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ABSTRACT 

 
The microstructures of the otoliths of juvenile sardines (Sardina pilchardus) and anchovies  (Engraulis 

encrasicolus), collected in the East coast of Tunisia, were analyzed in order to estimate age, daily growth and 

hatch date. The fork length of sardines varied from 48 to 103 mm and estimated age ranged from 105 to 297 

days. For the anchovies, the estimated age ranged from 79 to 300 days and the fork length from 42 to 86 mm. 

The length-age data of both species were fitted to the laird-Gompertz model. The corresponding growth 

equations were [lt=10.8 exp(2.74(1-exp(-0.006t)))] for sardines and [lt=3.1 exp(3.2(1-exp(-0.02t)))] for 

anchovies. 

The instantaneous growth rates of the juvenile of both species in the East of Tunisia were in agreement with the 

data reported for other areas of the Western Mediterranean Sea. However, the juvenile of sardines had an 

instantaneous growth rate lower than the juvenile anchovies.  

The distribution of the back calcu lated hatch dates indicated that hatching dates of anchovies occurred from 

April to October with a peak in June while the hatching dates of sardines occurred from October to February 

with a peak in December-January.  

Keywords: Sardina pilchardus, Engraulis encrasicolus, otolithometry, microstructure, age, daily growth, hatch 

dates, east of Tunisia. 

 

RES UME 

 

Etude préliminaire de l’age, de la croissance et des dates de naissance des juvéniles de la sardine Sardina 

pilchardus (Walbaum, 1792) et de l’anchois Engraulis encrasicolus (Linnaeus, 1758) des côtes Est 

tunisiennes : L’estimation de l’âge et de la croissance journalière ainsi que l’analyse de la distribution des dates 

d’éclosions des juvéniles de la sardine (Sardina pilchardus)  et de l’anchois (Engraulis encrasicolus) ont été 

effectuées par l’étude des microstries d’otolithe chez ces deux espèces collectées le long des côtes Est de la 

Tunisie. Les sardines collectées ont des longueurs à la fourche allant de 48 à 103 mm et des âges compris entre 

105 et 297 jours. Les âges des juvéniles d’anchois sont échelonnés entre 79 et 300 jours pour des longueurs à la 

fourche allant de 42 à 86 mm.  

Les données âge - longueur sont ajustées au modèle de Gompertz. Les équations de croissance obtenues sont les 

suivantes : pour la sardine [lt=10.8 exp(2.74(1-exp(-0.006t)))]  et pour l’anchois [lt=3.1 exp(3.2(1-exp(-0.02t)))] . 

Pour les deux espèces, les taux de croissance instantanée obtenus sont comparables à ceux rapportés ailleurs en 

Méditerranée occidentale. En comparant les deux espèces entre elles, la s ardine montre un taux de croissance 

instantanée inférieur à celu i de l’anchois. 

mailto:sanak182000@yahoo.com
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La d istribution des fréquences des dates d’éclosion rétrocalculées montre que, pour l’anchois, la période 

d’éclosion dure d’avril à octobre avec un pic au mois de juin alors que, pour la sardine, elle s’étend d’octobre à 

février avec un maximum en décembre-janvier. 

Mots clés: Sardina pilchardus, Engraulis encrasicolus, otolithométrie, microstructure, âge, croissance 

journalière, dates d’éclosion, Côtes Est tunisiennes. 

 

 

INTRODUCTION  

 
Ageing using daily growth increments is of great 

importance to study the population dynamics of 

clupeids, especially, when recruitment models were 

used, to determine hatching dates and to define the 

environmental conditions of the spawning period 

(Methot, 1983; Alvarez and Morales -Nin, 1992; 

Rasoanarivo, 1997; Pepin et al., 2001). Studies of the 

growth of the 0-age classes are of particular 

importance for species with high growth potential 

such as clupeids, which reach 60% of their total 

growth during their first year of life.  

Daily growth increments were observed for the first 

time by Panella (1971). The daily periodicity of the 

otolith micro -increments was largely assumed for the 

larvae and the juvenile phase (Pannella, 1974; 

Brothers et al., 1976; Geffen, 1982; Jones, 1986), 

however Volk et al. (1995) have shown that the 

increment deposition was not always daily  

Previous studies have demonstrated the daily nature 

of increments in the otoliths of larvae and juveniles 

Sardina pilchardus and Engraulis encrasicolus and 

reported that the age may be estimated with certain 

accuracy by using daily growth microstructure (Re, 

1983 and 1984; Palomera et al., 1988; A lvarez and 

Morales-Nin, 1992; Alemany and Alvarez, 1994; 

Dulcic, 1997; Rasoanario, 1997; Romanelli et al., 

2002; Cermeno et al., 2003). 

