A Discussion of the Importance of Aging Errors, and
an Application to Walleye Pollock:
The World's Largest Fishery

R.J. Beamish and Gordon A. McFarlane

ABSTRACT: Accurate age-determination methods are an essential prerequisite for fisheries
management. Even when a method is known to be accurate, there will be errors associated with
the application of the method that can cause a misinterpretation of the population dynamics
process. We discuss errors in accuracy and precision and describe how they relate to the manage-
ment of the walleye pollock (Theragra chalcogramma) fishery. In the mid- to late 1980s, reported
catches from this fishery ranged from 6 million tons to 7 million tonnes, but may have approached
8 million tonnes or 9 million tonnes, making it the largest fishery in the world at this time. The
participants in this fishery used different methods to age walleye pollock, resulting in different
interpretations of potential harvest levels. In recent years, catches have declined. We propose that
problems associated with the aging method confounded attempts to understand the effects of fishing
and of the environment on the population dynamics process, making it difficult to predict the
decline in abundance.

Introduction

In 1983, we reviewed the accuracy of methods used to provide ages in fisheries management
(Beamish and McFarlane 1983). That paper, entitled "The forgotten requirement for age validation
in fisheries biology," was intended both to emphasize the difficulty of producing accurate ages and
to discuss the possible consequences in fisheries management of relying on ages of uncertain accu-
racy. The concern we had then, and the concern we have today, is that there should be a close rela-
tionship between those who produce ages and those who use them. Age estimates are not simply
another parameter to be used to model the catch history of a fishery. All age estimates contain
errors, and it is essential to understand the magnitude and relevance of these errors when attempting
to establish sustainable harvest strategies.

In this paper we revisit the issue of the importance of understanding the error that is associated
with age determination. To do this we selected the walleye pollock (Theragra chalcogramma) fishery
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as an example of the difficulty of obtaining accurate age estimates and the importance of incor-
porating aging error into any process that determines fishing quotas. We selected the walleye pollock
fishery because it is an international fishery and, in the late 1980s, was the largest fishery in the
world. We could have chosen other fisheries in the Pacific Ocean, such as Pacific ocean perch
(Sebastes alutus), but the international aspect of the walleye pollock fishery emphasized both the
importance and the difficulty of using estimates of age.

Age Determination Errors

There are two types of aging errors, those affecting accuracy and those affecting precision.
Simply speaking, accuracy is the relationship between the estimated age and the true age, while
precision is the reproducibility of the individual age estimates. Accuracy is difficult to measure,
but it is possible to show that a method used to estimate ages is valid for all ages used in analysis.
If a method has not been validated for all age classes, investigators must realize that estimated ages
could be substantially in error. It is important to note that we define accuracy in terms of the
method and not the individual ages. It is not possible, with existing techniques, to assess the
accuracy of ages determined routinely for stock assessment. However, it is possible in most cases
to confirm that the method of age-determination will produce accurate ages. The literature is now
full of examples of age-determination -errors that resulted when an annual mark on a structure,
thought to be an annuli, did not form each year. Most journals now require that authors comment
on the accuracy of the age-determination methods used in their analysis. We encourage editors not
to relent in this requirement. However, if a method has not been validated, it may still be useful
to publish a study provided the consequences of possible errors are made clear.

The other error is precision error or reader variability. Several attempts have been made to
produce a quantitative method of assessing and correcting for precision error (Brander 1974;
Richards et al. 1992), but the common way of dealing with reader variability is to try to resolve
interpretations and reduce the variability. A resolved age is almost always considered to represent
the true age, when in fact it actually standardizes an interpretation. Standardized age determinations
may be very precise, but may not be very accurate. The variability that occurs among experienced
readers reflects, in reality, the degree of difficulty of applying a particular method to a particular
structure. This variation is important and should be used to assess and correct for errors in
precision. Recently a paper by Richards et al. (1992) explored reader variability to develop a
procedure for correcting precision error.

