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Abstract

We re-analyze Thorny skate data from two comparative fishing experiments conducted by DFO in 
1995 and 1996 using improved and more contemporary methods to estimate the relative efficiency 
of the Campelen 1800 demersal shrimp trawl survey protocol compared to the Engel 145 otter trawl. 
We correct possible bias in the method previously applied to these data. We investigate if there are 
size-based differences and if depth or spatial regions have important effects on results. We also 
investigate the influence and robustness of the estimation procedures, which was a concern in the 
original analyses of these data for other groundfish species. We did not find strong evidence that the 
relative efficiency of the Campelen trawl protocol compared to the Engel was different for smaller-sized 
Thorny skate compared to larger ones. However, we conclude that there is a potential that size-based 
differential catchability existed but there is insufficient information to reliably estimate these effects 
for Thorny skate. We also found evidence of significant differences in relative efficiency among NAFO 
Divisions and experiments, which is similar to other flatfish species. However, the mechanisms for 
these differences are unknown and it is not clear if spatial estimates should be used when converting 
Engel indices to Campelen equivalents. Hence, we do not recommend a different Engel-Campelen 
conversion factor than the one currently used in stock assessments for Thorny skates on the Grand 
Banks (NAFO Divisions 3LNOPs).

Keywords: Paired-tows; Binomial distribution; generalized linear mixed-effects model; influence; 
Robson estimator.

Introduction

Bottom-trawl surveys provide important inputs for the 
assessment of Grand Banks Thorny skate (Amblyraja 
radiata Donovan, 1808) in NAFO Divisions 3LNO and 
Subdivision 3Ps (Simpson and Miri, 2020). The main 
source of information comes from Fisheries and Oceans 
(DFO) research vessel (RV) surveys in the spring that 
cover the entire stock area. DFO RV surveys in autumn in 
Divisions 3LNO are also examined but these surveys do 
not cover the stock component in 3Ps. Stock status is based 
on spring survey indicators since 1971; however, different 
vessels and survey gears have been used throughout this 
time-period, and some of these changes had substantial 
impacts on survey catch rates. Survey indices during 
1984–1995 when the Engel trawl was employed were 
adjusted to be comparable with recent survey protocols 
that used the Campelen trawl; however, there is substantial 

uncertainty about values for the adjustments, which is the 
focus of this paper.

During 1971–1982 the DFO spring surveys were 
conducted using the research vessel A.T. Cameron which 
fished with a Yankee 41.5 otter trawl. Starting in 1983, 
surveys were conducted using the stern trawler Wilfred 
Templeman with the Engel 145 High Lift otter trawl. 
Although comparative fishing (see below) between 
the two vessels and gears was conducted (Gavaris and 
Brodie, 1984), no length data were collected for Thorny 
skate. Hence, survey catch rates from these vessels used 
during different periods may not be directly comparable 
to indicate stock trends.

Major changes in both the spring and fall surveys occurred 
in the mid-1990s. In 1995, DFO changed survey vessels, 
bottom trawls, and tow durations in their fall RV surveys 
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on the NL shelves. The vessel CCGS Teleost replaced the 
MV Gadus Atlantica, and the Engel 145 High Lift otter 
trawl was replaced by the Campelen 1800 shrimp trawl. 
The Campelen trawl was known to be much more efficient 
at catching small fish (Walsh, 1996). The Engel survey 
trawl was also changed to the Campelen trawl on another 
research vessel, the CCGS Wilfred Templeman, which was 
used for both spring and fall surveys. In both cases, tow 
times were reduced from 30 minutes to 15 minutes. Other 
changes in survey protocols were summarized in Warren 
(1996; 1997), McCallum and Walsh (1997), and more 
recently by Cadigan et al. (2022). Well-designed scientific 
surveys can produce annual indices, Iy, t size, Ny (i.e., Iy ≈ 
QNy). If catchability (Q) is the same each year then trends 
in indices reflect trends in stock size. However, a large 
change in survey protocols can affect Q and that disrupts 
the survey index time-series as an indicator of stock size.

Comparative fishing experiments can provide information 
about the relative change in Q for the old survey protocol 
compared to the new one, ρ = Qold /Qnew, which we 
refer to as the relative efficiency of the old protocol. 
This can be used to adjust for changes in survey index 
catchability. Comparative fishing experiments usually 
involve paired-trawling by two vessels that use the old 
and new survey protocols. Comparative or calibration 
fishing is the international standard in developed countries 
for calibrating catches and integrating pre-existing/
current time-series with new time series (Bagley et al., 
2015; Thiess et al., 2018). However, it is often difficult 
to conduct comparative fishing (e.g. when only a trawl 
gear is changed in a single vessel survey) or it may be 
prohibitively costly, especially in cases where multiple 
vessels are used each year to conduct surveys (e.g., 
ICES, 2006; Bagley et al., 2015; ICES, 2022). In these 
cases, survey index standardization is aided by using 
a phased-in approach for changes in survey protocols, 
where some vessels use the old protocols and some 
use the new protocols, during the same survey and so 
that both protocols are used in some nearby locations. 
Index standardization can be performed using statistical 
models (e.g. Berg et al., 2014; Thorson and Ward, 2014; 
O’Leary et al., 2021) that include vessel and/or gear 
effects. However, such model-based approaches may not 
be reliable if there is insufficient overlap in the vessels 
and gears used (e.g. Winker et al., 2017). Dedicated 
comparative fishing ensures this overlap.

