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33 Abstract 

Dynamic shifts in fleet structure and gear usage lead to complex implications for 

representing fishery selectivity in stock assessment models. There is generally a lack of 

consensus on how assessment models should be configured to confront changes in fishery fleet 

structure or associated selectivity forms, while balancing complexity-parsimony tradeoffs. We 

conducted a simulation analysis to evaluate the performance of alternative assessment models 

when confronted with fleet transitions among gear types, which included differences in: 1) rates 

of transition (i.e., a fast or slow transition among gears), and 2) selectivity forms for each 

modeled fleet (i.e., asymptotic or dome-shaped). In general, explicitly modelling fleet structure 

(i.e., multi-fleet models) performed well, but demonstrated bias in biomass estimates and 

management reference points when selectivity forms were mis-specified. Single-fleet models 

were only unbiased when time-varying selectivity (e.g., using time blocks or continuous 

formulations) was estimated to account for changes among gear types. Our results suggest that  

single-fleet models with time-varying fishery selectivity are adequate for operational 

management advice, but research oriented multi-fleet models should be used as validation tools 

to explore model consistency within single-fleet models. 

Keywords: fishery selectivity, fishing fleet structure, fisheries management, simulation, stock 

assessment 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

Page 2 of 62 Canadian Journal of Fisheries and Aquatic Sciences (Author's Accepted Manuscript) 

© The Author(s) or their Institution(s) 

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

N
at

io
na

l M
ar

in
e 

M
am

m
al

 L
ab

 L
ib

 o
n 

08
/0

2/
24

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



3 

54 1 Introduction 

Changes in harvest methods within commercial fisheries are common, and can be 

influenced by market forces, technological advancements, interactions with non-target species, 

and regulatory frameworks (Branch et al. 2006; Watson and Kerstetter 2006; Eigaard et al. 

2014). These changes can be gradual or rapid in nature, which can involve gear modifications 

(e.g., mesh size), developing new fishing technology to improve fishery yield (Beverton and Holt 

1957; Sainsbury 1984; Pauly 1998), or altering the spatial distribution of fishing effort in 

response to regulatory changes (Beare et al. 2013). For instance, in a Hawaiian longline tuna 

fishery, gradual transitions in hook shape and widths increased the selection of larger and more 

valuable i ndividuals, while reducing bycatch rates of non-target species (Gilman et al. 2012). 

Similarly, a ttempts to reduce juvenile mortality of North Sea plaice (Pleuronectes platessa) 

resulted in the implementation of an area closure (known as the “plaice box”) for the fishery, 

rapidly altering the seasonal and spatial distribution of fishing effort (Pastoors 2000; Aarts and 

Poos 2009). Understanding harvester and management-driven changes in fishery practices is 

critical, given the strong influence of fishery processes on the demographics of a population 

(Brunel and Piet 2013) and the provision of management advice (Beverton and Holt 1957; Scott 

and Sampson 2011; Sampson 2014). 

Stock assessment models, which estimate the impact of harvest on fish populations while 

accounting for c ritical biological processes (e.g., recruitment, growth, and natural mortality) that 

govern population dynamics, commonly form the scientific basis for fisheries management  

advice (Quinn and Deriso 1999). Most contemporary assessments utilize statistical catch-at-age  

models (hereafter, stock assessment models) via an integrated analysis framework, where several 

data sources (e.g., catch, abundance indices, and age or length composition data) are integrated 
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4 

into a single analysis to estimate population status and project population dynamics under 

alternative harvest strategies (Fournier and Archibald 1982; Maunder and Punt 2013). Under the  

integrated analysis framework, removals due to harvest from the population are characterized by 

defining one or more fishery fleets, also referred to as the fleet structure. Each fishery fleet is 

often associated with catch and compositional data, as well as a selectivity curve to describe age- 

or length-specific removals (hereafter, fishery selectivity). More generally, fishery selectivity in 

stock assessment models encompasses both the probability of capturing an individual when 

encountered (i.e., contact selectivity) and the probability of spatial and temporal overlap with 

individuals during fishing operations (i.e., availability; Sampson, 2014). 

Defining fleet structure and parameterizing fishery selectivity is a primary assumption in 

stock assessment models, necessitating explicit decisions regarding the number of fleets to 

represent, the shape of the selectivity curve, how that curve is parameterized, and the potential 

for variation in selectivity over time (Punt et al. 2014a). The number of fishery fleets to model  

depends on the availability of fleet-specific data, the degree of contrast in fleet dynamics, and the  

management structure (e.g., whether quotas are fleet-specific). Although explicitly modelling the 

full diversity of fleets (e.g., gears) in a fishery may better represent removal processes within the  

population and allows for the provision of fleet-specific management advice, there is potential  

for introducing additional uncertainty in model estimates if multi-fleet models are not supported 

by the available data. Another important modelling consideration involves determining the shape 

of the selectivity curve (e.g., asymptotic or dome-shaped) for these fleets. Several approaches 

can be utilized to represent the shape of the selectivity curve, which include parametric and non-

parametric approaches (Thorson and Taylor 2014; Privitera-Johnson et al. 2022). The former 

generally provides a more parsimonious approach due to a reduced number of parameters, but 
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the latter is more flexible and robust to model misspecification, enabling the characterization of a 

wider range of possible shapes. Regardless of how selectivity curves are implemented, there is 

risk of bias in management advice if selectivity is specified incorrectly (Maunder and Piner 

2015). Lastly, assumptions regarding potential time-variation in fishery selectivity is a critical 

decision that must be addressed. While changes in selectivity may occur due to fluctuations in 

harvest methods or market demands; Eigaard et al., 2014, 2011; Sampson and Scott, 2012), time-

invariant selectivity is a common assumption in many stock assessment models, given 

limitations in the available age-or length-composition data. When assessment models are not  

limited by the available data, time-variation in selectivity can be accounted for by allowing 

continuous changes using autoregressive models (Linton and Bence, 2011; Xu et al., 2019). 

Discrete time blocks can also be implemented, where selectivity is estimated for a pre-defined 

block and assumed to remain constant within time blocks. The choice of pre-defined blocks is 

subjective, but it is typically based on an observable major change in the fishery (e.g., the 

introduction of new gear types). Properly addressing time-varying dynamics in fishery selectivity 

is critical for providing adequate management advice and inappropriate assumptions can 

potentially manifest as consistent directional biases in stock assessment estimates for biomass (as 

was demonstrated in the example of the Pacific Halibut (Hippoglossus stenolepis) assessment;  

Stewart and Martell, 2014). 

There is a wide range of fishery fleet structure complexity that can be integrated into an 

assessment model depending on the spatial, temporal, gear, and stock dynamics present. For 

instance, if multiple gear types (e.g., trawl and hook-and-line) exist within a fishery, each gear 

could be represented as its own fleet (i.e., a multi-fleet model), with removals resulting from 

gear-specific selectivity patterns. Similarly, fleet structure can also be defined to represent 
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6 

removals occurring in different sectors (e.g., commercial and recreational; Bohaboy et al., 2022) 

or areas (Cope and Punt, 2011; Berger et al., 2012; Hurtado-Ferro et al., 2014), with removals 

represented with a sector or area-specific selectivity pattern. Alternatively, fleets can be 

aggregated across gears or areas (i.e., a single-fleet model), which can reduce complexity and 

improve tractability of an assessment, particularly when data available to inform fleet-specific 

processes are limited (e.g., age or length compositions). Aggregation of fishery fleets is a 

common assumption in many assessments and generalized platforms (Nielsen et al. 2021), but 

the implications of ignoring complex fleet structure have yet to be thoroughly evaluated. 

To date, there has been limited analysis of how best to account for fleet structure 

transitions over time within stock assessment models (Cheng et al., 2024) or how to select 

among different sel ectivity parameterizations for newly-emerging fleets. In cases where multiple 

fishery fleets have operated and been explicitly managed as discrete units for extensive periods, 

multi-fleet models are often already utilized. Given the existing need to provide catch advice  

specific to each fleet, fleet-specific monitoring provides the data necessary to support the 

implementation of multi-fleet models (e.g., as is done in the Gulf of Mexico red snapper 

assessment; SEDAR 2018). In these instances, incorporating transitions in fleet structure is easily 

achieved, given the explicit representation of fleet structure within the modelling framework. 

However, addressing transitions in fleet structure is more challenging when distinctions among 

fleets are uncertain, the implementation of multi-fleet models are unsupported by the available 

data, or when a new fishery sector emerges over time. To address gradual transitions in fleet 

structure, Nielsen et al. (2021) showed that estimates from single-fleet models assuming non-

parametric time-varying selectivity were consistent with multi-fleet models for North Sea and 

Western Baltic herring (Clupea harengus). In the presence of a rapid (i.e., less than five years) 
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7 

146 and near complete change in gear type usage (i.e., a transition from longline hooks to longline 

pots), Cheng et al. (2024) compared disaggregated fleet and aggregated fleet models for the 

Alaska sablefish (Anoplopoma fimbria) assessment. Their results indicated that an aggregated 

fleet model adequately addressed changes in fishery dynamics by defining a discrete time block 

that approximately coincided with the change in fleet structure, whereas data limitations impeded 

the estimation of selectivity parameters in disaggregated fleet models, resulting in management  

advice that was likely overly optimistic. 

Although numerous methods exist for addressing changes in fishery dynamics within 

assessment models, it remains ambiguous how practitioners should simultaneously address 

uncertainties in selectivity forms, time-variation, and transitions in fishery fleet structure (or the 

potential benefits of disaggregating fishery fleets), while balancing complexity-parsimony 

tradeoffs. To address these uncertainties, we performed a simulation experiment using an age-

structured operating model to evaluate the performance of alternative assessment models when 

confronted with transitions among gear types, which included variability in the: 1) rates of 

transition (i.e., a slow or fast transition among gears), and 2) selectivity forms for modeled fleets  

(e.g., asymptotic or dome-shaped). Insights from our study offer pragmatic guidance to stock 

assessment practitioners seeking to determine assessment model configurations for addressing 

changes in fishery fleet structure and selectivity. 

