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In  the  development  and  formulation  of  the  general  conception

of  the  axial  gradient  conditions  observed  or  experimentally  in-

duced  in  Tubularia  and  other  Hydrozoa  have  played  a  part

(Child,  'i$c,  pp.  79,  91-2,  96-99,  128-137),  but  particularly  dur-

ing  the  last  five  years  data  concerning  the  gradient  in  these  forms

have  been  accumulating  until  now  a  point  has  been  reached  where

the  volume  and  variety  of  these  data  warrant  their  presentation.

While  some  of  these  data  have  been  briefly  considered,  as

noted  above  and  in  other  papers,  most  of  them  have  not  as  yet

been  recorded,  and  it  is  proposed  to  bring  them  together  in  con-

nected  form  in  this  and  two  or  three  following  papers.  In  the

present  paper  the  data  on  three  species  of  Hydra  are  presented.

METHODS  AND  MATERIAL.

The  gradients  in  Hydra  have  been  studied  chiefly  by  means  of

the  direct  or  lethal  susceptibility  method  1  with  cyanide  in  con-

centrations  ranging  from  m/i,ooo  to  m/io,  ethyl  alcohol  1-5  per

cent.,  ethyl  ether  1-3  per  cent,  and  the  dyes,  neutral  red,  methyl-

ene  blue  and  Janus  green  in  wide  ranges  of  concentration.  With

these  agents  the  regional  differences  in  susceptibility  were  de-

termined,  and  the  course  of  the  gradient  of  disintegration  and
death  in  body  and  tentacles  was  observed  under  various  condi-

tions.  Potassium  permanganate,  which  has  been  found  useful

in  many  cases  as  a  means  of  demonstrating  the  gradients  as  color

gradients,  has  also  been  used  to  some  extent  (Child,  '19),  but  is

rather  unsatisfactory  because  of  the  extreme  contraction  pro-
duced.

Observations  have  been  made  on  the  three  common  species  of

1  Child,  '130,  b,  '146,  '150,  b,  chap.  III.,  '15^,  'i6a,  b,  c,  '17,  Hyman,  "16,  17.
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Hydra,  H.  viridissima  (viridis},  H.  vidgaris  (grisea)  and  H.  oli-

gactis  (fusca)  and  data  on  several  hundred  individuals  have  been

recorded.  The  stages  used  include  full  grown  asexual  animals

with  and  without  buds,  and  all  stages  in  the  development  of

buds,  and  a  few  observations  have  been  made  on  sexual  individ-

uals,  animals  developed  from  the  regulation  of  pieces,  and  ani-

mals  reduced  in  size  by  starvation.

The  observations  on  H.  oligactis,  begun  in  1913  by  Child,  have

been  repeated  several  times  since  on  different  stocks  of  animals

and  have  been  confirmed  during  the  present  year  by  Hyman.

The  observations  on  H.  viridissima  and  H.  vulgaris  were  first

made  by  Hyman  during  1918  and  have  been  confirmed  by  Child.

All  important  points  concerning  the  gradients  in  the  three  spe-

cies  rest  on  observations  made  independently  by  both  of  us.

.  For  the  work  on  susceptibility,  Syracuse  dishes  with  covers  of

very  thin  glass  are  used.  The  animals  are  placed  in  the  dish  in

a  little  water,  or  in  certain  experiments  most  of  the  water  pre-

viously  present  is  removed  with  as  little  disturbance  as  possible,

the  agent,  freshly  made  up  to  the  desired  concentration,  is  added

at  once,  or  allowed  to  flow  gently  in  from  a  pipette  until  the  dish

is  quite  full,  and  the  dish  is  then  covered  with  exclusion  of  all

air  bubbles.  This  procedure  prevents  loss  by  volatilization  and

makes  it  possible  to  examine  the  animals  at  all  stages  under  a

low  power  of  the  compound  microscope,  and  the  dish  can  be

moved  if  some  care  is  exercised,  without  disturbing  the  animals

sufficiently  to  produce  contraction.

STRUCTURAL  AND  FUNCTIONAL  SPECIALIZATION  OF  BODY  REGIONS

IN  THE  THREE  SPECIES.

The  four  parts,  tentacles,  hypostome,  column  and  foot  present

of  course  the  same  general  characteristics  in  all  three  species,  but

there  are  .certain  features  of  the  different  body  regions  and  cer-

tain  minor  differences  between  the  species  which  are  significant

in  relation  to  susceptibility.

In  the  tentacles  of  all  three  species  the  capacity  for  elongation

and  contraction  apparently  decreases  basipetally,  but  the  ten-

tacles  of  H.  oligactis  in  the  stocks  with  which  we  have  worked,

are  much  longer  and  capable  of  a  much  greater  degree  of  exten-
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sion  and  contraction  than  those  of  H.  viridissima  and  H.  vulgaris,

which  are  much  alike.  The  chief  differences,  however,  are  in  the

column.  In  all  three  species  the  basal  region  of  the  column  in-

cluding  a  third  to  a  half  the  body  length  in  ordinary  degrees  of
extension  is  more  extensile  and  contractile  than  the  distal  half

or  two  thirds.  In  other  words,  all  three  species  show  at  least  a

functional  specialization  of  a  more  highly  contractile  basal  re-

gion  and  a  less  highly  contractile  digestive  region.  Since  this

specialization  is  particularly  significant  in  relation  to  suscepti-

bility  it  will  be  convenient  for  present  purposes  to  distinguish

the  basal  region  as  the  "stalk"  from  the  digestive  region  or

"body"  in  the  stricter  sense.
In  H.  viridissima  this  specialization  is  not  usually  accompanied

by  any  marked  degree  of  structural  differentiation.  The  column

of  the  fully  extended  animal  is  cylindrical  and  of  practically

equal  diameter  throughout  its  length  (Fig.  i),  1  although  there  is

usually  a  graded  decrease  in  both  the  amount  of  nutritive  sub-
stances  and  food  reserves  in  the  entodermal  cells  and  of  the  sym-

biotic  algae  toward  the  base  of  the  column  and  consequently  an

increase  in  transparency  in  the  same  direction.  In  the  various

stages  of  contraction  this  basal  region  usually  undergoes  a  greater

degree  of  shortening  than  the  more  apical  regions  but  is  not

marked  off  by  any  characteristic  difference  in  form  from  the  rest

of  the  column  (Figs.  2,  3).  In  extreme  contraction  such  as  is

induced  for  example  by  strong  chemical  stimuli,  the  column  may

become  spherical,  or  nearly  so  (Fig.  3).

In  H.  vulgaris  a  somewhat  greater  degree  of  differentiation  of

the  stalk  usually  appears.  In  fully  extended  animals  in  good  nu-

tritive  condition,  the  basal  third  more  or  less  of  the  column  is

distinguishable  not  only  by  its  thinner  wall  and  greater  trans-

parency,  the  transition  from  the  body  to  stalk  being  more  ab-

rupt  than  in  H.  viridissima,  but  the  stalk  is  somewhat  more

slender  than  the  body  which  often  shows  a  slight  increase  in

diameter  basipetally  to  the  beginning  of  the  stalk  region  (Fig.  4).

In  a  moderately  contracted  condition  the  stalk  is  likewise  usually

1  H.  viridissima  is  of  course  much  smaller  than  H.  vulgaris  and  H.  oligactis,
but  for  conveneince  in  comparison  all  figures  are  drawn  to  such  scale  that  corre-
sponding stages of development of the three species are approximately of the same
size.



1 86 C.  M.  CHILD  AND  L.  H.  HYMAN.

\  r

3

8



THE  AXIAL  GRADIENTS  IN  HYDROZOA.  187

distinguishable  as  a  region  of  smaller  diameter  than  the  body

(Fig.  5)  and  in  extreme  contraction  the  body  is  not  spherical

but  more  or  less  urn-shaped  with  a  somewhat  flattened  base,

which  represents  the  contracted  stalk.  Buds  in  H.  vulgaris  arise

at  or  near  the  base  of  the  body  proper,  and  in  the  state  of  extreme

contraction  the  position  of  the  bud  is  at  or  near  the  border  of  the

flattened  base  as  indicated  in  Fig.  6.  Since  the  bud  serves  as  a

landmark  indicating  approximately  the  boundary  between  body

and  stalk  its  position  in  Fig.  6  shows  that  there  is  in  this  con-

tracted  state  a  relatively  greater  decrease  in  length  of  stalk  than
of  body.

Hydra  oligactis  shows  a  greater  degree  of  differentiation  of  stalk

and  body  than  the  other  two  species.  In  well  extended  animals

in  good  nutritive  condition  the  column  is  very  distinctly  marked

off  into  two  regions,  the  body  proper,  including  the  apical  half

or  less  of  the  column,  with  a  larger  diameter  and  a  thick  opaque

entoderm,  and  the  stalk,  comprising  the  basal  half  or  more  of

the  column,  with  a  smaller  diameter  very  commonly  only  about

half  that  of  the  body  and  a  thin,  highly  transparent  entoderm

(Fig.  7).  Moreover,  the  transition  from  body  to  stalk  is  in  this

form  much  more  abrupt  than  in  the  other  species.  Fig.  8  shows

a  condition  of  moderate  contraction,  Figs.  9  and  10  greater  de-

grees  of  contraction  and  Fig.  n  a  state  of  extreme  contraction

induced  by  chemical  stimulation.  Since  in  H.  oligactis  as  in  H.

vulgaris  buds  arise  at  or  near  the  base  of  the  body,  the  position

of  the  bud  in  Fig.  1  1  indicates  approximately  the  boundary  be-

tween  body  and  stalk  and  shows  the  greater  contractility  of  the
stalk.

The  differences  in  diameter,  general  appearance  and  opacity

between  body  and  stalk  become  less  marked  with  lack  of  food

and  in  advanced  starvation  may  almost  or  entirely  disappear

even  in  H.  oligactis,  and  with  less  extreme  starvation  in  H.  vul-

garis.  On  the  other  hand,  individuals  of  H.  vulgaris  are  not  in-

frequently  seen  in  which  the  entoderm  of  the  digestive  region  is

so  thickened,  apparently  by  nutritive  reserves,  that  the  form

approaches  that  of  H.  oligactis,  and  occasionally  H.  viridissima

shows  some  modification  in  this  direction.  But  while  the  shape

of  the  animal  may  vary  widely  with  nutritive  conditions,  the
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differences  in  specialization  between  stalk  and  body  appear  in

general  to  be  greater  in  H.  oligactis  than  in  the  other  two  species.

Whatever  its  degree  of  development  in  full-grown  individ-

uals,  the  stalk  is  not  present  in  young  buds  (Figs.  12,  14)  nor

in  the  earlier  stages  of  the  regulatory  development  of  pieces

of  any  of  the  three  species,  but  is  a  secondary  outgrowth  from,

or  modification  of  the  basal  region  of  the  column  arising  compara-

tively  late  in  the  development  of  buds  (Fig.  13)  and  of  pieces

undergoing  regulation.  Not  infrequently  buds  become  detached

from  the  parent  before  any  considerable  development  of  the  stalk

occurs,  and  in  such  cases  the  stalk  develops  later  in  the  young,

independently  attached  individual.  In  its  early  stages  the  stalk

is  very  short,  much  shorter  than  the  body  and  is  not  appreciably

more  contractile  than  other  regions  but  both  its  length  and  its

contractility  increase  until  it  is  commonly  somewhat  longer  than

the  body  in  well-extended  animals  of  H  .  oligactis  (Fig.  7)  and  shor-

tens  more  than  the  body  in  extreme  contraction  (Figs.  10,  ii).

