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1.  INTRODUCTION 

Lobster Homarus americanus fishing area (LFA) 41 
in the Canadian offshore was established in 1972, 
encompassing an area 50 nautical miles (92 km) from 
shore to the upper continental slope off the southwest 
coast of Nova Scotia (DFO 2000; see Fig. 1). Like all 
commercial fishing activities in Canada, the fishery in 
LFA 41 is federally regulated by Fisheries and Oceans 

Canada (DFO). Operated year-round, the primary 
lobster catch occurs between November and July, 
with reduced fishing activity from August to October 
due to the prevalence of soft-shelled lobsters in the 
population, which are deemed less suitable for mar-
kets (Thakur et al. 2017). Lobsters are crustaceans 
that molt periodically to grow, shedding their exo-
skeleton and forming a new, softer shell. Baited traps, 
organized in strings of 100 traps each, are deployed 
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along the seafloor (referred to as ‘strings’ or ‘trawls’), 
with buoy lines marking each end. The fishery in 
LFA 41, conducted by one vessel since 2012 (operated 
by Clearwater Seafoods), deploys between 43 and 55 
strings, varying seasonally, and adheres to an annual 
total allowable catch (TAC) of 720 tonnes (t) of lob-
sters (also referred to as landed lobsters; DFO 2018, 
2023). 

The fishery is permitted to retain only those lobsters 
at or above the minimum legal size (carapace length: 
82.5 mm) and there are prohibitions on the retention 
of egg-bearing or ‘berried’ females and V-notched 
females (lobsters that have been previously captured, 
identified as breeding females by a V-shaped notch 
cut into a tail flipper, and released) regardless of their 
size (Pezzack et al. 2015, DFO 2023). There exists a 
potential for incidental capture of non-target species, 
commonly referred to as bycatch. All prohibited lob-
ster and non-target species are required to be 
released at sea. Notable bycatch species in LFA 41 
include (in descending order by hauled weight): lob-
ster (undersized, V-notched, and berried females), 
Jonah crab Cancer borealis, cusk Brosme brosme, 
hake (red: Urophycis chuss; white: U. tenuis), Atlantic 
cod Gadus morhua, rock crab C. irroratus, and redfish 
Sebastes mentella and S. fasciatus (Pezzack et al. 2015, 
Cook et al. 2017, DFO 2018, 2023). Of these, cusk and 
Atlantic cod are of management interest due to their 
depressed stock status (Pezzack et al. 2015). The aver-
age annual non-lobster bycatch between 2018 and 
2022 was estimated at 31.2 t, constituting approx-
imately 4% of the total lobster landings (DFO 2023) in 
LFA 41. Although released invertebrates are assumed 
to have a high survival rate, finfish species may 
experience lower survival rates due to expansion of 
swim bladders when hauled (DFO 2008, Pezzack et al. 
2009, Cook et al. 2017). Notably, there has been a sub-
stantive decline in offshore bycatch from 2006 to 2015 
(from 126 to 19 t), attributed to a rationalization of the 
fleet (fewer vessels and traps used to catch the same 
TAC) and an increased focus on areas with the high-
est lobster catch per unit effort (Cook et al. 2017). 

Canada mandates that all commercial fixed gear 
must be tended within 72 h, a regulation currently 
under review (DFO Forward Regulatory Plan; https:
//www.dfo-mpo.gc.ca/acts-lois/initiatives/rule-
reglement-eng.htm#reg05). Soak times may extend 
due to adverse weather conditions, vessel break-
downs, maintenance, or other unforeseen circum-
stances. DFO has highlighted the importance of 
understanding bycatch given the potential negative 
impacts of trap fisheries on non-target species, as 
capturing these species could constitute unmanaged 

mortality and, in some circumstances, disrupt eco-
system balances (Pezzack et al. 2014). Therefore, 
understanding the environmental consequences of 
different trap soak times on various bycatch species 
could enhance trap fishery management.  

Limited information exists on the influence of 
soak time on bycatch species in H. americanus trap 
fisheries. Studies by Boenish & Chen (2018) and 
Sweezey et al. (2020) found no significant correla-
tion between soak time and catch rates of Atlantic 
cod in the Gulf of Maine lobster fishery, with soak 
times ranging from 0–45 d and 1–7 d, respectively. 
Anderson et al. (2020) observed no evidence of 
physical trauma to sea raven Hemitripterus ameri-
canus and longhorn sculpin Myoxocephalus octode-
cemspinosus over a 6 d soak period in the Gulf of 
Maine fishery. Similarly, Boudreau & Hanley (2023) 
found that 98% of all bycatch species (including 
undersized lobsters and berried females) were 
undamaged after 1–2 d soak time in the southern 
Gulf of Saint Lawrence lobster fishery. However, 
these studies either focused on specific bycatch 
species or did not examine a range of soak times, 
limiting the comprehensive understanding of the 
impact of soak time on bycatch rates. To the knowl-
edge of the authors, no empirical evidence is avail-
able to understand the potential effects of soak 
times on bycatch risk, mortality rates, and further 
bycatch impacts in the Canadian lobster industry. 

During typical commercial fishing, soak days do 
not vary much in duration, unless fishing is disrupted 
by weather or vessel problems. To test the influence 
of differences in soak times, a controlled trial, rather 
than an observational study, would ensure an ade -
quate representation of soak times across a wider 
range of possible durations and areas observed in 
commercial operations. All data used for analysis was 
collected by the crew, and electronic video monitor-
ing on board the fishing vessel was used to ensure 
transparency and enable independent validation of 
raw data. The primary objective of this 1 yr controlled 
trial was to estimate the effect of soak times (ranging 
from 2 to 14 d) of lobster traps on the risk of catching 
both target species (market-size lobster) and non-tar-
get species (discarded lobster and other bycatch) off 
the southwest coast of Nova Scotia. This study col-
lected the most extensive information on trap-level 
bycatch data to date in the Canadian lobster offshore 
operation for a 1 yr period, allowing for the second 
objective of describing and estimating current overall 
expected bycatch rates, and the effects of soak time 
on the bycatch rates, in the offshore industry (i.e. in 
the LFA 41 area). 
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2.  MATERIALS AND METHODS 

2.1.  Study design 

In the controlled trial, 4 strings were utilized, 
each with approximately 50 traps, deviating from 
the common practice of using strings with around 
100 traps. This modification aimed to increase the 
number of strings in the study from the number of 
traps available. These adjusted strings were seam-
lessly integrated into the ongoing commercial fish-
ing operation in LFA 41 over the data collection 
period spanning July 2021 to August 2022, with a 
continuous rotation of soak times in an effort to 
obtain equal representation of 4 durations: 2, 3, 7, 
and 14 d throughout the study. This rotation cov-
ered all 4 seasons in the 3 fishing areas (Southwest 
Browns Bank, Georges Basin, and Southeast Browns 
Bank) targeted by the fishery (Fig. 1). The deter-
mined soak time durations were chosen to represent 
realistic options for commercial operations. To 
accommodate the longer soak times in this study, a 

Section 52 license (commonly known as a scientific 
license) was issued by DFO. 