2 Methods 

 To explore how fleet structure and selectivity parameterizations may impact assessment  

performance, we developed operating models (OMs) that emulated the biology and recent fleet 
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8 

transitions that have occurred in the Alaska sablefish fishery (Cheng et al. 2024). Each OM 

assumed two fishery fleets were operating. To investigate model performance across a range of 

scenarios, we also developed OMs that differed in their rates of transition among gear types and 

their assumed selectivity forms. These OMs were the basis of comparison and represented the 

truth, while also providing the simulated data to which estimation models (EMs) were fit. In 

total, 10 EMs with differing assumptions regarding fleet structure and selectivity were applied to 

these simulated datasets following a full-factorial design. To understand the influence of 

available data on model performance following a change in fleet structure, all EMs were applied 

to three assessment periods in each OM. These three periods represented different intervals after 

a fleet structure change began (further described in Operating Model Configurations; Fig. 1A;  

colored lines). Model estimates were compared to the true dynamics generated from respective 

OMs to identify model robustness and performance. In each OM and EM combination, AIC 

model selection was also conducted to evaluate this criterion’s reliability to select assessment 

models that were correctly parameterized (i.e., EMs matched the OM structure), and its ability to 

determine p arsimonious EMs (i.e., those demonstrating minimal bias with intermediate model 

complexity). Analyses were conducted in the R statistical environment and EMs were configured 

in Template Model Builder (TMB; Kristensen et al., 2016). Code associated with this study can 

be found at https://github.com/chengmatt/Fleet_Selex_Sim. A description of OM and EM 

configurations are provided in the following sections, and further details can be found in 

Supplementary Material 1. 

2.1 Operating Model Configurations 
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OMs were sex- and age-structured and represented a single homogeneous population. 

Annual recruitment was simulated based on a Beverton-Holt stock-recruit relationship, with 

steepness set at 0.85 (Francis 1992). Dynamics in the OM were generally based on the life-

history characteristics and estimated parameter values from the 2021 Alaska sablefish stock 

assessment (i.e., the OMs were conditioned on the dynamics from the sablefish stock; Goethel et 

al., 2021). Alaska sablefish are a fast-growing and long-lived species (individuals can live up to 

90 years) that exhibit spasmodic recruitment and sexually dimorphic growth, where females 

reach a larger asymptotic size compared to males. Simulations were based on Alaska sablefish  

given interest in developing good practices to account for changes in fishery fleet structure 

(Goethel et al. 2022; Cheng et al. 2024), as observed in the Alaska sablefish fishery starting in 

2017. In particular, the fixed-gear fi shery (hook-and-line and pot gear) experienced a rapid 

transition in fleet structure (within 5 years) during this period. Prior to 2017, removals from pot 

gear were minimal (~5%), while the majority of removals were predominately from hook-and-

line gear. However, following a regulatory change that allowed for pot gear use in the Gulf of 

Alaska in 2017 and the emergence of a new gear type (“slinky” pots), total removals from pot 

gear increased to comprise ~80% of total removals from the fixed-gear fishery by 2022 (Goethel 

et al. 2022, 2023). Although aspects of this simulation study are specific to Alaska sablefish, 

alternative removal sce narios are introduced to encompass a wider range of potential changes in 

fishery fleet structure that may be applicable to other fisheries.  

Six distinct OMs were developed to explore the combinatory effects of different rates of 

transition in fleet structure (i.e., fast, or slow; expressed through changes in fleet-specific fishing 

mortality rates) and selectivity forms (see Table 1). Each OM includes two fishery fleets and a 

single fishery-independent survey, all of which operated continuously across the time-series. The 
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predominant fishery fleet’s (i.e., the fleet exhibiting the highest fishing mortality) selectivity 

form at the start of each simulation was always logistic, generally resembling the hook-and-line 

fishery for Alaska sablefish. For clarity, all OM names are non-italicized and will be denoted 

with the rate of transition among gear types followed by the selectivity form of the predominant 

fleet after the transition. For example, ‘Fast-Logistic’ denotes a fast transition in fishing 

mortality rates from a predominant gear with logistic selectivity at the start of the time series to a 

predominant gear type also with logistic selectivity at the end of the time series (Table 1).  

Two annual trends in fishing mortality were simulated to represent different rates with 

which a new fishery fleet might develop. Simulating various ways in which fishery fleet 

structure changes allows the utility of alternative EMs in addressing such changes to be 

compared. First, we simulated a “fast” transition where the fishing mortality rate from fishery 

fleet 2 increased starting in year 25, from 5% of the total fishing mortality to 75%, over a span of 

5 years (i.e., the fleet transition ended in year 30; Fig. 1A). A total of 50 years was simulated for 

the fast transition scenario. A fast transition is akin to fishery dynamics for Alaska sablefish as 

described above, wherein a regulatory change and the emergence of a new gear type precipitated 

a rapid transition in removals among two gear types. Next, we simulated a “slow” transition 

where the fishing mortality rate from fishery fleet 2 increased gradually starting in year 25 and 

reached an apex in year 50 (i.e., the transition occurred across a span of 25 years), comprising 

75% of the total fishing mortality and remained at that level for the remainder of the simulation. 

In the slow case, a total of 70 years were simulated (Fig. 1A, Table 1). The slow scenario is 

similar to Nielsen et al. (2021) and can be conceived as gradual improvements to fishing gear. A 

total of 50 years were simulated in the first case and 70 years in the second case to ensure that  
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235 both fast and slow scenarios had 20 years with their respective fisheries at a new fleet transition 

equilibrium post change. 

To explore how differences in fleet structure transition rates, compounded with contrast 

in selectivity among fishery fleets may influence EM performance, three selectivity scenarios 

were simulated (Fig. 1B). In the first selectivity scenario, removal patterns from both fishery 

fleet 1 and fishery fleet 2 demonstrated logistic selectivity (Logistic): 

Eq. 1 𝑠𝑒𝑙𝑡,𝑎,𝑠,𝑓 

―1 
= 1 + 𝑒―𝑘𝑠,𝑓 𝑎―𝑎50

𝑠,𝑓 

where subscripts t, a, s, and f index years, ages, sexes, and fleets, 𝑠𝑒𝑙𝑡,𝑎,𝑠,𝑓  represents selectivity, 

𝑘  is the slope of the selectivity curve, and  𝑎50
𝑠,𝑓 𝑠,𝑓 is the age-at-50% selectivity. Fishery fleet 1 

selected younger individuals from the population, while fishery fleet 2 selected older individuals 

(Fig. 1B). This selectivity pattern can be envisioned as the introduction of a new gear type that 

better targets older individuals or reduces the selection of younger individuals (e.g., through 

changes in mesh sizes or hook types). 

The other two selectivity scenarios (Gamma) assumed removal patterns from fishery fleet  

1 resulted from logistic selectivity (Eq. 1), while removal patterns from fishery fleet 2 were 

parameterized as a gamma function, to allow for dome-shaped selectivity (Punt et al., 1996). 

Here, the oldest individuals were less vulnerable to harvest compared to the Logistic scenario: 

Eq. 2 𝑎𝑚𝑎𝑥

𝑎 
𝑠 𝑎𝑚𝑎𝑥
𝑝 𝑠 ―𝑎 

𝑠𝑒𝑙 = 𝑠 

𝑎𝑚𝑎𝑥 𝑒 𝑝𝑡,𝑎,𝑠,2 𝑠  𝑠 

𝑝𝑠 = 0.5 ∗ 𝑎𝑚𝑎𝑥2 𝑠 + 4𝛾2
𝑠 ― 𝑎𝑚𝑎𝑥

𝑠 

where 𝑎𝑚𝑎𝑥
𝑠  describes the age-at-maximum selection, 𝛾𝑠 represents the slope of the ascending 

and descending limbs, and 𝑝𝑠 is a quantity derived from  𝑎𝑚𝑎𝑥
𝑠  and 𝛾𝑠. This selectivity can be 
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envisioned as an introduction of a new gear type, with a distinct pattern of harvesting fewer older  

fish compared to the logistic selectivity assumed in fishery fleet 1. Two versions of the gamma  

selectivity function were implemented for fishery fleet 2, which were Gamma-Old and Gamma-

Young, and differed in their degree of doming in selectivity (Figure 1). In particular, the 

Gamma-Old scenario had an older age of maximum selection and selected older individuals. 

Conversely, Gamma-Young selected comparatively younger individuals. The Gamma-Young 

scenario can be envisioned as the emergence of a novel market (i.e., small fish) or a regulation 

change to protect larger, mature fish (e.g., a harvest slot; Bohaboy et al. 2022). For all scenarios, 

selectivity patterns were specified to be time-invariant for a given fleet, while males were 

selected at an older age compared to females (i.e., given smaller size-at-age for male sablefish). 

Across all OMs in this study, the survey fleet was represented with time-invariant logistic 

selectivity (Eq. 1), which is consistent with the current understanding of survey selectivity for 

Alaska sablefish. While alternative selectivity forms could have been utilized, logistic selectivity 

was assumed for the survey fleet to reduce the potential for model confounding, particularly 

when coupled with a fishery that had dome-shaped selectivity. 

Several data types were generated from the six OMs, which included catch data, age-

composition data, and an abundance index. Data were simulated for both fishery and survey 

fleets across the entire modeled time-series. Observed catch data for each fishery fleet were 

simulated with negligible observation error (CV = 0.001) assuming a lognormal distribution. 

