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the  use  of  tlie  Aptyclms  to  tlie  Ammonite  ;  but  this  is  not  to  be
settled  by  the  wild  theories  of  persons  who  are  evidently  de-
ficient  in  elementary  knowledge  of  the  structure  and  economy
of  living  Mollusca.  This  is  one  of  the  evils  of  the  palaeon-
tologists  (as  they  call  themselves)  considering  palaeontology
a  separate  science,  and  confining  their  study  to  fossil  bones,
shells,  &c.,  and  not  paying  sufficient  attention  to  the  study
of  recent  animals,  instead  of  studying  them  as  parts  of  the
same  subject,  the  former  only  to  be  explained  by  the  latter  —
as  Cuvier  demonstrated  in  his  '  Ossemens  Fossiles,'  by  a
careful  study  of  the  existing  animals  and  their  parts  before  he
attempted  to  determine  the  fossils  he  then  knew  :  instead  of
this  we  find  the  palfeontologists  describing  and  forming
genera  on  mere  fragments,  and  putting  forth  the  wildest  and
most  erroneous  theories.  If  the  recent  and  fossil  species  were
studied  together  by  the  same  person  all  this  would  be  got  rid
of  ;  and  we  cannot  expect  that  any  reliable  information  as  to
the  determination,  structure,  or  distribution  of  fossils  will  be
obtained  until  this  course  is  adopted.  One  can  have  no  con-
fidence  in  pala3ontologists  who  describe  numerous  species  and
genera  from  fragments,  when  they  fail  in  describing  or  deter-
mining  the  osteology  or  conchology  of  recent  species.
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"On  the  Temperature  at  which  Bacteria,  Vibriones,  and  their
Supposed  Germs  are  killed  when  immersed  in  Fluids  or  exposed  to
Heat  in  a  moist  state."  By  H.  Charlton  Bastian,  M.A.,  M.D.,  F.R.S.,
Professor  of  Pathological  Anatomy  in  University  College,  London.

For  more  reasons  than  one  we  may,  perhaps,  now  look  back
with  advantage  upon  the  friendly  controversy  carried  on  rather
more  than  a  century  ago  between  the  learned  and  generous  Abbe
Spallanzani  and  our  no  less  distinguished  countryman  Turberv-ille
Needham.  Writing  conceming  his  own  relation  to  Needham,
the  Abbe  said*,  "  I  wish  to  deserve  his  esteem  whilst  combating
his  opinion;"  and,  in  accordance  with  this  sentiment,  we  find
him  treating  his  adversary's  views  with  great  respect,  and  at  the
same  time  repudiating  much  of  the  empty  and  idle  criticism  in
which  so  many  of  Needham's  contemporaries  nididged  with  regard

