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Abstract 
 

Abundance and biomass indices of Grand Bank yellowtail flounder in NAFO Divisions 3LNO were derived from 
annual multi-species, stratifi ed-random bottom trawl surveys conducted by Canada during the spring of 1984-2003 
and during the fall from 1990 to 2003.  The majority of the stock is found in depths less than 93 m and in Div. 3NO. 
After declining in stock size and geographical range from the mid-1980s to the mid-1990s, recent surveys have 
indicated that the stock size has increased dramatically and has again expanded northward to re-occupy habitats on 
the northern Grand Bank. The 2003 spring estimate of biomass is the highest in the time series and the fall estimate 
is the second highest; the average of both is 378,000 tons (1.3 billion fish).  
 

Introduction 
 
Annual multi-species, strati fied-random bottom trawl surveys have been conducted by the Newfoundland region of 
the Canadian Dept of Fisheries and Oceans on the Grand Bank, in Div. 3LNO, during the spring (April-June) of each 
year since 1971. Since 1990, a second seri es of surveys has been carried out on the Grand Bank during the fall 
period, from October to December. However, since 1971 there have been two changes in survey gears and only one 
set of conversion factors has been developed for the 1984-1995 time series. Consequently only data from 1984 to 
2003 will be presented here. 
 
From both the spring and fall surveys, swept  area abundance and biomass estimates are derived for yellowtail 
flounder (Limanda ferruginea) and serve as fishery-independent indices of stock size. Because catchability of the 
standard survey trawl is unknown and assumed to be < = 1.0 (Walsh, 1996), the indices are considered to be relative 
estimates of stock size. 

 
The purpose of this paper is to update the results of these annual surveys. The last detailed review of the survey 
results for yellowtail in Div. 3LNO took place in 2002 (Walsh et al., 2002). Because this stock is on a two-year cycle 
for full assessment by NAFO Scientific Council, attention will focus on monitoring annual changes in stock size and 
recent changes in temporal and spatial patterns of distribution in relation to historical patterns. 
 

Materials and Methods 
 
Survey design: The stratifi cation scheme is based on depth and shown in Fig. 1 (see Doubleday 1981 for a review of 
procedures). The 1984-2003 spring and the 1990-1994 fall surveys both covered depths from 45 to 731 m.   
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Number of successful sets, spring surveys 1996-2003 (Campelen time-series)
All surveys conducted by RV Wilfred Templeman
Range of dates (earliest to latest day each year) also shown

No. of inshore Dates of Trip
3L sets included 3N 3O Total earliest latest

1996 188 0 82 86 356 7-May 27-Jun
1997 158 0 71 81 310 30-Apr 26-Jun
1998 163 8 88 93 352 12-May 30-Jun
1999 177 32 82 86 377 11-May 29-Jun
2000 134 0 81 83 298 11-May 29-Jun
2001 154 12 79 79 324 29-Apr 24-Jun
2002 146 4 79 79 308 27-Apr 22-Jun
2003 155 14 79 79 327 8-May 26-Jun
mean 159.4 80.1 83.3 322.8

Depth range (m), Campelen spring surveys 1996-2003.

min max min max min max
1996 66 664 42 665 65 685
1997 60 681 35 689 62 669
1998 53 721 38 682 64 657
1999 41 692 40 659 62 679
2000 61 681 45 664 61 694
2001 34 695 40 650 74 699
2002 42 710 40 641 63 628
2003 62 698 39 681 63 726

3L 3N 3O

 
 
 
Beginning in the fall of 1995 with the use of the new Campelen survey trawl, the coverage of the fall surveys  
extended to 1,500 m. Mechanical problems with the CCG Teleost survey vessel permitted only sets in  the deepwater 
strata of Div. 3L to be fished in 1995 (see table below). Since the fall of 1996, there has been relatively good success  
at fishing these deep water sets in most years with the exception of 1999 (see summary table below). However, the 
deep water fishing sets in the fall surveys have negligible effect on estimation of the relative abundance and biomass 
of yellowtail flounder because the stock is found almost exclusively in depths less than 93 m. Nevertheless, the 
inclusion of these deepwater sets does lower the overall mean cat ch per tow by Division in those years. In addition, 
in years, 1995, 2002 and 2003, some northern portions of the surveys have overlapped into January of the following 
calendar year due to mechanical problems with the survey vessels. However, these delays  should not affect  
yellowtail flounder estimates because of its shallow water distribution in the southern section of the survey area, 
which was generally completed on time.   
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Summary of sets in  Campelen fal l surveys in SA 3 in 1995  - 2003.
Depth range  is given in meters,  numbers of  sets appear in paren theses.

