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ABSTRACT: T race e lem en ts in co rp o ra ted  into the  g row ing  surface  of the  fish o tolith  (ear stone) reflect 
the  physical an d  chem ical characte ris tics of the  am b ien t w ater, a lth o u g h  not n ecessan ly  in  a sim plistic 
m anner. S ince otoliths grow  continuously  w ithout reso rp tion  th ro u g h o u t th e  life of th e  fish, fish p o p u ­
lations g row ing  up in d ifferen t w a te r  m asses shou ld  p ro d u ce  otoliths of d ifferen t e lem en ta l com posi­
tion. T he otolith e lem en ta l com position ( 'fingerprin t') d e te rm in ed  w ith iso tope d ilu tion  - inductively  
coupled  p lasm a m ass spec troscopy  (ID-ICPMS) p roved  to be  an  effective d iscrim inato r of ad ja ce n t p o p ­
ulations of A tlantic  cod G adus m orhua  off the  coast of e a s te rn  C an ad a , w ith sufficient accu racy  as a 
n a tu ra l tag  to d e te rm in e  popu lation  iden tity  in a m ixed  p opu lation  fishery. C lassification  of sam ples 
co llected  from  th e  w in ter cod fishery  on th e  e as te rn  Scotian Shelf in d ica ted  th a t th e  a n n u a l w in te r 
m igration  out of the  Gulf of St. L aw rence  is m ore ex tensive  th an  w as p rev iously  be lieved .
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INTRODUCTION

M easures  of growth, survival, and  reproductive  su c ­
cess in m arine  fishes, as well as m uch  of the basis of 
m odern  fisheries m a n ag e m en t ,  assum e that a single 
popula tion  is be ing  monitored. Unfortunately, there  
a re  few natura l markers ,  w h e th e r  genetic  or m orpho ­
logical, which can be used  to consistently differentiate 
am ong  ad jacen t populations. Recent studies have 
pointed  to the potentia l of the otoliths (ear stones), 
found in all fishes, as natura l population  m arkers  
(Edmonds et al. 1989, Kalish 1990, C a m p a n a  & G agné
1994). While otoliths a re  well know n for the  formation 
of the  annua l (Casselm an 1987) and  daily growth  rings 
(Pannella 1971, C a m p a n a  & Neilson 1985) u sed  in their 
ag e  determ ination , it is their e lem enta l  composition 
which has recently  a t trac ted  a t tention as a  potential 
m eans  to track and  identify fish populations. The 
potentia l is based  on 2 observations: (1) otoliths grow 
throughou t the life of the  fish, and  unlike bone, are 
metabolically inert  (C am pana  & Neilson 1985); once 
deposited, otolith m ateria l is unlikely to be  reso rbed  or 
altered; and  (2) the  calcium carbonate  and  trace e le ­
m ents  that m a k e  up 90%  of the otolith ap p e a r  to be

© In ter-R esearch  1995
R esale o f fu ll article  n o t p e rm itte d

mainly derived  from the w ate r  (Simkiss 1974, C a m ­
p an a  unpubl.), as modified by a m b ien t  tem pera tu re .  
Accordingly, the e lem en ta l  composition of the  otolith 
reflects tha t of the  w a te r  in w hich  the  fish lives, 
a l though  not necessarily  in a simplistic fashion (Kalish 
1989, Fowler et al. 1995). Since the  physical and  
chemical characteristics of se aw a te r  vary  from place to 
p lace (Johnson et al. 1992), fish popula tions occupying 
d ifferent w ater  m asses should  contain  otoliths with 
d ifferent exposure  histories to the ocean  environm ent,  
despite  any periodic intermixing. The objective of this 
study was to test this hypothesis  on ad jacen t  cod 
C adus m orhua  popula tions at a time of com plete  s e p a ­
ration and  then  use the  results  to d iscriminate b e tw e en  
the 2 populations during  a time of mixing.

