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Abstract 

 
The 2015 assessment of yellowtail flounder in NAFO Divs. 3LNO used a stock production model incorporating 
covariance (ASPIC; version 7.02) with catch and survey indices to produce relative biomass and fishing 
mortality estimates. Concern about the insensitivity of the ASPIC formulation to recent declines observed in 
survey indices led to rejection of ASPIC as the assessment model and acceptance of a new surplus production 
model in a Bayesian framework for the 2018 assessment of the stock. The same catch series and indices that 
were used in the last assessment model were input to a surplus production model in a Bayesian framework. 
Canadian and Spanish surveys show the stock size increased from when the moratorium on directed fishing 
was declared in 1994 until about 1999 or 2000. Although there was some variability, estimates remained 
high until about 2012 and 2011, respectively. Canadian spring and Spanish spring survey estimates then 
declined substantially to 2016. Estimates from Canadian fall surveys have remained high, however. Relative 
estimates from the Bayesian production model indicates that biomass remains high in 2018 (1.5 times Bmsy) 
and fishing mortality remains low (F2018=0.07). Projections in the short and medium term were conducted 
and results are presented in a precautionary approach framework. 
   

I. Fishery and Management 
 
A.  TAC Regulation  
 
The stock has been under TAC regulation since 1973, when an initial level of 50 000 t was established. In 
1976, the TAC was lowered to 9 000 t, following a series of high catches (Fig. 1; Table 1) and a reduction in 
stock size. From 1977 to 1988, the TAC varied between 12 000 t and 23 000 t and was unchanged at 15 000 t 
for the last 4 years of that period. The TAC was set at 5 000 t in 1989 and 1990, following sharp declines in 
stock size after the large catches in 1985 and 1986, then increased to 7 000 tons in 1991-94. However, NAFO 
Fisheries Commission decided that no directed fisheries would be permitted for this stock and some other 
groundfish fisheries (cod, American plaice and witch flounder) on the Grand Bank during 1994. From 1995 to 
1997, the TAC was set at zero and a fishery moratorium was imposed. Following an increase in survey 
biomass, Scientific Council in 1997 recommended a re-opening of the yellowtail flounder fishery with a 
precautionary TAC of 4 000 t for the 1998 fishery. With the cessation of the moratorium, other management 
measures were imposed, such as delaying the re-opening until August of 1998 to allow the majority of 
yellowtail flounder spawning in that year to be completed, and restricting the fishery to Div. 3N and 3O. For 
the 1999 fishery, a TAC was set at 6 000 t and again restricted to Div. 3N and 3O, but there were no 
restrictions on the time period. In the absence of aging for this species, a stock production model 
incorporating covariance (ASPIC) has been used as the basis for Scientific Council's recommended TAC of 10 
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000 t since 2000. Since then, this model has continued to be the basis of TAC advice, and TAC was set at 13 
000 t in 2001, increased to 14 500 tons in 2003, to 15 000 tons in 2005, and to 15 500 tons in 2007. In 2008 
and 2009, Scientific Council noted that this stock was well above Bmsy, and recommended any TAC option up 
to 85% Fmsy for 2009-2015. TAC was been set to 17 000 tons for 2009 to 2018.  
 

B.  Catch Trends  
 
The nominal catch increased from negligible amounts in the early 1960s to a peak of 39 000 t in 1972 (Table 
1; Fig. 1). With the exception of 1985 and 1986, when the nominal catch was around 30 000 t, catches were in 
the range of 10 000 to 18 000 t from 1976 to 1993, the year before the moratorium.   
 
During the moratorium (1994-97), catches decreased from approximately 2 000 tons in 1994 to around 300 - 
800 tons per year, as by-catch in other fisheries (Table 1). Since the fishery re-opened in 1998, catches have 
increased from 4 400 tons to a high of 14 100 tons in 2001. Overall, catches exceeded the TACs during 1985 
to 1993 and again from 1998-2001, by about 10% in the latter period (Table 1; Fig. 1). Since 2002 the catches 
have been below the TAC. Corporate restructuring and labour disputes, in 2006, prevented the Canadian fleet 
from prosecuting the Yellowtail flounder fishery, and Canadian catch was only 177 tons. The nominal catch in 
that year was only 930 tons, well below the TAC of 15 500 tons. In 2007, the participation in the fishery 
increased by Canadian fleet, but was still low at 3 673 tons, and the nominal catch was 4 617 tons. Catch 
increased in 2008 to 11 400 tons. Catches since 2009 were lower than the TAC ranging from 3 100 to 10 700 
tons taken of the 17 000 ton TACs, and in 2017 was 9 200 t. Reduction in the effort by the Canadian fleet in 
the recent years was the result of industry-related factors. 

 
In some years, small catches of yellowtail have been reported from the Flemish Cap, NAFO Div. 3M. STACFIS 
previously noted that these catches were probably errors in reporting or identification, as the reported 
distribution of yellowtail flounder does not extend to the Flemish Cap.  

 

Table 2 shows a breakdown of the Canadian catches by year, division and gear. Since the fishery reopened in 
1998, Canadian catches have fluctuated from less than 200 t (2006) to over 13,000 t (2005). With the 
exception of 1991-1993, when Canadian vessels pursued a mixed fishery for plaice and yellowtail flounder in 
Div. 3O, the majority of catches have been taken in Div. 3N. The most important gear is otter trawl, and 
catches by other gears have been less than 10 t annually after 2002. The Canadian catch reported in 2012 was 
1794 tons, which is the lowest value since 2006. In 2011 and 2012, most of the catch was taken in April to 
June (Table 3), whereas the fishery operated mostly year-round in other years from 2008-2017. 

 

C.  The 2016-2017 Fisheries by Non-Canadian Vessels (SCS 18/05,06,08,17) 
 
Sampling of size composition from commercial catches of yellowtail flounder in the Canadian directed fishery 
(with minimum codend mesh size in the Canadian fleet of 145 mm) for yellowtail were available for 2015-
2017. The mode in 2015 was about 33cm and is shifted slightly to larger sizes in the next two years, with 
modes at about 35cm and 37 cm, respectively (Figure 2).  
 
In fisheries by other countries for Greenland halibut and skate in the NRA of Div. 3NO, some sampling of 
yellowtail flounder was available, and lengths are plotted in Figure 3.  Spain uses a minimum of 130 mm mesh 
size when fishing for Greenland halibut and 280mm in the skate fishery.  

 
II.  Research Survey Data 

 
A. Canadian Stratified-random Surveys Spring and Fall Surveys   
 
Stratified-random research vessel surveys have been conducted in the spring in Divs. 3L, 3N and 3O since 
1984 and in the fall since 1990.  Up until 1994, the surveys were conducted using an Engel 145’ high-rise 
groundfish trawl whereas the 1995-2017 surveys were carried out with a much more efficient Campelen 1800 
shrimp trawl.  There have been a number of problems with the survey vessels in recent years, and as a result, 
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surveys in the autumn of 2014 and spring of 2006 and 2015 did not cover the entire stock area and estimates 
from these surveys are not considered representative of the stock. Problems with coverage in recent 
Canadian surveys are given in Rideout and Ings (2018).  
 
Abundance and biomass trends 
 

Tables 4 and 5, and Figure 4 show the population abundance and biomass estimates of yellowtail flounder in 
the Canadian spring and autumn surveys. Detailed descriptions of trends in yellowtail flounder from both 
surveys are contained in Maddock Parsons et al. (2018). Until recently, survey indices showed similar trends 
in both series.  The fall survey indicates that the upward trend in stock size started in 1993 while the spring 
survey showed the trend starting in 1995. The spring series has showed a marked decline in biomass and 
abundance from 2012 to 2016, with a slight increase in the 2017 estimate. The fall survey index has not 
shown the same decline and remains relatively high. 
 

Figure 5 shows the result of a regression of the biomass estimates from the spring and fall time series. A 
linear relationship is evident with 63% of the variation being explained by the model. Different time regimes 
seem to be evident: 1990-1995, when the stock was at its lowest and estimates were more in agreement, and 
subsequent to then, when the stock was increasing the estimates were more variable and less in agreement . 
Catchability estimates from the stock production model indicate q's from the Campelen surveys are around 2, 
and therefore swept-area stock-size is likely being overestimated in the spring and fall surveys.  
 
