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record attests the enormous capacity and marvelous del- 
icacy of this temperature-equalizing agent, for within 
the limited bourids of the space separating earth and sun, 
the ten~perature varies froin a hundred thousand degrees 
above to two hundred and fifty degrees below the  
Fahrenheit zero; though accidents in this adjustment 
are attested by the traces of successive ice periods 

in the geological history of the globe. T h e  influence 
of liquid water in producing the various phases as-
sumeti by the earth's surface, during geological time 

6 RIONTHS, - T\vo " 

3 '< ONE " 

SISGLF. COPIES, - - T ~ NCEi.r'ri;. 

T , O N D O K ,  
-. . 

P L ~ B L I ~ H E DAT 

T R I B U N E  B U I L D I N G .  N E W  YORI<. 

P. 0. Box 3838. 

EXGLAND,- .. - - I j o  1 2 ~ ~ST. ~ 
.- -- - - -- -

-. - . 

SATLJRDXY, IIECEA~IBER10,1881. 

SIR-On the  evening of N o v e ~ u b e r  24, I noticed 

that the  spect rum of the star DI\I.4-30"s 9 5 7  has  a 

bright ballcl ill the  blue. ~h~ star, be. 
loIlgs to the small class of objects n-hicb colllllrises 
Rayet's stars i n  Cygnus (near this one)  a n d  Oeltzen 
17681, discovered here  i n  ISSO. 

O n  November 25 I found a snlnll plniletary nebula, 
undistinguisliable from a very faint s tar  by  the  or- 
dinary eye-piece, bn t  detected by the  character of its 
s11ectrum. I t s  place for ISSO is i n  R.A.  20'' 6"' zGs.4, 
deClinatioa+g7" g' 25" .  I t  follows TI'. 1s zoo  

three of arc farther soutll, and is 
followedrespectivel>. (5 alld 2<,3by faint2 4 .  

nor th  37" a n d  s o ~ ~ t l l  of t he  nebula. 20' 
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-

S H A L E R  AND DAVIS' GLXCIERS."lI' 

I ~ Y\V. J .  LICGEE. 

I. Introduction.-The extensive superficial mctlifica-
tion of the globe accomplished through tlie agency of 
water in its three states of aggregation has been rencle~.ed 
possible by certain properties peculiar to this substance, 
chiefly ( I )  its po\vers of assuming the several forms of 
solid, liquid, and vapor within the narrow range of ter- 
restrial temperature, (2) its erlOrllloLlS capacity for heat, 
and (3) its power of dissolving other substances. 

T h e  temperature of the earth's surface is ludeecl lal-ge- 
ly  determille(1- by the aqueous vapor cdntainetl in the at- 
mosphere;  for if it were not for this vapor the solar 
energy falling upon the earth \vould be radiated axay  
almost as quiclily as  received, and could exercise but 
little influeuce upon temperature. T h e  narrow 1-ange of 
terrestrial temperature since the beginning of the organic 

" Illustrations of tlie earth's surface. Glaciers. by Nathaniel South- 
gate Shaler, professor of pal ion to lo^^^ rind \ \ . i l l l~mR I o r r i ~I);ivis, in-

O ~ g o o d  

has long been the sul~ject  of study ; but it is only within 
the last forty years that  the newly co~n~nensu ra t einflu-
ence of ice has been tletectetl. 

11. l'ht. of e~t?-tk.-.The moste.ri~f;?y g k t c h ~ ~  !kt 
accessible of the existing glaciers are those of the Swiss 
A l p s ;  and the best route for the  student to pursue in 
entering this region is to pass up  the valley of the Rhone. 