The  stalk  is  evidently  then  a  more  or  less  specialized  region

or  organ  arising  at  a  late  stage  of  development  and  functioning

in  connection  with  the  sessile  habit  as  an  organ  of  extension  and

contraction.  This  being  the  case,  it  is  also  evident  that  the

process  of  budding  in  hydra  takes  place  at  or  near  the  basal  end

of  the  body  proper,  and  in  this  connection  it  may  be  suggested

that,  while  the  specialization  of  the  stalk  is  not  so  great  as  to

prevent  its  dedifferentiation  and  regulatory  development  into  a

complete  individual  when  it  is  physically  isolated  from  the

parent  body,  yet  it  is  so  much  greater  than  that  of  the  basal  re-

gion  of  the  body  that  the  buds  arise  from  the  latter  region  rather

than  from  the  basal  end  or  any  other  level  of  the  stalk.

As  regards  behavior,  both  the  tentacle  and  the  column  repre-

sent  to  a  certain  degree  a  relation  of  dominance  and  subordina-

tion.  Under  natural  conditions  the  more  distal  regions  of  the

tentacles  must  be  more  frequently  stimulated  than  regions  near

the  base,  consequently  contraction  of  the  basal  region  of  the  ten-

tacle  is  more  likely  to  occur  as  the  result  of  stimulation  of  a  re-

gion  distal  to  it  than  as  the  result  of  direct  stimulation  from  with-

out.  While  no  extensive  investigation  of  the  problem  has  been

undertaken  simple  experiments  on  mechanical  stimulation  with
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H.  oligactis  indicate  that  the  tentacle  represents  to  some  degree  a

gradient  in  physiological  condition.  While  the  reactivity  of  the

tentacle  varies  and  exact  control  of  intensity  of  stimulation  is  not

possible,  the  sensitiveness  of  the  tentacle  seems  to  decrease  some-

what  basipetally.  Moreover,  adequate  stimuli  near  the  tip

usually  induce  contraction  over  some  considerable  portion  or

even  the  whole  length  of  the  tentacle,  the  contraction  progress-

ing  basipetally,  while  similar  stimuli  near  the  base  commonly

induce  merely  a  local  contraction  or  bending  of  the  tentacle  at

the  region  of  contact  with  the  concavity  toward  the  exciting  ob-

ject.  A  more  intense  stimulation  of  the  basal  region  may  of

course  bring  about  contraction  of  the  whole  tentacle,  but  con-

duction  of  the  excitation  apparently  occurs  more  readily  basi-

petally  than  in  the  opposite  direction.

Stimulation  of  one  tentacle,  if  slight,  may  induce  partial  or  total

contraction  of  that  tentacle  only,  if  more  intense,  of  all  tentacles

and  contraction  of  all  tentacles  is  usually  followed  by  more  or
less  contraction  of  the  column.

As  regards  the  column,  contraction  of  the  stalk  usually  occurs

under  normal  conditions  in  response  to  excitation  conducted  from

the  tentacles  or  from  some  more  apical  level  of  the  body.  Cer-

tain  degrees  of  stimulation  produce  contraction  of  only  the  more

apical  regions  of  the  body  or  of  the  body  and  not  the  stalk,  while

more  intense  stimulation  brings  about  contraction  of  both  body

and  stalk.  In  animals  partially  anesthetized  by  alcohol,  ether

and  other  agents  the  decrement  in  conduction  apparently  in-

creases,  even  when  the  body  contracts  vigorously,  and  the  con-

traction  can  be  seen  to  die  out  before  reaching  the  stalk  or  in  the

anterior  portion  of  the  stalk.  In  such  cases  the  stalk  may  become

inactive  before  the  body,  not  because  it  has  lost  its  contractility,
but  because  the  excitation  fails  to  reach  it.

Both  body  and  stalk  are  much  less  sensitive  than  the  tentacles
to  direct  contact  stimulation.  Contraction  of  the  whole  column

can  be  induced  by  adequate  stimulation  at  any  point,  as  in  the

case  of  the  tentacle,  but  stimulation  of  the  more  apical  levels  of

the  body  induces,  according  to  its  intensity,  contraction  of  only

the  more  apical  body  region,  of  the  whole  body  or  of  body  and

stalk.  Here,  as  in  the  tentacle,  a  decrement  in  the  transmitted

excitation  evidently  exists.
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The  stalk,  with  the  exception  of  the  foot  region,  is  under  nor-
mal  conditions  less  sensitive  to  direct  mechanical  stimulation

than  the  body.  It  is  often  possible  to  puncture  the  stalk  re-

peatedly  with  a  needle,  without  producing  any  effect  beyond  a

slight  local  contraction,  or  at  the  most  some  contraction  of  the

whole  stalk,  but  when  the  stimulus  is  adequate  to  produce  more

than  a  local  effect,  contraction  of  the  whole  animal  usually  follows.

It  appears  then  that  because  of  the  greater  sensitiveness  of  more

apical  levels  and  probably  also  because  of  greater  conductivity

in  the  basipetal  direction  the  physiological  state  at  any  level,  so

far  as  it  is  dependent  upon  excitation,  is  determined  to  a  greater

degree  by  the  conditions  in  levels  apical  to  it  than  by  conditions

at  more  basal  levels.  In  other  words  the  more  apical  levels  are

relatively  dominant.

It  should  be  noted,  however,  that  the  foot  of  the  attached  ani-
mal  is  rather  sensitive  to  direct  mechanical  stimulation  which  de-

forms  or  stretches  it,  and  the  stalk  likewise  is  sensitive  to  tension,

whether  produced  by  currents  of  water  or  through  the  tentacles,

and  after  such  stimulation  of  the  foot  or  stalk,  contraction  of

the.  whole  animal  usually  occurs.  Moreover,  the  stalk  and  foot

of  animals  which  have  been  forcibly  detached  are  evidently  in  a

different  physiological  condition  from  those  of  attached  individ-

uals,  for  the  stalk  of  such  animals  performs  searching  movements

to  a  greater  or  less  extent,  and  the  foot  responds  to  contact  by

attachment  except  in  conditions  of  extreme  irritation.  The  stalk

and  foot  apparently  constitute  a  more  or  less  specialized  sensory

and  motor  apparatus  which  under  the  usual  conditions,  i.  e.,  in

attached  individuals,  is  to  some  extent  under  the  control  of  more

apical  regions,  but  which  under  certain  conditions  may  respond

independently  or  initiate  the  response  of  other  parts.

THE  AXIAL  SUSCEPTIBILITY  RELATIONS  UNDER  VARIOUS

CONDITIONS.

It  is  impossible  to  proceed  far  in  the  analysis  of  the  suscepti-

bility  relations  of  hydra  without  becoming  convinced  that  the

contractile  activity  of  any  particular  region  is  a  factor  in  deter-

mining  its  susceptibility.  The  very  direct  and  considerable  in-

fluence  of  muscular  contraction  upon  susceptibility  is  undoubt-
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edly  associated  with  the  fact  that  the  muscles  of  hydra  do  not

constitute  a  special  tissue,  but  are  merely  specially  differentiated

portions  of  the  body  cells  or  of  certain  of  them.  This  being  the

case,  there  is  every  reason  to  believe,  either  that  muscular  ac-

tivity  in  hydra  is  merely  one  expression  of  a  general  excitation

of  the  cells  concerned,  or  that  excitation  of  the  contractile  por-

tion  of  the  cell  brings  about  changes  in  the  physiological  condi-

tion  of  the  cell  as  a  whole,  or  it  may  be  that  both  of  these  possi-
bilities  are  realized  under  different  conditions.

Whatever  the  nature  of  this  relation  between  muscular  activity

and  susceptibility  it  is  necessary  in  analyzing  the  susceptibility

relations  to  take  into  account  the  condition  and  activity  of  the

muscular  system.  It  is  desirable  to  determine  the  susceptibility

relations  in  the  body,  not  only  before  the  muscular  system  has

developed,  but  also  in  fully  developed  animals  under  conditions

of  quiescence,  moderate  and  extreme  muscular  activity  and  with

experimental  inhibition  of  muscular  activity.  Fortunately  it  is

possible  to  investigate  and  analyze  more  or  less  completely  all

these  different  cases.  Although  the  earlier  embryonic  stages  are

not  available  for  work  of  this  kind,  the  earlier  stages  of  bud-de-

velopment  show  little  or  no  muscular  differentiation  and  are  to

be  regarded  as  essentially  embryonic  stages.  Animals  which

have  been  attached  by  the  foot  and  undisturbed  for  an  hour  or

more  are  usually  quiescent,  while  detached  animals  show  a  much

greater  degree  of  muscular  activity.  Moreover,  different  agents

and  different  concentrations  of  the  same  agent  produce  very  dif-

ferent  effects  upon  muscular  activity  before  death.  Cyanide,

for  example,  except  in  very  high  concentrations  produces  no  ap-

preciable  excitation  at  any  time  before  death  and,  on  the  other

hand,  inhibits  muscular  activity  very  gradually;  it  therefore  af-

fords  favorable  conditions  for  the  analysis  of  the  differences  in

susceptibility  in  non-motile  buds  and  full  grown  motile  animals

and  between  attached  quiescent,  and  detached  animals.

All  the  other  agents  used  produce  more  or  less  excitation  accom-

panied  by  increased  muscular  activity  in  the  earlier  stages  of  their

action.  This  condition  of  excitation  may  continue  for  hours  in

the  lower  concentrations  of  these  agents,  but  is  of  course  sooner

or  later  followed  by  depression,  disintegration  and  death.  With
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these  agents  then  we  have  a  combination  of  excitation  and  de-

pression  and  in  consequence  of  the  differences  in  susceptibility,

the  degree  of  excitation  and  the  length  of  the  excitation  period

differ  in  different  regions  of  the  animals.  Again,  the  degree  of

excitation  and  the  length  of  the  excitation  period  vary  with  con-

centration  of  the  agent.  In  the  higher  concentrations  of  anes-

thetics,  ethyl  ether  for  example,  and  to  a  lesser  degree  ethyl

alcohol,  momentary  excitation  may  be  followed  almost  immedi-

ately  by  anesthesia  and  paralysis  of  the  muscular  system.

The  dyes  used,  Janus  green,  methylene  blue  and  neutral  red,

are  all  distinctly  excitatory  in  action,  Janus  green  being  an  in-

tense  irritant,  even  in  very  low  concentrations,  e.  g.,  0.002  per

cent.,  while  methylene  blue  and  neutral  red  are  less  irritating  in

their  action.  In  general  the  higher  the  concentration  of  the  dyes

in  solution,  the  more  intense  the  irritant  action,  but  in  low  con-
centrations  the  excitation  increases  to  some  extent  with  the  ac-

cumulation  of  the  dye  in  the  tissues.

With  this  wide  range  of  physiological  and  experimental  con-

ditions  available,  it  becomes  possible  to  control  and  modify  sus-

ceptibility  relations  to  a  considerable  extent  and  so  to  determine

more  definitely  than  would  otherwise  be  possible  various  factors
concerned.

