
slioulcl be a system of them reaching to every 
part of tile vessel ; for tlie pumps may be necdetl 
the most when tlie vessel is careened on hcr 
beam, or at  some unusual angle fore ancl aft. 

I f  l)ossihle, a tcntlcr should accolnpnny the 
exploring-T-esscl proper, cspccially if she be a 
steamer, whose stores of coal and other articles 
arc to be transferrecl ~rl ien tlic ice becomes 
claugerous for snch a craft, presumably not 
strerigtllened to combat with that clement. 

I~IANYlilies of iatluctirc resezlrch lent1 to the 
concl~~sion is ill a tliat tlie interior of tile ca~~ t l i  
fluid condition, and that tlie solid shell is com- 
paratively v c ~ y  thin, but ~a r i ah le  in its tliieli- 
ncss from district to clistrict, and in tlie same 
tlistrict from time to time geologically. A 
crast t~~cnty-fivc, miles ill tliiciiness at  a maxi- 
mum, and verymnch tllinncr :kt a~iiiniinnni, best 
i.xplaiiis geologic pheno~nena. If  Ire consitler 
this cri~st  to be made up of units detiaetl at  the 
upper surface by dist~icts  of some rnagnitnclc, 
it seeills necessary to regard i t  as existing in a 
state of floating eqnilibiiuin ; so tliat, if so~ne 
portion of the roclq inaterial is taken from a n y  
sncl~district, it  rises, ancl tliih district on ~vliich 
it is deposited snl~sidcs. I n  case inaterial is 
transferred for a \.erg. sliolt distanccl, c~pl3rc- 
ciable clisplace~nent max not result, tlie local 
structl~ralrigidity being sufficient to withstand, 
or largcly witllstancl, tile stress. Unt if tlie 
short transferrence is across tlic line of a fault, 
from the npr:lisecl to the tlirowii sitle, the facts 
seem to show that the upl~eaved side coiitinnes 
to rise by reason of nnloatling, :incl the thrown 
side to sultsidc by reason of incrcasecl load. 

'Flie rigidity of the ~ ~ ~ 1 s t  of tlie eartli arising 
fiom tlie molecular coliesion of tlie solid state 
is greatly ~lloilitietl by mechanical strr~cture. 
'l'he crust is conlposecl of geologic for~nations 
of diverse o r i g i ~ ~ ,  Tlie for- diversely arra~~gecl. 
mations are broken into glcat blocl<s hy great 
fault and flexure planes, in Inany cases doubt- 
less ~xtendi17g qnite tl~roligli tlie rrnst. I t  is 
also fiactrlrecl in m~~ltitudinous ways, ancl the 
crevices fillecl with rein matter. Again : enell 
block or segment of a fa~tlted for~nation is di- 
videcl into s~liall fragments by strat~nn l)lanes, 
joints, schist planes, ancl slaty cleavage. The 
rigidity of each minute fragment i i  clue to the 
nlolecular cohesion of solitlitr. but the general 
rigidity of the crust is clependcnt on mechnni- 

cal structure. 'l'lie 1'ragments of which the 
crast of the earth is composcd are cscceclingly 
~niriutc ~vheu corn1,arecl with geologic forma- 
tions, antl tlicy appear ~elatively as hut grains 
of sand ~rlicll com1)arcd nit11 tile whole crust 
of the eartli. 

This fragmental chaiacter of tlic crnst is 
exllibitcd at  tlie surface, and to tile greatest 
dcptlis to which obscrvntion 11:~s cstencletl ; and, 
so far as it depentls ul~on the grcnt faults, it 
must cstc~icl quite tlnongh tile ci t~st .  There 
may be alttl 11robal)ly is a zone l)encat11, so 
nearly flr~itl by rc:lsoii of tcml)eratnre ancl 
pressure, tllat f'rnctnres arc less easily gcncr- 
atcd m ~ d  more easily ~cpai red ,  bnt tile rigiclity 
of tile crnst is not incrcasetl thereby. 

Tile solidity of the crnst of the earth is lim- 
itccl by tenipcintuie and pressure under condi- 
tions of chemical coiistit~~tion and Iiyclmtio~i, 
antl is S ~ ~ ~ ~ t l i e i ~  the contlitions of its liniitecl 1 ) ~  
~nechanical strnclurc. 

