
Otolith Formation and Body Shrinkage due to 
Fixation in Larval Cod (Gadus morhua) 

Richard L. Radtke, and Kenneth G. Waiwood 

Research and Resource Services 

Department of Fisheries and Oceans 

P. O. Box 5667 

St. John's, Newfoundland A1C 5X1 

June 1980 

Canadian Technical Report of 
Fisheries and Aquatic Sciences 
No. 929 



Canadian Technical Report of 

Fisheries and Aquatic Sciences 

These reports contain scientific and technical information that represents an 
important contribution to existing knowledge but which for some reason may not be 
appropriate for primary scientific (i.e. Journal) publication. Technical Reports are 
directed primarily towards a worldwide audience and have an international 
distribution . No restriction is placed on subject matter and the series reflects the broad 
interests and policies of the Department of Fisheries and Oceans, namely, fisheries 
rnanagement, technology and development, ocea n sciences, and aq uatic environments 
relevant to Canada. 

Technical Reports may.be cited as full publications. The correct citation appears 
above the abstract of each report. Each report will be abstracted in Aquatic Sciences 
and Fisheries Abstracts and will be indexed annually in the Department's index to 
scientific and technical publications . 

Numbers 1-456 in this series were issued as Technical Reports of the Fisheries 
Research Board of Canada. Numbers 457-714 were issued as Department of the 
Environment, Fisheries and Marine Service, Research and Development Directorate 
Technical Reports. Numbers 715-924 were issued as Department of Fisheries and the 
Environment, Fisheries and Marine Service Technical Reports. The current series 
name was changed with report number 925. 

Details on the availability of Technical Reports in hard copy may be obtained 
from the issuing establishment indicated on the front cover. 

Rapport technique canadien des 

sciences halieutiques et aquatiques 

Ces rapports contiennent des renseignements scientifiques et techniques qui 
constituent une contribution importante aux connaissances actuelles mais qui, pour 
une raison ou pour une autre, ne semblent pas appropries pour la publication dans un 
journal scientifique. II n'y a aucune restriction quant au sujet, de fait, la serie reflete la 
vaste gamme des interets et des politiques du Ministere des Peches et des Oceans, 
notamment gestion des peches, techniques et developpernent, sciences oceaniques et 
environnements aquatiques, au Canada. 

Les Rapports techniques peuvent etre consideres comme des publications 
completes. Le titre exact paraitra au haut du resume de chaque rapport , qui sera publie 
dans la revue Aquatic Sciences and Fisheries Abstracts et qui figurera dans l'index 
annuel des publications scientifiques et techniques du Ministere, 

Les numerus 1-456de cette serie ont ete publies atitre de Rapports techniques de 
I'Office des recherches sur les pecheries du Canada. Les nurneros 457-714, a titre de 
Rapports techniques de la Direction generale de la recherche et du developpernent, 
Service des peches et de la mer, rniniste re de I'Environnement. Les numeros 715-924 
ont ete publies a titre de Rapports techniques du Service des peches et de la mer, 
Ministere des Peches et de l'Environnernent. Le nom de la serie a ete modifie apartir du 
numero 925. 

La page couvert ure porte Ienom de I'eta blissement auteur ou I'on peut se procurer 
les rapports sous couverture cartormee. 



Canadian Technical Report of
 
Fisheries and Aquatic Sc iences 929
 

• 

June 1980 

OTOLITH FORMATION AND BODY SHRINKAGE DUE TO FIXATION IN 

LARVAL COD (Gadus morhua) 

by 

Richard L. Radtke, and Kenneth G. Waiwood 1 

Research and Reso urce Ser vices 

Depart ment of Fisheries and Oceans 

P.O. Box 5667 

St. John"s , Newfound 1and A1C 5X 1 

This i s the f i fty- eighth Technical Report from the 

Resea rc h and Re source Servic es Directorate, St . John's, Newfoundla nd 

IBiological Station
 
St . Andrews, N.B. EOG 2XO
 



ii 

~Minister of Supply and Services Canada 1980
 

Cat. No. Fs 97-6/929 ISSN 0706-6457
 

Correct citation for this publication: 
Radtke, R. L.• and K. G. Waiwood. 1980. Otolith formation and body shrinkage due to fixation in larval 

cod (Gadus morhua). Can. Tech. Rep. Fish. Aquat . Sci. 929: iii + 10 p. 



