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The portrait given here has been photo-
engrarecl from :L photograph taken in 1864 byl. 
TIcer's brother, kinclly lent for the purpohc by 
Professor ,Jules Marcou. The signature is 
t:tken from a letter aclclresse~l. to the writer, 
under ciate of hug.  13, 148::. 

A HEARILVG OF BIRDS' EARS.l-TII. 

SECIIOX of bone is required for fulther ex-
a~nination of the ear pnrts. There being 110 

mastoid affair to he considered as such, n-e 
may proceed clirectly to the petrolls part of 
the temporal ' (tlie periotic or petrosal bone) ; 
the otocrane. or otic capsule, enclosing the 
essential organ of audition just as the eyeball 
does that of vision, or the ethmoicl bone that 
of olfaction. Soile of this hone is ordinarily 
recognizable on the outside of the sk l~ l l ;  thoilgh 
in the embryo that part which is in especial 
relation with the posterior senlicircular canal 
appears to a slight extent Irpon the occiput. 
The foundation of the bone is laid very early 
in cartilage ; traces of the cochlea and canals 
being visible in the chick at  tile fifth day of 
incubation, if not sooner, ill the prirniti~e car-
tilaginous busis c~un i i .  -tlie parachortlal plate 
of cartilage 011 each side of the notochord. 
On longitaciinaliy bisecting the adult skull, or 
otl~crwisc gaining acccss to the brain-cavity, 
thc .rvhole cereb~al hnrfhce of the prtrosal bone 
is brought into uiem, as in fig. 4, po, op, ep. 
I n  a slcull of an! size, as that of an eagle (from 
which In\. description nill lie n~ainly derix ed) , 
there is no difficulty in inal~ing out the parts, 
although the pcripliery of the petrosnl is com-
pletely consolidated with surlonntling bones. 
The petros:ll or peiiotic bone consists of three 
clisti~lct bones. which in some :~ninlals 111:zy 
remain long or permanently separate, or be 
consoliclxted ~ i t h  6nrronnding bones aiitl not 
with one another. To see them it is ~lsllnlly 
necessary to exanline a J oung skull, like that 
figured. These are the pro-otic, po; the opis- 
thotic, op; the epiotic, ep. I n  the present casc 
of the adult eagle, they are absolutely fused 
with one nuother, as well as with contiguous 
hones. The consolidateci pctrosal apllears as 
an irreg~tlar protztbernnce upon tlie i111rer n all 
of the brtriu-cavity, much as the human pe- 
trolls bone protrudes between posterior and 
iliiddle cerebral fossae. It appears to be 
much more extensive than it really is, because 
the superior semicircular canal, too large to 
be accolninodated in the petrosal, inrades the 
occipital bone, -the track of the c:\nal being 

