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fully studied, and  the  formation of a community !vas 
traced by rearing a simple s o l i t a ~ y  e ~ u b r y oin an aciuariurn 
until a perfect community has  been developed f r i m  it by 
b u d d i ~ g .  D u r ~ n g -  the  process of development t h e  law 
of growth by w h ~ c h  the  charac te r i~ t ics  of the  compound 
organism are  brought about  w a s  clearly exhibited, antl 
it is fully illustrateti by nearly one hundred tlra\vings. 

One of the  most interesting results of' our  work is the  
explanation, bv AIr. W ~ l s o n ,  of tile origin of the m t t a -  
morphcsis  of tlle larva of Phoro?taj-, a s i l~a l l  Gephyrean 
\vorrri which lives in a tube. Sevcral of the  m o ~ t  noted 
embryologistsof Europe  have stutlied the tlevelopment of 
P?zoroiiz's, ant1 our  kno\vletlge of ~ t s  life history is due to  
their coillbinetl labcrs. Last  summer  XIr. \Vi l~on  re- 
vie\ved the subject, antl atlded some importact  points, 
and during the  present season he has shown by the 
comparison of a great  numher  of allied forms, that  t h e  
very lleculiar metamorphosis a t l n ~ i t s  of an extremely 
sirnple esp!anation. The  atlu!t is sedentary and confineti 
to its sand tube, while the  larva IS a s\vinlming anirual 
totally d~fferent  in s!ructure. 'rile change f1o111 t h e  !arva 
to the adult  is vely r?.p:cl and  violelit. I t  occul~ies only a 
few minutes, ant! tlurlng the  change the  larva becomts 
tul-ned wrong s:de out, SO tha t  w h a t  w a s  internal is 

~ 

cause, fo r  no natural  law professes even to  offer a n  hypo- 
thesis 011 the  subject. 

I t  may here be  aslied, w h a t  is the  doctrine of Mate-
r ial ism? As  enunciated by t h e  niost advancetl physic- 
ists, it is tha t  " hlat ter  contains within itself the  promise 
and potency of every form and  quality of 'life." This ,  it 
\\ill be ccrr tct ly said, is only a s tatement,  no t  a cnztse-
an assumption tha t  requires proof, n c t  a proposition of 
fact which may be  demonstrated \t7ith the  facility of a 
prublem in Euclid. Granted ; h u t  i t  will be admitted 
tha t  if \ve can show how the  sexes originate frcm matter  
ant1 its inhertnt  properties, hlaterialisln must  be more 
than an assertion. T h i s  withcur further  i n t r ~ d u c t i o n  
we now propose to  tliscuss. 

' r ak ing  mattcr  and  its properties a s  the  only founda- 
tion we can build on \\-it11 safety, we  azk W h a t  is 
M a t t e r ?  

After long years of expetinlent and  failure we answer 
this  question w ~ t h  a film assurance in several things : 

F i r s t .  T h e  I1:(lestl-uctibi(ity of Jfat ter ,  Tllis involves 
both tile ttel.llity of  rrlatter anti the etel-llily of  t t le  prop- 
elties of lllattcr, ~ o t l l i ~ l g  outsitle of matter .exists 
Nothing but matter  and  i ts  properties exist. Notlling 
can be taken f r o m  jnatter, n0thil-g can b e  a(j(lr(i t o  i , .  

was  originally a free animal, a n d  tha t  the  structural  
peculiarltits \vhich fit t h e  adult  for sedentary life in a 
tulle a re  c f  recent acquisi ion. T h e  laiva has,  l io~vever,  
~etainecl  i ts  ancestral atlaptation to  a swimming- life in 
ortler to l~rovide  for the tlistribution of the  species. T h e r e  
must  ha\-e been a lime, in the  e\rolution of  the  s p e c i ~ s ,  
when the  atlult w a s  impzrfectiy adapted to  a setlentary 
life, antl also imperfectly aclapted to a swimming life, ant1 
if the devtlopment of the  individual Ivere a perfect I-ecap- 
itulation of all the  stages in the evolution of t h e  species, 
we  should have, between the  swimming larva and  tile 
setlentary atlult, a s tage of tlevelopmeiit d u ~ i n g  \\rhicti the 
adaptation is n c t  quite perfect for e ~ t h e r  rnotle of !if?. 
I t  is clearly a n  advantage for the  a ~ l i m a l  t o  pass through 
this s tage  a s  quickly a s  possible, or to  escape it al together.  
T h e  peculiar metamorphosis enables the larva to  remain 
perfectly adapted to  a locomotor life until tlle occurrence 
of the  sudden change \vhich !its it for life in a tube,  and  
l2r .  \Viison h a s  po~nte t l  out  t h e  manner  :n \v!lich t h e  
metamorphosis has been acquired in ortler to Sridgc o v r r  
the  perictl of imperfect s p e c ~ a l ~ z a t i o n .  This  explanation 
is s o m e w l ~ a t  sinlilar to  tha t  which Lubbock has  given of 
the origin of the  nietamorphosis of insects, ant1 \ re  nlay 
hope that  the  same method ot investigation will th row 
light upon the  significance of other reularlial~le ins'ances 
of metamorphosis in the  Invertebrates. 