~IIere, aside froin the x ~ ~ ~ \ ~ obscure~ evidence of the more 
former great extension of the glaciers, the various works 
of ice-action became constantly fresher in ascending the  
river until they disappear beneath the wall of ice consti- 
tuting the terrninal portion of the glacier. A t  the foot 
of this ice wall is au irregular mass of stones ant1 earth- 
the tc?.ii~i?zn~ across valley, cut iniilo?-iai'i1e-1yiilg the 
twain by the muddy strean1 emerging from ;r cavern in 
the bas31 portion of the glacier ; and the ice itself is gul- 
lietl by tiny rills and soiled with sand and dirt, and hard- 
ened with pebbles and rock fragments, which from time 
to tillle roll down its steep frollt, to the Inorainal heap 
lJelow, Ivllell the shl-illks for successive 
seasons, as  occurs xvhen the weather is unusually dry and 
warm, the  stream flowing from it becomes a torrent, 
and the moraine may be separateti from the ice front by 
a bclt of striated and polished rock, but sparsely cov-
ered with coarse debrfi ; but xj711en the ice advances for 
a nutnber of years the stream tlwintlles, and the sheet of 
earth anti stoilzs is pushetl for\vartl and crumpled u p  
into a mighty embankment, rising into a range of irreg- 
ular hilloclts. Marly such ridges attest the various per- 
iotls of temporary acivance in the history of most of the  
secularly 1-etreating glaciers. On ascending the ice 
stream itself, the superficial rocli-fragments, pebbles, and 
earth are round to he mainly in p ~ m l l e l  bands, or nz~dz'al 
iizornii~es; a~ i t l  on tracing these to their origin, each is 
seen to  consist of the two lines of matter const?ntly 
tutubling clown the valley sides or liate?*tzl ;11zomzizes 
which are brought into contact n-henerer two glaciers 
meet and merge into one. Thus  the  number of branches 
uniting to form any glacier can be determined from the  

of on its surface, The ice-stream 
occupies a croolied and irregular valley, the rate of its 
lllotion varying with the  declivity, regularity, and width 
of the channel ,  jilst as tloes of rivers ; though 
wherever there are consitlerable irregularities in the  
channel the strain produces craclts and fissures 
which gradually widen and form cvcvnsses, or even, 
~vhere  there is a sudden increase in declivity, separates 
the ice illto a mass of irregular pyramidal bloclts, or 
re, n~- ; bllt wllell a Inore urjifornl stretcll of gentle slope 
is reached the seracs re-unite, and the crevasses close,structor in  Geology in Hnrvard U n i v e r s ~ : ~ .Eohtoii . 1:. J:lmes 

& Co., 1881." ~ e r flarge +O,  pp. i - ~ i  and 1-108,111. i-ssv and one un-

numbered, with twenty-live unnumbered leaves discr i~t ive of plates, 4 transforming the fragmentary lnass again into a. solid, 
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homogeneous whole. T h e  cha~~ i i e l  is rarely so regular 
as  to allo\\j the ice to be  ;iltogether free flom crerasses. 
hov~ever,  Sucil fissures are in17arial1l!. a t  i.igllt angles to 
the  line of greatest tensioi-i, and greatly facil~taie melting 
by increasing the exl~osetl surface ; antl wlien 'tlie rills 
forrned by super!-icial melting flo~v into them they 
may be convertetl into cylintlrical shafts, or ~izoiriiiis, ex-
tending to the base of the ice. Tlius 110th crevasses 
and moulins remain ~~ract ica l lystationary, or rather, 

i 
- - ~  - . 

consicierahle intcrcst, and, i t 1  lat. 70", a vast sno~v-field 
, ~v i than inmri1e11se ice-stream tiescentling to the sea level ; 
i r\ hile on the opposite side o i  Russia t l ~ e  Cral  range is 

without g1aciel.s. 11) the Pyrenees the glaciers are much 
slirunlren, and 111ainl~- coniintd to inoist no~ ihe rn  slopes, 
t l~ougli  about one l~ui?tlretl in numl~er .  I11 the Alps 
there are over a thousantl glaciers, occupying, with the 
n61-6, a l~ou t  one-.seventh of the mountainous alpine re-
gion. East~vnrtl  there are no glaciers until the Cau- 

