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THE  ORGANISM

The  small  loricate  rotifer,  Lecane  (Distyla)  inermis  Bryce,  presents
many  advantages  for  the  study  of  the  alternation  of  parthenogenetic
and  bisexual  generations,  common  among  the  rotifers,  and  of  the  life
histories  of  the  diverse  types  of  individuals  that  occur.  It  is  hardy,
easily  cultivated,  multiplies  rapidly  and  changes  readily  from  the
non-sexual  to  the  sexual  condition  and  vice  versa.  The  entire  life
of  the  female  lasts  usually  but  nine  or  ten  days,  and  the  first  offspring
appear  on  the  second  or  third  day.  This  organism  is  of  interest  as  a
representative  of  a  genus  in  which  the  occurrence  of  males  has  not

1  This  paper  was  prepared  for  publication  during  the  tenure  of  a  National  Re-
search  Council  Fellowship.  The  author  desires  to  acknowledge  her  indebtedness  to
Professor H. S- Jennings for advice and assistance freely given.
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hitherto  been  <  It-scribed  (\Vesenberg-Lund,  1930,  p.  94).  The  male
of  this  specie-  \vas  first  observed  by  Finesinger  subsequent  to  his  study
(1926)  of  the  inheritance  of  certain  environmental  effects  in  a  succes-
sion  of  gem-rations  of  parthenogenetic  females.

Lecane  inermis  is  one  of  the  slow-moving  rotifers,  common  in  wet
-plia^num.  It  belongs  to  the  family  Euchlanidae,  which  is  character-
ized  by  the  possession  of  a  lorica  composed  of  two  parts,  a  dorsal  and
a  \i-ntral  plate,  connected  by  lateral  sulci.  In  Lecane  inermis  the
li'iii  a  is  extremely  flexible,  so  that  dorsal  and  ventral  plates  are  barely
distinguishable;  the  animal  therefore  resembles  somewhat  the  more
primitive,  soft-bodied  notommatids,  with  which  the  euchlanids  are
classified  by  \Vesenberg-Lund  (1929).  A  full  description  of  this  and
other  species  of  Lecane  is  given  by  Harring  and  Myers  (1926).  The
individuals  (females)  of  the  stock  employed  in  the  present  investigation
are  somewhat  larger  than  the  dimensions  given  for  this  species  by
Harring  and  Myers.  Adults  are  175-190  n  in  length  by  65-75  /j.  in
breadth;  newly-hatched  individuals  are  about  130  p.  in  length  by  33  /j.
in  breadth.

As  is  well  known,  the  rotifers  of  most  common  occurrence  are  the
parthenogenetic  or  amictic  females,  and  specific  descriptions  are  based,
in  large  measure,  on  these.  In  a  single  species  there  may  occur,
however,  three  sorts  of  individuals:  the  common  amictic  or  non-sexual
females,  the  mictic  or  sexual  females,  and  the  males.  An  outline  of
the  change  of  generations  will  facilitate  the  understanding  of  the
present  study.

OUTLINE  OF  THE  CHANGE  OF  GENERATIONS
(Compare Fig. 1)

The  common  non-sexual  or  amictic  females  (A)  multiply  exclusively
by  parthenogenesis.  They  deposit  eggs  (/)  that  are  ellipsoid  in  form,
with  a  thin,  smooth,  outer  membrane.  These  eggs  carry  the  diploid
number  of  chromosomes,  are  incapable  of  fertilization  and  produce
females,  usually  like  the  mother,  so  that  multiplication  by  (diploid)
parthenogenesis  may  continue  for  many  generations.  But  among  the
females  produced  by  such  eggs  are  at  times  individuals  (J/)  that
bring  forth  small  c.uu*-  (  ///  )  which  develop  into  the  small,  male  indi-
vidual-.  These  females  are  called  mictic  because  their  eggs  are
capable  of  bring  fertilized.  They  resemble  outwardly  the  amictic
It-male-.  Tin-  small,  male-producing  eggs  carry  the  haploid  number
ol  chromosomes.  There  is  some  evidence  that  the  male  embryo  may
rithrr  doublr  its  chromosomes  during  development  (Asplanchna
intermedia,  Tauson,  \  (  )2  1  i  or  develop  entirely  with  the  haploid  number
(Asplanchna  <ii/>/!or<i,  Whitney,  1929).  When  the  mictic  females  are
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fertilized  they  produce,  instead  of  the  small,  haploid,  male-producing
eggs,  larger,  dark  eggs  with  a  thick,  horny  shell.  Such  an  egg  has,
of  course,  the  diploid  number  of  chromosomes.  It  remains  unhatched
for  some  time,  and  then  produces  a  parthenogenetic  or  amictic  female,

CD

FIG.  1.  Diagram  showing  the  alternation  of  sexual  and  non-sexual  generations
in  a  bisexual  rotifer,  such  as  Lecane  inermis.  The  most  common  type  of  individual,
the  non-sexual  "amictic"  female  (A),  reproduces  exclusively  by  diploid  partheno-
genesis.  Its  eggs  (/)  develop  invariably  into  females,  which  are  usually  amictic,  so
that  multiplication  by  diploid  parthenogenesis  may  continue  for  many  generations
(as  indicated  by  the  long,  broken-lined  arrows).  But  the  daughters  of  the  amictic
female  may  be  "mictic"  (M).  Their  eggs  are  haploid,  and  develop  partheno-
genetically  (m)  into  males,  or,  if  fertilized,  produce  non-sexual  amictic  females,  the
"stem mothers," with which the cycle begins anew.

with  the  diploid  number  of  chromosomes.  From  such  a  female,
commonly  spoken  of  as  the  stem  mother,  begins  again  the  cycle  of
diverse  generations  just  described.

The  purpose  of  the  present  investigation  is  to  analyse  this  cycle
in  the  species  Lecane  inermis;  to  give  an  account  of  the  different
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types  of  individuals  composing  it,  and  to  discover  the  factors  that
cau>e  their  production.  This  first  paper  presents  a  description  of  the
different  types  of  individuals,  with  a  comparative  study  of  their  life
hi.-tories.  A  later  paper,  now  in  preparation,  will  deal  with  the
factor>  causing  the  change  of  generations.

CULTURE  METHODS

Lfinc  inermis  is  readily  cultivated  in  grain  infusions  of  proper
strength,  in  malted  milk,  and  in  some  standard  inorganic  culture
media  to  which  are  added  suitable  food  organisms.  Oat  infusion,
used  by  Jennings  and  Lynch  (1928  I)  for  Proales  sordida,  is  (as  they
observe)  a  satisfactory  medium  also  for  Lecane  inermis.  An  infusion
of  suitable  strength  is  prepared  by  boiling  twenty  flakes  of  rolled  oats
for  three  minutes  in  100  cc.  of  spring  water,  filtering  while  hot,  and
allowing  to  stand  24  hours  before  using.  This  "standard"  oat
infusion  was  employed  in  the  comparative  studies  of  the  life  histories
of  the  different  types  of  individuals  and  in  the  early  part  of  the  experi-
mental  work.

For  precise  experimental  study  of  the  influence  of  the  environment
on  the  kinds  of  individuals  that  occur,  a  more  exactly  controllable
culture  medium  is  necessary.  Luntz  (1926,  1929)  has  demonstrated
the  usefulness  of  synthetic  inorganic  media,  such  as  the  Benecke  and
Knop  solutions,  in  the  experimental  investigation  of  the  life  cycle  of
rotifers.  The  food  is  controlled  by  the  use  of  pure  strains  of  food
organisms,  and  the  pH  and  initial  salt  concentration  are  likewise
under  control.

Benecke's  solution  in  0.07  per  cent  concentration,  with  addition
of  suitable  food  organisms,  provides  a  most  satisfactory  culture
medium  for  Lecane  inermis.  To  it  were  added  pure  strains  of  certain
bacteria,  B.  protens,  B.  sitbtilis  and  B.  coli  (obtained  from  the  School
of  Hygiene  of  the  Johns  Hopkins  University).  Such  pure  strains  are
inadequate  as  food,  the  rotifers  surviving  in  them  for  but  three
generations.  A  mixture  of  two  or  three  of  these  strains  of  bacteria
is  mop-  -.itisfactory.  Addition  of  green  alga-  to  the  bacteria  gives
still  belter  results.  A  number  of  different  alga?,  obtained  from  the
laboratory  of  I'ringsheim  at  Prague,  were  tested.  Species  of  Chlaniy-
domonas  and  /-'.Helena  were  apparently  too  large  to  serve  as  food  for
I.fuinr  inermis.  Chlorella  vulgaris  Beyerinck  proved  to  be  suitable,
pariicularly  \\hcii  combined  with  B.  protens.  The  mixture  of  Chlorclln
ami  B.  proti-Hs  lias  been  employed  in  much  of  the  experimental  work.
Chlorelln  is  -muii  on  |,eef  agar,  B.  protcus  on  bacteriological  agar.
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A  fresh  suspension  of  these  two  food  organisms  in  the  culture  solution
is  prepared  daily  immediately  before  the  transfer  of  the  rotifers.

In  order  to  avoid  contamination  with  other  organisms,  bacterio-
logical  precautions  are  observed  in  the  preparation  of  the  culture
medium  and  food  suspension,  and  in  the  handling  of  the  rotifers.
The  method  is,  with  a  few  necessary  alterations,  that  devised  by
Raffel  (1930)  for  the  culture  of  Paramecium.  The  rotifers  are  culti-
vated  individually  on  hollow-ground  slides,  placed  in  sterile  Petri
dishes  containing  distilled  water.  They  are  transferred  daily  with
sterile,  cotton-stoppered  pipettes.  A  fuller  account  of  the  method  of
culture  will  be  given  in  a  later  paper  on  the  factors  causing  the  change
of  generations.