*  Nouvelles  Eecherches  sur  les  Decouvertes  Microscopiques  et  la  Genera-
tion  des  Corps  Organises,  &c.  London  and  Paris,  1709,  vol.  i.  p.  (>9.
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to  his  work.  This  criticism,  Spallanzani  says*,  "  Without  looking
iuto  details,  contented  itself  by  throvAong  doubt  upon  some  of
the  facts,  and  by  explaining  after  its  own  fashion  others  whose
possibility  it  was  willing  to  admit."  He  moreover  warmly  re-
probated  the  ignorant  and  disrespectful  statements  made  by  an
anonymous  writer  who  had  shown  himself  little  worthy  of  being
heard  upon  the  subjects  in  dispute.  Spallanzani  on  this  occasion
very  wisely  saidf:  —  "When  it  is  a  question  concerning  obser-
vations  and  experiments,  it  is  necessary  to  have  repeated  them
with  much  circumspection  before  venturing  to  pronounce  that
they  are  doubtful  or  untrustworthy.  He  who  will  allow  him-
self  to  speak  of  them  with  contempt,  and  who  can  only  attempt
to  refute  them  with  Avritings  composed  by  the  glimmer  derived
from  a  treacherous  lamp,  will  not  find  himself  in  a  condition  to
retain  the  esteem  of  learned  men,"  The  anonymous  writer  (in
his  '  Lettres  a  un  Amoricain')  to  whom  Spallanzani  referred
had  gone  so  far  as  to  doubt  the  statements  of  Needham  as  to
the  constant  appearance  of  organisms  in  infusions  which  had
been  previously  boiled,  and  also  intimated  that  even  if  they  were
to  be  found,  it  w^as  only  because  they  had  been  enabled  to  resist
the  destructive  influence  of  the  boiling  fluid.  This  latter  asser-
tion  was  emphatically  denied  by  Spallanzani,  his  denial  being
based  upon  a  most  extensive  series  of  experiments  wdth  eggs  in
great  variety  and  with  seeds  of  all  degrees  of  hardness  ;  these
were  all  found  to  be  killed  by  a  very  short  contact  with  boiling
water.  Spallanzani  had  thoroughly  satisfied  himself  that  even
very  tliick-coated  seeds  could  not  resist  this  destructive  agent  ;
whilst  he  thought  that  the  idea,  entertained  by  some,  of  the  eggs
of  the  lowest  infusoria  being  protected  from  the  injurious  influ-
ence  of  the  boiling  water  by  reason  of  their  extreme  minuteness,
was  a  supposition  so  improbable  as  scarcely  to  deserve  serious  con-
sideration.  Such  a  notion  was,  he  thought,  wholly  opposed  to
what  was  knowTi  concerning  the  transmission  of  heat.  Whilst,
therefore,  the  opinion  of  those  who  believe  that  eggs  have  the
power  of  resisting  the  destructive  influence  of  boiling  water  could
be  fully  refuted,  Spallanzani  thought  it  by  no  means  followed
that  the  infusoria  which  always,  after  a  very  short  time,  ap-
peared  in  boiling  infusions  had  arisen  independently  of  the  ex-
istence  of  eggs.  The  infusions  being  freely  exposed  to  the  air,
it  was  very  possible  that  this  air  had  introduced  eggs  into  the
fluids,  which  by  their  development  had  given  birth  to  the  infusoiia  J.

After  the  lapse  of  a  century  it  has  at  .last  been  clearly  shown
that  this  supposition  of  aerial  contamination  advanced  by  Spallan-
zani  (warrantable  and  natural  as  it  was  at  the  time)  is  one

*  Loc.  cit.  p.  9.  t  Loc.  cit.  p.  114.
X  A  few  pages  further  on  this  view  is  thus  shortly  expressed  :  —  •"  II  est

evident que toutes les tentatives faites avec le  feu,  peuvent bien servir  a  prouver
que  les  aniniaux  niicroscopiques  ne  naissent  point  des  oeufs  que  Ton  supposait
exister  dans les  infusions avant  qu'on leur  fit  scntir  le  feu ;  mais  ecla  n'empeche
pas  ([u'ils  n'aient  pu  otrc  formes  de  ceux  qui  auront  6t6  portus  dans  les  vaees
apres I'ebullition."
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which,  in  the  great  majority  of  cases,  is  devoid  of  all  foundation
in  fact,  so  far  as  concerns  the  organisms  essentially  associated
with  processes  of  putrefaction,  \\i.  Bacteria  and  Vihriones.  The
means  of  proving  this  statement,  based  upon  independent  obser-
vations  made  by  Professor  Burdon  Sanderson  and  myself,  were
recently  submitted  to  the  consideration  of  the  Eoyal  Society*.
Before  the  reading  of  this  communication  I  was  under  the  im-
pression  that  almost  every  one  of  those  who  had  taken  part  in
the  controversies  \\'hich  had  been  carried  on  both  here  and  abroad
concerning  the  Origin  of  Life  ^^•ere  prepared  to  admit,  as  Spallan-
zani  had  done,  that  the  eggs  or  germs  of  such  organisms  as  appear
in  infusions  were  unable  to  survive  when  the  infusions  containing
them  were  raised  to  the  temperature  at  which  water  boils.  This
impression  w-as  produced  in  part  by  the  explicit  statements  on  this
subject  that  had  been  made  by  very  many  biologists,  and  also  in
part  by  a  comparatively  recent  and  authoritative  confirmation
which  this  view  as  to  the  destructive  effects  of  boiling  infusions
upon  Bacteria  had  received.  Little  more  than  two  years  ago  Pro-
fessor  Huxley,  as  President  of  the  British  Association  for  the
Advancement  of  Science,  recorded  experiments  in  his  Inaugural
Address  which  were  obviously  based  upon  this  belief  as  a  starting-
point  ;  and  subsequently,  in  one  of  the  Sectional  Meetings,  after
referring  to  some  of  my  expei'iments,  and  to  the  fact  that  all  un-
mistakably  vital  movements  ceased  after  Bacteria  had  been  boiled,
Professor  Huxley  addedf  :  —  "  I  cannot  be  certain  about  other
persons,  but  I  am  of  opinion  that  observers  who  have  supposed
they  have  found  Bacteria  sur\dving  after  boiling  have  made  the
mistake  which  I  should  have  done  at  one  time,  and,  in  fact,  have
confused  the  Browuian  movements  with  true  livimi  movements."
Some  eminent  biologists  do  not  now  (in  reference  to  the  experiments
cited  in  my  last  communication)  suggest  that  the  organisms  found
in  the  infusions  were  dead  and  had  been  there  before  the  fluids
were  boiled  :  they  express  doubts  concerning  that  which  seems
formerly  to  have  been  I'egarded  as  established,  and  now  wish  for
evidence  to  show  that  the  germs  of  Bacteria  and  Vihriones  are  killed
in  a  boiling  infusion  of  hay  or  turnip,  as  they  have  been  proved  to
be  in  "  Pasteur's  Solution  "  and  in  solutions  containing  ammonic
tartrate  and  sodic  phosphate.

