mfescent, lower parts pale brown, tail the same colour as the back, feet 
covered with brown hair above, soles pale. F u r  very soft, dark leaden grey 
a t  the base and for about + the  length, tips dark rufous brown on t h e  back, 
dirty white below. Ears  short and rounded, concealed beneath the  fur, 
thinly clad with long hair outside and with short brown hair inside near the 
border ; a t u f t  of long hair on the  anterior edge of the inner surface. Tail 
between 8 and f the  length of the head and body, cylindrical, clothed with 
long hair a t  the base and with short brown hairs througl~out t h e  terminal 
three quarters of i t  length. Claws long, compressed, white, not concealed 
by long hairs, thumb small with a short compressed claw. The under side 
of the tarsus is  hairy. 

The following are the  dimensions, in inches, of two specimens, both 
adult males, in spirit :- 

1 a 
......... Length of head and body from nose to anus ,...... 4.75 3.5 

Ditto tail from anus (hairs a t  end not included), ... 1-35 1-2 
Height of ear from orifice, .................................. 0.25 0.26 
Breadth of ditto, .............................................. 0.25 0.26 
Length of fore-foot without claws , ........................... 0.4 04 

Ditto of hind-foot and tarsus without claws ,......... ... 0.7 0.7 
Dit to  of claw of middle toe ,...... ........................... 011 0'13 
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Tbe ineieara are deep orange. The following are the charactere of the 
molars :- 

Upper molar I ; 5 epacee or prism 3 external m d  8 internel angles 
9, I, 11 4 ¶I 3 ,r a ,I 

,, ,,I11 4 ,, 8 ,, a ,, 
Lower molar I 7 9 9  4 Y, 6 9 ,  

9, 9, 11 8 9 ,  9, 8 9 9  

,, 9, 111 8 9, 8 ,Y 8 2, 

Deeoribed fmm two specimens in epirit and two skins sent by Mr. A. 
B. Wynne, of the Geological Survey. I have d e d  the species after the 
discoverer, by whom I am informed that the native name is Kmio.' 

I hope to give e fuller description of this and the other H i y a n  
forms ahortly. 

S X 1 I I . - h e  sow 8pGEMa qf RhopulOCefOw Lepidoptera f)mn the Indiar 
Region.-By CAPTAIN (3. F .  L. MUBUL, E. E., end IIIORIW DP 

NICE'VLLLE. 
(Received December 27% 1880.) 

1. E V P ~ A  (SUPINX) maaraonr, Manhall. 

8 .  Allied to E. sqsrbu, Herbst, but differing on the VPPEBBIDE of the 
forowhag in that the brilliant blue gloea is confined to the b a d  two-thirds 
not reaching to  the costa or the inner margin, and that the spots are reduced 
bo four in number all very small, one subcostal above the end of the cell, and 
one in the cell a t  the end both lilac, and two near anal angle, one marginal 
and the other eubmarginal, white. Hindwing as in E. q s r b o .  

HaB. Moulmein ; taken in the autumn by Oaptein C. H. E. Adam- 
Ion. 

2. ZOPHOEE~A J A L A ~ ~ D A ,  de N. 
8 .  Neared ta 2. atkinronio, Hewiteon ; from which it ditl'era on the 

~ P P ~ B X D E  in being deep brown inetead of tawny and in having the macular 
bands and bar in the cell of the f i i r r g  ochreous. On the  DEBB BIDE the 
ground colour is aleo deep brown, m d  the hindwing ia crowd by several 
silvery white streaks on the b a d  half. 

HAB. Jaleuri pose, N. W. Himalayas. 

8 .  Allied to Lethe dm&, Hewiteon,from which i t  differs on the mplre 
smr in having an obacure ochreous band across the f iewing beyqnd the 

32 
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cell, and on the  UNDERSIDE in  the band i n  the  cell, as also t h e  band 
beyond the cell, of the forezoing being very prominent, both of which bands 
are ochreous instead of silvery white. 

HAB. Jalauri pass, N. W. Himalayas. 

4. LETHE BIDEBEA, Marshall. 

8 .  Allied t o  L. eidonia, but differs in being smaller, i n  the  uniform 
spotless upper surface, and the uniform paler brown ground-colour of the 
underside. Porew ing entirely wanting the discal bands and the whitish 
spots on the costal margin ; the only markings being three minute sub- 
marginal white spots beyond the cell (the middle one faintly circled with 
black), a single yellowish marginal line edged on both sides with dark 
brown, and within this a distinct silvery lilac subm~rgina l  line extending 
from the apex t o  the second median nervule. Hindloing with all the 
silvery streaks brighter and more diatinetly lilac ; the ocelli all blacker and 
less prominently pupilled with white; the second and tllird ocelli from the 
apex out  of line, much nearer the margin, the silvery band within 
following this curve and deeply sinuated beyond the cell. 

HAB. Sikkim. 

6. LETHE BATYAVATI, de N.  

$ .  Similar i n  outline t o  L. Iatinria 9 and differing from it on the 
UppEnsIDE only i l l  the absence of the transverse oblique ochreous line 
and the subcostal spot near apes of forewing. UNDEESIDE pale brown 
with no oel~reous tint,  and washed with lilae, especially on the  outer half: 
both wings crossed by a prominent brown nearly straight subbasal line 
outwardly margined with lilae. Porewing with an irregular discal t ransvem 
brown line ; a bar in  the cell within the subbasal line; five indistinct 
submargi~lal ocelli circled with lilae and brown on a lilae ground ; and a 
~el lomish marginal line edged on both sides with dusky, within which a 
a brown band on the lilae ground between the ocelli and t h e  margin. 
Hindluing with a discal very much angled dark brown line, within wbich 
is  a very distinct lilae litura above the third median nervule ; the sub- 
marginal ocelli large, the upper one distinctly pupilled with white and all 
of them profusely speckled with wllite ; Hie usual marginal markings. 