The aim of this study is to estimate, for the first time, 

the age and daily growth rates for class 0 of sardine 

and anchovy populations in Tunisian waters and to 

compare our results with those obtained in other areas 

in relation to environmental factors. Moreover, we 

analyze the hatching date’s distribution of the 

juveniles Sardina pilchardus and Engraulis 

encrasicolus in order to carry out recruitment process 

studies in a future. 

 

MATERIALS AND METHODS 

 
A total of 75 juveniles of sardines (37 specimens) and 

anchovies (38 specimens) were collected during 

hydro acoustics surveys from June to September 2002 

in the East of Tunisia (37°04’N 11°02’E-35°N 11°E) 

with midwater trawl. For each specimen, total and 

fork length (mm) and weight (g) were measured but 

only the fork length was kept as the reference (LF) 

and was varied from 48 to 103 mm for the sardines 

and from 42 to 86 mm for the anchovies. 

The sagittal otoliths were removed, cleaned and 

mounted in tack 10 instant glue on a microscope slide 

with the sulcus facing up. The otoliths were dry 

ground until the focus was reached using successively 

fine 30 and 3µm grit paper. The otoliths were then 

observed with a microscope under transmitted light at 

magnificat ion of 400x and with immersion oil at 

magnificat ion of 1000x. Daily and sub-daily 

increments were differentiated on the basis of their 

width and appearance when focus was readjusted. 

Two examinations were made by two readers. Since 

no significant differences were found between 

readings made by the readers (student’s test t= 1.25) 

the average of the readings were retained for age 

calculation.  

As in other species the first daily increment was laid 

down at the end of the yolk absorption period when 

the jaws became functional (Brothers et al., 1976). 

For the European pilchard, the end of the yolk-sac 

absorption occurred five days after hatching 

(Alemany and Alvarez, 1994;  Dulcic, 1995) whereas 

for the anchovy occurred at two days after hatching 

(Regner, 1985; Palomera et al., 1988). According to 

the species, 5 or 2 days were added to the age of each 

fish that was subtracted from the dates of capture to 

calculate the hatching dates (Woodbury et al., 1995). 

The model used to establish the early growth of 

sardines and anchovies was the laird- Gompertz 

Model (Zweifel and Lasker; 1976). The growth 

equations were calcu lated using Statistica, a statsoft 

based on quasi Newton method. 

The Formula of the laird - Gompertz Model is:  

lt=L0 exp (G*(1-exp  (-α*t))) 

With t: age in days, lt: estimated length at age t, L 0: 

length at t=0, G=A0/α, G: growth rate, A0: 

instantaneous growth rate at t=0, α: rate of decrease 

in G. 

 

RESULTS 

 
The sagittae of the juvenile sardines and anchovies 

are of oval shape, when observed under natural 

transmitted light, they showed an alternance of dark 

and light concentric rings from the nucleus to the 

edge where they became very narrow (Fig. 1). Dark 

rings called D zones are matrix rich layers whereas 

light rings (L zones) are mineral rich layers (Kalish et 

al., 1995). One light and one dark ring were 

considered to form a daily growth increment (Figs. 1 

b, d).  
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Fig. 1- Sagittae of the juveniles anchovy (a and b) and sardine (c and d) viewed under transmission light microscopy. a. A 

detail of the core of an anchovy sagittae. C: core. b. A detail of the lateral field of an anchovy sagittae showing the alternation 

of the D- (**) and L-zones (*). c. A detail of the core of a sardine sagittae. C: core. d. A detail of the lateral field of a sardine 

sagittae showing the alternation of the D- (**) and L-zones (*). 

 

 

The rings were arranged regularly over a time scale. 

In most cases, the pattern of the growth marks was 

clear and legible. 

For the sardine juveniles, the age obtained by 

counting the rings, varied from 105 to 297 days and 

the LF varied from 48 to 103 mm. For the anchovy 

juveniles the age varied from 79 to 300 days and the 

LF ranged from 42 to 80 mm. 

The age-length data of the juveniles of sardines and 

anchovies were fitted to the laird-Gompertz Model 

which provided a good description (r=0.80 for the 

sardine and 0.81 for the anchovy). The corresponding 

growth curves were represented in figures 2 and 3. 