In 1995 and 1996, DFO conducted comparative fishing 
experiments to 1) investigate the relative efficiency of the 
Gadus Atlantica with the Engel trawl versus the Teleost 
with the Campelen, and 2) the Alfred Needler with the 
Engel trawl and the Wilfred Templeman and the Campelen 
trawl. The Alfred Needler and the Wilfred Templeman were 

sister ships, and it was expected that their differences in 
catchabilities would provide a good approximation of the 
differences in catchabilities of the Wilfred Templeman 
using the Engel trawl versus the Campelen trawl. In effect, 
the assumption was that the Alfred Needler and the Wilfred 
Templeman would have the same catchability when each 
vessel used the same Campelen survey gear; that is, there 
was no vessel effect. This assumption was later validated 
in subsequent comparative fishing experiments between 
these two vessels, both fishing with the Campelen trawl 
(Cadigan et al., 2006). Additional information on the 
comparative fishing results is provided in Warren (1996) 
and Warren et al. (1997).

Simpson and Kulka (2005) initially analyzed the 
comparative fishing results for Thorny skate to estimate 
the relative efficiency of the Campelen surveys compared 
to the Engel surveys. Their purpose was to convert Gadus 
Atlantica catches with the Engel trawl to values equivalent 
to what would have been obtained by the Teleost and the 
Campelen. Similarly, Wilfred Templeman catches using 
the Engel trawl were converted to Campelen equivalents. 
Simpson and Kulka (2005) did not find evidence of size-
based differential catchability of the Campelen and Engel 
trawls for Thorny skate. However, the relative efficiency of 
the Campelen trawl survey protocol compared to the Engel 
was strongly length-dependent for the target groundfish 
stocks in these comparative fishing experiments (Warren, 
1996; Warren et al., 1997; Cadigan et al., 2022). Hence, 
it is reasonable to expect that Thorny skate relative 
efficiency may also be length dependent, but there was 
insufficient length measurements to detect the effect.

There have been few other comparative fishing studies for 
thorny skate using the Campelen trawl. To our knowledge 
the most relevant one was conducted in the northern Gulf 
of St. Lawrence in 2004 and 2005. This involved paired-
tow comparative fishing between the Alfred Needler with 
a with a URI 81'/114' shrimp trawl compared to the Teleost 
with the Campelen shrimp trawl (Bourdages et al., 2007). 
They found that, when standardized for the same area 
swept, the Campelen trawl was about eight times more 
efficient than the URI for catching large thorny skate 
(~ 60 cm) but only 2.5–3.1 times more efficient for thorny 
skate between 10–20 cm. However, their results (Fig. 5 in 
Bourdages et al., 2007) did not provide strong evidence 
of a change in relative efficiency for sizes greater than 
20 cm, as evidence by the flat exponential curve at these 
sizes. We caution that the results in Bourdages et al. (2007) 
may have little relevance to the relative efficiency of the 
Campelen trawl compared to the Engel trawl because the 
URI shrimp trawl used in northern Gulf of St. Lawrence 
research surveys was substantially different than the Engel 
groundfish trawl used in the surveys we investigate.
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The methods used to estimate conversion factors for 
a change in survey protocols have improved since 
Simpson and Kulka (2005). It is now common to analyze 
comparative fishing using Binomial or Beta-binomial 
logistic regression and to account for between-tow 
variability in relative efficiency using mixed-effect models 
(e.g. Benoît and Swain, 2003; Benoît, 2006; Fowler and 
Showell, 2009; Cadigan and Dowden, 2010; Cadigan and 
Power, 2011; Miller, 2013; Fabrizio et al., 2017; Jones 
et al., 2021; Cadigan et al., 2022; Delargy et al., 2022). In 
this paper we re-analyze the DFO 1995 and 1996 Engel-
Campelen comparative fishing data for Thorny skate using 
these methods to estimate the relative efficiency of the 
Campelen trawl survey protocol compared to the Engel 
protocol. We correct possible bias caused by the methods 
used by Simpson and Kulka (2005). We also investigate 
for size-based differences in relative efficiency, which 
there is strong evidence for other species (e.g. Cadigan 
et al., 2022). This latter issue is difficult for Thorny skate 
because sizes were measured infrequently, which we 
describe below. Also, the comparative fishing tows were 
not randomly distributed throughout the stock area. If there 
are significant covariate effects (i.e., depth, location) for 
relative efficiency, then this may also be a source of bias 

if the distribution of these covariates in the comparative 
fishing experiments is different than the distribution of 
the covariates that is typical in a survey. Hence, we also 
investigate if there were significant effects for depth 
or spatial region. We also investigate the robustness of 
the estimation procedures, which was a concern in the 
original analyses of these data for other groundfish species 
(Warren, 1996; Warren et al., 1997).