iii 

ABSTRACT 

Radtke, R. L., and K. G. Waiwood. 1980. Otolith formation and body shr i nkage due to fi xation in larval cod 
(Gadu s morhua). Can. Tech. Rep. Fish. Aquat • Sci. 929: iii + 10 p, 

Daily increments were found to develop in the otoliths of larval cod with the first increment formed the 
day after hatching. Scanning electron microscope data pointed to the formation of a "metamorphic" check that 
occurred at the time of yolk-sac absorption. With this information it might be possible to accurately age and 
determine the growth of this important commercial fish species. Fixation of reared cod larvae in ethanol 
resulted in body shrinkage which was dependent upon the age of the larvae and independent of the time of 
death. These data give a strong alternative to formalin fixation. 

Key words: Ageing, cod, otolith, fixation, shrinkage, scanning electron microscope 

RESUME 

Radtke, R. L. and K. G. Waiwood. 1980. Otolith formation and body shrinkage due to fixation in larval cod
 
(Gadu s mortiue ] , Can. Tech. Rep. Fish. Aquat. Sci. 929: iii + 10 p,
 

On a releve dans les otolithes des larves de morue des accroissements journaliers dont Ie premier se 
produit Ie lendemain de I 'eclosion. Des donnees obtenues au microscope electronique a balayage ont indique 
I 'e xistence d'un arret de la metamorphose qui se produirait au moment de I 'absorption du sac vitellin. 
Grace a cette information, il serait possible de determiner precisement l'age et Ie taux de croissance de 
cette espece commercialement importante. La fixation par I 'ethanol de larves de morue elevees provoque un 
retrecissement du corps qui depend de I 'age des larves mais qui est independant du moment de la mort. Ces 
donnees permettent de remplacer avantageusement la fixation par Ie formol. 





INTRODUCTION 

The importance of larval mortality as a 
determinant of year-class strength is generally 
accepted for numerous fish species (Hjort 1914; 
Tanaka 1972). Larval fish survival has been shown 
to be related to growth (Ivlev 1961), and recent 
stud ies have focused on this finding (Hunter 1976). 
Unf ort unat ely , measurements of growth rate of larval 
fish in field studies lack the precision associated 
with estimates for j uveni l es and adults where 
techniques for determining size at age are fairly 
well establ ished. 

Historically, age determination of adult fish 
has involved interpretation of concentric ring 
formation in hard tissues. Although scales and 
bones have been used: oto 1iths are preferred for 
many species including cod'(Dannevig 1933; Six and 
Horton 1977). Otoliths are formed as calcium 
carbonate in the form of aragoni te (I ri e 1955; 
Degens et al. 1969) in the labyrinth of teleosts. 
Three otoliths are found on each side of the brain 
cavity in the semicircular canals and are named the 
sagitta, lapillus, and the asteriscus (Lovens te in 
1971). The sagitta is the largest otolith and is 
the one most often utilized in yearly and daily
ageing studies. Only recently have otoliths been 
ut i 1i zed for age determi nat ion in 1arva 1 fi sh, 
Previously, age estimates were based primarily on 
length frequencies which are dependent upon the 
initial larval size and the conditions of fixation 
(Blaxter 1971; Schnack and Rosent hal 1978). 

Daily growth increment s in otoliths were f irst 
observed in adult fish (Pannella 1971, 1974). 
Subsequent works by Brothers et al , (1976), Ral st on 
(1976), Struhsaker and Uchiyama (1976), Taubert and 
Coble (1977), Barkman (1978), and Radtke (1978) have 
shown that some species of fish do have daily growth 
ri ngs and that larvae can be aged by this method. 
Furthermore, Struhsaker and Uchiyama (1976) found 
that back calculation of body length from otolith 
radi i could be done accurately for larvae showing 
dai ly increments. 

However, Brothers et al , (1976) showed that 
daily increments form at different times in 
different fish species. Some species can'hatch with 
ri ngs already formed while others mi ght not form 
increments until yol k-sac absorption. Thus, it is 
necessary to study the formation of increments in 
each species before exact age determinations can be 
made. 