Given the challenges inherent in offshore fishing 
operations, difficulties adhering to the exact soak 
time schedule were anticipated; therefore, we re -
corded the actual time spent at sea for each string 
based on their deployed and hauled time stamps. 
However, emphasis was placed on the crew’s role in 
maintaining a continuous rotation of study strings 
with the various soak days, to the best of their ability. 
Additionally, with the use of adjusted strings with 
50 traps for the study and considering the crew’s 
involvement in deploying and hauling the study 
traps, neither the crew nor the researchers could be 
blinded to the soak times in the study. When the 
study traps were retrieved after the prescribed soak 
durations, crew members identified the catch, which 
comprised the data set used in all analyses. Ensur-
ing accurate counts of animals in the study traps 
was paramount; therefore, the operations were elec-
tronically monitored (video-captured) to facilitate 
independent evaluations of bycatch counts and spe-
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Fig. 1. Offshore string locations southwest of Nova Scotia in Lobster Fishing Area 41, further divided into 3 fishing areas: South- 
west Browns Bank, Georges Basin, and Southeast Browns Bank
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cies agreement between video analysis and crew-
recorded data. 

The crew recorded both string-level and trap-level 
information. String-level data included trip identifi-
cation, set date, hauled date, calculated soak time (in 
decimal days), and location (latitude, longitude) for 
the start and end of the string. The trap-level data 
included unique identifiers for the trip, string, and 
trap, hauled date, and species-specific information 
(number and estimated weight from sight and feel, in 
lbs) for marketable lobster (kept), discarded (live) lob-
ster, dead lobster, pieces of lobster, cusk, Atlantic 
cod, white hake, rock crab, and Jonah crab. All other 
species were categorized as unidentified species 
based on predicted low catch rates or other bycatch 
species that would prevent sufficient power for statis-
tical evaluation (DFO 2020, 2023). Previous observa-
tions on the bycatch composition of this fishery indi-
cated that species other than the 6 specifically listed 
here would be encountered very infrequently and in 
small amounts (DFO 2023). To minimize the extra 
burden on the crew, they were instructed to catego-
rize all other species as unidentified. This decision 
was based on the authors’ confidence that these spe-
cies would not appear in sufficient numbers to gener-
ate statistically significant data on the effects of soak 
times. 

Depth information at string locations (recorded at 
the start of each string) was extracted from DFO 
bathymetry data (A. Cook pers. comm.) using the 
‘raster’ package (Hijmans 2023) in the R statistical 
programming language (R Core Team 2022). Counts 
and weights of animals (separate for dead and alive) 
were aggregated within each trap, and risk was 
defined as the probability of a bycatch animal being 
present in a trap. 

2.2.  Electronic monitoring 

To validate confidence in crew-reported data and as 
a condition of the Section 52 license, all strings in the 
study were electronically captured by video cameras 
(IP Camera; model no. IPC4531CA-28), which were 
strategically placed in 3 locations on the vessel to 
ensure chain of custody. The operations were re -
corded at the side of the vessel where traps were 
hauled aboard, into the below-deck working area, and 
above the discard chute. Video reviewers had a clear 
view of traps during retrieval, harvesters sorting 
catch, and the discarding process. Lobsters were clas-
sified as dead or alive based on their behavior when 
handled by the fishers. Dead lobsters appeared limp 

when lifted, while live lobsters exhibited movement, 
particularly in the legs and tail. A subset of the video 
recordings underwent an independent evaluation of 
bycatch counts by human technicians trained in spe-
cies identification. The Tator image platform (https://
www.tator.io), developed by CVision AI, played a 
 pivotal role in this process, providing a streamlined 
workflow for uploading, storing, annotating, and ver-
ifying videos. 

To ensure the reliability of video evaluations, trap-
level counts from each assessed string were inde-
pendently conducted in duplicate (with blinding) and 
subsequently paired with crew trap counts on board 
the vessel. Since not all study strings could undergo 
independent evaluation, preliminary analyses on the 
first 10 strings in the study demonstrated that adequ-
ate precision was achieved. This assurance prompted 
the expansion of the study to audit 10 strings per 
quarter, randomly and blindly selected by the techni-
cians, culminating in a representative sample of 40 
strings out of 154 for the entire study duration. 

Agreement analyses involved the generation of a 
contingency table with trap counts for each bycatch 
species from matched video and crew counts, pre-
senting results on an ordinal scale. To evaluate agree-
ment, Cohen’s kappa (with linear weights) was calcu-
lated from count frequencies for each contingency 
table (Choudhary & Nagaraja 2017), while the mar-
ginal homogeneity (MH; Stuart-Maxwell) test was 
used to assess symmetry. This aimed to determine if 
systematic differences were observed between the 
video and crew counts (Stuart 1955, Maxwell 1970). 
The visualization of agreements between video and 
crew counts for each bycatch species was facilitated 
by Bangdiwala’s agreement chart (Bangdiwala 2017), 
generated using the ‘vcd’ package (Meyer et al. 2023) 
in R (R Core Team 2022). Data generated from elec-
tronic monitoring were only used for the agreement 
analyses and were not used in any way to modify the 
original crew-recorded data in this study. 

2.3.  Statistical analyses 

Mixed logistic regression models were employed to 
assess bycatch risk, treating each bycatch species as a 
dichotomous trap-level outcome (0 or 1) indicating 
the absence or presence of an animal in a trap. To 
account for expected similarities within strings, string 
was incorporated as a random effect (uj), establishing 
a 2-level hierarchical structure in all models. The soak 
time variable was included as a fixed effect in all 
models (Sij), while the remaining variables were 
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added as fixed effects to control for potential con-
founding factors, namely, the spatiotemporal charac-
teristics (date Tij, fishing area [dummy variables for 
Georges Basin and Southeast Browns Bank; F1ij and 
F2ij], and depth Dij), and whether live lobster(s) were 
present in the trap (Lij); the estimated main effect of 
soak day would otherwise potentially be distorted if 
these confounding effects were omitted from the 
models. Additionally, a string-level contextual effect 
(Cij) was introduced, summarizing the average number 
of live lobsters per trap on a string, which was a proxy 
measure for lobster density in the immediate fishing 
location. The model equation was: 

logit(P(Yij = 1)) = β0+β1Sij+β2Tij+β3F1ij+β4F2ij+ 
β5Dij+β6Lij+β7Cij+uj 

where Yij is the dichotomous outcome indicating the 
presence (1) or absence (0) of an animal in the trap for 
the ith trap in the jth string and uj is the random effect 
for the jth string, assumed to follow a normal distribu-
tion with mean 0 and variance σ2

u (uj ~ N(0,σ2
u)). 

Stepwise backward procedures were employed in 
the model-building process to eliminate non-signifi-
cant variables, with a significance level set at p < 0.05. 
Model diagnostics involved inspecting string-level 
best linear unbiased predictions and trap-level resid-
uals for homoscedasticity and normality. Fractional 
polynomials (restricted to single terms) were used to 
address non-linear relationships between predictors 
and outcomes. Likelihood ratio tests (LRTs) were 
used to determine the significance of soak times in 
the final models, while Wald tests were applied for 
the remaining variables throughout the model-build-
ing process (Dohoo et al. 2009). 