when either has passed he)-ond the olrstruction or il-reg- I c:lsus is reacheti, wl~ere  ;I co~isitlerai~lesnowy range, 
ularity of the cha~inel ~vliicll protluced it, it gradually 
closes, ant1 another forms in the same place, \\it11 respect 1 
to the valley aud not to the moving ice, as that which it 
originally occupietl. ~ l s i t l e  from the  longitutlinal metlial 
morai~les the surface of the ice is olten indistinctly i 
marked by  tiepressed transverse hzntls within ~vh ich  
wind-hlowii snntl or accumulltest l ~ ~ s t  (linonw as  tJtj-i- 
ban&) ; which I~antls curve t lownwar~l mec;ially more 
and niore toward the debouchure ot the glacier, ant1 thus 
attest the tlifferential ~ilotion of the vario~ls parts of the 
ice-stream. Tliere are, moreover. occasional scattered 
blocks of stone ant1 small pel~bles 17-ing upon the su r f ;~ce  
of the ice. T h e  1al.ger blocks pre\'etlt supertic-i:ll melting 
of the ice on which ihe!- rest, and hence l~ecorne appar- 
ently I~f'ted on colutnns of ice, formil~g ql(tci'c)--dtzBli-s, 
wllich so~netimes rea.ch a lleight oi' so11ie feet ; while tile ' 

srrlaller pebbles, on the other hantl, facilitate melti i~g,  
ant1 thus gradually sink into miniature ~vells  ptrl?aps 
several inciles in depth. 

Glaciers of the alpine type are supplied ljy the perpet.. 
.uaI sno\vs acc~nlulati l lg in the elel aiztl valleys and plains 
intervening l~etiveeil the highest pealcs. Over these 
~ilo~vfieltis-the /r,:u(: or fil-/z-the sno\v is generally 
granular and contains mucll air, especially near tile sur- 
face ; tllough \vllere it is thicl; its l~asa l  portions ma>- ap- 
proximate true ice iri structure. I t  is only hen :he nivB 
passes over the consitlerai~le declirity generally separ-
ating tile snow-field from rile ice-stream proper, antl des- 
cends below the s:io\v-llne, hon-el-er, that it llecomes I 

compacted, depri~.etl of its air, ant1 diininishetl iii voluine, 
so as  to constitute a veritable glacier. i-1glacial area 
may accortlingly he tli~itletl into ti\-o disti:lct regions on 
this basis alone ;-the nCvt, the locaiity of no melting 11ut 
of constant addiiion; and the gl,icier proper, the 1oc:rlity 
of' constant decrease. 111 polar regions the glaci;ll phe- 
nornena are more val.ietl. Thus ,  in Greenlantl, tile !transition ma.) be ol~jervetl from glaciers of the c11:irac- , 
teristic alpine iype to those of the cilaracteristic polar 
type, ill which the snow-line is at the sea levi-l autl !.he ( 
ice is essentialll- identical with the S\viss nt.\-&, though of 
vastly greater thickness. I t  is only slotv-moving glaciers 
of the polar type that give o r~g in  to ice-!]ergs-the terill-
inal poriion eltending into the sea '<until the buoyancy 

~v i th  ice-streams on 110th slopes, is i'ound. A few scat- 
tered glaciers ;we I;IIOI\II ill Asia I I i~ lor ,  one in Persia 
(on the volcano Ilrnlarentl,) ant1 many on Hintlu ICush ; 
tliougll tllese have been but ~nlperfectiy descril~ed. In 
the H i rna l ay ;~~  the glaciers are of remarkable slze and 
extent, tliough as  yet but 11;u'Lially known. In  tile South- 
ern Xllls of New Zealanti lie glaciers are also of con- 
siderable extent and of great interest. O n  the western 
l len?iiphe~e glaciers occur along the \\-stern bortler of 
Youth .\rnerlca as  far north as C'pper Chili, where they 
mainly tlisnppear, antl arc but meagerly representetl 
;\long tile Ailties and Cortlilleras until Oregon and \Yash- 
ington Territory are rencl~eil. 'Those occurl.ing within the 
United States are of little ]~ronlii?ence, however ; but they 
increase in si,.e ant1 nu~ube r  northn-artl, until a t  Mount 
St. E l ; ; ~ s  the ice re:~ches the sea level. In both Arctic and 
'auntarctic r eg ion  there are alsoimmense bodies ofmov- 
lng ice or nL\-6, consti~uting glaciers of the polar type. 

