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Incorporation of 1-x4C-sodium acetate into different organic acids accumulated in the culture filtrates of A. niger 6N3 grown under light, 
dark and alternate light and dark conditions 

Acids (cpm/ml) 

Eltvironmental conditions Oxalic Oxalacetic Isocitric Citric Glycolic Malie Fumaric Succinic g-ketoglutaric 

Control 628 - 216 2400 - 
Light 2681 286 2767 500 785 2755 2297 
Dark - - - 2903 - 629 704 947 - 
Light-dark - 783 - 1281 - - 614 
Dark light 612 683 - - 1008 - 

L . S . 1 0 0  l i qu id  s c i n t i l l a t i o n  c o u n t e r  u s i n g  t o l u e n e  f l uo r  s 
as  t h e  c o u n t i n g  l iqu id .  

Results and discussion. C u l t u r e s  g r o w n  u n d e r  l i g h t  
c o n d i t i o n s  s h o w e d  t h e  p r e s e n c e  of e - k e t o g l u t a r i c ,  iso-  
c i t r ic ,  g lycol ic ,  succ in ic ,  f u m a r i c  a n d  m a l i c  ac ids .  I n -  
c o r p o r a t i o n  of r a d i o a c t i v i t y  w a s  f o u n d  to  be  m o r e  in  iso- 
c i t r ic ,  succ in i c ,  e - k e t o g l u t a r i c  a n d  g lyco l i c  ac ids .  I t  w a s  
n o t i c e d  t h a t  s u c c i n i c  ac id  a n d  c i t r i c  ac id  a c c u m u l a t e d  in  
c u l t u r e s  g r o w n  u n d e r  all  t h e  c o n d i t i o n s .  A c c u m u l a t i o n  of 
c i t r i c  a c id  w a s  less  w h e n  s u c c i n i c  ac id  a c c u m u l a t e d  in 
l a rge  q u a n t i t i e s .  C u l t u r e s  g r o w n  in t h e  d a r k  s h o w e d  a 
g r e a t e r  a c c u m u l a t i o n  of  14C-label led c a r b o n  a t o m s  in  
c i t r i c  ac id ,  wh i l e  i t  w a s  f o u n d  to  be  t h e  l o w e s t  in  c u l t u r e s  
g r o w n  in  t h e  l igh t .  W h e n  d a r k  t r e a t m e n t  w a s  f o l l o w e d  
b y  a l t e r n a t e  l i g h t  t r e a t m e n t ,  t h e  l abe l l ed  c a r b o n  a t o m s  
s h o w e d  a l e s se r  a c c u m u l a t i o n  of  c i t r i c  a c i d  c o m p a r e d  t o  
t h e  c u l t u r e s  g r o w n  in  l i g h t  f o l l owed  b y  d a r k  (Table) .  

A c c u m u l a t i o n  of  ~4C in  succ in i c ,  e - k e t o g l u t a r i c ,  iso- 
c i t r i c  a n d  g lyco l i c  a c i d s  in  l a rge  q u a n t i t i e s  c o m p a r e d  to  
o t h e r  a c i d s  a c c u m u l a t e d  in  c u l t u r e s  g r o w n  in  t h e  l i g h t  
s u g g e s t s  t h e  f u n c t i o n i n g  of  a ' s h u n t - m e t a b o l i s m ' .  F r o m  
t h e  m e t a b o l i t e s  a c c u m u l a t e d ,  t h i s  m i g h t  c o r r e s p o n d  to  a 

s h o r t  cyc l e  w i t h i n  t h e  T C A  cycle ,  viz .  t h e  S K I - c y c l e  
(F igure )  p r o p o s e d  b y  CANTIXO a n d  HORENSTEIN a as  
f u n c t i o n i n g  in  l i g h t - g r o w n  Blastocladiella emersoni. 

