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Lethal i ty:  D e p e n d e n c e  on  D e v e l o p m e n t a l  Rate  in 

The rela t ive adap t iveness  of a popu la t ion  to  i ts  cur ren t  
env i ronmen t  m a y  be t e rmed  its shor t  t e r m  f i tness  ~. 
Deve lopmen ta l  ra te  and p r o d u c t i v i t y  are two  int r ins ic  
factors  con t r ibu t ing  to such fi tness.  High  levels of i r radia-  
t ion,  on the  o ther  hand ,  will l imi t  popu la t ion  growth  and 
therefore  affect  i ts  shor t  t e r m  fitness.  An unde r s t and i n g  
of the  genetic and  p h e n o t y p i c  re la t ionship  be tween  the  
response  (!ethality) of a species to X- i r r ad ia t ion  and o ther  
f i tness  componen t s  (developmenta l  ra te  and  p roduc t iv i ty )  
can b e  achieved by  2 approaches :  1. a de ta i led  examina-  
t ion of the  re la t ionship  be tween  the  f i tness  c o m p o n e n t s  
and the  response  wi th in  each popu la t ion  will indicate  the  
specific re la t ionship  as a consequence  of t he  na tu ra l  pas t  
selection pressure  ~, and 2. by  c o m p u t i n g  the  corre la t ion 
coefficient be tween  the  pheno typ i c  values of any  2 f i tness  
componen t s  for all t he  d i f ferent  popula t ions  af ter  a given 
exposure  to i r radiat ion.  If the re  is a suff ic ient ly  large 
number  of individuals  for all popula t ions  w i th  wide 
genet ic  difference, t h e n  th is  correla t ion will  reflect  a 
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'genet ic  corre la t ion '  in a broad  sense 3. Such in ter-  
popu la t ion  correla t ion is deal t  wi th  in th is  paper .  

E i g h t  l abora to ry  popula t ions  of T r i b o l i u m  cas taneum,  
ident i f ied  by  the i r  geographic  origin, were used in th is  
invest igat ion.  Eggs  were collected f rom a var iable  n u m b e r  
of pa ren t s  (Table I), and  kep t  a t  33 ~ and  70% relat ive 
h u m i d i t y  in s t an d a rd  medium.  P u p a e  were separa ted  
daily, and  X- i r r ad ia t ed  (10 kr in 20 min  at  300 kV and  
20 m A  wi th  unf i l tered H V L  5 m m  A1 and 15.5 cm TSD) 
nex t  day, dur ing the  ent i re  per iod of pupa t ion .  Dead 
adul t s  were recorded in 2-day in terva ls  af ter  5 days  of 
emergence.  

The 2 f i tness  measu remen t s  are p resen ted  in Table I 
w i th  the  response  to  X- i r r ad ia t ion  in t e r m s  of le tha l i ty  
(measured as pe rcen t  adul t  emergence  and  adul t  survival-  
t ime).  Table  I I  shows t h a t  mos t  of t he  in te rpopu la t ion  
correlat ions are non-signif icant ,  ind ica t ing  t h a t  d i f ferent  
genet ic  mechan i sms  m a y  be responsible  for change in 
f i tness  4. 

The only s ignif icant  correlat ion is t h a t  be tween  the  age- 
a t - p u p a t i o n  and  adul t  survival- t ime.  The regression ana- 
lysis indicates  a h ighly  s ignif icant  nega t ive  re la t ionship  
be tween  b o t h  t ra i t s  (Figure), where  the  increase in age-at-  
p u p a t i o n  b y  one day  results  in a decrease in adul t  survival-  
t ime  by  0.43 • 0.1 day. 

If  life expec t ancy  in T r i b o l i u m  is as i t  is in Drosoph i l a  5, 6 
t hen  it is possible  to  assume t h a t  the  va r ia t ion  be tween  
the  adul t  surv iva l - t ime af ter  X- i r r ad ia t ion  reflects  
va r ia t ion  b e t w een  the  life e x p e c t a n c y  among  these  popu-  
lations. This means  t h a t  the  increase in p u p a t i o n  t ime  is 
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Table I. Parameters of fitness components before X-irradiation and the lesponse after X-irradiation of 2-day-old pupae of 8 populations of 
Tribolium castaneum 

Fitness measurements 

Population No. of parents No. of pupae produced Age at pupation 
(days) ~ SE 

Total Per parent 

Response after X-irradiation 

Percent adult Survival-time(days) dc SE b 
emergence 

Kenya 90 737 8.19 17.67 =t= 0.06 47.53 8.05 -4- 0.13 d 
Jamaica 84 740 8.81 19.63 ~ 0.07 37.79 7.08 zl= 0.13 ab 
India 79 753 9.53 16.70 q- 0.07 31.77 7.41 4- 0.12 be 
Chicago 79 729 9.23 19.074- 0.05 26.43 6.58 z~ 0.15 a 
Portugal 95 979 10.31 18.23 ~z 0.06 23.34 6.95 -4- 0.13 a 
Kansas 100 705 7.05 17.47 ~ 0.06 18.83 7.73 -4- 0.27 ed 
France 100 390 3.90 21.14 q- 0.06 15.26 5.48 -b 0.09 
Canada 92 560 6.09 15.62 :~ 0.04 6.80 8.03 -4- 0.36 cd 