LIFE  HISTORIES  OF  THE  DIVERSE  TYPES  OF  INDIVIDUALS

Knowledge  of  the  general  biology  of  the  bisexual  generations  of
rotifers  is  not  extensive.  This  is  doubtless  due  in  part  to  the  rare
occurrence  of  sexual  individuals  in  many  of  the  species  that  have
been  employed  for  laboratory  investigations.  There  have  been  few
detailed  comparative  studies  of  the  lives  and  activities  of  the  mictic
and  amictic  females,  though  such  studies  are  much  needed  for  an
understanding  of  the  fundamental  difference  between  them,  and  of  the
different  roles  they  play  in  the  life  history  of  the  species.  Knowledge
of  the  life  history  of  the  males  is  in  little  better  case.  Lecane  inermis
is  a  favorable  organism  for  supplying  these  needs,  since  it  readily
yields  an  abundance  of  all  types  of  individuals.

The  Amictic  and  the  Unfertilized  Mictic  Females:  Comparison
The  amictic  and  mictic  females  of  Lecane  inermis  resemble  each

other  closely,  but  differ  markedly  in  certain  features  of  their  life
histories,  particularly  in  fecundity  and  length  of  life.

The  mature  females,  whether  amictic  or  mictic,  present  the
appearance  shown  in  Fig.  2.

As  in  Proales  sordida  (Jennings  and  Lynch,  1928  I),  four  periods
may  be  distinguished  in  the  life  of  the  individual:  (1)  The  period
of  embryonic  development,  from  the  deposition  of  the  egg  to  hatching;
this  requires,  in  Lecane  inermis,  about  one  and  one-half  days.  (2)  The
immature  period,  one  of  rapid  growth  and  activity,  concluding  as  a
rule  on  the  third  day  with  the  deposition  of  the  first  egg.  (3)  The
period  of  fecundity,  five  or  six  days  during  which  the  eggs  one  at  a
time  are  matured  and  deposited  in  regular  succession.  (4)  The  post-
fecund  period,  or  period  of  old  age,  during  which  the  activities  of  the
female  gradually  cease,  structural  degeneration  sets  in  and  death



350  HELEN  M.  MILLER

ensues,  usually  on  the  ninth  day,  though  it  may  be  deferred  for
varying  periods,  depending  on  the  conditions.

The  amictic  female.  The  term  amictic  was  first  applied  by  Storch
]  (  >2  I  to  the  commonest  type  of  rotifer  female,  since  it  cannot  repro-

duce  by  amphimixis.  The  cytological  investigations  by  Whitney,
Monli,  Nachtwey  and  others,  of  several  species  of  rotifers,  have
shown  that  the  eggs  of  the  amictic  female  invariably  develop  by
diploid  parthenogenesis  and  produce  diploid  females,  which  may  be
either  amictic  or  mictic.

The  amictic  females  of  Lecane  inermis  produce  eggs  that  are
ellipsoid  in  form  and  measure  about  64  n  by  38  /z  (Fig.  6).  They  are
covered  with  a  thin  membrane  surrounded  by  a  gelatinous  layer
which  swells,  separates  from  the  egg  and  disappears  before  the  embryo
emerges,  about  30  hours  after  deposition.

The  mictic  female  is  capable  of  reproduction  by  amphimixis.  Its
eggs,  as  shown  by  the  above-mentioned  investigators,  undergo  reduc-
tion  in  the  number  of  chromosomes.  The  mictic  female  of  Lecane
inermis,  although  indistinguishable  in  appearance  from  the  amictic
female,  is  immediately  recognizable  by  the  kinds  of  eggs  it  produces.

EXPLANATION  OE  PLATE

These drawings were reconstructed from many camera lucid. i sk-.'tchcs, for which
a  Zeiss  microscope  was  used  with  oc.lSx,  obj.8.3,  and  with  oc.lSx,  (Leitz)  obj.3.  The
magnification of the seven figures is 518 diameters; this magnification was obtained
by  doubling  the  average  dimensions  of  sketches  of  eggs  and  of  living  individuals,
made  with  oc.lSx,  (Leitz)  obj.3.

Abbreviations

c,  contractile  vacuole  />.#.,  prostate  (?)  glands
</,  rudiment  of  anterior  portion  (if  the  o,  ovary

digestive  system  oe,  oesophagus
g,  gastric  glands  r,  retro-cerebral  organ
fx,  excretory  (?)  granules  /,  toes
;,  intestine  If,  testis
i,  mastax  v.d.,  vas  deferens

1  K,.  2.  Mature  female  (mictic  or  amictic);  dorsal  view.
I  ii..  S.  Young  female,  shortly  after  hatching;  lateral  view,  showing  prominent

, gastrii iJ.uuU, ee-Miph.igus, intestine and contractile vacuole.
IK..  4.  Male;  dorsal  view.
In..  5.  M.de;  lateral  view,  for  comparison  especially  with  Fig.  3.  The  di-

in i> re-presented only by an anterior rudiment; the contractile vacuole is
ni .
I  !..  <>. 'I  In- (female-producing) egg of the amictic female, several hours after

deposition; lateral view. The gelatinous layer has separated from the egg membrane.
I i'..  7. 1 In- un. ile-producing) egg of the mictic female, before the initiation of

I ll'.IV
I  i'-.  x  I  In-  tiTiili/e<l  (female-producing)  egg  of  the  mictic  female.
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If  unfertilized,  the  eggs  (Fig.  7)  resemble  the  female  parthenogenetic
eggs,  except  that  they  are  smaller  (44  n  by  32  ju)  and  produce  males.

The  fertilized  eggs  (Fig.  8)  are  larger  (64  /j.  by  38  /*),  covered  with
a  thick,  horny  shell,  and  produce  amictic  females.  They  are  very
Mack  when  laid,  but  the  color  fades  to  light  brown  in  the  course  of
several  days.  In  this  condition  they  remain  for  a  period  varying
from  a  few  days  to  two  months.  They  withstand  drying,  which  does
not  seem  to  alter  their  hatchability.  Ordinarily,  only  20  per  cent  to
30  per  cent  hatch  in  spring  water  or  in  oat  infusion.  Further  investi-
gation  of  the  hatchability  of  the  fertilized  eggs  is  much  needed.  The
course  of  development  of  these  eggs  has  not  been  studied  in  detail.
Apparently,  cleavage  begins  shortly  after  deposition,  but  the  greater
part  of  embryonic  development  occurs  during  the  24  or  48  hours
prior  to  hatching.  The  embryo  emerges  through  an  irregular  break
in  the  side  of  the  shell.

The  life  histories  of  108  amictic  and  111  unfertilized  mictic  females
\\ere  studied  and  compared  in  detail.  These  individuals  were  char-
acterized  by  a  high  degree  of  genetic  uniformity,  since  they  were
derived  recently  by  parthenogenesis  from  a  single  common  ancestor,
and  since  they  were  derived  from  young  mothers,  less  than  4  days  old.
This  latter  precaution  eliminated  the  possibility  of  certain  intrinsic
differences,  in  fecundity,  embryonic  mortality  and  in  the  duration  of
certain  periods  in  the  life  history,  which  result,  in  Proales  sordida
(Jennings  and  Lynch  1928-1,  II),  from  differences  in  the  ages  of  the
parents.

The  experimental  females  were  cultivated  individually  under
similar  conditions,  in  small  groups,  during  a  period  of  two  months.
I  iiiformity  of  cultural  conditions  was  obtained  as  follows.  Small
mass  cultures,  of  15  to  25  individuals  in  three  drops  of  oat  infusion,
were  maintained,  the  individuals  being  transferred  daily  to  new  fluid.
I  emale-producing  parthenogenetic  eggs  were  removed  from  these
cultures  at  ihe  time  of  daily  transfer,  and  isolated  in  depression  slides,
each  one  in  three  drops  of  oat  infusion.  The  eggs  isolated  at  any  one
time  had  thus  been  produced  during  the  preceding  24  hours.  The
ret  oids  of  ages  begin  at  the  time  of  isolation,  so  that  they  are  accurate
only  to  a  period  of  within  24  hours.

I  In  eggs  hatched  as  a  rule  during  the  first  day  after  isolation.
The  young  females  grew  rapidly  and  began  to  deposit  eggs  on  the
second  day.  \<>t  until  then  could  the  individuals  be  recognized  as
nnctic  or  amictic.  They  were  transferred  daily  to  clean  slides  and
twenty-four  hour  infusion,  at  which  time  the  number  of  eggs  produced
and  other  deiaiU  wen-  recorded  for  each  mictic  and  amictic  female.
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Since  the  male  embryos  require  30  hours  or  more  for  development,
fertilization  of  the  mothers  by  the  sons  was  impossible,  so  that  the
mictir  females  as  well  as  the  amictic  females  reproduced  throughout
life  only  parthenogenetically.

During  the  two  months  of  cultivation,  the  temperature  varied
from  19  to  24  C.  Daily  variations  did  not  exceed  one  and  one-half
degrees.  Although  the  mictic  and  amictic  individuals  were  not
distributed  throughout  this  period  in  equal  numbers,  certain  striking
differences  are  observable  in  the  life  histories  of  the  two  kinds  of
females  that  cannot  be  attributed  to  differences  in  temperature,  since
they  are  exhibited  by  contemporaneous  individuals  subjected  as  nearly
as  possible  to  the  same  conditions  of  culture.  Large  contemporaneous
cultures  of  the  two  types  of  females  were  at  the  time  impracticable.