Size composition and growth 
 
Figure 6 shows the length composition of survey catches from spring and fall surveys by year for Div. 3LNO 
(combined sexes).  More small fish were present in the survey catches beginning in the fall of 1995 onward 
due to the increased efficiency of the new Campelen survey gear over the Engel gear. Annual shifts in modes 
could be evidence of year classes moving through the time series.  
 
In the years when the spring survey indicated that the stock size was very low (1995-1996 for example), 
length distributions were bimodal, and the smaller size mode (in the range of 20-25cm) can be tracked from 
year to year, although growth appears slow (the mode is about the same for 2000 and 2001). As the stock size 
increased, the distribution became dominated by fish in one major mode (25 to 35 cm) and it is probably 
made up of a number of different age classes.  Smaller peaks of fish less than 20cm are evident from about 
2006 or 2007-2011 and then merge into the modal peak in following years. Shifts in this size mode from 
1996-1998, 1999-2002, and 2010-2013 seem to track recruitment pulses (Fig. 6). In 2017, a peak of small fish 
(about 10 cm) was observed and seems strong.  
 
In the fall surveys, multi-modal peaks are more common and unlike the spring surveys, were evident in 
surveys from 2001-2010 (Fig. 6). From 2011-2013, frequencies were largely unimodal and peaked at about 
35cm. After 30-32 cm, growth slows and becomes almost negligible between years. This is consistent with the 
growth curves constructed using ages from thin-sectioned otoliths (Dwyer et al., 2003). The 2015 autumn 
survey indicated smaller fish were present (about 8 and 12 cm cm) which tracked to larger sizes in 2016 and 
2017.  Another mode at about 8 cm was observed in 2017.  These are indications that recruitment could be 
strong in recent years. 
 
Figure 7 shows survey abundance less than 22 cm (ages 0-3) from Canada (population number at length) and 
Spain (total numbers) for the period 1995-2017 as a proxy for recruitment. At that size, yellowtail flounder 
are not recruited to any of the regulated fisheries. The 2014 fall, 2006 and 2015 spring surveys were 
incomplete and no recruitment proxies are shown for those survey years. The trends in spring and fall 
abundance < 22 cm are generally similar between series with the exception of the 2004 and 2005 Canadian 
fall surveys which had increased abundance of small fish compared to either the Canadian spring or Spanish 
spring surveys. From 2006 to 2012 Canadian survey estimates of small fish abundance have been near or 
slightly below the time series average. Estimates of abundance of small fish in the Canadian fall 2016 survey 
and the 2017 Canadian Spring survey were above average, and in the Spanish survey series, values have been 
lower than normal since 2007.  
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B. Spanish Stratified-random Spring Surveys in the Regulatory Area, Div. 3NO (SCR Doc. 18/08; Gonzalez 
et. al. 2018) 
 
Beginning in 1995, Spain has conducted stratified-random surveys for groundfish in the NAFO Regulatory 
Area (NRA) of Div. 3NO. These surveys cover a depth range of approximately 45 to 1 300 m. In 2003, after 
extensive comparative fishing between the vessel, C/V Playa de Menduiňa and Pedreira trawl with the 
replacement vessel, C/V Vizconde de Eza, using a Campelen 1800 shrimp trawl as the new survey trawl, all 
data have been converted to Campelen units (Paz et al., 2003, 2004). In 2006, an error in the estimation 
method was corrected and all survey estimates were re-calculated (González-Troncoso et al., 2006).  
 
The biomass of yellowtail in the Div. 3NO of the NRA increased sharply up to 1999, and since then has shown 
a similar annual fluctuation pattern seen in the Canadian spring surveys of Div. 3LNO (Fig. 4 and 8) and the 
2014 estimate of biomass was lower than the previous survey estimates. Most (85%) of the biomass comes 
from strata 360 and 376 similar to other years. Length frequencies in the recent Spanish surveys showed 
modes around 32-34 cm (Fig. 6). As in the Canadian spring surveys (Fig. 6), this survey showed a similar 
progression of the peak in the length frequencies from 1998 to 2003. From 2007-2010, there was is some 
evidence of a recruitment pulse in recent years similar to the Canadian spring survey results, and in 2017 a 
mode of fish at about 10cm is observed in this survey, similar to both of the Canadian surveys. 
 
C. Stock Distribution (SCR Doc. 18/036 ) 

 

Distribution of yellowtail flounder in NAFO Divs. 3LNO are described for the Canadian spring (1984-2010) 
and autumn (1990-2010) survey series (Maddock Parsons, 2011), for 2011 to 2014 in Maddock Parsons 
(2015), and for 2015 to 2017 in Maddock Parsons et al (2018). The stock continues to occupy more northern 
areas, and while variable, the proportion of yellowtail north of 45 degree latitude has been stable around 
levels seen in the mid-80s (about 40%).  
 
Correlation of spatial distribution in the surveys to temperature has not been updated for this assessment. In 
a previous assessment, a steady increase in the abundance of yellowtail flounder was seen to coincide with a 
northward expansion of the stock from 1995 up to 2005 and also coincided with increasing bottom 
temperatures (Walsh and Brodie, 2006).  Small amounts of yellowtail were sometimes found in deepwater. 

 
D. Biological Studies 
 
Maturity 

Maturity at size by year was estimated using Canadian spring research vessel data from 1984-2017.  
Estimates were produced using a probit model with a logit link function and a binomial error structure 
(McCullagh and Nelder, 1983). L50 has shown a general decline in males from the beginning of the time series 
to about 2000 after which it was relatively stable to 2015.  It has declined precipitously from 2015 to 2017.  
Current L50 for males is around 21 cm compared to 30 cm in the mid 1980’s.  Female L50 generally declined 
from the mid 1990’s to the late 2000s and has been relatively stable since.  The current L50 is about 30 cm 
compared to 34 cm at the beginning of the time series (Fig. 9). There was significant inter-annual variation in 
the proportion mature at length for both males and females (generalized linear models: males χ2=491.32, 
df=30, p<0.0001, females χ2=474.33, df=30, p<0.0001).  In general, for both males and females, proportion 
mature at length in the last 10 years (2007-2017) was less than that of the first 10 years.  
 
Weight at length 
 
Log length – log weight regressions were fit for females for each year from the Canadian spring survey data 
from 1990-2017.  The specific length weight relationships are given in Table 6. Annual length weight 
relationships were unavailable prior to 1990 so for those years a relationship produced using data from 
1990-1993 is given.  There seems to have been a slight down ward trend in weight at length since 1996.  This 
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can be best seen in the largest size range plotted, the 50.5 cm grouping.  For this size group weight has 
declined by about 0.13 Kg (10%) since 1996 (average 1990-96 compared to average 2015-17 Fig. 10).   
 
Female SSB 
 
Estimates of female proportion mature at length, population numbers at length, and annual length weight 
relationships were used to produce an index of female SSB from the spring survey.  Female SSB declined from 
1984 to 1992 (Fig. 11).  It increased substantially from 1995 to 2009, but has since declined sharply.   
 

III. Assessment Results 

Since 2000, the assessment of yellowtail founder has been informed by a stock production model 
incorporating covariance (ASPIC) which produced estimates of relative fishing mortality and relative 
biomass. The model fit and diagnostics have been acceptable and allowed projections to be carried out and 
advice on catch levels to be provided. Concerns about the inability of ASPIC to react to rapid changes that 
have been observed in survey indices in recent years led to a sensitivity analysis of ASPIC which is 
documented in Maddock Parsons et al. (2018). The ASPIC assessment formulation (as accepted in 2015) was 
not sensitive to cutting survey indices in half for several years, nor did results or diagnostics (trends in 
relative F and B) change substantially when indices were removed sequentially from the start of the time 
series. Based on the results of the sensitivity analysis, the ASPIC model was rejected for the 2018 assessment. 
Two other surplus production models, a stochastic surplus production model in continuous time (SPiCT) and 
a surplus production model in a Bayesian framework, were explored with the same survey indices as used in 
the 2015 ASPIC accepted model (Maddock Parsons et al., 2018). Both of these models had acceptable model 
fit and produced estimates of relative biomass that decline in recent years, in agreement with trends 
observed in the survey indices. Of these two models, the Bayesian formulation was accepted to assess 3LNO 
yellowtail flounder, as it was considered to have a greater range of projection time, allowing short and 
medium term projections of relative biomass and fishing estimates. 
 
