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TIIIG il~tli\iiinal coiletl shell of cverl existiilg 
N a u t i h s  m:iy be said to pass tllrotlgll tlic, stages 
of tlie protocoi~cl~,  it  is almnj-s 11c:lrly or ~ ~ l l e i l  
quite s t ra igh t ;  then th~ougl l  the first of thc 
c>onch, ~vlleii i t  bccoincs sliglltly c n r ~  cd ; tllen 
through a morc com;~letcly c n r ~ e d  peiiotl, in 
~vhichthe fils1 nhorl of the spiral is c.oniplcted. 
After this it co~itinues tlie spiral. tlic nhol l s  
on tlie ontsidc tonclling the rxterior ol' tlrc 
inner ones, :mil sj)ic.:~ding SO ral)idly 11) g 1 . o ~ ~  tll 
a s  to  l~cg in  to  c n ~  clo11 them. :~ncl, in cx\t~,c~nc. 
easei.  to conll~li~t el! coi 'r thcni 111). 

'rile nntalnl l~ifeience L'roln t l ~ e s c  f i ~ c ~ s  oliltln 
IIP. tllnt thcre w:ri n siinilat socccssion ol' foi i r~s 
ill payt times, -- t l ~ cilraight I I I  t l ~ ciiloit I c31nott>, 
Ilit. : I ]  c,t~ntt>antl the pj rocer:ln i r i  sr~ccc,etiins\ 

cestol s piedotninated, to l l ~ c  cvcl~rsioil of the 
coiletl nncl 11rrhal)s ere11 ol' tilt. n~~crl:itc tyl)rs  
or varieties. 

Tile invol~i te  shells of tlle earliest geological 
t i n ~ e s  were thcreforc probably e ~ o l r e d  froin 
tile straiglit colics in regular snccession ; allti 
we 1 1 1 : ~ ~pcrhapa hope t o  eventually gel the e l  I-

t1cnc.r of this snc~ecssion i11 the t'orn1:~tiolii. 
'1'11~ cb.;nc.t conntclyart of onr logical ~ ) i c t ~ r ~ c \ ,  
a s  I3al ianilr iias trnly staterl, tloes not,  I ~ o n  -
el-cr, cvist in Illc linotr, n geological ieeorcls US 
1:lter i)e~iocl-,. ,iudgetl hy tlie coli~iiioii cl:~isi- 
ficatiou, b~ tllc prcl alcllt ideas nhont the nlti~i- 
itics of' ailult s t l ~ i c t ~ l r c i ,  ancl bs  tthc 1noc1eh oi 
occ8nrrcnce ol' (bsa,ili in Ihe gc~ologicnl Sorri~:~ 
i i c , ~ ~ ~ ,thc for~i ls  -,~~111to I)c mitl~ont lclvl o1 
ortiel in  thclir ,ucc>cssion. 

[{LI~let us  in~:igi:lc, (11;riilg tlie l):~,Ieo~oii,, 11 

tiiii'ercnt coirclifioil of airiiirs from R hat i i  ~ l o \ i  
perio(?b. :iird tiit, 11:1ntiii:u1 0111~- ill C ~ ~ I I I I ~ J : ~ ~ : I -tllc gcncrnl ~ ,n lc .  1,c.t i i i  suplx)sc ~ L I C ? In l,hing, 
I i\ el! ~notlern tiines. '8'liis R oiiltl i ~ ( >:L 1 ~ ~ 1 -l~o\siil)lc a s  llic quiclr c \olut ioi~ of forins and 
fectlj clear ant1 leqitirnnte ~nclital conception. 
T l ~ c  st;nctnr:~l rc1:ttioni of tlre adult s l~el ls  
appe:iretl also to  clc~m:~ntl ti1c1 s:~me solntioil, 21s 
shown by the rc~sc:llcl~es of (,)ricuitedt, 13ronn. 
ancl l:arr:unde, ancl late1 ol' C;nntlr~. Ear -
rande's ~cst lnrcl~cs t l ~ : ~ t:ilso c l ~ ~ l l ~ i l i i r a t e d  this 
iclezt could not he maiutainetl. :ind tha t  t l ~ c r c  
\\,ele rio s t~ch  sel ial 1el:~tioni in time. but that 
the whole sci~ies oi' forills 11el c prcient ill lllc 
earliest period, :tntl occurrccl side 11y sidc in  