Table  I  gives  the  life  histories  with  relation  to  the  number  of  eggs
produced  daily,  and  the  length  of  life,  for  two  small  groups  of  con-
temporaneous  females  of  the  two  types.  From  Table  I  it  is  at  once
apparent  that  the  mictic  females  (unfertilized)  produce  fewer  eggs
than  the  amictic  females,  but  usually  live  longer.  Further,  on  the
whole,  the  egg-laying  period  of  the  mictic  females  terminates  earlier.

Length  of  life  and  distribution  of  mortality

Table  II  gives  for  the  individuals  of  the  amictic  and  mictic  popu-
lations  the  length  of  life  in  days  (after  their  isolation  as  eggs);  also
the  biometric  constants,  and  the  proportions  that  lived  for  the  modal
number  of  days,  less  than  the  mode  and  more  than  the  mode.

As  Table  II  shows,  the  largest  number  of  individuals  died,  in  both
populations,  on  the  ninth  day,  so  that  this  is  the  modal  length  of  life
for  both  sets.  But  many  of  the  mictic  females  (55.9  per  cent)  lived
beyond  this  age,  while  fewer  of  the  amictic  females  (32.4  per  cent)
did  so.  The  maximum  age  reached  by  the  amictic  females  was  15
d;iys.  while  13  per  cent  of  the  mictic  females  lived  beyond  this  age,
t\\o  reaching  the  ages  of  27  and  28  days  respectively.  The  mean
length  of  life  of  the  amictic  females  is  8.9  0.11  days;  of  the  mictic
females,  11.0  0.28  days.  There  are  thus  very  characteristic  and
significant  differences  in  the  length  of  life  reached  by  the  amictic  and
inn-tic  k-mules  respectively.  Further,  the  duration  of  life  is  much
m<.  re  variable  for  the  mictic  than  for  the  amictic  females.  For  the
amictic  females  the  standard  deviation  in  length  of  life  is  1.72  0.08
days,  and  the  cneiiicient  of  variation  is  19.28  0.92  per  cent,  while
for  the  mictic  females  the  standard  deviation  is  4.37  0.20  and  the
coefii.  ient  ..I'  variation  39.41  2.04  per  cent.

'1  hese  dillerence-,  in  length  of  life  are  very  noticeable  in  observation
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of  the  living  animals.  The  mictic  females  cease  egg-laying  early  in
life,  but  most  of  the  individuals  continue  to  swim  about  actively  for
several  days  after,  a  few  of  them  for  many  days.  In  these  long-lived
individuals  physical  decline  is  very  gradual.  The  gastric  glands  and
mastax  become  blackened  and  locomotion  wanes,  typical  signs  of
structural  degeneration.  But  the  mictic  females  may  linger  on  for
many  days  in  this  condition.  The  amictic  females,  on  the  other  hand,
frequently  show  signs  of  age  before  the  last  egg  is  produced  and  all
are  dead  within  two  days  thereafter.

The  distribution  of  mortality  is  represented  graphically  in  Figs.  9
and  10.  In  Fig.  9,  curves  Af  and  A  show  the  proportions  of  the  mictic
and  amictic  populations  respectively  that  reached  the  different  ages.
Figure  10  represents  mictic  and  amictic  individuals  as  though  con-
temporaneous,  and  shows  the  proportions  of  each  population  present
at  the  beginning  of  each  day.  Embryonic  mortality  is  negligible;
only  one  egg  of  the  220  eggs  isolated  failed  to  hatch.  In  this  respect
early-born  mictic  and  amictic  females  resemble  early-born  populations
of  Proales  sordida  (Jennings  and  Lynch,  1928  II,  Fig.  15).  None
die  during  immaturity;  all  live  through  the  fourth  day.  All  of  the
amictics  and  99  per  cent  of  the  mictics  survive  the  fifth  day  after
isolation,  that  is,  four  days  of  fecundity.  On  every  day  thereafter,
fewer  amictic  than  mictic  females  are  still  alive.  In  both  populations
the  mortality  rate  is  low  on  the  sixth  day,  higher  on  the  next  and
reaches  a  maximum  on  the  ninth  day.  It  thereafter  decreases  until
all  the  amictics  are  dead  on  the  fifteenth  day  and  the  mictics  linger  on,
two  or  three  dying  on  successive  days  until  the  twenty-eighth  day.

To  what  extent  is  the  difference  in  longevity  of  the  mictic  and
amictic  females  correlated  with,  or  the  result  of,  difference  in  fecundity?
Information  regarding  this  question  is  obtained  from  examination  of
the  distribution  of  fecundity  in  the  two  populations,  the  rate  of
egg-production,  the  duration  of  the  post-fecund  period  and  the  age
at  which  the  production  of  eggs  ceases.

Fecundity

Inspection  of  Table  I,  giving  the  life  history  records  for  contempo-
raneous  mictic  and  amictic  females,  has  shown  that  the  mictic  female
deposits  only  14  to  16  of  the  small,  male-producing  eggs;  the  amictic
female  deposits  19  to  21  of  the  larger,  female-producing  eggs.  Table
III  presents  a  comparison  of  the  distribution  of  fecundity  in  the  two
populations,  with  the  biometric  constants;  and  Fig.  11  shows  the
proportions  of  individuals  that  produced  the  different  numbers  of  eggs.
The  differences  in  the  fecundity  of  the  two  types  of  female  are  striking.
The  amictic  females  produce  13  to  24  eggs  per  individual;  the  modaLA^
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fecundity  is  21  and  the  mean  20.7  0.13.  The  mictic  females
produce  11  to  16  eggs  (with  the  exception  of  one  individual  which
produced  only  two  eggs  and  died  on  the  fifth  day);  the  modal  fecundity
i<  15,  and  the  mean  14.2  0.11.  Thus,  the  mictic  females  produce

tilurly  only  two-thirds  as  many  parthenogenetic  eggs  as  the  amictic
females.  The  fact  that  the  coefficients  of  variability  for  both  popu-
lations  are  low,  9.9  per  cent  for  the  amictics  and  12.2  per  cent  for  the
mictics,  emphasizes  the  difference  in  the  fecundity  of  the  two  types
of  females.

Excluding  the  single  exceptional  mictic  female  which  produced
only  two  eggs,  the  mean  fecundity  for  the  mictic  population  (110
individuals)  is  14.3  0.08,  the  standard  deviation  1.29  0.06,  which
is  less  than  that  of  the  amictic  population  by  0.77  0.11,  a  significant
difference,  and  the  coefficient  of  variability  is  reduced  to  9.03  0.41,
which  is  almost  the  same  as  that  of  the  amictic  females.
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I  i'..  11.  Lecane  inermis.  Graphs  showing  the  numbers  of  eggs  produced  by

individuals  of  the  two  populations,  the  amictic  females  (A)  and  the  unfertilized
mictic  females  (  M).  Horizontal  scale,  numbers  of  eggs  produced;  vertical  scale,

- of the populations producing the different numbers of eggs.

The  two  populations  differ  further  in  the  fact  that  a  very  much
greater  proportion  of  the  mictic  females  produced  the  maximum  or
nearly  the  maximum  number  of  eggs.  This  is  clearly  observable  in
l-'iij.  11.  \\hcrcas  4S  per  cent  of  the  mictic  females  produced  15  or
L6  ej  only  21  per  cent  of  the  amictics  produced  23  or  24  eggs.
The  mode  and  the  mean  fecundity  more  nearly  coincide  with  the
maximum  in  the  mictic  population.
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Duration  of  the  fecund  period  and  rate  of  egg-production
It  will  be  recalled  that  the  mictic  and  amictic  females  mature  and

deposit  the  first  eggs  at  about  the  same  time,  during  the  second  day
after  isolation,  also  that  the  mictic  female  deposits  but  two-thirds
as  many  eggs  as  the  amictic  female.  If  the  male-producing  partheno-
genetic  eggs  are  deposited  at  the  same  rate  as  the  female-producing
eggs,  the  fecund  period  of  the  mictic  female  should  be  only  two-thirds
as  long  as  that  of  the  amictic  female.

TABLE  IV

Lecane  inermis.  Duration  of  the  period  of  fecundity  of  amictic  and  unfertilized
mictic  females.  The  figures  given  in  the  body  of  the  table  indicate  the  number  of
individuals  in  each  population  tha"  required  for  the  production  of  their  eggs  the
number of days indicated on the upper line.

In  Table  IV  is  given  the  number  of  days  during  which  the  females
of  both  classes  continue  to  produce  eggs.  The  minimum  number  of
days  of  the  fecund  period  was  the  same  for  both  (with  the  exception
of  the  one  individual,  which  produced  only  two  eggs  and  died  on  the
fifth  day)  ;  but  the  total  number  of  days  ranged  from  4  to  7  for  the
mictic  females,  from  4  to  11  for  the  amictic  females.  The  mode  for
the  mictics  is  five  days;  for  the  amictics  5  and  6  days  are  equally
common.  For  23  per  cent  of  the  amictics  the  period  of  fecundity
exceeds  the  maximum  period  for  the  mictics.  The  mean  for  the
mictics  is  5.10  0.05  days,  for  the  amictics  6.42  0.09  days.  The
standard  deviation  is,  for  the  amictics  1.44  0.07,  for  the  mictics
0.83  0.04.  The  coefficient  of  variability  is,  for  the  amictics  22.45
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l.i  is.  for  the  mictics,  16.22  0.75.  The  differences  in  the  mean,
standard  deviation  and  the  coefficient  of  variability  of  the  two  popu-
1,  n  ions  are  statistically  significant,  regardless  of  whether  the  one

piional  niictic  female  is  included  in  the  calculations  (Table  IV).
The  mictic  female  requires  on  the  average  only  one  and  three-

truths  days  less  to  produce  its  eggs,  though  these  are  fewer  by  one-third
than  the  number  produced  by  the  amictic  female.  This  means  that,
although  both  types  of  females  produce  3  to  5  eggs  per  day,  rarely  6,
the  mictic  female  deposits  its  small  (male-producing)  eggs,  on  the
.1  \  erage,  in  less  rapid  succession  than  the  amictic  female  deposits  its
larger  (female-producing)  eggs.  The  mictic  female  deposits,  on  the
average,  3.8  eggs  per  day,  or  one  every  8.6  hours;  the  amictic  female
3.2  eggs  per  day,  or  one  every  7.5  hours.  These  figures  represent  the
quotients  of  the  mean  fecundity  divided  by  the  mean  duration  of  the
fecund  period.  Additional  data  regarding  the  rate  of  egg-deposition
are  given  later  in  the  paper.

