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Abstract 

Spectrophotometric procedures f o r  vanadium and i r o n ,  and a gravi- 
-. 

metr ic  procedure f o r  vanadium were used t o  determinewthe heavy metal con- 

t e n t  of se lec ted  s o l i t a r y  tunica tes .  The vanadium content  of Ciona - 
i n t e s t i n a l i s  increases  l i n e a r l y  a s  the  dry weight of the  animal, and can 

be estimated from a concentrat ion value of -90 pg ~ / g  dry weight, inde- 

pendent of the  s i z e  c l a s s  of the  animal. The importance of t h i s  base- 

l i n e  information t o  s t u d i e s  of the  minimum vanadium requirements f o r  the  

asc id ians  is  discussed. 

There is no evidence of seasonal  v a r i a t i o n  i n  the  vanadium concentra- 

t i o n  of Ciona i n t e s t i n a l i s ,  and the  mode and r a t e  of  vanadium uptake a r e  

considered i n  l i g h t  of t h i s  observation.  
5 

The vanadium concentrat ions of ten species of l o c a l  s o l i t a r y  asc id ians  

a r e  reported. It is  noted t h a t  the  occurrence of the  metal wi th in  the  . 

c l a s s  does not conform t o  taxonomic groups, but  ins t ead  occurs sporadi- 

c a l l y  throughout. Implicat ions of this finding f o r  theor ie s ,  of the  evo- 

l u t i o n  of the group a r e  examined. 

iii 
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In t roduc t ion  

Among t h e  biochemical  o d d i t i e s  which d i s t i n g u i s h  t h e  a s c i d i a n s  from 

a l l  o t h e r  animals is t h e i r  a b i l i t y  t o  concent ra te  vanadium i n  blood cells 

a t  l e v e l s  100,000 t o  1,000,000 t i m e s  t h a t  i n  seawater  (~ummel e t  a l . ,  

1966).  Vanadium is p re sen t  i n  t h e  s e a  a t  0 .3  t o  3.0 ppb as an equimolar 

mixture  of H ~ V O ~ T  and H V O ~ - ~  (Burton, 1966 ; Kus t i n  t a1. , 1975 ; McLeod e-- 
e r  41.. 1975). ~ a l k  (1963a and 1963b) desc r ibes  thd up&? p r o c a s k a s  - 

I '3 
.. 

one i n  which t h e  an ion ,  adsorbed on to  pharyngeal  mucus, is passed through 

t h e  c e l l s  of t h e  bran-ddal baske t  t o  t h e  blood plasma by p inocp tos i s .  

Amoebocytes ga the r  t h e  pinocytosed v e s i c l e s  and undergo an i n f e r r e d  matura- 

% 
t i o n  (Kalk, 1963b; Endean, l 955a ) ,  becoming motular  cells termed vanado- 

,' 
d 

cy te s  (Webb, 1939).  Vanadium i s  p re sen t  i n  vacuoles  c a l l e d  vanadophores 

i n  a form c a l l e d  hemovanadin ( B i e l i g  e t  a l . ,  1966).  Although t h e  chemical ' 

n a t u r e  of hemovanadin is no t  w e l l  understood, t h e  metal  is  thought  t o  occur  

i n  a l o w  ox ida t ion  s t a t e  ( B i e l i g  - e t  a l . ,  1966; Swinehart e t  a l . ,  1974; 

Kust in  e t  a l . ,  1976) a s  a powerful reducing agent  ( B i e l i g  e t  a l . ,  1966). 

S u l r u r i c  ac id  (0.4 N) conta ined  i n  t he  corpusc les  (Kobavashi, 193d and 
- .  

19%; Endean. 1955a) p reven t s  spontaneous ox ida t ion  of t h e  t e r v a l e n t  

i o n  ( B i e l i g  et a l , ,  1966).  The o rgan ic  c o n s t i t u e n t  of t h e  complexed 

i o n  appears  t o  be  a s u l f a t e d  b a s i c ' p r o t e i n  (B ie l i g  e t  a l . ,  1966) r a t h e r  

than  a porphyrin o r  cha in  of p y r r o l e s  a s  had been suggested by e a r l i e r  

work (Webb, 1939). 

The accumulat ion p roces s  hy t h e  h l m d  cells is specizk fm--van&- 

dium (Rummel * et  a 1  1966) and is an a c t i v e  process  of  l i m i t e d  c apac i ty  - - -  

(Kust in  e t  al., 1975). Passage of t he  i o n  ac ros s  t h e  pharyngeal w a l l  t o  

- blood spaces  is dependent upon ATPase a c t i v i t y ,  s u b j e c t  t o  compet i t ive  

i n h i b i t i o n  (Rummel e t  a1.,1966),  most e f f i c i e n t  a t  low concen t r a t i on ,  - 
"2 

and is se l f - r egu la t ed  (Kustin e t  a l . ,  1975). The accumulation process  is 



i 

2 * 
I 

c l e a r l y  no t  one of d i f fus ion .  

Remarkably l i t t l e  i s  known about 

the  vanadium blood pigment. There is  

3 does not  a c t  a s  a r e sp i ra to ry  c a r r i e r  
r 

the  physiological  s ign i f i cance  of 

general agreement t h a t ,  hemovanadin 
5 

(Hecht, 1918; Webb, 1939 and 1956; 

'I 
-2 

h 
Kovalsky and Rezayeva; 1964; Nzayeva,  1964; B ie l ig  e t  al;_, 19661, b u t  

i t  has%een'suggested t h a t  i t  functions e i t h e r  i n  f i x a t v n  of carbon i n  5 
-- - 

the  asc id ian  test as t un ic in  (Henze, 1932 c i t e d  i n  Webb ,h9k)  o r  i n  some 

o t h e r  redox reac t ion  a s  y e t  unknown (Kovalsky and Rezayeva, 1964; Reza- 

yeva, 1964 ; Biel ig  e t  a1. , 1966). Endem (1955b and 1961) suggests  t h a t  a - - 

vanadocytes synthes ize  the  polysaccharide cons t i tu t ing  the  f ibrous  matrix , 

1 

mate r i a l  of the  t e s t ,  b u t  o t h e r  authors be l ieve  t h a t  the  c e l l s  e i t h e r  pro- 
' *  

duce a substance which causes pre-exist ing f i b e r s  t o  coalesce (Tanaka 

e t  a 1  1973) o r  produce a "surface" +ich causes the  f i b e r s  t o  coalesce -* ' 

as r egu la r  laminae (Smith, 1970). Vanadium is believed t o  e x i s t  wi th in  

vanadocytes i n  a b io log ica l ly  a c t i v e  s t a t e ,  but  the  metal has y e t  t o  be 
b .- 

shown t o  be e s s e n t i a l  f o r  the  animals. 