strnctnrc, and t11:rt i n  tlii,se :rneient l~er iod i ,  
near llieir l~o in t s  of oligin, :~nirnali forincl t l ~ c  
c ~ a ~ ~ t l i  unoc~cnpiecl, and wcre 11oL co~ilpa~~tr t i rely 
on l j  :d)le, tint i n  facnt forced, to miqratc ill 
r \  crJ- tlirect,ioi~ into iliferclnt habitats,  anrl to 
innkc, l~'rlwtr~al cliforts to rt~ndjust tlicir inlrer 
ilc,tl st~nctrii ,cs to  thc, new r rqr~ i rcme~l l sclc 
ma~it lcd h j  tllcsc corn1):~rati~cly ~rnocc~npictl 
fields. Ii'ootl :~,ricl opportru11it~- ~voiiltl llavc 
acted, i n  sac.11 localities, a s  stimn1:ints t o  ncw 

each paleozoic forruation. Tliis great a n t l i o ~ ' ~  efforts f o ~  of Inore perfect nd:ip- tile :itt:linmcnt 
concli~sionr h:n t2 had a cnrions efycct up011 
l)aleo~itologists. I t  11:~s been llastily assumed 
by some, tliat tlrc mental concel~tion n a s  Inore 
perfict than coil111 i)c ~c:~lixetl in n:rtnre : by 
others, that  the iinperft~c~tion of the rccol~ilecl 
succession wnb all ol)rions rel'ntntion of the 
rloctrinc* of evoli~tioir, and all pursuit of :I 
solotion ~ i ~ i n o r t l ~ )  of seiious attention. 

Statistically, the logical llictnre coinciclei 
wit11 the ohserretl si~ccession in tiwe. Tlre 
straight cones 1jrcilomiuate in tlie hilnrian nlltL 
earlier l~eriods ; 1~11iletile loosely coiled : L ~ P  

mucll less numerous, and tlic (.lose coilccl and 
involntc, thong11 present, arc cctrenlely r:rrcl. 
'L'llc loosely coiled antl close coileil g a i ~ i  i n  

tation :ind for cl~ailges of st~ncturc. ~iscfnl l o  
that  t,ntl. n ' c  cnti neither iniaqine tile ell'ort 
l o  cl~xngc or  h:~hitat :1nd l~:ilnts, without its 
can>(,. tlic primnrj p1iysic:rl stimulant, nor the. 
c3h:lnge of itrncturcX, except a s  :z rcsnlt, of tlrc 
tlirect, eil'ort to ulcct thc ph j  sican1 reqaire~nctlt -
nit11 c~oxrcsl)onclilig or snitahlc stractures. 

l,ct 11s also t>Il:~r~gcsc01111~arc tllr tokin:, 
placc tltliing t l l ~  \~ l lo lc  of' paleozoic tiine wit11 
tllose Irno\\n t o  have orcmrctl in  certain iso 
lutecl C:LZCS in  rno1.e recent times ; sucll, fol 
eu:tmple, as  tliat of %tcinllcim. nhere a siilglt, 
species, iiiriii~ig itself iu n l r  nuoccwpieil ficltl, 
proceeclcd 17 it11 uncvmnpled iapic1it~- to fill i t5  
reqairc~uents  by thc e \  olution of new serie? 

numbers in  the calbonii'erons. xirtl the i n ~ - o l u t i ~  ancl many species, all dif-Eel,ing from each other , 
are  morc numerous than i n  the Silurian ; ~vhile, bnt all rcferernhle, 1'5. intcrmcc1i:ite varieties, t o  
in the later times o r  the Jur :~ .  all disa~)l)car CX- tile original fonn, - in this es:uin~)lc, rcallg :I 
c'eltt tllc close t~oilecl ancl the i n ~ o l n t c ,  thcre iingle species, the n ell-Itnow11 Plar101,bis :iequi 
being a decidecl 1~r~eclorninanccof involuti, nmhilicntiis. 
shells. Thus  n7e are 2~111~.117re1 ersinq the 
1cc0rd and tra,rellillg I)ncl< th tllc? ~ i ~ i r i a n ,  TVe regret that  npaco doen t r o t  permit, solnc account. of t h  

to that antcc.ctlel,t to ljcriocl, ill : ~ ~ ~ t h o r ' ~ v o i l ~ ~ r f ~ ~ lSys thne  si111rjr11boot<, ihi: ilc la BohBrno. 
\Vl~l lcopposed to :~lmorLevery tlrool.etic;il conclasion and thc 

the protozoic, tllere lnllst are tillle general arrangcmant of tlie facts rlrarlo by iriln, rve have t,he 
~troiigestfceiin:.~ of respcct aod ndmir2rtion 'for his poweril of ob-

when the straight cones o r  tlleir immediate an- servetiou. tile tet:lit~iqtlo of hi8 work aild publicationu, and the 
surp;~dsiiigun~cifislrnudsof his life, spcrit i r i  tilo piir.iiuil of what 

