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Abstract 
 
Biomass and abundance indices from Canadian spring surveys in Div. 3N have been at very low levels since 1984.  
In most years the biomass and abundance indices were estimated to be less than 1,000 tons or 2 million fish. 
Similarly mean weights and numbers per tow in the spring surveys have been variable since 1984, not exceeding 2 
fish or 1 kg per tow.  For Div. 3O, estimates of stock size also exhibited considerable annual fluctuations on average 
between 3,000 and 24,000 tons or 6-44 million fish particularly in the late 1980s. Mean weight and number per tow 
in Div. 3O showed the same variability ranging from 3-18 fish per tow at 1-10 kg per tow. Large variations in years 
may be due to large sets (possible aggregations of witch flounder) or the timing of the survey and movements of 
witch flounder into and out of survey areas.  The values in 2006 and 2007 show no large changes in Div. 3N or Div. 
3O. The data for Div. 3NO combined suggest in general an overall declining trend in stock size with the estimates 
for the spring 1998 survey at the lowest level observed since 1984.  From 1998-2003, indices increased, with the 
most recent data points down again slightly. 
 
Indices from Canadian fall surveys for Div. 3N are similar to the spring in that stock size estimates are very low and 
lack trend.  Indices are highly variable for Div. 3O in the fall surveys and also lack any overall trend.  Nonetheless, 
the estimates for each seasonal series are generally within the same numeric range.  The data for Div. 3NO 
combined appear to show a general increasing trend in stock size from 1990-2005, with a decline in recent years. 
 
 
Fisheries and Management 
 
Species specific catch statistics for flatfish prior to 1973 were largely developed from breakdowns of unspecified 
flounders and therefore should be quoted with caution.  Catches in the 1960s peaked at 11,000-12,000 tons in 1967-
68 and remained relatively high during the next several years (Table 1; Fig. 1). From 1971 to 1984 catches ranged 
from a low of about 2,400 tons in 1980 and 1981 to as high as 15,000 tons in 1971 which is the highest recorded 
catch in the history of the fishery; however, from 1975-84 annual catches rarely exceeded 6,000 tons.  
 
As a result of an increase in fishing effort in the NRA during 1985 and 1986, catches rose rapidly to levels of 8,800 
and 9,100 tons respectively. This increased effort was primarily concentrated on the "tail" of the Grand Bank in the 
NAFO Regulatory area of Division 3N. Catches remained relatively high in 1987 and 1988 at 7,600 and 7,300 tons 
respectively.  During 1990-93 estimated catches were in the range of 4,200-5,000 tons.  The estimated catch for 
1994 was still in the order of 1,100 tons despite a moratorium being introduced on fishing this stock (Table 1; Fig. 
1). The catch dropped to 300 tons in 1995 likely as a result of a substantial reduction in fishing effort for Greenland 
halibut where witch flounder comprises a by-catch.  Since then catches have increased steadily and by 1999 was 
about 800 tons although declined again to an estimated 450 tons in 2002 (Table 1; Fig. 1). In 2003 several sources of 
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catch data were available and a single source could not be considered more valid. As a result, catches were estimated 
to range between 850 and 2239 tons (Table 1; Fig 1).  Catch was estimated to be about 480 t in 2006 and 220 t in 
2007. 
 
Historically, mostly Canada and the former Soviet Union conducted the fishery. Canadian catches fluctuated from 
between 1,200 and 3,000 tons from 1985-91 but increased to about 4,300 tons in 1992 and 4,200 in 1993 (Table 1). 
The increase in 1992 and 1993 was essentially the result of a quota transfer to Canada by the Russian Federation.  
Canada has taken very little catch since then due to the moratorium. Catches by the USSR/Russian vessels declined 
from between 1,000 and 2,000 tons in the period 1982-88 and has not exceeded 112 t in any year since then. 
 
The first total allowable catch (TAC) for this resource was introduced by ICNAF in 1974 at a level of 10,000 tons 
largely based on average historical catches (Fig. 1). This level remained in effect until 1979 when it was reduced to 
7,000 tons in consideration of declining commercial catch rates. It was further reduced to 5,000 tons in 1981 and 
remained at that level to 1993.  The Scientific Council advised that for 1994 catches from this stock should not 
exceed 3,000 tons.  A TAC of 3,000 tons was agreed by the NAFO Fisheries Commission, however, it was also 
agreed that no directed fishery would be conducted for witch flounder in 1994 due to the poor state of the stock and 
to allow for rebuilding.  The NAFO Fisheries Commission introduced a complete moratorium for directed fishing in 
1995 which has continued through 2007.  
 
