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Abstract 
 
Three experiments for monitoring prevalence of the abundance and density of 
anisakid nema todes in the flesh of cod (Gadus morhua) were initiated between 
June 2004 and December 2009 in sea-cages in Skutulsfiord, NW-Iceland. The 
experiments A, B and C lasted for 565, 929 and 902 days, respectively. In the 
on-growing sea-cages, cod increased in total length and weight 1.6 and 6.1 times 
in about 900 days, respectively. Cod, initially, heavily infested with sealworm 
(Pseudoterranova sp. larvae) density on average 2.2 worms per kg became nearly 
free of sealworm in 900 days in the on-growing sea-cages, final density on 
average 0.7 worms per kg, grown on nematode-free food. Mortality rate (μ) of 
sealworm in cod was estimated to be about 0.22 annually and thus the 
sealworm-larvae had a long life-span in cod. About 50% of sealworm larvae were 
estimated to be dead in 3 years and 90% in 10 years. Survival of Anisakis larvae 
in cod was even higher (μ = 0.17), 50% mortality in four years and 90% mortality 
in14 years. 
 
 
 
Keywords: Anisakid nematodes, cod (Gadus morhua), on-growing, sea-cages, 
NW-Iceland, mortality of anisakid nematodes in fish 
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Introduction 
 
   Parasitic nematodes are known as important pathogens that have the potential 
to cause problems in both human and animal health [1]. Infestation of cod (Gadus 
morhua L., 1758) with anisakid nematodes has been an increasing problem 
throughout fish-processing in Iceland for several decades [2]. It is economically 
expensive for fish-processing plants to detect and remove nematode larvae from 
the fish-flesh processed for marketing. On-growing of cod in sea-cages makes it 
possible to monitor in an indirect way the development of prevalence, abundance 
and density of anisakid nematodes in cod as it relates to biological and 
environmental factors. Catching cod, transferring them into on-growing sea-cages 
and regularly feeding, can enhance growth of cod significantly. The cod becomes 
obese and reach puberty younger than naturally [3]. It was important to 
investigate whether it was practical to “clean” cod of nematodes by keeping in 
on-growing sea-cages for extensive periods (t) and regularly feeding with 
nematode-free food. Probably the nematodes would decline in prevalence, 
abundance and density, by natural mortality (μ), because it was considered 
improbable that the cod would get re-infected, ingestion of nematodes (λ) would 
equal zero in the sea-cages. In the wild the ingestion rate of nematodes by cod, 
would however be dependent on; feeding rate of cod, and nematode infestation of 
food, which probably is dependent on abundance of seals (especially grey seals 
(Halichoerus grypus (Fabricius, 1790)) in the neighboring waters [4]. Abundance 
would follow the model presented in [5], exponential decline with time to zero 
nematodes eventually, from an initial abundance of N0,.when λ = 0. 

Nt = λ/μ[1 - exp(-μ×t)] + N0exp(-μ×t) 
Changes in prevalence and abundance would probably be small over time; 
however, changes in density would be exaggerated because of the increase in 
weight (growth) of cod, after culturing for extensive periods. 
   Information about life-span and mortality of Pseudoterranova-larvae 
(sealworm) and Anisakis-larvae (whaleworm) have been lacking. However, 
anecdotal information say, sealworm larvae were alive in cod in sea-cages in 
Norwegian waters at least after 4 years [6], and according to Canadian research 
paper sealworm can live for at least 5-6 years in cod [7]. This paper presented 
here describes the results of monitoring nematodes in cod in three comparable 
on-growing experiments, carried out in sea-cages in Skutulsfiord, NW-Iceland. 
 