With  the  view  of  removing  this  last  source  of  doubt  more  effec-
tually,  and  also  of  refuting  the  unwarrantable  J  conclusion  of  M.
Pasteur,  to  the  effect  that  the  germs  of  Bacteria  and  Vihrionex  are
not  killed  in  neutral  or  slightly  alkaline  fluids  at  a  temperature
of  212°  P.,  I  almost  immediately  after  the  reading  of  my  last
communication  commenced  a  fresh  series  of  experiments.

*  See  Proceedings  of  Royal  Society,  No.  141,  1873,  p.  129.
t  See  Report  in  Quart.  Journ.  of  Microscop.  Science,  Oct.  1870.
X  Reasons  for  this  opinion  have  been  fully  set  forth  in  'The  Beginnings  of

Life,'  vol.  i.  pp.  .374  et  seq.  ;  or  the  discriminating  reader  may  at  once  find  my
justification  for  this  expression  by  reading  pp.  58-fi6  of  M.  Pasteur's  memoir  in
' Ann. de C'him. et de Pliysique,'  1862.
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Nearly  two  years  ago,  iu  my  '  Modes  of  Origin  of  Lowest
Organisms,'!  brought  forward  evidence  to  show  that  Bacteria,
Vibriones,  and  their  supposed  germs  are  killed  at  a  temperature  of
140°  F.  (60°  C.)  in  neutral  or  very  faintly  acid  solutions  containing
ammonic  tartrate  and  sodic  phosphate,  and  also  evidence  tending
to  show  that  these  living  units  were  killed  in  neutral  infusions
of  hay  and  in  acid  infusions  of  turnip  at  the  same  temperature.