1 Co~rclurledfrom So. 5.2. he drcms t r v  bo vital t ruths (see Scic??,ce,Nos. 43, 4I) 



I f  rre adinit such possibilities, ancl tile11 find 
similar pheuome~ia in the pn leo~oic  epoch. ne 
shall no longer need otlr f i ~ s t  pictnre, hut  can 
construct a Far morc ~intural  one. 

Tlie Nautiloiden nrill not then present lliem- 
s c l ~ e sas a s i ~ n l ~ l e  cliaili oi' bei~ig.  I ~ l t  a s  they 
really were. -screral  tlistinct stoclis, or grant1 

this a s s c ~ t i o ~ i ,  e l e n  illto some mi~lu te  structural 
characters. Tlins tlie mesozoie arniiio~loicls 
h a l e ,  i n  all forms, a curious little sliort collar, 
which arises fiom tlie septa, a ~ i d  s ~ ~ r r o u ~ l d s  
tlie siphon. I t  secms to be 11selul simp1)- t o  
close the joint, aiitl l~cr l iaps lllaIre tile coiinec- 
tiolis of tliis tobe more perfect, and exists ill no 

series, and each of tliese grnnil s e ~ i e s  i l i~is ihlc  nautiloid a t  preseilt kuonn.  I t  n a s  supposecl 
into m:inj snlaller lines of ge~ietically c o ~ ~ n c c t -  fro111 i ts  d e r e l o p m c ~ ~ t ,  ele., to  be colliined t o  the 
ed forms. I11 the Cainhrian, or perliaps e:ir- ,lnirnonoiclca of periods later than tlie paleo- 
lier, soale of these clo not ha7 e close-coilecl richzoic, 11ut has recently b c e ~ i  noted b p  B ~ T  
forms a t  all ; some of tile111 have : bnt all, ex- ill x Goniatites of tlic carbonifcrons. \\ e hnve 
cept the most p r i ~ n i t i ~ e  i h u i ~ d  i n  a siinilar way e l  ery clistinctive st111o- series, n,liicll arc  corn- 
posed ~ ~ l i o l l y  of stlaight or arcuate forms, h n ~ e  t m a l  peculiarity of the rr~csozoic lllnino~iites 
sollie close-eoilecl species. These n e call often 
trace directly with the  greatest ext~ctness ,  hot11 
by  their i levclop~ne~it  and by the gradat io~ls  
of tlic adult forms, t o  corresponding species 
a111o11g the straight Orthoceratites. 

T h e  series \ye ha7e desc~ibed  above, from 
Orthoceras t o  Goniatites, co1iil)ares closely 
with any  single genetic series of the Nnutiloi- 
dea, and shows that  tliis o~,tlinnl t j p e  a ~ o s c  

appearing in solne form among the Goniatites 
of tile carhouiferoos. 

T h e  collteinplation of the wondelfnl phe-
aolnen:i preselitecl by these series lias finally 
lecl the author, not n~itliout reloctanee. to  tile 
coiiclnsioli that  the ~)lienoinena of e ~ o l u t i o n  ill 
the paleozoic wele ~listiiiet from tliose of later 
periods, har ing  tnlien place nit11 a rapidity 
paralleled only in later times in  unoccupied 

very suddenly in  the l?rotozoic. and e ~ ~ o l r e d  fields, like hteiiiheim.l 
true naiitilimi shells in tlie C'nrrlbria~~ or earlier. 