Various workers have  r ep o r ted  sam ple-specif ic  dif­
ferences in e lem en ta l  concentra tion  in tissues other 
than  otoliths, bu t the  implications of their  findings are  
som ew hat unclear. Analyses of bone  (Behrens Y am ada 
et al. 1987), scales (Johnson 1989), and  various soft tis­
sues (Calaprice 1971, Hellou et al. 1992) m ust  reflect 
composition during  growth, b u t  the  signal is distorted 
by metabolic  rew ork ing  after initial deposition  as well 
as short- term  ch anges  due  to effects such as starvation.
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As a result, assays of such tissues a re  not particularly  
ap p ro p r ia te  for popu la tion  discrimination. On the  other 
hand ,  the  acellular otolith is ideally  suited  as a storage 
site for trace  e lem en ts  after incorporation.

Site-specific d iffe rences in otolith e lem en ta l  com po­
sition h ave  b e e n  rep o r ted  previously, b u t  in te rp re ta ­
tion has  gene ra lly  b e e n  confounded  by ontogenetic  
effects, assay  limitations, a n d  u n e x p e c te d  d ifferences 
am o n g  sam ples  (Papadopoulou  et al. 1980, E dm onds et 
al. 1989, 1992, G rady  et al. 1989, G u n n  et al. 1992, Sie 
& T h re sh e r  1992, C a m p a n a  & G a g n é  1994, C a m p a n a  
e t  al. 1994). It m ay  b e  tha t  the  choice of elem ents,  m ore 
th a n  anything, has  limited the  va lue  of these  studies. 
For instance,  most of the  6 m inor e lem en ts  de tec tab le  
w ith  the  com m only u sed  e lec tron  m icroprobe are 
u n d e r  physiological control (Kalish 1989, Fowler et al.
1995) and, thus, a re  relatively poor indicators of p o p u ­
lation identity. A far la rge r  suite of trace e lem en ts  can 
b e  d e tec ted  with inductively  coup led  p la sm a  mass 
spectroscopy  (ICPMS), b u t  in s t rum en t artifacts and  the 
rela tive purity  of the  fish otolith h ave  limited past 
a t tem p ts  to de tec t  w h a t  a re  e x p e c ted  to be  relatively 
small d iffe rences am o n g  popula tions  (Edm onds et al. 
1992, C a m p a n a  & G a g n é  1994). Yet it is these  trace 
e lem en ts  w hich  ap p e a r  to be  least r e g u la ted  during 
u p ta k e  and, therefore,  m ost reflective of the  env iron­
m e n t  (Fowler et al. 1995). For this reason, w e  dec ided  
to ad o p t  the  use  of isotope dilution ICPMS (ID-ICPMS) 
for our assays, to take  a d v a n ta g e  of its repu ta tion  for 
ex t rem e  accuracy, precision  an d  sensitivity (Fassett & 
P au lsen  1989).

