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Figure 1.1.Ray Beverton (with pipe) and Sidney Holt (front) at work in 1949. Photo byMichael
Graham. Source: Ramster (1996) ICES J. Mar. Sci., 53:1–9.

declaration from 2001. The ecosystem approach mandates that current single-
stock-oriented management is extended toward managing the entire ecosystem.
The Beverton and Holt framework is geared toward managing single stocks, and
new model tools are needed to deal with multispecies aspects. Second, manage-
ment faces new questions: What are the long-term evolutionary consequences of
the selection imposed by fishing? How should it deal with the large fraction of
“data poor” fish stocks, particularly in the developing world, where no or little
biological information exists? How should it handle the many ecosystems that are
very species diverse, where fisheries are largely indiscriminate toward species,
making management on a stock-by-stock basis impractical?

An obvious place to look for help and inspiration would be general ecology.
However, because of the need to specialize, fisheries science has become isolated
and disjoint from ecology. After Beverton and Holt published their framework,
fisheries science branched away from general ecology and concentrated its efforts
on operationalizing the framework to practical application for management. Fish-
eries science developed its own conferences, publishedmuch important research in
the gray literature of conference proceedings or working group reports, and created
its own specialized journals. In themeantime, ecology sprouted new branches, par-
ticularly in limnology (inland aquatic ecosystems), food-web ecology, structured
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McGurk (1986 MEPS 34:227) Shows How to Find  Egg to Recruit Survival

• Initial egg/larval size 
• Size at recruitment

If ER Interval Growth is Exponential 
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Here's steepness (Mangel et al 2010, 2013)
Life time individual egg production
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Striped Marlin 
Brodziak et al Fish Res 2014

Please cite this article in press as: Brodziak, J., et al., Stock-recruitment resilience of North Pacific striped marlin based on reproductive
ecology. Fish. Res. (2014), http://dx.doi.org/10.1016/j.fishres.2014.08.008

J. Brodziak et al. / Fisheries Research xxx (2014) xxx–xxx 5

We  estimated parameters of a beta density for steepness f(h)
that provided the maximum likelihood fit to the empirical steep-
ness distribution given the population simulations. The form of the
fitted density with beta density parameters aˇ and bˇ was

f (h) =
! (aˇ + bˇ)
! (aˇ)! (bˇ)

haˇ−1(1 − h)bˇ−1 (7)

The fitted parameters aˇ and bˇ can be used to select a para-
metric prior distribution for stock-recruitment steepness of striped
marlin assuming a Beverton–Holt stock-recruitment curve.

2.7. Sensitivity analyses

Sensitivity analyses were conducted to measure the relative
importance and directional effects of changes in each reproductive
ecology or life history parameter ("k) on steepness. The relative
sensitivity of steepness to parameter (Table 1) was assessed by
re-estimating the empirical steepness distribution across a set of
alternative input values ranging from −25% to +25% of "k in 12.5%
increments. For the natural mortality at age parameters, the rel-
ative sensitivity was assessed by making the same incremental
change for all age-specific parameters at once. Overall, the results
of the sensitivity analyses showed the sign, magnitude, and shape
of changes in the steepness distribution that would be expected if
reproductive ecology or life history parameters varied from their
expected values due to changes in environmental conditions or
other factors.

The importance of uncertainty associated each parameter was
characterized using the elasticity of steepness (U) for the kth
parameter evaluated at the baseline set of reproductive ecology
and life history parameter values ("-), where

U("k) = ∂h

∂"k
("-)

"k

h
(8)

The elasticity of steepness provided a normalized measure of the
effect of a one percent in life history parameter value on the percent
change in steepness. As a relative measure of uncertainty impor-
tance, the elasticity accounted for differences in both the scale of the
parameters and the central tendency of steepness. In this case, the
partial derivative of steepness as a function of "k was  numerically
evaluated using a first order central-difference approximation.

3. Results

Results of the baseline steepness model indicated that the dis-
tribution of steepness was left skewed (Fig. 2a) with a median
steepness of 0.87 and an 80% probable range of (0.38, 0.98). The
mean steepness was 0.78 with a coefficient of variation of 0.29
(Fig. 2a) and the fitted beta density parameters were aˇ = 0.72 and
bˇ = 1.44. The median steepness value was intermediate to the two
values of steepness assumed for separate assessment scenarios
(0.75 and 1) in the 2007 North Pacific striped marlin assessment and
was lower than the meta analytic point estimate of 0.9 for sword-
fish reported by Myers et al. (1999). Overall, our results suggested
that the stock-recruitment dynamics of North Pacific striped marlin
were probably highly resilient to declines in spawning potential.

