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Table II. Frequencies and assignments for hydroxyapatite, fluorapatite and fluorchlorapatites 

EXPERIENTIA 2311 

Apatites 

Calo(PO4}6(OH)~ 
Frequency cm -1 

Calo(PO,i)6F2 Ca10(POl)eF0.55~Cll.,46 Ca,0,4(PO4)6Fv4agClo.sTo Cat0(PO4)6F~-xC1 × 
(x = 4-  0.06) 

Assignment 

365 m 325 w 319 w 340 w 335 m 

425 vw 438 w 428 w 450 w 420 vw 

475 w 478 w 472 m 475 m 440 vw 
472 m 

572 s 565 s 555 s 565 s 565 s 
605  s 5 8 0  s 570  s 575  s 578  s 
6 3 5  s 6 0 5  s 6 0 5  s 6 0 2  s 6 0 5  s 

965 m 968 w 962 w 962 w 962 w 

1050 s 1025 s 1032 s 1045 s 1005 s 
1095 s 1050 s 1045 s 1090 s 1055 s 

1096 s 1085 s 1095 s 1092 s 

3578 m . . . .  

% PO47 

va 1050-v4605 = 445 

va i050-v4605 = 445 
% 1050-v 4572 = 478 

v a PO~ 

vx P04 

va POa 

OH 

363 cm - t  should  also thus  become IR-ac t ive .  The t r iple  
degeneracies  of va and  v4 are b o t h  lost. This  loss of de- 
generacy  causes the  b a n d  a t  a b o u t  1090 cm -x, which  
could also arise due  to  in te rac t ions  be tween  the  6 phos-  
p h a t e  ions in t he  apa t i t e  uni t  cell. However ,  the  b a n d  a t  
abou t  962 cm -~, which  is IR- inac t i ve  in t he  und i s to r t ed  
ion, arises t r o m  the  lower ing of t h e  s y m m e t r y .  

2 b a n d s  which  a p p e a r  cons i s t en t ly  in t he  spec t r a  of  
f luorapa t i t e  and  f luorch lorapa t i t e s  absorb  in t he  region 
420-480 c m - L  T h e y  are ass igned as the  di f ference tones,  
as t he  numer ica l  values  of the i r  f requencies  are close in 
m a g n i t u d e  to  t he  di f ference be tween  v3 and  v4. STUTMAN 
et  al. 2 also observed  1 b a n d  in th is  region and  t h e y  ex- 
cluded i t  f rom a v4 d e s i g n a t i o n t  

Zusammen/assung. Es wird  eine Zuordnung  der  IR- 
A b s o r p t i o n s b a n d e n  zu den  T e t r a e d e r s c h w i n g u n g e n  des 
PO4-Tetraeders  in A p a t i t  gegeben.  
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A s t a x a n t h i n  in the  B lue  O c e a n i c  B a r n a c l e  
Lepas Jascicularis  ~ 

Specimens  of the  blue, oceanic,  s ta lked  barnac le  Lepas 
Jasciculavis are encoun te red  occasional ly  dur ing  spr ing 
cruises, or more  rare ly  w h e n  swep t  shoreward  by  s t rong  
preva i l ing  winds.  This  pelagic, h e r m a p h r o d i t i c  c rus t acean  
adheres ,  t h r o u g h  i ts  stalk,  to  such ob jec t s  as f loat ing 
feathers ,  b i ts  of tar ,  cork, wood or o t h e r  f lo tsam,  and  
re la t ive ly  f r equen t ly  to  the  smal l  oceanic  s iphonophore  
Veletla lata, whose  blue color  i t  closely ma tches .  Af te r  the  
ba rnac le ' s  own  f loa t  has  grown suff ic ient ly  large and  air- 
laden to  afford i n d e p e n d e n t  suppor t ,  t he  an imal  relin- 
quishes  i ts  adherence  to  a foreign object .  

I n s p e c t i o n  of t h e  ma te r i a l s  consumed  b y  L. Jascicularis 
reveals  t h a t  t he  an imal  feeds ex tens ive ly  upon  micro-  
c rus taceans  such as copepods.  Ear l ier  s tudies  of t he  
car ry ing  host ,  V. lata, had  shown t h a t  these  an imals  also 
feed u p o n  smal l  pelagic c rus taceans ,  f loa t ing  mar ine  eggs, 
larvae  and  microscopic  de t r i tus ,  and  t h a t  t he  blue  pig- 
m e n t  of th is  colonial coe len te ra te  involves  a s t a x a n t h i n  
c h r o m o p r o t e i n  complexes% And  indeed  BALL repor ted ,  

in 1944, t h a t  the  blue eggs of L./ascicularis involved  pro- 
te in  con juga ted  w i t h  a xan thophy l l i c  caro tenoid  sus- 
pec t ed  of be ing a s t a x a n t h i n  3. 