Research Vessel Surveys 
 
Canadian RV surveys  
 
Stratified-random research vessel surveys have been carried out by Canada on the Grand Bank (including Div. 3NO) 
during spring since 1971 although during the early period coverage was limited and, in fact, for most years only 
surveyed to 366 meters. Since 1990, on the other hand, depth coverage was extended to 720 meters.  In addition to 
spring surveys, a time series of fall surveys was begun in 1990 to investigate seasonal variation in stock distribution 
and abundance of various groundfish species.  In fall 1998 the survey depth range was further extended to 1500 
meters.   
 
Beginning with the 1995 fall survey the survey gear was changed from an Engel 145 groundfish trawl with steel 
bobbin footgear to a Campelen 1800 shrimp trawl with rockhopper footgear.  The data from these surveys have now 
been converted from Engel trawl catches to Campelen 1800 trawl catch equivalents.  Only the converted survey data 
are presented here. 
 
During the course of the 2006 Canadian spring survey, operational difficulties lead to incomplete coverage of the 
survey in NAFO Divisions 3LNO.  This should be noted anywhere that 2006 spring estimates are discussed.  The 
lack of coverage can be noted in Tables 2-3 and 6-7 but values are removed from relevant figures. 
 
Survey Biomass and Abundance Indices 
 
Biomass (Tables 2-5) and abundance (Tables 6-9) estimates by stratum are presented for the spring and fall surveys 
in NAFO Division 3N and 3O, respectively. Mean numbers (Tables 10-13) and weights (Tables 14-17) per tow are 
also presented by stratum and division for the spring and fall surveys. Graphical plots to better illustrate the 
comparative trends in stock biomass and abundance by season are presented by NAFO Divisions 3N and 3O 
separately and combined in figures 2-4, respectively. 
 
All indices derived from spring surveys (which are the longer time series) in Div. 3N have been at very low levels 
throughout the period since 1984.  Biomass and mean weight per tow has been extremely low from 1989 – 2004, but 
somewhat higher in the past 3 years.  Abundance and mean number per tow is inconsistent but generally on a par 
with the index at the beginning of the time series.  In most years stock size was estimated to be less than 1 000 tons 
or 2 million fish, and less than 1.5 fish (0.60 kg) per tow were caught in the surveys (Fig. 2; Tables 2, 6, 10 and 14).  
However, two of the past three years have been higher than average.  For Div. 3O, where the majority of the stock 
resides, estimates of stock size showed considerable annual fluctuations on average between 8,000 and 24,000 tons 
or 6-44 million fish particularly in the late 1980s (Fig. 2; Tables 3 and 7).  Mean weight and number per tow also 



 3

varied annually, ranging from about 10 kg (18 fish) per tow in 1985 to a low of less than 1 kg or 3 fish per tow in 
1998 (Fig. 2; Tables 11 and 15).  From 2005-2007, there has been a decrease in abundance and biomass for Div. 3O.     
 
Indices derived from the fall surveys in Div. 3N are, similar to the spring series, very low and lack trend (Fig. 3; 
Tables 4, 8, 12, and 16); however, the highest estimate in the time series occurred in 2005. The data trends for Div. 
3O in the fall surveys are different than in the spring series (Fig. 3; Tables 5, 9, 13 and 17).  There is an increasing 
trend for 1991-96, however, when the higher value for 1990 and the lower values for 1997 and 1998 are included the 
trend is removed (Fig. 3).  Confidence limits depicted in Fig. 3 are wide for this time period as well, arguing against 
any significant trend in the indices. Nonetheless, the estimates for each seasonal series are generally within the same 
numeric range.   
 
Overall, the Div. 3NO index combined for the spring shows a decline since 1984 to the mid- to late-1990s and 
although fluctuations continue to occur, some improvement in the estimates have occurred since 1998, though the 
past three years have been low (Fig. 4). The fall survey series for Divisions 3NO combined is also quite variable but 
there is an increasing trend from about 1997 until 2005 and the most recent years have shown a decline.  
 
