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F irst o f  its k ind , th is  s tudy  exam ines e ffects  o f  p re servatives  on  o to liths as w ell as on  fish  size and 
w eigh t. E ffects  o f  200 days o f  p re servation  in  4 %  seaw ater fo rm aldehyde  so lu tion  and  80 %  ethano l 
w ere  in vestigated  fo r  th e  tw o  sm all, m esopelag ic  fishes, B en th o sem a  g la c ia le  ( R e in h a r d t , 1837), 
and M a u ro licu s  m uelleri ( G m e l in , 1789). The bod y  w e ig h t loss w as m uch  h ig h e r in  e thano l (37-39 % ) 
th a n  in  fo rm aldehyde  (13-16 %). The decrease  in  standard  leng th  w as sm all in  bo th  p reservatives 
and  fo r b o th  species (0 .8-3 %). T he w e ig h t o f  th e  o to lith s o f  B. g la c ia le  w as estim ated  to  decrease  by  
app rox im ate ly  3 %  in  b o th  fo rm aldehyde  and  ethano l, w hile  a  rad ius change in one d irec tion  could  
n o t be d em onstra ted  unam biguously . In  con trast, th e re  w ere  no  s ig n ifican t changes in  th e  o to liths o f  
M . m uelleri in  any  o f  the  p reservatives , thus w e can  use o to liths from  AT. m uelleri p reserv ed  fo r up  to 
a t least 200 days in  co rrec tly  b u ffered  fo rm aldehyde . G row th  ra te  and  age can  th en  easily  be coup led  
w ith  o th e r life h is to ry  param eters  ob ta ined  from  p reserv ed  fish.
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IN T R O D U C T IO N

W hen conducting studies using preserved fish one is 
often faced by a variety o f storage methods, as freezing, 
formaldehyde, and ethanol. Different preservation meth­
ods lead to different changes in size and weight, and 
pigmentation and otoliths may break down. I f  avail­
able, conversion factors can correct for shrinkage and 
weight loss during storage (e.g. G j o s æ t e r  1973; K r u s e  

&  D a l l e y  1990; Fox 1996). The amount o f  shrinkage 
generally depends on the osmolarity o f  the preserva­
tive ( T u c k e r  &  C h e s t e r  1984), thus seawater formalde­
hyde will lead to a greater shrinkage than freshwater 
formaldehyde. Formaldehyde preservation is advised 
against when otoliths must remain intact ( G jo s æ t e r  &  

al. 1984; EIä r k ö n e n  1986; B r o t h e r s  1987), since otoliths 
are etched at the low pHs often present in formalde­
hyde solutions ( S t e e d m a n  1976b). However, addition 
o f buffering agents can keep the pH high, at least tem ­
porarily, thus it may be possible to use otoliths from 
form aldehyde preserved specim ens ( S u t h e r s  & al. 
1992). Ethanol is widely used as preservative in otolith 
studies, and will like formaldehyde cause changes in 
body size and weight ( H j ö r l e if s s o n  &  K l e in - M a c p h e e  

1992; Q u iñ ó n e z - V e l á z q u e z  &  C h a u m il l o n  1996). As

fixative, ethanol is inferior to formaldehyde, and ethanol 
< 85 % is mildly acidic and may etch larval otoliths 
( R a d t k e  &  W a iw o o d  1980).

Otoliths from formaldehyde preserved Maurolicus 
muelleri have previously been used by the authors, and 
identical age structures were found in formaldehyde pre­
served and frozen samples. Also, examination o f sam­
ples stored for one year in formaldehyde has shown 
that a pH o f 7.5-8 apparently renders the otoliths o f 
M. muelleri unchanged, with both annual and daily in­
crements as clear as in fresh otoliths. This study was 
thus done to provide correction factors for the shrink­
age and body weight loss that occurs during preserva­
tion o f M. muelleri and Benthosema glaciale, and to 
formally test the common notion that otoliths are de­
stroyed by formaldehyde.