Materials and Methods

We first describe the data collected for Thorny skate in 
the DFO 1995 and 1996 Engel-Campelen comparative 
fishing experiments. This is then followed by a description 
of the model we use to estimate relative efficiency, which 
is naturally influenced by the data available.

Data

The Gadus Atlantica-Teleost and Alfred Needler-Wilfred 
Templeman comparative fishing experiments were 
conducted in NAFO Divisions 3LNOP (Fig. 1) with some 
sets also in Subdivision 4Vn (west of 3Ps). Sets locations 
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Fig. 1. The locations of comparative fishing tow sites (red and black points). GT indicates the Gadus Atlantica and the Teleost 
experiment, and NT indicates the Wilfred Templeman and the Alfred Needler experiment. Black lines indicate boundar-
ies of NAFO Divisions 3L, 3N, 3O and 3P (i.e. 3Pn + 3Ps). Black dashed lines indicate Canada’s EEZ. White-blue 
shaded regions indicate depth intervals shown in the legend.
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were targeted in areas and depths where target species 
were thought to occur (Warren, 1996; Warren et al., 1997). 
Although Thorny skate was not a target species, the catches 
of this species were recorded and some length information 
was collected (see below). The locations fished in the 
comparative fishing experiments are also somewhat 
different than the recent typical distribution of Thorny 
skate (e.g. see Figs. 11a,b in Sosebee et al., 2022). The 
Alfred Needler-Wilfred Templeman CF sets in 3Ps were 
located along the northeast slope of Laurentian Channel 
(western part of Div. 3Ps, Fig. 1) and did not cover much 
of the Burgeo, Hermitage, and Halibut channels (in Div. 
3Ps, see https://www.dfo-mpo.gc.ca/oceans/publications/
nfld-atlas-tnl/page02-eng.html#grandbanks) where there 
have been relatively high catches of Thorny skate in recent 
years. Similarly, there were no CF sets in the southeast 
part of 3N where thorny skate are also found. There was 
only one Alfred Needler-Wilfred Templeman CF set in 3L, 
although this Division has lower thorny skate abundance 
compared to 3NOPs. This has potential implications on 
how these data should be used, which is described below. 
Both experiments involved three trips to different areas 
(Fig. 2). 

The methods used by Warren (1996), Warren et al. (1997) 
and Cadigan et al. (2022) to estimate length-based relative 
efficiency required lengths to be measured by both vessels 
in each paired-tow, and these methods are not applicable to 
Thorny skate because lengths were usually not measured 
by each vessel for the same paired-tows (see Results). 
Lengths were only measured for 10 Wilfred Templeman 
sets and 15 Gadus Atlantica sets, but for the latter there 
were no length measurements by the Teleost and for 
the same paired-tows. A coarse way to assess if there 
were size effects in relative efficiency is to stratify total 
catches (from both trawls and for all sizes) by average 
body weight. Basically, this involves estimating relative 
efficiency in sets with catches of mostly smaller fish 
compared to sets with mostly larger fish. Because of the 
much smaller Campelen trawl mesh size compared to the 
Engel, we expect to see relatively more catch from the 
Campelen trawl in tow-pairs that caught smaller fish in 
total (i.e. both trawls) than in tow-pairs that caught larger 
fish. Defining large and small sizes is subjective, and to 
achieve reasonable sample sizes of small and large sizes of 
fish we divided the catches based on the weight of a 45 cm 
fish (0.93 kg), which was closer to the median weight 
of 1.02 kg for the Gadus Atlantica-Teleost experiment 
and 1.65 kg for the Alfred Needler-Wilfred Templeman 
experiment.

Catchability and relative efficiency may also vary spatially 
because of habitat differences (e.g. slope, sediment type) 
that may affect escapement through the footgear (Kotwicki 

et al., 2013; Thorson et al., 2013), among other reasons. 
Cadigan et al. (2022) found that spatial region effects 
(i.e., NAFO Divisions) were important for the flatfish 
species they studied. Relative efficiency may also vary 
with depth because of depth-dependent differences in 
trawl geometry (e.g., Weinberg and Kotwicki, 2008; 
Dean et al., 2021) and fish behavior (Winger, Eayrs, 
and Glass, 2010). This is important because the set 
locations in the comparative fishing experiments were not 
distributed randomly throughout 3LNOP and therefore 
the average relative efficiency at the locations sampled 
in these experiments may not apply to the whole survey 
area if relative efficiency varies with space and depth. 
Data were too limited to attempt to estimate spatial or 
depth effects at a fine scale. However, we investigate this 
using coarse post-stratification of the catches. For spatial 
effects we used NAFO Divisions, but we combined 3N 
and 3O because of the low number of sets in the Gadus 
Atlantica-Teleost experiment in this area, and the sets 
in the Alfred Needler-Wilfred Templeman experiment 
occurred mainly in a relatively small region in Divisions 
3N and 3O (see Fig. 1). We also post-stratified by depth: 
< 200 m, 200–500 m, and > 500 m. These three depths 
bins were selected so that there was a balance of tows in 
each depth bin for the two experiments. The number of 
comparative fishing sets for each size, depth, and region 
bin are shown in Table 2 and Table 3. There was only one 
tow-pair in 3L which did not catch any Thorny skate in 
the Alfred Needler-Wilfred Templeman experiment, and 
these vessels also did not fish greater than 500 m.

