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ABSTRACT 

 

Bycatch in commercial pelagic longline fisheries is a prominent driver of seabird declines 

globally. A range of different seabird bycatch mitigation methods exist that can address this 

challenge to marine biodiversity. However, to date, comparing the relative effectiveness of 

different bycatch mitigation methods has been challenged by the context-specificity of 

experimental trials and large-scale studies using observer data.  

 

Here, we build on a recent statistical development that leverages the context-specificity of 

bycatch mitigation studies, rather than being limited by it. We calculated relative Standardised 

Interaction Rates (rSIR) per mitigation method under either WCPFC CMM 2018-03 

specifications (separated between Hemispheres when appropriate) or current ACAP best 

practice. Specifically, we calculated rSIR for 44 bycatch mitigation studies that met our meta-

analyses criteria within a Bayesian modelling framework. This allowed us to account for 

sample sizes of different studies, while generating adequate levels of uncertainty.  

 

Our results provide an intuitive 0-1 metric (1 = worst performing) that enables the evaluation 

of the relative performance of different mitigation methods. Our analyses highlight the poor 

performance of I) blue-dyed bait, II) weighted branch lines under CMM 2018-03 specifications 
(contrasting with high performance of weighted branch lines under ACAP best practice 

specifications), and III) tori lines as per CMM 2018-03 Northern Hemisphere specifications.  

 

Our approach allows for upscaling to assess the performance of combinations of different 

bycatch mitigation methods and highlights the significant increase in bycatch mitigation 

performance that can be achieved by adopting ACAP best practice.  

 

The evidence presented indicates that ACAP best practice reduces seabird bycatch more 

effectively than the current minimum requirements in CMM 2018-03. Adopting ACAP best 

practice in the WCPFC Convention Area could result in bycatch mitigation performance 

improvements of 61% for the area south of 30°S, 81% for the area 25°-30°S, and 73% for the 

area north of 23°N (as measured in relative standardised interaction rates).  

 

It is recommended that WCPFC SC20: 

 

• Notes the analysis of the performance of seabird mitigation methods for commercial 

pelagic longline fisheries using relative standardised interaction rates, which 

demonstrated the poor performance of some seabird mitigation methods (e.g., blue-

dyed bait) and the need to improve specifications of other seabird mitigation methods 

(e.g., current branch line weighting and Northern Hemisphere tori line specifications).  

• Notes the ranking of individual seabird bycatch mitigation methods under ACAP best 

practice specifications, from best to worst performing (based on relative standardised 

interaction rates): 1) hook-shielding devices, 2) weighted branch lines, 3) night setting, 

and 4) tori lines, and notes the ranking of combinations of two out of three Southern 

Hemisphere mitigation methods: 1) weighted branch lines with tori lines, 2) weighted 

branch lines with night setting, and 3) tori lines with night setting. 

• Notes that this analysis shows that the use of ACAP best practice could improve the 

performance of seabird bycatch mitigation methods by 61% for the area South of 30°S, 

81% for the area between 25°S and 30°S, and 73% for the area North of 23°N.  

  



3 
 

INTRODUCTION 

 

Seabird bycatch, including in commercial pelagic longline fisheries (hereafter pelagic longline 

fisheries), is a primary driver of seabird declines and a challenge to ensure the sustainability of 

the industry. To address this global challenge, a wide range of bycatch mitigation methods have 

been developed specifically for pelagic longlines to prevent birds from becoming hooked, or 

entangled, and subsequently drown. Such mitigation methods include (see Pierre 2023 for a 

comprehensive review): 

 

I) Setting hooks at night, when birds are less active,  

II) Weighting branch lines, so hooks sink quicker out of the range in which they are 

accessible to diving seabirds,  

III) Tori lines, which scare birds away from accessing sinking hooks,  

IV) Hook-shielding devices, which shield the barb of the hook until a certain depth is reached, 

and 

V) Underwater bait setters, which set hooks under water and out of range of most seabirds.  

 

Each of these methods have been developed through a range of experimental trials around the 

globe to: 

 

I) Assess their effectiveness in terms of reducing seabird bycatch to the lowest achievable 

levels,  

II) Assess the impacts on target catch,  

III) Assess the impacts on bycatch of other non-target species (e.g., sea turtles),  

IV) Evaluate the practicability of their implementation, and  

V) Establish clear specifications and minimum performance standards.  

 

Only once adequate performance has been confirmed under these criteria, can a method be 

considered for ACAP best practice advice (ACAP 2023). While this has resulted in clear and 

defensible best practice advice, the direct comparisons of effectiveness between different 

methods and different combinations of methods has remained elusive. 

 

Comparing different trials and studies of various bycatch mitigation methods has long been 

challenging, particularly because of the context-specificity of individual studies. Studies or 

trials are often subject to local confounding factors, such as weather, sea state, seabird 

abundance, seabird species composition, fishing practices, latitude etc, even when studies are 

large-scale (e.g., Jiminez et al. 2020, Gilman et al. 2016). While individual studies often go 

through great lengths to account for these factors, and can do so successfully (e.g., Gilman et 

al. 2023), these confounding factors result in challenges of evaluating the effectiveness of 

seabird bycatch mitigation methods across studies. Thus, even using standardised metrics like 

bycatch per unit effort (BPUE), usually per 1,000 hooks, have not resulted in a commonly 

accepted performance metric (e.g., Ochi 2023). A clear, accessible, and easily interpretable 

metric to quantity the direct, or relative, effectiveness of different bycatch mitigation methods 

and combinations thereof across studies has thus remained a challenging construct.  
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To facilitate meaningful assessments when reviewing seabird bycatch mitigation policies, 

however, particularly when these cover large sections of ocean, a clear and accessible metric 

of effectiveness would be required. This is exemplified by the current review of the WCPFC 

Conservation and Management Measure to mitigate the impact of fishing for highly migratory 

fish stocks on seabirds (CMM 2018-03; WCPFC 2018), which covers the entire Western and 

Central Pacific Ocean (WCPO), a section of ocean that is characterised by differing seabird 

communities, among a range of other key differing factors. Central to this review is a 

comparison of bycatch mitigation methods and their specifications listed under CMM 2018-03 

and those listed under ACAP best practice (ACAP 2023).  

