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phiprion while in Mugil the  deep p a r t  of th is  layer  shows 
very  s t rong reaction,  and  the  superficial  p a r t  shows 4 th in  
bands  wi th  weak or modera t e  react ion.  Optic  l a y e r : t h e  
inner  par t ,  cor responding  to  af ferent  re t ina l  fibres, shows 
no react ion;  the  outer  par t ,  cor responding  to the  area 
where  the  marg ina l  neurons  of the  opt ic  layer are main ly  
arranged,  exhibi ts  ve ry  s t rong react ion.  Marginal  f ibrous 
layer  : no react ion.  

In  Scomber (Figure 4) a d i s t r ibu t ion  p a t t e r n  similar to 
t h a t  of Mugil is p resen t  b u t  the  in t ens i ty  of the  his to-  
chemical  reac t ion  appears  reduced  in all layers. In  
Gobius (Figure 5) AChE localization in optic  t e c t u m  differs 
f rom t h a t  jus t  descr ibed for the  o ther  species: in deep 
and cent ra l  tec ta l  layers AChE ac t iv i ty  appears  subs tan-  
tial, bu t  t he  d i s t r ibu t ion  p a t t e r n  does no t  show marked  
var ia t ions  among  the  d i f fe rent  layers, while the  marg ina l  
layer, which  is lacking in h is tochemica l  react ion in all the  
species descr ibed above,  exhib i t s  ve ry  s t rong react ion.  

Some exper imen ta l  and  u l t r a s t ruc tu ra l  works s-aT have  
out l ined the  synap t i c  a r r a n g e m e n t  and the  d i s t r ibu t ion  
p a t t e r n  of f ibre sys tems  in te leost  opt ic  rec tum.  These 
results  help to explain  the  laminar  d i s t r ibu t ion  of AChE 
and  the  role p layed  by  the  enzyme.  Previous  observa-  
t ions  2,3 and the  resul ts  of p resen t  work  show a p reva len t  
AChE d is t r ibu t ion  which  suggests  t h a t  mos t  of the  sen- 
si t ive discharge and  some i m p o r t a n t  sys tems  of s t imul i  
p ropaga t ion  and modu la t ion  m i g h t  be med ia t ed  b y  cho- 
linergic mechan i sms  in te leos t  opt ic  rec tum.  This con- 

clusion is suppor t ed  by  p r o m i n e n t  AChE ac t iv i ty  a t  level 
of inner  and outer  g r a y  layers, per iven t r icu la r  gray  layer  
and marg ina l  neuron  layer, i.e. all layers which  d i rec t ly  
or indi rec t ly  receive the  inpu t  of sensi t ive s t imulat ion.  

The above -men t ioned  AChE d is t r ibu t ion  pa t t e rn ,  
however ,  is no t  the  only one among  the  teleosts.  In  fact  in 
the  optic  t e c t u m  of Gobius among  seawater  te leosts  and  
7ctalurus among  f reshwater  onesa, an a l t e rna t ive  t ype  of 
AChE d is t r ibu t ion  exists.  This d i f ferent  AChE dis t r ibu-  
t ion migh t  be indica t ive  of specific differences in synap t i c  
p a t t e rn s  among  te leosts  or differences ill chemical  me- 
d ia tors  be tween  analogous synap t ic  sys tems.  I t  seems 
likely t h a t  fu r ther  expe r imen ta l  and  u l t r a s t ruc tu ra l  s tudies  
on the  optic  r e c t u m of teleosts  w i th  dissimilar  AChE 
localization will be necessary  in order  to solve the  prob-  
lems arizing f rom his tochemica l  analysis.  
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Summary. The p a t t e r n  of copper  ut i l izat ion dur ing the  embryogenes is  of the  f r e shwa te r  prawn,  Palaemon lamarrei 
has  been  described.  Th roughou t  the  incuba t ion  period, las t ing for 14 to  16 days,  t he  egg of P.  lamarrei is permeable  to 
salts  and  agains t  a concen t ra t ion  gradient ,  it  absorbs  11 ~,g of salt  f rom the  f reshwater  medium.  Out  of th is  to ta l  salt  
uptake ,  as much  as 0.143 ~zg is due to the  absorp t ion  of copper.  In t ake  of copper,  as a func t ion  of incuba t ion  t ime,  
exh ib i t ed  a more  or less s imilar  t r end  to  t h a t  of to ta l  salt  in take  and th is  Call be a t t r i b u t e d  to  the  increased syn thes i s  
of haemocyanin .  