It thus appeal-s that glaciers are mainly confined (a) 
to regions of g r e ~ t  cold nntl considerable precipitation, 
(b)  to mountain ranges along ~vesterii coasts outsitle of 
the tr;ide.wintI Bones in ragions of h e a ~ y  and frequent 
precipitation, ant1 (i.) to interior ranges of great height 
and consitleral~le snow-fall ; n-hile jn) broad arid areas--
e len  t l~ough  " tile grountl i s  frozen to the tlepth of sev- 
eral huntlred feet" ( p ,  j6),--(b) interior ranges of lim- 
ited snow-fall, antl (c) reglons l i a ~ i n g  a hot ant1 dry 
sumn?er. ;Ire generally free from glaciers. T h e  essential 
conditions for glaciation are hence, st., cold of consitler- 
able intensity ; ?ntI., consitleral~le sno~v-fall : ant1 3rd., 
the a l~sence  of a tlry season of sufficient length to melt 
the winters' sno\I7" 

IV. D/'st~i'biriz'o?i q/ ~ltrcici-r.-"i~~ic ie i r i  The  most 
remarkable fact that has been tlist~overed by geologists 
(luring this centu~.!- is, tliat at vai-ious times in the earth's 
histor!- the glaciers, ~vllich noTv cover but a very sn~a l l  
space on tile eartll's surface, ce~ ta in l j  not over about one 
hundreth of its area of Iancl, have been extended until 
tiley occi!pietl a veiy large part of lantl and sea "(11. 38 j." 
The  glacial recortls are, ho\vever, so ephemeral that none 
save the last ice-period can ever be veil Itnonw to us. 
During :.Chis period the accumulation of ice n-as most ex-
tensive in regions whe1.e glaciers yet prevail, or \shere the 

of tile ice causes a mass to brecilt away from its attach- , various meteorological contiitions a t  least apl~ronch those 
ments, rise to the sulface, ant1 float a\vay, (11. 38,)scat- ' ivllich exis!ing ice-heltls intlicate to Ibe essential for glacia- 
tering the del~i,is frozen to its base over th t  sea-i~ottom tion, as  in the Alps, the Pyrenees, ;ui~tl Scantlinavia, over 
as  it gratlually melts ; for the bergs, as tile n61L of ~ v i ~ i c h  northern Europe, an(! in theHiln.-ilay;ls ant1 S e w  Zealand, 
they are formed, are gene[-ally destitute of superiiclal ac- 
cumula t io~~sof earth ant1 stones. 


Siuce in the cil-cuirip3lar regions the s~lo~v-lilie 
desce~ltls 
to the sea-level, tile ice 01 w111ter may not he lneitetl dur- 
ing tlie s~~ccee i l i~ ig  but Isuanier.  may remain rii i,ia for 
years or ages, as in the palrocrysLic sea seen by Nares. i 
Now such a sea mig-l~t be itsel!' o~erspreacl with snow to 
such a tlepth as  to depress the ice to the sea-bottom and 
to convert the \ \~ l~o lz  mass into nivS sin~ilar l o  that of 
northern G~een lmt l ,  or into a true continental glacier. 
Indeed-"it seems prohal~le that  the so-called antoretic ! 

continent is nothing but an immcnsz sheet of ice such as  
this paleocrystic sex ~vould I~econie if it were to increase 
in depth until it faste~letl on the bolton1 of the sea." 
(P. 31.1 

111. DIif~-/'bz~fzb~c?hi cxi:rt/i!,o. ,o-lircii3r.-- Jn thecf!?' 

Scaildiuavia~l mountains there are tile large sno\v-field 
in the gostetlal hignlantl with 11i;iny scattered glaciers of 

on the eastern hemispl~ere ; antl over ~llucll of the north- 
ern 112rtion of Sol-ti1 ;Iinerica a n d  a lesser area in the 
soutl~ern cxtreruity of Soutll America as  well as  isolated 
localitie, alorig the Andes :end Cortlilleras, in the wester11 
henl isp l i re  Over the plains of Sriitrerla~irl an ice-sheet 
illole tlian 4,000 Cect thick s\vept its tle111.i~ to tile flaillts of 
the Jura, a huntired miles nivaj- ; 11ut 011 the northern slope 
of the Alps the extension was less. Here the clirrctioll 
of n~otioii \vas evrrywllere tle;erminetl or at  least motlified 
byiocal topographical features. 111 the Pyreuees, the Xp- 
penines, tile t-olca~uc mountains of central France, and 
the Jura, in the Vosges, ant1 in Corsica, the accumulation 
of ice n-as little more tila11 the tlex-elopnent o t  an  exten-
sive sysLem of local glaciers ; and north of the Alps there 
is little ev~tlence of glaciatioil within inland Europe. T h e  
niost complete testirrion)- concerning European glaciation 
in the (Juaternary, is furnislled by Scalltlinavin ant1 Great 
Iiritain. 'iSrl-stcl;ing fro111 Scantii~iavia across the North 



SCIENCE. 583 
~- ~---.. 