MATERIALS AND METHODS

The timing of sam ple collection w as des igned  in 
light of the  an n u a l  w inter  migration of cod from the 
sou thern  Gulf of St. Law rence  (NAFO Division 4T) 
onto the  a rea  of the  Scotian Shelf occupied by the 
NAFO Division 4VsW cod stock (Fig. 1) (Hanson & 
N ielsen  1992). R eference sam ples  of Gulf cod w ere  
collected by fisheries observers in J u n e  (Table 1), 
w hich  is a round  the  time of spawning, and  a time 
w h e n  no  other cod stocks are  know n  to be  in the 
sou the rn  Gulf (Templeman 1962). R eference samples 
of Scotian Shelf cod w ere  sam pled  in 2 consecutive 
years  (1992 and  1993); in each  yea r  sam ples  w ere  
ta k en  in m id-la te  summer, w h en  the  shelf is p r e ­
sum ed  to be  clear of all other stocks. Peak  stock m ix ­
ing is believed  to occur in late w inter  (Templeman 
1962), w hich  is w h en  our sam ples  of u n k n o w n  stock 
identity  w ere  collected from the Scotian Shelf. All cod 
sam ples  w ere  d raw n  from several in d e p e n d e n t  collec­
tions at each  site in each  year, and  all w ere  restricted 
to sexually m a tu re  fish be tw e en  the  lengths of 44 to 
85 cm. Immediate ly  after capture, sagittal otoliths 
w ere  rem oved  from each  fish, c leansed  of adher ing  
tissue, and  stored  dry in p ap e r  envelopes until they 
could be  exam ined  further. In p repa ra tion  for ID- 
ICPMS, otoliths w ere  decon tam ina ted  in a Class 100 
clean  room (C am pana  & G agné  1994), w e ig h e d  to the 
n ea res t  mg, dissolved in 5 ml sub-boiling distilled 
nitric acid, and  b rough t to 250 ml with Super-Q  water. 
Enriched  isotopic spikes for all e lem ents  w ere  added
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Fig. 1. G adus m orhua. P rincipal re s i­
d en ce  g ro u n d s and  overw in tering  
g ro u n d s for two of th e  m ajor cod 
stocks off of the  e as te rn  coast of 
C an ad a . C od in th e  so u th e rn  Gulf of 
St. L aw rence  (yellow) ov erw in te r and 
mix w ith Scotian Shelf cod (red) 
th ro u g h  th e  period  D ecem b er to May. 
N u m b ered  sam pling  sites co rrespond  

to those  Usted in T able  1
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T able  1. C adus m orhua. Sam ple  collection inform ation. E ach sam ple  re p re ­
sen ts severa l in d e p e n d e n t collections m ade  w ithin a 5 km  radius. Sam ple 

locations a re  m ap p ed  in Fig. 1

Sam ple
no.

Location Date Fish leng th  
(m ean ± SE, cm)

O tolith  w e ig h t 
(m ean ± SE, g)

1 W estern  Gulf Ju n  1992 52.2 ± 1.0 0.40 ± 0.02
2 E aste rn  Gulf Ju n  1992 53.7 ± l . l 0.40 ± 0.01
3 Scotian Shelf A ug 1993 57.1 ± 1.4 0.39 ± 0.02
4 Scotian Shelf Ju l 1992 53.3 ± 1.2 0.36 ± 0.02
5 Scotian Shelf M ar 1993 55.1 ± 1.4 0.38 ± 0.02
6 Scotian Shelf Feb 1992 59.6 ± 1.5 0.44 ± 0.02

to each  otolith prior to acid dissolution, except for Sr 
and  Mg which w ere  a d d e d  after digestion. The assay 
se quence  w as systematically mixed by sam ple site to 
avoid the possibility of instrum ent drift (C am pana  & 
G agné  1994), a l though  none  was la ter observed,

RESULTS

Of the 28 e lem ents  know n to be  p resen t  in the  otolith 
(C am pana & G agné  1994), 6 e lem ents  fea tu red  the 
multiple isotopes free of spectral in te rferences which 
are  requ ired  by ID-ICPMS. Detection limits (3c in ppm  
p e r  otolith weight) for Li (0.007), Mg (0.05), Zn (0.05), 
Sr (0.12), and  Ba (0.004) w ere  all well below observed  
concentra tions in the otolith; tha t for Pb (0.007) was not 
significantly less than  44%  of the observations. Coeffi­
cients of variation for replicate  assays w ere  less than 
3 % for all e lem en ts  excep t Pb, w hich  w as 8% . Mg, Pb 
an d  Zn w ere  heteroscedast ic  and  thus w ere  t ran s­
formed (In, In an d  sq u a re  root, respectively) prior to 
analysis.  T hree  of the e lem en ts  (Li, Mg, and  Sr) 
show ed  small bu t  statistically significant relationships 
with otolith w eigh t (ANCOVA, p < 0.05); Li and  Mg 
w e re  negatively  re la ted  to otolith weight, while Sr 
show ed  a positive relationship. The effect of otolith 
w eigh t was subsequen tly  rem oved  using the common 
w ith in-group  slope, a l though  this p rocedu re  did not 
modify any of the results; all su b se q u en t  statistical 
analyses w ere  rep e a te d  using both d e t re n d ed  and  
u n d e t re n d e d  data, an d  in all cases, the conclusions 
w ere  identical.  The sam e results w ere  observed  if the 
analysis w as restricted to otoliths in the  range  0.35 to 
0.45 g without detrending .