This study was undertaken t o  determine the  seasonal  vanad f ura content  

of various s i z e  c l a s s e s  of the 'well-s tudied asc id ian  Ciona i n t e s t i n a l i s  

(Lfnnaeus) accumulated under dormal condit ions i n  the  f i e l d .  To assess 

whether vanadium is found only i n  p r imi t ive  fami l ies  of the  order  Phlebo- 

branchia a s  e a r l i e r  s tudy suggests  (Webb, 1939) and whether the  predence 

of vanadium can be used t o  r e c a p i t u l a t e  the  evolut ion of the  c l a s s  N c i -  
- -- - -- -- --- - - - - 

diacea a s  seve ra l  au o r s  be l i eve  (Webb, 1939; Mi l l a r ,  1966; Swinehart P' 
e t  a 1  1974) r ep resen ta t ive  so l i t a r f  t d t i a t e s  c o l l e c t e d  from Barkre9 * ' 

Sound ware a n a l g z ~ ~ ~ r  t h e i r  vanadium concentration. 

J 



Materials  and Methods 

1. General 

s o l i t a r y  asf id ians  representing four famil ies  were col lec ted  in te r -  
'' 

t i d a l l y  and sub t ida l ly  a t  Barnfield, B r i t i s h  dolu&ia (48' 50' N ,  125' 8'  W) - 

during the spr ing and summer of 1976. Species were i d e n t i f i e d  by the 
LJ- * 

author based on t h e  work of Van Name (1945) and Kozloff (1974), and in- ' - .  
cf ub-ed- the  f oll&ng : kscicHa ceratottes (HunrsmanL AscZdia paratropafHunts- - 

man), Boltenia v i l l o s a  (Stimpson) , Chdyosoma pmductuk ~ t i & s o n ,  Cnemi- 

docarpa finmarkiensis (Kiaer) , Corclla willmeriana Herdman, lk loeynthia  

aurantium (Pal las)  , ~ h o c ~ n t h i a  igaboj a Oka ,Pyura haus t o r  ( S  timpson) and %- 
f * 

e l a  montereyensis (Dall) .  Only s o l i t a r y  tunicates  were used i n  t h i s  study - 
because the test, frequently encrusted with e p i z o i t e s  and sediment, i s  

f 
*- 

e a s i l y  removed. Ciona i n t e s t i n a l i s  (Linnaeus) was co l l ec ted  sub t ida l ly  

a t  Venice Ca l i fo rn ia  (34O 59' N ,  118' 28' W) i n  v i n t e r  and aumaer 1976. 

This p a r t i c u l a r  species  was examined f o r  i t s  vanadium content q a func- 

t i o n  of weight c l a s s  and season of co l l ec t ion  s i n c e  i t  is the  only species  

'for which an average vanadium conc&tratlon based on a l a r g e  sample s i z e  

is ava i l ab le  (Bie l ig  e t  al., 1961b). 

Anima f o r  metal assay were squeezed gent ly  t o  expel  extra-  

neous seawater from t h e  b r a c h i a l  c h e d e r .  Each specimen was dissected  

from i t s  test over a weighed s c i n t i l l a t i o n  v i a l  o r  beaker as s i z e  demanded 
1 

i n  order  t o  prevent l o s s  of blood and f lu ids .  The stomach and i n t e s t i n e  
C f 

vere opened t o  re~uve-gut-con-t~enrs~-w~ic~~~equentlpinc luded s3Zinmt  8 .  rZ 

2: l  mixture of hot ,  concentrated n i t r i c  ac id  and s u l f u r i c  acid.  Mgest ion 

was continued u n t i l  add i t iona l  small a l iquo t s  of t h e  ac id  mixture failed 

to  produce f u r t h e r  n i t r i c  oxide, and the  d iges t ion so lu t ion  appeared c lear .  





dians ,  preliminary inves t iga t ions  of the  tecbnique were undertaken and 

are reported below. 

I n  order  t o  determine the  wavelength a t  which Beer 's  Law is  be t ob- ' 7 
served by t h e  yellow phosphotungstovanadate complex, a series of s an- / * 

dards employing amonium vanadate were prepared. The molar r a t i o  of phos- 

phoric acid t o  sodium tungsta te  w a s  set a t  19 : l  as recommended (Wright and 
\ 

Mellon, 1937), and vanadium c o n c e n & a a n  va r i ed  from 0 - 25 pg/lO m l .  
? 

Absorbance values a t  410, 430 and 440 nm were p l o t t e d  aga ins t  vanadium 
1 

concentrat ion i n  o rde r  t o  choose the  wavelength a t  which absorbance in-  

creases  l i n e a r l y  wi th  vanadium concentration. 

To assess  t h e  percentage change i n  absorbance r e s u l t i n g  from var i -  

a t i o n s  i n  the  r a t i o  of phosphoric acid (90%) t o  sodium tungsta te  (0.5 N ) ,  

a series of s tandards containing 25 pg V/10 m l  were prepared i n  which the  

reagent r a t i o  w a s  var ied  from 9.9:l t o  33:l. Absorbance was measured a t  

430 nm, and was p l o t t e d ' a g a i n s t  moles of phosphate per  mole of tungstate.  ' 

Iron as Fe(II1)  i n t e r f e r e s  with phosphotuagstate determinations of 

vanadium (Wright and Mellon, 1937). The brown color  produced by Fe(II1)  

is repor tedly  d i spe l l ed  by bo i l ing  t h e , s o l u t i o n  b r i e f l y  (Wright and Mel- 

lon ,  1937). Since s e v e r a l  spec ies  of asc id ians  have been found t o  accumu- 

l a t e  s u b s t a n t i a l  amounts of i r o n  (Endean, 1955a, 1955b and 1955c; Smith, 

1970), the  e f fec t iveness  of b o i l i n g  a s  a means of 66ercoming i n t e r f e r -  '> 
ence from i r o n  was examined. Blanks were prepared - - - - Ghich -- - contained -p phos- -- 

photungstic ac id  bu t  no vanadium; ins tead ,  i r o n  a s  FeC13*6H20 was added 
--- - --- - - - - - - - - - - - 

i n  increments from 0 t o  120 pg Fe/lO m l  The v i a l s  containing the  

so lu t ions  were sea led  and heated t o  1 0 0 ~ ~  i n  a water  bath. After  cooling 

t o  ambient temperature, t h e  solutions were examined f o r  absorbance a t  
J- " 430 nm. 