Sea, which it must have nearly closed, the Xorth Europe I 
glaciers extended over Scotland, all the north of England, 
and probably all of Ireland. On the north its 1imi:s were 1 
perhaps the  polar ice itself, and in the west the deeper ' 
waters of tlie At lant~c .  The  southern limit of this ice- 
sheet was  in the south-central part of Eng-land " ( p .  40).  
This  was  probably " the southern edge of the polar ice 
tops [ i ce  cap ? ]  rather tlian a local systerii of glacial 
sheets" ( p ,  l o ) .  In North America the accu~uulation 
of ice was stiil more extensive, and of somewhat different 
character; " here the ice lay as  a continuous mass, stretch- 
ing down from tlie polar regions to the central palts of 
the continent, overlapping the shores for a great distance 
to the south along the Atlantic and Pacific coasts, and 
giving a continuous though irregular ice front across tlie 
land from sea to sea"  (p. ,41 ). The  terminus of this 
sheet is yet marked by moraines as  constituting the Ba~ilzs 
of Newfoundland, George's Banlis, Cape CoJ ,  l la r tha ' s  
Vineyard, and Block and Long Islands, and estendirig 
thence across central New Jersey, and south as  far as 
Washington. Tlie attenuated margin lelt less distilict 1 
traces ot its exis tenccn the hills of southtru Vi~.ginia, 
and thence into tlie higher Appalachians in North Caro-
lina, whence it returned hugging the western mountain 
slope, autl extentling through \\rest Virginia, crossingthe 
Ohio river near the mouth of the I i ana \~ l i a .  Thence 
the southern edge of the ice sliirted the north shore of 
the Ohio to Cincinnati, near wliicli place it sent a lobe 
across the river a few miles into Iientucky. " W e s t  of 
Cincinnati the front of the ice sheet inclined rapidly to the 
north-west, and becomes hard to trace. It probably pas- 
sed someivlrat south of Chicago, tlrrouqli ioiva, anrl thence 
through Illinnesota, fol!on.ing near the line of the hIis- 
souri to the Rocky LIountains" ( p ,  42):  In the Cordil- 
leras the ice was mainly confined to the h ~ g h e r  niouutains, 
and probably partoolc of the character of local or alpine ' 

glaciers within tlie limits of the United States ; ~vliile 
north of our domain " w e  Itnow little of its distribution " 
( p .  42) .  "There  can be little tloubt that the ice sheet 
was continuous from its southern face to the poles during 
the  depths of the last ice time. *:+* This glaciated re-
gion of North America incluties more than half the conti- 
nent ; in fact over tn-o thirtls of its surface felt the weight 
of the ice (luring the last geological period, and ~vorks  
its work in the esistingmeography " ( p . 4 4 ) .  T h e  thick- 
ness of the ice is not titfinitely k i ~ o ~ v n  except in the  vi- 
cinitv of &It. Washington, where it exceeded a mile. In , 
South America it is prol~able that continental ice never 
extended north of the R I O  de la Plata over the plains, nor 
beyond the Chilian coast on the Antles. , 
V. The wo?,k of fkc 9.11261;zZ Zld.~jze.-Water, whether ! 

liquid or solid, is a most efficie~it agent of eroslon; I ~ u t  
the mode ot action of tlie two forms is quite different, 

loosening, removing, and comminuting the rocky parti- 
cles, and finally beariug them to tlie sea to form new 
lands;  but in tile solid form only ~nechanical activity is 
manifested. There is, first, the enormous \veight of the 
glacier (mclre than a ton per square inch beneath a gla-
cier a mile in thicltness), enough in itself to colllmi~lute 
roclts not strongly coherent a~ i t l  well supportetl laterally; 
there is then the abrading action of this trenlendous 
weight dragged slo~vly for\vard--the ice being armed 
with fragments of rock frozen into its mass; and there is 
finally the corroding action of the sub-glacial streams 
(sometimes, perhaps, u~ ide r  great hydrostatic pressure) 
which co~istantl\- bear away tlie finer detritus and pre- 
vent the clogging of the glincl~ng faces of tlie glacial 
mill. The  rapidity of operation ot these forces must be 
almost beyond conception. Even in the diminutive 
Alpine glaciers the sub-glacial streamlets are so fully 
charged with impalpable mud as  to carry away Illore 