Age  at  cessation  of  fecund  period  and  duration  of  post-fecund  period

In  Table  V  is  given  the  duration  of  the  post-fecund  period  for  all
individuals  of  the  two  populations.  Most  of  the  amictic  females
(59  per  cent)  died  within  24  to  36  hours  after  deposition  of  the  last  egg;
33  per  cent  died  within  one  day,  all  died  within  two  days  thereafter.

TABLE  V

Lecane  inermis.  Duration  of  the  post-fecund  period  of  amictic  and  unfertilized
mictic females. Those individuals that produced eggs on the day on which they died,
or as many as four eggs on the day preceding death are considered as having a post-
fecund period of one day or less; if they produced no eggs on the last day, but one to
i liree on the preceding day, they are listed as having a post-fecund period of one to one
and one-half days; if they produced no eggs on the last two, three or four days, their
post-fecund period is correspondingly two, three or four days, etc.

Nol  so  with  the  mirtic  females.  Only  33  per  cent  of  the  entire  popu-
ifiii  died  \\itliin  two  days  after  the  cessation  of  egg-deposition.
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Of  these,  20  individuals  survived  for  two  days,  15  for  one  and  one-half
days,  only  two  died  within  24  hours  after  deposition  of  the  last  egg.
While  two  days  after  the  cessation  of  egg-production  is  the  commonest
period  of  death,  three  or  four  days  are  almost  equally  common;  five
and  six  days  less  frequent.  A  few  individuals  survive  7  to  22  days
after  the  cessation  of  egg-production,  there  being,  however,  but  one,
two  or  three  individuals  in  each  class.  Yet  20  per  cent  of  the  mictic
females  lived  more  than  6  days  after  the  fecund  period  had  ended.

As  set  forth  in  the  preceding  section,  the  mictic  females  cease  to
deposit  eggs  earlier,  on  the  average,  than  the  amictic  females.  The
post-fecund  period  of  the  mictic  females  is  thus  extended  in  this  way
by  about  1.3  days.  However,  this  accounts  for  only  a  small  fraction
of  the  greater  length  of  life  of  the  mictic  females  after  the  cessation  of
egg-deposition.  The  mictic  females  have,  on  the  whole,  a  much
greater  ability  to  survive  the  period  of  fecundity  than  the  amictics.

This  striking  difference  is  shown  for  the  entire  populations  in
Fig.  9,  representing  the  distribution  of  ages  at  the  cessation  of  egg-
production  in  comparison  with  the  distribution  of  ages  at  death.

TABLE  VI

Lecane  inermis.  Comparison  of  the  ages  at  which  amictic  and  unfertilized
mictic females cease the deposition of eggs.

Table  VI  gives  for  both  populations  the  number  of  individuals
that  cease  egg-production  at  the  different  ages.  The  fecund  period
of  the  amictic  females  terminates  usually  on  the  seventh  and  eighth
days;  that  of  the  mictic  females  usually  on  the  sixth  day.  As  stated
in  a  previous  section,  all  of  the  amictic  females  and  all  but  one  mictic
female  live  through  four  days  of  egg-production.  Mortality  then
begins  in  both  populations  and  rises  to  a  maximum  on  the  ninth  day.
Thus,  the  maximum  mortality  in  the  amictic  population  occurs  from
one  to  two  days  after  the  maximum  number  of  individuals  cease
egg-production;  in  the  mictic  population,  three  or  four  days  thereafter.
After  the  ninth  day,  the  distribution  of  mortality  of  the  amictic  females
follows  the  cessation  of  egg-production  within  one  or  two  days.  The
mictic  females,  however,  have  all  ceased  egg-production  at  the  end  of
the  ninth  day,  and  56  per  cent  are  still  alive.  These  die  at  a  slow
rate  until  the  14th  day,  the  remaining  15  per  cent  at  a  fairly  uniform
rate  until  the  28th  day.
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Relation  of  length  of  life  to  fecundity  and  rate  of  egg-production

The  foregoing  data  indicate  that  the  difference  in  the  length  of
life  of  mictic  and  amictic  females  results,  in  part,  from  the  difference
in  their  ability  to  survive  the  fecund  period.  This  has  been  evidenced
by  the  relative  duration,  in  the  two  populations,  of  the  fecund  and
post-fecund  periods,  and  the  relative  ages  at  which  egg-production
ceases.

\\'e  may  inquire  further  into  the  extent  of  the  relationship  betw  r  een
length  of  life  and  fecundity  of  mictic  and  amictic  females,  by  comparing
the  fecundity,  rate  of  egg-production,  and  the  duration  of  the  post-
fecund  period,  in  relatively  short-lived,  average-lived  and  long-lived
individuals  of  each  population.  Those  that  lived  less  than  9  days,
the  mode,  are  classified  arbitrarily  as  short-lived,  those  that  lived  9
days  as  average-lived  and  those  that  lived  more  than  9  days  as  long-
lived.  The.  results  of  this  comparison  are  presented  in  Tables  VII
to  IX.

TABLE  VII

Lecane  inennis.  Comparison  of  the  relation  of  life  duration  to  fecundity
displayed  by  amictic  and  unfertilized  mictic  females.  Individuals  that  lived  less
than  9  days,  the  mode,  are  called  short-lived;  those  that  lived  9  days  are  called
average-lived, and those that lived more than 9 days, long-lived.

Table  VII  gives  the  mean  fecundity  for  these  groups.  The  short-
li\c'l  amirtir  females  produced,  on  the  average,  19.95  eggs  per  indi-
\i'lual,  the  av<  ii\ed  20.45,  the  long-lived  21.91.  The  difference
in  tin-  mean  lei  nudity  of  short-lived  and  long-lived  amictic  females  is

The  short-lived  mictic  females  produced,  on  the  average,
14.0  .  ,er  indi\  idual,  the  average-lived  14.05,  the  long-lived  14.2.
The  diliereiHe  in  ti,c  mean  fecundity  of  short-lived  and  long-lived
mirti<  It-male-  i-  \\hirh  is  only  one  tenth  of  the  difference

mid  in  tin-  <iiiTe^|>oiiding  groups  of  amictic  females.  The
mean  feiundiiy  of  ihos,-  miriir  females  that  lived  beyond  15  days,
and  thu-  -ur\i\<-<|  all  the  ami.  tic  females,  is  14.6  eggs;  that  is,  it  is
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greater  than  the  mean  fecundity  of  short-lived  mictic  females  by  only
0.6  eggs.  The  positive  correlation  between  length  of  life  and  the
number  of  eggs  produced  is  appreciably  more  marked  for  the  amictic
females.

TABLE  VIII

Lecane  inermis.  Comparison  of  the  relation  of  life  duration  to  rate  of  egg-
deposition  (number  of  eggs  per  day)  for  amictic  and  unfertilized  mictic  females.
The  "mean  rate"  of  egg-deposition  is  the  average  of  the  rates  at  which  all  the
members  of  a  particular  group  deposited  their  eggs.  The  rate  of  egg-deposition  of
each  individual  is  computed  by  dividing  the  total  number  of  eggs  produced,  by  the
number of days on which eggs were deposited by that individual.

The  length  of  life  of  the  amictic  females  bears  a  negative  correlation
with  the  rate  at  which  they  produce  their  eggs  (Table  VIII).  The
short-lived  individuals  are  found  to  have  deposited  their  eggs  in  more
rapid  succession  than  individuals  that  lived  9  days  or  longer.  They
deposited,  on  the  average,  3.9  eggs  per  day,  the  average-lived  3.3  eggs
per  day,  the  longer-lived  2.7  eggs  per  day.  The  short-lived  mictic
females  deposited  3  eggs  per  day,  the  average-lived  2.8,  the  long-lived
also  2.8  eggs  per  day.  Those  in  the  latter  group  that  lived  16  days
or  more  deposited,  on  the  average,  2.9  eggs  per  day.  The  length  of
life  of  the  mictic  females  apparently  bears  little  relation  to  the  rate
at  which  their  eggs  are  deposited.

It  should  be  noted  also  that  each  group  of  mictic  females  is  char-
acterized  by  an  average  daily  egg-production  almost  the  same  (within
0.3  eggs)  as  the  group  of  amictic  females  that  produced  their  eggs
most  slowly,  namely,  the  long-lived  individuals.  The  amictic  group
with  the  highest  rate  of  egg-deposition  (the  short-lived  individuals)
produce,  on  the  average,  0.9  eggs  per  day  more  than  the  corresponding
group  of  mictic  females.  These  facts  confirm  and  supplement  data
given  in  a  previous  section  which  indicate  that  the  mictic  female
produces  its  eggs  more  slowly  than  the  amictic  female.