- 
Because small  ambunts of seawater a r e  unavoidably introduced i n t o  

tun ica te  samples w e t  ashed a s  desct ibed above, the  e f f e c t  of d ive r se  sea- - 
d 7; 

water  ions  on phosphotungstate determinations was s tudied .  Vanadium-flree 
I 

a r t i f  i c i i l  seawater was prepared with I n s t a n t  Ocean (Aquarium Sys terns, 

Inc. ,  East lake Ohio 44094), replac ing the  manufacturer 's t r a c e  element 

\ ; so lu t ion  with one wh.ich..eontained no vanadium but  a l l  o rhe r  t r aces  i n  

r s p r i a t e  concentration-z- Two s e r i e a  of s tandards containing 10 and 

pg ~ / 1 0  k l  were prepared i n  which the volume of d i s t i l l e d  water nor- 

m a h y  used w a s  replaced with increas ing propor t ions 'of  vanadium-free sea- 

. ' 1  
water  (0 t o  592 of t o t a l  volume). The molar r a t i o  of phosphate t o  tung- 

L 
s$e was set a t  1 9 : l ;  a f t e r  being. boi led ,  the  s o l u t i o n s  were examined f o r  

- - 

absorbance a t  430 nrn. .+ 

Occasionally, the  wet oxidat ion  process described above y i e l d s  a 

so lu t ion  with r e s idua l  yellow color .  To cor rec t  f o r  t h i s  in te r fe rence ,  

a s i n g l e  specimen of Ciona i n t e s t i n a l i s  was d iges ted ,  and ha l f  of the  re- 

s u l t i n g  so lu t ion  was t r e a t e d  d t h  ac t iva ted  charcoal .  A l i q w t s  of t r e a t e d  

and untreated so lu t ions  were reacted with phosphotuagstic ac id ,  and, f o r  

comparison, a l i q u o t s  o f  t r e a t e d  and unt rea ted  so lu t ions  were d i l u t e d  t o  - 
equal volume with d i s t i l l e d  water r a t h e r  than wi th  reagents .  Absorbance 

values were read a t  430 nm agains t -  a blank which contained reagents  but  

no tun ica te  prepara t ion .  

A Beer-Lambert curve f o r  the  phospho tungs tovanadate complex was p re- 

pared using NH4V03 as the  vauadate stimdard. The r a t i o  ~ L p h o s p h a t e - t o -  - 

t ungs ta te  was set a t  19:1, and so lu t ions  were bo i l ed  - b r i e f l y  - - - i n  -- sea led  - - 
- - 

containers .  P r i o r  t o  llreaeuring absorbance a t  430 nm, 'all so lu t ions  re- 

mained a t  room temperature f o r  2 hours t o  permit maximum development of 

c o l o r  (Wright and Mellon, 1937). b 

In  o rde r  t o  determine whether organic o r  inorganic res idues  i n  tuni- i! 

I 
4 i 



c a t e  d iges t ion  so lu t ions  e i t h e r  enhance o r  

t h e  yellow phosphotungstovanadate complex, 

suppress the  development of 

absorbance curves were produced 
,:.;. 

f o r  w e t  oxidized so lu t ions  of - Ciona i n t e s t i n a l i i  and C o r e l l i  willmeriana 

t o  which standard addi t ions  (Nt14VOj) were made. The s lopes  of the  r e su l t -  

ing  curves9were t e s t e d  f o r  equa l i ty  with the  s lope  of ' the  aqueous stan- 

dards curve (Sokal and Rohlf, 1969). 

b. Vanadium content '  of Ciona i n t e s t i n a l i s  

Specimens of Ciona i n t e s t i n a l i s  co l l ec ted  i n  January and June 1976, 

were assayed ind iv idua l ly  f o r  t h e i r  vanadium content  according t o  the  pro- 

cedure out l ined above. Each d iges t ion  so lu t ion  was divided i n t o  .3  por- 

t ions :  two were reacted with phosphotungstic ac id  and t h e  t h i r d  was d i l u t e d  

t o  appropriate volume w i t h . d i s t i l l e d  water  r a t h e r  than with reagents.  Ab- 

sorbance values obtained were compared t o  those obtained f o r  aqueous stan-  

dards. 

c .  Vanadium concentrat ion of l o c a l  s o l i t a r y  a sc id ians  

Specimens of l o c a l  s o l i t a r y  t u n k a t e s  co l l ec ted  a t  Barnfield were 

assayed f o r  vanadium using the  above procedure. I n  genera l ,  de temina-  

t i o n s  were made of s i n g l e  whole animals, bu t  i n  some cases ,  small  speci- 

-A 

mens of a s i n g l e  spec ies  were pooled t o  produce a s i n g l e  sample. 

d.  Gravimetric determination of vanadium i n  Boltenia v i l l o s a  ,J 

The vanadium content  of Boltenia v i l l o s a  was recovered akd weighed 

as V205 by adapting a co lo r ime t r i c  procedure for'vanadium described by 

T a l v i t i e  (1953). Vanadium is separa ted  from i r o n  and copper a s  a vana- 
- -- --- - -- 

dim-oxine complex so lub le  i n  chlorof o m .  Following removal of so lvent ,  

t he  product is  charred,  fused, and oxidized t o  constiint w e i g x  at 800%. 
d f ' 

Percentage recovery of vanadate as vanadium pentoxide w a s  aeseased dj.  

applying the  technique t o  so lu t ions  containing known amount of vanadium 

and i ron .  The e f fec t iveness  of the  separa t ion  was examined by repeating 
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the procedure on a c o n t r o l  which contained only i r o n .  

3. I r o n  Determinations - 
The i r o n  content  of Core l l a  wi l lmer iana  w a s  determined us ing  t h e  

th iocyanate  method of  Sandel l  (1959). Specimens w e r e  w e t  ashed a s  des- 

c r ibed  above f o r  c o l o r i m e t r i c  de te rmina t ion  of vanadium. Assays were per- 

formed i n  t r i p l i c a t e  us ing  t h e  method of s t anda rd  a d d i t i o n s  (Chr i s t i an  and 

Felclman, 1970). Fresh ly  prepared Fe ( I I1 )  as FeCl '6H 0 was used as the '  
3 2 

i n t e r n a l  s tandard ,  and c o l o r i m e t r i c  p repa ra t ions  contained f r e s h l y  pre- 

pared th iocyanate  d i l u t e d  t o  0.3 M a s  recommended (Sande l l ,  1959). Be- 

cause t h e  red c o l o r  which develops i s  t r a n s i t o r y ,  t h e  th iocyanate  was added 

one minute be fo re  measuring i t 6  absorbance a t  480 nm. Determinations 

were made us ing  a Zeiss F'MQ I1 ~ ~ e c t r o p h o t o m e t e r .  The curve which re- 

s u l t e d  was ex t r apo la t ed  t o  t he  x-axis i n  o rde r  to -de termine  t h e  amount of 

i k n  present  i n  t h e  silllple. 
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Results 

1. Vanadium Determinations 

a .  Evaluation of colorimetry&ing $hosphotungstate 

A t  430 nut, t he  a b q r b a n c e  of the  yellow phosphotungstate complex 

of vanadium inc reases  l i n e a r l y  with concentrat ion of V(V) (Fig. 1 ) .  When 

the  r a t i o  of phosphoric ac id  (90%) t o  sodium tungs ta te  (0.5 N) var ies  be- 

tween 13:l and 26:1, the  r e s u l t i n g  change i n  t ransmit tance i s  t1.26'b-of 

the value observed f o r  the  recommended r a t i o  of 19:l  (Table I). The ab- 

sorbance peaks a t  a reagent  r a t i o  of 13 : l  and f a l l s  o f f  r ap id ly  a s  the  pro- 

por t ion  of phosphoric ac id  decreases (Fig. 2 ) .  