 
 
Material and methods 
 
   The experimental cod were caught in demersal trawl, during the months May 
and June, in Isafjarðardjúp, NW-Iceland and consecutively collected in the 
on-growing sea-cages, in Skutulsfiord, Isafjardardjup (Plate 1). The sea-cages 
were placed in the outer part of the fiord under oceanic circumstances; the effect 
of freshwater runoff from land was at minimum and the seaward oceanic current 
from the north (oceanic sea water from the outer Isafjardardjup) through the  
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sea-cages was at maximum. Continuous surface temperature recorder was placed 
in the harbour of the town Hnifsdalur, approximately one nautical mile from the 
sea-cages. Sea-temperature ranged 0.1° - 12°C, during the experimental period. 
Salinity was not monitored there, and the closest hydrographical station, where 
salinity of the surface waters of the sea are regularly monitored by the Marine 
Research Institute is off Kogur, NW-Iceland at 66.30° N and 23.00° W (decimal 
degrees) about 24 nautical miles north of Skutulsfiord. The salinity measured in 
that location was on the interval 34.4 – 34.8 PSU (Practical Salinity Units), during 
the period of the experiments. There was not a significant change between the 
three experimental periods, which overlap considerably (Table 1). The two 
sea-cages were circle formed nets with mesh-size 50 – 80 mm hanging from 
plastic tubes anchored securely to the sea-bottom in three places (double anchor to 
the north against the incoming current, singe anchor to the south and single anchor 
to the west (toward the west shore of Skutulsfiord), with 40 meters circumference 
and reached 12 meters down into the sea; volume about 1500 m3 (experiments A 
and B), experiment C had nets reaching 8 meters down to the sea and 
consequently of volume about 1000 m3. Only one of the sea-cages was used in the 
experiments and both sea-cages were used for the on-growing production of cod. 
The first experiment (A) was started on the 2 June 2004; by slaughtering 50 cods, 
from initial number of 3795 cods in the sea-cage, put there two days earlier. 
Another 50 cods were slaughtered 18 December 2004, 16 June 2005 and finally 
29 December 2005, after 565 days in the on-growing sea-cages. Surface sea 
temperature in the harbour of the town Hnifsdalur, had minimum and maximum 
of 0.5 and 12.2 °C respectively and the range of PSU was 34.4 – 34.7, during the 
period of the experiment A. The second experiment (B) was started on 16 June 
2005, by taking a 100 fish sample for analyzing of the 5316 initially put into the 
sea-cage few days earlier. The second portion of cod (101 fish) was slaughtered 
on 3 January 2006, the third 13 June 2006, the fourth 18 December 2006, the fifth 
17 June 2007 and the sixth and final sample of 100 cods was taken after 929 days 
2 January 2008 (Table 1). Range of the surface sea temperature in the harbour of 
Hnifsdalur, was 2.3 - 11.4 °C and the range of PSU was 34.4 – 34.7, during the 
period of the experiment B. The third experiment (C) was delayed for 
approximately one year because of technical difficulties, and was initiated 22 June 
2007, by taking a 100 cods for analyzing from the 2851 put there a few days 
earlier. Underway it also had other difficulties, such as the cod got diseases (e.g. 
Vibrio sp.) and there were mortalities of cod due to those. Due to worse weather 
conditions (frequent storms) during this experiment C, than experiments A and B, 
it was harder to operate. The second 100 cod sample was taken 20 December 
2007, the third on 15 June 2008, the fourth 6 January 2009, the fifth 11 June 2009 
and the sixth and final 100 cod sample was taken after being run for total of 902 
days on 11 December 2009 (Table 1). Surface sea temperature range in the 
harbour of town Hnifsdalur, was 0.1 - 10.8 °C, during the period of the 
experiment and the range of PSU was 34.4 – 34.8, at Kogur that period, therefore 
the cods in experiment C experienced the lowest sea-temperatures of the 
experimental cod. 

