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the grnyinb ptilverulent appearance of the extremities that  the 
wear was greater on the ends than on the sides, though it  should 
be rcimarlrecl that this pebble was probably throwu sicleways 
quite as frequerrtiy, if not more frequently, than endwise against 
its neighk!ors. 

THE GENERIC EVOLUTION OF THE PALBOZOIC 

BRAC:HIOPOD.I. 


BY AGNES CRANE, BRIGHTON, ENGLAND. 

IT is a tirne-honored saying that " a  prophet is not without 
honor save in his os7n country," but the name and fame of Pro- 
fessor James Hall, LL.D., director of the State Rluseum of Natu- 
ral History of New York, and its veteran State geologist, are 
well known in Canada and the United States and have long been 
recognized and appreciated among the geologists and invertebrate 
p a 1 ~ ~ ; ~ t o l o g i s t s  The highest recognition in geological of Europe. 

circles icas accorded him nearly a quarter of a century ago, when 

he was awarded the t lTol lasto~~ 
Nedal of the Geological Society 

of Eo:ltlon, the year after Barrande, an11 a year before Charles 

Darwin received it. His arduous life-long researc1it.s h:~x e re-

sulted in the protluction of the tine series of monographs of " The 

Pal~ontology of New Pork," of which Vol. VIII. ,  ParL I., 

Bractliopoda,' by James Ilall, assisted by John N.Clarlre, has 

recel:ilg. nlaile its appearance, with an unusually interesting test 

and $lie well-executed plates for which the series has been re- 

markablc. As a fossil brachiopodist Professor Hall ranks with 

his etninent contemporaries, the late Dr. Thornas Davidson, 

F.R.S., and Joachim Barrande of Prague. In one I espect ile nlay 

be said to take higher position as a philosophical investigator, 

inasmuch that he kept free from prejudice with regard to the 

theory of evo!ution as applied to the class Bracl~iopoda at  a time 

rnheil; owing to Lhe condition of our Irnorx~ledge of the group, it 

was not possible to adduce actual proofs of the logical postulate 

in that ciirection. 


Times and methods have changed indeed since the celebrated 
Boheruian palaontologist definitely proclainied that the evidence 
of tlie Cephalopoda ' and of the Brachiopoda was opposed to t,lie 
truth of the theory of evolution, and Dr. Davidson, in aiismer to 
a personal appeal from Darwin, replied that he was unable to 
detect direct evidence of the passage of one genus into another." 

There has been a marked advance in the philosophical treat- 
ment of this important group of ancient and persistent organisnrs 
during the last decade, ancl to this progress American scientists 
hare  contributed largely. Mr. I V .  13. Dall has differentiated and 
described some new genera and species of the recent forms of 
interest and value. Professors Bforse, Rrooks, anti D e ~ e r ,ant1 
of late Dr. Beecher and BIr. Clarke, have revealed suggestive 
phases in the developmental l~istory of typical genera and well- 
known species. Now Professor James Hall ancl Mr. J. 31. Clallte 
have sifted and cornpared the vast accumulations of data recorded 
by earlier writers by the older methods of descriptive palzontol- 
ogy, and, combining the results thus gained with t'he best features 
of the new school of investigators, hare effected a revolution in  
tlie general treatment of the entire class of Bmchiopoila. They 
trace important stages in the phylogeny of the fossil forms and 
varictus hnks connecting them through their irunrediate ~uccessors 
with zbe surviving membe~s of the group. 

Nuch of' this work could not possibly have been ac.complis11ed 
had it not been for the Inass of descriptions ancl figures of the 
vast number of species recorded in the works of Barrande, David- 
son, De lioainck, D'O~.bigny, Defiance, Deslongchamps, S u e s ,  
Lindstrom, Pancler, Quenstedt, Geinitz, Littell, Oppel, Oehlert, 
Wnagen, and N~unlayr ,  in Europe, and Billings, Hall, Clarke, 
Xeelr, Shumard, Worthen, Walcott, White, Whitfield, and others 
on the continent of America. 

