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Chromosome Studies of Oriental Anophelines.  I. 
barbirostris 

Increas ing  emphas i s  is be ing placed a t  p resen t  on the  
cy togenet ic  s tudies  of mosqui toes ,  the  vec tor  species in 
part icular .  K a r y o t y p e s  and  maps  of sa l ivary  gland 
chromosomes  for several  of the  anophel ine  species are now 
available. However ,  pauc i ty  in the  cy togenet ie  knowledge  
of the  t ropical  anophel ine  fauna,  especially of the  or iental  
region is enormous.  Ment ion m a y  be made  here of two 
pre l iminary  papers  descr ibing the  sal ivary gland chromo-  
somes on some Ind ian  anophel ines  ~, 2. For  a review of the  
pe r t i nen t  l i te ra ture  on the  genetics and cytogenet ics  of 
mosqui toes ,  s ee  I~ITZMILLER 3-5 a n d  ]k~ITZMILLER, VRizzI 
and ]~AKER 6. The p resen t  paper ,  which  proposes  a 
' s t anda rd '  ch romosome  m a p  of Anopheles barbirostris, is 
the  first  of a p ro jec ted  series for the  or iental  anophel ines .  

Anopheles barbirostris Van  der  Wulp,  used in the  
p resen t  s tudy,  is the  t ype  form of the  'barb i ros t r i s  group '  
which belongs to the  series Myzorhynchus  in the  subgenus  
Anopheles.  I t  is confined to India ,  Ceylon, Burma,  
Thai land and CambodiaL  Larvae  prefer  b o t h  sunl ight  
and  shaded  clear wa te r  of deep ponds,  pools and o ther  
large bodies  of wa te r  covered by  growth  of p lan ts  such as 
Pist ia  and Jussiaea. A neglec ted  i r r igat ion well wi th  a 
mar shy  b o t t o m  abou t  7 miles south-eas t  of Bangalore,  
was a source of larvae t h roughou t  the  year.  Chromosome 
slides were p repa red  by  the  s t anda rd  m e t h o d  for anophe-  
lines 8. The diploid ch romosome  number  is 6 (Figure 1). 
In  sal ivary gland p repa ra t ions  the  chromosomes  appear  
as 5 pai red po ly tene  e lements  represen t ing  3 pai rs  of 
chromosomes  - a shor t  te locentr ic  X chromosome and 
2 pairs  of longer me tacen t r i c  au tosomes  wi th  a rms of 
d is t inguishable  lengths  (Figure 2). The au tosomal  a rms  
are des igna ted  as 2R, 2L, 3R and 3L. The X chromosome  
and the  au tosomal  a rms are fu r ther  d iv ided into zones and 
subdivis ions by  the  same general  number ing  sys tem as the  
one used for o ther  species of the  subgenus  Anopheles  thus  
far s tudies  (Figure 3). 

X Chromosome. This shor t  ch romosome  can be readi ly 
recognized by  its length.  The free end in 1A is normal ly  
diffuse. The expanded  puff  t h a t  follows is charac ter i s t ic  
for this  region. A single heavy  band  in a cons t r ic t ion  at  
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t he  beg inn ing  of 1B is d is t inc t ive  as are 2 h e a v y  bands  a t  
the  beg inn ing  of 2A. Several  d iagnost ic  areas which  serve 
as l andmarks  for the  X chromosome  include a series of 
h e a v y  bands  in 2B, 3C, 3D and 5B. 3 da rk  bands  found in 
5C m a r k  the  sp indle -shaped  cen t romere  end of the  
chromosome.  

