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Attempts  to  alter  the  pattern  of  sexual  differentiation  in  the  Mexican  swordtail
fish,  Xiphopoms  hellerii,  show  a  stability  in  sexual  development  usually  not  credited
to  this  species.  The  swordtail  has  long  been  used  as  a  classic  example  of  lability
of  sexual  differentiation  and  determination.  The  widespread  reference  to  sex-
reversal  occurring  in  the  species  suggested  a  need  for  further  investigation.

This  work  was  aided  by  the  guidance  and  kind  supervision  given  by  the  late
Dr.  Carl  R.  Moore  of  the  University  of  Chicago.  I  am  indebted  to  Dr.  Myron
Gordon  for  his  generosity  in  supplying  the  fishes  used  in  this  study.  It  is  a  pleas-
ure  to  acknowledge  the  cooperation  of  the  Schering  Corporation  which  supplied
the  hormone  preparations  used.

ANIMALS  AND  THEIR  TREATMENT

The  fishes  used  were  descendants  of  ten  pairs  from  the  Genetics  Laboratory  of
the  New  York  Zoological  Society.  They  were  reared  under  conditions  similar  to
those  described  in  earlier  papers  (Vallowe,  1952,  1953).  The  original  ten  pairs
produced  618  males  and  490  females  in  a  period  of  approximately  three  years.
The  presence  of  a  modified  anal  fin  was  the  criterion  used  to  establish  maleness.
Fish  not  possessing  the  gonopodium  were  anesthetized  in  Chlorobutanol  and  ex-
amined  before  a  strong  light.  The  characteristic  amber  color  of  the  ova  apparent
in  the  ventral  region  of  the  posterior  end  of  the  body  cavity  was  the  criterion  used
to  classify  fish  as  females.

The  sex  ratios  which  have  been  established  for  this  species  show  wide  varia-
tions.  Witchi  (1939)  considers  X.  hellerii  to  be  a  species  without  any  hereditary
sex  determining  mechanism  although  the  presence  of  such  mechanisms  has  been
shown  for  other  species  in  the  genus.  Geiser  (1924)  presents  a  comprehensive
table  showing  the  sex  ratios  reported  by  various  authors.  Harms  (1926)  gives  a
ratio  of  24  males  to  35  females.  Bellamy  (1922)  reports  100  males  to  66.7  females.
Friess  (1933)  also  reports  a  high  proportion  of  males  and  considers  temperature
an  important  influence  on  the  sex  ratio.  Breider  (1935)  made  a  study  of  the
effects  of  light,  nutrition,  space  and  water  and  found  that  these  had  no  certain
influence  on  the  sex  ratio.  In  light  of  many  conflicting  reports,  one  cannot  assume
that  a  preponderance  of  one  sex  is  due  to  sex-reversal  unless  all  factors  which  may
influence  sexual  differentiation  are  duly  considered.

As  a  basis  for  interpreting  the  experimental  results  reported,  a  large  series  of
fish  were  killed  at  various  stages  of  development,  beginning  two  weeks  before  birth
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and  continuing  up  to  more  than  two  years  of  age.  The  gonads  of  these  fish  were
examined  to  determine  the  normal  pattern  of  sexual  development  and  differentia-
tion.  As  early  as  three  days  after  birth,  the  gonads  could  be  recognized  as  poten-
tial  testes  or  ovaries  by  the  relative  size,  number  and  arrangement  of  the  primordial
germ  cells.  In  the  young  male  the  germ  cells  were  slightly  smaller  than  in  the
female.  In  addition,  there  were  fewer  germ  cells  in  each  gonad  primordium  and
they  were  concentrated  at  the  periphery  of  the  gland.  In  the  young  female  the
slightly  larger  cells  were  in  greater  numbers  and  were  well  distributed.  The  em-
bryonic  development  of  this  species  closely  parallels  the  description  given  by
Goodrich  ct  al.  (1934)  and  Dildine  (1933,  1936)  for  L.  reticulatus,  that  by  Wolf
(1931)  for  X.  maculatus,  and  those  by  Geiser  (1924)  and  Medlen  (1950)  for  two
species  of  Gambusia.  Although  sexual  differentiation  is  conspicuous  in  these  spe-
cies  shortly  before  birth,  Essenberg  (1923),  Bailey  (1933)  and  Regnier  (1938)
have  shown  it  to  be  somewhat  delayed  in  X.  hcllerii.