1 Natural I1is:ory of Nelv York. Palaontology, vol. viil. (Geological Survey 
of t he  State of New York), "An IutroQuctiou to the Stndy of the Genera of 
Pa!mozolo Brachiopoda." Part. I. By James Hall, State Geologist aud Pa la -  
ontologist, assisted by John BI. Clarke. Albany, 1892. 

2 Ceyhalopodes, Etudes GBuerales pa r  Joachim Barrande, Pragne, 1877, 
p. 224. 

3 Brachioyode8, Etudes Locales, Ibid,1879, p. 206. 
4 "What is a Erachiopod? " by Thomas Davidsou, F.R.S., Geological JIaga- 

zine, D ~ c a d aII., vol. iv.,  1877. 

The warn] and discriminating recognition of the valued labors 
of his European fellow-rvorlrers is one of the most agreeable 
features of P r o f e ~ s ~ r  I t  is pleasant to read Hall's new volume. 
"of the greatest of all  works on the Brachiopoda by Thonlas 
Davidson," of the j ~ ~ s t  appreciation of Barrande's herculean efforts 
i n  the Silurian field, of the excellence of William King's anatomi- 
cal investigations, to  find Pander's early work valued an,l his 
names rejtored. These are just and generous tributes to the 
menlory of comrades who havegone before most tvelcorne in tllese 
latter (Jays of that strideot LLindiv ic lua l i~r~~  " which IS often mere 
egotism in disguise. 

The Nevr7 York palwontologist's recent n~orl; is not only a criti- 
cal rCsztmQ wit11 descriptions and figures of the Brachiopoda of 
Net\. York, but a careful analysis of the results of the labors of his 
predecessors and contemporaries in the same extended palwoeoic 
field of researcl~ in the United States, Canada, Russia, S~veden, 
and Great Britain. 'This gives it a cosmopolitan value, and 
affords opportunity, hy nleans of critical conlparisons of genera, 
species, and varieties froru tlie geological horizons of hot11 hemi- 
sl.)heres, to recognize the identity of species, to define synongrlls, 
to collale genera and sub-genera, to indicate their in:er.relation- 
sliips, and to illustrate tjhe passage-form$ linking one group, or 
aseen~blage of allied genera, to another. To this branch of the 
subject we must now restrict our observations. 

liTith singular ~noclesty the authors refrain, for the present, 
from proposing any new scheme of classification. The primary 
division of the claes into t n  o orders comprising the non-articulat~tl 
ailti articnlated genera is adopted. We fail to see n7hy Owen's 
names of Luopornata, or " loose valves," and Arihropo7rznta, or 
'. jointrd \ .~ IVPF,"  hav-e been discarded? for they define the s110~1ld 
patlie iimits 2nd distinctions as Iluxley's simpler, bntlatcr, names, 
i l ~ t i c z ~ l r i f nand I~zarficuluta, the first of which \vas ernployed by 
Upshayes to designate certain fornls of Brachiopoda before the 
publicatiar~ of IIr~xley's " Introduction to the Classiticat,ion of 
Aniulnls." In England it  is generally conceclecl that the priority 
and scope of Owen's orders were c l ~ a r l y  established by the Arueri- 
can systematist, Dr. Theodore Gill. The matter, holyever, is of 
li~ssmoment now that a general tendency to admit greater ordinal 
sub-division has arisen. Waagrn bas proposed six orders, Neu- 
uxayr eigl~t ,  and I3ercher four, based on the petlunct~lar opening 
and associatecl characterr. 

The r~alr~es I~zartictclula and Artzcuiuln express certain general 
tlistirrctions. Nerertbeless, it is a matter of fact tzkat forms ha\.e 
often appeared mllich cannot be separated thus, for tenclencies to 
transgress these artificial limits become apparent in  vario~is direc- 
tions. For instance, the species of the Silurian genus Il'rirnerella 
mas sl~own by Davitlson and King to be but feebly articulated, and 
now 1~'eobolt~s, Spo?~dylobolz(~,and Hall'.- new linguloitl ~ e n u s , B a r -  
7-oisellu, are shorr11 to exhibit the same propensity. We are glad 
to note tliat, althougil fifteen years have elapsed since tire publi- 
cation of the Memoir on the Trin~erellidce, hy Thomas Davidson 
and \Villiam King.,6 it is: franltly admitted that later cbservations 
have hitherto added comparatively little to  the results achieved 
hy those eminent investigators and have taken away notliing 
from their \ alue. 