 

To overcome the challenge of a missing performance metric for seabird bycatch mitigation 

methods and facilitate a meaningful review of CMM-2018-03, we here build on a recent 

statistical development (Bell et al. 2024), which exploits the context-specificity of different 

trials and studies, rather than being limited by them, and generates a relatively simple, clear, 

and easy-to-interpret relative performance metric ranging from between 0 and 1.  

 

Specifically, we here: 

 

I) Complete a meta-analysis and document the development of relative standardized 

interaction rates (rSIR) as a performance metric suitable to evaluate the relative 

effectiveness of different mitigation methods and their specifications across studies and,  

II) Estimate rSIR within a Bayesian framework for each of the relevant bycatch mitigation 

methods, specifications, and combinations thereof under either WCPFC CMM 2018-03 

or ACAP best practice. 

 

METHODS 

 

Selection of relevant and suitable seabird bycatch mitigation studies 

To identify studies suitable to evaluate the relative performance of different seabird bycatch 

mitigation methods for pelagic longlines under either current ACAP best practice specifications 

(ACAP 2023) or the specifications as per WCPFC CMM 2018-03 (for both the Southern and 

the Northern Hemisphere; WCPFC 2018), we first conducted a structured literature review. 

We went through considerable lengths to reduce influences of publication biases on our 

analyses as much as possible. Specifically, we compiled all papers listed in the independent 

review conducted by Pierre (2023). Additionally, we reviewed all papers on seabird bycatch 

mitigation methods submitted to WCPFC SC since its inception, and if any additional studies 

were identified, these were added to our compilation of papers. Then, we conducted a standard 

scientific literature search using Google Scholar. As a final step, we compiled all the 

information in a SharePoint folder3, which we shared with all those who had signalled interest 

in the review of CMM 2018-03, and invited all interested parties to share any additional work 

that was not yet included both in writing and during the two informal intersessional meetings 

(February and May 2024).  

  

 
3 Access to this SharePoint folder can be requested by contacting Johannes Fischer via jfischer@doc.govt.nz  

mailto:jfischer@doc.govt.nz
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Following the compilation of relevant papers, we then retained those in which: 

 

I) The study evaluated the performance of bycatch mitigation methods through comparison 

and included at least two treatments, so that relative performance (including comparisons 

to no mitigation) could be assessed, 

II) Specifications of bycatch mitigation methods were adequately detailed and followed 

either current ACAP best practice (ACAP 2023) and/or WCPFC CMM 2018-03 (for the 

Southern and/or Northern Hemisphere; WCPFC 2018),  

III) Reported interaction rates allowed for standardization (e.g., reported 

bycatch/contact/attack rates per unit effort, usually per 1,000 hooks), and 

IV) Sample sizes of each treatment were reported in a standardised fashion (i.e., 1,000s of 

hooks) so that studies could be weighted accordingly.  

 

Following these steps, we identified 44 relevant and suitable papers, which are listed in 

Supplementary Material 1. As a final step, we cross-referenced these papers with those used 

by Bell et al. (2024) to ensure that no papers had been missed. Our compiled papers included 

both papers documenting experimental studies (n = 35) as well as papers that 

summarized/analysed observed fishing effort during standard fishing practices (n = 9). Jointly, 

these papers cover 84.1 million pelagic longline hooks and the seabird interactions recorded 

with these across all major ocean basins on planet Earth. 

 

Estimation of relative standardized interaction rates 

We estimated relative Standardized Interaction Rates (rSIR) for each seabird bycatch 

mitigation treatment in the studies described in the retained papers following the methodology 

developed by Bell et al. (2024), but we expanded upon this approach by estimating rSIR within 

a Bayesian framework to account for the influence of different sample sizes among studies and 

propagate uncertainty surrounding the estimates. Specifically, we first standardized the 

reported interaction rates per unit effort (IPUE) for each bycatch mitigation treatment as 

follows: 

 

1) 𝑟𝑆𝐼𝑅𝑖,𝑗 =
𝐼𝑃𝑈𝐸𝑖𝑗

𝑚𝑎𝑥𝑖(𝐼𝑃𝑈𝐸𝑗)
, 

 

in which, 𝐼𝑃𝑈𝐸𝑖𝑗 refers to the interaction rate per unit effort (bycatch/contact/attack rate, 

usually per 1,000 hooks) per mitigation method i per study/trial j. If a paper reported adequately 

on several studies/trials that differed considerably on spatial (i.e., in different ocean basins, 

e.g., Sullivan et al. 2017) or that employed different fishing approaches (e.g., tuna and 

swordfish gear; Gilman et al. 2003, 2007), these studies/trials were considered separately. 

Through this approach, the treatment (bycatch mitigation method) with the highest reported 

IPUE per study received an rSIR of 1, and each other treatment in the same study was scaled 

according to this. It should also be noted that due to this standardisation approach, the 

relationship between rSIR and IPUE was not linear (see Supplementary Material 2), as the 

standardisation process introduces an upper limit to rSIR, while IPUE can technically range 

from 0 to infinity.  
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However, still, in short, the better a bycatch mitigation method performed comparatively, the 

closer to 0 its rSIR value was, and the poorer a bycatch mitigation method performed, the closer 

to 1 its rSIR value was. Our approach, following Bell et al. (2024), thus leveraged the context-

specificity of individual bycatch mitigation studies, rather than being limited by it, and allowed 

for subsequent evaluation of relative performance of different methods and specifications 

across studies.  