For the 2018 assessment model, the Schaefer (1954) form of a surplus production model was used:  
 
 Pt=[Pt-1+ r•Pt-1 (1 - Pt-1)- Ct-1/K]•ηt  
 
Where: 
 Pt-1 is exploitable biomass (as a proportion of carrying capacity) for year t-1  
 Ct-1 is catch for year t-1  
 (Meyer and Millar, 1999a, 1999b).  
 K is carrying capacity (level of stock biomass at equilibrium prior to commencement of a fishery) 
 r is the intrinsic rate of population growth 
 ηt is a random variable describing stochasticity in the population dynamics (process error).  
 
The model utilizes biomass proportional to an estimate of K in order to aid mixing of the Markov Chain Monte 
Carlo (MCMC) samples and to help minimize autocorrelation between each state and K (Meyer and Millar, 
1999a, 1999b).  
 
An observation equation is used to relate the unobserved biomass, Pt, to the research vessel survey indices:  
 It=q•Pt •εt  
Where: 
 q is the catchability parameter 
 Pt is an estimate of the biomass proportional to K at time t 
 εt is observation error 
 
Input data are given in Table 7 and shown in Figure 12 scaled to each series mean.  The model formulation is 
given in Appendix 1. The priors on r and initial population size were uninformative, with a uniform 
distribution ranging from 0.01 to 1 and 0.5 to 1, respectively. The prior for K was also intended to be 
uninformative, with a mean of 150 and very large CV (1000%) .   
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Priors used in the model were: 
Initial population size       Pin~dunif(0.5, 1) uniform(0.5 to 1) 
Intrinsic rate of natural increase r ~ dunif(0.01,1) uniform (0.01 to 1) 
Carrying capacity  K~dlnorm(2.703,0.2167) lognormal (mean, precision) 
Survey catchability q ~dgamma(1,1)  gamma(shape, rate) 

Process error sigma ~ dunif(0,5) 
isigma2= sigma-2 

uniform(0 to 5) 

Observation error tau~dgamma(1,1) 
itau2 = 1/tau 

gamma(shape, rate) 

  
The model fit and convergence diagnostics were good for all surveys with no apparent trend in process 
error (see Figures 13-17, Table 11 and Appendix 2). Posteriors for r and K are updated from their priors 
(Fig. 15).  The production model estimated that an MSY of 18 800 t can be taken from a biomass of 87 600 t 
at a fishing mortality of 0.21.  Intrinsic rate of natural increase is estimated to be 0.43 and carrying capacity 
175 000 t. The relative biomass and fishing mortality estimates from the model are given in Figure 19. 
Biomass showed a continuous decline from the late 1960s to the mid-1970s, stabilized through to the mid-
1980s, before declining further until about 1994, when the moratorium was imposed. The analysis showed 
that relative biomass (Bt /Bmsy)  was below the level at which MSY can be produced from 1973 to 1997, and 
at its minimum in 1994 the ratio was about 0.4. Since 1994, the stock increased rapidly to a point where Bt 

/Bmsy >1.0, and at the beginning of 2018, the relative biomass Bt /Bmsy is estimated to be 1.5 (90% CL = 0.95, 
2.18).  

 
The relative fishing mortality rate (Ft /Fmsy) was high during most of the historical fishery (Fig. 18), in 
particular during the mid to late 1980s to the early 1990s when landings were often double the TAC (Fig.1). 
Since the fishery re-opened in 1998, the fishing mortality rate gradually increased and since 2001 the F-
ratios were lower than half of Fmsy. If catches are similar to recent levels (8 800t) in 2018, the F-ratio is 
estimated to be 0.34 (90% CL = 0.26, 0.47). Catches since 2014 have been lower than the estimated surplus 
production (Fig. 19). 
 
The model results from this Bayesian formulation are similar to those estimated from previous ASPIC 
models for this stock (Table 8), with the exception that the downward trend in survey indices in recent 
years is reflected in the trends estimated for relative biomass and fishing mortality in the Bayesian 
framework assessment. 
 
Precautionary Approach Framework 
 
The surplus production model outputs indicate that the stock is presently 1.5 times Bmsy and F is below Fmsy 
(Fig. 20). 30% Bmsy is considered a suitable limit reference point (Blim) for stocks where a production model 
is used. At present, the risk of the stock being below Blim = 30% Bmsy or F>Fmsy is very low (<1%). The stock 
is, therefore, in the safe zone as defined in the NAFO Precautionary Approach Framework (NAFO 2004). 
 
Projections 
  
Medium-term projections were carried forward to the year 2022, and because the catch has been lower 
than TAC in many recent years, catch in 2018 was assumed to be the average of that in 2013-2017 catch (8 
800 t). Constant fishing mortality was applied from 2019-2022 at several levels of F (Fstatus quo=0.07, 2/3 Fmsy, 
85% Fmsy, and Fmsy=0.21). Projected trends in relative biomass and fishing mortality are shown in Figures 21 
and 22. 
 
Fishing at Fmsy would first lead to a considerable yield in 2019, but yields are then projected to decline in the 
medium term with catch at 2/3 Fmsy, 85% Fmsy , and Fmsy (Table 9). At the end of the projection period, the 
risk of biomass being below Blim is less than 1% in all cases.  
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The probability that F > Flim=Fmsy in 2019-2021 was less than .01 for the Fstatus quo projection (Table 10). At 2/3 
Fmsy, the probability that F > Flim was between .05 and .10 in the medium term. Projected at the level of 85% 
Flim, the probability that F > Flim is approximately 0.25 and for Fmsy projections, this probability increased to 
0.50. For biomass projections, in all scenarios for 2018-2022, the probability of biomass being below Blim 
was less than 0.01. The probability that biomass in 2022 is greater than B2018 is 0.62, 0.37, 0.28 and 0.22 for 
Fstatus quo, 2/3 Fmsy, 85% Fmsy, and Fmsy respectively. 
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Summary 
 
Concerns have been raised about the decline in the Spanish and Canadian spring survey indices since 2011 
and 2012, respectively. Also concerning are declining trends in length at maturity, weight at length and SSB 
for yellowtail flounder. Despite these observations, the assessment model indicates that Div. 3LNO 
yellowtail flounder remains above Bmsy. There are also indications that recruitment has been above average 
in recent years. The stock on the Grand Bank declined in the late 1980s and early 1990s to its lowest 
observed level in 1994, following several years of excessive catch. The stock was under a directed-fishery 
moratorium from January 1, 1994 until Aug 1, 1998. The stock increased rapidly during and following the 
closure, as strong year classes produced in the early to mid-1990s (albeit at low SSB levels), benefited from 
4+ years of reduced fishing mortality. Catches increased from about 4 400 tons in 1998 to around 15 000 
tons 2004 and 2005, but was very low in 2006 (due to corporate restructuring/labour dispute in the 
Canadian industry) and below the TAC in most years since then, averaging about 8 800 t since 2013. 
Industry-related factors have been responsible for these low catches. Stock size estimates remain high, at 
1.5X Bmsy. Fishing mortality is estimated to be below 2/3 Fmsy, and well below the limit reference point (FLIM 
= Fmsy), and at levels of F between 2/3 Fmsy and 85% Fmsy, the stock is not projected to decrease below BLIM in 
the medium term (to 2022).  
 

Acknowledgments 
 

The Bayesian surplus production models are based on programs originally developed by Jason Bailey.     
 

References  

DWYER, K. S., S. J. WALSH, and S. E. CAMPANA. 2003. Age determination and validation of Grand Bank 
yellowtail flounder (Limanda ferruginea). ICES J. Mar. Sci., 60: 1123-1138.  

GONZÁLEZ-TRONCOSO, D., A. GAGO and L. RAMILO.  Yellowtail flounder, redfish (Sebastes spp.) and witch 
flounder indices from the Spanish Survey conducted in Divisions 3NO of the NAFO Regulatory Area. 
NAFO SCR Doc., No. 12, Serial No. N6796, 34 p. 

MADDOCK PARSONS, D., J. MORGAN and R. RIDEOUT. 2018. Divisions 3LNO Yellowtail Flounder (Limanda 
ferruginea) in the 2015-2017 Canadian Stratified Bottom Trawl Surveys. NAFO SCR Doc., No. 023, 
Serial No. N6826, 34p. 