T h e  low r a d i o a c t i v e  c o u n t s  g i v e n  b y  f u m a r i c  a c id  a n d  
m a l i c  a c id  i n d i c a t e  t h a t  t h e  n o r m a l  c o n v e r s i o n  of  i n t e r -  
m e d i a t e s  to  t h e  n e x t  s t e p  d o e s  n o t  o c c u r  p r o p e r l y  a f t e r  
t h e  f o r m a t i o n  of s u c c i n i c  ac id ,  i n s t e a d  t h e  s u c c i n i c  a c id  
s h o w s  a t e n d e n c y  for  r e v e r s i b l e  r e a c t i o n  a n d  in  t u r n  g e t s  
c o n v e r t e d  to  a - k e t o g l u t a r i c  ac id  or  to  g l y o x a l i c  a c id  (in 
t u r n  t o  g lyco l i c  ac id)  to  e n t e r  t h e  S K I - c y c l e .  T h e  low 
a c c u m u l a t i o n  of c i t r i c  ac id  in  c u l t u r e s  g r o w n  u n d e r  l i g h t  
c o n d i t i o n  a lso  s h o w s  t h a t  d e p l e t i o n  of  i n t e r m e d i a t e s  
t a k e s  p l a c e  to  f a c i l i t a t e  t h e  f u n c t i o n i n g  of  a s h o r t  S K I -  
cyc le  w i t h i n  t h e  T C A - c y c l e .  R e s u l t s  of  t h e  e x p e r i m e n t  
c l e a r l y  s h o w  t h a t  l i g h t  of  t h e  v i s ib l e  r a n g e  to  a g r e a t  
e x t e n t  i n h i b i t s  o r  d e c r e a s e s  t h e  b i o s y n t h e s i s  a n d  ac-  
c u m u l a t i o n  of c i t r i c  ac id  in  Aspergillus niger. 

s C. H. WANn and D. L. WILLIAMS, Radiation Methodology in Bio- 
logical Sciences (Prentice-Hall, Inc., Englewood Cliffs., New 
Jersey 1965), p. 167. 

Heritability of Adult Weight in the Tsetse Fly Glossina mors i tans  mors i tans  Westw. (Diptera: 
Glossinidae) 

R. H .  GOODING 1 a n d  J. E.  HOLLEBONE 

Department o/Entomology,  University o/Alberta,  Edmonton (Alberta, Canada T6G 2E3), 8 June 7976. 

Summary.  B y  a s s o r t a t i v e  m a t i n g  t h e  h e r i t a b i l i t y  of  t e n e r a l  a d u l t  w e i g h t  in  a l a b o r a t o r y  c o l o n y  of Glossina morsitans 
morsitans W e s t w .  w a s  e s t i m a t e d  t o  be  0.09 to  0.16. T h i s  f i n d i n g  is d i s c u s s e d  b r i e f l y  in  r e l a t i o n  to  p u b l i s h e d  r e p o r t s  on  
s e l e c t i o n  a g a i n s t  c e r t a i n  s ize  c l a s s e s  in  n a t u r a l  p o p u l a t i o n s  of t s e t s e s  a n d  on  t h e  i m p o r t a n c e  of  m a t e r n a l  n u t r i t i o n  in  
d e t e r m i n i n g  l a r v a l  a n d  p u p a l  size.  

GLASGOW2 d i s c u s s e d  t h e  v a r i a t i o n s  of t s e t s e s  in  n a t u r e  
a n d  r e v i e w e d  e v i d e n c e  t h a t  s m a l l  m a l e  Glossina morsitans 
morsitans a re  r e m o v e d  f r o m  n a t u r a l  p o p u l a t i o n s  a n d  t h a t  
t h e r e  is s e l e c t i o n  a g a i n s t  b o t h  l a rge  a n d  s m a l l  f e m a l e  
Glossina swynnertoni in n a t u r e .  M ore  r e c e n t l y ,  PHELPS 
a n d  CLARke  a h a v e  s h o w n  t h a t  t h e r e  is s e l e c t i o n  a g a i n s t  
t h e  s m a l l e s t  m a l e s  in  a n a t u r a l  p o p u l a t i o n  of  G. m. morsi- 
tans. T h i s  s e l e c t i o n  e l i m i n a t e s  u p  to  35% of  t h e  s m a l l e s t  
q u a r t i l e  d u r i n g  t h e  cool  m o n t h s  a n d  u p  to  7 5 %  in  t h e  h o t  
m o n t h s .  

