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Introduction

Total weighted length distributions, e.g. from the commercial fishery, are often difficuls to interpret, because
seasonal growth tends to mask the annual length increment of the age groups. When using the various methods for
determining age groups from length distributions it is essential that a clear growth from year to year is identifiable.

In order to investigate the effect of using the MIX program - created for modal analysis of length frequency
distributions (Macdonald and Pitcher, 1979) - to calculate year-class proportions in combined weighted annual
length distributions of commercial catches of shrimp a number of modelled scenarios with varying year-class sizes
in the catch were created, and the MIX program was uscd to calculate proportions in the resulting distributions.
Theoretical and calculated proportions were thereafter compared.

Materials and methods

In order to explore how variations in year-class strength and various weighting factors influence total weighted
length distributions of shrimp some calculated examples are given based on theoretica! distributions. The basic
figures for length at age, year-class strength, and catch distribution over quarters are copied from information from
analysis of the commercial fishery in Davis Strait in 1996 (Hvingel et al., 1996).

In these examples commercia! fishery catches are thought to be sampled the year round, and length samples
combined quarterty and weighted with the total catch for the relevant periods.

Four year-classes are followed through the year, and the growth pattern is supposed to be stable, i.e. the length of a
year-class afier five quarters' growth equals the lengih of the next year-class in the first quarter. The growth of a
year-class is supposed to be lincar within a given year.

Length distributions are supposed to be normally distributed around means, roughly corresponding to peaks
interpreted as age groups 2-5 in the offShore shrimp (Pandalus borealis) population. Standard deviations differ
from year-class to year-class.

The mean length and the standard deviations (in brackets) chosen for the distributions are given below:

Year<lass Jan-Mar Apr-Jun Jul-Sep Oct-Dec
A 11.0 (0.8) 11.7 (0.8) 12.5 (0.8) 13.3(0.8)
B 14.0 (0.9) 14.7 ((1.9) 15.5 (0.9) 16.3 (0.9
C 17.2 (1.0Y 17.8 {(1.0) 18.5 (1.0Y 19.2 {1.0)
D 20.0(1.1) . 206 (1) 21.2 (1.1 21.8 (1.1)

- Five models with theoretical catches in a year of the four year-classes were investigated. In each quarter the same

carch was taken of a year-class:

Medel M1111: Four year-classes of equal strength were fished over a-year.

Model M2111: Four year-classcs, of which the first one was twice as abundant as the other three year classes, were
fished over a year. ,

Modet M1422: Four year-classes, of which the second was four times as abundani as the firsi, and the third and the
fourth were twice as abundant as the first, were fished over a year, . .

Model M2142: Four year-classes, of which the first was twice as abundant as the second, andilhe third was four
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Table 1. Normal distributions of four age-groups (A-D) in four quarters of a given vear. Means and standard deviations
are given, Year-class strengths and quarterly catches are weighted evenly.

LGR Al A2 A3 Ad Bl 12 B3 B4 Cl C2 C3 C4 D1 D2 D3 D4
7.5 0.000 0.000 0000 0.000 0.000 0.000 0000 0000 0.000 0000 0.000 0000 0000 GO00C 0000 0.0600
8.0 0.000 0.000 0.000 ¢.000 0.000 0.000 0.000 0006 0.000 0000 0.000 0.000 0.000 G000 0000 0000

3 8.3 0.004 0.000 0.000 0.000 0.000 0000 0000 0000 0.000 0.00¢ 0.000 0000 0000 @000 0000 0.000

i 9.0 0.022 0.002 0.000 0.000 0.000 0000 0000 0.0006 0.000 0.00¢ 0063 0.000 0.000 ©¢00C¢ 0000 0.000

9.5 0.086 001 0000 0.000 0.000 0.000 0000 0000 0.000 0.006 6000 0000 G000 0000 0.000 0000

¢ 10.0 0228 0.052 0004 0000 0.600 0.000 0.000 0.000 0000 0000 0000 0000 GOOO 0000 0.000 0000

3 10.5 0410 0.162 0022 0.001 0.000 0000 0000 0000 0000 0.000 0.060 0.000 0000 0000 0.000 0.000

11.0 0.499 0340 0.086 0008 0002 0.000 0000 (000 0000 0000 0000 0600 0000 0000 0.000 D000

11.5 0.410 0.483 0.228 0040 0009 0.001 000¢ 0.000 ¢.060 0.000 0000 0.000 C¢000 0000 0000 0.000

12.6 0.228 0465 0410 0,133 0038 0.005 0.000 0000 (L000 0.000 0000 0000 0000 0000 0.000 10.060

i 12.5 0.086 0302 0499 0302 0111 0022 0.002 4000 0000 0000 0000 0000 0006 0000 0.000 0.000

b 13.¢ 0.022 0.133 0410 0465 0239 0074 000% 0001 0000 0000 0000 0000 0000 0000 0C00 0.000

13.5 0.004 0.040 0228 0483 0380 0182 0.038 L004 G000 0000 0000 0.604 0000 0000 0000 0.060

14.0 0.000 .0.008 008 0340 0443 0328 0111 0017 0002 0000 0000 0.000 000G 0000 0.000 0.000

14.5 0.000 0001 0022 0.162 0380 0432 0.239 0.060 0010 0002 0000 0.000 0000 0000 0000 0.000

130 0.000 0.000 0004 0052 0239 0419 0380 0136 0035 00608 0001 0000 0000 0000 0000 0.000

