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ABSTRACT

We analyze data on almost 200 populations to determine whether recruitment
is related to spawner abundance. We pose three questions: (1) does the highest
recruitment occur when spawner abundance is high? (2) does the lowest recruitment
occur when spawncr abundance is low? and (3) is the mean recruitment higher if
spawner abundance is above the median rather than below? We find that when
there is a sufficient range in spawner abundance the answer to all three questions is
almost always yes. Thus, spawner abundance cannot be ignored in the management
of fish populations.

Introduction
Perhaps the most fundamental question for the study and management of fish pop
ulations is the relationship between spawner abundance and the subsequent recruit
ment. There is surprisin~ly little consensus; many researchers believe that there is .
no relevant relationship lreviewed by Wooser and Bailey 1989, Fogarty et al. 1991)
while others believe that is fundamental (e.g. Ricker 1954, Beverton and Holt 1957,
Cushing 1971). The assumed absence of a relationship between spawner abundance
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and recruitment has prompted some scientists to claim that recruitment overfish
ing is almost impossible (Laevastu 1993). This divergence of opinion has practical
consequences for the management of fisheries, many fisheries are managed without
consideration of maintaining spawners (Smith et al. 1993).

The purpose of this paper is to provide conc1usive evidence. that strong year
classes are more likely when spawner abundance is large. \Ve use the simplest
possible nonparametrie methods in order to avoid the many subtle, statistical dif
ficulties in fitting spawner-recruitment functions (\Valters 1985, 1990, Hilborn and
\Valtcrs 1992). Our approach is to systematically examine almost 200 data sets.
Ey analyzing many populations using identical methods it is possible to arrive at
conclusions with grcatcr rcliability. As part of an ongoing study of recruitment vari
ability, wc havc compiled, with coworkcrs, over 200 spawner-recruitment time series
(l\1ycrs et al. 1994). This will form the basis of the analysis.

The nonparametric methods wc use wcrc dcvised in order to answer three delib
eratcly simple questions. First, does the largest recruitment occur ,vhen the spawner
abundance is high? To answer this question, we examinc the rank of spawner ahun
dancc associated with the largest recruitmeIit. Taking the opposite tack, our second
question is: does the smallest recruitment occui when spawner abundance is low?
'Ihis time we examinc the rank of spawner abundance associated with the smallest
recruitment. Finally, we ask: is the mean recruitment higher if spawner abundance
is abovc the median rather than below? To ans,ver this question, we examine the
ratio of mean recruitment when spawner abundance is above the median to mean
recruitment when spawner abundance is below. .

Terminology and Data

Ey "spawner abundance" we mcan any of the following: spawning stock biomass,
the number of ~awners, the number of eggs, or some index of spawner abundance
(derived from epUE or research vessels). \Ve deliberately avoid using the word
"stock" in this context (as in "stock-recruitment") because it is also used in fisheries
to mean "distinct biological population" or "management units " (as in "the Georges
Bank herring stock"). .

\Ve have tried to assemble all time series of reliable data on spawner abundance
and recruitment. Thc populations for which data were obtained are listed in Table 1.
Scveral criteria were applicd in sclecting data sets to inc1ude in the analysis.. First,
we attcmpted to use estimates that covcred thc completc range of the population.
Unfortunatcly, this is not always possible. Second, wc used only data in which aging
was reliable. In some spccies (e.g. tuna and swordfish), aging can only be undertakcn
via length-based methods. \Ve have used such data In only a few cases.

For each population, Table 1 lists the method used to estimate spawner abun
dance and recruitment. For most marineropulations, spawning biomass and recruit
ment have been estimated by sequentia population analysis (SPA) of commercial
catch at age data. SPA techniques inc1udc virtual population analysis (VPAj Gul
land 1965), cohort analysis (Pope 1972), and re1ated mcthods which reconstruct
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population size from catch at age data (Deriso et al. 1985, 1989, Megrey 1989,
Gavaris 1988). For some marine populations, accurate commercial catch-at-age
data are not available, and research vessel (RV) surveys estimates are used. For a
few populations, both types of data are used, e.g. spawning stock biomass is es
timated from SPA and recruitment is estimated from research .vessel surveys. \Ve
have not included populations for which there is only commercial catch per unit
effort estimates of abundance. ':

For most of the Pacific salmonids populations, the numbers of spawners and
recruitment are reconstructed from commercial catch-at-age data and independent
estimates of fishing mortality and/or an independent estimate of escapement from
surveys of spawning. In these cases', the method is termed "stock reconstruetion",
and is denoted as SR in Table 1. Some of the estimates are from experiments in
which the number of spawners and recruitment, e.g. number of parr produced, are
direct counts.

\Ve analyzed data by families and species separately if therc wcre at least 6'
populations per taxa. .

The population boundaries in the North Atlantic gcncrally follow those of thc
, Nortlnvest Atlantic Fisheries Organization (NAFO) or thc International Counei.1 for

the Exploration of the Sea (ICES) ( Fig. 1). \Ve sometimes refer to a region by
an alternative name (e.g. the North Sea), if it commonly applies to the population
in practice, or if the NAFO or ICES regions do not adequatcly describe current
population boundaries. For populations outside the North Atlantic we have used the
population boundaries accepted by the management and assessment organizations.

In the North Atlantic, data wcre takcn from assessments from the National
Marine Fisheries Service (USA) laboratory at \Voods Hole, the Canadian Atlantic
Fisheries Scientific Advisory Committee (CAFSAC), the Northwest Atlantic Fish
eries Orgimization(NAFO), the International Council for the Exploration of the
Seas (IOES), and the l\ladne Research Institute, Ice1and.