HAB. Sibsagiir, Assam (8. E. Peal).  

6. NEOPE BHIMA, Marsl~all. 

8 .  Allied to  N. nworei, Butler. UPPERSIDE : hindwing with only six 
oval black submarginal spots circled with yellow, the  first minute, the rest 
large, prominent ; two swarthy submaginal lines and the margin itself swar- 
thy. UNDEBSXDE : the  basal area of both wings pale olivsceous brown, irro- 



1880.] sonie new Indian ButterJies. 247 

rated and irregularly streaked and spotted with dark brown, with a few ochre- 
ous spots and streaks. A nearly straight band of pale ocl~reous across both 
wings beyond tlie middle bordered interiorly with dark brown most broadly 
on the forewing. Ebreloing with a row of five oval black spots pupilled 
with white and banded with yellow, the third and fourth much larger, 
placed on a broad discal brown band; a pale ochreous submarginal band 
beyond uniting a t  the anal angle with the pale ochreous mcdien baud, the 
margin and two submarginal lines swarthy on a yellow-brown ground. 
Hindwing with a sinuous band of eight perfect ocelli, the seventh and 
eighth with yellow irides coalescing. 

HAB. Burmah ; taltcn ill April i n  t)e upper Thoungyeen forests, 
Tenasserim, by Captain C. T. Bingham. 

7. EREBIA BUALLADA, Lang. 
8 .  9 .  Allied t o  E. kalintln but  rather larger, and the male broader- 

winged than i n  the species mentioned ; darker and less brightly coloured. 
U P P ~ B I D E  with a smiill, diffiised, dark ferruginous patch within the 
middle of exterior margin on bat11 willye, smaller than i n  E. kalinda on 
t h e  forewing, and larger on the hilidwing. 

HAB. Kuaaxar. This species was cliscriminated by Col. A. M, 
Lang, R. E., some years ago, but no description has hitherto been 
published. 

8. EREBIA X ~ I ,  de N. 
8 .  9 .  Allied t o  E. knli~uln, bloore, from Kulu specimens of which 

species it differs on the UPPERSIDE in  the larger extent and lighter and 
yellower colour of the patch on tlie forewing; and ill the entire absence of the  
ferruginoue patch on the hirtrlluiny : and on the  UNDERSIDE by having the  
yellowish patch on tlie foreloirlg as on the upperside and abruptly defined. 

HAB. Chung pass and Lingti, Ladak. 

9. M Y C A L E ~ I ~  OCULUB, Marshall. 

8 .  9 .  Allied to M. onntua, Hewitson. UPPERSIDE : fordwing with the 
lower ocellus considerably larger, and broadly surrounded with ferruginous 
gellow ; the  yellow almost reaching theinner  margin and connected by a band 
of the  same colour with the costa: hindluing with four increasing black 
ocelli white-pupilled and with yellow rings, the yellow rings coalescing. 
UNDER~IDE with a yellow discal band crossing both wings, prominent in t h e  
female, obsolete except near the costa in the male. 

HAB. Travaucore; taken in Y a y  in the Ashamboo hills by Mr. 
Harold 5. Fergusson. 
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10. LIBYTHIZA BOWI, Marshall. 
$ . UPPEESIDE brown with pure white markings. Ebrm'sg with an oval 

spot filling the end of the cell, a large quadrate epot on the disc between 
the fist and second median nervulee, two epota coalescing one on each aide 
of the upper discoidal nervde, and a spot near the owta divided into three 
by the subcostal nervulea Hind+ with a large square spot on the 
ooeta, a straight median band across the wing below the cell not reaching 
the inner or outer margins and out by the discoidal and three medin 
nervules, and a small spot above between the subcwtal nervules. All the 
spots and bands pure white. 

HAB. Khaai hills ; taken hear Shillong in May by M i .  J. P. Cock. 

With the exception of E q l m a  a d a m n i ,  Lethe oidwea, and L. mtya- 
Mi, all the species above characteriaed will be figured in the deecriptive 
hand-book of the butterflies of the Indian region which we shall shortly 
publish under the title of ' The Butterflies of India, Burmah, and Ceylon' ; 

,and in whioh fuller detailed description8 of all will be found. 

XX1V.-Dsscription of Parantirrhoea Marshalli, the Type of e m m  O a u  
and Species of Bhopafocerow Lepidoptera from South I+.-- 
By J. WOOD-MASON, Dquty Superintendent, Id ian  diuranm, 
Gblcutta. 

Family NYMPHALIDB. 
Subfamily S A T Y B ~ B .  

Parantiwhom,. n. gen. 
8 .  Anterior winga triangular; anterior margin moderately rad rs- 

gularly arched ; apical angle acute ; outer margin elmoat straight, being 
only just perceptibly convex ; inner angle rounded; inner margin ainuouq 
being lobed at  the base much as in the males of Ofemme and Bmmo, 
genera of MOBPHINB ; subcostal vein 4-branched, the firet branch given 
off before, and the second beyond, the end of the discoidal cell, the Ere& 
eeoond, and third ooaleecing suooeesively and respectively with the costal 
vein, the first, and the second, and all three in turn becoming free and 
running off a t  a tangent, like the costal vein, to the ~nterior w g i n ,  the 
foul-th being perfectly free from ita origin and running to the apical augle ; 
posterior discocellular veinlet long, very slightly conaave outwerda, almoat 
straight, intermediate one not quite half the length of the posterior, ante 

From wapd, by the eide of, and Antiwhom, generia name. 
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rior one rudimentary; submedian vein sinuous, short, terminating in the 
wing membrane near the inner margin a t  about the level of the junction of 
the basal and second fourth of the length of that margin, being, in fact, 
hardly more developed than is the internal vein of the PAPXLIONLNB sa 
compared with that of many Heterocerous Lepidoptera ; the first median 
veinlet directed straight outwards and backwards, 'out of its normal course, 
t o  the inner angle and supplying the place of the rudimentary subme- 
d i m ;  on turning to the underside, it  is seen that a narrow rounded lobe 
of the functional sutural area about six times as long as i t  is broad is 
folded back upon the under surface, to which it is firmly adherent; this 
lobe occupies the middle two-fourths of the length of the inner margin, 
and is thickly clothed on its surface and fringed a t  its free edge with 
firmly attached, long, and somewhat raised modified scales rendered conspi- 
cuous by their rich 'dark brown colour and satiny lustre ; the outline of this 
turned up lobe is marked out on the upperside by a curvilinear groove. 