1 Concluded from Xo. 38. 

scullrt,nrecl in has-relief; -as a t  ccsc, fig. 4. 
Behind this semicircular trace, the deep groove 
of a venous sinus (sc) js engraved upon the 
bone, throwing the track of the canal into 
still stronger relief. The top of the petrosal 
ailcl contigoons occipital surface floors :I, fosss 
~ ~ l i i c hlodges tlie enormous optic lobes (co.,pol-a 
higemina) of tllc brain ; in the eagle partly di- 
videcl from the general cavity for the cerebral 
hemisphere by a bony tentori~un, iilie that which 
in some marn~nals separates the cerebellar from 
the cerebral fossae. On thc vertical face of the 
petrosal, or on the corrt=sponding occil~ital sur-
face, is a laige smooth-lipped 0rific.e leading to a 
tongue-like excavation which lodges the flocca- 
lus of the cerebell~un, and nroulcl therefore seem 
to correspond to that slight chink of the human 
petrous bone, near the meatus inlernzcs, which 
lodges a process of the dura mater. I n  front, 
between the petrosal and the slisphenoid (or in 
the a~tposed border of one or the other of these 
bones), i s  a coilsiderable foramen, -the exit 
of the second and third di~isions of the trifacial 
(figs. 1 and 4, the hole marked 5). Below the 
petrosnl, between opisthotic and exocacipital, 
near the fornnzen magnum, is a foramen (which 
may be subdi~ided into foramina) represent- 
ing tile human foranaer~ lacerum posteritis, for 
trnnsliiission of the pneumogastric, etc. (fig. 
4. the hole rri:~rkecl 8). Thus, :is alnays, the 
bong auditory capsule lies between the exits 
of the third clivision of the trifacial ailcl the 
pneumogastric. The general space under de- 
scription is continued to the nlargin of the 
forumen mctgnwnz by tlie exoccipital bone (fig. 
i, eo). Eon-, 011 the ~e r t i ca l  face of the 
petrosal itself, anrl in the pro-otic l)art, Car 
behind the foralnen marlied 5 in fig. 1, con-
siclernbly xhore that ma~~lierl 8, nil1 be seen 
the large smooth-lippecl orifice of the meatus 
ac~ditol-iws internus, rnarkecl 7 in tlie figure. 
Here ei~ter,  as usual, both po7,tio dt~rcv aiid 
p o ~ t i omollis of tlie old seventh pail- of cranial 
nerJes. A t  the bottom of the 1neatlr5 are a t  
least two openings, small, but separate frorn 
each other. A bristle p:~sscd through the 
upper (anterior) one of these traces the course 
of portio d l ~ r i ~  through the (the facial nerl c l )  
fallopian acynecluct (' nerxiduct,' it  wonlcl he 
better called), and emerges in the tjiilpanic 
cavity near the e~lstachian orifice. This ori- 
fice of exit of the facial is virtllally a stglo-
nitzstoid ' foramen, thoiigh n7ithiii the tympanic ; 
for the nerve burrows through no more bone in 
reaching the surface of the skull. -4 bristle 
passed through the other one of the two forami- 
na a t  the bottom of the meatus practically traces 
the course of theportio mollis, or auditory nerre, 



and can also he made to come out into the of bone-tissue. They are, .as usual, a central 
tympanum, either through the vestibular or vestibular. cavity, with its utricular recess ; 
cochlear opening Gfenestra ovalis or fenestra three semicircular canals ; and the cochlear 
rotunda). In the dry skull, either passage is cavity, projecting downward like a beak (see 
easily made without breaking down, and ap- figs. 5 and 6, the membranous labyrinth, to 
parently without meeting any bon-j obstacle. which the incasing bony cavities closely con- 

If, now, the whole periotic mass be cut away form). According as the sections have been 
from the rest of the skull with a fine saw, and made, numerous cross-cuts of the canals will 
then divided i~x any be seen here and there 
direction, the bony as circular orifices ; 
labyrinth and essen- the canals themselves. 
tial organ of hearing ly ing  curled l i ke  
can be studied. I t  is worms in the petro- 
best to make  the  sal and occipital sub- 
section in some def- stance, their ends con- 
inite plane with re- verging to the central 
gard to the axes of vestibular cavity. As 
the skull, - the ver- compared with those 
tical longitudinal, or of man, the parts are 
vertical transverse, or of great size in a bird : 
horizontal, - as the in the eagle, for exam- 
disposition and rela- ple, the whole affaii. is 
tions of the contained as large as the end 
structures are then of one's thumb, the 
more readily made whole length of the 
out. Four or five par- superior canal is an 
allel cuts will make as inch  or more, a n d  
many thin flat slices 'its calibre, I should 
of bone, affording judge, . is abso!utely 
eight or ten surfaces 3 mp about as great as in 
for examination. The man. The cochlea, 
whole course of the though not compara- 
labyrinthine s t r  u c - t ive ly  diminutive,  
tures can be seen in is in an undeveloped. 
sections, which, put state, as far as com- 
together in themind's 3- plexity of structure is  
eye, or held in hand a concerned, - ligulate 
little apart, and visibly or strap-shaped,. a lit- 
threaded with bristles, tle curved on itself,, 
afford t h e  required but making no whorl. 
picture very nicely. p10. 4. -Ripe chick's sknll, lon@tudtnal section, viewed Cei& This is substantially 

