NOT TO BE CITED WITHOUT PRIOR
REFERENCE TO THE AUTHOR(S)
Northwest Atlantic

Fisheries Organization

Serial No. N5025

NAFO SCR Doc. 04/64
SCIENTIFIC COUNCIL MEETING – SEPTEMBER 2004
The Biology of Northern Shrimp (Pandalus borealis Kr.1838) at Flemish Cap
by
U. Skúladóttir, Gunnar Petursson and Stefan Brynjolfsson
Marine Research Institute, Skúlagata 4,
P.O. Box 1390, 121 Reykjavík, Iceland

Abstract
Some biological features in the life history of Northern shrimp at Flemish Cap are here described. Among these
are the size of shrimp in relation to depth, The size at sex change (L50) and the maximum length (Lmax). There is a
relationship between L50 and Lmax where L50 is about 78% of the average Lmax of northern shrimp at Flemish cap.
This is almost the same as found in Icelandic offshore waters. Both L50 and Lmax have decreased in later years.
The egg bearing period is studied for the first time at Flemish Cap and is estimated to be about 8 months long.
Introduction
The shrimp fishery started at Flemish Cap in 1993. Very few shrimp samples were obtained in the first years.
NAFO decided in 1995 that from 1996 onwards each nation should have an observer present in each vessel fishing
at Flemish Cap. The Fisheries Directorate of Iceland in cooperation with the Marine Research Institute (MRI)
Reykjavik decided that observers should, besides inspecting by-catch in the shrimp fisheries at Flemish Cap, they
should learn to measure and sex shrimp from the catch. The plan was ambitious and observers were expelled from
work if they did not do their job properly. Some results of the observers were thrown away when an observer
seemed to be incapable of carrying out the task in either sexing or measuring the shrimp. In this paper there are
various calculations that have been carried out on this data base like calculations of the size at which shrimp
change sex. and the length of egg bearing periods. Other nations have also contributed to the data base used for
ageing of shrimp.
In this paper there are results on growth gathered from previous papers like the deviation analysis on the Flemish
Cap samples (Skuladottir, 2003a) and modal analysis (Mix) has been carried out earlier on samples in the period
January-September each year (Skúladóttir, 2003b).
Materials and Methods
The sampling scheme for shrimp was introduced in 1996 where one sample was taken every day at noon, two days
in a row a sample was taken in the evening and the third day a sample was taken in the morning (the night haul).
Thus in every three days 5 of 6 hauls were day samples and 1 of 6 hauls was from a night haul. Icelandic observers
sampled shrimp onboard all Icelandic vessels in the same manner in the years 1996 through 2003 at Flemish Cap.
Some shrimp samples were frozen and brought to the lab where beside sexing and measuring each shrimp was
weighed to .1 gram precision.
The shrimp was measured fresh to the nearest 0.5 mm using Vernier callipers. Observers then sorted each length
class into males and females using the method of Rasmussen (1953) and the females were further sorted into
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primiparous and multiparous using the sternal spine criterion of McCrary (1971). Also, females carrying
headroes, eggs without eyes and eggs with eyes. Finally observers had to look for shrimp that were both green in
head and carried eyed eggs.
The size at sex change was calculated in a similar manner as done before (Skuladottir and Petursson, 1999) with
the important difference that the proportion of females was simply the number in each length-class divided by
number at all stages instead of just using the female without sternal spines. The sigmoid logistic curve (Pearl and
Reed, 1920) was fitted by least squares and iteration to each sample. Using the formula:
P = 1/1+e-(a+bx)

(1)