2.4.  Power analyses 

Preliminary sample size calculations for the number 
of traps needed were based on mean animal weights 
and standard deviations recorded between 2002 and 
2016. These data, obtained through a data access 
request from DFO, were collected during independ-
ently observed commercial fishing trips (i.e. inde-
pendent at-sea observed trips). Preliminary estimates 
suggested that approximately 800 traps per compari-
son group (with 50 traps per string) would be suffi-
cient to detect a change in mean difference of at least 
1.76 kg for Jonah crab (α = 0.05, power = 0.90), and 
even smaller differences for cusk (0.69 kg), Atlantic 
cod (0.50 kg), white hake (0.50 kg), and rock crab 
(0.17 kg). Given the uncertainty in these estimates, 
sample size calculations were re-evaluated based on 

empirical data collected in the first 6 mo of sampling. 
These updated calculations, performed with the 

‘lme4’ and ‘simr’ packages in R (Bates et al. 2015, 
Green & McLeod 2016), considered the hierarchical 
structure of the data (50 traps nested within strings) 
and provided improved power estimates through sim-
ulated data (1000 iterations) extending mixed logistic 
regression model estimates. 

2.5.  Predictions for fishing in LFA 41 

Predictions for total bycatch in LFA 41 were based 
on the study string estimates extrapolated to the 
regional commercial operations in LFA 41 during the 
study period. For each commercially deployed string, 
locations, soak times, number of traps, and total mar-
ket-sized lobster weights were recorded. Fishing 
areas and depths were extracted for each string loca-
tion, and the average soak time, date, depth, and aver-
age number of lobsters per trap along with the propor-
tions of strings in each fishing area were used as 
explanatory variables in mixed logistic regression 
models for each bycatch species. Model predictions 
were reported as probabilities for traps to have at least 
one bycatch species. These probabilities were then 
multiplied by the total number of traps from the com-
mercial operation and the observed averages of 
bycatch weight per trap (with at least one relevant 
bycatch animal) from the study (kg). Estimated 
effects of soak times were also extrapolated to the 
whole LFA 41 fishing area using the same calculation 
methods. 

Unless stated otherwise, all statistical analyses 
were conducted in Stata (v.17) (StataCorp 2022). 
Maps were generated in QGIS (QGIS Development 
Team 2022), utilizing ESRI’S Ocean basemap (ESRI 
2022), and image handling was performed in GIMP 
(GIMP Development Team 2022). 

3.  RESULTS 

Between July 2021 and August 2022, 40 offshore 
trips were recorded, deploying study strings for a 
total of 154 times (Fig. 1). Each string had between 43 
and 52 traps, with the majority having exactly 50 traps 
(mean: 49.83; median: 50), resulting in 7674 trap hauls 
during the study period (Table 1). The most common 
bycatch species, in decreasing total weight, were 
white hake (988.9 kg, n = 1323), Jonah crab (386.7 kg, 
n = 889), cusk (330.5 kg, n = 203), Atlantic cod 
(270.2 kg, n = 144), unidentified (249.8 kg, n = 342), 
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and rock crab (30.5 kg, n = 118) (Table 1). There were 
1902 traps with at least one non-lobster bycatch, 
 representing 24.8% of all trap hauls in the study. Du r -
ing this period, there were 24 036 landed lobsters 
(5899.7 kg), and 7986 discarded lobsters (7719 alive, 
267 dead; total weight: 3887.2 kg); 80.5% of traps had 
at least one market-sized lobster, while 51.5% had 
lobsters that were returned (discarded) and overall, 
86.4% of traps had live lobsters (either kept and/or 
discarded). 

3.1.  Electronic monitoring 

The reliability of trap bycatch counts from electron-
ically captured records was independently assessed 
on 40 strings, comprising 10 strings randomly 
selected per quarter. This evaluation provided a 
robust basis for gauging the agreement between crew 
counts and electronic records for more than 25% of 
the strings in the study. Adhering to the established 
guidelines for interpreting kappa values, as defined 
by Landis & Koch (1977), the results indicated almost 
perfect agreement for landed lobsters (0.91), dis-
carded lobsters (0.85), and Jonah crab (0.82). Substan-
tial agreement was observed for lobster pieces (0.74), 
hake (0.73), cusk (0.71), and Atlantic cod (0.70), while 
fair agreement characterized dead lobsters (0.50) and 
unidentified species (0.45). However, no agreement 
was noted for rock crab (0.00) (Fig. 2). 

The assessment of symmetry, conducted through 
the MH test and Bangdiwala’s agreement chart, 
revealed several findings. Higher crew counts, 
denoted by rectangles extending above diagonal 
lines in Fig. 2, were identified for discarded 
lobsters (MH, p = 0.005), hake (MH, p = 0.024), 
and cusk (MH, p = 0.006). Conversely, higher 
video counts, illustrated by rectangles extending 
below diagonal lines in Fig. 2, were evident for 
dead lobsters (MH, p < 0.001), lobster pieces (MH, 
p = 0.002), and unidentified species (MH, p < 
0.001). No differences in symmetry were observed 
for landed lobsters (MH, p = 0.126), Jonah crab 
(MH, p = 0.103), Atlantic cod (MH, p = 0.513), 
and rock crab (MH, p = 0.368). The agreement 
analyses support the use of crew-reported data for 
all subsequent analyses. 

3.2.  Impact of soak times 

String soak times ranged from 0.5 to 22.8 d (2.5th 
and 97.5th percentiles: 1.7 and 16.0 d, respectively), 
with a mean and median of 7.98 and 7.79 d, respec-
tively (Fig. 3). Soak times were distributed across 
3  fishing areas (Southwest Browns Bank, Georges 
Basin, and Southeast Browns Bank) and evenly 
throughout the year, except for a 2 mo gap in Sep-
tember and October 2021 when no commercial fish-
ing occurred due to high proportions of soft-shelled 
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                             Overall                Average trap–1                                                 ≥1 animal in a trap 
                              Weight       Count               Weight        Count               % Traps        Mean          Mean       Min.     Median    Max.  
                                 (kg)                                         (kg)                                                         weight (kg)     count      count      count     count 
 
White hake           988.9         1323                  0.1289          0.172                   11.52           1.119           1.497           1               1              9 
 Dead                        81.6           90                    0.0106          0.012                     1.12           0.949           1.047           1               1              2 
Cusk                        330.5          203                   0.0431          0.026                     2.46           1.748           1.074           1               1              3 
 Dead                        55.0           38                    0.0072          0.005                     0.48           1.486           1.027           1               1              2 
Jonah crab             386.7          889                   0.0504          0.116                     7.99           0.631           1.450           1               1             10 
 Dead                          2.7            4                     0.0004       <0.001                     0.05           0.682           1.000           1               1              1 
Atlantic cod          270.2          144                   0.0352          0.019                     1.76           2.002           1.067           1               1              3 
 Dead                        22.0           18                    0.0029          0.002                     0.22           1.300           1.059           1               1              2 
Unidentified         249.8          342                   0.0326          0.045                     4.31           0.754           1.033           1               1              2 
 Dead                        38.0           55                    0.0049          0.007                     0.69           0.716           1.038           1               1              2 
Rock crab                 30.5          118                   0.0040          0.015                     1.04           0.381           1.475           1               1              5 
 Dead                          1.4            3                     0.0002       <0.001                     0.04           0.455           1.000           1               1              1 
Lobster 
 Kept                  22883.5        24036                 2.9820          3.132                   80.52           3.703           3.890           1               3             21 
 Discarded          7501.4         7986                  0.9775          1.041                   51.49           1.899           2.021           1               2             14 
 Dead                     245.6          267                   0.0320          0.035                     2.54           1.260           1.369           1               1              7 
 Piece(s)                 –             1875                      –              0.244                  10.35              –              2.361           1               2             18

Table 1. Summary statistics for bycatch species for the entire study (n = 154 strings, each with approximately 50 traps). Data are 
averaged by trap (n = 7674) and specifically focused on traps with at least one bycatch animal present, including a subset of  

dead animals (from the total reported above), and piece(s) of lobster
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lobsters (Thakur et al. 2017), and hence no controlled 
trials took place (Fig. 3). 

