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Abstract

This study reports on various biological features in the life history of northern shrimp (Pandalus 
borealis) on Flemish Cap. Northern shrimp on Flemish Cap are males for approximately their first 
three years. Then usually half change sex at age four years, and the rest at age five years, to become 
females from then on. Small shrimp are generally found at lesser depth than the larger ones so the size 
of shrimp increases with depth, especially that of males. Larger females seem to move to shallower 
waters in March when hatching starts. The size at sex change (L50) and the maximum length (Lmax) are 
studied within and between seasons. Both L50 and Lmax have decreased in recent years. L50 was 22.5 
mm CL on average in the seasons 1996/1997–2003/2004, but has decreased from 23.2 mm CL in 
1997/1998 to 22.4 mm CL in 2003/2004 (Icelandic commercial data) and from 24.3 mm CL in 1994 
to 20.9 mm CL in 2003 (EU survey data). Also Lmax has decreased from 29.8 mm CL in 1996/1997 
to 28.0 mm CL in 2003/2004 (Icelandic commercial data). In spite of this, there is an invariant re-
lationship between L50 and Lmax, where L50 is about 80% of the average Lmax of northern shrimp on 
Flemish cap. This supports the theory of Charnov and Skúladóttir (2000) on the invariant relationship 
between L50 and Lmax in sex changing organisms. The same is found in Icelandic offshore waters and 
the Denmark Strait. The decline in L50 could be related to the observed increase in temperature at 150 
m in the last decade from 2.6°C in the years 1992–1996 to 3.5°C in 1997–2003. The sudden decline 
in the female biomass of shrimp on Flemish Cap between 1992 and 1994 appears to coincide with a 
drop in the age at sex change (A50) by one year in 1995 and 1996. Moreover, the increase in biomass 
of shrimp follows the disappearance of cod in the mid-1990s. As female shrimp biomass increased 
there was a delay in changing sex, showing the versatility of shrimp on Flemish Cap in adjusting 
to changes in sex-ratio. Growth of shrimp was fast in the earlier years and slower in later years 
indicating that food may be a limiting factor. The growth during the earlier years is faster than that 
of northern shrimp in the Barents Sea. Compared to other areas in the 1980s, the growth is slightly 
faster than that of the warm inshore waters of Iceland, but much slower than the growth of shrimp in 
the inshore waters of Sweden. The ovigerous period is studied for the first time on Flemish Cap and 
is estimated to be about eight months. 

 Key words: growth, maximum length, ovigerous periods, Pandalus borealis, sequential hermaphro- 
 dite, size at sex change.

Introduction

Northern shrimp (Pandalus borealis) is the main 
cold water species of shrimp in the world. The world 
catch has increased tremendously in the past decades 
from about 200 000 metric tons (t) in 1983 to about 
455 000 t in 2004 (FAO, 2000, 2006). The biology of 
northern shrimp has been studied for many years (see 
e.g. Berkley, 1930; Rasmussen, 1953; Horsted and 
Smidt, 1956; Allen, 1959; Haynes and Wigley, 1969; 
Shumway et al., 1985; Bergström, 1992a, 2000), but lit-
tle has been published on the biology of northern shrimp 
on the Flemish Cap.

The occurrence of northern shrimp on Flemish Cap 
was known well before the fishery started owing to the 
1988 demersal EU-Spain survey (Vázques, MS 1989). 
In 1991 and 1992 the Spanish investigators noticed that 
the shrimp biomass index had increased tremendously 
(Sainza, MS 1993) and in 1993 Canadians started their 
Flemish Cap shrimp fishery. A few commercial shrimp 
samples were obtained in the early years, mainly by 
Canada.

Parsons et al. (1998) were the first to make a com-
prehensive study of shrimp on Flemish Cap in relation 
to hydrography and dispersion around the Cap. They 
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showed that northern shrimp was distributed all around 
Flemish Cap except for the south-east slope, at the depth 
of 250–550 m (Escalante et al., MS 1990; Mena, MS 
1991; Parsons et al., 1998). 

This study conducts various biological analyses on 
the international database that has been compiled for 
northern shrimp on Flemish Cap, including studying 
mean length by depth, calculations of the size at which 
50% of shrimp change sex (L50), and growth. In studies 
of L50 for Denmark Strait and adjoining Icelandic waters 
(Skúladóttir, 1998) and later for all Icelandic waters, L50 

in each population was found to be a fixed proportion, 
about 80% of maximum length (Lmax) (Skúladóttir and 
Pétursson, 1999; Charnov and Skúladóttir, 2000). Char-
nov and Skúladóttir (2000) later put forward a theory 
that other marine species changing sex would do so at an 
invariant proportion of Lmax. The relationship between L50 
and Lmax for shrimp on Flemish Cap will also be examined 
in this study. L50 is also calculated for the overall frequen-
cy distributions from both the Faroese and the EU-Spain 
surveys. The egg-bearing periods of P. borealis on Flem-
ish Cap are examined for the first time in this paper.

Methods
Data Collection

The geographic location of the Flemish Cap is 
shown in Fig. 1. For comparison of shrimp growth rates, 
other areas in the north Atlantic Ocean are also shown. 
The commercial Icelandic sampling scheme for Flemish 
Cap shrimp was introduced in 1996. In this scheme on 
the 1st and 2nd day, one sample was taken at noon and 
one sample in the evening. On the 3rd day, a sample was 
taken in the morning (the night haul) and at noon. The 
scheme was repeated on the 4th day. Thus one in six hauls 
were night samples. Icelandic observers sampled Flem-
ish Cap shrimp onboard all Icelandic vessels in the same 
manner in the years 1996 through 2004.

The carapace length (CL) was measured on fresh 
shrimp to the nearest 0.5 mm from the eye socket to 
the mid-dorsal posterior edge of the carapace using 
Vernier calipers. Observers arranged the specimen on 
a table with length classes in a row. Each length class 
was sorted into males and females using the method of 
Rasmussen (1953) and the females were further sorted 
into primiparous and multiparous groups using the ster-
nal spine criterion of McCrary (1971). Also females car-
rying headroes, eggs without eyes, and eggs with eyes, 
were distinguished. Finally observers had to look for 
shrimp that were both green in head and carried eyed 
eggs. No distinction was made between immature and 

mature males. No primary females (individuals that do 
not change sex but are females from hatching) were 
found by the observers in shrimp samples from Icelandic 
waters in 1962–1975. Therefore, it was agreed to start 
sorting shrimp into the aforementioned sex categories 
from the largest length class and working down to the 
smallest length class. If two successively smaller length 
classes contain only males (i.e. no females), then the rest 
of the smaller length classes were assumed to consist of 
only males.

