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The following summarizes the results of previous sensitivity analyses conducted for the yellowfin tuna 

stock assessment in the eastern Pacific Ocean (EPO). The review covers different types of sensitivity 

analyses presented in the IATTC annual Stock Assessment Reports (SAR) from assessment year 2004 to 

2012. Table 1 provides a summary of the sensitivity analyses conducted to date. 

1. ASSESSMENT YEAR 2003 (SAR4 - ASCALA)   

Several sensitivity analyses were carried out, including: (1) incorporation of a Beverton-Holt stock 

recruitment relationship with a steepness of 0.75, (2) iterative reweighting of the length-frequency sample 

size, (3) species-composition catch estimates, and (4) selectivity smoothness penalty weights used in 

previous assessments. The sensitivities do not differ much from those of the base case except for the 

stock-recruitment relationship sensitivity. We discuss this sensitivity and the iterative reweighting of the 

length-frequency sample size sensitivity below. 

Stock assessment results 

A sensitivity analysis was carried out to determine the effect of the stock-recruitment relationship. The 

base case analysis was carried out with an assumption of no stock-recruitment relationship (steepness 

parameter fixed at 1). An alternative analysis was carried out with the steepness of the Beverton-Holt 

stock-recruitment relationship fixed at 0.75. This implies that when the population is reduced to 20% of 

its unexploited level, the expected recruitment is 75% of the recruitment from an unexploited population. 

Previous results (Maunder and Watters 2002) suggest that the analysis with a stock-recruitment 

relationship fits the data better than the analysis without the stock-recruitment relationship, but, given the 

amount of data used in the analysis, the difference is probably not statistically significant (see Maunder 

and Watters 2002). The preference for lower values of steepness is probably a consequence of the regime 

shift in recruitment. When a Beverton-Holt stock recruitment relationship (steepness = 0.75) is included, 

the estimated biomass and recruitment are almost identical to those of the base case. 
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A sensitivity analysis was carried out to determine the influence of the length-frequency sample size. 

McAllister and Ianelli (1997) used an analytical method to determine the effective sample size for 

catchat- age data based on the observed and predicted proportional catch at age. They used a method of 

iteratively modifying the sample size based on this calculation until the change in sample size was small. 

We use this method to determine new sample sizes for each set (fishery and time period) of length-

frequency data. The original sample size for the surface gears used in the base case was based on number 

of wells sampled. For the longline gears we modified the sample size so that the average sample size for 

the southern longline fishery was equal to the average sample size for the surface fishery that had the 

maximum average sample size (Fishery 7). This involved dividing the longline sample size by 25,143 

(scaling factor) for each length-frequency time-fishery data set. The reweighting sensitivity has, on 

average, greater sample sizes than the base case for all fisheries. The sample size is increased, on average, 

between about 5 and 15 times for all fisheries except for the northern longline fishery, which increased by 

88 times. This indicates that the purse-seine effective sample size is still less than the number of fish 

measured (about 50 per well) and that the longline effective sample size is still substantially less than the 

number of fish measured. The results from the reweighting sensitivity are similar to those of the base 

case, but the confidence intervals are much narrower. The average CV for the recruitment, biomass, and 

spawning biomass are 0.08, 0.02, and 0.02, respectively.  

Reference points 

When the Beverton-Holt stock-recruitment relationship is included in the analysis with a steepness of 

0.75, the spawning biomass ratio (SBR) which consists of the ratio between the current and virgin 

spawning biomasses, is reduced and the SBR level that produces MSY1 (maximum sustainable yield) is 

increased. The SBR is estimated to be less than that at MSY for most of the model period, except for most 

of 1999-2002. The current effort level is estimated to be above the level required to produce MSY (Fmult 

< 12), but, due to the recent large recruitment, current catch is greater than MSY. In contrast to the 

analysis without a stock-recruitment relationship, the addition of this relationship may cause catch to be 

moderately reduced if effort is increased beyond the level required for MSY. The analysis without a 

stock-recruitment relationship has a relative yield curve equal to the relative yield-per-recruit curve 

because recruitment is constant. The yield curve bends over slightly more rapidly when the stock-

recruitment relationship is included. The equilibrium catch under the current effort levels is estimated to 

be only slightly less than MSY, indicating that reducing effort will not greatly increase the catch. 