Model and Estimation

The basic data obtained from the paired-tow calibration 
studies are the catch numbers Yij at the ith paired-tow 
station (i=1, . . . ) by the old and new survey protocols 
at sites j=1 (old) or j=2 (new). Site refers to the different 
locations fished at a trawl station. Let λij denote the 
fish densities encountered at station i and site j. The 
distribution of   Y  i1    (i.e. catch-at-length from the old 
protocol) conditional on the total catch-at-length by both 
vessels (  N  i   =  Y  i1   +  Y  i2   ) was assumed to be Binomial (e.g., 
Cadigan and Dowden, 2010; Cadigan et al., 2022) with 
probability   p  i     that a caught fish came from the old survey 
protocol. If  log { ρ  1  }  = τ  then the Binomial probability is 
defined via the logistic equation,

 log {  
 p  i   _ 1 −  p  i  

  }  = τ +  δ  i  , (1)

where    δ  i   = log (    λ  i1   /  λ  i2   )    . If survey catches are subsampled 
or there are within-survey variations in tow distances 
and swept-areas then this should be accounted for (e.g., 
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Fig. 2. Panels show the locations (points) where Thorny Skate were caught during trips (rows). Columns are for the two 
comparative fishing experiments. Gadus Atlantica and Alfred Needler trip numbers are indicated at the top of each 
panel, along with the number of paired-sets in each NAFO Division. The line segments connect the trip route and the 
color indicates the hours since the start of the trip.

Cadigan et al., 1996; Miller, 2013) in Eqn. (1); however, 
we ignore these issues for simplicity because they were 
not problems for the Thorny skate CF data. We assumed   
δ  i    varied randomly and independently from station to 
station (i.e. i). Note that if   λ  i2   =  λ  i1    then   δ  i   = 0 . Like 
Cadigan and Dowden (2010), we assumed that the   δ  i   ’s 
were independent Normal random variables with mean 

zero and variance   σ  δ  2  . We estimated the model using the 
glmer() function with the lme4 R package (Bates et al., 
2015). We also fit linear models with  τ  being a function 
of size, depth, and regions effects.

We examined model goodness of fit using Gaussian 
quantile residuals and the R package DHARMa (Hartig, 
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Table 2.  Number of sets (No. Sets), catch numbers (N) and percent of sets with non-zero catches for the Gadus 
Atlantica+Engel vs Teleost+Campelen comparative fishing experiment. Size bins were divided by an average 
weight (both trawls) of 0.93 kg.

Average N per Set Sets with N>0 (%)

Size Bin Depth Bin (m) Region No.
Sets Camp Engel Ratio Camp Engel

Large

3L 0 - - - - -
<200 3NO 18 58.94 16.72 3.52 100 72 

3P 10 36.90 40.70 0.91 100 90 
3L 0 - - - - -

200–500 3NO 14 10.57 6.00 1.76 100 79 
3P 87 5.39 2.14 2.52 75 75 
3L 7 2.86 3.86 0.74 71 100 

>500 3NO 0 - - - - -
3P 0 - - - - -

Small

3L 1 1.00 6.00 0.17 100 100 
<200 3NO 5 4.40 8.00 0.55 80 40 

3P 8 21.38 6.38 3.35 88 100 
3L 30 16.63 13.17 1.26 100 80 

200–500 3NO 0 - - - - -
3P 13 2.23 1.00 2.23 77 62 
3L 69 5.32 4.70 1.13 94 86 

>500 3NO 2 2.00 6.50 0.31 100 100 
3P 0 - - - - -

Table 3. Number of sets (No. Sets), catch numbers (N) and percent of sets with non-zero catches for the Alfred 
Needler+Engel vs Wilfred Templeman+Campelen comparative fishing experiment. Size bins were divided by 
an average weight (both trawls) of 0.93 kg.

Average N per Set Sets with N>0 (%)

Size Bin Depth Bin (m) Region
No.
Sets Camp Engel Ratio Camp Engel

Large

<200 3NO 74 16.99 9.09 1.87 99 82 

3P 3 461.0 21.67 21.28 100 100

200–500
3NO 20 10.45 1.75 5.97 95 70 

3P 31 30.06 11.48 2.62 97 58

Small

<200
3NO 21 12.48 8.52 1.46 90 76 

3P 1 75.00 60.00 1.25 100 100

200–500 3NO 1 1.00 1.00 1.00 100 100 

3P 9 10.44 0.895 11.75 78 56
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2022). Fig. 3 and Fig. 4 indicate that there were a few tow-
pairs with relatively large catches that could potentially 
have large influence on the estimates of  τ . We used the 
R package influence.ME (Nieuwenhuis et al., 2012) to 
compute Cook’s distance   C  i    for each tow-pair (i), which is 
a measure of the size of    ̂  τ   −     ̂  τ    −i   , where    ̂  τ    is the estimate of  τ  
using all tow-pairs and    ̂  τ   −i    is the estimate with the i’th tow-
pair removed. A relatively large value for   C  i    indicates that 
tow-pair has a relatively large effect on the estimate of  τ .

