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Towards a new recruitment paradigm for

fish stocks

D.J. Gilbert

Abstract: The stock recruitment paradigm involves the hypothesis that recruitment () to a fish stock is possively refated to
the spawning stock biomass {SSB) of the stock, at low SSB. I propose a “recruitment states™ hypothesis wherein R is
independent of SSB but has different mean values during successive periods. Meta-analysis was used to test the pull
hypothesis that recruitment is a series of random, independent events, against these two altemative hypotheses, for 153 marine
spawning bony fish stocks and 31 salmonid stocks. A test statistic for the stock recruitment paradigm, based on estimating
derivatives from the first differences of the time series, was not significant for the marine stocks. The null hypothesis was
rejected for the salmonid stocks. Recruitment states models significantly fitted time senes for the marine stocks, Ricker
models also significantly fitted these data, conflicting with the derivatives test result. However, because SSB is dependent on
R, lagged by the age at maturity, a period in a low recruigment state would tend o lead to a period of low SSB. Therefore, the
significance of the fit to the Ricker model may have been spurious. The recruitment states model best explained the

meta-dataset for the marine stocks.

Résumé : Le paradigme de recrutement d’un stock fait intervenir I’hypothése que le recruternent {R) dass un stock de poisson
est en corrélation positive avec la biomasse du stock de génitewrs (BSG) de ce stock, lorsque 1a BSG est faible. Je propose une
hypothese d’états de recrutement dans laguelle R est indépendant de 1a BSG, mais posséde différentes valeurs moyennes au
cours de périodes successives. La méta-analyse a €t€ utilisée pour vérifier I’hypothése nulle voulant que le recrutement soif
une série d’événements indépendants et aléatoires, par rapport aux deux autres hypothéses dans le cas de 153 stocks de
géniteurs de poissons téiéostéens marins ¢f de 31 stocks de salmonidés. Une variable 4 tester pour le paradigme de
recrotement d’usn stock, fondée sur Pestimation des dénivées des premicres différences dans les séries chronologiques, n’était
pas statistiquement significative pour les stocks de poissons marins. L hypothése nulle a été rejetée dans le cas des stocks de
salmonidés. Les modeles d’¢tats de recrutement s”ajustaient de maniére significative aux séries chronologigues pour les stocks
marins, Les modéles de Ricker s’ ajustaient également de maniére significative & ces séries chronologiques, situation ¢n
contradiction avec les résultats des dérivées du test. Cependant, comme la BSG est indépendante de R, décalé en fonction de
I’age & la maturité, une période au cours d’un état de recrutement faible aurait tendance 4 mener & une période de BSG faible.
Par conséquent, ia signification de {ajustement au modgle de Ricker peut avoir é1¢ factice. Ce modéle d’états de recrutement
est celul qui explique fe mieux Vensemble des méta-donndes pour les stocks marins.

[Traduit par fa Rédaction)

Introduction

Several influential publications during the 1950s described
(Ricker 1954; Beverton and Holt 1957) or implied (Schaefer
1954} hypothetical relationships between the size of a spawn-
ing stock of fish and the consequent number of recruits into
that sfock. What may be called the stock recruitment paradigm
is now widely assumed in the fisheries science literature and in
fisheries management policies woridwide. The paradigm in-
volves the idea that the annuai number of recruits (K) to a fish
stock is positively related to the spawning stock biomass
(SSB), at least at low SSB. This has lead to the widespread
acceptance of spawning stock biomass (or egg) per recruit
analysis {(e.g. Gabrie! et al. 1989; Mace and Sissenwine 1993,
Thompson 1993; Myers et al. 1994). The lower the value of the
spawning stock biomass per recruit ratio the greater must be
the survival in the egg to recruitment stage 0 maintain a
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constant level of R. It is not arguable that below some level of
SSB, R must decline (zero or one spawner can only produce
zero recruits). However, the fecundity of most fish species is
such that it is feasible that R is generally not related to SSB
down fo a level of SSB that is practically not distinguishable

. from zero. Over a very wide range, more eggs may not lead o

IOFE recruits.

