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T h e  th re e -d im e n s io n a l (3 -D ) sh ap e  a n d  d en sity  d is t r ib u tio n  o f  a  c o d  o to li th  w as  d e te rm in ed  
u s in g  a  new ly  d e v elo p ed  m ic ro  X -ray  to m o g ra p h . T h e  te c h n iq u e  re q u ire s  n o  sp ec ia l t re a tm e n t 
o f  th e  o to li th  a n d  c o u ld  y ield  th e  e n tire  3 -D  g ro w th  h is to ry  in  a  s ing le  an a ly sis .

K e y  w o rd s: fish  ageing ; o to li th  sh ap e ; 3 -D  analysis ; X -ra y  to m o g ra p h y .

F ish  ageing is a  basic  too l fo r c o h o rt analysis in fish sto ck  assessm ent. T he q u a lity  o f  fish 
ageing  p ro ced u res d irectly  influences the reliab ility  o f  scientific advice in  fisheries 
m an ag em en t. P resen tly , no  fast, objective, an d  genera lly  app licab le  m e th o d  exists to 
d e te rm in e  the age o f  fish. T h e  m ost com m only  used  ageing  techn ique  is th a t  o f  coun ting  
a n n u a l stru c tu res  in' the h a rd  p a rts  o f  fishes. T h is  tech n iq u e  is e la b o ra te  an d  to a great 
ex ten t subjective.

S ignifican t co rre la tio n s have been fo und  betw een o to lith  sh ap e  and  genotype, sex, size, 
g ro w th  ra te , a n d  s tock  m em bersh ip  (C am p an a  & C asselm an , 1993; C o lu ra  &  K ing, 
1995). T he age o f  fish o f  som e species can  be  p red ic ted , to  a ce rta in  ex ten t, from  the 
tw o -d im en sio n a l (2-D ) o to lith  shape  alone (A ps e t al., 1990; C asto n g u ay  et al., 1991; 
C a m p a n a  & C asselm an , 1993; D o erin g  & L udw ig, 1990).

F o r  a b e tte r u n d e rs tan d in g  o f  o to lith  g row th , an  a p p ro a c h  is needed  w hich includes all 
aspects o f  the  fo rm  o f  an o to lith , i.e. its full th ree-d im en sio n a l (3-D ) shape an d  density  
d is trib u tio n . T h ree-d im ensiona l analysis m ay yield in sigh ts in to  how  age, env ironm enta l 
fac to rs , an d  g eno type  influence g row th  and  sh ap e  o f  o to lith s . M o re  reliable an d  faster 
ageing  techn iques m ay  be developed  w hen in n e r s tru c tu re s  can  be included  in the 
reco n s tru c tio n . O u r basic w ork ing  hypo thesis is th a t  fish age in fo rm a tio n  is coded  in the 
3 -D  sh ap e  an d  density  d is trib u tio n  o f  o to lith s  p rim arily  h id d en  beh in d  env ironm enta lly  
induced  an d  physio log ica lly  m ed ia ted  v a ria tio n s  in th e  local b io -m inera liza tion  ra te  on 
th e  o to lith  su rface . F ro m  the  study  o f  the 3-D  in fo rm a tio n  we expect to  be able to 
v a lid a te  sim pler 2 -D  crite ria  fo r reliable and  fas t age d e te rm in a tio n  o f  fish.
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F ig . 1. A  c o d  G adus m orhua  L. o to lith  w as sc a n n e d  w ith  a  m ic ro  X - ra y 'to m o g ra p h  (S aso v  &  V an  D yck , 
1998) a n d  p ro cessed  w ith  th e  IM A G IC -5  im a g e  a n a ly s is  sy stem  (V a n  H eel et al., 1996) to  e v a lu a te  
th e  o u te r  su rfac e  a n d  the  3 -D  g ro w th  p a tte rn . T h e  im ages, re p re s e n tin g  th e  o to li th  densities  
a p p ro x im a te ly  a t  the  o u te r  su rfac e , a re  sh o w n  as  a  c o n tin u o u s  s e q u e n c e  o f  s te reo  p ic tu re s , w hich  
a llo w  th e  o b se rv e r to  m erge  a n y  tw o  n e ig h b o u rin g  p ic tu re s  fo r  3 -D  v isu a liza tio n .

U n til recen tly  it w as possib le to  c ap tu re  an d  re c o n s tru c t the 3-D  su rface  o f  an  o to lith  
only  fro m  serial sec tions (Bailey e t al. , 1995). T h is  techn ique  loses p a r t  o f  th e  o to lith  due 
to  th e  cu ttin g . Sky Scan b .v .h .a . in c o lla b o ra tio n  w ith  the U n ivers ity  o f  A n tw erp  has 
recen tly  developed  a  m icro  X -ray  to m o g rap h y  in s tru m en t, w h ich  p ro d u ces a  very detailed  
3-D  density  d is trib u tio n . W ith  th is to m o g ra p h  an  ob jec t su ch  as an  o to lith  can  be 
ana ly sed  non-destruc tive ly  to  reveal its 3 -D  s tru c tu re  (Fig. 1). T here  a re  no  alignm en t 
p ro b lem s as w ith  the com m on  techn ique  since n o  physical p a rtitio n in g  in to  slices is 
necessary . T h e  system  consists o f  a  m icro focus X -ray  tu b e , a n  ob jec t ro ta tio n  tab le , a 
sensitiv ity  im proved  C C D -cam era  an d  on-line  c o m p u te r  co n tro l. T he cu rren tly  a tta in ­
ab le  re so lu tio n  o f  ~ 8 p m  is sufficient to  reveal the  o u te r  sh ap e  o f  the o to lith  to  high 
precision . In  o rd e r to  im prove the  visibility  o f  th e  in te rn a l d e ta ils  o f  the 3-D  reco n s tru c ­
tion  (say , th e  annu li), we p lan  to  m ake  use o f  X -ray  p h ase -c o n tra s t m ic ro to m o g rap h y  
(V an D y ck  e t al., 1998), using an  su b m ic ro n  sp a tia l re so lu tio n  system  cu rren tly  under 
developm ent.

T h e  d ig ita l 3-D  density  in fo rm a tio n  o f  the o to lith s  m ay  be s to re d  in d a tab ases  w hich 
can  be  accessed th ro u g h  the in ternet. S uch  d a tab a se s  can  th u s  p lay  an  im p o rta n t ro le in 
an  ed u c a tio n a l con tex t. M oreover, the d a ta b a se s  m ay  be u sed  as c a lib ra tio n  s tan d a rd s  
am o n g  fisheries institu tes.

T h e  a u th o r s  th a n k  J. M o d in  fo r  su p p ly in g  th e  c o d  o to li th s .  O u r  p ro je c t  is p a r t  o f  th e  c o n tra c t  Fish  
A g e in g  b y  O to lith  S h a p e  A n a lys is  (F A I R  P L 97-3402) w ith  th e  E u ro p e a n  C o m m iss io n , D ire c to ra te -  
G e n e ra l  X IV  (F ish e rie s).
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