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ABSTRACT 

Westrheim, S. J., and W. E. Ricker. 1977. Bias in using an age-length key 

to estimate age frequency distributions. J. Fish. Res. Board Can. 

00: 0000-0000. 

Consider two representative samples of fish taken from the same 

stock in different years. For the "parental" sample the length and age 

of the fish are determined, and are used to construct an "age-length key" 

the fractions of the fish in each (short) length interval that are of each 

age. For the "filial" sample only the length is measured, and the parental 

age-length key is used to compute the corresponding age distribution. Trials 

show that the age-length key will reproduce the age-frequency distribution of 

the filial sample without systematic bias only if there is no overlap in length 

between successive ages. Where there is much overlap, the age-length key will 

compute from the filial length-frequency distribution approximately the 

parental age distribution. Additional bias arises if the rate of growth of 

a year-class is affected by its abundance, or if the survival rate in the 

population changes. However, an age-length key can safely be used to compute 

age distributions for additional samples of the same population taken in the 

same year. 



AGE-LENGTH KEYS 

"Ageing" fish from scales, otoliths, or other structures is a 

tedious and time-consuming occupation. Many investigators have lightened 

their work by using an age-length key obtained from one or more samples in 

which both age and length were determined. For a series of rather narrow 

length intervals the age composition is computed as a fraction or percentage 

of the total fish of that length. These age compositions are then applied 

to the length-frequency distributions of samples collected at other times or 

in other areas, and age distributions are obtained by summation. We will call 

the age-length matrix used to construct the key the parental sample, and any 

length distribution to which it is applied will be the filial sample. The 

process is illustrated in the model of Table 2, below. 

It is probably generally recognized that two phenomena can affect 

the accuracy of an age distribution computed from an age-length key. The 

first is a change in survival rate between the parental and filial samples. 

If survival rate has decreased, then the key will compute too many fish of 

the older ages. However, after any change in survival rate in a multi-aged 

species several years must elapse before its effect is fully felt among the 

older ages; hence, generally speaking, this has probably not been a major 

source of error. 

A second disturbing factor can be an inverse relation between year

class strength and growth rate. This obviously will change the representation 

of a particular age at a given length. However, in many populations, including 

that shown in Fig. 1, there is little or no relation between the abundance of 

a year-class and its rate of growth. 

There is also a third source of bias which has had little general 

recognition, but whose effects can be extremely serious. Kimura (1977) alluded 
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to it recently when he observed that "the age-length key will give biased 

results if applied to a population where the age composition differs from 

that of the population from which the age-length key was drawn"; however, he 

did not elaborate on this theme, and his paper is devoted to analyzing situations 

where the same popu1ation . is sampled in different ways. 

The bias to be considered is a result of variable year-class strengths 

in a population, in combination with overlap in the length distribution of 

successive age-groups. It appears when an age-length key is prepared from 

one year I s data and is then applied to length distributions obtained from 

samples of the same population in other years. 

This bias came to the attention of the senior author in the course 

of reviewing various unpublished reports dealing with assessment of stocks of 

Pacific ocean perch (Sebastes a1utus), black cod (Anop1opoma fimbria) and 

walleye pollock (Theragra cha1cogramma) in the eastern North Pacific Ocean. 

Age distributions obtained using an age-length key turned ~ut to be remarkably 

similar, in spite of large differences between the length-frequency distributions 

to which the keys were applied in successive years. 

This note gives an example of the bias introduced by an age-length 

key, and analyzes its nature by means of a numerical model • . 

OCEAN PERCH OF QUEEN CHARLOTTE SOUND 

The first two columns of Fig. 1 show the size- and age-composition 

of Pacific ocean perch landed by Canadian trawlers from the Goose Island Gully 

in Queen Charlotte Sound during 1961-1975. For brevity, only odd-numbered years 

are shown. The age composition for each year was obtained directly by reading 

all the otho1iths collected. The length-frequency anomalies and the actual 

age compositions show the progression through the fishery of two groups of 
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strong year-classes -- 1951-1954 and 1960-1962. 

In September of 1976 a sample of 3017 fish was obtained by a research 

vessel from the same area. An age-length matrix from these fish (Table 1) was 

used to compute age frequencies from the lengths of earlier years. Age 

compositions based on this key, shown in the last column of Fig. 1, fail to 

reveal the progression of strong year-classes. On the other hand, a prominent 

mode at age 6 in the 1976 sample was reproduced in 6 of the 8 computed age 

distributions, although it did not occur at all in the actual commercial 

landings. Similarly a mode near age 13 tended to appear in the filial 

distributions whether or not it actually existed in the landings of the 

year in question. 

