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Biological activity of the juvenile hormone active principle in 
Attacus a~s  L. 

Fractions Total Galleria Units (GU) 

Ether extract 
First TLC 
JH-1/JFI-2/JH-3 corresponding fractions 
Rest of the TLC plates 

Final TLC 
Fractions 1 and 2 
Fraction 3 
Fraction 4 
Fraction 5 
Fraction 6 
Fractions 7 and 8 

134,357 
46,689 

61,855 

46,689 
0 

0 
3,333 
7,692 

50,000 
830 

0 

The  b ioac t ive  m a t e r i a l  f rom th i s  f i rs t  TLC w or k -up  
was f u r t h e r  s e p a r a t e d  i n t o  8 v e r y  n a r o w  b a n d s  b y  a 
f inal  TLC in order  to  localize t h e  ac t ive  pr inc ip le  more  
accura te ly .  The  t o t a l  r ecovered  b i o a c t i v i t y  of 61,855 G U  
is close to t h a t  f ound  in t he  f i rs t  TLC w or k - up  (Table).  The  
de ta i led  ana lys i s  of each  f r ac t ion  revea led  t he  h i g h e s t  
a c t i v i t y  of 8 0 . 8 %  in f r ac t ion  5 (TLC Rf  = 0.49). A n  
a c t i v i t y  of 12.4 % was de t ec t ed  in f r ac t ion  4 (Rf = 0.52), 
5 . 4% in f r ac t ion  3 (Rf = 0.55) and  t r aces  of a c t i v i t y  
co r r e spond ing  to 1.3 % were found  in f r ac t ion  6 (Rf = 
0.47). Thus ,  t h e  m a i n  ac t ive  i n g r e d i e n t  of A.  at las  was  
local ized in f rac t ions  4 a n d  5 ( to ta l  of 9 3 . 2 %  ac t iv i ty ) ,  
w h i c h  co -ch romograp hs  wi t l l  J H - 3  (RI  = 0.51). T he  low 
a c t i v i t y  obse rved  in f r ac t ion  3 (5.4 %),  on  t he  o t h e r  h a n d ,  
b e h a v e d  s imi la r ly  to  t he  i n t e r n a l  s t a n d a r d  JH-1  i somer  
m i x t u r e  (Rf = 0.56). The  r e m a i n i n g  f r ac t ions  were  
devo id  of a n y  b ioac t iv i ty .  

T h e  b i o a c t i v i t y  c o n t a i n i n g  f r ac t ions  were  sub j ec t ed  to  
f u r t h e r  chemica l  analys is .  T he  de tec t ion  l im i t  of t h e  h igh  

reso lu t ion  glass cap i l l a ry  GC s y s t e m  used in  t h i s  s t u d y  is 
approximately 1.5 ng per cm peak height, for all 3 
hormones. The total volume of the GC solution was 
25 ~l in hexane. With an injection volume of 1 ~l, 
approximately 40 ng of each JH must be present in the 
25 vl hexane solution in order to obtain a 1 cm peak 
height. Based on the JH equivalent of 70 pg for JH-3, an 
amount of 538 and 3,500 ng equivalent was estimated to 
be present in fractions 4 and 5, respectively. Although the 
computed JH equivalent amount was far above the GC 
detection limit, no peak corresponding to the known JH-3 
was detected in either fraction. Based on the JH equi- 
valent of 12'6 pg  for  JH-1 ,  a 5 ng  e q u i v a l e n t  on ly  was  
b io log ica l ly  quan t i f i ed  in f r ac t ion  3, a n  a m o u n t  which  is 
be low t h e  GC de tec t ion  l imit .  Cons ider ing  t h e  e s t i m a t e  of 
J H  presence  b y  m e a n s  of t h e  Gal~eria b ioas say  as semi-  
q u a n t i t a t i v e  due  to  i t s  u n a v o i d a b l e  error,  as well  as t he  
g iven  GC de tec t ion  l imit ,  t h e  r e su l t  p r e sen t ed  as far  as 
JFI-1 a n d  J H - 2  is conce rned  c a n n o t  be  conclusive.  
However ,  i t  can  be  s t a t e d  f rom the  GC resu l t s  t h a t  t h e  
possible  c o n t e n t  of JH-1  a n d  J H - 2  in A. atlas c a n n o t  
exceed t he  a m o u n t  of 0.1 ng  pe r  g f resh weight .  

