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Abstract: 

This study focused on identifying possible causes for the observed   interannual variations in size 

and abundance of late pelagic cod juveniles in the Faroe area. A “good” year of growth, 2001, and a 

bad year of growth, 1997, was analyzed. The age of the juveniles was estimated by use of the 

otolith microstructure. There were found significant differences in the hatching distribution 

between the sampling years, a higher proportion of the surviving cod juveniles were hatched in the 

early season in 2001 compared to 1997. The onset of the spring bloom was also earlier and the 

production much higher in 2001 than in 1997. If it is assumed that the spawning duration did not 

change between the sampling years, then the result might indicate that the larvae have meet more 

matched feeding condition in 2001, while early season larvae in 1997 might have been exposed to 

mass starvation. The lack data on the prey that first feeding larvae consume, especially the egg 

production of the copepod C.finmarchicus makes the Match/Mismatch suggestion tentative. 

However, the otolith- and somatic growth showed differences between the years. The otolith 

growth is influenced by temperature and feeding conditions, the temperature did not vary between 

the years; hence the otolith growth in 2001 is in agreement with the hypothesis that bad   feeding 

condition should have caused the year variations. The average growth estimated by use of the 

Laird-Gompertz equation demonstrated higher growth rates in 2001 compared to 1997. The 

maximum growth rate was 0.60 mm/day in 2001 and much lower 0.35 mm/day in 2001. The higher 

growth rate influenced the time of metamorphosis; the study showed that the larvae metamorphosed 

at a significant younger age in 2001. Thus the year variation in fish sizes and abundance might be a 

result of combination of differences in survival in the early season and higher growth rates in 2001 

compared to 1997. The results from the back calculation model on the Faroe Plateau were uncertain 

and should more be regarded as a new approach to estimate size selective mortality. The abundance 

and size of pelagic juveniles did not seem to correlate to recruitment of the 0-groups. Faroe Bank 

showed similar trends as found on the Faroe Plateau, but Faroe Bank has a low priority in research, 

thus it was not possible to conclude anything from this study. 
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1.0 Introduction 

 

The Atlantic cod (Gadus morhua) has experienced sharp declines in abundance during the 

last several decades under intense exploitation (Huthings & Myers 1994, Myers et al. 1996, 

Cook et al. 1997). The collapse of the northern cod fisheries of Newfoundland, Labrador 

and Faroe Islands serve as dramatic examples of the ecological, social and economic 

consequences of overexploitation (Hutchings & Myers 1994, Jakupsstovu & Reinert 1994, 

Hutchings 1996). Recruitment plays a significant role for the productivity of exploited fish 

stocks; failure in recruitment can have severe impacts (Jakupsstovu & Reinert 1994, 

Hutchings 2000).  

During the past decades, dynamics in recruitment variability have become a big issue, and 

many studies have tried to identify possible causes for the fluctuations in recruitment in the 

cod stocks. It has been argued that a high abundance of spawning stock enhances 

recruitment (Myers & Barrowman 1996), but the stock recruitment relationship has been 

demonstrated to be highly variable (Marshall et al. 1998). Others have argued the 

importance of a high age diversity of the stock (Marteinsdottir & Thorarinsson 1998, Begg 

& Marteinsdottir 2000), prolonging the spawning duration, hence enhancing the probability 

that some larvae meet good feeding conditions (Mertz & Myers 1994). The maternal size, 

condition and age have also been shown to positively correlated to egg size and size of 

newly hatched larvae, and influence the viability in the initial stages of egg and larval life 

(Marteinsdottir & Steinarsson 1998, O’Brien et al. 2003). 

There is, however, increasing evidence that simple recruitment relationship is not sufficient 

to explain and predict the dynamics and variability of fish populations (Bradford 1992, 

Brander & Hurley 1992, Rice et al. 1993, Cowan et al. 1996, Brander et al. 2001, Fogarty 

et al. 2001, Beaugrand et al. 2003). The adult life history characteristics, such as fecundity, 

egg abundance, and abundance of early larvae, correlate poorly with recruitment variability 

(Bradford 1992, Helle et al. 2000). Therefore, increasing amounts of research has been 

directed to fish larvae and juveniles, where high mortalities are known to occur (Campana 

et al. 1989, Myers & Cadigan 1993ab, Legget & Deblois 1994, Helle et al. 2000, Beugrand 

et al. 2003). Additionally, attention is being turned away from trying to explain the 99% of 

the cohort that die within a short period during early larval life, to focus on the factors that 

allow < 1% of the population to survive (Pepin 1991, Bradford 1992, Rice et al. 1993, 

Cowan et al. 1996, Hare & Cowen 1997, Pepin et al. 2003).  
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Cod spawn multiple batches (about 15-20 batches), consisting of 500,000-3,000,000 small 

eggs. The fecundity varies with fish size and condition, and spawning takes place over a 

period of 1-2 months (Kjesbu 1989, Kjesbu et al. 1996, Chambers & Waiwood 1996). 

From the time of spawning, the larvae are exposed to an immense mortality (Houde 1987, 

Anderson 1988, Campana et al. 1989, Pepin 1991). Simulation studies and laboratory work 

have found larval mortalities to range between 90-99% in the first 20 days of larval life 

(Bradford 1992, Folkvord et al. 1994, Cowan et al. 1996). The main causes for the high 

mortality have been argued to be unfavourable oceanographic events, starvation and 

predation (Houde 1987, Bailey &  Houde 1989, Pepin 1991). 

 

High mortalities caused by advection of egg and larvae to unsuitable environments have 

been suspected to cause high mortalities in various studies e.g. on the Faroe Plateau, 

Newfoundland, and Georges Bank (Hansen et al. 1994, Townsend & Pettigrew 1996, 

Bradbury et al. 2001). It has been hypothesised that storms on the Faroe Plateau in the 

spawning season in the late 1980-ies and early 1990-ies might have caused eggs and larvae 

to drift into unsuitable areas outside the Faroe Plateau (Hansen et al. 1994). Therefore, 

periods with unfavourable oceanographic conditions might have severe effect on the 

recruitment (Hansen et al. 1994, Townsend & Pettigrew 1996, Bradbury et al. 2001). 

 

The idea of Hjort’s (1914) “critical period” concept was that starvation of young larval 

stages is a major cause of mortality, and hence the spatial and temporal coincidence 

between larval production and the production of prey being a very important determinant 

for recruitment (reviewed by Legget & Deblois 1994). The “Critical period” concept has 

later been embedded in the match/mismatch concept proposed by (Cushing 1990). The 

framework of the match/mismatch hypothesis is that spawning time does not vary 

between years, while the onset of the primary production varies (Cushing 1990). It has 

been argued that interannual variations in the peak of primary production might cause high 

mortality of the first feeding larvae when the peak of larval and prey production are 

mismatched (Cushing 1990, Cushing & Horwood 1994). Legget & Deblois (1994) 

discussed the match/mismatch hypothesis in a review paper and pointed out the difficulties 

of demonstrating match/mismatch in nature, because of the patchy distribution of food and 

larvae. This has also been shown in a study with Arcto-Norwegian cod larvae, where larvae 

in sheltered areas tended to locate and enter patches of prey (Skreslet 1989). Other authors 
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have also argued that compensatory growth can compensate for periods with scarce food 

and a mismatch not necessarily resulting in worse growth and survival, instead the 

temporal positioning of the mismatch might be very important (Gotceitas et al. 1996, Zhao 

et al. 2001, Shultz et al. 2002). However, the match/mismatch hypothesis has been 

supported by studies of first feeding larvae in Icelandic waters, the Irish Sea, Norwegian 

waters and the North Sea (Ellertsen et al 1989, Brander & Hurley 1992, Brander et al 2001, 

Beugrand et al. 2003). In these areas, egg production of the copepod Calanus finmarchicus 

has been directly linked to larval survival (Ellertsen et al. 1989, Brander & Hurley 1992, 

Brander et al 2001, Beugrand et al. 2003). 

The cod larvae are capable to initiate exogenous feeding 3 days post hatch (Hall et al. 

2004), although exogenous feeding is low in the yolk-sac-stage (Clemmensen & Doan 

1996). The high mortality caused by starvation is suspected to occur in the in the transition 

from endogenous to exogenous feeding, when larvae demand especially high food 

densities, because of bad swimming abilities and low capture success (Hunter 1972, 

Thompson & Harrop 1991, Puvanendran & Brown 1999, von Herbing & Gallager 2000,  

von Herbing et al. 2001, Puvanendran et al. 2002). Failure of fish larvae to successfully 

initiate feeding results in a condition of irreversible starvation, the point of no return, 

beyond which, they no longer have sufficient metabolic resources to capture sufficient prey 

for survival, even if prey is present in adequate concentrations (Blaxter & Hempel 1963). 

The irreversible stage of starvation has been found to take place 5-6 days post yolk sac 

stage in cod larvae (Ellertsen et al. 1980, Yin & Blaxter 1986). The tolerance of starvation 

periods increases rapidly with size in fish larvae (Hunter 1981, Skajaa et al. 2003). First 

feeding cod larvae feed mainly on copepod eggs, protozoan, and phytoplankton (Ellertsen 

et al. 1980, Fossum & Ellertsen 1994, von Herbing & Gallager 2000, Gaard & Steingrund 

2001). The swimming abilities improve with increased larval size and the prey spectrum 

(size and species) consumed by fish larvae broadens, hence lessening the vulnerability to 

starvation (Shirota 1970, Hunter 1972, von Herbing & Gallager 2000, Gaard&Steingrund 

2001, Gaard&Reinert 2002). The visual abilities, as well as capture success, have also been 

shown to improve with size, thus fast growth enhances feeding success and survival 

(Hunter 1972, Fiksen et al. 1998, von Herbing & Gallager 2000, von Herbing et al. 2001, 

Puvanendran et al. 2002). The importance of fast growth in the early stages has also been 

indicated in laboratory studies with cod larvae and cod juveniles, where most of the 

ingested energy was converted to growth (von Herbing & White 2002, Jordaan & Brown 

2003). The advantage of fast growth through the initial stages is the framework in Miller et 
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al.’s (1988) hypothesis “Bigger is better”, where bigger larvae have a selective advantage 

of survival. This has been supported by laboratory and field studies where it has been 

demonstrated that larvae being “born big, stay big”, and having higher growth rates 

enhances survival (Rosenberg & Haugen 1982, Knutsen & Tilseth 1985, Meekan & Fortier 

1996).  

 

The growth of larvae is influenced by water temperature (Suthers & Sundby 1993, Otterlei 

et al. 1999), food availability (Goteicas et al. 1996, Clemmensen et al. 2003), and factors 

such as maternal contribution (Rosenberg & Haugen 1982, Chambers & Waiwood 1996, 

Meekan & Fortier 1996). A fast growth of the fish larvae has also been argued to shorten 

the duration of the pelagic stage where high mortalities rates are known to occur, and 

hence reduce the cumulative mortality (Houde 1987, Anderson 1988, Miller et al. 1988, 

Cushing 1990, Legget & Deblois 1994). 

 

Predation has also been argued to contribute to the high mortality during early larval life, 

with smaller sized or slower growing larvae being more vulnerable to predators (Anderson 

1988, Bailey & Houde 1989, Rice et al. 1993, Cowan et al. 1996, Hare & Cowen 1997). 

Although Paradis et al. (1999) showed with a simulation model that predation must be 

intense over a short period in order to show any evidence of size selective losses a larval 

population. Laboratory studies have shown that both the proportion that respond to attack 

and the escape speed increase with larval size (Folkvord & Hunter 1986, Williams et al. 

1996). Thus it has been argued that slower growing larvae experience higher mortality rates 

compared to faster growing larvae (Houde 1987, Bailey & Houde 1989). The larvae have 

to pass through a “window of vulnerability” (Cowan et al. 1996), where predation occurs, 

and it has been postulated that faster growth would reduce time spent in the vulnerable 

stage and would be a selective advantage (Hare & Cowen 1997).  Size selective mortality 

of slower growing fish larvae has also been demonstrated in various species (Healey 1982, 

Post & Prankevicius 1987, West & Larkin 1987, Hovenkamp 1992, Meekan & Fortier 

1996, Nielsen & Munk 2004). Other studies have on the contrary found either no 

difference, or size selective predation towards faster growing fish larvae, where larvae have 

been expected to grow into the predators prey field (Fuiman 1989, Litvak & Legget 1992, 

Bertram & Legget 1994, Gleason & Bengtson 1996, Pepin et al. 2003). It has also been 

indicated that interannual variations in the predation pressure might cause high variations 

in larval survival (McGovern & Olney 1996). Furthermore, simulated modelling has 
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indicated that predation intensity and larval survival also varies with predator size, 

decreasing rapidly with predator size (Letcher et al. 1996). Thus predation of fish larvae is 

complex and is influenced by predator species, abundance, and food preferences (Bailey & 

Houde 1989). 

 

It has been argued that the recruitment is decided in pelagic stage, due to the high mortality 

rates that the larvae are exposed to in the initial stages (Houde 1987, Campana et al. 1989, 

Cushing 1990, Myers & Cadigan 1993ab, Cowan et al. 1996). This is due to that the 

density dependent mortality of settled pre-recruits has been shown to be low and of minor 

importance (Campana et al. 1989, Myers & Cadigan 1993ab). This has been supported by 

different studies, where size (Ottersen & Loeng 2000), growth rate (Campana 1996) and 

abundance of late pelagic juveniles (Jakupsstovu & Reinert 1994, Helle et al. 2000) have 

been linked to recruitment strength of 2 year old cod. Hence it could be expected that 0-

group surveys of late pelagic juveniles should give an indication of the recruitment 2 years 

later. 

 

The purpose of this study was to identify possible causes of the reported interannual 

variations in fish size and abundance of pelagic cod juveniles in the Faroe region. Two 

years were investigated: a good year of growth, 2001, and a bad year of growth 1997.  The 

“good” year of growth was characterized by an early and high spring bloom combined with 

a low zooplankton biomass, while the “bad” year of growth had later and low spring bloom 

and a high zooplankton biomass (Gaard 2000, Gaard 2003ab). The 0-group survey in the 

Faroe area of late pelagic cod juveniles showed also that cod juveniles were both bigger in 

size and more abundant in 2001 compared to 1997. The main focus of this study was to 

identify possible reasons for the observed difference in size and abundance between the 

sampling years. 

 

 

The Faroe Plateau is a dynamic ecosystem that varies significantly in primary production  

(Gaard 1999, Gaard et al. 1998, Gaard 2003ab). This has been suspected to have a big 

impact on higher tropic levels (Gaard & Steingrund 2001, Gaard et al. 2002, Gaard & 

Reinert 2002). A high variability in the influx of the oceanic copepod Calanus 

finmarchicus has been suspected to cause variations in the primary production (Gaard et al. 

1998, Gaard & Hansen 2000, Gaard 2003ab). It has been hypothesised that a high biomass 
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of C. finmarchicus can cause a high grazing on the phytoplankton, hence delay and reduce 

the spring bloom (Gaard et al. 1998, Gaard & Hansen 2000). The first feeding larvae on the 

Faroe Plateau consume mainly phytoplankton and copepod eggs, mainly C. finmarchicus 

eggs (Gaard & Steingrund 2001). Thus a high biomass of C. finmarchicus in early season 

could be expected to influence feeding conditions for the first feeding larvae. The main 

focus of this study was on whether the interannual variation in fish sizes and abundance in 

the Faroe area were caused a match/mismatch between the years, as observed in other areas 

(Brander & Hurley 1992, Brander et al 2001, Beugrand et al. 2003), growth differences or 

changes in selective mortality?  

 

Hence the objectives were: 

 

• To study the hatching distributions and identify possible differences between the 

sampling years. 

• To identify possible interannual variations in otolith and somatic growth  

• To identify possible size selective mortality of the cod juveniles, and check for                  

possible differences in selective mortality between years. 

• To discuss the possible link between growth and abundance of cod juveniles, and 

recruitment of 2 year old cod in the Faroe region. 

 

How the objectives were reached: 

 

“To study hatching distributions and identify possible differences between the 

sampling years”. 