The  differences  which  distinguish  the  early  testes  and  ovaries  are  very  subtle
characteristics.  The  appearance  of  the  early  ovary  and  the  indifferent  gonad  are
so  similar  that  Regnier  (1938)  considers  that  all  the  fish  are  born  female  and  that
the  males  later  undergo  a  sex  change.  This  introduces  an  unnecessary  compli-
cation  which  is  easily  resolved  if  one  assumes  a  longer  period  of  indifferent  devel-
opment.  Once  differentiation  begins,  it  progresses  in  an  orderly  sequence  of
events.  Chavin  and  Gordon  (1951)  describe  the  differentiation  of  the  testes  in
X.  maculatus  by  using  a  series  of  six  stages.  With  only  slight  modifications,  these
stages  were  used  in  the  present  study  to  classify  the  testes  of  X.  hcllerii.  Gordon
and  Aronowitz  (1951)  make  the  observation  that  the  histological  structures  of  the
testes  of  adult  X.  maculatus  and  X.  hellerii  are  practically  identical.  The  present
study  has  shown  that  the  development  of  the  testis  and  the  pattern  of  the  differen-
tiation  of  its  structures  are  strikingly  similar  in  the  two  species.  Except  for  the
time  spent  in  the  late  stages  of  immaturity,  the  sequence  of  events  is  identical.

The  process  of  sexual  differentiation  in  X.  hellerii  as  described  by  Essenberg
(1923)  and  Van  Oordt  (1925)  traces  the  origin  of  the  definitive  sperms  to  the
epithelial  cells  of  the  testis  tubules.  Wolf  (1931),  Goodrich  ct  al.  (1934),  and
Chavin  and  Gordon  (1951)  were  unable  to  find  comparable  stages  of  transforma-
tion  in  the  species  which  they  studied.  The  testis  in  X.  hellerii  is  the  acinus-type
characteristic  of  the  vivaparous  Cyprinodonts.  The  arrangement  and  development
of  the  structures  within  the  testis  indicate  that  the  acini  form  from  pre-existing
acini  at  the  periphery  of  the  testis.  As  the  acini  are  formed,  they  are  pushed  along
the  tubules  toward  the  central  ducts  by  the  growth  of  new  acini  at  the  periphery.
The  peritoneal  covering  of  the  testis,  the  stroma  cells,  and  the  epithelium  of  the
ducts  and  tubules  gave  no  evidence  of  transforming  into  germ  cells.

It  is  slightly  more  difficult  to  distinguish  the  newly  differentiated  ovary  from
the  indifferent  gonad  because  the  arrangement  of  the  cells  remains  about  the  same.
However,  the  relative  size  and  number  of  the  cells  characterize  the  gonad  as  an
immature  ovary.  Early  in  the  differentiation  process  the  primordial  germ  cells
are  found  scattered  throughout  the  stroma  of  the  ovary.  When  the  fusion  of  the
paired  ovaries  is  completed,  the  germ  cells  come  to  lie  within  the  wall  of  the  cavity
formed  between  them  or  in  the  stroma  layer  which  supports  this  wall.  In  the
mature  female  oogonia  are  found  developing  within  the  wall  of  the  cavity,  hence
the  name  germinal  epithelium.  The  larger  and  more  advanced  cells  are  pushed
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outward  toward  the  peritoneal  covering.  Essenberg  (1923)  feels  that  all  the  pri-
mordial  germ  cells  disintegrate  and  do  not  take  part  in  the  formation  of  the  ger-
minal  epithelium.  Although  there  is  great  difficulty  in  determining  the  origin  of
the  cells  within  the  germinal  epithelium,  no  disintegrating  primordial  cells  were
encountered  in  the  early  stages  of  gonad  fusion  and  cavity  formation.  The  pri-
mordial  cells  appeared  to  remain  in  normal  active  condition  and  were  arranged  in
small  groups  surrounded  by  stroma  cells.  In  the  germinal  epithelium  it  is  possible
to  see  all  stages  of  transition  in  the  shape  of  the  nuclei  from  elongate  oval,  typical
of  the  epithelial  cells,  to  the  spherical  nuclei  of  oogonia.  A  comparable  situation
exists  in  L.  reticulatus  according  to  Goodrich  ct  al.  (1934)  and  leads  them  to  the
conclusion  that  epithelial  cells  as  \vell  as  primordial  germ  cells  may  give  rise  to  the
definitive  ova.  Wolf  (1931)  arrived  at  a  similar  conclusion.  The  origin  of  the
sex  cells  appears  to  be  different  in  the  two  sexes  of  these  species.  While  the  pri-
mordial  germ  cells  are  the  only  source  of  definitive  sperms,  the  peritoneal  cells  form-
ing  the  wall  of  the  ovarian  cavity  may  contribute  to  the  formation  of  definitive  ova.

