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Syno2}sis.
"When crosses are made between t^YO subspecies of Aedes scutellaris, the matings prove

fertile  or  infertile  according-  to  the  direction  in  which  the  matings  are  made.  In  the  niating
of  subsp.  scutellaris  (S)  females  with  subsp.  katherinensis  (K)  males,  fully  viable  eggs  are
produced.  In  the  reciprocal  mating,  copulation,  insemination  and  egg  laying  are  normal,  but
the eggs are totally inviable.

This  non-reciprocal  fertility  shows  strictly  maternal  inheritance.  Backcrosses  of  F^
females  to  subsp.  katherinensis  males  are  viable  and the B^ progeny are  of  scutellaris  mating
type.  In  successive  backcrosses  to  katherinensis  males,  to  the  B,,  generation,  the  scutellaris
mating  type  is  retained.  Bok  males,  derived  from  repeated  backcrosses  to  subspecies
katherinensis,  are still  incompatible with katherinensis females.

.The  genetic  system  determining  the  inheritance  of  mating  type  must  depend  either  on
anomalous  meiosis  in  oogenesis  or  on  nucleus-independent  cytoplasmic  factors.  There  is  no
critical evidence enabling a choice between these two hypotheses.

A  survey  of  the  available  data  on  non-reciprocal  fertility  between species,  subspecies,  and
races  of  Aedes  and  Culex  suggests  that  it  has  liad  significance  as  a  source  of  incipient
speciation in mosquitoes.

Introduction.
Tlie  natural  history  of  mosquitoes  has  long  held  a  place  of  importance  in  entomo-

logical  research,  and  the  systematics  of  the  Culicidae  has  advanced  to  a  stage  where  the
limits  between  species  are  often  finely  drawn  on  the  bases  of  morphological,  physiological
and  ecological  criteria.  The  application  of  the  genetic  concept  of  species,  which
emphasizes  intrinsic  isolation,  is  likely  to  cause  some  reorientation  of  the  taxonomy  of
the  group  in  the  near  future.

The  isolating  mechanisms  which  exist  between  closely  allied  species  include  a  range
of  types  similar  to  those  known  in  Drosophila.  They  may  be  genetic,  mechanical,
ecological,  physiological,  or  behaviouristic  in  nature.  Such  isolating  mechanisms  usually
operate  in  both  reciprocal  directions  between  males  and  females  of  the  species  concerned.
Differences  in  fertility  between  reciprocal  crosses,  however,  are  known  to  occur  between
races,  subspecies  or  species  in  several  genera  (Toumanoff,  1939,  1950;  Downs  and  Baker,
1949;  Bonnet,  1950;  Perry,  1950;  Woodhill,  1949,  1950;  Marshall,  1938;  Laven,  1951,
1953;  Dobrotworsky  and  Drummond,  1953)  and  it  is  apparent  that  the  phenomenon  is
widespread  in  the  Culicidae.  It  has  introduced  difficulties  and  complexities  in  the
appreciation  of  specific  and  subspecific  categories,  and  it  has  a  significant  bearing  on
problems  of  medical  entomology.  It  is  also  significant  to  genetical  and  evolutionary
theory.  Its  mechanics  must  depend  on  a  uniparental  genetic  system,  and  its  role  in  the
origin  of  intrinsic  species  barriers  is  problematical.

The  Material.
Aedes  scutellaris  Walker  belongs  to  a  species-complex  which  includes  a  number  of

species,  subspecies  and  geographical  races  of  doubtful  rank.  Many  of  the  forms  show
complete  intrinsic  isolation,  and  undoubtedly  deserve  specific  status.  A  peculiar  non-
reciprocal  fertility  was  described  by  Woodhill  (1949,  1950)  in  crosses  between  tw^o
subspecies,  A.  scutellaris  scutellaris  Walker  and  A.  scutellaris  katherinensis  Woodhill.
Complete  fertility  was  found  when  subsp.  scutellaris  females  and  subsp.  katherinensis
males  were  mated,  but  hybrid  eggs  from  the  reciprocal  cross  were  totally  inviable.  This
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mating  incompatibility  was  found  to  extend  to  the  backcrosses  to  katherinensis.
Smith-Wliite  (1950)  drew  attention  to  the  possible  genetic  and  evolutionary  significance
of  the  phenomenon,  and  suggested  a  backcross  program  which  might  clarify  its  nature.

