
15.9. 1977 Speeialia 1181 

c o n t a i n i n g  11, 13, 15, 17, 19 and  21% oxygen  a n d  the  
n u m b e r  of ba r -p resses  was~recorded.  
Results and discussion. T he  resul ts  o b t a i n e d  ( table)  
i nd i ca t e  t h a t ,  b y  inc reas ing  t he  a m o u n t  of oxygen  in t h e  
gas m i x t u r e  e n t e r i n g  t h e  he lmet ,  t he  n u m b e r  of ba r -  
presses  was decreased.  As t he  oxygen  c o n c e n t r a t i o n  
increased  f rom 9 %  to  11%, t he re  was a l r e ady  a m a r k e d  
r e d u c t i o n  ( a b o u t  50%) in bar-presses .  The  s u b s e q u e n t  
s tepwise  increase  in oxygen  c o n c e n t r a t i o n  resu l ted  in a 
f u r t h e r  decrease  in bar-presses .  At  2 1 %  oxygen,  t h i s  
n u m b e r  was  decreased  b y  a b o u t  77% as c o m p a r e d  to  t he  
in i t i a l  value�9 T h i s  response  p a t t e r n  sugges ted  t h a t  t he  
a n i m a l s  were sens i t ive  to  changes  in oxygen  c o n c e n t r a -  
t ion ,  and  modi f ied  t h e i r  ba r -p ress  r a t e s  accordingly .  
Consequen t ly ,  a n o t h e r  e x p e r i m e n t  was  car r ied  ou t  in 
w h i c h  t h e  t r a i n e d  m o n k e y s  were exposed  to a m i x t u r e  
c o n t a i n i n g  21% oxygen  for a per iod of 30 min .  The  
oxygen  c o n c e n t r a t i o n  was  t hen  r educed  to  9% (equili- 

b r a t i o n  of gas  m i x t u r e  in t h e  h e l m e t  was  a t t a i n e d  w i t h i n  
1 min) ,  and  t he  an ima l s  were m a i n t a i n e d  a t  9 %  oxygen  
for a n o t h e r  30 min.  The  n u m b e r  of ba r -p resses  u n d e r  
these  2 cond i t ions  was recorded.  The  m e a n  n u m b e r  of 
bar -presses  a t  21% oxygen  was 94 a n d  increased  to  379 
d u r i n g  exposure  to  9 %  oxygen ,  w h i c h  co r responds  to  a 
re la t ive  increase  of ove r  300%.  
These  f ind ings  ind ica te  t h a t  squ i r re l  m o n k e y s  r e spond  to 
h y p o x i a  in  t h e i r  e n v i r o n m e n t  a n d  r ead i ly  l ea rn  to  c h a n g e  
t he  nox ious  cond i t ions  app rop r i a t e ly .  The  resu l t s  also 
sugges t  t h a t  oxygen  i tself  has  no  pos i t ive  re in forc ing  
effect,  s ince t he  n u m b e r  of ba r -p resses  decreased  w h e n  t he  
oxygen c o n c e n t r a t i o n  was  increased.  
Since lack of oxygen  can  adve r se ly  af fec t  ce rebra l  
c i r cu la t ion  a n d  m e t a b o l i s m  ~, r e su l t i ng  in impa i r ed  per-  
fo rmance ,  t h i s  e x p e r i m e n t a l  mode l  m a y  be  of va lue  in 
t e s t i n g  d rugs  a s sumed  to  inf luence ce rebra l  m e t a b o l i s m  
processes.  

C h a n g e s  i n  w a t e r  p e r m e a b i l i t y  o f  a n  i n s e c t  e g g  i n  r e s p o n s e  t o  l e v e l  o f  w a t e r  i n  t h e  e n v i r o n m e n t  
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Summary. The  w a t e r  p e r m e a b i l i t y  of eggs of t he  s o u t h e r n  co rn  roo tworm,  Diab ro t i ca  u n d e c i m p u n c t a t a  h o w a r d i  Barbe r ,  
va r i ed  d e p e n d i n g  on  t he  p rev ious  exper ience  of t he  eggs. Eggs  acc l ima ted  in a ' w a t e r  v a p o r '  s y s t e m  were seen to be less 
p e r m e a b l e  t h a n  eggs acc l ima ted  in c o n t a c t  wi th  m o i s t  paper ,  as m e a s u r e d  b y  t he  r a t e  of loss of w a t e r  f rom the  eggs 
a n d  t he  suscep t ib i l i t y  of t he  eggs to d e a t h  f rom des icca t ion .  Th i s  is t he  f i rs t  k n o w n  r e p o r t  of t he  ab i l i t y  of an  insec t  
egg to  a d a p t  to  t h e  level  of w a t e r  ava i l ab le  in  t he  e n v i r o n m e n t .  