Lapillus was age read in the cod juveniles on Faroe Bank in 1997 and 2001 and on the 

Faroe Plateau in 2001 to identify possible differences in hatching distribution. The sagitta 

were age read in the cod juveniles on the Faroe Plateau in 1997. The focus was on possible 

year variations in hatching distributions between sampling years in relation to primary 

production. It was assumed that otolith start to form increments from hatching and that 

increments were formed daily. 

 

 

 

“To identify possible interannual variations in otolith and somatic growth“ 
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Analysis of growth differences was performed both for somatic and otolith growth. 

Somatich growth models were created to describe the interannual growth on the Faroe 

Plateau and Faroe Bank. The age based Laird-Gompertz growth model was used to identify 

possible somatic growth differences between the years. A cumulative otolith growth model 

was also made to compare growth between the years. Possible interannual variations in 

otolith and somatic growth were compared to temperature and primary production. 

It was assumed that otolith growth is a non-reversible process and that the increment width 

is influenced by temperature and feeding conditions.  

 

“To estimate possible size selective mortality of cod juveniles and check for possible 

changes in size selection between years”. 

 

The study of selective mortality caused by predation was done with back calculation of 

growth for the cod juveniles’ prior to catch. The scale proportional hypothesis was used for 

estimating size of cod juveniles’ prior to catch based on otolith growth. Because different 

years were sampled, it was obvious that it was not the same population sampled over time. 

Thus some reference of the size of the individual cod juvenile was necessary if a study of 

growth was the objective. This problem was addressed by using otoliths. In order to 

validate the use of otolith size as a measure of fish relative size, the coupling between the 

otolith radius and fish size (length) was examined. The estimated variability in size 

distribution of cod juveniles prior to catch was checked in order to estimate possible 

differences in size selective mortality through time. 

 

“Discuss a possible link between growth rate, abundance of cod juveniles, and 

recruitment of 2 year old cod.” 

 

Hatching distributions and growth rates of cod juveniles’ prior to catch were compared to 

the abundance of cod juveniles caught in the 0-group survey. Furthermore, the abundance 

was compared to VPA estimates of 2-year-old cod to check for a possible link between 

abundance of pelagic juveniles and recruitment. 

 

The hypothesis was that there was a match/mismatch occurring in the Faroe area. It was 

expected to be reflected in differences in the age distributions between the years. The cod 
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juveniles in 2001 were expected to be older compared to 1997. The interannual variation in 

feeding condition was also expected to be reflected both in the somatic- and the otolith 

growth. The cod juveniles were expected to have met more matched conditions in 2001 and 

have had higher somatic and otolith growth. 

 

Finally, a link between abundance of late pelagic juveniles and recruitment of 2-year-old 

cod was expected to be found. Recruitment was expected to be higher of the 0-group in 

2001 compared to 1997 in the Faroe area. 
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2.0 Background Theory 

 

2.1 Study area 

2.1.1 The oceanographic environment on the Faroe Plateau 

The Faroe Islands are located at 62o N, 7o W and are surrounded by a shelf, which is 

approximately bounded by its 100-130 m bottom contour (fig. 1) (Gaard 2000, Larsen et al. 

2002). The water masses on the Faroe Plateau can be characterized as relative isolated, well 

defined, and a uniform ecosystem of approximately 10,000 km2 (Gaard et al. 2002, Larsen 

et al. 2002, Gaard 2003a). The width of the shelf is irregular around the islands. In some 

areas, the topography is smooth with a well-defined shelf break, and in others it is irregular 

or continuously sloping without a shelf break (Larsen et al. 2002). 

The oceanic waters around the Faroe Islands is dominated by Atlantic water, which is 

being transported by the North Atlantic current (also called the Gulf Stream) from a south-

westerly to a north-easterly direction passing north and south of the Faroe Islands (Hansen 

& Oesterhus 2000). The temperature of the water on the Faroe Plateau ranges between 6o C 

in February to about 10o C in August (Smed 1952, Gaard & Hansen 2000, Heath et al. 

2000).  The water on the Faroe Shelf is relatively well separated from the offshore 

environment by a persistent tidal front that surrounds the islands (Gaard et al. 1998, Larsen 

et al. 2002). The tidal front is usually situated between 100-130 m isobath (Gaard et al. 

1998). The water column over the shallow part of the shelf is well mixed from the surface 

to the seabed, due to extremely high tidal currents (1 m/sec inside the 100 m contour), 

while the off shelf water can be stratified (Simonsen 1999, Larsen et al. 2002). Thus the 

horizontally and vertically variations in temperature and salinity on the Faroe Plateau are 

small (Hansen 1992, Gaard et al. 1998, Simonsen 1999, Gaard & Hansen 2000, Larsen et 

al. 2002). In addition a residual current has a persistent anti-cyclonic circulation around the 

islands with a typical speed of 10-25 cm/sec (Hansen 1992, Gaard & Hansen 2000). The 

retention time of the seawater on the Faroe Plateau seems to vary and is on average 

assumed to be about 3 months. (Gaard & Hansen 2000). The mixed water masses on the 

Faroe Plateau are relatively well separated from the surrounding waters (Larsen et al. 

2002). The species composition, as well as production of phytoplankton and the neritic 

zooplankton community on the shelf, supports the idea of isolation from the oceanic water 

masses (Gaard et al. 1998, Gaard 1999, Gaard 2000, Gaard 2003a). Hence the Faroe 
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Plateau is regarded as a uniform coastal ecosystem, which is surrounded by an oceanic 

environment (Gaard et al. 2002). 

 

 
Figure 1 Left: The Faroese area. Right: The anti cyclonic circulations of the currents that isolate Faroe 

Bank and the Faroe Plateau from the oceanic environment (Hansen et al. 1994). 

  

 

2.1.2 The oceanographic environment on Faroe Bank 

Faroe Bank is an oceanic bank located about 75 km southwest of the Faroe Islands and 

covers an area of about 3,500 km2 including the 200 m dept contour (Magnussen 2002). 

Faroe Bank is isolated to the northeast from the Faroe Plateau by the 20 km wide and 850 

meters deep Faroe Bank channel. There flows a constant strong current (100 cm/sec, 00C) 

in a northerly direction at the bottom of the channel (Hansen & Kristiansen 1999).  

 

The temperature of the water masses on Faroe Bank is about 6-8o C in spring (March) and 

about 8-11o C in summertime (August-September) (Lastein 1992, Magnussen 2001ab). The 

tidal currents on the Bank are apparently not as strong as on the Plateau, because it usually 

gets summer-stratified from May - August (Lastein 1992, Magnussen 2001ab). The water 

masses on Faroe Bank have also an anti-cyclonic circulation (Hansen 1986, Hansen et al. 

1991). Current measurements with satellite-tracked drogues have shown that one cycle last 

a month (Hansen et al. 1991). Faroe Bank is apparently more influenced by the surrounding 

oceanic waters. Hydrographical, phytoplankton, and zooplankton measurements have 

indicated that the isolation of the water masses on the bank varies between seasons and 

years (Lastein 1992, Gaard & Mortensen 1993).    
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2.1.3 Cod in the Faroe region 

The Atlantic cod (Gadus morhua) is widely distributed, and the habitats confine several 

latitudes, from Artic waters in the north to Georges Bank and the Celtic Sea in the south 

(Brander 1994). The Faroe area supports two populations of cod (Hansen et al. 1990, 

Hansen et al 1994, Jakupsstovu & Reinert 1994). Tagging experiments with cod have 

demonstrated that migration between Faroe Bank and the Faroe Plateau is low (Stubberg 

1916, Stubberg 1933, Tåning 1940, Joensen 1956), and morphological as well as 

biochemical differences have been confirmed (Love et al. 1974, Joensen et al. 2000). 

Furthermore, differences in growth rate and otolith morphology have been demonstrated 

between the two cod stocks (Ursin 1984, Fjallstein & Magnussen 1996, Cardinale et al. 

2004). For these reasons, the cod stock on Faroe Bank is considered as a separate stock, 

which does not mix with the nearby Faroe Plateau stock.  

 

2.1.4 Cod on the Faroe Plateau  

Cod is the most important demersal species caught in the Faroe area and the economy is 

heavily dependent upon it. The average interannual catch on the Faroe Plateau 1963-2002 

is 25,000 t (fig. 2). In the early 90-ies, (1991-1994) the catches were record low with 

catches of only 6,000-9,000 t, due to the combined effect of several years of recruitment 

failure and high fish mortalities (Hansen et al. 1990, Jakupsstovu & Reinert 1994, 

Steingrund et al 2003). This had drastic consequences for the fragile Faroese economy. The 

catch recovered very quickly from 6,000 t in 1993 to 40,000 t in 1996, the main reasons 

being strong recruitment, increased individual growth, and increased fishing effort 

(Steingrund et al. 2003).  

 

The high fishing pressure causes the cod stock to mainly consist of 3-5 year old cod (Anon 

2004). Thus strong recruitment is of vital importance for the future development of the 

stock. The recruitment of 2-year-old cod varies much from the recruitment failure in 1990 

(3.7*106 recruits), to the good recruitment years 1984 (48*106 individuals), with an average 

of 18*106 recruits (fig. 2). The recruitment of the 1997 year class was estimated to be an 

average year class of 15 million 2 year old cod (Fig 2b). 
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Figure 2 Yearly landings of Faroe Plateau cod ICES sub-divison Vb1 (a). Figure (b) shows the estimated 

recruitment through the years of 2 year old cod on the Plateau sub-divison Vb1. Source: Anon (2003). 

The “arrow” shows the recruitment in 1999 of the 1997 year class (fig b). 

 

The spawning of cod on the Faroe Plateau takes place from February to May (Joensen & 

Tåning 1970), with peak of spawning in the latter part of March (Hansen et al. 1990, 

Jakupsstovu & Reinert 1994). The cod spawn all around the Plateau with two main 

spawning grounds, one in the west and one in the north of the islands at bottom depths 

between 80-150 m (Jakupsstovu & Reinert 1994, Gaard & Steingrund 2001). These areas 

are close to the tidal front that separates the shelf water from the offshore environment 

(Gaard & Steingrund 2001, Larsen et al. 2002). It has been argued that spawning so close 

to the tidal front has to constitute a significant risk of eggs and larvae drifting out of the 

ecosystem (Hansen et al. 1990, Hansen et al. 1994, Jakupsstovu & Reinert 1994). Despite 

the risk, there also has to be some benefits, and studies have shown high concentrations of 

suitable prey for first feeding larvae in these areas (Gaard 2000, Gaard & Steingrund 2001). 

The eggs and larvae are advected from the main spawning grounds clockwise in an easterly 

direction onto the northern shelf region and then dispersed throughout the central shelf area 

(Gaard & Steingrund 2001). The cod larvae have a size of about 4 mm when they hatch and 
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their food at first feeding is dominated by phytoplankton and copepod eggs, mainly of the 

copepod C. finmarchicus (Gaard & Steingrund 2001). As the cod larvae grow in size, they 

start to consume bigger prey, copepod nauplii and small neritic copepods, before shifting 

over to eating bigger C. finmarchius and pelagic decapoda larvae in the late pelagic stages 

(Gaard & Steingrund 2001, Gaard & Reinert 2002).  There are no published measurements 

of growth rates of juveniles from the Faroe area, however, the growth rate of cod larvae 

and cod juveniles from other areas ranges between 0.10-0.71 mm/day (Bolz & Lough 1988, 

Suthers & Sundby 1993, Geffen 1995, Meekan & Fortier 1996, Anderson & Dalley 2000). 

The transition from being pelagic to demersal has been found in other areas to typically 

occur when the cod juveniles are about 40-80 mm, at 3-4 months of age (Radtke 1989, 

Lough & Potter 1993, Hussy et al. 2003a). After settlement, juveniles migrate into the 

littoral zone of the fjords and sounds (Joensen & Tåning 1970). The cod spend 1-2 years in 

the littoral zone of the fjords and sounds before they start to migrate towards deeper waters 

(Joensen & Tåning 1970), and are regarded as fully recruited as 3 year old (Anon 2004) 

 

2.1.5 Cod on Faroe Bank 

The cod caught on Faroe Bank constitutes a minor fraction of landings compared to cod 

from the Faroe Plateau. The landings were 3,500 t in 1987 and decreased to only 330 t in 

1992, before increasing again to 3,600 t in 1997 (fig. 3). 
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Figure 3 Yearly landings of Faroe Bank cod, ICES subdivision Vb2. Source: Anon (2003). 

 



  19

However, the catches on Faroe Bank should be read with caution because of changes in the 

fishery during the years. Faroe Bank was closed in 1990 for fisheries on depths shallower 

then 200 m because of the decreasing trend in catches. Long liners and jiggers were in 

1991 and 1992 allowed to participate in an experimental fishery inside the 200 m contour. 

Fishery quotas were fixed to 1,050 t from Sept. 1st 1995 to 1996. A new management of 

fishing days was introduced on June 1st 1996, allowing long liners on the shallower part 

(<200 m depth) and trawler fishing on >200 m depth (Anon 2004).  

 

There are not being performed any recruitment measurements on Faroe Bank. However, a 

high proportion of small fish caught in 1999, 2001, and 2003 indicates good recruitment 

these years (Anon 2003, Anon 2004). 

 

There is limited published research on spawning and early larval life of cod on Faroe Bank.  

Spawning occurs on the centre of Faroe Bank shallower than 200 m (Hansen et al. 1990). 

The spawning spans from February to May, the main spawning being about 2 weeks later 

than on the Faroe Plateau (Hansen et al. 1990, Magnussen per.comm). The lower 

proportion of cod spawning in March compared to the Faroe Plateau indicate either a larger 

inter annual variability or a prolonged spawning period on Faroe Bank (Hansen et al. 

1990). Nothing is known about early larval life. The late pelagic cod juveniles have been 

shown to consume similar prey as their relatives on the Faroe Plateau (A Nordi & Poulsen 

2000). The cod juveniles settle in July (per.comm Magnussen), nothing else is known about 

the 0-group before it enters the commercial fishery 2 years later.  
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2.2 Otolith microstructure 

 

2.2.1 Otolith function and microstructure 

Panella (1971) was the first to describe the presence of increments formed with daily 

periodicity, as inferred by counting the number of increments and contrasting them to the 

age estimated by the number of macroscopic zonations. Since, daily zonation of increments 

has been verified in many marine fish species including cod (Bolz & Lough 1983, Dale 

1984, Radtke 1989, Geffen 1995). The formation of otolith material is a non-reversible 

processes even under sever stress such as high temperatures and starvation (Campana 1983, 

Campana & Neilson 1985, Mosegaard et al. 1988, Mugiya & Oka 1991). Thus the otolith 

functions as a black box, telling the life story of the fish larvae prior to catch (Campana & 

Neilson 1985). The use of the otolith microstructure has become common in fisheries 

research creating hatch distributions, growth- and back calculation models and estimate 

survival in relation to biotic and abiotic factors (Campana & Jones 1992, Folkvord & 

Mosegaard 2002). Newer research has also shown that otoliths are fingerprints or natural 

tags of fish stocks, which can be used to distinguish migrations patterns (Campana et al. 

1999, Campana & Thorrold 2001). 

 

                          
Figure 4 Shows the three otoliths that are found in cod. To the left sagitta, in the middle lapillus and to 

the right is asteriscus. Picture: (Meinhard Poulsen). 