I11 tire present publication the senli-artificial, but convenient, 
f aa~i lp  designations are not adopted, hut the genera discussed fall 
into groups of associated genera, often exhibiting intermediate 
characters, rvhich link one genus naturally with another. Blore 
tias been accon~plished in this direction than conld pcssibly have 
b ~ e nanticipated, and theeighth volume of the Geological Survey 
of the State of New York (Palzontoloyy) would have made glad 
tile heart of Darwin, for its dominant note is tile evolution of 
genera. 

IIitl~erto Lingula has always heen regarded as taxonomically 
a t  tlie base of the Brachiopoda in spite of the acknowledged com- 
plexity of its muscular system aild the dale o f  its apl.~earance in 
the geological series. It  is now shown conclusively to  he clevel- 
oped from an oholelloid type which culn~inatecl in  a faunal epoch 
anterior to the appearance of Lingula, and Broolr's history of the 
derelnpment of the living species is cited as confirmatory proof 

j Quarterly Journal of the  Qeological Society of London, vol. xxx., p. 124, 
1874. 
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of the  dire(.t obolelloid derivation of the  palaozoic Lingztlce from 
O6olella. Li?%gu?ellaand Lingulepis, forerunners of Lingula, njay 
be founrl to be tlnportant connecting links, having the outtvard 
form of  linguloids with the tnuscular arlangenlents a ~ i d  narrow 
pedicle slit of the obolelloida. "The development on tlie lingu- 
loid line has r-ontinued, a s  we believe, from early Silurian to tl:r 
PreSerlt l ime with frequent n~odifications. From Linglcla we 
mag depart in nlany directions. I n  Lingulops and Liii~/iilusmn 
me get indications of pllysiological irrfluences on the  origin of 
genera." 

It appears that "augmented muscular energy and coiicomilant 
increased secretion of uluscnlar fulcra" 1vit11 the large size and 
consequent cli~placement of the  liver induced the  t,l~ickening of 
the entire area of muscular iwplantation. Gradual excavation 
of this solid plate ensued, arid the  formation of a more or less 
vaulted platform, extremely d >velopecl, in the fcehlg articulnte(1 
Trimerellids of tho-e Sil'irian seas, which f:tvoretl the rapid de- 
relopment of  the platform-bearing j?drachiol~oda, a race which 
was abruptly exterminated at tlle close of the Niagara axid Wen- 
lock period. I-Iall's new genus, B u r ~ o i s ~ l l a .  it (livergent sois 
marked by the development of tleltidiul callo.ities as to indicate 
their apnrox in~~ t , ing  specialization for art iculating and intrrlock- 
ing  purposes. Thus we get most striking evidence of a tendency 
lo span the  interval betsveen the so-called edentulous Inarticulata 
and the articulated genera in  the Linguloid aud Trilnerelloid 
groups. 

The genue 02iolzcs is sllown to he more s~~ecia l ized than Obolella, 
less so than  Li~zgulu. Neobolzcs being au intermediate form with 
cardinal Processes, also indicative of progress in this direction 
tocx.ards the Articulata. In Obolzts, howerer,  the muscular scars 
are excavated as in Lingz~lu,not e l e v a t ~ d  as in the forms tending 
to T7*inzevella. Thus we get  indications in  the history of tile an -  
cestral Trimerellids of the attainment of a like retnarltnble re- 
sultant along distinct lines of development, of \vhicli another 
instance has been f~lrnisheil  hy Messrs. Fischer and Oehlert's re- 
cent studies of  the development of the living mage el lance of tlie 
boreal and austral oceans, to whicti we had elsewhere occasion 
t 1 refer.' As Hall and Clarke'sge~~eralizatio~~sarefortnulated with 
a due regard to geological sequence, they possess more validity 
than the phylogenetic deductions enunciated hy a Teutonic palzeon- 