All 6 of the e lem ents  differed  significantly am ong 
sam ple  sites (ANOVA, p < 0.05) (Table 2); inter-site dif­
ferences w ere  even  m ore p ro n o u n ced  w h e n  analyzed  
as a multivariate f ingerprint, ra the r  than  as individual 
e lem ents  (MANOVA, p < 0.001). O n the  other hand, 
the e lem enta l f ingerprints w ith in  sites, d raw n  from 
multiple in d e p en d e n t  collections w ithin a g iven year, 
w ere  not significantly different. Thus, the  e lem enta l

f ingerprints  r e p re se n te d  a sam ple  site 
and  not just a school of fish.

O ur  prim ary in te res t  w as in the  differ­
entiat ion of the w es te rn  Gulf cod stock 
(Sample 1) from tha t  of the  Scotian Shelf 
(Samples 3 and  4), since these  2 stocks 
r ep re se n t  the  m ain  ag g re g a t io n s  of cod 
off the so u th e as te rn  coast of C anada .  Cod 
from the  ea s te rn  Gulf (Sample 2) form a 
smaller, m ore localized agg regation ,  with 
u n k n o w n  affinities to the  w es te rn  Gulf 
cod (Tem plem an 1962). Using p n n c ip a l  
com ponen t analysis (PCA) to descr ibe  the 

e lem enta l  fingerprint, d iscrimination b e tw e e n  the 
Scotian Shelf an d  w es te rn  Gulf cod w as  virtually com ­
plete  (Fig. 2A) (Table 3). S tepw ise  d iscrim inant analy-
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Fig. 2. C a d u s m orhua. E lem en tal fin g erp rin ts  ch arac te ris tic  of 
cod otoliths from  th e  so u th e rn  G ulf of St. L aw rence  an d  e a s t­
e rn  Scotian  Shelf. (A) Plot of th e  first 2 p rincipal co m ponen ts 
co rre sp o n d in g  to cod from  th e  w e s te rn  G ulf (Sam ple 1) and  
Scotian  Shelf (Sam ples 3 an d  4). (B) Plot of th e  first 2 d iscrim ­
in an t functions for each  of th e  4 re fe re n ce  sam ples. S e p a ra ­
tion of the  w este rn  G ulf an d  Scotian  Shelf sam ples is v irtually  
com ple te  (Table 3), b u t th e  sam p le  from  the e a s te rn  Gulf 
hes in b e tw een  the  two, a lb e it w ith  sign ifican t sep a ra tio n  
from  both. T he first d isc rim in an t axis co rresp o n d s to an  en v i­
ro n m en ta l g rad ien t, w hile  th e  second  axis co rresp o n d s to a 

y e a r effect
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T ab le  2. C a d u s m orhua . E lem en tal co n cen tra tio n s (m ean ± SE, in ppm ) in otoliths co llected  from  each  of the 6 sam ple  sites, before 
ad ju s tm en t for oto lith  w e ig h t effects (n = 33 for each  site, excep t for Site 5 w h e re  n = 31)

