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Abstract 

Using a general hierarchical model we estimated relative efficiency of chain sweep to the 
rockhopper sweep used by the NEFSC bottom trawl survey for six species of flatfish (summer 
flounder, American plaice, windowpane, winter flounder and yellowtail flounder) from three 
studies carried out in 2015-2017 aboard the F/V Karen Elizabeth twin trawl vessel. Aside 
from the sweeps, the rest of the trawl gear is the same. We compared a set of models with 
different assumptions about variation of relative efficiency between paired gear tows, size 
and diel effects on the relative efficiency, and extra-binomial variation of observations within 
paired gear tows. The best models for each species included size effects on and variation 
in relative catch efficiency between each observation. Diel effects provided improved model 
performance for summer flounder, windowpane, winter flounder, and witch flounder. We 
used the best performing models with and without model parameters that differ for tows 
conducted during day and night to make and compare annual chain sweep-based swept area 
biomass estimates for 11 stocks during the spring and fall surveys under the alternative 
assumptions. We estimated uncertainty in all results using bootstrap procedures for each 
data component. 
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Introduction 

Paired-gear studies have long been used to estimate the efficiency of one fishing gear 
relative to another (e.g., Gulland 1964; Bourne 1965). These types of studies are critical for 
informing abundance time series from fishery independent surveys when there are changes 
in the vessel and(or) gears over time due to gear failures or improved technology. 
In conducting paired-gear studies it is ideal to have the two gears deployed as close to-

gether spatailly and temporally as possible to reduce variation between the gears in densities 
of the species being captured. One fishing method that approaches this ideal is the twin-trawl 
rigging where two trawls can be fished simultaneously (ICES 1996). 
Here we expand the methods of Miller (2013) to also evaluate diel effects on relative 

catch efficiency and estimate for 6 flatfish species: American plaice (Hippoglossoides plates-
soides), summer flounder (Paralichthys dentatus), windowpane (Scophthalmus aquosus), 
winter flounder (Pseudopleuronectes americanus), witch flounder (Glyptocephalus cynoglos-
sus), and yellowtail flounder (Limanda ferruginea). We also use the relative catch efficiency 
estimates to estimate chain-sweep swept area biomass for 11 stocks (2 for windowpane, and 
3 each for winter flounder and yellowtail flounder) in the Northeast fisheries Science Center 
spring and fall bottom trawl surveys. 

Methods 

Data collection 

Data were collected during three field experiments carried out in 2015, 2016, and 2017, 
respectively, aboard the F/V Karen Elizabeth, a 78ft stern trawler capable of towing two 
trawls simultaneously side by side. One side of the twin-trawl rig towed a NEFSC standard 
400 x 12 cm survey bottom trawl rigged with the NEFSC standard rockhopper sweep (Politis 
et al. 2014) (Figure 1). The other side of the twin-trawl rig towed a version the NEFSC 400 
x 12cm survey bottom trawl modified to maximize the capture of flatfish. The trawl was 
modified by reducing the headline floatation from 66 to 32, 20cm, spherical floats, reducing 
the port and starboard top wing-end extensions by 50cm each and utilizing a chain sweep. 
The chain sweep was constructed of 1.6cm (5/8in) trawl chain covered by 12.7cm diameter 
x 1cm thick rubber discs on every other chain link (Figure 2). Two rows of 1.3cm (1/2in) 
tickler chains were attached to the 1.6cm trawl chain by 1.3cm shackles (Figure 2). To ensure 
equivalent net geometry of each gear, 32m restrictor ropes, made of 1.4cm (9/16in) buoyant, 
Polytron rope, were attached between each of the trawl doors and the center clump. 3.4m2 
Thyboron Type 4 trawl doors were used to provide enough spreading force to ensure the 
restrictor ropes remained taut throughout each tow. Each trawl used the NEFSC standard 
36.6m bridles. All tows followed the NEFSC standard survey towing protocols of 20 minutes 
at 3.0 knots. In 2015, 108 (45 day, 63 night) paired tows were conducted in eastern Georges 
Bank and off of southern New England (Figure 3). In 2016, 117 (74 day, 43 night) paired 
tows were conducted in western Gulf of Maine and northern edge of Georges Bank (Figure 
4). In 2017, 103 (61 day, 42 night) paired tows were conducted in waters off of southern New 
England (Figure 5). The number of paired tows where a given species was captured ranged 
betweeen 132 and 186 (Table 1). 
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Paired-tow analyses 