D u r i n g  the  course  of s tud ies  of t he  mo i s tu r e  re la t ions  of 
eggs of t h e  s o u t h e r n  co rn  roo tworm,  D i a b r o t i c a  u n d e c i m -  
p u n c t a t a  t lowardi  Ba rbe r ,  some obs e r va t i ons  sugges ted  
t h e  level  of w a t e r  ava i l ab le  to  y o u n g  eggs in f luenced  
w a t e r  p e r m e a b i l i t y  as t he  eggs b e c a m e  older  1. Th i s  
p h e n o m e n o n  ha s  a p p a r e n t l y  no t  been  repor ted �9  However ,  
i t  would  be  of obv ious  s ignif icance for s tud ies  of egg shel l  
p e r m e a b i l i t y  a n d  for  e v a l u a t i o n s  of w a t e r  ava i l ab i l i t y  as 
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Loss of weight (~  water) from southern corn rootworm eggs pre- 
conditioned in 2 levels of water availability, vapor and contact with 
moist paper expressed as the percentage of original weight. Inset in 
upper right of figure indicates the pattern of weight loss in the first 
60 min. Eggs were 0-4 h old when placed at the 2 conditions. After 
96 h of acclimation, they were placed at 48% RH, and weighings 
were begun within 2.5 min. 