-.J 
The addi t ion  of Fe(II1)  o r  vanadium-free a r t i f i c i a l  seawater t o  phos- 

' p h o t u n b t a t e  blanks y i e l d s  a brown co lo r  which absorbs a t  430 nm, but  t h i s  

co lo r  i s  destroyed by bo i l ing  the  sample (Tables 2 and 3) .  Inclusion of 

increas ing proport ions of t h i s  same a r t i f i c i a l  seawater i n  vanadium stan- 

dards produces no change i n  the  absorbance of t h e  phosphotungstate complex 

a t  430 nm so  long a s  the  samples are boi led  b r i e f l y  (Table 4) .  

The yellow co lo r  occas ional ly  noted i n  vet ashed t u n i c a t e  prepara- 

t ions  absorbs a t  430 nm i n  the  absence of color imetr ic  reagents ,  but  t h i s  

i n t e r f e r e n c e  i s  removed by treatment with ac t iva ted  charcoal  (sample 2 

and 3, Table 5). When the  'absorbance of untreated d iges t ion  s o l u t i o n  

d i l u t e d  t o  5 m l  is  subt rac ted  from the  absorbance of a 5 m l  s o l u t i o n  of 

untreated mater ia l  reac ted  with reagents ,  (samples 2 and 4,  Table 51, one 
L - 

- 7 

observes the same absorbance due t o  vanadium (0.005) a s  when charcoal- 
- 

t r e a t e d  material is reacted with  phospkrotunptate (sample 5, TabIe 9. 

The absorbance of phosphotungstate a s  a function of aqueous van& 

date concentratfon is determined a t  430 urn (Fig. 3). Simi lar  curves a r e  

I 
prepa?ed i n  which vanadate s tandard  was added t o  w e t  oxidized so lu t ions  i 

of Ciono i n t e s t i n a l i s  and Corella will~letiana (Fig. '4). The slopes of - i 



FIGURE 1. Absorbance at three wavelengths vs. concen- 

ttation of phosphotungstovanadate 





TABLE 1. Differences observed i n  the transmittance of phosphotung- 
stovanadate a t  430 nut with changes i n  the r a t i o  of phos- 

A 

phoric ac id  t o  sodium tungstatea 

- 
No. 90% H3P04 0.5 N Na2W04 Moles H3P0 : Transmittance' 

Moles ~ a ~ ~ 8 ~  Difference 
ml m l  X 

=NO. 4 taken as standard (Wright and Mellon, 1937). A l l  so lu t ions  
contain 25 p g  vanaditm, 1.09 al of 50% n i t r i c  ac id ,  and d i s t i l l e d  
water t o  10.0 m l .  Absorbance is read i n  a 1.00 cm c e l l .  



FIGURE 2 .  Xhe e f f e c t  of the molar rat io  of phosphate to 
x. 

tungstate on the absorbance a t  

vanadium as phosphotungstate. 



MOLES O F  PHOSPHATE PER MOLE TUNGSTATE 



TABLE 2 .  The e f f e c t  of bo i l ing  on the absorbance of phosphotung- 
s t a t e  blanks containing F ~ ( I I I ) ~  

No. 

1 

2 

3 

4 

5 

6 

- " a ** 

, .-. 
Concentration of  Absorbance at 

a 
A l l  solutions contain 1.00 m l  50% n i t r i c  acid and d i s t i l l e d  water 

to give a t o t a l  volume of 10.0 m l .  ~ o l a r  rat io  H3P04:Na2W04 = 19: l .  
Absdrbance values are the mean of 3 determinations. 



TABLE 3. 

No. 

h 

/ 

- 

The e f f e c t  of bo i l ing  on the absorbance of phosphotung- 
s t a t e  b l a n q  containing vanadium-free a r t i f i c i a l  sea- 
watera 

t 
Vanadium-f ree Absorbance 
seawater a t  430 nm 

a .  before a f t e r  
m l  boi l ing  bo i l ing  

a A l l  so lu t ions  contain 1.00 m l  50% n i t r i c  -acid and d i s t i l l e d  water 
t o  produce a t o t a l  volume of 10.0 m l .  Molar r a t i o  H P04:Na W4 = 19: 1. 

3 determinations. 
t Absorbance values a r e  measured i n  a 1.00 cm ce l l ,  and are t e mean of 

\ 
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'3 -& 
-A; *&* 

TABLE 4 .  The e f f e c t  of bo i l ing  on the  absorbance of phoffphotung-' 
s tovanadate standards containing vanadium- f ree;.+art%f . - i c i a l  , b, 

seawatera sx-,'+ ,. 

No. Vanadium Vanadium-•’ r ee  
s t  anaar d 4 seawater + .d 

3:- ,. Absorbance 
a t  -43O"nm 

be•’ o r e  

0.000 0.000 

a All solut ions  contain l,.OP ml 50% n i t r i c  ac id  and d i s t i l l e d s  water  
t o  produce a t o t a l  volume Of 10.0 ml. Molar r a t i o  H PO :NP*WO~ - 19: 1. 
Absorbance values are measured +a a 1 .OO cm c e l l .  

3 4 

,' 



TABLE 5. Correct ions f o r  colored residues present  i n  a wet-ashed 
- s o l u t i o n  of  ~ i o n a  i n t e s  t i n a l i s  reacted with phosphotung- 

No. 

1 

2 

3 

4 

5 

- Untreated 
d iges t ion  
so lu t ion  

Charcoal- Moles H3P0 : Absorbance 
t r e a t e d  Holes ~ s ~ ~ 8 ~  a t  430 nm 
d iges t ion  . 
so lu t ion  

- m l  

--- 
-- 
1.0 

-- 
1.0 

aNos. 2 and 3 contained only d i s t i l l e d  water  t o  produce a t o t a l  vol- 
ume of 5 .P m l .  Nos. 1, 4 ,  and 5 contained phosphot&ptate reagent ,  
0.5 m l  50% n i t r i c  ac id  and d i s t i l l e d  water  t o  produce a v o l q e  of 5.0 -- 
m l .  A l l  samples were boi led  p r i o r  t o  measurement of  absorbance a t  430 
nm-in a 1.00' an c e l l .  



