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Table S1. Natural mortality (M) estimators used in the present study. A flow diagram showing

the hierarchical selection of estimators depending on data available is shown in Fig. S4.

Estimator Equation Citation

Hoenig, M = 4.3 Hoenig (1983)
tmax

Hoenig M = 4.899¢;9%916 Then et al. (2015)

Jensen (J) M=1.60K Jensen (1996)

Pauly M = 4.118K°731 ;033 Then et al. (2015)

Pauly, .+ logM = —0.0066 — 0.2791In L, Pauly (1980)

+ 0.6543InK + 0.4634InT

Pauly, W = e Bazsbstay Froese and Pauly (2017)

Pauly, M = 100566-0.718Inlw 4 0 02T Froese and Pauly (2017)

M = instantaneous natural mortality rate (yr™')

tmax = maximum observed age of animals in the stock.

Lo, = the average length of an animal if it lived to an infinite age, and known as the asymptotic length of an animal in the von
Bertalanffy growth function.

K= the curvature parameter of the von Bertalanffy growth function (yr™).

T= mean water temperature (°C) at the location and depth range inhabited by the species.



Table S2. Parameter values used for variables describing the susceptibility of capture for each species in the four fisheries defined for

the eastern Pacific Ocean ‘industrial’ tuna fishery. DEL=dolphin sets, NOA=Unassociated tuna school sets, OBJ=floating-object sets. A

description of susceptibility-at-length is given where parameter values differed by length for a particular variable.

Species Fishery Proportion of Duration of Seasonal Encounterability (V) Contact selectivity (C,) Post-release mortality (Py;)
species- fishing availability
occupied grids season (D,) (4y)
(G,) fished
Thunnus albacares Longline 0.74 1.0 1.0 1.0 0.41 1.0
Fishery open Species Deep sets assumed to fish 0-300m. Species Used logistic-shaped selectivity ogive for dominant fleet in EPO stock Assumed no release of target species.
year-round available inhabits 0-250m (Schaefer et al. 2007). assessment (Minte-Vera et al. 2017). See Fig. S5.
year-round
Purse-seine 0.05 0.83 1.0 0.80 0.67 1.0
(DEL) 62-d closure Species DEL sets assumed to fish 0-200m. Species Used logistic-shaped selectivity ogive for dominant DEL fleet in EPO Assumed no release of target species.
available inhabits 0-250m (Schaefer et al. 2007). stock assessment (Minte-Vera et al. 2017). See Fig. S5.
year-round
Purse-seine 0.02 0.83 1.0 0.80 0.66 1.0
(NOA) 62-d closure Species NOA sets assumed to fish 0-200m. Species Used dome-shaped selectivity ogive for dominant NOA fleet in EPO Assumed no release of target species.
available inhabits 0-250m (Schaefer et al. 2007). stock assessment (Minte-Vera et al. 2017). See Fig. S5.
year-round
Purse-seine 0.17 0.83 1.0 0.80 0.61 1.0
(OBJ) 62-d closure Species OB sets assumed to fish 0-200m. Species Used dome-shaped selectivity ogive for dominant OBJ fleet in EPO Assumed no release of target species.
available inhabits 0-250m (Schaefer et al. 2007). stock assessment (Minte-Vera et al. 2017). See Fig. S5.
year-round
Thunnus obesus Longline 0.75 1.0 1.0 0.73 0.56 1.0
Fishery open Species Deep sets assumed to fish 0-300m. Species Used logistic-shaped selectivity ogive for dominant fleet in EPO stock Assumed no release of target species.
year-round available inhabits 30-400m (Schaefer & Fuller 2010). assessment (Aires-da-Silva et al. 2016). See Fig. S5.
year-round
Purse-seine 0.05 0.83 1.0 0.46 0.65 1.0
(DEL) 62-d closure Species DEL sets assumed to fish 0-200m. Species Used logistic-shaped selectivity ogive for dominant DEL fleet in EPO Assumed no release of target species.
available inhabits 30-400m (Schaefer & Fuller 2010). stock assessment (Aires-da-Silva et al. 2016). See Fig. S5.
year-round
Purse-seine 0.02 0.83 1.0 0.46 0.64 1.0
(NOA) 62-d closure Species NOA sets assumed to fish 0-200m. Species Used dome-shaped selectivity ogive for dominant NOA fleet in EPO Assumed no release of target species.
available inhabits 30-400m (Schaefer & Fuller 2010). stock assessment (Aires-da-Silva et al. 2016). See Fig. S5.
year-round
Purse-seine 0.17 0.83 1.0 0.46 0.60 1.0
(OBJ) 62-d closure Species OB sets assumed to fish 0-200m. Species Used dome-shaped selectivity ogive for dominant OBJ fleet in EPO Assumed no release of target species.
available inhabits 30-400m (Schaefer & Fuller 2010). stock assessment (Aires-da-Silva et al. 2016). See Fig. S5.
year-round
Katsuwonus pelamis Longline 0.70 1.0 1.0 1.0 0.48 1.0
Fishery open Species Deep sets assumed to fish 0-300m. Species Used logistic-shaped selectivity ogive for dominant fleet in EPO stock Assumed no release of marketable species.
year-round available inhabits 0-300m (Schaefer & Fuller 2007). assessment (Maunder 2012). See Fig. S5.
year-round
Purse-seine 0.05 0.83 1.0 0.67 0.31 1.0
(DEL) 62-d closure Species DEL sets assumed to fish 0-200m. Species Used logistic-shaped selectivity ogive for dominant DEL fleet in EPO Assumed no release of target species.
available inhabits 0-300m (Schaefer & Fuller 2007). stock assessment (Maunder 2012). See Fig. S5.
year-round
Purse-seine 0.02 0.83 1.0 0.67 0.31 1.0
(NOA) 62-d closure Species NOA sets assumed to fish 0-200m. Species Used dome-shaped selectivity ogive for dominant NOA fleet in EPO Assumed no release of target species.
available inhabits 0-300m (Schaefer & Fuller 2007). stock assessment (Maunder 2012). See Fig. S5.
year-round
Purse-seine 0.18 0.83 1.0 0.67 0.31 1.0
(OBJ) 62-d closure Species OB sets assumed to fish 0-200m. Species Used dome-shaped selectivity ogive for dominant OBJ fleet in EPO Assumed no release of target species.
available inhabits 0-300m (Schaefer & Fuller 2007). stock assessment (Maunder 2012). See Fig. S5.
year-round
Thunnus alalunga Longline 0.70 1.0 1.0 0.94 0.45 1.0
Fishery open Species Deep sets assumed to fish 0-300m. Species Used logistic-shaped selectivity ogive for dominant fleet in north Assumed no release of target species.
year-round available inhabits 20-320m (Williams et al. 2015). Pacific stock assessment (International Scientific Committee for Tuna

year-round

and Tuna-Like Species in the North Pacific Ocean (ISC) 2017b). See
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0.75
Deep sets assumed to fish 0-300m. Species
inhabits 0-400m (Abascal et al. 2010).

1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-100m (Brill et al. 1993).

1.0
NOA sets assumed to fish 0-200m. Species
inhabits 0-100m (Brill et al. 1993).

1.0
OBJ sets assumed to fish 0-200m. Species
inhabits 0-100m (Brill et al. 1993).

1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-150m (Goodyear et al. 2008).

1.0
OB sets assumed to fish 0-200m. Species
inhabits 0-150m (Goodyear et al. 2008).

1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-100m (Hoolihan et al. 2011).

1.0
DEL sets assumed to fish 0-200m. Species
inhabits 0-100m (Hoolihan et al. 2011).

1.0
NOA sets assumed to fish 0-200m. Species
inhabits 0-100m (Hoolihan et al. 2011).

1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-60m (Furukawa et al. 2011).

1.0
OB sets assumed to fish 0-200m. Species
inhabits 0-60m (Furukawa et al. 2011).

1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-30m (Sepulveda et al. 2011).

1.0
NOA sets assumed to fish 0-200m. Species
inhabits 0-30m (Sepulveda et al. 2011).

1.0
OBJ sets assumed to fish 0-200m. Species
inhabits 0-30m (Sepulveda et al. 2011).

0.22
Deep sets assumed to fish 0-300m. Species

inhabits 100-1000m (Kerstetter et al. 2008).

0.71

Deep sets assumed to fish 0-300m. Species
primarily inhabits 50-400m (Polovina et al.
2008).

Fig. S5.

0.35
Used logistic-shaped selectivity ogive for dominant fleet in EPO stock
assessment (Hinton & Maunder 2011). See Fig. S5.