 

                                                             
1 AMSY (average maximum sustainable yield) and MSY have been used interchangeably in the stock assessments 
2
 Fmult is the ratio of the fishing mortality at MSY (FMSY) to the current fishing mortality and indicates how much 

the fishing effort would have to be changed to produce MSY. This quantity is used as the basis for making 
management decisions for tunas in the EPO. 
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2. ASSESSMENT YEAR 2006 (SAR7 - ASCALA) 

Sensitivity analyses were carried out to investigate the incorporation of a Beverton-Holt (1957) stock-

recruitment relationship, the assumed value for the asymptotic length parameter of the Richards growth 

curve, and changing the longline CPUE standardization method from using a delta-gamma model to using 

a delta-lognormal model.  

Stock assessment results 

The base case analysis assumed no stock-recruitment relationship, and an alternative analysis was carried 

out with the steepness of the Beverton-Holt stock-recruitment relationship fixed at 0.75. This implies that 

when the population is reduced to 20% of its unexploited level, the expected recruitment is 75% of the 

recruitment from an unexploited population. As in previous assessments, the analysis with a stock-

recruitment relationship fits the data better than the analysis without the stock-recruitment relationship. 

However, the regime shift in recruitment could also explain the result, since the period of high 

recruitment is associated with high spawning biomass, and vice versa. When a Beverton-Holt stock 

recruitment relationship (steepness = 0.75) is included, the estimated biomass and recruitment are almost 

identical to those of the base case assessment. However, when the stock-recruitment relationship is 

included, the recent spawning biomass is below the level corresponding to the MSY.  
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The assumed value for the asymptotic length parameter of the Richards growth curve was fixed at a lower 

value of 170 cm, and an upper value of 200 cm, bracketing the base case value of 185 cm estimated from 

the otolith data. The value of 154 cm estimated by stock assessments for the western and central Pacific 

Ocean (Adam Langley, Secretariat of the Pacific Community, pers. com.) was not consistent with the 

otolith data. Unlike the EPO bigeye assessment (Harley and Maunder 2005), the estimated biomass and 

recruitment are not very sensitive to values of the asymptotic length parameter in the range investigated. 

There are very few individuals larger than 160 cm in the length-frequency data, and the maximum length 

seen is between 175 and 190 cm in most years. There are estimated to be comparatively few large fish in 

the population throughout the period of the assessment, given the fishing mortality applied by the purse-

seine fisheries and the high natural mortality. The longline fishery selectivities are able to adjust to fit the 

expected numbers at length, such that when asymptotic length is greater, selectivity at older ages is 

increased to eliminate the older, larger fish. This flows through into greater fishing mortality at greater 

ages, to an extent that may not be realistic. The SBR is also insensitive to the asymptotic length 

parameter, which can be explained by the low proportion of females in the population in the older age 

classes. The best fit to the data is from the model with the low value for the asymptotic length parameter, 

with most of the improvement coming from a better fit to the length-frequency data. 

A new method was used to standardize the longline CPUE data in 2006: a delta-lognormal model was 

used instead of a delta-gamma model. This resulted in slightly different CPUE indices for the northern 

and southern longline fisheries. The biomass was insensitive to this change, as were the SBR and SBR 

associated with MSY. 

Reference points 

When the Beverton-Holt stock-recruitment relationship is included in the analysis with a steepness of 

0.75, the SBR is reduced and the SBR level corresponding to the MSY is increased. The SBR is estimated 

to be less than that at MSY for most of the model period, except for the 2000- 2002 period. The current 

effort level is estimated to be above the MSY level, and current catch very close to the MSY. In contrast 

to the analysis without a stock-recruitment relationship, the addition of this relationship implies that catch 

may be moderately reduced if effort is increased beyond the level required for MSY. The analysis without 

a stock-recruitment relationship has a relative yield curve equal to the relative yield-per-recruit curve 

because recruitment is constant. The yield curve bends over slightly more rapidly when the stock-

recruitment relationship is included than when it is not included. The equilibrium catch under the current 

effort levels is estimated to be 96% of MSY, indicating that reducing effort would not greatly increase the 

catch.  

When the asymptotic length is adjusted to either 170 cm or 200 cm, the SBR does not change 

significantly; the SBR level corresponding to the MSY is reduced slightly for asymptotic length of 170 

cm. The current effort level is estimated to be either slightly below (L∞ = 170 cm) or very close to (L∞ = 

200 cm) the MSY level (Table 5.1 in SAR 7), and the current catch very close to the MSY (Table 5.1 in 

SAR 7). The implications of increasing effort are very similar to the base case. The equilibrium catch 

under the current effort levels for asymptotic length of 170 cm is estimated to be 100% of MSY, 

indicating that increasing effort would not increase the equilibrium catch. 
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3. ASSESSMENT YEAR 2009 (SAR10 – Stock Synthesis) 

The stock assessment was conducted using Stock Synthesis for the first time. Seven sensitivity analyses 

were carried out to investigate the incorporation of a Beverton-Holt stock-recruitment relationship, 

inclusion of CPUE and length composition data from all fisheries, natural mortality, selectivity, growth, 

exclusion of the floating-object size-composition data, and a change in the floating-object fisheries 

selectivity starting in 2001. 