The effect of soak time on trap-level non-lobster 
bycatch risk varied for each species (Table 2, Fig. 4). 
After accounting for potential confounders, soak 
times resulted in statistically significant differences 
in risk for cusk and unidentified species. Soaking 
traps for 2 vs 14 d increased the estimated risk of 
catching cusk from 0.8 to 1.8% (LRT; p = 0.030) and 
catching unidentified species from 2.5 to 4.9% (p = 
0.001). The soak time trends, although non-signifi-
cant, for white hake, Jonah crab, and Atlantic cod 
were negative over the 14 d (LRT; p = 0.063, p = 
0.399, and p = 0.373, respectively), meaning that risk 
declined with increasing soak time. None of the pre-
dictors, including soak times, nor any of the con-

founders or contextual effect (i.e. average number of 
live lobsters per trap on a string), were significant for 
rock crab, likely due to the very low risk of catching 
rock crab (~1%). 

The most common, and highly significant, predic-
tor for risk of bycatch was the fishing area, with vary-
ing risk according to the species. For example, white 
hake had higher risk in Georges Basin (11.4%) and SE 
Browns Bank (14.0%) than in SW Browns Bank (1.5%; 
Fig. 5B, WH-2); cusk had the highest risk in SW 
Browns Bank (2.8%), followed by Georges Basin 
(1.7%), and SE Brown Bank (0.3%; Fig. 5F, Ck-2); 
Jonah crab had the lowest risk in Georges Basin 
(2.3%), compared to SW and SE Browns Bank (5.9 and 
6.9%, respectively; Fig. 5H, JC-2); and unidentified 
species had the lowest risk in SE Browns Bank (1.8%) 
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Fig. 3. Distributions of string-level soak times (A) over the entire study and (B) over time during the study. Strings were de-
ployed in (C) 3 fishing areas (SW B. Bank: Southwest Browns Bank; G. Basin: Georges Basin; SE B. Bank: Southeast Browns 
Bank) and (D) at various depths. In (C), boxes represent the interquartile range (IQR), while the whiskers extend to the most 
extreme data points within 1.5 times the IQR. Horizontal grey lines in (B) and (D) represent locally weighted scatterplot  

smoothing estimates of soak times
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                                                  White hake                Cusk                  Jonah crab          Atlantic Cod        Unidentified          Rock crab 

Soak time (d)                             Fig. 4A                  Fig. 4B                   Fig. 4C                   Fig. 4D                   Fig. 4E                   Fig. 4F 
 
Coef.                                            –0.0377                  0.0716                  –0.0221                 –0.0344                    0.0587                   0.1183 
SE                                                     0.0201                  0.0327                      0.0259                    0.0361                    0.0174                   0.0918 
pa                                                      0.063                    0.030                        0.399                       0.341                       0.001                     0.178 

Date                                             Fig. 5A                                                    Fig. 5G                   Fig. 5J 
 
Coef.                                            –0.0022                                                –0.0083                    0.0043 
SE                                                     0.0009                                                    0.0010                    0.0018 
p                                                       0.010                                                   <0.001                       0.017 

Fishing area                              Fig. 5B                   Fig. 5F                   Fig. 5H                                                   Fig. 5M 
                                                    p < 0.001                p < 0.001                p < 0.001                                                 p < 0.001 
 
SW Browns Bank                  Reference             Reference              Reference                                              Reference 
Georges Basin 

Coef.                                             1.6202              –0.5478                  –1.0086                                                     0.4031 
SE                                                   0.3157                  0.3590                      0.3403                                                     0.2621 
p                                                  <0.001                    0.127                        0.003                                                        0.124 

SE Browns Bank 
Coef.                                             1.8182              –2.4390                      0.1846                                                 –1.3661 
SE                                                   0.3596                  0.4278                      0.2941                                                     0.3253 
p                                                  <0.001                 <0.001                        0.530                                                     <0.001 

Depth (m)                                   Fig. 5C                                                                                                                     Fig. 5N 
 
Coef.                                                2.7445                                                                                                                      2.8279 
SE                                                     0.6238                                                                                                                      0.6783 
p                                                     <0.001                                                                                                                     <0.001 

Lobster (0 or 1)                         Fig. 5D                                                     Fig. 5I                    Fig. 5K 
 
Coef.                                            –0.3123                                                –0.3395                 –0.4734 
SE                                                     0.1213                                                    0.1391                    0.2319 
p                                                       0.010                                                      0.015                       0.041 

Contextual Eff.                         Fig. 5E                                                                                     Fig. 5L 
(avg. lobster trap–1) 
 
Coef.                                            –0.2697                                                                                 –0.3086 
SE                                                     0.0479                                                                                     0.0913 
p                                                     <0.001                                                                                       0.001 

Constant 
 
Coef.                                             46.6202              –4.1633                 185.4271            –100.3712                 –4.6364               –8.9942 
SE                                                  19.4294                  0.4135                    23.6373                  40.7693                    0.3590                   1.2080 

Random effect 
 
Variance                                         0.7716                  1.5495                      1.2765                    1.9584                    0.4274                   9.8698 
SE                                                     0.1462                  0.4094                      0.2671                    0.5464                    0.1152                   4.0025 

aLikelihood ratio tests were used for soak time

Table 2. Estimates of the effect of soak time on the probabilities of bycatch in lobster traps (n = 7674) from mixed logistic regres-
sion models with string as a random effect (n = 154). Significant confounders are outlined for each model, encompassing date, 
fishing area (SW Browns Bank, Georges Basin, and SE Browns Bank), depth (m) (back-transformed, m–2 × 10000), presence of 
lobster in the trap (0 or 1), and a string-level contextual effect summarizing the average number of live lobsters per trap. 'Refer-
ence' indicates that SW Browns Bank serves as the reference fishing area for comparisons with Georges Basin and SE Browns  

Bank. Results are visually depicted in Fig. 4 (soak time) and Fig. 5 (confounders)
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compared to SW Browns (6.6%) and Georges Basin 
(9.4%; Fig. 5M, UnID-2). In addition to the fishing 
area, depth was also a highly significant (Wald test; 
p < 0.001) negative predictor for both white hake and 
unidentified species (Fig. 5C,N, WH-3 and UnID-3, 
respectively), with a considerable decrease in risk 
from 26.0 to 3.8% and from 17.4 to 2.0%, respectively, 
when depth increased from 95 to 250 m. Date was a 
significant predictor for white hake, Jonah crab, and 
Atlantic cod; it was negatively associated with by -
catch risk for white hake and Jonah crab (Fig. 5A,G, 
WH-1 and JC-1, respectively) and positively associ-
ated with bycatch risk for Atlantic cod (Fig. 5J, Cd-1). 