The length-weight relationships were based on fro-
zen samples collected in 1996. After thawing in air, each 
specimen was measured to the nearest 0.5 mm, sexed 
and weighed to the nearest 0.1 g. Later, the length-weight 
relationships were calculated for males and multiparous 
females separately.

For analysing the ovigerous periods, the proportion 
of females preparing to spawn was calculated by divid-
ing the number of ‘headroe’ and egg-bearing individu-
als by the total number of female shrimp. A proportion 
was calculated for each day and then a weekly average 
calculated for summer and autumn samples to the end 
of October. From November onwards, the egg-bearing 
ratio was calculated from the proportion of egg-bearing 
females against all females without sternal spines. The 
primiparous females occurring at that part of the year 
were omitted as these were considered the new batch of 
females that had just changed sex from male to female 
and would be preparing spawning next summer (see Fig. 
2 for the shrimp life history).

The size at sex change (L50) was calculated for each 
sample in a similar manner to Skúladóttir and Pétursson 
(1999), except that the proportion of all females (exclud-
ing transitionals) was the number of all females in each 
length-class divided by number of all stages, instead of 
just using the females without sternal spines. Fitting L50 
for the shrimp from the EU and Faroese survey samples 
was carried out on the combined length distribution of 
all samples in the survey. The sigmoid logistic curve 
(Pearl and Reed, 1920) fitted by minimizing the nega-
tive of a binomial likelihood was used for determining 
L50and A50.

Age assessment
Two methods were used for ageing: deviation analy-

sis and modal analysis.

The deviation analysis (Sund, 1930; Skúladóttir, 
1981) was applied to the length-frequency distributions 
(LFD) of several months. The LFDs of all samples within 
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a month were combined and turned into a promille dis-
tribution. Then for example all the LFDs of June of the 
years 1993–2003 were summed to calculate an overall 
promille LFD for June. Then the LFD of June in each 
year was subtracted from the overall LFD of June for all 
years. The same was done for most months of the year as 
carried out by Skúladóttir (MS 2004). From this positive 
anomalies could be detected as indicators of a year-class 
stronger than average. These year-classes could then be 
followed for some years. The length at age was then es-
timated visually. 

In the modal analysis (MacDonald and Pitcher, 
1979), shrimp were separated into three categories, 
namely males, primiparous females (including transi-
tionals) and multiparous females according to the ster-
nal spine criterion (McCrary, 1971), The modal analysis 
was conducted on samples, combined within a month, 
in the three aforementioned categories. The lengths at 

age deduced from the deviation analysis were used as 
inputs. Moreover the number of age classes assumed 
from the deviation analysis was used as a guide. This 
analysis provided the mean lengths and proportions at 
age and sex each month, as well as standard deviations 
of proportions and mean lengths. The mean lengths were 
converted to mean weights using length-weight relation-
ships for the appropriate months to calculate the number 
caught (Skúladóttir, MS 1997). An average length-at-age, 
weighted by number caught each month by nation, was 
calculated for the whole period.

Results
Life history and year class strength

The life history of Pandalus borealis on Flemish 
Cap is shown in Fig. 2 (Skúladóttir and Sigurjónsson, 
2004). All individuals are assumed to start life as males as 
there were no small females found in the smallest length 

Fig. 1. (A) Map of the north Atlantic Ocean showing statisical areas defined by NAFO (west of 
42°W) and ICES (east of 42°W). Adapted from Halliday and Pinhorn (1996). (B) The 
main study area of Flemish Cap (NAFO subdivision 3M) and part of the Grand Bank 
(NAFO subdivision 3L). Bathymetric contour lines are at 100, 300, 1 000 and 2 000 m.
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groups analysed. So the so-called primary females that 
have been found, e.g. in Gullmarsfjord Sweden (Berg-
ström, 1992a), were not found on Flemish Cap. At the 
age of four to five years, males change sex to females 
and breed for the rest of their life as females. The where-
abouts of the shrimp less than one year old is unknown. 
One year olds are occasionally caught in small numbers 
by ordinary shrimp trawls (40 mm mesh size). More one 
year olds are caught by the juvenile bag (6 mm mesh 
size) attached on the upper side near the rear end of the 
cod-end to the survey shrimp gear (Nicolajsen and Bryn-
jólfsson, MS, 2003; Casas et al., MS 2004). Only small 
shrimp, one to three year olds are caught in the juvenile 
bag. The abundance of two year olds (Fig. 3) has been 
found useful as an index of recruitment, especially in the 
Faroese survey which was carried out from 1998 through 
2003 using a 6 mm mesh juvenile bag (Nicolajsen and 
Brynjólfsson, MS 2003). The 1997 and 1999 year-class-
es seen as two year olds in 1999 and 2001 in Fig. 3 were 
quite strong and were also found to be strong in the years 
to follow later on in the fishery. The 2002 year-class, 
that first showed up as strong one year olds in Fig. 3, 
was also very prominent in the fishery in 2004 and 2005 
(Skúladóttir and Pétursson, MS 2005). 

Length-weight relationships
It is necessary to account for the monthly variation 

in the weight of multiparous shrimp when calculating, 
for example, catch in numbers. The data were collected 

in 1996 and some of the length-weight relationships have 
been previously published (Skúladóttir, MS 1997). The 
results for males were combined in all available months 
(Table 1). Moreover it is assumed that females with ster-
nal spines have the same length-weight relationship as 
males, as these are not egg-bearing. Multiparous females 
(females without sternal spines) are sometimes egg-bear-
ing and are then much heavier than other multiparous fe-
males not bearing eggs. In some months all multiparous 
females are ovigerous as egg-bearing is almost 100%. In 
other months, a proportion is not egg-bearing (see be-
low). The length-weight relationships for multiparous 
females is variable even when spawning is complete 
(Table 1). As the number of multiparous females investi-
gated are rather few each month, it is advisable to use a 
longer period for the mean weight at length of multipa-
rous females when spawning is complete, namely that 
of September through March. In other months, at times 
of hatching and spawning, the individual months like 
April for partly hatched and July and August for partly 
spawned multiparous females should be used. However 
when shrimp are fully hatched, like in May–June, these 
two months may be combined for multiparous females 
(Table 1). 