0.56
Used logistic-shaped selectivity ogive for dominant fleet in EPO stock
assessment (Hinton 2009). See Fig. S5.

0.56
Used logistic-shaped selectivity ogive for dominant NOA fleet in EPO
stock assessment (Hinton 2009). See Fig. S5.

0.56
Used logistic-shaped selectivity ogive for dominant OBJ fleet in EPO
stock assessment (Hinton 2009). See Fig. S5.

0.50

Used dome-shaped selectivity ogive for dominant fleet in north Pacific
stock assessment (International Scientific Committee for Tuna and
Tuna-Like Species in the North Pacific Ocean (ISC) 2016). See Fig. S5.
0.32

Used dome-shaped selectivity ogive for dominant OBJ fleet in EPO
stock assessment (International Scientific Committee for Tuna and
Tuna-Like Species in the North Pacific Ocean (ISC) 2016). See Fig. S5.
0.51

No selectivity ogive in EPO stock assessment (Hinton 2009). IATTC
EPO longline observer length-frequency data used to assume knife-
edge selectivity from 100 cm OFL. See Fig. S5.

0.68

No selectivity ogive for DEL sets in EPO stock assessment (Hinton
2009). IATTC DEL observer length-frequency data used to assume
knife-edge selectivity from 71 cm OFL (Fitchett 2015). See Fig. S5.
0.68

No selectivity ogive for NOA sets in EPO stock assessment (Hinton
2009). IATTC NOA observer length-frequency data used to assume
knife-edge selectivity from 71 cm OFL (Fitchett 2015). See Fig. S5.
0.69

Used logistic-shaped selectivity ogive for dominant fleet in EPO stock
assessment (Aires-da-Silva et al. 2017). See Fig. S5.

0.27
Used logistic-shaped selectivity ogive for dominant OBJ fleet in EPO
stock assessment (Aires-da-Silva et al. 2017). See Fig. S5.

0.35

In absence of selectivity ogive for EPO longline fleet, mirrored logistic-
shaped selectivity for yellowfin tuna for dominant fleet in EPO stock
assessment.

0.74

In absence of selectivity ogive, used IATTC observer length-frequency
data to assume knife-edge selectivity from 50cm FL. See Fig. S5.

0.80

In absence of selectivity ogive for EPO OBJ sets, mirrored logistic-
shaped selectivity for yellowfin tuna for dominant OBJ fleet in EPO
stock assessment. See Fig. S5.

0.83

In absence of selectivity ogive for EPO longline fleet, used Hawaiian
market landings observer length-frequency data to assume knife-edge
selectivity from 40cm FL (Sundberg & Underkoffler 2011). See Fig.
SS.

0.58

In absence of selectivity ogive for EPO longline fleet, used Hawaiian
market landings observer length-frequency data to assume knife-edge
selectivity from 60cm FL (Sundberg & Underkoffler 2011). See Fig.
SS.
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1.0
Assumed no release of marketable species.
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1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-150m (Musyl et al. 2011).

1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-150m (Musyl et al. 2011).

1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-100m (Musyl et al. 2011).

1.0
DEL sets assumed to fish 0-200m. Species
inhabits 0-100m (Musyl et al. 2011).

1.0
NOA sets assumed to fish 0-200m. Species
inhabits 0-100m (Musyl et al. 2011).

1.0
OB sets assumed to fish 0-200m. Species
inhabits 0-100m (Musyl et al. 2011).

0.62
Deep sets assumed to fish 0-300m. Species
inhabits 20-450m (Musyl et al. 2011).

0.40
DEL sets assumed to fish 0-200m. Species
inhabits 20-450m (Musyl et al. 2011).

0.40
NOA sets assumed to fish 0-200m. Species
inhabits 20-450m (Musyl et al. 2011).

0.40
OBJ sets assumed to fish 0-200m. Species
inhabits 20-450m (Musyl et al. 2011).

1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-120m (Musyl et al. 2011).

1.0
OB sets assumed to fish 0-200m. Species
inhabits 0-120m (Musyl et al. 2011).

1.0
Deep sets assumed to fish 0-300m. Species
inhabits 0-60m (Francis 2016).

0.66

Used logistic-shaped selectivity ogive for dominant fleet in north
Pacific stock assessment (International Scientific Committee for Tuna
and Tuna-Like Species in the North Pacific Ocean (ISC) 2017a). See
Fig. S5.

0.79

In absence of selectivity ogive for EPO longline fleet, used observer
length-frequency data from Taiwanese longline fleet (ISC) to assume
knife-edge selectivity from the smallest size at birth (59.4 cm PCL) in
the Pacific Ocean (Semba et al. 2011) and length at largest capture of
250 cm PCL. See Fig. S5.

0.35

Used logistic-shaped selectivity ogive for dominant fleet in EPO stock
assessment (Aires-da-Silva et al. 2014). See Fig. S5.

0.37
Used logistic-shaped selectivity ogive for dominant DEL fleet in EPO
stock assessment (Aires-da-Silva et al. 2014). See Fig. S5.

0.37
Used logistic-shaped selectivity ogive for dominant NOA fleet in EPO
stock assessment (Aires-da-Silva et al. 2014).

0.48
Used logistic-shaped selectivity ogive for dominant OBJ fleet in EPO
stock assessment (Aires-da-Silva et al. 2014).

0.64

In absence of selectivity ogive for EPO longline fleet, used observer
length-frequency data to assume knife-edge selectivity from 100cm
CFL. See Fig. S5.

1.0

In absence of selectivity ogive for EPO DEL sets, precautionary full
selectivity of all length classes used. See Fig. S5.

1.0
In absence of selectivity ogive for EPO NOA sets, precautionary full
selectivity of all length classes used. See Fig. S5.

1.0
In absence of selectivity ogive for EPO OBJ sets, precautionary full
selectivity of all length classes used. See Fig. S5.

0.77

In absence of selectivity ogive for EPO longline fleet, used observer
length-frequency data to assume knife-edge selectivity from 70cm FL.
See Fig. S5.

0.77
In absence of selectivity ogive, used IATTC observer length-frequency
data to assume knife-edge selectivity from 70cm FL.

0.69
In absence of selectivity ogive for EPO longline fleet, used observer
length-frequency data to assume knife-edge selectivity from 80cm FL.

1.0

Assumed no release of marketable species, despite
potential for 33% post-release mortality of longline-
caught blue sharks (Campana et al. 2015).

1.0

Assumed no release of marketable species, despite
potential for 33% post-release mortality of longline-
caught mako sharks (Campana et al. 2015).

1.0

Assumed no release of marketable species, despite
potential for 100% post-release mortality of longline-
caught silky sharks, but small sample sizes (Hutchinson
2016).

0.95

IATTC Resolution C-16-06 prohibits retention. Tagging
study of purse-seine-caught silky sharks indicated post-
release mortality of 32-93% (Poisson et al. 2014,
Hutchinson et al. 2015). Therefore, conservatively
assumed 95% mortality.

0.95

IATTC Resolution C-16-06 prohibits retention. Tagging
study of purse-seine-caught silky sharks indicated post-
release mortality of 32-93% (Poisson et al. 2014,
Hutchinson et al. 2015). Therefore, conservatively
assumed 95% mortality.

0.95

IATTC Resolution C-16-06 prohibits retention. Tagging
study of purse-seine-caught silky sharks indicated post-
release mortality of 32-93% (Poisson et al. 2014,
Hutchinson et al. 2015). Therefore, conservatively
assumed 95% mortality.

1.0

Assumed no release of marketable species, despite
potential for >60% post-release mortality of longline-
caught bigeye threshers (Hutchinson 2016).

1.0

Assumed 100% mortality in absence of post-release
mortality data for purse-seine-caught thresher sharks.

1.0
Assumed 100% mortality in absence of post-release
mortality data for purse-seine-caught thresher sharks.

1.0
Assumed 100% mortality in absence of post-release
mortality data for purse-seine-caught thresher sharks.

0.60

IATTC Resolution C-11-10 prohibits retention. Tagging
studies of longline-caught oceanic whitetip sharks
indicate post-release mortality of 5-30%, but small
sample sizes (Hutchinson 2016). Therefore,
conservatively assumed 60% mortality.

0.95

IATTC Resolution C-11-10 prohibits retention. Tagging
study of purse-seine-caught silky sharks indicated post-
release mortality of 32-93% (Poisson et al. 2014,
Hutchinson et al. 2015). Given the silky shark is a
closely related species, we conservatively assumed 95%
mortality.

1.0

Tagging study of longline-caught scalloped
hammerheads indicate post-release mortality of 100%,
but small sample sizes (Eddy et al. 2016). Therefore,
conservatively assumed 100% mortality.
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1.0
OB sets assumed to fish 0-200m. Species
inhabits 0-60m (Francis 2016).