S am p le  site Ba Li M g Pb Sr Zn

1 3.72 ± 0.13 0.61 ± 0.02 13.6 ± 0.5 0.0105 ± 0.0014 3394 ± 82 1.75 ± 0.18
2 3.49 ± 0.25 0.55 ± 0.03 16.9 ± 0.9 0.0106 ± 0.0021 2969 ± 80 0.58 ± 0.06
3 4.59 ± 0.24 0.56 ± 0.03 18.6 ± 1.4 0.0107 ± 0.0014 2541 ± 46 0.33 ± 0.02
4 5.40 ± 0.28 0.42 ± 0.02 17.0 ± 0.5 0.0155 ± 0.0016 2621 ± 53 0.44 ± 0.04
5 3.85 ± 0.19 0.65 ± 0.04 15.8 ± 0.4 0.0090 ± 0.0013 2865 ± 56 0.49 ± 0.04
6 3.52 ± 0.17 0.60 ± 0.07 16.1 ± 1.1 0.0094 ± 0.0010 2864 ± 82 0.31 ± 0.02

sis of all 4 re ference  sam ple  sites (Sample Sites 1 to 4) 
resu lted  in a p a t te rn  of discrim ination  for the  2 major 
cod stocks similar to tha t of the  PCA, with highly  s ig ­
nificant inter-site d iffe rences (p < 0.001). The e le m e n ­
tal f ingerprin t of the  sam ple  from the  ea s te rn  Gulf 
(Sample 2) w as significantly d iffe rent from both  the 
w es te rn  Gulf sam ple  an d  those from the  Scotian Shelf 
(p < 0.01), bu t lay in b e tw e e n  the  two in d iscriminant 
space  (Fig. 2B). T he  2 sam p le  collection years from the 
e a s te rn  Scotian Shelf (Sample Sites 3 an d  4) also dif­
fe red  significantly. Discrimination am o n g  all sites was 
b ased  on 4 elem ents, with Zn an d  Sr, and  Li and  Ba, 
be ing  the major contributors to the first an d  second  d is­
cr im inant function, respectively. Virtually all of the 
exp la ined  var iance w as acco u n ted  for by the first 2 
discrim inant functions (88 an d  10%, respectively), 
with the  stock discrimination resu lt ing  from separation  
a long the first d iscrim inant axis an d  the  second axis 
serving to differentia te  b e tw e e n  the  d ifferent years 
of sam ple  collection (Fig. 2B). Since te m p era tu re  and  
salinity both  inc rease  b e tw e e n  the  Gulf of St. 
L aw rence  an d  the  Scotian Shelf, the  first d iscriminant 
axis a p p e a re d  to co rrespond  to a n  env ironm enta l  g ra ­
dient.

Using the  d iscrim inant functions d eve loped  from the 
re fe rence  sam ples  (Samples 1 to 4), Sam ples  5 and  6 
from the  w in te r  Scotian Shelf fishery w ere  classified as 
to most likely sam ple  site origin. Less th a n  7 % of e i ther  
sam ple  w as classified as be ing  from the  w estern  Gulf

(Table 3). However, 33 to 65%  of each  sam ple  was 
identified as being from the eas te rn  Gulf, the rem a in ­
der  be ing  from the Scotian Shelf (Table 3). W hen  p lo t­
ted  in the sam e discriminant space as the  reference 
samples, both of the u n k now n  samples w ere  ch a rac ter­
ized by distributions in keep ing  with an  eas te rn  Gulf - 
Scotian Shelf mixture.