Unl ike  in mar ine  c rus taceans  1, the  r equ i red  salts  for the  
no rma l  d e v e l o p m e n t  of tlae embryo  in f reshwater  have  to  
be e i ther  m a d e  available along wi th  the  yolk ill the  egg 
and /o r  have  {o be absorbed  aga ins t  a grea t  concen t ra t ion  
gradient .  A m o n g  the  t race  elements ,  copper  is an im- 
p o r t a n t  e l emen t  p resen t  in enzyme sys tems  as well as 
r e sp i r a to ry  p igm en t s  of c rus taceans  2. There  are numerous  
publ ica t ions  deal ing wi th  the  ut i l izat ion of energy  and 

Changes in ash alld copper content of developing eggs and zoea of 
Palaemon lamarrei 

Develop- Ash content 
mental 
stage gg/egg 

Copper content 

% ash/egg ~g/egg ~xg/g egg 

I 15.30 z 0.82 3.10 i 0.12 0.173 ~}= 0.002 338.7 zc= 4.10 
II 19.20 ~_ 0.44 3.90 ~ 0.12 0.171 ~- 0.006 356.3 d- 12.70 
III 19.80 • 0.38 4.30 -E 0.33 0.182 ~_ 0.018 398.3 • 39.40 
IV 22.10 J_ 0.92 4.90 4- 0.10 0.245 J- 0.014 544.8 • 32.50 
V 22.90 ~- 0.78 5.20 • 0.22 0.286 -~ 0.033 623.9 -~ 71.60 
VI 26.30 :~ 0.48 7.07 i 0.32 0.316 ~= 0.019 736.7 d- 43.80 

subs tance  in several  mar ine  crus taceans  ~-6. VoN HENTIG 7 
has s tudied  the  yolk ut i l izat ion in Ar/emia salina. A p a r t  
f rom this,  there  is no publ ica t ion  which deals wi th  the  
ut i l izat ion of yolk and  especially copper  dur ing  the  em- 
bryogenesis  of o ther  f reshwater  crustaceans.  The p resen t  
paper  repor t s  on the  p a t t e r n  of ut i l izat ion of copper  dur ing 
the  di f ferent  deve lopmenta l  s tages of t h e  f reshwater  
prawn,  Palaemon lamarrei. 

Material and methods. Berr ied  female specimens  of 
Palaemon lamarrei (Edwards)  were collected f rom the  
Bel landur  fish farm, near  Bangalore.  The p rawns  caugh t  
in several  collections t h r o u g h o u t  1969-1972 were t rans-  
ferred into individual  glass b a t t e r y  jars con ta in ing  ae ra ted  
f reshwater .  The egg mass  was slowly released f rom the  
p lumose  hairs  of the  p leopods  onto  a glass slide and  the  
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connections be tween the  eggs removed.  For  ash and copper  
analyses, the  following 6 stages of deve lopment  were 
chosen: Stage I :  Soon af ter  spawning;  eggs deep green 
in color, oval  in shape (age: 0 to 24 h). Stage I I :  Trans-  
pa ren t  b las toderm visible a t  one end of the  egg (age: ca. 
48 h). Stage I I I :  Streaks of p igmented  eyes noticed. The 
egg sl ightly mi lky  white.  Occasional pulsat ions of the  
hear t  not iced (age: 6 to 7 days). Stage IV:  Eyes  and ap- 
pendages fully developed (age: 10 t o  12 days). Stage V: 
J e rky  m o v e m e n t s  of the  embryo  not iced occasionally 
(age: 14 to 16 days, jus t  prior to hatching).  Stage V I :  
Freshly  ha tched  zoeae (age: 16 to 17 days). 

Ash con ten t  of the  different  stages of eggs was deter-  
mined  by  incinerat ion of the sample (50 mg) a t  560 ~ for 
5 h s. Copper contents  of developing eggs and zoeae were 
es t imated  color imetr ical ly  following the  procedure de- 
tailed by KOLMER et al. 9. 
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Intake of ash and copper in the eggs of Palaemon lamarrei as a 
function of incubation time. 