1.0

DEL sets assumed to fish 0-200m. Species
primarily inhabits 0-50m (Croll et al. 2012,
Francis & Jones 2017).

1.0

NOA sets assumed to fish 0-200m. Species
primarily inhabits 0-50m (Croll et al. 2012,
Francis & Jones 2017).

1.0

OB sets assumed to fish 0-200m. Species
primarily inhabits 0-50m (Croll et al. 2012,
Francis & Jones 2017).

1.0

Deep sets assumed to fish 0-300m. Species
primarily inhabits 0-100m in Atlantic Ocean
(Wilson & Beckett 1970)

1.0

Deep sets assumed to fish 0-300m. Species
primarily inhabits 0-58m (Shillinger et al. 2011)

1.0

DEL sets assumed to fish 0-200m. Species
primarily inhabits 0-58m (Shillinger et al.
2011).

1.0

NOA sets assumed to fish 0-200m. Species
primarily inhabits 0-58m (Shillinger et al.
2011).

1.0

OB sets assumed to fish 0-200m. Species
primarily inhabits 0-58m (Shillinger et al.
2011).

1.0
Deep sets assumed to fish 0-300m. Species
primarily inhabits 0-60m (Swimmer et al. 2006)

1.0
DEL sets assumed to fish 0-200m. Species
primarily inhabits 0-60m (Swimmer et al. 2006)

1.0
NOA sets assumed to fish 0-200m. Species
primarily inhabits 0-60m (Swimmer et al. 2006)

1.0
OBJ sets assumed to fish 0-200m. Species
primarily inhabits 0-60m (Swimmer et al. 2006)

1.0
DEL sets assumed to fish 0-200m. Species
assumed to inhabit 0-200m similar to the

0.80
In absence of selectivity ogive, used IATTC observer length-frequency
data to assume knife-edge selectivity from 55cm FL.

0.83

In absence of selectivity ogive for EPO purse seine fleet, assumed
knife-edge selectivity from smallest size at birth (49.8cm DW) (White
et al. 2006). Longline not included as catch is negligible (Croll et al.
2016).

0.83

In absence of selectivity ogive for EPO purse seine fleet, assumed
knife-edge selectivity from smallest size at birth (49.8cm DW) (White
et al. 2006).

0.83

In absence of selectivity ogive for EPO purse seine fleet, assumed
knife-edge selectivity from smallest size at birth (49.8cm DW) (White
et al. 2006).

0.70

In absence of selectivity ogive for EPO longline fleet, assumed knife-
edge selectivity from smallest fish (41cm DW) caught on longlines in a
scientific survey off the US Pacific coast (Neer 2008).

0.82

In absence of selectivity ogive for EPO longline fleet, used US observer
length-frequency data from the Pacific Ocean to assume knife-edge
selectivity from 35cm SCL (=40 cm CCL) (Swimmer et al. 2017).

0.83

In absence of selectivity ogive for EPO purse seine fleet, assumed US
observer length-frequency data from the Pacific Ocean represented
minimum available size class in the EPO. Therefore, assumed knife-
edge selectivity from 35¢cm SCL (=40 cm CCL) (Swimmer et al. 2017).

0.83

In absence of selectivity ogive for EPO purse seine fleet, assumed US
observer length-frequency data from the Pacific Ocean represented
minimum available size class in the EPO. Therefore, assumed knife-
edge selectivity from 35¢cm SCL (=40 cm CCL) (Swimmer et al. 2017).
0.83

In absence of selectivity ogive for EPO purse seine fleet, assumed US
observer length-frequency data from the Pacific Ocean represented
minimum available size class in the EPO. Therefore, assumed knife-
edge selectivity from 35¢cm SCL (=40 cm CCL) (Swimmer et al. 2017).
0.67

In absence of selectivity ogive for EPO longline fleet, used US observer
length-frequency data from the Pacific Ocean to assume knife-edge
selectivity from 35cm SCL (=40 cm CCL) (Swimmer et al. 2017).

0.67

In absence of selectivity ogive for EPO purse seine fleet, assumed US
observer length-frequency data from the Pacific Ocean represented
minimum available size class in the EPO. Therefore, assumed knife-
edge selectivity from 35¢cm SCL (=40 cm CCL) (Swimmer et al. 2017).
0.67

In absence of selectivity ogive for EPO purse seine fleet, assumed US
observer length-frequency data from the Pacific Ocean represented
minimum available size class in the EPO. Therefore, assumed knife-
edge selectivity from 35¢cm SCL (=40 cm CCL) (Swimmer et al. 2017).
0.67

In absence of selectivity ogive for EPO purse seine fleet, assumed US
observer length-frequency data from the Pacific Ocean represented
minimum available size class in the EPO. Therefore, assumed knife-
edge selectivity from 35¢cm SCL (=40 cm CCL) (Swimmer et al. 2017).
1.0

In absence of selectivity ogive for EPO purse seine fleet, it is plausible
to assume knife-edge selectivity from smallest size at birth (82.5cm TL)

1.0

Assumed 100% mortality in absence of post-release
mortality data for purse-seine-caught hammerhead
sharks.

1.0

Tagging study indicated nearly 100% post-release
mortality of purse-seine caught spinetail devil rays, but
small sample sizes (Francis & Jones 2017). Therefore,
conservatively assumed 100% mortality.

1.0

Tagging study indicated nearly 100% post-release
mortality of purse-seine caught spinetail devil rays, but
small sample sizes (Francis & Jones 2017). Therefore,
conservatively assumed 100% mortality.

1.0

Tagging study indicated nearly 100% post-release
mortality of purse-seine caught spinetail devil rays, but
small sample sizes (Francis & Jones 2017). Therefore,
conservatively assumed 100% mortality.

1.0

Assumed 100% mortality in absence of species-specific
post-release mortality data for longline-caught stingrays.

1.0
Assumed 100% mortality in absence of species-specific
post-release mortality data for longline-caught turtles.

1.0

Assumed 100% mortality in absence of reliable species-
specific post-release mortality data for purse-seine-
caught turtles, but strong evidence for very high survival
rate of purse seine-caught turtles due to conditions of
IATTC Resolutions C-07-03 and C-04-07.

1.0

Assumed 100% mortality in absence of reliable species-
specific post-release mortality data for purse-seine-
caught turtles, but strong evidence for very high survival
rate of purse seine-caught turtles.

1.0

Assumed 100% mortality in absence of reliable species-
specific post-release mortality data for purse-seine-
caught turtles, but strong evidence for very high survival
rate of purse seine-caught turtles.

1.0

Assumed 100% mortality in absence of species-specific
post-release mortality data for longline-caught turtles
and evidence of frequent deep hooking, that most likely
results in mortality

0.2

Conservatively assumed 20% post-release mortality in
absence of reliable species-specific release data but
strong evidence for very high survival rate of purse
seine-caught turtles.

0.2

Conservatively assumed 20% post-release mortality in
absence of reliable species-specific release data but
strong evidence for very high survival rate of purse
seine-caught turtles.

0.2

Conservatively assumed 20% post-release mortality in
absence of reliable species-specific release data but
strong evidence for very high survival rate of purse
seine-caught turtles.

1.0

Conservatively assumed 100% mortality in absence of
reliable species-specific post-release mortality data, but



Delphinus delphis

Purse-seine
(DEL)

0.06

0.83
62-d closure

year-round

1.0
Species
available
year-round

closely related spotted dolphin (Scott & Chivers
2009).

1.0

DEL sets assumed to fish 0-200m. Species
assumed to inhabit 0-200m similar to the
closely related spotted dolphin (Scott & Chivers
2009).

in the EPO (Perrin et al. 1976). However, strong anecdotal evidence
suggests mortality of sizes smaller than size at birth due to abortions
and fetus injury when fully selected size classes are set on by purse
seiners targeting yellowfin tuna (Hall 1998). Therefore, a precautionary
approach taken by assuming full selectivity for all length classes.

1.0

In absence of selectivity ogive for EPO purse seine fleet, it is plausible
to assume knife-edge selectivity from smallest size at birth (87cm TL)
in the EPO (Danil & Chivers 2007). However, strong anecdotal
evidence suggests mortality of sizes smaller than size at birth due to
abortions and fetus injury when fully selected size classes are set on by
purse seiners targeting yellowfin tuna (Hall 1998). Therefore, a
precautionary approach taken by assuming full selectivity for all length
classes.

strong evidence for very high survival rate of purse
seine-caught dolphins (see
https://www.iattc.org/AIDCPdocumentationENG.htm).