The  crucial  evidence  adduced  concerning  the  degree  of  heat
destructive  to  Bacteria,  Vibriones,  and  their  germs,  in  the  saline
solution,  was  of  this  nature.  The  solution  had  been  shown  to  be
incapable  of  engendering  Bacteria  and  Vibriones  (under  all  ordi-
nary  conditions)  after  it  had  been  boiled,  although  it  still  continued
capable  of  supporting  the  life  and  encouraging  the  rapid  multi-
plication  of  any  of  these  orgaiiisms  \\'hich  were  purposely  added  to
it.  Home  of  this  boiled  solution,  therefore,  was  introduced  into
flasks  previously  washed  ^^•ith  boiling  ^A•ater  ;  and  when  the  fluids
had  suflTicieutly  cooled,  that  of  each  flask  was  inoculated  with
living  Bacteria  and  Vibriones  —  in  the  proportion  of  one  drop  of
a  fluid  quite  turbid  with  these  organisms  to  one  fluid  ounce  of  the
clear  saline  solution*.  TJ^ese  mixtures  containing  an  abundance
of  living  organisms  were  then  heated  to  various  temperatures,
raughig  from  122°  F.  (50°  C.)  to  167°  F.  (75°  C);  and  it  was  in-
variably  found  that  those  which  had  been  heated  to  122°  or  131°  F.
became  quite  turbid  in  about  two  days,  whilst  those  which  had
been  raised  to  140°  F.  or  upwards  as  invariably  remained  clear
and  unaltered.  The  turbidity  in  the  first  series  having  been  ascer-
tained  to  be  due  to  the  enormous  nmltiplication  of  Bacteria  and
Vibriones,  and  it  being  a  well-established  fact  that  such  organisms
when  undoubtedly  living  always  rapidly  multiply  in  these  fluids,
the  conclusion  seemed  almost  inevitable  that  the  organisms  and
their  germs  must  have  been  killed  in  the  flasks  which  were  briefly
subjected  to  the  temperature  of  140°  F.  How  else  are  we  to
account  for  the  fact  that  these  fluids  remained  quite  unaltered
although"'  living  organisms  were  added  to  them  in  the  same  pro-
portion  as  they  had  been  to  those  less-heated  fluids  which  had
so  rapidly  become  turbid?  Even  if  there  does  remain  the  mere
possibility  that  the  organisms  and  their  supposed  germs  had  not
actually  been  killed,  they  were  certainly  so  far  damaged  as  to
be  unable  to  manifest  any  vital  characteristics.  The  heat  had,  at
all  events,  deprived  them  of  their  powers  of  grov^th  and  multipli-
cation  ;  and  these  gone,  so  little  of  what  we  are  accustomed  to  call
"  life  "  could  remain,  that  practically  they  might  well  be  con-
sidered  dead.  And,  as  I  shall  subsequently  show,  the  production
of  this  potential  death  by  the  temperature  of  140°  F.  enables  us  to
draw  just  the  same  conclusions  from  other  experiments,  as  if
such  a  temperature  had  produced  a  demonstrably  actual  deathf.

*  Fuller  details  concerning  these  experiments  may  be'  found  in  the  little
work  already  mentioned  at  pp.  51-56,  and  also  in  '  The  Beginnings  of  Life,  '
vol. i. pp. 32.5-8.32.

t See p. 462.
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Seeing  also  that  these  saline  solutions  were  inoculated  with  a
fluid  in  which  B(Ccteria  and  Vihrioms  were  multiplying  rapidly,
we  had  a  right  to  infer  that  they  were  multiplying  iu  their
accustomed  manner,  "  as  much  by  the  knowa  method  of  fission,
as  by  any  unknown  and  assumed  method  of  reproduction."  So
that,  as  I  at  the  time  said*,  "  These  experiments  seem  to  show,
therefore,  that  even  if  Bactena  do  multiply  by  means  of  invisible
gemmules,  as  well  as  by  the  known  process  of  fission,  such  in-
visible  particles  possess  no  higher  power  of  resisting  the  de-
structive  influence  of  heat  than  the  parent  Bacteria  themselves
possess."

This  is,  in  fact,  by  far  the  most  satisfactory  kind  of  evidence
that  can  be  produced  concerning  the  powers  of  resisting  heat  en-
joyed  by  Bacteria  and  Vihriones,  because  it  also  fully  meets  the
hypothesis  as  to  their  possible  multiplication  by  invisible  gemmules
possessed  of  a  greater  power  of  resisting  heat,  and  because  no
mere  inspection  by  the  microscope  of  dead  Bacteria  can  entitle
us  positively  to  afiirm  that  they  are  dead,  even  though  all  cha-
racteristically  vital  or  "  true  living"  .movements  may  be  absent.