Chromosome 2, right arm. The free end of th is  a rm 
t e rmina t e s  in a diffuse expans ion  in 6A conta in ing  a 
series of l ight ly  s ta in ing bands .  This  is followed by  a 
series of da rk  bands  in 6B of which  2 h e a v y  bands  in a 
cons t r ic t ion  at  the  beginning  s t and  out.  Pe rhaps  the  bes t  
l a n d m a r k  for this  end of the  a rm are a h e a v y  t r ip le t  in 
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Fig. 1. Mitotic chromosomes (female fourth instar larval brain) of Fig. 2. Anopheles barbirostris. Entire salivary gland chromosome 
Anopheles barbirostris, complenlent. 
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8A a n d  a pa i r  of tw i s t ed  h e a v y  b a n d s  in 8C. A series of 
d a r k  b a n d s  in regions 10 t h r o u g h  12 serve to  i den t i fy  t h e  
midd le  po r t i on  of th i s  a r m  of which  those  in 10A, 11C 
a n d  12A are  exce l len t  r ecogn i t ion  areas.  Reg ion  13 
con t a in s  2 easi ly recognizable  areas :  4 d a r k  b a n d s  ill 13A 
a n d  a smal l  puff  in 13C w i t h  a !bird 's  eye '  a t  t he  b e g i n n i n g  
of t he  area.  Reg ion  14 is i n v a r i a b l y  ba r r e l - shaped  w h i c h  is 
o f ten  s t r e t ched  a n d  var iab le .  A h e a v y  t r i p l e t  in 1413 m a y  
be  r ega rded  as a c o n s t a n t  a n d  v e r y  useful  l a n d m a r k  for 
the  cen t ro lne re  end  of t he  chromosome.  

Chromosome 2, left arm. This  a r m  is cha rac t e r i zed  b y  t he  
series of clear  puffs  d i s t r i b u t e d  t h r o u g h o u t  i t s  length .  The  
d i s t a l  end  is easi ly  recognized b y  i ts  t yp i ca l  puf f  in  w h i c h  
2 d a r k  b a n d s  s t a n d  out ,  one  on  e i the r  side of a diffuse 
a rea  in 21A. 4 d a r k  b a n d s  a t  t he  end  of 21B and  a pa i r  of 
h e a v y  b a n d s  in a cons t r i c t ion  s e p a r a t i n g  21B a n d  20A 
are cons i s t en t  fea tu res  in  all  p r epa ra t ions .  T he  puff  in  
19A is v e r y  d i s t i nc t  w i t h  a pa i r  of t h i n  cu rved  bands .  The  
h e a v y  b a n d s  in t he  region 19B t h r o u g h  18C are typ ica l .  
Reg ion  17 as a whole  is a l a n d m a r k .  The  series of d a r k  
b a n d s  in 16B a n d  15A are also diagnost ic .  T he  c e n t r o m e r e  
end  of t h e  a r m  wh ich  is s l igh t ly  broad ,  is u n m i s t a k a b l y  
recognized  b y  t h e  presence  of a pa i r  of d a r k  c u r v e d  
doub le  b a n d s  in 15C. 

Chromosome 3, right arm. As in severa l  o ther -species ,  
t h i s  a r m  is t he  longes t  of t he  c o m p l e m e n t  a n d  con t a in s  a 
n u m b e r  of areas  wh ich  he lp  in i ts  recogni t ion .  The  f lared  
diffuse end  w i t h  i ts  2 h e a v y  curved  b a n d s  and  t h e  3 
cha rac t e r i s t i c  puffs  t h a t  follow com par e  well  w i t h  t h e  end  
of 3R in o the r  species of t he  subgenus  Anopheles .  2 pa i r s  
of h e a v y  b a n d s  in 24B, a smal l  d i s t i nc t ive  puff  w i t h  a 
series of 1-2-1 h e a v y  b a n d s  in 2419 fo rm a n  exce l len t  
l a n d m a r k .  The  large  puff  w i t h  a pa i r  of t h i n  cu rved  b a n d s  
in 25A a n d  3 cu rved  h e a v y  b a n d s  in 26B are a lways  

recognizable .  A v e r y  n a r r o w  l igh t ly  s t a in ing  cons t r i c t ion  
found  a l m o s t  in  t he  midd le  of t he  a r m  and  s e p a r a t i n g  
27A f rom 27B is cons i s t en t ly  seen. A pa i r  of h e a v y  b a n d s  
ill 31D followed b y  a series of even ly - spaced  t h i n  d a r k  
b a n d s  in 31E are  usua l ly  sha rp ly  def ined  and  are t yp i ca l  
of t he  p r o x i m a l  end  of the  a rm.  A single h e a v y  b a n d  in t he  
cons t r i c t ion  a t  t h e  beg inn ing  of 32A is r e m a r k a b l y  con- 
s tan t .  Reg ion  32 w i t h  2 smal l  d i s t i nc t  sp ind le - shaped  
puffs  each  w i t h  a series of d a r k  b a n d s  m a y  be  used to  
recognize t he  c e n t r o m e r e  end  of t he  chromosome.  