Results
Data

The total catch-per-tow of Thorny skate (one trawl versus 
the other) for all comparative fishing tows are shown 

in Fig. 3 for the Gadus Atlantica-Teleost experiment 
and Fig. 4 for the Alfred Needler-Wilfred Templeman 
experiment. These data are also summarized in Table 1.

Length data collected in the comparative fishing 
experiments are summarized in Fig. 5. These data are 
inconsistent with the length-aggregated results. For 
example, the proportion of total catch-at-length from the 
Engel trawl in the Alfred Needler-Wilfred Templeman 
experiment was usually around 0.9 whereas Table 1 
indicated that the Campelen trawl caught about three 
times more Thorny skate than the Engel trawl. Thorny 
skate were usually measured for length in only one trawl 
for each tow-pair (bottom panel of Fig. 5) and this may 
be the reason for the difference in the length-specific and 
total catch results. The distribution of total catch-at-length 

Table 1. Summaries of comparative fishing catches for Thorny Skate. Average weight is the average fish body weight.

Gadus Atlantica+Engel vs Teleost+Campelen

Region 3L 3NO 3P all
No. Sets 107 39 118 264

Total catch Number
Camp 887 1235 1038 3160
Engel 752 438 657 1847
Ratio 1.18 2.82 1.58 1.71

Total catch 
weight (kg)

Camp 242.87 3 178.34 2 180.39 5 601.6
Engel 341.83 1 079.11 1634.8 3 055.74
Ratio 0.71 2.95 1.33 1.83

Average weight (kg)
Camp 0.27 2.57 2.10 1.77
Engel 0.45 2.46 2.49 1.65

No. sets with
catch > 0 (%)

Camp 94 97 78 88
Engel 85 72 76 79

Alfred Needler+Engel vs Wilfred Templeman+Campelen
No. Sets - 116 44 160

Total catch Number
Camp - 1729 2484 4213
Engel - 888 489 1377
Ratio - 1.95 5.08 3.06

Total catch 
weight (kg)

Camp - 2 954.8 5 642.27 8 597.07
Engel - 1 317.05 1 325.72 2 642.77
Ratio - 2.24 4.26 3.25

Average weight (kg)
Camp - 1.71 2.27 2.04
Engel - 1.48 2.71 1.92

No. sets with
catch > 0 (%)

Camp - 97 93 95.6
Engel - 79 61 74.4
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Fig. 3. Total catch per set (right-hand panel) of the Gadus Atlantica+Engel vs Teleost+Campelen (points). The left-hand panel 
shows the square root of catch. The black line has slope equal to the Common τ model estimate of relative efficiency 
(ρ) and the red line has a slope equal to the Robson estimate in Simpson and Kulka (2005). The grey-dashed line has a 
slope equal to one. 
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Fig. 4. Total catch per set (right-hand panel) of the Alfred Needler+Engel and Wilfred Templeman+Campelen (points). The 
black line has slope equal to the Common τ model estimate of relative efficiency (ρ) and the red line has a slope equal 
to the Robson estimate in Simpson and Kulka (2005). See Fig. 3 for other details.
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for the Alfred Needler-Wilfred Templeman experiment in 
Fig. 5 is very similar to Simpson and Kulka (2005; Fig. 
3a). Hence, it seems that Thorny skate were not measured 
for length consistently for each tow-pair and the length 
data are not reliable for estimating length-effects in ρ. 
Samples sizes were too low to compare average catch-
at-length across tows; for example, those averages were 
strongly influenced by two tows with relatively large 
catches by both vessels in the Gadus Atlantica-Teleost 
experiment.

Model

We investigated potential covariate effects by fitting a 
model with main effects for size class, depth, and region, 
and interaction between depth and region (Table 4). The 
data are insufficient to estimate interactions with size, and 
we can only assume that size effects are approximately the 
same at different depths and spatial regions. This model 
indicated that the relative efficiency of the Campelen trawl 
was significantly lower for smaller sizes than larger sizes 
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from at least one trawl.
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compared to the Engel trawl for the Alfred Needler-Wilfred 
Templeman experiment (small size effect = -0.52). The 
total catch by the Wilfred Templeman+Campelen was 
3.3 times larger than the Alfred Needler+Engel for tows 
with larger Thorny skate (Table 3), but only 1.7 times 
larger for tows with smaller fish. This is opposite to our 
expectations based on the much smaller mesh size of the 
Campelen trawl; however, this result may be strongly 
influenced by the very large catch in one tow by the Wilfred 
Templeman+Campelen (Fig. 4). The size effect was not 
statistically significant for the Gadus Atlantica-Teleost 
experiment. Some of the region and depth interaction terms 
were significant; however, some parameter correlations 
were large so we decided to fit models without interaction 
terms (Table 5). Size effects for both experiments still 
indicated lower relative efficiency for the Campelen trawl 
for small sized fish, whereas we expected the size effect 
to be substantially positive. Some parameter correlations 
were still large for these models, especially for the Gadus 
Atlantica-Teleost experiment. Hence, we also investigated 
models with only spatial region effects (Table 6), and no 
covariate effects at all, similar to Cadigan et al. (2022). 
These simple models indicated that relative efficiency was 
significantly lower in 3L compared to 3NO and 3P with 
the Gadus Atlantica-Teleost experiment, but there was no 
significant difference between 3NO and 3P. Also, relative 

efficiency was significantly higher in 3P compared to 3NO 
with the Alfred Needler-Wilfred Templeman experiment. 
The estimate of ρ for 3P was about 2.4 times the estimate 
for 3NO.