We use the hierarchical modeling approach from Miller (2013) to estimate the relative 
efficiency of chain sweep to the rockhopper sweep used by the NEFSC bottom trawl survey 
for six species from three studies carried out aboard a twin trawl vessel. Aside from the 
sweeps the rest of the trawl gear is the same. As in Miller (2013), we compared a set 
of models with different assumptions about variation of relative efficiency between paired 
gear tows, size effects on the relative efficiency, and extra-binomial variation of observations 
within paired gear tows. However, we further expand the models to investigate diel effects 
on the relative efficiency. The analyses are analogous to those by Miller et al. (2017a,b), but 
updated to include data collected in 2017. We estimate biomass for 11 stocks in the annual 
fall and spring surveys between 2009 and 2016 assuming the chain sweep is fully efficient. The 
best performing models with and without model parameters that differ for tows conducted 
during day and night are used to make and compare biomass estimates under the alternative 
assumptions. We estimated uncertainty in all results using bootstrap procedures for each 
data component. 
Like the analyses in Miller et al. (2017a,b), we fit the same set of 13 models described 

in Miller (2013), and reproduced here in Tables 2 and 3, to all data combined and also to 
data for observations conducted during the day and night, separately. The latter set of fits 
together equate to a model with all parameters differing by whether the tows were conducted 
duing the day or night. Day and night tows were defined by whether the sun was above the 
horizon at the time of the tow. 
For all the models fitted to the twin trawl data, the length-weight data, and the survey 

data, parameter estimation was performed by maximizing the model likelihood programmed 
in TMB (Kristensen et al. 2016) and R (R Core Team 2017). 

Length-weight analysis 

We used the length and weight observations for each survey to estimate a survey-specific 
length-weight relationship. We assumed weight observation j from survey i, was log-normal 
distributed, 

(1) 

� � 
σ2 
ilog Wij ∼ N log αi + βi log Lij − , σ2 

i2 

We used a bias correction to ensure the expected weigth E(Wij ) = αiL
βi 
ij . 

Biomass estimation 

We estimated biomass for each annual survey using two approaches. The first does not 
account for any diel effects on the relative efficiency of the rockhopper sweep to chain sweep 
gear whereas the second approach does account for diel differences in the relative efficiency. 
In some tows for the NEFSC surveys there may be subsampling when a large number of a 
given species are caught, but we used the extrapolated numbers at length for such tows. For 
the first approach 

e(2) N1hi (L) = Nhi (L) ρb(L) 
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where Nhi(L) is the number at length L in tow i from stratum h and ρb(L) is the relative 
efficiency of the chain sweep to rockhopper sweep at length L estimated from the twin trawl 
observations in a model without diel effects on the relative efficiency. Note that we have 
omitted any subscripts denoting the year or survey. For the second approach 

Ihi(D)(3) Ne2hi (L) = Nhi (L) ρb(L, D) ρb(L, N)1−Ihi(D) 

Ihi(D)where ρb(L, D) and ρb(L, N) are the relative efficiency of the chain sweep to rockhopper 
sweep at length for daytime and nighttime tows, respectively, estimated from the twin trawl 
observations in a model with diel effects on the relative efficiency, and Ihi (D) is the indicator 
variable of whether tow i was conducted during the daytime. 
The stratified abundance estimate is then calculated using the design-based estimator, 

H
Ah

nhX X b e(4) Ng(L) = Ng,h,i(L)
Anh

h=1 i=1 

where g indicates which abundance at length per tow is used (eq. 2 or 3), Ah is the area of PHstratum h, A = h=1 Ah, and nh is the number of tows that were made in stratum h. The 
corresponding biomass estimate is then 

nLX b b(5) Bg = Ng(L = l)wb(L = l) 
l=1 

where wb(L = l) is the estimated weight at length from fitting length-weight observations 
described above. Length is typically measured to the nearest cm so nL indicates the number 
of 1 cm length categories that were observed during the survey. 
We used length-weight observations for each of the annual NEFSC surveys to estimate 

length-weight relationships for fall and spring surveys each year and survey catches at length 
per tow to estimate seasonal and annual biomass estimates with and without diel effects on 
relative catch efficiency. The methods for these estimates are identical to the descriptions 
for the first two type of biomass estimates described by in Miller et al. (2017b). For all 
the models fitted to the twin trawl data, the length-weight data, and the survey data, 
parameter estimation was performed by maximizing the model likelihood programmed in 
TMB (Kristensen et al. 2016) and R (R Core Team 2017). 
We compared posterior empirical Bayes and bootstrap methods for estimating uncer-