DISCUSSION

The otolith e lem enta l f ingerprints associa ted  with 
the w es te rn  Gulf and  eas te rn  Scotian Shelf cod stocks 
w ere  sufficiently distinct to serve as natura l  tags in 
monitoring their  relative distribution an d  are  am ong 
the most powerful stock discriminators yet repor ted  for 
these  stocks. Such com plete discrimination be tw e en  
ad jac en t  cod stocks is unusual,  w h e th e r  b ased  on mor- 
phom etric  (Templeman 1962) or genetic  (Mork et al. 
1985, Smith et al. 1989) indicators. Cod are  know n to 
spaw n  on dozens of offshore b anks  and  in m any 
coastal regions th roughou t the NW Atlantic, with each  
sp aw n in g  agg rega t ion  assum ed  to r ep re se n t  a distinct 
popula tion  (Templeman 1962). However, cod are 
highly migratory and  m any populations intermix at 
times other than  spaw ning  (Templeman 1962, Wise 
1963, McKenzie 1956). Since even  anadrom ous fish 
like sa lmon are  know n  to stray to a l te rna te  spaw ning  
sites at rates of up to 40%  y r" 1 (Quinn 1993), it is not 

surprising tha t g ene  mixing rates and  
other factors have  confounded  past 
at tem pts  at distinguishing am ong  stocks. 
E lem enta l f ingerprints are  not genetic  
m arkers  and  cannot be  used  to distinguish 
am ong  populations in term s of genetic  
differences. However, our results indicate 
tha t  e lem enta l  f ingerprints can  discrimi­
na te  be tw e en  aggrega tions  of fish which 
have  lived the g rea te r  par t  of their  lives in 
separa te  w ate r  masses, thus com plem en t­
ing information available from DNA fin­
gerprints. Both te m p era tu re  and  salinity 
are  know n modifiers of otolith e lem enta l

T ab le  3. G adus m orhua. Ja c k -k n ife d  classification  accu racy  of cod sam ples 
id en tified  th ro u g h  d iscrim inan t function  an aly ses of otolith e lem en ta l f in g er­
prin ts. S am ples 5 a n d  6 com prised  fish of u n k n o w n  orig in  co llected  d u n n g  

th e  w in ter fishery  for cod on th e  Scotian Shelf

A ctual g ro u p  No. of P red ic ted  g roup  m em b ersh ip  (%)
(sam ple no. an d  location) cases 1 2 3 4

1 W estern  Gulf 33 70 30 0 0
2 E aste rn  Gulf 33 18 61 12 9
3 Scotian Shelf (1993) 33 0 9 64 27
4 Scotian Shelf (1992) 33 0 9 21 70
5 U nknow n 31 6 65 23 6
6 U nknow n 33 3 33 33 30
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composition (Fowler et al. 1995). Thus, the observed 
discrimination was consistent with expectations based  
on the response of otolith trace e lem en t composition to 
the am bien t environm ent (Fowler et al. 1995). In the 
cu rren t study, the difference in te m pera tu re  and  salin­
ity be tw een  the w estern  Gulf and  the eas te rn  Scotian 
Shelf was sufficiently la rge  (approximately 2°C and 
3%o) to en h a n ce  the potential for stock separation  
based  on e lem enta l  fingerprints.

E lemental f ingerprints of whole dissolved otoliths 
rep resen t  the lifelong integration  of an  individual fish's 
exposure to the environm ent. Thus the m odest o b ­
served difference be tw e en  the 1992 and  1993 easte rn  
Scotian Shelf sam ples  was expected  based  on their 
slightly d ifferent exposure  history to the environm ent. 
However, they are  not sensitive to short-term effects. 
This point was h igh ligh ted  by the  similarity of the m u l­
tiple in d e p e n d e n t  samples used  to character ize each  
sam ple site. F ingerprints  b ased  on the commonly 
assayed  otolith e lem ents  such as Na, K, S, and  Cl have 
not always shown such within-site consistency (Ed­
m onds et al. 1992, G unn  et al. 1992, T hreshe r  et al. 
1994), p resum ably  due  to physiological regulation  
(Kalish 1989, 1990, Sie & T hresher  1992). Thus, the fact 
tha t samples from the w es te rn  an d  eas te rn  Gulf of St. 
L aw rence had  very different f ingerprints indicates that 
the  2 groups of fish lived apar t  th roughou t m uch  of 
their  6 to 10 yr lifetime (Hanson & Nielsen 1992). While 
segregation  such as this does not necessarily  imply 
tha t the 2 groups constitute separa te  stocks, it does 
point to a significant he te rogene ity  within the Gulf. 
Studies based  on morphometries, meristics and  tag 
re turns have  also sugges ted  tha t ea s te rn  Gulf cod are 
more closely allied with fish off the  no r theas te rn  coast 
of Nova Scotia than  with the w estern  Gulf fish with 
which they are  now  m a n a g e d  (Templeman 1962, M a r­
tin & J e a n  1964).