We  find,  furthermore  (Table  IX),  in  the  amictic  population,  that
whereas  25  (60  per  cent)  of  the  short-lived  individuals  died  \vithin  24
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TABLE  IX

Lecane inermis.  Comparison of  the  relation  of  length  of  life  to  the  duration of
the post-fecund period for amictic and unfertilized mictic females. The figures in the
body of the table indicate the number of individuals that survived after the cessation
of egg-production for the number of days indicated on the upper line.

hours  after  deposition  of  the  last  egg,  only  6  (19  per  cent)  of  the
average-lived  and  5  (14  per  cent)  of  the  long-lived  died  within  this
period.  Twenty-two  (71  per  cent)  of  the  average-lived  and  26  (74
per  cent)  of  the  long-lived  females  survived  for  24  to  36  hours  after
deposition  of  the  last  egg.  Only  8  individuals  (7  per  cent  of  the
entire  population)  survived  as  long  as  two  days  after  the  cessation  of

production.
However,  all  of  the  mictic  females,  with  the  exception  of  two

short-lived  individuals,  lived  more  than  24  hours  after  the  cessation
of  egg  production.  Most  of  the  short-lived  mictic  females  survived
one  .uid  one-half  or  two  days.  The  average-lived  survived  usually
three  days,  though  one  and  one-half  and  three  days  were  almost
equally  common.  The  long-lived  individuals,  which  constitute  56
P  -i"  <<'"  l  ihe  population,  survived  one  and  one-half  to  22  days
'tier  the  on  of  egg-production,  commonly  4  to  6  days.  Only
1"  I"-'  cent  survived  les  -  than  4  days;  20  per  cent  survived  longer
than <> da-

[n  short,  the  amictic  females  that  lived  for  less  than  9  days  produced
.  on  the  average,  in  more  rapid  succession  than  those  that

also  pio.lm-ed  fewer  eggs  and  died  usually  within
hour-  alier  deposition  of  ihe  last  egg.  These  facts  suggest  that

rapid  rate  ol  rodu<  tion  exhausts  the  short-lived  amictic  females,
rendering  them  incapable  |  completing  the  transformation  of  their
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germ  cells  into  eggs,  thus  reducing  their  fecundity.  So  strenuous  is
the  fecund  period  that  none  is  able  to  survive  more  than  two  days
after  its  cessation.

In  the  mictic  population,  as  in  the  amictic  population,  the  longest-
lived  individuals  are  those  that  have,  on  the  average,  produced  their
eggs  more  slowly,  have  produced  a  larger  number  of  eggs  and  have
survived  more  than  a  day  after  the  deposition  of  the  last  egg.  How-
ever,  the  length  of  life  of  the  mictic  female  is  correlated  in  less  degree
than  that  of  the  amictic  female  with  the  number  of  eggs  produced  and
the  rate  at  which  they  are  produced.  The  short-lived  mictic  females
usually  survive  as  long  after  the  cessation  of  egg-deposition  as  the
longest-lived  amictic  females;  they  very  infrequently  show  signs  of
physical  exhaustion  before  the  completion  of  egg-production.  We
may  conclude,  then,  that  the  greater  longevity  of  the  mictic  females,
which  involves  a  greater  ability  to  survive  the  fecund  period,  results,
in  part  at  least,  from  the  fact  that  for  them  the  process  of  egg-produc-
tion  is  less  strenuous.  This  is  to  be  expected  in  view  of  the  fact  that
they  produce  fewer,  smaller  eggs  at  a  less  rapid  rate  than  the  amictic
females.

General  and  comparative

Under  similar  conditions  of  cultivation  amictic  and  unfertilized
mictic  females  of  Lecane  inermis  differ  markedly  in  length  of  life,
fecundity,  rate  of  egg-production,  duration  of  the  fecund  and  post-
fecund  periods  and  in  the  degree  of  correlation  between  fecundity  and
length  of  life.  How  are  these  differences  between  the  two  types  of
females  produced?

In  their  investigation  of  the  diversities  that  arise  within  a  clone
of  (amictic)  females  of  the  parthenogenetic  rotifer,  Proales  sordida,
Jennings  and  Lynch  (1928)  concluded  that  differences  in  length  of
life,  among  those  individuals  that  hatch,  are  not  an  expression  of
intrinsic  diversity.  They  result,  rather,  from  the  accidents  of  life,
the  interaction  of  the  rhythmic  processes  of  digestion  and  reproduction,
combined  with  disturbances  in  these  processes  imposed  by  the  daily
transfer  of  the  individuals  to  clean  slides.

In  Lecane  inermis,  the  difference  in  the  length  of  life  of  the  mictic
and  amictic  female  results  largely  from  the  difference  in  the  severity
of  the  process  of  egg-production,  hence  in  their  ability  to  survive  the
fecund  period.  Both  mictic  and  amictic  females  lived  most  commonly
nine  days,  but  many  more  mictic  than  amictic  females  lived  beyond
this  age,  presumably  because  they  produce  fewer,  smaller  eggs  than
the  amictic  female,  at  a  slower  rate,  and  cease  egg-deposition  at  an
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earlier  age.  Thus,  in  Lecane  inermis,  differences  in  length  of  life  are
probably  to  be  considered  of  an  intrinsic  nature  only  in  so  far  as  they
result  from  intrinsic  differences  in  fecundity.

The  mictic  females  of  Lecane  inermis  resemble  the  females  of
Proales  sordida  in  that  some  of  them  are  able  to  live  for  many  days
after  the  cessation  of  egg-production.  The  amictic  females  of  Lecane
inermis,  however,  never  survive  more  than  3  or  4  days  thereafter.
Both  mictic  and  amictic  females  differ  from  Proales  sordida  in  the
degree  of  correlation  between  length  of  life  and  fecundity.  For
individuals  of  Proales  sordida  that  live  entirely  through  the  period  of
fecundity  (24  hours  after  deposition  of  the  last  egg)  there  is  no  corre-
lation  between  length  of  life  and  the  number  of  eggs  produced;  longer-
lived  individuals  have,  on  the  whole,  produced  neither  fewer  nor  more
offspring  than  the  average  (Jennings  and  Lynch,  1928  II,  p.  371).
In  Lecane  inermis,  on  the  other  hand,  among  those  individuals  that
lived  entirely  through  the  fecund  period,  the  longer-lived  amictic
females  and  those  mictic  females  that  lived  for  more  than  15  days
have  a  somewhat  greater  average  fecundity  than  those  that  lived  a
shorter  time.

\\'hat  is  the  origin  of  the  difference  in  fecundity  which  is,  in  Lecane
inermis,  largely  responsible  for  the  difference  in  longevity  of  the
mictic  and  amictic  female?  In  Proales  sordida,  intrinsic  diversities
in  fecundity  arise  among  the  individuals  of  a  clone  in  correlation
with  the  size  of  the  eggs  from  which  they  have  hatched.  Smaller
(usually  early-born)  eggs  produce  less  fecund  individuals  than  larger
'later-born)  eggs.  In  order  to  eliminate  diversities  that  might  arise
in  this  way,  only  early-born  individuals  were  used  in  the  present
investigation.  Although  measurements  have  not  been  made,  there
U  no  observable  difference  in  the  size  of  the  parthenogenetic  eggs
that  produce  the  two  different  kinds  of  females  of  Lecane  inermis.
In  the  viviparous  species  Asplanchna  intermedia,  on  the  other  hand,
tin-  mictic  female  is  apparently  derived  from  a  smaller  embryo  and
i-  le--  fecund  than  the  amictic  female  (Tauson,  1925,  p.  144).

\-  Jennings  and  Lynch  point  out  (with  respect  to  Proales  sordida},
ditlen  -IK  <-  in  fecundity  must  proceed  either  from  differences  in  the
ability  of  the  individuals  to  transform  their  germ  cells  into  eggs
under  the  londition-  of  cultivation  employed,  or  from  differences  in
the  original  number  of  their  germ  cells.  There  is  (as  they  observe)
evident  r  tli.it  the  nunilici  ol  germ  cdl>,  as  well  as  of  the  other  cells
"I  the  bod\  ol  rotifer-,  i-  fixed  during  the  embryonic  period.  Cell

not  observed  later  iii  life.  Nachtwey  (1925,)  has  shown
'hat  the  rotili-r  .  1  .\/)lnm  linn  priodonta  has  usually  32  germ  cells,
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derived  by  five  cell  cleavages  from  the  single  primitive  germ  cell.
In  view  of  this  evidence,  Jennings  and  Lynch  (1928  I)  have  suggested
that  differences  in  the  fecundity  of  the  (amictic)  females  of  Proales
sordida  that  are  derived  from  smaller  eggs  and  those  derived  from
larger  eggs  may  result  from  differences  in  the  original  number  of
germ  cells.  Late-born  individuals  may  have  usually  32  germ  cells,
early-born  individuals  a  smaller  number,  resulting  from  failure  of  a
portion  of  the  fourth  cell  generation  to  undergo  another  division.

In  Lecane  inermis  the  observed  difference  in  the  fecundity  of  the
two  types  of  female  would  result  if  the  primitive  germ  cell  of  the  mictic
female  undergoes  regularly  only  four  successive  divisions,  producing
16  oocytes;  and  if,  in  the  amictic  female,  one-half  of  the  fourth  cell
generation  regularly  proceeds  to  a  fifth  cleavage,  thus  producing  24
germ  cells.  Cytological  investigation  would,  of  course,  be  required
in  order  to  determine  whether  there  exists  a  difference  in  the  original
number  of  germ  cells.

It  is  possible  that,  under  conditions  other  than  those  of  this
investigation,  the  mictic  female  might  be  able  to  bring  to  maturity  as
many  germ  cells  as  the  amictic  female.  It  should  be  noted,  however,
that  the  differences  in  the  fecundity  and  length  of  life  of  the  two
types  of  females  have  been  observed  during  cultivation  under  widely
different  conditions;  namely,  in  oat  infusion  and  in  Benecke  solution
at  temperatures  ranging  from  18  to  24  C.