Catch /Biomass Ratio 
 
Catch divided by the index of spring survey biomass (C/B) gives a proxy for fishing mortality, and the time series of 
C/B ratios for witch flounder in Div. 3NO is shown in Fig. 5.  Biomass estimates are Campelen equivalents for Div. 
3NO combined and catches agreed reported data for Div. 3NO combined.  Prior to the moratorium in 1995, there 
were two peaks of high C/B ratios, in the mid-1980s and then in early-1990s.  After the moratorium C/B ratios were 
lower, with small peaks reaching 0.2 in 1998 and in 2003.  These peaks likely correspond to low biomass in 1998, 
and slightly higher catch in 2003. 
 
Depth 
 
Witch flounder have been described as relatively deep water species, having been captured at depths of up to 1500 
m.  However, in the Newfoundland-Labrador area, they are thought to prefer depths of 184-366 m (Bowering 1991).  
Because it was previously thought that witch flounder are not adequately covered by the survey depths, it was 
examined in this paper.  When RV biomass is plotted by depth, it can be seen that the preferred depth of Div. 3NO 
witch flounder differs by division and by time of year (Figure 6).  A higher percentage of the biomass in 3N is found 
in deeper strata, but there is still a large percentage found in depths of less than 100m especially in the fall.  In Div. 
3O where the main component of the stock is distributed, a large proportion of the biomass is found in depths less 
than 183 m in either spring or fall.  This is in spite of the fact that in a number of years, the survey covered depths of 
up to 1500 m in the fall.   The percent abundance by depth shows similar patterns. 
 
Depths covered by the survey have changed over the years as stated above in Research Vessel Surveys section.  
Only 1994 was surveyed to 914 m and almost 20% of the population was found in these strata (Figure 6).  For the 
fall, however, from 1990, the survey reaches depths of 1097 m, and 1500 m in 2000-2003 (1 strata per depth range), 
2005 and 2007.  There are very few fish found in these depth ranges. 
 
These trends can be seen in distribution plots whereby more witch flounder are distributed on the shelf area of the 
Grand Banks in some years especially in Div. 3O and especially in the fall (Figures 7-9).  Therefore, it seems likely 
that the RV survey coverage does adequately cover the depth distribution of witch flounder, at least for the majority 
of the year.  The variation in the survey indices may be due to the movement of the flounder onto and off of the shelf 
areas depending on water temperatures and spawning aggregations.  Bowering (1996) suggested that the movement 
of witch flounder onto the shallow parts of the bank in large strata cause the high variability in annual stock size 
estimates. 
 
Distribution Plots 
 
Geographic distribution of witch flounder from spring and fall surveys (mean weight (kg) per tow) are plotted in 
Figures 7-9 from 1996-2007.  As stated, the witch flounder stock for Div. 3NO is mainly distributed in Div. 3O 
along the southwestern slope of the Grand Bank.  In most years the distribution is concentrated along this slope but 
in certain years, it is distributed in shallower parts of the bank in larger strata.  It is this variation in distribution from 
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smaller to larger strata that is often responsible for the high variability in the annual biomass estimates (Bowering 
1996). 
 
Length frequencies 
 
Length frequencies appear to be fairly consistent since 1995, with few fish > than 50 cm (Figure 10).   There have 
been a few strong peaks (presumably year classes) that could be followed in successive years (eg. peak at 12 cm in 
1995 – 20 cm in 1996; peak at 9 cm in 1997-11 cm in 1998 – 20 cm in 1999) but then in 2002, a large peak at 12 cm 
stopped tracking after that year.    There have been no strong peaks representing large year classes since 2002. 
 
Spanish Div. 3NO surveys 
 
Since 1995, Spain has carried out a random stratified spring bottom trawl survey in Div. 3NO of the NAFO Regulatory 
Area.  In 2001, the trawl vessel (C/V Playa de Menduiña) and gear (Pedreira) were replaced by the R/V Vizconde de 
Eza using a Campelen trawl.  Biomass estimates are given in Figure 12; data prior to 2000 has not been converted and 
there are two values for 2001.  In the Pedreira gear time series, the biomass showed an increasing trend from 1995-2001; 
in the Campelen gear time series, the biomass index has been variable but has decreased slightly in the most recent years 
(Fig. 12), which is similar to the trends in the Canadian spring RV survey. 
 