Fishery age-composition data were generated following a multinomial distribution. The 

associated input sample size (the sample size that reflects the over-dispersion of compositional 

data, ISS) varied in proportion to the annual instantaneous fishing mortality rates specified for 

Page 12 of 62 Canadian Journal of Fisheries and Aquatic Sciences (Author's Accepted Manuscript) 

© The Author(s) or their Institution(s) 

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

N
at

io
na

l M
ar

in
e 

M
am

m
al

 L
ab

 L
ib

 o
n 

08
/0

2/
24

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



13 

275 each fleet, which increased samples for fleets with higher fishing effort (i.e., as would be the case 

for real world observer coverage and monitoring; Fig. 1A): 

Eq. 3 𝐹𝑡,𝑓 ― min(𝑭
ISS𝑡,𝑠,𝑓 = [ 𝑓) 

 ISSmax ― ISSmin ] + ISSmin
max(𝑭𝑓) ― min(𝑭𝑓) 𝑠,𝑓 𝑠,𝑓 𝑠,𝑓 

where ISS𝑡,𝑠,𝑓 is the input sample size and 𝐹𝑡,𝑓 is the fleet-specific instantaneous fishing 

mortality rate.  ISSmin
𝑠,𝑓  and ISSmax

𝑠,𝑓  are pre-defined minimum and maximum values of input sample 

sizes, specified at 50 and 100 and are distributed across sexes based on their sex-ratios (i.e., to 

reflect sex-specific availability), respectively.  Observations from the fishery-independent survey 

included an abundance index that was simulated with lognormal error (CV = 0.2). Age-

composition data for the survey were generated following a multinomial distribution with a 

constant ISS of 100. A total of 200 replicate datasets were simulated to encapsulate variation in 

both observation and process error.  

 Lastly, for each OM, three different assessment periods were used to evaluate how 

model performance may depend on the length of the available data time series following the 

change in fishery fleet structure. These included: 1) when the instantaneous fishing mortality for 

the two fleets intersected (Fast: year 27; Slow: year 40), 2) when the fleet transition concluded 

(Fast: year 30; Slow: year 50), and 3) the terminal period, which was 20 years after the 

completed transition (Fast: year 50; Slow: year 70; Fig. 1A; colored lines). Collectively, these 

OM scenarios aim to provide pragmatic guidance for EM parameterizations (i.e., fleet structure, 

selectivity forms, and time-variation), while considering the dependence of model 

parameterizations on available data. For a summary and abbreviation of OM scenarios, see Table 

1. 

2.2 Estimation Model Configurations 
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A total of 10 EMs were configured to assess model performance, which represented 

common stock assessment approaches utilized when practitioners are confronted with complex 

fleet structure and fleet transitions. All EMs were single area sex- and age-structured models, 

configured as either a multi-fleet or single-fleet model (Supplementary Material 1). In general, 

EMs mimicked the structure of the OMs, except for assumptions regarding fishery fleet 

structure, the treatment of time-varying selectivity, and selectivity functional forms. Each EM 

was applied to all OM scenarios, following a full factorial design. EM names are italicized and 

are first denoted with the assumed fleet structure (i.e., 2Fleet or 1Fleet). This is then followed by 

the assumption regarding time-variation, which only applies to 1Fleet models (i.e., TimeInvar, 

Block, RandWlkPar, SemiPar, see Single Fleet Models section below for further details). Finally, 

the name concludes with the assumed selectivity for the predominant fleet following the 

transition in fleet structure (e.g., Logistic or Gamma). For instance, 2Fleet-Logistic represents a 

EM estimating two fishery fleets and assumes logistic selectivity for fleet 1 and fleet 2 (note that  

fleet 1 in multi-fleet models is always logistic). Conversely, 1Fleet-Block-Gamma is a single 

fleet model that includes a time block to account for the fleet transition, where the selectivity 

after the fleet transition is parametrized with a gamma function (see  Table 2 for all OM and EM 

scenarios and associated names). 

Values for weight-at-age, maturity-at-age, natural mortality, steepness, the recruitment 

deviation parameter, and observation errors (i.e., index CV and ISS) were set to their true values 

to focus on the impacts of fleet structure and selectivity. The primary estimated parameters 

included: virgin recruitment, annual recruitment deviations, annual fishing mortality multipliers, 

selectivity parameters, and survey catchability. A description of specific EMs used in this study 
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is provided below and in Table 2. In the following sections, references to logistic and gamma 

selectivity correspond to Eq. 1 and Eq. 2, respectively. 

2.2.1 Multi-fleet models (2Fleet) 

A total of two multi-fleet models were evaluated in this study, with differing 

parameterizations of time-invariant selectivity. Variants of multi-fleet models included the case 

where: 1) both fishery fleet 1 and fishery fleet 2 assumed logistic selectivity (2Fleet-Logistic), 

and 2) fishery fleet 1 assumed logistic selectivity, while fishery fleet 2 assumed gamma  

selectivity (2Fleet-Gamma). Both models serve as a basis of comparison for when EM and OM 

structures align (i.e., correct assumptions regarding fleet structure, selectivity functional form, 

and time-variation) or provide context on the implications of mis-specifying selectivity when  

correctly accounting for fleet structure. 

2.2.2 Single-fleet models (1Fleet) 

2.2.2.1 Time-invariant (TimeInvar) 

To understand the consequences of ignoring temporal changes in fleet structure and 

potential misspecification of selectivity forms, single-fleet EMs assuming time-invariant logistic 

selectivity (1Fleet-TimeInvar-Logistic) or time-invariant gamma selectivity (1Fleet-TimeInvar-

Gamma) were explored.  

2.2.2.2 Time block (Block) 

Two single-fleet EMs with time blocked selectivity were used to evaluate the utility of 

time blocks in addressing temporal changes in fleet structure. Here, a total of two time blocks 
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342 were specified. For both EMs, the first time block assumed logistic selectivity from the first year 

until the start of the fleet transition, years 𝑡 ∈ {1,2,…24} (Fig. 1A). Selectivity for the second  

time block was defined in years 𝑡 ∈ {25,26,…𝑇}, where T denotes the terminal year of the 

assessment period. Selectivity for the second time block was assumed to be either logistic 

selectivity (1Fleet-Block-Logistic) or gamma selectivity (1Fleet-Block-Gamma). 

2.2.2.3 Random Walk (RandWlkPar) 

In addition to discrete temporal changes in selectivity, EMs that allowed for continuous 

time-varying dynamics in selectivity parameters were also investigated. These EMs were 

implemented to evaluate if allowing selectivity to vary continuously as a parametric form 

performed better than simple time blocks when fishery fleets had distinct selectivity patterns 

(i.e., a logistic curve shifting towards a gamma curve). Separate EMs assuming either logistic 

(1Fleet-RandWlkPar-Logistic) or gamma selectivity (1Fleet-RandWlkPar-Gamma) were 

explored, and parameters for a given selectivity form varied as a random-walk over time (similar 

to Ianelli  et al., 2016): 

Eq. 4 𝜔 1 
𝜔𝑡,𝑠 = 1,𝑠 𝑡 = 

 𝜔 𝜖𝜔
𝑡―1,𝑠𝑒 𝑡,𝑠 𝑡 > 1 

𝜖𝜔
𝑡,𝑠~𝑁(0,𝜎𝑅𝑊) 

where 𝜔𝑡,𝑠 represents a given selectivity parameter (i.e., 𝑎50
𝑡,𝑠,𝑘𝑡,𝑠,𝑎𝑚𝑎𝑥

𝑡,𝑠 ,𝛾𝑡,𝑠), which were 

estimated as fixed-effect parameters in the first year. 𝜖𝜔
𝑡,𝑠 denotes annual deviations for a given 

selectivity parameter, which is governed by a normal distribution with mean 0 and standard 

deviation 𝜎𝑅𝑊.   In this parameterization, all parameters defining a given selectivity form varied 

(e.g., 𝑎50
𝑡,𝑠  𝑘𝑡,𝑠 both varied in 1Fleet-RandWlkPar-Logistic). Although 𝜎𝑅𝑊

  and  is theoretically 

estimable by integrating out 𝜖𝜔
𝑡,𝑠 using marginal maximum likelihood via Laplace Approximation 
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363 (Nielsen and Berg 2014; Kristensen et al. 2016), these values were subjectively tuned in this 

study. This was done to minimize the computational demands for this factorial simulation 

experiment. Briefly, we searched across a coarse range of values for  𝜎𝑅𝑊  (i.e., 0.25 – 2.0) and  

selected a v alue that allowed for adequate fits to composition data without introducing 

unnecessary flexibility. We assumed the same 𝜎𝑅𝑊  value for all selectivity parameters within a 

given EM to limit the range of values searched across. This resulted in 𝜎𝑅𝑊  values of 1.25 and  

2.0 being selected for 1Fleet-RandWlkPar-Logistic and 1Fleet-RandWlkPar-Gamma, 

respectively. Thus, deviations were estimated using penalized maximum likelihood. Preliminary 

investigations indicated that pre-specified values of 𝜎𝑅𝑊  were comparable to those estimated 

using marginal maximum likelihood. 