Based  on  t h e  resu l t s  p resen ted ,  i t  m a y  be  conc luded  t h a t  
t h e  e the r  e x t r a c t s  of A. atlas i n v e s t i g a t e d  in t h i s  s t u d y  
do n o t  c o n t a i n  JH-1 ,  J H - 2  or J H - 3  a t  a c o n c e n t r a t i o n  
co r re spond ing  to  more  t h a n  0.1 ng  pe r  g f resh  weight .  The  
r e m a r k a b l e  biological  a c t i v i t y  wh ich  c o - c h r o m a t o g r a p h s  
w i t h  J H - 3  i n  t h e  TLC sys tems  employed,  a n d  wh ich  
co r re sponds  to  a c o n c e n t r a t i o n  of J H - 3  far  a b o v e  t h e  
de t ec t ion  l imi t  of t h e  chemica l  analys is ,  could  n o t  be  
cha rac t e r i zed  chemical ly .  F u r t h e r  i nves t iga t ions  will be  
necessa ry  to  i den t i fy  t he  J H - a c t i v e  pr inc ip le  in  A#acus 
atlas L. 

8 Present address: The International Rice Research Institute, 
P.O. Box 933, Manila, Philippines. 
Biological Laboratories, Dr. R. MAAO Ltd., CH-8157 DiseIdorf, 
Switzerland. 
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Summary. The  occur rence  in a n i m a l  p h y l a  of species h a v i n g  a r e l a t ive ly  t r a n s p a r e n t  b o d y  is n o t e d  and  m e a s u r e m e n t s  
of t he  t r a n s m i t t a n c e  of m e d u s a e  m a d e  in a s p e c t r o p h o t o m e t e r  are  repor ted ,  b u t  t h e  a p p r o x i m a t e  n a t u r e  of t he  resu l t s  
o b t a i n e d  w i t h  a c o m m e r c i a l  i n s t r u m e n t  a n d  t h e  i m p o r t a n c e  of t h e  cor rec t  phys ica l  des ign  of t h e  m e a s u r i n g  a p p a r a t u s  
are emphas ized .  The  a p p l i c a t i o n  to i n v e r t e b r a t e s  of t h e  s t r u c t u r a l  e x p l a n a t i o n  of t he  p r e d o m i n a n t  t r a n s m i s s i o n  of 
i n c i d e n t  l igh t  b y  t h e  v e r t e b r a t e  co rnea  is d iscussed a n d  t he  role of o t h e r  fac tors  considered.  D e s t r u c t i v e  in te r fe rence  
of t h e  s c a t t e r e d  rays ,  suf f ic ient  to  a c c o u n t  for t h e  t r a n s p a r e n c y  of t he  cornea,  has  been  shown  n o t  to  d e m a n d  a com- 
p le t e ly  r egu la r  a r r a n g e m e n t  of col lagen fibres. T he  smal l  d i a m e t e r  a n d  r e g u l a r i t y  of t h e  f ibr i l la r  c o m p o n e n t s  in  t he  
muscles  of Sagitta m a y  be  a d e q u a t e  to  a c c o u n t  for t h e i r  t r a n s p a r e n c y .  

Introduction. L i g h t  w h i c h  is i n c i d e n t  u p o n  l iv ing 
o rgan i sms  can  be  absorbed ,  sca t te red ,  re f lec ted  or t r a n s -  
mi t t ed .  The  v i s ib i l i ty  of an  o rgan i sm to a n  observer  
depends  u p o n  w h i c h  fa te  befal ls  t he  i nc iden t  l igh t  or  
wh ich  fa te  p r edomina t e s .  A b s o r p t i o n  is e n h a n c e d  b y  t h e  
presence  of p i g m e n t  c o n t a i n e d  in cells or t i ssues  a n d  i ts  
i m p o r t a n c e  in  n a t u r e  needs  no  emphas is .  S c a t t e r i n g  in a 
m e d i u m  resu l t s  f rom inhomogene i t i e s  which,  in  o rgan isms ,  
m a y  inc lude  t h e  p resence  of fibrils,  par t ic les  a n d  i n t r a -  
cel lular  m e m b r a n e s  s e p a r a t i n g  regions  of d i f fe ren t  com- 
pos i t ion  a n d  hence  of d i f f e ren t  r e f rac t ive  i n d e x .  As a n  
ex t r eme  case ref lexion or  l i gh t  m a y  occur  a t  c rys ta l l ine  
surfaces  in  c e r t a i n  cells e.g. t hose  u n d e r l y i n g  f ish scales 