Assessment Results 
 
Surplus production model (ASPIC) 
 
In 2006, a non-equilibrium surplus production model incorporating covariates (ASPIC; Prager, 1994, 1995) was 
applied to catch and survey biomass indices in order to investigate the usefulness of this method in quantitative 
assessment of this stock.  Several model formulations were explored using the biomass index series and mean 
weight per tow series for both the Canadian spring surveys (1984-2004) and the Canadian autumn surveys from 
1990-2004 (Campelen equivalents prior to 1995). None of the model formulations fit the data well. Indicators of 
poor model suitability included unreasonably high B/Bmsy ratio, poor observed to estimated CPUE relationship, and 
strong residual patterns. These results suggest that this data should not be modeled using ASPIC.  The model was 
not run on this year’s data as it would not be expected to change in a short time period.  
 
Precautionary limit reference points 
 
Some attempts at producing limit reference points, in particular Blim, concluded that for this stock, this is difficult to 
do because the two survey series that provide biomass estimates cover different time periods, and both series are 
highly variable, with trends in biomass or abundance that are less clear than for other stocks (e.g. 2J3KL witch). In 
addition, the autumn survey estimates are often higher than the spring estimates in the same year.  As well, the 
highest observed biomass estimates are in the early part of the time series when the survey covered less of the entire 
stock area. As a result, Blim may be underestimated using this method. Using this proxy for Blim may not be 
appropriate.   Again, no more progress has been made on this topic. 

 
Resource Status 
 
The spring survey indices indicate that the resource was at its lowest levels in the mid to late 90s, from higher levels 
in the 80s. The general trend in this longer survey series suggests that the stock showed some slight improvement 
since then but may be declining again.  It is difficult to comment on any recruitment prospects for the resource since 
there has been no ageing data available for some years. Population abundance at length from true Campelen 1800 
surveys in the fall of 1995-2007 indicated a higher proportion of smaller fish in the 1998-2000 surveys, which may 
be contributing to the apparent improvement in the stock in recent years. The peak of smaller fish seen in most years 
was absent from the 2001 and 2003-2005 fall surveys; 2002 showed a significant peak at about 12 cm but this has 
not been tracked through since.  Stock size remains low. 
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Table 1. Catches and TACs ( t ) of Witch Flounder in Div. 3NO
                from 1960-2007.

USSR
Year Canada (Russia) Other Total TAC

1960 - - - 5799
1961 - - - 4627
1962 - - - 1228
1963 895 485 803 2183
1964 1055 - 11 1066
1965 1324 849 4 2177
1966 3644 3828 50 7522
1967 2863 8565 75 11503
1968 1503 9078 18 10599
1969 479 4215 6 4700
1970 723 6039 1 6763
1971 178 14774 13 14965
1972 3419 5738 20 9177
1973 4943 1714 34 6691
1974 2807 5235 3 8045 10000
1975 1137 5019 12 6168 10000
1976 3044 2991 - 6035 10000
1977 3013 2742 4 5759 10000
1978 1165 2275 33 3473 10000
1979 1193 1868 16 3077 7000
1980 425 1994 1 2420 7000
1981 381 2044 - 2425 5000
1982 1760 1969 3 3732 5000
1983 1674 1942 - 3616 5000
1984 834 1955 13 2802 5000
1985 2746 1908 4117 8771 5000
1986 2937 1724 4470 9131 5000
1987 2829 1425 3342 7596 5000
1988 1927 1037 4361 7325 5000
1989 1241 81 2366 3688 5000
1990 2654 9 1516 4179 5000
1991 2624 - 2223 4847 5000
1992 4328 - 632 4960 5000
1993 4337 3 250 4414 5000
1994 2 - 1117 1119 3000
1995 - - 300 300 0
1996 64 - 294 358 0
1997 19 - 493 512 0
1998 2 5 605 612 0
1999 6 86 671 763 0
2000 12 50 483 545 0
2001 13 34 647 694 0
2002 26 112 312 450 0
2003 62 59 1423* 1544* 0
2004 58 60 509 627 0
2005 49 8 200 257 0
2006 94 2 385 481 0
2007 21 27 174 222 0
2008 0