In the experiments cod was fed on fish (capelin, herring, sand-eel, sprat and  
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Atlantic saury; usual fish bait in Iceland) and squid 95% and 5% by weight 
respectively, which was kept frozen at 22 – 26 °C, and put frozen into the water in 
the on-growing sea-cages, after many months in the freezer. The first month of 
each experiment the food amount given per week was about 13% of cod biomass 
in the sea-cage, over time this was gradually reduced to approximately 5% of cod 
biomass by the end of the experiments. In the beginning cods had been 
enumerated and released into the sea-cages, some were marked with numbered 
plastic tag, and measured in length and weighed. The biomass was periodically 
monitored, by catching, weighing and counting of cod fatalities; the weight and 
length of marked and recaptured cod alive was also monitored. 

Total length of cod was measured to the nearest cm and the fish weighed to the 
nearest gram (g). Otoliths were dissected out and used to age the cod. The fish 
was gutted, filleted and skinned by hand. Sex and maturity was determined, by 
inspecting sex-organs, left and right fillet from each fish were weighed together 
and nematodes were detected by systematic destruction of the cod flesh on a 
candling table, picked out and put into plastic jars (30 ml), one for nematodes 
from the left fillet and another for those from the right fillet. The nematodes were 
preserved in mixture of 70% iso-propanol, 5% glycerol and 25% H2O, until 
analyzed. They were classified into Pseudoterranova-larvae, Anisakis-larvae and 
other nematodes. For identification, information and descriptions from [8], was 
used. Prevalence, density and abundance were defined according to [9]. 
   Whether sex-ratio was significantly different from 50/50, in each sample, was 
tested with Chi-squared (X2

df). Prevalence of nematodes in relation to time and 
biological factors was tested by using logit-regression. Mean, minimum, 
maximum and standard deviation was determined for each and every sample. By 
using ANOVA it was tested whether abundance and density of nematodes 
changed significantly in relation to time in the on-growing experiments, counts (X) 
of nematodes were transformed to ln(X+1), for making the variances comparable, 
and further comparisons made with the method of Tukey HSD Multiple 
Comparisons. The trend in abundance and density of nematodes, in relation to 
days (or years) (D) in on-growing cod was determined with linear regression, 
following the model; ln(X+1) = i + μ×D, where, i is the point of interception on 
the Y-axis and μ is the slope; mortality (in case of the abundance) and reduction in 
density of nematodes per time interval (day or year). Statistical analyses were 
performed by using Matlab® Statistic Toolbox version 7.5. 
 
 
Results 

 
Sex-ratio, age and growth of cod in length and weight 

   Sex-ratios were of similar values in all samples (Table 2) and not significantly 
different from 1:1 except in the sixth cod sample from experiment C and in the 
fifth sample in experiment B, there the males were significantly more numerous 
than females. Mean-age (SD min - max) of experimental cod initially was not 
significantly different being 5.3 (1.74 3 - 9), 4.7 (1.80 2 - 11) and 4.3 (1.32 3 - 12), 
for experiments A, B and C respectively. 
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Length (L) and weight (W) relationships were not found to be significantly 
different in relation to sex and experiments and were thus combined, the overall 
relationship was observed to be: 

log10(W) = -5.859(0.045) + 3.509(0.025)×log10(L); 

(SE in parentheses, N = 1383, R2
ad = 0.94). The cods increased 1.3 – 1.6 times in 

length. Ricker’s growth constant per length (SD) were 0.24 (0.03), 0.29 (0.01) and 
0.28 (0.01) for experiments A, B and C, respectively. The cod also increase in 
weight 3.3 – 6.1 times (Table 1). Ricker’s growth constant per weight [10] were 
(SD) 0.86 (1.54), 1.04 (0.94) and 0.99 (0.92), in experiment A, B and C 
respectively. 

 
Monitoring of nematodes 

   Prevalence of Pseudoterranova larvae in cod was not significantly different in 
the samples from each experiment, however there were observed significant 
differences between experiments A, B og C. Cod from experiment B had double 
odds of being infested than cod in experiment C and cod from experiment A had 
1.7 times higher odds than cods in experiment C (Log Likelihood= -832.30, X2

2 = 
31.0, P < 0.001). Prevalence of Anisakis larvae was also found to be significantly 
different in cods in each experiment, in experiment A the odds of being infected 
was only found to be 0.30 of that of experiment C and in experiment B the odds 
were 0.43 of that in experiment C (Table 3). 