1.0

Conservatively assumed 100% mortality in absence of
reliable species-specific post-release mortality data, but
strong evidence for very high survival rate of purse
seine-caught dolphins.




Table S3. Biological parameters for 24 species assessed using EASI-Fish including length type (fork length—FL, eye orbit fork length—
OFL, precaudal length—PCL, disc width—-DW, straight carapace length—SCL, total length—TL), maximum recorded age (#max), the von
Bertalanffy growth parameters (L, K, fy), length-weight relationship (L-W) parameters a and b, length-at-maturity (Lmat), and natural
mortality (M). Lmat values reflect either the length at 50% maturity (Ls,) or the length at first maturity (L,,). Values for M show the
value used in stock assessment (source shown), or the mean value derived from various mortality estimators (see column “M method”
for estimator(s) used), defined in Table S2. Values shown in parentheses are the minimum and maximum values for triangular (') and
uniform (V) distribution priors used in 10,000 iterations of Monte Carlo simulations. Sources of biological parameters are shown in

Table S4.

Species Length fmax Lo K t L-Wa Lyiat M M
type (yrs) (yr'l) (yr'l) (yr'l) L-Wb (cm) (yr'l) method

Thunnus albacares FL 5 198.9 0.341 0.002 0.0139 91.8 %50 0.45 Pus, Prxr, J
3.086 (0.32-0.51)"

Thunnus obesus FL 16 200.8 0.330 -0.100 0.0366 138.2 L5o 0.35 Aires-da-Silva et al. (2016)
2.902 (0.25-0.45)"

Katsuwonus pelamis FL 12 102.0 0.550 -0.020 0.0055 39.9 L5, 1.50 Maunder (2012)
3.336 (1.20-1.80)"

Thunnus alalunga FL 15 112.9 0.253 -2.239 0.0390 85.0 5o 0.30 Himaxs Hatss Patss Prir, J
2.840 (0.28-0.34)"

Xiphias gladius OFL 15 321.0 0.133 -2.460 0.0045 143.6 L5 0.25 Himax> Hutss Pats» Prirs J
3.210 0.14-0.41)"

Kajikia audax OFL 11 256.5 0.600 -0.700 0.0696 210.0 %50 0.52 Himax> Hutss Pats» Prirs J
3.071 (0.39-0.67)"

Makaira nigricans OFL 20 316.1 0.110 -3.010 0.0184 179.8 L3¢ 0.27 Lee and Chang (2013)
2.956 (0.22-0.32)"

Istiophorus platypterus OFL 11 207.5 0.370 -0.004 0.0399 175.0 £5o 0.47 Himax> Hutss Pats» Prirs J
3.930 (0.39-0.55)"

Coryphaena hippurus FL 4 140.5 0.670 -0.820 0.0006 77.0 “so 0.98 Himaxs Hutss Patss Prir, J
3.440 (0.60-1.38)"

Acanthocybium solandri FL 7 149.9 1.580 -0.170 0.0009 104.6 £5o 1.0 Himax, Hais, Patss PLxT



Species Length fmax Lo K t L-Wa Lyiat M M

type (yrs) (yr'l) (yr'l) (yr'l) L-Wb (cm) (yr'l) method

3.280 (0.61-1.47)"

Lepidocybium flavobrunneum FL - 203.4 0.080 -1.290 0.0048 104.4 " 0.15 Pus» Prkt, Pxt, P, J
3.152 (0.11-0.19)"

Lampris guttatus FL 14 119.0 0.218 -0.780 0.0281 80.0 L 0.23 Francis et al. (2005)
3.000 (0.20-0.25)"

Prionace glauca PCL 20 267.2 0.137 -1.130 0.0041 156.6 5o 0.23 Himaxs Hutss Patss Prir, J
3.160 (0.15-0.32)"

Isurus oxyrinchus PCL 29 269.5 0.115 -2.200 0.0167 256.0 £so 0.19 Himax> Hutss Pats» Prirs J
2.847 (0.15-0.22)"

Carcharhinus falciformis PCL 25 216.4 0.148 -1.760 0.0273 147.5 55 0.22 Himax> Hutss Pats> Prxt, J
2.860 (0.17-0.28)"

Alopias superciliosus PCL 20 224.6 0.092 -4.210 0.0091 180.2 5o 0.2 Himaxs Hutss Patss Prir, J
3.080 (0.12-0.31)"

Carcharhinus longimanus PCL 13 244.6 0.103 -2.698 0.0166 140.5 £so 0.18 Rice and Harley (2012)
2.891 (0.08-0.28)"

Sphyrna zygaena PCL 21 220.2 0.200 -0.710 0.0117 11495, 0.27 Himax> Hutss Pats» Prirs J
2.770 (0.20-0.34)"

Mobula mobular DW 14 233.8 0.280 -1.680 0.00429 201.6 “so 0.37 Himax> Hutss Pats» Prirs J
3.400 (0.27-0.44)Y

Pteroplatytrygon violacea DW 24 116.0 0.180 -0.780 0.0273 46.0 “m 0.29 Himax> Hutss Pats» Prirs J
2.952 (0.17-0.38)"

Dermochelys coriacea SCL 48 142.7 0.226 -0.170 0.0214 139.3 5o 0.12 Himax, Hus

(0.09-0.14)"

Lepidochelys olivacea SCL 24 77.00 0.163 0.000 0.0005 53.0 5o 0.22 Himax, Hus
2.673 (0.18-0.28)"

Stenella attenuata TL* 18 189.7 0.350 -1.650 0.0126 181.0 %50 0.29 Himax, Huts
2.930 (0.24-0.35)"

Delphinus delphis TL* 25 197.2 0.530 -1.100 0.2754 186.5 Lso 0.21 Himax, Huts
2.360 (0.17-0.28)"

* Total length (TL) measure used for dolphins follows (Norris 1961) from the “tip of upper jaw to deepest part of notch between flukes”.



Table S4. Sources of biological parameters used in EASI-Fish for assessing 24 species caught in the eastern Pacific Ocean tuna fishery,

including maximum recorded length (Lmax) and age (fmax), the von Bertalanffy growth parameters (L, K, f), length-weight (L-W)

relationship parameters a and b, and length-at-maturity (Lyar).

Species e Tmax (Years) L., K,t L-Wa&b Lyar (cm)

Thunnus albacares IATTC (2019) Wild (1986) Minte-Vera et al. (2015) Wild (1986) Schaefer (1998)
Thunnus obesus IATTC (2019) Farley et al. (2006) Aires-da-Silva et al. (2015) Nakamura and Uchiyama (1966) Schaefer et al. (2005)
Katsuwonus pelamis IATTC (2019) Collette and Nauen (1983) Uchiyama and Struhsaker (1981) ~ Maunder (2012) Grande et al. (2014)
Thunnus alalunga IATTC (2019) Wells et al. (2013) Wells et al. (2013) Watanabe et al. (2006) ISC (2017b)

Xiphias gladius IATTC (2019) Hinton and Maunder (2011) Cerna (2009) Hinton and Maunder (2011) DeMartini et al. (2000)
Kajikia audax IATTC (2019) Kopf et al. (2005) Kopfetal. (2011) Wares and Sakagawa (1972) Kopfet al. (2012)
Makaira nigricans IATTC (2019) Andrews et al. (2017) Su et al. (2016) ISC (2016) Sun et al. (2009)
Istiophorus platypterus IATTC (2019) Cerdenares-Ladron De Fitchett (2015) Cerdenares-Ladron De Guevara Hernandez and Ramirez

Coryphaena hippurus
Acanthocybium solandri
Lepidocybium flavobrunneum

Lampris guttatus

Prionace glauca

Isurus oxyrinchus
Carcharhinus falciformis
Alopias superciliosus
Carcharhinus longimanus
Sphyrna zygaena

Mobula japanica

Pteroplatytrygon violacea

Dermochelys coriacea
Lepidochelys olivacea
Stenella attenuata

Delphinus delphis

Lasso and Zapata (1999)
Collette and Nauen (1983)
Nakamura and Parin (1993)
Hawn and Collette (2012)

Azevedo (2005)

Pratt and Casey (1983)

TATTC (2019)
Fernandez-Carvalho et al. (2011)
TATTC (2019)

TATTC (2019)
Notarbartolo-di-Sciara (1988)
Neer (2008)

Marquez (1990)
Marquez (1990)
Perrin et al. (1976)
Jefferson et al. (1993)

Guevara et al. (2011)
Goicochea et al. (2012)
Zischke et al. (2013b)

Francis et al. (2004)

Yokoi et al. (2017)

Bishop et al. (2006)

Smith et al. (1998)

Liu et al. (1998)

Seki et al. (1998)