In  the  following  sections  the  susceptibility  relations  observed

under  these  various  conditions  are  described  and  analyzed.  The

figures  although  diagrammatic  are  all  drawn  from  animals  ac-

tually  observed  and  indicate  the  degree  of  contraction  of  the  body-

regions  in  each  particular  case.  In  each  figure  the  intact  por-

tions  are  indicated  by  continuous  outlines,  the  disintegrated  por-

tions  by  dotted  shading,  and  arrows  beside  the  figure  indicate

the  direction  in  which  disintegration  is  progressing.  Since  the

course  of  disintegration  in  the  tentacles  is  almost  invariably  basi-

petal  and,  with  only  occasional  exceptions,  very  similar  in  all

tentacles  of  an  individual,  the  figures  show  the  tentacles  only  so

far  as  is  necessary  to  indicate  their  condition  in  each  case.  Parts

of  body  or  stalk  already  disintegrated  are  usually  drawn  only  so

far  as  is  necessary  to  indicate  the  course  of  disintegration  in  fig-

ures  of  later  stages.

While  the  stages  and  progress  of  disintegration  indicated  in
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the  figures  concern  primarily  the  ectoderm  it  should  be  noted

that  in  well-fed  animals  the  entoderm  disintegrates  at  about  the

same  time  as  the  ectoderm,  or  in  many  cases  somewhat  earlier.

Often  disintegrated  entoderm  begins  to  flow  out  of  the  mouth

before  disintegration  of  the  body  ectoderm  begins,  and  in  the

tentacles  it  can  be  directly  observed  that  entodermal  disintegra-

tion  keeps  pace  with  or  follows  very  soon  after  disintegration  of

the  ectoderm.  In  starved  animals,  however,  the  entoderm  is

distinctly  less  susceptible  than  the  ectoderm,  the  difference  be-

tween  the  two  layers  increasing  up  to  a  certain  point  with  the

progress  of  starvation.  This  difference  between  starved  and  fed

animals  is  undoubtedly  associated  with  the  decrease  in  the  meta-

bolic  activity  of  the  entoderm  in  the  absence  of  food.  In  the

starving  animal  the  functional  activity  of  the  entoderm  must

undergo  very  considerable  decrease,  while  the  functional  activity

of  the  ectoderm  continues  or  may  even  increase  with  increasing

"hunger."

The  mesoglcea  does  not  disintegrate,  and  the  general  form  of

the  animal  is  retained  even  after  disintegration,  except  where

there  is  considerable  movement  of  the  fluid,  but  the  replacement

of  cellular  structure  by  cellular  detritus,  and  the  increase  in

transparency,  except  in  the  dyes,  make  it  possible  to  distinguish

without  difficulty  the  occurrence  and  progress  of  disintegration.

THE  PRIMARY  GRADIENT  IN  BUDS.

The  earlier  stages  of  buds  before  motor  activity  has  developed

to  any  marked  degree  show  the  same  susceptibility  relations  in

all  three  species  and  in  all  directly  lethal  concentrations  of  all

agents  used.  The  earlier  stages  in  which  the  bud  is  merely  a

slight  protuberance  of  the  body  wall,  usually  show  no  gradient

distinguishable  from  that  of  the  region  to  which  it  is  attached,

but  sometimes  even  these  early  stages  show  the  basipetal  gradi-

ent  characteristic  of  later  stages  (Figs.  14,  15).  As  the  develop-

ment  of  the  bud  progresses,  however,  a  distinct  disintegration

gradient,  basipetal  with  respect  to  the  bud  axis,  makes  its  appear-

ance  (Figs.  14,  15)  and  in  early  stages  of  tentacle-development,

but  before  the  stalk  has  developed,  the  gradient  is  uniformly

basipetal  in  both  tentacles  and  column  (Figs.  16-19)  an  d  under
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the  various  experimental  conditions,  except  in  certain  cases  of

strong  contraction  of  the  parent  body  or  stalk  to  be  mentioned
below.

In  still  later  stages,  after  the  stalk  has  developed  and  the  bud

is  nearly  ready  for  separation,  the  course  of  disintegration  varies

according  to  conditions.  Where  the  bud  remains  well  extended
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and  quiescent  the  gradient  is  basipetal  as  in  the  earlier  stages

(Figs.  16-19),  but  where  the  stalk  undergoes  marked  contraction

in  the  susceptibility  agent  the  stalk  region  appears  as  a  region  of

high  susceptibility,  disintegration  beginning  in  it  as  soon  or  al-

most  as  soon  as  in  the  hypostome  region.  In  such  cases  disinte-
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gration  of  the  stalk  may  begin  at  the  base  and  progress  acropet-

ally,  or  may  occur  at  once  throughout  most  of  the  length  of  the

stalk,  but  it  is  evident  in  all  such  cases  that  the  stalk  has  become  a

region  of  relatively  high  susceptibility.  In  Figs.  20-22  a  case  of

this  sort  in  H.  vulgaris  is  shown.  In  the  earlier  stages  of  disinte-

gration  (in  KNC)  the  bud  remained  extended  (Fig.  20)  but  later

underwent  considerable  contraction,  the  stalk  region  contract-

ing  more  than  the  body,  and  soon  after  the  contraction  the  stalk

began  to  disintegrate  (Fig.  21),  and  in  later  stages  disintegration

progressed  basipetally  in  the  body  and  acropetally  but  more

slowly  from  the  stalk  (Fig.  22),  so  that  the  two  gradients  met  near

the  base  of  the  body.  Figures  23  and  24  show  a  similar  case  in

H.  viridissima.  Here  the  contraction  occurred  shortly  after  the

parent  and  bud  were  placed  in  the  KNC,  but,  as  in  the  preceding

case,  the  stalk  appears  as  a  region  of  high  susceptibility,  and  two

gradients  of  disintegration  progressing  in  opposite  directions  re-

sult.  These  cases  are  merely  examples  of  what  has  been  observed

by  us  repeatedly  in  all  three  species.

In  Figs.  25-27  an  animal  (H.  oligactis]  with  two  buds,  one  less

the  other  more  advanced,  is  shown.  Here  the  more  advanced

bud,  which  has  already  developed  independent  motor  activity,

shows  contraction  of  the  stalk  and  double  gradients,  as  in  the

cases  of  Figs.  20-22  and  23,  24.  The  earlier  bud,  however,  which

is  much  less  motile  and  less  independent  of  the  parent  body,

shows  an  acropetal  instead  of  the  usual  basipetal  disintegration

gradient.  This  is  one  of  the  exceptional  cases  referred  to  above.

It  will  be  noted  that  the  stalk  of  the  parent  is  strongly  contracted

and  shows  a  high  susceptibility.  The  reversal  of  the  gradient

in  the  earlier  bud  results  from  the  spreading  or  irradiation  into
the  bud  of  the  excitation  connected  with  the  contraction  of  the

stalk.  The  more  advanced  bud  is  more  independent,  i.  e.,  its

own  gradient  is  more  fixedly  established  and  it  is  less  intimately

connected  with  the  parent,  so  that  is  it  less  affected  by  contrac-

tion  of  the  parent  stalk,  although  the  contraction  and  early  dis-

integration  of  its  own  stalk  may  perhaps  be  the  result  of  irradia-

tion  of  the  excitation  from  the  parent.  Figs.  28-31  show  a  sim-

ilar  case  of  reversal  of  a  bud  gradient  in  H.  vulgaris.

Reversals  of  this  sort  in  buds  have  been  repeatedly  observed
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in  H.  oligactis  and  H.  vulgaris  and  doutbless  occur  also  in  H.
viridissima.  Observations  on  the  contraction  of  animals  bear-

ing  buds  in  the  earlier  stages  .show  very  clearly  that  when  marked

contraction  of  the  parent  stalk  or  body  or  both  occurs,  some  slight

contraction  of  the  bud  may  follow  and  in  such  cases  progresses
acropetally  in  the  bud.  In  view  of  these  facts,  we  believe  that
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such  reversals  of  bud  gradients  are  to  be  interpreted  as  the  ex-

pression  of  physiological  relations  which  can  be  directly  observed
in  the  normal  animals.

The  results  in  all  agents  show  that  the  primary  gradient  in  the

bud  is  basipetal,  but  that,  even  in  the  earlier  stages,  it  may  be

modified  or  reversed  by  contractile  activity  in  adjoining  regions

of  the  parent  animal  and  in  later  stages  by  its  own  contractile

activity.  In  the  higher  concentrations  of  anesthetics  and  in  the

irritant  dyes  certain  other  modifications  of  the  susceptibility
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relations  in  the  later  bud  stages  occur,  but  since  they  are  similar

to  the  modifications  in  full  grown  animals  under  the  same  con-

ditions,  their  consideration  is  postponed  to  a  later  section.

THE  GRADIENTS  IN  ATTACHED  QUIESCENT  ANIMALS.

For  present  purposes  "attached  animals"  are  animals  which

have  been  left  undisturbed  in  Syracuse  dishes  for  several  hours,

usually  over  night,  and  are  firmly  attached  to  the  glass  of  the
dish.  Animals  attached  to  the  surface  film  or  to  air  bubbles  are

not  included.  After  the  preliminary  period  of  attachment,  most

of  the  water  is  carefully  drawn  off,  the  agent  added  with  a  pipette

and  the  dish  covered  without  air  bubbles,  great  care  being  taken

to  disturb  the  animals  as  little  as  possible.  Since  cyanide  is  the

only  agent  among  those  used  in  this  study  which  does  not  pro-

duce  some  considerable  degree  of  excitation,  it  is  employed  in

various  concentrations  from  m/i,ooo  to  m/2oo  with  the  most

satisfactory  results,  where  it  is  desired  that  the  animals  shall

remain  quiescent.  The  change  of  fluids  is  often  accomplished

without  inducing  any  strong  contraction,  and  if  the  animals  con-

tract  at  all,  they  usually  extend  again  at  once  or  remain  at  least

moderately  extended  until  death,  unless  otherwise  disturbed.
Under  these  conditions  individuals  of  H.  viridissima  and  H.

vulgaris  show  the  primary  gradient,  disintegration  progressing

basipetally  throughout  tentacles,  body  and  stalk  (Figs.  32-35).

In  cases  where  the  experiment  is  not  entirely  successful  and  any

considerable  degree  of  contraction  of  the  stalk  occurs,  disinte-

gration  progresses  basipetally  as  before  in  tentacles  and  body,  but

as  disintegration  of  the  hypostome  begins,  or  some\vhat  later,

disintegration  also  begins  in  the  stalk  somewhere  above  the  foot

and  progresses  in  both  directions  (Fig.  36),  or  in  some  cases  at

the  foot  itself  and  progresses  acropetally  (Figs.  37,  38),  death

occurring  last  in  or  just  apical  to  the  basal  region  of  the  body  (Fig.

39).  Figs.  40-42  show  a  particularly  clear  case  of  this  sort  in  H.

vulgaris.  Here  the  attached  animal  remained  extended  during

the  disintegration  of  tentacles  and  hypostome  and  the  usual

basipetal  gradient  appeared  (Fig.  40),  but  at  a  later  stage  the

stalk  underwent  considerable  contraction  (Fig.  41),  probably  in

consequence  of  movements  of  the  dish  to  and  from  the  microscope
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stage,  and  soon  after  this  contraction  disintegration  began  in  the

stalk  above  the  foot  (Fig.  42)  and  progressed  in  both  directions
from  this  level  with  the  usual  final  result.