The  following  series  of  experiments  reports  the  effects  of  estrogenic  and  andro-
genic  hormones  on  gonad  development.  The  results  of  the  treatments  described  are
interpreted  in  light  of  their  effect  on  the  normal  sexual  differentiation.

EXPERIMENTS  AND  RESULTS

Immature  fish

Young  sexually  immature  fish  (49  to  55  days  old)  were  given  nine  weekly
injections  of  0.01  cc.  of  sesame  oil  containing  0.25  mg.  of  testosterone  propionate
into  the  body  cavity.  During  this  period  of  time  there  was  a  conspicuous  thicken-
ing  and  elongation  of  the  anal  fin  rays,  a  growth  and  pigmentation  of  the  sword-
like  extension  of  the  caudal  fin  and  an  intensification  of  the  lateral  line  and  dorsal
fin  coloration.  In  short,  the  young  fish  appeared  to  be  miniatures  of  the  sexually
mature  adult  males.  The  histological  picture  presented  by  the  gonads  of  these  fish
was  one  of  radical  change  in  the  immature  ovaries  and  one  of  general  stimulus  in
the  young  testes.

The  ovaries  of  the  testosterone-injected  immature  females  lacked  any  sign  of
ova.  There  were  follicles  present  but  these  were  filled  with  a  loose  collection  of
cells.  This  indicates  that  ova  had  been  present  previously,  but  that  resorption  had
taken  place.  In  other  follicles  primary  spermatocytes,  spermatids  and  spermato-
phores  were  observed.  The  ovarian  cavity  was  obscured  and  much  stroma  filled
the  gonad.  The  brood-mate  control  females  showed  ovaries  in  which  fats  and  oils
were  being  deposited  in  the  maturing  ova.

The  testes  of  immature  males  treated  with  this  androgen  showed  an  acceleration
in  spermatogenesis.  The  tubules  and  sperm  ducts  were  filled  with  all  stages  of
spermatogenesis  including  well  formed  spermatophores.  The  epithelium  lining  the
sperm  ducts  was  greatly  hypertrophied  but  otherwise  the  testes  appeared  very
similar  to  those  of  mature  males.  Brood-mate  control  males  showed  testes  in  less
advanced  stages  of  development.

Another  group  of  immature  fish  at  comparable  ages  was  given  nine  weekly
injections  of  0.01  cc.  sesame  oil  containing  0.00083  mg.  of  estradiol  benzoate.  At
the  end  of  the  treatment  period  these  fish  were  deep-bodied,  showed  only  faint
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indications  of  coloration  and,  in  general,  appeared  to  be  miniatures  of  the  adult
females.  The  histological  picture  presented  by  these  fish  was  the  reverse  of  the
situation  found  in  those  injected  with  testosterone.  The  ovaries  of  the  estradiol-
treated  females  showed  a  general  stimulus  while  the  testes  of  the  treated  males
showed  radical  changes.

The  testes  of  the  estrogen-treated  males  showed  a  modification  from  the  bipar-
tite  gonad  to  a  fused  structure  in  which  the  two  lobes  were  no  longer  distinct.  The
peritoneal  covering  of  the  gonad  had  thickened,  the  germinal  elements  were  no
longer  concentrated  at  the  periphery  of  the  gonad,  the  sperm  ducts  were  obscured,
and  the  blood  vessels  were  enlarged.  Some  acini  contained  what  appeared  to  be
oogonia.  Other  acini  contained  disintegrating  cells  which  resembled  primary
spermatocytes.  The  testes  were  larger  than  those  of  the  brood-mate  controls.
In  some  of  the  gonads  the  sperm  ducts  appeared  only  as  spaces  with  no  organized
epithelium.  Two  new  dorso-lateral  cavities  had  formed  and  were  lined  with  a
well  organized  epithelium.  Oocytes  were  common  in  the  testes  showing  this
degree  of  modification.