Many fish stock datasets of SSB and R do not appear to be
consistent with the paradigm. A substantial literature has de-
veloped to explain why the data frequently do not conform to
the paradigm and to wam of the difficuities in estimating re-
fationships between SSB and R {e.g., Walters and Ludwig
1981; Walters 1985; Caputi 1988; Armstrong and Shelion
1988; Kosiow 1992; Hilborn and Walters 1992). Recruitiment
is typically highly variable; fime series are often short; SSB
and R data may have estimation error that is random, system-
atic, autocorrelated, or with correlated time trends. Relation-
ships between SSB and R could therefore be obscured or
distoried. Because a spawning causes recruittnent that aug-
ments the SSB in a subsequent year, an (88B, R) dataset is not
a set of independent observations. This last fact leads to what
have been called time series effects. One time series effect is
that an estimate of the slope of a relationship between SSB and
R may be negatively biased (Walters 1985). Another resuits

€ 1997 NRC Canada



mailto:d.gilbert@niwa.cri.nz

970

from the observation that if a period of systematically fow R
occurs, this will inevitably lead to a period of low SSB. This
may generate the spurious appearance of a relationship be-
tween SSB and R.

Whereas there have been some papers showing that R is
related to SSB for selected individual stocks {(e.g., Fargo 1994;
Jacobson and MacCall 1995) there have been very few pub-
lished tests of the null hypothesis that, in general, recruitments
are random and independent events. if a general test cannot
reject the null hypothesis, then it is possible that the individual
stock results are merely some of the small percentage of cases
that would arise by chance. A test based on a set of stock
recruitment datasets may be called 3 meta-analysis. By includ-
ing many stocks, a test sufficiently powerful to overcome data
error may be possible. Hes (1994) has carried out tests by fit-
ting models to individual flatfish stocks. Myers and Barrow-
man (1996} have used nonparametric, meta-analytic methods,
Both papers reject the nuli hypothesis in favour of the stock
recruitment paradigm. Here 1T use an alternative approach to
analysing the meta-dataset of Myers et al, (1995) and conclude
that the null hypothesis can only be rejected for salmonids. My
test avoids some potential time series effects. I also show evi-
dence for a recruitment mechanism in which a stock switches
between different levels of mean recruitment from time to
time. This mechanism can lead to the spurious appearance of
a relationship between SSB and R.

The meta-analyst must define a statistic on the set of
datasets that has a critical region corresponding to an alterna-
tive hypothesis. Several test statistics were developed here on
the basis of the following idea. An intermediate statistic is
calculated on cach of the fish stock datasets. It is compared
with its known median for that stock, under the null hypothe-
sis. The probability of each intermediate statistic exceeding (or
falling below) each median is 0.5. The test statistic for the set
of stocks is the number of stocks for which the intermediate
statistic excecds (or falls below) its corresponding median, The
test statistic falls into the crtical region if It exceeds (or falls
below) a cutoff value that can be obtained from the hinomial
distribution {(a one-tailed test).

Stock and recruitment data

The selection of data to be included in a meta-analysis has the
potential to bias the result. Here I used those datasets supphed
to me by Dr. R.A. Myers in 1994. The meta-dataset deseribed
by Myers et al. (1995) containing 274 fish stocks had been
somewhat expanded from that supplied to me. I used only
datasets that contain at least six successive {(SSB, R) data (the
mimmum necessary for one of the analyses) and I excluded
substocks. Two categories of species were analysed separately,
4 salmonids (31 stocks; 871 SSB, R data) and 30 marine-spawning
bony fishes {153 stocks; 3164 SSB, R data) (see Appendix).
For the saimonids, the SSB data are recorded in numbers of
fish rather than biomass. This is immaterial to the analyses.