I f  rcrtical stress I)c al)glied to a poiat on 
the surface of thc rnrth, the strain is 1,ropa- 
gatetl Intt~rnily by the conditio~i of rigitlily, but 
not indcfinitcly, as this rigidity speetlily van- 
ishes i n  the l)rcsel]ce of the ciiormous forces 
inrolred in tile neight of tlie crust itself, and 
in the great bodies of ~natter  that are unloacled 
ancl loadcd at  the surf:lce. 'I'iie distance to 
~ ~ l l i c l itlie strain cstc~rds is grc:itly lesscnecl by 
tlle fact tllat t l ~ e  ~ ~ ~ 1 s t  is not a co~itinnous solid 
b r  col~esion, but l)l,cserves corltinuons rigidity 
in a rery itnperfect way b r  mccllanical strnc-
ture alone. 

If  tllc crnst of tlie cart11 mere practically ho- 
mogeneous in the specific gra) ity of its ~nnte- 
iials, its static cqu i l ib~~ iu i~~  not permit ITOLII~ 
t l ~ e  existence oi' any great elevations :iL tlie 
suifacc : hut to tlic conclusion of a general 
equilibl.inm, geologists and geoclcsists are alike 
conrerging ; aiicl, if true, it ~ieccssitates tlie fur- 
ther cone!usion that tlic crust, ancl perliaps to 
sorne extent tlie uiidei lj ing ffuitl mattel., is of 
varying cleniity from region to region. This 
conclusion follows fiom a eonsidcmtion of the 
i11eq11:~litiesof altitncle esisting in tlic earth's 
sl~rfacc: antl, since they are ever cllanging from 
district to clistrict, -as one subsiclcs ant1 an- 
other rises, -contraction and expansion must 
occur. The necessity for the liypotliesis of 
c~ontraction ant1 expa~lsioil is not obviated by 
tlie IIJ potliesis of a fluid interior. nor is the 
lattcr rentlered nnnecessary by the former. 

Tlic~re is a constant lateral transferrence of 
material at  tlie surface hy rains, rivers, and 
marine cnrrents ; there is a col~stant ~ e r t i -  
cal transferrence of nlatcrial by displacement ; 
there is a constant transferrencc of material 



fiom beneath to  tile surface by extra1 nsation ; 
aiicl geologists postulate a co~is tan t  transfcr- 
rencc of material belieat11 hg  subterranean flow, 
tllus cotnl~lcting tlie cycle of transferrences. 

But  transferrenee of inatciial laterally ancl 
1 ertically does rlot serve cornl)letely to  explain 
all tlle history of gcologic movcnlcnt. Anotlier 
l~yl>otl~csisis yct  necessary ; and tliis exists ill 
tlie postulate of ever-changing density, arising 
from the  folloning sources : first. chzliiges i n  
density tluc t o  ch(>mical action, cspcciully a 5  

exhibited in liydration ; second, cllangcs in cleii- 
sity due to  soliclification ftoni the mcltccl stale, 
ancl t o  liquefaction f i o ~ n  the solitl state ; third, 
cliaugcs in tlensita due t o  pressrire :~ntl to re-
lief from prcssule. R considelatioa of many 
geologic f:~cts lias snggestecl to  the w ~ i t e r  that  
il may be possible, that,  nlie11 tlie ligidity of the 
solid stale is o~ ercoiiic by piessrire, tlie rate of 
conclc~lsatio~lclae to  atlclecl p r e s s u ~ e  is in-
cienseil a t  tliat ciitical point ; or,  statctl i n  
anotlier way, tlint the pass:lge of roclcs from 
tlie fluicl s ta te  induced by pressure. to tlic solid 
s tate  by relief frorii pressure, is ina~lccd by a 
snclclen expansiori. Slioulcl experiments hcrc- 
after give var lnn t  to  this conjecture, tlic cliaiii 
of coililitions necessary t o  the explanation of 
clynail~ic geology rvoultl been1 to be complete. 

E x l y  in  tlie history of gcologic lesenrcli, :c 
contraction of the earth, cl~ie to  tlic loss of 
licnl, was postulnted t o  csplain the tlcforma- 
tions of the crast.  This  loss of heat occurs in  
two mays, -by conduction, xncl by convection 
from tllc intciior t o  tlie snrface. 'l'lie convec-
tion is  accomplished by the heating of snhtcr- 
rnnean ~v:lters, and their escape :IS hot water 
and s tca i~ i  fiom tllc inultitudiiiol~s liot-springs 
and g e j x r s  of tlic norld,  by tllc steam dis- 
charged in large cyu:lntities from volca~ioes, 
and by tllc lava.; ~vhicli collie to  the surillce to  
be  coolccl. By this method of conrection, cool- 
ing progresses a t  a liigli ratc ; for the la\ as  
even of quaternary times sue of vast extent ,  
and the  Inras of 2111 geologic history aye corre- 
spondingly vast in  mnount. SIonr cooling by 
conrcction is cln:tntitnti\ cly I cla tccl to  cooli~ig 
by coadr~ction cnniiot he stated n it11 oltr pres- 
elit Irno~rleclge ; but, ~viieii all of tliis cooling is 
consiclcred, tile ratc  of co~lclcilsation is  insnf- 
ficietlt to  explain tlic Irnon 11 displace~nent-i t  
is necessary t o  resort to  other agencies. 