. - ~ - .-

material in a few days than is movetl by a sub-arial 
stream of like size in a year. Now, since the erosive 
action of the ice is proportional to its thicknessj anrl 
since, moreover, this action is niost effectively supple- 

elongated basin-like ponds ancl lake; tlotti~ig more uni-
form surfaces-the longer ascs coinciding \\-it11 the tlirec- 
tion ci ice-motion; v\illile at the  same time abrupt peaks 
ant1 irregular knobs are replacetl by gracefully rounded 
swells wit11 trains cf fragments to the leeward. Since 
tlie average ].ate of glacial erosion is so high (it was n 
foot in a thousand years, or more than seven times as  
rapid as sub-xrial erosion in New England) it ~vould  ap- 
pear that important geographical cl ia~iges ought to follow 
the visitation of an ice-sheet, not only 11y the carrying 
out of a new series of hills and dales, but by heaping up 
of piles of earth and stones of such magnitude as  to ne- 
cessitate the development of a new drainege-system ; and 
accordingly just such geographical vicissituties are  
abundantly attested in north-eastern United States and 
elsewhere. 

T h e  111ost conspicous evi t le~~ce of glacial action is tlie 
lllaiitle of &-iffoccul;ying areas formerly overs1)read by 
ice. This drift consists ot the niaterials torn up and ia- 
tliscrirninately intermingled by the glacier, ant1 is gener- 
ally a confused, unstratified mass of stones ot all sizes 
and shapes, generally much L V O ~ I I .ce.nentecl together by 
sa~i t l  and clay. It is sometimes heaped up in irregular 
~ l lora i~ies; some of ~vliich tlcuhtless rnarli the lines ot 
greatcst esteiision of the ice, while others probably indi- 
cate temporary pauses or re-advances in its secular re- 
treat. Along the coast tliis deposit has been re-arranged 
superficially by wave and tide, and has affcrtled material 
for immense accurnulatio~~s of iei-/-nceni.ift; the unmodi- 
fied basal portion being soineti~lles left in the form of 
gracefully arched ic/riictiin?~hB'iZs of elliptical outline, the 
longer asis estentling in tile tlirectioii of motion of the ice. 
In regions not subme~~ged  at  the close of tlie ice-period the 
upper portion of the tlrift has 11een ~uotlified by the action of 
running water and of vegetal growth. T h e  moving wa- 
ter was rentlered effective during tile retr.eat of the ice, not 
so much by the increased volume to be l~o rne  sea-ward 
a s  by the imperfection of the nascent drainage system. 
T h e  vallel s were clogged with glacial waste, for~iiing 
hosts of pools and laltelets which burst frorn t i~iie to time 
and shilted tlie hetrogenrous mass here and there in a 
series of pygmy debacles. The  terraces of this period 
along the Connecticut liver and its t~ibutaries contain 
scores of cubic miles of drift thus re-arranged, and indi- 
cate by the 'r  altitude that much more material than that  
nolv remaining has been removed. Among the minor 
drift phe~iomena are the isolated hills and greatly elonga- 
ted ridges of sand, gral-el, or stratified clay, denomi~iated 
nnsny, fin//zc.r,or ~>sker.r. " Y o  sufficient explanation has 
yet been given of their origin " (11. 66) .  In the best in- 
stance known the tleposit is probably a central terminal 
moraine, deposited in a valley of uniform slope, by a re-
treating local glacier. Other examples, however, appear 
to he nor moraiiial ; and it may be long before we under- 
stand the method of their formation " (,p. 68) .  