a n d  those  in  t h e  t a p e t u m  of t h e  eyes of n o c t u r n a l  m a m m a l s .  
T ransmiss ion ,  r e su l t ing  in t r a n s p a r e n c y ,  occurs  a m o n g  
p l a n k t o n i c  o rgan i sms  a n d  in specific regions  in m a n y  
an ima l s  especia l ly  in  t he  d iop t r ic  a p p a r a t u s  of t he  eye 
a n d  m a y  be  r ega rded  as a special  cond i t i on  in t h a t  i t  is  
d e p e n d e n t  u p o n  t he  r educ t i on  or e l imina t ion  of l igh t  
s ca t t e r ed  b y  t h e  inhomogene i t i es .  

1 I am grateful to Dr. D. M. MAU•ICE for the encouragement of this 
interest, to Dr. E. G. JORDAN for electron mierographs of Sagitta 
and to Mr. G. Ross (Department of Physics, Queen Elizabeth 
College) for helpful and critical discussion. 
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The  phys ica l  means  b y  wh ich  some o rgan i sms  or p a r t s  
of o rgan i sms  are  r ende red  t r a n s p a r e n t  has  a p p a r e n t l y  
been  i nves t i ga t ed  on ly  in r e l a t ion  to  t h e  v e r t e b r a t e  eye. 
I t  is t he  purpose  of th i s  ar t ic le  to  enqui re  in to  t he  appl i -  
cab i l i ty  of our  u n d e r s t a n d i n g  of t he  t r a n s p a r e n c y  of t he  
cornea  to  t he  genera l  p r ob l em  of t r a n s p a r e n c y  in t h e  
i nve r t eb ra t e s .  I t  is also p e r t i n e n t  to  no t e  t h a t ,  whereas  
the  s t u d y  of m a n y  biological  aspects  of p i g m e n t a t i o n  is 
well  advanced ,  l i t t le  if a n y t h i n g  seems to  be  k n o w n  of 
t he  role of t r a n s p a r e n c y  in  t he  life of t r a n s p a r e n t  o rgan i sms  
in na tu re .  

Occurrence o/ tra~spc~rency. Like  t he  p l a n k t o n i c  m o d e  
of life, a n d  of ten  a c c o m p a n y i n g  it, t r a n s p a r e n c y  occurs  
sporadica l ly  a m o n g  t he  phy la ,  a l t h o u g h  a large p r o p o r t i o n  
of some sub-g roups  such  as t he  medusae ,  s iphonophores  
and  Tha l i acea  are b o t h  p l a n k t o n i c  and  r e l a t ive ly  t r a n s -  
pa ren t .  W h e r e  such  an ima l s  are p i g m e n t e d  a t  all t h e y  are 
genera l ly  eoloured blue  or violet ,  e.g. Rhizostoma, 
Cyanea, Velella, Ianthina, Clio, Doliolum a l t h o u g h  the re  
are  excep t ions  to  th i s  such  as Physophora, Chrysaora and  
Befog. O t h e r  colourless or v e r y  l igh t ly  p i g m e n t e d  genera  
inc lude  Aurelia, m a n y  h y d r o m e d u s a e  e.g. Polyorchis, 
m a n y  s iphonophores  e.g. Muggiaea, Hippopodius, cteno-  
phores  such  as Pleurobrachia, anne l ids  such  as Tomopteris, 
t h e  c h a e t o g n a t h ,  Sagitta, t h e  c rus taceans  Cystosoma and  
Phronima, t h e  molluscs  Cc~rinaria a n d  GIeba a n d  t h e  
u r o c h o r d a t e s  Salpa a n d  Pyrosoma. Needless  to  say,  
t r a n s p a r e n c y  is a m a t t e r  of degree b u t  some species such 
as Sagitta and  Tomopteris could he  descr ibed  as 'glass-  
l ike' .  