Ideally, all readings for any age, for example age 7, would be identical. That is, 100% of the
readings would be age 7. In reality, determinations will not be identical and will be distributed on
either side of age 7. As errors from other ages are included in the sample age distribution, the
resulting sample age estimate contains a mixture of true and erroneous age for each age group. The
reality is that age distributions produced by age laboratories and used in management are unknown
mixtures of true and erroneous age estimates. The procedure of Richards et al. (1992) attempts to
reverse the process and obtain more accurate ages for all age groups in a sample. It presents a
statistical framework for dealing with measurement error in the situation where multiple age
determinations are available for each structure. The method is one approach to resolving the well-
known "smearing" of year-class strength attributable to aging error.
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Fig. 1. Example of how the method of Richards et al. (1992) can be used to correct for reader variability and
to produce an age distribution that is closer to the true age distribution. Ages were determined by six
experienced readers from three countries using the burnt-otolith-section method for a sample of 124 walleye
pollock. The solid bars are the actual ages using the 124 X 6 observations, and the open bars are the estimate
of the true or accurate age distribution.

In general, the method depends on the estimation of a classification matrix that describes the
relationship between observed and true ages. The method of maximum likelihood is used to estimate
model parameters. The entries in the classification matrix estimate the probability of assigning age
a to a fish, given its true age b. For example, the probability of assigning age 2 to a fish whose true
age is 2 could be about 0.9. The probability of assigning age 3 to that same fish is near 0.1. Finally,
the probability of assigning an age greater than 3 or less than 2 to the fish is very small. The
classification distributions in the classification matrix increase with age.

The shape of the aging distributions in the classification matrix depends on the species under
study and on the available data. The distributions may not be symmetric; rather, one might postulate
that older fish tend to be under-aged, leading to a distribution skewed to the left. Brander (1974)
showed that skewness changes with age in this way. Experience gained with different species may
eventually suggest a characteristic structure for the classification matrix. The example from Richards
et al. (1992) shows that separating erroneous and true ages produces a distribution of ages that has
more extremes or has stronger and weaker year-classes than the uncorrected distribution (Fig. 1). The
method may not correct for all precision errors and may not accurately measure the strenth of all
strong year-classes, but it is a good beginning.

There is another precision error that may not have been recognized in the past but is very
important when studying the effects of the environment on the abundance of fishes. We call this
error reader bias. For some species, the population is commonly composed of a few strong year-
classes. This is particularly true of species off the Pacific coast of Canada and the United States (Fig.
2). A sample of ages from a population with strong year-classes can be dominated by one year-class,
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Fig. 2. Example of a species that has a population structure composed of strong year-classes. Age
composition of Pacific hake caught off the west coast of Vancouver Island 1976 to 1987. Note that in 1976
the age structure of the population contains more fish in a larger number of age groups and, with time, the
age composition changes such that there are a few strong year-classes that contain most of the fish and the
weaker year-classes contain a relatively small number of fish.
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as in Pacific ocean perch, or by several strong year-classes, as seen for Pacific hake (Merluccius
productus). Once the existence of strong year-classes is known to the person aging structures from
a sample, questionable interpretations may be resolved within a narrow range of the age of a strong
year-class by assigning ages close to the strong year-class, but not necessarily the exact age of the
strong year-class. For example, if the 1977 year-class of a particular species was very strong, a
sample of a population of a long-lived species collected in 1989 might contain a large number of
the 1977 year-class or a large number of age-12 fish. The reader, knowing that many fish will be
age 12, will feel that if a structure is aged close to age 12, it is accurate. Age-9 fish may be aged
as 10 or 11, and age-14 or age-15 fish may be aged as 12 or 13. In this case the result is to group
age estimates around a strong year-class and possibly increase the strength of a particular year-
class. Regular precision error is more random, resulting in a "smearing” of age estimates about a
true age, whereas reader bias will concentrate age estimates close to the age of a strong year-class.

