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Abstract

The concept that the age composition of the spawning stock is an important determinant of
recruitment is wide-spread. However, the number of populations and species where this has actually
been studied is fairly limited. This study explores the effect of age composition on recruitment in one
American plaice (Hippoglossoides platessoides) and three Atlantic cod (Gadus morhua) populations.
Both the effect of age diversity and the effect of the presence of first time spawners are explored. No
consistent relationship between age composition of the spawning stock and recruitment was found
for the populations examined. We conclude that age composition of the spawning stock may not be
universally important. Further research is needed to explore how common the effect of age composi-
tion on recruitment is and under which conditions age composition exerts an important influence on
recruitment.
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Introduction

The relationship between spawning stock biomass
(SSB) and recruitment is an essential element in the un-
derstanding of the population dynamics of fish stocks
(Ricker, 1954). However, for most marine fish the stock-
recruit (S-R) relationship remains poorly defined with
large variability around any model predicted value. In
part this may be because of the failure to account for
changes in the characteristics of the fish making up the
SSB. Variation in the condition of spawners can result in
changes in fecundity and/or viability of eggs and larvae,
or even in failure to spawn (Lambert and Dutil, 2000;
Marshall et al., 1998; Marteinsdottir and Steinarssson,
1998; Rideout et al., 2000). Estimates of SSB often ig-
nore variation in sex ratio and the proportion of fish that
are mature at each age (Marshall ez al., 1998; Kraus et
al., 2002; Marshall et al., 2003). Failing to account for
the above factors in the estimates of reproductive poten-
tial could obscure the S-R relationship.

The age composition of the spawners may be im-
portant in determining the reproductive potential of fish
stocks. The age composition of a fish population is not
static, but shows considerable variation over time. Vari-

ability in year-class strength and changes in mortality,
either natural, or fishery induced, result in changes in
the proportion of fish at each age in the population. The
make up of the spawning portion of the population is af-
fected by this variation, with the diversity of ages in the
spawning stock and the proportion of repeat or first time
spawners changing as the age composition varies. Char-
acteristics of the individual fish making up the spawning
stock will also impact the spawning stock’s age compo-
sition. For example, age and size at maturity can show
substantial variation (Hunt, 1996; Jergensen, 1990; Mor-
gan and Colbourne, 1999; Rijnsdorp, 1989) and the sex
ratio can change over time and with age of fish (Kraus
et al., 2002; Morgan and Brattey, 2005). Many of these
changes are not random, but exhibit trends related to
variation in mortality, growth and/or environmental con-
ditions (Barot et al., 2005; Morgan and Colbourne, 1999;
Olsen et al., 2004).

A spawning stock with a more diverse age composi-
tion has been found to produce more recruits, possibly
through age dependent effects on spawning time and
duration (Lambert, 1990; Marteinsdottir and Thorarins-
son, 1998; O’Brien et al., 2003; Ottersen et al., 2006;
Secor, 2000). Fish which spawn several batches of eggs
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over a prolonged spawning season and/or over a large
spawning area, spread the risk of recruitment failure and
thereby increase chances of successful recruitment (i.e.
bet-hedging: Bulmer, 1985; Seger and Brockman, 1987;
Shelton, 1992). In addition, a spawning stock with a
more diverse age composition will often include the par-
ticipation of a higher proportion of repeat spawning fish.
Laboratory studies have indicated that for cod (Gadus
morhua), first time spawners have much poorer spawn-
ing success than repeat spawners (Solemdal et al., MS
1995; Trippel, 1998). Cardinale and Arrhenius (2000b)
found that in 3 populations of cod there was a strong
influence of repeat spawners on the number of recruits
produced. Marshall ef al. (1998) also found that recruit-
ment was higher in Arcto-Norwegian cod when there
were more repeat spawning fish. In contrast, a large me-
socosm study of cod reproduction, failed to find a differ-
ence in reproductive success between first time and re-
peat spawners (Clemmesen et al., 2003). Wigley (1999)
found an effect of first time spawners on recruitment in
haddock (Melanogrammus aeglefinus), but not for witch
flounder (Glyptocephalus cynoglossus). Both the age di-
versity of the spawning stock and the proportion of re-
peat spawners will usually be higher for larger spawning
stocks where mortality has not resulted in a truncated
age distribution (Marteinsdottir and Thorarinsson, 1998;
Trippel et al., 1997).