H.  oligactis  differs  markedly  from  the  other  two  species  in

that  attached  quiescent  animals  in  all  cases  observed  by  us,  with
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a  single  exception,  show  a  secondary  gradient  or  gradients  in  the

stalk,  and  this  secondary  gradient  extends  further  acropetally

than  in  the  other  two  species.  In  the  first  place,  it  is  much  more

difficult  to  obtain  attached  quiescent  individuals  of  H.  oligactis

for  observation,  for  no  matter  how  firmly  attached  and  inactive

they  may  be  preceding  the  addition  of  the  agent,  most  of  them
detach  themselves  either  when  the  water  is  drawn  off  or  when  the

agent  is  added.  In  many  cases  attachment  occurs  again  in  the

solution  within  a  few  moments  but  is  it  preceded  by  more  or  less

motor  activity  of  the  stalk.  Moreover,  in  the  individuals  which

remain  attached  the  stalk  apparently  always  undergoes  some

contraction.

In  fact,  probably  the  only  completely  successful  attempt  to

obtain  an  attached  quiescent  individual  for  susceptibility  deter-

mination  is  the  case  of  the  single  exception  mentioned  above.

This  was  a  small  animal,  only  recently  separated  from  the  parent

body,  which  remained  attached  and  quiescent  during  the  whole

period  of  observation  and  showed  only  the  primary  basipetal

gradient  (Figs.  43-46)  like  attached  quiescent  individuals  of  H.

viridissima  and  H.  vulgaris.  Since  this  animal  was  not  full  grown

and  not  far  beyond  the  bud  stage,  and  since  the  later  bud  stages
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often  show  a  purely  basipetal  gradient,  even  after  the  stalk  is

distinguishable  morphologically  (p.  194),  it  is  at  least  possible,

that  in  this  case  the  stalk  had  not  attained  complete  specializa-

tion  as  a  contractile  region.

In  all  other  cases  of  full  grown  attached  individuals  of  H.  oli-

gactis  more  or  less  contraction  occurred  in  the  stalk,  and  the  sec-

ondary  gradient  01  gradients  appeared  according  as  the  secondary

disintegration  began  at  the  foot  (Figs.  47-50)  or  above  it  (Figs.

51-54)  and  the  acropetal  gradient  in  all  cases  extended  at  least

to  the  middle  of  the  body  (Figs.  50,  54)  and  often  farther  api-

cally.
While  these  observations  on  the  susceptibility  of  attached,

quiescent  animals  indicate  that  the  stalk  of  H.  oligactis  is  more

highly  specialized  than  that  of  the  other  species,  at  least  as  re-

gards  its  sensitiveness,  they  do  not  prove  that  it  is  permanently

a  region  of  high  susceptibility.

THE  GRADIENTS  IN  DETACHED  AND  RECENTLY  ATTACHED

ANIMALS  WITHOUT  SPECIAL  EXCITATION.

In  all  three  species  the  activity  of  the  stalk  is  usually  greater

in  the  detached  than  in  the  attached  animals  even  without  any

special  external  excitation,  and  the  early  appearance  of  disinte-

gration  at  the  foot  (Figs.  55-57,  H.  oligactis)  or  in  the  stalk  above

it  (Figs.  58-60,  H.  vulgar  is)  is  the  characteristic  result  as  in  at-

tached  animals  with  stalk  contraction  (Figs.  36-42  and  47-54).

Here  again  KNC  is  the  most  satisfactory  agent  among  those

used,  although  the  lower  concentrations  of  anesthetics  and  dyes

give  the  same  results.  In  general  the  more  active  or  more

V  strongly  contracted  the  stalk,  the  earlier  it  begins  to  disintegrate.

In  H.  oligactis  cases  like  61-64  are  not  infrequently  seen.  Here

the  stalk  is  strongly  contracted  and  the  body  progressively  less

contracted  from  the  base  apically,  and  disintegration  begins  in

the  stalk  even  earlier  than  the  tentacles  and  progresses  acropet-

ally  to  the  hypostome,  i.  e.,  complete  reversal  of  the  gradient

occurs,  except  in  the  tentacles.  Such  reversal  has  not  been  ob-

served  in  the  other  species.
Rarely,  however,  detached  individuals  of  H.  viridissima  and

H.  vulgaris  remain  quiescent  with  extended  stalk  and  show  the
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primary  basipetal  gradient  like  attached  quiescent  animals

(Figs.  32-35).  Cases  of  this  sort  have  not  been  observed  in  H.

oligactis.
Animals  which  have  been  attached  only  a  short  time,  e.  g.,  an

hour  or  two,  preceding  exposure  to  the  reagent,  and  animals

which  attach  themselves  in  the  solution,  usually  show  gradients

like  those  of  the  detached  animals,  i.  e.,  basipetal  in  tentacles
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and  body  and  acropetal  from  the  foot,  or  in  both  directions  from
some  level  of  the  stalk.  In  these  cases  there  is  usually  more  or

less  activity  of  the  stalk  for  a  time  after  attachment,  and  appar-

ently  the  condition  of  excitation  persists  for  some  time  after
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muscular  activity,  though  how  long  has  not  been  determined.

Sometimes,  however,  newly  attached  individuals  of  H.  viridis-

sima  and  H.  vulgaris  remain  quiescent  and  well  extended  and

show  the  primary  basipetal  gradient  throughout.

SUSCEPTIBILITY  IN  RELATION  TO  GENERAL  EXCITATION,
ANESTHESIA  AND  MUSCULAR  PARALYSIS.

It  was  noted  above  (p.  191)  that  alcohol,  ether  and  the  dyes

used  produce  primarily  more  or  less  excitation,  as  indicated  by

increased  muscular  activity.  This  condition  is  of  course  followed

sooner  or  later  by  depression  and  muscular  paralysis,  and,  ac-

cording  to  the  agent  and  concentration  used,  death  and  disin-

tegration  may  occur  under  conditions  ranging  from  extreme
muscular  relaxation  to  extreme  contraction  and  rigidity.  The

susceptibility  relations  under  these  conditions  afford  further

evidence  that  muscular  activity  is  an  important  factor  in  the

susceptibility  of  at  least  the  ectoderm  of  hydra.

The  degree  of  general  excitation  and  the  rapidity  with  which

depression  and  paralysis  follow  excitation  and  therefore  the  re-

gional  differences  in  susceptibility  depend  to  a  considerable  ex-

tent  upon  the  concentration  of  the  agents  used.  The  lowest

killing  concentrations  of  alcohol  and  ether  produce  but  little  ex-

citation,  and  in  these  disintegration  and  death  usually  follow

the  same  course  as  in  detached  animals  in  cyanide  (p.  200).  Neu-

tral  red  also,  in  the  concentrations  used,  produces  comparatively

little  excitation,  and  the  susceptibility  relations  in  this  agent  usu-

ally  show  no  special  modifications.  Methylene  blue  produces  a

considerably  greater  degree  of  excitation  and  Janus  green  is  an

extreme  irritant,  and  since  these  dyes  accumulate  in  the  cells,

even  when  the  external  concentration  is  very  low,  a  considerable

degree  of  excitation  occurs  sooner  or  later,  even  in  very  low

concentrations,  but  the  higher  concentrations  bring  about  ex-

citation  more  rapidly  and  to  a  more  extreme  degree  than  the

lower.  Only  in  extreme  dilutions  of  these  dyes  is  the  course  of

disintegration  like  that  in  detached  animals  in  cyanide.

In  all  these  agents,  the  earlier  bud  stages  preceding  the  devel-

opment  of  independent  motor  activity  show,  as  already  noted,

the  same  basipetal  gradient  as  in  cyanide,  except  where  the  bud
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gradient  is  partially  or  wholly  reversed  by  the  irradiation  of  ex-

citation  from  the  parent  animal  into  the  bud  (p.  195).  This  pri-

mary  gradient  is  then  the  same  in  all  agents  used.  The  late  bud

stages  show  essentially  the  same  relations  as  the  full  grown  ani-
mals  and  are  considered  with  the  latter.

Since  the  modifications  of  the  primary  gradient  under  consider-

ation  appear  most  distinctly  and  under  the  widest  range  of  con-

ditions  in  H.  oligactis,  they  are  first  described  as  they  occur  in  this

species,  and  this  description  serves  as  a  basis  for  comparison  with

the  other  species.
Experimental  conditions  and  results  with  alcohol  and  ether

are  briefly  as  follows:  the  higher  concentrations,  ether  2-3  per

cent.,  alcohol  3-5  per  cent.,  are  added  rapidly  to  well  extended
animals  in  a  little  water  and  the  dishes  covered  with  exclusion  of

air.  The  tentacles  and  hypostome  region  are  usually  completely

paralyzed  in  the  extended  condition  before  they  are  able  to

contract  at  all,  the  body  begins  to  contract  and  usually  succeeds

in  completing  a  strong  contraction,  but  after  that  shows  no  fur-

ther  movement,  and  the  stalk,  which  under  normal  conditions

usually  contracts  later  than  the  body,  is  either  paralyzed  before

it  can  contract,  or  transmission  of  the  stimulus  from  the  body  and

excitation  of  the  stalk  are  inhibited  by  the  anesthetic  before  the

stalk  reacts.  Fig.  65  shows  an  animal  with  advanced  bud  in  the

condition  characteristic  of  this  method  of  procedure.  The  ten-

tacles  are  completely  paralyzed,  the  body  has  contracted  strongly

and  the  stalk  remains  extended  in  both  parent  and  bud.  Under

these  conditions  the  disintegration  of  tentacles  and  hypostome

is  delayed  as  compared  with  that  of  the  body,  disintegration  be-

ginning  in  a  zone  just  below  the  tentacle  bases  and  in  the  tips  of

the  tentacles  at  about  the  same  time  (Fig.  65).  Disintegration

progresses  basipetally  in  both  tentacles  and  body  and  also  through

the  stalk  (Fig.  66),  the  foot  being  the  last  region  to  disintegrate.

The  stalk  usually  undergoes  a  very  slow  decrease  in  length

shortly  before,  or  when  disintegration  begins  (cf.  Figs.  65  and  66).

This  is  perhaps  a  response  of  the  muscular  portions  of  the  cells
to  direct  excitation  by  the  reagent,  or  it  may  be  an  expression  of

the  elasticity  of  the  mesoglcea  or  other  tissues,  appearing  after

complete  muscular  paralysis.
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In  some  cases  in  these  concentrations  of  ether  and  alcohol  and

more  frequently  in  somewhat  lower  concentrations,  the  stalk

may  undergo  partial  contraction  at  its  apical  end  before  paralysis

occurs  and  in  such  cases  the  apical  region  of  the  stalk  appears  as

a  second  region  of  high  susceptibility  (Fig.  67).  In  general,  the
lower  the  concentration  of  alcohol  and  ether  used,  the  less  rapid

FIGS. 65-67.

and  less  complete  the  paralysis  of  tentacles  and  hypostome,  the

greater  the  contractile  activity  of  the  stalk,  and  the  closer  the

behavior  both  in  motor  activity  and  in  the  course  of  disintegra-

tion  to  the  detached  animals  in  cyanide.