A possible example of reader bias is the time series for Pacific hake ages, determined at the
Pacific Biological Station in Nanaimo, British Columbia, Canada (Fig. 2). Early in the time series
(1976), there was an indication of few year-classes with above-average abundance, but most age
groups were about equally represented and moderately abundant relative to the few stronger year-
classes. Late in the 1970s it became clear that the Pacific hake population was composed of strong
year-classes that occurred about every 3 yr or 4 yr. In the 1980s the age distributions started to
appear as though the ages representing weaker year-classes were "filtered" out of the distribution.
The distributions in the late 1980s could be accurate or they could reflect a bias toward assigning
fish to the known strong year-classes.

The very serious problem with precision errors is that it is not possible to tell from the data
if one, two, or a number of strong year-classes occurred consecutively and the exact year the strong
year-classes occurred. The problem is very serious, because extreme environmental events such as
ENSO (El Nifio-Southern Oscillation) events usually occur over a period of a year. "Smearing" of
age estimates reduces the estimated abundance of strong year-classes, and reader bias may increase
the actual abundance or create an impression of consecutive years of strong year-classes. It is
probable that reader bias is greater for populations that consist of long-lived fishes with a few
strong year-classes. In such cases, correcting for reader variation as proposed by Richards et al.
(1992) may not be appropriate until a correction is made for reader bias. In most age distributions,
the precision errors result in "smeared" age distributions. Statistical tests that compare
environmental indices with age distributions are sensitive to the allocation of ages in a wrong age-
class, and "smeared" age distributions may obscure relationships with the environment. The
consequences of not understanding the biological basis for the regulation of a population of a
species can be important because declines in abundance resulting from declining marine
productivity may be managed differently from declines caused by excessive fishing mortality.

Importance of Accurate Ages in Fisheries Management

As stated previously, age-determination errors will be common in any age sample taken from
a catch. Samples with older fish should contain more errors than samples containing younger fish,
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Fig. 3. Distribution of walleye pollock (shaded area).

but the amount of error will also depend on the method and reader skills. As an example of the
importance of understanding reader error, we consider how the errors described previously could
have affected the dynamics of the walleye pollock fishery.

Walleye pollock are found in the North Pacific Ocean from off the coast of Washington State,
USA, to the Sea of Japan. They are most abundant in the Bering Sea (Fig. 3) where they occur
pelagically and on the bottom. The biology and distribution of walleye pollock have recently been
described by Wespestad (1993). Catches of walleye poliock are summarized in Food and Agriculture
Organization of the United Nations (FAO) (1991), but the summary does not appear to include all
possible catches. We have summarized catches (Fig. 4), including estimates of catch from North
Korea. There is some speculation involved, but the estimates appear to approximate the catch.

Using catch statistics from the FAO (1991), the maximum catch of almost 7 million t occurred
about 1986 (Fig. 4). However, Chikuni (1988) believed that FAO statistics did not include large
catches by North Korea. We used his catch estimate up to 1986 and added this catch to the FAO
statistics (Fig. 4). Using our estimate, the all-nation walleye pollock catch could have been about
9 million t in 1986. Because we cannot account for recent catches by North Korea, we cannot
determine the exact amount of decline in catch, but it is apparent that there has been a substantial
reduction in the all-nation catch from 1986 to 1991 and it appears to be even lower in 1992 based
on unpublished preliminary catch data. The recent decline in catch, in catch-per-unit-effort (CPUE),
and in total abundance has been documented in other recent publications (Wespestad 1993; Bulatov
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Fig. 4. Total all-nation landed catch of walleye pollock from 1970 to 1991. North Korean (DPR) catches are
speculative (Chikuni 1988) and unknown after 1986. Catches in 1992 are not known, except that catches in
the "donut hole” were about 10,000 t. Catches do not include discards at sea, and at present there is no
reliable estimate of "unreported" catch.

in press); thus, there is no doubt that the large biomass present in the mid-1980s has been substan-
tially reduced.