The growth equations of the sardines and of the 

anchovies were respectively: 

Sardine: lt =10.8 exp(2.74(1-exp(-0.006t))).  

Anchovy: lt =3.1 exp(3.2(1-exp(-0.02t))). 

Growth in length of sardine juveniles was fast in the 

first 166 days, thereafter the growth rate decreased to 

0.28 mm per day in the 305
th

 day. The decline was 

most marked and continuous for the anchovy  
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   Fig. 2- Growth curve of Sardina pilchardus  from the 

East of Tunisia fitted to the Laird-Gompertz Model. 
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Fig. 3- Growth curve of Engraulis encrasicolus from the 

East of Tunisia fitted to the Laird-Gompertz Model. 

 

juveniles where growth rate fell from 0.56mm/day in 

the 75
th

 to 0.01mm/day in the 315
th

 day.  

The hatching dates distribution of survivors juvenile 

sardine and anchovy compared with the percentage of 

ripe females from January to December, showed that 

spawning of sardines took place from October to 

March whereas survival peaks of larvae were 

concentrated mostly between December and January 

(Fig. 4) while the spawning period of the anchovies 

occurred from April to October but survivors 

displayed an important peak in June (Fig. 5) 

Fig. 4- Hatch date frequency distribution and percentage of 

monthly ripe female of Sardina pilchardus in the East of 

Tunisia. 
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Fig. 5- Hatch date frequency distribution and percentage of 

monthly ripe female of Engraulis encrasicolus in the East 

of Tunisia. 

 

DISCUSSION 

 
Growth in length 

The deposition of daily growth increments was 

directly ascribable to an endogenous circadian rhythm 

(Mugiya et al., 1981; Campana and Neilson , 1985), 

synchronized by environmental factors. Numerous 

synchronizing factors have been proposed including 

photoperiod (Campana and Neilson , 1985), feeding 

activity (Pannella, 1980; Campana, 1983) and 

temperature (Brothers, 1981).  

In the present study, we considered that each otolith 

increment represented one day. Since methods to 

validate the daily nature of micorincrements 

deposition were not available, we referred to previous 

works performed on otoliths of anchovy and sardine. 

Effectively, the daily periodicity has been widely 

demonstrated for both species (Re, 1983, 1984; 

Cermeno et al., 2003). However a recent study  

(Cermeno et al., 2003) showed, for the anchovy, a 

loss of daily rhythm over long periods but these 

results were attributed to the aquarium conditions. 

The age-length data showed a relatively high 

dispersion. It seemed possible to relate this to the 

protracted spawning periods for both species in the 

studied area, which last for the sardine from October 

to March and for the anchovy from April to October. 

Both growth curves fitted to the data sets did not 

display the lower part of the S-shaped Gompertz 

curve that usually occurred in  the early g rowth phases 

(Moreau, 1987). Th is requires samples that cover the 

larvae phase of sardine and anchovy. Furthermore 

these samples will allow to improve the estimated 

parameters. In our case, such samplings were not 

possible with midwater trawl. Nevertheless, the 

predicted parameters from fitting the growth curves 

were in range with those obtained in the other 

Mediterranean regions. The estimated value of the 

instantaneous growth rate A0= 0.016 (with 

L0=10.8mm) of the sardine obtained in this study was 

in agreement with the value recorded by Alvarez and 

Morales-Nin (1992) who found a value of A0= 0.02 

(with L0=12.28mm) in the Western Mediterranean 

Sea. Thus it could be hypotheses that the juvenile 

sardines of the East of Tunisia grew approximately 

with the same rate as those of the Western 

Mediterranean Sea. However compared to the growth 

rates reported for the sardine larvae (Dulcic , 1995; 

Rasoanarivo, 1997), the value obtained in the present 

study was much lower which is expected. For the 

anchovy, the growth rates were in good accordance 

with previous reports Palomera et al. (1988) and 

Dulcic (1997), in spite of the considered length range 

(3.9 to 23 mm; 2.8 to 35 mm). Also, the estimated 

value of the initial length when t=0 (L0=3.1mm) 

obtained for the anchovy was in range with those 

found by Palomera et al. (1988) L0=3.7mm in the 
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Western Mediterranean sea and by Regner (1985) 

L0=3.54mm estimated from artificially reared larvae.  