Year Division Ship Year D iv ision Ship
Te leost W.Templeman A.Needler Total Teleost W.Temp leman A.Needler Total

1995 3L 733-1210 (5 ) 63-640  (161) 166 1999 3L 1366(1 ) 63-1407 (169) 170
3N 40-650 (90) 90 3N 39-664(68) 68
3O 63-730 (81) 81 3O 58-692(75) 75

337 313

1996 3L 805  - 1433  (31) 51 - 671 (180) 211 2000 3L 152-1430 (74) 42-447 (102) 176
3N 390  - 1147  (13) 37 - 309 (54) 67 3N 747-1419 (24) 46-642 (70) 94
3O 68 - 690  (24 ) 65 - 139 (19) 63 - 304 (15) 58 3O 752-1424 (24) 62-654 (76) 100

336 370

1997 3L 161-1436 (71) 35-714  (134) 205 2001 3L 146-1457 (34) 38-702 (169) 187-203 (2 ) 205
3N 41-769 (74) 74 3N 739-1410 (24) 45-660 (70) 94
3O 62-611 (73) 73 3O 803-1391 (22) 67-703 (75) 97

352 396

1998 3L 691-1437 (32) 34-675  (172) 204 2002 3L 763-1431 (30) 35-670 (176) 206
3N 834-1447 (12) 37-1079 (78) 90 3N 811-1429 (24) 44-675 (70) 94
3O 82-1076 (87) 87 3O 775-1504 (24) 65-696 (75) 99

381 399

2003 3L 753-1446 (30) 32-702 (175) 205
3N 43-727 (70) 70
3O 63-650 (75) 75

350
Notes:
1995 fall  survey extended into January 1996
2002 fall  survey extended into January 2003
2003 fall  survey extended into January 2004  

 
 
 
Survey gears and vessels: From 1971 to 1982 the surveys of the Grand Bank were conducted by the 54 m side 
trawler, the FRV A. T. Cameron (ATC) using a two bridle Yankee 41.5 otter trawl rigged with rubber disk footgear. 
In 1983, this trawl was replaced by the three bridle Engel 145 Hi-Li ft otter trawl rigged with large steel bobbin 
footgear and, at the same time, the A.T. Cameron was replaced by the 50 m stern trawler, the CCGS Wilfred 
Templeman (WT). Occasionally the W. Templeman’s sister ship, the CCGS Alfred Needler (AN) took part in the 
surveys. In 1995, the old st andard Engel trawl was replaced by a three bridle Campelen 1800 shrimp trawl rigged 
with 35 cm diameter rockhopper footgear (see Fig. 2-4;Table 1). The Yankee and the Engel trawls were both towed 
at 3.5 kts, while the Campelen is towed at 3.0 kts (see McCallum and Walsh, 1996, for details). The Campelen trawl 
surveys of the Grand Bank began in the fall of 1995 aboard the CCGS Wilfred Templeman. The Campelen trawl also 
replaced the Yankee 41 shrimp trawl used in the annual fall juvenile groundfish surveys from 1985-94 (McCallum 
and Walsh, 1996). Beginning in the fall of 1996, the 63 m stern t rawler, CCGS Teleost, began fishing mostly the 
deepwater survey sets of the annual fall surveys beyond 731 m in Div. 3LNO; however, shallower sets have been 
also been fished when necessary (see Summary Table above). In addition, the CCGS Alfred Needler has taken part  
in the fall surveys in 1996 and 2001. The Campelen trawl onboard the 2 other survey vessels is identical in 
construction and rigging to the one on the Wilfred Templeman. Since 1993, the geometry and performance of all  
bottom trawl surveys  have been monitored by Scanmar trawl  mounted acoustic instrumentation (Walsh and 
McCallum, 1995; McCallum and Walsh, 2001).  
 
Time series: Conversion factors have been derived from comparative fishing trials to convert the 1984-95 spring and 
1990-94 fall Engel trawl survey data into Campelen trawl units and were presented in Walsh et al. (1998a, 1998b). 
Survey data from 1971-82 time period have not been converted to Campelen trawl units and the unconverted time 
series can be found in the 1997 assessment paper (see Walsh et al., 1997). To-date, conversion factors for yellowtail  
flounder also have not been derived for the 1985-94 juvenile groundfish series and these data are found in the 1995 
assessment paper (see Walsh et al., 1995). Consequently, only survey data from 1984 onward are reported here. 
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Fishing and catch protocols: The Campelen carries out 15 minute tows using a towing speed of 3.0 kts and covers  
an average tow distance of 0.75 nautical miles (see Table 1). The catches  are standardized to distance towed. The 
average wingspread used in estimating swept area abundance indices is 16.84 m and the average swept area is  
estimated to be 24,950 m2. After each set, all speci es in the cat ch are separated, counted and weighed. From each 
haul, the total catch or a sub-sample is taken to collect biological data on size, age, maturity and feeding for all  
commercial speci es.  
 