I n  v i e w  of t h i s  s e l e c t i o n  a g a i n s t  c e r t a i n  s izes  of  t s e t s e s  
in  n a t u r e  a n d  b e c a u s e  of  t h e  p r e s e n t  s e a r c h  for  n e w  
m e t h o d s  of  c o n t r o l  of  t h e  t s e t s e ,  we  u n d e r t o o k  t h i s  
p r e l i m i n a r y  s t u d y  to  d e t e r m i n e  t h e  h e r i t a b i l i t y  of  a d u l t  
w e i g h t  in  o u r  c o l o n y  of  G. morsitans morsitans W e s t w .  

H e r i t a b i l i t y  (h 2) of  a t r a i t  is d e f i n e d  as  t h e  r a t i o  of  a d -  
d i t i v e  g e n e t i c  v a r i a n c e  (VA) t o  p h e n o t y p i c  v a r i a n c e  (Vp) 
(i. e. h 2 = VA/Vp).  T h e o r e t i c a l  c o n s i d e r a t i o n s  a n d  m e t h o d s  
for  e s t i m a t i n g  v a r i a n c e  a re  d i s c u s s e d  b y  FALCONER 4. 

1 We thank Dr. B. S. HE~INO for his comments on the manuscript.  
This work was financed (in part) by a grant  from the World 
Health Organization. 

2 j .  p. GLASC~OW, The Distribution and Abundance o] Tsetse (The 
Macmillan Company, N.Y. 1963) vol. 11, p. 160. 

3 R. J. PHELPS and G. P. Y. CLARKE, Bul l  ent. Res. 64, 313 (1974). 
4 D. S. FALCONER, Introduction to Quantitative Genetics (The Ronald 

Press Company, N. Y, 1960). 
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Table I. Productivity of the 3 test populations and the sex ratio of 
their offspring 

Total number Emergence Sex ratio 
pupae produced - - -  <~ :9- 

Number % 

Control 403 339 84 0.87 
Small 325 255 78 0.85 
Large 403 292 72 0.91 

One m e t h o d  of e s t ima t ing  her i t ab i l i ty  of weigh t  ~ is based 
upon inbreeding a sample  whose  mean  weight  differs 
f rom t h a t  of the  popula t ion ,  inbreeding a r a n d o m l y  
selected sample  f rom the  populat ion,  and  then  deter-  
mining  the  mean  weights  of the  F1 generat ion.  Heri tabi l -  
i ty  of weigh t  is t hen  e s t ima ted  by  calculat ing the  ra t io  
of weight  gain (G) to  the  selection different ial  (S) (i.e. 
h 2 = G/S). This assor ta t ive  m a t i n g  allows one to main ta in  
the  exper imenta l  animals  in groups r a the r  t h a n  as indi- 
viduals,  and the  offspring, if ob ta ined  in numbers ,  m a y  be 
used to  establ ish selected lines. 

M a t e r i a l s  and  methods .  Our colony of G. m.  m o r s i t a n s  
or iginated f rom app rox ima te ly  1,000 pupae  ob ta ined  
f rom the  Tsetse Research  Labora to ry ,  Univers i ty  of 
Bristol,  Eng land  in mid-1973. The colony is ma in ta ined  
at  21-24~ and  uncontro l led  (but moderate)  re la t ive  
humid i ty ,  and  produces  abou t  500 pupae/week.  The flies 
are fed 6 days /week  on the  ears and backs of cross-bred 
Flemish  g iant  • F rench  lop-eared rabbi ts .  Flies which 
emerged  on one day  were chilled the  following day, 
weighed,  and then  ma in ta ined  as indica ted  above. The 
control  males were weighed f irs t  and then,  on the  basis 
of the i r  weight  d is t r ibut ion,  males were selected f rom the  
colony to  make  up the  sample  selected as small  (i.e. 
weighing 14.36 mg or less) and  the  sample  selected as 
large (i.e. weighing 19.12 mg or more). W h e n  the  males 
were abou t  1-week-old selection of the  females was begun 
in the  same m a n n e r  (small females weighed 16.40 mg or 
less, large females 19.86 mg or more). Matings were car- 
ried out  by  placing a 7-10-day old male wi th  a 3-day-old 
female in a corks toppered  shell vial (22 • 95 mm) hav ing  
a disc of filter pape r  cover ing i ts  floor. If  ma t i ng  did no t  
occur immedia te ly  the  male was replaced wi th  ano the r  
~rom the  same sample ;  the  pairs  were left toge ther  abou t  
17 h. Each  male t h a t  l ived 10 days  was used once and a 
few were used twice;  on the  second occasion as replace- 
m e n t s  for males t h a t  had  died or refused to mate .  Most  

small  size males were used twice, due to diff icul ty  in ob- 
ta in ing sufficient n u mb er s  of them.  Pupae  were collected 
once a week and s tored in sand in emergence  cages. F~ 
flies were weighed the  day  af ter  t hey  emerged.  