ARternative recruitment models

Time series of recruitment often contain successive periods of
high and low values. I conjecture that typically the biological
system in which recruitment to a stock occurs can occupy one
of several distinct states (driven by environmental factors).

‘squares falling below the median for a stock is 0.5, Significance
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From time to time the system switches between these states,
Each state has a different level of mean recruitment. I will refer
to this hypothesis as the recruitinent states hypothesis.

Here { fitted a two-state recruitment mode! to each stock:
the recruitment to a stock may occupy either of two states;
while it is in a particular state it varies around the mean for
that state; the recruitment to a stock always occupies a particu-
lar state for at least 3 years and this period must occur wholly
within the time series being fitted (i.¢., 1~ or 2-year periods are
not allowed at the start or end); in all of the observed datasets
either one or two state switches occur (irrespective of the
length of the time series).

This model has four parameters: two mean recruitment lev-
cls and two state-switching dates {one possibly null). The
model is therefore expressed as follows:

R; tﬂ,<,1‘<!1
R o= R2 f}Sf(fz
Ry 455y,

where R is recruitment, £, and ¢, are the first and last years
¢known), and R,, R,, #;, and £, are unknown parameters such
thatt; wt{;orti—!‘gk& t2“t1 23,3!!(23,,—!2 =2.

A two-parameter Ricker model (Ricker 1954) was also fit-
ted to each stock.

R = g8 |

where R is recruitment, S is spawning stock biomass, and @ and
b are unknown parameters.

This is a commonly used mode} within the stock recruii-
ment paradigm that is dome shaped when b is positive and §
takes values above and below 1/6. The two models are simple
and correspond to the alternative hypotheses. They may not be
the best models for particular stocks, but if either hypothesis
were widely true, the corresponding model would significantly
explain variance in the whole meta-dataset.

Sum of squares hypothesis tests

The sum of squares of differences between the logarithm of the
observed R and the logarithm of the fitted R was minimized for
each model, for each stock. This sum of squares was used as
the intermediate statistic, lower values indicating better fits.
Logarithms were taken because recruitment often appears to
follow a lognormal distribution (e.g., Beddington and Cooke
1983; Caput: 1988, Hilborn and Walters 1992). An effect of
taking logarithms is to reduce the influcnce of occasional very
large Rs. Figures ! and 2 show the two models fitted to the
Atlantic cod {Gadus morhua) North Atlantic Fisheries Organi-
zation (NAFQ) 1 stock and the Fraser River chum salmon
{Oncorhynchus keta) stock. For the salmon stock, b is esti-
mated fo be negative in the Ricker model, which gives a curve

that is slightly concave upwards. This is consistent with the

stock recruitment paradigm.

A bootstrap was used to obtain the median sum of squares
for cach stock, for cach model, under the null hypothesis. R
values were shuffled at random (i.e., without replacement) in .
the time series, for each stock. Both models were then fitted §
and this process was repeated 200 times to give the medians. '
Under the nul] hypothesis, the probability of the observed sum of
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Fig. 1. NAFO 1 Atlantic cod (a) recruitment (log scale) versus spawning stock biomass (Ricker model fitted by least squares) and
{b) recruitment time series (recruitment states modet fitted by least squares; the stock oecupies one of two states for at least 3 years, each witha

different level of mean recruitment and up 1o two state changes).
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Fig. 2. Fraser River chum salmen (@) recruitment (log scale) versus spawning stock biomass (Ricker model fitted by least squares) and ()
recruitment time Series (Tecruitment states model fitted by least squares; the stock occupies one of two states for at least 3 years, each with a

different level of mean recruitment and up 0 two state changes).
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levels were obtained from the binomial distribution to test the
nuli hypothesis against each of the two models (Table 1). For
the salmonids, the null hypothesis could be rejected (p =
0.0004) against the Ricker model buf not against the recruit-
ment states model,

For the marine spawning bony fishes, the null hypothesis
could be rejected (p = 10"7) against the Ricker model. This is
apparently consistent with the nonparametric result of Myers
and Barrowman (1996). The nuli hypothesis could also be re-
jected against the recruitment states model and with a smaller
type I error (p = 107'%). Hence, either alternative hypothesis
could be generally true or each could be true for a subset of stocks.