The  original  isolation  of  subsp.  katherinensis  was  obtained  from  Katherine,  in  the
Northern  Territory,  in  January,  1948,  and  consisted  of  a  batch  of  eggs  from  an  unknown
number  of  females.  This  isolation  has  been  maintained  in  the  laboratory  under  the
culture  designation  "K".  An  isolation  of  subsp.  scutellaris  was  obtained  from  New
Guinea  at  about  the  same  time,  and  has  been  maintained  as  culture  "S".

Cf cT

X  s' S  X  K'

die

Text-figure 1. — The Backcross Program.
S = A. scutellaris scutellaris ; K = A. scutellaris katherinensis ; a and /3 represent maternally

inherited  factors,  affecting-  survival.  They  may  be  carried  either  in  the  cytoplasm  or  in
the nuclei.

In  April,  1953,  Mr.  K.  O'Gower  obtained  eggs  fi'om  eleven  females  of  subsp.
katherinensis  at  Batchelor,  126  miles  north-west  of  Katherine.  This  new  isolation,
designated  culture  "B",  is  morphologically  identical  with  the  Katherine  material,  and
shows  an  identical  behaviour  when  crossed  with  subsp.  scutellaris.  In  the  cross  S  x  B,
3200  Fi  eggs  yielded  2495  larvae  (77-9%  hatch),  but  in  the  reciprocal  cross  B  x  S,
2514  eggs  were  totally  inviable.  A.  scutellaris  katherinensis  possesses  a  wide
geographical  distribution  in  northern  Australia,  and  it  can  be  distinguished  from  the
type  subspecies  by  morphological  criteria.
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Aedes  scutellaris  is  a  less  satisfactory  laboratory  subject  than  is  Culex  molestus.  It
requires  warm  temperatures  and  high  humidity,  which  necessitate  special  culture  rooms.
Blood-feeding  is  necessary  before  egg-laying,  and  matings  are  only  successful  when  large
numbers  of  the  two  sexes  are  confined  in  the  breeding  cages.  The  eggs  are  laid  singly,
and  the  progeny  of  individual  females  cannot  easily  be  isolated  from  the  mass  mating
cages.

The  Breedixg  Program.
The  main  part  of  the  breeding  program  has  consisted  of  a  series  of  backcrosses  to

test  for  permanence  or  breakdown  of  incompatibility  with  K  females.  Data  on  sex  ratio
in  cultures,  and  of  F,  segregation  for  a  morphological  character  "white  line",  are
reported.  An  inbreeding  program  with  culture  S  was  commenced  for  the  isolation  of
possible  recessive  genes,  but  has  been  abandoned  temporarily.

All  larval  cultures  were  maintained  in  incubators  at  27°C.  and  matings  were  made
in  muslin  cages  measuring  10"  x  10"  x  12",  in  a  warm  room  at  27°C.  and  75-80%
relative  humidity.

The  backcross  data.  Three  series  of  backcrosses  have  been  made.  The  first  series
commenced  with  the  Fi  hybrids  produced  by  Woodhill  (1950),  and  was  continued  to  the
fifth  backcross  generation  (Text-figure  1  and  Table  1).  In  the  Text-figure,  and  in  Tables

Table l.
The First Backcross Experiment.



166 ^'ON-RECIPROCAL FERTILITY IN AEDES SCUTELLARIS AND OTHER MOSQUITOES,

1-3,  the  backcross  formulae  require  brief  explanation.  The  subscripts  indicate  the
generation,  Bak  being  the  third  backcross  to  K  after  the  F^,  and  the  superscripts  indicate
the  "maternal  line"  of  each  family,  and  are  significant  for  any  cytoplasmic  or  nuclear
factors  having  a  strictly  maternal  inheritance.  B^^a  is  the  third  backcross  to  K,  tracing
its  maternal  ancestry  back  to  the  original  S  stock.  B:jk/3  has  had  the  K  maternal  line
introduced.

Table 2.
The Second Series of Bachcrossing.