These  experiments  with  alcohol  and  ether  indicate  first  that

inhibition  of  excitation  and  the  resulting  paralysis  occur  earliest

in  the  tentacles  and  hypostome  region.  In  concentrations  where

paralysis  does  not  occur  at  once  it  can  be  seen  that  the  paralysis

progresses  basipetally  in  the  tentacles.  In  the  column  also  the

paralysis  apparently  progresses  basipetally,  although  the  fact

that  the  body  usually  contracts  before  the  stalk  in  the  primary

excitation  may  mask  this  relation  in  the  higher  concentrations.

Apparently  then  the  susceptibility  as  regards  the  paralyzing  ac-
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tion  of  these  anesthetic  agents  shows  a  basipetal  gradient  like

the  primary  gradient.
The  second  conclusion  from  these  experiments  is  that  disinte-

gration  and  death  are  retarded  in  those  regions  which  are  para-

lyzed  immediately  or  very  early,  as  compared  with  those  regions
which  show  marked  muscular  activity  before  paralysis,  so  that

disintegration  may  begin  in  the  body  below  the  tentacles  (Fig.

65),  and  often  also  in  the  stalk,  while  the  tentacles  are  mostly

and  the  hypostome  wholly  intact.

The  course  of  disintegration  in  methylene  blue  and  Janus

green  is  essentially  the  same  as  in  alcohol  and  ether.  In  these

dyes,  however,  the  excitation  is  more  marked  and  in  the  lower

concentrations  (methylene  blue,  1/10,000  or  less,  Janus  green

1/50,000  or  less)  may  continue  for  hours,  but  is  finally  followed

by  paralysis  and  rigidity  in  a  state  of  more  or  less  extreme  con-

traction.  This  paralysis  and  rigidity,  which  perhaps  resembles

muscle  rigor,  appears  first  at  the  tips  of  the  tentacles  and  pro-

gresses  basipetally  in  tentacles,  body  and  stalk.  The  motor  be-

havior  in  these  dyes  consists  at  first  merely  of  elongation,  con-

traction  and  other  movements  of  all  parts,  but  as  staining  pro-

gresses,  the  behavior  comes  to  resemble  more  and  more  closely

'  the  disgorging  reaction  of  normal  animals.  The  mouth  becomes

permanently  open,  the  hypostome  flattened,  the  tentacles  stand

at  right  angles  to  the  body,  and  the  body  itself  undergoes  re-

peated  contraction,  while  the  stalk  is  much  less  active  and  only

very  gradually  attains  a  strongly  contracted  state.  It  may  be

noted  that  these  dyes  accumulate  in  the  entoderm  as  rapidly  as

or  even  more  rapidly  than  in  the  ectoderm,  and  the  entoderm

often  begins  to  disintegrate  before  the  ectoderm.  To  all  appear-
ances  they  irritate  the  entoderm  and  so  give  rise  to  the  disgorg-

ing  reaction.  But  whatever  the  exact  physiological  condition

may  be,  these  dyes  produce  relatively  early  paralysis  of  tentacles

and  hypostome,  extreme  activity  of  the  body  and  less  activity

of  the  stalk  before  the  final  rigidity  death  and  disintegration

occur.  As  regards  the  course  of  disintegration,  the  result  is
much  like  that  in  alcohol  and  ether,  disintegration  beginning  in

the  body  below  the  tentacles  and  progressing  basipetally  while

the  tentacles  are  mostly  and  the  hypostome  wholly  intact  (Figs.
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68,  69,  Janus  green  1/10,000).  In  Fig.  68  disintegrated  entoderm

is  issuing  from  the  mouth.  Figs.  70  and  71  show  another  case,

an  animal  with  advanced  bud  in  Janus  green  1/200,000  approxi-

mately.  In  this  low  concentration  the  contraction  is  less  extreme

but  the  course  of  disintegration  is  the  same  as  in  the  higher  con-

centration.  In  these  very  low  concentrations  where  the  body

contractions  are  less  extreme,  disintegration  often  appears  at
the  anterior  end  of  the  stalk  at  about  the  same  time  as  in  the

body  (Fig.  72).  In  methylene  blue  the  picture  as  regards  both

jag*

68

74

behavior  and  disintegration  is  essentially  the  same,  but  the  degree

of  irritation  with  a  given  concentration  is  less  than  in  Janus  green.

In  these  dyes,  as  in  alcohol  and  ether,  the  relatively  early  paral-

ysis  of  tentacles  and  hypostome,  the  great  activity  of  the  body

and  the  less  extreme  activity  of  the  stalk  alter  the  regional  sus-

ceptibility  relations  so  that  disintegration  and  death  begin  rela-

tively  early  in  the  body  and  often  in  the  stalk,  as  compared  with

tentacles  and  hypostome.

As  regards  Hydra  viridissima  the  results  in  ether  2-3  per  cent.
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(Figs.  73-74)  and  in  Janus  green  are  essentially  the  same  as  in

H.  oligactis.  The  susceptibility  of  H.  viridissima  to  alcohol,

however,  is  very  low,  muscular  activity  continuing  for  24  hours

or  more  in  3  per  cent.,  for  3-4  hours  in  5  per  cent,  and  for  a  min-

ute  or  two  even  in  10  per  cent.  Alcohol  produced  but  little  ex-

citation  in  this  species  and  the  disintegration  gradient  in  alcohol

is  either  basipetal  throughout  or  double,  as  in  detached  animals

in  cyanide  (pp.  200-202)  .  The  reason  for  the  very  low  susceptibil-

ity  to  alcohol  of  this  species  we  have  not  been  able  to  determine.

To  cyanide  and  to  ether  it  is  somewhat  more  susceptible  than  H.

oligactis.  In  methylene  blue  H.  viridissima  shows  less  excita-

t  :  on  than  H.  oligactis  and  the  course  of  disintegration  is  like  that

of  detached  animals  in  non-excitant  agents.  In  Janus  green,

however,  marked  excitation  occurs  followed  by  paralysis  begin-

ning  in  the  tentacles  and  hypostome  and  the  course  of  disinte-

gration  is  like  that  in  H.  oligactis.  In  other  words  H.  viridissima

shows  this  modification  of  the  primary  gradient  only  in  those  ag-

ents  of  this  group  which  act  most  rapidly  and  most  powerfully  on

H.  oligactis.

H.  vulgaris  is  apparently  still  less  sensitive  to  the  particular

effects  of  this  group  of  agents,,  and  its  motor  behavior  is  less  al-

tered  by  them  and  only  in  Janus  green,  the  most  irritating  of  all,

has  the  special  modification  of  the  gradient  been  observed.  In

this  agent  there  is  marked  excitation  ending  in  strong  contrac-

tion  and  rigidity,  and  the  course  of  disintegration  is  like  that  in

H.  oligactis  (Figs.  68-72).

The  fact  that  alcohol,  ether,  methylene  blue  and  Janus  green

all  produce  the  same  modifications  in  the  course  of  disintegration

and  death  in  H.  oligactis  suggests  the  possibility  of  a  certain  sim-

ilarity  in  their  action.  All  produce  more  or  less  excitation  at

first  and  later  paralysis,  though  the  period  and  degree  of  excita-

tion  differ  widely.  While  the  data  are  not  adequate  to  permit

definite  conclusions,  it  seems  evident  from  the  observed  facts

that  these  agents  act  primarily  upon  the  receptive  or  sensory  and

perhaps  the  transmissive  mechanism  of  hydra  and  that  the  modi-

fications  of  motor  behavior  and  the  course  of  disintegration  are

the  indirect  results  of  this  action.  We  should  expect  the  action

of  alcohol  and  ether  to  be  of  this  character,  methylene  blue  is  a
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more  or  less  specific  agent  for  nervous  tissue  in  higher  animals

and  the  extreme  irritation  produced  by  Janus  green  indicates

that  it  also  affects  this  mechanism  in  some  way.  If  this  sugges-

tion  is  correct,  the  basipetal  course,  first  of  excitation  and  second

of  paralysis,  may  indicate  regional  gradation  in  susceptibility  in

the  receptive  or  nervous  apparatus  of  hydra.  Moreover,  on  this

basis  the  differences  between  the  three  species  suggest  that  this

apparatus  shows  a  higher  degree  of  regional  specialization  in

H.  oligactis  than  in  the  other  two  species,  and  that  H.  viridissima

is  at  least  somewhat  more  sensitive  or  excitable  than  H.  vulgaris.

SUSCEPTIBILITY  IN  RELATION  TO  UNSYMMETRICAL

CONTRACTION.

Usually  all  the  tentacles  of  an  individual  behave  in  much  the

same  manner  in  a  given  agent,  but  sometimes  one  or  more  ten-

tacles  contract  more  strongly  than  the  rest.  In  such  cases  the

more  strongly  contracted  tentacle  is  usually  more  susceptible  and

disintegrates  earlier  than  those  which  do  not  contract.

In  cases  also  where  the  body  becomes  strongly  bent  and  retains
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that  position,  disintegration  occurs  earlier  on  the  more  contracted

than  on  the  less  contracted  side.  Fig.  75  shows  a  case  of  this
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sort  in  a  late  bud  and  Fig.  76  another  in  a  full  grown  animal.
Numerous  other  similar  cases  have  been  observed.  It  is  of  course

possible  that  both  the  unsymmetriral  contraction  and  the  early

disintegration  indicate  a  local  injury,  although  none  was  observed

in  these  and  other  similar  cases.  Visible  injuries  to  the  body  wall

do  become  centers  of  early  disintegration,  undoubtedly  in  conse-

quence  of  the  excitation  produced  by  the  injury,  and  they  may

also  bring  about  local  contraction,  though  in  many  cases  they

do  not.  While  local  injury  cannot  therefore  be  entirely  excluded

as  a  factor  in  such  centers  of  early  disintegration,  it  seems  evident

that  the  early  disintegration  is  the  result  of  local  excitation,

whether  this  be  due  to  injury  or  to  muscular  contraction  or  both.

LOCAL  EFFECTS  OF  DIGESTIVE  ACTIVITY  ON  SUSCEPTIBILITY.

When  recently  taken  food  is  present  in  a  particular  region  of

the  digestive  tract  a  region  of  early  disintegration  appears  cor-

responding  at  first  to  the  region  occupied  by  the  food.  Fig.  77

shows  the  case  of  a  large  individual  of  H.  oligactis  containing  a

recently  ingested  Chironomid  larva  as  indicated.  The  region  of

the  body  in  which  the  larva  lies  shows  a  very  high  susceptibility,

both  ectoderm  and  entoderm  disintegrating  at  the  same  time  as

the  tentacles  and  much  earlier  than  other  body  regions.

Figs.  78  and  79  show  another  somewhat  similar  case.  This

animal,  when  isolated  from  the  stock,  had  in  its  digestive  tract

the  shell  of  an  entomostracan,  the  soft  parts  of  which  were  wholly

or  largely  digested.  An  hour  before  the  susceptibility  deter-

mination  entomostraca  were  placed  in  the  dish  with  the  animal

and  one  was  ingested.  In  the  figure  the  shell  of  the  first  ento-

mostracan  is  below  the  second  newly  ingested  one.  The  body

region  containing  the  second  animal  which  is  in  process  of  di-

gestion  shows  a  high  susceptibility,  both  ectoderm  and  entoderm

disintegrating  at  the  same  time  as  the  tentacles  (Fig.  78),  while

the  lower  region  containing  the  animal  which  has  already  been

largely  or  wholly  digested  is  less  susceptible,  but  still  more  sus-

ceptible  than  other  regions  of  the  body  and  stalk  (Fig.  79).