MADDOCK PARSONS, D. 2015. Divisions 3LNO Yellowtail Flounder (Limanda ferruginea) in the 2013 and 
2014 Canadian Stratified Bottom Trawl Surveys. NAFO SCR Doc., No. 026, Serial No. N6450, 34p. 

MADDOCK PARSONS, D. 2011. Witch Flounder, American Plaice, and Yellowtail Flounder in Canadian Spring 
and Autumn Surveys: Time Series Stock Distribution Maps. NAFO SCR Doc., No. 37, Serial No. N5922  , 
91 p. 

MCCULLAGH, P., and J. A. NELDER. 1983. Generalized linear models. Chapman and Hall, London. 261 pp. 

MEYER, R., and R.B. MILLAR. 1999a. BUGS in Bayesian stock assessments. Can. J. Fish. Aquat. Sci. 56: 1078-
1086.  

MEYER, R., and R.B. MILLAR. 1999b. Bayesian stock assessment using a state–space implementation of the 
delay difference model. Can. J. Fish. Aquat. Sci. 56: 37-52. 

NAFO. 2004. Report of the NAFO Study Group on Limit Reference Points. Lorient, France, 15-20 April, 2004. 
NAFO SCS Doc., No. 12, Serial No. N4980, 72 p. 

PAZ, X. D. GONZALEZ TROCOSO and E. ROMÁN. 2004. New Time Series from the Comparative Experience 
Between the C/V Playa de Menduiña  and the Vizconde de Eza in the NAFO Regulatory Area of Divisions 
3NO, 1995-2003. NAFO SCR Doc., No. 10, Serial No. N4955, 19 p. 

PAZ, X. D. GONZALEZ TROCOSO and E. ROMÁN. 2003. New Time Series from the Comparative Experience 
Between the C/V Playa de Menduiña  and the Vizconde de Eza in the NAFO Regulatory Area of Divisions 
3NO, 1995-2002. NAFO SCR Doc., No. 6, Serial No. N4812, 15 p. 



9 

Northwest Atlantic Fisheries Organization  www.nafo.int 

RIDEOUT, R. and D. INGS. 2018. Temporal And Spatial Coverage Of Canadian (Newfoundland And Labrador 
Region) Spring And Autumn Multi-Species RV Bottom Trawl Surveys, with An Emphasis On Surveys 

 Conducted In 2017. NAFO SCR Doc., No. 17, Serial No. N6801, 36 p. 

SCHAEFER, M.B. 1954. Some aspects of the dynamics of populations important to the management of 
commercial marine fisheries. Bull. Int.-Am. Trop. Tuna Com. 1: 25-56. 

WALSH, S. J., and W. B. BRODIE. 2006. Exploring relationships between bottom temperatures and spatial 
and temporal patterns in the Canadian fishery for yellowtail flounder on the Grand Bank . NAFO SCR 
Doc., No. 26, Serial No. N5245, 15 p. 

  



10 

Northwest Atlantic Fisheries Organization  www.nafo.int 

Table 1. Nominal catches by country and TACs (tons) of yellowtail in NAFO Divisions 3LNO. 

  

Year Canada France  USSR/Rus. S.Korea
a

Other
b

Total TAC

1960 7 - - - - 7

1961 100 - - - - 100

1962 67 - - - - 67

1963 138 - 380 - - 518

1964 126 - 21 - - 147

1965 3075 - 55 - - 3130

1966 4185 - 2,834 - 7 7026

1967 2122 - 6,736 - 20 8878

1968 4180 14 9146 - - 13340

1969 10494 1 5,207 - 6 15708

1970 22814 17 3,426 - 169 26426

1971 24206 49 13087 - - 37342

1972 26939 358 11929 - 33 39259

1973 28492 368 3,545 - 410 32815 50000

1974 17053 60 6,952 - 248 24313 40000

1975 18458 15 4,076 - 345 22894 35000

1976 7910 31 57 - 59 8057 9000

1977 11295 245 97 - 1 11638 12000

1978 15091 375 - - - 15466 15000

1979 18116 202 - - 33 18351 18000

1980 12011 366 - - - 12377 18000

1981 14122 558 - - - 14680 21000

1982 11479 110 - 1,073 657 13319 23000

1983 9085 165 - 1,223 - 10473 19000

1984 12437 89 - 2,373 1836
b

16735 17000

1985 13440 - - 4,278 11245
b

28963 15000

1986 14168 77 - 2,049 13882
b

30176 15000

1987 13420 51 - 125 2718 16314 15000

1988 10607 - - 1,383 4166
b

16158 15000

1989 5009 139 - 3,508 1551 10207 5000

1990 4966 - - 5903 3117 13986 5000

1991 6589 - - 4156 5458 16203 7000

1992 6814 - - 3825 123 10762 7000

1993 6747 - - - 6868 13615 7000

1994 - - - - 2069 2069 7000
c

1995 2 - - - 65 67 0
c

1996 - - - - 232 232 0
c

1997 1 - - - 657 658 0
c

1998 3739 - - - 647 4386 4000

1999 5746 - 96 - 1052
b

6894 6000

2000 9463 - 212 - 1486 11161 10000

2001 12238 - 148 - 1759 14145 13000

2002 9959 - 103 - 636 10698 13000

2003 12708 - 184 - 914
d

13806 14500

2004 12575 - 158 - 621 13354 14500

2005 13140 299 8 - 486 13933 15000

2006 177 - 1 - 752 930 15000

2007 3673 - 76 - 874 4623 15500

2008 10217 384 143 659 11403 15500

2009 5416 87 3 662 6168 17000

2010 8070 580 101 - 628 9379 17000

2011 3947 338 82 - 863 5230 17000

2012 1796 321 84 - 1483 3684 17000

2013 7921 166 - 2597 10684 17000

2014 6802 6 85 - 1095 7988 17000

2015 5582 349 84 672 6687 17000

2016 6327 322 81 2597 9327 17000

2017 6508 280 85 2329 9202 17000

2018
a

 South Korean catches ceased after 1992
b

includes catches estimated from Canadian surveillance reports
c

no directed fishery permitted
d

Includes catches averaged from a range of estimates
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Table 3. Monthly catch (t) of yellowtail flounder by Canadian vessels in NAFO Divs. 3LNO from 2010-
2017. 

 

Table 2.  Canadian catches (tons) of yellowtail flounder by division, from 1973 to 2017. Data from

2003-17 are from preliminary Canadian ZIF statistics and maybe slightly different from STATLANT 

data.

OTTER TRAWL

YEAR 3L 3N 30 3LNO OTHER GEARS

1973 4188 21470 2827 28475 17

1974 1107 14757 1119 16983 70

1975 2315 13289 2852 18456 2

1976 448 4978 2478 7904 6

1977 2546 7166 1583 11295 0

1978 2537 10705 1793 15035 56

1979 2575 14359 1100 18034 82

1980 1892 9501 578 11971 40

1981 2345 11245 515 14105 17

1982 2305 7554 1607 11466 13

1983 2552 5737 770 9059 26

1984 5264 6847 318 12429 8

1985 3404 9098 829 13331 9

1986 2933 10196 1004 14133 35

1987 1584 10248 1529 13361 59

1988 1813 7146 1475 10434 173

1989 844 2407 1506 4757 252

1990 1263 2725 668 4656 310

1991 798 2943 2284 6025 564

1992 95 1266 4633 5994 820

1993 0 2062 3903 5965 782

1994 0 0 0 0 0

1995 0 0 0 0 2

1996 0 0 0 0 0

1997 0 1 0 1 0

1998 0 2968 742 3710 29

1999 0 5636 107 5743 3

2000 1409 7733 278 9420 43

2001 183 8709 3216 12108 130

2002 22 7707 2035 9764 195

2003 28 8186 4482 12696 1

2004 2760 7205 2609 12574 3

2005 284 10572 2283 13139 1

2006 - 176 - 176 1

2007 5 2053 1615 3672 1

2008 985 6976 2249 10210 6

2009 224 3228 1958 5410 3

2010 113 5584 2372 8069 2

2011 24 1887 2036 3947 1

2012 199 1171 424 1794 0

2013 82 6034 1804 7920 0

2014 2 5827 973 6802 0

2015 2 3148 2425 5575 0

2016 24 5622 681 6327 0

2017 0 5180 1082 6262 0

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

2010 288 274 431 1345 1420 1147 66 486 993 766 855

2011 343 221 919 1109 1287 50

2012 398 382 506 49 363 70

2013 329 529 1316 478 829 830 278 1058 1074 849 431

2014 559 778 824 802 721 1002 168 418 1152 325

2015 240 39 352 879 535 223 284 721 1500 802

2016 774 340 390 1209 246 122 825 884 902 634

2017 271 313 4 442 894 1140 592 0 590 537 682 797
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Table 4. Estimates of Abundance (000s), mean number, biomass (000t) and mean weight (kg) per tow for 
Canadian Spring surveys of NAFO Divisions 3LNO 1984-2017. Surveys in 2006 and 2015 did not 
cover the entire stock area and estimates are not considered representative. 