The distributions of steepness were less diffuse with process
error values of 1% and 5%. Shrinking the process error to be neg-
ligible at 1% produced a highly peaked distribution with positive
probability for h in the interval (0.97, 0.99) and a median of 0.98
with p(h ∈ (0.98, 0.99)) = 0.85. In contrast, increasing process error
to be 25% spread out the distribution of steepness with a median of
0.80 and an 80% probable range of (0.28, 0.98). The sensitivity anal-
ysis comparing the baseline results with those obtained using the
natural mortality rate relationship from McCoy and Gilloolly (2008)

(a )

(b )

µ = =

Fig. 2. Baseline estimate of the empirical probability density of stock-recruitment
steepness for Western and Central North Pacific striped marlin along with fitted beta
density (a) and sensitivity analysis showing the effect of weight-specific allometry
of  natural mortality rate as a function of body mass from McCoy and Gillooly (2008).

showed that this relationship implies a slightly higher average esti-
mate of stock-recruitment steepness (Fig. 2b), i.e. mean steepness
estimate of 0.82 (Fig. 2b) with beta density parameters of aˇ = 0.77
and bˇ = 1.39.

Growth parameters had an important effect on steepness. Of the
three growth parameters, the one with the strongest influence was
the asymptotic length L∞ which had a nonlinear impact on steep-
ness over the sensitivity interval (Fig. 3a). The elasticity of U(L∞)
was about 0.40% for the baseline which indicated that a 1% increase
in L∞ would be expected to produce a less than 1% increase in steep-
ness. The next most important growth parameter was the Brody
growth coefficient k which had a nearly linear impact on steepness
over the sensitivity interval (Fig. 3b) and for which the elasticity
U(k) was  −0.36%. The least influential growth parameter was the
age at zero length t0 (Fig. 3c) with increases in t0 from the baseline
value producing moderate increases in steepness. Elasticity for t0
was U(t0) = 0.26. For each growth parameter, the variability of the
steepness estimate decreased as the value of the growth parameter
increased (Fig. 3).

Steepness was very sensitive to the length-weight exponent B
(Fig. 4b) In contrast, the scale parameter A had a negligible impact
on steepness (Fig. 4a) and for which the elasticity was U(A) = 0.02%.
In comparison, increases in the exponent B produced substantial
increases in steepness and the elasticity for B was U(B) = 1.68%,
indicating that steepness was very sensitive to mis-specifying B.
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We  estimated parameters of a beta density for steepness f(h)
that provided the maximum likelihood fit to the empirical steep-
ness distribution given the population simulations. The form of the
fitted density with beta density parameters aˇ and bˇ was

f (h) =
! (aˇ + bˇ)
! (aˇ)! (bˇ)

haˇ−1(1 − h)bˇ−1 (7)

The fitted parameters aˇ and bˇ can be used to select a para-
metric prior distribution for stock-recruitment steepness of striped
marlin assuming a Beverton–Holt stock-recruitment curve.

2.7. Sensitivity analyses

Sensitivity analyses were conducted to measure the relative
importance and directional effects of changes in each reproductive
ecology or life history parameter ("k) on steepness. The relative
sensitivity of steepness to parameter (Table 1) was assessed by
re-estimating the empirical steepness distribution across a set of
alternative input values ranging from −25% to +25% of "k in 12.5%
increments. For the natural mortality at age parameters, the rel-
ative sensitivity was assessed by making the same incremental
change for all age-specific parameters at once. Overall, the results
of the sensitivity analyses showed the sign, magnitude, and shape
of changes in the steepness distribution that would be expected if
reproductive ecology or life history parameters varied from their
expected values due to changes in environmental conditions or
other factors.