For ageing there were two methods.
Deviations analysis (Dev) and modal analysis (Mix)
First the deviation method (Sund, 1930; Skuladottir, 1981) was applied to the length frequency distributions (lfd)
of several months. The lfd of all samples within a month was combined and turned into a promille distribution.
Then as an example all the lfds of June of the years 1993-2003 were summed to calculate an overall promille lfd.
Then the lfd of June in each year was subtracted from the overall lfd for all years. From these positive anomalies
could be detected as indicators of a year-class stronger than average. These could be followed for some years. The
length-at- age was estimated visually.
Ageing by modal analysis (Mix)
Shrimp were separated into 3 categories namely, males, primiparous females (including transitionals) and
multiparous females according to the sternal spine criterion (McCrary, 1971). Modal analysis (MacDonald and
Pitcher, 1979) was conducted on samples compiled within a month in the 3 afore mentioned categories. The
lengths at age from the deviation analysis were used as inputs. Moreover the number of age classes assumed from
the deviation analysis was used as guidance. This analysis provided the mean lengths and proportions at age and
sex per month as well as standard veviations of proportions and mean lengths. The mean lengths were converted
to mean weights using length weight relationships for the appropriate months to calculate the number caught
(Skuladottir, 1997). An average length-at-age, weighted by number caught each month and nation, was calculated
for the whole period.
Breeding
For egg bearing the proportion of females preparing to spawn in autumn were the number of egg bearing shrimp
divided by the number of all females either green in head or egg bearing in all samples at every day in summer.
Then an average was calculated per week. During egg bearing period before November in the breeding season the
proportion egg bearing was calculated in this manner. After that the possible hatching or not egg bearing was
calculated from the proportion egg bearing females against all females without sternal spines. The primiparous
females occurring at that part of the year were the new batch of females that had just changed sex from male to
female.
Results
The life history of northern shrimp is shown in Fig. 1. Here are some observations covering a part of the life
history. The larval life is not related here. Starting with the males there is evidence that the small ones are more
prevalent at shallow waters as judged by mean size at depth (Fig. 2). Here the example is that of year 2002. But
there is the same picture generally in all years. The same applies to females (Fig. 3) although there is not so much
difference in mean sizes as in the males. Looking at mean size by depth every month shows the same picture for
the males where as for females there is in some years no difference in the months March and April. That could be
connected to hatching, See below.
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There has been a study of the size at which the shrimp change sex from male to female as well as maximum length
per sample. The results here only include Icelandic samples at Flemish Cap (Table 1). It was intended to compare
the size at which 50% males had changed sex from male to female with shrimp samples from adjacent areas. It
was considered that sexing in that way would be more comparable between countries. Skuladottir and Petursson
(1999) analysed shrimp in Icelandic waters using proportions of multiparous females against all stages per length
class (Fig. 4). Using the same method used here lowers the result of L50 for northern shrimp in offshore Icelandic
waters from 23.65 mm (Fig. 4) on the average to about 23.00 mm. L50 is however variable within the year and if
an average L50 is calculated per season which is here from 1 June to 31 May, it matters from what time of the year
one is taking samples (Fig. 5). L50 is rather stable increasing slightly from the beginning of June to reach a certain
high level in November through January. After that there is a serious drop in L50 on the average per month in
February, March and April. This happens as a new batch of females enters the fishery. Difference is as much as 2
mm. There is no special trend in the maximum length (Lmax) per sample within the year, but it fluctuates a little
bit being usually highest in January (Fig. 6). The overall L50 for 3M of 22.2 mm is slightly lower than the L50 of
offshore Iceland, which is 23.6 –0.6 or about 23 mm if estimated in the same manner as the Flemish Cap shrimp.
The mean bottom temperature is between 0 and 1.7°C in the waters north of Iceland. The proportion of L50/Lmax
reflects mainly the seasonal fluctuation in L50 (Fig. 7). The L50 is also calculated by seasons to see if there are
changes between years (Fig. 8). Apparently there is a decrease in mean L50 per season from 1996/97 to 1999/2000.
From then on there is a slight increase. The age at sex change does not change much in those years as in 1996/97
males are changing sex at ages 4 and 5. In 1997/98 age has dropped a little or to mainly 4 year olds and a few 3