In the Bering Sea (Fig. 3), walleye pollock are caught within the coastal zones of the United
States and Russia as well as in the international waters in the central Bering Sea, usually referred
to as the "donut hole" (eastern Bering Sea off Alaska within the United States 200-mile limit, and
the western Bering Sea off Russian within their 200-mile limit). The first substantial catches in the
"donut hole" of about 70,000 t occurred in 1983 (Lloyd and Davis 1989). In 1985, 336,392 t were
landed and catches reached a maximum of about 1,400,000 t from 1987 to 1989. Catches then
declined dramatically and the total all-nation catch in 1992 was approximately 10,000 t.

Catches in all areas of the Bering Sea (including the "donut hole") increased to a maximum
of approximately 4,000,000 t in 1988. Catches off the United States have not declined, but total
catches in the Bering Sea declined about 50% from the maximum in 1988 to about 2,000,000 t in
1991 (Wespestad 1993). Although catches off Alaska have not declined, biomass assessments for
stocks in the eastern Bering Sea, conducted by scientists from the United States, indicate that there
has been about a 50% decline in biomass from the mid-1980s to 1991 (Wespestad and Dawson
1992). Wespestad (1993) identified declining abundance throughout the Bering Sea and believed
the declining abundance was due to the declining abundance of the strong 1978 year-class. The
decline off Russia has recently been documented by Bulatov (in press). On the western shelf off
Russia, catches of walleye pollock by Japan and Russia increased in the late 1970s, stabilizing at
about 2,000,000 t in the early 1980s. From 1987 to 1990 the catch-per-unit-effort of Russian
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vessels fishing the western shelf and the central area has decreased 10-15 times. Thus, there is no
question that there has been a recent and dramatic decline in the biomass of walleye pollock
throughout the Bering Sea.

Over the last two decades walleye pollock have been aged using sections of fin rays, surfaces
of otoliths, and scales (McFarlane and Beamish 1990). In 1990, we compared ages using each of
these methods and the burnt-otolith-section method for samples of walleye pollock collected in five
areas from off Vancouver Island to the Bering Sea (McFarlane and Beamish 1990). Our study
found that the most appropriate structure or method varied among stocks. For the Strait of Georgia
stocks, ages from sections of fin rays were similar to ages obtained from the two otolith methods,
but the annuli were more distinct in the fin-ray sections. For some other stocks, both the fin-ray
method and the scale method provided younger age estimates compared to the otolith methods. The
differences in age estimates clearly showed that only the burnt-otolith-section method of age
determination was applicable to all stocks. All four methods from samples from the "donut hole"
produced different age distributions (Fig. 5) that resulted in significant differences in lengths-at-age
(Fig. 6) (ANOVA, p = 0.05; F = 64.65). The burnt-otolith-section method also produced ages up
to 28 yr, which was the oldest age reported for walleye pollock (Fig. 7). The oldest age previously
reported using the otolith-surface method was 18 yr (Karp and Traynor 1989). Ages determined
from the burnt-otolith-section method provided the first evidence that walleye pollock were long-
lived, indicating that populations may not be as productive as previously thought.

We found in a number of other studies that analysis of burnt-otolith sections frequently
produces ages that are considerably older than found from other methods. This method has been
validated for other species; the various validation studies have proven that the closely spaced zones
identified as annuli do, in fact, form once a year. However, the method has not been validated for
walleye pollock. Ages obtained from otolith sections are now used by most countries; thus, we
believe the walleye pollock ages reported in McFarlane and Beamish (1990) will be shown to be
accurate and that the following discussion based on these ages is valid.

A major management problem resulting from the use of an inappropriate age-determination
method is the estimation of a natural mortality rate. This estimate is used to calculate an acceptable
harvest rate and to estimate previous biomass levels. In recent years, there have been several
studies (Vetter 1988; Bradford and Peterman 1989) that have examined the effect of using different
natural mortality rates to model the population dynamics process.

Lai and Gunderson (1987) examined the effect of aging errors on the optimal fishing mortality
for walleye pollock from the eastern Bering Sea. They observed that aging errors associated with
some methods (such as the scale method) could result in underestimating the age structure of the
population and in the setting of an optimal fishing mortality rate that could result in "serious over-
exploitation."