Facts  of  a  very  similar  nature  were  mentioned  in  the  same
work  strongly  tending  to  show  that  Bacteria  and  Vihriones  are
also  killed  at  the  same  temperature  in  other  fluids,  such  as  infu-
sions  of  hay  or  turnip.  These  facts  were  referred  to  in  the  follo\\'ing
statementt  :  —  "  Thus,  if  on  the  same  slip,  though  under  different
covering-glasses,  specimens  of  a  hay-infusion  turbid  with  Bacteria
are  mounted,  («)  without  being  heated,  {h)  after  the  fluid  has  been
raised  to  122°  F.  for  ten  minutes,  and  (c)  after  the  fluid  has  been
heated  to  140°  F.  for  ten  minutes,  it  will  be  found  that  in  the
course  of  a  few  days  the  Bacteria  under  a  and  h  have  notably
increased  in  quantity,  whilst  those  under  c  do  not  become  more  nu-
merous,  however  long  the  shde  is  kept.  Facts  of  the  same  land
are  observable  if  a  turnip-infusion  containing  living  Bacteria  is  ex-
perimented  with  ;  and  the  phenomena  are  in  no  way  different  if  a
solution  of  ammonic  tartrate  and  sodic  phosphate  (containing
Bacteria)  be  employed  instead  of  one  of  these  vegetable  infusions.
The  multiplication  of  the  Bacteria  beneath  the  covering-glass,
when  it  occurs,  is  soon  rendered  obvious,  even  to  the  naked  eye,
by  the  increasing  cloudiness  of  the  film."

The  facts  just  cited  concerning  the  behaviour  of  thin  films  of
turbid  infusions  which  had  been  heated  to  different  temperatures
gave  me  the  clue  as  to  the  proper  direction  of  future  work.  It
would  seem  that,  when  mounted  in  the  manner  described,  such
thin  films  of  infusion  continue  capable  of  supporting  and  favouring
the  multiplication  of  any  already  existing  Bacteria,  and  Vihriones,
although  under  such  conditions  no  new  birth  of  living  particles
appears  to  take  place  even  in  these  fluids.  The  question  then
arose  as  to  whether,  by  subjecting  lai'ger  quantities  of  the  same
infusions  to  any  particular  sets  of  conditions,  we  could  ensure

*  Modes  of  Origin  of  Lowest  Organisms,  1871,  p.  60.  t  Loc.  cii.  p.  CO.
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that  they  also  should  continue  to  manifest  the  same  properties  —
because,  if  so,  it  would  be  almost  as  easy  to  determine  the  death-
point  of  Bacteria  and  Vihriones  when  exposed  to  heat  in  these
infusions  as  it  had  been  to  determine  it  for  the  saline  solutions
already  mentioned.

It  was  pointed  out  by  Gruithuisen  early  in  the  present  century,
that  many  infusions,  otherwise  very  productive,  ceased  to  be  so
when  they  were  poured  into  a  glass  vessel  whilst  boiling,  and  when
this  was  filled  so  that  the  tightly  fitting  stopper  touched  the  fluid.
Having  myself  proved  the  truth  of  this  assertion  for  hay-infusion,
it  seemed  Hkely  that,  by  having  recourse  to  a  method  of  this  kind,
I  should  be  able  to  lower  the  virtues  of  boiled  hay-  and  turnip-
infusions  to  the  level  of  those  possessed  by  the  boiled  saline  solu-
tion  with,  which  I  had  pre\'iously  experimented  —  that  is,  to  reduce
them  to  a  state  in  which,  whilst  they  appear  (under  these  conditions)
quite  unable  of  themselves  to  engender  Bacteria  or  Vihriones,
they  continue  well  capable  of  favouring  the  rapid  multiplication  of
such  organisms.

This  was  found  to  be  the  case;  and  I  have  accordingly  per-
formed  upwards  of  ene  hundred  experiments  with  inoculated
portions  of  these  two  infusions  raised  to  different  temperatures.
The  mode  in  which  the  experiments  were  conducted  was  as
follows  :  —

Infusions  of  hay  and  turnip  of  slightly  different  strengths
were  employed.  These  infusions,  ha\dng  been  first  loosely  strained
through  musHn,  were  boiled  for  about  ten  or  fifteen  minutes,
and  then  whilst  boiling  strained  through  ordinary  Swedish  fntei-ing-
paper  into  a  glass  beaker  which  had  previously  been  well  rinsed
with  boiling  water.  A  number  of  glass  bottles  or  tubes  were
also  prepared,  which,  together  with  their  stoppers  or  corks,  had
been  boiled  in  ordinary  tap  water  for  a  few  minutes*.  They  were
taken  out  full  of  the  boiling  fluid  ;  and  the  stoppers  or  corks  being
at  once  inserted,  the  vessels  and  their  contents  were  set  aside  to
cool.  When  the  filtered  infusion  of  hay  or  turnip  had  been
rapidly  cooled  down  to  about  110°  F.  (by  letting  the  beaker  con-
taining  it  stand  in  a  large  basin  of  cold  water),  it  was  inoculated
with  some  of  a  turbid  infusion  of  hay  swarming  with  active
Bacteria  and  Vihriones  —  in  the  proportion  of  one  drop  of  the  turbid
fluid  to  each  fluid  ounce  of  the  now  clear  filtered  infusiont.  The
beaker  was  then  placed  upon  a  sand-bath,  and  its  contained  fluid
(in  which  a  thermometer  was  immersed)  gradually  raised  to  the
required  temperature.  The  fluid  was  maintained  at  the  same  tem-
perature  for  five  minutes  by  alternately  raising  the  beaker  from