Chromosome 3, left arm. This  is t he  sho r t e s t  a u t o s o m a l  
a rm.  The  free end  is v e r y  s imi la r  to  t he  comparab l e  
region of m o s t  species of t he  subgenus  Anopheles .  Th i s  
a r m  is cha rac t e r i zed  b y  t h e  presence  of a series of large 
puffs.  A single h e a v y  b a n d  in a cons t r i c t ion  s epa ra t i ng  
39A and  39B is v e r y  p r o m i n e n t .  P e r h a p s  t he  bes t  l and-  
m a r k  of t h e  free end  of t h e  a r m  is t he  large puff  in  38A 
wh ich  is cha rac t e r i s t i ca l ly  empty .  The  e x p a n d e d  puff  in  
37B w i t h  3-1-3 series of d a r k  b a n d s  is seen fa i r ly  con- 
s is tent ly .  The  puf f  in 34A w i t h  a pa i r  of h e a v y  c u r v e d  
w a v y  b a n d s  w h i c h  is followed b y  a n o t h e r  series of d a r k  
b a n d s  in 34C a n d  34D serves  as a d iagnos t i c  a rea  for t he  
p r o x i m a l  p a r t  of t he  a rm.  The  c e n t r o m e r e  end  of t he  a r m  
is cha rac te r i s t i ca l ly  be l l - shaped  w i t h  a single t h i n  d a r k  
b a n d  a t  t he  b e g i n n i n g  of 33A. 

E v e n  t h o u g h  i t  is too ear ly  to  e v a l u a t e  the  i m p o r t a n c e  
of c h r o m o s o m a l  ana lys i s  of t rop ica l  mosqu i toes  based  on  
t h e  s t u d y  of a single species, t he  close morpholog ica l  
s imi la r i ty  of Anopheles barbirostris to  o the r  m e m b e r s  of 
i ts  own group w h i c h  ha s  a n  ex t ens ive  d i s t r i b u t i o n  a n d  
t he  d i f fe ren t ia l  ma la r i a l  t r a n s m i s s i o n  w i t h i n  the  g roup  
m a k e  t he  s t u d y  of the  s a l iva ry  g land  ch romosomes  all  t h ~  
more  in te res t ing .  ,A de ta i l ed  cy toggne t ica l  i n v e s t i g a t i o n  
of a large n u m b e r  of neo t rop ica l  a n d  t rop ica l  anophe l ines  
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Fig. 3. Salivary gland chromosome map of Anopheles barbirostris. C, Centromere; X, X-chromosome; 2R and 2L, right and left arms of 
chromosome 2; 3R and 3L, right and left arms of chromosome 3. 
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is ve ry  m u c h  w a r r a n t e d  to shed more  l igh t  on the  cyto-  
genetic and phylogene t ic  re la t ionships  wi th in  the  sub- 
genus Anopheles  9. 

Zusammen/assung. Es werden  verschiedene  t ropische  
Anophelesar ten ,  besonders  die oriental ische,  cytogene-  
t i sch  un te rsuch t .  Es  wird eine S t anda rd -Chromosomen-  
kar te  yon Anopheles barbirostris van der  Wulp  (Typ der  
Barb i ros t r i s -Gruppe  einer or iental ischen Region  und  zur 
Serie Myzorhynchus ,  der U n t e r g a t t u n g  Anopheles  ge- 

h6rend)  Ms erste  der Serie or ienta l ischer  Anophe lesa r t en  
vorgeschlagen.  

B. N. CHOWDAIAI-I, T. Z. AVIRACHAN 
and P. L. SEETHARAM 

Department o/ Zoology, 
Central College, Bangalore University, 
Bangalore (India), 29 August 1969. 

9 This study has been supported by a grant from the World Health 
Organization. 

T h e  S p e c t r a l  S e n s i t i v i t y  of the  T a i l  of  Urodacus, 

Recordings  of spike ac t iv i ty  in the  nerve  cord have  
revealed an ex t raocular  l ight  sense in an Aus t ra l ian  scor- 
pion, Urodacus novae-hollandiae 1. I t  was shown to be 
sensi t ive to l ight  in the  range f rom long UV to green. The 
presen t  inves t iga t ion  is an a t t e m p t  to  de te rmine  its 
spectra l  sens i t iv i ty  quan t i t a t ive ly .  