Coelho et al. (2011)
Cuevas-Zimbron et al. (2013)
Mollet et al. (2002)

Jones et al. (2011)
Whiting et al. (2007)
Perrin et al. (1976)

Danil and Chivers (2007)

Aires-da-Silva et al. (2017)
Zischke et al. (2013b)
Froese and Binohlan (2000)
Francis et al. (2004)

Yokoi et al. (2017)

Semba et al. (2011)

Oshitani et al. (2003)

Liu et al. (1998)

Seki et al. (1998)

Coelho et al. (2011)
Cuevas-Zimbron et al. (2013)
Mollet et al. (2002)

Jones et al. (2011)
Whiting et al. (2007)
Perrin et al. (1976)

Danil and Chivers (2007)

etal. (2011)

Guzman et al. (2015)
Zischke et al. (2013b)
Keller and Kerstetter (2014)

Sundberg and Underkoffler
(2011)

Nakano (1994)

Bishop et al. (2006)

Oshitani et al. (2003)

Froese and Pauly (2017)

Seki et al. (1998)

Motta et al. (2014)
Notarbartolo-di-Sciara (1988)

Ribeiro-Prado and Amorim
(2008)

Jones et al. (2011)
Whiting et al. (2007)
Perrin et al. (1976)
Gihr and Pilleri (1979)

(1998)

Zuniga-Flores et al. (2011)
Zischke et al. (2013a)
Froese and Binohlan (2000)
Francis et al. (2004)

Fujinami et al. (2017)
Semba et al. (2011)
Oshitani et al. (2003)

Liu et al. (1998)

Seki et al. (1998)

Froese and Binohlan (2000)
White et al. (2006)

Neer (2008)

Reina et al. (2002)

Zug et al. (2006)

Perrin et al. (1976)

Danil and Chivers (2007)




11

Table SS. Comparison of productivity attributes used by the Ecological Assessment of the
Sustainable Impacts of Fisheries (EASI-Fish) model and a version of Productivity-Susceptibility
Analysis (PSA) applied to six fisheries in the United States (Patrick et al. 2010).

Attributes PSA EASI-Fish
Productivity
Intrinsic rate of population increase (7) v
Maximum age () v v
Maximum size (Lmax) 4 4
Length-at-infinity (L) v
von Bertalanffy growth rate coefficient (K) v v
Natural mortality (M) v v
Fecundity v
Breeding strategy v
Recruitment pattern v

v

Age at maturity (#n)
Length-at-maturity (L, or Lso) v

Mean trophic level v
Susceptibility
Areal overlap v v
Geographic concentration v
Fishing season duration v
Vertical overlap (i.e. encounterability) v v
Seasonal availability v v
Schooling, aggregation, and behavioural responses v

v

Morphological characteristics affecting capture
Gear selectivity v

Desirability or value of the fishery v

Management strategy v

Fishing rate relative to M (equivalent to F-based BRPs) v v

Biomass of spawners (SSB) or other proxies (equivalent to v v

spawning biomass-based BRPs)

Survival after capture and release v v
v

Impact of fisheries on essential fish habitat
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© Shane Giriffiths
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Figure S1. Schematic diagram illustrating the encounterability of two species Coryphaena
hippurus (DOL) and Lampris guttatus (LAG) given their typical depth gradient (shown in red)
relative to the maximum (Max) and minimum (Min) depth of gear used in fishery x—in this case

longline—assumed to effectively fish depths of 0-300m during daytime “deep sets”.
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Figure S2. Schematic diagrams illustrating the six scenarios that represent the overlap of fishery

x’s minimum (Min,) and maximum (Max,) depth with a species j’s minimum (Min;) and

maximum depth (Max;).
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Figure S3. Comparison of length-at-age for three of the 24 assessed species in the EPO predicted

by published growth models (green lines) and reparametrized von Bertalanffy growth function

(VBGF) (black lines). Parameter values for published and reparametrized models are shown.
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mortality estimators depending on the life history parameter value(s) available for the 24 species

caught in EPO tuna fisheries and assessed using EASI-Fish. Parameters are instantaneous natural

mortality rate (M), maximum observed age of animals in the stock (#n.x), the von Bertalanffy
growth function parameters (L., and K), the mean water temperature (°C) at the location and
depth range inhabited by the species, and the maximum observed length of animals in the stock

(Lmax). Estimator values were averaged (M) where sufficient data were available to derive

estimates from multiple estimators.
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Figure S5. Selectivity-at-length models for the 24 species caught in the eastern Pacific Ocean

tuna fisheries (longline—LL; purse-seine dolphin-associated sets—DEL; purse-seine unassociated

sets—NOA; purse-seine sets on floating objects—OBJ) and their vulnerability assessed using
EASI-Fish. Length is given as fork length (FL) for teleosts, eye orbit fork length (OFL) for
billfishes, precaudal length (PCL) for sharks, disc width (DW) for rays, straight carapace length
(SCL) for turtles, and total length (TL) for dolphins, which is measured from the “tip of upper

jaw to deepest part of notch between flukes” (Norris 1961). Note that distributions for some

fisheries are identical and may not be visible for some species.
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Figure S6. von Bertalanffy growth models used for each of the 24 species in EASI-Fish to assess
the relative vulnerability of each species to tuna fishing in the eastern Pacific Ocean. Length is
given as fork length (FL) for teleosts, eye orbit fork length (OFL) for billfishes, precaudal length
(PCL) for sharks, disc width (DW) for rays, straight carapace length (SCL) for turtles, and total
length (TL) for dolphins, which is measured from the “tip of upper jaw to deepest part of notch
between flukes” (Norris 1961).
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Figure S7. Maturity-at-length models used for each of the 24 species in EASI-Fish to assess the
relative vulnerability of each species to tuna fishing in the eastern Pacific Ocean. Length is given

as fork length (FL) for teleosts, eye orbit fork length (OFL) for billfishes, precaudal length (PCL)

for sharks, disc width (DW) for rays, straight carapace length (SCL) for turtles, and total length

(TL) for dolphins, which is measured from the “tip of upper jaw to deepest part of notch between
flukes” (Norris 1961).



19

LITERATURE CITED

Abascal FJ, Mejuto J, Quintans M, Ramos-Cartelle A (2010) Horizontal and vertical movements
of swordfish in the Southeast Pacific. ICES J Mar Sci 67:466-474

Aires-da-Silva A, Lennert-Cody C, Maunder MN, Roman-Verdesoto M (2014) Stock status
indicators for silky sharks in the Eastern Pacific Ocean. 5th Meeting of the Scientific
Advisory Committee of the IATTC, 12-16 May 2014, La Jolla, California Document SAC-
05-11a

Aires-da-Silva A, Minte-Vera C, Maunder MN (2016) Status of bigeye tuna in the Eastern
Pacific Ocean in 2015 and outlook for the future. 7th Meeting of the Scientific Advisory
Committee of the IATTC, 9-13 May 2016, La Jolla, California Document SAC-07-05a

Aires-da-Silva A, Valero JL, Maunder MN, Minte-Vera C, Lennert-Cody C, Roman MH,
Martinez-Ortiz J, Torrejon-Magallanes EJ, Carranza MN (2017) Exploratory stock
assessment of dorado (Coryphaena hippurus) in the southeastern Pacific Ocean. 7th Meeting
of the Scientific Advisory Committee of the IATTC, 9-13 May 2016, La Jolla, California
Document SAC-07-06a(1)

Aires-da-Silva AM, Maunder MN, Schaefer KM, Fuller DW (2015) Improved growth estimates
from integrated analysis of direct aging and tag—recapture data: an illustration with bigeye
tuna (Thunnus obesus) of the eastern Pacific Ocean with implications for management. Fish
Res 163:119-126

Andrews AH, Humphreys RL, Sampaga JD (2017) Blue marlin (Makaira nigricans) longevity
estimates confirmed with bomb radiocarbon dating. Can J Fish Aquat Sci 75:17-25

Azevedo VG (2005) Prionace glauca (Linnaeus, 1758). In: Cergole MC, Avila-da-Silva AO,

Rossi-Wongtchowski CLDB (eds) Analise das principais pescarias commerciais da regiao



20

sudeste-sul do Brasil: dinamica populacional das espécies em explotagao, Instituto
Oceanografico, Sao Paulo, Brazil, p 132-138

Bishop SDH, Francis MP, Duffy C, Montgomery JC (2006) Age, growth, maturity, longevity and
natural mortality of the shortfin mako shark (Isurus oxyrinchus) in New Zealand waters. Mar
Freshwater Res 57:143-154

Brill RW, Holts DB, Chang RKC, Sullivan S, Dewar H, Carey FG (1993) Vertical and horizontal
movements of striped marlin (Tetrapturus audax) near the Hawaiian Islands, determined by
ultrasonic telemetry, with simultaneous measurement of oceanic currents. Mar Biol 117:567-
574

Campana SE, Joyce W, Fowler M, Showell M (2015) Discards, hooking, and post-release
mortality of porbeagle (Lamna nasus), shortfin mako (Isurus oxyrinchus), and blue shark
(Prionace glauca) in the Canadian pelagic longline fishery. ICES J Mar Sci 73:520-528

Cerdenares-Ladron De Guevara G, Morales-Bojorquez E, Rodriguez-Sanchez R (2011) Age and
growth of the sailfish Istiophorus platypterus (Istiophoridae) in the Gulf of Tehuantepec,
Mexico. Mar Biol Res 7:488-499

Cerna JF (2009) Age and growth of the swordfish (Xiphias gladius Linnaeus, 1758) in the
southeastern Pacific off Chile (2001). Lat Am J Aquat Res 37:59-69.