The  observations  of  Whitney  (1907)  regarding  the  fecundity  of
mictic  and  amictic  females  of  Ilydatina  senta  are  of  interest  here.
At  20  to  22  C.  both  types  of  females  produce  about  the  same  number
of  eggs;  at  24-26  C.  the  mictic  female  produces  twice  as  many  eggs
as  the  amictic;  at  26-29  C.  the  mictic  female  produces  four  times
as  many  eggs  as  the  amictic  female.  Thus,  in  Hydatina  senta,  differ-
ences  in  the  fecundity  of  the  two  types  of  female  result  observably
from  differences  in  response  to  the  environment.  The  mictic  female
lives  at  all  these  temperatures  slightly  longer  than  the  amictic  female
(Wesenberg-Lund,  1929).  The  relative  longevity  of  the  amictic  and
mictic  female  of  Ilydatina  senta  is  not  correlated  with  the  relative
fecundity,  as  in  Lecane  inermis.

For  other  species,  information  regarding  the  relative  length  of  life,
fecundity  and  rate  of  egg-production  of  the  mictic  and  amictic  female
is  not  extensive.

The  life  history  records  of  three  mictic  females  of  Euchlanis
triquetra  (Lehmensick,  1926)  indicate  that  they  produce  the  same
number  of  eggs  as  the  amictic  female  (24)  and  live  about  the  same
length  of  time,  21  days.  But  the  mictic  female  produces  its  eggs
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more  rapidly  and  thus  lives  longer  after  the  cessation  of  egg-produc-
tion.

The  mictic  female  of  Asplanchna  intermedia  (Tauson,  1925)
produces  fewer  eggs,  as  mentioned  above,  and  lives  a  shorter  length
of  time  than  the  amictic  female.  The  mictic  female  matures  on  the
first  day,  produces  10  to  12  eggs  on  the  second  day,  which  hatch  on
the  third  day;  the  mother  dies  after  the  hatching  of  the  last  male.
The  amictic  tVmale  lives  5  or  6  days,  produces  daily  no  more  than
4  eggs  (probably  16  to  20  in  all).  The  mictic  female  produces  its
eggs  appreciably  more  rapidly.

In  /'trrotlnni  elliptica  (Luntz,  1926),  the  mictic  female  produces
regularly  six  or  seven  eggs,  the  amictic  female  only  five.  There  is  no
available  information  regarding  the  length  of  life.  Physiological
di\er>ity  is  manifested  by  the  inability  of  the  mictic  female  to  with-
stand  certain  conditions  of  osmotic  pressure  and  pH  in  which  the
amictic  female  is  perfectly  normal.

YVesenberg-Lund  states  (1930,  p.  31)  that  "if  not  fertilized,
investigations  hitherto  carried  out  seem  to  show  that  the  number  of
eggs  laid  by  the  two  sorts  of  females  is  almost  the  same,  but  that
those  of  the  mictic  female  are  laid  in  a  much  shorter  time  (Lehmensick,
\  (  >2(>,  I-.iK'lilnnis  triguetra)"

\\'e  find,  however,  that  the  mictic  females  of  some  species,  e.g.,
Asylum  hnti  intermedia  and  Lecane  inermis,  are  regularly  less  fecund
than  the  amictic  females,  whereas  those  of  some  other  species,  e.g.,
Pterntlimi  rlli/)ti/<i  and  Ilydatina  senta  are,  usually,  more  fecund.
With  regard  to  the  relative  rates  at  which  the  eggs  are  deposited  by
the  two  sorts  of  females,  Lecane  inermis  is  exceptional;  the  mictic
female  produces  its  eggs  less  rapidly  than  the  amictic  female.

Wesenberg-Lund  (1930)  presents  a  comparison  of  the  mictic  and
amictic  females  on  the  basis  of  his  extensive  investigations  carried
out  largely  in  nature,  but  supplemented  by  laboratory  observations.

ithor  stresses  the  physiological  and  biological  differences  between
the  inn  t  ic  and  amiciic  female  and  gives  some  additional  data  regarding
then  relative  fecundity,  rate  of  egg-production  and  length  of  life.

splanchna  .wV/Wr//  the  mictic  females  mature  and  begin  to  deposit
earlier  than  the  amictic  females.  In  isolation  cultures  they

prodmed  11  to  if,  eggs  and  lived  1()  to  12  days.  Amictic  females,
i'i  mass  ultures,  lived  only  S  days  and  produced  8  to  10  eggs.  The
author  i-  in.  lined  to  U-lie\e  (p.  15ui  that  in  nature  the  amictic  females

ve  than  the  mictics,  e-pe  ially  at  low  temperatures.  O>n-
i  he  "conjectures  that  at  the  same  temperatures

live  -ome  days  longer  than  the  mictic  ones;
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produce  more  young  ones;  and  to  a  somewhat  higher  degree  are  able
to  accommodate  duration  of  life  and  time  of  production  of  young  ones
to  temperature"  (p.  149).  Regarding  the  rate  of  production  of  the
parthenogenetic  eggs,  Wesenberg-Lund  states  (p.  210)  that,  in  several
species,  "the  mictic  female  is  able  to  subdivide  the  yolk  mass  into
small  amounts,  and  produce  about  12  eggs  simultaneously,  whereas
the  amictic  females  produce  the  eggs  successively."  Further  evidence
of  physiological  diversity  is  presented  by  certain  parasitic  species  in
which  the  amictic  females  are  usually  free-living,  the  mictic  females
always  parasitic.  Peculiarities  in  behavior  exhibited  by  mictic  females
of  some  species  after  fertilization  indicate  that  they  are  structurally
as  well  as  physiologically  diverse.

In  summary,  the  evidence  at  hand  is  sufficient  to  demonstrate
that  in  different  species  the  relative  fecundity,  length  of  life  and  rate
of  egg-production  of  the  mictic  and  amictic  female  vary  greatly.
In  every  species  which  has  been  studied  physiological  differences
between  the  two  types  of  female  are  demonstrable;  but  investigations
have  not  proceeded  sufficiently  far  to  admit  of  general  conclusions
regarding  the  nature  of  the  fundamental  diversity  that  distinguishes  the
mictic  from  the  amictic  female.

FERTILIZED  MICTIC  FEMALES

In  the  foregoing  only  unfertilized  mictic  females  have  been  con-
sidered.  The  mictic  female  of  Lecane  inermis,  like  that  of  Pterodina
elliptica  and  Brachionus  bakeri  (Luntz,  1926,  1929),  and  Asplanchna
sieboldi  (Wesenberg-Lund,  1930,  p.  155),  may  be  fertilized  during  its
immature  period  or  after  having  deposited  parthenogenetic  eggs.
In  some  species  the  mictic  female  can  be  fertilized  only  when  very
young  (Eucldanis  triquetra,  Lehmensick,  1926).

The  mictic  females  of  Lecane  inermis  resemble  those  of  most
species  in  that  they  may  be  fertilized  by  their  own  sons.  The  females
of  Pterodina  elliptica  are  exceptional  in  that  they  are  incapable  of
being  fertilized  by  the  male  progeny  of  the  same  grandmother.  In
Lecane  inermis  cloacal  copulation  occurs.  The  toes  of  both  male  and
female  are  bent  ventrally,  almost  at  right  angles  to  the  axis  of  the
bodies,  which  are  extended  in  opposite  directions.  The  female
continues  to  swim  about,  pulling  the  male  along  with  her.  Copulation
lasts  for  at  least  five  to  ten  minutes.  The  cloacal  method  of  copulation
is  uncommon  in  rotifers,  according  to  Wesenberg-Lund  (1929).  The
males  of  most  species  attach  themselves  to  the  body  of  the  female  and
in  some  manner  pierce  the  body  wall  and  deposit  sperm  directly  in
the  body  cavity.
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As  noted  by  all  investigators  of  the  bisexual  rotifers,  fertilization
produces  a  visible  effect  upon  the  vitellarium.  This  organ  becomes
black  during  the  growth  of  the  fertilized  egg.  This,  it  is  generally
believed,  results  from  the  deposition  of  fat  and  the  production  of
larger,  darker  yolk  granules.  In  the  course  of  24  to  36  hours  a  fertilized
egg  matures  and  is  deposited.  The  vitellarium  is  then  quite  colorless.
The  production  of  yolk  and  the  deposition  of  a  fertilized  egg  may  be
repeated  four  or  five  times.

Information  regarding  the  fecundity  and  length  of  life  of  fertilized
mictic  females  of  this  species  is  derived  from  the  life  history  records
of  18  individuals  fertilized  during  immaturity  and  5  individuals
fertilized  by  their  own  sons.  The  individuals  fertilized  before  ma-
turity  produced  only  fertilized  eggs,  the  total  number  not  exceeding
five.  They  lived  usually  4  or  5  days  after  the  cessation  of  egg-
production;  the  total  length  of  life  ranged  from  10  to  25  days.

The  life  history  records  of  the  five  females  fertilized  by  their
own  sons  at  various  times  during  maturity  are  given  in  Table  X.
These  individuals  produced  5  to  9  parthenogenetic  eggs  before  being
fertilized.  They  produced  thereafter  one  to  4  fertilized  eggs.  They
are  typical  in  their  ability  to  survive  the  fecund  period.  The  total
length  of  life  ranged  from  13  to  18  days.

Mictic  females  of  this  species  have  not  been  observed  to  deposit
parthenogenetic  eggs  after  once  having  produced  fertilized  eggs.
This  is  not  the  case  in  Ilydatina  senta  (Shull,  1910)  and  in  several
ulier  species.  Lehmensick  (1926)  suggested  that  fertilized  mictic

females  return  to  the  production  of  parthenogenetic  eggs  because  all
I  their  germ  cells  were  not  fertilized  at  the  first  mating,  and  \Yesen-

berg-Lund  has  observed  that  after  a  second  mating  the  production  of
fertilized  egg-  may  be  resumed  (1930  II,  p.  154).  The  failure  of
fertilized  mictic  females  of  Lecane  inermis  to  produce  parthenogenetic

-  probably  indicates  that  more  of  their  germ  cells  were  fertilized
than  they  were  capable  of  bringing  to  maturity;  for,  frequent  ly,  after
'he  i  ti<  MI  of  egg-deposition  the  vitellaria  contained  dark  yolk

and  leriili/ed  eggs  were  present  in  various  stages  of  growth.
I  i  1  1  ili/.iiion  i  niimioiily  reduces  the  fecundity  of  the  mictic  female.