 

There are three pairs of otoliths, a left and a right, the otoliths; sagitta, lapillus and 

asteriscus are located in the inner ear of teleost fish (fig. 4) (Radtke & Waiwood 1980, Dale 

1984). The Otoliths in teleost fish are calcified structures that are involved in hearing and 

maintenances of equilibrium (Morales-Nin 2000, Popper & Lu 2000). Otolith consists of a 

predominantly (>90%) mineral phase of CaCO3 in aragonite form (Carlstrom 1963) 
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enmeshed into an organic matrix that only accounts for 0.01-10% of the total mass (Degens 

et al 1969). As with other calcified biominerals, the otolith structure displays alternate 

optically dense layers (rich in organic material) and translucent layers (rich in minerals), 

forming concentric rings (Dunkelberger et al 1980, Watabe et al 1982, Mugiya 1987, 

Gauldie & Nelson 1988). The mineral- and the matrix rich layers that comprise daily 

increments have been termed L- and D-zones, based on their respective light and dark 

appearance under transmitted light (Fig. 5) (Kalish et al 1995). In cod larvae the deposition 

of these two layers produces a recognizable daily increment (Radtke & Waiwood 1980, 

Bergstad 1984, Dale 1984, Geffen 1995). Several studies have suggested a close 

relationship between the cyclic process of otolith calcification and photoperiod (Taubert & 

Colbe 1977, Radtke & Dean 1982). Reversal of the light:dark cycle have also been shown 

to induce an inversion of the two layers in Tilipia nicolica (Tanaka et al 1981). Earlier 

studies have also shown that increments are being produced daily at constant temperatures, 

independent of the temperature level (Neilson & Geen 1982, Radtke & Dean 1982). This 

is, however, only valid inside the temperature spectrum, which allows the fish to grow 

(Taubert & Colbe 1977, Campana & Neilson 1982, Radtke & Dean 1982), very low 

temperatures can cause the formation of daily increments to cease (Taubert & Colbe 1977, 

Marshall & Parker 1982). Other laboratory studies have also implicated that inadequate 

nutritional level can cause non-daily increment formation (Taubert & Colbe 1977, Geffen 

1982, Jones & Brothers 1987). The sub-daily rings have been associated with changes in 

feeding intensity or temperature fluctuations (Neilson & Geen 1982, Neilson & Geen 1985, 

Volk et al. 1995). 

 

Laboratory studies of cod larvae have shown that sagitta and lapillus are the first tissue to 

calcify, calcification of these otoliths occurs just before the eye pigmentation during the 

embryological stage (Radtke & Waiwood 1980, Dale 1984, Radtke 1984). The asteriscus is 

not formed at the same time as the other otoliths, asteriscus becomes apparent when the 

larvae are about 6 mm and 20 days old (Radtke 1984). Cod larvae do not form visible 

increments before hatching; visible increments are formed one day after hatching and are 

then formed on a daily basis (Radtke & Waiwood 1980, Dale 1984, Bergstad 1984, Radtke 

1989, Geffen 1995).  
 

Figure 5 Shows daily increments formed in lapillus (to the left) and sagitta (to the right). L-zone= calcium 

rich formed during the day, Dark-bonds, calcium poor, formed during the night (Dale 1984, Radtke 1984, 
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100µm 
Hatch check 

Core 

Morales-Nin 2000). Daily rings are counted and measured from hatch check and at maximum radius of the 

otolith (Suthers 1996, Campana 1987, Campana & Jones 1992). Picture: (Meinhard Poulsen). 

 

 

2.2.2 Otolith growth 

There is often a very tight relationship between otolith size and fish size (Geffen 1995, 

Meekan & Fortier 1996, Otterlei et al. 2002). Hence faster growing individuals have bigger 

otoliths compared to slower growing (Otterlei et al. 2002). Mosegaard et al. (1988) found a 

coupling between otolith and somatic growth up to about 14o C in Artic charr (Salvelinus 

alpinus). At higher temperature, the somatic growth ceased, while the otolith growth rates 

continued to increase (Mosegaard et al. 1988). These discrepancies lead Mosegaard et al. 

(1988) to the hypothesis that the otolith accretion was regulated by the fish metabolism. 

This has been supported by later studies were a coupling between oxygen consumption and 

the otolith increment width was demonstrated in Atlantic salmon, Salmo salar L (Wright 

1991). Various studies of cod larvae have also demonstrated significant effect of 

temperature on otolith growth (Radtke 1989, Suthers & Sundby 1993, Otterlei et al. 2002). 

In addition, other studies have demonstrated that increment width also can reflect the 

feeding conditions, forming wider increments when exposed to good feeding conditions 

(Suthers et al. 1999, Hussy & Mosegaard 2004, van der Meeren & Moksness 2003). 

 

The growth- and back calculation models, that are used, originate from the assumption of 

proportionality between fish size and otolith size (Reviewed by: Campana 1990, Francis 

1990, Campana & Jones 1992, Folkvord & Mosegaard 2002). However, many factors have 

in the meantime been shown to be able to influence growth and cause uncertainties.  The 
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decoupling of somatic and otolith growth has been demonstrated when temperatures are 

hyper optimal, where otolith accretion rate increases while the somatic growth ceases 

(Mosegaard et al. 1988). Barber & Jenkins (2001) also demonstrated a decoupling in King 

George whiting (Sillaginodes punctata) between somatic and otolith growth responses to 

food and temperatures. The growth rate effect has been demonstrated in various studies 

were slow growing fish had bigger otoliths than fast growing fish of the same size (Reznick 

et al 1989, Secor & Dean 1989). The growth rate effect is a result of a decoupling between 

otolith and somatic growth, where otolith growth continues even when the fish is starving 

or is loosing weight (Marshall & Parker 1982, Secor & Dean 1989, Hare & Cowen 1995). 

The age effect can also influence; the otolith accretion is a rather conservative process, 

hence the increment width might be influenced by the prior increments (Secor & Dean 

1992). The age effect is not mutually exclusive to growth rate effect (Morita & Matsuishi 

2001). The proportionality has also been questioned, since otolith growth has been shown 

to change through the different ontogenetic stages (Hare & Cowen 1995, Miller et al. 

1999). Recent back calculation models are influenced by awareness of possible bias caused 

by the decoupling between somatic and otolith growth. Morita & Matsushi (2001) 

incorporated age as a variable in their back calculation model, and found a reduction in 

bias, caused by the age effect. However, no universal model exists that takes into account 

all possible decoupling, which might occur. 

 

In summary, it seems as the cod larvae start to produce visible increments daily after hatch, 

and that the increment width is influenced by temperature and feeding conditions. 

Furthermore, it is assumed that the otolith growth rate is coupled to fish metabolism, which 

under normal conditions leads to an apparent coupling between somatic- and the otolith 

growth. These characteristics of the otolith and the relation between somatic growth and 

otolith growth are the background hypotheses for the present study. 
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3.0 Materials and Methods 

 

3.1 Sampling and basic measurements  

The cod juveniles used in this study derive from the 0-group survey, which is performed by 

R/S Magnus Heinason to estimate the recruitment strength on the Faroe Plateau and Faroe 

Bank. The juveniles were sampled on two cruises; June 20th – June 30th in 1997 and June 

22nd – July 3rd in 2001. Fishing occurred between 630 and 1830 to reduce potential bias of 

vertical migration of cod juveniles, as observed in other areas (Lough & Potter 1993, 

Bromley & Kell 1999). The juveniles were collected with a capelin trawl with a 5 mm 

mesh size in the cod-end with a mouth opening of about 8 m (horizontally) x 4-5 

(vertically). The trawling depth was approximately 30-40 m; the exact depth chosen was 

based on the recordings of the echo-sounder. The towing speed was 3 knots and the 

duration of each haul was 30 min. The cod juveniles were measured and counted on board 

(tab.1). In cases of very large catches, subsamples were analysed and the results were then 

calculated to total catches. The cod juveniles were conserved in 96% ethanol. Conservation 

in ethanol is known to reduce shrinkage and increase the preservation of the otoliths 

(Radtke & Waiwood 1980, Radtke 1989, Fey 1999). 
 

Table 1 Average fish size, total catches, sampling station included in this study, and number of cod 

juveniles analysed on the Faroe Plateau and on Faroe Bank the two sampling years. The data on average 

fish size and abundance of cod juveniles are from the Faroese Fisheries Laboratory. 

Location Year Average fish size Total catches Stations n (used in this study) 

Faroe Plateau 1997 20.7 88648 5 105 

Faroe Plateau 2001 36.2 204097 6 140 

Faroe Bank 1997 24.3 394 5 54 

Faroe Bank 2001 35.6 2658 9 108 

 

The sampling stations that were included in this study were chosen to represent the study 

area as good as possible. It was desirable to have stations from all around the Faroe Plateau 

and Faroe Bank.  Samples from the western part of the Faroe Plateau in 1997 were not 

available, and reflect the lack of stations in this region (fig. 6).  
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There were 5 stations (n=105) included in this study to represent the Faroe Plateau in 1997, 

while 6 stations (n=140) were included for the Faroe Plateau in 2001. There were also 5 

stations included to represent Faroe Bank in 1997 (n=54), while 9 stations (n=108) were 

used in 2001. It would be preferable to have a higher n for Faroe Bank in 1997, but some of 

the material had to be discarded, because of poor conservation.  

 

The standard length of the cod juveniles was measured on the laboratory with millimetre 

paper to the nearest millimetre.  The correction for possible shrinkage was not performed. 

The juveniles were dried at 60o C for 36 hours then weighed (0.01g uncertainty) and dried 

Figure 6 Location of stations used in the study area on the Faroe Plateau and on Faroe Bank, 

with 200 m and 500 m dept contours. The triangles represent each haul in 2001 while the 

stars represent the hauls in 1997. There is a overlap between the most southern station on 

Faroe Bank in 1997 and a sampling station from 2001. 
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again for 48 hours and weighed again without showing any significant difference. Thus 36 

hours was chosen as sufficient drying time.  

 

3.2 Otolith analysis 

The brain cavity of the cod juveniles was opened with needles under light microscope, 

sagitta and lapillus were extracted and mounted in thermoplastic cement (Buehler) on glass 

slides as prescribed by Secor et al. (1991). A picture of the otolith was taken with a 

microscope coupled to a monitor screen by a CCD camera and a frame grabber (Leica 

version 4, 0). All images where taken with 20x1 magnifications and calibrated with a 1 mm 

ruler to microns. The images were saved and otolith analysis were done by an image 

analysis system, Image Pro (version 4) to check the relationship between fish size and 

otolith radius 

 

Lapillus has been used in various studies to age read and describe larval and juvenile 

growth (Geffen 1995, Suthers 1996, Meekan & Fortier 1996, Suthers et al. 1999, Otterlei et 

al. 2002).  Hence lapillus was chosen for the microstructure analysis, because of good 

relationship between fish size and lapillus in the different experiments. Sagitta has also 

been used for age estimation and to describe growth in various studies (Bergstad 1984, 

Radtke 1989, Geffen 1995) and had to be included in this study, due to bad conservation of 

lapillus in the cod juveniles on the Faroe Plateau in 1997. 

 

Each fish has a pair of lapillus and sagitta, a left and a right, the formation of increments 

has been demonstrated to be similar between the left and the right lapillus (Clemmensen & 

Doan 1996). Thus one of the lapillus was randomly chosen for age reading in each of the 

cod juveniles on Faroe Bank and the Faroe Plateau in 2001. The same procedure was done 

with the sagitta in the cod juveniles on Faroe Plateau in 1997. Both sides of the otolith were 

grounded on a wet 3 micron lapping film (3M ImperialTM) and polished with aluminium 

oxide paste (Buhler, 0.05 µm) to enhance the resolution of the daily increments, as 

prescribed by Secor et al. (1991). Lapillus and sagitta where examined in light microscope 

with a 63x magnification objective lens. The maximum radius of lapillus and maximum 

radius of post-rostrum in sagitta were used as major axis to estimate age and growth, as 

recommend by others (Campana 1992, Suthers 1996). The increments lay in different 

plains; hence 2-3 pictures were taken of each otolith, one in the core-, one in the 

intermediate- and one in the edge region. The otolith microstructure images were saved and 
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further analyzed in Image Pro (version 4). Daily increments were counted from the hatch 

check outward to the edge of the otolith, as prescribed by (Marshall & Parker 1982, Bolz & 

Lough 1983, Bergstad 1984, Suthers 1996, Campana 1992). The calculated radius of the 

hatch and increments was plotted against measured maximum radius to estimate the 

accuracy of choosing major growth axis. The correlation between observed and estimated 

maximum radius in this study had a very good fit, ranging from r2 = 0.90-0.98.  The 

increments widths were measured with 0.1 µm accuracy. 

 

3.3 Mathematical and statistical analysis 

3.3.1 Fish size  

The fish size was log transformed to stabilize the variance (Fowler et al. 1998) and a two 

sample t-test, (α = 0.05) was used to test for possible size differences between the years. 

The test was performed in Systat 8,0. 

 

3.3.2 Fulton condition factor 

To check for possible differences in condition factor between years Fulton’s K was 

calculated according to the formula: 

 (1)                                  Kdrw= )100(*
)(_tan

)(_
3cmlenghtdards

gweightdry  

 

3.3.3 Hatch date analysis 

To validate the age reading of the cod juveniles on the Faroe Plateau in 1997, 65 sagitta 

and lapillus from 2001 were also age read and compared (formula 2). The average CV of 

the age reading of sagitta and lapillus age was low 2.93 (appendix 1). Hence age readings 

of sagitta and lapillus could be compared between the cod juveniles on the Faroe Plateau in 

1997 and 2001. Furthermore, 58 cod juveniles on Faroe Bank in 2001 were age read twice, 

with a period of one month between to age readings to check the counting accuracy 

(appendix 1).  

 

 

 

The comparison was done as described by Campana & Jones (1992): 
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CVj is the age precision estimate for the jth fish. Xij is the ith age determination of the jth 

fish, while Xj is the mean age estimate of the jth fish. R is the number of times each fish 

has been aged. According to Campana & Jones (1992) and Campana (2001) a CV value <5 

% is considered to be a satisfying counting accuracy. 

 

The hatch date of the individual juvenile was determined by subtraction of age, estimated 

by otolith analysis, from the date of catch (Campana & Jones 1992). The cumulative hatch 

distribution was used to evaluate if hatching occurs at the same time for the two years and 

the two localities. A Kolmogorov-Smirnov two way test (α=0.05) was used to test for 

differences in the hatching distributions between the sampling years. The test was 

performed in EXCEL (2002).  

 

3.3.4 Somatic growth 

The age based Laird-Gompertz growth model, which has been shown to be good at 

describing somatic growth in cod larvae and juveniles, was used in this study (Bolz & Loug 

1988, Otterlei et al 2002). Transforming the fish length to its natural logarithm stabilized 

the variance (Fowler et al. 1998), hence the equation was then described by the formula:   

 

3) Ln(Lt) = Ln(L0) + β(1-exp[αt]) 

 

Lt is the estimated length at age, while L0 (initial length) was set to 4 mm, which is 

supported by results from cultivated cod on the Faroe Islands and field studies (Gaard & 

Steingrund 2001, unpublished data). t is actual age of the juvenile, estimated from the 

number of increments in the otolith. α and β were estimated using the least squares method 

with “solver” in EXCEL (2002). A Kolmogrov-Smirnov two way test (α=0.05) was used to 

check if the residuals of the observed and the estimated fish sizes from the Laird-Gompertz 

growth model were normally distributed. The normal distribution of residuals around the 

models was accepted (p>0.05), thus a One-way Anova could be used. The One-way Anova 

(α=0.05) was used to test if the average residuals in fish sizes of the Laird-Gompertz 

growth models were equal between the sampling stations, the specific years. A Laird-
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Gompertz growth model was also created to describe growth between the two sampling 

year in both the areas. Equal growth between sampling years was tested with a One-way 

Anova (α= 0.05) of the average residuals between the sampling stations in 1997 and 2001. 

The tests where performed in EXCEL (2002). 

 

When the model parameters for the Laird-Gompertz equation had been found, the growth 

rate, dL/dt could be calculated by the equation (4): 

   

(4) dL/dt = -αβL0*exp[β-βexp(αt)+αt] 

 

Changes in length through time (age), dL/dt. α , β, L0 and t are derive from formula (3).  

 
3.3.5 Otolith growth  

 

Linear regression analysis (α=0.05) was used to test correlation between fish size and 

otolith size (Geffen 1995, Otterlei et al. 2002). The test was performed in Systat 8,0.  

 

A possible decoupling was checked by the age independent variability and growth effects 

on the otolith size versus fish size relationships estimated for both stocks in 1997 and 2001 

according to Hare & Cowen (1995). Age independent variability was estimated by 

calculating the correlation coefficients of the residuals of otolith radius-on-age against the 

residuals of fish length-on-age (Hare & Cowen 1995). Age-independent variability is given 

as the amount of variability in the fish size-on-age residuals that is not explained by otolith 

size-on-age residuals. Similarly, the effect of growth on the otolith size-fish size 

relationship was estimated by calculating the correlation coefficients of otolith radius-on-

fish length and age-on-fish length residuals (Hare & Cowen 1995). Throughout the 

analysis, effects were considered significant at a probability level of α<0.05, the tests was 

performed in Systat 8,0. 