The  iimmoaoiilen el 011 ed from tlie nau-
tilian forills of tlie Canlbiian into series. n hich 
are  strncturally lnncli more distinct f ror~i  each 
other in tile paleozoic tliali an! groups of the 
same ~ralue (i .e. ,  genera) ill the sncceedilig 
formations, micl tlins, ill clifi~rcnt b11t equally 
1)lnin characters, teacli us  that they also had 
n c~uiclier evolutioli nitlliii that  periocl itself 
than ill tlie latcr formationb. Fithcr this was 
the case, or else the  il~ninolioitlea must 11%~ e 
been created in fill1 posses~ioa  of a n  orgnniz:~- 
tic111 only attained by similar pa~a l le l  icrics of 
congeneric, close-coiled nantiloids. aftel pass- 
ing t l i r o ~ ~ g h  all the interniediattl tlansforma- 
tious above described. Here is a curions fact : 
though taxor~omieally eqnal, n e  callnot com-
1)a1(~the wit11 the o r r l c ~  of tlie Ilmiiio~~oiilex 
wliole of the Sautiloiclea. but only n-it11 a iiiore 
o r  less peifect single series o f t h a t  order. This  
phe~iornenon fully accords n-ith the t r ~ l e  pictnre 
of the genetic 1.elations. T h e  remarliably surl- 
dell apl>e:trance ancl fully cle~cloped structures 
of tliese earlier alnmonoicls filielj- illustrates 
tlie fan-like charactcr of tlie evolution of fortlls 
from chronological ceiitrcs of distribution, and 
the quiclinesl; with which they ~ i l u s t  have spread 
and fillecl up the unoccapieil habitats. 

After the paleozoic, no abzolutelp new struc- 
tural lnotlifiuations are  producecl ; thougli the 
cornplicatioil of the structures is  carried so  
mncli faitlier tha t  n-e are a t  first a p t  to  im- 
agille there 'Ire sereral nem 
ture in  the trias ancl Jura .  MTe call carry out  

Tlie llyl~othesis of \\?aqner, that  a11 nnoccn- 
pier1 field is csseiitinl for tile el elution of new 
forms. gains iin~iienscly in  impoitance, if, as  me 
suppose, it  is placticnl to  apply it  t o  tlie e s -
planation of tlie plieno~nena n e have o b s e r ~ ~ e d .  
El e l j  naturalist nillst see a t  once, b? his on11 
special studies, tliat this is tlie o i ~ l y  en so liable 
eupln~intion of the frecjnent rnpiil clevclopment 
of t j  lses in  new ii)rm:~tions, a i  well a s  the snd- 
clen appearance of so manj  of the  clifrerent 
types of i i i rer teb~ntes  in the paleozoic. S e n  -
I~exry's theoiy of c j  cles of seclime11t:~tion shows 
that  the  srtdcle~i nl)pearmice of types is inex- 
plicable. except upon tile supposition that  the) 
retired nit11 the sea betweell each period of de- 
posit, and  again r~turl iecl  afier long intervals 
of ai)sence, or l>eriiaps lriniie their appearance 
for the iirst t i l ~ ~ e  en fa~ ina .  in a g i ~  

\\'it11 this csp1:lnation a i d  tliat or \Yagncr 
the  facts we l i a ~ e  o b s e r ~ed fully coincide, a ~ i d ,  
we tllitili, amply explain tlie pl le~~oinena,  both 
of sr~cldea appearance in the iirst deposits of 
formations. and subsequent quick clevelop~nellt 
i n  the ueeessarilv nnoccupied hal~i tats .  T h e  
researches of Earrnnde. ,llesmider Agassiz, 
Bigsby. C:avclrj, and Illany others, sliom us 
that  this nus st have been especially true of 
tlie paleozoic or of tlie protozoic, if this sup- 
poser1 period is admitted, a s  compared with 
s~tbsecynent periods. 

W e  finil, t l ~ e n ,  that,  in  order t o  ~ i i a k e  our 

1 Another statement of thpse facts ill tbe form of a Inm 0:
evolution is giveil in the 'Gelrern fossil cpphnlopods 

(p,.,,. Bost, sot. nnt, I ~ i r t . ,xxii. ~ s s s ) .  
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logical and generalized picture of exact corre­
spondence between all the changes in the life 
of a nautilian close-coiled shell and the life of 
its own group accord with the facts, we must 
be careful to limit*it to groups quickly evolved, 
and these exclusively paleozoic. 

In 1843 Auguste Quenstedt began re­
searches which ought long ago to have led to 
this solution. He demonstrated by repeated 
examples, that among diseased types the most 
extensive changes of form and structure might 
take place in a single species, and within the 
narrowest limits of time and surface-distribu­
tion. Quenstedt was thus the first to show 
that in diseased forms the shell had the in­
herent habit of reversing the process of growth 
and evolution, and of becoming more and 
more uncoiled by successive retrograde steps. 
Yon Buch and Quenstedt, master and disciple, 
and the author independently of either of these 
predecessors, in three successive researches, 
have arrived at the identical conclusion, that 
these uncoiled shells are truly distorted, or, as 
we may more accurately express it, pathologi­
cal forms. They are not, however, rare or 
exceptional, as one might at first suppose, but 
occur in numbers and in every grade,—from 
those that differ but little from the normal 
forms, to those that differ greatly ; from those 
that are exceedingly confined in distribution, 
to those which lived through greater lengths 
of time. But in all cases they exhibit degra­
dation, and are expiring types. The author 
has repeatedly traced series of them, and stud­
ied their young, partly in Quenstedt's own col­
lection. In all cases they show us that great 
changes of form and structure may take place 
suddenly; and this lesson could have been 
learned from Quenstedt's work and example 
as' well forty years since as now: and in all 
species the young are close-coiled, even in 
some which are arcuate in the later larval, 
adolescent, and adult stages. Baculites, the 
extreme form, is straight, and the young still 
unknown. 