In several cases, e.g. Iceland capelin, alternative series have been included in
the analysis. Similarly, there are different possible definitions of a population or ,
management population. \Ve have included a few cases where one "population"
may be included as a subpopulation in another analysis. This only occurred for
several herring (Clupea harengus) and sockeye salmon (Oncorhynchus, gorbuscha)
populations.

Does the largest recruitment occur wheri spawner"
abundance is high?

Methods
. "

'"

For each spawner-recruitment series we ask whether the largest recruitment, Rmax,
occurred when spawner abundance was high. \Ve computed the rank, rank(SRmAv),
of the spawner abundance that gave rise to the largest recruitment, SRmax ' In
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order to compare ranks across populations, we computed a "relative rank" rmax =
(rank(SRmax) - l)/(n - 1), where n is the number of observations in the spawner
recruitmcnt scrics (Fig. 2A). Thc relative rank thcrcforc lics bctween 0 and 1, with
rmax = 0 implying that thc largcst recruitment occurs for the smallest spawner
abundancc, and convcrscly rmax = 1 implying that the largest recruitment occurs
for thc largest spawncr abundance.

In evaluating the relationship between spawners and recruitment, the range of the
spawncr data will clearly be important. For near constant spawner levels, changes
in recruitment will refleet only variability in density-independent mortality. As
an index of the range spanned by the spawner data, we use the ratio Smax7Smin,
where Smax is the maximum observed spawner abundance and Smin is the minimum
obscrvcd spawner abundance. \Vhen this ratio is near 1, the spawner level is nearly
constantj the larger its value, the greater the range of spawner data. Values of
Smax./S On for thc data series examined in this paper are listed in Table l.

'1'0 hr:Jp summarize the data, curves representing cumulative weighted means are
superimposed on the plots in each figure. The weighted mean of k relative ranks ri,
for i = 1", . ,k, is .

",k .
LJi=l niri

k ,
Li=1 ni

where ni is the number of observations in thc i th spawner-rccruitment scri~s. Thc
cumulative wcightcd mcan was calculated starting with the relative ranks associated
with the the largest value of· Smax/Smin and continuing through the relative ranl:
associatcd with thc smallest value of Smax/Smin' Thus, in the figures, the cumulativc
,vcighted mean begins on thc right-hand sidc and accumulatcs to thc left-hand side.
Consequently, the value of the eumulative weightcd mean on thc extreme left-hand
side eneompasses all the data shown in the plot. Using the sampIe size as a ,veighting
factor ineorporates our greater confidenee in the relative ranks obtained from long
time series. Similarly, we aceumulate from the right-hand side beeause we have
greater eonfidcnee in the relative ranks obtained from time series having wide ranges
of spawner abundanee.

Ir spawner abundanee and largest reeruitment are independent, then we would
expeet a distribution of relative ranks with a median of 0.5. A distribution-frce
test of this null hypothesis isthe one-sample \Vilcoxon signed rank test (Conover
1980). \Ve first subtraet 0.5 from each relative rank and then eompute the ranks
of the absolute values of the differenees. The sign of eaeh differenee is assigned to
the corresponding rank. The test statistic is given by the sum of the positive ranks.
Our alternative hypothesis is that the median of the distribution of relative ranks is
greater than 0.5. For this one-sided test, in order to rejeet the null hypothesis (at the
5% significance level), we require at least 5 relative ranks. Note that when there are
ties in the absolute values of the differenees, an exaet probability for the test cannot
be eomputed. In these eases, the normal approximation given by Lehmann (1975) is
used. A.lso when the number of observations exeeeds 25 or there are differenees equal
to zero, normal approximations are used. The above procedure gives a yrobability
level for eaeh observation. \Ve will report the results for a selection 0 ranges of
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spawner abundance, Smax/Smin' ., '
In thc analysis, wc havc used data scrics with at least 10 pairs of observations;

howevcr, in thc tablc wc report thc results for all populations with at least 5 pairs
of observations.

Results
For each family, the largest recruitment tends to occur when spawner abundancc is
largc (Fig. 3, Tablc 1). Thc cumulativc weighted means ncver fall below 0,5 for any
family. Thc \Vilcoxon signed rank test (Table 2A) shows that the null hypothesis
that thc median of thc distribution of the relative ranks is 0.5 can be rejeeted
for all stocks combined and for thc Salmonidac, .thc Clupeidae, and thc Gadidae.
Although, thc results are generally not statistically significant for thc Plcuroncetidac
and Merlucciidac, the tests show tlmt the results are consistent with thc hypothesis
that thc largest recruitment is produced from thc larger quantities of spawners (Fig.
3) : '

. At thc species level, similar results are observed. In all spccies analyzed,· Le.
those with at least 6 observations, the largest recruitment tends to occur if srawner
abundancc is large (Fig. 4, Tablc 1). For thosc species with relatively smal varia-'
tion in thc range of spawners, i.c. plaicc (Ilippoglossoides platessoides), sole (Solea

. vulgaris), and pollock (Pollachius virens), thc effeet is less. Even in these cases, thc
cumulativcweighted mean rank of the spawners that gavc rise to thc largest recruit-.
mcnt is grcater than 0.5. Thc p-values for thc signed rank are usually significant at
the 0.05 level;..and they are always less than 0.5, as is consistent with our hypothesis
(Tablc 2A). liiven thc small numbcr of populations it is not unexpected that the
significance test is not always less than 0.05. The consistency of thc results is vcry

. strong cvidence for the hypothesis.
Thcre is scatter in the relative ranks in Fig. 3 an 4, but this is to bc cxpcetcd.