After  the  stage  shown  in  Fig.  79  the  disintegration  did  not  extend

from  the  regions  concerned  in  digestion,  but  progressed  basipet-

ally  from  the  hypostome  and  also  began  at  the  foot  and  progressed
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acropetally,  i.  e.,  the  susceptibility  of  these  regions  was  like  that

of  many  other  detached  animals.

Figs.  80  and  81  show  the  course  of  disintegration  in  an  animal

which  contained  a  recently  ingested  chironomid  larva  when  it

was  placed  in  cyanide,  but  disgorged  the  larva  within  the  first

five  minutes.  Although  disintegration  did  not  begin  until  an

hour  later,  the  region  of  the  body  in  which  the  larva  had  been

began  to  disintegrate  as  soon  as  the  tentacles  (Fig.  80)  and  was

completely  disintegrated  before  any  other  part  of  the  stalk  or

body  except  the  most  apical  region  (Fig.  81).
These  and  numerous  other  similar  cases  observed  indicate  that

the  activity  of  the  entoderm  in  digestion  extends  to  the  ectoderm

of  the  region  concerned.  The  relations  already  described  be-

tween  susceptibility  and  muscular  contraction  indicate  that  more

or  less  transmission  or  irradiation  of  local  excitations  inducing

contraction  occurs,  and  these  cases  of  high  susceptibility  asso-

ciated  with  digestive  activity  indicate  an  irradiation  to  the  ecto-

derm  of  the  entodermal  excitation  produced  by  food.  Probably

no  excitation  is  sharply  localized  in  hydra.

THE  COLOR  GRADIENTS  IN  POTASSIUM  PERMANGANATE.

It  has  been  found  by  one  of  us  that  the  axial  gradients  in  phys-

iological  condition  in  various  plants  and  animals  can  be  demon-
strated  as  color  gradients  through  the  reduction  of  potassium

permanganate  to  MnO2  by  the  living  protoplasm,  the  regions  of

high  susceptibility  and  high  oxidation  rate  reducing  the  perman-

ganate  more  rapidly  and  so  being  stained  more  rapidly  or  more

deeply  by  the  MnC>2  (Child,  '19).  Some  observations  with  per-

manganate  have  been  made  on  all  three  species  of  hydra  but  the

agent  produces  a  great  irritation  even  in  very  low  concentrations

(m/5O,ooo)  and  the  resulting  contraction  is  so  extreme  that  it  is

difficult  to  distinguish  anything  more  than  the  general  color

gradations  in  full  grown  animals  and  later  bud  stages.

The  earlier  bud  stages  which  possess  little  or  no  contractility

show  a  distinct  basipetal  color  gradient  in  permanganate,  cor-

responding  to  the  primary  susceptibility  gradient.  In  the  ten-

tacles  also  the  color  gradient  is  basipetal  like  the  susceptibility

gradient.  Fully  developed  animals  almost  invariably  detach
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themselves  at  once  in  permanganate  and  always  undergo  extreme

contraction.  They  show  double  color  gradients,  basipetal  from

the  apical  end  and  acropetal  from  the  foot,  but  modifications  of

these  gradients  by  contractile  activity  of  stalk  or  body  cannot
be  observed  because  extreme  contraction  occurs  in  all  cases.  As

far  as  they  go,  however,  these  observations  on  color  gradients

agree  \vith  and  confirm  the  data  on  susceptibility.

SUSCEPTIBILITY  IN  RELATION  TO  PHYSIOLOGICAL  AGE.

The  view  has  been  advanced  by  one  of  us  that  a  process  of  de-

differentiation  and  rejuvenescence  is  associated  with  agamic  re-

production,  and  that  the  individuals  arising  from  a  part  of  a  pre-

existing  individual  by  process  of  budding,  fission,  etc.,  are  phys-

iologically  younger  than  the  individual  from  which  they  arose

(Child,  '156,  especially  Chaps.  VI.,  X.).  In  general  the  rate  of

the  fundamental  metabolic  processes  decreases  with  advancing

senescence,  and  the  agamically  produced  individuals  show  in  their

higher  rate  of  growth,  their  higher  direct  susceptibility  and  greater

capacity  for  acclimation,  and  in  all  cases  thus  far  examined  their

higher  rate  of  CO^  production,  that  they  possess  a  higher  meta-

bolic  rate  than  the  individuals  from  which  they  arose,  and  their

morphological  and  cytological  condition  as  compared  with  that

of  the  parent  individual  also  indicates  that  rejuvenescence  has
occurred.

If  this  view  is  correct,  and  if  susceptibility  to  toxic  agents  is  a

criterion  of  physiological  or  metabolic  condition,  we  might  ex-

pect  to  find  that  the  earlier  bud  stages  of  hydra  are  more  suscep-

tible  than  the  animals  from  which  they  arise  and  that  suscepti-

bility  decreases  with  advancing  development.

As  a  matter  of  fact,  however,  the  early  bud  is  almost  invariably

less  susceptible  than  the  parent  animal  and  the  susceptibility  of

later  bud  stages  is  greater  than  that  of  earlier  stages  and  is  often

equal  to  that  of  the  parent.  On  the  other  hand,  the  "young"

separate  animal  recently  developed  from  a  bud  shows  in  general

a  higher  susceptibility  than  the  "old"  full  grown  animal.  As

regards  the  early  bud,  Fig.  14  shows  the  usual  condition,  in  which

disintegration  of  the  parent  body  occurs  before  that  of  the  bud.

In  Figs.  1  8  and  19,  a  somewhat  later  bud  stage,  the  disintegration
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of  the  body  is  completed  before  that  of  the  bud.  In  Figs.  20  to

22  the  susceptibility  of  a  late  bud  is  about  equal  to  that  of  the

parent  and  in  Figs.  23  and  24  the  same  is  true.  In  Figs.  25-27

both  the  earlier  and  later  bud  are  less  susceptible  than  the  parent,

but  here  the  susceptibility  of  the  earlier  bud  is  increased  by  irra-

diation  of  the  excitation  from  the  parent  body.  Fig.  28  shows

another  case  where  susceptibility  of  a  rather  early  bud  stage  is

less,  even  with  gradient  reversed  by  irradiation  of  excitation,

than  that  of  the  parent.  In  Figs.  65  and  66,  70  and  71,  73  and

74  the  susceptibility  of  advanced  buds  is  seen  to  be  about  equal

to  that  of  the  parent.

This  apparent  discrepancy  in  the  results  of  the  susceptibility

method  finds  a  very  simple  explanation  in  the  total  or  almost

total  absence  of  motility  in  the  earlier  bud  stages  and  its  gradual

development.  In  view  of  all  the  evidence  presented  above  to

show  the  influence  of  muscular  activity  upon  susceptibility,  it

cannot  be  doubted  that  the  development  of  motility  in  the  bud

compensates  the  effect  of  progressive  development  as  regards

susceptibility.  The  non-motile  cells  of  the  early  bud,  although

physiologically  younger  than  the  cells  of  the  late  bud  or  the  sep-

arate  animal,  are  less  susceptible  than  the  cells  which  have  de-

veloped  a  functional  contractile  mechanism,,  The  susceptibility

method  does  not  of  course  distinguish  between  the  intrinsic  high

metabolic  rate  of  embryonic  cells  and  the  "functional"  high  rate

of  differentiated  cells  resulting  from  excitation.  In  these  ani-

mals,  where  the  muscles  are  merely  portions  of  the  cells  and  where

excitation  and  muscular  activity  evidently  alter  the  condition  of

the  cells  so  greatly,  the  functional  differences  in  metabolic  rate

usually  overbalance  the  intrinsic  differences  associated  with  dif-

ferences  in  physiological  age.

When  the  bud  has  become  a  separate  animal  with  fully  devel-

oped  excitability  and  motility,  it  is  fairly  comparable  with  the

full-grown  animal  and  at  this  time  susceptibility  is  greater  than

that  of  the  latter,  i.  e.,  the  functional  characteristics  being  de-

veloped  in  both,  the  age  differences  now  appear  in  the  greater

susceptibility  of  the  younger  animal.

This  interpretation  of  the  susceptibility  relations  of  buds  and

parents  and  earlier  and  later  stages  of  development  is  based  on
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wide  observation  by  both  of  us,  and  agrees  well  with  the  other

data  on  susceptibility.  In  a  later  paper  it  will  be  shown  that

similar  relations  exist  in  other  hydrozoa.

THE  SUSCEPTIBILITY  OF  SEXUAL  ANIMALS.

A  few  observations  have  been  made  on  gonad-bearing  animals

with  ether  as  agent.  In  all  cases  observed,  the  gonads  are  less

susceptible  than  other  regions  of  the  animal.  As  in  the  case

of  early  buds,  the  low  susceptibility  of  the  gonads  is  perhaps  not  a

correct  criterion  of  their  physiological  condition  as  compared  with

other  parts  of  the  body,  for  the  reproductive  cells  are  of  course

entirely  separate  from  the  muscular  mechanism  and  are  probably

not  very  greatly  affected  by  excitation  and  contraction  in  other
cells.  The  number  of  sexual  individuals  available  has  been  too

small  to  permit  definite  conclusions  concerning  the  comparative

susceptibility  of  sexual  and  non-sexual  animals,  though  the  few

data  at  hand  indicate  that  sexual  animals  are  in  general  less  sus-

ceptible  than  non-sexual.

SUSCEPTIBILITY  IN  RELATION  TO  CONCENTRATION.

Since  the  present  paper  is  primarily  concerned  with  other  prob-

lems  than  those  connected  with  concentration  of  agents,  the  data

on  concentration  are  incidental  and  presented  merely  to  show

approximately  how  rapidly  the  processes  of  disintegration  occur

in  concentrations  most  commonly  used.  There  is  of  course

some  individual  variation  in  susceptibility,  doubtless  dependent

on  uncontrolled  factors  such  as  nutritive  condition,  physiological

age,  motor  activity,  etc.,  and  the  course  of  disintegration  differs

under  different  conditions,  as  already  described.  A  few  char-

acteristic  data  for  large,  well  fed,  asexual  individuals  of  H.  oli-

gactis  at  temperature  2o-22  C.  are  tabulated  for  illustration

and  comparison.
The  concentrations  given  in  the  table  for  KNC,  alcohol,  and

ether  are  of  course  only  approximate.  All  solutions  of  these

agents  were  freshly  made  in  every  case  and  loss  from  volatiliza-

tion  was  prevented  as  far  as  possible.  As  regards  methylene

blue  and  Janus  green,  the  tabulated  data  are  all  from  solutions

of  the  same  sample  of  each.  Different  preparations  of  these
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TABLE.

dyes  showed  some  difference  in  degree  of  toxicity.  The  plus  or

minus  sign  following  the  figures  denoting  times  indicates  that
the  exact  time  was  not  observed.  The  data  for  neutral  red  are

not  tabulated  because  the  gradual  precipitation  of  the  dye  in

aqueous  solution  makes  it  impossible  to  maintain  a  constant  con-
centration,  but  in  a  concentration  originally  approximately

0.005  per  cent,  of  the  sample  used  disintegration  began  after  1-2

hours  and  was  completed  after  6-7  hours.