Density of Pseudoterranova larvae in cod (Y = number of larvae kg-1) 
decreased with increasing number of days in sea-cages following a parabolic 
relationship, rather than a linear one (F1,1379 = 5.01, P = 0.02), however there were 
observed significant difference between experiments A, B and C (F2,1379 = 32.43 , 
P < 0.001) (Fig. 1). The experiments were therefore analyzed separately. Using 
sample number 2 as a reference point, the linear decrease in density per year (μ 
(SE)) from that point to the end of the experiment was: μA = -0.49 (0.12), μB = 
-0.61 (0.05) and μC = -0.10 (0.04). Density of Anisakis larvae in cod decreased 
significantly with number of years in on-growing (F1,1379 = 47.66, P < 0,001) and 
there were observed significant differences between the three experiments (F2,1379 
= 63.42, P < 0,001), thus the on-growing experiments were analyzed separately 
(Fig. 2). The observed decrease (the slope) from sampling 2, did however not turn 
out to be significantly different between experiments A, B and C, and the overall 
slope being μABC = -0.41 (0.02). 

Abundance of Pseudoterranova in cods’ fillets in the experiments generally 
increased between the first and second sampling, but after that usually declined 
(Fig. 3). In experiment A, abundance was significantly different between 
sampling days (F3,180 = 2.80, P = 0.04), the significant difference being between 
sampling two and four. In experiments B the abundance of sealworm was also 
significantly different between sampling days (F5,601 = 14.79, P < 0.001), sampling 
two and three significantly different from the others, however in C there were not 
observed significant differences (Fig. 3). The intercept in the on-growing 
experiments A, B and C were significantly different (P < 0.01), however the  
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slopes were not. The overall slope of ln(sw+1) in relation to years was found to be 
-0.22 (0.04). Abundance of Anisakis was generally increasing or stable in the first 
two samplings, but then declined significantly (Fig. 4), in the on-growing 
experiment A, B and C (F2,1378 = 71.14, P < 0.001). Therefore the experiments 
were analyzed separately. The slopes, however, were not significantly different 
between experiments, the overall slope of ln(ww+1) on years = -0.17 (0.03). 

 
Discussion 
 
   The authors are not aware of other experiment similar to this one presented 
here, monitoring the nematode-burden of cod in on-growing sea-cages, in an 
indirect way. Monitoring this directly in live cod, however, would be preferable, 
but that would involve technological solutions, which are not at presently 
available. Age, length and weight of cod taking part in the three experiments, A, B 
and C were quite similar (Table 1). Sex-ratio was also comparable in the three 
experiments, not significantly different from 1:1 except in two instances (Table 2). 
Therefore it was not felt necessary to incorporate sex as a factor in the statistical 
analyses performed. Growth of the cod in the on-growing experiments was quite 
similar in the first 500 days. Growth in length 1.26, 1.44 and 1.40 and growth in 
weight 3.28, 4.53 and 3.91 in A, B and C. In experiment B and C, however, the 
growth slows down a little in the end of the experiment (Table 1), which could be 
caused by the cod increasingly using the energy in the food to develop sex-organs, 
rather than somatic growth. 

Prevalence of Pseudoterranova and Anisakis larvae was not significantly 
different between sampling dates, except Anisakis larvae in on-growing 
experiment C increased in prevalence between sampling 1 and 4 (Table 3). This 
was, however, not highly significant and could have occurred by change alone, 
and therefore ignored in further analyses. 