FIGURE 3.  Absorbance vs. concentration of aqueous vanadate 

standard reacted with phosphotungstic acid. The 

limit of detection is approximately 0.2Spg vana- , 

d i m  per 10 m l  colorimetric preparation. 





FIGURE 4 .  Standard additions of vanadium as vanadate to  

digestion solutions of Ciona i n t e s t i n a l i s  and 

Corella willmeriana. Preparations are reacted 

with phosphotungstic acid. 



VANADIUM STANDARD ADDED (~g/lO ml) 
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these two curves a r e  compared simultaneously with the  s lope  of the  curve 

f o r  aqueous standards (Table 6 ) .  There is no s i g n i f i c a n t  d i f ference  be- 

tween the  slopes of the  three  l i n e s .  -- 

b. Vanadium content of Ciona i n t e s t i n a l i s  

There i s  a p o s i t i v e  cor re la t ion  between vanadirpa content  and dry 

weight o f  the  asc id ian  Ciona i n t e s t i n a l i s  (Table 7 ) .  Based on two sam- - 
ples  of 32, col lec ted  i n  January and June 1976, the  ca lcu la ted  correla-  

t i o n  coef f i c ien t s  ( r )  a r e  +0.94 and M.84 respect ively .  The probabi l i ty  

tha t  e i t h e r  sample is  derived from a population where (P) i s  0.0 i s  less 

than 0.005 (Table 7) and the  d i f fe rence  between the  observed c o r r e l a t i o n  

coef f i c ien t s  is  not  s i g n i f i c a n t  a t  the  0:95 l eve l .  

The metal content  shows a l i n e a r  dependence upon weight (Figs. 5 

and 6) and regress ion c o e f f i c i e n t s  (b ' )  which have the  u n i t s  of concentra- 

t i o n  (pg V/g dry weight) a r e  ca lcula ted  f o r  the two samples individual ly  

(Table 8). The d i f fe rence  between, the  regression coef f i c i e n t s c i s  not  s ig-  

n i f i c a n t  a t  the  0.95 l e v e l  and a regression c o e f f i c i e n t  is calcula ted  fo r  

pooled data  (Fig. 7  and Table 8 ) .  A s  a second es t imate  of vanadium con- 

cent ra t ion ,  mean values a r e  ca lcula ted  f o r  each sample from raw da ta ,  and 

a r e  compared with F-test (Table 9 ) .  Based on these  two estimates of the  

vanadium concentrat ion of Ciona i n t e s t i n a l i s ,  the  metal content of an indi-  

vidual  animal is given by: 

where \ is  the vanadium content  i n  pg and WC is the dry weight of the  

specimen i n  g. This same value was obtained independently above (Table 6) .  

The mean vanadium concentrat ion of winter  and summer samples of Ciona 

i n t e s t i n a l i s  co l l ec ted  i n  the same locat ion,  a r e  not s i g n i f i c a n t l y  d i f fe r -  

en t  a t  the 0.95 confidence level (Table 9). 



TABLE 6 .  Comparison of the  s lope  of the  absorbance curve f o r  aqueous 
vanadipm standards t o  the  s lopes  obtained f o r  s tandard addi- 
t ions  t o  Ciona i n  t e s  t i n a l i s  and Corel la  willrneriana 

Regression In te rcep t  
co f f i c i e n t d  

pg-' vanadium 
- 

e 

Aqueous standards 2.74 X 10 '~ -3.4 x lom4 

Ciona i n t e s t i n a l i s  b mi x 10-3 34.7 x lom4 

Corel la  willmeriana C 

aAll samples f o r  color imetr ic  determination conta in  0.8 m l  phospho- 
t u n g s t i c  acid (moles H3P04:moles Na2W04 = 19:1), 1.0 m l  50% n i t r i c  acid 
and d i s t i l l e d  water t o  produce a volume of 10:O m l .  Solut ions a r e  boi led  
p r i o r  t o  determination of absorbance a t  430 nm i n  1.00 c m  c e l l s .  

b ~ a c h  sample contains 12.6 mg dry weight plus addi t ions  of 0 ,  2, 4,  
and 6 pg vanadium a s  ammonium vanadate. 

' ~ a c h  sample contains 36 rag dry weight ,  and addi t ions  of 0 ,  2, 4,  and 
6 pg vanadium a s  ammonium vanadate. 

\ 

d ~ h e  3 regression c o e f f i c i e n t s  a r e  not  s i g n i f i c a n t 1  a t  the  
0.95 and 0.99 confidence levels (FS = 2.786 < Fo. 0l [2,7 

@ 
e ~ y  ex t rapo la t ion  t o  the  X-axis, the  vanadium present  i n  the  12.6 mg 

sample alone is 1.2 ,ug (90 pprn). 

vanadium content  is not  de tec table .  
-. 



TABLk 7. Correlation of the vanadium content and *the dry weight o f  
Ciona i n t e s t i n a l i s m  - 

Sample Date o f  
c o l l e c t i o n  

t 

Correlation 
c o e f f i c i e n t  (r) 

Jan. 1976 

June 1976 

m ~ h e  probabil i ty  that e i t h e r  sample i s  derived from a 'population 
where ( p )  = O<f0.005. 





DRY WEIGHT IN GRAMS 





DRY WEIGHT IN G W  



FIGURE 7. Vanadium content  v s .  d ry  weight of Ciona i n t e s t i -  

n a l i s .  January and June d a t a  

confidence l i m i t s  of Y va lues  

a r e .poo led .  95% 

a r e  c a l c u l a t e d  on X .  





TABLE 8. Vanadium content of Ciona i n t e s t i n a l i s  determined by l inear  - 
regression analysisa -.. 

Sample 
Regression j 

Coefficient (b;) Intercept (a:) 
- @g V/g dry weight) (H3 v) 

Jan. 1976 102.1 

June 1976 

pooled data 

=l"he regraqsion coef f i c i ent  (b i) f a l l s  within the 0.95 confidence 
l e v e l  of (bi) 'and v ice  versa. 





c .  Vanadium Eoncentration of l o c a l  s o l i t a r y  asc id ians  

The vanadium concentrat ion of ten  species of s o l i t a r y  tunicates  a r e  

reported (Table 10) .  The r e s u l t s  a r e  based on spectrophotometric deter- 

minations with phosphotung'atic ac id ,  and concentrat ions are expressed as 

p a r t s  per mi l l ion  (ppm) dry weight. Vanadium was found i n  Ascidia ceratodes,  

Ascidia paratropa,  Boltenia v i l l o s a ,  Chelyosoma produc tum, Halocynthia 

igaboja ,  and Styela  montereyensis, be t  was not detected i n  Cnearrfdocarpa 

f inmarkiensis Corel la  willmeriana, 
v 

Pyura haus- 

t o r .  - 
d.  Gravimetric determination of'vanadium i n  Boltenia v i l l o s a  
f 

-U The gravimetric determination of vanadium described above is e f fec t -  

i v e  i n  separa t ing vanadium from i r o n ,  and the  recovery of vanadium is 89% 

of theore t i ca l  y ie ld  (Table 11). A sample of Boltenia v i l l o s a  (0.025 g 
0 

\ 
dry weight) was found t o  contain 520 ppm vanadium (13 pg)  . The same sam- 

p le ,  dete&mined spectrophotometrical ly with phosphotungstate (Table 10) 

contains 750 ppm vanadium. 