 

We fitted a series of GLMs and stochastic nodes to the collated data to estimate rSIR per 

bycatch mitigation method under ACAP best practice (ACAP 2023) or WCPFC CMM 2018-

03 specifications (WCPFC 2018) as following:  

 

2) 𝐿𝑜𝑔𝑖𝑡(𝑟𝑆𝐼𝑅𝑖,𝑠) = 𝛼𝑖 + 𝜃𝑖,𝑠
𝛽

× 𝑠𝑝𝑒𝑐𝑖,𝑗, 

3) (𝑟𝑆𝐼𝑅𝑖,𝑗 × 𝑛ℎ𝑜𝑜𝑘𝑠𝑖,𝑗
) ~ 𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑟𝑆𝐼𝑅𝑖,𝑠, 𝑛ℎ𝑜𝑜𝑘𝑠𝑖,𝑗

), 

 

in which 𝑟𝑆𝐼𝑅𝑖,𝑠 is the relative Standardized Interaction Rate per bycatch mitigation method i 

with specifications s, 𝛼𝑖 is the intercept, 𝜃𝑖,𝑠
𝛽

 is a vector of coefficients for the fixed effects of 

mitigation method i with specifications s, 𝑠𝑝𝑒𝑐𝑖,𝑗 is the design matrix of the relevant 

specifications of mitigation method i in study j, and 𝑛ℎ𝑜𝑜𝑘𝑠𝑖,𝑗
 is the sample size per mitigation 

method i in study j (but to ensure that single studies did not dominate estimates, we restricted 

the maximum value to 500,000 hooks). Preliminary attempts to extend this modelling approach 

with random effects (e.g., for different data types) resulted in non-convergence, potentially due 

to overfitting issues, and thus we retained a GLM approach. In addition, our analyses were not 

informative (i.e., credible intervals 0-1) for bycatch mitigation methods evaluated by single 

studies, and thus we excluded the only suitable study evaluating underwater bait setters 

(Robertson et al. 2018) and the only suitable study evaluating line shooters (Lokkeborg 2003). 

Despite these minor shortcomings, this extension of the Bell et al. (2024) approach allowed us 

to account specifically for different sample sizes (e.g., hundreds of hooks; e.g., Cocking et al. 

2008; vs. tens of millions of hooks; e.g., Jimenez et al. 2020) and thus the potential different 

levels of confidence in the presented evidence, while also generating uncertainty as appropriate 

around the rSIR estimates.  

 

To extend these rSIR estimates for individual mitigation methods to the combinations of 

mitigation methods (with either ACAP best practice or WCPFC CMM 2018-03 

Southern/Northern Hemisphere specifications), we calculated the product of the relevant 

𝑟𝑆𝐼𝑅𝑖,𝑠 estimates sensu Bell et al. (2024). This step was required as there was not a sufficiently 

large enough sample size of studies/trials evaluating each combination of mitigation methods 

with varying specifications (e.g., see Pierre 2023). Following the estimation rSIR for individual 

mitigation methods and combinations thereof, we calculated the relative gains that could be 

achieved when changing WCPFC CMM 2018-03 Southern/Northern Hemisphere 

specifications to ACAP best practice specifications. For this, and in the face of uncertainty, we 

also calculated the probability of one bycatch mitigation method with a certain set of 

specifications, or combination thereof, outperforming the other, and considered a probability 

of P < 0.05 significant.  

 

To fully quantify the relative differences in bycatch mitigation performance between ACAP 

best practice and the status quo in the WCPFC Convention Area, we calculated the mean rSIR 

for minimum requirements under WCPFC CMM 2018 for the areas south of 30°S, 25°-30°S, 

and north of 23°N, and ACAP best practice. To assess if our rSIR estimates truly provided 

guidance for the best choice of bycatch mitigation options even in the face of uncertainty, we 
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generated cumulative density functions of each rSIR estimate and assessed stochastic 

dominance following Canessa et al. (2016). In short, if cumulative density functions do not 

cross, first order stochastic dominance exists, and the specifications with the lower rSIR 

estimate is indeed the better performing, and therefore, the logical choice over the other 

specifications, despite existing uncertainty. If first order stochastic dominance was confirmed, 

we calculated the relative improvements in bycatch mitigation methods that could be achieved 

in the WCPFC Convention Area per different relevant latitudinal bands.  

 

We fitted our models within the Bayesian modelling programme OpenBUGS (Spiegelhalter et 

al. 2014). Specifically, we used vague priors only (N[0, 0.01]) and fitted models using two 

MCMC chains of 100,000 iterations following a burn-in of 50,000 iterations. We assessed 

convergence by evaluating trace plots visually and by confirming that �̂�<1.05. We report our 

estimates as medians with 95% credible intervals (CIs) unless otherwise stated. 

 

RESULTS 

 

Estimates of relative standardised interaction rates (rSIR) for mitigation methods and 

combinations thereof for both the Southern and Northern Hemispheres under either ACAP best 

practice specifications or WCPFC CMM 2018-03 specifications can be found in Fig. 1. rSIR 

for no mitigation use was estimated at 0.894 (0.859-0.923), as in some cases, other mitigation 

methods (particularly blue-dyed bait) performed worse than no mitigation. The rSIR estimate 

for no mitigation equates to a mean interaction rate (IPUE) per 1,000 hooks of 3.143 (and a 

mean bycatch per unit effort (BPUE) per 1,000 hooks of 1.339).  