Walters (1985) described a time series effect, He showed
that if a stock recruitment relationship existed, a model fitted
to (SSB, R) data as though the observations were independent

5000
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wouid tend to underestimate its siope for short time series. The
term time series effect applies more generally to describe any
situation where the fact that SSB is augmented by recruitment
from previous spawnings distorts resulis obfrined under the
assurption that SSB and R are independent. Under the recruit-
ment states hypothesis there is a time series effect that could
produce an apparently positive relationship between SSB and
R. A period in a low recruitment state would inevitably lead to
low SSB, as the weak year-classes entered the spawning stock.
A period in a high recruitment state would tend to lead to high
SSB. The R versus SSB scatterplot could show a positive re-
fationship, especially at low SSB, even though no causative
relationship existed. It follows that the rejection of the nuli
hypothesis in favour of the Ricker model by the sum of squares
test may be spurious.
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Table 1. The number of stocks for which the sum of squares for the fitted model fell below the bootstrap median

sum of squares under the null hypothesis,

Number of sums of

Model Stocks Number  squares below median  Probability”
Ricker Saimonids 31 25 0.0604
Recruitment states  Szaimonids 31 18 0.24
Ricker Marine spawning bony fishes 153 169 107
Recruitment states  Marine spawaing bony fishes 153 123 o
Ricker Marine spawning bony fishes (recruitment

states sum of squares above its median) 36 14 0.71

“Probability of at Jeast the observed number falling below the median under the nul! hypothesis.

Table 2. The number of stocks for which the median siope, AR/ASSB, exceeded zero.

Number of median
Stocks Number slopes above zero Probability®
Salmonids 31 28 1€
Marine spawning bony fishes 148 74 0.53
Marine spawning bony fishes
{censored for dome-shaped
relationships)® 142 72 0.47

Note: Stocks whose age at maturity is § year have been excluded.

“Stacks whose median slope was zero have been excluded

Probability of at least the observed number of slopes exceeding zere under the nuli hypothesis.
“Where the maxinum to the fitted Ricker modei fell within the range of S5B, only observations of

ARIASSS to the Jeft of this masimam were included,

To address this problem, the sum of squares test was applied
only to those stocks for which there was no evidence to support
the recruitment states hypothesis. Stocks were excluded when
the sum of squares of the fit to the recruitment states model
feil below the bootstrap median, This left 30 stocks. When the
Ricker model was fitted fo these, only 14 sums of squares fei}
below the median. This was not significant (Table 1). This test
on the restricted set of stocks suggests that if the recraitment
states hypothesis were true then the rejection of the null hy-
pothesis in favour of the Ricker model for the unrestricted
meta-dataset may have been spurious.

Any test that treats the R versus SSB data in a way that
ignores this time series effect, whether parametric, such as the
above tests and those of {les (1994), or nonparametric, such as
those of Myers and Barrowman (1996), may give misleading
results. The problem is therefore to find a test that avoids thig
effect.

Hypothesis test based on derivatives

1 develop a iest based on the derivative of R with respect to
SSB. i R were a function of SSB of the kind assumed within
the stock recruitment paradigm, then its derivative {the slope
of the function) would be positive, except perhaps at high SSB.
Estimates of the derivative are obtained by taking the ratios of
the first differences of the time series, AR/ASSB. Under the
aull hypothesis AR/ASSB would scatter randomly about zero.
Under the recruitment states hypothesis AR/ASSB would do
likewise with occasional large positive orlarge negative values
at state swiiches. For each stock, the median of AR/ASSB is the
intermediate statistic. Under the null hypothesis the median
slope would vary around zero. I count the number of stocks
with positive median slopes (Table 2). Two anchovy stocks
were excluded because their age at maturity is 1 year (Peruvian

anchoveta, Engraulis ringens, and South African anchovy, En-
graulis capensis). For these stocks the time series effect de-
scribed by Walters (1985) may cause negatively biased
estimates of slope under the paradigm. Three stocks whose
median AR/ASSB was zero were also excluded,