The following study was undertaken to establish 
the pattern of otolith for mation in larval cod 
(Gadus morhua). Of partic ular interest was the 
ontogenetic ti ming of circuli formation and 
verification of the daily increment pattern. The 
effect of age, death, and fixation on shrinkage of 
larval cod was also determined. 

METHODS AND MATERIALS 

BODY SHRINKAGE MEASUREMENTS 

Adult cod (35-50 em) were co11 ected by otter 
trawl from Passamaquoddy Bay in April-June, 1978 and 
transported to the Biological Station in St. 
Andrews. They were held for 9-10 mo at 8°C in 
2,500-L, circular tanks. Cod came into natural 
spawning condition i n March 1979. Mature fish were 

removed from the tan ks, anaesthetized (MS 222) , 
r insed of anaesthetic and stripped by applying 
pressure to the abdomen. The eggs and milt we re 
collected into chilled glass beakers (without water) 
and the fertil ized eggs were placed directly into 
i ncubat ors . These consisted of either a 13-L 
plexiglas trough (15 x 10 x 90 cm) supplied with 
r unning water or a l,OOO-mL Imhoff cone in wh ich 
water was exchanged daily. The embryos were held at 
4°C ± 0.5 and mai nt ai ned under natural photoperiod 
with the use of incandescent lights and timers. 
Salinity varied fro m 18-25 ppt, reflecting the 
variability induced by tides and spring runoff. The 
larvae hatched after 19 d of incubation. After 
hatching, larvae were fed daily a supply of 
zooplankton which was collected by towing a 120-~m 
mesh meter net. 

Every day after hatching, 10 larvae were 
measured (TL) to the nearest .5 mm and either placed 
directly into 60% ethanol or allowed to sit for 15 
min (after death), after which they were again 
measured and placed into 60% ethanol. After 60 d in 
60% ethanol, all cod larvae were transferred into 
95%ethanol. After "14 d in 95% ethanol, they were 
removed and again measured. 

AGE ING MEASUREME NTS 

The pH of the 60%ethanol used in the above 
study was found to be 6.1. This was low enough to 
cause di sso1ut ion of the oto1i ths , It is important 
to note this proble m so that fellow workers do not 
meet with the same failure. The oto1iths in fish 
th is size are only slightly calcified and very 
litt le change in acidity will dissolve them. For 
safe fixat ion larvae to be used for otol ith studies 
should be fixed in 100%to 95%alcoho l and possi bly 
a buffer added. Hence , al l cod larvae stored in 60% 
ethano1 cou1d not be used for agei ng and a further 
rearing study was conducted at the Biological 
Station in St. John's, Newfoundland, during June 
13-16, 1979. 

Fertilized cod eggs were obtained from ripe cod 
caught in cod traps off St. John's, Newfoundland, 
and were placed in 10-ga1 aquaria which were 
suspended in a 4° ± 1°C waterbath. The photoperiod 
was kept at 12/12 using fluorescent lights and a 
timer. The salinity of the rearing water was 
32 0/00. Larval fish were collected each day 
for 4 d and were placed directly into 95% ethanol. 

EXTRACTION, PREPARATIO N, AND INSPECTION OF OTOLITHS 

After length measurements the ethanol was 
allowed to evaporate from each individual larva 
being dissected. The larva was then immersed in 
glycerol which cleared the specimen and made the 
otoliths visible. All three otoliths (sagitta, 
la pillus and asteriscus) on the back side of the 
bra in were removed from every f ish where possible, 
and the sagitta, the largest of the otoliths, was 
used for increment determinations. Under powered 
80X magn ification, the otoliths were then teased 
from the cranial area of the larva using fine insect 
needles which ~Iere mounted on wood rods. The 
otoliths were washed with 95% ethanol, dried and 
mounted on glass slides with Flo-Texx (Lerner 
Laboratory, Stanford, Conn.). The mounted otoliths 
were then viewed under the compound microscope at 
1125X with increment counts and otolith diameters 
bei ny noted. 
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SCANNING ELECTRON MICROSCOPE 

Additional samples of 30-d-old larval cod were 
obtained from the Statens Biologiske Stasjon 
Flodeviyen, in Arendal, Norway. Otoliths from these 
larvae were used for scanning electron microscope 
studies (SEM). The otoliths were glued to viewing 
stubs with 5-min epoxy and were then ground with 
one-micron diamond polishing compound (Buehler Ltd., 
Evanston, Ill.. U. S.A. ) • They were then etched wi th 
7% EDTA (pH 7.4) for 1-5 min after which they were 
gold-coated in an Edwards vacuum evaporator with 
continual rotation on a planetary specimen holder. 
The coated otoliths were viewed in a Cambridge 
Steroscan r~rk 2A SEM. 