Temperature
There has been some change in temperature through 

the years as shown in Table 2. The data are average 
temperatures taken at the depth of 150 m along the 

Fig. 2. Life history of Pandalus borealis on Flemish Cap. Reproduced with permission from Skúladóttir and 
Sigurjónsson (2004). 
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Flemish Cap transect (Colbourne, personal communi-
cation). In 1992 the value was 2.85°C, decreasing to a 
minimum in 1994 of 1.7°C. From then on there was a 
warming up of waters to 4.3°C in 1999 and decreasing 
again to 3.15°C in 2001.

Breeding cycle
The breeding cycle has been studied for a number of 

years (seasons). In the first year, 1996, only hatching was 
deduced, being half finished around 4 April of the year 

(Fig. 4, Table 3). Spawning and hatching was followed 
closely over five seasons (Fig. 4, Table 3). However in 
one season, 1996/97, hatching could not be followed 
because of lack of sampling in the critical weeks dur-
ing March and April. Also, the 2000/2001 season lacks 
data around hatching although it should be noted that 
hatching had not begun by 1 April and resembles thus 
the seasons of 1997/98, 2001/2002 and 2002/2003 where 
the first hatching starts late compared to other seasons. 
Spawning starts on the average about the 15 July. About 
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Fig. 3. Age distribution (numbers) of shrimp in the juvenile bag in the Faroe Islands surveys on 
Flemish Cap in 1998–2003.

TABLE 1. Length-weight relationships for male and multiparous female Pandalus borealis in 1996, where y is the weight 
(g) and x is the carapace length (CL, mm).

                    In y = a ln x - b  Weight (g) at
Period No. of specimens a                       b                      r2               CL 20 mm    CL 23 mm      CL 26 mm     

Males  
March-December 953 3.037 7.549 0.939 4.71 7.20 10.44

Multiparous females  
March  51 3.258 8.166 0.860 4.92 7.76 11.58
April  74 2.676 6.368 0.913 5.20 7.56 10.49
April-June  127 2.778 6.689 0.919 5.12 7.55 10.61
May-June1  53 2.676 6.368 0.931 5.20 7.56 10.49
July  122 2.921 7.144 0.941 4.99 7.50 10.73
August  66 3.111 7.689 0.897 5.11 7.89 11.55
September  97 2.753 6.565 0.921 5.38 7.90 11.07
October  114 3.050 7.458 0.899 5.36 8.21 11.93
November  147 2.636 6.083 0.846 6.13 8.87 12.25
December  133 2.812 6.745 0.863 5.36 7.94 11.21
September-December2 491 2.899 6.989 0.864 5.45 8.17 11.66
September-March 542 2.929 7.085 0.863 5.42 8.16 11.68

1 Females have no eggs on the pleopods; 2 All females carry eggs on their pleopods.
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50% of females have spawned by 6 August. On average, 
all females have spawned on Flemish Cap by 24 August, 
and thus unlike some far north populations females on 
Flemish Cap spawn every year. The eggs are then car-
ried on the pleopods during the autumn and winter. The 
hatching starts on the average on 19 March, by 2 April 
50% have hatched their eggs, and hatching is usually 
completed by 15 April. 

Assuming that the length of the egg-bearing is from 
6 August (the date when 50% have spawned) to 2 April 
(the date when 50% have hatched their eggs), the egg-
bearing period is about eight months (Table 3). The 
length of the ovigerous period is almost the same in all 
seasons +/- half a week, except in the year 1999 (season 
1998/1999) when the period was shortest and the tem-
perature higher than usual (Table 2).

Mean size of sex groups by depth
The smaller males are more prevalent at shallow 

waters as judged by mean size by depth (Fig. 5A and 
B). The example shown is that of year 2000 from the 
Icelandic fishery. However the same general picture is 
observed in all the years 1996 through 2003. 

Females are also bigger as depth increases, although 
the regression coefficient is lower than that of mean 
size of males by depth e.g. in the year 2000 (Fig. 5C). 
However, plotting the mean size of females by depth per 

month revealed an interesting feature, namely that there 
was often a low regression coefficient in linear relation-
ships fitted for April at the time of hatching. The slope 
was also very low in March (in 3 out of 7 years), in April 
(in 5 out of 7 years) and in May (in 3 out of 8 years). The 
lack of slope could be related to large females moving 
to shallower waters at time of hatching. Fig. 5D is an 
example of this, showing hardly any difference in size 
of females by depth in the March–April period in year 
2000. Males did not show any seasonal differences in 
size on depth (Fig. 5A and B). 

Size and age at sex transition

After being male for some years the shrimp change 
sex to become females. Average L50 and average Lmax 
each month are taken from Skúladóttir et al. (MS 2004). 
Recalculating L50 for northern Icelandic waters in the 
years 1988–1996 (Skúladóttir and Pétursson, 1999), us-
ing the same method as is used here, lowers the result 
of average L50 for northern shrimp in offshore Icelandic 
waters from 23.65 mm CL to 23.00 mm CL, namely a 
decrease of 0.65 mm. However L50 is variable on Flem-
ish Cap within the year. L50 increases slightly from the 
beginning of June to reach a high level in November 
through January. After that there is a drop in the monthly 
average L50 in February, March and April (Fig. 6A). This 
is due to a new batch of females entering the fishery. 
The average difference is as much as 2 mm within the 
year (1996–2004). Thus if an average L50 is calculated 

TABLE 2. Biological data of Pandalus borealis at Flemish Cap that are used in this paper for comparison. The mean L50
and Lmax values from the Icelandic commercial data included the months June–December and May the following 
Year. Both L50 and Lmax  are from individual samples for the Icelandic data whereas the L50 from the EU-Spain 
and the Faroese survey data are calculated from a combined length frequency distribution for the whole survey 
each year. Temperature is from Colbourne (personal communication).