Thc important point is tlmt thc relative ranks are almost always abovc 0.5 if the
range of the qunatity of spawners is large.

Does the smallest recruitrnent occur when spawner
abundance is low?

Methods
Next, we examined rmim the relative rank of spawner abundancc for thc smallest
rccruitmcnt (Fig 2A). This time, r 'n = 0 implies that the smallest recruitment
occurs for the smallest spawner abUI~.dancc, while rmin = 1 implies that thc smallest
recruitment occurs for thc largest spawncr abundancc. \Vc duplicatcd thc methods
described above.
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Results
The lowest recruitment tends to occur when spawner abundance is low. Again, the
pattern holds' for all families, although it is clearly v,eaker for the Pleuroneetidae
and the Merlucciid~1C(Fig. 5). A similar pattern is repeated on a species level except
for sole (Fig. 6). .

The effeet for the smaUest recruitment appears to be less than the effeet for
largest recruitment. The statistical significance of the results is usuaUy less than
0.05, but there is a tendency for the significance to be reduced if the range of
spawners is smaU (Table 2B).

Is recruitment grea~er if spawner abundance is
above the median than below?

Methods
For each spawner-recruitment series we ask whether the mean recruitment is the
same when the spawner abundance is below or above the median. \Ve split each
spawner-recruitment series into two seetions: the first seetion at or below the median
spawner abundance, and the second seetion above the median spawner abundance.
\Ve then compute the mean recruitment for each seetion.

Let Rabove be the mean recruitment above the median spawner abu'ndancc, and
let Rbelow be the mean recruitment at or below the median abundance of spawners
(Fig 2B). The ratio Rabove/Rbelow equals f when the mean recruitment is identical
on both sides of the median spawner abundance. This test is conservative becausc
errors in the estimates of the range will bias the estimate of the slope downward
(Judge et al. 1984, chapter 15).

Results
The ratio of the mean recruitment above the median level of spawners to that below,
Rabove/Rbelow, is greater than 1 for aU families if the range of observed spawners is
large (Fig. 7). For narrow ranges of spawner data the ratio RabovelRbelow is clustered
near 1, while for wider ranges, the ratio increases weU above 1. \Vhen the data are
grouped taxonomicaUy, the pattern holds. The \Vilcoxon signed rank test (Table 2C)
,shows that thc null hypothesis that the median of the distribution of Rabove/Rbelow
is 1 can be rejected for aU stocks combined, and for the Salmonidae, the Clupeidae,
and the Gadidae.

At the species level, similar results are observed (Fig. 8). There are very few
populations, of any species, for which the mean recruitment above the median level
of spawncrs is not grcatcr than thc mcan bclow, if thc rangc of obscrvcd spawners
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is large (Fig. 8). Again, the effeet is \veaker for sole and pollock The results are
generally statistical significance' at the 0.05 level (Table 2C).

Discussion
The hypothesis that there is no practical relationship between spawners and sub
sequent recruitrrient can be rejected: (1) strong year-elasses are derived from high
spawner quantities (Fig. 3 and 4), (2) weak year-elasses are derived from low spawner
quantities (Fig. 5 and 6), and (3) recruitment is on average higher above the median
spawner abundance than below (Fig. 7 and 8). These conelusions hold for almost
every species and family analyzed, Le. those wlth more than 6 populations per taxa.
In addition, the results explain the widely-held belief that spawner abundance and
recruitment are not related. Ir there is little variation in spawner abundance, this
may seem to be the case. IIowever, wider ranges of spawner data show that they are
indeed related. Sadly, many of the populations for which wide ranges of spawner
data are available are those that have been fished to low levels, perhaps duc, in
part, to the rejection of spawner-recruitment relationships. Fish populations should
be managed to maintain sufficient spawners to increase the probability of obtaining
large recruitment.

. Gur results are robust. \Ve have considered three different approaches to our
general question, and in each case the results are consistent with the hypothesis
that recruitment is indeed linked to abundance of spawners. Errors in estimation of
spawner abundance should have the effeet of reducing the significance of our tests
(Judge et al. 1984, chapter 5). For example, for our third qtiestion, errors in es
timating spawner abundance would result In miselassifying observations and would
reduce the magnitude of Rabove/Rbelow' A second, potential source of bias arises
in the statistical analysis of spawner-recruitmcnt relationships because the "inde
pendent" variable, spawners, is not independent of the interannual variation in the
spawner-recruitment relationship: for a givcn spawning population, above-average
recruitment tends to result in higher spawning populations, \vhile belO\v-average
recruitment tends to result in lower spawning populations. This is called "time
series bias", and causes the density-dependcnt mortality to be ovcrestimated (\Val
ters 1985, 1990). Ir this source of bias is important in our problem it will cause our
conclusions to be conservative because the importance of density-dependent mortal
ity will be overestimated, and thus rccruitment would appear to be less positively
related to spawners. .
. For the salmonids ineluded in this analysis, large year classes almost always are

associated with high spawner levels. Our conelusion differs from that of Larkin
(1977), who stated ror the Pacific salmon species of the ~enus Oncorhynchus that
"recruitment is maximum at some intermediate stock size'.

There are two species, plaice (Ilippoglossoides platessoides) and pollock (Pol
lachius virens called saithe in Europe), in \vhich the maximum recruitment may
be elose to the median observed spawner levels (Fig. 4). Such a relationship is
consistent with overcompensation in recruitment, i.e. recruitrrient is maximum at
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some intermediate spawner abundance (Ricker 1954). This analysis is not powerful
enough to address this question, but we will test thlS hypothesis in another paper.
There are considerable technical problems in testing this hypothesis because of the
problem of time series bias discussed above.