Note: Although a TAC of 3000 tons was agreed by the FC, 
it was also agreed that no directed fishing be conducted
 in 1994 due to the poor state of the stock.  
*The catch for Other sources in 2003 is the mean of a range of catch
 information.  
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Figure 1.  Commercial catches of witch flounder in Div. 3NO from 1960-2007 and TACs from 
1974-2008.  *Note: Although a TAC of 3000 tons was agreed by the Fisheries Commission, it 
was also agreed that no direct fishing on witch flounder in Div. 3NO take place during 1994 due 
to the poor state of the stock.  Estimated catch in 2003 is the mean of a range of catch from 
several sources. 
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3N 3O

Figure 2. Biomass (tons), abundance (000s), and mean numbers and weights (kg) per tow for witch flounder from Canadian Spring 
surveys in Div. 3N and 3O during 1984-2007. Note that the value for 2006 spring surveys is not included.
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3N 3O

Figure 3. Biomass (tons), abundance (000s), and mean numbers and weights (kg) per tow for witch flounder from Canadian 
fall surveys in Div. 3N and 3O during 1990-2007. 

0
500

1000
1500
2000
2500
3000
3500
4000

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

B
io

m
as

s 
(to

ns
)

 

0

5000

10000

15000

20000

25000

30000

35000

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

Bi
om

as
s 

(to
ns

)

0
1000
2000
3000
4000
5000
6000
7000
8000

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

A
bu

nd
an

ce
 (0

00
s)

0

10000

20000

30000

40000

50000

60000

70000

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

A
bu

nd
an

ce
 (0

00
s)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

M
ea

n 
#/

to
w

0

5

10

15

20

25

30

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

M
ea

n 
#/

to
w

0.00

0.50

1.00

1.50

2.00

2.50

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

M
ea

n 
w

t (
kg

)/t
ow

0.00

2.00

4.00

6.00

8.00

10.00

12.00

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

M
ea

n 
w

t (
kg

)/t
ow



 26

FALL

Figure 4. Biomass (tons), abundance (000s), and mean numbers and weights (kg) per tow for witch flounder in
 Divs. 3NO combined. Note the 2006 spring survey value is not included.
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Figure 5.  Ratio of catch/biomass (t) of witch flounder in Campelen units, from spring surveys for Div. 3NO.   Black 
symbols indicate the C/B ratio by year; the red symbols indicate that catch is lagged by one year.
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Figure 6.  Biomass distribution of witch flounder by depth for Divisions 3NO for spring and fall.  Note that in 
spring, 1991 onwards was surveyed every year to 731 m.  Only 1994 was ever surveyed to 914 m.  For fall, the 
survey covered up to 1097 m; and up to 1500 m in 2000, 2001, 2002, 2003 (1 strata per depth range), 2005 and 
2007.  Note results not accurate for spring 2006. 
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Figure 7.  Distribution of witch flounder (weight (kg) per set) from spring and fall Canadian surveys in NAFO 
divisions 3NO during 1996-1998.
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Figure 8.  Distribution of witch flounder (weight (kg) per set) from spring and fall Canadian surveys in NAFO 
divisions 3NO during 1999-2001.
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Figure 9.  Distribution of witch flounder (weight (kg) per set) from spring and fall Canadian surveys in NAFO 
divisions 3NO during 2002-2004.
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Figure 10.  Distribution of witch flounder (weights (kg) per set) from spring and fall Canadian surveys in NAFO 
divisions 3NO during 2005-2007.  Note poor survey coverage in spring 2006. 
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Figure 11.  Length frequency distributions of witch flounder from both spring and fall surveys using the Campelen 
1800 shrimp trawl.  Estimates represent abundance at length (cm) of the surveyed area.  All distributions are for Div. 
3NO combined.  Note 2006 spring length frequency distribution not included. 
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Figure 12. Biomass estimates from the Spanish Div. 3NO survey for witch flounder.   Data up to 2001 is in Pedreira 
units; data afterwards is Campelen units.  Both estimates are present for 2001. 