*  The  vessels  employed  have  varied  in  capacity  from  two  drachms  to  four
ounces  ;  some  have  been  provided  with  glass  stoppers  and  others  with  very
tightly  fitting  corks  ;  and  the  latter  I  find  have  answered  quite  as  well  as  the
former.  On  the  whole  I  have  found  tightly  corked  one-ounce  phials  to  be  about
the most convenient vessels to employ in these inocidation experiments.

t  It  was  found  desirable  to  filter  the  infusions  after  they  had  been  boiled,
because the boiling generally somewhat impaired their clearness.
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and  replacing  it  upon  the  sand-bath.  The  bottles  to  be  used  were
then  one  by  one  uncorked,  emptied,  and  refilled  to  the  brim  with
the  heated  inoculated  fluid*.  The  corks  or  stoppers  were  at  once
very  tightly  pressed  down,  so  as  to  leave  no  air  between  them  and
the  surface  of  the  fluids.  The  beaker  was  then  replaced  upon  the
sand-bath  and  the  gas  turned  on  more  fully,  in  order  that  the  ex-
perimental  fluid  might  be  rapidly  raised  to  a  temperature  9°  F.
(5°  C.)  higher  than  it  had  been  before.  After  five  minutes'
exposure  to  this  temperature  other  bottles  were  filled  in  the  same
manner,  and  so  on  for  the  various  temperatures  the  influence  of
which  it  was  desired  to  test.

Thus  prepared,  the  bottles  and  tubes  have  been  exposed  during
the  day  to  a  temperature  ranging  from  65°  to  75°  F.  And  generally
cue  had  not  to  wait  long  in  order  to  ascertain  what  the  results
were  to  be.  In  some  cases,  if  the  contents  of  the  vessels  were
to  become  turbid,  this  was  more  or  less  manifest  after  an  in-
terval  of  forty-eight  hours  ;  in  other  cases,  however,  the  turbidity
manifested  itself  three  or  more  days  later  :  the  reason  of  this
difference  will  be  fully  discussed  in  a  subsequent  communication.

For  the  sake  of  simplicity  and  breAdty,  the  necessary  particu-
lars  concerning  the  102  experiments  have  been  embodied  in  the
opposite  Table.

The  experimental  results  here  tabulated  seem  naturally  divisible
iuto  three  groups.  Thus,  when  heated  only  to  131°  F.,  all  the  in-
fusions  became  turbid  within  two  days,  just  as  the  inoculated  saline
solutious  had  done  J.  Heated  to  158°  F.  all  the  inoculated  organic
infusions  remained  clear,  as  had  been  the  case  with  the  saline
solutions  in  my  previous  experiments  when  heated  to  140°  F.
There  remains,  therefore,  an  intermediate  heat  zone  (ranging  from
a  Httle  below  140"  to  a  little  below  158°  F.)  after  an  exposure  to
which  the  inoculated  organic  infusions  are  apt  to  become  more
slowiy  turbid,  although  inoculated  sahne  solutions  raised  to  the
same  temperatures  invariably  remain  unaltered.  The  full  expla-
uatiou  of  these  apparent  anomalies  I  propose  to  make  the  subject
of  a  future  communication  to  the  Royal  Society  ;  meanwhile  we
may  quite  safely  conclude  that  Bacteria,  Vihriones,  and  their  sup-
posed  germs  are  either  actually  killed  or  else  completely  deprived
of  their  powers  of  multiplication  after  a  brief  exposure  to  the  tem-
perature  of  158°  F.  (70°  C).