Coelho R, Fernandez-Carvalho J, Amorim S, Santos MN (2011) Age and growth of the smooth
hammerhead shark, Sphyrna zygaena, in the Eastern Equatorial Atlantic Ocean, using
vertebral sections. Aquat Living Resour 24:351-357

Collette BB, Nauen CE (1983) FAO species catalogue. Vol. 2. Scombrids of the world. An
annotated and illustrated catalogue of tunas, mackerels, bonitos and related species known to

date. FAO Fisheries Synopsis 125:137



21

Croll DA, Dewar H, Dulvy NK, Fernando D, Francis MP, Galvan-Magana F, Hall M, Heinrichs
S, Marshall A, Mccauley D (2016) Vulnerabilities and fisheries impacts: the uncertain future
of manta and devil rays. Aquat Conserv 26:562-575

Croll DA, Newton KM, Weng KC, Galvan-Magana F, O’Sullivan J, Dewar H (2012) Movement
and habitat use by the spine-tail devil ray in the Eastern Pacific Ocean. Mar Ecol Prog Ser
465:193-200

Cuevas-Zimbron E, Sosa-Nishizaki O, Pérez-Jiménez JC, O’Sullivan JB (2013) An analysis of
the feasibility of using caudal vertebrae for ageing the spinetail devilray, Mobula japanica
(Miiller and Henle, 1841). Environ Biol Fish 96:907-914

Danil K, Chivers SJ (2007) Growth and reproduction of female short-beaked common dolphins,
Delphinus delphis, in the eastern tropical Pacific. Can J Zool 85:108-121

DeMartini EE, Uchiyama JH, Williams HA (2000) Sexual maturity, sex ratio, and size
composition of swordfish, Xiphias gladius, caught by the Hawaii-based pelagic longline
fishery. Fish Bull 98:489-489

Eddy C, Brill R, Bernal D (2016) Rates of at-vessel mortality and post-release survival of pelagic
sharks captured with tuna purse seines around drifting fish aggregating devices (FADs) in the
equatorial eastern Pacific Ocean. Fish Res 174:109-117

Farley JH, Clear NP, Leroy B, Davis TLO, McPherson G (2006) Age, growth and preliminary
estimates of maturity of bigeye tuna, Thunnus obesus, in the Australian region. Mar
Freshwater Res 57:713-724

Fernandez-Carvalho J, Coelho R, Erzini K, Santos MN (2011) Age and growth of the bigeye
thresher shark, Alopias superciliosus, from the pelagic longline fisheries in the tropical
northeastern Atlantic Ocean, determined by vertebral band counts. Aquat Living Resour

24:359-368



22

Fitchett MD (2015) Growth, mortality, and availability of eastern Pacific sailfish. PhD,
University of Miami, Coral Gables, FL

Francis M, Griggs L, Maolagain C (2004) Growth rate, age at maturity, longevity and natural
mortality rate of moonfish (Lampris guttatus). NIWA Final Research Report for Ministry of
Fisheries Research Project TUN2003-01, Objective 1, New Zealand

Francis MP (2016) Distribution, habitat and movement of juvenile smooth hammerhead sharks
(Sphyrna zygaena) in northern New Zealand. New Zeal J Mar Fresh Res 50:506-525

Francis MP, Griggs L, O Maolagain C (2005) Growth rate, age at maturity, longevity and natural
mortality rate of moonfish (Lampris guttatus). Final Research Report for Ministry of
Fisheries Research Project TUN2003-01

Francis MP, Jones EG (2017) Movement, depth distribution and survival of spinetail devilrays
(Mobula japanica) tagged and released from purse-seine catches in New Zealand. Aquat
Conserv 27:219-236

Froese R, Binohlan C (2000) Empirical relationships to estimate asymptotic length, length at first
maturity, and length at maximum yield per recruit in fishes, with a simple method to evaluate
length frequency data. J Fish Biol 56:758-773

Froese R, Pauly DE (2017) FishBase. World Wide Web electronic publication.
www.fishbase.org, version (04/2017).

Fujinami Y, Semba Y, Okamoto H, Ohshimo S, Tanaka S (2017) Reproductive biology of the
blue shark (Prionace glauca) in the western North Pacific Ocean. Mar Freshwater Res
68:2018-2027

Furukawa S, Kawabe R, Ohshimo S, Fujioka K, Nishihara GN, Tsuda Y, Aoshima T, Kanehara
H, Nakata H (2011) Vertical movement of dolphinfish Coryphaena hippurus as recorded by

acceleration data-loggers in the northern East China Sea. Environ Biol Fish 92:89-99



23

Gihr M, Pilleri G (1979) Interspecific body length-body weight ration and body weight-brain
weight ratio in Cetacea. Investig Ceteacea 10:245-253

Goicochea C, Mostacero J, Moquillaza P (2012) Age and growth of Coryphaena hippurus
(Linnaeus) in the northern Peruvian Sea, February 2010. Inf Inst Mar Pera 39:34-36

Goodyear CP, Luo J, Prince ED, Hoolihan JP, Snodgrass D, Orbesen ES, Serafy JE (2008)
Vertical habitat use of Atlantic blue marlin Makaira nigricans: interaction with pelagic
longline gear. Mar Ecol Prog Ser 365:233-245

Grande M, Murua H, Zudaire I, Goni N, Bodin N (2014) Reproductive timing and reproductive
capacity of the skipjack tuna (Katsuwonus pelamis) in the western Indian Ocean. Fish Res
156:14-22

Guzman HM, Diaz-Ferguson E, Vega AJ, Robles YA (2015) Assessment of the dolphinfish
Coryphaena hippurus (Perciformes: Coryphaenidae) fishery in Pacific Panama. Rev Biol
Trop 63:705-716

Hall MA (1998) An ecological view of the tuna-dolphin problem: impacts and trade-offs. Rev
Fish Biol Fish 8:1-34

Hawn DR, Collette BB (2012) What are the maximum size and live body coloration of opah
(Teleostei: Lampridae: Lampris species)? Ichthyol Res 59:272-275

Hernandez H, A., Ramirez RN (1998) Spawning seasonality and length at maturity of sailfish
(Istiophorus plaotypterus) off the Pacific coast of Mexico. Bull Mar Sci 63:459-468

Hinton MG (2009) Assessment of striped marlin in the eastern Pacific Ocean in 2008 and outlook
for the future. 10th Stock Assessment Review Meeting of the IATTC, 12-15 May 2009, La

Jolla, California Document SARM-10-08



24

Hinton MG, Maunder MN (2011) Status of swordfish in the Eastern Pacific Ocean in 2010 and
outlook for the future 2nd Meeting of the Scientific Advisory Committee of the IATTC, 9-12
May 2011, La Jolla, California Document SAC-02-09

Hoenig JM (1983) Empirical use of longevity data to estimate mortality rates. Fish Bull 81:898-
903

Hoolihan JP, Luo J, Goodyear CP, Orbesen ES, Prince ED (2011) Vertical habitat use of sailfish
(Istiophorus platypterus) in the Atlantic and eastern Pacific, derived from pop-up satellite
archival tag data. Fish Oceanogr 20:192-205

Hutchinson M (2016) Assessing shark bycatch condition and the effects of discard practices in
the Hawaii permitted tuna longline fishery. 12th Regular Session of the Scientific Committee
of the Western and Central Pacific Fisheries Commission, 3-11 August 2016, Bali, Indonesia
Document WCPFC-SC12-2016/EB-WP-07-Rev 1

Hutchinson MR, Itano DG, Muir JA, Holland KN (2015) Post-release survival of juvenile silky
sharks captured in a tropical tuna purse seine fishery. Mar Ecol Prog Ser 521:143-154