Ovaries  of  the  estradiol-injected  females  showed  ova  in  the  stage  of  oil  deposi-
tion.  There  was  a  slight  increase  in  the  amount  of  stroma  present  but  the  blood
vessels  and  follicular  epithelium  appeared  normal.  The  germinal  epithelium  ap-
peared  very  active  and  abundant  oogenesis  was  observed.

Mature  fish

The  histological  picture  presented  by  the  testes  of  sexually  mature  males  after
ten  weekly  injections  of  0.02  cc.  sesame  oil  containing  0.00166  mg.  estradiol  ben-
zoate  was  one  of  general  suppression  and  destruction.  The  most  conspicuous
effects  obtained  were  those  of  an  enlargement  of  the  sperm  ducts  and  the  destruc-
tion  of  the  spermatogenic  elements.  In  normal  mature  males  the  sperm  ducts  were
paired,  centrally  located  tubes  which  contained  spermatophores  suspended  in  a
lightly  staining,  non-granular  fluid.  In  estrogen-treated  males  the  ducts  were
greatly  enlarged  and  in  some  cases  occupied  most  of  the  testes  when  viewed  in
cross-section.  They  seemed  to  be  distended  with  fluid  and  contained  spermato-
phores  in  various  stages  of  disintegration.  Quantities  of  free  spermatozoa  were
observed  in  the  lumen  of  the  ducts  ;  this  condition  is  not  found  in  normal  mature
males.  However,  free  spermatozoa  are  found  in  the  ducts  of  senile  males  which
have  passed  the  reproductive  age  and  are  no  longer  capable  of  fertilization.

The  effect  on  the  germinal  elements  was  most  drastic  in  the  intermediate,  stages
of  spermatogenesis.  While  spermatozoa  and  spermatogonia  were  still  abundant,
primary  and  secondary  spermatocytes  and  spermatids  were  usually  reduced  in
number  or  entirely  absent.  The  acini  which,  by  their  position,  should  have  con-
tained  the  intermediate  stages  of  spermatogenesis,  had  hypertrophied  walls  in  which
the  cell  outlines  were  conspicuous.  These  acini  were  smaller  than  normal  and
were  either  filled  with  disintegrating  germ  cells  or  were  completely  empty.  The
reduction  of  the  acini  was  accompanied  by  a  slight  increase  in  the  amount  of  stroma
tissue  and  the  appearance  of  a  fibrous  tissue  network.  The  blood  vessels  were
numerous  and  enlarged.  The  testes  appeared  less  bipartite  than  the  normal  con-
dition,  but  none  were  found  in  which  fusion  was  as  complete  as  that  found  in
the  ovary.
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The  histological  picture  presented  by  the  ovaries  of  females  given  ten  weekly
injections  of  0.02  cc.  sesame  oil  containing  0.5  mg.  testosterone  propionate  was  also
one  of  general  suppression  and  destruction.  None  of  the  ovaries  showed  any  signs
of  spermatogenesis  even  when  injections  were  continued  for  as  long  as  eighteen
weeks.  A  conspicuous  activity  was  noted  in  the  germinal  epithelium  but  there
was  no  indication  that  the  primary  germ  cells  being  proliferated  could  be  sper-
matogonia.  The  cells  were  in  groups  of  as  many  as  ten,  but  their  arrangement,
size,  and  staining  properties  were  strikingly  similar  to  the  oogonia  found  in  normal
ovarian  development.  The  larger  ova  that  were  present  in  the  gonad  were  in
various  stages  of  disintegration.  Only  a  few  of  the  ovaries  examined  showed  the
presence  of  mature  ova  ;  in  most  cases,  there  remained  only  large,  empty  follicles
which  were  in  various  stages  of  collapse.  There  seemed  to  be  little  effect  of  the
hormone  treatment  upon  the  smaller  ova  ;  they  were  still  firm,  were  surrounded  by
a  well  organized  follicle,  and  were  in  their  normal  arrangement  in  the  ovary.
There  was  very  little  increase  in  the  amount  of  stroma  in  the  ovary  and  only  iso-
lated  areas  in  which  a  fibrous  network  was  formed.  On  the  other  hand,  the  blood
vessels  had  increased  in  size  and  were  found  throughout  the  ovarian  tissue.  In
gross  appearance,  the  ovaries  of  the  androgen-treated  females  resembled  those  of
immature  normal  females.