Stock assessment results 

The base case analysis assumed no stock-recruitment relationship, and an alternative analysis was carried 

out with the steepness of the Beverton-Holt stock-recruitment relationship fixed at 0.75. This implies that 

when the population is reduced to 20% of its unexploited level, the expected recruitment is 75% of that 

from an unexploited population. As in previous assessments, the analysis with a stock-recruitment 

relationship fits the data better than the analysis without the stock-recruitment relationship. However, as 

stated previously, the regime shift could also explain the result, since the period of high recruitment is 

associated with high spawning biomass, and vice versa. When a Beverton-Holt stock-recruitment 

relationship (steepness = 0.75) is included, the estimated biomass and recruitment are almost identical to 

those of the base case assessment. 

The estimated biomass and the relative recruitment from the sensitivity analysis that includes all the data 

(i.e. size composition and CPUE data for all fisheries except the discard fisheries and the CPUE for the 

pole and line fishery) in the model are similar to those for the base case. 

The model that estimates the natural mortality for mature yellowfin produces a substantially better fit to 

the data with a reduction in the negative log likelihood of 46 units for two additional parameters. The 

estimated biomass is much greater than for the base case. The relative recruitment is similar to that for the 

base case. The natural mortality was estimated to be slightly higher for adult females, but was also 

estimated to increase substantially for males. 

When age-specific selectivity is used, the estimated abundance and recruitment are similar to the base 

case, but the SBR corresponding to MSY is substantially higher. The estimated age-specific selectivity 
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curves show peaks at around 10-15 quarters similar to the length-based selectivities estimated in the 

previous assessment. 

The model that fixes the length at the maximum age to 175 cm produces a better fit to the length-

frequency data, but a worse fit to the CPUE data. However, the total negative log likelihood cannot be 

compared because of the additional sex ratio data. Nevertheless, removing the otolith data component of 

the negative log likelihood indicates that the lower length at the maximum age fits the other data better. 

The estimated biomass is moderately greater than that for the base case and the relative recruitment is 

similar to that for the base case. 

Excluding the size-composition data for the floating object fishery from the analysis has very little impact 

on the results, except for lowering the most recent recruitment and biomass estimates. However, it does 

remove the retrospective pattern of recent recruitment and biomass being estimated higher when recent 

data are excluded from the analysis. 

Including a change in selectivity for the floating-object fisheries starting in 2001 has negligible impact on 

the results, despite the improved fit to the data as represented by a reduction in the negative log 

likelihood. The selectivities for three of the four floating-object fisheries catch more smaller yellowfin 

after the adoption of the resolution, as would be expected due to the ban on discards of small tuna. 

Reference points 

Including a stock-recruitment relationship in the stock assessment produces more pessimistic results, with 

the current spawning biomass being below that corresponding to MSY and fishing effort being higher 

than that corresponding to MSY (Table 5.1 SAR10). However, it increases the level of MSY that can be 

achieved. Including all the data has only a small impact on the results. Estimating the adult natural 

mortality produces more optimistic results, with the spawning biomass being substantially greater than 

that corresponding to MSY, current effort being substantially below that corresponding to MSY, and 

increases the level of MSY that can be obtained. Estimating age-specific selectivity increases the SBR 

corresponding to MSY, and therefore the spawning biomass is less than that corresponding to MSY and 

the effort levels are greater than those corresponding to MSY. Fixing the length at the maximum age to 

175 cm produces more optimistic results, with the spawning biomass being substantially greater than that 

corresponding to MSY and current effort being substantially below that corresponding to MSY, but the 

level of MSY that can be obtained is about the same. The sensitivity analyses showed that excluding the 

floating object size composition data or including a change in the selectivities for the floating-object 

fisheries caused negligible changes in the management quantities (results not presented). 
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4. ASSESSMENT YEAR 2011 (SAR12 – Stock Synthesis) 

Three sensitivity analyses were carried out to investigate the incorporation of a Beverton-Holt stock-

recruitment relationship, average size of the older fish, and fitting to the CPUE data of the northern 

dolphin-associated fishery as the main index of abundance. 