When we attempt to resolve these pathologi­
cal uncoiled series and forms, which show by 
their close-coiled young that they were de­
scended from close-coilecl shells, we find our­
selves without comparisons or standards in the 
early life of the individual. The laws of gera-
tology — that the old age of the individual 
shows degradation in the same direction as, 
and with similar changes to, those which take 
place in successive species or groups of any 
affiliated pathological series of uncoiled and de­
graded forms — here come into use, and serve 
to explain the phenomena. This correspond­

ence is shown in the uncoiling of the whorls, 
loss of size, the succession in which the orna­
ments and parts are resorbed or lost, the ap­
proximations of the septa, and position of the 
siphon. I t is quite true, as first stated by 
Quenstedt and also by D'Orbigny, that every 
shell, when outgrown, shows its approaching 
death in the close approximation of the last 
sutures, the smoothness of the shell, the de­
crease in size, etc. ; but, in order to realize 
that these transformations mean the same thing 
as those which take place in any series of truly 
pathological forms, we have to return to the 
types in which unfavorable surroundings have 
produced distortions or effects akin to what 
physicians would term pathological. This fre­
quently happens in small series of Nautiloidea ; 
and, if we confine ourselves to these, we can 
make very accurate comparisons : or, on the 
other hand, in the case of the Ammonoidea, 
we may trace the death of an entire order, 
and show that it takes place in accordance 
with the laws of geratology. Such series, 
among the INTautiloidea, are abundant in the 
earlier formations ; but they have not the gen­
eral significance of the similar forms among 
the Ammonoidea, and can be neglected in this 
article. There are no known cases of degraded 
series of uncoiled forms among the ammonoids 
of the earlier or paleozoic periods: they may 
have occurred, but they must have been ex­
cessively rare. In the trias and early Jura, 
pathological uncoiled forms are rare among am­
monoids, but in the middle and upper Jura they 
increase largely ; and finally, in the upper cre­
taceous they outnumber the normal involute 
shells, and the whole order ceases to exist. 
Neumayer has shown, that a similar degrada­
tion occurs in all of the normal ammonoids of 
the cretaceous, and that their sutures are less 
complicated than those of their immediate an­
cestors in the Jura. This proves conclusively, 
that the degradation was general, and affected 
all forms of Ammonoidea at this time ; since the 
uncoiled forms are not confined to special local­
ities, as in the Jura, but are found in all faunas 
so far as known. The facts show that some 
general physical cause acted simultaneously, 
or nearly so, over the whole of the known area 
of the world during the cretaceous period, 
and produced precisely similar effects upon the 
whole type as had here and there been notice­
able only within limited localities and upon 
single species or small numbers of species dur­
ing the previous periods. This general cause, 
whatever it may have been, acted on the type 
so as to cause the successive generations of the 
larger part of the shells to become distorted 



sin:llle~. :~ncl nlole c j  lindricnl 111 tlicir I\ liorli. 
smoother, ailtl to  1o.e t l l e i~  complicntetl ihlinteil 
sutures. I11 cstrenie cases the3 brcanlc again 
pelrectly s t ~ a i g h t  cones, like the olthoccratitic 
radicals. S o  much nlilrc a le  tliey, tllnt i t  is  
clrlitc co~li~nor? i h ~tliosc 171x0 :lie 11ot s t r~dents  
of this gronl) t o  inistalic tl~cx dog~ntletl Baculitcs 
for the radical Orthoccins. This  clccreasc in 
size, ineleasing smootlincss, and niicoiliiig, is 
~ x e c i s e l j  p:irallel v i t h  t11' similar t rnnsfo~ 1i1:1-
tions taking place tluring old age in the 1101 ninl 
involilte shells of the Jnrn ,  nlhicl~, nl1t.11 oltl 
e11oug11, xlso clepn~t  from the s p i ~ a l ,  or teiicl to  
s t ~ a i g h t e n  out,  and alnays lor(& tlirir olna-
~ n e n t s ,  tlccrcnsc in  size, and so 0n. l  