Comparing both species, the juvenile sardines had an 

instantaneous growth rate lower than the juvenile 

anchovies. This was also reported by Alvarez and 

Morales-Nin (1992) for the Western Mediterranean 

sea. The faster growth rate observed for juvenile 

anchovy may in part be related to the temperature. In 

Tunisian coasts, the spawning period of the anchovy 

corresponds to the time when the mean sea water 

temperature was the highest. A positive correlation 

between instantaneous growth rate and temperature 

was reported for the anchovy and the sardine larvae 

(Dulcic, 1995 and 1997). Houde (1989) found a 

positive correlation between weight-specific g rowth 

rate and water temperature for 26 species of fish 

larvae. Therefore in the investigated area, anchovy 

larvae were present when environmental conditions 

were optimal for growth contrary to the sardine that 

spawned in winter. According to Morales -Nin and 

Pertierra (1990) the d ifference in  growth between 

these species remained until the adult stage.  

The evolution of the growth rates of the juvenile 

sardine and anchovy were not similar. In deed for the 

sardine, the growth rate followed a dome-shaped 

trajectory; it increased initially then declined, with a 

peak recorded in the 166
th

 day. Accordingly growth 

in length of juvenile sardine remained rap id after 

metamorphosis until 166
th

 day whereas for the 

anchovy the growth rate fell continually. Such 

evolution was reported elsewhere for the northern 

anchovy, the bay anchovy and the Walleye Pollock 

(Houde, 1997). According to Houde (1997) species 

that displayed declining growth rate during early life 

have, apparently, more typical pelagic life histories 

during this period. 

 

Hatch date analysis 

The protracted spawning period is characteristic of 

small pelag ic fishes, it could be interpreted as an 

adaptation to unpredictable environmental conditions. 

This spawning strategy is supposed to ensure for the 

newly hatched larva environmental conditions 

favoring their survival (Lasker, 1989; Alvarez and 

Morales-Nin, 1992; Le Page, 1995). The 

determination of the hatching dates allowed us to 

identify the time favorable for larva survival and 

subsequently to identify environmental conditions 

involved in the recruitment success. Our results 

showed that higher survival rates were observed for 

the anchovy in June while for the sardine the highest 

rate is recorded in December–January.  

In the East of Tunisia, the mean sea surface 

temperature is about 25°C in summer. A strong 

thermoclin appears in June-July. In this season the 

homogeneity of the temperature and salinity may 

favor, in some conditions, an up-welling. In winter, 

the water column is mixed  with temperatures around 

14.5°C. An inflow of surface freshwater from the 

Atlantic is observed in this region. Th is water is 

characterized by a high productivity (Brandhorst, 

1977; Sammari et Gana, 1995). These data showed 

that apparently high survival rates of the juvenile 

sardine and anchovy corresponded to periods of high 

productivity and/or thermal stratification. These 

factors are consistent with the three major classes of 

physical processes defined by Bakun (1996 in 

Agostini, 2000) as the “fundamental triad” favorable 

for larval success. Our results must be considered as a 

preliminary attempt to hatching date analysis because 

the smallest age group of the recruit was not 

represented due to gear selectivity. 

 

CONCLUSION 

 
The present paper is a preliminary attempt to 

determine age, growth and hatching date of juvenile 

sardine and anchovy using daily growth increments 

of otoliths. For both species, estimated parameters 

from fitting the Laird-Gompertz curve to the sets of 

data are roughly comparab le to those obtained in the 

Mediterranean regions. The birthdates analyses 

indicate that highest survival rates of juvenile sardine 

and anchovy occur respectively in December-January 

and June. 

It seems essential to include samples that cover the 

early larvae phase to improve the reliab ility of g rowth 

parameters. Also, a large data set on larvae and 

juvenile environment, egg production and juvenile 

survivors are needed in order to determine 

environment mechanis ms that insure juvenile survival 

and then to obtain a better prediction of recruitment.  

 

Acknowledgements 

The authors are greatly indebted to Dr. Lotfi Ben 

Abdallah for provid ing some of the samples.  

 

BIBLIOGRAPHIE 

 

Agostini V., 2000- Relationships between small 

pelagics and the environment: where have we 

been and where do we go from here? Scientific 

Advisory Committee. GFCM 1-3. 

Alemany F. and F. Alvarez, 1994- Format ion of 

initial daily increments in sagittal otoliths of 

reared and wild Sardina pilchardus yolk-sac 

larvae. Mar. Biol., 121: 35-39. 