The sometimes contradictory results of these stud-
ies of the importance of repeat spawners and the small
number of studies on the effects of age diversity of the
spawning stock, suggests that the importance of age
composition on stock reproductive potential is as yet
unclear. Most studies have been on cod and only a hand-
ful of populations have been examined. In this study we
explore the effect of age composition on reproductive
potential in three populations of Atlantic cod and one
population of American plaice (Hippoglossoides plates-
soides). Both the effect of age diversity and the presence
of first time spawners were explored.

Materials and Methods

Stock-recruit from Sequential Population Analyses

Four populations of groundfish were examined;
Northwest Atlantic Fisheries Organization (NAFO) Div.
2J3KL cod, Div. 3NO cod, Subdiv. 3Ps cod and Div.
3LNO American plaice (Fig. 1). SSB was produced for
each population from numbers-at-age estimated using
sequential population analysis (ADAPT; Gavaris, MS
1988) , and weight-at-age sample estimates of the com-

mercial catch (Brattey et al., MS 2004; Dwyer et al., MS
2005; Power et al., MS 2005; Shelton and Lilly, 2000).
Data were available from 1962-2001 for 2J3KL cod,
1959-2003 for 3NO cod, 1977-2004 for 3Ps cod and
from 1960-2003 for 3LNO American plaice. Proportion
mature-at-age and proportion female-at-age were esti-
mated for each cohort from RV sample data, by applying
the methods described in Morgan and Brattey (2005).
Recruitment (R) was defined as the population model es-
timates of the beginning of year numbers alive at age 2
for the cod populations and at age 5 for American plaice,
the youngest ages in the estimation. SSB was calculated
as:

J
SSB, = ZNa’yWa’yMa’ySRa,y
a=i

where N, is the population number-at-age a in year y,
w,, the weight-at-age a in year y, M, is the proportion
mature-at-age a in year y, SR, is the proportion female-
at-age a in year y, and a is the age from i to j (for 2J3KL
codi=2, j=20; for 3LNO plaice i =5, j=15+; for 3NO
codi=2, j=12;for3Pscodi=2, j=14).

Two different measures of age diversity were exam-
ined for each stock. The first was the Shannon diversity
index as applied by Marteinsdottir and Thorarinsson
(1998),

k
H, = %(n log(n)~ Y f; 10g(/,))
i=l1

where # is the total number of mature females in all age
groups, f; is the number of mature females aged i and £ is
the number of age groups. A higher H indicates a more
even distribution of spawners across age classes and is
thought to enhance R.

The second measure of age diversity was the weight-
ed mean age of the SSB (MA), where mean age was cal-
culated weighting by the SSB at each age:

1 J
MA, = ) asss,,

Y oa=i

Higher M4 indicates a spawning population made up of
a higher proportion of older females and is expected to
enhance recruitment.
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Fig. 1. Map of the study area showing the Northwest Atlantic
Fisheries Organization Divisions used to define the
populations.

Proportion of first time spawners (P, ) in each year
(v) was calculated assuming equal mortality on imma-
ture and adult fish:

1 oM ay Mo,
Pirg, = <o O, — 27 5SB
ﬁm,, SSBy M a,y

a=i a,y

An SSB with a higher number of first time spawners will
have a higher P This will occur when there are trends
to maturation at a younger age and/or when there is a
large }{ear-class ente'rmg the SSB. High P, is thought to
result in lower recruitment.

The correlation between these three factors (H, MA
and P, ) and SSB was explored for each stock. Also the
correlation between these factors and between these fac-

tors and R was explored.