Stock assessment results 

The base case assessment assumed no stock-recruitment relationship, and an alternative analysis was 

carried out with the steepness of the Beverton-Holt stock-recruitment relationship fixed at 0.75. This 

implies that when the population is reduced to 20% of its unexploited level, the expected recruitment is 

75% of that from an unexploited population. As in previous assessments, the analysis with a stock-

recruitment relationship fits the data better than the analysis without the stock-recruitment relationship. 

However, as stated previously, the regime shift could also explain the result, since the period of high 

recruitment is associated with high spawning biomass, and vice versa. When a Beverton-Holt stock-

recruitment relationship (steepness = 0.75) is included, the estimated biomass and recruitment are almost 

identical to those of the base case assessment. A likelihood profile on steepness confirms that the model 

fits better at lower fixed values for this parameter, with its maximum likelihood apparently occurring at 

about 0.7. 

The base case model assumes a Richards (1959) growth function. The choice of the average size of the 

older fish – the L2 parameter – is somewhat arbitrary, since otolith readings are not available for larger 

(older) fish. In the base case, L2 is fixed at 182.3 cm, a value estimated in a previous assessment 

(Maunder and Aires-da-Silva 2010). A sensitivity analysis was done to study the effect of fixing L2 at 

different values (a lower and a higher value, 170 and 190 cm, respectively). The estimated biomass and 

recruitment time series are very sensitive to the assumed value of L2, they are greater for a lesser value of 

the parameter. 

The base case model assumes the CPUE of the southern longline fishery (Fishery 12) to be the most 

reliable index of abundance (CV = 0.2). However, this fishery mainly targets bigeye tuna, not yellowfin. 

If instead the model is fitted more closely to the northern dolphin-associated fishery (Fishery 9, CV = 

0.2), the biomass and recruitment trajectories are still very similar to those from the base case. This 

suggests that there is consistency in the information provided by the two CPUE indices. However, the 
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recent decline in biomass levels estimated by the base case is not so strong in the sensitivity analysis, 

particularly for spawning biomass. This result is mainly due to the model fitting more closely to the 

recent CPUE trends of the northern dolphin-associated fishery, rather than the southern longline fishery. 

The model fit to the CPUE of the northern dolphin-associated fishery is not so indicative of the 

pronounced recent decline as indicated by the base case model which fits more closely to the CPUE of the 

southern longline fishery. 

Reference points 

Including a stock-recruitment relationship in the stock assessment produces more pessimistic results, with 

the current spawning biomass being below that corresponding to MSY and fishing effort being higher 

than that corresponding to MSY MSY (Table 5.1 SAR12). However, it increases the level of MSY that 

can be achieved. Fixing the mean size of the oldest age class to a lower value than that assumed in the 

base case (e.g., 170 cm) produces more optimistic results, with the spawning biomass being at about the 

level corresponding to MSY and current effort being substantially below that level, but the level of MSY 

that can be obtained is about the same. In contrast, fixing the mean size of the oldest age class to a higher 

value than that assumed in the base case (e.g.,190 cm) produces more pessimistic results, with the 

spawning biomass being below that corresponding to MSY and current effort dropping below the level 

corresponding to MSY, but the level of MSY that can be obtained changes little. The sensitivity analyses 

showed that fitting more closely to the CPUE data of the northern dolphin-associated fishery (CV fixed at 

0.2), rather than taking the CPUE of the southern longline fishery as the main index of abundance, 

produces a more optimistic assessment of the status of the stock. While the recent spawning biomass is 

estimated to be about the level corresponding to MSY, the recent levels of fishing effort are estimated to 

be well below those corresponding to MSY. 
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5. SUMMARY 

Several sensitivity analyses have been carried out for the EPO yellowfin tuna stock assessment since first 

application of integrated statistical age-structured models. Many of these sensitivities have had little 

impact on the results including: (a) iterative reweighting of the length-frequency sample size, (b) species-

composition catch estimates, (c) selectivity smoothness penalty weights, (d) changing the longline CPUE 

standardization method from using a delta-gamma model to using a delta-lognormal model, (e) including 

size composition and CPUE data from all the fisheries, (f) Including a change in selectivity for the 

floating-object fisheries starting in 2001, g) and fitting to the CPUE data of the northern dolphin-

associated fishert as the main index of abundance. The results were particularly sensitive to the steepness 

of the stock-recruitment relationship, natural mortality, the mean size of older individuals, and 

assumptions about selectivity curves. The recent recruitment and biomass estimates were sensitive to the 

exclusion of the floating object fishery size-composition and this eliminated the retrospective bias.  
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Table 1. Summary of historical sensitivity analyses for the EPO yellowfin tuna stock assessment. 