In  Apri l  1966 a blue Lepas was t a k e n  f rom one of a 
Velella popu la t ion  which  h a d  been  w i n d - t r a n s p o r t e d  
t o w a r d  shore  off t he  Scr ipps  Ins t i tu t ion .  Since this  
species of barnac le  is of such  ch roma t i c  in teres t ,  b u t  so 
re la t ive ly  rare, it  was  decided to  comple te  such  caro tenoid  
analyses  as m i g h t  be feasible, in order  to out l ine  some 
main  facts  abou t  i ts  b o d y  p i g m e n t a t i o n  (e.g. whe the r  
p i g m e n t a r y  or  Tyndal l -blue)  unti l ,  in a la ter  spring,  addi-  
t iona l  spec imens  should  make  possible  a more  searching 
inves t igat ion,  

i These researches are among those supported by Research Grant 
No. GB-2312 to the senior author from the National Science 
Foundation. We are indebted also to Dr. W. A. NEWMAN for his 
help and information concerning the biology of this barnacle. 

2 D.L. Fox and F. T. HAXO, XVth Int. Congr. Zool., Sect. III, No. 2 
(1958). 
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Because the  specimen was wan ted  by  a col league for 
anatomical examina t i on  and ident i f icat ion,  i ts t issues 
were not  dissected for separa te  analysis  on this  first  oc- 
casion. The  whole an imal  (wet weight  = 1.84 g) was 
Stored in a smal l  v o l u m e  of e thano l  under  refr igera t ion 
until all carotenoid  p igmen t  had  been leached f rom its 
body. On immers ion  in  the  alcohol,  the  body,  s ta lk  and 
appendages tu rned  f rom blue to p ink  in color;  the  in te rna l  
tissues gradual ly  unde rwen t  the  same color  change,  while 
the white,  bubble-f i l led f loa t  r ema ined  essent ial ly un-  
changed in appearance .  

When the  barnacle,  now a pate straw-color,  conferred 
no more color to alcohol, the  ex t rac ted  p igments  were 
transferred f rom the  orange-yel low e thano l  solut ion into 
hexane. Here in  t h e y  exh ib i ted  a single p la teau  or  v e r y  
Shallow, saddle-l ike m a x i m u m  ex tend ing  f rom 454-474 
am, a t  a dens i ty  ref lect ing an or iginal  concen t ra t ion  of 
about 1.2 mg  of carotenoid/100 g wet  t issue (as taxan th in  ~ nits). The  pa r t i t ion  ra t io  of  th is  c rude  ex t r ac t  be tween  

exane and 95% m e t h a n o l  was 19:81, suggest ing a pre- 
POnderance of unester i f ied xan thophy l l i c  carotenoids.  

After exposure  to e thanol ic  N a O H  at  60-70°C, there  
remained, in add i t ion  to ma jo r  amount s  of a red soap, a 
Persistent neut ra l  fraction,  which  exhib i ted  m a x i m a  a t  
473, 446 and ~ 423, and a m i n i m u m  a t  465 nm, thus  ~ Uggesting the  presence of f l-carotene and /o r  de r iva t ives  
uereof. The  pa r t i t ion  ra t io  of 33:67, found for this  

neutral  residue, suggested t h a t  a d i h y d r o x y  fl-carotene 
(e.g. zeaxanthin ,  wi th  a known par t i t ion  rat io  of 11:89) 
might be accompanied  by  minor  propor t ions  of //-caro- 
tene, which is comple te ly  epiphasic,  or  possibly by  one or  
another of the  m o n o h y d r o x y  //-carotenes, which are 
82~86~/0 epiphasic 4. This  neut ra l  f ract ion a m o u n t e d  to 

24.4% of t he  to t a l  carotenoid ,  while the  remain ing  75% 
was a s t axan th in ,  r ecovered  f rom the  red No-sa l t  as free 
astacene,  and  exhib i t ing  a single, smoo th  m a x i m u m  a t  
493 n m  in pyridine.  

The  blue body-color  of L, [ascicularis is therefore  con- 
c luded to be t h a t  of a con juga ted  a s t axan th in  chromo-  
protein,  as in its own eggs ~, in numerous  o ther  crus ta-  
ceans ~, and in t he  s iphonophore  VelelIa 2. The  barnac le  
exhib i t s  i ts b lue  p igmen ta t i on  i r respect ive  of  whe the r  i t  
has  anchored  itself  to  Velella or to  inan ima te  f lotsam. 