2. Iron. Determinations - i 
Corel la  willmeriana, which contains no detec table  vanadium (Fig. 

4 and Table 10) was found t o  contain 430 ppm i r o n  (Fig.  8) using color i -  

metry with fhiocyanate. 
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TABLE 10. Vanadium concentrat ion of l o c a l  s o l i t a r y  asc id iansa  

Specimen 

Order Phlebobranchia 

Family Ascidi idae 

Number of Vanadium 
animals concent r a t i o n  
pooled ppm dry weight 

- Ascidia para t ropa  

Ascidia ceratodes (2 

Ascidia ceratodes (1) 

Family Core l l idae  

Corel la  wil lmeriana (2)  

Corella  willmeriana (10) 

Chelyosoma produc tum (8) 

Order Stol iddbranchia 

Family Pyuridae 

Pyura haus t o r  (1) '  

Boltenia v i l l o s a  ' ( 5 )  

Halocynthia igaboi a ( 1)' 

Halocynthia aurantium (1) 

Family Styel idae  

Styela  montereyensis (2) 

Cnemidocarpa f i m a r k i e n s i s  (1) 

a ~ p e c t r o p h o t m e t r i c  determination using phosphotungstic ac id  
- - --- - - -  - 

b ~ l o o d  and body f l u i d s  only 

 issues with f l u i d s  drained 
- 

swinehart e t  al . , 19 74. Based on weight of animal p lus  test 

e~olc.Qerg e t  al., 1951. Based on weight of  animal p lus  test 

n. d. not  de tec tab le  (c0.5 p g  V/ 10 m1 phospRotungstate preparat ion) 



TABLE 11. Vanadium concentration of Boltenia v i l l o s a  determined gravi- 
metrically and spectrophotornetrically 

Sample 
Vanadium 
recovered 

Vafiadium 
concentration 

ppm dry weight 

500 p g  Fe 

Boltenia v i l l o s a a  

%,025 g dry weight 

bassming 89% recovery 

'determined calorimetrically (Table 10) 

n .  d. no detectable product obtained 



FIGURE 8.  Standard additions of iron a s  f err ic  chloride to  

digestion solut ion of Corella willmeriana. Pre- 

parations are reacted with thiocyanate. 



IRON STANDARD ADDED (rg/lO m I) 



Discussion 

Since the  accumulation of vanadium by the  tun ica tes  was f i r s t  re- 

ported (Henze, 1911), a v a r i e t y  of a n a l y t i c a l  procedures have been used 

t o  determine vanadium lkve l s  i n  various species.  Among these  techniques . 
is  carbon a r c  spectrography ( A z b a  and Pied, 1930), which was subsequently, 

* I  

shown t o  give erroneous r e s u l t s  because of vanadium impur i t ies  i n  the  

graph1 te e lec t rodes  (Webb, 1939) . Bortrand (1942) recommended, the  use of 

cupferron as a co lo r ime t r i c  reagent  f o r  assaying vanadium'in tun ica tes  

and has reported copious da ta  using t h i s  procedure (Bertrand, 1950). ,' I n r p  

preliminary examinations of the  cupferron technique, the  author found t h a t  

r ep roduc ib i l i ty  is v i r t u a l l y  impossibl& t o  achieve f o r  a v a r i e t y  of reasons. 

The v o l a t i l i t y  of the  solvent  used t o  e x t r a c t  the  colored vanadium complex 

introduces e r r o r  due t o  so lvent  l o s s .  Suspended water d rop le t s  cause cloud- 

ing  t o  the  so lu t ion ,  and at tempts t o  dry the  organic phase wi th  drying 

agents  such a s  calcium chlorf de introduce f i n e ,  suspended p a r t i c l e s .  F i l -  

t r a t i o n  t o  remove the  calcium chlor ide  only exacerbates the  l o s s  of so lvent .  

In addi t ion ,  i t  was observed t h a t  upon standing,  the  reagent  and solvent  

alone develop an i n t e r f  e r ing  , colored substance. h r t h e r m o r e ,  cupf erron 

i s  no t  s p e c i f i c  f o r  vanadium, bu t  r e a c t s  with i r o n  as  wel l .  Therefore, 

i t  is e n t i r e l y  poss ib le  t h a t  determinations of vanadium reported i n  the  

pas t  (Bertrand, 1950) a r e  i n  p a r t  determinations of i r o n ,  s i n c e  i t  was 

r e l a t i v e l y  r ecen t ly  t h a t  i r o n  was f i r s t  detected i n  tun ica tes  (Endean, - 
- - - - -- - 

1955a). 

I n  view of the  uncer ta in ty  of da ta  derived from e i t h e r  spectrographic 

o r  cupferron determinations,  a need was perceived f o r  f u r t h e r  in- 

ves t iga t ion  of t h e  vanadium l e v e l s  i n  asc id ians ,  using a technique f o r  

which r e l i a b i l i t y  could be demonstrated e x p l i c i t l y .  Several  workers 



r epor t  success using phosphotungstic ac id  (Wright and Mellon, 1937) a s  a 

co lo r ime t r i c  reagent f o r  vanadium i n  tunica tes  (Webb, 1939 ; Ciereszko - et 

a1 1963; Swinehart e t  al . ,  l974), and therefore  t h i s  technique was as- -* ' 
sessed f o r  i t s  s e n s i t i v i t y  and s p e c i f i c i t y .  Optimum experimental condi- 

t i o n s  were determined and a r e  reported below. t 

Because the  absorbance of the  yellow phosphotungstovanadate complex 

measured a t  430 nm observes ~ e e r ' s  law (Fig. l), the  vanadium content -of  

tmknowns can be in fe r red  by comparison t o  known standards.  Since the  i'n- 

t e n s i t y  of co lo r  developed is  r e l a t i v e l y  i n s e n s i t i v e  t o  l a r g e  changes i n  

the  molar r a t i o  of reagents used (Table l ) ,  small  e r r o r s  i n  the  volume 

of reagents used w i l l  no t  a f f e c t  the  measured absorbance values. A s  long 

as experimental so lu t ions  containing so lub i l i zed  tun ica te  and phosphotung- 

s t a t e  &agent a r e  boi led  b r i e f l y ,  the  i r o n  content of t u n i c a t e s  (Endean, 

1955a, 1955b and 1955c; Smith, 1970; Swinehart e t  a l . ,  1974) does not  

i n t e r f e r e  with venadiim determinations (Table 2).  S imi lar ly ,  the  unavoid- 

ab le  inc lus ion of smal l  volumes of seawater with t u n i c a t e  specimens pro- 

7.luces no i n t e r f e r e n c e  a s  -long aa the  so lu t ions  a r e  heated t o  1 0 0 ~ ~  (Tables 

3 and 4).  Absorbance due t o  organic res idues  i n  d iges t ion  so lu t fons  can 

be correc ted  f o r  by sub t rac t ing  the  absorbance of the  prepara t ion ,  su i t a -  
d 

bly d i l u t e d ,  from the  absorbance of the  prepara t ion  reacted with phospho- 

tungs ta te  (Table 5).  Because aqueous phosphotungstwanadate standard8 (Fig. 