F isherm en have  long b ee n  aw are  of the ‘river of fish’ 
which exits the Gulf of St. Law rence each  fall to over­
w inter  with the residen t stock on the Scotian Shelf 
edge .  However, fishing effort on the overwintering cod 
has  increased  substantially in the  pas t  5 yr as cod 
ab u n d a n ce  in the  nor thw est  Atlantic has p lum m eted  
(FRCC 1993). By taking ad v a n ta g e  of the difference in 
size at age  of the 2 cod stocks, H anson  & Nielsen (1992) 
used  Kimura-Chikuni analysis of leng th -frequency  
m ixtures to conclude that the majority of the Gulf cod 
m igra ted  no further than  the location ind icated  by 
Sample 6. O ur findings tha t w es te rn  Gulf cod w ere  
minimally rep re se n ted  in the m ixed  fishery samples 
was in keep in g  with H anson  & Nielsen 's  (1992) conclu­
sions. However, 33 to 65 % of each  sam ple  w as iden ti­
fied as be ing  from the eas te rn  Gulf, the rem ainder  
being  Scotian Shelf fish. T here  are  2 possible ex p lan a ­
tions for these  som ew hat un ex p e c ted  results: (1) Cod

migration  out of the  Gulf is not ta rg e ted  at a com m on 
site as it is in m any  pelagic  fishes and  birds (Quinn & 
Brodeur 1991), but ra the r  the ex ten t  of migration  is l im ­
ited on an  individual basis by ene rge tic  considerations. 
This would  imply tha t ea s te rn  Gulf cod would  m igra te  
considerably further out a long the  Shelf than  would 
those from the w es te rn  Gulf. H anson  & Neilsen 's  
inability to identify the former (Hanson & Nielsen  
1992) would then  stem from the  relatively small r e p r e ­
sentation  of eas te rn  Gulf cod in their  re ference  Gulf 
cod sample. (2) The cod in Sam ples 5 and  6 classified 
as being  from the eas te rn  Gulf w ere  misclassified an d  
actually orig inated  off the  n o r theas te rn  tip of Nova 
Scotia. G iven the  proximity and  similar env ironm enta l  
conditions of the  latter to the  eas te rn  Gulf shore, it is 
unlikely that cod living in the  2 locations could be  dif­
fe ren tia ted  using  otolith e lem en ta l  fingerprints. H o w ­
ever, u n d e r  e i ther  of the  above scenarios, the ne t  effect 
is the same: a significant proportion  of the cod caugh t 
on the nor theas te rn  Scotian Shelf in w in te r  w ere  not of 
Scotian Shelf origin. Using otolith e lem en ta l  f inger­
prints as m arkers  in individual fish, it should now  be 
possible to track the  popula tion  m ovem ents  of this and  
o ther  fish species, thus ad d ress ing  one  of the central 
prob lem s in fisheries m a n a g e m e n t  and  studies of fish 
populations.
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ven, Jo h n  Dalziel, A rt C osgrove, M ark  H anson, an d  G hisla in  
C h o u in ard  for th e ir a ssistan ce  an d  adv ice  on this project. 
Sim on Thorrold , M ike Sinclair, Jo h n  C asse lm an , Tony 
Fowler, C yn th ia  Jones, D avid Secor an d  an  anonym ous 
rev iew er p rov ided  helpfu l com m ents on th e  m anuscrip t.
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