I t  is genera l ly  bel ieved t h a t  t he  co loura t ion  a n d  pig- 
m e n t a t i o n  of an ima l s  are a d a p t e d  to t h e  a m o u n t  a n d  
spec t ra l  compos i t ion  of t he  l igh t  p r e s en t  in t h e  zones 
wh ich  t h e y  inhab i t .  The  g rea te r  p e n e t r a t i o n  of b lue  l igh t  
in to  m e d i u m  d e p t h s  of oceanic  wa te r s  means  t h a t  a b lue  
t i n t e d  o rgan i sm will c o n t r a s t  less s t rong ly  w i t h  i ts  sur-  
roundings ,  w h e t h e r  seen b y  t r a n s m i t t e d  or ref lected l ight,  
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Fig. 1. Transmittance of mesogloea of a hydromedusan Polyorchis 
(a) and of liqnid expressed from the mesogloea (b) and of the meso- 
gloea of a seyphozoan Chrysaom (e), cut to fit the cuvette of a spec- 
trophotometer, expressed as a percentage of the transmittarme of 
sea water at various wavelengths. 

than if it were coloured differently. In the dark abyssal 
zone organisms are generally heavily pigmented-often red 
or black. However the biological role of transparency of 
planktonic organisms inhabiting the uppermost layers 
appe%rs to have received little attention. Presumably it 
confers a selective advantage such as by aiding approach 
to prey or avoidance of predators. An experimental 
investigation of this would seem to be possible using 
natural or artificially transparent or tinted specimens 
under laboratory conditions of controlled illumination. 

Assessmenl o/ transparency. The  assessment  of t r a n s -  
p a r e n c y  b y  m e a s u r e m e n t  of t h e  ' d i rec t  t r a n s m i s s i o n  
fac tor '  ( t r ansmi t t ance )  c a n n o t  accu ra t e ly  be  car r ied  o u t  
in a s p e c t r o p h o t o m e t e r  a l t h o u g h  t h i s  i n s t r u m e n t  is 
c o m m o n l y  used for t h e  purpose  2. M a n y  errors  are l iable  
to  be  p r e sen t  in a s imple  e s t i m a t i o n  of th i s  k ind  m a d e  in a 
commerc ia l  i n s t r u m e n t .  These  er rors  m a y  arise f rom 
severa l  causes  t h e  chief  of wh ich  is fo rward  s ca t t e r ing  
wh ich  resu l t s  in  t he  rece iv ing  a p e r t u r e  p lay ing  a cr i t ica l  
rote in  t he  m e a s u r e m e n t  of a p p a r e n t  t r a n s m i t t e d  l ight .  
However ,  a s p e c t r o p h o t o m e t e r  would  a p p e a r  to  p rov ide  
a rough  and  r e a d y  means  of assessing t he  t r a n s p a r e n c y  of 
o rgan i sms  a n d  some resul t s  o b t a i n e d  b y  i ts  use are 
m e n t i o n e d  below. 

Conditions giving rise 1o transparency. A n u m b e r  of 
cond i t ions  h a v e  to  be  fulfil led if i nc iden t  l igh t  is to  be  
t r a n s m i t t e d  freely t h r o u g h  a n  objec t .  Coloured or  pig- 
mer i ted  c o m p o u n d s  m u s t  be  absen t .  The  m a t e r i a l  would  
be t r a n s p a r e n t  if i t  cons is ted  of a single c o m p o n e n t  or 
phase  e.g. a crysta l ,  a so lu t ion  of a c rys ta l lo id  or poss ib ly  
a gel which has a high transmittance in the visible spec- 
trum. If the transparent material consists of two or more 
components these would normally be expected to have 
the same refractive index so that scattering or dispersion 
of light at the component boundaries is eliminated. This 
condition is unlikely to apply to any animal body, which 
is marked by division into cells, each bounded by a 
membrane, and within which submicroscopic structure is 
highly developed. However, many of the submicroscopic 
structures are of a size far below the 500 nm wavelength 
of vis ible  l igh t  a n d  m a y  the re fo re  be  expec ted  to  be  less 
i m p o r t a n t  as s ca t t e r i ng  or r e f r ac t ing  agen ts  t h a n  s t ruc-  
tu res  which  are of d imens ions  g rea te r  t h a n  t he  wave-  
l e n g t h  of light. 