Some, who are not familiar with the fisheries literature, may consider our analysis
unnecessary because the results seem obvious. Hov,ever, the results are not obvious
and are not consistent with many claims that have been based on much less exten
sive, and less systematic analysis. Ir a population is "managed" such that spawner
abundance is reduced to low levels, then the manager should not be surprised to
observe the smallest recruitment ever recorded.
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TABLE 1. Simple statistics for each population: Population lists the order, family, species, and location, n
lists the numher of common years of spawner-recruitment data, Smax/Smin lists the ratio of maximum quantity of
spawners to minimum quantity of spawners, rmax lists the relative rank of the quantity of spawners for the maximum
recruitment, rmin lists the relative rank of the quantity of spawners for the minimum recruitment, RabovelRbelow
lists the ratio of mean recruitment ahove the median quantity of spawners to mean recruitment below the median
quantity of spawners, and Mcthod lists the stock assessment method used (SPA = Sequential Population Analysis,
Count = Direct Count, RV = Research Vessel, SR = Stock Reconstruction).

Population
Smax Rabove

Methodn
Smin rmax rmin

Rbelow

Clupeiformes
Clupeidae
Alewife (Alosa pseudoharengus)

Lake Ontario 7 7.4 0.50 0.00 0.3 RV
Gulf Menhaden (Bre1)oortia patronus)

, Gulf of Mexico 19 11.2 0.78 0.17 1.2 SPA

t • Atlantic.Menhaden (Bre1)oortia tyrannus)
U.S. Atlantic 35 39.8. 0.79 0.32 1.5 SPA

Herring (Clupea harengus)
Archipelago and Bothnian Seas 13 1.3 0.33 1.00 0.7 SPA
Baltic area 30 15 1.6 0.93 0.79 0.9 SPA
Baltic areas 22 and 24 19 2.8 0.39 0.94 0.8 SPA
Baltic areas 25-29, 32 plus Gulf of Riga 15 1.2 0.57 0.07 1.0 SPA
Baltic areas 28 and 29S 16 1.4 0.67 0.53 1.4 SPA
Bothnian Bay 15 1.7 0.93 0.29 1.8 SPA
Central Coast B.C. 38 16.4 0.78 0.16 1.0 SPA
Downs stock 65 470.5 0.84 0.02 5.5 SPA
Eastern Bering Sea 26 16.7 0.20 0.68 0.6. SPA
Georges Bank 15 9.9 0.50 0.14 1.2 SPA
Gulf of Finland 18 1.8 0.94 1.00 0.9 SPA
Gulf of Maine 23 6.6 0.09 0.95 0.8 SPA
Gulf of Riga 19 2.2 0.11 0.44 1.3 SPA
ICES VIa (north) 18 10.4 0.76 0.53 1.2 SPA
ICES VIa (south) and VIIb,c 19 2.5 0.78 1.00 0.8 SPA
IcCland (Spring spawners) 23 630.0 0.45 0.00 1.4 SPA• leeland (Summer spawners) 43 37.3 0.98 0.10 2.4 SPA
NAFO 4R (Fall spawners) 13 4.7 0.33 0.67 0.2 SPA
NAFO 4R (Spring spawners) 13 6.0 0.33 0.75 0.3 SPA
NAFO 4T (Fall spawners) 9 9.1 0.62 0.38 1.2 SPA
NAFO 4\VX 11 6.2 0.90 0.40 1.4 SPA
North Sea 41 76.1 0.68 0.15 1.7 SPA
North Strait of Georgia 38 22.4 0.65 0.27 1.4 SPA
North \Vest Coast Vancouver Island 38 13.0 0.95 0.54 1.0 SPA
Northern Irish Sea 18 5.5 0.94 0.12 1.3 SPA
Norway (Spring spawners) 39 1074.9 0.97 0.21 7.3 SPA
Prince Rupert District 38 11.3 0.97 0.35 1.2 SPA

. Queen Charlotte Islands 38 34.2 0.73 0.14 1.2 SPA
S.E. Alaska 30 6.0 0.03 0.52 1.2 SPA

.' South\Vest Coast Vancouver Island 38 42.0 0.86 0.22 1.0 SPA
Southern Central Baltic 11 1.9 0.80 0.00 1.4 SPA
Southern Strait of Georgia 38 8.4 0.49 0.05 0.9 SPA
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TABLE 1 (continued)

Population
Smax Rabove Methodn
Smin

r max rmin
Rbelow

Yellow Sea or Huanghai Sea 15 51.2 0.93 0.79 1.9 SPA

Spanish sardine (Sardina. pilchardus)
ICES VIIIc-IXa 14 5.7 0.96 0.46 0.9 SPA

Pacific sardine (Sardinops caerulea)
California 31 134.4 0.87 0.00 6.4 SPA

J apanese sardine (Sardinops melanostictus)
Japan-E. 14 6.4 0.15 0.77 0.6 SPA

Southern african pilchard (Sardinops ocellatus)
South Africa 31 19.0 0.53 0.83 1.7 SPA

South Africa 8 69.2 0.00 1.00 0.8 SPA

Spanish sardine (Sardinops sagax)
Chile- North zone 13 4.1 1.00 0.25 1.0 SPA

Sprat (Sprattus sprattus)
Baltic Areas 22-32 15 5.6 0.93 0.43 0.7 SPA • t
Baltic Areas 26 and 28 19 19.7 : 0.11 0.50 1.7 SPA

Engraulidae
Anchovy (Engraulis capensis)