2.2.2.4 Semi-parametric (SemiPar) 

Lastly, EMs assuming semi-parametric logistic (1Fleet-SemiPar-Logistic) or gamma 

(1Fleet-SemiPar-Gamma) selectivity were implemented in this study to understand the 

performance of EMs specified with a high degree of flexibility. While non-parametric time-

varying selectivity allows for additional flexibility, initial explorations indicated that these 

models were not feasible in the current study, considering the number of ages represented within 

the model (𝑛𝑎𝑔𝑒𝑠  = 30). Thus, semi-parametric EMs were pursued instead. Here, deviations were 

estimated across both ages and years, and were imposed on an assumed selectivity functional 

form: 

Eq. 5 𝑠𝑒𝑙𝑡+1,𝑎,𝑠,𝑓 = 𝑠𝑡,𝑎,𝑠,𝑓𝑒𝜖𝑠𝑒𝑙
𝑡,𝑎,𝑠  

𝜖𝑠𝑒𝑙
𝑡,𝑎,𝑠~𝑁(0,𝜎𝑠𝑒𝑙) 
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𝑛―1 
2 

nLLCurvaturePenalty = Δ2𝑠𝑒𝑙𝑡,𝑎,𝑠,𝑓  
𝑎=2 

where 𝜖𝑠𝑒𝑙
𝑡,𝑎,𝑠 are deviations about the assumed selectivity functional form governed by a normal 

distribution with mean 0 and standard deviation 𝜎𝑠𝑒𝑙. Thus, estimates of selectivity under this  

approach are able to exceed 1, but are constrained using a curvature penalty of squared second  

differences to provide regularity along the age axis (as is done in Ianelli et al., 2016). To aid in 

model estimation and convergence, we assumed deviations were constant within age-blocks (i.e., 

with binning of every three ages for parsimony) given by the following: 

Eq. 6 𝜖𝑠𝑒𝑙
𝑡,1,𝑠 for 1  ≤ 𝑎 ≤ 3 

𝜖𝑠𝑒𝑙 𝜖𝑠𝑒𝑙
= 𝑡,4,𝑠 for 4  ≤ 𝑎 ≤ 6 

𝑡,𝑎,𝑠 ⋮ 
𝜖𝑠𝑒𝑙

𝑡,28,𝑠 for 28  ≤ 𝑎 ≤ 30 

where 𝜖𝑠𝑒𝑙
𝑡,𝑎,𝑠 was defined in groups of three (10 age groups modelled), similar to the approach in 

Xu et al. (2019). As is the case for the RandWlkPar model variants, selectivity deviations were 

estimated using penalized maximum likelihood and 𝜎𝑠𝑒𝑙 was subjectively tuned across a range of 

values (i.e., 0.25 – 2.0), which was assumed to be identical across ages and years for a given EM. 

A value of 0.75 for 𝜎𝑠𝑒𝑙  was selected for both 1Fleet-SemiPar-Logistic and 1Fleet-SemiPar-

Gamma. 

 While the EMs investigated in the current study are not an exhaustive list of possible model  

configurations, they represent a broad range of approaches that can be considered in 

contemporary stock assessment models. In particular, the choice of logistic and gamma 

functional forms in this study serves as an initial foundation for practitioners. Although more 

complex selectivity forms (e.g., double normal or double logistic; Methot and Wetzel, 2013) are 

viable options, these were not included for the purposes of brevity and to maintain comparability 

among EMs. 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395

396 

397 

398 

399 

400 

401 

Page 18 of 62 Canadian Journal of Fisheries and Aquatic Sciences (Author's Accepted Manuscript) 

© The Author(s) or their Institution(s) 

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

N
at

io
na

l M
ar

in
e 

M
am

m
al

 L
ab

 L
ib

 o
n 

08
/0

2/
24

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



19 

2.3 Sensitivity Analysis 

2.3.1 Time Block Sensitivity 

A sensitivity analysis was conducted to determine the implications of implementing 

alternate periods for when a time block occurs in the 1Fleet-Block EMs. Sensitivities were 

performed where the time block was implemented in years other than year 25, which was when 

the fleet structure change begins. This sensitivity run also sought to evaluate the utility of AIC in 

identifying the correct time block specification. Here, time block EMs (1Fleet-Block-Logistic  

and 1Fleet-Block-Gamma) were only applied to OM scenarios with a fast change in fleet  

structure (Fast-Logistic, Fast-Gamma-Old, and Fast-Gamma-Young). Incremental time blocks 

were implemented and tested in the EM in one-year increments ranging from five years prior to 

and five years after the start of the fleet transition (i.e., year 25). EMs were only applied to the 

conclusion of the fleet transition (year 30) and the terminal period (year 50) because the year that  

the fleet transition intersected (i.e., year 27) only contained a total of 2 years of data following 

the start of the transition. Additionally, when applying time block EMs to the shorter data time 

series (i.e., at the conclusion of the fleet transition in year 30), selectivity parameters associated 

with time blocks in the terminal year were not identifiable because only 1 year of data existed for 

the second time block. Therefore, the specified breakpoints were limited to years 𝑡 ∈ 

{20,21…29}. The sensitivity run involved the following steps: 

1. A time block EM was parametrized with a discrete change in selectivity specified to 

occur in a given year 𝑡 ∈ {20,21…30}. 

2. Each time block EM, with discrete changes defined to occur within a specific year t, was 

applied to the three OMs that exhibited a fast change in fleet structure. 
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3. This process was repeated for each of the 200 simulated datasets and for the two 

assessment periods. 

4. Convergence rates, AIC values, and relative error in SSB were computed for each model  

run. 

5. Comparisons of AIC and SSB across EMs and assessment periods were undertaken to 

determine whether the specification of a time block year had a large impact on model 

bias, and whether AIC was a reliable metric for identifying when a selectivity change 

might have occurred. 

2.3.2 Survey Data Time-Series Sensitivity 

Because the availability of survey data for the entire modeled time-series is often not 

realistic, we also performed a sensitivity test to evaluate the implications of only having survey 

data (i.e., abundance indices and age-composition data) available for the latter half of the time-

series. In general, the sensitivity run followed the full-factorial experimental design discussed in 

previous sections, where each EM was applied to all OM scenarios. EMs were only applied to 

the terminal assessment period (Fast: year 50, Slow: year 70) and focused on the comparison of 

SSB estimates. 

2.4 Evaluation of Model Performance 

To evaluate model performance, only model runs that converged (i.e., positive definite 

Hessian matrix and a maximum absolute gradient < 0.001) were analyzed. Convergence rates  

were computed for each model run to assess tradeoffs between model complexity and the ability 

of EMs to achieve stable solutions. Metrics pertinent to management were calculated, which 
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448 included the time series of spawning stock biomass (SSB) and the catch advice resulting from 

fishing at 𝐹40% (Acceptable Biological Catch; ABC). 𝐹40% is the fishing mortality rate that  

would result in 40% of unfished SSB-per-recruit (see Supplementary Material 1 for further 

details). Estimates of ABC and 𝐹40% are management reference points that are commonly used 

in fisheries management and is the current management strategy for Alaska sablefish (Clark  

2002; Goethel et al. 2023). Relative error (RE) was computed for ABC and SSB (denoted as 𝜃): 

Eq. 7 𝜃
RE 𝑒𝑠𝑡 ― 𝜃𝑡𝑟𝑢𝑡ℎ 

𝜃 = 𝜃𝑡𝑟𝑢𝑡ℎ 

where RE𝜃  is the relative error for metric 𝜃, 𝜃𝑒𝑠𝑡  is the estimated value for an EM, and 𝜃𝑡𝑟𝑢𝑡ℎ is 

the true value defined in the OM. RE𝜃  was then summarized by computing the median and its 

corresponding 95% simulation intervals. 

AIC values were also computed for each EM run to determine the utility of AIC in 

detecting the correct selectivity form for multi-fleet models, and its ability to identify 

parsimonious EMs for single-fleet models, especially when a limited post-transition data time-

series exists to adequately parameterize multi-fleet EMs. We compared AIC values within each 

assessment period and fleet transition scenario, as well as EMs with identical fleet structure  

assumptions, to ensure that comparisons were only made among EMs utilizing the same dataset. 

Finally, to determine which EM configuration was the most robust to different fishery dynamics 

(i.e., fleet structure and selectivity forms), we used the minimax method with SSB as the 

summary statistic (Punt et al. 2014b; McGilliard et al. 2015). Here, the Median Absolute 

Relative Error (MARE) of SSB across the estimated time-series was computed, and the 

maximum MARE for each EM within a given assessment period and across all OM scenarios 

was identified. The EM configuration with the smallest maximum MARE was considered the 

most robust model as it is likely to be the least biased across the range of uncertainties explored 
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in the current study. Minimax solutions were compared across all EM configurations and OM 

scenarios within a given assessment period (i.e., to determine if the most robust model depended 

on the time series of data available). 

3 Results 
Overall, the EMs in the study demonstrated high convergence rates (mean = 98.7%; Fig. 

S1). Convergence rates were lower when EMs assumed deviations on logistic selectivity 

parameters (1Fleet-RandWlkPar-Logistic; mean = 90.4%), likely because of a complex  

likelihood surface and high correlations between selectivity parameters. Further investigations 

suggested that the  1Fleet-RandWlkPar-Logistic model had positive definite Hessian matrices but 

were unable to reach a maximum absolute gradient < 0.001 without providing alternative starting 

values. In the subsequent sections, biases associated with SSB and ABC are discussed and will 

refer to the maximum median bias observed, unless stated otherwise. Furthermore, the following 

descriptors are used to characterize the range of absolute bias: small (< |10%|), moderate (> 

|10%| and < |20%|), and large (> |20%|). 

3.1 Trends in Spawning Stock Biomass 

In general, the magnitude and patterns of bias in SSB for OMs with fast or slow 

transitions in fishery fleet structure were consistent, but with some exceptions. The largest biases  

in SSB occurred during the terminal assessment period (~|40%|) in EMs that ignored changes in 

fleet structure by assuming a single-fleet with time-invariant selectivity (1Fleet-TimeInvar-

Logist  and 1Fleet-TimeInvar-Gamma) (Fig. 2; fast transition, and Fig. 3; slow transition). For 
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these EMs, moderate biases were detected during the conclusion of the fleet transition, while 

minimal biases were observed during the earlier fleet intersection period. Furthermore, biases in 

SSB typically peaked following the change in fleet structure and trended less biased towards the 

end of the time series (Fig. 2 and Fig. 3). Positive biases in SSB developed when single-fleet 

EMs assuming time-invariant selectivity were applied to OMs where fishery removals resulted 

from logistic selectivity only (Fast-Logistic and Slow-Logistic) or from an old-selecting gamma 

curve (Fast-Gamma-Old and Slow-Gamma-Old). Conversely, negative biases in SSB developed 

in the OM with a young-selecting gamma curve (Fast-Gamma-Young and Slow-Gamma-

Young). 