           International Icelandic data1 EU survey Faroese            Combined      Canadian data
Year data    data          survey data          Average      Temperature at

         A50                 L50                   Lmax               L50/Lmax           L50                  L50 L50 150 m depth °C

1992  23.18 23.18 2.85
1993 4.50 23.40 23.40 3.00
1994 4.50 24.29 24.29 1.70
1995 3.50 22.79 22.79 2.94
1996 3.37 22.85 29.78 0.767 22.77 22.81 2.95
1997 4.24 23.17 28.64 0.809 22.82 22.87 22.95 3.18
1998 4.26 22.74 28.47 0.799 22.82 22.91 22.82 3.73
1999 4.24 22.25 28.22 0.788 20.85 21.28 21.46 4.29
2000 4.28 22.01 27.68 0.795 20.75 21.54 21.43 3.45
2001 4.36 22.43 27.38 0.819 21.60 21.98 22.00 3.15
2002 4.23 22.22 27.71 0.802 20.72 21.38 21.44 3.30
2003 4.31 22.48 28.00 0.803 20.89 21.69 3.74
Mean 4.16 22.52 28.24 0.798 22.24 21.99 22.52 3.19

1 For Icelandic data these are seasons instead of whole years, denoted by the year representing most of the data.
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Fig. 4. Percentage of egg-bearing female Pandalus borealis from 1995/1996 to 2003/2004.
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Fig. 5.  Mean length of male and female Pandalus borealis by depth in year 2000 on Flemish Cap. (A) and (C) 
are fitted for the whole year, and (B) and (D) show the difference in size-related depth-distribution of 
males and females at the time of hatching in March through April.

per year it is wise to exclude the months between Feb-
ruary and April (Fig.6A) as is done in Table 2 and Fig. 
7A. January is excluded, as often samples are missing 
in January. There is a slight variation in the mean maxi-
mum length (Lmax) each month within the year but no 
trend was evident (Fig. 6B). Fig. 7 and Table 2 show the 
L50 and Lmax by seasons. Apparently there is little change 
in L50 per season from 1996/97 to 2003/2004 in the Ice-
landic commercial data. However there was a change in 
mesh size in the commercial fishery increasing from 40 
to 44 mm (open mesh) in the last years. So a change 
in selection, could result in a slight overestimate of L50 
in these data. Table 2 also shows the values of L50 of 
shrimp calculated for the whole EU survey each year. 

Data are taken from various Spanish investigators (Del 
Rio and Sainza, MS 1997; Del Rio, MS 1998; Garabana, 
MS 1999; Bruno, MS 2000; Diaz, MS 2001; Del Rio 
et al., MS 2002; MS 2003). The EU-Spain data before 
1992 were not used as the classification into primiparous 
and multiparous females was inaccurate. The EU-Spain 
survey data show a trend going from 24.3 mm in 1994 to 
20.8 mm in 2000. Since 2000, L50 has fluctuated without 
a trend. The L50 values calculated from the Faroese sur-
vey data (Nicolajsen, MS 1998, MS 1999, MS 2000, MS 
2001, MS 2002, MS 2003) show the same trend as the 
EU-Spain data, namely a decrease in L50 from 22.9 mm 
in 1998 to 21.3 in 1999 staying rather stable after that 
(Table 2). The overall mean L50 for shrimp on Flemish 

TABLE 3. The date when certain stages are reached in the egg-bearing periods, as estimated from Figure 4. Length of the 
ovigerous period is estimated from time when 50% of female shrimp have spawned to the time when 50% have 
hatched their eggs.

                                                 50% of                                       First              50% of           End of           Length of 
                                     Start of            females        All females          females           females        hatching egg-bearing
Year                             spawning         spawned         spawned            hatched           hatched           time         period (weeks)

1995/1996 21 Mar 4 Apr 2 May
1996/1997  4 Jul 25 Jul 15 Aug 18 Apr
1997/1998  11 Jul 5 Aug 22 Aug 31 Mar 4 Apr 11 Apr 33.5
1998/1999  11 Jul 1 Jul 22 Aug 14 Feb 4 Apr 28 Mar 32.0
1999/2000  11 Jul 1 Jul 22 Aug 14 Mar 24 Mar 11 Apr 33.5
2000/2001  18 Jul 12 Aug 5 Sep
2001/2002  25 Jul 12 Aug 22 Aug 31 Mar 4 Apr 18 Apr 32.5
2002/2003  18 Jul 8 Aug 22 Aug 31 Mar 4 Apr 18 Apr 33.0
2003/2004  25 Jul 15 Aug 29 Aug
Mean  15 Jul 6 Aug 24 Aug 19 Mar 2 Apr 15 Apr 32.9
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Fig.6.  (A) the L50 and (B) the Lmax of Pandalus borealis by 
months. Data points are the means of eight seasons 
from 1995/1996 to 2003/2004. (Icelandic commercial 
data).
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Fig. 7.  Annual changes in Pandalus borealis (A) L50 (Janu-
ary to April are omitted, see text), and (B) Lmax . (Ice-
landic commercial data).

Cap for the six seasons 1997/1998 to 2002/2003, is 22.5 
mm for Icelandic data, 21.6 mm in the EU-Spain data 
and 22 mm for the Faroese data (Table 2). There could be 
a small difference in the method of measuring between 
the Faroese and EU-Spain investigators or the method 
of sex determination. As one can not decide which is the 
most correct result, an average L50 from the three sourc-
es, Icelandic, EU-Spain and Faroese data was calculated 
and used in Figures 8-9. 

The mean Lmax in the Icelandic data decreased with 
years, being highest in the season 1996/97 at 29.8 mm, 
decreasing to 27.4 mm in the season 2001/2002 (Table 2) 
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average L50 of Pandalus borealis (dotted line), and (B) 
regression statistics of data in A where temperature is 
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and increasing again to 28 mm in 2003 (Table 2, Fig. 7B). 
The proportion L50/Lmax (from Icelandic commercial data) 
varies from 77% to 82% being 80% on average for the 
Flemish Cap (Table 2).

Age at sex change based on age determination in 
Skúladóttir (MS 2003b) is given in Table 4. The propor-
tions for each year are calculated from the proportions 
of females in each age-class. Following the year classes 
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diagonally in the table it appears that the 1990 year-class 
changes sex at age 5, the 1991 and 1992 year-classes 
changed sex at age 4. After this a proportion of shrimp 
(12–61%) appeared to spawn as females when 4 years 
old and the rest as 5 year old. The age when 50% of 
shrimp spawn as females (A50) is calculated from Table 4 
and listed in Table 2.

Fig. 8 shows a downward trend in the size of L50  go-
ing from 24.3 in 1994 to 21.4 in year 2000 remaining at 
the same level to 2003. A decrease in the size at 3 years 
is also shown (Fig. 8). To complicate this there is a drop 
in A50 from 4.5 to 3.5 years between 1994 and 1995, fol-
lowed by an increase in the years 1997–2003. Figs. 9 
and 10 show various factors that may affect the size/age 
at sex change. Fig. 9A shows the decrease in L50 by years 
as temperature at 150 m depth increases. The relation-
ship between 4-year moving averages of temperature 
and L50 is highly significant (Fig. 9B). Figs. 8 and 10A 
show the drop in A50 in 1995 following a drastic decrease 
of female biomass from EU-Spain survey (Casas et al., 
MS 2004) from 1992 to 1994. The relationship with a 
one-year timelag being significant at P<0.05 (Fig. 10B). 
There was however no relationship between temperature 
(4-year moving average) and A50.