South Africa 18 3.5 0.00 0.53 1.3 SPA

Northern anchovy (Engraulis mordax)
California 25 4.7 0.79 0.33 0.9 SPA

Peruvian anchoveta (Engraulis ringens)
Northern/Central Stock Peru 19 18.4 0.61 0.00 2.2 SPA

Gadifornles
Gadidae

Pacific cod (Gadus macrocephalus)
Eastern Bering Sea 10 5.8 0.33 0.22 0.8 SPA

Hecate Strait 14 2.9 0.62 0.15 1.5 SPA

Cod (Gadus morhua)
3M 10 18.7 0.56 0.78 2.6 RV

Baltic Areas 22 and 24 20 2.8 0.74 0.00 ·1.8 SPA

Baltic Areas 25-32 19 3.5 0.44 0.22 1.0 SPA

Celtic Sea 20 3.8 0.89 0.58 2.4 SPA

Faroe Plateau 28 5.8 0.30 0.26 0.9 SPA • ~
ICES VIId 12 4.3 0.73 0.18 1.4 SPA

ICES VIa 23 2.7 0.00 1.00 0.7 SPA
lceland 38 7.3 0.49 0.08 1.2 SPA

hish Sea 22 1.8 0.05 1.00 0.7 SPA

Kattegat 19 5.1 1.00 0.00 1.7 SPA

NAFO 1 31 55.7 0.83 0.30 2.3 SPA
NAFO 2J3KL 28 17.2 0.93 0.28 2.4 SPA

NAFO 3NO 28 9.0 0.63 0,48 1.8 SPA
NAFO 3Pn4RS 15 2.9 0.21 1.00 0.6 SPA
NAFO 3Ps 26 4.2 0.80 0.00 1.1 SPA

NAFO 4TVn 39 6.2 0.61 0.50 1.1 SPA

NAFO 4VsW 31 4.7 0.73 0.43 1.0 SPA
NAFO 4X 41 2.0 0.62 0.65 1.0 SPA

NAFO 5Y 7 1.8 0.17 0.50 0.6 SPA

NAFO 5Z 13 1.7 0.08 0.42 1.2 SPA
North East Arctic 38 9.7 0.57 0.38 1.7 SPA
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TABLE 1 (continued)

Population
Smax Rabove

Methodn
Smin

rmax rmin
Rbelow

North Sea 27 3.7 1.00 0.19 1.0 SPA
Skaggerak . 12 2.3 0,45 0.27 1.0 SPA

Haddock (Melanogrammus aeglefinus)
Faroe Plateau 27 2.7 0.58 1.00 0.6 SPA
leeland 28 8.6 0,48 0.52 0.8 SPA
NAFO 4TVW 38 23.2 0.84 0.32 2.9 SPA
NAFO 4X 24 3.7 0.91 0.00 1.2 SPA
NAFO 5Z 58 17.2 0.93 0.02 2.7 SPA
North East Arctic 39 14.8 0.89 0.13 1.9 SPA
North Sea 30 16.9 0.52 0.14 2.0 SPA
VIa 24 7.6 0.39 0.26 0.6 SPA

Whiting (Merlangius merlangus)
Celtic Sea 7 2.2 1.00 0.00 1.3 SPA• ICES VIId 14 3.9 0,46 0.38 1.2 SPA
ICES VIa 25 4.0 0.50 0.23 0.9 SPA
Irish Sea' 11 2.4 0.30 1.00 0.7 SPA
North Sea 26 2.7 0.32 0.60 0.8 SPA

BIue whiting (Micromesistius poutassou)
Northern ICES 20 3.5 0.21 0.79 0.6 SPA
Southern ICES 10 . 1.2 1.00 0.72 1.1 SPA

Pollock or saithe (Pollachius virens)
Faroe 28 2.5 0.56 0.93 0.8 SPA
ICES VI 20 3.2 0.39 0.79 0.8 SPA
leeland 26 4.1 0.56 0.26 1.0 SPA
NAFO 4VWX5 10 1.7 0.78 0.33 1.5 SPA
North East Arctic 21 5.9 0.75 0.35 1.4 SPA
North Sea 21 6.1 0.95 0.10 1.1 SPA

Walleye pollock (Theragra chalcogramma)
E. Bering Sea 24 5.9 0.26 0.83 0.8 SPA
East Kamchatka 12 24.0 1.00 0.27 2.0 SPA
East Kamchatka 12 24.0 1.00 0.27 2.0 SPA
Gulf of Alaska 21 3.1 0.15 0.80 0,4 SPA• Japan-Pacific coast of Hokkaido 15 3.8 0.29 0.43 0.9 SPA

Norway pout (Trisopterus esmarkii)
North Sea 12 4.3 0,45 0.27 1.2 SPA

Merlucciidae
Silver hake (Merluccius bilinearis)

Mid Atlantic Bight 33 27.1 0.88 0.31 2.9 SPA
NAFO 4VWX 13 2.0 0.67 0.75 1.2 SPA
NAFO 5Ze 33 25.3 0.78 0.28 5.1 SPA

S.A. Hake (Merluccius capensis)
South Africa 1.6 20 5.6 0.74 0.58 1.1 SPA
South Africa South Coast 12 1.5 0.64 1.00 1.0 SPA

Common hake (Merluccius gayi)
Chile - South Central zone 14 1.7 0.15 1.00 0.8 SPA
Chile- Females in Northern zone 14 2.4 0.85 0.54 1.3 SPA