Recently, a workshop on assessment methods for Bering Sea pollock (unpublished document,
National Marine Fisheries Service, Seattle, USA, 1992) concluded that stock reconstructions were
sensitive to the selection of natural mortality (M). High estimates of natural mortality indicate the
stock is more productive than indicated from age estimates that identify more older fish in the
population. As indicated earlier, only otolith-section methods produce these older age estimates.
Otolith-surface determinations and the scale method that were used up to the last few years will
produce younger ages and an impression that the stock is more productive.
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Fig. 6. Size of walleye pollock at each age using different methods of age determinations.

While the true estimate of M is not known, there is no question that M estimated from the
otolith-section method would be lower than estimated from scale ages or otolith-surface ages.
Because otolith-section ages were only used routinely in recent years, values of M such as M =
0.4 (Hollowed and Megrey 1989) used in the early assessment models (Table 1) would be high.

Once an accurate age determination method is available, and we suggest the otolith-section method
will be proven to be accurate, it is still necessary to understand the relevance of precision errors
to fully understand the factors regulating the dynamics of walleye pollock populations.

Precision errors will always occur. For example, Kimura et al. (1992) reported that agreement
on ages determined using burnt-otolith sections of walleye pollock ranged from 58% to 67% after
age 7. One important consequence of precision error is the resulting inability to determine relative
year-class strength accurately. There already exists discrepancies in our understanding of years
when strong year-classes of walleye pollock occurred. Strong year-classes have been reported from
a wide range of years (Table 2). Using the information in Table 2, it would be difficult to assess
the importance of environmental factors in the population dynamics process. To illustrate the
importance of this problem, we produced an index of relative year-class strength for walleye
pollock using ages from 1,680 fish sampled from the central Bering Sea in 1986 and aged by
Polish scientists using thin sections of otoliths. Whether breaking the otolith through the nucleus
and burning the broken surface or taking thin cross sections through the nucleus, both methods
expose annuli that form on the interior surface as the otolith thickens and that would not be visible
from the otolith surface. In theory, both methods should give the same age. In practice, ages may
differ by a few years (Mito and Nishimura 1991).

The index of relative year-class strength was produced according to the following assumptions:
walleye pollock were fully recruited into the fishery at age 6, there was a natural mortality of M
= 0.2, and the relative abundance of year-classes in the "donut hole" were representative of the
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Fig. 7. Structures used for age determination from a walleye pollock age 28 yr. (a,b,) sections of an otolith,
(c,d,) section of a fin ray showing an accumulation of annuli at the edge, beginning about age 6, (d) a scale
from the same fish, age 8 yr. Otolith-surface age (not shown) was 20 yr.

age groups, age 6 and older, in the Bering Sea in 1986. We did not have to correct for fishing
mortality, because in 1986 the walleye pollock fishery in the "donut hole" was just starting
(Wespestad 1993). In addition to the 1986 sample of otoliths, another important sample was
collected in the late 1970s by Japanese scientists. They collected otoliths and scales from walleye
pollock in the eastern and central Bering Sea in 1978 and 1979 (Mito and Nishimura 1991).




556 R.J. Beamish and G.A. McFarlane

Table 1. Natural mortality estimates (M) used in walleye pollock stock assessments for the eastern Bering Sea

and the Gulf of Alaska (1975-1991).

Area Year

Age and Natural Mortality Rate (M)

References

Eastern 1986-92

Bering Sea

1988-89
1985
1985

1984

1983
1982

1981

1979-80

1976
1975

Gulf of
Alaska

1975-91

2 (0.45) 39 (0.3) 10-13 (0.4)
14+ (0.45)

3(1.0) 4+ (0.35)
3+ (0.43)

1(0.85) 2 (0.45) 3-10(0.3)
11-13 (0.4) 14-15 (0.5) 16 (0.6)

1(0.85) 2(0.45) 3-10(0.3)
11 (0.4)

3+ (0.32)

1(0.85) 2(0.45) 3-10(0.3)
11-13 (0.4) 14-15 (0.5) 16 (0.6)

1(0.6) 2(0.3) 3-5(0.22)
6-8 (0.3) 9-11 (0.4) 12+ (05)