Growth
The length deviations for Flemish Cap shrimp can 

be followed in Skúladóttir (MS 2003a) while the mean 
lengths at age as estimated from the deviations are given 
in Skúladóttir et al. (MS 2004). There the year-classes 
1993–1997 and 1999 were followed. The 1998 year-
class was considered small and therefore not traceable. 

 
The lengths-at-age from the deviation analysis 

method were then used as inputs for modal analysis. The 
results of mean length at age by year-classes from mod-
al analysis are shown in Table 5. The von Bertalanffy 
growth (VBG) curve was then fitted to the six year-class-
es of 1993–1999 both as estimated by deviation analysis 
and by modal analysis (Table 6). There are some differ-

ences in K and L∞, growth being slightly slower applying 
the modal analysis as compared to the deviation analysis 
method resulting in a lower value of K and a higher value 
of L∞. Then the year-classes were grouped together into 
faster growing and slower growing year-classes (Table 
6, Fig. 11) showing the growth of the 1990–1993 year-
classes on one hand and the 1994–1999 year-classes 
on the other. The value of K was very high for the fast 
growing year-classes, at 0.34, but only 0.16 for the 

Fig. 10.  (A) Pandalus borealis female biomass indices from 
EU surveys (solid line) and A50 from commercial data 
(dotted line), and (B) regression statistics for data in 
A where A50 is lagged by one year.
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TABLE 4.   Maturity of females (transitionals, primiparous and multiparous) at age, based on the period January to Sep-
tember. From Parsons (MS 1996) and the international database (Skúladóttir and Petursson, 2005).  

Years              1993        1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

   1  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
   2  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
   3  0.000 0.000 0.000 0.060 0.013 0.000 0.000 0.000 0.000 0.000 0.000
   4  0.000 0.000 1.000 1.000 0.514 0.431 0.300 0.356 0.120 0.608 0.258
   5  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
   6  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
   7  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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TABLE 5. Carapace length (mm) of shrimp at age as assessed by Modal analysis (Mix) for the 
period January through September. The first three year-classes are mainly estimated by 
Parsons and Veitch (1997) and the rest is estimated by Skúladóttir (MS 2003a). 

Age
(Year-class) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

   1    10.40    10.44   
   2   16.80 16.40 15.00 15.25 15.73 14.90 14.49 13.18 15.23
   3  20.70 20.40 20.30 20.54 19.01 18.75 17.58 17.32 17.78 18.14
   4  22.90 22.20 24.70 23.32 22.09 21.34 20.46 20.84 21.06 20.81
   5  25.30 24.80 25.56 25.29 24.20 24.27 23.56 23.76 24.28 
   6  26.60 28.33 26.47 26.42 26.08 25.13 25.69 26.01  
   71  29.28 29.07 29.57 29.32 26.93 28.25 29.36   

1 The lengths for age 7 are poorly estimated and not used in fitting the VBG.

TABLE 6.  The growth constants from the VBG fitted for several year-classes of Pandalus
borealis on Flemish Cap (NAFO subdivision 3M). For comparison the growth 
constants for the 1990–1993 year-classes shrimp from Hopen Deep, Barents Sea 
(ICES area I), inshore areas like Isafjardardjup in West Iceland (ICES area Va) and 
Gullmarsfjord Sweden (ICES area III) are shown.

Location         Method               Years             L∞               K             to

Flemish Cap    Deviation analysis   1993-1999   32.50  0.2653  0.22
Flemish Cap   Modal analysis   1993-1999   35.83  0.1916  -0.37
Flemish Cap    Modal analysis   1990-1993   30.51  0.3424  0.21
Flemish Cap    Modal analysis   1994-1999   38.73  0.1579  -0.60
Barents Sea    Modal analysis       1990-19931   37.57  0.1436  -0.14
Iceland   Modal analysis         1981-19892   28.50  0.2800  -0.40
Sweden   Modal analysis   1980-19853   27.90        0 .6000  0.25

1 Based on Aschan (2000), 2 Based on Skúladóttir et al. MS 1989, 3 Bergström, (1992b, 2000)

slow growing year-classes (Table 6). Fig. 12 shows the 
growth curve of Flemish Cap shrimp (the fast growing 
year-classes) as compared to the shrimp in other parts 
of the world, namely those of Barents Sea (ICES area I) 
(Aschan, 2000), Isafjardardjup, Iceland,, (ICES area Va) 
(Skúladóttir et al., MS 1989), and Gullmarsfjord, Swe-
den (ICES area IIIa) (Bergström, 1992b, 2000). Shrimp 
in Gullmarsfjord shows the fastest growth where bottom 
temperature is around 5°C (Bergström, 2000). Flemish 
Cap shrimp also shows fast growth with temperature 
about 3.2°C compared to Isafjardardjup where bottom 
temperature is about 4.5 °C (Skúladóttir and Pétursson, 
1999). The Barents Sea shrimp shows the slowest growth 
and the coldest temperatures at 1–2°C (Bergström, 2000). 
The growth constants of those populations are shown in 
Table 6. Age assessments of the 1994–1999 year classes 
from various sources (Skúladóttir and Diaz, MS 2001; 
Casas et al., MS 2004; Nicolajsen MS 1999, MS 2000, 
MS 2001, MS 2002, MS 2003) using modal analyses 
give similar results (Table 7). 

Biomass of shrimp
Biomass of northern shrimp on Flemish Cap has 

been measured in two surveys, namely the EU-Spain 
survey (Del Rio et al., MS 2003; Casas et al., MS 2004) 
and the Faroe Islands survey (Nicolajsen, MS 2003) (see 
Table 8 and Fig. 13). As there was a major change in 
the calculation of the biomass index of the EU survey in 
2003 (Del Rio et al., MS 2003), as compared to the pre-
vious surveys, only the series from 1988 to 2002 is pre-
sented here with the addition of one value for 2003 trans-
formed by the Warren method (Casas et al., MS 2004). 
For both surveys the female portion of the biomass is 
used as an indicator of stock size (NAFO, 2005). The re-
sults of the Faroese shrimp biomass survey are similar to 
the EU-Spain survey in the same years if looked upon as 
an index. Fig. 10A shows the EU-Spain female biomass 
along with A50. The EU-Spain female biomass shows an 
increase in the years 1998 through 2003 as compared to 
the years prior to 1998 with the exception of the years 
1992 and 1993 (Table 8). The drop in biomass of females 
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Fig. 11.  Pandalus borealis von Bertalanffy Growth curves on 
Flemish Cap for the faster growing 1990–1993 and 
the slower growing 1994–1999 year-classes.
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Fig. 12.  Pandalus borealis von Bertalanffy Growth (VBG) 
curves on Flemish Cap, 1990–1993 year-classes as 
compared to the same year-classes of northern shrimp 
in Barents Sea. For comparison there are also VBG 
curves for the 1980s year-classes of northern shrimp 
in fjords of Sweden and Iceland.