-

T H E  AIr \TERIXLISTIC O R I G I N  O F  T H E  S E X E S .  

Materialism is yet in its infancy. Born of human 
learning, weaned in scientific res ta~ .ch ,  and cratlled in 
t h e  toleration of a n  en l~gl l te~ ledcivilization, its atlvent 
marks  a n  epoch in t h e  history of l~umani ty .  Shoultl 
there be fearful shadows in its progress, where loiter 
grim doubts and gloomy forebodings, these a r e  only cLn- 
sequent to  its youth, and the  necessary result of the  light 
from a sun  whose slanting rays only reach us. But  
even a s  t h e  noonday sun chases away the  shadows in its 
splendor, so w e  a r e  assured tha t  no  doctrine in these en- 
lightened days will evcr be accepted n,hich does not  in its 
maturity shine on tht: human lace  for t rue ltnowledge 
a n d  good.  

".ill knowledge is our province," said Bacon,  and  we 
would h e  less than  men if any phenomtnon in na ture  
was  considered inscrutable by us, t h e  highest outcome of 
Nature.  Thin lang  thus,  one of the  nlost curious prob- 
lems is tha t  of the  sexes ; a n d  t h e  value of t h e  tloctrine 
of Materialism is apparent  n h e n  \ve come tc questioil i ts  

external. Mr.  11-i lson'~ cornl)zrison s~o \ \ . sthat  P h i . ~ ~ i i i ~Wllnteyer properties m a t t r r  may have lla(l, [matter must  
haye no\\, ; .i,ice vrysa ,  wkartver pro~)er t i t s  ~na!ter 
Ills Inatter alwaSs ha(]. 

sL,c JIJ ' ,  nIa t te r  is conlllosttl of elements of wllicll 
sixty-four are Iinonn. Everytl i ingcollsists of those 

llleir coIllbinations, changes, and propert ies,  
\Vhate\,er form t;llte untltr similar circulm-
stances they \voultl either in tile past  o r  fu+.ure also 
assume. 

This is the fountlaticil of AZat t r ia l i sm,and so f a r  as it 
is clear and lcg.icnl. Prtsul,,ing tha t  

force ou t s i t l e  of  ti.,e pTo$c,izs o ,  ?itrrftc7, 
aceoU,,t fcr  phenomenon in and 

shoul t i  fa i l  the premises sail also, the  fac t  is 
n:ade cer ta in  a iorce esists outside of m a t t e r , and 
ei;,o-o that  Materialism is deatl ,  

\Vhat, then, a re  the  properties of h la t te r  ? 
Here there is  confusioll ancldisagreement. Gravita-

t ion,  cohrs-ol l ,  al,d attraction are the  three 
forces have beell llollularl!. to control  

but Lvhen Iluxley l,e,,.tinently asketl these 
forces are, lie foulltl llot forces a t  al l ,  but mere  
uames  or effects of a cause or causes unknown. Even  
Evolution, from which so  much was  expected anti 
prezclled, has fallen into disgrace, alld proved t o  be no  

or  cause eithel., but  merely an  , 'orderly srcluence 
of phenomena"  from some cause o r  causes unknown. 
ETonr a re  we,  tlien, to  discover those un1tnon.n c a u s e s ?  
If 3laterialism b e t r u e ,  they must  exist ; but AIateriaIisrn 
cannot  hz  maintaillet1 a s  a doctrine until we show t h a t  
they d o  esist and  what  they are. 