Posterior wings tailed, subquadrate, with four distinct milrgine, aiz., 
a strongly and irregularly arched anterior margin, nearly straight external- . 
and posterior margins, and an inner or abdominal margin, marked out by 
the obtuse-angled apex, the tail, and the well-rounded anal angle ; with a 
black oval sexual mark, divided by the submedian vein, near the anal 
angle; costal vein short and straight, terminating before, and the first 
branch of the subcostal which originates close to the base of its vein ending 
beyond, the middle of the length of the anterior margin, the second branch 
being given off before the middle of the discoidal cell and extending into 
the apical angle ; ' discoidal' vein in the same straight or slightly curved 
line with the subcostal; discocellalar veinlet sinuous; the third median 
veinlet produced to  a conspicuous tail. 

Antennre fine and distinctly clubbed. 
Female unknown. 

No Asiatic genus of SATYBINB presents us with any approach to  the 
remarkable arrangement of the two hindermost veins of the anterior winge 
described above; but, in the South American genus Antirrhoeo, we meet 
with identically the same arrangement, the first median veinlet in A. archma 
and its congeners running back to the inner angle and the submedian vein 
ending a considerable distance short of that angle, though not nearly so far 
short of it ae in the Indian form, for which I propose the above name in 
allusion to these remarkable points of resemblance, reserving all further 
comparisons and comment until I shall be in posseesion of specimens of 
the South American forms. 
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P. marshulli, n. sp. 

8 .  Wings above dark fuscous suffused with rich deep violet. 

Anterior wing8 with an outwardly and forwardly arched subcrescentic 
pale violet or mauve band commencing beyond the middle of the wings 
st the costal vein, terminating a t  the inner angle, and crossed obliquely by 
a series of three small white spots disposed in a straight line parallel to the 
outer margin and placed upon folds of as many consecutive cells, the last 
being between the two anterior median veinlets. 

Posterior wings relatively longer-tailed than in Xelandio inasns 
(Cramer) with the membranoue parts of the divergent tails almost wholly 
formed by the produced wing-membrane of the interspace between the 
second and third median veinlets, a very narrow anterior membranous 
edging only being contributed by the interspace next in front; and with 
rather more than the basal two-thirds of their length in front of the dis- 
coidal and subcoetal veins ochreous. 

Wings below ochreous obscurely striated with a deeper shade of the 
same colour, and marked with a submarginal aeries of inconspicuoue brown 
specks, the probable rudiments of ocelli. 

Length of anterior wing 1.16 ; whence expanse = 2.4 inchee. 
The female will, in all probability, prove to  differ from the male not 

only in the absence of the sexual spot in the posterior wings, but also in 
having the inner margin of the anterior wings straight and neither lobed 
a t  the base nor turned up in the middle, and the first median veinlet and 
the submedian vein of the same wings normally arranged and developed 
and directed respectively to  the outer margin and to the inner angle after 
the manner usual amongst butterflies. 

HAB. Trevandrnm, !havancore, South I n d i .  Described from four 
epecimens of the male, one, the type, recently purchased by the Indian 
Museum, and three belonging t o  Captain Q. F. L. Marshall, It. E., to 
whom I am indebted not only for the opportunity of describing this inter- 
esting insect, but also for permission to  dissect one of the specimens in his 
collection. 

P. 8.-The speciee of the genus Elymior alone preeent the same 
disposition of the three anterior veins of the posterior wings. 



I N D E X .  
Names of new Ben- or new species have an asteriak ( 0 )  prefixed. 

Abiaara bifaaciate, 229 
Acerotherinm, 141 

,, perimense, 26, 36 
Acmella hydria. 183 
Adolias acoutiue, 229 

cibaritis, U. 
d o n a ,  176, 248 

,, amathuma, 176, 176, 177 
,, lena, 177 

pealii, ib. 
A&' Logarithms for calculating weight 

of the, 63 
Ale-, 28 
Amathuaia, 176 

ganescha, 228 
Ambl&Aia centaurus, 234 ,, erichsonii, id.  

,, narada, ib.  
,, quercetorum, 236 
,, agriva,  232 

viiarna, 236 
dkph'ibia (Batrachia), fossil, 16 
Amphicyon, 24, 26 - - ,, paleindicns, 24, 34 
Analysis of Hooghly water, 124, 128 .. Calcutta hvdrant 

water; 93, 121 
1, ,, tank wabrs, 96 ' 

well waters, 106 
h & m m  h d a ,  new Papilio from, 

1711 
hi;; &stax from the Peruvian, 82 
Ankistrodon indicue, 17, 18, 38 
Anoa., 30 
Anomodoutia, 17 
Anoplotherium, 26 
Anonra, 38 
Anthracotherium, 27, 80 

,, silistrelye, ?7, 36 
Anthropoid ape, 23 
Anthropowic foesil vertebrate, list of, 38 
Ant iphaw lSD, 240 
Antirrhoea, 248, 249 

,, archma, 248 

Antilocapre, 29 
,, acuticornii ib. 
, cemicapra, id.  
,, paleindim, id, ,, patulicornih, ib. ,, sivdensis, 28 

antilope corvictrpnl, 33 
,, palmindica, 36 
,, patulicornis, ib. 
,, porrocticornis, ib. 
,, sivalonsis, ib. 