Peruvian hake (Merluccius gayi peruanus)
Peru 8 3.0 0.43 1.00 0.6 SPA

Hake (Merluccius merluccius)
ICES IVa,Vla,VII,VIIIa and VIIIb 13 2.4 0.04 0.50 1.0 SPA
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TABLE 1 (continuecl)

Population
Smax Rabove Methodn
Smin

rmax rmin
Rbelow

ICES VIIIc and IXa 8 1.8 0.71 0.14 1.2 SPA

Pacific hake (Merluccius.produetus)
W. USo + Canada 30 2.6 0.00 0.10 0.8 SPA

Phycidae
Red hake (Urophysics chuss)

NAFO Gulf of Maine, N. Georges Bank 13 8.6 0.50 0.17 1.4 SPA

. NAFO S. New England 15 5.7 0.64 0.07 2.6 SPA

White hake (Urophysics tenuis)
NAFO 4T 14 2.7 0.08 0.38 0.7 SPA

Perciformes
Ammodytidae

Sandeel (Ammodytes marinus)
ICES VIa 10 8.5 0.44 0.78 0.8 SPA

Northern North Sea 14 7.1 0.08 0.23 0.7 SPA • t
Shetland 16 4.4 0.93 0.47 1.3 SPA

Southern North Sea 14 6.1 0.77 1.00 1.6 SPA

Carangidae
Cape horse mackerel (Trachurus capensis)

South Africa 1.3-1.5 17 3.9 0.31 0.94 0.5 SPA
Horse mackerel (Trachurus trachurus)

Western ICES 8 4.3 0.14 0.00 0.2 SPA

Lutjanidae
Silk Snapper (Lutjanus synagris)

Zone B - Cuba 17 2.8 0.44 0.38 1.0 SPA

Mugilidae
Grey muHet (Mugil cephalus)

Taiwan 7 2.3 1.00 0.17 1.3 SPA

Scombridae
Pacific mackerel (Scomber japonicus)

Southern California 36 64.1 0.89 0.23 2.5 SPA
Mackerel (Scomber scombrus)

NAFO 2 to 6 28 10.7 0.30 0.44 1.1 SPA
Western ICES 19 1.9 0.56 0.50 1.0 SPA • 4

Southern bluefin tuna (Thunnus maccoyii)
Pacific 26 4.2 0.64 0.04 1.2 SPA

Pleurollectiformes
Paralichthydae

Summer flounder (Paralichthys dentatus)
Middle Atlantic Bight 9 3.1 1.00 0.12 1.8 SPA

Pleuronectidae
American plaice (Hippoglossoides platessoides)

NAFO 3LNO 19 4.0 0.72 0.28 1.3 SPA
NAFO 5YZ 11 6.3 0.00 0.70 0.6 SPA

Pacific halibut (Hippoglossus stenolepis)
Pacific 47 2.8 0.39 0.46 0.9 SPA

Yellowfin sole (Limanda aspera)
E. Bering Sea 12 1.9 0.91 0.45 1.3 SPA

Yellowtail ftounder (Limanda ferruginae)
NAFO 3LNO 15 3.1 0.50 0.00 1.0 SPA
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TABLE 1 (continuerI)

Population
Smax Rabove

Methodn
Srnin

rmax rrnin
Rbelow

NAFO 5Z 20 11.8 0.95 0.21 2.7 SPA
Southern New England. 20 16.7 0.63 0.00 1.1 SPA

Plaice (Pleuronectes platessa)
Celtic Sea 10 2.4 1.00 0.33 1.4 SPA
ICES VIId 10 6.6 0.56 0.00 1.6 SPA
ICES VIIe 16 3.2 0.73 0.07 1.8 SPA
Irish Sea 26 3.3 0.00 0.20 0.9 SPA
Kattegat 22 10.7 0.67 0.14 2.4 SPA
North Sea 33 1.8 0.47 0.66 0.8 SPA
Skagerrak 10 2.2 0.56 0.44 0.9 SPA

Greenland halibut (Reinhardtius hippoglossoides)
ICES V and XIV 10 1.8 0.44 0.56 0.8 SPA
North East Arctic 9 1.3 1.00 0.62 1.0 SPA• Soleidae

Sole (Solea vulgaris)
Celtic Sea 18 2.1 0.24 0.88 0.8 SPA
ICES IIIa 5 2.2 1.00 0.50 1.4 SPA
ICES VIII 10 1.7 0.89 0.44 1.1 SPA
ICES VIId 19 5.4 0.83 1.00 1.1 SPA
ICES VIIe 22 2.6 1.00 0.10 1.4 SPA
Irish Sea 20 2.8 0.00 0.63 0.5 SPA
North Sea 34 6.0 0.97 0.24 1.1 SPA

Salmoniformes
Esociadae

Pike (Esox lucius)
North Basin, Windermere Lake 35 7.3 0.74 0.13 1.6 SPA
South Basin, '\Vindermere Lake 35 5.8 0.57 0.07 1.5 SPA

Osmeridae
Capelin (Mal/otus villosus)

leeland 12 5.2 0.27 0.36 0.9 SPA
leeland 14 5.2 0.00 0.08 0.8 RV

Salmonidae• Pink salmon (Oncorhynchus gorbuscha)
Central Alaska 25 310.0 0.75 0.17 2.9 SR
Central B.C., Canada 14 4.1 0.77 0.69 1.1 SR
Fraser River, B.C., Canada 16 6.0 0.93 0.00 1.8 SR
Hooknose Creek, B.C., Canada 14 35.8 0.85 ·0.69 4.1 Count
Prince William Sound, Alaska 15 6.3 0.64 0.00 2.2 SR
Sashin Creek, Little Port Walter, Alaska 25 11084.8 0.83 0.08 17.1 Count