Resu l t s  and  d i scuss ion .  Pupae  were collected for 15 
weeks dur ing  which  t ime large flies p roduced  abou t  the  
same n u m b e r  of pupae  as did controls ;  bu t  small  flies 
p roduced  fewer pupae  (Table I). Emergence  of adu l t s  
and sex ratio were ap p ro x i ma t e l y  the  same in t he  3 
groups (Table I). Using the  mean  selection different ia l  
(i. e. average for the  c~ and  $ parent) ,  the  her i t ab i l i ty  of 
weight  of adul ts  was found to have  a low value, ranging  
f rom 0.095 to 0.163 (Table II).  

These results  indicate  t h a t  for our G. m.  rnors i tans  
colony, f rom 9 to 16% of the  va r ia t ion  in weight  of unfed 
tenera l  adul ts  is due to addi t ive  genetic factors.  Most  of 
the  remain ing  var ia t ion  is p robab ly  due to env i ronmenta l  
factors,  the  mos t  i m p o r t a n t  p robab ly  being ma te rna l  
nut r i t ion .  In  th is  respec t  our  resul ts  are in ag reemen t  
wi th  those  of previous  s tudies  which es tabl ished t h a t  
ma te rna l  nu t r i t ion  is an i m p o r t a n t  factor  inf luencing 
larval  weight  of G. pa lpa l i s  6 and pupal  weight  of G. N~. 
m o r s i t a n s  ~, and G. aus t en i  s,9. Al though  none of these  
studies was concerned specifically wi th  de te rmin ing  the  
her i tab i l i ty  of weight ,  N~,sH et  al.S no ted  t h a t  ' ce r ta in  
individuals  t en d ed  to  produce  h e a v y  pupae  [while others] 
p roduced  smaller  pupae ' .  They  concluded t h a t  p roduc-  
t ion of heavy  pupae  was associated wi th  h e a v y  ma t e rn a l  
weight  and  consumpt ion  of large amoun t s  of blood. Using 
a mul t ip le  regression analysis  of pupal  weigh t  agains t  
the  mo t h e r ' s  weigh t  a t  emergence and her  blood con- 
sumpt ion ,  BOYLE 9 ob ta ined  a ve ry  high correla t ion co- 
efficient  (r = 0.896) and found t h a t  blood consumpt ion  ac- 
counted  for 80% of the  variance.  Presumably ,  some of 
the  remaining  var iance  would have  been accoun ted  for 
by  the  her i t ab i l i ty  of weight .  

In  commen t ing  upon the  significance of her i tabi l i ty ,  
Falconer  ~ (on p. 167) wrote  'On the  whole, the  charac te rs  
wi th  the  lowest her i tabi l i t ies  are those  mos t  closely con- 

P. SAINT LAWRENCE, J. W. FRISTRO~I and W. H. PETRI, Laboratory 
Studies in Gr (W. H. Freeman and Company, San Francisco 
1974), p. 118. 

6 H. MELLANB'Z, Parasitology 29, 131 (1937). 
7 p. A. LANGLEY, J. Insect Physiol. 14, 121 (1968). 
s T .  A..'VlT. NASH, A. M. JORDAN and J. A. BOYLE, Bull. ent. Res. 57, 

327 (1967). 
'~ J. A. BOYLE, Bull. ent. Res. 61, 1 (1971). 