F o r  tlic f~1nc1nrneilt:ll tlieory of geologic dg-
ilaniics T Y C  h a ~ ea s  conditions, first, n fluid 
interior of great specific gravity, in ~ m ' t  due to 
coml~ression; second, a solid crust of irregular 
tllicliness, iiot continuous by iuolecalar colie- 
sion, but composecl of small f ~ a g m e n t s  meclia~li-
cnllr arrangccl, niitl ~ > C ~ I I I P : L ~ C ( ~) na t r r  f ' ~on11 ~ 
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a1)ovc ; aild. i l ~ i ~ d ,  ant1 aii all atlncor1s tluid 
atmospl ic~icgas  in inotion 01 er tlie crust. 

r 7l l i c  agencies of change may be  c o n ~ i t l ~ ~ r t ~ t i  
as  p~imar j -  :tnd secontlary. 'I'hc primary agclk- 
cics :ire, f i ~ s t ,  gc i~cra l  secular cooling by con- 
duction ant1 cotivcctioii ; scconcl, the lieat of' 
the srul setting ill motion the air and ~ ~ a t c t ,  
a t  tlle surface ; tliircl, the nstro~lo~il ic  age1icie5 
thnl  l)roclt~cc stresses. 'k'he agcn-s e c o ~ ~ d a r y  
cies are ,  lirst, local l l e a t i ~ ~ g  and local cooling : 
secoiicl, local loatling ant1 rmloacling, 11n1ing 
an angincnlccl effect a t  tlie critical point ol" 
solidity ; thilcl, cliciiiical rcactio~is :ivising fro111 
chailgcs of t c ~ n p e r n t ~ i l c ,  prcssu!c, ant1 h ~ d r n -  
ti011; fourth, the expansion o r  I) ater illto steani 
by  iiiternal z~nrl local lieating. 

i 1I h e  chailgcs wronglit arc, fiisl, gencml 
secular contraction ; sccontl, transferrencc ol' 
1nateri:ll liorizoiitally a t  tlic s~r'tce by aqucoris 
agciicies, ant1 ill the interior of the eartli 19 
flow, :lild vc~ticnl lyby sohsiclence and nji-
heaval, and from .r~itliiii t o  the srlrf:~ce by CS-

trnvasation ; tliit d ,  cliangc in tile cliemicsll 311tl 
litliical constit~ition of roclrs, ns seen it1 r a l i o ~ i ~  
forins of ~iictauiorpl~isin ; fonrtli, local lateinl 
cornprcssioil of forniations, cxliibitccl in  plica- 
tion :1nd i~nplication, niid local s t ~ e t c l l i ~ ~ g ,  
esliibitccl in ccitain p a ~ t s  o f  f l cs~ues .  

Conjointly ant1 sere~:llly. the conclitions, 
agcncics, n~lcl changes t l i r~s  enruiieratetl seein 
to  fnrnisli a f'c~ndnmeutnl gcologic tlieory, in  
hnrmo~ly with : L I I ~e ~ l ) l a n a t o r y  of the multi- 
f a ~ i o u s  facts discorcretl in  geologic rcsearcli. 
Geologists n idely :lccel)t the several pal t s  01' 

tlie theory save one ; naincly, tliat vliicli as-
sunics t1i:tt t h c  solid s tate  is a critical contli- 
tion of voln~nc.  Tile general tlicorj enunciated 
is  inodiiictl l)y a multiplicity of minor condi- 
tions, ngcncies, ant1 changes, to  csponnd nrhicli 
a vo l~ i rn i i io l~~  geology rroulcl 1)ctie:~tise on 
necessary. 