tainty in the relative catch efficiency. We made 1000 bootstrap data sets by randomly 
drawing with replacement the paired observations from the original twin trawl data. We 
refit the best performing model to each bootstrap data set and retained the predicted rel-
ative efficiency (at size) for each bootstrap. To estimate uncertainty in biomass, we used 
bootstrap methods for all components of the biomass estimate. Like the relative catch effi-
ciency, bootstrap predictions of weight at length were made by sampling with replacement 
the length-weight observations within each annual survey and refitting the length-weight 
relationship to each of the bootstrap datasets. Bootstrap data sets for each of the annual 
surveys respected the stratified random designs by resampling with replacement within each 
stratum. For each of the 1000 combined bootstrap results, survey observations for bootstrap 
b were scaled with the corresponding bootstrap estimates of relative cookie sweep to rock-
hopper sweep efficiency and predicted weight at length, using Eqs. 4 and 5 for the respective 
biomass estimation method. 
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Results 

As measured by AIC, the best performing model for the twin-trawl observations included 
size effects and random variation in relative catch efficiency among observations for all 6 
species of flatfish (Table 4). Diel effects on the model parameters was important for 4 
species: (summer flounder, windowpane, winter flounder, and witch flounder). Within-haul 
extra-binomial variation (overdispersion via the beta-binomial assumption) was important 
for American plaice, yellowtail flounder, and witch flounder. Using the best performing 
models that assume model parameters are the same for tows made during day and night, the 
relative efficiency of the chain sweep gear to the rockhopper sweep gear generally declines 
with increased size (Figure 6). When diel effects on model parameters are assumed the decline 
is more pronounced when tows are conducted during the day (Figure 7). The increase in 
efficiency of the chain sweep over the rockhopper sweep is also greater during the day. 
Stock-specific trends in annual biomass estimates from 2009 to 2016 for the NEFSC b bspring and fall survey were generally the same whether B1 or B2 (Eqs. 1 to 5) were used. 

Spring biomass estimates declined for GB-GOM windowpane, GB yellowtail flounder, and 
SNE-MA yellowtail flounder, increased for American plaice and GOM winter flounder, and 
remained relatively stable for other stocks (Tables 5 to 6 and Figures 8 and 11). Fall 
biomass estiamtes declined for GOM winter founder and GB yellowtail flounder, and SNE-
MA yellowtail flounder, increased for American plaice and witch flounder and remained 
relatively stable for other stocks. However, the uncertainty in the biomass estimates using 
Bb2 were generally greater than those using Bb1 and were particularly problematic for witch 
flounder, and all three of the yellowtail flounder stocks where bootstrap-based confidence 
intervals ranged down to zero. 
The effective efficiency of the biomass estimates can be inferred by dividing the scaled 

biomass estimates derived using the relative efficiency of the chain and rockhopper sweeps 
with the biomass estimates from the unscaled numbers at length observed at each station. 
Annual values will vary due to the differences in abundance at length. The relative biomass befficiency when using B1 were greatest for American plaice and the winter flounder stocks 
(approximately 0.7) and the lowest efficiencies were observed for witch flounder and the 
windowpane stocks (between 0.2 and 0.3) (Figures 12 and 13). The efficiences were similar bwhen B2 are used, but like the biomass estimates themselves, there is greater uncertainty 
in the ratio estimates with those for witch flounder and the yellowtail stocks ranging up to 
infinity mirroring the large confidence intervals for the biomass estimates (Figures 14 and 
15). 
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Fig. 1. Diagram of the standard Northeast Fisheries Science Center rockhopper sweep center 
and wing sections. 
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Fig. 2. Diagram of the chain sweep designed maximize bottom contact and flatfish capture. 
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Fig. 3. Locations of stations in 2015 where the F/V Karen Elizabeth conducted twin-trawl 
sets with the standard bottom trawl gear and the gear with a chain sweep instead of the 
rockhopper sweep. 