In  the  empty  follicles  and  ovarian  cavity  of  many  of  the  virgin  ovaries  the
presence  of  a  secretion  was  observed.  This  secretion  appeared  as  a  mass  of
crumpled  membranes  which  is  normally  found  only  in  the  non-virgin  ovary.  The
frequency  of  its  appearance  indicated  that  this  is  a  typical  response  to  androgenic
injections  and  it  may  be  indicative  of  an  expulsion  of  mature  ova  from  their
follicles.  However,  no  mature  eggs  were  found  in  the  ovarian  cavities  or  ovi-
ducts.  If  the  eggs  were  completely  evacuated  from  the  body,  they  were  never
found  in  the  aquaria.

The  ovaries  of  the  gravid  females  did  not  differ  from  the  ovaries  of  virgin
females  given  the  same  treatment.  In  two  cases  where  the  females  were  killed
three  weeks  after  the  initial  injection  of  testosterone  propionate,  embryos  in  early
stages  of  development  still  remained  in  the  follicles.  The  characteristic  membrane-
like  secretions  were  observed  in  the  follicles  of  some  of  the  gravid  females.

DISCUSSION

The  results  obtained  from  the  study  of  the  normal  sexual  differentiation  of
X.  hellerii,  and  from  the  attempts  to  alter  the  pattern  of  this  differentiation  by
experimental  treatment,  point  to  a  stability  in  sexual  development  and  differentia-
tion  which  has  usually  not  been  credited  to  this  species.  Much  of  the  experi-
mental  and  descriptive  work  dealing  with  Xiphophorin  fishes  has  emphasized  the
ease  with  which  the  secondary  sexual  characteristics  of  these  species  can  be  made
to  respond  to  hormonal  treatment.  The  effects  of  many  hormone  substances  on
the  primary  sex  organs  have  also  been  described  but  the  results  are  not  always
in  agreement.  However,  in  all  cases  of  sex-reversal  reported  for  adult  X.  hellerii
the  change  has  always  been  from  female  to  male,  whether  such  reversals  were
naturally  occurring  phenomena  or  whether  they  were  induced  by  hormone  treat-
ments.  During  the  course  of  this  investigation  no  case  of  natural  sex-reversal  was
observed  in  the  laboratory  population  ;  further,  the  sex  ratio  obtained  for  this



SEXUAL  DIFFERENTIATION  IN  XIPHOPHORUS  427

population  indicates  that  unobserved  sex-reversals  could  not  have  occurred  in  large
numbers.  The  adult  sex  ratio  and  the  sex  distribution  of  the  fishes  used  in  the
study  of  the  normal  development  of  the  gonads  did  not  indicate  that  a  shift  in  the
ratio  occurred  between  the  juvenile  and  mature  populations.  Essenberg  (1923)
postulated  that  a  sex-reversal  of  50  per  cent  of  the  immature  females  would  explain
the  shift  he  observed  in  the  sex  ratio  (a  change  from  a  ratio  among  immature  fish
of  three  females  to  one  male  to  the  adult  condition  of  one  female  to  three  males).

A  possible  explanation  of  naturally  occurring  sex-reversal  in  adult  fish,  in  which
virgin  females  become  males,  lies  in  improper  initial  classification.  In  this  study
only  those  fish  which  possessed  amber  ova  that  could  be  observed  through  the  body
wall  when  viewed  against  a  strong  light  source  were  designated  as  females.  This
procedure  reduced  to  a  minimum  the  possibility  of  erroneous  sex  classification.
The  classification  of  immature  males  as  females  may  account  for  a  few,  but  cer-
tainly  not  all,  of  the  cases  of  hormone-induced  sex-reversal  reported  by  other
investigators.