Tlic co~~rclat ionand i~itciilcpcndence tlis- 
cove~ccl to  exist betn-cen \ oleanism, seismism, 
displace~l~cnt ,surface (legratlation, scclimenta- 

tion. aird ii~etamorphisili, fr~riiisli i~npol tan t  c\  i - 

dc~icc. in  favor of the general theory. S o  f : ~  

a s  research tias p rogres~ed .  ~eg io i l s  of g ~ c a t  

and frequent displacement arc fou~icl to  l)c 

regions of great clcgrac1:~tion and setlimenta-

tion, of great  extra\ asation ant1 scismism, ant1 

of great  metamorphism ; I\ liilc regions of sillall 

displacement arc  regions of s~llall  dcgra(1:ition 

a ~ i d  scdi~nent:ttio~i,  
of small es t rn rasa t io~i  and 
scisi~lism, and,  so  far as  Irno~rn,  of s ~ n a l l  rrieta-
inorpliis~n. T h e  ericleilces of correlation are  
csllihitecl in inany and dive]-se ways. 

'L'lic agencies of change enumerated i n  tl*:: 
a b o ~c theory arc  i i i tc~rdclrc~i i le~~t .so  thql 111r5 



increase or  climinntion of one 1,esults in tile iii- larly good ol)port~inity for \:,o~,li in this dirixtior~.  
arc easily obtained, and reaclily 

tlie first oldel -i .e. ,  sec~ilnr cooling, hcnting studied. They present great varieties of forlu, wlticl~ 

of the s u i ~ ,  nncl : ~ s t ~ o n o i l ~ i c  are freqnently not in any degree rclateil to tlic atlult 

crease or climinutiori of all. If'tlic ageilcies of They arc : ~ b ~ l i i d : ~ ~ ~ t ,  

strcsses -be neg- 
lected. the otlicr agcilcies a i c  i~nte~depeliclc~it characteristics. Indcetl, crustacean larvae seen1 al . 
in  sucli a nlnilner ilint tlicie is :L tc~iiclc~icysccii-
larly to  establish nn niiil cloubt- c q i ~ i l i b ~ i l ~ m ;  
less s11cl1 a n  cquilibrinrn ITonltl bc csi:~blisliccl 
in  a period i ~ o t  of gient  leiigtll coasiclcred 
geologically. B u t  tile :~geilcies of the first 
order c o n t i r ~ ~ ~ o u s l y  tlestroy the stalic ecl~iilih- 
riuin, wild, c o ~ i j o ~ n c d  111.0-nitli  tile otlicrs, the! 
duce thc sequcilcc of chst~lgcs cliscovcretl ill 
geologic history. 

Thc  ia tc  of illtclrlnl cooliilg is ~llanif(lstly 
climiiiisliing. a l ~ d  1111~ sicists iiicllnc t o  tlic o l~ in-  
ion tliat the  lieatiiig tlnc to  the s ~ u i  is tiiminisll- 
ing. From this stand-point, theli, tllc rate  of 
clini~ge in gcologic histolv is  s e c u l a ~ l j  dimin- 
ishi11a On tllc other hand, t11c sccondarg =':
agencies 

most like n distirict gro11p of animals, and may be 
stuclicd as such, with tlle extra advantage tlint they 
are liigllly variable, ant1 undergo rapicl metamorpllo- 
sis. 601ne of t,lie possibilities of such researcli may 
be seen by a sllort col~sitleratio~i of tlie different forms 
of tlecapocl men. 

To malie tile subject clcar, i t  will be necessary to 
give a brief clescription of three types of decapod 
larvae, corifinii~g ouraelves, lion~ever, o111y to  si~cli 
points as particnlnrly concern us here. Tlie first is 
the type, ~rliicli is undoubteclly tlie oltlest, kiio\rn as 
tlie protozoea. I t  is a co~ilparatirely rare forrn, being 
founcl in a fern riiacrcuan species (Pcneus, I,ucifer, 
Enplia~tsia). I3'ig. I reprcscnts sucli a larva. As fa,r 
as concerns us, tlie peculiarities are these: tlie long 
body consists of a large ceplialothoras, a rnore or' less 
complete thorax, and a11 abilo~nen. The i~nportarit 