TABLE 7.   Mean carapace length (mm) of Pandalus borealis
of the 1994–1999 year-classes on Flemish Cap, 
calculated from VBG, and mean length-at-age of 
the same year-classes from the EU-Spain and the 
Faroe Islands survey data.

                      Icelandic                     EU                       Faroese
Age                  data                          data data
years mm mm mm
1.5 10.9 10.1
2.5 15.0 15.2 15.1
3.5 18.5 18.6 18.1
4.5 21.4 21.3 20.8
5.5 23.9 23.8 23.0
6.5 26.1 26.1 25.0

from 1992 to 1994 has been related to the drastic change 
in age at sex change of shrimp in 1995 described above 
(Table 2, Fig. 10B). 

As biomass of shrimp has increased substantially in 
the last decade, as measured in the EU surveys, it was 
considered that perhaps there was a connection between 
the collapse of the cod stock and the increase in shrimp 
biomass. Fig. 13 shows how the biomass index of cod 
decreased after 1994 on Flemish Cap in the EU surveys 
(Saborido-Ray and Vázques, MS 2003). By 1998, the 
biomass index of shrimp, as measured in the EU survey, 
increased considerably and has remained high ever since 
(Del Rio et al., MS 2003; Casas et al., MS 2004). 

Discussion
The simplest rule for a protandric sex-changer is that 

the organisms all begin life as males and after a couple 
of years breeding as males change to females and from 

then on spend their life as females. This is what is shown 
here in Fig. 2. Charnov (1982) studied the “evolution-
ary stable strategy rule” (ESS) of Parker (1982) for the 
species Pandalus borealis and maintained that although 
most northern shrimp are males at the beginning of life 
and when mature, these spawn as males, a small propor-
tion is female from the beginning. Those starting life as 
males spend 1–3 years in the male phase and then change 
sex to become females. Thus Charnov and Bergström 
(1987) talk about two alternate life histories in northern 
shrimp and maintain that most Pandalus borealis popu-
lations have two alternative life histories, with the bulk 
of the year-class behaves according to the simple rule 
mentioned above, but a proportion of a year-class starts 
life as females, termed primary females and these breed 
only as females. These are not found on Flemish Cap, or 
in Icelandic waters (where all specimens of the shrimp 
samples were scrutinized in the years 1960–1975). We 
propose that primary females are only found in the south-
ern-most populations of the Atlantic Ocean thus being 
an exception to the main rule. Charnov and Bergström 
(1987) also talk about what they call the second most 
common form of alternate life-history where the second 
breeders show a mixture of males and females. This is 
often seen in the Flemish Cap population, namely half 
of the year-class changing sex in one year, perhaps after 
breeding 2–3 years as a male. In the next year, the rest 
of the year-class changes sex and breeds from then on 
as females.

The ovigerous period of Flemish Cap shrimp, 
is about 8 months on average from late July to late 
March, different from northern shrimp in areas shown 
by Shumway et al. (1985). The bottom temperature is 
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TABLE 8.   Biomass indices (t) for Pandalus borealis esti-
mated from EU-Spain and Faroe Islands surveys 
on Flemish Cap.

                  EU-Spain                       Faroe Islands
                Total Female Total Female
Year      biomass biomass biomass  biomass

1988 2 164 1 874
1989 1 923 1 340
1990 2 139 1 132
1991 8 211 5 362
1992 16 531 11 509
1993 9 256 6 839
1994 3 337 2 823
1995 5 413 4 286
1996 6 502 4 149
1997 5 096 3 807 16 370 6 731
1998 16 844 8 091 22 804 12 559
1999 12 430 9 051 16 477 8 863
2000 9 720 6 553 20 380 10 154
2001 14 106 8 977 19 036 9 374
2002 18 109 11 664 27 634 11 761
20031 11 197 7 756 27 246 12 402
1 Index transformed by Warren method (Casas et al., MS 2004)
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Fig. 13.  EU survey cod biomass (solid line) and total shrimp 
biomass indices (dashed line) in the years 1988–2003 
on Flemish Cap.

3.5–4°C on Flemish Cap so egg-bearing would be ex-
pected to be similar to the 6 months for shrimp found 
at Mist fjord (Norway) where the temperature is 4°C, 
spawning in November and hatching in May. However 
the egg-bearing period on Flemish Cap, indicates oviger-
ous shrimp inhabit temperatures less than 4°C. The egg-
bearing period is some nine months at Jan Mayen and the 
bottom temperature there is 1° C (Shumway et al., 1985). 
Also in some Icelandic offshore areas the egg-bearing 
period is around 10 months at 0°C, but the females only 
spawn every second year (Skúladóttir et al., 1991). In the 
Icelandic northern offshore area spawning is in mid-July 
and hatching in mid May. Egg-bearing is almost 100% 
annually in northern shrimp on Flemish Cap indicating 
the female shrimp spawn every year. 

Several authors have noted the prevalence of 
smaller males at shallower depth on Flemish Cap and 
females at greater depths (Escalante et al., MS 1990; 
Kristjánsson, MS 1996; Del Rio and Sainza, MS 1997; 
Nicolajsen, MS 2002, MS 2003; Del Rio et al., MS 2002, 
MS 2003). Age has been assessed by depth throughout 
the year (Skúladóttir and Nicolajsen, MS 2002). In the 
three years studied there, one year olds (only found in 
year 2000) were 33% more prevalent in shallow waters 
(<250 m depth) compared to all depths and two year olds 
were 18% more frequent in shallow waters as compared 
to all depths in all three years. 