 

Finally, a 5th degree polynomial was created to describe the average accumulated increment 

growth for sagitta and lapillus on the Faroe Plateau and Faroe Bank respectively. The 

parameters were estimated by LINEST in EXCEL (2002). 
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3.3.6 Stage duration on the Faroe Plateau 

The juvenile stage is traditionally defined by ossification of an adult complement of fin 

elements and vertebrate, squamation and resemblance to small adult (Kendall et al. 1984).  

During the transition from larvae to small adult, also called metamorphosis, fish larvae 

experience drastic physiological changes that have been found to correlate with formation 

of secondary accessory growth centres in sagitta (fig. 7) (Mosegaard et al 1995, Modin et 

al. 1996, Brown et al. 2001, de Pontual & Geffen 2002, Wright et al 2002). The 

development of the secondary accessory growth centre made it possible to estimate stage 

duration in the cod juveniles on the Faroe Plateau. The age at development of secondary 

accessory growth centre was estimated as illustrated in (fig.7) in the cod juveniles on the 

Faroe Plateau in 1997 and 2001. A Kolmogrov-Smirnov two way test (α=0.05) was used to 

test if the cumulative age distributions at metamorphosis between the sampling years were 

the same. Furthermore, size at metamorphosis was estimated with the Laird-Gompertz 

growth model. A t-test (α=0.05) was used to test if average size at metamorphosis was the 

same between the sampling years. 

 

 

Figure 7 Shows the counting axis in the sagitta in the study of stage duration estimates. All 

measurements were done at the same post rostral axis as illustrated above. Sac: secondary accessory 

growth centre. 
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Core 

                 Postrostrum 
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3.3.7 Growth back calculation 

The otolith growth is regarded, as mentioned before, as a conservative process where the 

otolith size increases continuously even during starvation and negative somatic growth 

(Campana & Neilson 1985, Secor & Dean 1992, Barber & Jenkins 2001). Morita & 

Matsuishi (2001) assume that otoliths increase with fish size and age. The variance of 

otolith size, fish size and fish age were stabilized by transforming the data to its natural 

logarithm and the equation was then described by the formula: 

 

5) Ln(O-h)= α+βLn(LT-4)+γLn(t) 

 

“O-h” is the otolith length minus hatch check, L-4, is the fish size minus the size at hatch, t 

is the fish age.  α,β,γ are obtained from multiple regression analysis of otolith radius on fish 

length and age. The test was performed in Systat 8.0.  

 

The back calculation model that was used in this study has incorporated age effect as 

described by Morita & Matsuishi (2001). The individual fish sizes prior to catch were 

estimated from the equation: 

 

6) Lt= 4+exp((-α/β)+(Ln(LT-4)+(α/β)+((γ/β)*Ln(t))*
)10(
)10(

−
−

T

t

OLn
OLn -((γ/β)*t))) 

                                       

Lt is the back-calculated fish size at age t, LT is the fish sizes at capture T, Ot is the otolith 

length at age t, and OT is the otolith lengths at time of capture T. Ln(t) is the fish age and L-

4 is the fish length minus the initial fish size. α, β, and γ derive from the multiple regression 

analysis of otolith size on fish size and age (equation 5).  

 

The coefficient of variation (CV) was used to illustrate the variations of estimated fish sizes 

at age from the back calculation model. The CV is useful to see how much variation occurs 

within the data (reviewed in Fowler et al. 1998, Sokal & Rohlf 1998). The CV measures 

the relative scatter in data with respect to the mean. The CV is small when data scatter 

compared to the mean is small and large when the variation from the mean is large. 
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CV size is the relative coefficient of variation in size at the ijth age. Xij is the individual 

fish size at the ijth age from the back-calculated cod juvenile, while Xj is the mean size of 

the whole sample at that age. R is the number of fish in this age group. 
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4.0 Results 

 

4.1 Temperature and primary production in the Faroe area the two 

sampling years  

The Faroese Fisheries Laboratory provided the temperature and primary production 

measurements in the Faroe area. Temperature data representing the Faroe Plateau in this 

study derive from a fixed sampling station close to the islands, and was used in this study 

to represent the temperature changes on the Faroe Plateau between 1997 and 2001 (fig. 8). 

The temperature oscillation on the Faroe Plateau ranged from 6.4 o C in February to 10o C 

in August-September. There did not seem to be any big differences in temperature between 

the sampling years (fig. 8). 

Figure 8 Variation in temperature on the Faroe Plateau in 1997 and 2001. The temperature data are from a 

fixed station on the Faroe Plateau. (Source: Karin Margretha Larsen, Faroese Fisheries Laboratory). 
 

The primary production showed big differences between the years (fig. 9). The onset of the 

spring bloom on the Faroe Plateau occurred in early May in 2001, and about 2 weeks later 

in 1997. The primary production was also much higher in 2001, the peak in the spring 

bloom being 12 Chlorophyll a (µg/l), compared to only 2 Chlorophyll a (µg/l) in 1997. 
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Figure 9 The primary production on the Faroe Plateau in 1997 (dark profile) and 2001 

(the gray profile) (Source: Dr. Eilif Gaard, Faroese Fisheries Laboratory). 

 

 

There is limited research being performed of zooplankton community, and especially the 

production of copepod eggs on the Faroe Plateau. The scarce zooplankton measurements 

that were available were not recommended to be incorporated into this study.    
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The average temperature on Faroe Bank in spring (March) was about 7.6o C, while the 

average temperature in autumn (September) was about 11o C (fig. 10). There did not seem 

to be any differences in temperature between 1997 and 2001. 
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Figure 10 The average temperature on the stations shallower then 150 m depth on Faroe Bank from 1997 

to 2003. The black line profile is average temperature measured in spring (March-April), while the dotted 

profile is average temperature measured in autumn (September) (Source: Eydfinn Magnussen, Univeristy 

of the Faroe Islands). 

 

It was not possible to get any data from the two sampling years on primary production or 

zooplankton production on Faroe Bank. Faroe Bank is situated close to the Faroe Plateau, 

but it is not possible to assume the same trends in primary production between the two 

areas. 

 

4.2 Basic measurements 

4.2.1 Size distribution of cod juveniles in the Faroese area the two 

sampling years 

The size distribution of the cod juveniles on the Faroe Plateau in 2001 was normally 

distributed, the juveniles ranging between 15-45 mm (fig. 11). The majority of the cod 

juveniles were between 25-35 mm, with an average fish size of 30.1 mm. The variation in 

fish sizes on the Faroe Plateau in 1997 was small, only 4 size groups compared to 6 size 

classes in 2001. The size range was between 10-30 mm, the average fish size being 20 mm. 
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Figure 11 Size distribution of cod juveniles on the Faroe Plateau (to the left) and Faroe Bank (to the 

right) in 1997 and 2001. 

 

The spectrum of fish sizes on Faroe Bank was also small in 1997, only 3 size classes 

compared to 7 in 2001. The cod juveniles on the Faroe Bank varied between 15-30 mm in 

1997. Most cod juveniles were between 20-25 mm in size, with an average of 23.4 mm. 

The size spectrum of the cod juveniles on Faroe Bank in 2001 was between 20-55 mm (fig. 

11). The majority of cod juveniles were between 25-35 mm, average fish size being 32 

mm.   

 

The t-test showed significant difference in fish sizes (p<0.05) between the years. The cod 

juveniles were larger in 2001 compared to 1997 on both locations.  

 

 

4.2.2 The correlation between condition factor and fish size 

 

The line profiles of condition factor at fish size had a negative slope in general, condition 

factor decreasing with fish size (fig. 12). There was a significant negative relationship 

between condition factor and fish size (p<0.05) in the cod juveniles in 1997. The condition 

factor described 33% and 36% of the variation in fish size on the Faroe Plateau and Faroe 

Bank respectively. The relationship between condition factor and fish size was much lower 

and not significant (r2=0.03-0.05, p>0.05) on both locations in 2001.  
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Figure 12 The condition factor at size in the cod juveniles on the Faroe Plateau (to the left) and 

Faroe Bank (to the right) in 1997 and 2001. 

 

The condition factor ranged between 1 and 2 in the cod juveniles on the Faroe Plateau. The 

average condition factor was higher in 2001 (1.6) compared to (1.3) in 1997. There was not 

a big overlap in fish sizes between the years. However, there was a tendency of juveniles 

bigger then 20 mm having higher condition factor in 2001 compared to 1997.       

 

The condition factor ranged also between 1-2 on Faroe Bank with an average of 1.4 and 1.3 

in 1997 and 2001 respectively. The overlap in fish sizes was also small on Faroe Bank with 

few juveniles being smaller then 20 mm in 2001. However, there was a tendency of 

juveniles <25 mm having higher condition factor in 1997, while juveniles >25 mm having 

higher condition factor in 2001.    

 

4.2.3 Time of hatching  

 

The hatching on the Faroe Plateau spanned over 1.5 months in 2001, compared to about 1 

month in 1997 (fig.13). The oldest juveniles on the Faroe Plateau in 2001 were hatched 

March 23rd   (88th Julian day), while the youngest juveniles were hatched May 12th (132nd 

Julian day). 50% of the juveniles in the population were hatched before April 16th (106th 

Julian day).  
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The oldest and youngest larvae on the Plateau in 1997 were hatched on the April 10th  

(100th Julian day) and May 7th (137th Julian day) respectively. 50% of the hatching had 

occurred April 30th. 

 

The hatching was displaced 14 days between the two sampling years,  cod juveniles on the 

Faroe Plateau seemed to have hatched earlier in the season in 2001 compared to 1997 (fig. 

14). 

  

 

 
Figure 13 The age distribution of cod juveniles on the Faroe Plateau (left) and on Faroe Bank (right) in 1997 and 

2001. 

 

The hatching duration on Faroe Bank in 2001 lasted about 50 days from March 30th (88th 

Julian day) to May 18th (138th Julian day). 50 % of the surviving juveniles were hatched 

before May 1st.   

 

The hatching distribution of the cod juveniles in 1997 only spanned about 30 days. The 

oldest juveniles were hatched April 18th (108th Julian day) and the youngest May 18th (138th 

Julian day). 50% of the juveniles were hatched before May 3rd. 

 

The median hatching was only displaced 2 days May 1st in 2001 and May 3rd in 1997, but 

the start of hatching was 20 days earlier in 2001 (fig. 14).  

Faroe Plateau

0

0,1

0,2

0,3

0,4

0,5

0,6

80-90 90-100 100-110 110-120 120-130 130-140

Age group (Julian days)

Fr
eq

ue
nc

y

1997
2001

Faroe Bank

0,0

0,1

0,2

0,3

0,4

0,5

0,6

80-90 90-100 100-110 110-120 120-130 130-140

Age group (Julian days)

Fr
eq

ue
nc

y
1997
2001

Year       n        x  

1997      94     118  

2001    113     105 

Year     n     x 

1997    48  122 

2001    98  118 



  39

 

 

Faroe Bank

0

0,2

0,4

0,6

0,8

1

80 90 100 110 120 130 140

Date (Julian day)

C
um

ul
at

iv
e 

ha
tc

hi
ng

1997
2001

median

Faroe Plateau

0

0,2

0,4

0,6

0,8

1

80 90 100 110 120 130 140

Date (Julian day)

C
um

ul
at

iv
e 

ha
tc

hi
ng

1997
2001

median

 
Figure 14 The cumulative hatching at Julian day on the Faroe Plateau (to the left) and on Faroe 

Bank (to the right) in 1997 and 2001. 

 

 

The Kolmogorov-Smirnov test showed significant differences in the cumulative hatch 

distributions (p<0.05) between the sampling years in both areas (tab. 2). Hatching occurred 

earlier in 2001 compared to 1997.   

  
Table 2 Shows the result of the Kolmogorov-Smirnov two-way test of cumulative hatching distributions 

in the study. The significant level was set to α=0.05. * null hypothesis of the similar hatching 

distributions between the sampling years, was rejected. 

Year (a) Year (b) Location(a) Location(b) Fcrit Fcal α 

2001 1997 FP FP 0.13 0.62* 0.05 

2001 1997 FB FB 0.08 0.63* 0.05 

 

 

 

4.3 Somatic growth 

4.3.1 Fish size at age 

There was a strong positive linear correlation in the fish size at age in the cod juveniles on 

the Faroe Plateau r2=(0.86) and r2=(0.92) in 1997 and 2001 respectively. There were not 

any big differences in the cod juveniles on the Faroe Plateau in the initial stages <60 days, 
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due to quite high scattering of fish size at age in 1997, and low number of  juveniles in size 

and age range in 2001 (fig. 15). Cod juveniles older then 60 days seemed to be bigger in 

size at age in 2001 compared to 1997. 
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Figure 15 Shows the correlation between fish size at age is on the Faroe Plateau (to the left) and on 

Faroe Bank (to the right) in 1997 and 2001. 

 

There was also a strong positive linear relationship between fish sizes and age for the cod 

juveniles on Faroe Bank r2=(0.90) and r2=(0.92) in 1997 and 2001 respectively. There was 

a relatively big overlap in age and size spectrum between 1997 and 2001 (fig. 15). The cod 

juveniles on Faroe Bank seemed to be bigger at age in 2001 compared to their relatives in 

1997.   

 

4.3.2 Non Linear Laird-Gompertz growth 

The Laird-Gompertz growth model provided a good estimate of size at age of cod juveniles 

in both sampling years and in both areas (fig. 16 and 17). The observed fish sizes fitted 

well to the Laird-Gompertz growth model. The null hypothesis of equal average in the 

residuals between sampling stations on each of the areas the specific year was accepted 

(p>0.05) (tab. 3). Hence the growth of the cod juveniles was similar between the sampling 

stations on the Faroe Plateau and Faroe Bank in 1997 and 2001. The one-way Anova of 

equal average in the residuals of the fish sizes between the sampling stations the two 

sampling years was rejected (p<0.05) in both areas. Hence there were differences in size at 

age of the cod juveniles in 1997 and 2001 in both areas. 
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Figure 16 The Laird-Gompertz growth model and the observed fish sizes at age of the cod 

juveniles on the Faroe Plateau in 1997 and 2001. 

 

The size spectrum of cod juveniles on the Faroe Plateau in 2001 ranged between 16 mm 

(42 days) and the 42 mm (94 days) (fig. 16). The growth had an exponential pattern. The 

best fit equation for describing the growth on the plateau (2001) was: L(t)=4*e4.135584*(1-

e(0.00926*t)). The growth in 1997 was more log linear compared to the growth curves of 2001. 

The majority of the juveniles in were between 20-25 mm (50-60 days), smallest being 13 

mm (40 days) and the biggest 29.5 (80 days old). The equation that best described the 

growth in 1997 was:  L(t)=4*e2.474491*(1-e(-0.01853*t)). 
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Table 3 The one-way Anova test of the residuals in the fish sizes between the sampling stations on the 

Faroe Plateau and Faroe Bank in 1997 and 2001. * means null hypotheses of equal average in the 

residual size between the sampling stations was accepted (p>0.05). 

Area Year Stations Ntotal F Fcritical 

Faroe Plateau 1997 5 94 2.3* 2.5 

Faroe Plateau 2001 6 113 2.0* 2.3 

Faroe Bank 1997 4 48 0.4* 2.8 

Faroe Bank 2001 9 98 1.3* 2.1 

 

The cod juveniles on Faroe Bank in 2001 ranged between 21 mm (46 days old) and 50 mm 

(94 days old), the growth was exponential during the 100 days (fig. 17). The Laird-

Gompertz growth curve describing the growth on Faroe Bank in 2001 had the equation: 

L(t)=4*e3.474491*(1-e-(0.01409*t)).  

Most of the cod juveniles in 1997 were about 20 mm (55 days old), the youngest and the 

oldest being 18 mm (42 days old) and 29.5 mm (72 days old) respectively (fig. 14). The 

growth had a log linear pattern. The equation describing the growth was: L(t)=4*e 
2.412092*(1-e(-0.02306*t)).  
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Figure 17 Shows the Laird-Gompertz growth model and the observed fish sizes at age of 

the cod juveniles on  Faroe Bank in 1997 and 2001. 