Model selection results (Table 7) indicated that the models 
with spatial region effects were the most parsimonious. 
This model had the lowest BIC statistic for both 
experiments, and reasonably low AIC values. However, 
the model with main effects was also a good choice for 
the Alfred Needler-Wilfred Templeman experiment.

The estimates of ρ from the “Common τ’’ model (ρ equal 
for all trips, see Table 6) were significantly greater than 
one and greater than the Robson estimates in Simpson 
and Kulka (2005). The estimate for the Gadus Atlantica-
Teleost experiment was    ̂  ρ   = 1.90 compared to the Robson 
estimate of 1.57 (Fig. 3). The estimate for the Alfred 
Needler-Wilfred Templeman experiment was    ̂  ρ   = 3.48  
compared to the Robson estimate of 2.42 (Fig. 4). The 
“Common τ’’ model 95% confidence intervals did not 
contain the Robson estimates for either experiment.

There was no evidence of lack-of-fit in residual diagnostics 
for both experiments; the “Common τ’’ model p-values 
for KS test of normality were 0.95 and 0.86 for the Gadus 

Table 4.  Size, spatial region, and depth effects (with region-depth interactions) for relative efficiency. SE 
is standard error. Significant effects (at the 95% level) are in bold.

Gadus Atlantica+Engel vs Teleost+Campelen
Effect Estimate SE Z P-value
τ intercept -1.95 1.51 -1.29 0.20
Size:Small -0.03 0.28 -0.11 0.91
Region:3NO 3.26 1.53 2.14 0.03
Region:3P 2.72 1.52 1.79 0.07
Depth:200–500 2.60 1.50 1.73 0.08
Depth:>500 2.12 1.49 1.42 0.16
Region:3NO & Depth:200–500 -3.18 1.56 -2.04 0.04
Region:3P & Depth 200–500 -2.43 1.54 -1.58 0.11
Region:3NO & Depth >500 -4.75 1.80 -2.64 0.01

 Alfred Needler+Engel vs Wilfred Templeman+Campelen

τ intercept 1.02 0.14 7.41 0.00
Size:Small -0.52 0.26 -2.02 0.04
Region:3P 0.81 0.53 1.53 0.13
Depth:200-500 0.55 0.34 1.61 0.11
Region:3P & Depth:200-500 -0.39 0.65 -0.59 0.55
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Table 5.  Size, spatial region, and depth effects (no interactions) for relative 
efficiency, without interactions. SE is standard error. Significant effects 
(at 95% level) are in bold.

Gadus Atlantica+Engel vs Teleost+Campelen

Effect Estimate SE Z P-value
τ intercept 0.97 0.44 2.23 0.03
Size:Small -0.20 0.27 -0.76 0.45
Region:3NO 0.12 0.40 0.31 0.76
Region:3P 0.04 0.34 0.13 0.90
Depth:200–500 -0.13 0.25 -0.51 0.61
Depth:>500 -0.69 0.35 -1.98 0.05
Alfred Needler+Engel vs Wilfred Templeman+Campelen
τ intercept 1.03 0.14 7.64 0.00
Size:Small -0.53 0.26 -2.03 0.04
Region:3P 0.55 0.31 1.78 0.08
Depth:200–500 0.44 0.29 1.52 0.13

Table 6.  Estimates of log relative efficiency (τ) and relative efficiency (ρ). SE indicates standard 
error. L and U are 95% confidence interval limits for ρ. Model 1 has the same ρ for 
each Division, and Model 2 has Division-specific ρ’s.

Gadus Atlantica+Engel vs Teleost+Campelen

Region τ SE ρ L U   σ  
δ
  2  

1: Common τ all 0.64 0.09 1.90 1.60 2.26 1.21

2: Region τ

3L 0.28 0.13 1.33 1.04 1.70

1.073NO 0.99 0.20 2.7 1.81 4.03
3P 0.88 0.14 2.42 1.85 3.18

Alfred Needler+Engel vs Wilfred  Templeman+Campelen

1: Common τ all 1.25 0.11 3.49 2.81 4.32 1.12

2: Region τ
3NO 1.01 0.12 2.74 2.16 3.47

0.98
3P 1.88 0.21 6.58 4.36 9.94

Atlantica-Teleost and Alfred Needler-Wilfred Templeman 
experiments, respectively.