For Adantic cod NAFO 1 the plot of AR/ASSB versus SSB
at the midpoint of the values over which ASSB was calculated
shows siopes scattering around zero, consistent with the null
hypothesis (Fig. 3a). The Fraser River chum salmon plot
shows predominantly positive slopes, consistent with the stock
recruitment paradigm {Fig. 36). For the salmonids, the null
hypothesis could be rejected (p = 107%). This confirms the re-
sult of the sum of squares test.

The nuil hypothesis could not be rejected for the marine
spawning bony fishes (Table 2). This is consistent with the
result from the restricted sum of squares test that the rejection
of the null hypothesis in favour of the Ricker model for the
whole meta-dataset may have been misleading. The time series
dependence of SSB on R, and the occurrence of periods of high
and low recruitment, could produce the appearance of a rela-
tionship between SSB and R where none existed.

The analysis of Myers and Barrowman (1996) may also
suffer from this effect. Although their results appear to be ro-
bust, they may be making a type IV error: incorrectly inter-
preting the rejection of a null hypothesis. The fact that they
show increasingly strong rejection of the nuli hypothesis as the
range of SSB increases may be explained by the recruitment
states hypothesis. For example, if a stock switches from a very
high to a very low recruitment state, then the SSB in the later
state will be very much lower than in the former. There will
appear to be strong svidence for a stock recruittnent relation-
ship, whatever statistical methed is used. A large range in SSB
for a stock makes Myers and Barrowman’s tests more powerful,
against both the stock recruitment paradigm and the recruitment
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Fig. 3. The derivative of recruitment with respect to spawning stock biomass, AR/ASSB, estimated by dividing the annuai change in
recruitment by the anpual change in spawning stock biomass, versus spawning stock biomass, for (¢} NAFO 1 Atlantic cod (millions of
recruits per thousand tonnes of spawners) and (5) Fraser River chum salmen (number of recruits per spawner).
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states hypothesis. However, these tests cannot show which hy-
pothesis causes rejection, The derivatives test does distinguish
between these two alternatives because it could only reject the
nuli hypothesis against the stock recruitment paradigm,
Under the stock recruitment paradigm, the derivative of R
with respect to SSB is positive for low SSB. If a stock had a
dome-shaped stock recruitment relationship, and observations
occurred on both sides of the dome, AR/ASSB would have both
positive and negative values. The derivatives test may then
falsely fail to reject the null hypothesis. To address this possi-
bility, the test was repeated after censoring the data. For those

stocks for which the fitted Ricker model had its maximum-

within the range of the S8Bs, 1 excluded observations of
AR/ASSBE to the right of the maximum. This did not materially
alter the results for the marine spawning bony fishes (Table 2).

The above tests were also carried out on each of four orders
of marine spawning bony fishes (those with sufficient data):
Plearonectiformes, Clupeiformes, Gadiformes, and Percifor-
mes. For none was the null hypothesis rejected.

A probabilistic hypothesis

For the marine spawning bony fish stocks, this test failed to
reject the null hypothesis against a positively sloped relation-
ship between SSB and R. A further alternative hypothesis,
which I will refer 1o as the probabilistic hypothesis, would not
be rejected by the derivatives test. The probabilistic hypothesis
proposes that stocks switch between recruitment states sto-
chastically, with the probability of switching from ahightoa
low recruitment state increasing as SSB declines. This
hypothesis is consistent with concepts of risk described by
Francis (1993) and is broadiy within the stock recruitment
paradigm.