 

Relative performance of Southern Hemisphere mitigation methods 

Estimates of rSIR of Southern Hemisphere bycatch mitigation methods under ACAP best 

practice specifications were as following: tori lines = 0.413 (0.330-0.499), night setting = 0.407 

(0.372-0.443), weighted branch lines = 0.275 (0.204-0.354), and hook-shielding devices = 

0.086 (0.009-0.295). While informative values of rSIR for underwater bait setters could not be 

estimated using Equation 2 & 3, the raw rSIR value for underwater bait setters was 0.138. rSIR 

estimates of Southern Hemisphere mitigation methods following WCFCP CMM 2018-03 

specifications were the same as ACAP best practice specifications for tori lines and night 

setting, while for weighted branch lines rSIR = 0.574 (0.522-0.625) and hook-shielding devices 

rSIR = 0.039 (0.001-0.228).  

 

The adoption of ACAP best practice specifications in WCPFC in the Southern Hemisphere 

could result in an average relative improvement of 18% (11-25%) for single bycatch mitigation 

methods, which is predominantly driven by improvements in weighted branch line 

specifications (relative improvements of 52%; 43-61%). However, adopting ACAP 

specifications for hook-shielding devices could result in a reduction of relative performance of 

124% (-789-30%) as WCPFC CMM 2018-03 specifications do not allow the Smart Tuna Hook 

(Baker & Candy 2014) which reduced the performance of hook-shielding devices under ACAP 

specifications and increased uncertainty.  

 

Relative improvements that could be provided by an adoption of ACAP best practice 

specifications were also evident in the various combinations of bycatch mitigation methods 

(Table 1). Adopting ACAP best practice specifications in WCPFC in the Southern Hemisphere 

could result in an average relative improvement of 38% (33-44%) for combinations of two 

mitigation methods and 52% (47-58%) for the combination of all three mitigation methods.  
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Fig. 1. Relative effectiveness of Southern (A) and Northern (B) Hemisphere seabird bycatch mitigation methods 

under ACAP best practice or WCPFC CMM 2018-03 specifications. HSD = hook-shielding devices; WBL = 

weighted branch lines; TL = tori lines; NS = night setting, SS = side setting; BC = bird curtain; BDB = blue-dyed 

bait. Dotted lines indicate different levels of combinations of mitigation methods (including stand-alone methods). 

Symbols represent medians, 50%, and 95% CIs.  
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Table 1. Relative gains or losses in rSIR in pairwise comparisons when adopting ACAP best practice 

specifications in WCPFC in the Southern Hemisphere, for 2/3 and 3/3 combinations of bycatch mitigation 

methods, as well as stand-alone methods (i.e., hook-shielding devices). NS = night setting, TL = tori lines, WBL 

= weighted branch lines, HSD = hook-shielding devices. Italic indicates P > 0.05. 

 

  ACAP best practice 2023 

  NS+TL NS+WBL WBL+TL  WBL+TL+NS HSD 

W
C

P
F

C
 C

M
M

 2
0

1
8

-0
3

 S
H

 

NS+TL 
0%  

(0; 0%) 

33%  

(29; 38%) 

33%  

(25; 41%) 

73%  

(69; 76%) 

48%  

(-43; 93%) 

NS+WBL 
28%  

(21; 36%) 

52%  

(46; 58%) 

52%  

(41; 62%) 

80%  

(85; 76%) 

63%  

(-12; 96%) 

WBL+TL 
29%  

(28; 30%) 

53%  

(50; 56%) 

52%  

(45; 60%) 

81%  

(78; 83%) 

63%  

(-1; 95%) 

WBL+TL+NS 
-75%  

(-71; 77%) 

-16 

(-21; -10%) 

-17 

(-29; -5%) 

52%  

(47; 58%) 

10%  

(-144; 88%) 

HSD 
-335% 

(-13,080; 9%) 

-190% 

(-8,099; 36%) 

-192% 

(-7,744; 31%) 

-19%  

(-3,057; 72%) 

-124%  

(-789; -30%) 

 

Relative performance of Northern Hemisphere mitigation methods 

Estimates of rSIR of Northern Hemisphere bycatch mitigation methods following WCFCP 

CMM 2018-03 specifications were as following: weighted branch lines = 0.574 (0.522-0.625), 

blue-dyed bait = 0.546 (0.463-0.627), tori lines = 0.507 (0.339-0.614), side setting bird curtains 

and weighted branch lines = 0.414 (0.343-0.487), night setting = 0.407 (0.372-0.443), and 

hook-shielding devices = 0.039 (0.001-0.228). While informative values of rSIR for line 

shooters could not be estimated using Equation 2 & 3, the raw rSIR values for line shooters 

was 0.406.  

 

The adoption of ACAP best practice specifications in WCPFC in the Northern Hemisphere 

could result in an average relative improvement of 29% (21-35%) for single bycatch mitigation 

methods, which is predominantly driven by improvements for weighted branch line 

specifications (relative improvements of 52%; 43-61%) and for tori lines (relative 

improvements of 19%; 17-19%), as well as the removal of blue-dyed bait.  

 

Relative improvements of an adoption of ACAP best practice specifications in WCPFC in the 

Northern Hemisphere were also evident in the various combinations of bycatch mitigation 

methods (Table 2). Adopting ACAP best practice specifications in WCPFC in the Northern 

Hemisphere could result in an average relative improvement of 49% (45-53%) for 

combinations of two mitigation methods and 87% (85-89%) for the combination of three 

mitigation methods.  
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Table 2. Relative gains or losses in rSIR in pairwise comparisons when adopting ACAP best practice 

specifications in WCPFC in the Northern Hemisphere, for 2/3 and 3/3 combinations of bycatch mitigation 

methods, as well as stand-alone methods (i.e., hook-shielding devices). BDB = blue-dyed bait, NS = night setting, 

TL = tori lines, WBL = weighted branch lines, SS = side setting, BC = bird curtain, HSD = hook-shielding 

devices. Italic indicates P > 0.05. 