 

 
  

3L 3N 3O 3LNO 3L 3N 3O 3LNO 3L 3N 3O 3LNO 3L 3N 3O 3LNO

1984 45.4 435.3 63.5 544.2 22.1 189.7 25.8 79.9 21.9 167.7 28.2 217.7 10.7 73.1 11.4 32.0

1985 49.9 240.1 84.1 374.1 9.4 104.6 34.2 37.1 21.1 88.2 37.5 146.8 4.0 38.4 15.2 14.6

1986 26.9 229.5 70.1 326.5 5.3 100.0 28.5 33.3 12.6 95.1 30.5 138.2 2.5 41.5 12.4 14.1

1987 12.3 291.0 90.9 394.2 2.4 128.1 36.9 40.2 5.8 77.5 41.2 124.6 1.1 34.1 16.7 12.7

1988 8.1 135.3 59.7 203.1 1.6 58.9 24.2 20.7 3.7 51.4 25.8 81.0 0.7 22.4 10.5 8.2

1989 7.9 478.3 46.7 532.9 1.6 208.4 18.9 54.3 4.0 78.3 21.5 103.8 0.8 34.1 8.7 10.6

1990 4.7 305.5 57.3 367.4 0.9 133.1 23.9 37.7 2.2 75.7 25.1 103.1 0.4 33.0 10.5 10.6

1991 2.2 268.1 50.0 320.3 0.4 111.7 19.7 32.5 1.1 69.1 23.3 93.4 0.2 28.8 9.2 9.5

1992 0.3 189.2 28.0 217.4 0.1 79.3 11.0 21.2 0.2 49.6 11.6 61.4 0.0 20.8 4.6 6.0

1993 0.2 145.0 101.1 246.3 0.0 60.4 39.8 24.0 0.1 50.8 42.4 93.3 0.0 21.1 16.7 9.1

1994 0.1 126.4 21.9 148.4 0.0 51.5 8.5 14.1 0.0 46.3 9.2 55.6 0.0 18.9 3.6 5.3

1995 0.0 158.8 28.5 187.4 0.0 66.1 11.2 18.2 0.0 57.9 12.7 70.6 0.0 24.1 5.0 6.9

1996 2.5 475.3 161.7 639.4 0.5 198.0 63.3 62.2 1.1 103.9 70.6 175.6 0.2 43.3 27.6 17.1

1997 1.2 554.9 139.4 695.5 0.2 233.2 54.6 67.7 0.5 121.3 53.2 174.9 0.1 51.0 20.8 17.0

1998 1.6 577.2 154.5 733.3 0.3 240.4 60.5 69.9 0.5 143.7 58.0 202.2 0.1 59.8 22.7 19.3

1999 55.4 965.4 269.1 1289.9 9.6 402.1 105.4 120.4 28.5 238.5 98.7 365.7 5.0 99.3 38.7 34.1

2000 40.7 695.3 186.5 922.5 7.6 289.6 73.1 89.6 17.5 197.3 72.1 287.0 3.3 82.2 28.3 27.9

2001 11.5 1119.9 197.2 1328.5 2.1 466.4 77.3 126.6 4.4 297.9 63.6 366.0 0.8 124.1 24.9 34.9

2002 1.6 528.3 161.0 690.9 0.3 220.0 63.1 66.5 0.6 147.3 51.6 199.5 0.1 61.4 20.2 19.2

2003 92.0 914.9 243.2 1250.1 16.9 381.0 95.3 120.2 34.7 280.2 72.0 386.9 6.4 116.7 28.2 37.2

2004 38.7 690.1 237.9 966.7 7.0 287.4 93.2 92.0 15.3 216.7 75.8 307.9 2.8 90.3 29.7 29.3

2005 115.6 822.0 227.1 1164.8 21.7 342.4 89.0 113.2 43.6 263.7 81.5 388.8 8.2 109.8 31.9 37.8

2006 251.5 1035.0 295.9 1582.4 47.1 660.7 169.8 183.0 85.7 319.1 99.1 503.8 16.0 203.7 56.9 58.3

2007 177.5 953.5 309.7 1440.7 33.3 397.1 121.4 140.0 60.9 292.8 89.3 443.0 11.4 121.9 35.0 43.0

2008 115.3 1114.6 250.6 1480.4 22.6 467.5 98.2 147.5 43.2 330.4 83.3 456.9 8.5 138.6 32.6 45.5

2009 47.0 751.6 117.9 916.4 8.8 313.0 46.2 89.0 13.2 213.5 44.4 271.2 2.5 88.9 17.4 26.3

2010 110.3 950.9 272.2 1333.3 21.0 396.0 106.7 130.8 28.6 276.9 89.2 394.7 5.5 115.3 35.0 38.7

2011 160.3 967.3 298.6 1426.1 29.7 402.9 117.7 137.9 55.8 266.9 100.2 422.9 10.3 111.1 39.5 40.9

2012 238.5 1184.6 269.1 1692.1 46.3 496.9 105.4 167.8 88.6 315.3 85.6 489.4 17.2 132.2 33.6 48.5

2013 210.6 955.5 196.5 1362.6 39.5 397.9 77.0 132.4 66.3 274.9 56.2 397.3 12.4 114.5 22.0 38.6

2014 101.0 773.6 204.7 1079.3 18.9 322.2 80.2 104.9 34.5 232.4 65.2 332.1 6.5 96.8 25.5 32.3

2015 10.5 433.8 213.3 657.6 3.4 180.7 83.6 82.2 4.0 144.3 71.8 220.2 1.3 60.1 28.1 27.5

2016 11.6 347.9 115.0 474.5 2.2 144.9 45.8 46.3 1.8 101.3 30.4 133.4 0.3 42.2 12.1 13.0

2017 76.5 552.5 111.5 740.5 54.9 231.8 43.7 117.0 18.3 167.9 27.9 214.1 13.1 70.4 10.9 33.8

Biomass ('000t) Mean weight (kg) per towAbundance ('000) Mean number per tow
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Table 5. Estimates of Abundance (000s), mean number, biomass (000t) and mean weight (kg) per tow for 
Canadian Autumn surveys of NAFO Divisions 3LNO 1990-2017. The survey in 2014 did not cover 
the entire stock area and estimates are not considered representative. 