The  universal :~ction of the s111 rorintlings, :LS 

we now I ~ I I O T I ~them, is ce r ta in l~  11ot esclns~vely 
favorable to  the continuance of' lifi., :lilt1 I~I : I J  

be nliollj more or  less i~~lf : l \oinble .  I t  c ~ r -
tainly pelpetu:111~ excites tile anini:il t o  lien-
:lnd inore po\rerfbl csertioiib. rind, li1,c~ pel- 
petnal friction, n e a r s  out its s t~rrctures  by the 
e f fo~ts  which it ol)lig& i t  to ni:ll\e for tlie sup- 
port of the s t i r~ctrucs ill doiilg \\oil<. A t  l i ~ h t  
this lencls to  tlcvelol)mc~nt, tile srrl~pij 11c.1ng 
greatel tllan t l ~ c  tlcnia~id ; I)ut yooncr or Intel , 
and with ollvarj ing certnintj . the clc.inanc1 ex-  
ceeds the pon ers oi' iuppl j  , : I I I ~ ~old nge set.; 
in ,  either p re~na tn~ .e l j  , or  :lt the, te111iin:rtion of 
tlie 11iual c l e ~  cloprl~ent:~lper~otl,. Tlic remarlr- 
able and a t  prclscnt ~1niy11c cu:~mplc of tlxc 
hirimoiioide:l plnccas 11s 111 a po\ition where wc 
c:ln see the s m i e  p ~ o c e s s  tal\iiig l~lncc in tlic 
i111ole of :I 1:rrgc g ~ ~ o i ~ l ) ,  n it11 nttcndnnt ~)lic>iionl- 
t.na similar in cvclrj ~c',l)cct t o  tllosc 11 llicl~ u e  
ha\ c o1)servetl in i n d i ~  it111:il s l i c l l~  of t l ~ c  smiic 
order. 

I n  i i r ~ ~ n l ) c ~ s  nlid ill of ipcc*ici n11t1 gcncr:r, 
the coniplicatlon of the nnli ~ ~ t t , :  st1 irctn~c,> 
:rntl tlic l)~otlrlction of tlic e~ter11:il or ~lnliients 
011 the shclls, tiid oicler I c:ic.lic- \\lint :ii)po:iir 
to  1)e t l ~ c  liiglic~\t . t :~ge of t l e ~ c l o p i n ~ ~ ~ ~ t  i l l  tlicl 
, J ~ I ~ : L: tllcn I e t ~ o g lession begins, anti, ste:tdilj 
g:!~ning. i innl l~ nfkcts all ibiiiis of llie t \ pe. 
a ~ i t l  i t  hccomi~s c s t i ~ l c t .  ~ i i l a l l c ~ ~  of' the s c i i c ~  

km~nonoidc ,~  i:o the
n~i t l  8-:~ntiloltle:i t l i ro~~gl i  
<:line l ~ r o c c i i  in tllrir 1 cspecafi\i, tlint~-liiuits ,  

enable ns to  e s p l a i ~ i ,in some n ~ c n s ~ i r e ,tile 
equivalent p h e n o n ~ e ~ ~ a  of tlie lil'e o f t h c  gionp ; 
nud n-e are unal oidnhly led to  entertain the cx- 
pectation that  it  cloer expinin it. This  expcv- 
tation w:lb actrlally fornlnlntetl a s  a 1)robzik)le 
law fol tlii. wllole animal lcingclom by  IIneclccl 
~ I Itllr snnie !car (1866) ab the author f i ~ s t  
pnhlislictl 011 tlie Tct~abrnnchiatn.  IT-c arc 
therefore :r'nle to  quote this lcatlcr in science 
in support of onr weaker l c n o ~ ~ l c d g e  ; aiid also 
a pupil of Iiis, \\7nrtcmhurqer, who has an-  
~ior~ncei lthe same lesults attai~ietl  b j  rescarehe5 
on the Akmnionitcs of tlic Jnr:~. but, nntnrni l~ 
l~erhal)s,  omitted to  rccogniae allj olle hut  his 
honored master.  