x 3 diameters. (After Parker.) In the mandible are seen, 2 
At first sight, the mk, remains of meckelian rod; d ,  dentary bone; 8p, splenial; 88 in all Sauropsida 
unDractised eye will a, angular; a, surangular ; ar, articular; iap, internalarticular (birds and reptiles) , process; pap, posterior articular process : in the skull, -pn, 
recognize nothing but the original prenaaal cartilage, upon which is moulded the for the cochlea does 

premaxillary, px, with its nasal process, npx, and dentary confusion, - a bewil- process, dpx; m, septo-nasal cartilage, in which is seen nn, not coil into a helix 
&ring maze of bone. nasal nerve; ntb, nasal turhinal; eth, ethmoid; pe, perpendic- until we reach Mam- 

ular plate of ethmoid; ioJ, inter-orbital foramen; pa, 
All this cancellated sphenoidal reson; 2, optic foramen. as, alisphenoid, witf;; India. The tongue- 

foramen for divisions of the fifth n e r d e ; ~  frontal; p, parietal. 
structure Or net-work, ,,super-occipital ; aac, superior semicircular canal; ac, asinn; like affair is as 
however, is pneumst- (venous) canal; ep, epiotic; eo, exoccipital; op, opisthotic; if a part of the first 
iC ; the open-work tis- p, pro-otic, with 7, meatus auditoriua internus, for entrnnce 

of seventh nerve; 8, foramen forvagns nerve; bo, basi-occipital ; whorl of a mammal's 
sue of bone contain- bt, basi-temporal; ic, canal by which carotid artery enters rnchlea very Snrnm- brain-cavity ; ap, basi-pterygoid process; up to rbs, rostrum of 
ing air derived from the skull, being the parasphenoid bone underflooring the p1etel-j divided into 
the tympanum, and basi-sphenoid and future perpendicular plate of ethmoid. scala vestibuli and 
having nothing to do scala tympani by car- 
with the auditory cavities proper. Parts of tilaginous stivctiires representing a modiolus 
the bony labyrinth will soon be recognized by and its lamina, proceeding from the bony bar 
their smooth, firm walls and definite courses, or bridge between fenestra ovalis and fenestra 
as distinguished from the irregular interstices rotunda. These are the external ( a )  and in- 



588 S C I E N C E ,  [YOL.  II., 30.39. 

ternal (b)  cartilaginous prisms shown in figs. tal one, e ,  wliicli tilts down hackward. The 
8 and 9. The cochlea ends ~ i t h  a saccular verticalit1 of the planes of d andf is preserved. 
part, termed the ' lagcna.' Details of the soft The can:tls i11 birds miglit be better known as 
parts -meinbrano~~s,vascular, and nervons the superior (d) and inferior (f) vertical, 
-will reaclily be made out from Professor ancl horizontal ( e )  ; though it is not probable, 
Ibsen's beautiful figures, hele rel~roducecl (figs. viewing the great variation in the ases of this 
5, 6 ,  8,9 ) ,  ~14thainple explanatory test .  part of the slinll, that ally terms descriptive 

The vestibule hardly requires special de- of direction will apply perfectly to all birds. 
scription, after esa~llinntibn of figs. 5 and 6. 77'hatever its inclination bacliward, there is no 
I n  the eagle, if its irregularities of co~itour ~nistakiilg d ,  which is much tlie longest of tlie 
nere srnoothecl out, it would about hold a pea. three. looping high o\er the rest, exceeding 
I t s  utricnlar recess (I/) is well developed. the petrosal, and partly bedded in the occipital, 