Fig. 4. Locations of stations in 2016 where the F/V Karen Elizabeth conducted twin-trawl 
sets with the standard bottom trawl gear and the gear with a chain sweep instead of the 
rockhopper sweep. 
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Fig. 5. Locations of stations in 2017 where the F/V Karen Elizabeth conducted twin-trawl 
sets with the standard bottom trawl gear and the gear with a chain sweep instead of the 
rockhopper sweep. 
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Fig. 6. Estimated relative catch efficiency from best models with all parameters the same 
for tows during day and night. Black and grey lines are for mean and tow-specific relative 
catch efficiencies, respectively. Gray polygons and dashed red lines reflect 95% confidence 
intervals using derived from delta method-based variance estimates and bootstrap quantiles, 
respectively. 
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Fig. 7. Estimated relative catch efficiency from best models with all parameters differing for 
tows during the day and night. Black and grey lines are for mean and tow-specific relative 
catch efficiencies, respectively. Gray polygons and dashed red lines reflect 95% confidence 
intervals derived from delta method-based variance estimates and bootstrap quantiles, re-
spectively. 
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Fig. 8. Estimated annual chain sweep-based biomass for summer flounder, American plaice, 
witch flounder, and GB-GOM and SNE-MAB windowpane during the fall and spring surveys 
between 2009 and 2016. Estimates use relative catch efficiency from best models with all 
parameters the same for tows during the day and night. Gray polygons reflect 95% confidence 
intervals derived from bootstrap quantiles. 
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Fig. 9. Estimated annual chain sweep-based biomass for GB, GOM and SNE winter flounder, 
and GB, SNE-MA, and CC-GOM yellowtail flounder during the fall and spring surveys 
between 2009 and 2016. Estimates use relative catch efficiency from best models with all 
parameters the same for tows during the day and night. Gray polygons reflect 95% confidence 
intervals derived from bootstrap quantiles. 
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Fig. 10. Estimated annual chain sweep-based biomass for summer flounder, American plaice, 
witch flounder, and GB-GOM and SNE-MAB windowpane during the fall and spring surveys 
between 2009 and 2016. Estimates use relative catch efficiency from best models with all 
parameters differing for tows during the day and night. Gray polygons reflect 95% confidence 
intervals derived from bootstrap quantiles. 
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Fig. 11. Estimated annual chain sweep-based biomass for GB, GOM and SNE winter floun-
der, and GB, SNE-MA, and CC-GOM yellowtail flounder during the fall and spring surveys 
between 2009 and 2016. Estimates use relative catch efficiency from best models with all 
parameters differing for tows during the day and night. Gray polygons reflect 95% confidence 
intervals derived from bootstrap quantiles. 

17 



Fig. 12. Estimated effective efficiency of rock-hopper sweep for biomass of summer flounder, 
American plaice, witch flounder, and GB-GOM and SNE-MAB windowpane during the fall 
and spring surveys between 2009 and 2016. Estimates divide the biomass estimates from 
unscaled catches from the survey by the biomass estimates from scaling observed catches 
using relative catch efficiency at size from best models with all parameters the same for 
tows during the day and night. Gray polygons reflect 95% confidence intervals derived from 
bootstrap quantiles. 
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Fig. 13. Estimated effective efficiency of rock-hopper sweep for biomass of GB, GOM and 
SNE winter flounder, and GB, SNE-MA, and CC-GOM yellowtail flounder during the fall 
and spring surveys between 2009 and 2016. Estimates divide the biomass estimates from 
unscaled catches from the survey by the biomass estimates from scaling observed catches 
using relative catch efficiency at size from best models with all parameters the same for 
tows during the day and night. Gray polygons reflect 95% confidence intervals derived from 
bootstrap quantiles. 
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Fig. 14. Estimated effective efficiency of rock-hopper sweep for biomass of summer flounder, 
American plaice, witch flounder, and GB-GOM and SNE-MAB windowpane during the fall 
and spring surveys between 2009 and 2016. Estimates divide the biomass estimates from 
unscaled catches from the survey by the biomass estimates from scaling observed catches 
using relative catch efficiency at size from best models with all parameters differing for 
tows during the day and night. Gray polygons reflect 95% confidence intervals derived from 
bootstrap quantiles. 
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Fig. 15. Estimated effective efficiency of rock-hopper sweep for biomass of GB, GOM and 
SNE winter flounder, and GB, SNE-MA, and CC-GOM yellowtail flounder during the fall 
and spring surveys between 2009 and 2016. Estimates divide the biomass estimates from 
unscaled catches from the survey by the biomass estimates from scaling observed catches 
using relative catch efficiency at size from best models with all parameters differing for 
tows during the day and night. Gray polygons reflect 95% confidence intervals derived from 
bootstrap quantiles. 
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Table 1. Number of twin-trawl tows conducted where each species was caught during the 
day, night, and in total. 

Species Day Night Total 
Summer flounder 73 66 139 
American plaice 84 51 135 
Windowpane 93 93 186 
Winter flounder 94 73 167 
Yellowtail flounder 86 81 167 
Witch flounder 83 49 132 
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