 

 

3L 3N 3O 3LNO 3L 3N 3O 3LNO 3L 3N 3O 3LNO 3L 3N 3O 3LNO

1990 4.4 148.5 39.5 192.5 0.8 65.9 16.1 19.3 2.1 46.5 17.3 65.8 0.4 20.6 7.0 6.6

1991 2.1 212.3 82.7 297.1 0.4 92.1 33.1 29.3 1.0 50.9 30.5 82.4 0.2 22.1 12.2 8.1

1992 2.0 158.0 55.8 215.9 0.4 86.4 22.7 22.4 0.9 44.1 19.4 64.5 0.2 24.1 7.9 6.7

1993 2.6 327.7 41.6 371.9 0.5 137.7 16.4 37.4 1.1 94.2 17.5 112.8 0.2 39.6 6.9 11.3

1994 0.1 259.3 28.5 287.9 0.0 108.0 11.2 28.0 0.0 95.5 10.9 106.4 0.0 39.8 4.3 10.4

1995 3.6 509.0 79.6 592.2 0.7 212.0 31.2 57.3 1.2 102.8 25.7 129.8 0.2 42.8 10.1 12.6

1996 6.7 380.6 59.9 447.1 1.1 158.5 24.2 39.8 2.2 92.6 20.0 114.9 0.4 38.6 8.1 10.2

1997 6.1 685.8 135.2 827.1 1.0 285.6 53.3 73.1 1.3 190.3 53.7 245.3 0.2 79.3 21.2 21.7

1998 13.1 450.1 170.4 633.6 2.1 171.8 64.2 54.4 5.2 134.0 47.5 186.7 0.8 51.1 17.9 16.0

1999 20.6 743.1 176.5 940.3 3.5 312.4 71.4 87.8 9.6 193.0 48.4 250.9 1.6 81.1 19.6 23.4

2000 37.9 860.3 254.1 1152.3 6.1 320.3 91.5 98.8 12.5 252.8 69.7 335.0 2.0 94.1 25.1 28.7

2001 74.5 1314.7 262.7 1651.9 11.7 489.5 95.3 139.8 25.5 368.9 81.4 475.8 4.0 137.3 29.5 40.3

2002 33.1 971.3 170.4 1174.8 5.2 361.7 61.4 99.3 13.6 272.7 53.5 339.7 2.1 101.5 19.3 28.7

2003 58.9 869.6 334.1 1262.6 9.2 364.8 127.1 110.9 18.6 252.0 97.7 368.3 2.9 105.7 37.2 32.3

2004 63.4 1158.6 209.1 1431.0 13.4 485.5 81.9 147.8 22.2 291.6 60.9 374.7 4.7 122.2 23.9 38.7

2005 38.8 1146.7 190.8 1376.3 6.6 446.1 68.7 122.7 14.1 261.5 67.1 342.7 2.4 101.7 24.2 30.6

2006 61.9 814.1 172.5 1048.5 10.2 339.1 68.1 95.4 21.2 232.3 52.0 305.5 3.5 96.7 20.5 27.8

2007 91.0 1414.2 252.0 1757.2 15.3 526.6 90.8 154.0 28.0 377.8 76.5 482.4 4.7 140.7 27.6 42.3

2008 81.9 787.1 300.2 1169.2 15.3 327.8 117.6 113.6 27.8 214.8 79.4 322.0 5.2 89.5 31.1 31.3

2009 45.1 709.9 145.0 900.0 7.6 282.7 52.6 80.2 16.5 180.7 40.7 237.8 2.8 72.0 14.7 21.2

2010 135.7 1335.9 184.7 1656.3 22.0 558.4 72.4 149.1 35.9 336.4 44.9 417.2 5.8 140.6 17.6 37.5

2011 103.0 759.2 176.5 1038.7 19.4 316.2 69.2 101.2 35.3 217.7 57.4 310.4 6.7 90.7 22.5 30.2

2012 93.4 827.5 342.1 1262.9 17.5 344.6 134.1 122.7 25.8 218.7 112.9 357.4 4.8 91.1 44.2 34.7

2013 103.2 901.9 180.2 1185.4 19.2 375.7 70.6 114.9 36.4 251.9 57.8 346.1 6.8 104.9 22.7 33.5

2014 57.9 0.0 0.0 57.9 9.7 0.0 0.0 9.7 19.8 0.0 0.0 19.8 3.3 0.0 0.0 3.3

2015 96.7 821.1 143.6 1061.4 18.1 342.0 56.2 103.1 29.7 241.8 35.9 307.4 5.6 100.7 14.1 29.9

2016 109.0 793.8 189.6 1092.5 20.4 330.6 74.8 106.3 34.6 197.3 54.8 286.7 6.5 82.2 21.6 27.9

2017 101.5 888.1 239.5 1229.1 19.0 369.9 94.3 119.6 32.2 218.7 71.3 322.2 6.0 91.1 28.1 31.3

Abundance ('000) Mean number per tow Biomass ('000t) Mean weight (kg) per tow
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Table 6. Length weight relationships used to produce an index of female SSB from the spring survey.  The 
 relationships are of the form log(weight)=(a*log(length))+b) 
 

 
 

Year a b 
prior to 1990 3.10 -5.19 
1990 3.19 -5.33 
1991 3.05 -5.12 
1992 3.02 -5.06 
1993 3.11 -5.20 
1994 3.09 -5.19 
1995 3.10 -5.20 
1996 3.09 -5.15 
1997 3.09 -5.17 
1998 3.05 -5.11 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

3.15 
3.17 
3.09 
3.08 
3.09 
3.12 
3.17 

-5.27 
-5.32 
-5.20 
-5.20 
-5.22 
-5.24 
-5.32 

2006 3.09 -5.21 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 

3.25 
3.22 
3.14 
3.10 
3.14 
3.23 
3.16 
3.16 
3.13 
3.11 
3.07 

-5.46 
-5.42 
-5.30 
-5.23 
-5.30 
-5.43 
-5.34 
-5.32 
-5.27 
-5.26 
-5.20 
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Table 7. Nominal catch (000t) and survey series included in the assessment of yellowtail flounder in 
 2018.  
 

 
 
 

Table 8.  Input indices used in the Bayesian surplus production model for the

2018 assessment of Yellowtail flounder.

Year

Nominal 

catch 

(000 t) 

Yankee 

survey 

(000 t)

Russian 

survey 

(000 t)

Campelen 

spring 

(000 t)

Campelen    

fall         

(000 t)

Spain 

survey 

(000 t)

1965 3.13

1966 7.026

1967 8.878

1968 13.34

1969 15.708

1970 26.426

1971 37.342 96.9

1972 39.259 79.2

1973 32.815 51.7

1974 24.313 40.3

1975 22.894 37.4

1976 8.057 41.7

1977 11.638 65.0

1978 15.466 44.3

1979 18.351 38.5

1980 12.377 51.4

1981 14.68 45.0

1982 13.319 43.1

1983 10.473

1984 16.735 132.0 217.7

1985 28.963 85.0 146.8

1986 30.176 42.0 138.2

1987 16.314 30.0 124.6

1988 16.158 23.0 81.0

1989 10.207 44.0 103.8

1990 13.986 27.0 103.1 65.8

1991 16.203 27.5 93.4 82.4

1992 10.762 61.4 64.5

1993 13.615 93.3 112.8

1994 2.069 55.6 106.4

1995 0.067 70.6 129.8 9.3

1996 0.232 175.6 134.3 43.3

1997 0.658 174.9 222.9 38.7

1998 4.386 202.2 231.6 122.6

1999 6.894 365.7 249.9 197.0

2000 11.161 287.5 335.0 144.7

2001 14.145 366.0 475.8 182.7

2002 10.698 199.5 339.7 148.5

2003 13.806 386.5 368.3 136.8

2004 13.354 307.9 374.7 170.0

2005 13.933 388.8 342.7 156.48

2006 0.930   305.5 160.1

2007 4.623 443.0 482.4 160.7

2008 11.403 456.9 322.0 160.1

2009 6.168 271.2 237.8 183.4

2010 9.379 394.7 417.2 189.7

2011 5.23 422.9 310.4 203.8

2012 3.684 489.4 357.4 195.6

2013 10.68 397.3 346.1 188.0

2014 7.99 332.1   136.5

2015 6.90   307.4 140.8

2016 9.33 133.4 286.7 153.7

2017 9.20 214.1 322.2 95.9

  Canadian surveys in 2006 Spring, 2014 Fall and 2015 Spring were incomplete 

and results may not be comparable to other years
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Table 8. Assessment results for Divs 3LNO yellowtail flounder: the accepted 2018 surplus production 
 model in a Bayesian framework, compared to the 2015 assessment of the stock using a surplus 
 production model incorporating covariance (ASPIC). 
 

 

2015  
ASPIC  

assessment 

2018  
Bayesian 

assessment 

Bmsy 72.5 kt 87.63 kt 
MSY 18.73 kt 18.76 kt 
Fmsy 0.26 0.21 

K 145 kt 175 kt 
r 0.52 0.43 

q.Fall 3.24 2.29 
q.Russian 1.17 0.83 
q.Spanish 1.32 0.95 
q.Spring 3.24 2.16 
q.Yankee 1.00 0.65 

Pin 
 

0.77 
deviance 

 
1038 

sigma 
 

0.12 
tau.Fall 

 
0.04 

tau.Russian 
 

0.19 
tau.Spanish 

 
0.20 

tau.Spring 
 

0.07 

 
Table 9. Medium-term projections for yellowtail flounder.  Median and 90% confidence limits around 
 relative biomass B/Bmsy, are shown, for projected F values of Fstatus quo, 2/3 Fmsy, 85% Fmsy and Fmsy. 