Young,  recently  separated  animals  disintegrate  in  half  to  two

thirds  the  times  given  in  the  table,  animals  regenerated  from

pieces  resemble  the  young  animals  in  susceptibility,  and  in  starved

animals  the  ectoderm  is  more  susceptible  than  in  well-fed  animals

while  the  entoderm,  being  in  large  measure  functionally  inactive,

is  usually  less  susceptible  than  in  well  fed  animals.

In  general  the  susceptibility  of  H.  viridissima  and  H.  vulgaris

to  a  given  concentration  of  a  particular  agent  is  somewhat  greater

than  that  of  H.  oligactis,  but  the  low  susceptibility  of  H.  viri-

dissima  to  alcohol  (p.  207)  is  apparently  an  exception  to  this  rule.
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Comparisons  between  the  species  are  best  of  limited  value  be-

cause  various  physiological  conditions  play  so  large  a  part  in

determining  the  susceptibility  of  the  individual.

DISCUSSION.

The  data  show  first,  that  a  primary  axial  gradient  in  suscepti-

bility  exists  in  the  three  species  of  hydra,  with  the  region  of  high-

est  susceptibility  at  the  apical  end,  and  second,  that  this  gradient

is  variously  modified  by  the  functional  activity  and  particularly

by  muscular  contraction  in  the  various  regions.  If  the  view  ad-

vanced  in  various  papers  (see  references,  Child,  Hyman)  and

supported  by  various  lines  of  evidence,  that  susceptibility  is  in

a  general  way  a  criterion  of  metabolic  and  physiological  condi-

tion,  is  correct,  the  facts  indicate  that  there  is  in  hydra,  as  in

other  axiate  organisms  examined,  an  apico-basal  metabolic  gradi-

ent,  with  region  of  highest  metabolism  at  the  apical  end.  It  is

perhaps  scarcely  necessary  to  repeat  once  more  that  the  differ-

ences  in  metabolic  rate  are  only  one  feature  of  such  a  gradient.

Associated  with  them  are  of  course  differences  in  protoplasmic

condition  of  various  sorts.  The  important  point  is  that  the  apico-

basal  axis  in  hydra,  like  the  axis  of  other  organisms,  appears  as

a  gradient  in  relation  to  the  action  of  external  agents.  Discus-

sion  as  to  what  constitutes  the  primary  feature  of  such  a  gradient

is  at  present  of  little  value,  since  metabolism  and  protoplasm

are  always  associated  in  active  living  organisms.  Likewise,  the

question  how  each  particular  agent  acts  on  protoplasm  is  of

minor  importance  for  the  general  conception.

As  in  other  axiate  forms,  the  primary  gradient  corresponds  to  a

relation  of  physiological  dominance  and  subordination,  the  re-

gion  of  highest  susceptibility  being  to  a  greater  or  less  degree  a

region  of  initiation  and  control.  In  hydra  this  is  true,  both  of

the  tentacle  and  of  the  column.  The  stalk  represents  physio-

logically  a  more  or  less  specialized  contractile  region  secondarily

developed  from  the  basal  portion  of  the  body,  but  the  primary

gradient  is  altered  by  the  contractile  activity  of  the  stalk,  not

by  its  mere  presence,  except  possibly  in  H.  oligactis,  though  even

here  the  high  susceptibility  of  the  stalk  observed  in  most  cases

is  apparently  associated  with  more  or  less  muscular  activity.
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Whatever  the  terms  in  which  we  may  finally  define  the  axial

gradient,  its  existence  and  significance  cannot  be  doubted.  In

hydra,  as  in  other  forms  examined  (see  references,  Child,  Hyman),

it  is  the  earliest  indication  of  the  body  axes,  it  is  certainly  asso-

ciated  with  quantitative  differences  in  metabolic  and  general

physiological  condition  along  its  course,  and  physiological  dom-

inance  and  subordination,  as  well  as  local  specialization  and  dif-

ferentiation  exist  or  arise  in  definite  relation  to  it.  In  the  light

of  all  the  known  facts,  the  only  possible  conclusion  is  that  the

gradient  is  the  simplest  physiological  expression  of  the  axial  re-

lation  in  organisms.  In  other  words,  this  axial  relation  in  its

simplest  terms  is  a  quantitative  gradation  in  the  condition  of

living  active  protoplasm.

The  modifications  of  the  gradient  in  hydra  by  contractile  and

digestive  activity  are  significant  in  that  they  constitute  further

evidence  for  the  value  of  the  susceptibility  method  as  a  means  of

investigating  metabolic  condition  or  "physiological  state"  in

simple  organisms.  Since  the  contractile  mechanism  in  hydra  is

merely  a  part  of  the  body  cell,  excitation  and  muscular  contrac-

tion  affect  the  whole  cell  to  some  extent,  and  the  altered  con-

dition  of  the  cell  appears  in  its  altered  susceptibility.  Similarly

the  spreading  or  irradiation  of  excitation  with  both  local  muscular

contraction  and  local  digestive  activity  also  appears  in  the  sus-

ceptibility  relations  of  different  regions.  The  simplicity  and

diffuse  character  of  the  organization  of  hydra  make  it  of  particular

interest  in  this  respect,  because  each  excitation  produces  a  more
or  less  diffuse  effect.

The  experimental  data  indicate  further  that  a  greater  degree

of  excitation  and  change  in  physiological  state  is  associated  with

the  muscular  activity  which  brings  about  contraction  of  tentacles,

body  or  stalk,  than  with  that  concerned  in  their  extension.  Ex-

tension  is  doubtless  due,  at  least  in  large  part,  to  the  activity  of

transverse  or  circular  muscle  fibers,  but  the  process  is  much  less

rapid  and  less  vigorous  than  that  of  contraction  and  occurs  in

the  absence  of  strong  external  excitation,  while  contraction  is  in-

duced  by  external  excitation.  Apparently  the  longitudinal  mus-

cles  are  more  numerous,  or  more  powerful,  or  their  contractile

activity  is  associated  with  more  intense  excitation,  and  it  is  this
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activity,  or  conditions  associated  with  it,  which  play  the  chief

part  in  modifying  the  primary  susceptibility  relations.

On  the  basis  of  studies  of  oxygen  consumption  and  suscepti-
bility  in  protozoa,  E.  J.  Lund  ('i8a,  b,  c)  has  criticized  the  con-

clusion  that  susceptibility  to  cyanide  is  a  measure  of  rate  of  oxi-

dation  or  of  metabolism.  He  has  found,  first,  that  Paramecium

in  cyanide  shows  no  decrease  in  oxygen  consumption  until  cytol-

ysis  or  disintegration  occurs,  and  second,  that  in  starving  Para-

mecia  oxygen  consumption  decreases,  while  susceptibility  in-

creases.

In  the  absence  of  any  attempt  to  account  for  the  fact  that  his

results  apparently  disagree  completely  with  current  theories  of

cyanide  action,  and  of  convincing  evidence  that  his  experiments

are  controlled  with  sufficient  care,  his  negative  results  require

further  confirmation.  But,  even  assuming  that  his  experimen-

tal  data  are  correct  as  they  stand,  he  has  apparently  failed  to

recognize  an  essential  point,  viz.,  that  susceptibility  as  measured

by  the  progress  of  death  and  disintegration  concerns  primaiily  the

ectoplasm  (Child,  '146)  or  the  body-surface  and  body-wall  (Child,

'156,  p.  75).  Statements  to  this  effect  have  been  made  repeatedly

in  the  work  on  susceptibility.  1  It  is  highly  probable  that  in

Paramecium  the  oxidation  in  the  thin  layer  of  ectoplasm  is  only

a  very  small  fraction  of  the  total  oxidation,  and  that,  therefore,

the  decrease  in  oxygen  consumption  resulting  from  the  action  of

cyanide  on  the  ectoplasm  is  not  sufficient  to  appear  w  r  ith  cer-

tainty  in  the  total  oxygen  consumption,  w  T  ith  the  small  amount  of

material  used  in  his  experiments.  As  soon  as  the  ectoplasm  be-

gins  to  disintegrate  and  the  entoplasm  is  directly  exposed  to  the

action  of  the  cyanide,  Lund  finds  a  very  marked  decrease  in  oxy-

gen  consumption,  i.  e.,  KNC  does  decrease  oxidation  at  least  in

the  entoplasm  in  his  experiments.  The  susceptibility  method,

on  the  other  hand,  shows  only  the  conditions  in  the  ectoplasm.

In  short,  Lund's  data  concerning  the  effect  of  cyanide  on  oxygen

consumption  in  Paramecium  are  negative  and  inconclusive,  ex-

cept  as  regards  the  entoplasm,  where  they  are  positive  and  in

agreement  with  current  theory.  They  do  not,  therefore,  justify

1 Lund's attention was called to this point in personal correspondence soon after
the  preliminary  report  of  his  work  appeared  (Lund  'i8a).
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his  conc'usion  concerning  either  the  action  of  cyanides  on  oxi-

dation  in  Paramecium,  or  the  results  of  the  susceptibility  method.

In  papers  soon  to  be  published  we  shall  show  that  KNC  produces

a  very  marked  decrease  in  both  oxygen  consumption  and  carbon

dioxide  production  in  Planaria.

His  conclusions  concerning  oxygen  consumption  and  suscep-

tibility  during  starvation  indicate  that  he  has  failed  to  take  into

account  a  second  important  fact,  viz.,  that  metabolic  conditions

in  ectoplasm  and  entoplasm  may  be  different  and  may  change

more  or  less  independently.  As  a  matter  of  fact  Lund's  data  on

starvation  metabolism  in  Paramecium,  as  far  as  they  go,  are  in

full  agreement  with,  though  much  less  complete  than,  the  results

of  our  own  studies  made  during  the  last  two  years  on  starvation

metabolism  in  Planaria,  but  not  yet  published.  While  extended

discussion  and  criticism  along  this  line  are  postponed  until  pub-

lication  of  our  own  results,  it  may  be  noted  here  that  the  appar-

ent  discrepancy  between  susceptibility  and  metabolism  appears

in  Planaria  as  well  as  in  Paramecium,  but  as  regards  Planatia,

it  has  been  possible  to  demonstrate  that  it  is  only  apparent.  In

well  fed  animals  the  metabolism  in  the  alimentary  tract  is  a  very

large  part  of  the  total,  and  during  the  early  stages  of  starvation

this  metabolism  at  first  decreases  very  rapidly  as  the  alimentary

tract  becomes  less  and  less  active  functionally.  During  this

period,  however,  the  functional  activity  and  metabolism  of  the

surface  and  body  wall  continue  and  the  susceptibility  method

shows  that  the  susceptibility  of  the  body  wall  remains  unchanged

or  increases  slightly,  but  it  also  shows  that  the  susceptibility  of

the  alimentary  tract  as  compared  with  that  of  the  body  wall

decreases  to  a  very  marked  degree.  In  other  words,  if  we  take

into  account  the  susceptibility  of  the  alimentary  tract  as  well  as

that  of  the  body  wall,  which  the  data  published  in  earlier  papers

did  not  do  (Child,  '14*2,  '156,  Chap.  VII.),  the  discrepancy  be-

tween  the  results  on  susceptibility  and  those  on  metabolism  dis-

appears.
In  the  more  advanced  stages  of  starvation,  concerning  which

Lund  presents  no  data,  perhaps  because  Paramecium,  being  a

single  cell,  dies  before  it  reaches  such  stages,  when  all  food  and

all  reserves  are  gone,  and  the  animal  is  living  upon  its  own  proto-
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plasmic  substance,  the  total  metabolism  begins  to  increase,  and

sooner  or  later  attains  a  higher  level  than  in  the  original  animal.