Serial

The  first  series  of  backcrosses  show  a  slight  breakdown  in  the  inviability  of  K-line
hybrid  eggs,  in  the  B.k^  generation,  and  there  is  a  slight  but  very  doubtfully  significant
increase  in  breakdown  in  the  later  generations.  Breakdown  individuals  possessed
complete  fertility  with  the  K  parental  stock  in  both  reciprocal  directions,  but  were  not
tested  against  the  S  stock.  These  results  parallel  those  obtained  by  Laven  (1953).  Since
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the  successive  backcrosses  have  increasing  dosages  of  the  K  genotype,  a  more  rapid
breakdown  miglit  have  been  expected.

The  second  series  of  backcrosses  was  carried  out  to  collect  additional  data,  to  test
for  the  occurrence  of  breakdown,  and  to  obtain  breakdown  individuals  for  a  com-
patibility  test  with  S  stock.  There  was  a  complete  absence  of  breakdown  up  to  and
including  the  BekiS  generation  (Table  2).  A  third  series  of  backcrosses  was  made  solely
to  check  the  occurrence  of  breakdown,  and  the  result  was  also  negative.  It  seems
probable  that  the  breakdowns  in  the  first  experiment  may  have  been  due  to  an  accidental
contamination  of  the  F^  x  K  mating  with  a  K  female.  The  complete  inviability  of  eggs

Table 3.
Repeat Experiment to Test for " Breakdoun ".

(Each mating of approx. 130 and 150.)

Serial
No.

derived  from  K  females  and  S  maternal  line  males  is  maintained  up  to  the  Bsk"
generation,  and  probably  indefinitely.  B^^a  individuals,  predominantly  K  in  genotype,
however,  show  full  fertility  and  high  egg  viability  when  crossed  to  S  stock  in  either
direction.  The  strictly  maternal  inheritance  of  some  determinant,  either  on  a  chromo-
some  or  in  the  cytoplasm,  is  demanded.

Sex  ratio.  Data  on  sex  ratios  in  S  and  K  stocks,  and  in  Fi  hybrids  are  presented
in  Tables  4  and  5.  In  all  cases  there  is  a  significant  surplus  of  males,  approximating  to
a  ratio  of  1-25:1.  The  most  probable  cause  of  this  inequality  is  differential  mortality.
Males  mature  and  emerge  several  days  earlier  than  females,  and  the  last  larvae  to
pupate  in  any  culture  are  invariably  female.  In  the  larval  and  pupal  cultures,  the
death  rate  increases  gradually  with  time,  and  there  is  no  reason  to  assume  other  than  a
normal  genetic  sex  determination.

Segregation  in  the  F^.  The  two  subspecies  differ  in  a  small  but  distinctive  character.
In  K  there  is  a  line  of  white  scales  on  the  anterior  surface  of  the  femur  of  the  mid-leg,
and  this  line  is  absent  in  the  S  race.  In  the  Fj  there  is  a  thin  broken  line,  indicating  an
absence  of  dominance.  In  the  F2  there  is  segregation  for  the  character  indicating  a
monofactorial  mendelian  inheritance  independent  of  sex  (Table  6).  Actually  the  genetic
control  of  the  character  is  complex,  and  probably  modifier  genes  influence  its  degree  of
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development.  The  significance  of  tlie  segregation  for  the  present  purpose  lies  in  the
independence  of  a  major  "line"  gene  and  the  sex  chromosome.  Normal  meiotic  segrega-
tion  is  indicated  for  two  of  the  three  chromosome  pairs  present  in  Aedes.

The  inbreeding  program.  In  the  Aedes  scutellaris  group,  mating  seems  to  be  con-
ditional  on  the  formation  of  swarm  flights  of  males,  and  multiple  copulations  may  occur
for  each  female  entering  the  swarm.  Such  a  system  seems  adapted  to  the  maintenance
of genetic heterogeneity.

* See analysis in Table 5.