 

  ACAP best practice 2023 

  NS+TL NS+WBL WBL+TL  WBL+TL+NS HSD 

W
C

P
F

C
 C

M
M

 2
0

1
8

-0
3

 N
H

 

BDB+NS 
24%  

(21; 28%) 

50% 

(44; 55%) 

49% 

(40; 57%) 

79% 

(75; 83%) 

61% 

(-13; 95%) 

BDB+TL 
39%  

(36; 41%) 

59% 

(58; 60%) 

59% 

(56; 62%) 

83% 

(82; 85%) 

69% 

(16; 96%) 

BDB+WBL 
46% 

(44; 49%) 

64% 

(60; 68%) 

64% 

(68; 70%) 

85% 

(83; 88%) 

72% 

(20; 97%) 

NS+TL 
19% 

(17; 19%) 

46% 

(43; 49%) 

45% 

(39; 51%) 

78% 

(75; 80%) 

58% 

(-16; 94%) 

NS+WBL 
28% 

(21; 36%) 

52% 

(45; 60%) 

52% 

(41; 62%) 

80% 

(76; 85%) 

41% 

(-12; 96%) 

WBL+TL 
42% 

(41; 42%) 

62% 

(59; 64%) 

61% 

(57; 65%) 

84% 

(82; 86%) 

70% 

(18; 96%) 

SS+BC+WBL 
59% 

(58; 62%) 

73% 

(70; 76%) 

73% 

(68; 77%) 

89% 

(87; 91%) 

79% 

(39; 97%) 

WBL+TL+NS 
-42% 

(-46; -39%)  

5% 

(2; 9%) 

4% 

(-5; 13%) 

61% 

(57; 65%) 

27% 

(-98; 90%) 

HSD 
-335% 

(-13,080; 9%) 

-190% 

(-8,099; 36%) 

-192% 

(-7,744; 31%) 

-19%  

(-3,057; 72%) 

-124%  

(-789; -30%) 

 

Relative gains of adopting ACAP best practice in the WCPFC Convention Area 

Estimates of rSIR for the minimum requirements under WCPFC CMM 2018 for the areas south 

of 30°S, 25°-30°S, and north of 23°N, and ACAP best practice are shown in Fig. 2A (rSIR for 

ACAP best practice = 0.067 (0.026-0.171), for WCPFC >30°S = 0.172 (0.142-0.222), for 

WCPFC 25°-30°S = 0.345 (0.305-0.412), and for WCPFC >23°N = 0.251 (0.220-0.287). 

Density distributions of rSIR estimates overlapped, indicating uncertainty, but cumulative 

density functions did not cross (Fig. 2B), indicating first order stochastic dominance and thus 

provided confidence in the order of performance despite the existing uncertainty. In other 

words, ACAP best practice was truly a better choice over WCPFC CMM 2018-03 requirements 

in terms of bycatch mitigation.  

 

Changing the minimum requirements in the Southern Hemisphere under WCPFC CMM 2018-

03 south of 30°S to current ACAP best practice could result in a relative improvement in the 

performance of seabird bycatch mitigation methods of 61% (27-85%). Similarly, changing the 

minimum requirements WCPFC CMM 2018-03 25°-30°S to current ACAP best practice could 

result in a relative improvement of 81% (60-93%). Changing the minimum requirements in the 

Northern Hemisphere under WCPFC CMM 2018-03 north of 23°N to current ACAP best 
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practice could result in a relative improvement in the performance of seabird bycatch mitigation 

methods of 73% (44-90%).  

 

 

Fig. 2. Density plots (A) and cumulative density functions (B) of relative standardized interaction rates for minimum 

requirements of bycatch mitigation methods and combinations under WCPFC CMM 2018 for the areas south of 30°S, 25°-

30°S, and north of 23°N, and ACAP best practice. The density plot (A) illustrates the distribution of the MCMC iterations 

of the rSIR estimates, similar to a histogram. If cumulative density functions (B) do not cross, first order stochastic 

dominance exists, and the specifications with the lower rSIR estimate (the left most line) is indeed the better performing, 

despite uncertainty. 

 

DISCUSSION 

 

Robust, cross-cutting, quantitative evidence of the relative performance of seabird bycatch 

mitigation methods, and their combinations, has long been evasive, hindering the recognition, 

adoption, and implementation of the best-performing bycatch mitigation methods around the 

world. We here provide a solution to this long-standing challenge in the form of relative 

standardised interaction rates (rSIR) which provide a relatively simple, intuitive metric, ranging 

from 0 to 1 (in which 1 is the worst-performing). By estimating this metric in a Bayesian 

modelling framework, we improved on earlier work (Bell et al. 2024) by accounting for sample 

size differences in studies and generating adequate uncertainty, and thus providing more 

confidence in the results.  

 

Through our approach we were able to quantify the relative performance of all bycatch 

mitigation methods and their combinations, relevant to pelagic longlines in the WCPO, under 

either ACAP best practice specifications or WCPFC CMM 2018-03 Northern/Southern 

Hemisphere specifications. Our results highlight current shortcomings of the requirements 

under WCPFC CMM 2018-03 (blue-dyed bait, poor specifications of weighted branch line 

specifications, and poor Northern Hemisphere specifications of tori lines). In addition, we 

provide accessible metrics (i.e., %) of potential gains in seabird bycatch mitigation 

effectiveness if ACAP best practice were to be used rather than the minimum standards 

specified in CMM 2018-03: 61% for >30°S, 81% for 25°-30°S, and 73% for >23°N. 

