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Abstract 

 
Modal analysis of carapace length was carried out on the overall length frequency distributions of northern 

shrimp measured during surveys of EU for demersal fish and shrimp ever since they were started in 1988.  There 
were always four age groups present, the 3 to 6 year olds, and sometimes also 2- and 7 year olds.  Thus making 
shrimp becoming 7 years old at most.  Age at sex change is usually at age 4 and/or 5.  Growth has been variable 
throughout the series, but appeared to be much slower in the last four years.  Mean lengths at age, abundance and 
biomass by age and years are also presented. 
 

Introduction 
 

The EU surveys have been carried out in July since 1988 using bottom trawl of the Lofoten type.  The codend 
had usually a 35-mm mesh size.  Although the main purpose in the beginning was to measure stock size of demersal 
fish, it became evident in the beginning of the nineties that measuring stock size of shrimp was also very important.  
As the mesh size elsewhere in the gear used in the EU surveys was large NAFO considered that the EU survey did 
not give a true picture of the very young shrimp.  Older males and especially females on the other hand could be 
reasonably assessed.  In 2000 and 2001 a small meshed juvenile bag was attached to the gear so as to catch very 
young shrimp.  In 2001 there were trials using a different gear as well as Lofoten gear or Campelen trawl with a cod 
end of 20-mm mesh size.  The overall length frequency distribution for year 2001 was however that of 35-mm mesh 
size 
 

It has become increasingly urgent to assess the age of shrimp measured in these surveys. From the age analysis 
it is possible to assess total mortality and year-class strength.  In this paper is the first attempt of age assessment by 
Modal analysis (MacDonald and Pitcher, 1979) of the shrimp caught in the EU survey in the years 1988-2001.      
 

Material and Methods  
 

The carapace of shrimp was measured obliquely from the eye socket to the end of the carapace middorsally to 
the lower 0.5 mm length-class, using sliding callipers.  Shrimp  were then separated into 4 categories namely, males 
(including transitionals), primiparous females and multiparous females according to the sternal spine criterion 
(McCrary, 1971), with and without eggs. The last two categories were in this paper combined into one category, 
females without sternal spines.   
 

These three length frequency distributions were run through Modal analysis (MacDonald and Pitcher, 1979) 
with as many components as possible.  The program is called Mix.  The output like proportions, mean lengths and 
standard deviations of the mean length (sigma) are calculated for each age component and here also sex group as 
mentioned above. Then there are standard deviations (St. Dev.) calculated by Mix.  When St. Dev. are sensible for 
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proportions and mean lengths sigma is often about 1 mm +/- 0.2 mm.  As it is often difficult to get sensible results 
with regards St. Dev. of either proportions or mean lengths, we have constrained sigma very often to have a fixed 
coefficient of variation (CV).  The coefficient was in that case always put to the value of 0.045.  As the overall error 
Chi-Square estimate was sometimes quite low but at the same time St. Dev. of proportions and mean lengths were 
far too high the St. Dev. of these were considered to be more reliable. 
 

After getting the proportions and mean lengths for every age/sex group the results were used to calculate the 
total number of individuals in every age/sex group according to the biomass estimate. This was done by 
transforming the Cl to weight by using two types of weight length relationships taken from Skuladottir (1997), 
namely the following:  
 

For multiparous females in July:  ln y = 2.921*ln x - 7.144 
  
For males and primiparous females   ln y = 3.037*ln x - 7.549 
   based on samples of the whole year 

 
The weight length relationships were calculated from samples taken by Icelandic observers onboard shrimp 

vessels, then frozen and rethawed in the laboratory measured sorted into the many sexual stages and weighed to the 
nearest 0.1 g.   The mean lengths were converted to mean weights using the appropriate length weight relationship 
listed above to calculate the number of males, primiparous females and multiparous females.  Biomass has been 
calculated for males and females (primiparous + multiparous) separately for the whole series except for year 1991.  
So these biomass indices were used to calculate total number/total weight at age of each sex group separately each 
year. 
 

Results and Discussion 
 

The biomass indices as measured in the EU surveys are listed in Table 1.  The data have been published every 
year in NAFO papers in form of length frequency distributions, split into 4 sex groups, male, primiparous females, 
multiparous females without eggs and multiparous females with eggs.  In 1997, Del Rio and Sainza published length 
frequency distributions for all surveys in the years 1988-1996.  The shrimp was measured laterally instead of 
obliquely until 1992 but in the afore-mentioned paper the measurements of surveys 1988-1992 were turned into that 
of oblique measurements by calculation by Sainza (1993).  After that data have been gathered from the annual 
papers from various authors (Del Rio and Sainza, 1997; Del Rio, 1997; Del Rio, 1998; Garabana, 1999; Bruno, 
2000; Diaz, 2001).   There is some variation in mesh size throughout the series.  Most of the time a Lofoten trawl 
was used which had a cod-end of 35-mm mesh size.  The exception to this was in 1994 when a mesh size of 40 mm 
was used possibly underestimating biomass especially that of males.  Also in 1998, cod-end had a liner of 25 mm. 
This could explain the very high biomass of males of almost 9 000 tons in that year, by far the highest in the series.  
There is another explanation of this as seen below, namely the appearance of a strong year-class here assumed to be 
the 1995 year-class, which was very numerous in 1998 as three year olds.  
 