RESULTS 

BODY SHRINKAGE OF COD LARVAE 

The cod larvae reared at 4°C took 4 d to reach 
yolk-sac absorption by which time approximately 50% 
had died. The rest fed on zooplankters and survived 
for a further 6 d when the last were collected and 
preserved. 

The larvae shrank from 9-15% within 15 min 
after death and from 11-20% totally when placed in 
ethanol. Although there was no significant 
difference in the percent shrinkage over the first 3 
d after hatching, cod larvae from days 4-6 shrank 
significantly less than those from days 1-3 (Table 
1). After 74 d of fixation. there was no 
significant difference in shrinkage between the 
larvae fixed alive and those fixed 15 min after 
death (Table 1). 

Ethyl alcohol seemed to produce a constant 
amount of shrinkage regardless of the time of 
fixation. In no case did fixation retard 
shrinkage. 

INCREMENT FORMATION IN LARVAL COO OTOLITHS 

Otoliths were present when the larvae hatched 
although they were extremely small (diameter 
averages .0252 ± .0012 mm). Increment fonnation 
started the day after hatching. (The nucleus of the 
otolith is not considered to be an increment.) The 
concentric increments consisted of alternate light 
and dark zones when seen under transmitted light 
(Fig. 1). The number of increments continued to 
correspond with the age of the larva (Table 2). 

The small otoliths of the early developing 
larvae were disc shaped and showed daily increments 
concentric to the nucleus. Otolith diameters 
increased with age of the fi sh, As the otol iths 
grew they became elongated with a definite rostrum 
(Fig. 2). Daily increments can be seen in the 
sagitta and lapillus of older fish. 

The mean number of increments for each daily 
group of cod larvae was equal to the number of days 
from hatching and within each group the standard 
deviation of increment number and otolith diameter 
was small. 

The increments in otoliths formed before yolk­
sac absorption and they appeared to be lighter than 
those formed after yolk-sac absorption. Examination 
of the otoliths from 30-d-ol d cod showed a defi nite 
dark band or check at a time that corresponded to 
yolk sac absorption (Fig. 3). This check is evident 

in the lapillus in the light micrograph and can be 
seen in the sagitta from the scanning electron 
micrograph. 

DISCUSSION 

BODY SHRINKAGE IN COD LARVAE 

Most ichthyoplankton is preserved in fonnalin, 
which can result in varying degrees of body 
shrinkage. Blaxter (1971) and Schnack and Rosenthal 
(1978) found that shrinkage in formalin can be as 
high as 22%, contingent upon the initial larval 
size. The same pattern was observed in the present 
study (Appendices 1-6) where smaller larvae shrank 
relatively more than larger larvae when fixed in 
ethanol. This may be because the younger fish 
contain relatively more water which was replaced by 
the alcohol or that a more rigid bone structure is 
present in the older fish. 

These data are applicable to ichthyoplankton 
studies. The normal tow time for ichthyoplankton 
samples is 15 min, and if the larval fish are 
preserved in alcohol, it is possible to back 
calculate the live length for a given length. 
Ethanol causes all larvae to shrink to a relative 
constant size regardless of when they were killed. 
These results indicate that a larva killed at the 
beginning of a tow would still only shrink as much 
as a larva ki11 ed towards the end of the tow. 
Alcohol preservation is poor for identification 
studies of larval fish and formalin fixation results 
in the decalcification of otoliths, but in those 
cases where larval growth, ageing, and 
identification are needed two samples could be 
taken, one preserved in formalin and the other in 
95% ethanol. 

Although more research is needed on shrinkage. 
especially pertaining to older juveniles, the 
present data suggest an alternative to formalin 
fixation. 