W i t h  the  ava i l ab i l i ty  of a more  favorab le  supp ly  of 
this  unusua l  Lepas species, ga thered  dur ing a spr ing 
cruise, i t  should be possible to explore  for the  po ten t ia l  
select ive f rae t iona t ion  of caro tenoids  among  i ts  tissues, 
and to determine ,  for example,  the  kinds and re la t ive  
concent ra t ions  of neu t ra l  caro tenoid  fract ions in the  
somat ic  and gonadM tissues. 

Zusammen/assung. Die b laue  F a r b e  der  ozeanischen 
Cirripedien,  Lepas [ascicularis, wird als Chromopro te id  
mi t  A s t a x a n t h i n  als Caro t ino idkomponen te  identif iziert .  
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S o d i u m  In take  in G o l d f i s h  

• /Freshwater fish cons t an t ly  lose sodium in the i r  feces, 
in their  urine and  b v  diffusion th rough  surface tissues. 
Ta . ' - 
~k ese sodmm losses are corrected in 2 ways :  th rough  the  
~usorption of sodium ions f rom the  surrounding wa te r  by 
~ae il • . • - " '  f_ .g ls and th rough  the  ingest ion of s o d m m - c o n t a m m g  
[uOCts. The control  of the  absorpt ion  of sodium by  the  gills 
uas been s tudied  ex tens ive ly  (see BLACK, 1957, for a 
C0 

mprehensive b ib l iograohy  and a rev iew of the  field ~). 
our knowledge,  no s tudy  has  been  conduc ted  on 

regulation of sod ium ingest ion in these  animals.  
Materials and animals. The 12 goldfish used in these 

experiments were c o m m o n  pool goldfish (Carassius 
a~ratus) between 4 and 6 inches long. T h e y  were pur-  
.:rased locally. The  ~ellets used in the exper iments  con- 
~Sted • ~ . . • of a ge l a tme-a lbumm-s ta rch -aga r  base. In  addit ion,  
Various salt  mix tures  were added to  all bu t  the  sal t-free ~ lets. The  s tandard  pel le ts  conta ined  HEGSTED salts ~. 
a e  sodium pellets  conta ined  sodium chloride The  potas-  
~lllra -- . . • " 

. pellets conta ined  ~o ta s smm chloride and the  
~otlium r . . . 
fr -free salt  pel lets  con tmned  a commerc ia l  sodium- 

ee salt mixture .  A small  a m o u n t  of corn-oil  and of a 
glac°se v i t amin  mix tu re  was added to all pellets  used in 
experiment 2. 

Me~hod. In  the  exper iments  presented  here,  regula t ion  
f Sodium in take  in t he  goldfish was specifically s tudied 

sT~.rneasuring changes in the  preference of t he  goldfish for 
" m u m  following sod ium deplet ion.  A s imul taneous  prefer-  

ence measure  (the re la t ive  a m o u n t  ea ten  of 1 food when 
2 or  more  foods are avai lable)  was used, r a the r  t h a n  a 
single in take  measure  (the to t a l  a m o u n t  of food ea ten  
when  only 1 food is avai lable) .  I t  was necessary  to  use the  
s imul taneous  preference measure  because of the  l a r g e  
var ia t ions  in day  to day  in take  of m a n y  goldfish s and 
because of the  possibi l i ty  t h a t  sodium depr iva t ion  migh t  
cause anorexia  in the  fish. The  s imul taneous  preference 
measure  is re la t ive ly  insensi t ive to these var ia t ions ,  while 
the  single in take  measure  is rendered  inval id  by  them.  

The  basic procedure  used was the  fol lowing:  (1) t he  
fish were main ta ined  in t a p  wa te r  w i th  s tandard  pellets  
ava i lab le  for 1 h /day ;  (2) the  fish were pre- tes ted by  
mak ing  avai lable  equal  numbers  of sodium pellets  and 
control  pellets  (either salt-free pellets  or  po tass ium pel- 
lets);  (3) the  fish were subjec ted  to a sodium stress b y  
main ta in ing  t h e m  in dist i l led deminera l ized  wate r  for 5 
days  and mak ing  pel le ts  conta in ing  a sodium-free sa l t  
m ix tu r e  ava i lab le  for 1 h each  d a y ;  (4) the  fish were  
tes ted  by  mak ing  ava i lab le  equa l  number s  of sod ium 
pellets  and cont ro l  pellets. In  E x p e r i m e n t  1, sMt-free 
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