Density of nematodes reaches a maximum in cod in the second sampling, 
usually after 200 days in on-growing and then decreases significantly, except in 
experiment C, when this decrease started right after 181 days. This made it clear 
that it was possible to produce cod with much less density of nematodes, than 
occurs naturally, by keeping it in on-growing sea-cages and giving it 
nematode-free food. Cod in the wild accumulate nematodes continuously by 
feeding on infested animals in the sea. Often the density reaches a maximum in 
older cod and declines with time after that, this was however different between 
coastal areas [11]. Cod with so low nematode density, as after about 900 days in 
the on-growing sea-cages was hard to find off the NW-coast. However, due to the 
general over-dispersion of the total number of nematodes in fish, one can expect 
to find some nematodes in some fish, even when the mean density was 
particularly zero. Predatory and cannibalistic cod in the sea-cages could also keep 
on collecting some nematodes by eating smaller cods from the sea-cage, because 
Pseudoterranova larvae can survive 2 – 4 re-infections [12]. It would therefore be 
advisable not to slaughter cod from the on-growing sea-cages until after one and a 
half year. In the beginning, the density of nematodes in the fillets can probably 
even increase because nematodes in the visceral organs are probably on their way  



Decreases in anisakid nematodes abundance and density                223 
 
 
crawling into the muscles, to “settle down”. The decrease in density therefore 
does not start but after the second sampling after the first 200 days or so. This 
could be interesting to study further by taking samples more frequently in the 
beginning of the experiment. It could even take at least another year for the 
decrease in nematode density to reach levels, where cod-fillets could be 
characterized as a literally worm-free quality product. The question is, whether 
the increased expenses due to the prolonged feeding of cod will be compensated 
with a higher prize for the cod-products from the on-growing, on the fish-market. 

Abundance of Pseudoterranova and Anisakis larvae in the fillets of cod 
increased before the second sampling, the first 200 days or so, but then declines. 
On the contrary one would expect the abundance to stay stable. This increase the 
first 200 days could be due to nematodes from the viscera immigrating into the 
fillets. The counting of nematodes was done in the fillets. The decline after day 
200 must be due to mortality of the nematodes in the fillets, because there was no 
evidence for the nematodes crawling out of the cod and escaping into the sea. The 
overall slope (mortality) (SE) from the on-growing experiments, relating 
abundance with years in on-growing was -0.22 (0.04) and -0.17 (0.03), for 
Pseudoterranova and Anisakis respectively, which suggests that halving of 
Pseudoterranova and Anisakis total numbers in cod takes about 3 and 4 years 
respectively. Anisakis larvae seem to have a little higher survival in cod in the 
NW coastal waters of Iceland. This could pinpoint that Anisakis was better 
adapted than the Pseudoterranova-larvae to the northern waters around Iceland. It 
has been observed to migrate more freely inside fish and fish-products. It survives 
longer in the stomach of humans (Homo sapiens) and causes more harm, but 
human stomach is an unnatural environment for these nematode species [13,14]. 
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Figure legends 
 

 
 
 
Plate 1. Picture of a part of a sea-cage with floats, during sampling cod with 
a dip-net, eastern shores of Skutulsfiord seen in the distant background 
(Photo. Ketill Elíasson). 
 
 

 
Fig. 1 Density of Pseudoterranova (dsw) in cod in on-growing experiments 
A, B and C, Y-axis in natural logarithmic (ln) scale. 
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Fig. 2 Density of Anisakis (dww) in cod in on-growing experiments A, B and 
C, Y-axis in natural logarithmic (ln) scale. 
 
 

 
 
Fig. 3 Abundance of Pseudoterranova (sw) in cod in on-growing 
experiments A, B and C, Y-axis in natural logarithmic (ln) scale. 
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Fig. 4 Abundance of Anisakis (ww) in cod in on-growing experiments A, B 
and C, Y-axis in natural logarithmic (ln) scale. 