Despite the noise in the data, SSB is expected to ex-
plain some of the variability in R (Brodziak et al., 2001;
Myers and Barrowman, 1996). This is an underlying as-
sumption of this study and the effect of age composition

was examined as an explanation for variation in R not
explainable by variation in SSB. This was explored using
LOWESS smoothers which allowed the relationship be-
tween SSB and R to be described without imposing any
particular functional form. It was assumed, that except
for the possible effects of density dependence, R would
generally not show a decrease with increasing SSB.
Therefore the smoothing window was chosen to allow
density dependence but was the smallest window that
otherwise resulted in a monotonic function between SSB
and R. This was done to try to prevent over fitting of the
data. The residuals from the smoothed fit were examined
with respect to H, MA and P to determine if there was
any relationship between the measures of age composi-
tion and R after the effect of SSB on R was removed. As
a further test, the relationship between H, MA and Pﬁm
and R was explored for areas of the stock-recruit scatter
where there was a small range in SSB and a large range
in R, to determine if the variation in R was related to any
of these factors.

Stock-recruit from Survey

The age structured model (ADAPT) estimates of
numbers-at-age, including R, are determined by the
underlying assumptions, the age-disaggregated survey
index and by the commercial catch-at-age. Model mis-
specification and measurement error in the data will re-
sult in errors in the estimated population numbers-at-age
and may affect any attempt to examine the factors deter-
mining R. The same analyses were conducted using re-
search vessel (RV) data only (spring survey data for 3NO
cod and 3LNO American plaice, autumn for 2J3KL cod,
and spring and winter for 3Ps cod). These data tend to
have large year effects resulting from measurement and
process error. SSB, H, MA and Pﬁrst were calculated, as
above but using the population numbers-at-age as mea-
sured from RV catches. One of the drawbacks of this ap-
proach compared to using model estimates is that there is
no accounting for the year effects inherent in the data. In
order to partly address this, estimates of R were obtained
from a cohort strength model:

log(Z, ,)=u+C.+4,+¢,,

where u = intercept, a = age subscript (ages 2 to 3 for the
cod populatons, 3 to 5 for American plaice), ¢ = year-class
subscript, / = Index (Abundance in 000s), C = year-class
effect, A = Age effect, and € = error term.

A second disadvantage of time series constructed
from research vessel survey data is a shorter number of
years of data for most of the populations compared to
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ADAPT which can hindcast population numbers prior
to the commencement of the RV series. For 2J3KL cod
stock recruit pairs from RV surveys were available for
1982-2001, for 3NO cod 1975-2001 and for 3LNO
American plaice 1985-2000. For 3Ps cod, the time series
from surveys is actually longer than from ADAPT, with
stock recruit pairs available for 1972-2001. Relation-
ships between H, MA, Pﬁm and SSB, between each pair
of factors and between the factors and R were examined.
A LOWESS smoother was fitted to the stock recruit data
for each population, in the same manner as for the analy-
ses of SPA estimates. However, there did not seem to be
a relationship between SSB and R for 3NO cod, so for
this population the mean recruitment was used for com-
puting the residuals. The residuals from the smoothed fit
(or from the mean in the case of 3NO cod) were exam-
ined for effects of H, MA and Pﬁm to determine if there
was any relationship between the measures of age com-
position and R after first accounting for the effect of SSB
on R. The relationship between the factors and areas of
the stock-recruit scatter where there was a small range
in SSB and a large range in R, was not explored given
the generally short time series of S-R for the RV survey
data.

2J3KL cod 3NO cod

0.8

Results

Stock-recruit from Sequential Population Analyses
(ADAPT)

Each population showed substantial variation in H,
MA and P, with both shorter and longer term trends
(Fig. 2). Long term trends were evident for 2J3KL cod
and 3LNO American plaice where MA showed a long
period of steep decline, before increasing again. The de-
clines in MA occurred as SSB decreased. Although quite
variable, there was also a long term decline in Pﬁm in
3NO cod and perhaps 3Ps cod. There is some indication
of an increase in H and M4 in all the populations when
fishing moratoria were instituted in the mid 1990’s. The
decline in P, in recent years for 3NO cod is likely the
result of the very low R in recent years in that population.
Overall, however, there was no consistency in the cor-
relation between these factors and SSB (Table 1). Only
half of the correlations were significant and the direction
of the correlation was not always as predicted. For ex-
ample, it was thought that P, should be negatively cor-
related with SSB yet it was positively correlated for 3NO
cod. H and MA were expected to be positively correlated