preserved with advantage; for instance, in &Ir, A. ~ ~ ~ ~ i t i ~q o o d -
ward's masterly s~s t e lna t i c  classification of tile fossil fisht.s in 
the British M u ~ e u m ,  aitd also in  Professor W. A .  ISerdman's4 ex-  
haustive report on  the  Tunicata dredged by the ' .Chalienprr '' 
expedition, associated in  this case tvith evolukional data and tile 
presentation of nnmerous phylums sllowiag the inter-rela!ions of 
genera, somewhat af ter  the  same plan a s  tha t  adopted il l  t ibe 
'LIntroductioil t o  the Study of the P a l ~ o z o i c  Genera of Br:.icllio-
poda." With  all due  respect to the veteran of the  oltl s c h o c ~  and 
the  disciple of the new, we venture to  submit the itnposbibility 
of impressing on the  rnental retina a permarlent ptrotograph of 
the  innumerable and fasci~lati l lg phylums ~ ~ h i c 1 1  tliey haye 1,ro- 
vicled with such industrious research. But  \ve a re  not a11 en- 
dowed w i t h  so much insight, knowledge, and experience. 

Tht: most revolutionsry feature in the  present instalnleilt of 
their researches on tothe  Articz~lata is the  extreme s t ~ b . d i ~ i s i o n  
whiclt t he  grext group of Ortl~oids has been subjected. Tlie 
genus Orthis is absolutely restricted to eight species (instead of 
tmo hundreci). wit11 0 .  callactis of Dalman as the  type, and his 
early figures ancl original desvriptions are  judiciously reproduced 
for the benefit of Americanstudents. Theremainder of the large 
riunlber of  species are placed under various new gen?ra and sub-
genera, or restored to their former appellations. For instance, 
Pander's name. Clitu?zboizites, is once more applied to species un- 
juctly usurped by D'Orbignj's Orthisi~za. and Plectanzbonites of 
the s a ~ l ~ e  palaontologist is restored for t h e  Palaozoic Russian 
species grouped by the French conc)rologists and those who fol- 
lowed them under the genus Leptaeua of autllors not of Dnlman. 
The Leptae~zn rstyosu of this author  is taken as the type of, 
his genus, t he  scope of which is thus nluclr restricted, and new 
gc,neric names are  proy)osed for several of the species indifferently 
described a s  Strophoinenas or  Leptaenas by various autllors. 
Liunb's sub-genus Bilobites is revived for those abnortnal bilobed 
sprcies of Ortkis, which, according to  Dr. Beecher's investiga- 
tions, originated from a no r t i~a l  fornl a t  the adolesceni and 
mature stages of gro\vth in  both direct snd indirect lines of de- 
\.rlopment. In  view of the extensive breaking-up of tile O~thoids ,  
here proposed, into ser.eral genera ancl sub-genera, we a re  willing 
to confess that  to object to llie revival of Bzlobites would Le but 
straining a t  a gnat  and swallowing the camel. We ,  however, 

tologist. in which that  important factor mas somewhat n e g l e ~ t e d . ~  admit a preference for those among the  proposed n e w  or restored 
'.We have pet to seek," the American brachiopodists concll~de, designations which give some indications of t h e  former position 
" the  source whenze these numerous closelp allied primoidial of the  species among genera. Such are Protorthis, PlectorMis, 
groups are d~r i r ed . , i n  sorrle earlier cornprehensire stock of n-hir.11 Heterorthis, Orthostrophia, Platl/strophiu, and  so on. Orthqdium 
we have yet no knowledge. The  ages preceding the Silurian fo r  the divergent nearest allied to Stropilomena seems a 
afforded abundant time for a tendency to variability to  express less happy selection. Tabular views, both instructive and S U ~ -

itself" (p 1G8). gestive, a r e  given to show Ihe approxi~nate  range in the  geological 
From this a:ttisfactory tliscnssion of the  origin and de\elop~uent,  horizons f rom the calciferous sliales of the Lower Silurian to the  

