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Abstract

Since 1995 changes in some population parameters of the shrimp stock at Flemish cap have taken place. Growth rate
of males has decreased, size at sex change has decreased and maximum length of females has decreased. This
indicates that growth conditions for the individual shrimp have worsened since 1995. When larger individuals are
removed from ashrimp stock by selective fishing, predation decreases and leads in turn to increased recruitment and
increased competition among the smaller individuals in the population. It is suggested that a management directed
towardsincreased fishing pressure on small shrimp should be considered,

Introduction

The shrimp fishery at Flemish Cap started in 1993 when 28.000 tons were caught. From 1994-1998 the yearly average
was some 32.000 tons with a peak of 48.000 tons in 1996. The catch in 1999 was 42.000 tonsand increased to around
50.000 tons in 2000 (Anon 2000). Skuladottir et. al. (1999) gave an overview of the international fishery for shrimp on
Flemish Cap. In November 2000, the Scientific Council advised that the catch should be reduced to 30.000 tons in
2001, partly because they considered the 97- year-class to be below average (Anon. 2000). The advices of the
Scientific Council will be viewed in the light of the observed changes in stock parameters from 1995 to 2000.

Material and Methods

Samples were collected on board | celandic and Estonian shrimp trawlers during commercial fishing in the years 1995,
1996, 1999 and 2000. The samples were taken unselected from the bunker. The 1997 samples were collected by
crewmember, same procedure used, and sent frozen to Iceland for analysis in the laboratory. The oblique carapace
length of shrimp (OCL) was measured to the nearest 0.1 mm, sorted into 0.5 mm length classes and separated into sex
categories, i.e. males, transitionals, and females.

Results

Since 1995, changes in vital stock parameters are reflected in samples from the commercia catch (Fig. 1). These are
growth rate of males, size at sex change and maximum length of females.

Mean length of 2-year-old males in November 1995 was 18.6 mm. A year later the same year-class, then age 3, was
22.0 mm. This givesthe growth rate G g = 0.17 which correspondsto G yeigne = 0.5.



In March 1999 the mean length of the 96- year-class (3 yearsold, al males) was around 16 mm, the 97- year-class (2+)
was 12.5 mm. This means that 3+ shrimp in late autumn 1999 are smaller than 2+ shrimp were at the same time of the
year in 1995,

Samples from March 2000 do not show any distinct length separation of the 97- and 96- cohorts. It is possible that at
least a part of the 96- year-class is clustered together with the 97- year-class in the length interval 15718 mm OCL. If
S0, then a possible explanation is declining growth of the 96- year-class.

Growth of the 94- year-class in the first years of its life was slower than the growth of the 93- year-classwasin the
same period of its life. This is shown in Fig. 2 a) which shows the mean length of these year-classes lengths at
different times.

Part of the 93- year-class changed sex in the winter 1996-97. In Fig. 2 b) it can be seen that shrimp becoming females
(transitional s) are larger than those continuing as males.

The separation of the fast growing part of the 93- year-class to become transitionalsis shown in more detail in Fig. 3.
Thisfinding supports that the size rather than age determines the onset of sex change (female maturity)

Size of the smallest egg bearing females has decreased from 20.5 mm OCL in November 1995 to 18.0 mm in March 2000
(Fig. 1). The maximum size of shrimp has aso decreased from 32 mm OCL in 1995 to 28.5 mm in 2000. The ratio
minimum/ maximum size of femalesis however unchanged, 0.64 in 1995 and 0.63 in 2000.

Conclusion and Discussion

The samples are taken at different locations different years and as size of shrimp is known to vary by depth, the
samples may not be exactly comparable. The data however show adefinitetrend in life history parameters.

Slower growth, reduced size at sex change and smaller maximum size of shrimp all point in the same direction: Growth
conditions for the individual shrimp have worsened since 1995.

Retarded growth from 1993-1999 is supported by Skuladottir et. al. (1999) who cal cul ated the length at age for shrimp
at Flemish Cap 1993 - 1999. Figure 4. isaplot of weight at ages 1-5 1993-1995 as presented in table 3 (Skuladottir et. al.
1999).

Environmental conditions, such astemperature, availability of food and competition determine the growth rate.