 

There were big differences in growth rate between the 1997 and 2001 on both locations 

(fig. 18). The growth rate was much lower in 1997 compared to 2001. The growth rate on 

the Faroe Plateau the first 100 days of life ranged between 0.18-0.22 mm/day and 0.20-0.67 
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mm/day in 1997 and 2001 respectively. The growth rate on Faroe Bank was between 0.22-

0.35 mm/day in 1997 and 0.18-0.60 mm/day in 2001 (fig. 18). 
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Figure 18 Shows the growth rate at age of cod juveniles on the Faroe Plateau in 1997 and 2001 (to the 

left) and Faroe Bank in 1997 and 2001 (to the right). 

 

The estimated growth rate in the initial and latter stages should be read cautiously because 

of lack of juveniles in the ages between 0-40 and older then 80 days. However, the growth 

rate in 1997 showed the same trend for both localities, being dome shaped, with highest 

growth rate in 30-50 days old cod juveniles. The growth rate did not have the same pattern 

in 2001. The growth rate increased during the whole period on the Faroe Plateau, while the 

growth seemed to stagnate in juveniles >70 days old on Faroe Bank. 

 

 

4.4 Otolith growth 

4.4.1 The coupling between fish growth and otolith growth 

As described earlier it is often found that processes of otolith growth and fish somatic 

growth are tightly linked and that otolith size reflects fish size to a certain degree. This was 

also assumed in this study and a strong linear relationship between fish size and otolith size 

for both lapillus and sagitta was also found (tab. 4). Maximum radius of lapillus described 

90%, 93%, and 79% of the variations in fish length on the Plateau 2001, Faroe Bank in 

2001 and 1997 respectively see (tab. 4). Sagitta radius explained 85% and 92 % of the 

variations in fish length in the cod juveniles on the Faroe Plateau in 1997 and 2001 

respectively. 
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Table 4 Shows regression analysis of fish size at lapillus radius of cod juveniles both years on Faroe 

Bank and the Faroe Plateau in 2001. The regression analysis of fish size on sagitta radius was also 

checked for the cod juveniles on the Faroe Plateau both sampling years.  *(p<0.05) 

Area Otolith N Α b  r2 

FP01 Lapillus 121 0.27 -3.60 0.90* 

FB01 Lapillus 106 0.28 -5.20 0.93* 

FB97 Lapillus 52 0.16 4.80 0.79* 

FP01 Sagitta 136 0.05 10.90 0.92* 

FP97 Sagitta 92 0.04 8.40 0.85* 

 

 

The equation for regression lines for fish size at sagitta radius were y=0.05x+10.9 and 

y=0.04x+8.4 for cod juveniles on the Faroe Plateau in 2001 and 1997 respectively. The 

regression of lapillus on fish size had a higher intercept and slope in 2001 compared to 

1997. The cod juveniles on the Faroe Plateau had larger otoliths at size in 2001 compared 

to 1997.  

 

The regression line describing fish size at lapillus size of cod juveniles on Faroe Bank in 

1997 and 2001 were 0.16x+4.8 and 0.28x-5.2 respectively. The regression line had a higher 

slope, but lower intercept in 2001 compared to 1997. The difference in intercept caused 

juveniles to have bigger otoliths at size in juveniles <20 mm in 1997 compared to 2001. 

Due to the higher slope cod juveniles >20 mm had bigger otoliths at size in 2001 compared 

to their relatives in 1997. 

 

 

 

 

 

4.4.2 Analysis of a possible decoupling between otolith size and fish size  

Growth and age effect were checked for possible decoupling in the relationship between 

otolith and somatic growth. The age and growth effect on the otolith size were highly 
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significant (p<0.05) in the cod juveniles on the Faroe Plateau in 1997, while a significant 

age effect (p<0.05) was also found on Faroe Bank in 1997 (tab. 5). The age and growth rate 

effect were not significant (p>0.05) in the cod juveniles on the Faroe Plateau and Faroe 

Bank in 2001. 
 

Table 5 Shows regression analysis of age and growth rate 

effect of the cod juveniles on the Faroe Plateau and Faroe 

Bank in 1997 and 2001. *means significant (p<0.05). 

Area Age effect Growth rate effect 

FP01 0.19 0.12 

FP97 0.56* 0.87* 

FB01 0.17 0.18 

FB97 0.18 0.67* 

 

4.4.3 The coupling between fish age and otolith growth   

The proportion of the material that was usable for age reading was quite high in this study. 

90% and 86% of the lapillus in the cod juveniles on Faroe Bank could be age read in 1997 

and 2001 respectively, while 85% were usable on the Faroe Plateau in 2001. 80% of the 

sagitta in the cod juveniles on the Faroe Plateau in 1997 were usable for age reading. The 

main reasons for discarding material were over-grinding and poor conservation. The 

relationship between both the logarithm of sagitta radius at age on the Faroe Plateau and 

lapillus radius at age of the juveniles on Faroe Bank was high and positive (fig. 19). There 

was a strong correlation between sagitta radius at age of the juveniles on the Faroe Plateau 

r2 =(0,83) in 1997 and r2=(0.90) in 2001. The correlation between lapillus at age of cod 

juveniles on Faroe Bank was also high r2=(0.77) and r2=(0.92) in 1997 and 2001 

respectively. 
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Figure 19 Shows the logarithm of sagitta radius at age of cod juveniles on the Faroe Plateau (to the left) 

and lapillus radius at age on Faroe Bank (to the right) the two sampling years. 

  

The line profiles of logarithm of sagitta radius at fish age of the cod juveniles on the Faroe 

Plateau in 1997 and 2001 were displaced (fig. 19). There was a tendency of sagitta being 

bigger at age in the cod juveniles in 2001 compared to 1997.  

 

The line that profiles lapillus radius at age for cod juveniles on Faroe Bank were also 

displaced between 1997 and 2001. The cod juveniles seemed to have bigger lapillus at age 

in 2001 throughout the age spectrum.  

 

 

4.4.4 The otolith increment growth 

The first 50 days of growth in the sagitta were used to illustrate the otolith growth in the 

cod juveniles on the Faroe Plateau in 1997 and 2001. The average increment widths were 

initially low, but increased quickly and did not reach any plateau at the 50th increment (fig. 

20). The lapillus in the cod juveniles on Faroe Bank had a different increment growth 

pattern, being exponential in the earlier stages before flattening out in the later juvenile 

stages. The initial increment widths were narrow, and increased in width before reaching a 

plateau at about age 60-70 days where the growth stagnated (fig. 20). 

 



  47

Faroe Bank

1

2

3

4

5

0 20 40 60 80 100

Increment nr.

In
cr

em
en

tw
id

th
(u

m
)

1997

2001

Faroe Plateau

0

1

2

3

4

5

0 10 20 30 40 50 60

Increment nr.

In
cr

em
en

tw
id

th
(u

m
)

1997

2001

 
Figure 20 Average increment width of sagitta at increment number on the Faroe Plateau (to the left) and 

increment width at increment number of the cod juveniles on Faroe Bank (to the right) in 1997 and 2001. 

 

The average increment width in the cod juveniles on the Faroe Plateau during the initially 

stages was between 1.5 µm -1.6 µm in 2001 and 1.3 µm - 1.4 µm in 1997. The average 

increment width then started to increase and peaked at about 50th increment, when the 

increment width was 4.7 µm in 2001 and 4.5 µm in 1997. There was a significant 

difference in the average increment width (p<0.05) between the two sampling years (tab. 

6). 

 

The average increment width in the cod juveniles on Faroe Bank in 1997 and 2001 ranged 

between 1.3 µm - 1.5 µm in the initial stages. The lapillus grew exponentially in 2001 from 

20th to 60th increment, the average increment width increasing from 1.5 µm to 4.5 µm. Then 

the increment growth stagnated (>60th increment) and fluctuated between 4.0 µm and 4.5 

µm. The otolith accretion was significantly higher (p<0.05) in cod juveniles from 2001 

compared to 1997 (tab. 6). 
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Table 6 Shows the tests on interannual variations in increment width which were made on three day’s 

interval (log transformed) for 0, 10, 20, 30, 40, 50, and 60 days for the cod juveniles on the Faroe Plateau 

and Faroe Bank. The tests were performed as RM-ANOVA (GL M-procedure) in Systat 8,0. The F-value 

estimated from RM-ANOVA. (*) mean that the average increment width is significantly different 

(p<0.05) between the sampling years. 

 0 10 20 30 40 50 60 

Faroe Bank 25* 27* 24* 54* 68* 74* 80* 

Faroe Plateau 20* 35* 40* 60* 62* 50* 50* 

 

 

4.4.5 Initial individual otolith growth 

The average individual sagitta and lapillus growth showed a big variation in growth 

between juveniles in the initial stages in 1997 and 2001 (fig. 21). However, there was a 

high correlation between the increment growth when the 11th -20th increment were plotted 

against the 1st -10th increment (r2=0.43-0.61) in both sagitta and lapillus.  
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Figure 21 The individual average increment width the 11th-20th  increment on 1st -10th  increment  of the 

cod juveniles on the Faroe Plateau (to the left) and Faroe Bank (to the right) in 1997 and 2001. 

 

The average individual increment width on the Faroe Plateau and Faroe Bank ranged from 

1-2 µm in the 1st -10th  increment compared to 2-4 µm in the 11th -20th  in 1997 and 2001. 

The linear regression of the average individual increment width 11th -20th increment on 1st - 

10th increment in 1997 and 2001 were displaced on both locations. The initial otolith 

growth seemed to have been higher in 2001 compared 1997.  
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4.4.6 The cumulative average otolith accretion growth model 

The best model to describe the average cumulative increment width for the otolith growth 

of cod juveniles in this study was a 5th order polynomial (fig. 22). The residuals were 

normally distributed around the model indicating quite good fit when describing the 

average cumulative otolith growth.  

As the average increment growth indicated, average cumulative sagitta growth was higher 

in the cod juveniles on the Faroe Plateau in 2001 than 1997 (fig. 22). The average 

cumulative sagitta growth was higher after the 20th increment in 2001 than their relatives 

from 1997 and stayed higher throughout the whole spectrum. The models describing the 

average cumulative growth of the sagitta in 2001 and 1997 were: 0.39+1.56-

0.01x2+0.003x3-7.1E-05x4+5.3E-07x5 (r2=1) and -0.6+1.8x-0.06x2+0.004x3-8.3E-05+6.3E-

07 (r2=1) respectively. 
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Figure 22 The otolith growth models of average cumulative growth of sagitta at increment number 

on the Faroe Plateau (to the left) and lapillus on Faroe Bank  (to the right) respectively in 1997 and 

2001. 

 

The cumulative average lapillus growth was also higher on Faroe Bank in 2001 than in 

1997 (fig. 22). There was a clear distinction in average cumulative lapillus growth. After 

the 30th increment, lapillus started to grow faster in 2001 and was clearly distinct from the 

1997. The equation describing average cumulative lapillus growth was                   

2.49E-08x5-8.47E-6x4+0.0008x3-0.0006x2+1.36x-0.01544 (r2=1) in 2001 and             

3.51E-8x5-7.87E-6x4+0.00072x3+0.0086x2+1.44x-0.08653 (r2=1) in 1997.  
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4.4.7 Analysis of differences in development of accessory growth centre in 

cod juveniles on the Faroe Plateau in 1997 and 2001  

The inclusion of sagitta made it possible to perform a study of how quickly the cod 

juveniles reached metamorphosis on the Faroe Plateau in 1997 and 2001. Sagitta, as 

mentioned before, forms secondary accessory growth centres when substantial changes 

occur. The development of the accessory growth centre occurred when larvae were 47-62 

days old in 2001, and 50-65 days in 1997 (fig. 23). The average age at metamorphosis was 

54 days in 2001 and 58 days in 1997. The Kolmogorov-Smirnov test of the equal 

cumulative age distribution of juveniles reaching metamorphosis between the sampling 

years was rejected (p<0.05).  
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Figure 23 The cumulative proportion cod juveniles that had metamorphosed at age (to the left), and size at 

size (to the right) on the Faroe Plateau in 1997 and 2001. 

 

The size of the cod larvae at metamorphosis on the Faroe Plateau in 1997 was between 

17.0-21.3 mm with average being 19.9 mm. The size at metamorphosis of the cod larvae in 

2001 ranged between 17-24 mm, with an average of 20.2 mm in 2001. There was no 

significant difference in fish size at metamorphosis (p>0.05) between the sampling years. 
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4.5 Back calculation of individual growth of cod juveniles prior to catch 

4.5.1 Changes in size distribution of the cod juveniles prior to catch 

The back calculation model was used to estimate the size distribution of cod juveniles 

throughout the life trajectory prior to catch. The multiple regression analysis of the otolith 

radius on fish size and age showed high correlation with both age and fish sizes 

contributing to explaining variability in the otolith radius. The equations for the cod 

juveniles on the Faroe Plateau were: lapillus radius = 10+e (0.391+(0.295*Ln(L-4)+0.879*Ln(age)) 

(r2=0.90), and sagitta radius = 10+e (0.278+(0.651*Ln(L-4))+(0.835*Ln(age)) (r2=0.85) in 2001 and 

1997 respectively. The equation for cod juveniles on Faroe Bank in 2001 was, lapillus 

radius = 10+e (0.704+(0.481*Ln(L-4))+(0.691*Ln(age)) (r2=0.99) and lapillus radius =10+e 
(1.201+(0.723*Ln(L-4))+(0.363*Ln(age)) (r2=0.93) for the cod juveniles on in 1997.  

 

Hence the equation for the back calculation models for the cod juveniles on the Faroe 

Plateau were: 
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The equations for the back calculation models of the cod juveniles on Faroe Bank were: 

 

Lt=4+e((-1.201/0.723) +Ln(L-4)+1.201/0.723+(0.363/0.723)*ln(age))
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The size distribution of cod juveniles’ prior to catch was influenced by big individual 

differences in growth pattern (fig. 24). The calculated CV was higher on the Faroe Plateau 

compared to Faroe Bank. However, the CV had a similar dome shaped pattern on the Faroe 

Plateau in 2001 and both sampling years on Faroe Bank. The same trend was not found on 

the Faroe Plateau in 1997. 
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The CV of the cod juveniles on the Faroe Plateau in 2001 was about 0.08 in the initial 

stages, increasing to the 35th day, when the CV was 0.25, before decreasing again. No 

specific pattern was found in the CV in 1997. The CV in the initial stages was about 0.08 

and fluctuated in waves between 0.10-0.15. 
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Figure 24 The estimated CV at age of the cod juveniles on the Faroe Plateau and Faroe Bank in 1997 and 

2001. (n is higher then 20 cod juveniles for all the calculated CV). 

 

The CV of estimated fish size of cod juveniles on Faroe Bank in 2001 was low in the initial 

stages 0.03-0.04 increasing up to 0.15 day 30 before declining again to about 0.05. The CV 

of fish size in 1997 was lower throughout the period compared to 2001. The CV was 0.02-

0.03 in the initial stages, reached a peak at 30 days with CV of about 0,08 before declining 

again. 
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5.0 Discussion 

 

5.1 Size differences of cod juveniles in the Faroe area 

 

The cod juveniles on the Faroe Plateau and Faroe Bank were significantly larger (p<0.05) 

in 2001 compared to 1997. The cod juveniles were almost twice as big and over 100 % 

more abundant in 2001 compared to 1997. There are, however, various biases that might 

have influenced the results such as sampling procedure, the choice of sampling stations, 

cannibalism and settlement. These basic biases will be discussed and their possible 

influence on the results evaluated.  

 

It is well known that larvae tend to concentrate in patches (Skreslet 1989), this uneven 

distribution could influence the size and catches of cod juveniles. However, trawling for 30 

min in different depths (40 - 0 m) should probably reduce the bias of patchiness. The 

capelin trawl, which was used to sample the cod juveniles has a mesh size of 5 mm and 

might cause selection. The smallest cod juveniles in this study were 12-13 mm, thus should 

be caught in the trawl. The swimming speed and escape response   increases with size 

(Hunter 1972, Williams et al. 1996), hence an underestimation of the biggest juveniles, 

especially in 2001, escaping the trawl is probable and must be considered. 