Lecane  in,'rii\,  which  produces,  when  fertilized,  only  5  to  10  eggs
rather  than  ](>.  \~~  not  exceptional  in  this  respect.  The  length  of  life
i-.  in  'hi-  .jiparently  not  affected  by  fertilization.

Tine  MALES

I'"'  males  t  thU  species  (Figs.  4  and  5)  are  strikingly  different
in  appearance  I  mm  the  females,  and,  like  most  male  rotifers,  are  to



LIFE  HISTORIES  OF  THE  ROTIFER  LECANE 373

X
W
C3

H

^n -c _c
rt  ,  >
g  ^4-> fll 0)

*-> n^ oc -^
>-g
o .f; 'in0)ao TD

OJhjO c ^*3-H
P c

. be rt ̂in ^
'5 D -r
-a -Q .i
*r ̂C "^^ 5
3 = 0,
O * ̂t p! enIN HH b/3cx c^ be
in . 4jbjo ^^ ̂r^be X '  ̂<UO .2 O N

a, u -t- 1

'  3  >>4J
4J cj J3 ti

5-Srfl
rt^:~"c

5s.i
C 'C a-^

1^1
O  01  C'_ in r-p QJ *]~t Q

^i-  c  "
rt "* ̂O 'o

a; in

a> "T3 3^ 4^ n 3p R) " cS "rt <" -5 oj >< in- N nj b

O  'HM in" S 3T1 U O , *~!
sl-a  sU C: oj n

" o rt
'5 &

llT
s 'o

"O
o .
in ini- i_<u o

e  s
333a  c  c

25



374  HELEN  M.  MILLER

some  extent  degenerate  in  structure.  The  females  are  somewhat
flask-shaped,  flattened  dorso-ventrally,  and  become  pigmented  as  they

The  males,  on  the  other  hand,  are  nearly  cylindrical,  transparent,
and  are  somewhat  shorter  and  about  one-half  the  width  of  the  newly-
hatched  female.  The  toes  of  the  female  are  long  and  slim,  those  of
the  male  are  short  and  thick.  The  lorica  of  the  male,  especially  in
the  posterior  region,  shows  a  greater  degree  of  segmentation  than  that
of  the  Female,  and  the  body  is  thus  more  flexible.  One  of  the  most
striking  peculiarities  of  the  male  rotifer  is  a  black,  disk-shaped  body.
It  consists  of  a  vesicle  containing  large,  dark  granules,  which  are
supposed  by  Leydig  to  be  excretory  in  nature  (\Yesenberg-Lund,
\  {  >2  (  ),  p.  327).  This  structure  is  located  dorsally  in  the  posterior
region  of  the  body.

The  iVm.  iK's  more  than  double  their  size  through  growth  (compare
Figs.  2  and  3);  the  males  do  not  grow.  This  lack  of  the  power  of
growth  is  characteristic  of  the  males  of  most  species  of  rotifers  and  is
associated  with  the  absence  of  a  functional  digestive  system.  In
I.i'niue  iuerniis,  no  traces  of  the  mastax  and  digestive  glands,  so
prominent  in  the  female,  have  been  observed  in  the  male.  Apparently,
only  the  rudimentary  anterior  portion  of  the  digestive  tube  persists,
.nid  this  serves,  as  in  other  species  (Wesen  berg-Lund,  1923,  1929),
,1-  ,i  siispensor  ligament  for  the  testis  (compare  Figs.  3  and  5).

The  excretory  system  shows  some  structural  reduction  in  the  ab-
sence  of  the  contractile  vacuole.

The  reproductive  system  is  well-developed.  The  testis  is  large
and  fills  most  of  the  body  cavity.  The  vas  deferens  is  also  conspicuous.
Two  large  bodies  lying  ventral  to  the  testis  and  vas  deferens  may
be  the  so-called  prostate  glands,  two  or  four  <>t  which  are  usually
present  in  the  male  rotifers.  The  structure  and  method  ot  functioning
ol  the  copulatory  organ  has  not  been  observed.

A  prominent  retro-cerebral  organ  and  eye-spot  are  present,  as  in
the  female.  The  activity  and  flexibility  of  the  male  indicate  well-
de\e!..ped  neiAoiis  system  and  musculature.

The  male-  hatch  from  the  small  eggs  of  the  mictic  female  after  a
developmental  period  somewhat  exceeding  in  duration  that  of  the

Four  m.  ilc  parthenogenetic  eggs,  allowed  to  develop  in
-t.nid.ird  oat  infusion  at  23  ('.,  required  two  hours  longer  to  develop
than  lour  female  part  heiio^enel  ic  eggs  laid  at  the  same  time  and
subjected  \<>  identical  conditions  during  development.  The  average
time  required  by  the  male  eggs  was  31  hours  1C)  minutes,  by  the  female

-''  lim-  15  minute-,  a  dilference  of  one  hour  and  31  minutes.
In  '  suspension  <>l  Chlnn-lln  and  B.  proteus  in  Henecke  solution  of
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0.07  per  cent  concentration,  at  22-24  C.,  the  male  embryos  require
on  the  average  four  hours  longer  for  hatching  than  the  female  embryos.
The  duration  of  the  embryonic  periods  of  male  and  female  partheno-
genetic  eggs  deposited  by  young  parents  and  allowed  to  develop  at
the  same  time  are  given  in  Table  XI.

TABLE  XI

Lecane  inermis.  Comparison  of  the  duration  of  the  embryonic  periods  of
contemporaneous male and female parthenogenetic eggs, deposited by young mothers,
and  allowed  to  develop  at  22  to  24  C.  The  eggs  were  isolated  in  pairs  on  hollow-
ground slides, usually a single male and female egg in each depression, in a suspension
of Chlorella vulgaris and B. proteus in Benecke solution of 0.07 per cent concentration.

Male  rotifers  have  been  reported  to  be  sexually  mature  at  the
time  of  hatching  or  shortly  thereafter.  This  is  true  also  of  the  males
of  Lecane  inermis.  During  the  first  few  days  they  are  extremely
active.  They  copulate  indiscriminately  with  fertilized  or  unfertilized
mictic  females,  or  with  the  amictic  females.  This  seems  to  be  generally
characteristic  of  rotifer  males.  The  duration  of  sexual  activity  has
not  been  investigated.

The  males  that  hatch  live  usually  4  to  6  days.  They  are  very
active.  They  swim  dorsal  side  up,  commonly  in  a  less  direct  path,
and  rotate  less  than  do  the  females.  The  males  of  this  species  are
also  typical  in  the  lack  of  the  power  of  growth.  On  the  fourth  or
fifth  day,  activity  begins  to  wane  until  locomotion  ceases  entirely.
The  organism  lies  on  its  side  in  a  semi-contracted  condition,  the
anterior  portion  bent  ventrally.  This  condition  culminates  in  death
usually  within  24  hours,.

For  investigation  of  the  length  of  life  and  rate  of  mortality,  male
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eggs  were  isolated  within  24  hours  after  deposition,  from  small  mass
cultures  during  a  period  of  three  weeks.  These  individuals,  as  well
as  the  mictic  and  amictic  populations  previously  described,  belonged
to  the  same  pure  line  (descendants  by  parthenogenesis  of  a  single
stem  mother).  Of  the  110  eggs  isolated,  6  individuals  that  hatched
were  lost  in  transferring,  and  22  (20  per  cent)  failed  to  hatch.  Nine
of  those  that  failed  to  hatch  were  discarded  before  it  was  discovered
that  in  many  cases  the  embryos  developed  completely  and  were  very
active  within  the  shell.  Only  one  of  the  remaining  13  failed  to
develop.  The  other  12  individuals  lived  and  were  active  the  usual
length  df  time  within  the  shell;  two  lived  longer  than  any  of  those
that  hatched.

TABLE  XII

Lecanc  inermis.  Length  of  life  of  95  males,  including  13  which  developed  but
failed to hatch. The length of life is reckoned from the time of isolation of the eggs
(within  24  hours  after  deposition).  For  comparison  of  the  males  with  the  females,
the differences in the biometric constants of the different populations are given at the
end  of  the  table.  The  biometric  constants  for  the  female  populations  are  given  in
Table II.

I  .il.le  XII  -li.)\vs  the  life  duration  of  those  males,  hatched  and  not
i'li'-'l  '^  in<li\  Mual-  .,  I.  .i  \\hich  records  are  complete.  They  lived

<""  to  v  <!,,  Sixty  per  cent  of  the  population  died  on  the  sixth
<l.iy,  which  was  the  modal  length  of  life.  Twenty-two  per  cent  died
""  lll(1  I'ltli  day  .in.l  only  a  very  few  on  any  other  day.  The  mean

of  lil<-  ,,|  tlu^r  that  hatched  is  5.65  days;  including  those  that
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failed  to  hatch  the  mean  is  5.69  days.  The  males  live  three  days
less  than  the  amictic  females,  five  and  one-half  days  less  than  the
mictic  females.  The  standard  deviation  is  significantly  lower  than
that  of  both  types  of  females;  the  coefficient  of  variability  is  only
slightly  less  than  that  of  the  amictic  females,  but  less  than  that  of
the  mictic  females  by  22  per  cent.