Ape, anthropoid, 23 
Aphrsas  lohita, var. roilne, 232 

,, eoilue, id. 
Ar~hegossurns, 10, 16,39 
h t o m y s  candntuq 7 

himalayanus, ib. 
falconeri, 22, 37 

& h o d s  ~~n~anrue aar. coruacanq 234 
Anon, 164 
briophantrr, 151,162,184, 186, 195 ,, ammonia, 162,153 

,, ampullarioides, 163 
,, atrofusca, id. 
,, auris(?cymis),162 ,, bajadera = ammonia, ib. 
,, cambojensia, ib. 
,, cyclotrema, ib. 
, cysia, ib. 
,, delibrata, ib. 
,, foveata, 163 
,, foveola for foveata, ib. 
,, himalnyana = interrupta, 162 
,, immorita, 162, 186, 222 
,, interrupta, 162, 164, 186 
,, inturnemem, 162 
, janua,id.  

avanica, 163 :: L p a e n s i s  =nicobarica, 162 
,, hvipes, 162,163, 164, 186 
,, laidlayana, 162, 166, 186 
,, linskdti, 163 
, &ni, ib. 

nemoreneia, ib. 



Ariophsnte nicobarica, 162 
,I mgphtu,  168 ,, regalls vittetq 162, 163 
,, retroraa, 162 
,, nunphii, ib. 
,, rysaolemma ( P  thpw),  162 
,, -% 163 ,, sannio, ib. 
,, utriata, ib. 
,, thyreua, 152 
,, trifaacinta E. lmvipeq 162, 

154 
,, vittatu, 162 

*Assiminea beddomeana, 163 ,, bifaaciata, 162 
,, dohrniann, ib. 
,, hungerfordiana, 166 
,, marginnta, 162 ,, micrdsculpt4 166 
,, peaarana, 162 
,, rinensiq 161 
,, sabcouim, 162 ,, templeana, 166 
,, theobaldiana, 164 
,, wood ma no^ 163 

Asaimineinse, 161 
Assnminidro, ib. 

*Artioductyla, 26, 36, 36 
Arvicola wynnci, 244 
Aaia and Australia, high atmospheric 

pressure of, 70 
Atelln alcippe, 227 
Atmospheric prescrun, in h and Am- 

tralia, 70 
Auchcnia, 30 
Australia and h a ,  high atmospheric 

prossure of, 70 
Avcs, fossil 22, 37 

,, mio-pliocene, 28 
Bntagur, 21, 37 

,, dhongokn, 21, 34 
Bntagurida, 21 
Batrnchiann, eocene, 38 

,, fossil, 16 
,, tertiary, 17 

trim-jur:~, 16, 39 
~elgrR)ndia, 161 

mibcea war. minor, 161 
~clod;n, 18 
Bellin, 20,21 

,, cmesicollia, 21 
,, nuchalis, ib. 
,, sivalensia, 21, 37 

Bensonia, 199 
Btnral, Zoological position of, 131 
Hibos, 32 
Birds, fossil mio-pliocene, 23 
Bison priscna, 29 
,, sinlensis, 29, 36 

Blue Sheep of Thibet, 131 
Bus, 29, 38 

Boo amtifronq 2 9 , M  
. ,, namadicw, 32, 34 
,, P-ns, 29936 
,, platp'hinw, 29, 36 

primigeniae, 29 
&thri- 17 
Brachyopina, 17 
Brachyopa, 17 

laticepe, 16,39 
~ r a c &  water-mollusks, new species of, 

169 
Bramatherinm, 9 

pe+- 28, 36 
~ u b a l b  palmin&cua, 29, 32, $4, 36 

,, platycaror, 29, 36 
Bucapra daviesii, 29, 36 

* B y t h i i  evemrdi, 220 
Bythiniinre, 169 
Calcutta, Water Supply of, 86 
Callidryaa crocale, 236 
Camelopardalia rivalensia, 2 4  36 
Camelus mvalcnsis, 29,30,86 
Canin curvipalatus, 24, 34 
,, cautleyi, 24, 34 

Capitodm indicos, 14, 38 
Capitosnurua, 16 
Capra, 133 

,, Mwneri, 29 
,, primensis, 29, 36 ,, aivdensis, 29, 86 

Carcharinn, 16, 37 
Carinatad, fomil, 37 
Carnivora, fossil, 31, 33, 34 36 

*Cataulua albeacena, 214 216, 216 
auatenianus, 2 14 
calcademiq 21% 215, 216 

,, cortulatas, 213, 214, 216, 222 
,, eu-ytreme, 214 ,, layardi, id. 
,, p e d a t u q  ib. ,, recnrvata8, id. ,, templemanni, ib. 

tortuosua, 21% 216 
c a d &  clocale. 236 

,, hunGrianas, ib. 
,, oblongas, 14 

virapa, 39 
& dnvaucellii, 28, 3 5  84 ,, latidens, 28, 36 ,, namadicns, 32 

r r  m e g a c ~ h  28 ,, mmplicidena, 28, 86 
,, mvalensiq ib. 
,, triplidens, id. 

Cethosia nicobarica, 227 
Qtioaaurae, 18 
Chaca, 15, 37 
Chmromeryx, 27 ,, silietrensb, 86  
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Chalicotherium, 86 
sivalenee, 26, 85 

c h e l o d  19, 20, 38, 8 4  37, 38 
Chwradodie cancellata, 82 

,, laticollis, 88 ,, peruviana, ib. ,, rhombicollia, 82 
,, rhomboid- 83, 84 
,, servillei, 83 ,, W, ib. 

9 ,  s9uilla, 81 
Strumam, 82, 83 

&n~hne carinatus, 221 
~t conicus, ib. 