Effect o/solutes on transparency. The  solute  concen t r a -  
t ion  of m a n y  m a r i n e  an ima l s  is s imi la r  to  t h a t  of sea 
water ,  in  ions a t  a n y  ra te ,  a l t h o u g h  t h e i r  compos i t i on  
m a y  differ  somewha t .  I t  is also a f ea tu re  of p l a n k t o n i c  
an ima l s  t h a t  t h e i r  dens i ty  is close to  t h a t  of sea w a t e r  a 
and  t h a t  th i s  is p a r t l y  ach ieved  b y  t h e i r  possess ing a low 
c o n c e n t r a t i o n  of organic  mate r ia l s .  The re  is n o t  a g rea t  
deal  of v a r i a t i o n  in t he  re f rac t ive  i ndex  of solut ions  of 
d i f fe ren t  organic  c o m p o u n d s  4. I n  genera l  1 g/100 cm a 
p roduces  a change  in ~ of on ly  0.0018. 

Uniformity of composition. Whi le  no  a n i m a l  b o d y  is of 
un i fo rm  compos i t ion  some t r a n s p a r e n t  s t r u c t u r e s  such  as 
t h e  s w i m m i n g  bells of s iphonophores  a n d  t he  bells of 
medusae  consis t  of r e l a t ive ly  t h i c k  regions of m a t e r i a l  
in which  clear ly def ined s t r u c t u r a l  c o m p o n e n t s  are few 
a n d  are genera l ly  in t he  fo rm of f ine fibres.  Cells are con-  
f ined to  a l ayer  on  each  side of t he  bel l  a n d  are of a 
t h i ckness  measu red  in ~m as c o m p a r e d  w i t h  mi l l imete rs  
for t h e  mesogloea.  

Uniformity of refractive index. U n i f o r m i t y  of r e f rac t ive  
i ndex  is also of i m p o r t a n c e  (and was a t  one t ime  t h o u g h t  

G. Ross and A. W. B[~LEV, J. Phys. D. appL Phys. 6, 795 (1973). 
8 E. J. DENTON and T. I. SHAW, J. Physiol., Lond. 76l, 14 (1961). 
~i R. BARER, Weighing calls with the M~c~,oscope in Tools of BiologicaZ 

Research (Ed. H. J. B. ATKINS; Blackwell, Oxford 1959), p. 122. 
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to  exp la in  t he  t r a n s p a r e n c y  of t he  cornea) .  I f  t he  r e f rac t ive  
i ndex  i n c r e m e n t  of a 1% so lu t ion  of p r o t e i n  is 0.0018 i t  is 
un l ike ly  t h a t  t h e  r e f rac t ive  i n d e x  of a m e d u s a  is a l t e red  
b y  th i s  a m o u n t  overa l l  s ince i t s  o rganic  c o n c e n t r a t i o n  is 
low. The  pe rcen t age  of p r o t e i n  in Aurelia is a b o u t  0 .67% 5 
a n d  m y  d e t e r m i n a t i o n s  of t h a t  in  Polyorchis (following 
T.C.A. f i xa t ion  a n d  dialysis)  gave  va lues  of on ly  0.16%. 
The  r e f r ac t ive  i ndex  i n c r e m e n t  is l iable  to  v a r y  on ly  
be tween ,  say  0.00018 a n d  0.0018 b o t h  of wh ich  are  sma l l  
f r ac t ions  of t h e  r e f rac t ive  i n d e x  of sea  w a t e r  w h i c h  is 
a b o u t  1.338. H o w e v e r  t he  organic  m a t e r i a l  c a n n o t  be  
r ega rded  as u n i f o r m l y  d i s t r i b u t e d  and,  be ing  in t h e  f o r m  
of fibres,  wilt p roduce  some smal l  r e f rac t ive  d i scon t inu i -  
ties. I t  follows t h a t  these  will  be  g rea te r  t h e  fewer  and  
more  c o n c e n t r a t e d  f ibres  t h e r e  are. B u t  t h i s  in  t u r n  will  
d imin i sh  t h e  n u m b e r  of r e f rac t ive  d iscont inu i t ies .  