year olds. In season 1998/99 males are all changing sex as four year olds, in 1999/2000 and 2000/01 as both 4 and
5 year olds, in 2001/02 shrimp are changing sex mainly at the age of 5 and in 2002/03 again at ages 4 and 5.
Maximum length has also gradually decreased with years as the stock is no longer a virgin stock this might be
expected (Fig. 9). An average proportion of L50/Lmax for all years is 78% or slightly lower than that of Icelandic
offshore shrimp which is almost 81 % (Charnov and Skuladottir, 2000). For comparison the proportion L50/Lmax
for Icelandic offshore waters would drop to 79 %when fitted for all females instead of only multiparous females.
So the results are the same. Charnov and Skuladottir postulated that this was an invariant rule for marine animals
that change sex. This theory has now been tried on 77 species of fish, Echinoderma, various Crustacea and
Mollusca by Allsop and West (2003) and proven right. The proportion they find is that animals change sex either
from female to male or vice versa when they have on average reached 72% of their maximum size. This
proportion is also very sensitive to what sort of Lmax is used. If investigators use Linfinite the proportions will get
lower. In this study an average Lmax is used.
Growth is being analysed first by the Deviation method (Sund, 1930, Skuladottir, 1981). The deviations for
Flemish Cap shrimp can be followed in a NAFO document (Skuladottir, 2003a). The mean lengths at age as
estimated from the deviations are listed in Table 2. There the year-classes 1993-1997 and 1999 are followed.
Figure 10 shows the growth of the individual year-classes and a mean of these is shown in Fig. 11. It should be
noted that the 1993 year-class is the fastest growing year-class. The Von Bertalanffy growth curve was fitted to the
6 year-classes and the coefficients are listed in Table 4.
The lengths at age from the deviation method were then used as inputs for the Mix. Figure 11 also shows
the growth of the year-classes 1993-1999. The results appear to be similar to that of the deviation method (Table
3) but the coefficient k is of a lower value (slower growing) but Linfinite is higher than that of deviation analysis
(Table 4). The year-classes appear to be growing at a different speed. It would appear strange that the first yearclasses 1990-1993 assessed by Parsons seem to be faster growing than the later year-classes 1994-1999 (Fig. 12).
According to Colburne (2003) the temperature at the depth of 150 m on the Flemish Cap was much lower in the
first years of the fishery as compared to the later years. The slower growth could perhaps be caused by more
density of shrimp in the later years as compared to the mid nineties. The growth constant are very different
between the two groups of year-classes with k as low as 0.16 for the slow growing and k = 0.34 for the fast growing
year-classes (Table 4). The growth of shrimp from adjacent areas like Div. 3L (Orr, 2003) and St. Anthony Basin
(Parsons, 1989) appears to be the same and somewhat slower than that of Flemish Cap (Fig. 13).
The breeding cycle is being followed for a number of years. In the first year 1996, only hatching was deduced Fig.
14, Table 5). The hatching was half finished in the 14th week of the year. In some years spawning could be
followed quite closely but not hatching. Altogether there were 5 seasons were both spawning and hatching could be
calculated (Fig. 14 and 15). Spawning starts on the average about the 8th of July. At 30th of July about 50% of
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females have spawned. Three weeks later all females have spawned and females at Flemish Cap unlike offshore
shrimp in Icelandic waters spawn every year. The eggs are then carried for some 8 months on the pleopods. One
assumes that the length of the egg bearing is from the date when 50% have spawned to the date when 50% have
hatched their eggs. These dates are on average 30 of July to 27 of March.
There is considerable information on breeding of northern shrimp in various other areas collected from several
authors by Shumway et al. (1985). Flemish Cap falls there in between Jan Mayen and Mist fjord. The egg bearing
period is some 9 months at Jan Mayen and the bottom temperature there is 1°C whereas in Mist fjord temperature
is 4°C and egg bearing period is about 6 months. In Icelandic offshore the egg bearing period is some 10 months
at 0°C but the females only spawn every second year (Skuladottir et al., 1991)
Summary
We have tried here to gather some information on the life history of shrimp. Some pieces of information like
larger shrimp staying deeper down and length at age is old. Some information is new for this area like the size at
which males change sex to become females at about the size of 22.2 mm on average and at age 4-5. The growth
appears to be a bit faster at Flemish Cap than i adjacent areas.
Egg bearing period are studied and seem to be about 8 months.
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Fig. 1. Life history of Pandalus borealis.
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