Eairbanki, 183, 221 
cirrh& anjh, 227 
Clarius, 16 
<]1mme, 175, 248 

amathneia, 176, 176 
co~kodontidae,  13 
&11onia, 163 
Coloseochelys atlas, 20, 37 
&ndema, 191 
Conq 14 ,, incieaq 88 

priatodontaq i8. 
&ybicnls irevadica, 183, 221 
Cerabphora, 198 
Crowdilia, 3 4  37,98, 39 
Cmwdilua, 19, 34 

,, p a l m  @ o m b ~ n s ,  Gray 
19, 37 

cyd&macea,. 181 
Cycloetomidse, 183 
Cynthia erota, 227 
Cyrtmtis cocleg 228 ,, formma, ib. 

,, thyodamns, id. 
Damonia Emys) hamiltonii, 21 

,, !mniltonoidea, 37 
D e ,  224 
Danaie chryaippm, 223 

,, melanoleuca, 226 
plexippae, 223 &hiaa, 13 

,, egertoni, 39 . 
Dajiling, atmospherio pm.wure at, 71 
Dentition of Rhinocerog 136, 140 
Dendorix dicneces, 234 ,, epijarbas, ib. 

,, orneb, ib. 
varuna, ib. 

~izema bolina, 228 
Dicynodon orientalis, 17, 39 
Dicynodontia (Anomodontia), 17, 30 
Dimorphiem in Papilio Cantor, 146 
Dinmuria, 17,38 
Dinotherium, 26, 26 

9 s  indicum, 26, 36 
n penbpoQmia3, 26,36 

I 
Dinotherium &dienee, B6,36 
Diodon, 10 

,, foleyi, 14, 38 
hystrk, 14 

~ i i A o i ,  13, 1% 89 
Dipass epijarbaa, 234 

,, westermannii, 233 
D i d  lepidoptara, new species of, 134 

-from Port Blair, 223 
~iebbphora  i'7e 

.), 

- .  
eelinde, 226 

~ o l ~ h a l l i a  biaaltide, 227 
Dorcatherium, 28 

,, majus, 28, 36 ,, minus, 28, 86 
Dromceae sivalensia, 23, 37 
Dynamo-Electric Machine, 1, 167 
Edentata, 30, 37 
Elasmobranchii, 13,14, 16, 37, 38, 39 
Elephae, 26,3 1, 32 

,, antiqnus, 31 
, d o a q 9  

Elymniaq 260 ,, cottonis, 226 
undularia, 223 

~m;da, 21, 22 
vittata (ceylonensiq Gray), al ,37 

~&did= ,  19 
Emys, 37 

hamiltonoides, 21 
&bodus, I4  

serratua, 38 
~nh&iodon,  26 

sivuleneie, 36 
~nh~&is, 26 

2Q4 * ,, beddomei, 210 
,, blanfordiana, 209 ,, canarica, 210 
,, cylindrelloidea, 209 
,, exili~, 206, 207, 210, 223 
,, macrodon, 206, 206, 207, 222 
,, pirriei, 206, 207 
,, eculpta, 206, 207 
,, -opylie, 209 , stenoetome, 208, 228 . ,, aubcostulata, 206, 207, 221 

vam, 209, a l l  
~dte lodon (Elotherium), 27 
Equus d c u s ,  33 
,, primigenius, 27 

sivalensie, 26, 36 
~ & b i a  kalinda, 247 
,, m a 6 2 4 7  

W a d s ,  247 
cey~onica, 237 

,I Pa, ib. 
naraka, ib. 

,, pingaaa, ib. ,, valtuia (var. -a), i). 



, Erycinida?, 229 
Euelophaa, 26, 31 

,, hysudricus, ZS, 86 
,, indicus, 93 

namadicue, 31, 83 
En$ech, 185, 191, 192 

,, austeni, 191 
,, ckmacterica, 191,198 
,, ornatissima, 191 

*Euplea (Snlpinx) adameoni, 246,248 
,, andtunanenaia, 226 

core, 226 
superba, 246 

E&la horafieldii, 228 
atephonsii, 228 

Er$naion of metals, cubical, 66 
Eye-pita, absent in Barhal, 181 
~ i l i s  cristatu, 2 4  34 
., grandicrktata, 24, 34 

Fihee, carboniferoue, 12, 39 
,, cretaceous, 14, 2.8 
,, eocene, 14 
,, jura-trisssic,89 
,, mio-pliocene, 15 
,, plio-miocenc, 87 
,, triasjura,13 

Fossil vertebra& of India, aketch 
history of, 8 

Frankland's method of water ansly&, 
Ganoidei, 13, 38, 89 
Gharialis crassidens, 20,37 ,, gangeticua, ib. 

,, leptodus, ib. 
,, (Leptorhynchae), 2 8  

Gonioglyptuu, 16 
,, longir* 39 

Oraculua, 22, 37 
Hnlpe bcturia, 242 
Hupalus tracankoricna, 216 
Hebomoia glaucippe, 134, 235 

,, racpstodi, 134, 150, 236 
,, sulyhurea, 134, 236 

vossii, 134, 236 
~elirkrion,  186, 196, 198 
Hclicidoc, 151, 181, 182, 184 
Helicinidre, 182 
Helix acuducta, 193 
,, ancepq ib. ,, aratn, ib. ,, calpis, 211, 212 
,, camura, 193 
,, climnctorica, ib. 
,, detecta, 192 
,, diplodon, 194 ,, effulgcns, 197 
,, himalayana, 164 
,, immerita, 186 
,, indicq 186, 193 

ingrami, 193 
,, ipkrmpta, 164 

I 

of 

90 

Helix intumescenq 166 
.,, Lsavim 185 
,, laidlayam, 165 
,, layardi, 191 
,, ligulato, 167 ,, mnderaepntana, 189 
r, o r c d ,  
,, ornatella, 183 
,, ornatissimq 193 
,, oxytea, 158 
,, plicatula, I97 
,, . pollar, 168 ,, ponaa, 192 
,, ~4 193 ,, shiplayj ib. 
,, anbopam, 191,198 
,, wbruguta, 193 
,, tanshaurica, 220 
,, tenuicula, 196 
,, tugurium, 193 
,, vidua, 190 

vitrinoides, 186 
~thdother iuxn,  28 
Eelodopsie, 13 

,, abbreviats, 39 
elongata, ib. 