Inter-American Tropical Tuna Commission (IATTC) (2019) Scientific Observer Database of the
Inter-American Tropical Tuna Commission. Unpublished length-frequency data, accessed 28
May 2019, Inter-American Tropical Tuna Commission, La Jolla, CA

International Scientific Committee for Tuna and Tuna-Like Species in the North Pacific Ocean
(ISC) (2016) Stock assessment Update for Blue Marlin (Makaira nigricans) in the Pacific
Ocean through 2014. 16th Meeting of the International Scientific Committee on Tuna and
Tuna-like Species in the North Pacific Ocean (ISC), 13-18 July 2016, Sapporo, Hokkaido,
Japan

International Scientific Committee for Tuna and Tuna-Like Species in the North Pacific Ocean

(ISC) (2017a) Stock assessment and future projections of blue shark in the north Pacific



25

Ocean through 2015. 17th Meeting of the International Scientific Committee on Tuna and
Tuna-like Species in the North Pacific Ocean (ISC), 12-17 July, 2017, Vancouver, Canada

International Scientific Committee for Tuna and Tuna-Like Species in the North Pacific Ocean
(ISC) (2017b) Stock assessment of albacore tuna in the north Pacific Ocean in 2017. 17th
Meeting of the International Scientific Committee on Tuna and Tuna-like Species in the
North Pacific Ocean (ISC), 12-17 July, 2017, Vancouver, Canada

Jefferson TA, Leatherwood S, Webber MA (1993) FAO species identification guide. Marine
mammals of the world. FAO, Rome

Jensen AL (1996) Beverton and Holt life history invariants result from optimal trade-off of
reproduction and survival. Can J Fish Aquat Sci 53:820-822

Jones TT, Hastings MD, Bostrom BL, Pauly D, Jones DR (2011) Growth of captive leatherback
turtles, Dermochelys coriacea, with inferences on growth in the wild: Implications for
population decline and recovery. J Exp Mar Bio Ecol 399:84-92

Keller HR, Kerstetter DW (2014) Length—length and length—weight relationships of oilfish
(Ruvettus pretiosus), escolar (Lepidocybium flavobrunneum), snake mackerel (Gempylus
serpens), and longnose lancetfish (Alepisaurus ferox) from the Gulf of Mexico and the
western North Atlantic Ocean. J Appl Ichthyol 30:241-243

Kerstetter DW, Rice PH, Prince ED (2008) Behavior of an escolar Lepidocybium flavobrunneum
in the windward passage as determined by popup satellite archival tagging. Gulf Caribb Res
20:97-102

Kopf RK, Davie PS, Bromhead D, Pepperell JG (2011) Age and growth of striped marlin
(Kajikia audax) in the Southwest Pacific Ocean. ICES J Mar Sci 68:1884-1895

Kopf RK, Davie PS, Bromhead DB, Young JW (2012) Reproductive biology and spatiotemporal

patterns of spawning in striped marlin Kajikia audax. J Fish Biol 81:1834-1858



26

Kopf RK, Davie PS, Holdsworth JC (2005) Size trend and population characteristics of striped
marlin, Tetrapturus audax, caught in the New Zealand recreational fishery. New Zeal ] Mar
Fresh Res 39:1145-1156

Lasso J, Zapata L (1999) Fisheries and biology of Coryphaena hippurus (Pisces: Coryphaenidae)
in the Pacific coast of Colombia and Panama. Sci Mar 63:387-399

Lee H-H, Chang Y-J (2013) Age-structure natural mortality for Pacific blue marlin based on
meta-analysis and an ad hoc mortality model. Working paper submitted to the ISC Billfish
Working Group Meeting, 16-23 January, Honolulu, Hawaii

Liu K-M, Chiang P-J, Chen C-T (1998) Age and growth estimates of the bigeye thresher shark,
Alopias superciliosus, in northeastern Taiwan waters. Fish Bull 96:482-491

Mirquez MR (1990) FAO species catalogue. Vol. 11. Sea turtles of the world. An annotated and
illustrated catalogue of sea turtle species known to date. FAO Fisheries Synopsis 125:81

Maunder MN (2012) Status of skipjack tuna in the Eastern Pacific Ocean in 2011. 3rd Meeting of
the Scientific Advisory Committee of the IATTC, 15-18 May 2012, La Jolla, California
Document SAC-03-07a

Minte-Vera CV, Aires-da-Silva A, Maunder MN (2015) Status of yellowfin tuna in the Eastern
Pacific Ocean in 2015 and outlook for the future. 7th Meeting of the Scientific Advisory
Committee of the IATTC, 9-13 May 2015, La Jolla, California Document SAC-07-05b

Minte-Vera CV, Aires-da-Silva A, Maunder MN (2017) Status of yellowfin tuna in the Eastern
Pacific Ocean in 2016 and outlook for the future. 8th Meeting of the Scientific Advisory
Committee of the IATTC, 8-12 May 2017, La Jolla, California Document SAC-08-04b

Mollet HF, Ezcurra JM, O'sullivan JB (2002) Captive biology of the pelagic stingray, Dasyatis

violacea (Bonaparte, 1832). Mar Freshwater Res 53:531-541



27

Motta FS, Caltabellotta FP, Namora RC, Gadig OBF (2014) Length-weight relationships of
sharks caught by artisanal fisheries from southeastern Brazil. J Appl Ichthyol 30:239-240
Musyl MK, Brill RW, Boggs CH, Curran DS, Kazama TK, Seki MP (2003) Vertical movements
of bigeye tuna (Thunnus obesus) associated with islands, buoys, and seamounts near the main
Hawaiian Islands from archival tagging data. Fish Oceanogr 12:152-169

Musyl MK, Brill RW, Curran DS, Fragoso NM, McNaughton LM, Nielsen A, Kikkawa BS,
Moyes CD (2011) Postrelease survival, vertical and horizontal movements, and thermal
habitats of five species of pelagic sharks in the central Pacific Ocean. Fish Bull 109:341-368

Nakamura EL, Uchiyama JH (1966) Length-weight relations of Pacific tunas. In: Manar TA (ed)
Proceedings, Governor's Conference on Central Pacific Fishery Resources, Honolulu,
Hawaii, p 197-201

Nakamura I, Parin NV (1993) FAO Species Catalogue. Vol. 15. Snake mackerels and
cutlassfishes of the world (families Gempylidae and Trichiuridae). An annotated and
illustrated catalogue of the snake mackerels, snoeks, escolars, gemfishes, sackfishes, domine,
oilfish, cutlassfishes,. scabbardfishes, hairtails, and frostfishes known to date. FAO Fisheries
Synopsis 125:136

Nakano H (1994) Age, reproduction and migration of blue shark (Prionace glauca) in the north
Pacific Ocean. Bull Nat Res Inst Far Seas Fish 31:141-256

Neer JA (2008) The biology and ecology of the pelagic stingray, Pteroplatytrygon violacea
(Bonaparte, 1832). In: Camhi MD, Pikitch EK, Babcoc EA (eds) In Sharks of the Open
Ocean: Biology, Fisheries and Conservation, Blackwell Publishing, Oxford, p 152-159

Norris KS (1961) Standardized methods for measuring and recording data on the smaller

cetaceans. ] Mammal 42:471-476



28

Notarbartolo-di-Sciara G (1988) Natural history of the rays of the genus Mobula in the Gulf of
California. Fish Bull 86:45-66

Oshitani S, Nakano H, Tanaka SHO (2003) Age and growth of the silky shark Carcharhinus
falciformis from the Pacific Ocean. Fisheries Sci 69:456-464

Patrick WS, Spencer P, Link J, Cope J, Field J, Kobayashi D, Lawson P, Gedamke T, Cortes E,
Ormseth O (2010) Using productivity and susceptibility indices to assess the vulnerability of
United States fish stocks to overfishing. Fish Bull 108:305-322

Pauly D (1980) On the interrelationships between natural mortality, growth parameters, and mean
environmental temperature in 175 fish stocks. J Cons Int Explor Mer 39:175-192

Perrin WF, Coe JM, Zweifel JR (1976) Growth and reproduction of the spotted porpoise, Stenella
attenuata, in the offshore eastern tropical Pacific. Fish Bull 74:229-269

Poisson F, Filmalter JD, Vernet A-L, Dagorn L (2014) Mortality rate of silky sharks
(Carcharhinus falciformis) caught in the tropical tuna purse seine fishery in the Indian
Ocean. Can J Fish Aquat Sci 71:795-798

Polovina JJ, Hawn D, Abecassis M (2008) Vertical movement and habitat of opah (Lampris
guttatus) in the central North Pacific recorded with pop-up archival tags. Mar Biol 153:257-
267