Consequently, these results are of great utility and relevance to the current review of WCPFC 

CMM 2018-03. 
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Our analyses demonstrate that blue-dyed bait is an ineffective bycatch mitigation method. A 

range of studies have also highlighted that blue-dyed bait is ineffective, subject to weather 

conditions, and vastly outperformed by other more effective methods (Gilman et al. 2003, 

Cocking et al. 2008, Gilman et al. 2008, Chaloupka et al. 2021, Gilman et al. 2022). Previous 

work has also highlighted that blue-dyed bait is generally perceived as impractical (dyeing 

requires extra time and labour, the required thawing increases bait loss and decreases bait 

quality, and dyeing is often messy and may stain target catch) and may decrease target catch 

rate (Ochi et al. 2011). Our analyses further highlighted the poor performance of blue-dyed 

bait is reflected in the combinations of several mitigation methods, where the addition of blue-

dyed bait adds little if any gain in mitigation effectiveness.  

 

The current specifications of branch line weighting under WCPFC CMM 2018-03 limit the 

effectiveness of this mitigation method. Our results illustrate that a 52% gain in relative 

performance of seabird bycatch mitigation effectiveness could be achieved if ACAP best 

practice for weighted branch lines were adopted instead of the current WCPFC CMM 2018-03 

specifications. These gains are largely attributable to improved sink rates of hooks, ensuring 

that hooks are outside of the (usual) dive range of seabirds sooner (and ideally within the aerial 

extent of a tori line; see Düssler et al. 2024). Consequently, hook sink rates are directly 

correlated to IPUE, with sink rates ≥0.5 m/s approaching 0 IPUE (Peterson et al. 2008). 

Barrington et al. (2016) provided clear mechanistical evidence for which branch line 

specifications achieve sink rates ≥0.5 m/s, ultimately forming the current ACAP best practice 

advice. Here we add to this body of evidence by showing that the rSIR of weighted branch lines 

under ACAP best practice is significantly lower than the rSIR of weighted branch lines under 

WCPFC specifications. Additionally, a range of studies have shown that ACAP best practice 

weighted branch line specifications do not affect target catch rate (Pierre 2023).  

 

Crew safety has been a long-standing consideration for the implementation of weighted branch 

lines. Specifically, weights can increase the risk that fly backs (i.e., when hooks and/or weights 

fly back to the vessel due to a shark biting off the hook, or a hook tearing out of the mouth of 

a fish), creating serious health and safety concerns of this bycatch mitigation method. However, 

considerable efforts have been invested into the design of safer branch line weighting designs 

that allow weights to slide down the branch line in the case of a fly-back, providing a much 

safer option than weighted swivels (e.g., see Sullivan et al. 2012, Robertson et al. 2013, Santos 

et al. 2019). Indeed, a sliding weight of 60g at 1 m from the hook was found to almost always 

slide right off the branch line during a simulated bite off, and in a tear out the collision between 

recoiling hook and sliding weight often sheared the hook from the line, resulting in both the 

hook and the weight being lost (Rawlinson et al. 2018). Comprehensive safety advice has been 

developed by ACAP (https://acap.aq/resources/bycatch-mitigation/mitigation-advice). Branch 

line weighting is now becoming commonly adopted in various fisheries, including in high-risk 

areas such as New Zealand. Consequently, the specifications of weighted branch lines in 

WCPFC CMM 2018-03 could be adapted to safe (sliding) weights with ACAP best practice 

specifications.  

 

The current specifications of tori lines in the Northern Hemisphere under WCPFC CMM 2018-

03 also limit the effectiveness of this mitigation method. Our results illustrate that a 19% gain 

in relative performance of seabird bycatch mitigation effectiveness could be achieved if ACAP 

best practice for tori line specifications were adopted instead of the current WCPFC CMM 

2018-03 specifications.  

 

https://acap.aq/resources/bycatch-mitigation/mitigation-advice
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Our estimates are somewhat complicated by the grouping of all Northern Hemisphere tori line 

designs into one category, rather than further compartmentalising the limited data into small 

vessel tori lines and large vessel tori lines under either ACAP best practice specifications or 

WCPFC CMM 2018-03 specifications (separation between which is further complicated by 

overlapping definitions of small vs large vessels; 35 vs 24 m). Consequently, our results should 

be interpreted as an estimate across both vessel size categories, and such an interpretation aligns 

well with previous studies. Specifically, larger vessel tori lines have been shown to perform 

well in the Northern Hemisphere under the current WCPFC CMM 2018-03 specifications (e.g., 

Chaloupka et al. 2021, Gilman et al. 2021). Conversely, small vessel tori lines with current 

WCPFC CMM 2018-03 Northern Hemisphere specifications, particularly streamerless tori 

lines, lack compelling evidence that they are effective in terms of seabird bycatch mitigation, 

despite considerable research effort (e.g., Katsumata et al. 2015, Ochi 2022, Ochi 2023). The 

poor performance of streamerless (and short streamer) tori lines under Northern Hemisphere 

specifications is likely caused by the limited aerial extent of these tori lines, as no minimum 

requirements exist. While achieving adequate aerial extent (i.e., ≥75 m; ACAP 2023) can be 

challenging, particularly on small vessels, extensive work in New Zealand has shown that it is 

not impossible, and that in fact, simple approaches can ensure appropriate aerial extents are 

achieved (Pierre & Goad 2016, Goad 2017). Consequently, the specifications of the Northern 

Hemisphere tori lines could be adapted to include an adequate aerial extent requirement in 

order to improve their effectiveness. 