~ e l d u e ,  13 
,, abbreviata, ib. 

elongata, ib. 
~ e k b o e ,  29, 30 

,, acnticornis, 29, 36 
antilopinus, ib. 

,, occipitalig ib. 
Hemimeryx, 27, 36 
Hemiplecta, 161, 184,186 

,, basileaan, 157, 187, 189 ,, basilens, 167 
batat-iana, 166 ,, beddomei, 167, 187 

,, binmensia, 156 
,, blanfordi, 157 
,, blainvilliana, 156 
,, bulla, 166 
,, mator, 157 
,, centralia, 156 
,, chenui, 167 ,, conoidaliq 166 
,, cuvieriana, ib. 
,, cycloplaq 157 
,, cymatium, ib. 
,, den- 166 
,, distincts, ib. ,, enisn, 188, 222 
,, fulkida, 166 

gumma@ ib. ,, halata, ib. 
,, hnmphrepiana, 166, 156 

VM. gemina, 166 :: labia& 166 
n ,, (= monticola) H u t  

ton, 155) 



Hemiplecta lignlats, 166, 1116, 167 ,, limaenai8, 166 
,, lurida, id. 
,, neptanuq id. 
,, novm-hibernim, ib. 
,, orobia, 167 , ox* id. ,, panayensis, 166 
,, pol% 167 ,, mbricata, 166 
,, rufa, ib. 
,, rufescens, ib. 
,, semiglobosa, U 
,, semigranosa, ib. ,, semirugato. 166, 166 
,, aetigera, 166 
,, steursii, ib. . 
,, aylvicols, 167 ,, theodori, 166 
,, tinodoma, 187,188,228 ,, , tranquebarica, 166, 166 
,, nndose. 167 ,, velutina, 166 

xanthotricha, 166 
H e m i k q s ,  133 
Herona andamam, 228 

,, marathug ib. 
Hesperia aelianuq 229 

,, beturia, 242 
,, cahira, ib. 
,, chaya, ib. ,, colaca, 241 ,, lebndea, ib. 
,, ace+ d. 

pandla, 242 
H e ~ ~ e r i h ,  240 
Hestia agamnrechana, 224, 226,242,243 

,, cadelli, 225, 212, 243 
,, from Burmah, 223 
,, hadeni, 242, 243 
,, jasonia, 2 24 
,, lynccns, ib. 

Heterobranchus, I6  
Heterocerous Lopidoptera, 249 
Hippohyus, 27 ,, sivalemia, 36 
Hippopotamus, 27, 31, 32 ,, inavadlcus, 27, 46 

,, nnmadicus, 32, 34 ,, palioiudicua, id. 
,, sivnlensis, 27, 35 

Hippotherium (Hipparion), 26, 27 ,, antilopinun, 27, 38 
,, gracile,27 
,, theobaldj, 27, 35 

Homo, 33 
Hooghly water, a n a l y l  of, 86, 124 128 
Human remaim, 32 
Hy mna cmuta ,  24 

" . f e l i ~ ,  24, 34 

Hymna sivaleneia, 24, S4 
, striata, 81 

Hymnarctos, ib. 
,, pahiudiam, 26,34 

aivalenak, 24, 84 
~ ~ d ~ i t h e r i a r n ,  28 

9, ~ d e ,  28, 36 ,, leptognathuq id. 
megacephalum, id. 

H~~~~ 19, Z2 
leithii, 38 

~ ~ d r t b i a ,  160 
,, miliacea,161 

,, oar. minor, ib. 
HYd:biinre, 160 
Hydroceninse, 182 
Hyopotamu, 27 

,, palmindicw, 86 ,, &dienee, 27 
Hyotherinm, ib. 

hdiense,  27, 36 
~ ~ ~ e ~ b d n ~ e d o n ,  18, 39 
Hypolimnas bolioa, 228 

,, misippus, 283 
Hypolycmna andnmana. 232 - -  - 

erylug ib. 
~ y &  Bivalensis. 30.37 . , 
Ibkx, 133 
Ichthyodorulitea, 13 
Ichthyosauria, 38 
Ichthyostauruq 11, 19  

indicua, 38 
1chthi;zoic fossil vertebrate, list of, 39 
Ictitherium nivnlense, 24, 34 
Indian malacology, contributions to, No. 

XI. 181 
bmene .aria, 241 

,, chromus, 240 ,, druna, 241 ,, lebndea, ib. 
Ixias andamana, 236 
Junonia almana, 227 

esterie, ib. 
~aihozoic f~ss i l  vertebrate, li& of, 34 
Knllima albofaeciata, 297 
Labyrinthodon, 16 
Labyrinthodontia, 39 
Lccrtilin, 20, 37, 39 
Ladak mnmmale, noh  on some, 6, 7 
Lameta, 38 
Lamna, 14,16, 37 ,, complanata, 38 

mgmoides, id. 
G p i d e a  ardates, 229 ,, mlinnus, ib. 

, elpie, 230 
,, pactolus P ib. . 
,, psndava, $6. 

plnmbeomicans, 281 . 
Ltmci9rno~uecg ~ndisn, 161 



Larina burmans, 163 
Lepidopteroas genus ACmonu, on the, 176 
Lepidotq 18, 14 

,, brevicepn, 89 
c a l a u a t q  ib. 

,, deccaneneis, ib. 
,, longicepn, ib. 

pachylepis, id. 
~ e ~ t l d b o e  falconeri, 29, 36 

h e r i ,  32, 34 
Let& empa ,  226 
,, ,, maitrya, 246 
,, satyavati, 246,248 ,, mderea, id. 

aidonie, 246, 246 
*~i\ythea roh- 248 
Limenitis anarta, 229 

,, procria war. anarta, id. 
wlenophora, ib. 