A  need  was  felt  for  the  isolation  of  genes  with  a  marked  phenotypic  effect  for  use
as  markers  of  chromosome  segregation.  An  inbreeding  program  was  commenced  with
the  laboratory  stock  S,  and  based  on  the  plan  outlined  by  Spencer  (1947).  Mass  matings
were  made,  and  were  given  two  blood  feedings  within  three  days.  Gravid  females  were
then  immediately  isolated  in  8"  x  1"  tubes,  each  with  a  pad  of  wet  filter  paper,  and  the

Table 5.
Sex Ratio in SxK Progeny.

tubes  were  sealed  with  cotton  plugs.  Egg  laying  commenced  and  continued  for  5  to  14
days  without  further  blood  feeding.  From  each  family  of  progenies,  sib  mass  matings
were  made,  and  females  isolated  as  before.  On  the  assumption  that  females  copulate
repeatedly,  each  female  initially  isolated  would  carry  a  sample  of  the  sperm  produced
by  the  available  males.  Should  any  initially  isolated  female  be  heterozygous  for  an
uncommon  recessive  gene  a,  50%  of  its  progeny  would  be  Aa.  In  the  subsequent  sib
mass  mating,  25%  of  the  sperm  would  be  a.  If  three  females  are  isolated  from  the  sib
mating  there  would  be  an  82  J  %  chance  that  at  least  one  would  be  Aa,  and  its  progeny
should  show  121%  of  homozygous  recessives.
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The  results  of  this  program  are  given  in  Tables  7a  and  7b.  No  success  was  achieved
in  the  isolation  of  recessive  genes.  Possibly  the  laboratory  stock  had  lost  genetic  hetero-
geneity  over  four  years  and  perhaps  25  generations  of  artificial  culture.  Probably  the
mutant  characters  likely  to  be  most  frequent  would  be  inconspicuous  to  casual  inspection.
Nevertheless  the  results  are  of  considerable  interest.

Table 6.
F ̂Segregation for White Scales on Midfemur.

Total data : Fit to 1 : 2 : 1 ratio. /- = 1 08. 2d.I. P = 0-6.
Independence of sex linkage: '/J = 5-21. 5d.f. P>0-3.

Reference  to  Table  2  shows  that,  under  the  artificial  breeding  conditions  of  the
laboratory,  there  is  a  considerable  difference  in  fecundity  between  S  and  K  females.
There  is  no  significant  difference  between  self  and  cross  matings,  and  the  lower
fecundity  of  the  K  females  appears  to  be  dominant  in  the  F^.

Table 7a.
Egg Laying of Isolated Females.
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Table 7b.
Egg Laying of Inbred Females.



BY  S.  SMITH-WHITE  AiN'D  A.  R.  WOODHILL.  171

Isolated  females  of  race  S  show  considerable  variation  in  fecundity,  but  the  mean,
46-8  eggs  per  female,  is  comparable  with  the  figure  obtained  for  S  females  in  mass
culture  (Table  7a).  The  mean  hatching,  as  a  percentage  of  total  eggs,  was  70-4%  in
the  isolations,  and  71-1%  in  the  mass  culture.  Among  the  inbred  daughters,  many  failed
to  oviposit,  and  the  means,  eggs  per  female  (24-7)  and  hatching  (41-7%),  were  much
lower.  The  figures  suggest  a  marked  degree  of  inbreeding  depression.

TTie  tivie  of  action  of  lethality.  In  a  considerable  proportion  of  eggs  derived  from
K  X  S  and  B  x  S  matings,  sperm  heads  have  been  seen  in  the  egg  cytoplasm  if  the  eggs
are  crushed  in  aceto-orcein  within  half  an  hour  of  oviposition.  Similar  observation  of
6-hour  eggs  indicates  that  some  at  least  undergo  early  embryonic  development.
Inviability  is  not  due  to  any  failure  of  sperm  to  penetrate  the  eggs,  but  rather  to  an
incompatibility  between  the  sperm,  or  the  hybrid  embryo,  and  the  egg  cytoplasm.

In  viable  eggs  of  Aecles  scutellaris,  and  in  S  x  K  hybrids,  development  is  very  rapid,
and  an  almost  fully  developed  embryo  is  produced  in  48  hours.  In  the  inviable  K  x  S
eggs,  death  ensues  at  an  early  stage,  and  after  24  hours  they  show  a  definite  collapse.
Lethality  is  effective  either  before  or  during  the  cleavage  divisions,  or  in  the  early
blastoderm  —  i.e.,  in  the  stage  1  of  Hadorn's  (1948)  classification  of  Drosopliila  lethals.
In  contrast,  lethality  in  Laven's  Culex  molestus  hybrids  (Laven,  1953)  is  effective  much
later,  during  late  embryonic  stages,  or  during  or  shortly  after  hatching.  The  C^ilex
molestus  lethality  is  also  characterized  by  a  much  lower  penetrance.