VI. 7 % ~  njrcl' ~kndlo-cof yincttrl $erzbn's.-The or<~a'a 
earliest of the several hypotheses ~1-hic11 have been put 
fort11 to explain the cause of the glacial.period referred 
the phenomenon to the secular refrigcration of the globe ; 
but the hypothesis is untenable, 5inceit does not contem- 
plate the several successive transitions from xvarmth to 
cold. 4 second hypothesis is that of I'oissoii, who sug-
gested that  in the proper motioi~ of the solar system it 
might from t i n ~ e  to time come into such proximity to, or 
recede to  such a distance from, neighboring stellar bodies 
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a s  to  materially affect the temperature of the planets. 
1
I 

"Th i s  seemed a very reasonahle view, and, indeed, it can- 
not well be quest~oned that i f  one-half of the heat that ~ 
reaches the earth's surface comes from the stars, it is 1 
likely to  be warmer near an agqregation of three suns I 
than it is where we are now" (p. 70) ; but astronomical ' 
considerations show that the hvnothesis as  a whole is 
untenable. Next is the view o t  kjell, \ rho attributed 
climatal oscillations to  chanqes to  tile relative position 
of sea and land ; hut the view is open to the sweeping 1 
objection that  the  formulated cause ~voulcl produce oppo- 
site effects from those which the hypothesis attempts to 
explain. T h e  effect of minor geographical alterations on 
climate cannot, however be denied. Tyndall and others 
have shown that  slight variations in the quantity of 
aqueous vapor, carbonic acid, or some other substances 
contained in the atniosphere must materially effect terres- 
trial temperature ; but any such variations ~ v l ~ i c h  we are 
justified in assuming would prsbably be inadequate to , 
alone explain the phenomena of the glacial period. T h e  
next hypothesis is that of Croll, who, recognizing the fact 
that the ( 1  orbit of the earth around the sun is not circu- 1 
lar, as  it might be  if the earth \irere the only companion 
of the  sun in the solar svstem " (11. 73), points out ( I )  
tha t  during periods of high eccentricity in the terres- I 
trial orbit the pre-ession of the equinoxes may lead to a 
considerable variation in the length of the seasons, and 
hence to a n  accurnulation of snow ant1 ice in the hernis- 
phere having the long winter and theshort  summer ; ant1 
( 2 )  that  when such accumulition was in the northern 
hemisphere the effect upon the trade winds woultl be such 
a s  to  deflect the Gulf Stream feeders to the south of Cape 
St. Roque and thence into the Antarctic regions, ant1 
thus further refrigerate the northern hemisphere. T h e  
hypo thes ;~is the most important yet enunciated, though 
it presents certain difficult.es. Other views are  that 
changes in the earth's axis of rotation, or in tlie obliquity I 
of the  ecliptic msy materially affect the teinperature of , 
the globe ; hut  these views can be mathematically proven 
to be  inadequate. Yet another hypothesis is that which 
attributes the phenomenon to  variations in solar emission, 
and which " seems a most likely cause of glacial concli- 
tions" (p. go). Less important hynothetical causes are 1 
minor geographical changes affecting adrial or marine 
currents--for instance, the comparatively recent elevation 
of Sahara, and the prob-ible late Q'iaternar!. tlepression 
and subsequent re-elevation of Alaslta and 1Canichatl;a ; 
but it is clear that no conceivable array of geographical 
changes can explain the origin of the last g lac~al  epoch, 

(T,,he c ~ ~ ~ ~ t i ~ z ~ ~ c d . )  

THEH I P F O P O T ~ ~ ~ T U S . - D ~ .Ilenry C. Chapman, of Phila- 
delphia, has recently devoted much attention to the anatorny 
of the Hippopot~mus,and has read an elaborate paper before 
the Academy of Natural Sciences, of Philadelphia. \\re 
notice that he draws the following conclusions : " begin-
ning with the ~ i g ,we pass by an easy transition to the 
Piccary, which leads to the Hippopotamus, atid thence in 
diversing l ines  t o  the Ruminantia  on  one hand  1the  Manatee o n  Paleoiltologists have no t  
ered a form which bridges over the gap between the I-lippo- 
potamus and the Manatee, but i t  will be remembered that 
certain fossil bones, considered by Cuvier to Ilave belonged 
to an extinct species of Hippopotamus, N.Af~,ili.us,are re- 1 
garded by Gervais a: the remains of the HnZithorr~itiiir fos- 
sib, an extinct Sirenean of which order the Manatee is aliving 
representative." Dr. Chapman adds furtlier on, " I do not 
mean to imply that the Manatee has necessarily descended 
from the Hippopotamus," but he considers that "there is 
some generic connection between them." 