a m o r t a l i t y  f ac to r  in  field popu la t ions .  I t he re fo re  de-  
s igned  a n  e x p e r i m e n t  to  t e s t  w h e t h e r  t he  a p p a r e n t  phe -  
n o m e n o n  was  real.  The  resu l t s  are descr ibed  here.  
Materials and methods. Eggs  were o b t a i n e d  f rom a co lony  
m a i n t a i n e d  a t  th i s  l a b o r a t o r y  b y  p rev ious ly  descr ibed  
m e t h o d s  2. The  m e t h o d s  of m e a s u r i n g  egg we igh t  a n d  de-  
t e r m i n i n g  egg h a t c h  h a v e  been  desc r ibed  1. Eggs  were 
acc l ima ted  to 2 d i f fe ren t  levels of w a t e r  ava i lab i l i ty ,  one, 
t e r m e d  'mo i s t  pape r ' ,  in  wh ich  t he  eggs r e s t ed  on  m o i s t  
b l o t t e r  p a p e r  in a p las t i c  p e t r i  d ish sealed w i t h  paraf i lm,  
a n d  ano the r ,  t e r m e d  ' w a t e r  vapo r ' ,  in  w h i c h  eggs r e s t e d  
on  80-mesh  s ta in less  s teel  screen in  glass h y g r o s t a t s  
t h r o u g h  w h i c h  a i r  (100% R H )  was p u m p e d  c o n t i n u a l l y  
(see K r y s a n  1 for de ta i l s  of t he  me thod ) .  I t  h a s  been  dem-  
o n s t r a t e d  t h a t  eggs h a t c h e d  equa l ly  well  w h e n  lef t  to  
comple te  embryogenes i s  in  e i t he r  of these  2 sys t ems  1. The  
w a t e r  a m o u n t  p r e s e n t  in  t h e  'mo i s t  p a p e r '  s y s t e m  is t he  
a m o u n t  t h a t  p rov ides  o p t i m u m  ov ipos i t ion  in our  lab-  
o r a t o r y  colony,  al lows o p t i m u m  h a t c h  in ou r  s t a n d a r d  
l a b o r a t o r y  procedures ,  a n d  p r o b a b l y  does n o t  differ  m a r k -  
ed ly  f rom t h e  a m o u n t  of w a t e r  in  t h e  soil in  n a t u r a l  ovi-  
pos i t ion  sites. Eggs  were a c c l i m a t e d  in  t he  sys t ems  for 
96 h a n d  t h e n  r e m o v e d  a n d  p laced  in  a b a l a n c e  room 
m a i n t a i n e d  a t  4 5 - 4 8 %  R H ,  25 ~ 
The  f i rs t  we igh ing  of t h e  t r e a t e d  eggs t o o k  place  2.5 m i n  
a f t e r  t h e y  were r e m o v e d  f rom the  acc l ima t i ng  env i ron -  
m e n t .  T h e r e a f t e r  t h e  eggs r e m a i n e d  in  t he  b a l a n c e  room 
a n d  were weighed  a t  i n t e rva l s  u n t i l  t h e y  h a d  been  in t h e  
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room for 48 h. At  th is  t ime t h e y  were placed on mois t  
b lo t t e r  paper  and  the  pe rcen tage  h a t c h  subsequen t ly  de- 
t e rmined .  E a c h  e x p e r i m e n t  consis ted  of 6 repl icates  of 10 
eggs per  repl icate ,  and the  e x p e r i m e n t  was dupl icated.  
The t e m p e r a t u r e  was m a i n t a i n e d  a t  25 + 0.1 ~ 
Results. The figure summar izes  t he  p a t t e r n  of loss of 
weigh t  (weight  loss equals  wa te r  loss 1) of eggs exposed  to 
48% R H  af ter  96 h in wa te r  vapor  or on mois t  paper .  Eggs 
p recond i t ioned  in wa te r  vapor  d i d  no t  lose a s ignif icant  
a m o u n t  of weigh t  unti l  the  weighing at  24 h;  those  pre-  
condi t ioned  on mois t  pape r  lost  s ignif icant  weigh t  (5% 
level) in the  f i rs t  15 min.  Eggs  f rom mois t  pape r  weighed 
85.3 ~g (SD = 3.3 Ezg) a t  the  f i rs t  weighing and  37.4 ~zg 
(SD = 7.7 [~g) af ter  48 h ;  those  f rom wate r  vapor  weighed 
74.8 [zg (SD = 6.4 ~g) a t  the  s t a r t  and  52.7 ~g (SD = 6.6 
[~g) a t  48 h. Thus  eggs f rom mois t  pape r  weighed signifi- 
can t ly  more  (0.5% level) a t  the  ou t se t  of the  exper iment ,  
b u t  t h e y  weighed s ignif icant ly  less (0.5% level) a t  the  
finish. This  could be in t e rp re t ed  to  mean  t h a t  t h e  mea-  
sured loss was s imply  evapora t ion  of wa te r  f rom the  out-  
side surface of t he  eggs, b u t  i t  has  been d e m o n s t r a t e d  
tha t ,  given the  weighing procedure  used, superficial  wa te r  
does no t  con t r ibu te  to changes  in weigh t  1. Fu r the rmore ,  
the  weigh t  a t  the  end of 48 h was s ignif icant ly  lower in the  
eggs acc l imated  on mois t  pape r  so t h e y  had  lost  more  
weight .  
W h e n  b o t h  sets  were placed on mois t  paper  and  subse- 
q u e n t  h a t c h  was de te rmined ,  h a t c h  was s ignif icant ly  
h igher  (70% SD = 13%) for the  eggs acc l imated  a t  100% 
R H  t h a n  for eggs acc l imated  on mois t  paper  (10% SD = 
10%). 

I conclude therefore  t h a t  eggs acc l imated  in t he  wa te r  
vapor  sys t em are less suscept ible  to  wa te r  loss t h a n  are 
those  acc l imated  on mois t  paper .  Fu r the rmore ,  th is  dif- 
ference in wa te r  loss was paral lel led b y  higher  mor t a l i t y  
in the  group  t h a t  lost  more  water .  
For  purposes  of descr ipt ion,  I have  referred to wa te r  
s ta tes  as ' vapor '  and  'mois t  paper ' .  The mois t  paper  
s y s t em is easy to  describe : microscopic examina t ion  of the  
eggs and  paper  showed w a t e r  on the  pape r  f ibres on which  
the  eggs rested.  The precise condi t ion  of wa te r  in the  so- 
called vapor  s ta te  is unknown.  The diff icul ty  of knowing  
the  ac tua l  s ta te  of wa te r  in a h y g r o s t a t  t h a t  p u rp o r t s  to be 
a t  100% R H  has been  reviewed~, 4. As E d n e y  3 po in ted  
out,  it  is p ro b ab l y  no t  possible to have  a h y g r o s t a t  wi th  
100% R H  w i t h o u t  some drople ts  of l iquid wa te r  some 
place there in .  I did no t  see wa te r  d rople t s  on eggs or in 
con ta iners  nor  on the  walls of the  hygros ta t .  
I assume therefore  t h a t  wa te r  was more  readi ly  avai lable 
to  eggs on mois t  pape r  t h a n  to those  in the  h y g r o s t a t  b u t  
m y  observa t ions  do no t  p e rmi t  precise def ini t ion of the  
s ta te  of the  wa te r  in th is  wa te r  vapor  system.  I conclude 
t h a t  in th is  species, the  wa te r  conserva t ion  mechan i sm 
of t he  egg is adap tab le .  The in fo rma t ion  has  obvious  
significance for l abo ra to ry  s tudies  of egg shell permeabi l i -  
t y  and  also for eva lua t ion  of wa te r  avai labi l i ty  as a 
mor t a l i t y  factor  in field popula t ions .  