The recordings were made  wi th  hook electrodes f rom 
the  mesosomal  nerve  cord, be tween  the  second and  the  
th i rd  mesosomal  ganglion. The cord was severed ahead  of 
the  recording site and the  neural  vessel was s t r ipped  f rom 
the  connect ives.  I l lumina t ion  was res t r ic ted  to the  meta -  
soma (the ' tail ' ) .  The l ight source was a heat - f i l te red  
150 W xenon arc whose in tens i ty  was control led wi th  a 
neut ra l  dens i ty  wedge or, in the  UV, wi th  meta l  sieves. 
Wave leng ths  were selected by  means  of Scho t t  F I L  inter-  
ference filters in the  visible range and  a Scho t t  UG2 
(2 mm) filter in the  UV;  their  t ransmiss ion  was ca l ibra ted  
wi th  a thermopi le  and  the  readings  d iv ided by  the  wave-  
length  in order  to ob ta in  energy values p ropor t iona l  to the  
number  of quan ta .  

The p repara t ions  were kept  in the  da rk  except  for the  
tes t  flashes of abou t  4 sec durat ion.  The in tervals  be tween  
flashes were sufficient  to ensure comple te  recovery,  as 
indica ted  by  p rev ious  tests.  Spikes were counted  f rom 
f ihned records for the  th i rd  second af ter  the  onset  of light. 
P re l iminary  expe r imen t s  had  shown t h a t  a t  the  in tensi t ies  
used the  spike f requency  could be regarded as a l inear 
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funct ion  of log I. Consequent ly  each wave l eng th  was  
tes ted  at  a n u m b e r  of intensi t ies ,  the  spike f requencies  
were p lo t ted  aga ins t  log I and a s t ra igh t  line d r a w n  t h ro ugh  
the  points .  This resul ted  in a family  of 7 lines, one for each 
wavelength .  Spect ra l  sens i t iv i ty  curves, based  on a s tan-  
da rd  response t aken  as one-half  the  m a x i m u m  response  of 
the  prepara t ion ,  were der ived  f rom th is  graph.  The 
spect ra l  response  curves,  based on equal  energy  st imuli ,  
were ve ry  similar.  5 p repa ra t ions  were used wi th  dupl ica te  
de te rmina t ions  in reverse  order  of st imuli .  

The peak  of the  sens i t iv i ty  curve (Figure) lies in the  
blue-green region at  abou t  480 nm. The da t a  for med i an  
eyes of a n u m b e r  of o the r  scorpion species publ i shed  by  
MACHAN 2 are p lo t t ed  for compar ison.  The tail  curve is 
r a the r  nar rower ;  it is in fact  nar rower  t h a n  the  typ ica l  
re t inene  p i g men t  curve 3. A yellow filter, reducing the  
sens i t iv i ty  in the  blue and long UV-ranges ,  would account  
for the  nar rowness  of the  curve and specifically for the  
low values a t  shor t  wavelengths .  A tail  s egment  can be 
descr ibed as a box  wi th  sclerotized edges and panels  of un- 
sclerotized cuticle. These t r ans lucen t  panels  are yel lowish 
in colour and  de t e rmina t i ons  of their  spectrM t r ansmiss ion  
confi rm t h a t  it  drops  s teadi ly  and marked ly  towards  the  
shor ter  wavelengths .  The t ransmiss ion  values  were used 
in p lo t t ing  the  correc ted  curve. This curve is comparab le  
wi th  t h a t  of scorpion med i an  eyes 2, a l though shi f ted  
towards  the  left. The shoulder  is reminiscent  of s imilar  
shoulders  and secondary  peaks  repor ted  f rom m a n y  
inver tebra te  eves 4. 

Zusammen/assung. Die spektra le  E m p f i n d l i c h k e i t  des  
ex t raokula ren  Lich t s innes  des aus t ra l i schen  Skorpions  
Urodacus wurde  b e s t i m m t .  Das M a x i m u m  liegt im Be- 
reich von  480 nm. Die E inbe rechnung  der  Kut iku la r -  
t r ansmiss ion  ve r~nde r t  die F o r m  der Kurve ,  besonder s  im 
UV, aber  das I n t e n s i t i t t s m a x i m u m  ble ib t  dasselbe.  

K. T. ZWICKY 

Department o/ Zoology, 
University o[ Western Australia, 
Nedlands (Western Australia), 2d September 1969. 
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