I n  tlie language of Iinmnn anatomy, the with tlie upper limb bas-relievetl 11pon the inner 
three semicircalar c:~nals are the anterior or snrface of the slinll (fig. 4, asc) . The one 
superior vertical, the posterior or inferior ~ e r -  nlarlied f loops lowest of all, tllough little, if 
tical, and tlie external or horizontal ; :~nd tlie any of it,  reaches farther back than d ;  it is 
planes of their respective 10013s are approxi- the second in size. ancl tylite circular (rather 
mately perpendicular to one another in the more tllaii a semicircle). I t s  upper limb joins 

BIGS.5 ,  6. -11emi)ralro~s lirbyrinth of Hcrliczr trlv u lbic i l la ,  x 2 ,  r*, b ,  cocliiea; h ,  its ~accnlan. extrclnity (or lagena) ; r., vestibule; 
g ,  its utricle; r? ,  anterior o r  rnperior vertical eni icircular  ca11:~l; e ,  external or horizontal semicircular canal; ,f, posterior o r  
inferior vertical semicircular canal; I', ~ l l e ~ l b r i i n o ~ ~ sCXII:II leacli~iy into ;iqueilnct of tile vestiljule; k ,  vascnlar membra~le  covering 
tlre scale  aestihuli. Opposite this, a t  i , :Ire seen tlre edges of the cartilaginons prisms in the fei~e.st?,nrotunda: from the edgea of 
tlrese cartilages proceeds the delicare membranc closing tlre opeilirrg of the cochle:~ (not sliolvh in the fignre). 

FIG.7 .  -P;rrt of the superior vertical senricircolnr canal, filrowing its atnpull;~, nerve of ami,ulla, ar tery,  and connective tissue of the 
perilymph, X 3. a ,  that  part  of the vertibule (:~lverrs) nes t  to the a~npol la ;  b, t he  ilii;+l;~tion of tlie :impulla a t  i ts  vestibnlar 
opening; c, where i t  passes into tile c;lnal proper;  1 7 ,  tlrc canal, furnished wit11 connc'cti\-e tissirc of the peril)-mpl~ aloug its concave 
border and aides, aa ;ippc:lrs clearly a t  tlie aectiorla e and J' ;  y,  nerve of tile ampulla; 11, artcry of the connective tissue, running 
benrath it, remote fro111 tile wall of tlic dnct. 

BIG. 5.-Coclilca, X 3. r z ,  external, b ,  internal, cnrti1:iginous pris tn;  r., memhranons zone; (7, s;rccnl:~r estrernjty of the cochlea, 
or 1:igena; e ,  rascu1:lr m c n ~ b r a n c ;  ,f, auditory ner\-e, its n~irldle hsciclc  prnctruting the internal cartilagirroua p r ia~n ,  to reach the 
membranous zone by  it8 terminill filaments; g, ;toilitory nerve, its posterior faacicle rnnning to the most posterior part  of 
till. iaueoa: 12. fil:rment to amnulla of uosterior o r  inferior T-'ertic;rl scmicirru1;lr canal. 

FIG.9._ij&tioh of the  cocllle;;. ( 6 ,  resiibnlar surf:rcc. oi' cxtcrii:il cartilaginous pri im, estendiny into d ,  t l ~ c  lugcn:~; c, section of 
tlie nlemljranijua zone : e ,  IIus(.hlic's proct.,- of t ho  ienestra, \.i.Ilicli, \\-it11 the millyins of the  cartilaginous pv!ams, afFords attircli- 
mcnt to the blind sac, f , occlndinc the fenebtl.;~ of tlrc ciiclilca; y ,  spongy \.\.;isuiiinr i l~emirr ;~nc~ of the s c ( ~ l u  ?;es t ibz~/ i ;  i ~ ,nuilitory 
l;itncllae of Trevir;inus; 5 ,  can:~I- in )i<lstcrior wall of tlrc Inzcna, liy \\.liiclr the nervous filirnicntr pllter its cavity. 