In  Fig.  10,  the  rate  of  mortality  of  male  and  female  populations
is  compared.  Those  that  developed  but  failed  to  hatch  are  included
in  the  graph.  The  rate  of  mortality  increases  very  gradually  until  the
fourth  day,  at  the  end  of  which  seven  and  one-half  per  cent  of  the
males,  but  no  females  are  dead.  During  the  fifth  and  the  sixth  days,
88  per  cent  of  the  male  population  die,  while  mortality  is  just  beginning
in  the  female  population.  All  of  the  males  are  dead  one  day  before
mortality  reaches  its  height  in  the  female  population.

The  male  and  female  populations  differ  in  hatchability,  in  the
mode  and  mean  length  of  life,  and  in  the  standard  deviation;  but
in  the  variability  of  life  duration  the  males  and  the  amictic  females
do  not  differ  appreciably.

Is  the  difference  in  hatchability  of  the  male-producing  and  female-
producing  eggs  due  to  an  inherent  difference  in  fertility  of  the  mictic
and  amictic  females,  or  to  differences  in  the  ages  of  the  parents  or  to
the  conditions  of  cultivation?  The  males  were,  for  the  most  part
(77  per  cent),  derived  from  females  under  four  days  old;  all  the  females
studied  were  deposited  by  individuals  less  than  four  days  old.  Most
of  the  male-producing  eggs  that  failed  to  hatch  were  derived  from
parents  more  than  four  days  old,  but  six  were  early-born.  Thus,
7  per  cent  of  the  early-born  males  and  only  0.5  per  cent  (one  in  220)
of  the  early-born  females  failed  to  hatch.  The  female  embryos  that
fail  to  hatch  never  live  more  than  one  or  two  days.  Since  the  female
and  male  populations  were  not  cultivated  at  the  same  time,  however,
the  failure  of  male  embryos  to  hatch  may  have  resulted  from  some
environmental  difference,  and  cannot  be  regarded  as  conclusive
evidence  that  mictic  females  produce  parthenogenetic  eggs  that  are
regularly  less  fertile  than  those  from  amictic  females.  Information
regarding  the  relative  fertility  of  the  parthenogenetic  eggs  from  mictic
and  amictic  females  is  not  available  in  the  literature,  in  so  far  as  I

am  aware.
The  uniformly  short  length  of  life  of  the  males  in  comparison  with

that  of  the  females  has  been  observed  in  other  lines  investigated  on  a
smaller  scale,  in  which,  however,  both  sexes  were  cultivated  at  the
same  time.

The  males  of  Lecane  inermis  live  longer  than  the  males  of  most
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other  species  hitherto  described  (Wesenberg-Lund,  1930,  p.  158).
The  large  males  of  the  viviparous  Asplanchna  species  live  four  or  five
days.  The  moderate  reduction  in  length  of  life,  in  comparison  with
that  of  the  females,  is,  in  Lecane  inermis,  in  accord  with  the  moderate
degree  of  structural  degeneracy.  Differences  in  the  degree  of  struc-
tural  degeneracy  of  the  males  of  different  species  may  bear  some
correlation  with  differences  in  the  degree  of  reduction  in  the  size  of
the  male-producing  parthenogenetic  eggs  and  in  the  rate  at  which
the  eggs  mature  and  are  deposited,  two  factors  which  \Yesenberg-
Lund  (1930)  considers  to  be  largely  responsible  for  the  structural
degeneracy  of  the  male  rotifers.  Evidence  in  support  of  this  view  is
derived  from  a  comparison  of  the  males  of  Lecane  inermis  with  those
of  the  plankton  rotifers.  The  former,  which  are  characterized  by  a
moderate  degree  of  structural  degeneracy  and  of  reduction  in  length
of  life,  are  derived  from  eggs  which  are  appreciably  smaller  than  the
female-producing  eggs,  but  which  are  deposited  less  rapidly,  and
require  a  longer  time  for  development.  The  males  of  the  plankton
rotifers,  on  the  other  hand,  are  derived  from  very  small  eggs,  a  large
number  of  which,  according  to  \Yesenberg-Lund,  are  produced  almost
simultaneously,  and  develop  rapidly.  These  males  are  small,  consist
of  little  more  than  reproductive  system  and  live  (in  some  cases)  only
a  few  hours.  It  should  be  borne  in  mind,  however,  that  the  tendency
toward  structural  degeneracy  and  reduced  vigor  of  the  male  rotifers
may  result  from  the  haploid  condition  of  their  chromosomes  (Morgan,
l')26.  Chapter  X).  The  knowledge  regarding  these  matters  is  at
present  very  meager.

SUMMARY

This  paper  is  the  first  contribution  of  a  series  dealing  with  the
life  cycle  of  the  bisexual  rotifer  Lecane  inermis  Bryce.  The  three
t\pes  of  individuals,  the  mictic  females,  the  amictic  females  and  the
malt--,  and  the  eggs  from  which  they  are  derived,  are  described  and
their  life  histories  are  compared  statistically.  The  individuals  studied
are  intrinsically  uniform  members  of  the  same  genetic  stock,  cultivated
mulct  uniform  environmental  conditions,  although  they  were  not  all
contemporaneous.  The  comparison  is  based  upon  about  100  repre-
sentath  es  <>i  each  type  of  individual.

The  ilnrr  type:-,  of  individuals  are  characteristically  different  in
length  o|  lite.  The  mi-ail  length  of  life  is,  for  the  amictic  females,
-  9  0.11  days,  for  the  mictic  females,  11.1  0.28  days,  for  the
in.  i  n.iiT  days.  This  difference  is  apparent  in  their  life

Embryonic  mortality  is  negligible  in  all  three  populations.
Mortality  imie  .(dually  in  the  male  population  until  the  fourth
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day,  then  increases  suddenly,  S3  per  cent  of  the  population  dying  on
the  fourth  to  the  sixth  days.  All  are  dead  by  the  eighth  day.  All
the  females  survive  through  the  fourth  day;  thereafter  the  rate  of
mortality  increases  more  rapidly  in  the  amictic  population.  More
than  half  of  the  mictic  females  survive  the  modal  life  duration,  which
is  the  same  for  both  kinds;  12  per  cent  to  15  per  cent  survive  the
longest-lived  amictic  female  and  die  off  very  gradually  until  the
twenty-eighth  day.  The  short  life  duration  of  the  males  is  un-
doubtedly  correlated  with  the  structural  degeneracy,  especially  of  their
digestive  and  excretory  systems.

The  longer  life  of  the  mictic  females,  as  compared  with  the  amictic
females,  results,  in  part  at  least,  from  the  fact  that  egg-production  is
for  them  a  less  strenuous  process.  This  is  evidenced  by  the  following
facts.  (1)  Their  male-producing  eggs  are  smaller.  (2)  The  mictic
female  produces  regularly  only  two-thirds  as  many  eggs  as  the  amictic
female.  The  maximum  number  is,  for  the  mictic  female,  16,  excep-
tionally  17,  for  the  amictic  female  24.  The  mean  number  of  eggs
per  individual  is,  for  the  mictic  female  14.2  0.11,  for  the  amictic
female,  20.7  0.13.  A  higher  proportion  of  mictic  females  produce
their  maximum  number  of  eggs.  The  difference  between  the  mode
and  the  maximum  is,  for  the  mictics,  only  one,  for  the  amictics,  three.
(3)  The  mean  duration  of  the  period  of  fecundity  of  the  amictic
female  is  6.4  0.09  days,  with  a  standard  deviation  of  1.44  0.07
and  a  coefficient  of  variability  of  22.5  per  cent;  the  mean  for  the
mictic  female  is  5.1  0.05  days,  the  standard  deviation  0.83  0.04,
the  coefficient  of  -variability  16.2  0.75  per  cent.  (4)  During  this
time  the  mictic  female  deposits,  on  the  average,  one  egg  every  8.6
hours,  the  amictic  female  deposits  one  egg  every  7.5  hours.  (5)  The
amictic  females  die  usually  within  24  to  36  hours  after  deposition  of
the  last  egg;  19  per  cent  of  the  mictics  lived  more  than  six  days  there-
after.  In  summary,  the  mictic  female  produces  in  less  rapid  suc-
cession  only  two-thirds  as  many  eggs  as  the  amictic  female,  requires
for  the  production  of  her  eggs  1.3  days  less  than  the  amictic  female
and  usually  lives  longer  after  the  cessation  of  egg-production.

A  comparison  was  made,  for  the  mictic  and  amictic  females,  of  the
degree  of  correlation  between  length  of  life  and  their  fecundity,  rate
of  egg-production  and  ability  to  survive  the  fecund  period.  Short-
lived  amictic  females  are  found  to  have  produced  fewer  eggs  than
long-lived  individuals,  in  more  rapid  succession,  and  to  have  died
within  a  few  hours  after  the  deposition  of  the  last  egg,  apparently
exhausted  by  the  severity  of  the  process  of  egg-production.  The
length  of  life  of  the  mictic  female  is  correlated  only  in  slight  degree
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with  the  number  of  eggs  produced  and  the  rate  at  which  they  are
produced.

The  mictic  female  of  this  species  may  be  fertilized  during  im-
maturity  or  after  having  produced  parthenogenetic  eggs.  The  fecun-
dity  of  the  mictic  female  is  reduced  by  fertilization,  the  total  number
of  eggs  per  individual,  in  18  cases  studied,  not  exceeding  ten.  The
maximum  number  of  fertilized  eggs  produced  by  a  single  individual
was  five.  The  length  of  life  of  the  mictic  female  is  not  appreciably
altered  by  the  production  of  fertilized  eggs.

The  differences  cited  above  are  evidence  of  fundamental  physio-
logical  diversity  between  mictic  and  amictic  females  and  males  of

line  inermis.
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