When fast changes in fleet structure occurred (Fig. 2), assuming time blocked selectivity 

(1Fleet-Block-Logistic and 1Fleet-Block-Gamma) reduced biases in SSB compared to time-

invariant selectivity EMs (< |10%|). Biases in SSB were relatively low across all assessment 

periods, although slightly larger biases were observed when time block EMs were applied toward  

the conclusion of the fleet transition. However, when the true fishery removals were represented 

by a young-selecting gamma curve, moderate negative biases (~ -20%) persisted in the EM 

approach that assumed logistic selectivity across both time blocks (1Fleet-Block-Logistic), 

especially w hen applied to the terminal assessment period (Fast-Gamma-Young; Fig. 2). 

Conversely, under slow changes in fleet structure, time block EMs exhibited moderate biases 

(~|25%|), which were detected for assessment periods occurring at the conclusion of the fleet 

transition and the terminal assessment periods (Fig. 3). 

EMs assuming deviations on selectivity parameters (1Fleet-RandWlkPar-Logistic and 

1Fleet-RandWlkPar-Gamma) generally demonstrated small biases (< |5%| bias) across OMs. 

However, under both fast and slow fleet structure changes, moderate negative biases developed 
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(~ -15%) when these EMs assumed a selectivity form that largely differed (e.g., 1Fleet-

RandWlkPar-Logistic) from the OM (e.g., Fast-Gamma-Young and Slow-Gamma-Young; Fig. 2 

and Fig. 3). By contrast, assuming semi-parametric selectivity (i.e., the 1Fleet-SemiPar-Logistic  

and 1Fleet-SemiPar-Gamma EMs) exhibited consistently low bias in SSB for all OMs (<5%; 

Fig. 2 and Fig. 3). 

As expected, EMs with correctly specified fleet structure and selectivity (i.e., the  2Fleet-

Logistic and 2Fleet-Gamma EMs when applied to OMs with matching selectivity assumptions 

for fleet 2 demonstrated the least bias across all OMs, with consistent results across assessment 

periods. While multi-fleet EMs that mis-specified selectivity for the second fleet performed well 

for some scenarios (i.e., <|5%| bias), consistent negative biases were detected when the assumed 

EM selectivity was mis-specified for the second fleet (e.g., the 2Fleet-Logistic EM applied to 

data simulated from the Fast-Gamma-Young and Slow-Gamma-Young OMs; ~ -15% bias; Fig. 2 

and Fig. 3). 

3.2 Management Reference Points 

Overall, the magnitude and pattern of bias in ABC remained consistent across OMs 

simulated with either a fast or slow change in fleet structure, albeit with a few exceptions. For 

both scenarios of fleet structure change, biases in ABC were large when single-fleet time-

invariant EMs (1Fleet-TimeInvar-Logistic and  1Fleet-TimeInvar-Gamma) were applied during 

the terminal assessment period (~|20 - 35%| bias) but were smaller in magnitude if applied 

shortly after the change in fleet structure (i.e., during the fleet transition period, Fig. 4; fast 

transition, and Fig. 5; slow transition). 
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Although time block EMs (1Fleet-Block-Logistic and  1Fleet-Block-Gamma) re duced 

biases relative to single-fleet time-invariant EMs, biases in ABC were larger when time block 

EMs were confronted with slow changes in fleet structure (Fast: ~|8%|; Slow: ~|15%|; Fig. 4 and 

Fig. 5, respectively). EMs assuming continuous time-varying selectivity also performed better 

than time block EMs across most OM scenarios and assessment periods (< |13%| bias), with 

relatively small differences in median bias for ABC between EMs assuming deviations on 

selectivity parameters (1Fleet-RandWlkPar-Logistic and 1Fleet-RandWlkPar-Gamma) or semi-

parametric selectivity (1Fleet-SemiPar-Logistic and 1Fleet-SemiPar-Gamma; Fig. 4 and 5). 

Lastly, biases in ABC were negligible (~0%) when both fleet structure and selectivity 

were correctly specified for both fast and slow changes in fleet structure (Fig. 4 and Fig. 5). 

Generally, multi-fleet EMs with mis-specified selectivity resulted in minimal biases in ABC 

across assessment periods (~|5%|). However, assuming logistic selectivity for both fleets (2Fleet-

Logistic) for OMs with strong dome-shaped selectivity (Fast-Gamma-Young and Slow-Gamma-

Young) often resulted in negative biases (~ -13%; Fig. 4 and Fig. 5). 

3.3 Model selection using AIC 

AIC consistently detected the correct multi-fleet EM, with mean differences in AIC  

exceeding 100 units between the correct and incorrect EM (Fig. S2). For single-fleet EMs, AIC 

preferred EMs assuming time-invariant logistic selectivity during the fleet intersection period, 

and time blocked EMs during the fleet transition or the terminal assessment periods (Fig. S3). 

However, AIC-based model selection exhibited variable performance in identifying an 

appropriate selectivity functional form for single-fleet EMs. Importantly, AIC did not consider 

continuous time-varying EMs to be parsimonious, despite demonstrating minimal bias in derived 
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quantities across OMs. This is not surprising given that continuous time-varying EMs typically 

estimated 300 – 1500 parameters, whereas time block or time-invariant selectivity EMs 

estimated 100 – 200 parameters, when utilized during the terminal period. 

3.4 Time Block Sensitivity Analysis 

Generally, time blocks employed 2 - 3 years (i.e., years 27 - 28) after the initial transition 

in fleet structure (i.e., year 25) were preferred by AIC (Fig. S4) and resulted in reduced bias in 

SSB (Fig. S5 and Fig. S6). However, specifying time blocks prior to the change in fleet structure 

(i.e., before year 25), demonstrated increasing levels of bias in SSB. The use of AIC in selecting 

time blocks was more variable during the conclusion of the fleet transition but had increased 

precision in selecting the correct transition timing when used during the terminal period (Fig. 

S4), suggesting that an extended data time series may facilitate the identification of appropriate  

breakpoints. 

3.5 Survey Data Time-Series Sensitivity Analysis 

When survey data were only available for the latter half of the time-series, the magnitude  

of biases in SSB increased, relative to those observed in the primary analyses (Fig. S7, S8). 

Although patterns of bias in SSB generally remained consistent with those previously described, 

1Fleet-RandWlkPar-Gamma was an exception, demonstrating comparatively poorer model 

performance. Specifically, when applied to most OM scenarios, large positive biases were 

detected (~ +25%) during the beginning of the time-series (Fig. S7, S8), which were not 

originally observed in the primary analyses. Additionally, when fishery removals in OMs shifted 

from a logistic selectivity curve into an old-selecting gamma curve (Fast-Gamma-Old and Slow-
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584 Gamma-Old), large positive biases were also detected towards the terminal year of the 

assessment period (Fig. S7, S8). 

3.6 Minimax Solution 

The multi-fleet EM assuming gamma selectivity (2Fleet-Gamma) proved to be the most  

robust across the different rates of change in fleet structure, selectivity parametrizations, and 

assessment periods that were explored. Here, 2Fleet-Gamma had the lowest value of maximum  

MARE in SSB across all OM scenarios and assessment periods (< 3; bolded in Table 3). 

4 Discussion 

Across the scenarios explored in this study, ignoring changes in fleet structure by 

assuming a single-fleet with time-invariant selectivity led to substantial biases in management 

quantities. Thus, assuming a single-fleet model with time-invariant selectivity when changes in 

fleet structure have occurred is inadequate and alternative approaches to account for such 

changes are warranted. The implementation of selectivity time blocks improved model  

performance over time-invariant selectivity models but were only adequate to address fast 

changes in fishery fleet structure, and generally depended on the assumed post-transition 

selectivity form. Specifically, biases were reduced only when time blocks were specified to 

occur after the start of the fleet transition.  

Models assuming continuous time-varying selectivity generally performed well across 

both fast and slow changes in fleet structure, although their performance sometimes depended on 

the selectivity form assumed, as well as the availability of survey data. Despite continuous time-

varying selectivity models often demonstrating minimal bias in most scenarios, these models 
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were seldom considered parsimonious when using AIC-based model selection for single-fleet 

models. This likely occurred because continuous time-varying EMs estimated up to 1000 

parameters and marginal AIC was applied under a penalized maximum likelihood framework 

(Maunder and Harley, 2011; Punt et al., 2014; Privitera-Johnson et al., 2022), leading to an 

overestimation of the number of effective parameters. Formulating these models under a state-

space framework may produce different outcomes (Nielsen and Berg, 2014; Stock and Miller, 

2021), but were not attempted given computational demands, and should be a future area of 

research. 

Multi-fleet models also proved effective in addressing changes in fleet structure. 

Moreover, the use of AIC in selecting among alternative selectivity forms appeared reliable for 

multi-fleet models, wherein the correct selectivity form was always selected as the most 

parsimonious (Fig. S2). In general, multi-fleet structures performed reasonably, even with 

misspecification of selectivity forms and may serve as a promising approach for practitioners to 

explore if sufficient fleet-specific compositional data are available. Our results indicate that, 

given parsimony-complexity tradeoffs and data limitations as new fishery fleets develop, single-

fleet models with time-varying effects are adequate for operational management advice when 

confronted with fleet transitions. However, research oriented multi-fleet models should be used 

as a validation tool to explore consistency in population trends across alternative model 

structures. 

4.1 Interpreting Bias Trends 

Across various single-fleet EMs, a consistent pattern emerged where biases in SSB were 

generally small during the beginning of the modeled time-series, peaked prior to the fleet 
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transition, and became less pronounced towards the terminal assessment period. To illustrate  

these biases, we consider the application of single-fleet EMs assuming time-invariant selectivity 

(i.e., EMs 1Fleet-TimeInvar-Logist and 1Fleet-TimeInvar-Gamma) under the Fast-Logistic OM 

scenario (Fig. 6). 