3) y ie ld  an absorbance curve having the  same s lope  (Table 6) as t un ica te  
- - -  - 

prepara t ions  t o  which vanadate s tandards are added (Fig. 4 ) ,  t h e r e  i s  no 

enhancement o r  suppressXon o f  the-coIor imetr ic  react-ion due t o  matrix - 
- 

substances (Chr is t ian  and Feldman, 1990) introduced as asc id ian  t i s s u e .  

Consequently, i t  can be shown mathematically t h a t  contparison of an experi- 

mental prepara t ion  t o  aqueous standards y ie lds  the  same r e s u l t s  a s  does 

s tandard  addi t ions ,  and the re fo re  values obtained a r e  absolute  r a t h e r  than 



r e l a t i v e  determinations. Regarding s e n s i t i v i t y  o f  the  determinations,  an 

absorbance value of 0.0005 corresponds t o  a vanadium concentrat ion of 0.25 

pg V a s  phosphotungstovanadate/10 m l  (Fig 3). From these  prel iminary in-  

ves t iga t ions ,  i t  was concluded t h a t  assays f o r  vanadium wi th  phosphotung- 

s t i c  ac id  were s p e c i f i c ,  s e n s i t i v e ,  and suffered  no in te r fe rences  t h a t  

could not be correc ted  for .  

P r i o r  to t h i s  inves t iga t ion ,  no one has explored t h e  p o s s i b i l i t y  of 

a re l a t ionsh ip  between vanadium content and s i z e  of  the  a sc id ian  accumu- 

l a t i n g  the  metal.  It i s  observed i n  t h i s  s tudy t h a t  t h e  vanadium content 

of  - Ciona i n t e s t i n a l i s  shows a l i n e a r  dependence upoil the  dry weight of 

t h e  animal minus test (Fig. 7;Tables 7 and 8) ,  and t h a t  t h e  content  of an 

individual  is  est imated by the  equation above. The p ropor t iona l i ty  con- 

s t a n t  i n  t h i s  equation,  a concent;ation term equal  t o  90 pg V/g dry weight 

i s  i n  agreement with previous s t u d i e s  of pooled specimens-which were found 

t o  contain 100 pg V/g dry weight (Goldberg e t  a l . ,  1951; Rummel et a l e ,  

1966). With t h i s  concentrat ion value ava i l ab le  and known t o  be appl icable  

regardless  of s i z e  c l a s s ,  i t  i s  poss ib le  t o  est imate t h e  vanadium content  

of individual  specimens of Ciona i n t e s t i n a l i s  l i v i n g  under n a t u r a l  con- 

d i t i o n s .  Therefore i n  labora tory  s t u d i e s  i n  which the  animal is cul tured  

i n  a r t i f i c i a l  seawater  depleted i n  vanadium, i t  would be poss ib le  t o  as- 

c e r t a i n  whether the  asc id ian  is  still  capable of accumulating the  metal 

t o  normal l e v e l s ,  and i f  no t ,  whether any type of def ic iency symptoms a r e  

manifested. Such s t u d i e s  wouid a s s i s t  i n  de tenn in ingwhe th i r  vanact--2s 

an e s s e n t i a l  element far those-species  which aceumtAs€e i t  -te aueh M h  
4 

l e v e l s .  Eats requi re  t r a c e s  of  vanadium f o r  normal growth (Milne, 1971). 

b u t  whether asc id ians  which accumulate t h e  metal a c t u a l l y  r equ i re  i t ,  

remains t o  be demonstrated. /- 

I n  the  pas t  i t  has been noted t h a t  smaller weight classes take  up 
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radiovanadium f a s t e r  than do l a r g e r  c l a s s e s  (Bie l ig  - et  a l . ,  1961a and 

1961b). A t  f i r s t  t h i s  observation might suggest t h a t  smal ler  animals 

should the re fo re  conta in  propor t ionate ly  more vanadium than l a r g e r  ones, 

r eeu l t ing  i n  a non-linear r e l a t ionsh ip  between metal content  and dry 

weight. However, i t  is  known t h a t  the asc id ians  "turn over" r a t h e r  than 

s t o r e  a l l  vanadium taken up during t h e i r  l i f e span  (Kustin et a l . ,  1975). 

Therefore, the  r e l a t ionsh ip  observed i n  t h i s  s tudy would imply t h a t  the  

smal ler  animals have a f a s t e r  turnover r a t e  than do l a r g e r  ones i n  o rde r  

t o  account f o r  the l i n e a r i t y  observed. 

Bertrand (1950) and Levine (1962) have speculated t h a t  vanadium is 

preconcentrated by the  plankton upon which the asc id ians  feed and t h a t  sea- 
=$ 

sona l ' d i f f e rences  i n  t h e  composition of plankton may r e s u l t  i n  changes i n  

the  vanadium l e v e l s  of t h e  tun ica tes  ae wel l .  However, when Ciona in tes -  
/' 

t i n a l i s  was sampled i n  the  same loca t ion  i n  summer and i n  win te r ,  there  
f 
was no s i g n i f i c a n t  d i f f e rence  i n  the  metal concentrat ion (Tables 8 and 92 .  