Lidodon,  26 
,, pentapotamim, 26986 

theobaldi, 36 
~ithoilyphi,  161 
Lithotk, 201 
Littorinidro, 183 
Loxodon, 26 

plani f ro~,  26,86 LUG 6, 26 
,, palmindica, 26,36 
,, V 4 3 = k  7 

Lyceena ordates, 229 
,, mlianus, ib. 
,, e l ~ k  230 
,, pandava, ib. 

Lycmnidm, 229 
Macacus, 24 

,, rhesua, 88, 83 
aivdelensie, 34 

~$hmrodua, 18 
Machairodus palmindicus, 24, 34 

eivalenais, ib. 
Macrd~hlrunys, 161, 184, 186, 192,196, 

196 
,, calpie, 811 ,, dulgeng 196 ,, indicus, 196 
,, platychlamp, 196, 196, 

222 
,, ~ l i c a t n b  191 ,, plicifora, tb. 
,, PrOna, 198 ,, tonuicula, 196, 197, 222 ,, vitrinoidee, 195 

P wynnei, 197, 198, 222 
* M ~ ~ ' s t o n e  implements and human 

tibia from latorite of, 31 
Mammal8, f d ,  28 

,, eocene, 23, 37 
,, mio-pliocene, 28 

1 Mammaln p l e h n e ,  30,38 
,, plio-miocmq 84 

lwxnt, 38,SS 
d s  8indiensig 90,37 
Mantis cancsllata, Sil, 84 

,, rhombicollia, 8% 
,, rhomboids, 84 
,, S t r a w  82 

Mantodea, epopaia of the speck  os 
Chmrad- ib. 

Markhor, 29, 132 
~ o t s  7 
Marteaia, 161 
Maetaq 88 
Mastodon, 2 6  

,, falwneri, 86, 85 
,, latidens, id. ,, pandionin, 26, 33, 35 
,, pakenaie, 26, 36 ,, eivale~ia,  ib. 

Mastodonaam, 16 
Mt-gdoaanmq 18,88 
Megaloll~~lomin m v a l e e  22, 37 
Moles, 26, 34 
Mellivora, 26 

mvaleneis, 26, 34 
~ e & w p o t a m q  27, SO 

dieairnilis, 36 
~ e l n n i b  iemene, £26, 260 

leda, 226 
~ e k z o i o  foesil vortebrata, 38 
Meaearas crymanthis var. niwbarica, 227 
Metals, cubical expansion of, 66 
Methods of water analysoq 90 
M.icri~~~stie, 183 

,, d p h  211 
tenuicala, 196 

~icro;holis, 17 
Mollusks, brackish-water, new speciee of, 

169 
Morphinm, 176,226, 248 
Moachus, 4, 6 

moachifemq 6 
M:, 30,32, 34,87 
Musk deer in Thibet, 4 
Mycal& blaeiq  226 

,, ib- ,, m e u s ,  ib. ,, oculus, 247 ,, onatas, ib. 
radza, 226 

~ ~ $ o b a t i e ,  14, 38 
Myrine. are- 234 

,, atymnus, 234 ,, prabha, ib. 
,, sugriva, 232,288 

tarpina, 238 
~Gbada bede, " fauna of, 81 

valley, implements from, 31 
N& 168, 154,184, 186, 196,197 



Nanina a d e n i ,  193 
,, calpis, 211,212 
,, ldima&ricsvar.Yidnrr, 180 ,, diplodon, 198 

affulgens, 196 ,, iklalcata, 193 ,, immerita, 186 , indica, 186 ,, jacguemonti, 198, 199 ,, kwndnensig l l  
11 O+E, 167 ,, plicatnla, 197 ,, ahiplayi, 186 ,, eikrignllenais, 198 

tenuicula, 196 
Negorhmdus, 131 

Weope bhima, 246 
moorei, id.  

N&tis andamana, 228 
, khs8i8na, ib. 

mananda, cb. 
~$tidre,  183 
h'ew land and freshwater shells, 181 
Nilghai, 29, 32 
Nymphalidm, 224 
Nymphalinm, 227 
Odontsepia, 14 ,, constriotue,88 

oxypeion, ib. 
oPG;li% 20 
Ornithoptara helisconoideg 237 

heliconoidee, ib. 
orthdiems, 82 
Orthoptera, i6. 
Otodnr, 14 

11 bnsalig 38 ,, divergene, ib. 
,, marginatua, ib. 
,, minutus, ib. 
,, nanus, ib. 

wmiplicatua, 0. 
o d r ,  6 
Omphalotropia, 188 

r, andersoni, 216, 217, 222 
I, aurantiaca, 182,183,218 
11 diatarmina, 217, 218 
11 globose, 217 

rubeng 217, 219 
oPhi&a, 37 
Ovie, 29, 36; 131, 113 
Oxygloasua, 17 

p d u a ,  38 
0$hins, 14. 

tnnngularis, 38 
O& 161, 167 

1, a~ 167 
,l baaileasa, ib. 
,, blanfordi, id. 
,, cartor, id. 
11 ,, VW. a, cherrmnsie, ib. 