INCREMENT FORMATION IN LARVAL COD OTOLITHS 

The otoliths were present in cod larvae at the 
time of hatching, which shows that the otoliths form 
early in the developmental stages. This would agree 
with Radtke (1978) who found that the otoliths were 
the first calcified tissues to form in embryo 
Fundulus heteroclitus. Scott's (1973) study of 
otolith development in the larvae of the northern 
sand lance, AmmOdytes dUbius, proposed th~t the 
otoliths first formed in the post-larvae at a mean 
fish 'l engt h of about 2.4 em. However, this 
information is a result of back calculations, not 
direct observations. Otoliths in larvae appear to 
form early in the developmental stages and may only 
be found by micro-dissection. 

No increments were formed before hatching. 
Increments started to form 1 d after hatching and 
continued to form on a daily basis. It appears that 
increment formation is different for each species. 
Radtke (1978) and Brothers et al. (1976) found that 
two to four increments can form in those fish 
species which have large eggs and long incubation 
times. However. Brothers et al . (1976) also found 
that the northern anchovy Engraulis mordax, had no 
increment formation until 6 d after hatching or at 
the time of yolk-sac absorption. It seems that the 
larvae, which have long incubation periods, fonn 
increments before hatching, while the larvae that 
have short incubation periods do not start increment 

http:U.S.A.)�
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Fig . 1.	 Otoli t h f r om a 3-d-old c od l arva (Gadus mor h ua ) tha t 
shows two increments. The nuc l eus of the o t olith is 
not count e d as an inc r ement s i nc e i t formed ov e r the 
period of embr yo logical developmen t - 3625X . 

Fig . 2 .	 The sagitta (larger otol i t h and lapi llus) of a 30-d-old 
cod (Gadus morhua) larva which shows many dai ly g rowth 
increments - 375x . R - rostrum, C - check . 
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Fi g. 3.	 A sc a nni ng e l ec tro n mic rog ra ph o f a sagi tta from a 
30-d-o ld cod ( Gadus morhua ) l arva wi th a chec k that 
co r r e s ponds to t he t ime o f yolk- sac abs o r p tio n . 
Fa i nt increments ca n be observed inside th e ch e ck. 
C - ch e ck, E - epoxy res i n - l5 00X. 

for mation unt il af ter hatch ing or yol k-sa c 
absorpt ion. 

Cod larvae fit t he devel opmental pattern 
exhibited by the northe rn anchovy and othe r pela gic 
spawning f i sh, that is, the eggs are small and 
develo pment con tinues after hat chi ng. Cod cannot 
feed upon hatching as the digestive system i s still 
develo ping. However, cod larvae showed increment 
formation that st arted upon hatching. The older cod 
showed a defin ite mark or cheek that corresponded to 
t he ti me of yolk- sac absorpti on. This check may be 
similar to the metamorphic checks seen in capelin 
(Mallotus villosus) otoliths by Bailey et al , 
(1977). Thus the otoliths appear to be a record 
of t he phys iol ogica l changes t hat take place during 
a larval f ish's life. It might be possible to 
determi ne the time t aken to reach yol k-sa c 
absor pt ion by the exami nat ion of the increment s 
formed before the yolk-sac absorption check occurs. 
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Table 1.	 Percent shrinkaye in larval cod (Gadus morhua). Method A - 74 d 
after direct fixation in ethanol; Method B - 15 min after death 
and 74 d after fixation in ethanol. Each value represents the 
mean and 95% conf i de nce interval of five animal s. 

Day after % shrinkage (±95% Cl) %total shrinkage (±95% CI) 
hatch i ny Method 15 mi n after deat h after 74 days of fixation 

A 
8 

13.50 ± 2.59 

2 A 
B 

15.19 ± 3.31 

3 A 
e 13. 36 ± 2. 62 

4 A 
B 13. 39 ± 3.34 

5 A 
B 

11. 66 ± 4.78 

G A 
B 

9.29 ± 1.59 

18.28 ± 3.00 
2U.78 ± 4. 27 

19.58 ± 5.1 8 
2 1. 20 ± 2.4 2 

18.72 ± 1.18 
20.80 ± 4.30 

13.13 ± 4.88 
15. 27 ± 4. 96 

9.78 ± 3.24 
15. 23 ± 5.90 

12.20 ± 5. 29 
14.41 ± 2.73 

Table 2. Cod larvae ( Gadus mor h ua ) reared at 4 °C with 10 speci mens taken 
each day. Otolith diameters and increment formation. 