M A T E R IA L  A N D  M E T H O D S  

Body size and weight
Sam ples o f  B. g lac ia le  and  M . m uelleri w ere obtained from  
p e la g ic  t ra w lin g  in  Ju ly  1996 in  H e rd le fjo rd e n , w e s te rn  
N orw ay, w ith  a  H arstad  traw l. The fish  w ere kep t ch illed  in 
a  refrigerato r, from  w hich  sm all subsam ples w ere  tak en  fo r 
m easurem ents w ith in  12 hours a fter capture. A  to ta l num ber
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o f  160 ind iv idua ls  o f  each  species w ere  m easu red  fo r to ta l 
leng th  (TL), s tandard  length  (SL), heigh t (H ) and w id th  (IVi) 
im m e d ia te ly  p o s te r io r  to  th e  op e rcu la , to  n e a re s t 0.1 m m  
w ith  a  c a l lip e r . U s in g  th e  fo rm u la  fo r  an  e ll ip s o id ,  th e  
vo lum e o f  each fish  w as calcu lated  as:

_ 4  S L m _  H_

~ ^  2 2 2

W eight (¡V) w as m easured  to  the nearest 0.01 g after rem ov­
ing excess w ater using  paper tissue. Each fish  w as transferred 
to  indiv idually  labelled  p lastic  vials (30 o r 100 m l) con tain ­
ing  4 %  form aldehyde m ixed  w ith  seaw ater (sa lin ity  30-34) 
and buffered  w ith  sodium  borate resulting  in a  pH  o f  8.2, as 
m ea su red  a t th e  end  o f  th e  ex perim en t. T he re su ltin g  fish  
vo lum e:p reservative  vo lum e w as 1:10 o r less. The sam ples 
w ere sto red  in darkness a t room  tem perature . A t day  20, 80 
specim ens o f  each  species w ere transferred  to  80 %  ethanol. 
Fishes w ere m easured and w eighed six  tim es: before fixation, 
th e n  a t 10, 20, 50, 100 and  200 days a fte r fixation .

Otolith size and weight after 200 days
O tolith  size and w eight relative to  fish  size and w eight w ere 
co m p ared  fo r  th e  f ish  s to red  in  fo rm ald eh y d e  and  e thano l 
w ith  o to lith s  fro m  fro ze n  fish . A t d ay  200  a f te r  f ix a tio n  
bo th  sagittal otoliths w ere rem oved, rinsed in w ater and dried 
a t ro o m  te m p e ra tu re  fo r  sev e ra l days  b e fo re  w e ig h in g  to  
nearest Jig. Otoliths from  75 frozen B. glaciale  and M  muelleri, 
all from  the sam e station as the preserved fish, w ere extracted. 
The standard length o f  B. g lacia le  has previously been  show n 
n o t to  change during  freez ing  ( G jo s æ t e r  1981), w e assum e 
the sam e applies fo r M . m uelleri (see how ever A r m s t r o n g  &  

S t e w a r t  1997). B ody  w eigh t loss during  freez ing  w as co r­
rec ted  fo r from  the d ifference betw een  fresh  and frozen  fish

in predicted  body  w eight at standard  length, applying regres­
sion lines o f  the type W  = aLb, w here W  is predicted w eight, L  
is s tandard  length, and  a  and  b are constants. O toliths w ith  
signs o f  calcite  crystallisa tion  (cf. S t r o n g  & al. 1986) w ere 
found to  have a  low er w eight and size than  norm al and were 
exc lu d ed  from  th e  su b se q u en t analyses. T he o to lith s w ere  
g lued  to  g lass s lides  w ith  n a il v a rn ish  leav in g  th e ir  u p p er 
(convex) su rface  dry , ligh tly  po lished , th en  covered  w ith  a 
drop o f  im m ersion oil to  c lear them  and ease the identification 
o f  the  p rim ordium  (centre o f  the  otolith). The radius o f  both 
left and right otolith w as m easured w ith  an ocular m icrom eter 
under 50 x m agnification. F-tests w ere used  to  te st fo r differ­
ences in o tolith  w eight and radius relative to  fish w eight and 
length. The average rad ius and  w e ig h t o f  the  le ft and  righ t 
otolith w as used. The data  w ere ln-transform ed p rio r to  analy­
sis to  im prove norm ality . I f  an overall difference w as found, 
p a irw ise  te s t in g  w as app lied  to  each  p a ir  o f  groups. I f  no  
differences w ere found, a  com m on slope w as com puted, and 
an F -tes t w as app lied  to  te s t fo r d ifferences in intercept.