To test this hypothesis the recruitment states model was
fitted to each stock by sum of squares, as described above. |
compared the SSB for the first recruitment after a downwards
switch, to the distribution of SSBs in the previous high recruit-
ment state period. The SSB at the switch was expressed as a

15 i
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Spawning stock, SSB {thousands)

sample guantile of the set of high recruitment state SSBs. Only
stocks that exhibited downwards switches were included. If
the probabilistic hypothesis were true, quantiles below 0.5 (the
median} would be expected. In 64 out of 123 instances, the
quantile was below 0.5. Assuming a binomial distribution un-
der a random null hypothesis, this result is not significant.

Data qualily and power of tests

Recruitment data contain measurement error and process error.
Measurement error refers to the difference between the true
value and the measured or estimated value. For the present
purposes S5B is considered to have only measurement ervor.
Process error is the deviation from a particular postulated
model owing to unmodelled effects (ie., the lack of fit that
would remain if there were no measurement error). Environ-
mental effects are often considered to cause process error
around a sfock recruitment relationship. Process error can gen-
erally be assurned to contribute the greaier part of the relatively
high variances displayed by recruitment time series. However,
in stock and recruitment data, measurement error has the po-
tential 10 be troublesome because it may not be random.

The level of measurement error in the salmonid (SSB, R)
data is considerably lower than that in the marine fish data.
The former were mostly obtained by fairly reliable counting
processes, whereas the latter were mostly obtained by virtual
population analyses (VPA) or related methods. VPA essen-
tially sums the estimated numbers of fish from each cohort that
are caught in successive years, making adjustment for losses
through natural mortality, Error in the estimated numbers of
fish caught, ageing, natural mortality, and numbers of residual
uncaught fish in coborts all lead to measurement error in SSB
and R. This may be random, systematic (bias), autocorrelated,
or with correlated timne trends (e.g., Pope 1972; Ulltang 1977
Sims 1982, 1984; Sampson 1988; Hildén 1988; Lapointe et al.
1989; Bradford and Peterman 1989; Bradford 1991; Lapeinte
et al. 1992).

For the salmonid data, both the sum of squares test and the
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derivatives test rejected the nuil hypothesis in favour of the
stock recruitiment paradigm and were therefore both powerful
enough to overcome the process plus measurement error.

For the marine spawning bony fish data, the sum of squares
test rejected the null hypothesis in favour of the recruitment
states hypothesis and so was also powerful enough to over-
come the process pius measurement error. Spurious trends in
R as described by Lapointe et al. (1989) could potentially have
caused a false rejection of the null hypothesis. This seems quite
uniikely because (i) the p value was so low and (i) the ratios
of the estimated high state mean recruitment to the low state
mean recruitment were typically greater than could be ac-
counted for by the effects deseribed by Lapointe et al. (the
lower quartile of this ratio was 1.76).

For the marine spawning bony fish data, the derivatives test
failed to reject the null hypothesis. The critical question is
whether the test was powerful enough to overcome the process
plus measurement error. Systematic error in SSB and R would
not reduce the power of the test. The sign of an estimated slope
would not be changed by a constant bias in R or in S8B.

Spuricus correlated time trends in SSB and R (Lapointe
et al. 1989) could potentially increase or decrease the chance
of rejecting the nuil hypothesis. In the kypothetical case where
the recruitment to a stock was constant and no other error
existed, a spurious correlated trend in R and SSB, caused by
VPA estimation error, may cause spurious positive values in
AR/ASSB, leading to a false rejection. Alternatively, if there
was a positive relationship between R and SSB and if the SSB
time series foliowed a monotonic trend, then this could be
obscured by an unlacky contrary spurious trend in R and SSB.
Obscuring would be much less likely than false positive values
of AR/ASSB because it would require an improbable concur-
rence of size and timing of error and could only occur when
SSB was largely monotonic. Failure to reject the nuil hypothe-
sis because of spurious correlated time trends seems highly
enlikely.

The chance of rejecting the null hypothesis by the deriva-
tives test would not be reduced by spurious autocorrelation in
R (Bradford 1991). Spurious autccorrelation tends to bring
successive R values towards each other. Although this would
fend to reduce individual slope estimates, it would not system-
atically change their signs.