This  evidence  now  in  our  possession  as  to  the  limits  of  "  vital
resistance  "  to  heat  displayed  by  Bacteria,  Vihriones,  and  their  sup-
posed  germs  in  neutral  saline  solutious,  and  in  neutral  or  acid  or-
ganic  infusions,  is  most  pertinent  and  valuable  when  considered
in  relation  to  that  supplied  by  other  sets  of  experiments  bearing
upon  the  all-important  problem  of  the  Origin  of  Life.  These

*  At  this  stage,  of  course,  very  great  care  is  needed  in  order  to  avoid  all
chance  of  accidental  contamination  either  with  living  organisms  or  with  un-
heated fragments or particles of  organic matter.

X  In  the  experiments  already  referred  to.
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Inoculation  Experiments  made  with  the  view  of  ascertaining
the  Temperatures  at  which  Bcu-terin,  Vihriones,  and  their  sup-
posed  Germs  are  killed  in  Organic  Infusions.
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latter  experiments  alone  may  possibly  leave  doubt  in  many  minds  ;
but  the  more  thoroughly  they  are  considered  in  relation  to  the
evidence  brought  forward  in  this  communication,  the  more  fully,  I
venture  to  think,  will  every  lingering  doubt  as  to  the  proper  con-
clusion  to  be  arrived  at  be  dispelled.

Thus  we  now  know  that  boiled  turnip-  or  hay-infusions  ex-
posed  to  ordinary  air,  exposed  to  filtered  air,  to  calcined  air,  or
shut  off  altogether  from  contact  with  air  are  more  or  less  prone  to
swarm  with  Bacteria  and  Vihriones  in  the  course  of  from  two  to  six
days  ;  but,  placed  under  slightly  different  conditions,  such  as  were
employed  in  the  inoculation  experiments  above  quoted,  although
infusions  of  the  same  nature  do  not  undergo  "  spontaneous"  putre-
factive  changes,  yet  when  living  Bacterict\udi  Vihriones  are  added,
and  not  subsequently  heated,  putrefaction  invariahly  takes  place  and
the  fluids  thus  situated  rapidly  become  turbid.  There  is  therefore
nothing  in  the  conditions  themselves  tending  to  hinder  the  process
of  putrefaction,  so  long  as  li\dng  units  are  there  to  initiate  it.  Our
experiments  now  show  that  as  long  as  the  added  Bacteria,  Vihriones,
and  their  supposed  germs  are  subjected  to  a  heat  not  exceeding  131°
F.  (55°C.),  putrefaction  invariably  occurs  within  two  days  ;  whilst,
on  the  contrary,  whenever  they  are  subjected  to  a  temperature  of
158°  r,  (70°  C.)  putrefaction  does  not  occur.  To  what  can  this
difference  be  due,  except  to  the  fact  that  the  previously  living  or-
ganisms,  which,  when  living,  always  excite  putrefaction,  have  been
killed  by  the  temperature  of  158°  F.  ?  It  would  be  of  no  avail  to
suppose  that  the  absence  of  putrefaction  in  these  latter  cases  is
due  to  the  fact  that  a  heat  of  158°  F.,  instead  of  kilHng  the  or-
ganisms  and  their  germs,  merely  annuls  their  powers  of  repro-
duction,  because  in  the  other  series  of  experiments  (with  which
these  have  to  be  compared),  where  similar  fluids  are  exposed  to
ordinary  or  purified  air,  or  are  shut  off  from  the  influence  of  air
altogether,  the  most  active  putrefaction  and  multiplication  of  or-
ganisms  takes  place  in  two,  three,  or  four  days,  in  spite  of  the
much  more  potent  heat  of  212°  F.  to  which  any  preexisting  germs
or  organisms  must  have  been  subjected.  The  supposition,  there-
fore,  that  the  Bacteria,  Vihriones,  and  their  germs  were  not  killed
in  our  inoculation  experiments  at  the  temperature  of  158°  F.,  but
were  merely  deprived  of  their  powers  of  reproduction,  would  be  no
gain  to  those  who  desire  to  staAe  off  the  admission  that  Bacteria
and  Vihriones  can  be  proved  to  arise  de  tiovo  in  certain  cases.  Let
us  assume  this  (which  is  indisputably  proved  by  these  inoculation
experiments),  viz.  that  an  exposure  to  a  temperature  of  1  58°  F,
(70°  C.)  for  five  minutes  deprives  Bacteria,  Vihriones,  and  their
germs  of  their  usual  powers  of  growth  and  reproduction  —  that
is,  that  it  reduces  them  to  a  state  of  potential,  if  not  necessarily
to  one  of  actual  death.  What  end  would  be  served  by  such  a
reservation?  The  impending  conclusion  could  not  be  staved  off
by  means  of  it.  The  explanation  of  what  occurs  in  the  other  set
of  experiments,  where  the  much  more  potent  heat  of  212°  F.  is
employed,  still  would  not  be  possible  without  having  recourse  to
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the  supposition  of  a  de  novo  origination  of  living  units,  so  long  as
those  which  may  have  preexisted  in  the  flasks  could  be  proved
to  have  beeu  reduced  to  such  a  state  of  potential  death.  It  would
be  preposterous,  and  contrary  to  the  whole  order  of  Nature,  to
assume  that  the  vastly  increased  destructive  influence  of  a  heat  of
212°  Y.  had  restored  vital  properties  which  a  lesser  amount  (158°
F.)  of  the  same  influence  had  completely  ainuilled.