3Ps cod 3LNO American plaice
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Fig. 2. Time series of measures of age composition from ADAPT examined for 2J3KL cod, 3NO cod, 3Ps

cod, and 3LNO American plaice.
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Table 1. Results of correlation analyses for each factor (proportion of first time
spawners (P, ), Shannon diversity index (#), weighted mean age of
the SSB (MA)) with SSB for each stock. The correlation coefficient and
p value are given. NS represents tests that were not significant at the
0.05 level. Results are from estimates derived using ADAPT and from

RV survey data.
P H MA
r p r 4 r 4

ADAPT

2J3KL cod -0.28 0.08 0.47 0.002 0.71 <0.001
3NO cod 0.38  0.008 -0.06 NS -0.27 NS
3Ps cod -0.61  0.001 0.38 NS 0.48 0.01
3LNO American plaice -0.12 NS -0.12 NS 0.77 <0.001
RV

2J3KL cod -0.72  <0.001 0.57 0.003 0.86 <0.001
3NO cod -0.20 0.31 0.16 NS 0.27 NS
3Ps cod -0.24 NS -0.09 NS -0.12 NS
3LNO American plaice -0.25 NS 0.29 NS 0.51 0.02

with SSB but the direction of the correlation was nega-
tive in 3 of § cases.

There were significant correlations between all of
the age composition factors (Table 2). P, was generally
negatively correlated with H and MA, which were posi-
tively correlated with each other. There was little con-
sistency however, across populations in the correlation
of these factors with R. All 3 were significantly corre-
lated with R in 2J3KL cod, while none were for 3Ps cod.
MA was positively correlated with R in 3LNO American
plaice but negatively correlated with R in 3NO cod. Fi-
nally, P, was positively correlated with R in 3NO cod
when a negative correlation was expected.

All populations showed an increase in recruitment
with increasing SSB (Fig. 3). For each population there
was considerable scatter about the LOWESS smoother
fitted to the S-R data, with a wide range in recruitment
residuals across a narrow range in SSB. For 2J3KL
cod, SSB ranging from 176 000-214 000 t gave rise to
R varying from 86-560 million. For 3NO cod, the SSB
from 30 000—42 000 t produced R ranging from 6-252
million individuals. For 3Ps cod, SSB ranging from
13 000-18 000 t gave R from 13—78 million. For 3LNO
American plaice a range of SSB from 60 000—100 000 t
gave R ranging from 55-232 million.

In regions of SSB where there is large variation
in R across a small range of SSB (see above), there is
little indication of a relationship between R and any of

the factors (Table 3). The only significant correlation is
between R and MA for 3LNO American plaice. The re-
lationship between R and P approached significance
for 3NO cod.

There was only one significant correlation between
the residuals from R predicted by the LOWESS smooth-
er and Pﬁm, H or MA. This was for 3NO cod for the cor-
relation between the residuals and P (Table 3). The
relationship between the residuals and M4 approached
significance for 3LNO American plaice. Overall, there is
little indication of any relationship between these factors
and R, once the effect of SSB on R is accounted for.

Stock-recruit from Survey

Both long and short term variation in P i, MA and H
were also evident in the indices derived from RV survey
data (Fig. 4). H and MA declined and then increased in
3LNO American plaice with changes in MA being corre-
lated with SSB (Table 1). There was a long term increas-
ing trend in P, and decrease in M4 for 2J3KL cod. For
3NO cod there was a decline in P, over most of the
time series. Long term trend was not evident in the 3Ps
cod data.