Chum salmon (Oncorhynchus keta)
Central Coast, B.C., Canada 30 4.8 1.00 0.24 1.5 SR
Fraser River, RC., Canada 14 5.0 1.00 0.00 2.0 SR
lIooknose Creek, B.C., Canada 14 15.4 0.92 0.00 2.5 Count
Johnstone Strait 28 4.7 0.89 0.63 2.0 SR
Minter Creek, VIashington 14 352.5 1.00 0.08 4.2 Count
North Coast, B.C., Canada 30 4.6 0.48 0.24 1.0 SR
Queen Charlotte Islands, B.C., Canada 25 11.0 0.21 0.04 1.0 SR
West Coast Vancouver Island, B.C., Canada 25 6.0 0.83 0.21 1.6 SR

Coho salmon (Oncorhynchus kisutch)
Minter Creek, Washington 10 14.2 0.39 0.00 1.1 Count
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TABLE 1 (continued)

Population
Smax Rabove Methodn
Smin

rmax rmin
Rbelow

Sockeye salmon (Oncorhynchus nerka)
Adams Complex,B.C., 9anada 38 6995.1 0.95 0.00 153.5 SR
Birkenhead River, RC., Canada 37 8.2 1.00 0.00 1.4 SR
Bristol Bay, Alaska 18 5.0 0.76 0.24 1.4 SR

Chilko River, B.C., Canada 38 57.7 0.86 0.11 3.3 SR
Columbia River, Washington 19 126.3 0.50 0.00 1.2 SR
Early Stuart Complex, B.C., Canada 38 383.0 0.78 0.00 4.6 SR

Egegik, Alaska 32 8.3 . 0.95 0.13 2.0 SR
Horsefly River, B.C., Canada 38 22263.4 1.00 0.04 875.8 SR
Karluk River, Alaska 62 8.7 0.66 0.56 1.3 SR
Kvichak River, Alaska 25 107.2 0.92 0.08 8.1 SR
Naknek-Kvichak, Alaska 32 16.2 0.95 0.00 1.9 SR
Nushagak, Alaska 32 33.7 0.58 0.00 1.3 SR
Pinkut Creek, B.C., Canada 22 30.8 0.95 0.05 2.7 Count • t
Rivers Inlet, B.C., Canada 36 9.8 0.97 0.76 1.4 SR
Skeena River, B.C., Canada 39 16.0 0.87 0.03 1.4 SR
Stellako River, B.C., Canada 38 18.4 0.97 0.11 2.8 SR
Ugashik, Alaska 32 9.2 0.90 0.74 1.9 SR

Chinook salmon (Oncorhynchus tshawytscha)
Wild Canadian Coastwide 26 2.1 0.28 0.88 0.9 SR

Scorpaeniformes
Scorpaenidae

Widow rockfish (Sebastes entomelas)
W. U.S. + Canada 12 5.3 0.73 0.82 1.0 SPA

Redfish (Sebastes marinus)
ICES V and XIV 10 2.9 0.22 0.67 0.2 RV, SPA

Redfish (Se bastes mentella)
North East Arctic 9 3.5 1.00 0.38 1.8 SPA,RV

Redfish (Se bastes sp.)
Iceland 7 1.4 1.00 0.50 1.2 SPA

• 4
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TABLE 2. Observed levels of significance for one-sample \Vilcoxon signed-rank tests based on the data shown in
Figures 2 and 3 (Table 2A), Figures 4 and 5 (Table 2D), and Figures 6 and 7 (Table 2C). The tests were conduded
using the data with Smax/Srnin 2: I, 2, 5, 10, 50, and 100. As this lower limit increases, the reliability of the data
improves, however the number of sampIes (shown in parentheses) decieases, thereby decreasing the power of the test.

A. P-values (with asso~iated sampIe sizes in parentheses) corresponding to Figures 2 and 3. The null hypothesis
is that the median relative rank of the quantity of spawners for the largest recruitment is 0.5. The alternative
hypothesis is that the media~ is greater than 0.5.

SmaxlSmin

Group ~1 ~2 ~5 ~ 10 ~50 ~ 100

All stocks < 0.0001 (177) < 0.0001 (158) < 0.0001 (102) < 0.0001 (53) 0.00025 (17) 0.0023 (12)
Pleuronectidae 0.14 (15) 0.17 (12) 0.31 (5) 0.12 (3) · (0) · (0)

Plaice 0.15 (7) 0.17 (6) 0.25 (2) 0.5 (1) · (0) • (0)
I Salmonidae < 0.0001 (34) < 0.0001 (34) < 0.0001 (29) 5e-04 (18) 0.0053 (9) 0.0084 (8)

t • Chum salmon 0.021 (8) 0.021 (8) 0.052 (5) 0.25 (3) 0.5 (1) 0.5 (1)
Pink salmon 0.016 (6) 0.016 (6) 0.031 (5) 0.12 (3) 0.25 (2) 0.25 (2)
Sockeye salmon 0.00012 (18) 0.00012 (18) 0.00012 (18) 0.0022 (11) 0.023 (6) 0.038 (5)

Merlucciidae 0.52 (9) 0.47 (7) 0.12 (3) . 0.25 (2) · (0) • (0)
Clupeidae 0.0014 (41) 0.0085 (34) 0.0075 (29) 0.002 (19) 0.031 (6) 0.12 (4)

lIerring O.OOH (32) 0.029 (25) . 0.015 (21) 0.0015 (14) 0.062 (5) 0.25 (3)
Gadidae 0.037 (49) 0.029 (44) 0.0089 (20) 0.0039 (8) 0.5 (1) · (0)

lIaddock . 0.055 (8) 0.055 (8) 0.16 (6) 0.062 (4) · (0) · (0)
Cod 0.094 (22) 0.022 (19) 0.037 (9) 0.12 (3) 0.5 (1) '. (0)
Pollock or saithe 0.078 (6) 0.16 (5) 0.25 (2) · (0) · (0) · (0)

Soleidae (Sole) . 0.23 (6) 0.34 (5) 0.25 (2) · (0) · (0) · (0).

n. P-values (with associated sampIe sizes in parentheses).corresponding to Figures4 and 5. The null hypothesis
is that the median relative rank of the quantity of spawners for the smallest recruitment is 0.5. The alternative
hypothesis is that the median is less than 0.5.