 
 
Table 1 Information about cod in the three on-growing experiments, A, B and C. 
Total number of cod slaughtered (N) and sampling date, length and weight of fish 
 
Sample date N Days in 

on-growing 
Mean-length SD 
(median min - max) 

Mean-weight SD 
(median min - max) 

A    
1 2.6.2004 28 0 58.25 8.780 (59 40-75) 1.69 0.679 (1.60 0.53-3.50) 

2 18.12.2004 53 199 62.57 8.661 (62 44-79) 2.87 1.360 (2.79 0.87-7.10) 

3 16.6.2005 50 378 64.61 7.145 (65 48-80) 3.31 1.162 (3.07 1.49-5.73) 

4 29.12.2005 50 565 73.52 11.020 (76 46-93) 5.53 2.381 (5.46 1.09-10.59) 

B    

1 16.6.2005 100 0 50.06 9.362 (50 30-74) 1.30 0.721 (1.13 0.29-4.47) 

2 3.1.2006 101 200 58.64 7.426 (59 39-77) 2.28 1.048 (2.24 0.53-6.02) 

3 13.6.2006 100 362 64.03 6.058 (64 52-91) 3.30 1.158 (3.10 1.23-9.58) 

4 18.12.2006 100 550 70.59 7.642 (71 48-87) 5.08 1.828 (5.04 1.42-9.80) 
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5 17.6.2007 100 730 74.48 7.903 (74 55-96) 5.60 1.930 (5.31 2.10-11.77) 

6 2.1.2008 100 929 81.56 7.259 (82 63-100) 7.93 2.158 (7.92 2.67-15.29) 

C    

1 22.6.2007 100 0 51.82 7.087 (51 40-73) 1.32 0.548 (1.19 0.51-3.15) 

2 20.12.2007 100 181 58.31 8.056 (58 40-83) 2.32 1.137 (1.98 0.76-7.34) 

3 15.6.2008 100 359 66.31 9.112 (66 46-91) 3.71 1.695 (3.31 1.14-8.94 

4 6.1.2009 100 564 75.01 8.275 (75 57-93) 5.98 2.145 (5.79 2.03-11.21) 

5 11.6.2009 100 719 76.88 6.612 (76 55-94) 5.12 1.372 (5.06 1.33-9.16) 

6 11.12.2009 100 902 79.35 6.889 (79 61-96) 6.70 2.100 (6.70 2.36-13.26) 
 
 
 
 

 
 
 
Table 2 Total number of male and female cod in each sample of on-growing 
experiments A, B and C, NS non significance, *, ** and *** significant at the 5%, 
1% and 0.1% level respectively, df degrees of freedom df = 1 for each sample, df 
= 3 for total of experiment A and df = 5 for total of experiments B and C 
 

Sample Males Females Total X2 df   
Experiment A 
1 17 11 28 1.29NS   
2 27 26 53 0.02NS   
3 18 32 50 3.92NS   
4 23 27 50 0.32NS   
Total 85 96 181 0.67NS   
Experiment B 
1 59 41 100 3.24NS   
2 59 40 99 3.65NS   
3 55 45 100 1.00NS   
4 54 46 100 0.64NS   
5 62 39 101 5.24*   
6 60 40 100 4.00NS   
Total 349 251 600 16.01**   
Experiment C 
1 54 46 100 0.64NS   
2 46 54 100 0.64NS   
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3 51 50 101 0.01NS   
4 43 57 100 1.96NS   
5 58 42 100 2.56NS   
6 73 27 100 21.16***   
Total 325 276 601 4.00NS   

 
 
 
Table 3 Prevalence (%) of Pseudoterranova and Anisakis larvae in cod in 
on-growing experiments A, B and C 
Experiment Sampling Pseudoterranova (%) Anisakis (%) 
A    
 1 75.0 82.1 
 2 84.9 90.6 
 3 62.0 86.0 
 4 70.0 74.0 
Total  72.9 83.4 
B    
 1 62.0 76.0 
 2 89.1 94.0 
 3 82.0 93.0 
 4 79.0 94.0 
 5 75.2 78.2 
 6 72.0 92.0 
Total  76.6 87.8 
C    
 1 68.0 91.0 
 2 64.0 94.0 
 3 53.5 95.0 
 4 69.0 98.0 
 5 57.0 92.0 
 6 61.0 97.0 
Total  62.1 94.5 
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