Robustness and sensitivity of estimates to a small number 
of tows is a concern. There were some tows with Cook’s 
distance values (Fig. 6 and Fig. 7) greater than the rule-of-
thumb threshold indicated in Nieuwenhuis et al. (2012). 
To further investigate this issue, we deleted the data for 
the tow in 3P of the Alfred Needler-Wilfred Templeman 
experiment (Fig. 7) with the largest Cook’s distance. 
However, this had only minor impacts on results. The 
estimate of ρ decreased from 3.49 to 3.39. The Model 2 

(see Table 6) estimate of ρ for 3P decreased from 6.58 to 
6.17 and estimates for 3NO hardly changed at all. Also, 
Model 2 still fit significantly better (Chi-square p-value 
= 0.0007). This suggests that our results are not sensitive 
to a small number of anomalous tow-pairs.

Discussion

We re-analyzed comparative fishing data collected by 
DFO in 1995 and 1996 dealing with changes in surveys 
vessels, gears, and other protocols that occurred then. The 
data collected for Thorny skate were originally analyzed 
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by Simpson and Kulka (2005); however, the Robson 
conversion factors they estimated were based on a linear 
model of log-transformed catches and this estimator could 
only be applied to paired-tows in which both vessels 
caught Thorny skate. When one vessel had a different 
proportion of sets with no catch, which is the case for 
Thorny skate in the 1995 and 1996 DFO comparative 
fishing experiments (see Table 1), then this will be a 
source of bias. We think this is the reason why the Robson 
estimates in Simpson and Kulka (2005) were significantly 

Table 7.  Model fit statistics, and a Chi-square test that ρ was the same for each trip. Minimum values of 
AIC and BIC are in bold. p is the number of model parameters.

Gadus Atlantica+Engel vs Teleost+Campelen
Effect p AIC BIC Dev ChiSq df p-value
Common τ 2 1126.20 1133.30 1122.20
Region τ 4 1116.80 1131.10 1108.80 13.39 2 <0.00
Main effects 7 1117.20 1142.20 1103.20 5.62 3 0.13

Full model 10 1114.10 1149.80 1094.10 9.06 3 0.03

Alfred Needler+Engel vs Wilfred  Templeman+Campelen

Common τ 2 738.29 744.44 734.29
Region τ 3 727.06 736.29 721.06 13.23 1 <0.00
Main effects 5 723.65 739.03 713.65 7.41 2 0.02

Full model 6 725.30 743.75 713.30 0.35 1 0.55

lower than our estimates (i.e., less than our lower 
confidence interval limits). The estimation procedures 
we used are consistent with current practice (Cadigan 
and Dowden, 2010; Miller, 2013; Cadigan et al., 2022) 
based on the distribution of the catch from one vessel/gear, 
conditional on the total catch from both vessels/gears, with 
random effects to accommodate between-tow variation 
in relative efficiency or variations in the fish densities 
encountered by each vessel at a paired-tow site. These two 
sources of variation are confounded. We also demonstrated 
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Fig. 6. Cook’s distance influence versus set number for Common τ model estimates of relative efficiency (ρ) based on the 
Gadus Atlantica+Engel vs Teleost+Campelen comparative fishing catches. Each panel is for a region. The grey vertical 
line is a rule of thumb threshold for “too influential” (Nieuwenhuis et al., 2012).
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that our estimates of relative efficiency were robust to 
anomalous catches which was a concern with these data 
(Warren, 1996; Warren et al., 1997). Hence, we conclude 
that our estimation methodology is an improvement over 
Simpson and Kulka (2005). Nonetheless, our estimates of 
relative efficiency of the Campelen trawl survey protocol 
compared to the Engel were similar to Simpson and 
Kulka (2005) in that both approaches estimated much 
greater catchability by the Campelen trawl, although 
our approach estimated a substantially higher increase 
in catchability compared to Simpson and Kulka (2005). 
Based on a model with a single relative efficiency 
parameter (ρ), we estimated ρ = 1.90 for the Gadus 
Atlantica+Engel vs Teleost+Campelen experiment, which 
was 21% higher than the value ρ = 1.57 in Simpson and 
Kulka (2005). Similarly, we estimated ρ = 3.49 for the 
Alfred Needler+Engel vs Wilfred Templeman+Campelen 
experiment, which was 44% higher than the value ρ = 
2.42 in Simpson and Kulka (2005).

We also investigated if there were differences in relative 
efficiency among NAFO Divisions, depth categories, 
or size categories. This is important because tow-pairs 
were not randomly allocated in the 1995 and 1996 
comparative experiments and conversions factors may not 
be generally applicable to surveys if there were spatial/
depth variation in relative efficiency or differences among 
sizes of Thorny skates. The data available did not support 
detailed modelling of these effects, especially for length-