Measurement o/ transmittance. There  a p p e a r  to  be no  
m e a s u r e m e n t s  in t h e  l i t e r a t u r e  of t he  a m o u n t  of l igh t  
t r a n s m i t t e d  b y  coe len te ra t e  t issue.  A t t e m p t s  were  the re -  
fore m a d e  to e s t i m a t e  t h e  t r a n s m i t t a n c e  of m e d u s a e  in 
as n a t u r a l  a s t a t e  as possible  b y  d e t e r m i n i n g  t he  t r a n s -  
m i t t a n c e  of samples  of m a t e r i a l  cu t  to  f i t  cuve t t es .  These  
were used  in a H i t a c h i - P e r k i n  E l m e r  s p e c t r o p h o t o m e t e r  
wh ich  covered  t h e  r ange  200-1000 ilm. In  all  cases t he  
t r a n s m i t t a n c e  is expressed  as a p e r c e n t a g e  of the  t r a n s -  
m i t t a n c e  of sea  w a t e r  a n d  is p l o t t e d  g raph ica l l y  in  F igure  
1. The  t r a n s m i t t a n c e  of t h e  expressed  juice  f rom meso-  
gloea is shown for compar i son .  I n  F igure  2 is s h o w n  t h e  
t r a n s m i t t a n c e  of a specimen,  s imi la r  to  t he  o the r s  b u t  
cu t  so as to  inc lude  t h e  s u b u m b r e l l a  cell layers  wh ich  
were p laced  w i t h  t h e i r  p l ane  a t  r i g h t  angles to  t h e  l igh t  
pa th .  F r o m  these  t r a n s m i t t a n c e  cu rves  i t  will be  seen 1. 
t h a t  t h e  t r a n s m i t t a n c e  is h i g h  in t h e  vis ible  s p e c t r u m  b u t  
2. falls, r e la t ive  to  t h a t  of sea water ,  in  t h e  U V  range,  
3. t h a t  t h e  expressed  ju ice  ha s  v e r y  s imi la r  b u t  genera l ly  
lower  t r a n s m i t t a n c e  p rope r t i e s  a n d  4. t h a t  t he  sub-  
u m b r e l l a  cell layers,  w h i c h  are t h i n  r e l a t ive  to  t he  t o t a l  
l i gh t  p a t h  t h r o u g h  t h e  t issue,  are neve r the l e s s  respons ib le  
for p r o d u c i n g  a cons iderab le  r e d u c t i o n  in t r a n s m i t t a n c e .  
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'Fig. 2. T r a n s m i t t a n c e  of mesogloea of AureEa  without ,  (a) and  
with, (b) a cell layer placed at right angles to the light path (as % 
transmittance of sea water). 

E//ect o/ the arrangement o/ components. I n  t he  ou t -  
s t a n d i n g l y  t r a n s p a r e n t  p a r t  of t he  eye, t he  cornea,  a 
h i g h  p r o p o r t i o n  (some 20%) of t he  we t  we igh t  is collagen. 
Th i s  ha s  a re f rac t ive  i n d e x  of 1.55, as c o m p a r e d  w i t h  t he  
m a t r i x  in  wh ich  t he  col lagen fibri ls  are embedded ,  wh ich  
has  a va lue  for ~ of 1.335 ~. Less t h a n  1% of l igh t  i nc iden t  
on t h e  co rnea  is sca t te red .  This  was  exp la ined  b y  MAURICE ~ 
who  cons idered  t h a t  t h e  col lagen f ibri ls  are of such  di- 
mens ions  in size and  a r r a n g e m e n t  t h a t  l igh t  s ca t t e r ed  b y  
each  in ter feres  d e s t r u c t i v e l y  w i t h  t h a t  s ca t t e r ed  b y  t he  
o thers  in  such  a way  t h a t  on ly  t he  d i rec t  r a y  passes  on. 
He  d e m o n s t r a t e d  t h a t  d i s t u r b a n c e  of t h e  cr i t ica l  a n d  
regu la r  spac ing  of t h e  f ibri ls  b y  mechan ica l  s t r a i n  or 
a d s o r p t i v e  swell ing would  h a v e  a m a r k e d  effect  on  t he  
t r a n s p a r e n c y  a n d  l igh t  sca t te r ing .  More r ecen t l y  MAU- 
RICE'S premises  h a v e  been  r e - examined  and  i t  h a s  been  
shown  t h a t  a regu la r  spa t i a l  a r r a n g e m e n t  is no t  necessa ry  
for comple te  de s t ruc t i ve  in te r fe rence  of l ight .  I t  was  shown  
t h a t  t he  col lagen fibri ls  of r a b b i t  cornea  are n e i t h e r  uni -  
fo rm in  d i a m e t e r  n o r  regu la r  in  a r r a n g e m e n t  a n d  t h a t  t he  
t r a n s m i t t a n c e  ca lcu la ted  f rom m e a s u r e m e n t s  and  spa t i a l  
d i s t r i b u t i o n  of t h e  f ibri ls  agreed  w i t h  the  m e a s u r e d  values.  
Calcula t ions  showed  7 t h a t  t he  t y p e  of f ibr i l  a r r a n g e m e n t  
presen t ,  wh ich  is descr ibed as quas i -o rdered  - quasi-  
r a n d o m  would  give rise to  a t r a n s m i t t a n c e  h i g h  enough  
to be  r ega rded  as t r a n s p a r e n t .  Cox  e t  al. s also cons idered  
that a g rea t e r  r a n d o m i z a t i o n  of the col lagen f ibri ls  would  
decrease  t he  t r a n s m i s s i o n  of l igh t  b u t  t h e y  also p o i n t  
ou t  t h a t ,  p r o v i d e d  t he  d i a m e t e r  of t h e  col lagen f ibri ls  
is a sma l l  pe rcen t age  (abou t  4%)  of t he  w a v e l e n g t h  
of t he  l ight ,  t h e y  m a y  v a r y  in size cons ide rab ly  w i t h o u t  
mod i fy ing  n o r m a l  t r a n s p a r e n c y .  T h u s  i t  would  n o t  
a p p e a r  t h a t  per fec t  geomet r i ca l  r egu la r i t y  of f ibres  is a 
necessa ry  cond i t ion  for de s t ruc t i ve  in te r fe rence  to  give 
rise to  t r a n s p a r e n c y  p rov ided  t h a t  t he  f ibri ls  i nvo lved  are 
of smal l  d i a m e t e r  c o m p a r e d  w i t h  t h e  w a v e l e n g t h s  of l ight .  