 

SAR Assessment 
Year 

Model Reference Sensitivities Change in S/SMSY Change in Fmultiplier 

1 2000 ASCALA Maunder and Watters (2001) 

http://www.iattc.org/PDFFiles2/Sto
ckAssessmentReports/SAR1
_yelllowfin_ENG.pdf 

None   

2 2001 ASCALA Maunder and Watters (2002) 
http://www.iattc.org/PDFFiles2/StockA
ssessmentReports/SAR2_yellowfin_EN
G.pdf 

h=0.75   

3 2002 ASCALA Maunder (2002) 
http://www.iattc.org/PDFFiles/SAR3_YF
T_ENG.pdf 

h=0.75   

4 2003 ASCALA Maunder and Harley (2004) 
http://www.iattc.org/PDFFiles2/StockA
ssessmentReports/SAR4_YFT_ENG.pdf 

a) h=0.7 
b) Iterative reweighting of the 

length-frequency sample size 
c) Species-composition catch 

estimates 
d) Selectivity smoothness 

penalty weights used in 
previous assessments.  

-21% 
-17% 
 
-2% 
 
-2% 

-26% 
13% 
 
0% 
 
-2% 

5 2004 ASCALA Maunder and Harley (2005) 
http://www.iattc.org/PDFFiles2/Sto

ckAssessmentReports/SAR5
%20_YFT_ENG.pdf 

h=0.75   

6 2005 ASCALA Hoyle and Maunder (2006) 
http://www.iattc.org/PDFFiles2/Sto

h=0.75   
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ckAssessmentReports/SAR6
-YFT-ENG.pdf 

7 2006 ASCALA Hoyle and Maunder (2007) 
http://www.iattc.org/PDFFiles2/Sto
ckAssessmentReports/SAR7-YFT-
ENG.pdf 

a) h=0.75;  
b) Linf = 170 cm 
c) Linf = 200 cm;  
d) Delta-lognormal standardized 

CPUE;  

-27% 
2% 
1% 
Small 

-33% 
2% 
2% 
Small 

8 2007 ASCALA Maunder (2008) 
http://www.iattc.org/PDFFiles2/Sto

ckAssessmentReports/SAR8
-YFT-ENG.pdf 

h=0.75;   

9 2008 ASCALA Maunder (2009) 
http://www.iattc.org/PDFFiles2/Sto

ckAssessmentReports/SAR9
-YFT-ENG.pdf 

h=0.75;   

10 2009 SS3 Maunder and Aires-da-Silva (2010) 
http://www.iattc.org/PDFFiles2/Sto
ckAssessmentReports/SAR10a-YFT-
ENG.pdf 

a) h=0.75;  
b) CPUE sds estimated;  
c) M for mature females and for 

mature males estimated and 
data on sex ratio included;  

d) Penalized age-specific 
parameters used for some 
selectivities;  

e) The maximum length is fixed 
at 175 cm, and the remaining 
three parameters of the 
Richards growth equation are 
estimated. The model is fit to 
age data from otoliths 
conditioned on length. 

f) Excluding the size-
composition data for the 
floating-object fisheries from 
the analysis 

-46% 
-12% 
94% 
 
 
-39% 
 
 
26% 
 
 
 
 
 
 
Small 
 
 
 

-38% 
-3% 
108% 
 
 
-38% 
 
 
28% 
 
 
 
 
 
 
Small 
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g) Change in selectivity for the 
floating-object fisheries 
starting in 2001 due to 
Resolution C-00-08, which 
prohibited the discarding of 
yellowfin tuna resulting from 
sorting by size 

Small 
 

Small 

11 2010 SS3 Maunder and Aires-da-Silva (2011) 
http://www.iattc.org/PDFFiles2/Sto

ckAssessmentReports/SAR-
11-YFT-ENG.pdf 

h=0.75   

12 2011 SS3 Aires-da-Silva and Maunder (2012) 
http://www.iattc.org/PDFFiles2/Sto
ckAssessmentReports/SAR-12-
YFTENG.pdf 

a) h=0.75 
b) L2 is fixed 170 cm 
c) L2 is fixed at 190 cm. 
d) Fitting to the CPUE of the 

northern dolphin-associated 
fishery as the main index of 
abundance, rather than the 
CPUE of the southern 
longline fishery. For this 
purpose, the CV fixed at 0.2, 
and the CVs of other fisheries 
are estimated. 

-45% 
45% 
-17% 
38% 

-37% 
46% 
-17% 
14% 

13 2012 SS3 Aires-da-Silva and Maunder (2012) 
http://www.iattc.org/PDFFiles2/Sto

ckAssessmentReports/SAR-
12-YFTENG.pdf 

h=0.75   

 

 