 

Our analyses did not cover all possible mitigation methods that are included in WCPFC CMM 

2018-03. A lack of data precluded our ability to include some methods. Specifically, only one 

empirical study exists that evaluates the effectiveness of line shooters (Lokkeborg 2003). Raw 

rSIR estimates for line shooters based on this study equate to 0.407, which is similar to the 

performance of night setting. However, it should be noted that this study took place in an area 

that is not representative of the WCPO in terms of seabird community: the North Atlantic, 

where only two Procellariiformes occur that are not considered very vulnerable to seabird 

bycatch. Studies that succeeded Lokkeborg (2003) subsequently highlighted that line shooters 

may in fact increase seabird bycatch risk, rather than decrease it, as they slow the sink rates of 

hooks (Robertson et al. 2010). Consequently, no compelling evidence exists to consider line 

shooters an effective seabird bycatch mitigation method.  

 

Offal discharge is a key factor in attracting seabirds to fishing operations, where they may then 

be at risk of bycatch. Offal discharge management is one of the few options to reduce seabird 

bycatch during hauling (Rexer-Huber & Parker 2019). As such, responsible management of 

offal discharge should a standard consideration over all periods of fishing operations. However, 

there is an absence of current evidence supporting this method as an effective primary bycatch 

mitigation method for the setting period and notably, there is potential for strategic offal 

discharge to increase bycatch (McNamara et al. 1999, Cherel et al. 1999, ACAP 2023). This 

lack of evidence is reflected in the absence of offal management as an option in the Southern 

Hemisphere under WCPFC CMM 2018-03.  

 

Only one study exists that evaluates the performance of underwater bait setters (Roberston et 

al. 2018). Our raw rSIR of 0.138 indicates high performance, similar to hook-shielding devices, 

of these devices and aligns with ACAP (2023) in considering underwater bait setters an 

effective seabird bycatch mitigation method.  
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Our analyses also highlighted shortcomings in the current requirements of combinations of 

seabird bycatch mitigation methods in different latitudinal bands. In the area south of 30°S, 

WCPFC CMM 2018-03 requires the use of two out of three mitigation options or hook-

shielding devices, while it requires the use of one out of two options (weighted branch lines or 

tori lines) or hook-shielding devices in 30°-25°S, and none north of 25°S. However, recent 

research provided clear evidence that a range of vulnerable seabird species, including 

Antipodean Albatross (Diomedea antipodensis antipodensis), Gibson’s Albatross (D. a. 

gibsoni), Black Petrels (Procellaria parkinsoni), and Salvin’s Albatross (Thalassarche salvini) 

regularly occur in the area of 30°S-25°S, and even visit the area north of 25°S, where they are 

exposed to increased fishing effort (e.g., Darby et al. 2024, Fischer et al. 2024).  

 

Our results provide crucial information on how bycatch mitigation requirements could be 

improved in these latitudinal zones. Specifically, our analyses also provide insights into the 

order of performance of single mitigation methods (from best to least performing: I) hook-

shielding devices, II) weighted branch lines, III) night setting, and IV) tori lines) as well as for 

combinations of mitigation methods (from best to least performing: I) weighted branch lines 

and tori lines, II) weighted branch lines and night setting, and III) night setting and tori lines). 

Most crucially, we show that adopting ACAP best practice could provide relative 

improvements of bycatch mitigation performance of 61% for the area south of 30°S and 81% 

for the area 25°-30°S.  

 

CONCLUSION 

 

Given the population status of many of the albatross and petrel species vulnerable to bycatch 

in pelagic longline fisheries within the WCPO (Fischer et al. 2024), improving the performance 

of bycatch mitigation methods is imperative. We here provide numerical guidance through a 

novel modelling approach to inform the consideration of different mitigation methods and their 

combinations. This has allowed us to identify options including for example, removal of 

ineffective bycatch mitigation methods, improvements of current specifications of mitigation 

methods, and improvements of the required combinations of mitigation methods per latitudinal 

bands. The greatest improvements would occur if ACAP best practice combinations and 

specifications were required. Such improvements will help reduce seabird bycatch in the 

WCPO, revert the current population declines, enable the protection of seabirds as an important 

element of the marine environment, and ultimately, ensure the sustainability of pelagic longline 

fisheries in the WCPO. 
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SUPPLEMENTARY MATERIAL 1.  
 

Table 1. Studies including in our relative standardized interaction rate (rSIR) analyses, including which mitigation methods and which associated specifications each study evaluated. 

UBS = Underwater Bait Setter, SS+BC+WBL = Side-setting with Bird Curtains and Weighted Branch Lines. ACAP refers to the specifications as per current ACAP Best Practice 

(ACAP 2023) and WCPFC NH and SH refer to the Northern and Southern Hemisphere specifications as per WCPFC CMM 2018-03 (WCPFC 2018). ✓ indicates that a bycatch 

mitigation method with either ACAP or WCPFC CMM 2018-03 specifications was applied, while (✓) indicates that a bycatch mitigation method was applied but did not meet either 

specification (or insufficient information was reported) and was therefore not included in the rSIR estimation. Studies conducted (partially) within the WCPO are highlighted in bold. 