Towards the beginning of the time-series and prior to the fleet transition, estimated 

selectivities in single-fleet time-invariant EMs favored the capture of older individuals over 

younger individuals, deviating from the true simulated selectivity form (Fig. 6). This divergence 

likely stemmed from estimated selectivities being a compromise to represent data from the two 

distinct fishery fleets, manifesting as a weighted average between them. Consequently, the 

assumed reduced capture of younger individuals led to their accumulation within the estimated  

population, resulting in a positive bias in SSB estimates. Given divergences in estimated 

selectivities, fishing mortality multipliers were concomitantly overestimated to adequately fit to 

the observed catch data (Fig. 6). Biases in SSB were presumably minimal during the initial 

period, due to the relatively low weight-at-age of young individuals and their consequently minor 

contribution to SSB. Following the fleet transition, estimated selectivities incorrectly exhibited 

an increased preference towards removal of younger individuals, depleting the accumulation of 

individuals from the previous period, and precipitating a decreasing trend in SSB bias over time  

in the absence of those individuals contributing to the spawning population. To reconcile an 

increased selection of younger individuals with observed catch data, fishing mortality multipliers 

were underestimated as a result (Fig. 6). Although the underestimation of fishing mortality led to 

an increasing bias for older individuals, their contribution to SSB was minimal, given their low  

abundance within the population. Si milar trends in SSB biases were observed in single-fleet EMs 

applied to OMs characterized by extreme dome-shaped selectivity (e.g., Gamma-Young), albeit 
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with biases that were in the opposite direction (i.e., initial negative bias, followed by decreasing 

bias; Fig. 2 and 3). The mechanisms underlying these patterns resemble those in the example  

described above, except that selectivities initially favored younger individuals, followed by a  

preference towards older individuals during the post-transition period (Fig. S9, S10, S11, and  

S12). The biases described in Figure 6 are generally specific to the selectivity and fishing 

mortality scenarios evaluated. In particular, because composition data were a catch-weighted 

average of the two fishery fleets, and catches were generally higher before the fleet transition, 

the estimated time-invariant fishery selectivities better resembled the population selectivity 

curves from the pre-transition period (Fig. S9, S10, S11, and S12). 

In most scenarios and assessment periods, the bias trends described were consistent 

across EMs, but were greatly reduced as flexibility in selectivity parametrization increased (e.g., 

by introducing time blocks, continuous parametrizations, or allowing for multiple fleets). 

However, there were some exceptions to these trends. In particular, biases for most EMs applied  

during the fleet-intersection period were negligible, presumably due to the incomplete transition 

of the true simulated selectivity towards the second fleet, and the available data predominately 

reflecting fishery dynamics prior to the fleet transition. Moreover, multi-fleet models with both 

fleets assuming logistic selectivity, consistently exhibited negative biases in SSB when applied 

to OMs characterized by strong dome-shaped selectivity. This was likely attributed to increased 

removals of intermediate to older-aged individuals, despite not being removed in the OM. 

Exceptions to the trends observed in the primary analyses also arose when survey data were only 

available for the latter half of the modeled time-series, where we detected large biases in single-

fleet models that assumed deviations on gamma selectivity parameters (EM:  1Fleet-

RandWlkPar-Gamma; Fig. S7, S8). These biases likely manifested from reductions in survey 
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data, which provided information on population age-structure. Consequently, fishery age-

composition data were likely overfitted, resulting in a poorly estimated descending limb of the 

selectivity curve, which could have otherwise been better informed in the presence of 

informative survey data.  

4.2 Pragmatic Recommendations for Addressing Fleet Structure Transitions 

Complications can arise in single fleet models when the fraction of catch from different 

fleets changes over time and if the selectivity of these fleets differs (i.e., changes in fleet  

structure occur), which can manifest in complex time-varying selectivity patterns (e.g., Lee et al. 

2017). Herein, we provide considerations for parametrizing stock assessment models when 

confronted with changes in fleet structure or removal patterns (Fig. 7). We preface these 

recommendations with the caveat that they are generally specific to data-rich fisheries with long 

data time-series. However, we also provide some guidance for fisheries that may be more data-

moderate. Firstly, w e recommend practitioners begin by defining the maximum number of 

fishery fleets as proposed by Punt et al. (2014) (Fig. 7). This process can involve defining fleets 

as different gears, areas, or seasons to the finest resolution feasible, and will likely depend on the 

characteristics of the fishery. In a spatial context, this can be done using multivariate regression 

trees (Lennert-Cody et al. 2010, 2013). Hypotheses of plausible fleet-specific selectivity forms 

and the timing of changes in fleet structure should then be developed using a priori  knowledge 

of fishery dynamics and communicating with stakeholders. Justification for these hypotheses 

should explicitly consider processes governing contact selectivity and availability. 

Concomitantly, a thorough analysis of composition data should be conducted to explore 

differences among candidate fleets and to identify locations (i.e., geospatial and depth strata) in 
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which samples were collected. Given that access to compositional data can sometimes be 

limited, sample sizes and data quality should be evaluated to identify whether there is sufficient 

information to support the development of a multi-fleet model. In the case where data are  

insufficient to support multi-fleet EMs, single-fleet EMs should be pursued and hypotheses 

regarding fleet-specific selectivities previously formulated can be used to infer appropriate  

selectivity parameterizations. If sufficient data exists, multi-fleet models should be implemented 

to represent removal processes from the fishery. Considering that the use of a multi-fleet model  

was the most robust in this study (Table 3) and AIC-based model selection consistently detected 

the correct functional form for the selectivity curve, these models can serve as a valuable starting 

point in ensuring removal processes are adequately represented. Moreover, multi-fleet models 

can help validate subsequent single-fleet assessment models (Nielsen et al. 2021; Cheng et al. 

2024). We further recommend analysts employ traditional model diagnostics (e.g., residual  

analysis and likelihood profiles; Carvalho et al. 2017, 2021; Trijoulet et al. 2023) in tandem with 

previously developed hypotheses on selectivity forms to determine biologically plausible models 

(Hulson and Hanselman 2014; Punt et al. 2020; Carvalho et al. 2021; Privitera-Johnson et al. 

2022). Residual diagnostics can be particularly useful in this context, given that the presence of 

systematic patterns across ages could indicate a mis-specified selectivity form, while patterns 

across years or cohorts could suggest the need to consider time-varying selectivity. 

Under slow shifts in fishery fleet structure, our simulation study indicated that both multi-

fleet models and single-fleet models with time-varying selectivity performed reasonably, 

consistent with findings from Nielsen et al. (2021). Using flexible time-varying approaches (e.g., 

non-parametric or semi-parametric) will likely achieve adequate model performance in most 

scenarios, although multi-fleet models without time variation in selectivity can potentially be 
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more parsimonious in some cases (i.e., if process deviation parameters are treated as 

independent). Results from our study also indicated that time-varying selectivity assuming 

deviations on parameters was only appropriate when fleet-selectivities were similar (e.g., fleets 

have the same functional form) and should be implemented with caution. Furthermore, when 

employing continuous selectivity approaches, additional care is warranted to ensure the 

biological plausibility of estimated selectivities, especially in data-moderate situations. This was 

evident in our sensitivity analyses, which demonstrated that, when survey data were only 

available for part of the modeled time-series, continuous time-varying selectivity approaches 

constrained to dome-shaped forms could overfit age-composition data and degrade fits to other 

data sources (Martell and Stewart 2014; Punt 2023). Therefore, in data-moderate contexts (such 

as when limited survey data are available) where gradual changes in fishery fleet structure are 

expected and a single-fleet model is pursued, it may be practical to assume asymptotic rather 

than dome-shaped time-varying selectivity to avoid overfitting data. However, it is important to 

explicitly recognize that model results are likely to be biased towards low biomass estimates 

(Privitera-Johnson et al. 2022). Similarly, given that modelling time-variation on an incorrect 

process or the estimation of implausible time-varying selectivity forms can lead to the provision 

of suboptimal management advice (Szuwalski et al. 2018; Fisch et al. 2023; Cheng et al. 2024), 

we emphasize the need to further consider a priori knowledge of fishery dynamics when 

implementing flexible time-varying selectivity approaches. We suggest that these models be 

validated against estimates from multi-fleet models when possible, assuming that selectivity 

from multi-fleet models is adequately characterized. 

For fast fleet transitions, we similarly found that multi-fleet models and single-fleet 

models assuming time-varying semi-parametric selectivity demonstrated minimal bias. We also 
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found that time block approaches were appropriate in addressing fast changes in fleet structure, 

similar to findings from Cheng et al. (2024). However, time block models did not perform well 

when selectivity assumptions largely diverged from the simulated truth (i.e., assuming logistic, 

but selectivity was strongly dome-shaped), underscoring the sensitivity to assumed selectivities 

for this approach. Therefore, when fast shifts in fishery fleet structure are present (e.g., 

regulatory change or adoption of a new gear), we recommend that practitioners implement time  

blocked selectivity, following the selectivity forms identified for multi-fleet models. However, in 

data-moderate scenarios, the development of multi-fleet models may not be supported, and it  

may be necessary to proceed directly with a time blocked single-fleet model. Here, previously 

developed hypotheses about fleet-specific characteristics can similarly be useful for guiding 

appropriate parametrizations of time blocked selectivity within the context of a single-fleet  

model. The breakpoints defined for time blocks should then be evaluated across a range of 

plausible periods using model selection tools to determine optimal breakpoints (typically several 

years after a change in fleet structure is suspected) (Fig. 7). While multi-fleet models and single-

fleet models coupled with flexible time-varying selectivity parameterizations are also plausible 

under such circumstances, time block approaches are likely more practical in data-moderate 

scenarios. Additionally, time blocked selectivity approaches can potentially be more  

parsimonious in some applications, enabling practitioners to explore other unmodelled 

dimensions that are influential to population dynamics (e.g., sex, time, and age-varying natural  

mortality, time-varying growth; Deroba and Schueller, 2013; Johnson et al., 2015; Correa  et al., 

2021). However, it should also be noted that discrete time blocked parametrizations will require 

frequent and repeated re-evaluation of blocking assumptions if fleet structure continues to 

change over time. 