3 E. ]3. Edney, in: Water relations of terrestrial arthropods, p. 55. 
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stein. Academic Press, New York 1973. 
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Summary. An isolated p repa ra t ion  of the  i nne rva t ed  cockroach sa l ivary  gland has been  developed to s t u d y  secretion.  
This gland secretes  a fluid r ich in Na and  Ct in response  to nerve  s t imula t ion  or b a t h  appl ica t ion  of dopamine .  

The sa l ivary  glands  of a n u m b e r  of insects  receivo an 
inne rva t ion  which  is p r o b a b l y  dopaminerg ic  ~-4. Micro- 
e lec t rode  recording f rom acinar  cells in the  cockroach 
sa l ivary  gland has  revealed t h a t  nerve  s t imula t ion  causes 
a hype rpo la r i sa t ion  5 t h a t  can be mimicked  by  b a t h  
appl ica t ions  of several  biogenic amines,  t he  mos t  p o t e n t  
being dopamine  ~. In  order  to s t u d y  fluid secre t ion evoked 
by  nerve  s t imula t ion  and dopamine  in th is  t issue we have  
a d a p t e d  the  t echn ique  originally used by  R a m s a y  ~ for 
ur ine collection f rom insect  Malpighian tubules .  I t  is not -  
able t h a t  p rev ious  repor t s  of the  compos i t ion  of insect  
sal ivas  have  shown t h a t  the  pr inc ipal  ca t ion is po tas -  
siumS, 9 while t h a t  in ve r t eb ra t e s  is sodium. Our resul ts  
d e m o n s t r a t e  t h a t  cockroach  saliva is sodium rich and 
resembles  more  closely t h a t  of cer ta in  m a m m a l s  t h a n  of 
the  insects  s tud ied  so far. 
Materials and methods. Whole  pa i red  glands,  consis t ing of 
reservoirs ,  reservoir  ducts ,  acini and  acinar  ducts ,  were 
d issec ted  f rom adu l t  cockroaches  (Nauphoe ta  cinerea) of 
e i ther  sex, a l lowed free access to  food and  water .  Dissec- 
t ion  was  carr ied ou t  unde r  the  perfus ion m e d i u m  (pH 7.6) 
which  had  the  following compos i t ion  (mM): NaC1, 160; 
KC1, 10; NaH2PO4, 1; NaHCOa, 1; CaCI~, 5; Tris, 5; 
HC1, 4; glucose, 20. E a c h  main  acinar  duc t  was freed 

f rom its ad h e ren t  reservoir  duc t  and  the  glands  were 
placed in a pe r spex  c h a m b e r  (volume 1.5 ml). One of the  
acinar  duc ts  was l iga tured  near  its cu t  end wi th  enamel led  
Ag wire and pulled in to  a pool of l iquid paraff in ,  sepa- 
r a ted  f rom the  perfus ion ch amb e r  by  a pe r fo ra ted  cel- 
luloid barrier .  The t issue was anchored  in the  ch ambe r  
b y  a l igature round  the  reservoirs  (figure 1). The ch ambe r  
was perfused  a t  a ra te  of 2.5 ml /min  by  a W a t s on -  
Marlowe flow inducer  ( M H R E  200); the  ra te  was in- 
creased to  10 ml /min  when  solut ions were changed.  
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