The presence of any live lobster in the trap (i.e. spe-
cies interactions) was consistently negatively associ-
ated with bycatch risk for white hake, Jonah crab, and 
Atlantic cod (Wald test; p = 0.010, p = 0.015, and p = 

0.041, respectively), and the contextual effect (string-
level average number of lobsters per trap) was also 
negatively associated with bycatch risk for white hake 
and Atlantic cod (Wald test; p < 0.001 and p = 0.001, 
respectively; Fig. 5E,L, WH-5 and Cd-5, respectively). 

For the targeted species, i.e. lobsters, the effect of 
soaking traps for 14 d increased the estimated prob-
ability of marketable (kept) lobsters from 78.4% on 
Day 2 to 88.2% on Day 14 (LRT, p = 0.002) (Table 3, 
Fig. 6A, L_ka ). Over the same time interval (Days 2–
14), increased soak times were also significantly asso-
ciated with increased probabilities of capturing dis-
carded live lobsters (from 43.5 to 59.2%; Wald test, 
p = 0.002), dead lobsters (from 0.4 to 2.6%; Wald test, 
p < 0.001), and pieces of lobster in hauled traps (from 
2.4 to 15.7%; Wald test, p < 0.001) (Fig. 6A, L_da, 
L_dd, and L_p, respectively). 
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Fig. 4. Estimated effects of soak times on the probabilities of having bycatch in a trap (n = 7674) for (A) white hake (WH), (B) 
cusk (Ck), (C) Jonah crab (JC), (D) Atlantic cod (Cd), (E) unidentified (UnID), and (F) rock crab (RC). Models used mixed logis-
tic regression with string as a random effect, and p-values were derived from likelihood ratio tests. Significant confounders  

were included in each model (see Table 2, Fig. 5);grey shaded areas: 95% CI
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Fig. 5. Estimated effects of significant confounders on the probabilities of having (A–E) white hake, (F) cusk (G–I) Jonah crab, 
(J–L) Atlantic cod, and (M–N) unidentified bycatch in a trap (n = 7674). Models used mixed logistic regression with string as 
a random effect (see Table 2). Label letters and numbers indicate species (WH: white hake; CK: cusk; JC: Jonah crab; Cd: At -
lantic cod; UnID: unidentified) and confounders (1: date; 2: fishing area [SWBB: Southwest Browns Bank; GBasin: Georges 
Basin; SEBB: Southeast Browns Bank]; 3: depth [back-transformed]; 4: lobster presence; 5: a string-level contextual effect  

summarizing the average number of live lobsters per trap). Grey shaded areas and vertical bars: 95% CI
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The only remaining significant predictor for the 
probability of hauled traps to have marketable lob-
sters (kept) was the fishing area (Wald test, p < 0.002), 
where Georges Basin and SE Browns Bank had more 
traps with marketable lobsters than from the SW 
Browns Bank fishing area (Table 3, Fig. 6B, L_ka-2). 
For discarded (live) lobsters, fishing area was a signif-
icant predictor (Wald test, p = 0.042); Georges Basin 
had fewer traps with discarded lobsters than SE 
Browns Bank. The date hauled was significant for 
both discarded lobsters and pieces of lobsters (Wald 
test, p < 0.001), with steadily increasing estimated 
probabilities over the 1 yr period (Table 3, Fig. 6B, 
L_da-1). However, when restricting dates between 

15 August 2021 and 15 August 2022 (to represent 
one complete year without seasonal overlap) and 
adding a second fractional polynomial term for date, 
the discarded lobster relationship showed a seasonal 
u-shaped pattern, as was expected from multi-year 
offshore industry observations—the resulting non-
linear relationship (Wald test, p < 0.001) is presented 
in Fig. 6B (L_da-1) as a dashed line. 

3.3.  Power analyses 

Power estimates used to indicate the probability of 
detecting a true effect were conducted on 106 strings 
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                                                          Lobster kept                               Lobster                                    Lobster                                    Lobster 
                                                                (alive)                            discarded (alive)                             dead                                       pieces 
Soak time (days)                        Fig. 6A (L_ka)                      Fig. 6A (L_da)                      Fig. 6A (L_dd)                       Fig. 6A (L_p) 
 
Coef.                                                   0.4093a                                  0.0542                                   0.1593                                   0.1721 
SE                                                        0.1329a                                  0.0168                                   0.0333                                   0.0206 
pb                                                          0.002                                       0.002                                     < 0.001                                     < 0.001 

Date                                                                                               Fig. 6B (L_da-1)                                                                      Fig. 6B (L_p-1) 
 
Coef.                                                                                                      0.0036                                                                                     0.0032 
SE                                                                                                           0.0007                                                                                     0.0009 
p                                                                                                              <0.001                                                                                       <0.001 

Fishing area                              Fig. 6B (L_ka-2)                   Fig. 6B (L_da-2) 
                                                             p = 0.002                                p = 0.042 
 
SW Browns Bank                           Reference                              Reference 
Georges Basin 

Coef.                                                  0.7224                                  –0.2544 
SE                                                       0.2761                                   0.2264 
p                                                           0.009                                       0.261 

SE Browns Bank 
Coef.                                                  0.9399                                   0.1803 
SE                                                       0.2683                                   0.2161 
p                                                          <0.001                                       0.404 

Constant 
 
Coef.                                                    0.3342                               –81.8631                                –5.8371                               –76.3380 
SE                                                         0.3388                                  16.0890                                   0.3843                                 19.3345 

Random effect 
 
Variance                                             1.2771                                   0.8051                                   1.6218                                  0.8776 
SE                                                         0.1852                                   0.1091                                   0.3862                                  0.1581 

aDays were ln-transformed for kept lobsters; bLikelihood ratio test was used for soak time 

Table 3. Estimates of the effect of soak time on the probabilities of lobsters (kept, discarded, dead, pieces) in traps (n = 7674) from 
mixed logistic regression models with string as a random effect (n = 154). Significant confounders include date and fishing area 
(SW Browns Bank, Georges Basin, and SE Browns Bank). 'Reference’ indicates that SW Browns Bank serves as the reference  

fishing area for comparisons with Georges Basin and SE Browns Bank. Results are visually depicted in Fig. 6
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midway through the study and demonstrated suffi-
cient power (at the 80% threshold) for half the 
bycatch species: 94.1% for unidentified species, 

90.4% for white hake, 81.5% for cusk, 43.1% for Jonah 
crab, 5.0% for Atlantic cod, and 0.2% for rock crab 
(Table 4). Unconditional trends for soak times re -
vealed that for some bycatch, soak times acted as risk 
factors (positive association), while for others, they 
were protective (negative association). Given the 
varying soak time trends and sufficient power for half 
of the bycatch, data collection concluded at the 1 yr 
mark, encompassing all seasons except September 
and October 2021. 