Total 719 5593 7.78 18.15 =t= 0.03 28.48 7.25 ~ 0.06 

Age-at-pupation and the response are means based on the daily number 9 f pupae produced during the entire period of pupation. ~ Con- 
trol was over 97% for all populations, b Any 2 populations having the same letter are not significantly different at P < 0.05 by Student- 
Newman-Keuls test. 
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assoc ia ted  w i t h  t h e  decrease  in s u r v i v a l - t i m e  in T. 
castaneum (Figure).  These  resul t s  seem to  c o n t r a d i c t  t h e  
conc lus ion  a r r i ved  a t  in  Drosophila b y  LINTS a n d  LINTS 7; 
viz., t h a t ' a  p r o l o n g a t i o n  or a s h o r t e n i n g  of t he  d u r a t i o n  of 
d e v e l o p m e n t  resu l t s  in  an  increase  or in  a decrease  in t he  
speed of t h e  ag ing  process ' .  Th i s  a p p a r e n t  c o n t r a d i c t i o n  
m a y  be  due  to  t h e  d i f f i cu l ty  of c o m p a r i n g  ' n o r m a l '  life 
span  w i t h  life s p a n  s h o r t e n i n g  a f t e r  i r r ad i a t i on  wh ich  m a y  
be due  to l e tha l  r a d i a t i o n  s y n d r o m e  no t  re la ted  to ag ing  s. 
To c o m p a r e  l e t h a l i t y  a n d  life s p a n  s h o r t e n i n g  a lower 
r a d i a t i o n  dose should  be  used. However ,  t h e  p r e sen t  
resu l t s  i nd i ca t e  t h a t  l e t h a l i t y  of a species as m e a s u r e d  b y  
s u r v i v a l - t i m e  is u n d e r  t i le con t ro l  of a genet ic  sys tem.  
Most  l ike ly  such  a s y s t e m  has  evo lved  as a resu l t  of t he  
forces t e n d i n g  to  p ro long  life a n d  t he  e n v i r o n m e n t a l  
h a z a r d s  t e n d i n g  to  cu r t a i l  i t" ,  s0. O t h e r  i nves t iga to r s  h a v e  
also r ecorded  ti le effect  of p a r t i c u l a r  ch r om os om es  on t he  
v a r i a b i l i t y  of l ongev i ty  in  Drosophila n. 

I n  some of t h e  p o p u l a t i o n s  (Table  I) s u r v i v a l - t i m e  
was found  to  be  pos i t i ve ly  assoc ia ted  w i t h  su rv iva l  r a t e  
(e.g., K e n y a  a n d  France) .  Th i s  o b s e r v a t i o n  suggests  t he  
poss ib i l i ty  of co r re l a t ion  b e t w e e n  t he  2 m e a s u r e m e n t s  of 

l e tha l i ty ,  i.e., su rv iva l  r a t e  a n d  s u r v i v a l - t i m e  a f te r  i r rad ia -  
t ion.  However ,  i n t e r - p o p u l a t i o n  cor re la t ion  (r = 0.16, 
P = 0.1) ind ica tes  t h a t  th i s  is no t  t he  case. Recen t ly ,  
BLAIR and  BAXTER 6 h a v e  sugges ted  t h a t  t he  2 t ypes  of 
i n j u r y  are m u t u a l l y  i n d e p e n d e n t .  The  l e tha l  i n j u r y  
r e su l t ing  ill r educ ing  su rv iva l  r a t e  is m a i n l y  cy top lasmic ,  
t he  d a m a g e  is of a chemica l  n a t u r e  a n d  repa i rab le ;  whereas  
r e d u c t i o n  in  s u r v i v a l - t i m e  is due to  nuc l ea r  i n j u r y  
(chromosomal) ,  w h i c h  in these  cases is n o t  repa i rab le .  A 
t h e o r y  based  on loss of cel lular  func t ion  was also sugges ted  
b y  GARTNER 12 to  exp la in  r a d i a t i o n  induced  life span  
shor ten ing .  

Rdsumd. Apr6s i r r a d i a t i o n  des pupes  ~g6es de 2 jours ,  
le t e m p s  de surv ie  des adu l tes  de Tribolium castaneum 
d6croi t  avec  l '~ge de la pupa t i on .  Cet te  corr61ation g6n6- 
t i que  n6ga t ive  ind ique  que la v i tesse  de d 6 v e l o p p e m e n t  
contr61e la 16talit6 qui  est  m a i n t e n u e  k une  va l eu r  in te r -  
m6diaire ,  peu t -~ t re  ~ cause  d ' u n  jeu de forces oppos6es 
qui, elles, t e n d e n t  X a l longer  on 5~ raccourc i r  le t e m p s  de 
survie .  