Tlie cvide~lce is I e r y  strong, that  there is :L 

liinit t o  co~nplicntio~isthe p ~ o g r c s s i ~ - e  \rliicll 
nlaj take place in  any  t y ~ e ,  be! ontl rrllicll it 
can only procectl 11y re\ wsing tlie procecs, nntl 
rctroyratling. i \ t  tile snnie time, l ~ o n c v c r ,  the 
~.riclcncc is 't~n:~lly strong. that  thele are such 
things as  t j p e s  nhich r t~main compn~at i rc ly  
b i ~ i ~ l ~ l e ,or clo not 1)rogress t o  the same clegrecl 
:IS o t l ~ c i ~  own gioup. Nanti-of tIlc>i~ L i i n o ~ ~ g  
loidca :1nd LL~nilionoide:~ these are  tlie r:lclical 
or generator t~ p c s  \\ c ha\ e no caie  j e l  of  
:t h i g l i i ~  complicatetl, specinl i~ed t j  pc. rritli n 
l o i ~ g  line of tlescent1:tnts tr:lcc:rl~lc to it as  tlic 
i.:tdical, r ~ c e p t  the ~etrogreis i i -c  : bnt all 0 ~ 1 1 ,  

c \ a n i ~ l ~ sof ~,adicals  nre t:iki>i~ t'rom l o ~ ~ e r ,  
s iml~lcr  fc)riii< : nlltl t l~cse  rnilic.:~l t j  pes arc  
longer-livetl, Inore persistent, :r~id 1e5s callangc- 
:il,le in limc, t11a11 their tlcscc11~1:lnts. 

\\-e fillcl tile r:rclic:rls of tlie Nnt~tiloitlc:i li\ 
i r ~ g  throughout tlie p:llcozoic, :111cl l~crpetunll\. 
(,\ olviiig nen t j  pcs in all tlirections : tlien this 
process ceilscs, irnil tlie 111 iliin~'j r:ldic:lls t11c.m-
selves die ont. l int they 1ea.i r iliells, liicli nl.cl 
ill th :~ t  st:rge o r  1)logrcssion nhich 111:~~e c:ill(~l 
1 t i l i : ~ ~ .  tlescentl'I'licie, the Inolc d ~ r e c t  
:!litq oi' l11e r:~tlie:r1s, hecollie -,c.cond:ily 1ad1 
cali,  :inti gtL~iPl:rtcscrics 1 1 : ~ ~lng niorc invol~ltc 
shell>. 'l'hese. in t ~ i ~ n ,  :is secoiltlnrj indio:~ls. 
cxlliijit \ ery clecitletlly n qrc:~t 6.1. chroiiologicnl 
tll\t~il)ntioii titail their tlcsc~eiirla~it in\ olr~tt. 
forms, persisting, c\ on to  tlicl present t1:r~ . ill 
Snnt i ln> r ~ m l ~ i l i c n t ~ ~ s .  intile) stotXy 111:1y l'llc 

s:~nlc~ , 1 ) ~  be toltl of' tl~c, B~nlnonoitlea, l ~ n t  sitbstitntinp :1nt1 in tlie T:IJ t C : L I ~  1 ~ 1coii111~~r~cl 
i\~ t htile iut1i.r iilual 11111c11 111or.i. accri I ntclj . ~ u d  
c l o s e l ~ .  I t  i s  e \  idelit, t l ~ c ~ i ,  tile coinl)nl i -t l ~ t  
so11 of tllc life of' :Lrl i ~ ~ r l i ~ i c l n n lnit11 tha t  of' 
its iinineclinte series o r  grot11) rcaclies a hig11 
clegi ce of esactitntle. a~lcl that  the obsei\ ecl 
p h c n o ~ n e ~ ~ : l  itlual shonltl of the life of' a n  incli~ 

1 \Ye ;%retiware of tlle existence of cvi,lence tlint Amrllouitcr 
of the ~ i o r r n n lfol.m, tlie types of whiall we have secn, have been 
described from the lomer tertiaries: bu t  tilere are still doubt9 
about the repirtcil ace of thi. formntio~~s:
<,nlytelid to ~ :o~ i f i t t n  

a n d ,  in nny cxsc, tlic]. 
tlle ge11er:ll trt,l~dof tile facts. 

:rt oncc tlic closc-c>oilccl shcll (the spco~icl:q 
~ndica l s )  ibr tlie priln:rrj rnc1ic~:~lsof tlic Xnu- 
tiloicles, c~ en :is f:tr 1j:rcI~ a, the ('u1nbri:rn 
ri3 hcsc secoiidayv ladicals,  g r e a t 1  mod~fietl l)ut 
still cariging in their simple; organizatio~is :11ii1 
nlotlc of coili~ig the possibilities of a n u n ~ b e r  
of nen series, existed by the side of the e s -
piring degradecl folnis of the crc~t:rccons. 