three l~ lni~es  of an) cnl~icni figure. I n  birds, the lo\, er limb of d as in man, and the two 
these tenns do not al3plr i o  n ell to the situa- olleii by one orifice in tlie vestibule ; but, as 
tion of tlle canals nith reference to the ases far as the bony tubes are concernecl, it is riot 
of the boclg, nor to the clirectio~i of tlieir loops ; sirnplr union, for the two lirni~s, before form- 
neither is tlieir rnrltrlal perisci~clic~~larity ing comlnon tube, t\\-in? half nro~lncl each qo a 
a e a r l  exhibited. The ~ l i o l e  set is tilted other (lilte t x o  fingers of oilc hand crossed). 
over l)nckward to sonic extent, i o  tliat the The loop of $ reaches rery near tlie back of 
anterior (tliougll still superior) canal. d ,  iii the sltnll (outside). The horizontal canal, e,  
figs. 5 ant1 G ,  loopi back be! ond either of t l ~ c  is tlie smallest, an~ l .  as it \rere, set witliin the 
others ; its anterior linib is also straightenecl loop o f f ;  its plane, tlre opl~osite of that o f f .  
out. The posterior (though still inferior) Tile bony cavities of e and .f intercomrn~lnicate 
canal, f, loops behind ancl below the Ilorizon- ~v11e1.ethey cross, :it or near the point of their 
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greatest conresit-, farthest away from the 
vestibule. This rlecussation of e ailcl f, like 
the twining inosculatioi~ of f aiicl d ,  is well 
known. I t  may iiot be so generally nntler- 
stood tliat there is (in tlie eagle ; I do not 
linow n~liether or not in birds generally) a 
t l ~ i r d extra-vestihulnr communication of the 
bony canals. J Iy  sections show this perfectly. 
Tile great loop of cl, sweeping past the decus- 
sation of c and ,f, i i  tliro~vn into a car i t j  coln- 
illon to all t h e e .  Bristles threncled through 
each of the three ranals can all he seen 
in (,oiltact, cros5ing one aiiotlier throllgh this 
ctilious estm-~estibnlar chamber. 1 call it 
Llie trivia, or ' three-W:L- place.' I t  is just 
\\here. in fig. 6 ,  the thi ec incnibinnous caiinls 
clecossnte, -iriiclwa~ bct~\ccn tile letters e. f, 
ancl c. I t  does not, of course, follow, tliat 
tile contained rnenihrnnoris cailnls intercom-
municate llcre, anil it :ipl)cors doin Ihsen's 
figllrcs tlint they clo not. Tile arnpullnr dilata- 
tioils of the ends of the canals are w\.cll iriarlied. 
Tlic anatoiny of associate soft parts is es1)lnined 
to some extent under fig. 7. 

The endoljinltll may conlaill otolith5 siini- 
lar to tliose great concretions callecl ' car-
stones ' in fishes. Tlie eqnilibrating flmction 
of tlie labjlintli ancl its finid appears to ]lave 
been determinet1 iilainly fro111 e~perirnents 
upon birds. The apparatus may be likenecl to 
the glass tubes fillecl with water and a bubble 
of ail, by a cornbination of which a surveyor, 
for example, is enabled to adjust his theodolite 
true ; for a bird somehow knon~s how the liquid 
stands i11 t l~ese self-registering Icrelling tubes, 
and adjusts itself accordingly. Obserrations 
made upon pigeons shorn, that, " rvhen tlie 
membranous canals are di~itlecl, .very remark-
able disturbances of equilibrium ensue, which 
vary in character according to the seat of the 
lesion. 7Vlien the liorizontal can:~ls a1 e c3i- 
viclecl, rapid mo~emcnts of the liead flonl side 
to side in a horizontnl plane t a l a  place, along 
with oscillation of the eyeballs, and the animal 
tends to spin round on a vertical asis. When 
the postelior or iilferior ~e r t i ca l  canals are di- 
vided, the head is mored rapidly l~ackwards 
and forwards, slid the aninla1 tends to ese-
cute a Inaclc~+arclsomersault, heacl over licels. 
When tlie superior vertical canals are divided, 
the heail is moved rapitllr forwards ant1 back- 
wards, ancl the aninla1 tenrls to execute a for- 
ward somersault, heels over head. C'o~ni~inecl 
section of the yarious canals causes tile niost 
bizarre contortiolls of the head and body." -
(Ferrier, Funct. of tJ~ebrain, 1876, p. 57.) 
Injury of the canals does iiot causc loss of 
hearing, nor cloes loss of eqnililjrium follow de- 