Table II. Weights of test populations and calculation of heritability of adult weight 

Parental generation F~ Generation 

N Weigt~t ( r a g )  Selection differential ~ .\" ~u (mg) Gain ~ Heritability 
~fean j :  SD Mean ~ SD of weight 

Control d ~ 90 16.74 • 2.88 91 17.15 :~ 2.61 
9. 90 18.14 i 2.72 88 18.38 =~ 2.61 

Small ~ 90 12.67 :t= 1.33 --4.07 [ --4.115 77 16.76 =: 2.47 --0.39 0.095 
9. 90 13.98 ~- 1.82 -- 4.16 J 85 17.70 -k- 2.45 - 0.68 0.163 

Large c~ 91 20.48 j= 2.39 -k 3.74 ~ + 3.535 97 17.75 if- 2.32 -F 0.60 0.160 
9. 92 21.47 =~ 1.20 q- 3.33 J 109 18.78 ~ 3.10 + 0.40 0.120 

Selection Differential ~ mean weight of selected group (S or L) mean weight of the control group (c). b Data are for all flies weighed in the 
F 1 generation, o Gain = Mean weight of F 1 of selected group (S or L) - mean weight of F 1 from the control groups (c). 
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nected  wi th  reproduc t ive  f i tness . . . ' .  P r e s u m a b l y  th is  is 
because for charac te rs  concerned  wi th  reproduc t ive  fit- 
ness, species can only  to lera te  a l imited a m o u n t  of in- 
her i ted  var ia t ion.  In  na tu ra l  popula t ions  of t se tse  flies 
there  is selection aga ins t  cer ta in  size classes 2, a and  as 
GLASGOW 2 (on p. 167) concluded 'unident i f ied  agents  t end  
to remove  ex t remes  of size' f rom tsetse  populat ions .  In  

view of these  field observa t ions  i t  is no t  surpr izing t h a t  
her i t ab i l i ty  of adul t  weight  is low in t se tse  flies. How-  
ever, our  knowledge of the  genet ics  of adu l t  weight  and 
of the  biology of s t ra ins  of flies in the  high and  low weight  
range is no t  sufficient  to  pe rmi t  reasonable  specula t ion 
on the  usefulness, in t se tse  control ,  of we igh t  var ia t ions  
as condi t ional  lethMs. 

A s s o r t a t i v e  M a t i n g  B e t w e e n  C h r o m o s o m e  F o r m s  of the Mole  Rat ,  Spalax ehrenbergi 

E. NEvo and GIORA HETH 1 

Department o/Biology, University o/Hai/a, Mount Carmel, Hai/a 31 999 (Israel), 78 May 7976. 

Summary. Females  of two  pa rapa t r i c  ch romosomal  forms (2n -- 52 and  2n = 58) of the  fossorial mole rat,  Spalax 
ehrenbergi, in Israel,  were tes ted  for ma te  selection be tween  two a l ternat ive ,  a homo-  and a he te rochromosomal ,  males.  
Es t rous  females s ignif icant ly  preferred tile male of the i r  own chromosomal  form, on the  basis of several  behavioura l  
criteria. The evo lu t ionary  significance of the  posi t ive  assor ta t ive  ma t i n g  found,  lies p r e sumab ly  in reinforcing repro- 
duct ive  isolat ion be tween  the  chromosome forms, t h e r e b y  con t r ibu t ing  to finalize speciat ion.  

Specia t ion depends  on the  evolut ion of effective pre-  
ma t ing  and /o r  p o s t m a t i n g  isolat ing mechnisms  2. Most  
analyzed cases involve well es tabl ished reproduc t ive ly  
isolated sympa t r i c  species pairs. Ye t  l i t t le detai led in- 
fo rmat ion  is known abou t  isolat ing mechan i sms  dur ing 
the  final s tages of speciat ion.  Our object ive  was to ex- 
plore p rema t ing  sexual  isolat ion among the  ac t ively  
specia t ing complex  of mole rats,  Spalax, in Israel. 

Spalax ehrenbergi, is a sub te r r anean  roden t  displaying 
extens ive  chromosomal  specia t ion ranging f rom 2n = 48 
to 2n -- 62 in tile eas te rn  Medi te r ranean  regionK In  
Israel,  four  ch romosome  forms (211 -- 52, 54, 58 and  60) 
inhab i t  ex tens ive  pa rapa t r i c  regions and are d i s t r ibu ted  
clinally f rom nor th  to sou th  along an ecological g rad ien t  
of increasing ar id i ty  4. They  display progressive final 
s tages of speciat ion,  as evidenced by  the  increasingly 
na r rower  hybr id  zones separa t ing  t h e m  5. The ex i s t an t  
hybr id  zones indicate  t h a t  ch romosomal  incompat ib i l i ty  
is still incomplete ,  and  suggest  t h a t  behavioura l  pre-  
ma t i ng  isolat ing mechan i sms  would be a t  a selective 
p r e m i u m  to p r e v e n t  mismat ing .  Pre l iminary  s tudies  on 
ma t ing  behav iour  of Spalax 6 have  suggested t h a t  homoga-  
met ic  m a t e  selection opera tes  be tween  karyotypes .  The 
p resen t  s t u d y  was des igned to  t e s t  the  hypo thes i s  t h a t  
assor ta t ive  (nonrandom) ma t ing  be tween  the  chromo-  
somal  forms 2n = 52 and  2n = 58 operates ,  t h e r e b y  re- 
inforcing reproduc t ive  isolat ion of the  newly  emerging 
species. 