Page 34 of 62 Canadian Journal of Fisheries and Aquatic Sciences (Author's Accepted Manuscript) 

© The Author(s) or their Institution(s) 

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

N
at

io
na

l M
ar

in
e 

M
am

m
al

 L
ab

 L
ib

 o
n 

08
/0

2/
24

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



35 

4.3 Caveats and Future Work 

Like many simulation studies, aspects of this study were limited and could be expanded 

upon in future studies. First, several parameters were set at their true values, which may lead to 

overly optimistic model performance (e.g., natural mortality, steepness). Given that natural  

mortality and dome-shaped selectivity are confounded, it would be of interest to assess model  

performance when natural mortality is simultaneously estimated with dome-shaped selectivity 

(Thompson, 1994; Clark, 1999). Additionally, the current study only evaluated the life-history 

characteristics of Alaska sablefish and future studies could extend this work by incorporating 

additional life-histories. We acknowledge the simplicity of selectivity forms used in this study, 

which were also specified to be time-invariant. The use of simple selectivity forms in this study 

likely led to optimistic performance of EMs assuming dome-shaped selectivity detected in our 

primary results. These EMs often demonstrated minimal bias, even when the true removal 

patterns were represented by asymptotic selectivity. While there is a general expectation of 

overestimating biomass (i.e., through the development of cryptic biomass) when selectivity is 

mis-specified to be dome-shaped (Cadrin et al. 2016), these biases were not detected in our 

primary analyses. Presumably, this is attributed to the relatively simple selectivity forms utilized 

in the data-generating process, the presence of informative survey data, and how OM 

selectivities were conditioned (i.e., both fishery fleet 1 and the survey fleet exhibited logistic 

selectivity). Indeed, through limited sensitivity analyses, we found that informative data on 

population age-structure from the survey fleet was necessary to mitigate the effects of selectivity  

misspecification, allowing EMs that incorrectly assumed dome-shaped selectivity to perform 

well. As such, we caution against overinterpreting the optimistic performance of EMs assuming 
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dome-shaped selectivity in this study. Furthermore, our investigations were also limited in the 

number of fishery fleets evaluated. The incorporation of additional fishery fleets, particularly in 

the context of combining gears with limited catches, or using fleets to represent spatial dynamics  

(e.g., closed areas, seasonal and/or ontogenetic migrations) could be a fruitful avenue for future  

research (e.g., expanding on the work of Lee et al., 2017). Lastly, we recognize the use of a 

multinomial distribution to simulate and fit composition data may not fully capture the 

complexities of real-world sampling variability. While we did not examine the influence of 

alternative compositional likelihoods in this study, prior research suggests that the Dirichlet-

Multinomial distribution may be more suitable within the context of estimating time-varying 

selectivity (Xu et al. 2020). Given that composition data often exhibit positive correlations and  

overdispersion, which are not adequately captured by a multinomial distribution, the findings of 

this study likely represent a best-case scenario (Francis 2014). 

4.4 Conclusions 

Ignoring changes in fleet structure or emerging fleets may result in inadequate 

management advice, while data limitations can hinder implementation of multi-fleet models. 

Models of intermediate complexity (e.g., time blocked or continuous time-varying selectivity 

models), complemented by research-oriented multi-fleet models are likely suitable for most 

applications. However, other considerations may necessitate the use of multi-fleet models. For 

instance, certain management frameworks may require advice on fleet-specific catch or it may be 

important to monitor spatial and fleet-specific discard patterns and harvester behaviors (Marchal 

2002; Branch et al. 2006; Eigaard et al. 2011). Within the context of developing closed-loop 

feedback control systems (i.e., management strategy evaluations), multi-fleet models enable the 
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813 exploration of fleet-specific behavioral responses (Van Putten et al. 2012) and allow harvesters 

to consider performance measures that are tailored to their needs, which may contribute to the  

development of more robust management procedures (Bastardie et al. 2010b, 2010a; Fernández 

et al. 2010; Pascoe et al. 2010; Nielsen et al. 2021). Importantly, multi-fleet models may better 

represent removal patterns as observed by harvesters, which can foster stakeholder trust and 

engagement i n the fishery management process. Ultimately, the exploration of multi-fleet 

models, whether in operational or research-oriented contexts, is likely valuable in guiding 

informed decision-making within the fisheries management process.  
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1072 Tables 
Table 1. Descriptions of the operating model (OM) scenarios. ‘Assessment Periods’ represent 

the various points in the time series when a given EM was applied (i.e., representing different 

data quantity scenarios), while the term ‘Intersection’ in this column indicates the year in which 

the fishing mortality multiplier first intersects between fleets (Fig. 1). 

1073 

1074 

1075 

1076 

OM 
Abbreviations 

Fleet Structure 
Change 

Assessment Periods Selectivity 
Functional Form Description of OM 

Fast-Logistic Fast Fleet Intersection: Years 1 - 27 
Fleet Transition End: Years 1 - 
30 
Terminal: Years: 1 - 50 

Fleet 1: Logistic 
Fleet 2: Logistic 

Gear change occurs 
rapidly with little 
difference in selectivity 
functional forms among 
fleets. 

Fast-Gamma-Old Fast Fleet Intersection: Years 1 - 27 
Fleet Transition End: Years 1 - 
30 
Terminal: Years: 1 - 50 

Fleet 1: Logistic 
Fleet 2: Gamma 
with moderate 
dome 

Gear change occurs 
rapidly, but new fishery 
exhibits moderately  
reduced selectivity of 
older individuals. 

Fast-Gamma-
Young 

Fast Fleet Intersection: Years 1 - 27 
Fleet Transition End: Years 1 - 
30 
Terminal: Years: 1 - 50 

Fleet 1: Logistic 
Fleet 2: Gamma 
with strong dome 

Gear change occurs 
rapidly, but new fishery 
exhibits increased 
selectivity of young 
individuals and strongly 
decreased selectivity of 
older individuals. 

Slow-Logistic Slow Fleet Intersection: Years 1 - 40 
Fleet Transition End: Years 1 - 
50 
Terminal: Years: 1 - 70 

Fleet 1: Logistic 
Fleet 2: Logistic 

Gear change occurs 
slowly with little 
difference in selectivity 
functional forms among 
fleets. 

Slow-Gamma-Old Slow Fleet Intersection: Years 1 - 40 
Fleet Transition End: Years 1 - 
50 
Terminal: Years: 1 - 70 

Fleet 1: Logistic 
Fleet 2: Gamma 
with moderate 
dome 

Gear change occurs 
slowly, but new fishery 
exhibits moderately  
reduced selectivity of 
older individuals. 

Slow-Gamma-
Young 

Slow Fleet Intersection: Years 1 - 40 
Fleet Transition End: Years 1 - 
50 
Terminal: Years: 1 - 70 

Fleet 1: Logistic 
Fleet 2: Gamma 
with strong dome 

Gear change occurs 
slowly, but new fishery 
exhibits increased 
selectivity of young 
individuals and strongly 
decreased selectivity of 
older individuals. 
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1079 Table 2. Description of estimation models (EMs) evaluated. 

EM Abbreviations Fleet 
Structure 

Selectivity 
Functional 

Forms 

Time-variation 
Parameterization Description of EM 

2Fleet-Logistic Two fleets Fleet 1: Logistic Time-invariant Both fleets assume time-invariant 
Fleet 2: Logistic logistic selectivity 

2Fleet-Gamma Two fleets Fleet 1: Logistic Time-invariant Fleet 1 assumes time-invariant 
Fleet 2: Gamma logistic selectivity, while fleet 2 

assumes time-invariant gamma 
selectivity. 

1Fleet-TimeInvar- One fleet Logistic Time-invariant Single-fleet model assuming time-
Logistic invariant logistic selectivity. 

1Fleet-TimeInvar- One fleet Gamma Time-invariant Single-fleet model assuming time-
Gamma invariant gamma selectivity. 

1Fleet-Block- One fleet Time Block 1 Time block Single-fleet model assuming time-
Logistic (Year 1 – 24): varying selectivity as a time block. 

Logistic; Time Both time blocks assume logistic 
Block 2 (Year 25 selectivity. 
– Terminal): 
Logistic 

1Fleet-Block- One fleet Time Block 1 Time block Single-fleet model assuming time-
Gamma (Year 1 – 24): varying selectivity as a time block. 

Logistic; Time Time block 1 assumes logistic  
Block 2 (Year 25 selectivity and time block 2 assumes 
– Terminal): gamma selectivity. 
Gamma 

1Fleet-RandWlkPar- One fleet Logistic Random walk Single-fleet model assuming 
Logistic deviations on continuous time-varying logistic 

parameters selectivity with deviations on 
selectivity parameters (i.e., 𝑎50and 𝑘  
). 

1Fleet-RandWlkPar- One fleet Gamma Random walk Single-fleet model assuming 
Gamma deviations on continuous time-varying gamma 

parameters selectivity with deviations on 
selectivity parameters (i.e., 𝑎𝑚𝑎𝑥and  
𝛾). 

1Fleet-SemiPar- One fleet Logistic Semi-parametric Single-fleet model assuming 
Logistic continuous time-varying logistic 

selectivity with deviations on 
selectivity values by age and year. 