IVe a re  thus  led back to  our  premises again-to mat -
ter  aqd  the  e1emei:ts--and w e  say, according to  mate- 
iialislic doctrine, if s e s  exists in mat te r  now, sex mus t  
always have existed. Consequently, if mat te r  Jvas once 
a sheer chaos,  or, a s  t h e  mos t  dar ing  of physicists assert, 
a universal firenlist, then  sex in some form or  another 
esis!ecl in tha t  chaos o r  in t h a t  mist. As,  assuredly, it 
(lid not exist in t h e  for111 of any ki,nd of life we a r e  ac-  
quainted Ivith, we  a re  led to  asli 17iitnZtc?- does lzot coil- 
Zniit ~uzilBjlhz>z B'ts~If s o i i i ~  B'iih~.?*e?zt se.crrnlo?* ifzrn l gir iiiifAT. 
i f  it does, l laterinl ism is a l i v e ;  if not, hlaterialisnl is 
tleatl. 

AIatter is composed of sixty-four elements, more o r  
less ; a r e  these elements all alike in lcind, o r  can we  trace 
a sex or  duality in them ? Fortunately for our  doctrine 
we  c a n ,  Although stated by eminent chemists to  b e  of 
no  i~npor tance ,  a n d  m a d e  " solely for t h e  sake of simpli- 
city," the  elements have long heen divided into meta1l.c 
a n d  non-metallic classts .  All  the  elements beloug either 
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to  one  class or  the  other, S o  f 
us .  D o u b t  is ) h e  mainspri~;  
doubting cf a fact which has  lo 
of no z'm@orlnnce may be  tlie key to  open u p  u c k n o ~ v n  especially the iiiost imliortaiit of these, tlie great  breast  
vistas of research. " L I S C ~ ~ ,1 a s  also i ts  antagonist, the  r i n g  raising ~ I L S L Z ~ ~ ~  

I t  xvill, lion.ever, b e  cor,ceded in a matter  oi' no  i m r o ~ t -  srtDc/trvi/!s, and  compal.ed it u i t h  the  body-ive~ght.  T l ie  
portnnce tha t  this dcal  classiiicaticn ma!. be  incorl tci .  ratio of weight  of the  right and leit large 111-east-muscle 
T h i s  w e  believe to b e  the  case, far  one T-ery important  to  the Ixdy-\!,tight varieci in tlie d i f te~ent  birtl specits  
elemen-hydrogen-is given in every classificrltion tha t  ivere examined, fro111 I : 3.4 in t l ~ e ; ~ : g e o n ,  to I : 10.5 

a m o n g  t h e  non-metzllic elements, \ v h ~ l e  ti-e elinient ' in the  gull. n u t  if tlie bird.sliecies ;Ire zrraliged accord- 
itself is adnlitted and incorn- i ing to t h e  amount of neither tlie ecjuallyto  be inetallic ; a ~ t r a n g e  this q u o t i e ~ ~ t ,  

prehe~isible misplacemer~t .  ITThether the  others a re  l ight  gcod  ii)-trs come together, i,or b i~c ls  of ecjual absolute 

o r  not only exter;sive esl,elit~?eiits \\.ill (letel-mine. TYlth size ; c.2-.,  the  pastr~tlge s tands  pretty ~ r l l  for\q;~rdin the  

this  rectification, liowevcr, they a re  so far correct tllat series \ \ - ~ t h  I: 4.8, near  ant1 l~efore  t h e l ~ a \ \ kI : j ; v,liile 

t h e  ~uovenlen ts  of Nature  a re  ol?enetl to u s  a s  by a niira- the storlc, ant1 eagle, siantl xvith :bout 
s p a r ~ o n ~ ,  I : 6 
cle. Tile lock cleared of this  011:truclion opens reatilly near  one anothe~. .  Certainly, with i ~ i c r e a ~ i n gbody-
to  t h e  key, and  Materialis111 rules t r iumphant.  \Ye setni  \\.eight, the muscular  system concerned iii tl glit does not 
premature ; lioxv tloes the t!ualit!- of the  elements sol\-e become relatively greater. T h e  size of thc  inuscles of 
all mysteries ? flight is  only one factor in tl>iiig-j~bn.rr. 