The importance of uncertainty associated each parameter was
characterized using the elasticity of steepness (U) for the kth
parameter evaluated at the baseline set of reproductive ecology
and life history parameter values ("-), where

U("k) = ∂h

∂"k
("-)

"k

h
(8)

The elasticity of steepness provided a normalized measure of the
effect of a one percent in life history parameter value on the percent
change in steepness. As a relative measure of uncertainty impor-
tance, the elasticity accounted for differences in both the scale of the
parameters and the central tendency of steepness. In this case, the
partial derivative of steepness as a function of "k was  numerically
evaluated using a first order central-difference approximation.

3. Results

Results of the baseline steepness model indicated that the dis-
tribution of steepness was left skewed (Fig. 2a) with a median
steepness of 0.87 and an 80% probable range of (0.38, 0.98). The
mean steepness was 0.78 with a coefficient of variation of 0.29
(Fig. 2a) and the fitted beta density parameters were aˇ = 0.72 and
bˇ = 1.44. The median steepness value was intermediate to the two
values of steepness assumed for separate assessment scenarios
(0.75 and 1) in the 2007 North Pacific striped marlin assessment and
was lower than the meta analytic point estimate of 0.9 for sword-
fish reported by Myers et al. (1999). Overall, our results suggested
that the stock-recruitment dynamics of North Pacific striped marlin
were probably highly resilient to declines in spawning potential.

The distributions of steepness were less diffuse with process
error values of 1% and 5%. Shrinking the process error to be neg-
ligible at 1% produced a highly peaked distribution with positive
probability for h in the interval (0.97, 0.99) and a median of 0.98
with p(h ∈ (0.98, 0.99)) = 0.85. In contrast, increasing process error
to be 25% spread out the distribution of steepness with a median of
0.80 and an 80% probable range of (0.28, 0.98). The sensitivity anal-
ysis comparing the baseline results with those obtained using the
natural mortality rate relationship from McCoy and Gilloolly (2008)

(a )

(b )

µ = =

Fig. 2. Baseline estimate of the empirical probability density of stock-recruitment
steepness for Western and Central North Pacific striped marlin along with fitted beta
density (a) and sensitivity analysis showing the effect of weight-specific allometry
of  natural mortality rate as a function of body mass from McCoy and Gillooly (2008).

showed that this relationship implies a slightly higher average esti-
mate of stock-recruitment steepness (Fig. 2b), i.e. mean steepness
estimate of 0.82 (Fig. 2b) with beta density parameters of aˇ = 0.77
and bˇ = 1.39.

Growth parameters had an important effect on steepness. Of the
three growth parameters, the one with the strongest influence was
the asymptotic length L∞ which had a nonlinear impact on steep-
ness over the sensitivity interval (Fig. 3a). The elasticity of U(L∞)
was about 0.40% for the baseline which indicated that a 1% increase
in L∞ would be expected to produce a less than 1% increase in steep-
ness. The next most important growth parameter was the Brody
growth coefficient k which had a nearly linear impact on steepness
over the sensitivity interval (Fig. 3b) and for which the elasticity
U(k) was  −0.36%. The least influential growth parameter was the
age at zero length t0 (Fig. 3c) with increases in t0 from the baseline
value producing moderate increases in steepness. Elasticity for t0
was U(t0) = 0.26. For each growth parameter, the variability of the
steepness estimate decreased as the value of the growth parameter
increased (Fig. 3).

Steepness was very sensitive to the length-weight exponent B
(Fig. 4b) In contrast, the scale parameter A had a negligible impact
on steepness (Fig. 4a) and for which the elasticity was U(A) = 0.02%.
In comparison, increases in the exponent B produced substantial
increases in steepness and the elasticity for B was U(B) = 1.68%,
indicating that steepness was very sensitive to mis-specifying B.

3. Results

The resulting probability densities for the natural mortality rate
were symmetric, and the ranges were wider for younger ages (Fig. 3a).
The age-dependent natural mortality rate generated variations in the
survival ratio by age (Fig. 3b). Given the large uncertainties in the
survival ratio, empirical frequency distribution showed relatively
narrow ranges of steepness for the Beverton-Holt model and wide
ranges of steepness for the Ricker model (Fig. 4). The mean and stan-
dard deviations obtained for 200 replicate runs showed wider ranges of