 

 

Year Yield ('000t) Projected relative Biomass(B/B msy )

median median (90% CL)

2019 9.14 1.56 ( 1.07, 2.1)

2020 9.30 1.59 ( 1.09, 2.14)

2021 9.41 1.62 ( 1.11, 2.17)
2022 1.63 ( 1.12, 2.19)

2019 19.52 1.56 ( 1.07, 2.1)

2020 18.41 1.47 ( 0.99, 2)

2021 17.77 1.42 ( 0.93, 1.96)

2022 1.39 ( 0.89, 1.93)

2019 24.88 1.56 ( 1.07, 2.1)

2020 22.49 1.41 ( 0.94, 1.94)

2021 21.09 1.32 ( 0.85, 1.86)

2022 1.27 ( 0.77, 1.82)

2019 29.28 1.56 ( 1.07, 2.1)

2020 25.50 1.36 ( 0.9, 1.88)

2021 23.37 1.25 ( 0.77, 1.79)

2022 1.17 ( 0.67, 1.73)

F MSY =0.21

Projections with catch in 2018 = avg catch 2013-2017 (8 800 t)

F status quo  = 0.07

2/3 F MSY = 0.14

85% F MSY =0.18
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Table 10. Yield (000 t) and risk (%) of By<Bmsy and Fy>Fmsy (Flim=Fmsy) at projected F values of Fstatus quo, 2/3 
Fmsy, 85% Fmsy and Fmsy. Catch in 2018 was assumed at 8 800 t (average catch 2013-2017). 

 

  
 
Table 11. Convergence criteria and diagnostics for 2018 yellowtail flounder Bayesian surplus production 

model. 
 

  

2019 2020 2021 2019 2020 2021 2022 2019 2020 2021 2022 2019 2020 2021 2022 P(B2022>B2018)

F status quo  = 0.07 9.14 9.30 9.41 <1% <1% <1% <1% <1% <1% <1% <1% 3% 3% 3% 2% 62%

2/3 F MSY  = 0.14 19.52 18.41 17.77 6% 7% 8% <1% <1% <1% <1% <1% 3% 5% 7% 10% 37%

85% F MSY  =0.18 24.88 22.49 21.09 25% 25% 27% <1% <1% <1% <1% <1% 3% 7% 12% 18% 28%

F MSY =0.21 29.28 25.50 23.37 50% 50% 50% <1% <1% <1% <1% <1% 3% 9% 18% 27% 22%

Yield ('000t) P(B<Blim) P(B<BMSY)P(F>Flim)

Chain Mean SD Naïve SE MC Error Batch SE Batch ACF 0.025 0.5 0.975 z-score p-score

Potential Scale 

Reduction Factors

Multivariate 

SRF Corrected SRF

K 1 185.31 43.46 0.35 1.84 1.50 0.18 128.50 176.50 298.90 -0.3134 0.7540 1.006737 1.008994 0.975
2 181.73 39.40 0.32 1.32 1.22 0.07 128.70 174.10 280.80 -0.2702 0.7870 x 1.017994 1.04641

r 1 0.425 0.094 0.001 0.003 0.003 0.166 0.240 0.425 0.611 0.7932 0.4277 1.004644 1.006209 0.975
2 0.431 0.090 0.001 0.002 0.002 0.031 0.256 0.431 0.611 0.5225 0.6014 x 1.007453 1.026435

Sigma 1 0.1275 0.0392 0.0003 0.0008 0.0008 0.0600 0.0570 0.1252 0.2104 0.4509 0.6521 1.000724 1.000988 0.975
2 0.1259 0.0391 0.0003 0.0009 0.0009 -0.0055 0.0566 0.1233 0.2100 0.8802 0.3787 x 1.000815 1.003993

q.Can Spr 1 2.1442 0.4366 0.0036 0.0163 0.0133 0.1354 1.2660 2.1470 2.9950 0.6370 0.5242 1.003772 1.005048 0.975
2 2.1704 0.4217 0.0034 0.0132 0.0123 0.0534 1.3410 2.1760 3.0070 0.3250 0.7452 x 1.005792 1.021237

q.Can Fall 1 2.2707 0.4634 0.0038 0.0175 0.0142 0.1408 1.3450 2.2740 3.1800 0.6031 0.5464 1.003784 1.005064 0.975
2 2.3002 0.4484 0.0037 0.0139 0.0130 0.0440 1.4240 2.3030 3.1850 0.3226 0.7470 x 1.005354 1.020813

q.Russia 1 0.8447 0.2222 0.0018 0.0062 0.0051 0.1247 0.4523 0.8288 1.3330 0.8465 0.3973 1.002282 1.003064 0.975
2 0.8537 0.2213 0.0018 0.0052 0.0050 0.0305 0.4720 0.8371 1.3340 0.1161 0.9076 x 1.002853 1.012275

q.Yankee 1 0.6489 0.1821 0.0015 0.0064 0.0054 0.1175 0.3139 0.6410 1.0270 1.0721 0.2837 1.004641 1.006206 0.975
2 0.6608 0.1729 0.0014 0.0053 0.0052 0.0360 0.3528 0.6531 1.0160 0.3068 0.7590 x 1.006272 1.025138
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Fig. 1. Catch (000t) and TAC of yellowtail flounder in NAFO Divisions 3LNO 
 
 

 
Fig. 2. Length frequencies from the Canadian commercial ottertrawl fishery on Yellowtail Flounder in 
 NAFO divs 3LNO from 2000-2013. Solid line indicates dockside sampling, hatched line shows at 
 sea sampling. 
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Fig. 3. Length frequencies from commercial fisheries in the NRA of Divs 3NO conducted by Spain, 
 Portugal, Estonia and Japan in 2016 and 2017. 
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Fig. 5. Length distribution (sampled number of fish) of yellowtail flounder in Div. 3N and 3O Estonian 
 fisheries in 2017.  
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Fig. 3.  Size frequency distributions based on the total length data collected by one on-board observer for 

yellowtail flounder (2016: above and 2017: below) 
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Fig. 4. Estimates of biomass and abundance for yellowtail flounder in NAFO Divisions 3LNO from the Canadian spring 
 and autumn surveys. 
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Fig. 5. Regression of Canadian spring and autumn estimates of yellowtail flounder biomass in Divs. 
 3LNO, 1990-2017 (2006 and 2015 spring, and 2014 autumn surveys were incomplete). 
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Fig. 6. Abundance at length of yellowtail flounder in NAFO Divisions 3LNO from the Canadian spring and autumn 
 surveys, and the Spanish survey of 3NO from 1984-2017. Canadian spring surveys for 2006 and 2015 and 
 Canadian autumn survey of 2014 were incomplete.
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Fig. 7. Population numbers (scaled to the mean of the series) of yellowtail flounder less than 22cm in 
 the Canadian spring and autumn surveys in NAFO Divisions 3LNOand the Spanish survey in the 
 NRA 
 

 
 
Fig. 8. Converted biomass estimates (Campelen equivalents) from Spanish surveys in the NRA of NAFO 
 Divisions 3NO. Error bars are ± 1 SD 
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Fig. 9. Length at 50% maturity of male and female yellowtail flounder from annual Canadian research 
 vessel surveys of Div. 3LNO from 1984 to 2017. 
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Fig. 10. Estimated weight (Kg) at length (cm) for selected length groups for female yellowtail flounder in 
 Div. 3LNO from Canadian spring surveys from 1990-2017.   
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Fig. 11. Index of female spawning stock biomass (‘000t) for Div. 3LNO yellowtail flounder as calculated 
 from Canadian spring research vessel surveys from 1984-2017 (the surveys in 2006 and 2015 
 were not considered representative). 
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Fig. 12. Nominal catch and survey series scaled to the mean for each of the indices used in the 2018 
 assessment of yellowtail flounder. 
 
 
 

 
 
Fig. 13. Process residuals for the 2018 assessment of Divs. 3LNO yellowtail flounder in a Bayesian 
 framework. 
 