At the end of data collection, with all 154 strings 
deployed, estimated powers for observed soak time 
coefficients were 91.7% for white hake, 87.8% for 
unidentified species, 61.0% for cusk, 50.5% for Jonah 
crab, 18.8% for Atlantic cod, and 0.0% for rock crab. 
The reduction in power for cusk, rock crab, and 
unidentified species between midway and final analy-
ses was attributed to reduced soak time coefficients 
in  the final model compared to midway analyses. In 
other words, the reduced impact of soak times ob -
served at the study’s end undermined the power to 
detect a difference. Simulations with fixed coeffi-
cients at 0.105, 0.080, and 0.050 demonstrated that 
except for rock crab, sample sizes were sufficient (at 
80% power) to detect an approximate quadrupling of 
bycatch risk over the 14 d soak time (at coefficients 
fixed at 0.105) and tripling of the risk for white hake 
and unidentified bycatch species (at coefficients fixed 
at 0.080) (Table 4). 

3.4.  Predictions for fishing in LFA 41 

Commercial operations in LFA 41 conducted 
177 980 trap hauls between July 2021 and August 
2022, across 1486 strings (Fig. 7). The average soak 
time was 7.5 d, with an average depth of 195 m, land-
ing an average of 4.25 lobsters per trap (Table 5). Most 
trap hauls were in the SE region of Browns Bank 
(55.3%), followed by Georges Basin (30.3%), the SW 
region of Browns Bank (11.9%), and Georges Bank 
(2.5%). Based on these averages (assumed to be con-
stant for the modeled estimates), the predicted 
number of traps hauled with bycatch is presented in 
Table 6 for those bycatch species with significant 
effects from soak time, corresponding to the esti-
mated bycatch weights for LFA 41 in this period (cusk: 
3641 kg; unidentified species: 2658 kg; Table 6). Rel-
ative weights (%), compared to the marketable lob-
sters, are presented for each bycatch species to serve 
as a comparison among the mandated soak time, the 
commercial average, and the study’s aimed maximum 
of 14 d. 
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Fig. 6. Estimated effects of (A) soak times and (B) significant 
confounders on the probability of having at least one marke-
table (kept alive; L_ka), discarded alive (L_da), dead 
(L_dd), or piece(s) of (L_p) lobster in a trap (n = 7674). 
Models used mixed logistic regression with string as a ran-
dom effect (see Table 3). Label numbers correspond to the 
confounders date (1) and fishing area (2) (see Fig. 5). Grey 
shaded areas and vertical bars: 95% CI. Dashed line: esti-
mates for a subset of discarded alive lobsters (15 August 2021 
to 15 August 2022) modeled with 2 fractional polynomial  

terms (–2, –2)
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                             Midway: soak time                                                   Simulated: soak time                        End: soak time 
                Strings      Coef.            Power              Strings                               Power (95% CI)                                        Coef.          Power 
                      n              (p)            (95% CI)                 n        Coef. = 0.105    Coef. = 0.080    Coef. = 0.050              (p)          (95% CI) 
 
White        106      –0.1308         90.4%                 154             97.4%                  85.1%                  43.9%                –0.0942       91.7% 
 Hake                    (<0.001)    (88.4, 92.2)                           (96.2, 98.3)         (82.7, 87.3)         (40.8, 47.0)             (0.001)    (89.8, 93.3) 

Cusk          106        0.1251           81.5%                 154             82.2%                  56.7%                   25.3%                  0.0830         61.0% 
                                  (0.005)      (79.0, 83.9)                           (79.7, 84.5)         (53.6, 59.8)         (22.6, 28.1)             (0.026)    (57.9, 64.0) 

Jonah         106      –0.0783         43.1%                 154             90.2%                  68.7%                  35.2%                –0.0688       50.5% 
 Crab                       (0.090)      (40.0, 46.2)                           (88.2, 92.0)         (65.7, 71.6)         (32.2, 38.3)             (0.052)    (47.4, 53.6) 

Atlantic     106        0.0035            5.0%                  154             89.3%                   66.5%                  30.8%                –0.0429      18.80% 
 Cod                        (0.935)        (3.7, 6.5)                             (87.2, 91.2)         (63.5, 69.4)         (28.0, 33.8)             (0.263)    (16.4, 21.4) 

UnID              106        0.0769           94.1%                 154            100.0%                 99.5%                  77.5%                  0.0560         87.8% 
                                 (<0.001)    (92.5, 95.5)                          (99.6, 100.0)        (98.8, 99.8)         (74.8, 80.1)             (0.002)    (85.6, 89.8) 

Rock          106        0.0776            0.2%                  154              0.0%                     0.0%                     0.0%                   0.0594          0.0% 
 Crab                       (0.539)        (0.0, 0.7)                               (0.0, 0.4)              (0.0, 0.4)              (0.0, 0.4)               (0.581)       (0.0, 0.4)

Table 4. Power estimates from both midway (n = 106 strings) and end-of-study (n = 154 strings) analyses are provided for 
 unconditional associations of soak time on probabilities of bycatch in traps. Soak time coefficients (expressed in logits) were 
derived from  mixed logistic regression models with string as a random effect. Simulated soak time coefficients of 0.050, 0.080, 
and 0.105 were used to represent approximate doubling, tripling, and quadrupling of the risk of bycatch over a 14 d period. 

UnID: unidentified

Fig. 7. Bar graphs show the percent of strings deployed in LFA 41 between July 2021 and August 2022 for the whole offshore 
 industry (bottom; dark grey; n = 1486) compared to the bycatch study (top; light grey; n=154). The distribution is across  

(A) fishing areas, (B) dates, (C) depths, and (D) soak times
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4.  DISCUSSION 

This study represents the most extensive investiga-
tion into trap-level bycatch data within the Canadian 
offshore lobster industry. Undertaken as a 1 yr con-
trolled trial, the primary aim was to scrutinize the 
influence of soak times on bycatch risk, providing 
valuable insights for effective fisheries management 
strategies. The results revealed nuanced associations 
between soak times and bycatch risk across various 
non-target species and discarded target species, 
including lobsters (kept alive, discarded alive, dead, 
and pieces). 

The prevalence of traps with bycatch remained rel-
atively modest, ranging from 11.5% for white hake to 
1.0% for rock crab. This underscores the importance 
of incorporating numerous traps and strings over the 
study’s 1 yr duration. End-of-study power calcula-
tions revealed sufficient sample sizes, except for rock 
crab, that would enable the detection of a fourfold 
increase in bycatch risk over a 14 d period, and a 
threefold increase specifically for white hake and 
unidentified bycatch species. Soak time was a signi -
ficant factor for the risk of bycatch of cusk and un -
identified species. Nevertheless, the observed low 
percentages (0.8–1.8% for cusk and 2.5–4.9% for un -
identified species) suggest a relatively minimal 
impact, even with increased soak times. 

This study found no conclusive evidence that soak 
times at least quadrupled the risk of catching white 
hake, Jonah crab, or Atlantic cod over the 14 d period. 
However, prolonged soak times substantially ele -
vated the prevalence of traps containing lobsters, ris-
ing from 78% (Day 2) to 88% (Day 14). This increase 

correlated with higher probabilities of discovering 
live lobsters (45–59%), dead lobsters (~0–3%), and 
pieces of lobster (2–16%). 