--- ::: 

PROF. C. V. RILE>'believes that the diminiched virulency ' 
of Phylloxera in sandy soils is due to its mechanical action ( 
on the insect, his own experin~ents showing the difficulty 
such insects meet with in soils of a sandy nature. 1 
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~h~ assu id^^^^, nR.J. S. N in the ~~ chai r .  ~ 
Tl'il'ty one  llersolls llresellt- 
TIii. folloivilljr paper  was read by Prof.  LOUISELS-

"R"","~ D. 

O N  T H E  c ~ ~ ~ THE - D ~ ~
B~OPLASSON-

DOCTRINE. 

Mr. Presideut and Fello\rs of the Academy, Ladies and 
Gentlemen.-Last Mav, a t  the meeting of the American 
Laryngolcgical Association, I rendered account of some 
histological investigations of the cartilages of the larynx, 
a report of which is pul~lished in the October Number of 
the Archibcs of Lnrl,nqology. As  the structure of hya- 
line cartilage has an important hearing on my subject of 
this evening, I crave your attention for a fen- minutes for 
a brief rei7ieiv of those in\~estigations. 

You know the larynx or voice-box consists of a frame- 
work of cartilage or gristle. This cartilage is called hya- 
line or giasslike, because it is opalescent and looks like 
milk-glass. Having frequently been examined under the  
microscope, it has always been loolted upon as  one of the 
simplest tissues, na~nely,  as  being composed of a hard 
matrix or basis-substance, in which are imbedded a num- 
ber of srnall softer hoilies. l'hesc sl~fter bodies, the carti- 
lage corpuscles, have since the establishment of the  cell- 
cloctrine heen calletl car t~lage  cells. AS these cells were 
ltno\vn to be alive, the question which scieutific men have 
harl to try to answer was : how can they obtain nutrition, 
being iso!ated anti enclosed in the firm, unyielding carti- 
lage bas is -subs t~nce?  

\flitbout going too much into details, I may say tha t  it 
was assumetl that noul-ishing liquid reaches the corpuscle 
either by imbibition ant1 tiiffusion or else through canals 
or fissures in the homog-eneous basis;substauce. T h e  idea 
of the existence of c'ju,ce-channels originates with VON 
RECKI~IXGHAUSEN, others bada l t l ~ o u g l ~  befor-e him 
spolten of " pores" through which nut rknt  juices might 
pass. BUDGE and others believe in the presence of regu- 
lar canals tor this purpose, while T I L L ~ ~ . ~ N N S  and many 
with him 11eliel.e that hyaline basis-substance consists of 
fine fibrils so closely held together by acement-substance 
that the mass appears to be homogeneous ; it is supposed 
by some that t11is inter-fibrillar cement-substance is a vis- 
cous, soft material n.liich permits the imbibition of nutri- 
ent liquid; by some that there are clefts or fissures, and by 
others that  there are regular clianiiels tunnelled in this 
cement-substance. On the other hand, HEITZAIANN, 
SPINA, FLESCH and others have found that there are ci- 
lia-like offshoots or 111-elongations of the substarice of the 
corpuscle penetrating into the basis-substance. Such pro- 
longatlons l,,ight carry nutrition, I have hat[ the op- 
portunity 6 or 7 ytai.s ago to repeat lIeitzmann's observa- 
tions under his own eyes and with his assistance ; but 
the results as to their correctness at  which 1 arrived, were 
to the best of nlJ- belief uninfluenced by him. 
MY own recent investigations 'lave not  confirmed 

the existence of such offshoots and shown that they form 
an inter-connected reticulum or network throughout the 
basis-substance, but I have discovered in several speci- 
mens, small lumps i n  this network xvhich, by all tlie tests 
applietl to them, were proved to he lumps of living mat- 
ter in various stages of existence ! These iuvestigations 
are illustated by the accompanying drawings viz. 

Fig. I ,  exhibits the appearance of a longitudinal section 
of the plate of the thyroid cartilage with an amplification 
of Ioo diam. 

Fig. 2 ,  S ~ O \ Y Soffshoots tronl the cartilage corpusclesa~ld 
the network in the basis-substance with more or less large 
granules interwoven, a s  it were, iii the network. 
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