The results of the modal analysis of all samples combined for each survey are shown in Table 2.  The 
proportions within each sex group are listed as well as mean lengths and standard deviation (sigma) of the age class 
in mm.  Sigma is often about 1 mm +/ - 0.2 mm.  Then there are Standard deviations (St. Dev.) listed for each value 
as calculated by Mix.  The results of Table 2 were then used for calculation of numb ers at age and sex group as 
described before.  From those results there are various tables produced.  First of all there is table 3 containing the 
mean Carapace length at age per year.  The length is here calculated by weighting the length with total no. in that 
age class be it male, primiparous female or multiparous female.  Four and five year olds are often found in two or 
three sex groups.  In the first three years the youngest shrimp found are considered here to be three year olds at sizes 
18 to 18.4 mm long.  These could also be very fast growing two year olds as Parsons and Veitch (1993) considered.  
In the years 1992 and 1993 the two year olds are of the size 16.8 and 16 mm, respectively.  Although these are 
called two year old here, they could also be 3 year olds.  But then they would be the smallest in the whole series, the 
average being 18.8 mm for the three year olds for the whole period 1988-2001.   The four year olds would then be 
similar in size to the four year olds in the years 1998 through 2001.  There are several uncertainties in these analyses 
and the assigning of age to the youngest ages may have to be revisited. 
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Growth appears moderate at Flemish Cap in the first years as compared to later years if the detection of age 
classes is right.  Thus a 4 year old is calculated to be 21.5 mm Cl in 1989-1991 where as it is appears to be 22.4 mm 
on the average for the whole period but again very similar in the years 1998-2001 (Table 3).  If judging from the size 
of four year olds growth is faster approximately in the period 1992-1997 than in other years, the four year olds being 
from 21.9-23.5 mm Cl.  The 5 year olds are not such a good indicator as there is a possible mixing of 6 year olds 
with the 5 group.  In the period 1998-2001, 5 year olds are 23.6-24.7 as compared to the mean of 25 mm for the 
whole period, namely slightly slower growth than in the years 1993-1997.   
 

In Table 4 there are numbers at age as calculated from Table 2 and biomass index from Table 1 for each year. 
By applying length weight relationships as described earlier. Numbers were gradually increasing since 1988 to 1992 
or from 26 to 2 000 millions shrimp.  There was no fishery in those years and cod was gradually disappearing from 
the grounds.  After shrimp fishery started in 1993 numbers of shrimp started to go down at first or to 304 in 1994 to 
increase gradually again to 860 millions.  After the very heavy fishing in year 1996 when some 48 000 tons were 
caught there was a decrease in numbers of shrimp as biomass index to 610 millions in 1997.  The stock seemed to 
recover remarkably soon and has been between 1 620 and 3 270 millions in the last four years.  During the period 
there have been a few strong year-classes.  In 1990 the first one is detected as the 1987 year-class at the size of 18.4 
mm CL.   This year-class could be followed till 1992 as 5 year olds.  Following closely was the 1988 year-class, 
which was quite numerous as three year olds in 1991 and could be followed until year 1995.  It is possible that the 
two year-classes mixed together in 1993 at the same time as growth slows down in 1987 year-class, as it became 
multiparous female. The 1988 year-class would then catch up in size with the 1987 year-class and in 1994 and 1995 
it seemed difficult to separate these two year-classes using Mix.   The great numbers of the so-called 6 year olds in 
1994 are thus possibly a mixture of the 1987 and 1988 year-classes.  The difficulty of detecting the two year olds in 
the length frequency distribution is less after samples in commercial fishery have been collected the whole year 
around as it has been since 1996 Skuladottir and Orr (2001).  The results from the international commercial sample 
data have been compared to the EU survey data and found to agree. 
 

In the years 1997 through 2001 there seems to be a succession of five strong year-classes going through the 
population, namely the 1993-, 1994-, 1995-, 1996- and 1997- year-classes as judged by the number of 4 and 5 year 
olds calculated from the biomass indices in the years 1997-2001. The 1995 appeared especially big if judged by the 
number of three year olds in 1998.  But that could be caused by the use of unusually small mesh of 25 mm in the 
cod-end (as a liner) in that survey instead of the usual 35 mm. 
 

The biomass indices split up by age are shown in Table 5.   These are also calculated from Tables 1 and 2 by 
applying the appropriate length weight relationships.  These show much the same results as the numbers at age.   
 

Conclusions 
 

Further analysis is needed to confirm the validity of the findings in this paper, as it is at times very difficult to 
get clear results from the modal analysis especially in the older shrimp.  It is also difficult in some cases to see how 
old is the youngest shrimp seen in the length frequency dis tribution as one has to decide at which age it was when it 
first appeared as an age group.  In the last 2-4 years the juvenile bag, which is in use in the Faroese and the EU 
surveys can be of help in detecting the youngest age groups. 
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