error bars around the peak of the fitted curves (Fig. 4). The mean values
and their standard deviations (SD) for steepness were estimated using
beta density, and those mean values were 0.584 (SD = 0. 099) for the
Beverton-Holt model and 0.851 (SD = 0.279) for the Ricker model
(Fig. 4). The curves showed a steep slope around the lower spawning
biomass (Fig. 5), and the Ricker model showed a slight decline of re-
cruitment at the high spawning stock biomass. The zfrac and β of LFSR
were 0.748 and 0.360, respectively, for the Beverton-Holt model, and
0.562 and 1.000 for the Ricker model. These results suggested that the
stock-recruitment relationship of North Pacific blue shark was highly
density-dependent, and that productivity was higher than that of other
viviparous elasmobranchs. The sensitivity analysis showed that the
value of maximum age had a slight impact on the estimates of steepness
(Fig. 6). The lower maximum age of 12 gave a higher steepness
(h = 0.590 for Beverton-Holt and h = 0.847 for Ricker), whereas the
higher maximum age of 24 gave a lower steepness (h = 0.544 for
Beverton-Holt and h= 0.750 for Ricker). These results suggested that
steepness is not particularly sensitive to the changes in the assumed
maximum age.

4. Discussion

An age-structured stock-recruitment model was developed to spe-
cify pre-recruit survivorship that made it possible to estimate steepness
for viviparous elasmobranchs using life history parameters. This
method was applied to the North Pacific blue shark, a pelagic requiem
shark of a family that exhibits placental viviparity. The high steepness
implies an extraordinary ability of blue shark populations to compen-
sate for declines in adult abundance through improved recruitment of
juveniles to the spawning stock: the Beverton-Holt estimate indicates a
2.9-fold increase (0.584/0.20) in recruits per spawner compared with a
population having no density-dependent compensation, and the Ricker
estimate suggests a 4.3-fold increase (0.851/0.2). While some density-
dependent compensation following the loss of spawners is inevitable,
compensation at the estimated levels of the Ricker model is likely to be
very high. In addition, the Ricker model is not suitable for blue shark,
because there is little scientific evidence of cannibalism by adult blue
sharks on juvenile blue sharks (Hernández-Aguilar et al., 2017). In
addition, the impact of predation by other pelagic sharks on the sur-
vival rate of juvenile blue sharks would not be large, because blue shark
is much more abundant than that of all other pelagic sharks. For ex-
ample, Ohshimo et al. (2016) showed that the CPUE of blue shark was
more than 20 times than that of shortfin mako shark. Next, we discuss
the possibility of high steepness for blue shark in the Beverton-Holt
model.

Survival rate and fecundity are considered to have a large impact on
compensation due to the density dependence of adult sharks. A low

Fig. 3. (a) Gamma distributions for age-dependent natural mortality rate and (b) sample survival trajectories (n = 20) created by assuming a family of probability distributions for the
rate of natural mortality dependent on age. Gamma distributions for ages older than 11 are not shown in (a).

Fig. 4. Empirical frequency distribution of steepness and the fitted curves (solid line) by
beta distribution for (a) the Beverton-Holt model and (b) the Ricker model, for which the
mean (filled circles) and its standard deviations (vertical bars) are shown for the em-
pirical distribution.
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Useable science: 
-Targets a problem 
-Defensible 
-Directly reflect the needs, is understandable by, and is 

accessable to the users 

“The jury is still out on whether decisions are better because of 
scientific input” 

“Not all factors are often explicit – even to the decision-maker” 
Peter Cochrane, Director of Parks, Australia 

Dowell and Wange:  1) Cannot fail syndrome; 2) Goal 
displacement; 3) Incomplete consequence analysis; 4) Failure to 
Questions – each is an organizational mindset
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When will data be informative?

Use Simulation Methods to determine what kinds of data 
are necessary so that steepness and natural mortality can 
be estimated in the stock assessment

Already started: 

Lee, H.-H. et al. 2011. Estimating natural mortality within a 
fisheries stock assessment model: An evaluation using 
simulation analysis based on twelve stock assessments. 
Fisheries Research 109: 89-94. 

Lee, H.-H. et al.  2012. Can steepness of the stock–
recruitment relationship be estimated in fishery stock 
assessment models? Fisheries Research 125-126: 254-261. 



Replace the BH-SRR by a SRR that Avoids the Problem 

An example: Maynard Smith/Shepherd model

dB
dt

=
α pB

1+ βB
1
n

− (M + F)B

There is still an undetermined parameter for the analysis -- the 
data can tell us something!  -and if not 
we need to integrate over the potential range of n