I n  t he  h i g h l y  t r a n s p a r e n t  a r row w o r m  Sagitta t h e  
rad ius  of t h e  myos in  f i l amen t s  in t h e  muscle,  wh ich  
m a k e s  up  t he  b u l k  of t h e  body,  is a b o u t  9 n m  c o m p a r e d  
w i t h  t h e  15 n m  for t h e  col lagen f ibres  of m a m m a l i a n  
cornea.  T h a t  of t h e  ac t i n  f i l amen t s  is smal ler .  These  
paral lel ,  un i fo rm  fibri ls  of two  sizes are a r r a n g e d  in t he  
fami l ia r  l a t t i ce  w h e n  seen in cross sect ion.  Hence  muscle  
f ibres  in  genera l  m i g h t  be  expec ted  to be  t r a n s p a r e n t  a n d  
those  w i t h  a m i n i m u m  of connec t ive  t i ssue  and  absence  of 
m y o g l o b i n  p a r t i c u l a r l y  so. I t  seems l ikely t h a t  t he  ex- 
p l a n a t i o n  of t h e  t r a n s p a r e n c y  a d v a n c e d  b y  MAIJRICE 6 
and  modi f ied  b y  Cox  et  al. 8 to  expla in  the  t r a n s p a r e n c y  
of t he  co rnea  is app l icab le  to  Sagitta a t  l eas t  in  pa r t .  

Conclusion. Of t h e  t h r e e  possible  ways  in wh ich  t r a n s -  
p a r e n c y  can  be  ach ieved  (un i fo rmi ty  of composi t ion ,  
u n i f o r m i t y  of re f rac t ive  i n d e x  a n d  cr i t ica l  and  regu la r  
a r r a n g e m e n t  of componen t s )  i t  seems l ikely t h a t  all  t hese  
c o n t r i b u t e  in  d i f fe ren t  degrees  in  d i f fe ren t  an imals .  I t  is 
sugges ted  t h a t  t h e  t r a n s p a r e n c y  of m a n y  p l a n k t o n i c  
an ima l s  is b r o u g h t  a b o u t  b y  t he  r e l a t ive ly  smal l  f r ac t ion  
which  is occupied b y  cells (e.g. in  medusae)  and  t he  rela-  
t i ve  absence  of i n t e r n a l  s c a t t e r i n g  surfaces.  I n  those  
o rgan i sms  wh ich  are more  h igh ly  organized  in cel lular  
t e r m s  e.g. anne l ids  a n d  c h a e t o g n a t h s ,  t he  g rea t  r egu la r i t y  
of t he  muscle  f ibri ls  p lays  a p a r t  s imi lar  to  t h a t  of t h e  
regu la r ly  a r r anged  col lagen fibri ls  in t he  m a m m a l i a n  
cornea.  This  is e n h a n c e d  b y  t he  smal l  size of t he  myos in  
f ibri l  
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