of the  pala?ozoic unarticulated genera and species, Hall ant1 
Clarke proceed to consider the strcrcture and relations of tlre f a r  
more numerolls an:] more complicated order of the  articulated 
specie?, and cornmence cX7it.h the Ortl~oidi;, tlte lowest forms of the  
hr t icula ta ,  as. by c.ornmon consent, they are now regardetl. The 
allied Strophomenoid, S t r r p t r ~ r h ~ n c l ~ o i d ,  axid 1,eptaenoids. as de- 
fined by Dalrnan, are  then treated of and  the  first part  te rn~inates  
with a rliscus~ion of some carboniferou~ Productoids. The spire- 
bearers, llliynchonelloids and Terebratuloirls, oF the  Palmozc,ic 
seas are thus l e f t  for the concluding volume, wlien rre may look 
for a valuable general summary OF results and for that  systernat,ic 
classification. based on their completed investigations, which the  
authors are  bound to  propose in  the interest of s tudt~nts  for the 
root, stem, branches, ancl twigs of the  genealogical tree of the  
Brachiopoda, as they have definitely abandoned the family names 
hitherto in  vogue. I t  niust certainly be admitted tha t  bracirir~rio- 
clists I,ave often found i t  difficult, and sometimes impossjl~lc~. to 
determine to which of two well characterized families certain 
annectent forms should be definitely referred. 

I n  Europe, however? the  retention of family designations is 

Upper Coal measure^ ~vh ich  indicate the appearance, persistence, 
and extinction of tlle various genera in to  which, under ne\r .  old, 
or restored appellations, the Orthoide, Gtrophomenoids, and Lep- 
tapnoids are sub-cli rided -a snb-divls io~~which, with i t s  :ISSO-

ciateil shifting of types will not escape criticism. 
There will always be differences of opinion respecting generic 

values. Here,  as EIeckel long ago ]jointed out, the personal 
equntioll becomes prominent. TVe belieu. Professor Cope u as 
the  first, to advance the  then heterodox view that  species co111d he 
transferred from one genus to another mithout affectingtheir spe- 
cific characters. Many so termed genera represent w l ~ a t  have now 
beoolve abbreviated transitional phases in the  developmellt of t he  
race which, of old tiuie, became stereotyped for periods of longer 
or shorter geological duration. T l ~ e  researches of ~ r i e l e  and 
Oehlert on the  recent Blagellnna (Waldr~z~mia)khe ultimate 
phase of development c f  the Ioilg-looped brancli of the  Terebratu- 
loilis, illustrate t,his point most clearly. If t he  inter.reiaiiollsbips 
and passages of these generic phases a re  carefrllly noted, they 
become so many illustrations of orre method of the evolution of 
genera, ~vhic21, sometimes, i t  is  evident, originated frorn causes 

not  always considered incompatible with the  modern p l~ i loso~~b ica l  inridental  to individual rlevelopn~ent, accelerated gro\vth, an(: t he  

and evolutional methods of class treatment. They have been circumstances of the environment. 

1 On the Distribution and Generic Evolutlou of Some Iiecent Brachlopoda, 3 A Catalogue of the Fossil Fishes in the British Museu?o, Part I., 1880 ; 
By Agnes C'rane, Satural  Sciellce, January, 1891. Par t  IT., 1890. 

1 Neurnagr, I' UIe 5L.irnme des Thierrel-hii Erachiopoda," 1890 4 Xeports of the "Ch~il le~~ger"  Exp-ditlon: Tunicata, vols.vi., X i v  , and xxvi. 