T h e  object of this  paper was  to prove the nir~terialistic h secontl, a~:tl yell-iiiil:o~ta:it factor is the  surface pre- 
origin of the sexes--that s e s  had  ils origin in matter ,  seiited by the  outspreatl \vil;g ( the ~ving-surface)  ; ant1 
T h a t  matter  is dual  is part confrnial ion of it, ljut, like its here, again, it is iiiimatel-ial in ~ v h ~ c l i  no t  tlirection t h e  

ant i typr,  vve must  also prove dual matter  ti, Ile l)vctluct- s u ~ f a c erstenrls. JITith ccju:ll \\-ing-surf:rce, a loiig liar-

ive. T w o  females n i l l  not ~:rctiuce, neither \\.ill two , ro\v surface lias niore tffcct than a s l i o ~  t ant1 1)r02(1 one, 

inales. If a p r o d u c t i o ~ ~can be  fornietl froni t h e  non- a s  a long  rudder is iiiore 1:onerful llian a sliort one. Tile 

metallic elements only, or metallic only, then our theory au thors  have t11ereio1-e given drail-ings cf tlie for111 of the  

is false ; pro t luc t i~n  shculd only ensue troni the ccnnec- cutspreatl I\-ings f i r  37 tiii%:rent 1311.~1s l ~ t c i e s ,ant1 intii- 

tion o r  interaction of opposite :exes nntl elemillis. cated in figures tlie surface ;11itl le~i:gt l~ ( V , . I I I ~cconiigura-

Chemical analysis in tliis particular shows that  n.c a re  , t i o ~ i ) .  -4 calculation of th~c  rnecban:c,al actioii showed 

right. 117l znt irrai  $i-atZ~tcti'urz clzji biz ftirii2ii C O I I ~ ( I I ; I / L / ~ 
tha t  n h e r e  tlie ratio of t h e  surfsce ;?iicI lcng 11 of the  iving 

t h e  ell,/i/eiits of a?/& a / / ;  i-iazs; botli metallic and  rlon- to the  size of t h e  bird remainttl the  same,  t h e  angle of 

~ne ta l l i c  a r e  esser~tial to  a forrnatioii. In  s ~ n i p l e  labora- , the  wing motioii ant1 the  angular  vclccity of tile Iving 

tory experinieilts the opposite elc,ments n i l l  combine also reniain tlie same : also tha t  \\-it11 tlie aljzolute size of 

readily ~ v i t h  one anothei., w h ~ l e  co~i i l~ ina t ion  callnot be ; t h e  l~ir t l  the  air-resistniice against llii- x~il igs i:icreases ill 

produced a m o n g  t h e  elements o i  either class alone, o ~ i l y  tlie tlii~.tl. 
t h e  fourth power, bu t  the 11o~:y-n.ei~;l~t i11 


Even  t h e  simplest natural  prcductions, such a s  air art1 In  order to  compare the  significnncc of  bvi~lg-configura- 

water, a re  of dual  conll~inatioiis. Air  corn1:ciscd cf (1s)- tic11 for  flight i l l  large ant1 s ~ n a l l  birils, iilie must  tliel-e-

gen ,  ~ l i t rogen ,  carbcnic acid gas,  h,iY',.q:rc.)i, etc,  I t , ~ving-confim-
fore introtluce into t h e  nuiiil~ers, e x l i r r s c i ~ ~ g  

composeti of oxygen and Ayi/~i<y,-i.i/, uration, a correctioii nccortling to tlle :rl,solute size o f t i e  
is the grzat  n:etiium 

also of life ancl production. fire n a m e 
Eveii tlie oltl ~ ~ / ~ ~ i i l i . i ~ i ' , l~ir t l ,  and the  result of this cori-ectioii tile authors 

o r  con;bustion, can only be produced from oxygen ant1 ! t h e  ~ving-number.  Non;, if  t h e  various 1,irtis 11: arral?ged 

A j ~ d ~ u ~ g e ; l ,  All rock series accortling to wing-number, i'.c., z.ccorc!ilig- to 
~v i t l i  other opposing tlual elcmtnts .  i l l  


formations, crystals, stratas, a r e  pi-oductti from c o m l ~ i ~ l a -  n ing-configur;~lio~i,with co~npara t ive  1:rrfertnce oi  t h e  

tions of the  dual  elernenrs. All plants a n d  ~ e g e t a t i o i l  smaller, tile good flyers a r e  fount1 to 11e at  one end of t h e  

a re  of dua l  formation ant1 c1,ual in sex, \vhile all ani~rinls  series, the bat1 a t  the  other, c . ~ . ,~ : : ~ ~ r i t l g ~ , 
i wilt1 tluck 

Iare  untloubtedly ~ l l a l e  ant1 female. 10, jaclcdn~v2 0 ,  s11ar1 .0~ha\vk q,sea-swalloxv 50,  If 