Most populations showed some tendency for R to
increase with SSB, except for 3NO cod for which R ap-
peared to be independent of SSB (Fig. 5). However, this
was mostly an increase at the largest SSB estimated, with
R being independent of SSB at lower levels of SSB. As
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Fig. 3. Recruitment in millions and female spawning stock biomass (SSB) in thousands

of tons from sequential population analyses (ADAPT) for 2J3KL cod, 3NO
cod, 3Ps cod, and 3LNO American plaice. The solid line shows the LOWESS
smoother and the dots are the individual estimates.

with the results from ADAPT, there was no consistency
across populations in the correlation between Pﬁm, H,
MA and SSB, with only 4 of 12 tests being significant.
The sign of the correlation coefficient was not always as
predicted with the direction of the correlation for A and

MA with SSB for 3Ps cod being negative (Table 1).

There was significant correlation between factors
derived from RV survey data (Table 4). P, was nega-
tively correlated with H and MA, while MA and H were
positively correlated. There was only one significant cor-
relation between the factors and R, this was a negative
correlation between M4 and R for 3Ps cod.

The only significant relationship between the residu-
als from the estimated recruitment (either from smoother
or mean recruitment in the case of 3NO cod) was for 3Ps

cod with MA and this was a negative relationship rather
than a positive one as expected (Table 3). As with the
analyses using estimates derived from SPA, there was
little indication of any relationship between the factors
and R once the effect of SSB had been accounted for.

Discussion

There was substantial variation in all three measures
of age composition (H, MA, Pﬁm) for all four populations
examined. This included both interannual variation and
long and medium term trends. The clearest of the long
term trends were for 2J3KL cod and 3LNO American
plaice using estimates from ADAPT, where MA showed
a long period of steep decline, and then an increase in the
most recent years. The variability in age composition can
be attributed to the fact that all of these populations have
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Table 2. Results of correlation analyses between each factor (proportion of first time spawners

(P,

7St

), Shannon diversity index (/) and weighted mean age of the SSB (MA4)), and

between each factor and recruitment (R) and with recruitment from selected sections

of the S/R scatter (R

slices

) for each stock. The correlation coefficient and p value are

given. NS represents tests that were not significant at the 0.05 level. Results are from
estimates derived using ADAPT.

H MA R slices
r P r P r P r P

2J3KL cod
P.. -0.82 <0.001 -0.74 <0.001 -0.43  <0.01 -0.32 NS
H 0.86 <0.001 0.59 <0.001 -0.27 NS
MA 0.76 <0.001 -0.02 NS
3NO cod
P -0.40 <0.005 -0.80 <0.001 043 <0.01 0.42 NS
H 0.73 <0.001 -0.04 NS 0.08 NS
MA -0.37 <0.05 -0.34 NS
3Ps cod
P -0.46  <0.05 -0.45 <0.05 0.07 NS -0.55 NS
H 0.84 <0.001 -0.10 NS 0.10 NS
MA 0.15 NS 0.10 NS
3LNO American
plaice

s -0.15 NS -0.34  <0.05 -0.21 NS 0.15 NS
H 0.12 NS 0.06 NS -0.11 NS
MA 0.83 <0.01 0.74 <0.005

Table 3. Results of correlation analyses for each factor (proportion of first
time spawners (Pﬁm), Shannon diversity index (H) and weighted
mean age of the SSB (MA)), with the residuals from the LOWESS
smoother of the stock recruit data. The correlation coefficient and p
value are given. NS represents tests that were not significant at the
0.05 level. Results are from estimates derived using ADAPT and
from RV survey data.

first H MA
r p r P r p

ADAPT

2J3KL cod -0.10 NS 0.05 NS 0.08 NS
3NO cod 0.32 <0.05 0.001 NS -0.28 NS
3Ps cod 0.25 NS -0.22 NS  0.003 NS
3LNO American plaice  0.16 NS 0.08 NS 0.29 NS
RV

2J3KL cod 0.10 NS -0.16 NS -0.05 NS
3NO cod 0.09 NS -0.05 NS -0.34 NS
3Ps cod -0.13 NS 0.03 NS -0.43  <0.05
3LNO American plaice -0.01 NS -0.37 NS -0.26 NS
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Fig. 4. Time series of measures of age composition from RV survey data examined for 2J3KL cod, 3NO

cod, 3Ps cod, and 3LNO American plaice.

shown changes in age at maturity and sex ratio (Mor-
gan and Brattey, 2005; Morgan and Colbourne, 1999)
and have had their numbers at age impacted by fishing
mortality and variable recruitment (Brattey et al., MS
2004; Dwyer et al., MS 2005; Power et al., MS 2005;
Shelton and Lilly, 2000). It was expected that P, would
increase as SSB declined, while H and MA would de-
cline at smaller SSB. However, variation in these factors
was not consistent across populations and did not always
change as predicted.