The  evidence  supplied  by  these  different  series  of  experiments,
in  whichever  way  it  is  regarded,  as  it  seems  to  me,  absolutely
compels  the  logical  reasoner  to  conclude  that  the  swarms  of  living
organisms  wliich  so  often  make  their  appearance  in  boiled  infusions
treated  in  one  or  other  of  the  various  modes  already  proved  to  be
either  destructive  or  exclusive  of  preexisting  liviug  things  are  the
products  of  a  new  brood  of  "  living  "  particles,  which,  in  the  absence
of  any  coexisting  living  organisms,  must  have  taken  origin  in  the
fluid  itself.  For  this  mode  of  origin  of  living  units,  so  long
spoken  of  and  repudiated  as  "  spontaneous  generation,"  I  have
proposed  the  new  term  Archebiosis.

MISCELLANEOUS.

Habits  of  Xenurus  unicinctus,  or  Cabassou.
By  Dr.  J.  E.  Gkay,  F.R.S.,  F.Z.S.,  &c.

A  SPECIMEN  of  this  animal  has  been  living  in  the  Zoological
Gardens  for  this  last  three  or  four  months.

It  feeds  freely  on  chopped  meat  and  vegetables.
The  head  is  very  blunt,  with  a  broad,  truncated,  flesh-coloured

nose  with  large  nostrils.  The  ears  are  very  large  and  covered  with
scales  ;  they  are  usually  open  and  spread  out,  but  always  have  a
keel  on  the  inner  side  ;  the  fore  and  hiuder  flat  surfaces  are  fre-
quently  completely  closed  by  compressing  the  two  sides  of  the  ear
very  closely  together,  perhaps  to  protect  the  cavity  of  the  ear  from
the  sand  of  the  places  they  are  said  to  inhabit.  The  body  is  broad,
depressed,  and  sunk  in  the  middle  of  the  back,  and  the  dorsal  disk  is
very  soft  and  flexible.  The  tail  is  elongate,  subcylindrical,  blackish,
naked,  and  smooth,  with  three  longitudinal  series  of  calcareous
tubercles  on  each  side  of  the  under  part  of  the  hinder  half  of  the
tail,  which  are  of  a  roundish  shape  and  are  sunken  into  its  sub-
stance  so  as  to  be  level  with  the  surface.  The  front  claws  are  very
large,  and  squarely  truncated  at  the  end,  from  the  animal's  habit
of  walking  on  the  tips  of  them.  The  front  fingers  are  very  mobile  ;
and  the  animal  is  constantly  spreading  them  out,  so  that  they
radiate  from  one  another  and  can  make  a  very  broad  foot,  if  re-
quired  by  the  place  it  inhabits.  The  hind  claws  are  similar,  but  not
quite  so  large  or  unequal.  The  penis  is  long,  fusiform,  and  entirely
retractile.  The  front  claws  of  the  wild  specimens  in  the  Museum
are  not  so  much  truncated  as  those  of  the  specimen  in  the  Zoological
Gardens  ;  and  though  the  tubercles  on  the  tail  are  present  in  the
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