During  this  period  susceptibility  of  both  body  wall  and  alimentary

tract  increases,  but  the  susceptibility  of  the  latter  always  remains

lower  as  compared  with  that  of  the  body  wall  in  the  starved
than  in  the  fed  animal.

The  apparent  discrepancy  between  the  susceptibility  and  meta-

bolic  methods  results  simply  from  the  fact  that  the  alimentary

tract,  and  doubtless  the  entoplasm  in  Paramecium  soon  becomes
practically  inactive  functionally  in  starvation  while  the  body  wall

does  not.  Consequently  total  metabolism  may  decrease  while

susceptibility  of  the  body  wall  increases  or  remains  unchanged,

but  later  both  the  susceptibility  of  body-wall  and  alimentary
tract  and  the  total  metabolism  increase.  1

This  discussion  is  sufficient  to  make  it  at  least  highly  probable

that  Lund's  conclusions  result  rather  from  inadequate  analysis

of  his  own  experimental  data  in  the  light  of  the  known  facts,  than

from  any  real  discrepancy  between  the  results  obtained  by  the

susceptibility  method  and  by  direct  measure  of  oxidation.  He

has  failed  to  take  account  of  two  very  essential  facts:  first,  that

ectoplasmic  or  body-wall  oxidation  is  very  far  from  being  total

oxidation  and  second  that  the  rate  of  oxidation  in  ectoplasm  and

entoplasm  or  in  body-wall  and  alimentary  tract  may  vary  inde-

pendently,  that  of  the  alimentary  tract  or  the  entoplasm  under-
going  marked  decrease  in  starvation.

Attention  must  also  be  called  to  the  fact  that  the  susceptibility

method  does  not,  as  Lund  asserts,  depend  upon  the  assumption

that  cyanide  is  a  specific  inhibitor  of  oxidations,  for  the  regional

differences  in  susceptibility,  the  susceptibility  gradients  as  well

as  the  differences  with  age  and  other  conditions,  are  the  same

with  many  other  chemical  and  physical  agents  and  conditions

in  proper  concentration  or  intensity,  including  for  example  high

and  low  temperatures  and  lack  of  oxygen  and  perhaps  external

agents  and  conditions  in  general,  as  they  are  with  cyanide.

The  anesthetics  and  dyes  used  in  the  study  of  susceptibility  in

hydra,  for  example,  give  the  same  results  as  cyanide  except  where

1 Lund was also informed in personal correspondence concerning our results on
Planaria  and  the  reason  for  the  apparent  discrepancy  between  susceptibility  and
total  metabolism was pointed out to him.
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special  irritating  or  paralyzing  effects  of  those  agents  are  con-

cerned,  and  the  modifications  in  susceptibility  only  serve  to

show  all  the  more  clearly  the  close  relation  between  susceptibility
and  metabolic  condition.

The  dyes  were  used  in  these  experiments  simply  as  a  means  of

further  analysis  of  the  action  of  external  agents.  Since  they

possess  color,  it  is  possible  to  observe  directly  their  penetration

into  the  cells  and  to  see  that  they  enter  all  cells  readily.  It  is

certain  that  neutral  red  and  methylene  blue  kill  primarily  from

within  the  cell  rather  than  by  destroying  or  altering  its  surface

first  as  perhaps  some  other  agents  do.  They  are  adsorbed  or

otherwise  accumulated  by  certain  constituents  of  the  cell,  and

it  is  of  great  interest  to  find  that  the  general  susceptibility  rela-

tions  with  these  dyes  are  essentially  similar  to  these  with  other

agents,  except  where  special  irritating  or  other  effects  are  con-

cerned.  The  dyes  enter  all  cells,  but  they  kill  certain  cells  ear-

lier  than  others  because  the  cells  differ  in  some  way  in  physio-

logical  condition.  Judging  from  their  irritating  effect,  they  prob-

ably  increase  metabolism  to  a  very  marked  degree,  at  least  at

first,  yet  where  the  irritation  is  not  too  extreme,  the  death

gradient  is  the  same  as  in  cyanide  and  other  agents.  No  assump-

tion  concerning  the  specific  action  of  cyanide  is  necessary  as  a

basis  for  the  susceptibility  method,  though  it  is  quite  true  that

the  conception  of  the  action  of  cyanide  current  among  physiolo-

gists  has  been  adopted  and  applied  in  connection  with  the  method.

The  value  of  the  susceptibility  method  rests  not  upon  assump-

tion  but  upon  certain  facts  of  observation  and  experiment  :

first,  that  in  the  susceptibility  of  protoplasm  to  many,  perhaps

to  all,  external  agents  a  certain  uniformity  of  relation  appears  as

regards  region  of  body,  stage  of  life  cycle,  nutritive  condition,

etc.;  and  second,  that  this  uniformity  is  in  some  way  associated

with  and  dependent  upon  the  fundamental  metabolic  processes

in  the  protoplasm  and  may  be  altered  by  changes  in  the  rate  of

these  processes.
Both  E.  J.  Lund  in  his  paper  on  starvation  in  Paramecium

('i8c)  and  B.  L.  Lund  in  a  paper  on  the  susceptibility  of  Para-

mecium  and  Didinium  to  KNC  ('18),  which  confirms  earlier

work  of  one  of  us  (Child,  '146),  maintain  that  susceptibility  is
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dependent  upon  permeability  and  that  permeability  is  inde-

pendent  of  rate  of  oxidation.  The  chief  basis  for  this  view  is

the  work  of  E.  J.  Lund  on  starvation,  and  it  has  been  pointed

out  that  his  conclusions  depend  upon  an  interpretation  of  his

data  which  in  the  light  of  the  known  facts  is  almost  certainly

incorrect:  if  this  is  the  case,  the  whole  contention  of  these  authors

fails.  There  are,  moreover,  certain  data  on  susceptibility,  such,

for  example,  as  the  results  with  the  dyes  in  hydra  and  other

forms,  which  cannot  be  interpreted  in  terms  of  permeability  in

any  physical  sense,  and  other  data  on  susceptibility  to  lack  of

oxygen,  which  show  that  other  factors  than  permeability  are

concerned  in  susceptibility,  are  soon  to  appear.  As  one  of  us

has  stated  elsewhere  (Child,  '19),  the  most  important  question

in  this  connection  is  the  question  of  the  nature  of  what  current

terminology  calls  permeability.  Extended  discussion  of  this

point  is  postponed  to  another  time,  but  it  may  be  noted  that  no

purely  physical  conception  of  permeability  accounts  for  all  the

known  facts,  that  according  to  all  the  evidence,  the  surface  as
well  as  the  interior  of  the  cell  is  alive  and  the  seat  of  metabolic

reaction,  and  that  susceptibility,  and  even  permeability  itself,

are  dependent,  not  merely  upon  the  physical  characteristics  of

the  surface  layers  as  a  membrane,  but  also,  at  least  'in  part,  upon

this  living,  chemically  active  condition.  Apparently  for  the

Lunds  permeability  is  some  condition  at  the  cell  surface  com-

pletely  dissociable  from  the  metabolic  condition  of  the  proto-

plasm,  but  their  own  evidence  that  such  a  condition  exists  is  at
least  far  from  conclusive  as  we  have  shown,  and  other  adequate

evidence  is  difficult  to  find.

SUMMARY.

1.  A  study  of  the  susceptibility  of  three  species  of  hydra,  H.

viridissima  (viridis),  H.  vulgaris  (grisea).and  H.  oligactis  (fusca)

to  various  agents  shows  that  a  gradient  in  susceptibility  exists

along  the  apico-basal  axis  of  the  body  and  in  each  tentacle.

2.  This  susceptibility  gradient  is  primarily  a  basipetal  gradient,

i.  e.,  the  susceptibility  decreases  from  the  apical  region  basipet-

ally  and  after  the  tentacles  arise,  in  each  tentacle  from  the  tip  to

the  base.  This  primary  gradient  appears  in  the  earlier  bud
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stages,  in  quiescent  attached  individuals  of  H.  viridissima  and

H.  vulgaris  at  all  stages  and  in  young  quiescent  individuals  of

H.  oligactis.
3.  This  primary  gradient  is  modified  in  various  ways  by  re-

gional  differences  in  functional  activity  and  particularly  by  the

special  activities  of  the  stalk,  a  more  or  less  specialized  organ

which  develops  at  a  relatively  late  stage  from  the  basal  body  re-

gion.
4.  Regional  differences  in  the  contractile  activity  of  the  mus-

cular  apparatus  produce  the  most  conspicuous  modifications  of

the  susceptibility  gradient.  Such  modifications  can  be  produced

by  detachment  of  the  animals,  which  leads  to  special  activity  of

the  stalk,  by  the  general  excitatory  or  special  irritant  action  of

certain  agents,  such  as  the  dyes  used,  and  by  certain  combin-

ations  of  excitation  and  paralysis  with  anesthetics.

5.  Alterations  of  the  primary  susceptibility  relations  are  pro-

duced,  not  only  by  regional  differences  in  muscular  activity,  but

by  regional  differences  in  digestive  activity.
6.  The  very  direct  and  marked  effect  upon  susceptibility  of

regional  and  local  differences  in  muscular  and  other  functional

activity  results  from  the  simple  and  diffuse  organization  of  hydra.

The  muscle,  for  example,  is  a  part  of  the  body  cell  and  the  whole

cell  shares  in  the  excitation  connected  with  muscular  contrac-

tion,  and  the  facts  indicate  that  most  or  all  local  excitations

spread  or  irradiate  to  a  greater  or  less  degree  to  adjoining  regions.

7.  In  stages  after  the  development  of  motor  activity  suscep-

tibility  decreases  in  general  with  advancing  physiological  age,

but  the  bud  in  stages  preceding  the  development  of  motor  ac-

tivity  is  less  susceptible  than  later  motile  stages.
8.  The  differences  in  the  susceptibility  relations  of  the  three

species  under  various  conditions  suggest  that  of  the  three  H.

oligactis  possesses,  as  its  .structural  and  functional  characteristics

indicate,  the  highest  degree  of  regional  specialization.

9.  The  facts  confirm  previous  work  in  that  they  indicate  the
existence  of  a  relation  of  some  sort  between  susceptibility  and

metabolic  rate.  Within  the  ranges  of  concentration  of  the  agents

used,  susceptibility  evidently  varies  in  general  directly  with

metabolic  rate,  or  with  the  rate  of  energy-liberating  metabolism.
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If  such  a  relation  exists,  the  axial  gradient  is  a  gradient  in  physio-

logical  condition,  of  which  rate  of  fundamental  metabolic  reac-
tions  is  one  feature.
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