Oxytee cycloplax, 167 , oxytae, ib. 
(( pallasians, ib. 
,, PO% ib. ,, aylvicola, 186, 186 

thyreas, 1 6 7 
~ & ~ g o n i a ,  16 

,, incurvata, 89 
Pdmomeryx, 28,36 
Pslreopithecns eivd&, 23, 34 
Palmoryq 20, 36 
Palmotherium, 26 
Pdmoaoic fossil vertebrata, 39 . 
Paludomua regulata, 220 

,, tanjorica, ib.  
travanwrica, 219, 220, 222 

pam$ilia g o b  242 
rnmeoides, 242 

~d;Tshura (Emys) tectum, 21,34, 37 
Papilio agamemnon, 238 

,, alcippe, 227 
11 jb. ,, androgeus, 237 ,, antiphatea, 180, 240 
,, arietolochim, 223 
,, aetarie, 227 ,, biaaltide, ib. 
,, bolina, 228 
,, Oaetor, 144 

dimorphiam in, 146 :: c&nde, 226 ,, cents-, 234 
,, chnon, 149 
,, charicleg 237 
,, clytia, var. fhvobbatus ,  238 
11 d e q  228 ,, core, 226 
,, coronig 236 ,, orocale, 286 

dissimilis, 238 ;: doublodayi, 237 
,, dravidarum, 144 ,, epaminondas, 180, 238 
,, erots, 227 
,, europa, 226 
1, eurppylu, 238 ,, franckca, 226 ,, gkmbriaiue, 228 ,, hecabg 236 
,, hector, 228 

helenua, 148, 149 ,, lmatrygonum, 178, 180, 238, 240 
,, mahadeve, 144 
s mayo, 237 

otrcg 226 
,, paulina, 237 
1, polluq 146, 148 
91 ,, gynnndromorphons form 

of female, 148 
,, polymn-r, 237 



Papilio polytee, 2211, 224 
var. n i h o w  237 :i rh&fer, 237, 240 

,, valeria, 237 
Papiliones, 244 
Pnpilionidm, 235 
Papilioninm, 237, 249 

*Pnrantirrhoea marahalli, 248, 250 
Parasuchus, 18. 39 

,, hislopii, 18  
Parthenon gambrisiua, 228 
Pelecanu cautleyi, 22, 37 

,, mitratue, 22 
,, sivalensis, 22, 37 

Pelorosrrurua, 18 
Pemganga rivcr, remains of hippopota- 

mus from, 31 
Perissodoctyln, 35 
Pcmvinn Andes, Mastax from, 82 
Petolodus, 13 
Petalorhyncua, ib. 

o indicnq 13, 39 
Pct r r r~~a,  198 
Phnrellq 161 
Phcrcpora, 153 
Philol~otnmi~ sulcatg 220 
Pierin*. 235 
Picris ttlbina, 237 
,, coronie, car. lichenom, 286 
,, nndina, ear. nama, ib. 

Pimclodus, 16 
Pisces, carboniferona, 12, 39 
,, cretnccoue, 1% 38 ,, eocene, ib. 
,, mio-pliocene, 16 

t r i m - j q  13 
~idteue ,  22 
Plectopyliq 151 
Plesioneura alysoq 241 
Plcsioenuria, 39 
Pleaioenurua, 11  

,, indicue, 18, 89 
Psammoduo, 13, 39 
Psephodna indicus, 13. 
Pseudrelurus, 24 

,, eivalenmq 24, 84 
Poecilodns pmsdoxus, 13, 89 
Polyommatua elpie, 230 

19 ~angra, 232 
Pomatiopsinm, 161 
Port-Blair, atmospheric pressnn, at, 70 
Portaq 29,82, 36 
,, namadicuq 82, 34 

Post-tertiary fosnil vertebmta, list o& 33 
Pound, definition of English Cornmered, 

4 3 
Primates, 33, 34 
Proboscidia, 26, 80, 31, 33, 36 
Productus-limestone titrat. 18 
Pseudok, 131, 188 

Pseudois barhal, 131 
,, nahura, ib. 

Ptarygoqidea nvi, 241 
Ptychodas, 14 
Ptychodus latianimaq 88 
Ptychognathue, 17 
Pulmonifera, 161 
P u p  (Pupiaoma) eresprdi 199,200 

,, li@c434 ( p&odw, l4 ,88  
Python, 20 I Ram purilla, 17 
Raphaulus (Streptaulnsj bhtbrdi ,  Z12 
Ratitam, 57 I *Reah (Omphalohpi.) and-ni, 216, 

217, 218, 232 
#I d ~ n s ~ a h  218 
9 ,  distermin~, 217 
19 # o h  217 

99 1, pallidat, 21i,218, 
223 

19 19 rnbenq 21 7 
Reptiles cretaceous. 18, 88 

,, eocene, 19. 38 
,, fossil, 17 ,, jura triassic, 38 
,, mio-pliocene and pledstooene, 

19, 34 
,, pl io-mime,  37 
,, recent alluvia, 33 
,, triaa-jam, 17 

Rhinoceros deccanenme, 81, 33, 14 1 
,, indicua, 26, 31, 52, 33, 135 ,, hradicus,  ZB, 35 
,, javanicue, 137, 140 
,, namadicna, 31, 33 

notes on the Dentition of th4 
136 . ,, pdmindicw, 26, 36 

,, plat hinna, 26, 36 
~7 26,85,139,141 
,, sondrricus. 137 

Rhiromys si;.alenaiq 30, 37 
Rhopalocerous Lepidoptera, new q&es 

of, 246, 248 
Rhynchoaanrus, 18 
Rhysota, 161 

,, bulla, 166 
Rissoidm, 182 
Rodentia, 30, 34, 37 
Rotula, 151, 184, 186, 192 
BaPitherium, 27 

$1 schlagintwoitii, 86 
Bargns, 16 
Satyrinm, 226, 288, 249 
Srrurozoic fossil vertebratg liat of, 38 
Belachii, 18 





Weights voriflcation of ntandad, 41 
,, which ahould be made uee of 

in a aeries, consideratiom M 
to the, 6 1  

Xanthotcsnia, 176 
Xeab, 161, 167, 184 

*Xecltina albata, 189, 222 
belangeri, 189 

,, bombayana. ib. 
#, maderaapatana, i). 
,, remirugah, id. 

X h  tranquehria, 189 
Xystracanthllr, 18 

8 gi€wbly 1% $9 
,# yili* d. 

major, ib. 
~ e u x i ' k ,  176. 176 
Zonites, 186, 198 
Zonitidaa. 151 
Zoologid position of B h d ,  181 
Zophoema atkinaonia. 246 

,, jalawida8 ib. 
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