DiscussiOisr.
It  is  neither  desirable  nor  possible  to  attempt  an  adequate  discussion  of  the  data

presented  in  the  present  paper  without  a  consideration  of  the  main  features  of  non-
reciprocal  fertility  in  other  groups  of  the  Culicidae.  In  particular,  the  results  obtained
by  Laven  {I.e.)  in  Culex  and  by  us  in  Aedes  show  such  a  close  parallelism  that  they
must  be  dependent  on  similar  genetic  mechanisms.

1.  Possible  genetic  mechanisms.
At  the  present  stage,  several  possible  genetic  mechanisms  must  be  considered,  if

only  for  the  summary  rejection  of  some.  Parthenogenesis  and  pseudogamy  can  be
dismissed  on  the  basis  of  the  F^  segregations  given  in  Table  6.  Laven  (1953)  and
Toumanoff  (1950)  also  give  evidence  eliminating  parthenogenesis,  but  Downs  and  Baker
(1949),  Bonnet  (1950),  and  Perry  (1950)  find  some  support  for  its  assumption.

Hypotheses  of  predetermination,  of  the  Limnaea  type,  are  incompetent  to  explain
the  behaviour.  A  possible  system  of  multiple  incompatibility  (s)  genes  affecting  the
survival  of  S  or  of  hybrid  sperm  in  K  egg  cytoplasm,  suggested  by  Smith-White  (1950),
is  denied  by  Laven's  and  our  own  results.  Such  a  system  should  give  a  uniformly
increasing  rate  of  breakdown  in  the  later  backcross  generations,  the  actual  rate
depending  on  the  number  of  s  genes  involved,  and  on  their  linkage  relationships.  In
our  material,  breakdown  is  absent  or  extremely  rare,  and  in  Laven's  there  was  a  constant
rate  of  breakdown  up  to  the  11th  backcross  generation.  Both  cases  are  characterized  by
their  permanence,  and  neither  is  affected  by  the  building  up  of  K  or  0*  genoms,  respec-
tively,  in  the  backcrosses.

In  a  female-heterozygous  sex  system,  a  sex-linked  incompatibility-lethal  could
explain  both  the  Culex  and  Aedes  systems,  with  breakdown  due  to  crossing  over  between
the  lethal  and  sex  genes.  However,  Gilchrist  and  Haldane  (1947)  have  demonstrated  a
male-heterozygous  sex-system  in  Culex  molestus,  and  this  type  of  sex  determination  is
characteristic  of  the  Nematocera  (White,  1949).

Two  kinds  of  genetic  mechanisms  remain.  One  is  chromosomal,  and  is  dependent
on  the  uniparental  inheritance  of  chromosomes  or  of  chromosome  segments,  and  involves
anomalies  of  the  meiotic  cycle.  The  other  is  nucleus-independent  and  cytoplasmic.

Very  peculiar  meiotic  cycles  are  known  to  exist  in  other  families  of  the  Nematocera.
In  Sciara  the  chromosomes  of  paternal  origin  are  eliminated  during  spermatogenesis

* O is the symbol used by Laven for his Oggelshausen strain of Culex molestus.
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(Metz,  1938).  In  Miastor  and  other  genera  of  the  Cecidomyidae,  many  chromosomes  are
eliminated  in  spermatogenesis,  and  are  transmitted  only  in  the  female  line.  In  the
Ciilicidae,  limited  chromosomes  are  not  present.  In  Culex  (Callan  and  Montalenti,
1947)  and  In  Aedes  chiasmata  are  formed  in  all  three  bivalents  in  male  meiosis.
Moreover,  in  Aedes  scutellaris,  the  approximately  normal  sex  ratio,  and  the  sex
independent  segregation  of  "line"  provide  genetic  evidence  for  the  normal  meiotic
separation  of  two  of  the  three  chromosome  bivalents.

2  c?  2  cT

bbK^  X  +  +  S"  parenu  +  +  5"  X  bbK'

b(K)''  +(S)"  gameles  +(S)°  b(K)^

Text-flgure  2.  —  Gene  control  of  non-reciprocal  fertility,  dependent  on  the  elimination  of
a paternal chromosome segment in oogenesis.