O u r  p r e ~ i ~ i s e s  tlie \vith tlie I-atio o f  tlie
being thus  clear ancl true regartli::g we  now mult i l~ly this wing- l iu~i i l~er  

elements of the  matter ,  it Eollo~vs tl~:it-;~s ; i l l  p l a i ~ t s  nntl ' \\.eiglir of tlie breast-inuscle to  the  hotly-\ve;gl~t, i,e. ,  
animals a r e  c ~ m p o s e d  of the same elements, of osygeii, combine tile consideiation of tlic ac 'ua l  n.in;-coiifigura- 
hydrogen, etc., in different proportions anrl conrhinatioiis tion with that  of t h r  relative s i le  of tlic niuscles of flight, 
-the conclusion we have been serliing is inc\ i t lble,  nliicli a re  related to the  effectiveness nlid \.elocity of \\ing- 
a n e l  e i '  e f t  a o 7 , y f t D l  , + is 7 beat ,  we obtain the  iliglit i i~lrnber a s  measurc ot tile flying 

f?-olrt n i i t f  A n d  its uo?,ikli~ ii t  tAe  /riiicl~'ij, if 7/i trZi isr .  I po~ver ,  anti this appears.  c.,:,.., a s  follows : Sparrow 0.43, 
W h a t  causes tlual mntter to combine ant1 be  product- p a r t ~ i d g e  0.48, tviltl duclc 0.93, jackcia\\-, 1.72, go11 2.15, 

ive would leatl u s  into another inquiry a s  to the origin of ltibits 2 92, ezgle 2.95, stork 2.97,s e n - s ~ ~ a l l o n .3.28. 

life from ~ n a t t z r ;  but  this  n.e reserve for futt11.t: consitler- I :\ cotnpa~ison  of the  zcr i  s thus  obtsii:ed \\,it11 the 

ation.-701r~irnl rg Sci~.?rcz ,E ~ y l a i i d .  actual  flying power, she\\-s tha t  the i l ight-nun~her in gen- 


-- I era1 rises a ~ i t l  falls with the  Hying power ;rntl in particu- 

lar corrts]iontls the  bet ter  \vhere birds of ccjanl 11otIy-size 
THE 3IECHRXICS O F  1:lRU-FLIGHT. 1
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are  co~isitleretl ; ant1 less wcll, the  inore tiiffel el-it tlie size 

' l h e  mechanics of  the  flight of  birds have becn much I of tlie 1:irtIs co~iiparetl, so tha t  ill larger l~ir t ls  the actual 


studied, and coiisiderable space has  been recent!!. given I flying power falls beliintl tlie cornparati\-e flight-nun7her; 

to the subject in the  columns of the  Ej<:.-lz's/t i l f c ~ h ~ ~ i ~ i c .  tha t  even appears,  c 9 . , p . . ,  from a comj~nrison of the  par- 

A new contribution has  been recently ~llat le  to  a Silesiau tritlge 'ivith tlie sparloxv. o r  co1lveiselV, l\-lle:l we corn-

Society by h1hI. Legal ant1 Rcichel, whose researches pnre Ijirtls of ecjaal Hying po\\rer, t ] i f c l e n ~  size, c.g-., 

deal with ihe relations of the  size of  the  m u ~ c l e s o f  flight. ! larger ant1 smaller, l,ut atlult esamplc j  oi a species, o r  

a n d  the  size and  for111 of  a wing-surface, to the power of species of a g c ~ i i ~ s ,  tlie iliwht-1ium1,er i~icrcases \\.i:l1 tile 
flight, ant1 a short account  ma): be of  interest. (An ab- hotly-size. i t  is i~itiecd 8 i ~ h c u l t  aiicl al\i-ays sonie\vl~at  
s tract  of the  authors '  observations appears in a recent elroneous, to  measure tile actual  ilying polvers of cliffel- 
nuiiiber of .Wni~~~;Co?-sc/ te~- . )  i en t  hirtls together, one  bird accomplishes more  in tlexter- 

T h e  authors b:gin by considering the  cjutstion,n.llether ous ant1 cjuick movements, another in rapitl I l~gli t  in a 
the  absolute size of a birtl is  of iinportance with regard to i short  tinie, a t h ~ r t l  in duration of diglit. Still, tlle result 
its flying power, z', e., whether tn.0 birds, whicli colisiil- i may in general  (says the reljorter), l ~ e  regardetl a s  cor-
erahly differ in size froill each other, b u t  a l e  geornetri- rect. Now, a s  the  f l ig l~ t -numl~ers  exllress t h e  co~nhinetl  
cally similar in their  whole botlily structure, fi); eclually . tnechanically measura l~ le  factors of flight, it follo\vs tlia. 
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