1(15) 2(0.2) 3(0.25)
4(0.5) 5-6 (045) 7+ (0.4)

all ages (0.35 to 0.7)
all ages (0.43)
all ages (0.4)

Wespestad and Dawson (1992);
Wespestad (1989); Bakkala et
al. (1986)

Mito (1988, 1989)
Sasaki (1986)

Yamaguchi and Okada (1984);
Bakkala et al. (1985)

Bakkala et al. (1984)

Yamaguchi (1983)

Bakkala and Wespestad (1982);
Yamaguchi (1982)

Bakkala et al. (1981)

Bakkala et al. (1979, 1980)

Ikeda and Sasaki (1976)
Bakkala et al. (1975)

Alton (1978); Hollowed and
Megrey (1989)

Initially the scales were used for age determination (Okada and Yamaguchi 1985); however, the
scale method was abandoned in the late 1980s when it was realized that ages determined from
scales were too young. The age estimates of a sample of 510 otoliths collected in 1978 and 483
collected in 1979 were recently determined by the same Polish researchers that produced the age
estimates of the 1986 sample.

The index of year-class strength (Fig. 8) indicated that from 1965 to 1980 there were three
periods of strong year-class production: 1965-66, 1972-73, and 1977-78. The 1972-73 year-classes
were the largest in the time series, followed by the 1977-78 year-classes and the 1965-66 year-
classes. The age estimates of the 1978 and 1979 sample (Fig. 9) also indicated that the period in
the mid-1960s was a period of strong year-classes and that fluctuations in year-class strength were
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Fig. 8. Relative year-class strength index from 1965 to 1980 for walleye pollock showing periods of strong
year-classes in 1965-66, 1972-73, and 1977-78.
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Fig. 9. Percentage of walleye pollock in each age group from the 1978 and 1979 sample. Periods of strong
year-classes occur from 1965 to 1968 and about 1973.
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characteristic of the population structure when the Japanese commercial fishery started in the
eastern Bering Sea in the late 1950s and early 1960s (Wespestad 1993). The low abundance of fish
older than age 14 in this sample, compared to the higher abundance of groups of age 11 to 14,
indicated that walleye pollock abundance probably increased beginning in the mid-1960s. The
relative abundance of the year-classes in the mid-1960s in our index compared to the relative
abundance of the two periods of strong year-classes in the mid-1970s indicates a rather dramatic
increase in abundance in the 1970s.

In several other studies (McFarlane and Beamish 1992; Beamish and Bouillon 1993; Beamish
1993), we produced indices of climate trends. We found in the McFarlane and Beamish (1992)
study, for examgle, that a sablefish year-class strength index was significantly related to both a
climate index (r* = 0.53; p < 0.001) and a copepod abundance index (r2 = 045; p < 0.001). In
Beamish and Bouillon (1993), the all-nation production of pink (Oncorhynchus gorbuscha), chum
(O. keta), and sockeye (O. nerka) salmon closely matched the smoothed trend in the climate index.
The close association of these indices with the production trends of a number of important marine
fisheries and the occurrence of periodic strong year-classes in the walleye pollock year-class
strength index, indicated to us that walleye pollock production may also be correlated with these
indices of trends in the environment. However, the index of walleye pollock year-class strength was
not significantly correlated with either of our environmental indices. This meant that either there
was no relationship or that the data in some way obscured the relationships. We do not know
which explanation is correct, but to illustrate the possible consequence of precision errors that
"smear" age distributions, we used a simple correction to produce a new and hypothetically correct
year-class strength index. We speculated that in each of the three periods of strong year production
there was only one strong year-class and that precision error resulted in the appearance of two or
more strong year-classes. We selected 1966, 1973, and 1977 as the years when strong year-classes
occurred, because these years were slightly more prominent in Fig. 8, and we assumed that,
because reader variability for older ages for walleye pollock is about 50% (Kimura et al. 1992),
that one-half of the fish in each of the age groups adjacent to the 1966, 1973, and 1977 age groups
belonged in these age groups. The hypothetically correct year-class index now appears as in Fig.
10 (no adjustments were made in the relative size of the other year-classes). When this "corrected"
year-class strength index was compared to our environmental indices, we found that there was a
significant relationship with climate (r2 = 0.33; p = 0.05) and with copepod abundance at a slightly
higher level of probability (r2 = 0.22; p = 0.10). We, of course, do not know if there is any merit
in the speculations we used to "correct" our year-class strength index for precision error. The
"correction" does indicate that, when an erroneous age distribution is adjusted to attempt to correct
for known errors in precision, there can be a clearer relationship between environmental factors
and abundance changes. In our hypothetical correction, we are not claiming a close relationship
between copepod abundance, climate, and walleye pollock abundance. We are suggesting, however,
that the true relationship between walleye pollock abundance trends and the environment is
confounded by precision errors in the age estimates of the catch. Furthermore, even the uncorrected
year-class strength index indicates to us that favorable and unfavorable environmental conditions
may be the reason that the walleye pollock abundance was so large in the mid-1980s and is
declining at present. Fishing effects also are important, but if the environment has not been
favorable for walleye pollock production in the 1980s, fishing mortalities that were too high would
contribute to the rate of decline but would not necessarily be the reason for the decline.
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Fig. 10. Hypothetical relative year-class strength index from Fig. 8, that has been corrected for precision
error.