The  symbols  K,  S,  Fi,  Bi,  etc.,  refer  to  the  unlimited  gametic  genoms.  h  and  +  are  alleles
which  condition  the  cytoplasm,  and are  carried  on limited (maternally-inherited)  chromosome
segments.

Note.  — Sperm b(F])'^  from a males  are unadapted and hybrids  derived from unadapted
sperm  and  b(K)^  eggs  die.

It  is  possible  to  devise  chromosomal  systems  of  permanent  non-reciprocal  fertility
on  the  basis  of  two  assumptions.  There  must  be  a  strictly  polarized  segregation  of  a
chromosome  segment  in  oogenesis,  with  the  elimination  of  the  segment  of  paternal
origin  in  hybrids.  It  is  not  necessary  to  assume  any  similar  elimination  in  spermato-
genesis,  and  the  sperm  wastage  which  would  result  from  such  behaviour  is  not  evidenced.
In  oogenesis,  the  paternal  segment  must  be  directed  into  the  polar  bodies.  The  second
necessary  assumption  is  the  existence  of  a  cytoplasm-conditioning  gene,  carried  on  the
polarized  chromatin,  in  one  or  other  of  the  two  species  or  races  involved.  An  example  of
this  type  of  hypothesis  is  offered  in  Text-figure  2.  Race  K  is  there  considered  to  be
homozygous  for  the  cytoplasm-conditioning  gene  "bar"  or  "b",  carried  on  polarized
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chromatin,  which  modifies  the  cytoplasm  from  a  neutral  a  condition  to  a  /3  condition,
intolerant  of  other  than  ^-adapted  sperm  or  hybrid  embryos.  Race  S  is  inferred  to  be
homozygous  for  a  neutral  or  +  allele  at  the  same  locus.  In  this  scheme,  +  must  be
dominant  to  6,  and  there  must  be  a  lag  of  several  cell  generations  in  cytoplasmic
adaptation  following  a  change  of  genotype.  Consequently  6  sperm  from  b+  males  are
initially  unadapted.

The  assumption  of  lag  in  the  conditioning  of  the  cytoplasm  is  necessary  to  allow
partial  embryonic  development.  Exceptional  breakdown  is  permitted  by  a  slight
variability  in  the  penetrance  of  the  lethal  effect  following  the  fertilization  of  b(K)/3  eggs
by  b(Fi)'='  or  similar  unadapted  sperm,  thus  allowing  cytoplasmic  adaptation  in  the
bb(Bi)  embryos.

There  is  no  cytological  or  genetical  evidence  to  support  the  inference  of  meiotic
polarization  which  hypotheses  of  tliis  type  require,  but  if  this  inference  is  rejected,  an
explanation  based  on  cytoplasmic  inheritance  independent  of  the  genotype  must  be
invoked.

Cytoplasmic  inheritance  is  known  in  many  plants  (cf.  Caspar!,  1948)  and  in  some
animals.  Laven  (1953)  has  already  drawn  attention  to  the  similarities  between  the
known  cases  of  plasmagenic  or  genoid  inheritance  in  Paramoecium  and  in  DrosopMla
and  the  inheritance  of  non-reciprocal  fertility  in  mosquitoes,  and  it  is  unnecessary  to
elaborate  this  comparison  further.  A  plasmagenic  hypothesis  can  be  set  up  in  simpler
form  than  the  chromosomal  scheme  given  in  Text-figure  2,  but  is  in  fact  very  similar  in
operation.  It  is  only  necessary  to  regard  the  cytoplasmic  conditions  a.  and  /3  as  being
independent  and  self-perpetuating.  Breakdown  could  occur  either  by  a  variable
penetrance  of  the  lethal  effect  of  the  P  plasmagene,  or  by  the  possibility  that  sperm  could
occasionally  carry  a  sufficient  dosage  of  (3  to  enable  them  to  survive  in  i8  egg  cytoplasm.

At  present  there  is  no  evidence  enabling  a  choice  to  be  made  between  hypotheses
of  uniparental  inheritance  of  cytoplasm-conditioning  genes  and  cytoplasmic  inheritance.