MODEL OF THE INTERACTION OF VARIABLE YEAR-CLASS 

STRENGTH WITH SIZE OVERLAP 

The age and length distributions of Fig. 1 are subject to sampling 

variability, and some might regard them as less than completely convincing 

on that account. Consequently it is desirable to consider a model population 

in which all accidental sources of error are eliminated. Table 2 shows a 

completely representative sample of a population in which both survival rate 

and rate of growth remain unchanged from year to year, the fish are always 

accurately aged, and there is no sampling error. The bottom half is an age

length key, in percentage, derived from the matrix above. In Table 3 the 

age-length distribution in the top half diff~rs from that of Table 2 only in 

the size of the successive age-groups: the year-classes of Table 2 are moved 

one year to the right, simulating the transition from one year to the next. 

In the lower half of Table 3 the age-length key of Table 2 is applied to the 
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total le~gth distribution in the last column of the frequency distribution 

above, and in the last line the computed filial frequencies are summed by age. 

The age distribution recovered obviously differs greatly from the 

true age distribution of the sample immediately above it, and it has considerable 

resemblance to that of the parental sample in Table 2. The three are compared 

in Fig. 2. From this and other examples, as well as the actual illustration 

of Fig. 1, it is clear that: 

(1) when there is little overlap in size between ages, the computed 

age distribution will closely resemble that of the filial sample; 

(2) when there is much overlap in size between ages, the computed 

age distribution will closely resemble that of the parental 

sample. 

UNBLASEn SITUATIONS 

Still maintaining the condition of no secular change in age-specific 

mortality or growth rates, mention can be made of three situations in which 

there is no systematic bias in using an age-length key. Two are rather trivial, 

but the third is of practical importance. 

Firstly, if there is no overlap in size between successive ages in 

a population, then obviously an age-length key for one year will be applicable 

to all other years. There is no way in which a wrong age can be assigned. 

Secondly, if year-classes are all of identical size at recruitment, 

and consequently their relative numbers at different ages do no change from 

year to year, there is really only one age-length matrix. The key that is 

obtained from any year's sample will be the same as that obtained from any 

other year's sample, apart from sampling variability. 
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Finally, an age-length key can be applied, without introducing 

systematic bias, to any sample taken from the same population in the same 

year, regardless of the relative numbers of successive length-groups present 

in the two samples. For example, different fishing gears usually have different 

selection characteristics, and fish of different sizes often occur predominantly 

at different depths; for either reason, one sample may differ considerably in 

1ength- and age-frequency distribution from another. Nevertheless, an age

length key computed from one such sample can safely be applied to the lengths 

from any other taken from the same population in the same year. 

Because this is not intuitively obvious, an example is given in 

Table 4, which shows a sample taken from the population of Table 2 using a 

gear whose relative catching power decreases rapidly with decreaSing fish 

length, as shown in the second column. 

By applying the age-length key of Table 2(b) to the totals column 

of Table 4, exactly the same age-length matrix is obtained as is shown in 

Table 4, except for small differences that arise from rounding all entries 

to the nearest unit. 

In practice, sampling variability makes for considerable differences 

between age-length matrices even when taken from the same population in the 

same year and by the same gear. This aspect of the use of age-length keys is 

considered by Kimura (1977), but for orientation a simple rule is that any 

entry in the original matrix has a standard error approximately equal to its 

own square root for numbers of moderate or large size, and somewhat larger 

for small numbers. For greater accuracy, the appropriate Poisson confidence 

limits are given in Appendix 2 of Ricker (1975). 



- 6 -

CONCLUS IONS 

Much overlap in size among age-groups, and moderate or large variations 

in year-class strength, are the rule among commercial fishes of the size range 

customarily captured. For such populations age-length keys computed from 

one year's data cannot be applied to samples taken in a different year. 

However, an age-length key ~ be applied to other samples taken in the same 

year, regardless of any differences in the fraction of each length group that 

is present in different samples; always provided that all the samples come 

from the same population. 

REFERENCES 

Kimura, D. K. 1977. Statistical assessment of the age-length key. J. Fish. 

Res. Board Can. 34: 317-324. 

Ricker, W. E. 1975. Computation and interpretation of biological statistics 

of fish populations. Bull. Fish. Res. Board Can. 191: 1-382. 

Fig. 1. 

Fig. 2. 

LIST OF FIGURES 

Annual length-frequency anomolies, and actual and calculated age

frequencies for trawl-caught Pacific ocean perch landed in British 

Columbia from Queen Charlotte Sound (Goose Island Gully), 1963-1975. 

Age-frequencies for parental, and actual and calculated filial 

populations. 



Table 1. Age-length matrix for a sar.lple of 3017 Pacific ocean perch collected in Queen Charlotte Sound (Goose 
Island Gully) during September 1976. 

