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● Mandatory mitigation in large vessel trawl fisheries were introduced in the early 2000s, but 
mitigation requirements have remained largely unchanged for several years. 

● Whilst substantial reductions in seabird bycatch estimates were documented in the 2000s, 
there has been little evidence for further bycatch rate reduction in more recent years.

 
● Since the introduction of mandatory mitigation, substantial new data on bycatch between 

vessels and across sectors of the fleet is available from relatively high levels of observer 
coverage.

● Of particular note, some mitigation used, i.e., bird bafflers, are not currently recognised as 
best practice globally.
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Project context
Figure 6 from Abraham and Richards (2020)

● Time series of the number of estimated captures 
for the seabird species groups and for all birds for 
the 2002–03 to 2017–18 fishing years. 

● Estimates are shown by fishing method and 
vessel size class. 

● Cut-off lengths for small and large vessel size 
classes were 45 m, 34 m, and 28 m, for 
surface-longline (SLL), bottom- longline (BLL), and 
trawl fishing, respectively. 

● Coloured bars indicate the mean number of 
captures, error bars are the 95% credible interval 
in the total number of estimated captures within 
each fishing year. 

● Note different y-axis scales.
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Investigate whether the recorded designs of the mitigation devices are impacting their 
effectiveness.

● Determine whether modelling can identify optimal device combinations or configurations 
based on available data (Part1)

● Characterise and summarise the mitigation device data, which includes device 
measurements (Part 2)

● Using the device data characterisation, liaise with stakeholders to determine:
    i. ideal device design and deployment;
    ii. whether device design details are evident in the data;
   iii. how the data could best be summarised to inform mitigation effectiveness; and,
   iv. how the data collection and reporting can be improved to better inform mitigation 
effectiveness.
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Data

● Proportion of large vessel 
trawls that were observed 
(black line).

● Total effort (blue bars)

● By fishery and fishing year
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Data

● Proportion of observed 
effort with observed 
seabird captures (black 
line).

● Observed effort (blue 
bars)
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Data

● Proportion of observed 
effort with seabird warp 
captures (back line) 

● Observed effort (blue 
bars)
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Data
● Observed warp captures (left) and warp capture rates (right) in observed large 

vessel trawls
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Data

Number of tows with warp mitigation use 
recorded

B = baffler only
T = tori only
W = warp scarer only
BT = baffler and tori line
BS = baffler and warp scarer
TS = tori line and warp scarer
BTS = baffler, tori line and warp scarer

● Reliable recorded since 2008

● Not recorded an None records are 
probably misreported and not true 
“nones”.
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Data

Recorded warp mitigation use 
for observed trawls 

● 2008 to 2020

● Use of baffler only the 
most prevalent form of 
mitigation gear

● Use of tori line only has 
decreased with the 
increase in tori lines used 
in conjunction with 
bafflers
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Data

Recorded warp mitigation use for 
observed trawls, 2007 to 2020

● Baffler use by vessel and year

● Good coverage across years 
and fleet
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Data

Recorded warp mitigation use for 
observed trawls, 2007 to 2020

● Tori line use by vessel and year

● Good coverage across years 
and fleet
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Data

Recorded warp mitigation use for 
observed trawls, 2007 to 2020

● Warp scarer use by vessel and 
year

● No coverage across years and 
fleet
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Data

Recorded warp mitigation use for 
observed trawls, 2007 to 2020

● Mitigation gear not recorded

● More work required to 
reconcile these records
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Approach - relating use of mitigation gear to seabird warp captures
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Approach - relating use of mitigation gear to seabird warp captures

Trawl 
operation

Vessel

Year

Vessel Class

Block height

Net depth

Mitigation 
effectiveness

Warp capture

Discard type

Onboard 
processing

Discard 
operation

Warp exposure



18

Approach - relating use of mitigation gear to seabird warp captures
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Approach - relating use of mitigation gear to seabird warp captures
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Using modelling to identify optimal device combinations or configurations based on available 
data  - Part 1

Captures were estimated from observer catch rates using a generalised linear mixed model:

● covariates included fishing year, fishery, area and vessel as random effects, with 
mitigation gear included as a categorical fixed effect (at levels baffler-only, tori-only, 
baffler+tori)

● models were run with data aggregated to year, area, fishery and mitigation gear

● data included for fishing years 2008 to 2020, and excluding data where warp mitigation 
gear was not recorded

MIT2022-05: Large vessel trawl warp mitigation

Approach
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Captures were estimated from observer catch rates using a generalised linear mixed model:

● estimated within a general Bayesian linear model framework “brms”

● used a negative binomial model (often preferred for highly skewed distributions with 
large amounts of zeros)

● models were fitted with eight separate Markov Chain Monte Carlo chains with 3000 
iterations, including a 1000 iteration burn-in period that was discarded from posterior 
samples

● convergence was judged by marginal and multivariate scale reduction factors (SRF) 
across the eight chains (at convergence of MCMC runs, the MSFR (or Rhat) is one)

● Model fit was evaluated by posterior predictive checks and leave-one-out information 
criterion (loo-ic) comparisons
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Approach
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Model sets/hypotheses (using NB response):
Fleet (area, fishery, vessel, fishing year) vs mitigation gear 

mod 1    captures | tows ~ mitigation_type
mod 2    captures | tows ~ (1|area)  +  mitigation_type 
mod 3    captures | tows ~ (1|Fishery Group) + (1|area)  +  mitigation_type
mod 4    captures | tows ~ (1|vessel) +  (1|Fishery Group) + (1|area)  +  mitigation_type
mod 5    captures | tows ~ (1|fyear)  +  (1|Fishery Group) + (1|area)  + mitigation_type 
mod 6    captures | tows ~ (1|fyear) + (1|vessel) +  (1|Fishery Group) + (1|area)  + mitigation_type

Fleet (area, fishery, vessel, fishing year)  vs interaction of mitigation gear and fishing year or vessel

mod 7    captures | tows ~ (1|fyear) + (1|vessel) +  (1|Fishery Group) + (1|area)  + mitigation type + (1|vessel:mitigation_type)
mod 8    captures | tows ~ (1|fyear) + (1|vessel) +  (1|Fishery Group) + (1|area)  + mitigation type + (1|fyear:mitigation_type)
mod 9    captures | tows ~ (1|fyear) + (1|vessel) +  (1|Fishery Group) + (1|area)  + mitigation type + (1|fyear:mitigation_type) +

     (1|vessel:mitigation_type)
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Approach
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Model fit

● models 8 and 9 provided the best fit to the data
● these models included random effects for year and vessel, whereas the other models did not
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Model fit

Posterior predictive checks for Model 8 shows the model fits the data well overall (left) and for each 
of the mitigation gear categories (right)
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Model diagnostics

Models 2-8

Model 1

Rhat values were at or close to 1 for all 
variables in Models 2 to 8, indicating 
convergence

● Rhat values shown for the mitigation 
categories in Model 8

Rhat values were >1.05 for most variables 
in Model 1, indicating non-convergence for 
this model.
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Model diagnostics

Model 8:

● Distribution and trace plots of the 
estimated values for the models 
main variables at each iteration 

● Reasonably well mixing MCMC chains 
indicating convergence
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Model results
● Model estimates and 95% credible intervals (in brackets) for the levels of mitigation gear
● Best performing models (8, 9, 7, 6) have consistent results, and all include an effect for vessel 

and for fishing year
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Model results
Model estimates and 95% credible 
intervals for the levels of mitigation 
gear, by model

● In general, compared to baffler 
use only, the use of tori lines is 
more effective 

● The combination of bafflers and 
tori lines are slightly less 
effective than baffler use only

● Models 2, 3 and 5 did not include 
a vessel effect

● Model 4 did not include a year 
effect

● Model 1 did not converge
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Results
Model 9 estimates and 95% credible intervals for the levels of mitigation gear by year

● Effectiveness of bafflers has improved, especially after 2015
● Effectiveness of tori lines (and tori lines used with bafflers) is less variable than that of  bafflers 

only over time
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Results

Model 9 estimates and 95% credible intervals for the levels of mitigation gear by vessel
● Effectiveness of tori lines is relatively consistent among vessels
● Effectiveness of bafflers is highly variable amongst vessels
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Discussion

● Modelling of catch rates in response to warp mitigation gear use, taking into account 
variability in fishery operations and species populations, shows a difference in effectiveness 
between the use of bafflers and tori lines

● These trends are highly variable by year, especially for baffler use, but less so since the mid 
2010s, and perhaps indicate an increasing effectiveness of baffler gear in recent years

● The effectiveness of the introduction of mitigation gear is not modelled due to the lack of 
data available prior to 2008

● Investigation of mitigation device data may:
1.   provide information to inform the patterns in effectiveness indicated in Part 1; and 
2.   enable more complex modelling of mitigation effectiveness.
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Additional model diagnostics

Model 8, pairs plot

● Good, no evidence of correlated 
variables