Otolith size and weight after 20 days
To te s t  e ffec ts  o f  d iffe ren t b u ffers  and  pH s, o to lith s  w ere  
w eighed  and m easured  before and  after storage in th ree  d if­
fe ren t form aldehyde solutions. A  to ta l num ber o f  48 otoliths 
from  frozen B. g laciale  w ere rinsed in distilled w ater, dried at 
60 °C fo r 24 hours, then  w eighed to  nearest Jig and m easured 
w ith  an  ocular m icrom eter. The d iam eter o f  the  longest axis 
w as m easured to  get a  precise m easurem ent. 16 otoliths w ere 
p laced in each o f  the three solutions: 4 %  freshw ater (distilled) 
form aldehyde buffered w ith  a  m ixed sodium  phosphate buffer 
to  a  pH  o f  7.4; 4 %  freshw ater fo rm aldehyde satu rated  w ith  
b o ra x  r e s u l t in g  in  a  p H  o f  9 .2 ,  a n d  4 %  s e a w a te r  
fo rm ald eh y d e  so lu tio n  sa tu ra ted  w ith  b o rax  re su ltin g  in  a 
pH  o f  8 .8 , re s p e c tiv e ly . A fte r  20 days  th e  o to lith s  w ere

T able  \ .M .  m ue lle ri and  B. g la c ia le  a fte r (A ) 200 days o f  sto rage in fo rm aldehyde , and  (B ) 20 days 
o f  sto rage in  fo rm aldehyde  fo llo w ed  by  180 days in  e thanol, w ith  linea r reg ressions  p red ic tin g  fresh  
s tan d ard  leng th  (SL , m m ) and  w e ig h t (W , g).

A

M easure R egress ion R 2 n

W eigh t M . m uelleri W fresh = 0.043 + 1.076 * W 200d 0 .995 72

W eigh t B. g la c ia le Afresh = 0-039 + 1.097 * W 200d 0 .999 73

SL M . m uelleri SLfresh = 0 .1 2 7 +  1.008 * S L 200d 0 .993 71

SL B. g la c ia le SLfresh = -0 .682  + 1.027 * S L 200d 0.981 67

B

M easure R egress ion R 2 n

W eigh t M . m uelleri W fresl, = 0 -048 + 1-459 * W 2oM 0 .992 77

W eigh t B. g la c ia le W fresh = 0 .0 7 4 +  1.430 * W 200d 0 .999 75

SL M . m uelleri SLfresh = 0.171 + 1.026 * S L 200d 0 .993 73

SL B. g la c ia le s l m  =  -° -667  + 1-043 * s l 20M 0 .998 67
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Fig. 1. M ean  percen tage  change in w eigh t, s tan d ard  leng th , he igh t, and  w id th  du ring  sto rage in 4 %  seaw ater fo rm aldehyde  
and  80 %  ethano l o f  B. g la c ia le  (A ) and  M  m uelleri (B). V ertica l bars  show  95 %  confidence  in tervals.
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Fig. 2. Percen tage  bo d y  w e ig h t loss a fte r 200 days o f  p reserv a tio n  o f  M . m uelleri (A ) and  B. g la c ia le  (B ) re la tive  to  in itia l 
w eigh t. L ogarithm ic  trend lines  are fit. A ll co rre la tions are s ign ifican t (P <  0.002).

rem o v ed  from  the  so lu tions, again  rin sed  in d is tilled  w ater, 
d ried  fo r 24  hou rs  a t 60 °C before  w e ig h in g  and  m easu ring  
th e  d ia m e te r .  T - te s ts  w e re  u s e d  to  te s t  fo r  d if f e re n c e s  
b e fo re  an d  a f te r  s to rag e .

In th is paper w e w ill use the  term ino logy  agreed upon  at 
th e  S c ie n t i f ic  C o m m itte e  o n  O c e a n o g ra p h ic  R e s e a rc h  
(S C O R ) W o rk in g  G roup  23 m e e tin g  o f  M arch  1968. The 
te rm  fo rm aldehyde  shou ld  a lw ays be used. A  4 %  so lu tion  
o f  fo rm ald eh y d e  is m ade up  o f  1 p a rt 40 %  fo rm aldehyde  
(as p u rchased ) and 9 parts  seaw ater o r d istilled  w ater. This 
shou ld  n o t be re fe rred  to  as 10 %  form alin .

o FORMALDEHYDE
•  ETHANOL

O)
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LL

0.6
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INITIAL DENSITY (g/cm3)

Fig. 3. C alcu la ted  d ensity  o f  the  bod y  o f  B. g la c ia le  before 
and  afte r 200 days o f  p reservation .