 

The selection of stations seems to have been an accurate representation of average fish size 

for the study years. There were only small differences in the average fish size between the 

0-group survey and the material that was included in study. However, the average fish size 

of cod juveniles on the Faroe Plateau in 2001 was 30.6 mm compared to 36.2 mm in the 0-

groups survey. Therefore, there might be an underestimation of the proportion of larvae 

hatched in the early season in 2001. It could have been useful to compare the size 

distribution for the whole area to the selected sampling stations in this study, to check for 

possible biases. This was not possible due to a lack of data from the 0-group survey. 

 

Cannibalism has also been shown to occur, especially when food is limited and the   

variation in fish sizes is high (Folkvord 1991, Folkvord & Otteraa 1993). Therefore, if 

assumed the environment was unfavourable for the larvae in 1997, then the cannibalism 

should be expected to be more intense, and possibly contribute to the year variation in fish 
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sizes. However, the variation in fish sizes was low, in both areas, hence it might not be 

expected that cannibalism was an important factor. This is supported by field studies on the 

Faroe Plateau and Faroe Bank where cannibalism has been demonstrated to be minimal  

(A Nordi & Poulsen 2000, Gaard & Steingrund 2001, Gaard & Reinert 2002).  

 

Finally there is also a possibility that cod juveniles that have been spawned earlier in the 

season have settled. Investigations of cod juveniles in the Baltic have shown that a small 

proportion of cod juveniles settle between 30-50 mm (Hussy et al. 2003a). If it is assumed 

that the settlement is size dependent, then a bias would most likely have been exposed to 

the cod juveniles in 2001, because of their bigger sizes (Lough & Potter 1993, Lomond et 

al 1998, Bromley & Kell 1999, Hussy et al. 2003a). However, there were not observed any 

trends in the otoliths indicating settlement, as described in other studies (Radtke 1989, 

Mosegaard et al. 1995, Hussy et al. 2003b). This is also supported by earlier studies of late 

pelagic juveniles where the diet was found to consist of pelagic prey (A Nordi & Poulsen 

2000, Gaard & Reinert 2002) 

 

5.2 Changes in hatching period between years 

The main spawning and spawning duration has often been estimated by age reading of 

pelagic juveniles (Campana 1989, Pinsent & Methven 1997, Anderson & Dalley 2000). 

This method of back calculating main spawning from otolith microstructure in late pelagic 

juveniles might be exposed to various biases (Campana & Jones 1992). The back 

calculation of spawning time from a single collection of late pelagic juveniles is at risk of 

being influenced by size or age selective mortality (Peterson & Wroblewski 1984, Pepin 

1989, Campana & Jones 1992). Campana & Jones (1992) argued that the hatching 

distributions were biased, because juveniles hatching earliest in the season inevitably 

would have experienced greater cumulative mortality than those hatched late in the season 

(Campana et al. 1989). Accordingly, early season juveniles would be underrepresented in 

the back-calculated hatch date distribution relative to late season juveniles. Hence, the 

hatch date distribution would be skewed and unrepresentative for the true number of 

survivors at a given age (Campana et al. 1989, Campana & Jones 1992). Thus it could be 

expected that the main spawning back calculated from the late pelagic juveniles (between 

40-95 days old) in this study could influenced by an age or size selective bias (Peterson & 

Wroblewski 1984, Campana et al 1989,  Campana & Jones 1992).  
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Field surveys on the Faroe Plateau have estimated main spawning to be in the second half 

of March (Hansen et al. 1990, Jakupsstovu & Reinert 1994, Gaard & Steingrund 2001). 

The main hatching on the Faroe Plateau was estimated to be 16th April in 2001, and 2 

weeks later in 1997 in this study. Temperature this time of year is about 6.5-7.0o C (Smed 

1952, Heath et al. 2000), hence the eggs would be expected to take 12-14 days to hatch 

(Iversen & Danielsen 1985). Accordingly, the main spawning would have been 2nd April in 

2001 and 2 weeks later in 1997. This is 2-4 weeks later then estimated from the field 

surveys (Hansen et al. 1990, Jakupsstovu & Reinert 1994, Gaard & Steingrund 2001). 

Faroe Bank showed the same trend as observed on the Faroe Plateau. The main hatching of 

the surviving cod juveniles was in the start of May both sampling years. Thus main 

spawning would have been in April and thereby also displaced 3-4 weeks compared earlier 

studies (Hansen et al. 1990).  

 

It is noteworthy for both areas that the oldest juveniles in this study were hatched late in 

March, while the spawning on the Faroe Plateau and Faroe Bank is postulated to start in 

February (Joensen & Tåning 1970, mentioned again by Gaard & Steingrund 2001). The 

lack of cod juveniles hatched in the early season, February to early March, might indicate 

that the spawning duration might have changed. However, a study in the North Sea has also 

shown changes in behaviour of the bigger cod juveniles (40-60 mm) being demersal by day 

and pelagic at night (Bromley & Kell 1999). Hence, it can not be excluded that fishing 

during the day, but not during the night might have caused a selection towards the smaller 

sizes.  

 

The age reading can also have been a process of uncertainty, especially for slower growing 

larvae (Campana & Moksness 1991, Campana 2001). The 63x magnification objective lens 

was used for the microstructure analysis of lapillus and sagitta in this study. With 45x for 

typical objective, the resolution is about 0.65 µm (Campana 1992). The increment widths 

in this study were between 0.8-8.0 µm, hence the underestimation in age reading due to bad 

resolution, has probably been minimal. This was also supported by the ageing accuracy. 

The ageing accuracy was tested by repeatable age estimation of 58 lapillus on Faroe Bank 

and a comparative age reading of 61 sagitta and lapillus on the Faroe Plateau in 2001. The 

average CV in the age reading was 1.93 % and 2.82 % in the cod juveniles on the Faroe 

Plateau and Faroe Bank, respectively. A CV lower then 5% has been regarded as 

acceptable counting accuracy (Campana & Jones 1992, Campana 2001). Thus the aging 
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precision seems to be acceptable and has probably not been a high source of error 

(Campana & Jones 1992, Campana 2001). However, the assumption of increment being 

formed daily descends from studies of cod larvae from other areas (Radtke & Waiwood 

1980, Bergstad 1984, Dale 1984, Radtke 1989, Geffen 1995); the lack in validation of a 

daily incremental formation has to be regarded as bias in this study (Campana 2001).  

 

The most useful feature with hatch date analysis is possibly the fact that it focuses the 

attention on the characteristics of the survivors, rather than the population at large 

(Campana & Jones 1992). The strength of the hatch analysis is more in comparing age 

composition than as application to estimate spawning duration (Campana & Jones 1992). 

Like Methot (1983), in his pioneer work with hatch date analysis of northern anchovy, 

Engrauilis mordox, related monthly differences in relative survival of larvae to various 

environmental signals, as well as to the overall effect on the year class. Since then, hatch 

date analyses have been performed on several species including cod (Fossum & 

Moksness1992, Suthers & Sundby 1993, Meekan & Fortier 1996, Nielsen & Munk 2004). 

The comparison and identification of possible changes in hatching distribution between 

years was also the main focus in this study. 

 

The framework in the “Match/mismatch” hypothesis is that the spawning time is similar 

while the primary production and production of prey varies between years (Cushing 1972, 

Cushing 1990). However, others have shown that temperature (Kjesbu 1994, Wieland et al 

2000), and changes in the age structure of the cod stock might alter the duration and time of 

spawning (Lawson & Rose 2000, Wieland et al 2000). The interannual differences in 

temperature were minimal and might not be expected to have influenced the spawning 

duration. When looking at the age structure of the spawning stock some differences 

between the sampling years were observed (appendix 8) (Anon 2004). The biomass of the 

spawning stock was almost twice as high 43*106 individuals in 1997 compared to 27*106, 

and had a higher proportion of cod older then 3 years. Thus it can not be excluded that an 

interannual variability in the abundance and age structure of the cod stock might have 

altered the spawning duration. The possible variations in the spawning duration on the 

Faroe Plateau could not be estimated, due to lack of data. However, field studies in 

Norwegian and Faroese waters have demonstrated that there is not a high interannual 

variability in cod’s spawning time (Ellertsen et al. 1989, Gaard & Steingrund 2001). It has 

been argued that the timing of spawning is an average adaptation to ensure larvae 
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encounter adequate feeding conditions (Brander & Hurley 1992, Brander et al 2001, 

Beugrand et al. 2003). This is also in agreement with studies on the Faroe Plateau were the 

egg production of the copepods begins earliest and is highest in the region where the cod 

spawn (Gaard 2000, Gaard & Steingrund 2001). Thus if it is assumed that spawning time 

and spawning duration did not change between 1997 and 2001, then the differences in 

hatching distributions might have been caused by variable survival of the early season 

larvae.  

 

The primary production on Faroe Plateau has been shown to fluctuate between years and it 

has been suggested to have consequences on the higher tropic levels (Gaard et al. 2002, 

Gaard 2003a). The fluctuation of the carrying capacity on the Faroe Plateau is suspected to 

be caused by the oceanic copepod Calanus finmarchicus. C. finmarchicus is a dominant 

copepod in the marine ecosystem on the Faroe Plateau, but its abundance is highly variable 

(Gaard 1999, Gaard & Hansen 2000, Gaard 2003ab). It is flushed on to the plateau during 

spring and summer from offshore advection (Gaard & Hansen 2000). Differences in 

abundance of about one order of magnitude have been observed on the shelf in spring and 

summer (Gaard 1999, Gaard & Hansen 2000). It has been hypothesised that a high 

abundance of the C.finmarchicus can cause an intensive grazing on the phytoplankton and 

prolong the lag phase of the primary production (Gaard et al. 1998, Gaard 2003ab). 

Calanus finmarchicus is a prebloom spawner, but its egg production is influenced by 

temperature, which did not show any variation between the sampling years, and food 

availability (Runge 1985, Gaard 1994, Jonasdottir et al 2002, Niehoff 2004). Both 

starvation and feeding at low levels have been shown to reduce the egg production (Hirche 

et al 1997, Niehoff 2000).  Hence it could be expected that a high abundance of Calanus 

finmarchicus on the Faroe Plateau would cause bad feeding condition or starvation for the 

copepods, and hence lower the egg production (Hirche et al 1997, Niehoff 2000, Gaard 

2000, Gaard 2003ab). Therefore, interannual variation in the abundance of the copepod 

might have drastic effect for first feeding cod larvae on the Faroe Plateau, which have been 

shown to mainly consume C. finmarchicus eggs and phytoplankton (Gaard & Steingrund 

2001). Field studies on the Faroe Plateau have also shown that the zooplankton biomass is 

negatively correlated to both primary production and size of pelagic juveniles (Gaard & 

Reinert 2002, Gaard 2003b).  

The primary production was higher and the cod juveniles bigger in 2001, when the 

zooplankton biomass was low compared to 1997 (Gaard 2000, Gaard 2003ab). The higher 
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biomass of C. finmarchicus on the Faroe Plateau in 1997 might have suppressed and 

postponed the phytoplankton bloom compared to 2001. This might have caused a 

difference in environment that first feeding larvae have been exposed to between the two 

sampling years. The egg production by Calanus finmarchicus in the early season, in the 

pre-bloom phase, is known to be higher in the main spawning area compared to the central 

shelf (Gaard 2000, Gaard & Steingrund 2001). Gaard (2000) found a quite high egg 

production > 100 eggs/female/day in late April 1997 in the main spawning area, but due to 

lack of repeated measurements, a sampling station on the central shelf was used to illustrate 

the changes in the feeding conditions for the larvae in 1997 (fig.25) 

 

 
                  Fig 25 Rates of egg production by Calanus finmarchicus (bars) and 

                  mean concentrations of chlorophyll a between 0 and 50 depth (lines)  

                  on station T, located on the central shelf, during spring.  

                  Source (Gaard 2000) 

 

Gaard (2000) found the pre-bloom reproduction of C.finmarchicus females on the central 

shelf to be low, females being immature until early April, when the proportion of mature 

females gradually increased and peaked in May-June. This is in accordance with this study 

where the majority of the surviving juveniles in 1997 were hatched in late April to the 

middle of May. Thus it is tentative to suggest that the larvae hatched in the early season, 

February-March, might have been exposed to starvation because of suboptimal feeding 



  59

conditions due to a low concentration of phytoplankton combined with a low production of 

copepod eggs, as found in other areas (Ellertsen et al 1989, Brander & Hurley 1992, 

Beaugrand et al. 2003). The higher reproduction of C.finmarchicus in the main spawning 

area, although repeated sampling are lacking, could also indicate that starvation occurs not 

in the first feeding stages. Thus an alternative suggestion could be that early season larvae, 

which are transported with the residual current (Hansen 1992, Gaard & Hansen 2000, 

Gaard & Steingrund 2001), were exposed to starvation when they were dispersed on the 

central shelf. This remains to be tested.   

 

There were no data available of the egg production by C.finmarchicus on the Faroe Plateau 

in 2001. However, the lower zooplankton biomass and the earlier and higher primary 

production in 2001 might have resulted in more favourable feeding conditions for early 

season larvae (Runge 1985, Gaard & Steingrund 2001, Jonasdottir et al 2002, Gaard 

2003ab, Niehoff 2004). Therefore, the differences in production of larvae and prey between 

the years might have caused a variable survival of early season larvae between the 

sampling years, as has been shown in Norwegian waters and on Georges Bank (Ellertsen et 

al. 1989, Leising & Franks 1999).  

 

Cod larvae and juveniles exposed to good feeding conditions have also been shown to have 

a higher condition factor (Grant & Brown 1999, Clemmensen et al. 2003). There was a 

tendency of cod juveniles having higher condition factor 2001 compared to 1997, 

especially at the bigger sizes in this study. Furthermore, the negative slope of the condition 

factor at size of the cod juveniles in 1997 could indicate that larvae hatched in the late 

season have had better feeding condition compared to early season larvae (Puvanendran & 

Brown 1999, Clemmensen et al. 2003). However, cod juveniles are known to allocate most 

of their energy to growth (von Herbing & White 2002, Peck et al. 2002), and increase in 

size, when the condition factor is above a safe level, although the condition factor is 

decreasing (Grant & Brown 1999). Hence the negative slope in 1997 could also indicate 

that most of energy was allocated to growth, due to bad feeding condition, while the cod 

juveniles in 2001 had resources to allocate the energy both to growth in size and weight.      

 

Thus the displacement in observed hatching of about 2 weeks between the years might 

indicate that first feeding larvae in 2001 have met more “matched” conditions, while the 

cod larvae in 1997 have had more “mismatched” feeding conditions where massive 
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starvation might have occurred early in the season. Hence, it might not the quantity but the 

quality of suitable prey that decides survival, as other studies have shown (Ellertsen et al 

1989, Folkvord et al. 1994, Beaugrand et al. 2003). However, it was not possible to 

demonstrate food as a limiting factor for survival, because of the limited data on 

reproduction of the copepods and lack of repeated zooplankton samplings prior to catch of 

the cod juveniles.  

 

Studies with haddock larvae (Melanogrammus aeglefinus) in the Canadian Atlantic zone 

have shown that 60-90% of the variation in abundance of 0-group can be explained by a 

linear regression with timing of bloom initiation and timing of maximum bloom as 

independent variables (Platt et al. 2002, Platt et al 2003). This is in accordance with this 

study were the cod juveniles were much more abundant in 2001 when the spring bloom 

started earlier and was higher. 

 

The limited research that has been performed on Faroe Bank makes it impossible to 

conclude anything from this study. However, the hatching distributions showed a 

significant difference (p<0.05) between the sampling years. There was a higher proportion 

of surviving cod juveniles that were hatched in the early season in 2001 than in 1997, as it 

was found on the Faroe Plateau. Thus a tentative suggestion would be that the interannual 

fluctuations are similar between Faroe Bank and the Faroe Plateau, but there is no primary 

production or copepod reproduction data available to support this. 