Materials and methods. L a b o r a t o r y  female discr imina-  
t ion tes ts  were conduc ted  in the  winters  of 1969 and 1970 
on animals  collected 1-8 weeks pr ior  to  test ing.  Exper i -  
men t a l  animals  included 83 breeding  adul t s  composed  of 
40 individuals  of 211 = 52 (24 females;  16 males), and 
43 individuals  of 2n = 58 (23 females;  20 males). The 
to ta l  n u m b e r  of t es t s  pe r fo rmed  in 1969 and 1970 was 
262, compriz ing  140 tes t s  of 2n = 52 females, and  122 
tes ts  of 2n = 58 females  (table). Each  ch romosome  form 
included animals  collected across the  range excluding 
con tac t  zonesS. Sampl ing  was done in ex tens ive ly  karyo-  
t y p e d  areas previous ly  shown to be ka ryo typ ica l ly  homo-  
zygous ~. All animals  were kep t  in t in  cages wi th  wood 
shavings  and  received the  same diet  of carrots ,  onions 
and pota toes .  

The tes t ing  a p p a r a t u s  consis ted  of th ree  t in  cages 
(each 25 • 10 • 10 cm), in t e rconnec ted  b y  means  of Y- 
shaped  in te rchangeab le  glass tubes  50 cm long and 7 cm 

wide. One cage included the  t e s t ed  female, the  o ther  two 
the  a l t e rna t ive  males. Males were kep t  in the i r  respect ive  
cages while the  female was allowed free m o v e m e n t  in 
tubes  and  free con tac t  w i th  the  male ' s  screen divider,  
bu t  no t  al lowed en t rance  into his cage. Tes t ing  was con- 
ducted  dur ing  d ay t i me  and somet imes  dur ing  the  n igh t  
under  fully lit  and  w a rmed  (25 ~ condit ions.  

E a c h  t es t  involved a pair  of a l t e rna t ive  males, one 
2n = 52, the  o the r  2n = 58. The males were r andomly  
placed in the  left  or r ight  posi t ion.  E x p e r i m e n t s  las ted 
30 min in 1969 and  90 min in 1970. Each  female was tes ted  
once in 3 days.  If  females p roved  recept ive,  t hey  were 
re tes ted  wi th in  several hours  on ano the r  pair  of males 
af ter  swi tching  the i r  posit ions.  Only sexual ly act ive 
males d isplaying ex te rna l  tes tes  were used. Vaginal  
smears  were t aken  f rom each t e s t ed  female a t  the  end of 
the  t e s t  to es t imate  her  es t rous  phase.  Females  were 
considered es t rous  when  vaginal  smears  con ta ined  above 
80% cornif ied epithelial  cells. 

Observa t ions  were recorded manua l ly  every  30 sec 
t h r o u g h o u t  the  exper iments .  Thus  each t e s t  r e s u l t e d  in 
a behavioura l  profile of the  t e s t  female in b o t h  space and 
t ime. The following 18 behavioura l  var iables  were re- 
corded:  resting, presenting, biting male's screen, sni//ing, 
grooming, licking-genitals, de/ecating, urinating, bulldozing, 
scraping, beating tube with head, running ]orward, running 
backwards, turning, approaching male, retreating slowly, 
vocalizing, teeth chattering. The following d a t a  were calcu- 
la ted:  a) n u m b e r  of acts  in males '  tubes,  in the  junct ion,  
and in the  female ' s  tube ;  b) t ime spen t  in each region of 
the  appa ra tu s ;  c) n u m b e r  of ac ts  near  screen divider  of 
each male;  d) n u m b e r  of entr ies  into each male 's  t ube ;  
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