1Fleet-SemiPar- One fleet Gamma Semi-parametric Single-fleet model assuming 
Gamma continuous time-varying gamma 

selectivity with deviations on 
selectivity values by age and year. 
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1081 
1082 
1083 Table 3. Minimax solutions for each estimation model (EM; rows) across operating model (OM) 

scenarios (columns) and within assessment periods (i.e., when the stock assessment was carried 

out; nested rows). Values are Median Absolute Relative Errors (MAREs) in SSB summarized 

across all years and simulation replicates for a given EM. Values in bold identify the minimax 

solution for a given assessment period, which is the EM that has the smallest value of maximum 

MAREs across all OM scenarios. 

1084 

1085 

1086 

1087 

1088 

Fast- Fast- Fast- Slow- Slow- Slow-
Logistic Gamma-

Old 
Gamma-
Young 

Logistic Gamma-
Old 

Gamma-
Young 

Assessment Period: Fleet  
Intersection 
2Fleet-Logistic 0.0293 0.0361 0.1348 0.0209 0.0292 0.1289 
2Fleet-Gamma 0.0308 0.0312 0.0268 0.0243 0.0201 0.0240 
1Fleet-TimeInvar-Logistic 0.0295 0.0320 0.0289 0.0347 0.0266 0.0263 

1Fleet-TimeInvar-Gamma 0.0322 0.0344 0.0421 0.0235 0.0233 0.0371 

1Fleet-Block-Logistic 0.0287 0.0330 0.0280 0.0328 0.0250 0.0240 
1Fleet-Block-Gamma 0.0301 0.0326 0.0282 0.0261 0.0232 0.0252 
1Fleet-RandWlkPar-Logistic 0.0280 0.0321 0.0274 0.0263 0.0232 0.0240 

1Fleet-RandWlkPar-Gamma 0.0324 0.0324 0.0359 0.0257 0.0244 0.0371 

1Fleet-SemiPar-Logistic 0.0338 0.0377 0.0353 0.0249 0.0272 0.0303 

1Fleet-SemiPar -Gamma 0.0347 0.0404 0.0371 0.0261 0.0293 0.0304 

Assessment Period: Fleet  
Transition End 
2Fleet-Logistic 0.0239 0.0340 0.1427 0.0186 0.0286 0.1312 
2Fleet-Gamma 0.0308 0.0279 0.0259 0.0256 0.0203 0.0225 
1Fleet-TimeInvar-Logistic 0.0861 0.0627 0.0648 0.0831 0.0604 0.0428 

1Fleet-TimeInvar-Gamma 0.0499 0.0399 0.0737 0.0489 0.0387 0.0624 

1Fleet-Block-Logistic 0.0514 0.0438 0.0390 0.0618 0.0486 0.0307 
1Fleet-Block-Gamma 0.0332 0.0306 0.0324 0.0470 0.0369 0.0304 
1Fleet-RandWlkPar-Logistic 0.0275 0.0300 0.0343 0.0269 0.0265 0.0303 

1Fleet-RandWlkPar-Gamma 0.0316 0.0319 0.0332 0.0294 0.0304 0.0346 

1Fleet-SemiPar-Logistic 0.0317 0.0323 0.0350 0.0260 0.0259 0.0294 

1Fleet-SemiPar -Gamma 0.0312 0.0323 0.0363 0.0258 0.0261 0.0303 
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Assessment Period: Terminal 

2Fleet-Logistic 0.0171 0.0310 0.1456 0.0154 0.0330 0.1329 
2Fleet-Gamma 0.0273 0.0207 0.0235 0.0196 0.0180 0.0203 
1Fleet-TimeInvar-Logistic 0.1840 0.1526 0.0931 0.1310 0.0998 0.1061 

1Fleet-TimeInvar-Gamma 0.1435 0.1183 0.1115 0.1011 0.0728 0.1552 

1Fleet-Block-Logistic 0.0490 0.0318 0.1077 0.0506 0.0427 0.0534 
1Fleet-Block-Gamma 0.0440 0.0371 0.0301 0.0489 0.0425 0.0667 
1Fleet-RandWlkPar-Logistic 0.0316 0.0276 0.1113 0.0390 0.0245 0.0753 

1Fleet-RandWlkPar-Gamma 0.0381 0.0462 0.0296 0.0421 0.0357 0.0309 

1Fleet-SemiPar-Logistic 0.0320 0.0302 0.0359 0.0322 0.0263 0.0316 

1Fleet-SemiPar -Gamma 0.0318 0.0299 0.0372 0.0327 0.0264 0.0327 

1089 

Page 48 of 62 Canadian Journal of Fisheries and Aquatic Sciences (Author's Accepted Manuscript) 

© The Author(s) or their Institution(s) 

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

N
at

io
na

l M
ar

in
e 

M
am

m
al

 L
ab

 L
ib

 o
n 

08
/0

2/
24

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 T

hi
s 

Ju
st

-I
N

 m
an

us
cr

ip
t i

s 
th

e 
ac

ce
pt

ed
 m

an
us

cr
ip

t p
ri

or
 to

 c
op

y 
ed

iti
ng

 a
nd

 p
ag

e 
co

m
po

si
tio

n.
 I

t m
ay

 d
if

fe
r 

fr
om

 th
e 

fi
na

l o
ff

ic
ia

l v
er

si
on

 o
f 

re
co

rd
. 



49 

1090 Figures 

1091 

1092 Figure 1: Overview of the operating model settings. Solid lines refer to fishery fleet 1 and dashed 

lines refer to fishery fleet 2. Panel A depicts the two different fleet structure transition scenarios 

(Fast and Slow) and the three assessment periods (vertical colored lines), where the y-axis 

represents fleet-specific instantaneous fishing mortality rates. Panel B depicts the three different 

selectivity scenarios evaluated. Selectivity for fleet 1 was always modeled with a logistic curve. 

For fishery fleet 2, selectivity was represented with a logistic curve, a gamma distribution 

selecting older fish (age-at-maximum selection: females age 15.5, males age 19), or a gamma  
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distribution that selected younger fish (age-at-maximum selection: females age 5, males age 7). 

Panel C displays the simulated catch resulting from each fishery fleet, while panel D  

demonstrates the resulting spawning stock biomass trajectories, where units for both panels are  

on the same scale. Shading in panels C and D represent 95% simulation intervals.  
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Figure 2: Relative error in estimated annual spawning stock biomass across operating model 

(OM) scenarios where a fast change in fleet structure was simulated. Only results from  

converged models are presented here. Column panels are OMs, while row panels (describing 

fleet structure and selectivity time-variation assumptions) in combination with colored lines 
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(orange: Gamma; blue: Logistic) denote estimation models (EMs). Line types describe the 

different assessment periods during which EMs were applied to. Lines represent the median 

relative error. The shading represents the 95% simulation intervals for each EM type applied  

during the terminal assessment period (to aid in clarity of visualizations, simulation intervals are 

only shown for EMs applied to the terminal period). The black horizontal line represents 0% 

relative error. 
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Figure 3: Relative error in estimated annual spawning stock biomass across operating model 

(OM) scenarios where a slow change in fleet structure was simulated. Only results from 

converged models are presented here. Column panels are OMs, while row panels (describing 

fleet structure and selectivity time-variation assumptions) in combination with colored lines 
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(orange: Gamma; blue: Logistic) denote estimation models (EMs). Line types describe the 

different assessment periods during which EMs were applied to. Lines represent the median 

relative error. The shading represents the 95% simulation intervals for each EM type applied  

during the terminal assessment period (to aid in clarity of visualizations, simulation intervals are 

only shown for EMs applied to the terminal period). The black horizontal line represents 0% 

relative error. 
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Figure 4: Relative error in Acceptable Biological Catch (ABC) across operating model (OM) 

scenarios where a fast change in fleet structure was simulated. Only results from converged 

models are presented here. Column panels represent the different OM scenarios. The x-axis 

(describing fleet structure and selectivity time-variation assumptions) in combination with 

colored points (orange:  Gamma; blue:  Logistic) denote estimation models (EMs). Row panels 

describe the different assessment periods during which EMs were applied to. Points represent the 
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median relative error and line ranges are the 95% simulation intervals. The black horizontal line 

represents 0% relative error. 
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Figure 5: Relative error in Acceptable Biological Catch (ABC) across operating model (OM) 

scenarios where a slow change in fleet structure was simulated. Only results from converged 

models are presented here. Column panels represent the different OM scenarios. The x-axis 

(describing fleet structure and selectivity time-variation assumptions) in combination with 

colored points (orange:  Gamma; blue:  Logistic) denote estimation models (EMs). Row panels 

describe the different assessment periods during which EMs were applied to. Points represent the 
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median relative error and line ranges are the 95% simulation intervals. The black horizontal line 

represents 0% relative error. 
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Figure 6. Schematic depicting how biases in spawning stock biomass (SSB) arise when changes 

in fleet structure are ignored by assuming a single-fleet model with time-invariant selectivity 

(blue: 1Fleet-TimeInvar-Logist; orange: 1Fleet-TimeInvar-Gamma), during the terminal 

assessment period. The first column describes how biases arise prior to the fleet transition 

(shown in grey), while the last column describes how biases arise following the fleet transition 

(shown in green). Lines accompanied with shaded intervals in the middle column are the median 

error and 95% simulation intervals, respectively. The upper row panel compares estimated 

selectivities against the true population selectivity for females. Relative error in numbers-at-age  

(NAA) for females are shown in the middle row panel.  Only 2 ages are shown for clarity of 

visualization, but patterns in relative error of NAA are qualitatively similar between young (ages 
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1 – 15) and old (ages 16 – 30) individuals. The bottom row panel depicts relative error in SSB 

(dotted lines) and total fishing mortality (F; solid lines). 
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1240 

1241 Figure 7: A decision tree portraying decision points for determining parameterizations of fleet 

structure and selectivity with pragmatic recommendations for each. Recommendations are 

intended to provide general guidance on model structure and assumes that fleet-specific catch 

and composition data are available. 
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