No consistent relationship was found between age
composition of the spawning stock and recruitment for
the four groundfish populations examined in this study.
There was some indication from ADAPT estimates that
P, may influence recruitment in 3NO cod and MA
might be important for 3LNO American plaice. Survey
data indicated that there could be a negative relationship
between MA and R for 3Ps cod. When the alpha level
associated with significance was adjusted for the number
of individual tests that were conducted, none of the tests
proved to be significant. There is little evidence that age

composition of the spawning stock plays a major role in
recruitment in these populations.

The concept that the age composition of a spawn-
ing stock is an important determinant of R is wide
spread. However, the number of populations and species
for which it has actually been studied is fairly limited.
The impact of H has only been explicitly examined for
Icelandic cod (Marteinsdottir and Thorarinsson, 1998),
Georges Bank cod (O’Brien et al., 2003), and Arcto-
Norwegian cod (Ottersen et al., 2006), and Chesapeake
Bay striped bass (Morone saxatilis) (Secor, 2000). All
found increased recruitment with a more diverse age
composition of the SSB. For the cod populations ex-
amined in the present study, the range in H was at least
as great as that found for the previous studies, and the
populations have exhibited substantial variation in SSB.
Yet there was little indication of any effect of H on R.
Marshall et al. (1998) speculated that part of the effect
of H on R could be the result of differences in sex ratio-
at-age (or length) where the proportion female increases
with age or size. In a population at low SSB with low
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Fig. 5. Recruitment in millions and female spawning stock biomass (SSB) in thou-

sands of tons from research vessel survey data for 2J3KL cod, 3NO cod, 3Ps
cod, and 3LNO American plaice. The solid line shows the LOWESS smoother,
the dashed line is the mean for 3NO cod, and the dots are the individual esti-

mates.

H there are often fewer older (larger) fish and therefore
proportionately fewer females. Among adults, older fish
tend to have a higher proportion female both because
males mature at a younger age and because there can be
differential mortality on the sexes. In the present study,
sex ratio is incorporated into the calculation of SSB and
so some of the effect may be already taken into account.
However, Secor (2000) examined the effect of age diver-
sity of female striped bass (i.e. after taking sex ratio into
account) and did find a positive effect on recruitment.

Our study also examined age composition through
MA. A high MA indicates an SSB composed mainly of
older females. There was substantial variation in MA, es-
pecially for 2J3KL cod and 3LNO American plaice, but
little indication of a significant impact of MA on R. There

was a positive effect of M4 on R for 3LNO American
plaice for data from ADAPT when a section of the stock
recruit scatter was examined that showed high variabil-
ity in R across a small range in SSB. However there was
little other evidence of a positive effect of M4 on recruit-
ment.

First time spawners are thought to have lower re-
productive success than repeat spawning fish (Solemdal
et al., MS 1995; Trippel, 1998). R has been found to be
enhanced by an increased proportion of repeat spawners
in several populations of cod and one population of had-
dock (Cardinale and Arrhenius, 2000b; Marshall et al.,
1998; Wigley, 1999). However, other studies have found
no effect (Clemmesen et al., 2003; Wigley, 1999). Our
results suggest that P, might be important only in one
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TABLE 4.
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Results of correlation analyses between each factor (proportion
of first time spawners (P, Shannon diversity index (H) and
weighted mean age of the SSB (MA)), and between each factor
and recruitment (R) for each stock. The correlation coefficient
and p value are given. NS represents tests that were not signifi-

cant at the 0.05 level. Results are from estimates derived using

RV survey data.