Age 
(days after hatchiny) Otolith diameter (ran) ± S.D. Increment number ± S.D • 

1 •0252 . 0012 . 6 .52 
2 .02 U7 .0012 1. 6 .70 
3 .02 98 .0012 2. 5 .53 
4 .U327 .0011 3.6 .52 
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APPENDI X
 

Percen t shr i nkage i n cod (Gadus morhua) 1arvae at day 1 after hat chin g. 

Live 
1ength (mm) 

Lengt h (mm) 
15 min after death 

% 
shrinkage 

Leng t h (mm ) 
after st or age 
in 95% et hanol 

% 
t ot al 

shrin kage 

4.55 
4.12 
4.65 
4.5 2 
4. 33 
4. 27 
4. 38 
4. 35 
4. 61 
4.56 

3. 71 
3.91 
3.64 
4. 01 
3.89 

13.11 
10. 73 
16. 32 
13.0 2 
14. 69 

3.6 5 
3.33 
3.96 
3.76 
3.43 
3. 39 
3. 71 
3.28 
3.6 7 
3.54 

19.78 
19.17 
14. 84 
16. 80 
20. 79 
20.61 
15.30 
24. 60 
21.04 
22.3 7 

Hean S. D. 
4.4 3 ± .17 3.83 ± .15 13.5 7 ± 2.0 9 3.5 7 ± . 22 19. 53 ± 3.10 

APPENDIX 2 

Percent shr i nk age in cod (Gadus morhua) larvae at 2 dafter hatching. 

Live 
1engt h (mm ) 

Length (mm) 
15 mi n aft er death 

% 
shrinkage 

l.enqth (mm) 
aft er storage 
in 95% ethanol 

% 
tot al 

shr i nkage 

5.26 
5. 17 
5.3 1 
5. 39 
5.10 
5. 42 
5.45 
S.27 
5.35 
5.25 

4.7 3 
4.5 0 
4.4 2 
4. 50 
4. 61 

12.7 3 
18.8 3 
16.13 
15.89 
12.36 

4.5 7 
4. 17 
4.17 
4.07 
4.0 9 
4.40 
4. 34 
4. 04 
4.1 6 
4.1 5 

13.1 2 
19. 03 
21. 47 
24.49 
19. 80 
18.1 2 
21.3 7 
23.34 
22.24 
20.95 

Mean S.D. 
5.30 ± .12 4.5 5 ± .12 15.19 ± 2.67 4. 22 ± .17 20.39 ± 3.19 

APPENDIX 3 

Percent shr i nkage i n cod (Gadus morhua) 1arvae at 3 d after hatchi ng. 

Length (mm) % 
Live Length (nm) % after st ora ge tot al 

length (nm) 15 mi n after death shri nkage in % % et hanol shri nkage 

5. 33 4. 33 18.7 6 
5.31 4. 32 18. 64 
5.28 4. 24 19.7 0 
5.33 4.3U 19. 32 
5.29 4.3 8 17. 20 
5.36 4. 80 10.45 4.36 18.66 
5.43 4.74 12.71 4.56 16.0 2 
5.21 4.4 6 14.40 3.97 23.80 
5.26 4.41 16.16 3.9 9 24. 14 
5.1 3 4.4 8 13.07 4. 01 21.83 

Mean S. D. 
5.29 ± .08 4. 58 ± .18 13.36 ± 2. 11 4. 25 ± . 20 19. 81 ± 2.67 
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APPE NDIX 4 

Percent shrinkage in cod (Gadus morhua) 1arvae at 4 dafter hatching. 

Length (mm) % 
Live Length (mm) % after storage total 

length (rnm) 15 min after death shrinkage in 95% ethanol shrinkage 

5.45 4.63 15.05 
5. 36 4.63 8. 77 
5.29 4.53 14.07 
5.43 4. 91 9.5 8 
5.17 4. 23 18.1 8 
5.12 4.33 15.43 4.14 19.14 
5.1 5 4.62 10.29 4.57 11.26 
5. 37 4.74 11. 73 4.51 16.01 
5.47 4.95 9. 52 4.87 10.97 
5.4 8 4.65 14.96 4.44 18. 98 

Mean S.D. 
5.32 ± .14 4.6 6 ± . 22 12.39 ± 2. 69 4.57 ± . 27 14.20 ± 3.90 

APPE NDIX 5 

Percent shrinkage in cod (Gadus morhua) larvae at 5 dafter hatching . 