Others have suggested that there were enormous changes in the walleye pollock biomass in
the 1970s and early 1980s. Alton et al. (1987) showed that there was a dramatic increase in the
size of the stock of walleye pollock in the Gulf of Alaska from the early 1960s to the mid-1970s.
Using survey data, they showed that in some areas there was up to a 25-fold increase in CPUE
between these two periods using an unstandardized effort. If effort was standardized, the increase
in CPUE was even more dramatic. Chikuni (1988) reported that it was highly probable that stocks
of walleye pollock expanded their biomass greatly during the 1960s and 1970s and provided an
example of increases in abundance along the Japanese coast in the Sea of Japan in the 1970s. Alton
and Deriso (1983) speculated that heavy fishing of rockfish in the mid-1960s in some way
improved the survival of walleye pollock. This may have contributed to the increase; however,
increases throughout the range of walleye pollock, particularly in 1977-78, would most likely result
from favorable environmental conditions on a large scale.

Discussion

Age-determination data can be erroneous because of an inappropriate method and because of
precision errors. The method can and should be validated, eliminating errors caused by an inaccurate
method. Precision errors, however, will always occur and must be considered when age that is
determined from catch data is used to represent the age structure of a population. Two types of
precision errors can occur. The most common type results from the variability of estimates among
readers and tends to "smear" a true age distribution by incorrectly assigning ages from strong year-
classes to weaker year-classes. A less common type of precision error, one we call reader bias, has
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the opposite effect by assigning ages from weaker year-classes into or close to known strong year-
classes.

Age-determination estimates of fishes are most frequently used to model the dynamics of catch,
which in turn are believed to model the dynamics of fish populations. Therefore, errors in the
estimates of age composition most certainly can lead to a misunderstanding of the dynamics of fish
populations. Because precision errors are common, the consequences of aging error should always
be considered when attempts are made to model the population dynamics process of any species. A
consequence of not considering error could be that strong year-classes are not correctly identified
and measured. This could lead to a misunderstanding of processes that regulate a particular
population, in general, and a failure to appreciate the importance of environmental factors, in parti-
cular. Management of a population that is declining because of too high a fishing mortality will be
different from management of a population that is undergoing natural declines in abundance. In both
cases, the management decision might be to reduce fishing effort. However, in a stock-recruitment-
based model, the reduced catch is generally considered to lead to rather immediate stock rebuilding,
whereas the environmental-based model would not indicate a rebuilding of stocks until favorable
conditions occurred. Thus, forecasts for stock rebuilding obviously depend on a knowledge of the
factors regulating abundance. At present, age-determination errors are still an impediment to

understanding the population dynamics process, and the consequences of these errors should always
be considered in management.
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