Results and discussion. Marine crus tacean eggs are 
known to be ini t ia l ly  impermeable  to water .  However ,  
PA~I)IAN 4, ~ repor ted  t h a t  t h e y  were permeable  to salts 
th roughou t  their  development .  In  the  eggs of Palaemon 
lamarrei also, salts were absorbed f rom the  beginning of 
the  incubat ion  til l  ha tch ing  (Table). Ash ( :  salt) con ten t  
increased dur ing the  deve lopmenta l  stages bo th  as a 
percentage and quant i ta t ive ly ,  indicat ing t h a t  the  develop-  
ing egg ac t ive ly  absorbed salts f rom the  surrounding fresh- 
wa te r  medium over  a concent ra t ion  gradient .  I t  was there-  
fore interest ing to know whether  this increase was due to 
the  absorpt ion of copper, a v e r y  impor t an t  e lement  neces- 
sary for the  format ion  of haemocyanin .  Copper content ,  
which was about  175.3 [xg/egg or 364.4 sg /g  d ry  egg in 
stage I to I I I  (age: 1 to 7 days) exhib i ted  a marked  in- 
crease in stage VI  (freshly ha tched  zoea). In t ake  of copper  
in the  eggs of P. lamarrei as a funct ion of incubat ion  t ime  
also exh ib i ted  a more or less similar t rend  to tha t  of to ta l  
salt  in take  (Figure). In  a closely related species, Palae- 
mort malcomsonii, ~AJYALAKSHM110 observed t h a t  the  
deve lopment  of hear t  took place in 7- to l 1-day-old 
embryos.  In  P. lamarrei pulsat ion of the  hear t  was ob- 
served from 7 to 9 days of age. Hence,  a marked  increase 
in the  copper con ten t  f rom 0.182 ~g/egg in stage I I I  to 
0.245 sg/egg in stage IV  and fur ther  to 0.316 ~g/zoea Call 
be a t t r ibu ted  to an increased synthesis  of haemocyanin .  
On the  whole, i t  was observed t h a t  dur ing the  ent ire  
embryonic  development ,  last ing for 14 to 16 days, ou t  of 
a to t a l  salt  in take  of 11 ~zg as much  as 0.143 sg  was due 
to the  absorpt ion of copper. 
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Summary. The evolut ion  of to ta l  phospholipid,  phosphat idylchol ine  and phospha t idy le thanolamine  con ten t  of chick 
lung dur ing embryonic  deve lopment  is in good agreement  wi th  morphological  data.  Sa tu ra ted  f a t t y  acids are predomi-  
nant ,  A sex-l inked difference is observed in the  evolut ion  of phosphafidylchol ine.  

Al though  the  existence of a pu lmonary  sur fac tan t  in 
birds was first  denied i, i t  is now well  established t h a t  the  
epi the l ium of the  funct ional  lung is l ined by  a surface 
act ive  phosphol ipoproteic  material ,  whose main features 
- h igh leci thin content ,  high percentage  of sa tura ted  f a t t y  
ac ids-are  similar  to those of the  m a m m a l i a n  sur fac tan t  2. 
Despi te  the  par t icular  s t ruc ture  of the  respi ra tory  paren-  
chyma,  which is a cont inuous ne twork  of air capillaries, 
the  role of the  sur fac tan t  in birds is comparable  to t h a t  in 
m a m m a l s :  i t  p revents  t ranssuda t ion  of p lasma fluids 
across the  blood-air  barrier,  and i t  helps to keep the  air 
capillaries open, to ensure sufficient ven t i l a t ion  a. I t s  
physiological  role is thus  considerable, and its appearance  
in the  course of foetal  deve lopment  is a v e r y  impor t an t  
step in funct ional  differentiat ion.  

In mammals, there is much information on normal 
evolution of lung lipids during foetal life, and recent 
results indicate that maturation of the pulmonary tissue, 
both morphological and biochemical, depends on the 
pituitary-adrenal axis ~-12. In birds, the maturation of 
lung tissue has so far been studied only from the mor- 
phological point of view; as in mammals, the granular 
pneumocytes, which are responsible for surfactant syn- 
thesis, begin to differentiate at a late stage 13, and as in 
mammals this differentiation depends on humoral 
factors, secreted by the hypophysis or controlled by 
itl4-1K From the biochemical standpoint, however, there 
are, so far as we know, no available data, either about 
normal development, or about the endocrine control of 
lung maturation. 