M. H.  SOLIMAN13 

Table II. Inter-populatiou correlation between fitness parameter and 
response after X-irradiation (Table I) in Tribolium castaneura 

Department o/Genetics, University o/Alberta, 
Edmonton T 6G 2 E9  (Alberta, Canada), 
24 October 7972. 

Traits Survival- Age-at- Productivity 
time (days) pupation (%) 

(days) 

Adult emergence (%) ~ 0.16 0.18 0.57 
Survival-time -- 0.87 b 0.31 
Age-at-pupation -- -- 0.25 

After angular transformation, b Significant at P = 0.01. 
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Intestinal Motility Increased by Tetrodotoxin,  Lidocaine, and Procaine 

The  ex is tence  of in t r ins i c  i n t e s t i n a l  i n h i b i t o r y  ne r vous  
m e c h a n i s m s  ha s  been  d e m o n s t r a t e d ~  b u t  t h e  e x t e n t  to  
w h i c h  i n t e s t i n a l  m o t i l i t y  is a resu l t  of myogen ic  a c t i v i t y  
a n d  modi f ied  b y  in t r ins i c  e x c i t a t o r y  a n d  i n h i b i t o r y  
n e r v o u s  fac tors  is unce r t a in .  An  increased  m e c h a n i c a l  
a c t i v i t y  in  ea t  i n t e s t i n a l  c i rcular  muscle  has  been  shown  
in v i t r o  u p o n  b lockade  of n e u r o n a l  d i scharge  in  Auer-  
b a c h ' s  p l exus  and  t he  poss ib i l i ty  of a ton ic  i n h i b i t o r y  
inf luence  on  c i rcular  muscle  a c t i v i t y  v ia  in t r ins i c  neuro-  
genie e l emen t s  ha s  been  p o s t u l a t e d  2. 

Th i s  p r e l i m i n a r y  r e p o r t  descr ibes  obs e r va t i ons  in  
a n e s t h e t i z e d  ca t s  where  i n t r a a r t e r i a l  in jec t ions  of t he  
ne rve  b lock ing  d rugs  t e t r o d o t o x i n ,  l idocaine,  and  
p roca ine  to  t h e  ex t r ins i ca l ly  d e n e r v a t e d  i n t e s t i n a l  
va scu l a r  bed  increases  i n t e s t i n a l  mot i l i ty .  I t  is sugges ted  
t h a t  th i s  increased  m o t i l i t y  m i g h t  be due  to  a supress ion  
of in t r ins i c  ne rvous  inh ib i t ion .  

Methods. E x p e r i m e n t s  were pe r fo rmed  on 10 ca t s  
we igh ing  2.0-3.8 kg  a nd  fas ted  for 24 h. A n e s t h e s i a  was  
induced  b y  e the r  fol lowed b y  i.v. chlora lose  (50-60 
m g / k g  b o d y  wt.) .  Ar t e r i a l  p ressure  was recorded  v ia  a 
f emora l  a r t e r y  cannula ,  a n d  t he  lef t  and  r i g h t  sp l anchn ic  
ne rves  were sect ioned.  I n  some e x p e r i m e n t s  all  ne rves  
r u n n i n g  a long  t he  super io r  mesen te r i c  a r t e r y  were also 
cu t  a n d  p laced  on  a b ipo la r  e lec t rode  for d i s t a l  s t i m u l a -  
t ion.  A sec t ion  of j e j u n u m  a n d  i ts  l y m p h  nodes,  t o g e t h e r  

weigh ing  15-25 g, were p laced  in s i tu  in to  a luc i te  c h a m b e r  
c o n t a i n i n g  Tyrodes  so lu t ion  m a i n t a i n e d  a t  38~ a n d  t he  
res t  of the  i n t e s t i ne  was r emoved .  Venous  ou t f low was 
recorded  b y  m e a n s  of an  op t ica l  d rop  coun t e r  a n d  j e j una l  
m o t i l i t y  as i n t r a l u m i n a l  p ressure  changes  v ia  an  open-  
t i p p e d  sal ine fi l led cannula ,  b o t h  ends  of t he  s e g m e n t  
be ing  t ied.  The  fo l lowing drugs  were in jec ted  in to  t he  
super ior  mesen te r i c  a r t e r y  v ia  one of i t s  sma l l  b r a n c h e s :  
0.2-0.5 m g / k g  b o d y  wt.  a t r o p i n e  su l fa te  (6 cats),  2 -6  
ag /kg  t e t r o d o t o x i n  (3 cats) ,  10-20 m g / k g  l idoca ine  
ch lo r ide -Xyloca ine ,  A s t r a  (8 cats),  a n d  10-20 m g / k g  
p roca ine  h y d r o c h l o r i d e  (1 cat) .  

Results. I n t r a a r t e r i a l  t e t r o d o t o x i n ,  l idocaine,  a n d  
p roca ine  cons i s t en t l y  induced  a n  increase  in  r h y t h m i c  
i n t e s t i n a l  m o t i l i t y  a f te r  a l a t ency  of 1-5 ra in  a n d  l a s t i ng  
up  to  30 rain,  d e p e n d i n g  on t he  a m o u n t  of d rug  g iven  
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