Random error in both SSB and R is likely to be the main
problem for the derivatives test. Differencing aggravates the
effects of random error. However, process error in R is the
main source of error for most stocks. For the set 0f 31 salmonid
stocks, the test was powerful enough to overcome process error
(measurement error is small). If seems reasonable to presume
that the very much larger dataset of marine spawning bony fish
stocks {153 less two | year maturity stocks) would have ade-
quate power to reject the null hypothesis if the stock recruit-
ment paradigm were valid. Medians are used to reduce the
negative impact of error on the power of the test.

Consider a hypothetical realisation under a nuil hypothesis
model (with random error). The intermediate statistic (median
siope for a stock) would vary around zero. Values would tend
to be near zero, and on average, half would be above zero. Now
consider adding a positively sloped relationship to the model
for each stock. Positive gquantities would be added at every
observation of slope. Hence, the median slope would increase
for every stock. Because many median slopes had been near

Can, J. Fish. Aguat, Sci. Vol. 54, 1997

zero, the number that would be increased to exceed zero would
readily become significant.

Conclusions

The first of two alternative hypotheses explaining recruitment,
the stock recruitment paradigm, is that R is on average deter-
mined by SSB and at low levels of SSB is positively related to
SSB. The second, the recruitment states hypothesis, is that a
stock can occupy one of several distinet states for successive
periods and that R varies about a different constant mean in
each of these states.

In 2 meta-analysis of a set of datasets containing marine
spawning bony fish and salmonid stocks, the null hypothesis
that each year’s recruitment was an independent random event
was rejected for both categories of species. Two different tests
gave results that could be consistently interpreted for both
categories of species. For the salmonids, the data significantly
supported the stock recruitment paradigm. For the marine
spawning bony fishes, the data significantly supported the re-
cruitment states hypothesis. An explanation for this difference
probably lies in the substantial differences between the spawn-
ing and recruifment processes of the saimonids and the marine
spawning bony fishes,

Walters (1985) pointed out that time series effects could
bias estimates of relationships between SSB and R when they
were treated as independent observations. Here it is shown that
other time series effects can cause hypothesis tests on (888, R)
time series data to be potentially misleading. If there were
periods for which mean R was low, for reasons other than low
SSB, these would cause low SSB and would produce an ap-
parent relationship between SSB and R. Conclusions that typi-
cally R is positively related to SSB (e.g., Myers and
Barrowman 1996; Hes 1994) may be subiject to this times series
effect. A test that was based on estimates of the derivative of
R with respect to SSB avoided this time series difficulty. For
the marine spawning bony fishes, the null hypothesis could not
be rejected by this test. For the salmonids, rejection was highly
significant.

An extensive literature exists on how best to manage fish-
eries to maintain adequate SSB levels so as to ensure good
recruitment (e.g., Beddington and Cooke 1983; Gabriel et al.
1989; Anonymous 1990a, 1990b; Quinn et al. 1990; Clark
1991; Francis 1993; Mace and Sissenwine 1993; Thompson
1993; Myers et al. 1994). Management strategies that apply
calculated reference points o constrain annual catch, fishing
mortality, spawning stock biomass, or spawning stock biomass
per recruit have been discussed as means to achieve this. My
resuits show that these discussions are relevant to salmonids,
but not to marine spawning bony fishes. The power of the
derivatives test is clearly not adequate to reject the stock re-
cruitment paradigm everywhere. 1t could be true for a smali
pumber of stocks if estimation error is severe or at spawning
stock biomasses below most of those observed in the meta-
dataset. However, the general result for marine spawning bony
fish stocks is that periods of low recruitment appear to be
environmentally induced and unavoidable, Managing such
stocks is perhaps comparable to managing water in hydro-
clectric dams. Periods of low recruitment (like periods of
drought) may not be able fo be averted by prudent management.
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