R E S U L T S

Body size and weight

F o r m a l d e h y d e .  The decrease in body weight was 
initially rapid, and the majority o f the weight reduction 
in both preservatives occurred during the first 50 days 
(Fig. 1 ). The mean weight loss after 200 days o f preser­
vation in formaldehyde was 12.9 % fo rM  muelleri and
15.9 % for B. glaciale. The standard length initially 
decreased, but after 50 days the length increased slightly. 
A fter 200 days the mean decrease in standard length 
was 1.1 % and 0.8 % fo rM  muelleri and B. glaciale, 
respectively. Table 1 presents regressions predicting 
fresh w eight and length from preserved w eight and 
length.

E t h a n o l .  A fter the fish were transferred to ethanol, 
both length and particularly weight decreased, much 
more than in formaldehyde (Fig. 1 ). A fter 200 days, the 
mean weight loss for M  muelleri and B. glaciale was
36.9 % and 39.4 %, respectively. The mean decrease in 
standard length fo rM  muelleri and B. glaciale was 3 % 
and 2.3 %, respectively.

Measurements o f height and width were found to have 
a high variance, but generally there seemed to be a de­
crease in the width in both formaldehyde and ethanol, in 
range of approximately 5 to 12 %. The decrease in height 
was less (0 to 6 %). Both species showed size dependent 
weight loss (Fig. 2), with larger fishes losing less weight 
relative to their initial weight. The density of B. glaciale 
was reduced during storage in ethanol, but not in formal-
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dehyde (Fig. 3). The same pattern was found for AT. 
muelleri.

The weight o f the frozen fish relative to their standard 
length was lower as compared to fresh individuals. InU. 
glaciale the estimated w eight difference ranged from 
about 22 % lower weight after freezing o f 30 mm SL 
individuals, to about 6 % lower in 70 mm individuals. 
In AT. muelleri, the weight loss ranged from about 10 % 
in a 30 mm fish, to 2 % in a 50 mm fish. The w eight of 
frozen fish was adjusted accordingly for subsequent 
analyses.

Otolith size and weight after 200 days

AT. m u e l l e r i . In M  muelleri, there were no signifi­
cant differences between frozen fish and formaldehyde 
or ethanol preserved fish in neither weight nor size of 
the otoliths (P > 0.61), although there was a slight ten­
dency towards lower otolith weight in large fish in for­
maldehyde.

B . g l a c i a l e  . The otoliths o f B. glaciale lost weight 
during storage in both formaldehyde and ethanol (Fig. 
4A, B). The weight o f the otoliths were found not to be 
significantly different for the fish stored in ethanol and 
form aldehyde, respectively (P > 0.09). These two 
groups w ere therefore jo ined  for com parison w ith 
otoliths from frozen fish. The otoliths from preserved 
fish were significantly lighter (P < 0.05) than otoliths 
from frozen fish. Comparing the difference in otolith 
w eig h t p red ic ted  from  body w eigh t, the w eig h t 
difference was about 10 % (Fig. 4A). A  similar test was 
done excluding fishes above 40 mm SL (Fig. 4B), leaving

a group m ost likely consisting o f  one year old fish, as 
estim ated from  bo th  length-frequency and oto lith  
readings. 90 % o f the individuals belonged to this age 
group, and the data were evenly distributed in this size 
range, thus the difference obtained from this comparison 
may be more realistic. There was still a significantly 
lower otolith weight in preserved fish (P < 0.012), but 
on average only 4 % lower (Fig. 4B).

The otolith radius differed significantly between fro­
zen fish and formaldehyde (P = 0.013), and between 
formaldehyde and ethanol (P = 0.001 ), but not between 
frozen and ethanol (P = 0.057). Because their slopes 
differed, the predicted regression lines (SL versus otolith 
radius) o f  frozen and form aldehyde preserved fish 
crossed at a fish length o f about 30 mm. Thus, by using 
the difference in predicted otolith w eight (from body 
weight), formaldehyde preserved fish smaller than 30 
mm are predicted to have larger otoliths than frozen fish 
-  about 5 % larger at 25 mm SL, whereas those above 30 
mm will have smaller otoliths -  about 5 % smaller at 45 
mmSL.