Another  factor  which  may  play  a  significant  role  in  the  discrepancies  of  the
results  obtained  from  experiments  with  X.  hellcrii  lies  with  the  variations  in  the
fish  used.  The  very  important  reviews  by  Gordon  (1931,  1937)  concerning  the
history  of  Xiphophorin  species  as  aquarium  fishes  give  substantial  evidence  to
indicate  that  the  X.  hellcrii  available  from  commercial  hatcheries  have  possibly
been  produced  by  hybridization  with  X.  maculatus.  For  the  aquarist  the  hybrid
fish  has  many  traits  that  are  desirable.  The  hybrid  is  usually  more  highly  colored,
more  robust  and  larger  than  either  parent  species,  and  more  prolific  in  the  pro-
duction  of  large  broods  of  young.  These  factors  would  account  for  its  selection
and  propagation  by  commercial  hatcheries.  Gordon  and  Rosen  (1951)  suggest
that  the  hybrid  possesses  an  unbalanced  chromosomal  arrangement  that  may  have
endocrinological  significance  in  that  this  imbalance  may  initiate  abnormal  or  non-
functional  gonads  in  the  hybrid.  Although  hybrids  may  usually  be  identified  by
color  or  color  patterns,  some  are  practically  identical  with  the  wild-type  swordtail.
The  few  cases  of  natural  sex-reversal  that  have  come  to  my  attention  have  always
been  in  hybrid  fishes  or  in  fish  with  unknown  origins.  A  strong  possibility  exists
that  the  sex-reversals  reported  by  Essenberg  (1926)  occurred  in  hybrid  stocks.
(He  gives  the  origin  of  the  stock  as  the  Crescent  Fish  Farm,  a  commercial  fish
hatchery.)  Further  application  of  this  possibility  suggests  that  the  work  of  other
investigators  may  also  be  based  on  commercially  available  hybrid  strains  rather
than  on  pure  species  stocks.

The  results  of  the  experimental  treatments  given  to  the  pure  species  used  in
this  study  were  found  to  be  in  close  accord  with  the  results  obtained  by  many  inves-
tigators  using  the  closely  related  species  which  are  not  known  for  their  tendencies
to  produce  sex-inversions.  The  response  to  the  techniques  employed  indicated
that  these  fish  were  in  no  way  aberrant  but  were  in  close  agreement  with  the  other
members  of  the  viviparous  Cyprinodont  group.

Although  the  immature  fish  developed  the  germ  cells  of  the  opposite  sex  under
hormone  treatment,  the  sexually  mature  fish  did  not  when  subjected  to  the  same
hormone  preparations.  Since  the  gonads  are  homologous  structures,  it  is  possible
that  they  retain  a  few  common  properties  until  differentiation  becomes  so  advanced
that  these  must  be  sacrificed.  Evidence  from  the  treatment  of  maturing  males
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with  estradiol  benzoate  shows  that  the  ability  of  the  testis  to  produce  ova  is  re-
tained  from  a  short  time  after  gonopodium  elongation.  However,  this  response
is  lost  after  the  later  stage  of  male  development,  i.e.,  gonopodium  differentiation,
is  initiated.  In  the  mature  male  the  effects  of  estrogenic  treatment  were  a  destruc-
tion  and  suppression  of  existing  elements.  Unlike  the  results  obtained  in  immature
and  maturing  males,  there  was  no  stimulus  to  develop  female  characteristics.

Immature  females  produced  spermatozoa  within  their  ovaries  under  the  influ-
ence  of  testosterone  propionate.  This  response,  however,  was  not  found  in  the
ovaries  of  mature  females  given  twice  the  amount  of  the  same  hormone  preparation.

SUMMARY

1.  The  normal  sexual  development  and  differentiation  of  Xiphophorus  hellerii
have  been  observed  in  the  light  of  the  adult  sex  ratio  and  the  differentiation  of
the  gonads  from  birth  to  maturity.  The  sexual  differentiation  has  been  shown  to
follow  a  definite  pattern  in  both  sexes.  The  gonads  of  both  sexes  are  homologous
and  indifferent  at  birth,  but  within  a  few  days  testes  and  ovaries  can  be  distin-
guished  by  the  relative  size,  number  and  arrangement  of  the  primordial  germ  cells.
No  atypical  gonads  were  discovered  in  the  course  of  this  study  which  would  indi-
cate  the  possibility  of  sex-reversal.

2.  Injections  of  testosterone  propionate  induced  spermatogenesis  in  the  ovaries,
of  immature  females  but  had  no  comparable  effect  in  mature  specimens.

3.  Injections  of  estradiol  benzoate  induced  oogenesis  in  the  testes  of  immature
males  but  had  no  comparable  effect  in  mature  specimens.

4.  Improper  initial  sex  classification  and  hybrid  origin  of  the  fish  used  are
suggested  as  possible  explanations  for  some  of  the  discrepancies  between  the  results
obtained  in  this  study  and  those  reported  in  earlier  investigations.

5.  The  results  of  the  study  of  the  normal  sexual  development  and  the  attempts
to  alter  the  differentiation  pattern  by  experimental  means  indicate  a  stable  sexual
development  and  differentiation  for  this  species.
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