H MA R

r p r p r p
2J3KL cod
P -0.73  <0.001 -0.85 <0.001 -0.09 NS
H 0.75 <0.001 -0.02 NS
MA 0.16 NS
3NO cod
P -0.35 NS -0.81 <0.001 0.09 NS
H 040 <0.05 -0.05 NS
MA -0.34 NS
3Ps cod
P.. -0.58 <0.001 -0.54 <0.005 -0.17 NS
H 0.76  <0.001 -0.12 NS
MA -0.47 <0.01
3LNO American
plaice
P -0.50  <0.05 -0.66  <0.005 -0.07 NS
H 0.87 <0.001 -0.18 NS
MA -0.05 NS

of the populations studied. It may be that the proportion
of repeat spawners is only important under certain con-
ditions. For example, in the Baltic, first time spawners
make an important contribution to R when the area of the
Baltic suitable for cod reproduction is high (Cardinale
and Arrhenius, 2000a).

Previous studies have used a variety of methods to
explore the relationship between age composition and
R and have produced estimates of SSB in a variety of
ways. Many have assumed a specific functional relation-
ship between SSB and R either through application of
Ricker S-R models or through multiple linear regression
(Marteinsdottir and Thorarinsson, 1998; O’Brien et al.,
2003; Ottersen et al., 2006; Wigley, 1999; but see Cardi-
nale and Arrhenius, 2000a,b). On the other hand, relating
age composition directly to R assumes that there is no ef-
fect of SSB on R. We have made the explicit assumption
that the number and/or weight of spawners should have
some role in determining the level of R (Brodziak et al.,
2001; Myers and Barrowman, 1996). We removed this
SSB effect by fitting smoothers to the S-R data and relat-

ing the residuals from these fits to age composition. In
this way we hope to have avoided some of the spurious
results that could arise from imposing an inappropriate
S-R relationship either by applying a standard S-R rela-
tionship or incorporating S-R into multiple linear regres-
sion. In addition to this approach we have attempted to
produce the best estimate of SSB for these populations
that we can by including estimates of female proportion
mature-at-age and sex ratio-at-age. Not all populations
have these data available and some studies have been
forced to use constant (or year aggregated) maturity
ogives and constant sex ratio. Some of the differences
between our results and previous studies may be due to
these differences in methodology.

S-R data tend to be noisy and the data in our study
are no exception. This raises the possibility of being
unable to detect an effect that is actually present. The
statistical power of the tests performed here has yet to
be determined. Simulation studies which include both
density dependent effects and age composition effects
would be useful in shedding light on this issue. Although
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such simulations would be fairly complex they would
have general application to studies examining popula-
tion data for any effects of age composition. In addition,
there may be synergistic (or opposing) effects on R of
P_ ., Hand MA. Analyses incorporating all the factors at

first® R
once may have more power to detect a combined effect.

The characteristics of the individuals making up the
spawning stock will clearly be important to R. Fecundity
of individuals is not constant and variation will result
in changes in total egg production (Kdster et al., 2001;
Marshall ef al., 1998). Sex ratio and maturation are also
variable (both are accounted for in this study) so that the
number of adult females making up the spawning stock
will change (Hunt, 1996; Jergensen, 1990; Kraus et al.,
2002; Marshall ef al, 1998; Morgan and Colbourne,
1999; Rijnsdorp, 1989). Maternal condition will be
important, influencing R through effects on fecundity
and/or viability of eggs and larvae, or even through skip
spawning (DeMartini, 1991; Koslow et al., 1995; Lam-
bert and Dutil, 2000; Marshall et al., 1998; Marteinsdot-
tir and Steinarssson, 1998; Rideout et al., 2000). How-
ever, the importance of age composition of the spawning
stock may not be universal. Studies have not always
found an effect of Pﬁm on recruitment (Clemmesen ef al.,
2003; Wigley, 1999). The importance of age composi-
tion has also been found to depend on the size of the
SSB or to be enhanced under certain environmental con-
ditions (Cardinale and Arrhenius, 2000a; Marteinsdottir
and Thorarinsson, 1998; Ottersen et al., 2006). Further
research is needed to explore under which conditions
age composition exerts an important influence on R. Our
results suggest that it may not be as widespread as com-
monly assumed.
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