The predicted otolith radius - otolith weight regres­
sions did not differ between formaldehyde preserved 
and frozen fish (P > 0.12), but differed between these 
and ethanol preserved fish (P < 0.012), w ith a lower 
size-specific otolith weight in ethanol, i.e. the otolith 
density was lower after storage in ethanol.

Otolith size and weight after 20 days

O f the otoliths stored for 20 days in formaldehyde, the 
4 % seawater solution had the least effect on the otoliths 
(Fig. 5); there was no significant difference neither in 
weight nor radius after storage (P > 0.13). The weight o f
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the otoliths preserved in freshwater formaldehyde buff­
ered with borax decreased slightly, but significantly ( -  
2 .1 % ,P < 0 .0 1 ), while their diameter was unchanged (P 
> 0.99). The w eight o f the otoliths preserved in phos­
phate buffered formaldehyde was the same after pres­
ervation (P > 0.62), while the diameter increased by an 
average o f 6.7 % (P < 0.01 ). This was caused by depos­
its forming at the surface o f  the otoliths. Generally, the 
smallest otoliths had the greatest relative weight reduc­
tion. The smallest otoliths stored in phosphate buffered 
freshwater increased m ost in diameter. This was most 
likely caused by accretions forming at the surface o f the 
otoliths at a constant rate.

D ISC U SS IO N

Shrinkage and weight changes o ffish  body

So far, most studies on shrinkage have been carried out 
on fish larvae. The small size o f the species in this 
study makes them vulnerable to shrinkage, as has been 
observed in other marine species (e.g. H a y  1982; K r u s e  

&  D a l l e y  1990). The small length decrease observed in 
formaldehyde preserved fish we believe mainly to be 
caused by the bending and distortion which occurs upon 
fixation, resulting in underestimated size. Thus the true 
length shrinkage in formaldehyde is likely to be close to 
zero. The increase in length observed after 50 days in 
formaldehyde may partially be an artefact caused by 
better flattening o f the fish before measurement. Any 
measurement error could have been reduced by apply­
ing some sort o f image analysis, see e.g. S a g n e s  (1995). 
The change in standard length was however marginal

(less than 1 % between 20 and 200 days), thus little 
precision w ould have been gained for this variable. 
G j g s æ t e r  (1973) reported a decrease in standard length 
o f B. glaciale during formaldehyde storage o f about 
3.5 %, compared to 0.8 % in this study. No details were 
however given about the experimental procedure by 
G j g s æ t e r  (1973).

Comparative studies on shrinkage in formaldehyde 
and ethanol are few. Some report a smaller shrinkage in 
ethanol ( T h e i l a c k e r  1980; H j ö r l e i f s s o n  &  K l e i n - 

M a c P h e e  1992), others show a higher shrinkage in 
ethanol ( F o w l e r  &  S m it h  1983; K r u s e  &  D a l l e y  1990; 
Fox 1996). Ethanol has been found to distort larvae and 
cause greater variability in shrinkage estimates compared 
with formaldehyde preservation (Fox 1996). The higher 
shrinkage in ethanol observed in our study may partly 
be caused by a genuine shrinkage, and partly by higher 
rigidity o f the fish after preservation compared with 
fish preserved on formaldehyde, making it harder to 
flatten the fish. W orkers who measure the length of 
fixated fish may encounter the same problems o f meas­
uring the correct length o f bent fish, and the calculated 
regression lines may thus be regarded as functional equa­
tions estimating fresh length from ‘bent lengths’. The 
weight measurements on the other hand were made with 
a high level o f precision, and the regression equations 
will, under the given conditions, adequately predict fresh 
body weight from preserved weight.

D ifferent processes caused weight loss in formalde­
hyde and ethanol, respectively. Both formaldehyde and 
ethanol w ill extract water from tissue. Formaldehyde 
will also dissolve glycogen, glucose, some phospholipids 
and inorganic salts ( S t e e d m a n  1976a), while ethanol can
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extract much o f the lipids present in specimens ( G l a u e r t  

1974), thus extraction o f the lipids abundant in  B. 
glaciale and M  muelleri ( F a l k - P e t e r s e n  & al. 1986) 
accounts for their large reduction in weight and density 
in ethanol.