The same authors as mentioned above (Escalante 
et al., MS 1990; Kristjánsson, MS 1996; Del Rio and 
Sainza, MS 1997; Nicolajsen, MS 2002, MS 2003; Del 
Rio et al., MS 2002, MS 2003) also found mean size of 
females to increase with depth. Plotting the mean size of 
males and females per sample respectively for the years 

1996 through 2003 shows the same trend for the whole 
year combined, with bigger shrimp at greater depth. On 
the other hand fitting regressions to the mean size of 
females on depth per month was in some years almost 
without slope in the months March to April and some-
times also in May as indicated by the very low regres-
sion coefficients. Here only the year 2000 is shown as 
an example (Fig. 5). The migration of ovigerous females 
to shallower waters when hatching their eggs seems a 
likely explanation.

Temperature may affect L50, and so it must be con-
sidered when comparing the size at sex change on Flem-
ish Cap with other areas. Although the temperature at 
300–400 m depth on Flemish Cap is between 3.5°C 
and 4°C (Parsons et al., 1998; Cabanas, MS 2003; Col-
bourne, MS 2003; Gill et al., 2004), shrimp stay in the 
upper layers during the night. The average temperature 
of the years 1992–2003 at the depth of 150 m is some-
what colder at 3.2°C (Colbourne, personal communica-
tion). So the mean temperature that shrimp experience in 
is probably a bit colder than that of the bottom on Flem-
ish Cap. When using the same criterion as in this paper, 
the L50  for P. borealis in the Icelandic offshore (ICES 
area Va) was 23.6 mm CL (in area 15 of Skúladóttir and 
Pétursson (1999)), very similar to the average 22.5 mm 
CL on Flemish Cap. This northernmost area in Icelandic 
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Anderson (1989) and not apparent on Flemish Cap. On 
the Scotian Shelf (NAFO area 4X, 4W), Lt increased as 
bottom temperature decreased in the years 1982–1988 
and stayed high during the period 1995–2000 despite in-
creasing temperatures (Koeller et al., 2003). This is also 
opposite to what was observed on Flemish Cap and West 
Greenland in the late 1990s where L50 decreased with in-
creasing temperatures. 

Maximum length has also gradually decreased 
with years, this might be expected as the stock is no 
longer a virgin stock (Fig. 6B). An average propor-
tion of L50/Lmax for all years is however 0.80 compared 
to 0.79–0.81 for two populations in ICES areas Va and 
XIV (Charnov and Skúladóttir, 2000). Charnov and 
Skúladóttir (2000) postulated that as a rule marine ani-
mals that change sex do so at an invariant proportion of 
the maximum length. The underlying assumption is that 
the values for age at maturity, times instantaneous adult 
mortality as well as K (growth constant of VBG) divided 
by instantaneous adult mortality is invariant (Charnov 
1993). The invariant rule of Charnov and Skúladóttir 
(2000) holds for northern shrimp on Flemish Cap as it 
does for shrimp in Icelandic waters and Denmark Strait. 
Allsop and West (2003a, b) carried out a large study on 77 
species and populations of sex-changing organisms like, 
fish, crustaceans, echinoderms, molluscs and polycheate 
worms. Most of those were protogynous and a smaller 
part were protandrous hermaphrodites. They found out 
that the proportion L50/Lmax was also invariant but at low-
er proportion, namely 0.72 on average, thus supporting 
the theory of Charnov and Skúladóttir (2000). Allsop and 
West (2003a) recorded maximum size for each popula-
tion, whereas Skúladóttir and Pétursson (1999) and in 
the present study, average maximum length was that of 
all samples of the population. Average Lmax is much low-
er than the one highest value of CL per population and 
hence the proportion L50/Lmax becomes much higher in, 
for example, northern shrimp on Flemish Cap as com-
pared to the results of Allshop and West (2003a, b).

Much thought has been given to maturation with re-
spect to food availability and temperature in general. In a 
way, size at sex change can be caused by the same factor 
as triggers onset of maturity in species that do not change 
sex, namely the slowing down of growth. Pauly (1981, 
1984) maintains that growth is limited by the interaction 
between oxygen consumption and metabolism. Therefore 
animals mature at a certain proportion of their maximum 
length in a given environment. Several authors have 
studied this and most fish appear to start producing off-
spring at a certain proportion of their average maximum 
length. Length at first maturity (Lm) divided by Lmax is on 

waters has a bottom temperature of 0°C. Nearer to the 
coast of Iceland where bottom temperature is 0.1–1.7°C, 
average L50 is 22.5–23.4 mm CL, the same as that of the 
Flemish Cap. In the inshore area Isafjardardjup of Ice-
land, L50 was only 18.5 mm CL where bottom tempera-
ture was 4.5°C on average and as high as 27.3 mm CL in 
Denmark Strait (Skúladóttir and Pétursson, 1999). The 
average L50 of inshore Icelandic waters was 18.9 mm CL. 
Hansen and Aschan (2000) found an L50 of approximately 
22.5 and 23.7 mm CL (adjusted to the same criterion as 
used in this paper) at bottom temperatures of 1.4°C and 
0.8°C respectively, in the Svalbard area (ICES area IIb). 
This is very similar to what was found on Flemish Cap 
although the temperature was much lower at Svalbard. 
Wieland (2004), using the same method for defining L50 
as in this study, found the value of L50 in West Greenland 
waters (NAFO Subarea 1) to be 23.4–24.4 mm CL at 
bottom temperatures between 1.8–2.6°C.

Temporal changes in L50 have been studied by sev-
eral authors. At West Greenland L50 usually had no con-
nection with density of females or density of all stages 
(Wieland, 2004). When there was a relationship it was 
negatively correlated, namely increased density of fe-
males caused a slight decrease in L50. On Flemish Cap 
there was no relationship between average L50 (from Ice-
landic, EU-Spain and Faroes) and EU survey biomass 
of females. There was however a relationship between 
temperature and L50. According to Wieland (2004), at 
West Greenland there was a significant relationship be-
tween increase of temperature from 1–4°C accompanied 
by a prominent decrease in L50 of some 2 mm. This is 
in line with what happened on Flemish Cap although 
the increase in temperature was only from about 2.6°C 
to 3.6°C and the decrease in L50 from 22.8–24.3 mm 
CL in 1992–1997 to 21.5 mm CL in years 1999–2003. 
However the drop in A50 on Flemish Cap could not be 
explained by temperature alone, but instead a drastic 
change in female biomass. In a way this substantiates 
Charnov and Anderson´s (1989) theory that size at sex 
change (and also age at sex change if growth rate was 
the same) would decrease as abundance of multiparous 
females would decrease. In this case there was only a 
slight decrease in L50 although A50 dropped by one year 
as the growth was faster in the years 1992–1996 than in 
the years 1997–2003.