2.  The  role  of  non-reciprocal  fertility  in  speciation.
On  present  knowledge,  the  S  and  K  races  of  Aedes  scutellaris  are  geographically

isolated,  and  they  are  morphologically  distinguishable.  It  is  probable  that  the  genetic
basis  of  their  non-reciprocal  fertility  was  able  to  develop  because  of  their  geographic
isolation.  In  Laven's  races  of  Culex  molestus  a  geographical  factor  is  also  apparent.

In  crosses  between  Aedes  aegypti  and  A.  albopictiis,  various  authors  have  obtained
conflicting  results.  Downs  and  Baker  (1949)  and  Bonnet  (1950)  found  that  fertile
hybrids  could  be  obtained  only  by  using  A.  aegypti  females.  The  reciprocal  mating  gave
effective  insemination  and  egg  laying,  but  the  eggs  were  inviable.  Both  authors  suggested
parthenogenesis  as  a  possible  explanation.  Toumanoff  (1939,  1950)  obtained  exactly  the
opposite  results,  a  fertile  Fj  being  obtained  only  when  A.  aWopictus  was  the  maternal
parent.  Toumanoff's  strains  of  the  two  species  were  obtained  independently  of  those  of
Downs  and  Baker  and  Bonnet.  Simmons,  Saint  John  and  Reynolds  (1930)  were  unable
to  cross  the  same  two  species  in  either  direction,  and  were  unable  to  obtain  egg  laying
in  their  matings.  DeBuck  (1942)  obtained  normal  egg  production  in  matings  between
the  two  species  in  both  directions,  but  the  reciprocal  FiS  were  both  inviable.  He  found
that  with  A.  albopictiis  as  maternal  parent  hybrid  eggs  showed  no  embryonic  develop-
ment,  but  in  the  reciprocal  cross  some  embryonic  development  was  usual.  His  results
indicate  a  reciprocal  difference  in  the  same  direction  as  those  of  Downs  and  Baker  and
Bonnet,  but  with  a  higher  degree  of  incompatibility.

A.  aegypti  and  A.  albopictiis  must  include  geographical  races  differing  in  mating
type.  It  is  suggested  that  the  degree  of  isolation  indicated  in  DeBuck's  results  is
causally  related  to  the  partial  isolation  reported  by  Downs  and  Baker,  and  to  the
absolute  isolation  found  by  Simmons  et  al.  Partial,  non-reciprocal  isolation  may
represent  a  stage  in  the  origin  of  complete  isolation,  and  may  constitute  a  significant
factor  in  speciation.
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In  crosses  between  Aedes  hebrideiis  and  A.  pernotutus  Perry  (1950)  found  that
viable  eggs  were  only  obtained  when  A.  hebrideus  was  the  maternal  parent,  but  that  only
a  small  proportion  of  the  females  of  that  species  (3  out  of  37)  yielded  viable  progeny.
Hovanitz  (1946)  found  considerable  variation  in  the  fertility  of  individual  females  of
Haemogogus  sp.  when  mated  to  their  own  males,  and  we  find  a  similar  variability  in
isolated  females  of  A.  scutellaris.  It  is  possible  that  a  species-population  may  be  hetero-
geneous  for  sterility  factors.  Fixation  of  mating  type  in  geographical  isolates  would
then  be  expected,  and  the  conflict  between  the  results  of  the  various  authors  could  be
understood.

In  the  Culex  pipiens  species  complex  an  apparently  confused  picture  of  relationships
comes  from  an  analysis  of  the  available  interfertility  data.  Marshall  (1938)  found  that
races  of  C.  molest  us  from  Paris  and  London  which  were  reciprocally  intersterile,  both

■^ T I G A H ^

Text-flg'iire 3. — Race relationships in the Culex pipiens complex.
Key:

«  >  Full  reciprocal  compatibility.
•^  ^  Partial  reciprocal  compatibility.
d  9

> Non-reciprocal compatibility.
Complete incompatibility.

F,  Farid,  1949  ;  L,  Laven,  1951,  1953  ;  M,  Marshall,  IS
Vincent, 1936 ; W, Weyer, 1936.