http:vols.vi.
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IgraFessur IJall evidently considers it  better to deal with a small 

nunakr of well-characterizrd species instead of a large nurnher 
of rii-defined forms, and that such minor st~*uctural iiiternai 
modifications as can bc shown to be constant in a recognized geo- 
logical hilrizorl should be raised to generic or snb-generic rank. 
The description and portrayal of such generic divergencies afford 
%lie best means for general con~parison ancl thus tend to promote 
a elcarer comprehension of the manifold phases of the evolution 
of genera. The fact that specific characters sornetimea make 
,their appearancein individual development before generic features 
.is most suggestive. For the laws of " science and growth,"' first 
made known by Heckel, and since extended by Hyatt to the 
Qephal~pocla, Jackson to the PeI>elgcyporlu, and Beecher and Clarke 
.to the Brachiopoda, the term auxology has been lately proposed 
.by Englislr systematists, with some elucidative and etynlological 
modifications in EIyatt's terminology. These principles govern 
.individua.l and specific cleveloprnent of genera. For genera are 
stages i:i the life history of tlie race as distinguished from the 
,genealogical records of the individual. I t  would seem, however, 
that  just as the co-existence of a large number of individuals 
fends to perpetuate specific variation, so the simultaneous occur- 
rence of abundance of species in one horizon and area is productive 
<of the divergence of genera. 

We cannot enter further into details; enough has been written 
to show beyoncl contradiction the value and interest of his " In-
froduction to the Study of the Genera of Palzeozoic Brachiopoda," 
with its concise descriptions of genera and passage-forms, their 
inter-relations, and affiliated species. I t  is rendered complete 
,by excellent specific bibliographies, well considered genealogical 
:trees, showing the coulnlon ancestry, diverging lines of descent, 
rmd ashi t ies  of genera with their geological range, a register of 
genera and of species, authors' arid general index. The work is 
:most creditable to Professor James Ha11 and his assistant, Mr. J. 
31. Clarke, and reflects honor on America in general ailtl the State 
.3f Sew Pork in particuiar. It deserves to be carefully studied 
[by invertebrate biologists in both hemispheres. We trust the 
publication of the second part will be proceeded with, and that 
by its rapid completion, on similar lines of thought, science may 
'be enriched by a general view of the evolution of the Brachiopoda. 
I t  is rnuch t,o be desired that the relations of the secondary and 
:tertiary species should be tliscuseed in a like thorough, pklilo- 
jophical, and generally satisfactory manuer. 

We have become so ~on\~ ince i l  of the advantages of this method 
sftreatment, that we have begun to form the nucleus of a cul- 
Jection in the Brigliton Museum, destined to illustrate the evolu- 
tion of genera among the Brachiol~oda. 

ON THE SO-CALLED ISCAS EYES. 

BY W. S. MILLEI1, UNIVERSITY O F  WISCOXSIN, nIADISON,  WIS. 

AT the time of th- earthquake :1nd a c c o ~ ~ ~ p a n g i n gtidal-wave 
which swept over Arica, Peru, August 13, 1868, causing so rnuch 
destrnction of life, property, xnd shipping, the U. 8. man-of-war 
"'Kearsarge " was lyirlg some two hundrril nliles down the coast. 
The  shock there waq comparatively slight to what it was a t  
Arica. Word was received tile following morning of the disaster 
up the coast, and the vessel left imnlediately to render such 
,assistance as lay in its power. The history of thac earthquake is 
well known. I \vill refer atly w l ~ o  may wish to read an ttccount 
.of the occurrence to an article in Harper's illronthly for April, 
1869. The late Lieutenant Gardner, U. 8,N., wa.i a t  that t i ~ n e  
.stationed on the '+Kearsarge," and it  is to hirn that I am indebted 
for the material which forms the subject of this article. 

After the officers of the "Kenrsarge " had rendered what as- 
<$stance they could towards alleviating the distress caused by the 
earthquake, they turned their attention to the havoc wrought by 
the shock and tidal-wave. Prorninent amidst the debris, and 
abont a quarter of a mile from the shore, they found a number of 

' a;$?, growth, and h6yos, ~cience. 
a 800 Paper entitled "The Terms Of AuxOlOgy," by S.S.Buckman,F.Q.S.. 