SmaxlSmin

• Group ~1 ~2 ~5 ~ 10 ~ 50 ~ 100

All stocks < 0.0001 (177) < 0.0001 (158) < 0.0001 (102) < 0.0001 (53) 0.00026 (17) 0.0012 (12)
Pleuronectidae 0.0062 (15) . 0.0034 (12) 0.052 (5) 0.12 (3) • (0) · (0)

Plaice· 0.023 (7) 0.016 (6) 0.25 (2) 0.5 (1) • (0) · (0)
Salmonidae < 0.0001 (34) < 0.0001 (34) < 0.0001 (29) 0.00011 (18) 0.0044 (9) 0.0068 (8)

Chum salmon 0.01 (8) 0.01 (8) 0.029 (5) 0.12 (3) 0.5 (1) 0.5 (1)
Pink salmon 0.07 (6) 0.07 (6) 0.052 (5) 0.25 (3) 0.25 (2) 0.25 (2)
Sockeye salmon 0.00027 (18) 0.00027 (18) 0.00027 (18) 0.0017 (11) 0.017 (6) 0.027 (5)

Merlucciidae 0.78 (9) 0.37 (7) ·0.25 (3) 0.25 (2) · (0) • (0)
Clupeidae 0.077 (41) 0.037 (34) 0.0073 (29) 0.0059 (19) 0.029 (6) 0.049 (4)

lIerring 0.15 (32) 0.079 (25) 0.0097 (21) 0.0067 (14) 0.062 (5) 0.12 (3)
Gadidae 0.058 (49) 0.034 (44) 0.0024 (20) 0.039 (8) 0.5 (1) • (0)

lIaddock 0.1 (8) 0.1 (8) 0.031 (6) 0.062 (4) · (0) • (0)
Cod 0.078 (22) 0.033 (19) 0.043 (9) 0.62 (3) 0.5 (1) • (0)
Pollock or saithe 0.5 (6) 0.59 (5) 0.25 (2) · (0) · (0) · (0)

Soleidae (Sole) 0.66 (6) 0.69 (5) 0.75 (2) · (0) · (0) · (0)
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C. P-values (with associated sampie sizes in parentheses) corresponding to Figures 6 and 7. The null hypothesis is
that the median Rabove/Rbelow I is 1. The alternativ_e hypothesis is that the median is greater than 1.

SmaxjSmin

Group ?;1 ?;2 ?;5 ?; 10 ?; 50 ?; 100

All stocks < 0.0001 (177) < 0.0001 (158) < 0.0001 (102) < 0.0001 (53) < 0.0001 (17) 0.00024 (12)
Pleuronectidae 0.068 (15) 0.046 (12) 0.094 (5) 0.12 (3) • (0) · (0)

Plaice 0.11 (7) 0.078 (6) 0.25 (2) 0.5 (1) · (0) · (0)
Salmonidae < 0.0001 (34) < 0.0001 (34) < 0.0001 (29) < 0.0001 (18) 0.002 (9) 0.0039 (8)

Chum salmon 0.012 (8) 0.012 (8) 0.031 (5) 0.12 (3) 0.5 (1) 0.5 (1)
Pink salmon 0.016 (6) 0.016 (6) 0.031 (5) 0.12 (3) 0.25 (2) 0.25 (2)
Sockeye salmon < 0.0001 (18) < 0.0001 (18) < 0.0001 (18) 0.00049 (11) 0.016 (6) 0.031 (5)

Merlucciidae 0.082 (9) 0.039 (7) 0.12 (3) 0.25 (2) · (0) · (0)
Clupeidae 0.0083 (41) 0.014 (34) 0.0042 (29) 0.00017 (19) 0.016 (6) 0.062 (4)

Herring 0.019 (32) 0.033 (25) 0.0088 (21) 0.0043 (14) 0.031 (5) 0.12 (3)
Gadidae 0.012 (49) 0.015 (44) 0.0016 (20) 0.0039 (8) 0.5 (1) · (0)

Haddock 0.098 (8) 0.098 (8) 0.078 (6) 0.062 (4) · (0) · (0) • tCod 0.0078 (22) 0.0041 (19) 0.0059 (9) 0.12 (3) 0.5 (1) · (0)
Pollock or saithe 0.28 (6) 0.5 (5) 0.25 (2) . (0) · (0) · (0)

Soleidae (Sole) 0.5 (6) 0.59 (5) 0.25 (2) . (0) · (0) · (0)

.~
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Both axes have logarithmic scales. The numbers in the plots indicate the
number of observations in the corresponding spawner-recruitment series. If
spawner abundance and recruitment were independent, the distribution would
be expected to have a median of 1. .
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Figure 8. Scatter plots by species of the ratio Rabove/Rbelow versus the ratio
Smax/Smin. See Fig. 7 for explanation.