Fork Age 
length 

(cm) <5 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 >20 Total 

<22 29 29 

22 17 17 

24 18 9 1 28 

26 17 17 5 1 40 

28 29 55 11 1 96 

30 3 104 45 4 1 2 159 

32 24 32 42 10 18 7 6 3 1 1 I'" ... ~ 
34 1 8 25 45 78 57 28 25 9 1 '- 7 I 

36 1 6 10 73 155 129 109 77 28 3 591 

38 13 74 118 157 141 50 20 9 7 1 590 

40 5 27 50 82 60 . 29 20 12 14 20 23 34.2 

42 1 2 6 21 39 21 20 22 26 20 82 260 

44 1 9 7 12 13 22 23 17 120 22~ 

46 1 3 5 19 139 16 :-

48 1 3 46 50 

50 3 3 

Total 81 58 190 98 78 65 183 301 311 350 340 186 85 63 66 70 79 413 3,01:" 

...... 
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Table 2. A. Age-length matrix of a pop'llation in which year-class strength 
varies in the ratio 2: 1, and rate of in" l~ease in length decreases with age. 
(For simplicity, there is no growth betw~en ages 8 and 9, or between ages 
10 and 11.) B. Age-length key derived from A, in percentage. 

Age 4 5 6 7 8 9 10 11 

Strength 2 1 1 2 1 1 2 1 Tot;]l 

A. Parental distribution 

Length 
(cm) 

6 6 
40 61 61 

242 .. 242 
50 383 383 

242 2 244 
60 61 23 84 

6 91 97 
70 144 2 146 

91 17 108 
80 23 68 3 94 

2 108 26 1 137 
90 68 102 10 5 185 

17 162 38 19 3 239 
100 2 102 61 30 11 1 207 

26 38 19 18 1 102 
110 3 10 5 11 1 30 

1 0 3 0 4 

Total 1001 376 282 424 159 78 46 3 2369 
Percentage 42.2 15.9 11. 9 17.9 6. 7 3.3 1.9 0.1 

B. Age-length key, in percentage 

100 
40 100 

100 
50 100 

99 1 
60 73 27 

6 94 
70 99 1 

84 16 
80 24 72 3 

1 79 19 1 
90 37 55 5 3 

7 68 16 8 1 
100 1 49 29 15 5 1 

25 37 19 18 1 
110 10 33 17 37 3 

25 0 75 0 
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Table 3. A. Age-length matrix like that: of Table 2, except that the year
c1nss strengths are shifted one year to I:he right. B. Age-length matrix 
computed from the total column of Table J(A) and from the age-length key in 
Table 2(B). 

Age 4 5 6 7 8 " 9 10 11 

Strength 1 2 1 1 2 1 1 2 Total 

A. Actual filial distribution 

Length 
(cm) 

3 3 
40 30 • 30 

121 121 
50 192 192 

121 4 125 
60 30 46 76 

3 182 185 
70 287 2 289 

182 17 199 
80 46 68 1 115 

4 108 13 " 2 127 
90 68 51 19 5 143 

17 81 77 19 1 195 
100 2 51 121 30 6 1 211 

13 77 19 9 2 120 
110 1 19 5 6 1 32 

2 0 1 0 3 

Total 500 751 282 211 317 78 23 4 2166 
Percentage 23.1 34.7 13.0 9.7 14.6 3.6 1.1 0.2 

B. Computed filial distribution 

3 3 
40 30 30 

121 121 
50 192 192 

124 1 125 
60 55 21 76 

11 174 185 
70 286 3 289 

167 32 199 
80 28 83 3 114 

1 100 24 1 126 
90 53 79 7 4 143 

14 133 31 16 2 196 
100 2 103 61 32 11 2 211 

30 44 23 22 1 120 
110 3 11 5 12 1 32 

1 0 2 0 3 

Total 536 678 287 375 156 80 49 4 2165 
Percentage 24.8 31.3 13.3 17.3 7.2 3.7 2.3 0.2 
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Table 4. Age-length matrix derived from Table 2(A), by mUltiplying the 
entries in each row of 2(A) by the "efficiency" fraction shown in column 
two. 

Age 
Length 

(cm) Efficiency 4 5 6 7 8 9 10 11 Total 

O. 0 0 

40 O. 0 0 

0.05 12 12 

50 0.1 38 .. 38 

0.15 36 36 

60 0.2 12 5 17 

0.3 2 27 29 

70 0.4 58 1 59 

0.5 46 8 54 

80 0.6 14 41 2 57 

0.7 1 76 18 1 96 

90 0.8 54 82 8 4 148 

0.85 14 138 32 16 3 203 

100 0.9 2 92 55 27 10 1 187 

0.95 25 36 18 17 1 97 

110 1. 3 10 5 11 1 30 

1. 1 0 3 0 4 

Total 100 151 196 360 143 . 70 44 3 1,067 
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