Alvarez F. and F. Alemany, 1997- Birth date analysis 

and its application to the study of recruitment 

of the atlanto-iberian sardine Sardina 

pilchardus. Fish. Bull., 95: 187-193. 

Alvarez F. and B. Morales-Nin, 1992- An Attempt to 

determine growth and hatching dates of 

juvenile sardine, Sardina pilchardus, in the 

Western Mediterranean Sea. Mar. Biol., 114: 

199-203. 



Bull. Inst. Natn. Scien. Tech. Mer de Salammbô, Vol. 32, 2005
 

 

 12 

Brandhorst W. 1977- Les conditions du milieu au 

large de la côte tunisienne (The environmental 

conditions along the Tunisian coasts). Bull. 

Inst. Natl. Sci. Tech. Océanogr Salammbô , 4: 

129-220. 

Brothers E. B., 1981- What can otolith microstructure 

tell us about daily and subdaily events in the 

early life h istory of fish? Rapp. P. v-Réun. 

Con. Int. Explor. Mer., 178: 393-394. 

Brothers E. B., C. P. Mathews and R. Lasker., 1976- 

Daily growth increments in otoliths from larval 

and adult fishes. Fish. Bull. U S., 74: 1-8. 

Campana S. E., 1983- Feeding periodicity and the 

production of daily growth increments in 

otoliths of steelhead trout (Salmo gairdneri) 

and starry flounder (Platichthys stellatus). Can. 

J. Zool., 61: 1591-1597. 

Campana S. E. and J. D. Neilson., 1985- 

Microstructure of fish otoliths. Can. J. Fish. 

Aquat. Sci., 42: 1014-1032. 

Cermeno P., A. Uriarte, A. M. De Murguia and B. 

Morales-Nin., 2003- Validation of daily 

increment format ion in otoliths of juvenile and 

adult European anchovy. J. Fish. Biol., 62: 

679-691. 

Dulcic J., 1995- Estimat ion of age and growth of 

sardine, Sardina pilchardus (Walbaum, 1792), 

larvae by reading daily otolith increments. 

Fish. Res., 22: 265-277. 

Dulcic, J., 1997- Growth of anchovy, Engraulis 

encrasicolus (L.), Larvae in the Northern 

Adriatic Sea. Fish. Res., 31: 189-195. 

Geffen A. J., 1982- Otolith ring deposition in relation 

to growth rate in herring (Clupea harengus) 

and turbot (Scophthalmus maximus) larvae. 

Mar. Biol., 71: 317-326. 

Houde E. D., 1989- Comparat ive growth, mortality 

and energetics of marine fish larvae: 

temperature and implied latidunal effects. Fish. 

Bull. US., 87: 471-495. 

Houde E. D., 1997- Patterns and trends in larval-stage 

growth and mortality of teleost fish. J. Fish. 

Biol., 52-83. 

Jones C., 1986- Determining age of larval fish with 

the otolith increment technique. Fish. Bull., 84: 

91-102. 

Kalish J. M., R. J. Beamish, E. B. Brothers, J. M. 

Casselman, C. Francis, H. Mosegaard, J. 

Panfili, E. D. Prince, R. E. Thresher, C. A. 

Wilson and P. J. Wright., 1995-  Glossary. In: 

D.H. Secor, J.M. Dean and S.E. Campana, 

(eds.), Recent developments in fish otolith 

research, pp. 723-729. Columbia, SC, USA: 

University of South Carolina Press. 

Lasker R., 1989- Les déterminants du recrutement. In 

J. P. Troadec (eds.), L’Homme et les 

ressources halieutiques. Essai de l’usage d’une 

ressource renouvelable, pp. 189-221. IFREME, 

Brest. 

Le Page C., 1995- Variab ilité environnementale et 

structuration spatiale de la reproduction. 

Applications aux espèces de poissons 

pélagiques des zones d’upwelling. In D. 

Gascuel, J. P. Durand, A. Fonteneau (eds), Les 

recherches françaises en évaluation 

quantitative et modélisation des ressources et 

des systèmes halieutiques, pp. 127-139. 

Colloques et Séminaires ORSTOM.  

Methot R. E., 1983- Seasonal variation in survival of 

larval northern anchovy Engraulis mordax 

estimated from the age distribution of 

juveniles. Fish. Bull. US., 81: 741-750.  