Otoliths

Looking for effects o f preservatives on otoliths, one 
encounters some problems. Since the mere presence of 
tissue w ill act to lower the pH ( S t e e d m a n  1976a), a 
gradient can exist w ith a higher pH outside the fish than 
inside the tissues; the exact environment surrounding 
the otoliths within a fish is thus unknown. A lso, this 
procedure relies on comparing predicted otolith size - 
fish size regressions o f large samples since it is not the 
same otoliths that are measured in the different pre­
servatives. I f  otoliths instead are placed directly into 
formaldehyde solutions, the environment is known, and 
the same otoliths can be m easured before and after 
storage; however, the environment may be unrealistic. 
In this study we therefore used both approaches.

A s there appears to be no literature on effects o f 
preservation on otoliths, we turned to plankton studies. 
These have shown that degradation o f Zooplankton cal­
careous structures in formaldehyde solutions can hap­
pen with a pH below 7.5 or even as high as 8.2 ( G r if f it h s  

& al. 1976; S t e e d m a n  1976b), which we believe also has 
the potential to dissolve the calcium  carbonate in 
otoliths. A  high pH on the other hand, may cause swell­
ing w ith subsequent dissolution o f proteins present in 
otoliths ( D e c e n s  & al. 1969). The otoliths stored in 
freshwater borax formaldehyde had many cracks and 
crevices, possibly caused by proteins swelling at the 
high pH (9.2). Seawater in itself can have a dissolving 
effect on calcium carbonate, distilled water has there­
fore been recommended as dilutent for formaldehyde 
( S t e e d m a n , 1976b). The reduction in otolith weight in 
B. glaciale after 200 days o f preservation, estimated to 
be between 4 and 10 %, is thus unlikely to have been 
caused by inappropriate pH (8.2), but may have been 
caused by some dissolution o f calcium carbonate by 
seawater. The radius may have changed too, but our 
results are inconclusive at this point, since, depending 
on fish size, an increase or decrease in radius was pre­
dicted. The density reduction o f otoliths from .B. glaciale 
stored in ethanol was possibly caused by a dissolution 
o f small amounts o f lipids present on or w ithin the 
otolith.

In contrast to B. glaciale, the weight and radius o f AT. 
muelleri otoliths did not change significantly in either 
formaldehyde or ethanol, compared w ith a frozen sam­
ple. Otoliths from M  muelleri may be less vulnerable to 
formaldehyde; in addition, the size range o f this species 
is much smaller than in B. glaciale. The smaller size

range resulted in a higher scatter in otolith weight and 
size relative to fish weight and size for AT. muelleri, 
consequently a higher within-group variability made it 
harder to demonstrate significant differences.

Conclusions

The length and weight o f formaldehyde or ethanol pre­
served B. glaciale and AT. muelleri can be converted to 
fresh length and weight w ith the provided equations. 
P a r k e r  (1963) warns against the use o f general correc­
tion factors on weight, since a large number o f factors, 
such as species, size, length o f storage, temperature and 
strength and buffering o f the preservative, determines 
the actual weight changes. To quote S t e e d m a n  (1976a): 
‘The variables in this work are numerous and self-chang­
ing’, hence before applying any conversion equations 
on weight, fixation and storage procedures must be prop­
erly standardised. Based on the small reduction o f stand­
ard length in formaldehyde, we tentatively predict that 
formaldehyde shrinkage o f adult specimens o f other 
mesopelagic species w ill be small, and probably insig­
nificant in species larger than B. glaciale.

The otoliths o f formaldehyde preserved B. glaciale 
changed in weight, and possibly size, during storage, so 
their use in age and growth studies requires caution. 
The short-term experiment indicated that seawater for­
maldehyde buffered w ith borax had least effect, but 
freshwater formaldehyde may turn out to be better if  
the pH is controlled. The otoliths o f AT. muelleri, on the 
other hand, did not change significantly. W e therefore 
suggest that if  correctly buffered formaldehyde is used, 
it is possible to use otoliths from AT. muelleri stored for 
up to a year in formaldehyde. Although we do not ad­
vocate a general use o f formaldehyde preservation for 
otolith studies, there may be some associated advan­
tages. Usage o f otoliths from formaldehyde preserved 
fish means that growth rate and age easily can be cou­
pled w ith other life history parameters as diet, gonad 
weight and fecundity, and at an individual level not pre­
viously attainable for AT. muelleri and B. glaciale. We 
believe such a coupling can provide new insight into life 
history strategies chosen by individuals and populations 
o f fish.
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