 
None Night 

setting 

Weighted branch 

lines 

Tori lines Hook-shielding 

devices 

UBS Blue-

dyed bait 

Line 

shooter 

SS+BC+ 

WBL 

nhooks  

(x 1,000) 

Ocean 

basin(s) 

Reference 

 ACAP = 

WCPFC 

ACAP WCPFC 

SH/NH 

ACAP = 

WCPFC SH1,2 

WCPFC NH2 ACAP WCPFC 

SH/NH 

ACAP WCPFC 

NH 

WCPFC 

NH 

WCPFC 

NH  
  

 ✓  ✓   ✓      34 S Atlantic Baker & Candy 2014 

✓ ✓           461 S Pacific Baker & Wise 2005 

✓  ✓   ✓    ✓   6 N Pacific Boggs 2001 

     ✓       109 S Pacific Brothers 1991 

     ✓    ✓ 
 

 241 N Pacific 
Chaloupka et al. 2021, E 

Gilman pers. comm. 2024 

   (✓)      ✓   1 S Pacific Cocking et al. 2008 

✓    ✓        103 S Atlantic Domingo et al. 2017 

✓ ✓   (✓)        2,436 S Pacific Duckworth 1995 

✓ ✓   (✓)      

 

 2,866 S Pacific 

Gales et al. 1998, 

Klaer & Polacheck 1998, 

Brothers et al. 1999 
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None Night 

setting 

Weighted branch 

lines 

Tori lines Hook-shielding 

devices 

UBS Blue-

dyed bait 

Line 

shooter 

SS+BC+ 

WBL 

nhooks  

(x 1,000) 

Ocean 

basin(s) 

Reference 

 ACAP = 

WCPFC 

ACAP WCPFC 

SH/NH 

ACAP = 

WCPFC SH1,2 

WCPFC NH2 ACAP WCPFC 

SH/NH 

ACAP WCPFC 

NH 

WCPFC 

NH 

WCPFC 

NH  
  

   ✓ (& ✓) ✓        156 S Atlantic Gianuca et al. 2011 

   ✓   ✓ ✓     82 S Atlantic Gianuca et al. 2021 

         ✓  ✓ 50 N Pacific Gilman et al. 2003, 2007 

 (✓) ✓ ✓        ✓ 9,064 N Pacific Gilman et al. 2008 

✓         ✓  ✓ 22,515 N Pacific Gilman et al. 2016 

✓     ✓    ✓ 
 

 393 N Pacific 
Gilman et al. 2021, E 

Gilman pers. comm. 2024 

✓ ✓           2,216 Pacific Gilman et al. 2023 

 ✓ ✓  ✓  ✓ ✓     92 S Pacific Goad et al. 2019 

  ✓ ✓         7 S Atlantic Jimenez et al. 2013 

✓ ✓ ✓  ✓        75 S Atlantic Jimenez et al. 2018 

✓ ✓   (✓)        36,400 S Atlantic Jimenez et al. 2020 

✓     ✓     
 

 27 N Pacific 
Katsumata et al. 2015, Ochi 

2023 

 (✓)   ✓ ✓       314 N Pacific Kuo et al. 2023 

✓    (✓) (✓)     ✓  58 N Atlantic Lokkeborg 2003 



19 
 

None Night 

setting 

Weighted branch 

lines 

Tori lines Hook-shielding 

devices 

UBS Blue-

dyed bait 

Line 

shooter 

SS+BC+ 

WBL 

nhooks  

(x 1,000) 

Ocean 

basin(s) 

Reference 

 ACAP = 

WCPFC 

ACAP WCPFC 

SH/NH 

ACAP = 

WCPFC SH1,2 

WCPFC NH2 ACAP WCPFC 

SH/NH 

ACAP WCPFC 

NH 

WCPFC 

NH 

WCPFC 

NH  
  

  (✓)       ✓   10 S Pacific Lyndon & Starr 2004 

✓ (✓)    ✓    ✓   12 N Pacific McNamara et al. 1999 

 (✓) ✓ (& ✓)  ✓ (& ✓)        123 S Indian Melvin et al. 2013 

 ✓ ✓  ✓        169 S Indian Melvin et al. 2014 

 (✓) (✓) (✓) ✓        445 S Pacific Meyer & MacKenzie 2022 

✓    (✓) (✓)    ✓ 
 

 156 S Atlantic 
Minami & Kiyota 2003, Ochi 

et al. 2011 

✓   (✓)  ✓       60 N Pacific Ochi et al. 2013 

     ✓       30 N Pacific Ochi 2022, 2023 

 ✓   (✓) (✓)     
 

 4,400 
S Atlantic, 

S Indian 
Peterson 2008 

 (✓)  (✓)     ✓    18 S Atlantic Robertson et al. 2018 

  ✓        
 

 600 
S Atlantic, 

S Indian 
Rollinson et al. 2016 

 (✓) ✓ ✓         26 S Atlantic Santos et al. 2019 

     ✓       99 N Pacific Sato et al. 2013 
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None Night 

setting 

Weighted branch 

lines 

Tori lines Hook-shielding 

devices 

UBS Blue-

dyed bait 

Line 

shooter 

SS+BC+ 

WBL 

nhooks  

(x 1,000) 

Ocean 

basin(s) 

Reference 

 ACAP = 

WCPFC 

ACAP WCPFC 

SH/NH 

ACAP = 

WCPFC SH1,2 

WCPFC NH2 ACAP WCPFC 

SH/NH 

ACAP WCPFC 

NH 

WCPFC 

NH 

WCPFC 

NH  
  

   ✓ ✓        204 S Pacific Sato et al. 2014 

   ✓   ✓ ✓   

 

 59 

S Atlantic, 

S Indian, 

S Pacific 

Sullivan et al. 2017 

✓           ✓ 20 N Pacific Yokata & Kyota 2006 

1 WCPFC CMM 2018-03 specifications for tori lines in the Southern Hemisphere only differ from ACAP (2023) specifications in terms of 1 m of minimum attachment height, and as specifications in 

studies are not always provided in sufficient detail, the Southern Hemisphere tori specifications under WCPFC CMM 2018-03 and under ACAP Best Practice (2023) are here considered equal. 
2 We did not differ between large vessel and small vessel tori line specifications to not further compartmentalise data. 
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SUPPLEMENTARY MATERIAL 2. 

 

 
 

Supplementary Figure 1. Non-linear relationship between rSIR and IPUE for individual studies/trials as illustrated by GLMs with a quasi-binomial error 

distribution and a logit-link function for the different data types that were used in our analyses.  