 

5.3 Interannual variations in growth in the Faroe area described by 

otolith and somatic growth  

The somatic growth of cod larvae is highly influenced by temperature (Otterlei et al. 1999, 

Steinarrson & Bjoernsson 1999) and feeding conditions (Gotceitas et al. 1996,  

Puvanendran & Brown 1999, Clemmensen et al. 2003). There were no significant 

difference in growth (p>0.05) between the sampling stations on the Faroe Plateau and 

Faroe Bank in 1997 and 2001. This was in accordance with the assumption of the Faroe 

Plateau and Faroe Bank being two relatively homogenous environments, and growth being 

similar throughout the area the specific year seems to be valid (Lastein 1992, Gaard & 

Mortensen 1993, Gaard et al. 1998, Gaard & Hansen 2000, Larsen et al. 2002). 
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The somatic growth rate of the cod juveniles on the Faroe Plateau and Faroe Bank in 1997 

was size dependent, being dome-shaped in both stocks. This is in accordance with studies 

of cod juveniles in Norwegian waters, but in contradiction to growth rate of cod juveniles 

on Georges Bank were growth rate has been shown to increase (Bolz & Lough 1988, 

Otterlei et al. 1999). Cod juveniles on the Faroe Plateau and Faroe Bank in 2001 did not 

seem to have the same trend in growth rate, where growth rate continued to increase. The 

growth rate was much higher on both locations in 2001 compared to 1997. Maximum 

growth rate of cod juveniles on the Faroe Plateau in 1997 was 0.25 mm/day, compared to 

0.60 mm/day in 2001. The same trend was found on Faroe Bank, maximum growth rate 

being only 0.38 mm/day in 1997 compared to 0.65 day/mm in 2001. The growth rate of 

cod larvae and juveniles in other studies have ranged between 0.10-0.71 mm/d, thus the 

Faroese stocks seems to be very fast growing, especially in 2001 (Bolz & Lough 1988, 

Meekan & Fortier 1996, Suthers & Sundby 1996, Anderson & Dalley 2000).  

 

The otolith growth is influenced by temperature (Suthers & Sundby 1993, Gallego et al 

1999, Otterlei et al. 2002) and feeding conditions (Clemmensen & Doan 1996, Suthers et 

al. 1999, Hussy & Mosegaard 2004, van der Meeren & Moksness 2003). Hence, the otolith 

microstructure might be a valuable tool to identify possible causes to the observed otolith 

and somatic growth differences. There was as mentioned before not any big temperature 

difference between the two sampling years. The hatching also occurred later in the season 

in 1997 compared to 2001; hence it would have been expected that larvae had been 

exposed to higher temperatures in 1997 compared to 2001 (Smed 1952, Gaard & Hansen 

2000, Heath et al. 2000). Accordingly, the otolith growth should have been higher in 1997 

than in 2001 (Suthers & Sundby 1993, Gallego et al. 1999, Otterlei et al 2002). However, 

the initial otolith growth, where a difference in environmental conditions is argued to be 

most detectable, was higher in 2001 compared to 1997 (Pepin et al. 2001). Furthermore, all 

the other otolith analysis in this study indicated higher otolith growth in 2001 throughout 

age spectrum. Thus the lower otolith growth in 1997 compared to 2001 might probably not 

have been caused by temperature differences between the sampling years. The lower 

otolith accretion in 1997 might therefore indicate that the larvae might have been exposed 

to worse feeding conditions in 1997 compared to 2001 (Suthers et al. 1999, Hussy & 

Mosegaard 2004, van der Meeren & Moksness 2003). The differences in otolith accretion 

might reflect the variation in food quality between the sampling years (Suthers et al. 1999, 

van der Meeren & Moksness 2003). This was also supported by the highly significant 
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growth rate and age effect (p<0.05) in 1997 and not in 2001 (Secor  &  Dean 1989, Secor 

& Dean 1992, Reznik et al 1989). 

 

The interannual variation in food availability could also explain the big differences in 

estimated somatic growth rate between the sampling years. Studies of cod- and herring 

larvae (Clupea harengus) have demonstrated increased growth and survival at high food 

density (van der Meeren & Naess 1993, Folkvord et al. 1994, Gotceitas et al. 1996, 

Folkvord et al 2000). Laboratory studies have also shown that cod larvae exposed to low 

food density, decrease the selectivity, increase the swimming activity, and have higher prey 

attack, but with lower catching success (Munk 1995, Puvanendran et al. 2002). The search 

for food is energy consuming, thus growth might be influenced by the density of suitable 

food (Munk & Kiørboe 1985, Gotceitas et al. 1996). Furthermore, the cod larvae are 

opportunistic in their food selection, but bad feeding conditions have been shown to lower 

the growth rate and enhance the mortality (van der Meeren & Naess 1993).  

 

5.3.2 Possible biases in the estimated growth 

There was found proportionality between somatic and otolith growth for all the material as 

expected from other studies (Meekan & Fortier 1996, Otterlei et al 2002). The initial fish 

size as described by Campana (1990) with the biological intercept was highly different 

from the 4 mm that has been observed in field studies (Gaard & Steingrund 2001). This 

was probably caused by a combination of low proportionality in the initial stages and 

possible ontogenetic shift in the proportionality between otilith and fish size (Hare & 

Cowen 1995, Miller et al. 1999, Otterlei et al 2002). However, this was not possible to 

demonstrate due to lack of smaller size larvae. 

 

Faster growing fish seemed to be both bigger in size- and have larger otoliths- at age, as 

observed in other studies (Hare & Cowen 1995, Otterlei et al. 2002). However, there was 

as mentioned before, found a significant age and growth rate effect in this study in (Secor 

& Dean 1989, Secor & Dean 1992). The age and growth effect was highly significant 

(p<0.05) in 1997 and might have caused biases in the estimated growth. The Laird-

Gompertz growth model is an age based growth model (Bolz & Lough 1988, Folkvord & 

Mosegaard 2002). The model does not take into account possible bias of growth and age 

effect (Bolz & Lough 1988, Morita & Matsuishi 2001). However, there were not found any 

big variations in average fish sizes at age when the Laird-Gompertz growth model was 
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compared to the back calculation growth model by Morita & Matsuishi (2001), where age 

effect is incorporated (Fig.26). But the Laird-Gompertz growth model had a trend of 

overestimating the fish size at age compared to the back calculation model. Thus the 

growth and age effect might have caused an overestimation of the actual growth. The 

comparison between the models should be taken with caution; because of the models 

different approaches to calculate fish size (Bolz & Lough 1988, Morita & Matsuishi 2001). 

 

 

 

 
Figure 26 The estimated fish size at age calculated from the Laird-Gompertz growth model, and average 

fish size at age estimated from Morita & Matushi’s (2001) back calculation model. a) and b) represent  

size at age on the Faroe Plateau in 2001 and 1997 respectively, while c) and d) represent size at age on 

Faroe Bank in 2001 and 1997. 
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5.4 Interannual variations in the stage duration of cod juveniles on the 

Faroe Plateau 

Various studies of different species including cod have demonstrated that the time at 

metamorphosis is size rather then age related, and that the duration of the larval stage 

declines with growth rate (Chambers & Legget 1987, Otterlei et al. 1999, Searcy & 

Sponaugle 2000, Benoit et al 2000).  This is in accordance with this study were larvae 

metamorphosed (developed the secondary accessory growth centre) at 20 mm, and no 

differences were found in sizes at metamorphoses (p>0.05) between the sampling years. 

The estimated size at metamorphosis is in agreement with a study of Baltic cod- and 

walleye pollock larvae Theragra chalcogramma where the development of the accessory 

growth centre in the post-rostral plane occurred when larvae were between 19-24 mm 

(Mosegaard et al. 1995, Brown et al. 2001). Furthermore, the cod larvae on the Faroe 

Plateau in 2001 had higher growth rates and reached metamorphosis at a significantly 

younger age (p<0.05). The cod larva on the Faroe Plateau developed the secondary 

accessory growth centre about 10 days later than other studies with Baltic cod have shown 

(Oeberst & Böttcher 1998). However, the growth rate of the Baltic cod larvae might have 

been higher (Linkowski & Kowalewska-Pahlke 1993) than the estimated growth rates in 

this study.  

 

According to “stage duration” mechanism, higher growth rates in the pelagic phase reduce 

the cumulative mortality (Chambers & Legget 1987, Houde 1987, Anderson 1988, Cushing 

1990). Field studies have also indicated that slower growing fish larvae are suspected to 

suffer higher cumulative mortality by predation and starvation than faster growing 

individuals (Rosenberg & Haugen 1982, Meekan & Fortier 1996, Nielsen & Munk 2004). 

Thus the variation in abundance of late pelagic cod juveniles between 1997 and 2001 might 

reflect a growth dependent mortality on the Faroe Plateau.  
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5.5 Interannual variation in selective mortality in the Faroe region 

 

The selective mortality is known to operate in the pelagic stages, especially in the early 

stages of larval life (Bailey & Houde 1989, Cowan et al 1993, Rice et al 1993, Cowan et al 

1996). Hence a change in selective mortality between years might also have caused the 

differences in fish sizes between the sampling years. Selective mortality caused by 

predation of slower growing individuals has been demonstrated in various species 

including cod (Post & Pankevicius 1987, West & Larkin 1987, Hovenkamp 1992, Meekan 

& Fortier 1996, Nielsen & Munk 2004), while other have demonstrated selective mortality 

of faster growing larvae, where larvae are suggested to grow into predators prey field 

(Litvak & Legget 1992, Pepin et al. 2003).   

 

The selective mortality was estimated by changes in size distribution of the cod juveniles’ 

prior to catch. The fish size was estimated with the scale proportional hypothesis where the 

individual fish’s life trajectory was estimated by the otolith accretion (Folkvord & 

Mosegaard 2002, Moriota & Matsuishi 2001). The increment width in cod larvae is, as 

mentioned before, heavily dependent on temperature (Suthers & Sundby 1993, Otterlei et 

al. 2002) and feeding conditions (Suthers et al. 1999, van der Meeren & Moksness 2003). It 

was not possible to include temperature and zooplankton measurements into the back 

calculation model because of a lack of data. Thus spatial differences between the sampling 

stations in temperature and prey abundance might have caused a bias in estimated CV 

(Suthers & Sundby 1993, Suthers et al. 1999, Moriota & Matsuishi 2001, Otterlei et al. 

2002, van der Meeren & Moksness 2003). However, the CV of the size distribution of the 

cod juveniles was dome shaped both on Faroe Bank and on the Faroe Plateau in 2001. The 

back calculated fish size at age of cod juveniles on the Faroe Plateau in 1997, on the 

contrary, did not show any variation in fish size at age prior to catch. The CV of the back 

calculated fish size of cod juveniles on the Faroe Plateau in 1997 were estimated with 

sagitta, while lapillus was used on Faroe Bank and Faroe Plateau in 2001. The incremental 

growth between the two otoliths has been shown to be different (Bergstad 1984, Radtke 

1989, Geffen 1995). Thus the CV of cod juveniles on the Faroe Plateau in 1997 might not 

be directly comparable to 2001. 
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The low CV in the initial stages could be caused by fixing Lo to 4 mm in the model,  

restricting the variation in back-calculated fish sizes, this bias was not possible to quantify. 

However, Clemmensen & Doan (1996) demonstrated in a laboratory study that otolith 

growth in the yolk sac stage (the first 10 days of larval life) was rather conservative. This is 

in accordance to the low CV in the initial stages in this study for all the back calculation 

models. The increment width in newly hatched yolk sac larvae have probably primarily 

been affected by temperature, hence individual difference in increment growth might have 

been limited (Clemmensen & Doan 1996, Moriota & Matsuishi 2001). The transition to 

exogenous feeding has been demonstrated to produce more distinct increments, where 

bigger variations in increment width probably reflects the individual differences that larvae 

are exposed to, and thereby increasing the CV (Radtke 1989, Clemmensen & Doan 1996, 

Suthers et al. 1999). The decrease in CV after 20-30 days both years on Faroe Bank and on 

the Faroe Plateau in 2001 could indicate a selection towards either faster (Meekan & 

Fortier 1996, Munk & Nielsen 2004) or slower growing (Pepin et al. 2003, Litvak & 

Legget1992) individuals in the late larval stage. This is in contradiction to other theoretical- 

simulated modelling- and laboratory studies where selective predation primarily occurs in 

the initial stages (e.g Folkvord & Hunter 1986, Houde 1987, Bailey & Houde 1989, Cowan 

et al 1996).  

 

If size selective mortality had occurred in the Faroe Bank, then the predators prey field did 

not seem to have changed between sampling years. The size selective mortality on the 

Faroe Plateau might have changed between the years. This, however, as mentioned before 

is very uncertain because of different otoliths used to back calculate fish size. An 

estimation of direction in the selection, e.g. faster or slower growing individuals was not 

possible to perform due to lack of repeated sampling of the cohorts as described by 

Anderson (1995).      

 

5.5.2 Possible biases in the estimation of selective mortality 

The back calculation of fish size at age from otolith accretion is a powerful retrospective 

tool to estimate individual growth and previous size at age prior to catch (reviewed by 

Schirripa 2002, Shafer 2000, Folkvord & Mosegaard 2002). Beside regular increment 

pattern, the proportional (Campana 1990, Francis 1990) and regression (Sector & Dean 

1992) based back calculation techniques rely on stanzas of consistent correlation between 

the somatic and the otolith growth. Somatic and otolith dimensions are inherently 
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correlated due to the positive nature of growing structures, and many studies have reported 

significant correlation (Campana 1990, Meekan & Fortier 1996, Otterlei et al. 2002). There 

was also found a strong correlation between the otolith size and fish in this study (r2=0.8-

0.93). The multiple regression analysis of otolith size on fish size and age had a higher 

correlation than otolith size on fish size. The age and fish size combined explained between 

90-95% of the variation in otolith size. Furthermore, there were only minor differences 

between the estimated size at age from the back calculation model, and the observed otolith 

size at age (fig. 27). This is in agreement with Morita & Matsuishi (2001), who argued that 

the inclusion of age as a variable reduced the bias in the back calculation model. 
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Figure 27 Observed and estimated otolith sizes at fish size on the Faroe Plateau in 2001 (a) and 1997 (b) 

and on Faroe Bank in 2001 (c), and 1997 (d). 

 

The strength of the back calculation model was also checked by comparing the CV of the 

estimated fish sizes and the observed CV from the field study. The Laird-Gompertz growth 

model was used as the average fish size at age and the CV was then calculated for the cod 

juveniles on Faroe Bank in 1997 and 2001 and the Faroe Plateau in 2001 (fig. 28 and fig. 

29). 

There were not any big differences in CV between the two models Faroe Bank, but the 

dome shaped pattern of the CV from the back calculation model could not be 

demonstrated, due to a lack of juveniles younger than 50 days. 
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Figure 28 CV in the fish sizes at age of cod juveniles on Faroe Bank in 1997 (to the left) and 2001 (to 

the right). Observed (from the Laird-Gompertz growth model) and estimated (from the back calculation 

model) 

 

 

There were bigger differences in the CV at age between the back calculation model and 

Laird-Gompertz growth model on the Faroe Plateau in 2001. The estimated size 

distribution was lower in the Laird-Gompertz growth model compared to the back 

calculation model. The CV of the fish sizes ranged between 0.08-0.10 in the back 

calculation model compared to 0.03-0.05 in the Laird-Gompertz growth model. The 

observed CV at age did not either have a decreasing pattern. This might indicate that the 

model for the Faroe Plateau has been exposed to a bias. Thus the changes in size 

distribution of the cod juveniles through time on the Faroe Plateau in 2001 might be quite 

uncertain. However, it should be noted that the observed CV is calculated from a low n for 

each age group (4-10 juveniles) and this can of course influence and cause uncertainties.  
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Figure 29 The estimated (from the back calculated model) and observed (from the Laird-

Gompertz growth model) CV at age of cod juveniles on the Faroe Plateau in 2001. 
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5.6 Is growth rate, fish size and abundance of juveniles linked to 

recruitment of cod in the Faroe area? 

It has been indicated in various studies that growth rates (Campana 1996), bigger fish size 

(Ottersen & Loeng 2000), and higher abundance (Jakupsstovu & Reinert 1994, Helle et al. 