ill byof clinilge iilcreasc r tEc ie~ ic j~  point is, Lliat all of tlie rcgiolis of tlie body are repre- 
reason of inc.rcased heterogc~icity in tllc s t ~ u c -  
turc  of tlic crust. F rom the irieg~ilnritics of 
tlic upper sulf:,icc, and  tliosc probal)ly existing 
a t  the lower, as  st~ggesteclby m a n j  facts, tlie 
crust is hcterogcneous in thicl~ness ,  a ~ l d  ilol~bt-
less is bccoming more so. It also bocolncs 
inore aiicl inore Iieterogei-~eo~is in constitiitio~l 
by tlie progressing dif'c~clitiation of i ts  p:lits, 
eshibitecl in thc clirersilication of geologic for- 
matioils. density, tcil~liernturc, colltlocti~ ity, hy- 
dration, ailcl c.hcmica1 wild litliic:rl coi~stitution. 
'rliis illtcrllnl l~etelogeneity renclcrs tlic crust 
more s c n s i t i ~ c  to external agri~cies  of chnngc, so  
that  n srnaller arno~ui~t clia11gc scrrcs  of p r i m a ~  
to til~locli n given ainoui~t  of secoilclarj change. 
A t  thc present stage of geologic ~,esearch tlic 
facts arc  not sntlicient to  establish tlie rluan- 
t i t a t i ~c rclntioil bet\\.ecn the dirniiiislied rate  
of clinngc fiolll tile piiinary n q c n c i e ~  :inti tlie 
ineleased rate of cliai~gc l'rom the secondary 
agencies. I t  is  tlleicforc impossible to  pretli- 
cwtc 3113' ~ a ~ i n t i o nin the 1:lte of cliallgc fiom 
the close of alchacan time to tlie resent. 

scnted. Wlien vicwed fro111 above, the part of tlie 
body composed of llioras and abtlolnen is seen to be 
very sle~lder ant1 ~veali, and to exte~rd for a long dis- 
t,arice baclrwards. A second important point is tlic 
method of locon~otioii: unlike ail other forins, tbn 
anteirnae, i~istcad of being sensory organs, are usecl ill 
loconiotioii. They are large, and coverecl with swim- 
rnir~g-hairs, mliich corlveit them into paddles; ailel, by 
moving t l~ein to and fro, tile protozoea slowly propel3 
itself by a series of jerks througli tlle water. 'L'lu: 
telson is a third irnportar~t fea t~i re :  it is slllall, bcilig 
in our figure no broader tila11 tlie abdoriien; it i.; 
usually forlied, and carries a nurnber of long spilies 
(typic;tlly seven, tl~ougli the iin~iiber wries) ; i t  is riot 
a swinlrnir~g-orgair,--a. point of particular illtorest. 
One other feature mnst be me~il.ionetl, -tlie usual 
thongli riot ~liliversal absence of protective spincs. 

A second type is tliat of tlic ordinary macrui,aln 
zora; c.g., tlie larva of tlie, co~ninoii s l l r i in~.  Suc11 :L 
zoea is represented in fig. 2 .  IIerc we find a niunber 
of clianges. First me see that  only t ~ o  regions of t11(: 
body are present, tlle cephnlothoras arid the abdornen, 
the tliorax beirig ~tnrepreseuted. Thc cephalot horas 
is not very diffe~.ent from th:tt of t l ~ e  protozoea. Tire 
abclo~nen is, however, very different: i t  is distinctly 
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EVOLUTION OP ? 'HE L)ECAI-'OD ZOEfl.  

PRIX~IPI,ICSapplicable to atl~ilts are often equally 
applicable to larvae. I n  tlie discussiori of 11atura1 se- 
lection most writers have confined themselves to adult 
animals and their reaction upon environrnerit. There 
is no reason, however, why the principle sliol~ld not 
he extended to incl~tde larval forms; and, itidecd, to a 
slight cstcnt this has already been done. Weismar~n's 
'Tlleory of descent ' proceeds upon tliis line, and ill- 
c-licates some of tlie important results wliicll ]nay arise 
Srorn such researcli. Crl~stacean offcr partictl- I ;~ r r i~e  

it is tolerably thicli, and is a. ~nucl l  more powerful 
structure thml the eorresp~onding part of the proto- 
zoca. The muscular :tnd usually tlie nervous syster~l 
is veil (levelopetl. 111sliort, tlie abdoinen is rnuclt 
Iiiore perfect t l ~ a ~ i  The locomotion ofthat  of fig. I .  
this xoea is elltirely different from tliat of the proto. 
zoea. I t  does uot use its a~itcirnne for inoving, b~t t ,  
propels itself vigorously with powerful stroltes of its 
abdo~iien, after the niallrler of the lobster: at  least, 
tliis is its 11iotio11 when ti.yi11g to escape danger; and 
tliat is all that concerns us. I11 correlation wit,h thi83 
clia~iged locoinotioii, tlie antennae have alterccl thcir 
forni, and are now tnle sense-organs. On t.he othe?. 
Iiaiid, tlie tt?lson h:bs hecorne broatlent?cl into a fial 