Koeller et al. (2000) studied the size at sex change 
in northern shrimp using the mean size at transition (Lt) 
(mean size of transitionals and primiparous females) in 
spring instead of L50. Koeller et al. (2000) found that 
Lt decreased with increasing abundance of multiparous 
females. This is contrary to the theory of Charnov and 
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average 0.76 for 80 stocks of several species of pelagic 
fish, but only 0.4–0.5 in tunas (Beverton and Holt, 1959; 
Beverton, 1963; Mitani, 1970) and about 0.78 for 647 
species (and stocks) studied by Pauly (2000). Pauly´s 
Lm/Lmax of 0.78 is strikingly similar to the average L50/Lmax 
of 0.80 found here for Flemish Cap shrimp.

The growth of shrimp is different between the 
two periods on Flemish Cap, namely the early 1990s, 
1990–1993 year-classes and the late 1990s, 1994–1999 
year-classes. One would expect growth to be faster in the 
later period on Flemish Cap as temperature increased by 
1°C at 150 m depth. Possibly this is caused by a higher 
density of shrimp as suggested by Kristjánsson (MS 
2001). Growth relies heavily on correct age determina-
tion which is difficult for shrimp. By using the devia-
tion method (Sund, 1930; Skúladóttir, 1981, MS 2004) 
we are of the opinion that the number of age-classes are 
estimated more correctly than by just using the modal 
analysis. Modal analysis appears to under- or over-esti-
mate the number of year-classes.

Comparing the growth curve of the 1990–1993 
year-classes of shrimp on Flemish Cap with the same 
year-classes in Barents Sea, shows that growth is much 
faster on Flemish Cap. The growth of shrimp in the 
1980s in Gullmarsfjord, Sweden (ICES area IIIa, Fig 1) 
was the fastest of all as might be expected where bottom 
temperature is 5°C. The growth of shrimp in Isafjardard-
jup, Iceland (ICES area Va western inshore) where bot-
tom temperature is 4.5°C is rather similar to that of the 
Flemish Cap shrimp where temperature is about 3.2°C at 
150 m depth and between 3.5 and 4°C at the bottom.

Atkinson and Sibly (1997) discuss factors affecting 
growth and ask the question why organisms are usually 
bigger in colder environments. They maintain that at a 
given temperature, growth rate increases with increases 
in food availability, then size at maturity increases as 
food increases. They also say that length at first ma-
turity Lm decreases as temperature increases although 
initial growth may be faster than usual. This is presum-
ably caused by maturity being reached earlier in life. If 
changing sex is analogous with maturation of dioecious 
organisms where there is no sex change, then the same 
rule should apply on Flemish Cap. This is not so. The 
sudden drop in age at sex change in 1995 and 1996 ap-
pears to be triggered by some factor due to the decrease 
in female biomass and not increase in temperature. So it 
is possible that with increased density, growth rate de-
creased but that sex change occurred later as tempera-
ture increased by about 1°C from the years 1994–1996 

to 1998–2003 on Flemish Cap. In the first years, 1993 
and 1994, shrimp appeared to change sex very late com-
pared to the whole series. Growth rate was fast and the 
density of females was high. A50 was then 4.5 years and 
temperature was a little higher than later, namely about 
3°C. These changes in age at sex change are complicated 
and more research is needed to understand what is con-
trolling this. 

The biomass of shrimp has increased greatly on 
Flemish Cap since 1997 after the collapse of the cod 
(Fig. 13). Other authors have investigated the predator-
prey relationship between cod and shrimp in several ar-
eas. This can be a very complicated factor as alternate 
prey, capelin for example, might play a part (Lilly et al., 
2000). Berenboim et al. (1986) were the first to draw at-
tention to the negative relationship between biomass of 
cod and northern shrimp in the Barents Sea and Svalbard 
areas (ICES I and IIb). Berenboim et al., (2000) follow 
this up for the years 1982–1998 in the same area. Ste-
fánsson et al. (1998) found a highly significant negative 
relationship between cod abundance and shrimp recruit-
ment as well as CPUE of shrimp in Icelandic offshore 
waters (ICES area Va). Lilly et al. (2000) are not so cer-
tain about the impact of cod on the shrimp stock on the 
northeast Newfoundland shelf (NAFO Div. 2J, 3K and 
3L) for the early 1980s whereas they consider the larger 
increase in shrimp biomass in the 1990s to be related in 
part to the collapse of the cod . 

Conclusions

Life history of the sequential hermaphrodite Panda-
lus borealis on Flemish Cap appears to be rather compli-
cated. First all shrimp are males changing sex to female 
at age 4 or 5 depending on various factors. During the fe-
male stage females spawn annually in late July, hatching 
their eggs in late March, the ovigerous periods being 8 
months at bottom temperature of 3.5–4°C. There are no 
studies of shrimp larvae on Flemish Cap. Small/young 
shrimp stay at lesser depth than bigger/older shrimp.

Length-weight relationships are presented and show 
that not only are females per length heavier when egg-
bearing than males but there are also differences in the 
weight of multiparous females between months depend-
ing on whether they are egg-bearing or not and also in 
the months when some females have hatched their eggs 
or some have started spawning and others have not.

The average L50 on Flemish Cap appears to be simi-
lar to that of Icelandic offshore waters, West Greenland 
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and Barents Sea, but widely different from that of 
Icelandic inshore areas and Denmark Strait (Skúladóttir 
and Pétursson, 1999).

The proportion L50/Lmax for Flemish Cap shrimp is on 
average 0.80, the same as observed in two populations in 
Icelandic waters and one population in Denmark Strait 
supporting the theory of Charnov and Skúladóttir (2000) 
of invariant proportion of L50/Lmax for shrimp.

Growth of shrimp on Flemish Cap was fastest in 
the early 1990s while temperature was still rather cold. 
Males changed sex a year earlier following a drastic de-
crease in density of female shrimp while growth was still 
fast. Then growth slowed down concurrent with a great 
increase in density of female biomass of shrimp, after the 
disappearance of cod on Flemish Cap in the mid 1990s. 
At the same time temperature started to increase a little. 
The rate of growth could be density dependent.

Growth of Flemish Cap shrimp is rather fast com-
pared to shrimp from the very cold Barents Sea area and 
the slightly warmer inshore Iceland, but slower than that 
of the warm inshore waters of Sweden.
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