Examining the potential repercussions of soak time 
reduction in LFA 41, estimates indicated that decreas-
ing the soak time average from 7.5 to 3 d would 
reduce cusk and unidentified bycatch by approx-
imately 1.0 t (965 kg; from 3627 to 2662 kg) and 0.6 t 
(604 kg; from 2663 to 2059 kg), respectively. How -
ever, a reduction in soak time would also decrease 
landed lobster by 32.8 t (32 882 kg; reducing from 
544 352 to 511 470 kg; Table 6), necessitating more 
trap hauls to meet the total allowable catch. It is note-
worthy that while achieving the TAC would require 
additional fishing effort, the total number of traps 
with bycatch (for both cusk and unidentified species) 
would decrease, as the proportions of traps with by -
catch relative to total traps decrease after 3 d of soak 
time (1.09% for cusk; 1.94% for unidentified species) 
compared to 7.5 d (1.39% for cusk; 2.35% for uniden-
tified species). In terms of biomass, reducing soak 
time from 7.5 to 3 d would likely require increased 
fishing effort, which could mitigate some of the 
expected reductions in bycatch. However, the pro-
jected reductions include 171 kg of cusk and 472 kg of 
unidentified species for LFA 41. The tradeoff between 
modest reductions in cusk and unidentified species 
bycatch biomass needs careful consideration against 
increased fishing effort. Such considerations should 
align with fisheries management objectives, encom-
passing fishery footprint, right whale risk mitigation, 
and broader societal goals, including economic and 
environmental impacts such as carbon footprint. 
Weighing these factors comprehensively is essential 
for informed decision-making in the context of sus-
tainable fisheries management. 

Comparing the study’s estimated bycatch rates 
(biomass) to reported rates in LFA 41 from DFO, the 
impact of soak time appears notably low, especially 
when considering DFO’s expected annual variation 
in bycatch rates. Additionally, when contrasted 
against the trends of the last 2 decades, during which 
substantial reductions in bycatch rates occurred, 
changing soak time from 7.5 to 3 d exhibited a mini-
mal impact on bycatch rates. To illustrate this point, 
DFO’s estimated annual bycatch weights for cusk in 
LFA 41 was 23.3 t between 2008 and 2010, 11.9 t 
between 2011 and 2013, 5.8 t between 2014 and 2016 
(DFO 2018), and more recently, 8.1 t between 2018 
and 2022 (DFO 2023). While these data suggest that 
soak time has a limited impact on bycatch biomass, it 
is important to acknowledge that the bycatch weights 
in our study were crew-derived estimates based on 
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                                                                 Mean                      SD 
 
Soak time (d)                                         7.50                       2.85 
Date                                                  01 Mar 2022             119 d 
Depth (m)                                             195.14                   76.88 
Average lobsters trap–1                      4.25                       2.19 
Average traps string–1                      119.77                    2.13 

Fishing area                                     Proportion 
 
SW Browns Bank                                0.119 
Georges Basin                                      0.303 
SE Browns Bank                                  0.553 
Georges Bank                                      0.025

Table 5. Summary statistics for soak time and potential 
confounders from LFA 41 commercial operations between 
July 2021 and August 2022 (n = 1486 strings, for a total of 
177980 traps), and proportions of landed traps across the  

4 fishing areas
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sight and feel, and thus likely contain inherent errors. 
However, these estimates remain valuable for provid-
ing a general sense of the magnitude of bycatch at the 
regional level, offering crucial context for under-
standing trends. 

Estimates for LFA 41 derived from the study were 
more conservative for cusk, Jonah crab, and dis-
carded lobsters (by factor of approximately 3), and 
more liberal for white hake and Atlantic cod (by a fac-
tor of approximately 1.5) compared to DFO’s latest 
estimates. Even accounting for a factor of 3 in the 
study estimates, the impact of soak time on bycatch in 
LFA 41 remains relatively low. 

Various measured factors, included as potential 
confounders, emerged as robust predictors of bycatch 
risk, with some exerting larger impacts than soak 
time. Fishing area consistently stood out as a signifi-
cant predictor, influencing white hake, cusk, Jonah 
crab, and unidentified species. Although no discern-
ible pattern emerged across species, the variations in 
different areas possibly reflect diverse macro-envi-
ronmental conditions conducive to each species. As 
an example, Runnebaum (2017) described the non-
homogenous distribution of cusk bycatch in Maine 
lobster fishing operations. Depth strongly correlated 

with the risk of catching white hake and unidentified 
species, exerting the largest impact on their risk esti-
mates. Date emerged as a significant predictor for 
white hake, Jonah crab, and Atlantic cod, with Jonah 
crab exhibiting the most substantial reduction in risk 
during the study’s first 6 mo. The spatial predictors 
(fishing area and depth) and the temporal predictor 
(date) likely serve as surrogate measures for numer-
ous unrecorded environmental and ecological con-
ditions influencing local species abundances and 
population trends over time. The observed signifi-
cance and impact of these spatiotemporal predictors 
underscore the importance of including such mea-
sures in bycatch studies. 

Potential interactions between bycatch species and 
lobsters were explored analytically by incorporating a 
predictor for the presence of live lobster(s) (either 
kept and/or discarded) and introducing a contextual 
effect to capture the average number of lobsters per 
trap for the entire string. The presence of live lobsters 
(kept and/or discarded) in a trap was associated with 
reduced bycatch risk for white hake, Jonah crab, and 
Atlantic cod. Furthermore, higher average numbers 
of lobsters per trap significantly lowered the risk of 
bycatch for white hake and Atlantic cod. However, 
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                                                                                      Cusk                Unidentified            Lobsters                 Lobsters                 Lobsters 
                                                                                                                                                         kept                   discarded                   dead 
 
Soak time     Weight (kg) trap–1a                         1.748                       0.754                       3.703                       1.899                       1.260 

3 days            Probability                                         0.009                       0.015                       0.776                       0.473                       0.010 
                        95% CI                                          0.004, 0.013          0.009, 0.022          0.736, 0.817          0.424, 0.522          0.005, 0.015 
                        Traps (n) with bycatch                    1523                        2731                      138123                    84195                       1805 
                        Weight (kg) for LFA 41                 2662.2                     2059.2                  511469.5                159886.3                  2274.3 
                        Relative weight (%)b                        0.52                         0.40                   Reference                  31.26                        0.44 

7.5 days         Probability                                         0.012                       0.020                       0.826                       0.525                       0.020 
                        95% CI                                          0.007, 0.016          0.012, 0.027          0.800, 0.852          0.492, 0.559          0.014, 0.026 
                        Traps (n) with bycatch                    2075                        3532                      147003                    93440                       3556 
                        Weight (kg) for LFA 41                 3627.1                     2663.1                  544352.1                177442.6                  4480.6 
                        Relative weight (%)b                        0.67                         0.49                   Reference                  32.60                        0.82 