  

Figure 11. Nominal catch and survey series scaled to the mean in each series of the indices used in the 2018

 assessment of yellowtail flounder.
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Fig. 14. Residual plots for the survey indices from the surplus production model in a Bayesian framework 
 for the assessment of yellowtail flounder in NAFO Divs. 3LNO.

 
Fig. 15. Priors (red line) and posteriors (black line) for sigma (process error), deviance, carrying capacity 
 (K) and intrinsic rate of growth (r) for the 2018 yellowtail flounder surplus production model 
 (Bayesian). 
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Fig. 16.    Priors (red line) and posteriors (black line) fop observation error of surveys used in the 2018 
   yellowtail flounder Bayesian surplus production model. 
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Fig.17.    Priors (red line) and posteriors (black line) for the q estimated for each survey used in the 2018 
     yellowtail flounder Bayesian surplus production model. 
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Fig. 18.  Yellowtail flounder in NAFO Divisions 3LNO: Relative biomass (B/Bmsy) and relative fishing 
   mortality (F/Fmsy) estimates and 90% confidence intervals from the 2018 assessment. 
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Fig.19. Catch and estimated surplus production (‘000 t) plotted against relative biomass (B/Bmsy) of 
 yellowtail flounder  in NAFO Divs. 3LNO. 
 

 
Fig. 20. Yellowtail flounder in Div. 3LNO: stock trajectory estimated in the surplus production analysis, 
 under a precautionary approach framework. 
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Fig. 21. Yellowtail flounder in Div. 3LNO: trends in relative biomass and projections for 2018-2022 (catch in 2018 average 
 of 2013-2017=8 800t) at 4 levels of F (status quo, 2/3 Fmsy, 85% Fmsy and Fmsy). Results are derived from a surplus 
 production model in a Bayesian framework. Median and 90% confidence intervals. 
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Fig. 22. Yellowtail flounder in Div. 3LNO: trends in relative fishing mortality (F/Fmsy) and projections for 2018-2022 (catch 
 in 2018 average of 2013-2017=8 800t) at 4 levels of F (status quo, 2/3 Fmsy, 85% Fmsy and Fmsy). Results are derived 
 from a surplus production model in a Bayesian framework. Median and 90% confidence intervals. 
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 APPENDIX 1 
 
Script for 2018 assessment of yellowtail using a surplus 
production model in Bayesian framework (original coding 
J. Bailey) 
 
model  
{ 
#prior for r uniform 0.01 to 1   
r ~ dunif(0.01,1) 
 
# prior distribution of K  
#this run mean of 150 and sd of 1500 CV 1000% 
K~dlnorm(2.703,0.2167) 
 
# prior distribution of q's 
q.Spring~dgamma(1,1) 
q.Fall~dgamma(1,1) 
q.Russian~dgamma(1,1) 
q.Spanish~dgamma(1,1) 
q.Yankee~dgamma(1,1) 
 
# Prior for process noise, sigma 
sigma ~ dunif(0,5) 
isigma2 <- pow(sigma, -2) 
 
# Prior for observation errors, tau.  
tau.Spring~dgamma(1,1) 
itau2.Spring <- 1/tau.Spring 
tau.Fall~dgamma(1,1) 
itau2.Fall <- 1/tau.Fall 
tau.Russian~dgamma(1,1) 
itau2.Russian<- 1/tau.Russian 
tau.Spanish~dgamma(1,1) 
itau2.Spanish <- 1/tau.Spanish 
tau.Yankee~dgamma(1,1) 
itau2.Yankee <- 1/tau.Yankee 
 
# Prior for initial population size as proportion of K, P[1].  
Pin~dunif(0.5, 1) 
Pm[1] <- log(Pin) 
P[1] ~ dlnorm(Pm[1], isigma2)I(0.001,5) 
P.res[1]<-log(P[1])-Pm[1] 
 
# State equation - SP Model.  
for (t in 2:(53))   {  
Pm[t] <- log(max(P[t-1] + r*P[t-1]*(1-P[t-1]) - L[t-1]/K, 
0.0001)) 
P[t] ~ dlnorm(Pm[t], isigma2)I(0.001,5) 
P.res[t]<-log(P[t])-Pm[t] 
} 
# Observation equations  
for (t in 20:(N)) { 
Springm[t] <- log(q.Spring* K * P[t]) 
Spring[t] ~ dlnorm(Springm[t], itau2.Spring) 
} 
for (t in 26:(N)) { 
Fallm[t] <- log(q.Fall* K * P[t]) 

Fall[t] ~ dlnorm(Fallm[t], itau2.Fall) 
} 
for (t in 31:(N)) { 
Spanishm[t] <- log(q.Spanish* K * P[t]) 
Spanish[t] ~ dlnorm(Spanishm[t], itau2.Spanish) 
} 
for (t in 7:(18)) { 
Yankeem[t] <- log(q.Yankee* K * P[t]) 
Yankee[t] ~ dlnorm(Yankeem[t], itau2.Yankee) 
} 
for (t in 20:(27)) { 
Russianm[t] <- log(q.Russian* K * P[t]) 
Russian[t] ~ dlnorm(Russianm[t], itau2.Russian) 
} 
# Output. Using the proportion and K to estimate biomass, 
B.  
for(t in 1:N) { 
B[t] <- P[t] * K 
F[t]<-L[t]/B[t] 
} 
#Biomass Ratio: Showing what percent the stock would be 
at if fished at MSY for a given year, t 
for(t in 1:N) { 
Bratio[t] <- B[t]/BMSY 
} 
#F Ratio: indicates the ratio of fishing mortality to that 
estimated for FMSY.  
#e.g. 1.65=65% higher than that estimated for FMSY 
for(t in 1:N) { 
Fratio[t] <- F[t]/FMSY 
} 
# further management parameters and predictions: 
MSY <- r*K/4; 
FMSY<-r/2 
BMSY<-K/2 
#Replicate data sets code below here 
#generate replicate data sets 
for (i in 7:18){ 
 Yankee.rep[i] ~ dlnorm(Yankeem[i],itau2.Yankee) 
 p.smaller.Yankee[i] <- step(log(Yankee[i])-
log(Yankee.rep[i])) 
#residuals of log values of replicate data 
 res.Yankee.rep[i] <- log(Yankee[i])-
log(Yankee.rep[i]) 
} 
#generate replicate data sets 
for (i in 20:N){ 
 Spring.rep[i] ~ dlnorm(Springm[i],itau2.Spring) 
 p.smaller.Spring[i] <- step(log(Spring[i])-
log(Spring.rep[i])) 
#residuals of log values of replicate data 
 res.Spring.rep[i] <- log(Spring[i])-
log(Spring.rep[i]) 
} 
#generate replicate data sets 
for (i in 26:N){ 
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 Fall.rep[i] ~ dlnorm(Fallm[i],itau2.Fall) 
 p.smaller.Fall[i] <- step(log(Fall[i])-
log(Fall.rep[i])) 
#residuals of log values of replicate data 
 res.Fall.rep[i] <- log(Fall[i])-log(Fall.rep[i]) 
} 
#generate replicate data sets 
for (i in 31:N){ 
 Spanish.rep[i] ~ 
dlnorm(Spanishm[i],itau2.Spanish) 
 p.smaller.Spanish[i] <- step(log(Spanish[i])-
log(Spanish.rep[i])) 
#residuals of log values of replicate data 
 res.Spanish.rep[i] <- log(Spanish[i])-
log(Spanish.rep[i]) 

} 
#generate replicate data sets 
for (i in 20:27){ 
 Russian.rep[i] ~ 
dlnorm(Russianm[i],itau2.Russian) 
 p.smaller.Russian[i] <- step(log(Russian[i])-
log(Russian.rep[i])) 
#residuals of log values of replicate data 
 res.Russian.rep[i] <- log(Russian[i])-
log(Russian.rep[i]) 
} 
} ## END 
 

 
 

APPENDIX 2 
 

Diagnostics and Fit Criteria by factor 
 
r: Intrinsic rate of growth 
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K: Carrying capacity
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sigma: Process error  
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q: Canadian spring survey 
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q: Canadian autumn survey 
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q: Russian survey 
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q: Canadian Yankee survey 
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q: Spanish survey 
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