.and F. A. Bather, &LA.,F.G. S., London, in the Zoologischer Anzeiger, No. 405 

.and408, g. 42 ', Nov. 14 and 28,1892. 

so.callc(1 " ~ni~nlniies,"which had been exposed by the receding 
tidal-wave. These Peruvian nlummies are not rnummics in  the 
same sense that we speak of those of Egypt. The Egyptian 
mun~rnic~swere preserved artificially from putrefaction by being 
embalmed, an ar t  peculiar to the people of that country; b ~ ~ t  the 
Perr~viarr hotlies are sirnply desiccnted, the conditions of the at- 
mosphere and soil being conducive to their preservation. 

The mummies a,re usually found in vaults or chambers of 
adohe, roofed with sticks or canes and a layer of rushes; these 
usually contain several bodies, which are placed in a sitting pos- 
ture, the chin resting on the knees. the hands being clasped 
arounil the Irnres. Sometimes the face rested on the hands, with 
the elbows crowled down between the thighs atid abdomen. 
The boclies are wrapped in native cloths and bound with cords. 
A small thin piere of copper was usually placed in the mouth; 
this corresponded to the 6bolos n h i c l ~  the ancient Greelrs p ~ ~ t  into 
the mo~lths  of their dead as a fee for Charon. They were accus- 
tomed to bury with them sucll utensils as they were supposed to 
need in the country Lo whicl~ they journeyecl. The farmer had 
seeds of various lrinds and agricultural implements placed about 
him; the tijherman had hid net wrapped about him, and nearby 
fish-hoolrs were placed with harbs \vondrrfully like those in  use 
a t  the present time. The wealthy had costly articles in  pottery 
and precious metals buried with thern, and it is on account of 
this custom that, many graves have been opened with tbe expec- 
tation of finding raiuables. The momen had their spindles for 
spinning, and in some instances the last thing they did before 
l e a v i n ~their woulr forever, as shown by the unfinished web of 
cloth placed about them. Flowers were found by Lieutenant 
QarLlner :is fresh to t!lr eye as if plucked only a short t i u ~ e  pre- 
vious, but of course in a dried state. 

Articles of the toilet were also found, sucli as mirrors, combs 
tnada or fish horles set in moocl, and hollow bones of birds care- 
fully plugged with cotton and filled with pigments of various 
colors, while close a t  hand was the swab used in applying then1 
to t h - face. Rings were i n  some instarlces of the precious 
metals, but all those seen by Lieutenant Gardner were made of 
copper; Ire also found implements for sewing. The children 
\\-ere surrounded by toys of native make. 

On account of their nearness to the shore and their surrountl- 
ings, i t  is highly probable that the mummies seen by Lieutenant 
Oardner were those of fishermen and their families. 

The most interesting thing about these mummies is the f i r~dir~g 
of the so-called " Incas eyes." These were of various sizes, cor- 
responding to the age of the individual. 

These eyes are of an oval outline, flattener1 at  one end and 
made up of concentric layers deposited about a cenlral point. 
They are brittle and quite iridescent. They were found in the 
orbit, being held in place by the cloth which was bound about the 
head. Lieutenant Gardner was not certain whether they were 
placed under the eyelid - the eye being removed -or were out- 
side the lid. His impression was, that they were outside, as 
they fell out as soon as the cloths which bound the head were re- 
moved. I cannot find any reason why they were used. 

At first, I thought the eyes were composed of some resinous 
substance, but as soon as I began to examine thein critically, I 
found that nly first impression was erroneous. After examiriing 
secti~iis and fragments, softened by long imnlersion in glycerine, 
I came to the conclusion they were the crystalline lens of some 
animal. 

The next point to decide was from what animal they were 
taken. A clue was given by the fact that fragments left in dis- 
tilled water for a d:~y or two under a dust-shade, developed a n  
odor which 1 could compare to nothing but that of old bilge 
watcr, Although this was a very questionable clue, yet it led to 
the successful solution of the question. 

If the eye of a cephalopod be removed and carefully opened, 
it  will be found that the "anterior of the retinal chamber is oc- 
cupied by a bi-convex lens divisible into a smaller outer and a 
larger semi-globular ~n te rna l  part, the two being separated by a 
membrane." The principle of the well-known Coddington lens 
is the same as that which enters into the formation of this eye. 
The pobterior portion of this eye is the one made use of by the 