R, Roubaud, 1941 ; TV, Tate and

gave  viable  eggs  and  fertile  F^  progeny  when  mated  to  males  of  a  strain  from  Hayling
Island,  and  inviable  eggs  in  the  reciprocal  crosses.  Laven  {I.e.)  found  that  various
isolations  of  the  same  species  could  be  grouped  on  a  geographical  basis.  Isolations  from
north-eastern  Germany  and  western  Europe  were  intersterile  in  both  directions,  and
both  were  fertile  with  isolations  from  southern  Germany  only  when  the  latter  strains
were  used  as  male  parents.  It  is  noteworthy  that  Laven's  isolations  from  London  and
Paris  were  fully  interfertile,  whereas  Marshall's  strains  from  the  same  localities  were
reciprocally  intersterile.

Tate  and  Vincent  (1936)  were  able  to  cross  C.  molestus  and  C.  pipiens  in  both
directions.  Weyer  (1936)  found  full  fertility  between  C.  violestus  and  C.  fatigans  but
was  unable  to  cross  C.  pipiens  and  C.  fatigans.  Farid  (1949),  however,  found  the  last
two  species  to  be  fully  and  reciprocally  interfertile,  and  Roubaud  (1941)  working  with
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the  same  species  obtained  results  suggestive  of  a  reciprocal  difference  (fatigans  x  pipiens,
300  eggs,  55  larvae;  pipiens  x  fatigans.  850  eggs,  2  larvae).

It  is  again  apparent  that  races  in  the  C.  pipiens  complex  differ  in  factors  affecting
interracial  fertility,  and  that  these  diffei-ences  have  a  geographical  basis.  However,
interracial  fertility  barriers  are  not  conformable  with  the  recognized  species  limits  in
the  group,  and  it  would  seem  unlikely  that  they  represent  stages  in  speciation  parallel
with  those  involved  in  the  origin  of  C.  pipiens,  C.  molestus  and  C.  fatigans.  We  are
inclined  to  agree  with  Mattingly  (1951)  that  the  whole  group  should  be  recognized  as  a
single  species,  with  many  geographical  subspecies  and  locality  races.

The  role  of  non-reciprocal  fertility  in  the  origin  of  total  isolation  and  speciation  is
problematical,  but  it  is  of  particular  interest  as  a  possible  evolutionary  mechanism.
Perhaps  intrinsic  isolation  and  speciation  may  arise,  on  occasion,  firstly  in  the  cytoplasm,
and  secondarily  in  the  nuclear  genom.

Summary.
A  study  has  been  made  of  the  inheritance  of  non-reciprocal  fertility  in  two  subspecies

of  Aedes  scutellaris,  A.  s.  scutellaris  and  A.  s.  katherinensis.
Mating  type  shows  a  strict  maternal  inheritance.  Fj  eggs  from  subsp.  scutellaris  (S)

females  and  subsp.  katherinensis  (K)  males  are  normally  viable,  and  are  of'S  mating
type.  Backcrosses  of  Fi  females  to  K  males  are  viable,  and  again,  are  of  S  mating  type.
In  successive  backcrosses  to  K  males,  to  the  B,-,  generation,  the  S  mating  type  is  retained.
All  crosses  involving  K  females  yield  inviable  eggs,  and  it  is  not  possible  to  test  the
mode  of  inheritance  of  the  K  mating  type.

The  results  obtained  are  essentially  similar  to  those  reported  by  Laven  for  mating
type  inheritance  in  Culex,  but  the  lethal  effect  in  inviable  eggs  is  earlier  in  operation,
and  more  severe,  in  Aedes  than  in  Culex.

Meiosis  in  the  male  is  apparently  normal.  The  genetic  system  determining  the
inheritance  of  mating  type  must  depend  either  on  anomalous  meiosis  in  oogenesis,  with
a  polarized  segregation  of  bivalents  and  the  elimination  of  part  of  the  paternal  genom,
or  on  nucleus-independent  cytoplasmic  factors.  There  is  no  critical  evidence  enabling
a  choice  between  the  two  types  of  hypothesis.  The  observed  entry  of  sperm  into  eggs  in
the  inviable  matings,  partial  embryonic  development  in  the  inviable  Culex  matings,  and
Fo  segregation  in  viable  S  female  x  K  male  matings,  allow  the  rejection  of  hypotheses
of parthenogenesis.

From  a  consideration  of  the  available  data  on  mating  isolation  between  species  and
races  of  Aedes  and  Culex,  the  type  of  non-reciprocal  fertility  described  is  considered  to
be  significant  as  a  source  of  incipient  speciation  in  mosquitoes.
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