struction of the cochlea. Two diverse though 
intimately connectecl fuiictions are thus pre-
sided orer by the acoustic nerve, -andition 
and equilibr a t '  ion. 

The wonclerfr~l and enillessly varied songs 
of bircls may acquire for us a nerv signilicance, 
ilow that we unclerstand the illeclianisin by 
~vliich these engaging c.1 eatures derir e pleas- 
1u.e from tlieir own mr~sic. 'I'hough no t n o  
tliings c3nn 1vel1 be concei~ed lzlole cliiTereilt 
tllnn an anatomii.:\l disc:uisition :md n bird- 
song. cither mny lw ~n:rdc lo sal)ier\ c the llur- 
posc of n traer npl~rcciatiol~ of t110 ot1i:~r ; and 
theic innj he ph,~sio!ogicnl :a\l)ccts of ereii a 
' Christmas carol.' Er.l>~ollCoci,~.  

3'ashirrgton, U l i ~ ~ i t m a s ,1662. 

'L'III~, gcncral circulation of is : ~ t  tlre ~ i l ~ i l s  
tiines interrupted b j  local and l e in l ,o i a~  clis- 
tnrbances of very varieil size nncl sticl~gtll, to 
r~1iic.h the general nainc of ' storms ' is gi\en. 
Their most constant fentmes are, a inore or l ~ s s  
lwonol~l~ceclinn arc1 spiral n liirliiig oi' the air 
ne:tr the grot~nd, feeding an np-draught at  the 
centre, and nil ootflo~v above ; and a progressive 
lliotioil from place to place. along n tolerably 
well-clefined track. Cloncls, ancl gciierally rain 
as mcll, accon~pany the laiger storms. 

It  is our object to explain how these disturb- 
ances arise, to esamiiic the causes ancl lnetllocls 
of their peculiar action, ancl to study their dis- 
tribution in time and place. With this end in 
vie~v,tlie slrlall ilost-n liirln inds that coinillolily 
wise in the hot dry air of deselts will be first 
considered. Nest  will collie the great hurri- 
canes ancl tyl~lioons of the tropical seas, and 
the less ~ i o l e n t  rotary storrils of our own lati-
tudes, all of n.hic11 may be grouped together as 
cyclo~les. 'I'he tolnacloes and water-spouts, 
showing a peculiar concentlation of power over 
a very limited area, will be tliscussccl last. 

Tlle clry n.hirl~villds in flat desert regions 
snclclenly interrupt the calmiicss of the air, 
and begin tniniog, cntching r ~ p  (lust ancl sand, 
nncl carrg ing tliern 11p1\ nrtls tilroogh the sljiral 
Tortes to n liciglit of 111:xiiy Il~~ntlretl Tlieyfeet. 
are therefore iiot at all like tliose R 11iils forinecl 
about o11r street-cornel,s at the meeting of 
opposing currcnts of hl~~steriilq or~ ~ i n i l ,  the 
eddies of greatcr slrcngtli sven in v ii~clyPIOI I~ I -

tain regions ; for they arise iii n time of quiet, 
and begin their notion withonl :~pparciit cause. 
IIcnce rve m ~ ~ s t ,  a t  the oatsct, inquire into the 

1 Baaed 0x1 a s c ~ i e sof Iccturca deli~creda t  the Lowell insti. 
tute, Boston, in Janu:rry, 1883. 