Size of sex change in shrimp can be considered to be parallel to size at maturity in fish, because in shrimp, the egg and
embryo production is the energy consuming part of the reproduction process. Onset of maturity in fish is related to
growth and it is generally accepted that growth of individual fish decreases at or after the onset of maturity for then
often to cease altogether. Thiscallsfor an explanation.

Size at sexual maturity is a highly variable feature within a species. It may vary considerably from one stock to
another, and it may also be variable with time, reflecting temporal changesin living conditions.

There is not one generally accepted view on how growth relates to maturity. In some cases it appears that the fish
that grow fastest in early life mature earliest, and may mature at a smaller size than those who grow more slowly. This
is usually most obvious in a pond where al the fish in the pond are of the same year-class. In a given environment
there are two basic things that limit the growth of afish, i.e. availability and access to food and the size of the fish. In
a uniform habitat (e.g. a pond), there is little opportunity for niche shifts. At a certain size, the environment cannot
support more growth and this brings on the onset of maturity. In general then one can say that reduced growth
brings on maturity causing further reduction in growth rate. Rate of growth thus generally decreases with increased
size, aprocess that can usually be adequately described by the von Bertalanffy growth equation.



Several authors have extensively studied the connection between growth and maturity, and the relationship between
size at sexual maturity and other population parameters is well known (Holt 1962, Beverton 1992). It is widely
assumed that maturity brings on reduced growth, but several authors have challenged that view. They consider
maturity to be the inevitable consequence of reduced potential for growth that follows increased body size if thereis
no ontogenetic niche shift (Alm 1959, Iles 1974, Pauly 1981).

The slower growers sometimes mature at a larger size than those growing faster because in many species, the
breeding season is well defined so the decision on whether to mature or not is only taken once a year. In a more
heterogeneous environment there are more available niches for fish than in the pond or limited environment. How the
fish can use these niches depends on their adaptations (species) and within a species, on their size (Parker and Larkin
1959).

There is and inverse relationship between body size and mortality in marine fish (Peterson and Wroblewski 1984).
Fishing of virgin populations often leads to increased recruitment, which in turn leads to reduced growth and
reduced size at sexual maturity or stunting, especially when the largest individuals of the population are selectively
removed (Langeland and Jonsson 1988).

The Flemish Cap can hardly be described as a pond but the area suitable for shrimp is limited and growth rate can
become density dependant. If retarded growth in shrimp at Flemish Cap cannot be explained by change in
environmental conditions, selective fishing or underfishing could be the cause. Present continued fishing pattern
may eventually change the size composition of the stock to afurther degree, i.e. maximum size may be further reduced
and the average size of shrimp become lower.

Following hypothesis can be put forward:

When larger individuals are removed from a shrimp stock by selective fishing, predation (cannibalism)
decreases which in turn leads to increased recruitment. This leads to changes in stock composition towards
smaller individual size and retarded growth.

This situation is often misinterpreted as result of overfishing. A remedy to correct such a"skewed" fish stock would
be to use unselective gear or combination of fishing methods that lead to unselective removals from the stock
(Kolding 1994).

Therefore, a management directed towards increased fishing pressure on small shrimp should be considered, as
reduced fishing pressure on larger shrimp may not be practical or even possible. This is contrary to the existing
management strategies, which suggest closure of areas with small shrimp and regards large year-classes as a positive
sign for the development of the stock.
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Figure1l. Relative length-frequency distribution of male and intermediate shrimp combined (line) and female shrimp
(bars), in the catch at the Flemish Cap in 1995-2000. Note that males and females are different scale, no.
males on vertical axis to the left and no. females on the axis to the right in the figures. The x-axisisOCL in
mm
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Figure2. a) Growth of the 93- and 94- year-classes. Size is plotted against age in months. The 94- year-class is
considered to be 12 months old in December 1995. All 94- shrimp were males, part of the 93- shrimp were
changing sex at age d 36 months. b) Shows how the 93- year-class splits into two categories. Fast
growing part, intermediates becoming females and slow growing part, remaining males.
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Figure3. a) Length-frequency distribution of the 93- year-classin November 1995, then all males, and in November
1996, males and transitionals combined. b) Length distribution of the 93- year-class split into males
(unbroken line) and transitionals (Trs).