Length (JTIl1) % 
Live Length (mm) % after st orage total 

1ength (JTIl1) 15 min after death shri nkage in 95% ethanol shrinkage 

5.50 5.01 8.99 
5.51 5.11 7.26 
5. 63 5.20 7.64 
5.42 4.78 11.81 
5. 39 4.6 8 13.18 
5. 37 4.60 14. 34 4.51 16.01 
5.3 8 4.5 2 15. 99 4.1 6 22.82 
5.39 4. 80 10. 95 4.63 14.10 
5.62 5.21 7.30 5.04 10.10 
5. 33 4. 81 9.76 4.64 13.13 

Mean S. D. 
5.45 ± .11 4.7 9 ± .27 11.66 ± 3.50 4.7 8 ± . 32 12.50 ± 4. 62 

APPENDIX 6 

Percent shrinkage in cod (Gadu s morh ua) larvae at 6 d after hatchi ng. 

Lenyth (JTIl1) % 
Live Length (mm) % after storage total 

length (JTIl1) 15 min after death shrinkage in 95% ethanol shrinkaye 

5.4 8 5. 00 8 .26 
5.30 4.27 19.45 
5. 31 4.76 10.36 
5.46 4.85 11.17 
5.44 4. 80 11. 76 
5.34 4.7 6 10.86 4.25 14. 98 
5.43 4. 91 9. 58 4. 83 11.05 
5. 31 4. 84 8.8 5 4.75 10.55 
5.4 2 4. 89 9. 78 4.80 11. 44 
5. 55 5. 14 7.39 5.05 9.01 

Mean S. D. 
5.40 ± . 09 4. 91 ± .14 9. 29 ± 1. 28 4.74 ± . 27 11.80 ± 3.2 3 
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APPENDI X 7
 

Otolith growth of cod (Gadus morhua) reared 
at 4°C 1 d afte r hat ching. Data are ± S. D. 

Otolith diameter (rrun) Increment number 

1 .0 24	 0• 2 .0 23	 0 
3 . 026	 1
 
4 .0 24	 1
 
5 .0 25	 1
 
6 . 025	 0 
7 . 026	 1
 
8 .027	 1
 
g .0 26	 1
 

10	 . 026 0
 
. 0252 ± .0012 . 6 ± . 52
 

APPENDIX 8
 

Ot ol i t h growth of cod (Gadus morhua) reared 
at 4°C 2 d after hatching. Data are ± S. D. 

Otol i th di amete r (rrun ) Incr ement number 

1 .028	 1
 
2 .026	 0 
3 . 029	 2
 
4 .0 29	 2
 
5 .030	 2
 
6 .030	 2
 
7 .0 29	 2
 
8 . 028	 1
 
9 .029	 2
 

10	 .029 2
 
. 0287 ± .001 2 lo6± .70
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APPENDIX 9 

Otolith growth of cod ( Gadus morhua) reared 
at 4°C 3 d afte r hatchtnq, Data are ± S.D. 

Otolith di ameter (1Ml) Increment number 

1 .031	 3 
2 .029	 2 
3 .029	 2 
4 . 030	 3 
5 .0 31	 3 
6 .0 29	 2 
7 .0 28	 2 
8 .0 32	 3 
9 .0 30	 3 

10	 .0 29 2 
.0298 ± .0012 2.5 ± .53 

APPENDIX 10 

Otolith growth of cod (Gadus mor h ua ) reared 
at 4°C 4 d after hat chi ng. Data are ± S.D. 

Otol ith di ameter (1Ml) Incre ment numb er 

1 .U31	 3 
2 . 033	 4 
3 . 034	 4 
4 . 033	 4 
5 . 033	 4 
6 . 033	 4 
7 . 032	 3 
8 . 033	 3 
9 .034	 4 

10	 .0 31 3 
. 0327 ± .0011 3. 6 ± .52 