This  is the essential clement o r  diffeience 
l~e tnec l i  the life of' tile nhole o r t l e~  and tliat of 
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the individual. We can accurately compare 
the rise and fall of the individual and its whole 
cycle of transformations with that of any of 
the single series or branches of the same stock 
which become highly specialized and then de­
generated ; but, when we attempt to go farther, 
we meet with similar difficulties to those en­
countered in tracing the progress of types and 
orders. The radical and persistent types are 
still present, and teach us, that, as long as they 
exist sufficiently unchanged, new types are a 
possibilit}\ We have traced many of these 
in the two orders, and have found that they 
change and become more complicated, and that 
probably a purely persistent or entirely unpro-
gressive type does not exist among the fossil 
Cephalopoda. The most celebrated example 
of unchanging persistency has been, and is now 
supposed to be, the modern Nautilus. We 
think, however, that when our observations 
are fully published, it will become evident that 
the similarities of this shell to some of the 
Cambrian coiled forms — which have caused 
Barrande and others to suppose that it might 
be transferred to the Cambrian fauna without 
creating confusion — belong to the category 
known to the naturalist as representation ; that 
is, similarities of form, and even of structure, 
in the adults, but with young having entirely 
distinct earlier stages of development, and 
belonging to distinct genetic series. Still, com­
parative unprogression or persistency is com­
mon in all radicals; and they force us to 
recognize the fact, that the orders could have 
produced new series, perhaps even in the cre­
taceous, if it had not been for the direct un­
favorable action of the pfrrsical changes which 
then took place, so far as we now know, over 
the whole earth. 

Thus, in making our comparisons between 
the life of the individual and the life of the 
group, we cannot say that the causes which 
produced old age and those which in time pro­
duced retrogressive t}Tpes were identical: we 
can only say, that the}7 produced similar effects 
in changing the structures of the individual 
and of the progressive types, and were there­
fore unfavorable to the farther development 
and complication of these types. In their ef­
fects they were certainly similar ; but in them­
selves they might have been, and probably 
were, quite different, agreeing only in belong­
ing to that class of causes which we distin­
guish as pathological, or those whose nature 
can be generally summed up as essentially 
unfavorable to the progress, and even to the 
existence, of the organization. 

In order to understand the meaning of these 

evidently degraded structures, we must turn 
back to our first remarks upon the order. The 
apertures and forms of the retrogressive shells 
all show that they were exceptional, that they 
had neither well-developed arms for crawling 
nor powerful pipes for swimming; that, in 
other words, they could not have carried their 
spires in airy of the ordinary ways. Their 
habitats, therefore, must have been more or 
less sedentary ; and like the seclentaiy Gastro­
poda, as compared with the locomotive forms, 
they presented degeneration of the form and 
structure of their higher and more complicated 
ancestors. Their habitats did not require the 
progressive grades of structure, and they dis­
pensed with or lost them; and in man}r cases 
this took place very rapidly. This retrogres­
sion was in itself unfavorable to a prolonged 
existence ; and the geratologous nature of the 
changes tells the same story, so that we can 
attribute their extinction to the unfavorable 
nature of their new habitats, and also call them 
pathological types without fear of misrepresent­
ing their true relations to other forms. 

We have necessarily avoided even allusions 
to some of the most important confirmatory 
facts; but we hope our effort will at least 
show that the theory advanced is a reasonable 
one, and that the fossil Cephalopoda are worthy 
of the attention of even the most enthusiastic 
of the young disciples of the modern school of 
embryology. The theories of this school will 
have to stand tests of which they have now not 
even a faint idea, and it is to be hoped they 
will not long neglect the precaution of know­
ing also the past history of the tj-pes they 
often so incautiously and -confidently handle. 

ALPI-IEUS H Y A T T . 

THE MOTION OF WAVES OF COLD IN 
THE UNITED STATES. 

T H E chief signal-officer of the army desiring 
to learn the progress of waves of cold across 
the United States, an investigation has been 
undertaken in order to determine the appear­
ance of such waves, their approximate velocity, 
and general line of advance. I t would seem, 
at first sight, as though the problem might be 
solved by drawing isotherms (i.e., lines through 
points at the same temperature) on consecutive 
days, from simultaneous observations over the 
whole country. If, then, there were a progres­
sive motion, the study of these lines would 
show it. I t has been found, however, that a 
cold wave does not travel in a well-defined 
closed curve ; and, more than that, the gradual 
increase of temperature, as the curves approach 