14 days          Probability                                         0.018                       0.029                       0.855                       0.599                       0.051 
                        95% CI                                          0.009, 0.027          0.017, 0.040         0.0823, 0.887         0.548, 0.650          0.031, 0.070 
                        Traps (n) with bycatch                    3221                        5102                      152189                   106591                      8990 
                        Weight (kg) for LFA 41                 5630.3                     3846.9                  563555.9                202416.3                 11327.4 
                        Relative weight (%)b                        1.00                         0.68                   Reference                  35.92                        2.01 

aTaken directly from Table 1; bRelative to kept lobster weight

Table 6. Predicted impact of commercial lobster fishing soak time on bycatch in LFA 41 between July 2021 and August 2022, for 
bycatch species with statistically significant soak time effects. Probabilities of bycatch being present in traps were estimated 
from mixed logistic regression models (see Tables 2 & 3), with 3 possible soak times, set at the mandated limit (3 d), the commer-
cial average (7.5 d), and the study maximum (14 d), for a total of 177 980 trap hauls. Estimated weights for LFA 41 were calcu-
lated by multiplying the estimated number of trap hauls (with at least one bycatch animal) in LFA 41 by the average weights 
from the study traps with at least one bycatch animal (see Table 1). 'Reference’ indicates that relative weights (%) for bycatch  

species are expressed relative to the retained lobster weight
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the study’s design inhibits a clear distinction between 
protective and risk factors linked to the presence of 
lobsters in traps. It remains uncertain whether 
bycatch species were dissuaded from entering traps 
already occupied by lobsters or if they were con-
sumed by lobsters once inside the trap. The study was 
likewise unable to determine the impact of bait over 
longer soak times, presuming that it would have 
reduced attractiveness with time, but unable to be 
verified by animal behavior in the trap. Similar uncer-
tainty surrounds the contextual effect, making it 
impossible to discern the underlying biological mech-
anism, such as serving as a surrogate measure for 
increasing lobster densities in the immediate areas 
with fewer natural prey. 

Spatiotemporal trends for lobsters demonstrated 
higher proportions of traps with market-size lobsters 
in Georges Basin, with lower probabilities of dis-
carded lobsters in SE Browns Bank. These differences 
likely result from complex ecological factors within 
fishing areas. The study’s limitations, confined to ves-
sel-based data collection, hindered a comprehensive 
analysis of additional factors affecting catch rates, 
such as environmental conditions, molt stages, and 
reproductive states (Cook et al. 2020). 

The independent assessment of the trap counts, 
derived from electronic monitoring in comparison to 
crew counts on board the vessel, offered a represen-
tative sample covering more than a quarter of the 
strings throughout the study. This assessment was 
crucial for ensuring transparency, validating results, 
and mitigating perceived bias due to the absence of 
blinding in crew observations. Overall, the agree-
ment between video and crew counts was robust. As 
ex pected, distinctions were almost perfect for easily 
recognizable species like lobsters and Jonah crab, 
while challenges were encountered with rock crab. 
The limited presence of rock crabs and potential dif -
ficulty in correct classification from video footage 
contributed to the lower agreement in this category. 
Hake presented challenges in classification from 
video footage, particularly at the species level, 
resulting in their grouping. Interestingly, crew 
counts were higher than video counts for hake, 
further supporting the potential for misclassification 
of hake in the electronic records. Fair agreements 
were observed for unidentified species and dead lob-
sters, where video counts tended to surpass crew 
counts. The overrepresentation of unidentified spe-
cies in video footage could stem from unclear identi-
fications, possibly leading to misclassification. The 
classification of lobsters as dead on video, when 
crew members could distinguish their liveliness, 

contributed to discrepancies. Counting cusk, with 
substantial agreement, posed difficulties on video 
due to the rapid handling speed by crew members, 
impacting accurate counts. Similarly, the quick bun-
dling of lobster pieces by crew members made it 
challenging to track on video. 

These disparities may be attributed to differences in 
identification skills, attention to detail, and recording 
precision between the busy crew working at sea and 
experienced marine image annotators (Kindt-Larsen 
et al. 2012). Other studies have shown that scientific 
fishery observers given additional tasks deliver lower 
counts than those without additional tasks (CUD 
1994). However, the crew’s real-time feedback, such 
as distinguishing between alive and dead, and the 
ability to rapidly identify and count  lobster pieces 
during bundling, are advantages that electronic mon-
itoring may not fully capture. The logistics of video 
capture occasionally led to trap ID discrepancies, 
reducing agreement in matched traps. However, this 
discrepancy did not affect symmetry or introduce 
bias, underscoring the reliability of electronic mon-
itoring for future bycatch estimates. 

The conventional analysis of string-level bycatch 
often involves aggregate string weights, commonly 
referred to as catch levels (kg) and rates, utilizing 
the ratio method by dividing the weights of bycatch 
by landed lobsters (Pezzack et al. 2014). However, 
the richness of trap-level data, encompassing both 
weights and counts, coupled with the hierarchical 
structure of traps within strings, posed challenges for 
modeling weights. This complexity arises from the 
prevalence of zero counts (0 kg) in most traps, render-
ing zero-inflated negative binomial models suitable 
for count data with numerous zero counts. Yet incor-
porating random effects into such models, necessary 
to account for the clustering of traps within strings, 
becomes increasingly challenging. Despite sacrific-
ing some information by using risk (probability of 
bycatch presence in a trap), employing mixed logistic 
regression models offered a robust analytical ap -
proach without compromising underlying statistical 
assumptions. 

While typical limitations of studies often revolve 
around sample size and timeframe, our power analy-
ses demonstrated sufficient power for 2 of the 5 
bycatch species at tripling levels and 4 at quadrupling 
levels. Remarkably, even an additional 3 yr of data 
would not have enhanced our ability to detect a 
change in rock crab bycatch, given the exceedingly 
low risk with this species. 

The collection of additional environmental infor-
mation would have likely improved our predictive 
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analyses. However, the study was confined to infor-
mation available from commercial fishing operations, 
and it was not designed as an ecological study on the 
bycatch or lobster population in the fishing area. 

An obvious limitation of this study lies in the 
absence of additional trap-level information during 
the soak time period at sea. The absence of a camera 
at the ocean floor precluded insights into whether 
bycatch repelled from traps or consumed when lob-
sters were present, leading to an underestimation of 
the impact of soak time in our study. Additionally, 
without a camera at the trap, it was impossible to ob -
serve catchability information (i.e. percent of animals 
caught compared to animals that have entered the 
traps), where one study reported keeping only 6% of 
lobsters that entered traps (Jury et al. 2001). Without 
such information, we could not describe trap catch-
ability over space and time by species. The intricacies 
and challenges of deploying trap-level cameras at sea 
rendered this option unfeasible for this specific study. 
Future studies on bycatch stand to gain more infor-
mation from incorporating such video-recording 
methods to capture trap-level dynamics at sea. 

5.  CONCLUSIONS 

This study represents the most extensive examina-
tion of trap-level bycatch data within the Canadian 
lobster industry. Soak times were significantly associ-
ated with increased risk of capturing cusk and 
unidentified species. However, these associations, 
while statistically significant, translate into relatively 
minor implications for all harvesting in LFA 41 when 
contrasted with the substantial influence of factors 
like fishing area, depth, and temporal trends. In the 
broader context of fisheries management, it becomes 
essential to integrate these increased risks into the 
overall objectives of fishery sustainability. This in -
volves not only understanding the direct impact on 
bycatch but also considering the secondary effects on 
catch rates and the resultant profile of total bycatch in 
the fishery. Moreover, historical evidence from dec-
ades of independent at-sea observer data emphasizes 
that other measures, like fleet rationalization and the 
concentration of footprint through trap reduction, 
have historically had a larger impact on bycatch rates 
than the observed changes from soak time alterations 
in this study. Acknowledging and leveraging such 
historical insights will be helpful for planning stra -
tegies for mitigating bycatch in lobster trap fisheries 
taking place in similar environmental and operational 
conditions. 
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