This l ack  of seasona l i ty  is perhaps not  su rp r i s ing  s ince  vanadium uptake 

is  regulated by the  organism r a t h e r  than by i ts a v a i l a b i l i t y  i n  the  medium 

(Kustin e t  a l . ,  1975; McLeod e t  a l . ,  1975). Not u n t i l  t he  supply of vana- 

dium f e l l  s o  f a r  below i t s  normal l e v e l  of 0.3 t o  3.0 ppb i n  the  s e a  (Bur- 

ton ,  1966; McLeod e t  a l . ,  1975) t h a t  a v a i l a b i l i t y  r a t h e r  than e i f i c i e n c ~  

of uptake and ass imi la t ion  became l i m i t i n g ,  could seasonal  change i n  vana- 

dium supply a f f e c t  the  concentrat ion l e v e l s  observed i n  the  aec id ians .  
- -- - - -- -- -- - - - - - 

Regarding the  d i s t r i b u t i a n  of vanadium-concentrating spec ies  wi th in  

c l a s s  Aacidiacea ,' Webb (1939) concXuded t h a t  the a s 8 e m 6 l m  of-fGClXie8 i n  

which vanadium occurs,  corresponds t o  the  order  Phlebobranchia, and hejpre- 

d ic t ed  t h a t  phlebobranchs f o r  which no da ta  were ava i l ab le  would contain 

vanadium as w e l l .  A s  a means of evaluat ing  t h i s  hypothesis ,  l o c a l  s o l i t a r y  

asc id ians  were co l l ec ted  and analyzed f o r  t h e i r  vanadium concentrat ions 
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(Table 10). This study repor ts  fo r  the  f i r s t  t i m e  a member of t%e order  

Phlebobranchia , Corella willmeriana ,which contains no de tec tab le  vanadium ; 

therefore ,  the taxonomic pos i t ion  of a p a r t i c u l a r  species  i s  unre l iabIe  

i n  predic t ing whether i t  accumulates vanadium. P r i o r  t o  t h i s  invesqga-  

t i o n ,  the lowest vanadium concentration found i n  a phlebobranch was 100 

ppm i n  Ciona i n t e s t i n a l i s  (Goldberg e t  a l . ,  1951; Ibummel e t  a 1  1966). = ' 

According t o  Webb (1939), ' t h e  ances t ra l  asc id ian  which gave rise t o  

the  present  day orders  Stolidobranchia and Aplousobranchia l o s t  the at r i l f ty  

t o  accumulate vanadium, a f a c i l i t y  which he considered t o  be pr imi t ive ,  

Nevertheless, i n  t h i s  s tudy,  the  stolidobranch Boltenia v i l l o s a  was found 

t o  contain 520 - 750 ppm vanadium (Table 11). Comparable high l e v e l s  pre- 
n 

viously reported a r e  r e s t r i c t e d  t o  two famil ies  of the  order  Phlebo- 

branchia , the Ascidiidae and Perophoridae (Goodbody, 19 74) . In  the  pas t  , 
r e l a t i v e l y  low vanadium concentrat ions have been reported i n  two s to l ido-  

branchs: Distomus var ia losus  ( ~ a r t n e r )  with 131 ppm (Bertrand, 1950) 

and Molgula manhattensis (%Kay) with 100 ppm (Car l i s l e ,  1958). The reli- 

a b i l i t y  of Bertrand's  (1942) work is  quest ionable as discussed above, 

while more recent  s t u d i e s  of M. manhattensis r epor t  l e s s  than 20 ppm vana- 

dium (Swinehart e t  a l . ,  1974). Boltenia v i l l o s a  appears s ingu la r  a s  a 

s tol idobranch which contains a s u b s t a n t i a l  vanadium concentration. 

Webb (l939), concluding t h a t  vanadium accumulation was r e s t r i c t e d  t o  

the order  Phlebobranchia, considered i t  unlikely t h a t  cells as specia l ized 

a s  vanadocytes would have a r i s e n  more than once wi th in  the  group. However, 
i 

it has been s h a m  t h a t  sa&dfum a c c u ~ l l u l a t i ~ n  uccurs -i;n-i;ns~~e-a~~abranehs 

(Goldberg et &, , WZd ; TRvitte, Z962 ; C i e r ~ ~ U - d - ~  -14&3;+Swi~hart- - -- - . 
e t  a 1  1974) and consequently M l l a r  (1966), i n  h i s  modem evolutionary -* ' 

treatment of the  aacidians ,  a f fo rds  a pos i t ion  of systematic i s o l a t i o n  

t o  c e r t a i n  aplousobranch genera such a s  Euherdmania, p a r t i a l l y  on the  



s t r eng th  of t h e i r  a b i l i t y  t o  concentrate vanadium. The adapta t ion  t o  dsf-  

- f e ren t  metals o r  t o  d i f f e r e n t  oxidat ion  s t a t e s  of  vanadium (Endean, 1955; 

Kokubu and Hidaka, 1965; Smith, 1970; Swinehart e t  a l . ,  1974; Kustin e t  a l . ,  = 

1976) has l e d  Swinehart - e t  a l .  (1974) t o  hypothesize t h a t  vanadium concen- 

t r a t i o n s ,  and more s p e c i f i c a l l y ,  vanadium oxidation s t a t e s  follow taxo- . 

nomic pa t  te rns .  

The observation t h a t  the  phlebobranch, Corel la  u i l lmer iana ,  conta ins  

no de tec tab le  vanadium while the  stol idobranch Boltenia v i l l o s a  does, con- 

t r a d i c t s  the  p u t a t i v e  theor ie s  proposed by Webb (1939) and Swinehart e t  a l .  

(1974). Rather than being r e s t r i c t e d  t o  taxonomic groups, i t  would appear 
6 

t h a t  the a b i l i t y  t o  accumulate vanadium has ar i senw ( o r  a l t e r n a t e l y ,  has 

been l o s t )  a number of tims wi th in  the  c l a s s  Ascidiacea, and tha t  wi th in  

fami l ies  there  is  no consistency i n  the  d i s t r i b u t i o n  of vanadium (Table 

10).  Levine (1962) has suggested t h a t  t h i s  switch from one metal t o  

another  may simply be the  r e s u l t  of r e l a t i v e l y  small  gene t i c  changes. 

From the s c a t t e r e d  d i s t r i b u t i o n  of a v a r i e t y  of metals  and oxida- 

t i o n  s t a t e s  of these  metals ,  i t  appears t h a t  the  metal component of asc i -  

dian blood pigments cannot be used t o  reconst ruct  the  evolut ion  of the  

c l a s s .  



S - r y  r 

1. Colorimetry with phosphotungstic a c i d  is shown t o  be  a s p e c i f i c  and 

- s e n s i t i v e  procedure f o r  the  determination of microgram q u a n t i t i e s  of 

vanadium i n  the  asc id ians .  
i 

. 2. There is a l i n e a r  r e l a t i o n s h i p  between the  vanadium content  and the  

d r y  weight of  Ciona i n t e s t i n a l i s ,  and t h i s  r e l a t i o  i p  allows estima- 
i !P 

t i o n  of vanadium contents  of ind iv idua l s  from t h e  f i e l d .  

3. There is no evidence of seasonal  d i f f e rences  i n  the  vanadium concen- 
1 * 

t r a t i o n  of Ciona i n t e s t i n a l i s .  C 

4. The a b i l i t y  t o  accumulate vanadium occurs sporad ica l ly  throughout 

the  c l a s s  Ascidiacea, and consequently the presence o r  absence of the  

metal cannot be used t o  reconst ruct  the  evolut ion of t h e  group. 
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