Pratt HL, Casey JG (1983) Age and growth of the shortfin mako, Isurus oxyrinchus, using four
methods. Can J Fish Aquat Sci 40:1944-1957

Reina RD, Mayor PA, Spotila JR, Piedra R, Paladino FV (2002) Nesting ecology of the
leatherback turtle, Dermochelys coriacea, at Parque Nacional Marino las Baulas, Costa Rica:

1988-1989 to 1999-2000. Copeia 2002:653-664



29

Ribeiro-Prado CC, Amorim AF (2008) Fishery biology on pelagic stingray Pteroplatytrygon
violacea caught off southern Brazil by longliners settled in Sao Paulo State (2006-2007).
Collect Vol Sci Pap ICCAT 62:1883-1891

Rice J, Harley S (2012) Stock assessment of oceanic whitetip sharks in the western and central
Pacific Ocean. 8th Regular Session of the Scientific Committee of the Western and Central
Pacific Fisheries Commission, 7-15 August 2012, Busan, Republic of Korea Document
WCPFC-SC8-2012/SA-WP-06 Revl

Schaefer KM (1998) Reproductive biology of yellowfin tuna (Thunnus albacares) in the eastern
Pacific Ocean. Inter-Am Trop Tuna Comm Bull 21:201-272

Schaefer KM, Fuller DW (2007) Vertical movement patterns of skipjack tuna (Katsuwonus
pelamis) in the eastern equatorial Pacific Ocean, as revealed with archival tags. Fish Bull
105:379-389

Schaefer KM, Fuller DW (2010) Vertical movements, behavior, and habitat of bigeye tuna
(Thunnus obesus) in the equatorial eastern Pacific Ocean, ascertained from archival tag data.
Mar Biol 157:2625-2642

Schaefer KM, Fuller DW, Block BA (2007) Movements, behavior, and habitat utilization of
yellowfin tuna (Thunnus albacares) in the northeastern Pacific Ocean, ascertained through
archival tag data. Mar Biol 152:503-525

Schaefer KM, Fuller DW, Miyabe N (2005) Reproductive biology of bigeye tuna (Thunnus
obesus) in the eastern and central Pacific Ocean. Inter-Am Trop Tuna Comm Bull 23:1-32

Scott MD, Chivers SJ (2009) Movements and diving behavior of pelagic spotted dolphins. Mar
Mam Sci 25:137-160

Seki T, Taniuchi T, Nakano H, Shimizu M (1998) Age, growth and reproduction of the oceanic

whitetip shark from the Pacific Ocean. Fisheries Sci 64:14-20



30

Semba Y, Aoki I, Yokawa K (2011) Size at maturity and reproductive traits of shortfin mako,
Isurus oxyrinchus, in the western and central North Pacific. Mar Freshwater Res 62:20-29

Sepulveda CA, Aalbers SA, Ortega-Garcia S, Wegner NC, Bernal D (2011) Depth distribution
and temperature preferences of wahoo (Acanthocybium solandri) off Baja California Sur,
Mexico. Mar Biol 158:917-926

Shillinger GL, Swithenbank AM, Bailey H, Bograd SJ, Castelton MR, Wallace BP, Spotila JR,
Paladino FV, Piedra R, Block BA (2011) Vertical and horizontal habitat preferences of post-
nesting leatherback turtles in the South Pacific Ocean. Mar Ecol Prog Ser 422:275-289

Smith SE, Au DW, Show C (1998) Intrinsic rebound potentials of 26 species of Pacific sharks.
Mar Freshwater Res 49:663-678

Su N-J, Sun C-L, Tai C-Y, Yeh S-Z (2016) Length-based estimates of growth and natural
mortality for blue marlin (Makaira nigricans) in the northwest Pacific Ocean. J Mar Sci
Technol 24:370-378

Sun C-L, Chang Y-J, Tszeng C-C, Yeh S-Z, Su N-J (2009) Reproductive biology of blue marlin
(Makaira nigricans) in the western Pacific Ocean. Fish Bull 107:420-432

Sundberg M, Underkoffler K (2011) Size composition and length-weight data for bottomfish and
pelagic species sampled at the United Fishing Agency Fish Auction in Honolulu, Hawaii
from October 2007 to December 2009. NOAA Pacific Islands Fisheries Science Center
Administrative Report H-11-04

Swimmer Y, Arauz R, McCracken M, McNaughton L, Ballestero J, Musyl M, Bigelow K, Brill
RW (2006) Diving behavior and delayed mortality of olive ridley sea turtles Lepidochelys
olivacea after their release from longline fishing gear. Mar Ecol Prog Ser 323:253-261

Swimmer Y, Gutierrez A, Bigelow K, Barceld C, Schroeder B, Keene K, Shattenkirk K, Foster

DG (2017) Sea turtle bycatch mitigation in US longline fisheries. Front Mar Sci 4:¢260



31

Then AY, Hoenig JM, Hall NG, Hewitt DA (2015) Evaluating the predictive performance of
empirical estimators of natural mortality rate using information on over 200 fish species.
ICES J Mar Sci 72:82-92

Uchiyama JM, Struhsaker P (1981) Age and growth of skipjack tuna, Katsuwonus pelamis, and
yellowfin tuna Thunnus albacares, as indicated by daily growth increments of sagittae. Fish
Bull 79:151-162

Wares PG, Sakagawa GT (1972) Some morphometrics of billfishes from the eastern Pacific
Ocean. . International Billfish Symposium, Kailua-Kona, Hawaii, USA, NOAA Tech Rpt
NMFS/SSRF-675: 107-125

Watanabe K, Uosaki K, Kokubo T, Crone PR, Coan AL, Hsu CC (2006) Revised practical
solutions of application issues of length-weight relationship for the North Pacific albacore
with respect to stock assessment. 6th Meeting of the International Scientific committee on
Tuna and Tuna-like Species in the North Pacific Ocean (ISC), 28 Nov-5 Dec, 2006
Document ISC/06/ALBWG/14

Wells RID, Kohin S, Teo SLH, Snodgrass OE, Uosaki K (2013) Age and growth of North Pacific
albacore (Thunnus alalunga): Implications for stock assessment. Fish Res 147:55-62

White WT, Giles J, Potter IC (2006) Data on the bycatch fishery and reproductive biology of
mobulid rays (Myliobatiformes) in Indonesia. Fish Res 82:65-73

Whiting SD, Long JL, Hadden KM, Lauder ADK, Koch AU (2007) Insights into size, seasonality
and biology of a nesting population of the Olive Ridley turtle in northern Australia. Wildlife
Res 34:200-210

Wild A (1986) Growth of yellowfin tuna, Thunnus albacares, in the eastern Pacific Ocean based

on otolith increments. Inter-Am Trop Tuna Comm Bull 18:421-482



32

Williams AJ, Allain V, Nicol SJ, Evans KJ, Hoyle SD, Dupoux C, Vourey E, Dubosc J (2015)
Vertical behavior and diet of albacore tuna (Thunnus alalunga) vary with latitude in the
South Pacific Ocean. Deep Sea Res Part II Top Stud Oceanogr 113:154-169

Wilson PC, Beckett JS (1970) Atlantic Ocean distribution of the pelagic stingray, Dasyatis
violacea. Copeia 1970:696-707

Yokoi H, Fujinami Y, Semba Y (2017) Brief summary of biological parameters for the stock
assessment of blue shark (Prionace glauca) in the North Pacific Working document
submitted to the ISC Shark Working Group Workshop, 17-24 March 2017, La Jolla,
California USA Document ISC/17/SHARKWG-1/03

Zischke MT, Farley JH, Griffiths SP, Tibbetts IR (2013a) Reproductive biology of wahoo,
Acanthocybium solandri, off eastern Australia. Rev Fish Biol Fish 23:491-506

Zischke MT, Griffiths SP, Tibbetts IR (2013b) Rapid growth of wahoo (Acanthocybium solandri)
in the Coral Sea, based on length-at-age estimates using annual and daily increments on
sagittal otoliths. ICES J Mar Sci 70:1128-1139

Zug GR, Chaloupka M, Balazs GH (2006) Age and growth in olive ridley seaturtles
(Lepidochelys olivacea) from the North[Icentral Pacific: a skeletochronological analysis. Mar
Ecol 27:263-270

Zuiiga-Flores MS, Ortega-Garcia S, Rodriguez-Jaramillo MDC, Lopez-Martinez J (2011)
Reproductive dynamics of the common dolphinfish Coryphaena hippurus in the southern

Gulf of California. Mar Biol Res 7:677-689