2000) of late pelagic juveniles enhance recruitment of 2 year old cod. This is based on the 

assumption that mortality is highest in the pelagic stage, while only a small density 

dependent attenuation occurs in the settled pre-recruits (Campana et al. 1989, Myers & 

Cadigan 1993ab). Hence it should be expected from the study that the recruitment of 2 year 

old cod would be higher in the 2001 year class compared to the 1997 year class. However, 

the recruitment of 2 year old cod on the Faroe Plateau is estimated to be higher in the 1997 

class, 15 million fish, while the 2001 year class is estimated to only 7 million fish (Anon 

2004). Although uncertainties can be in the VPA estimates, this indicates a very high 

density dependent mortality of the settled pre- recruits on the Faroe Plateau. In 

contradiction to earlier studies on the Faroe Plateau (Jakupsstovu & Reinert 1994), a recent 

study by Steingrund & Gaard (2005) demonstrated no correlation between abundance of 

late pelagic juveniles and recruitment of 2 year old cod (fig. 30).  
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                   Fig 30 0-group index and year-class strength of cod on the  

                   Faroe Plateau. Source: Steingrund & Gaard (2005)  

 

 

 They found a strong correlation between primary production and recruitment of 2 year old 

cod the following year (Steingrund & Gaard 2005). Thus the environmental factor for the 

settled pre-recruits seems to be of vital importance for the recruitment on the Faroe Plateau. 

This is in accordance with MacKenzie et al. (2003), who argued that an ecosystem’s 

carrying capacity defines the approximate size of a cod population within that system.  

 

The abundance of sand eel, which 1 year old cod feed on, is highly dependent on primary 

production (Steingrund & Gaard 2005). The environment was favourable for the 1 year old 

pre-recruits of the 1997 class, with high primary production in 1998 (Gaard 2003ab, 

Steingrund & Gaard 2005), while primary production for the 2001 class was very low in 

2002 (unpublished data). Thus a decrease in carrying capacity in 2002 might have caused 

starvation of the pre-recruits and enhanced the intra-specific competition for suitable prey 

(Steingrund & Gaard 2005). According to other studies it could also be expected that 

cannibalism by bigger cod on the pre-recruits would increase (Nakken 1994, Anderson & 

Gregory 2000, Uzars & Plikshs 2000, Juanes 2003). Thus a low primary production in 

2002 might have increased the density dependent mortality of settled pre-recruits in the 

2001 year class compared to 1997 year class (Steingrund & Gaard 2005). Thus the growth 

rate and abundance of pelagic cod juveniles seem to be linked on the Faroe Plateau, but the 

density dependent mortality of settled pre-recruits must not be underestimated.  

 

The Faroe Bank has low priority in environmental studies. However, the cod juveniles on 

Faroe Bank showed similar trends, as found on the Faroe Plateau. The growth rates was 

higher, they were bigger in size and more abundant in 2001 compared to 1997. Recruitment 

estimates are not available for cod on Faroe Bank, but it was possible to estimate 

recruitment by looking at catches of 39-61 cm cod, which are expected to represent the 

recruits (pers. comm. Petur Steingrund). Recruitment appeared to be higher in 2001 year 

class compared to 1997 year class (Anon 2003), thus density dependent mortality of pre-

recruits on Faroe Bank might have been lower than on the Faroe Plateau. This assumption 

should be read cautiously because of the lack of environmental data and limited data of 

recruitment.  
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6.0 Conclusions 

6.1 Were the objectives fulfilled? 

This study focused on identifying possible causes of interannual variations in fish size and 

abundance of cod juveniles caught on the interannual 0-group survey.  

 

Hatch analysis have been made and surviving cod juveniles spawned in 1997 compared to 

2001 and discussed in relation to the feeding conditions.  

 

The somatic and otolith growth models were created to identify possible growth differences 

both between years and related to temperature and feeding conditions.  

 

Back calculations of growth using otolith microstructure have also been performed and 

discussed in relation to possible identification of selective mortality.  

 

Finally, growth rates, abundance of cod juveniles from the 0-group survey, and 

environmental conditions have been discussed in relation to recruitment of 2 year old cod.  

 

I will here present a brief summary with conclusions drawn on the studied objectives (all 

references are found in the listed sections). 

 

6.1.1 “To study the hatching distributions and identify possible 

differences between the sampling years” 

The onset of primary production was later, and the production lower in 1997 compared to 

2001. The hatch analysis demonstrated that the surviving cod juveniles were hatched 

significantly earlier in the season in 2001 compared to 1997. If assumed that the main 

spawning and spawning duration had not changed between the years then a mass mortality 

might have been in the early larval life in 1997. The larvae might have met more 

unmatched conditions early in the spawning season in 1997 compared to 2001. The lack of 

data of suitable prey for first feeding cod larvae makes the assumption quite uncertain.  
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Faroe Bank showed the same trend as observed on the Faroe Plateau. There were a higher 

proportion of juveniles descending from the early season in 2001 compared to 1997. This 

might indicate worse feeding condition in 1997, although nothing conclusive can be said, 

because of lack of environmental data. 

 

6.1.2 “To identify possible variations in growth between years in the 

Faroe region” 

The somatic and otolith growth model showed higher growth rates in 2001 compared to 

1997 in both areas. It is known from earlier studies that the otolith growth is highly 

influenced by temperature and feeding conditions. The variations in temperature between 

the sampling years was small, thus better feeding conditions might have caused the higher 

otolith growth in 2001. Furthermore, there was an indication of growth dependent mortality 

occurring on the Faroe Plateau.  

6.1.3 “To construct back calculation models to check that pattern in 

growth prior to catch can be related to selective mortality”  

The strong relationship between fish size and otolith size was confirmed. However, there 

were significant age and growth effects found both sampling years. Including age in the 

models strengthened the models and reduced the bias that age and growth effects would 

cause. The growth models showed high individual growth variability, especially on the 

Faroe Plateau in 2001. Inclusion of temperature and feeding conditions prior to catch might 

have reduced the CV.  

 

The interannual variation in CV at age of cod juveniles on Faroe Plateau was very 

uncertain because of the different otoliths used to back calculate fish size. The CV 

indicated changes in the selective mortality between the two sampling years on the Faroe 

Plateau.  

 

The dome shaped of the CV of cod juveniles on Faroe Bank did not indicate any variation 

in selective mortality between the years. There was an indication of selective mortality in 

the latter part of the pelagic stage.  

This study has shown a new method for estimating selective mortality, but nothing 

conclusive could be determined about possible direction of the selective mortality.  
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6.1.4 “To discuss the growth rate, abundance pre-settled cod juveniles, 

and the link to the recruitment of 2 year old cod” 

 

There was higher abundance of cod juveniles in the good year of growth, 2001, compared 

to 1997 in both areas. The variation in abundance might have been caused by a 

combination of massive starvation in the early season and a growth dependent mortality of 

the cod juveniles in 1997.  

 

This study did not find any strong links between either growth rates in the pelagic stages, 

size or abundance of late pelagic juveniles and recruitment of 2 year old cod on the Faroe 

Plateau. Recruitment of the 1997 year class was higher than the 2001 year class. The 

environmental conditions the following year prior to recruitment seem to have a 

considerable effect on recruitment on the Faroe Plateau. Thus the low primary production 

in 2002 might have increased the density dependent mortality of settled pre-recruits in 

2001 year class compared to 1997 year class. 

 

Due to the lack of data of recruitment estimates on Faroe Bank, it was not possible to say 

anything conclusive about growth rate and abundance of late pelagic juveniles to 

recruitment of 2 year old cod. However, according to the other theories, higher growth 

rates in early larval life and higher abundance of pelagic juveniles might increase 

recruitment 2 year old cod on Faroe Bank. There was a weak indication that the abundance 

of pelagic cod juveniles was linked to recruitment strength of 2 year old cod.  
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7.0 Future research 

 

It is of vital importance for the fisheries management of cod to enhance the knowledge of 

the dynamics of the pelagic larval and juvenile stage where the year class strength is 

expected to be decided (Houde 1987, Campana 1996, Helle et al. 2000, Ottersen & Loeng 

2000). The study showed that otolith microstructure was a valuable tool for performing 

hatch analysis to check differences in age structure, describing growth differences between 

years and estimate survival. It is strongly recommended to use lapillus for age reading in 

future work. Lapillus is the fastest growing otolith in the initial stage (Suthers 1996, Geffen 

1995), and is not only the most suitable for counting the relative narrow increments, but 

also is also the thinnest with a regular shape, making polishing of the otolith to the nuclear 

plane the easiest (Campana 1989). The accumulation of protein in sagitta in fast growing 

fish larvae made the otoliths “dark”, complicating the age estimation. 

 

To strengthen future growth models, especially the back calculation model, more frequent 

sampling of temperature and zooplankton are advised, as these factors contribute directly to 

otolith accretion (Suthers et al. 1999, Hussy & Mosegaard 2004, Otterlei et al. 2002). A 

robust back calculation model could probably reveal a possible bottleneck in the pelagic 

stage. 

 

Multiple sampling of pelagic cod larvae and juveniles is also recommended to test for 

growth dependent survival, if selection forces might operate in the pelagic phase as 

observed in other regions (Campana 1996, Meekan & Fortier 1996, Nielsen & Munk 

2004). 

 

Finally, attention should be focused on the density dependent mortality that might be 

highly variable for the settled pre-recruits (Steingrund & Gaard 2005). Stomach analysis 

could be done to check for alterations in cannibalism between years (Ulzars & Pliziks 

2000, Anderson & Gregory 2000). Furthermore, otolith accretion analysis could be 

performed of 1-2 year old cod to reveal possible starvation period of the pre-recruits 

(Marshall & Parker 1982, Smedstad & Holm 1996, Hussy & Mosegaard 2004). The otolith 

microstructure could probably also be utilized to reveal a possible selection in the settled 

pre-recruits. 
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Appendix (1) Age estimations 
 

Table 1 CV of the comparing age estimations of sagitta and  

lapillus in 61 cod juveniles on the Faroe Plateau 2001.  

Fish  Sagitta Lapillus Xj CVj 

Nr Age Age    

1 75 73 74 1,911099

2 79 80 79,5 0,889442

3 76 74 75 1,885618

4 67 63 65 4,351426

5 73 74 73,5 0,96205 

6 67 72 69,5 5,087099

7 68 72 70 4,04061 

8 62 66 64 4,419417

9 62 63 62,5 1,131371

10 62 63 62,5 1,131371

11 54 56 55 2,571297

12 60 66 63 6,73435 



  94

13 66 69 67,5 3,142697

14 70 66 68 4,159452

15 60 64 62 4,561979

16 57 57 57 0 

17 60 65 62,5 5,656854

18 63 65 64 2,209709

19 56 58 57 2,481076

20 65 57 61 9,273532

21 55 67 61 13,9103 

22 65 68 66,5 3,189955

23 64 66 65 2,175713

24 65 66 65,5 1,079552

25 78 84 81 5,237828

26 74 70 72 3,928371

27 62 60 61 2,318383

28 59 60 59,5 1,188415

29 80 82 81 1,745943

30 70 71 70,5 1,002988

31 64 69 66,5 5,316592

32 52 56 54 5,237828

33 60 60 60 0 

34 66 65 65,5 1,079552

35 63 65 64 2,209709

36 53 56 54,5 3,892331

37 57 55 56 2,525381

38 49 49 49 0 

39 60 60 60 0 

40 50 51 50,5 1,400211

41 71 67 69 4,09917 

42 67 70 68,5 3,096818

43 68 69 68,5 1,032273

44 74 78 76 3,721615

45 76 79 77,5 2,737188

46 75 77 76 1,860807

47 85 85 85 0 

48 64 67 65,5 3,238657

49 60 65 62,5 5,656854

50 82 86 84 3,367175

51 90 94 92 3,074377

52 74 76 75 1,885618

53 85 82 83,5 2,540503
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54 76 78 77 1,836641

55 70 73 71,5 2,966882

56 74 74 74 0 

57 66 69 67,5 3,142697

58 72 68 70 4,04061 

59 74 72 73 1,937279

60 64 68 66 4,285496

61 53 53 53 0 

Average CV     2,93 

 

 

 
Table 2 CV of the repeatable age estimation of lapillus in  

58 cod juveniles on Faroe Bank 2001. 

Fish nr. Count 1 Count 2 Xj CVj 

1 57 57 57 0 

2 63 65 64 2,209709

3 61 59 60 2,357023

4 63 63 63 0 

5 54 57 55,5 3,822199

6 52 56 54 5,237828

7 46 50 48 5,892557

8 49 50 49,5 1,428499

9 60 66 63 6,73435 

10 60 60 60 0 

11 56 58 57 2,481076

12 62 63 62,5 1,131371

13 58 58 58 0 

14 52 57 54,5 6,487218

15 48 52 50 5,656854

16 54 52 53 2,668327

17 64 59 61,5 5,748836

18 46 50 48 5,892557

19 49 48 48,5 1,457952

20 59 66 62,5 7,919596

21 54 58 56 5,050763

22 54 54 54 0 

23 64 60 62 4,561979

24 52 57 54,5 6,487218

25 63 59 61 4,636766
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26 55 58 56,5 3,754549

27 56 57 56,5 1,251516

28 51 53 52 2,719641

29 52 52 52 0 

30 61 59 60 2,357023

31 54 52 53 2,668327

32 55 56 55,5 1,274066

33 55 54 54,5 1,297444

34 59 55 57 4,962153

35 55 53 54 2,618914

36 57 55 56 2,525381

37 79 83 81 3,491885

38 79 82 80,5 2,635181

39 90 90 90 0 

40 82 84 83 1,703872

41 55 59 57 4,962153

42 68 67 67,5 1,047566

43 78 82 80 3,535534

44 71 69 70 2,020305

45 52 52 52 0 

46 52 51 51,5 1,373023

47 50 54 52 5,439283

48 49 49 49 0 

49 64 66 65 2,175713

50 60 65 62,5 5,656854

51 52 54 53 2,668327

52 60 60 60 0 

53 61 59 60 2,357023

54 60 63 61,5 3,449301

55 61 61 61 0 

56 57 60 58,5 3,626189

57 43 42 42,5 1,663781

58 54 56 55 2,571297

Average CV:     2,821879
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Appendix (2) The size distribution of the pelagic cod juveniles on the Faroe Plateau 

and Faroe Bank 1997 and 2001 

 
  FP2001 FP1997 FB2001 FB1997 

N of cases   141 106 107 54

Minimum   16 12 21 18

Maximum   42 27 50 29

Range   26 15 29 11

Mean   30,16 19,877 31,977 23,426

Std. Error   0,493 0,284 0,624 0,347

Standard Dev   5,848 2,925 6,456 2,547

Variance   34,205 8,556 41,681 6,485
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Appendix (3) The test normal distribution in of the residuals  
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The theoretical cumulative normal distribution was compared with the actual distribution. 

The distance between the two lines is then calculated. The distance is used to test if the data 

was normal distributed. The Kolomogrov-Smirnov test showes that all the distributions are 

normal distributed p>0,05.   

 

 

 

 

 

 

 

 

 

Appendix (4) The growth and age effect 
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Appendix (5) The average cumulative ototlith growth model 
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Appendix (6) The bottom topography in the Faroe area 
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Figure 1 a, b, c show the residuals of the 

lapillus growth model for of lapillus. To 

the left is Faroe Plateau 2001(a), to the 

right Faroe Bank 2001 (b), and left below 

Faroe Bank 1997 (c). Overall the fifth 

grade polynomial seems as good model 

describing growth of lapillus there years. 

The residuals for both of the models show 

a synchronic pattern. The residuals are 

Figure 2. The residuals of sagitta growth model shows like lapillus model, a 

synchronic pattern for both 2001 (2a) and 1997 (2b) for sagitta. The residuals for 2001 

are a little higher compared to 1997, however the residuals are small and for both 

years.

c) 



  102

 

 

 
 
          Source Larsen et al. 2002 

 

 

 

 

 

 

 

 

Appendix (7) The back-calculated fish sizes. (Illustration of the growth pattern of the 

cod juveniles on Faroe Bank 1997 and 2001) 
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The figures show fish size at age, estimated by the back calculated model. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix (8) The age structure of the spawning cod on the Faroe Plateau in 1997 and 

2001 
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Source Anon (2004) 

 

 

 

 

 

 