Morales-Nin B. and J. P. Pertierra., 1990- Growth 

rates of the anchovy Engraulis encrasicolus 

and the sardine Sardina pilchardus in the 

Northwestern Mediterranean Sea. Mar. biol., 

107: 349-356. 

Moreau J., 1987- Mathemat ical and biological 

expression of growth in fishes: Recent trends 

and further developments. In G. E. Hall (eds.), 

Age and growth of fish, pp. 81-113. Iowa state 

University press. 

Mugiya Y., N. Watabe, S. Yamada, J.M. Dean, D. G. 

Dunkelberger and M. Shimizu., 1981- Diurnal 

rhythm in otolith format ion in the goldfish, 

Carassius auratus. Comp Biochemistry. 

Physiol., 68: 659-662. 

Palomera I., B. Morales-Nin and J. Lleonart., 1988- 

Larval growth of anchovy Engraulis 

encrasicolus in the Western Mediterranean 

Sea. Mar. Biol., 99: 283-291. 

Panella G., 1971- Fish otoliths: daily growth layers 

and periodical pattern. Science., 173: 1124-

1127. 

Pannella G., 1974- Otoliths growth patterns: an aid in 

age determination in temperate and tropical 

fishes. In: T.B. Bagenal (eds.), The ageing of 

fish, pp. 28-39. London, UK: Unwin Brothers 

Ltd. 

Pannella G., 1980- Growth pattern in fish sagittae. In: 

D.C. Rhoads and R.A. Lutz (eds.), Skeletal 

growth of aquatic organisms. Biological 

records of environmental change, pp. 519-560. 

New York, USA and London, UK: Plenum 

Press. 

Pepin P., J. F. Dower and H. P. Benoit., 2001- The 

role of the measurement error on the 

interpretation of otolith increment width in the 

study of growth in larval fish. Can. J. Fish. 

Sci., 58: 2204-2212. 

Rasoanarivo R., 1997- Dynamique d’une population 

ichtyoplanctonique de Sardina pilchardus 

(Walb.), 1792) dans un écosystème péri 

estuarien et son environnement côtier (Golfe de 

Fos et de Marseille- Méditerranée occidentale) : 



Bull. Inst. Natn. Scien. Tech. Mer de Salammbô, Vol. 32, 2005
 

 

 13 

Structure démographique, migration et croissance 

(squelettochronobiologie). Ph. D. thesis, Univ 

de Droit  d’Economie et des Sciences, Faculté 

des Sciences et Techniques Université d’Aix-

Marseille III : 300p. 

Re P., 1983- Daily  growth increments in the sagittae 

of pilchard larvae Sardina pilchardus 

(Walbum, 1792), (Pisces: Clupeidae). Cybium., 

7: 9-15. 

Re P., 1984- Evidence of daily and hourly growth in 

pilchard larvae based on otolith growth 

increments, Sardina pilchardus (Wallabum, 

1792). Cybium., 8: 33-38. 

Romanelli M., F. Colloca and O. Giovanardi., 2002- 

Growth and mortality of exp loited Sardina 

pilchardus (Wallabum) larvae along the 

western coast of Italy. Fish. Res., 55: 205-218. 

Regner S., 1985- Eco logy of planktonic stage of the 

anchovy Engraulis encrasicolus (Linnaeus, 

1758), in the central adriatic. Acta. Adriat., 26: 

1-113. 

Sammari C. and S. Gana, 1995- Revue de 

l’hydrodynamis me au large des côtes 

Tunisiennes. Bull. Inst. Natn. Tech. Océanogr. 

Pêche Salammbô, 22: 10-31. 

Volk, C. E., D. G Mortensen and A. C. Wertheimer, 

1995- Nondaily otolith increments and 

seasonal changes in growth of a pink salmon 

(Oncorhynchus gorbuscha) population in Auke 

Bay, A laska. In D. H. Secor, M. J. Dean and 

S.E. Campana (eds.), Recent development in 

fish otolith research. 670 p. 

Woodbury D., A. B. Hollowed and J. A. Pearce, 

1995- Interannual variat ion in growth rates and 

back-calculated spawn dates of juvenile Pacific 

hakes (Merluccius productus). In D. H. Secor, 

M. J. Dean and S.E. Campana (eds.), Recent 

development in fish otolith research . 670 p. 

Zweifel J. R. and R. Lasker., 1976- Prehatch and 

posthatch growth of fishes. A general model. 

Fish. Bull. US. 74: 609-621. 

 

 

 

 

 