effects. Our results indicated that the relative efficiency 
of the Campelen trawl protocol compared to the Engel for 
smaller-sized Thorny skate was lower than for larger-sized 
fish. We found this result for both comparative fishing 
experiments, although the difference in relative efficiency 
for small and large sizes was only significant for the 
Alfred Needler+Engel vs Wilfred Templeman+Campelen 
experiment. This result was opposite to our expectation 
that relative efficiency for smaller sizes should be greater 
than for larger sizes because of the smaller mesh size in 
the Campelen trawl. Our size-based results were based on 
a post-stratification of surveys catches by average body 
weights caught by both vessel/gears, which we admit 
is a crude approach. Unfortunately, length information 
was not consistently collected for Thorny skate by both 
vessels at each paired-tow site so we were unable to 
implement more detailed estimators like Cadigan and 
Dowden (2010), Miller (2013), and Cadigan et al. (2022). 
However, overall, our model selection results indicated 
the most parsimonious model did not include size effects 
which is consistent with Simpson and Kulka (2005) 
who concluded that there was no evidence of size-based 
differential catchability of the Campelen and Engel trawls 
for Thorny skate. However, we conclude that there is a 
potential that size-based differential catchability existed 
but we have insufficient information from the 1995 and 
1996 comparative fishing experiments to reliably estimate 
these effects.
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Fig. 7.  Cook’s distance influence versus set number for Common τ model estimates of relative efficiency (ρ) based on the 
Alfred Needler+Engel and Wilfred Templeman+Campelen comparative fishing catches. Each panel is for a region. See 
Fig. 6 for other details.
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Our best-fitting models included spatial regions effects 
(i.e., NAFO Divisions). We found that relative efficiency 
was significantly lower in 3L compared to 3NO and 
3P with the Gadus Atlantica-Teleost experiment, but 
there was no significant difference between 3NO and 
3P. Also, relative efficiency was significantly higher in 
3P compared to 3NO with the Alfred Needler-Wilfred 
Templeman experiment. The estimate of ρ for 3P was 2.4 
times greater than the estimate for 3NO. The latter result 
is consistent with Cadigan et al. (2022) who estimated 
lower relative efficiency of the Alfred Needler-Engel trawl 
survey protocols compared to the Wilfred Templeman-
Campelen in 3P for larger sizes of yellowtail flounder 
(Limanda ferruginea), witch flounder (Glypocephalus 
cynoglossus), and American plaice (Hippoglossoides 
plattesoides) but little difference for Greenland halibut 
(Reinhardtius hippoglossoides). We do not know why the 
Campelen relative efficiency was higher in this experiment 
and region compared to other regions. Also, the estimates 
of Campelen relative efficiency for larger-sized flatfish 
in Cadigan et al. (2022), which were broadly consistent 
with original estimates in Warren (1996) and Warren et al. 
(1997), were in the range of 0.8–1.7 at 40 cm, which is 
much lower than the value we estimated for Thorny skate 
(i.e. ρ = 3.49).

Since the swept area of the Engel trawl was almost 3-times 
as large as the Campelen (McCallum and Walsh, 1997; 
Cadigan et al., 2022), our results, and Simpson and Kulka 
(2005), indicate that the catch numbers per unit area of 
the Campelen trawl for Thorny skate was about nine 
times greater than the Engel trawl. A partial explanation 
is high escapement of Thorny skate through the larger 
bobbin footgear used with the Engel trawl compared to 
the smaller rockhopper footgear of the Campelen trawl, 
which results in more seabed contact. Walsh (1992) found 
that 69% of Thorny skate encountered by the Engel trawl 
escaped through the footgear, but the mean size of fish that 
escaped was only slightly less than those retained in the 
trawl. Similar experiments were not conducted with the 
Campelen trawl (e.g. Kulka and Miri, 2007). Hence, about 
30% of the Thorny skate encountered by the Engel trawl 
were captured according to the results in Walsh (1992). 
However, if we assume that 1) there was no escapement 
through the Campelen rockhopper footgear, 2) Thorny 
skate that entered the Engel and Campelen trawls were 
retained equally, and 3) if the Engel trawl survey protocol 
encountered about three times more Thorny skate than the 
Campelen protocol because of the 3-times larger swept-
area, then we would expect the relative efficiency of the 
Campelen and Engel survey protocols to be about one. 
Our CF estimates are much greater than one. Hence, we 
conclude that other factors affected catches of Thorny 

skates by the two survey protocols than only swept area 
and escapement through the footgear, or that escapement 
through the Engel rockhopper gear was much greater than 
indicated by Walsh (1992). Evidence of higher escapement 
for cod and yellowtail flounder was provided by Walsh 
(1996). It is possible that increased retention of small fish 
by the Campelen trawl could account for its much higher 
catch numbers per unit area compared to the Engel trawl. 
In this case a common conversion factor for all sizes, as 
is currently applied in assessments of this stock, would 
not be appropriate. The appropriate conversion factor 
for large and mature sizes of Thorny skate may be lower 
than the one that has been used to convert Engel catches 
to Campelen equivalents.

The Alfred Needler-Engel versus Wilfred Templeman-
Campelen comparative fishing sets in Division 3P occurred 
mostly along the southwest slope of the Laurentian 
Channel. The Campelen survey protocol seemed to be 
more efficient than the Engel there compared to 3NO, 
for Thorny skate and some flatfish species. We are unsure 
why this was. However, if we did not use the 3P results 
and only used comparative fishing sets in 3NO then the 
estimate of relative efficiency we obtained (ρ = 2.74) was 
more similar to the value ρ = 2.42 in Simpson and Kulka 
(2005), and their value is well within our 95% confidence 
interval for ρ in 3NO. Hence, we do not recommend a 
different Engel-Campelen conversion factor than the one 
currently used in stock assessments for Thorny skates in 
NAFO Divisions 3LNOPs (e.g. Simpson and Miri, 2020).
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