E 15.5 0.000 0000 0000 G011 0111 0299 Q443 0299 0.0%3 0028 0004 0.000 0000 0.000 0000 0.000
16.0 0.000 0.000 0000 0002 0038 0.156 0380 0419 0194 0079 00418 0.002 0000 0.000 0.000 0.000
16.5 0G0 0000 0000 0000 0.069 0.060 0.232 0432 0312 0171 0054 0010 0002 0.000 0060 0.000
17.0 ¢.000 0000 0000 0000 0002 0017 0.1f1 0328 0391 0290 0130 0.035 0009 0002 0.000 0.000
17.5 0.000 0000 0000 0000 0.060 0.004 0.038 0187 0381 0381 0242 0.0%3 0027 0007 0061 0.000
18.0 0000 0.000 0000 G000 0000 0001 0009 0074 0290 0391 0352 019 0069 6.022 00065 0.001
18.5 0.000 0.000° 0.000 ©¢.000 €000 0000 0002 0022 0371 0312 0399 0312 0.143 0059 0.01R 0C.004
19.0 0.000 6.000 0000 0000 0000 0.000 0.000 0005 0.079 6194 0352 06391 0240 0.126 0049 0.014
19.5 0.000 0000 0000 0.000 €000 0.060 0.000 0.001 0028 0094 0242 G381 0327 0220 0.110 0.041

2010 0.000 000G 0000 0.000 0000 C.000 0.000 0000 0008 0035 0130 G290 0363 0313 0200 0.095

20.5 0.000 €000 0.00¢ 0.000 0.000 0000 0000 0000 0002 0010 0054 0177 0327 0361 0296 0.130

1 21.0 0.000 0000 0000 0000 0600 €000 04000 G000 0000 0002 0018 0079 0240 0339 0357 0.278

i 21.5 0.000 0000 0000 0.000 0000 G000 0000 C.OCO 0000 G000 0004 G028 0.143 0260 0349 (.349

22.0 0000 0.000 €.000 000G 0000 0000 0000 GOBO 0.000 0000 0.001 0008 0.069 0161 0278 0357

22.5 0.006 0.000 0000 0000 0000 0.000 0.000 0000 0000 0OGD 0000 0002 0027 0.082 0.180 0.296

23.0 0.006 0000 0000 000¢ 0000 000G 0000 0000 0000 0060 0.000 CGO00G 0.009 00634 0095 0.200

235 0.000 0.000 0.000 0000 0000 0000 0000 0000 0000 0000 0000 0000 6002 0.011 G041 G110

24.0 0.000 0000 0000 0000 0000 0006 0060 0000 0000 0000 0.090 GO0G 0.000 0.003 G014 0.049

245 0.000 0000 0000 0.000 0.000 0.000 000 0000 0000 0000 00600 0000 0000 0001 0004 0018

E 25.0 0.000 0000 0.000 0000 0000 0000 0G0 0000 0000 0000 0000 0000 000 0.000 G001 0005

p 25.5 0.000 0.000 0.000 0000 0.000 0000 G000 0000 0000 0000 0000 0000 04000 0000 0.000 0.001

260 0,000 0000 0000 0.000 0.000 0000 0000 0000 0000 0000 0000 0000 0000 0.000 0000 0000

265 0.000 0.000 0.000 0.000 0.000 0000 0000 0.000 0000 0000 0000 0000 00600 00060 0000 0.000

27.0 0.000 0.000 0.000 0000 0.000 0000 0000 0000 0000 (000 0000 0000 0.000 0000 0000 0.000

b 275 0.000 0.000 0000 0000 0000 0.000 0400 0000 G000 0.000 0.000 0.000 0.060 0.0600 0.000 0.000
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Table 2. Comparison of mode! proportions and calculated proportions.

Model jModel propartions Calculated progortions Difference, percent
00, 1 2 3 4 1 2 3 4 1 2 3 4
i MIil1] 0.25 0.25 0.25 0.25 0.28 0.24 027 022 12.0 -4.0 8ol -12.0
5 M2111 0.40 0.20 0.20 0.20 0.42 0.19 0.21 017 5.0 -5.0 5.0f -15.0

M1422 0.11 0.44 022 0.22 0.16 Q.42 0.23 0.19 44.0 -5.5 3.5 -143
M2142 0.22 0.11 0.44 022 0.23 013 0.46 0.18 3.5 17.0 35 -19.0
M2214 022 0.22 011 0.44 0.25 0.20 0.14 0.41 12.5! -10.0 26.0 -7.8
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Figure 1. Distributions of the four year-classes in the second quarter.
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Figure 2. Combined size distribution of the four ycar-classes with equal weighting.
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Figure 3. Combined size distribution
Proportions between the age-groups are 2:1: 1 1,
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Figure 4. Combined size distribution of thc four year-classes with
Proportions between the age-groups arc 1:4:2:2. '
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Figure 5. Combined size distribution of the four year-classes with different strength applied.
Proportions between the age-groups are 2:1:4:2. .
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Figure 6. Combined size distribution of the four vear-classes with different strength applied.
- Proportions between the age-groups are-2:2:1:4. -
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Figure 7. Combined size distributions of the four year-classes, weighted by quarterly commercial
© catches in the proportion 3:4:4:2 for the four quarters, respectively. '
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Figure 8. Combined size distributions of the four year-classes, weiglited by quarterly commercial
catches in the proportion 3:4:4:2 for Ihe four quarters, respectively. and year-class
strengths of 1:2:4:12 for the four vear-classes. respectively. :
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Figure 9. Cohortes produced by the MlX-progrém for five different models.
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