Results 
 
A) Spring groundfish/multispecies surveys 1984-2003 
 
Abundance and biomass trends: 
 
Tables 2 to 7 give the survey catch rates  by division in the form of mean number and weight-per-tow by stratum. 
Tables 8-15 show abundance and biomass per stratum, along with confidence limits, for stock size in Div. 3L, 3N, 
and 3O, respectively, and for a combined Div. 3LNO estimate for the time period 1984-2003. Figures 5 and 6 show 
plots of the abundance and biomass estimates from surveys during the 1984-2003 period. The high 1999 survey 
estimates point to a ‘year effect’ (Walsh et al., 2000; STACFIS, 2001). The Summary Table below identi fies large 
fishing sets that contribute to variation seen around some of the estimates of stock size. 

 
SummaryTable 

 

 
 
 

In Div. 3L, there was a continuous decline in abundance and biomass from 1985 to 1995 (Tables 8 and 12; Fig. 5 
and 6).   From 1996 to 1998, the stock showed a marginal increase to stabilize at an average biomass level of 500 
tons and then increased sharply to a level of 28,000 tons in 1999 (Table 12; Fig. 6). From 2000-2002 the abundance 
and biomass declined, and by 2002 the biomass was 600 tons, similar to the 1996-98 level. In 2003 the abundance 
and biomass indices  again increased by a large margin, from 1.6 million to 92 million fish and biomass from 600 
tons to 34,300 tons, the highest in the time series. In general, most of the yellowtail flounder were found in stratum 
363 and stratum 372 in the spring surveys. 
 
In Div. 3N, in general, the majority of the stock was distributed in and around the Southeast Shoal area (strat a 375, 
376, 360 and 361 in Fig. 1), although in recent surveys, the abundance and biomass has been increasing in strata to  
the north of the Shoal, in particular strata 362 and 373 (Tables 9 and 13). The biomass index declined gradually 
from 168,000 tons (435 million fish) in 1984 to 46,000 tons (135 million fish) by 1994, an overall decline of 73% 
(Fig. 5 and 6). The high abundance estimate of 478 million fish in 1989 was mainly due to the strong 1985 and 1986 
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year-classes, which were not major contributors to the biomass estimate for that survey due to their small size and 
weight. After a slight increase from 1994 to 1995, the survey biomass in 1996 jumped by 80% to 104,000 tons (475 
million fish) followed by a continued increase to a high of 238,000 tons (965 million fish) in 1999 (Fig. 5 and 6). 
Since 1998, the survey abundance and biomass has shown an annual up-and-down pattern with the biomass in 2001 
being the highest estimate in the time series at 298,000 tons (1.3 billion fish): The 2003 biomass and abundance 
estimates were similar to 2001, at 280,000 tons and 915 million fish. The low estimate in 2002 was highlighted by 
the lack of yellowtail flounder in the northern part of Div. 3N, strata 362 and 373. 
  
The variability around the 2001 estimates  of abundance and biomass (Fig. 5 and 6), both the highest  estimates in  
their respective time series, was quite high. Some of this variation may be due to numerous large catches. Over hal f 
of the biomass estimate comes from sets in strata 360, 376, and 373. Similar to the 1999 survey where large catches  
were preval ent in strata 360, 361 362, 375 and 376, ten sets in 2001 had catches greater than 1,000 fish (5 in excess  
of 300 kg), including one set which caught 2,400 (476 kg) in stratum 376 and another in stratum 373 which caught  
4,800 (1.6 tons) of yellowtail (see Summary Table above). The biomass in stratum 373 contributes 79,000 tons to  
the overall estimate in 2001 of 298,000 tons (Table 13). In 2003, there were also several moderately large catches in 
strata 360, 373 and 376, but the confidence limits around the abundance and biomass estimates are not as wide as in 
2001. In 2000 and 2002, when the biomass was lower than in 1999, 2001 and 2003 there were only a few large 
catches. 
 
In Div. 3O, the abundance and biomass  showed a slightly declining trend from 1984 to 1992, with a rise in 1993 
before again declining (Tables 10 and 14; Fig. 5 and 6). The biomass index showed moderate fluctuations around an 
average value of 27,000 tons (675 million fish) for the period 1984-92, increasing to 42,000 tons (101 million fish) 
in 1993 and then declining to an average of 11,000 tons in 1994-95. The anomalously high estimate in 1993 may 
have been produced by the high catch rates in stratum 352 and is reflect ed in the high variability around the estimate 
(see Fig. 5C). In 1996, the biomass index increased sharply to 71,000 tons. With the exception of the 1999 estimate 
of 99,000 tons (269 million fish), the biomass has  fluctuated around an average level  of 63,000 tons (177 million 
fish) since 1996. In Div. 3O, most of the biomass is generally found in two strata, 351 and 352 (see Fig.1) which 
borders Div. 3N. Whether some of the annual fluctuations are relat ed to movement between Div. 3N and 3O is 
unknown. In 2003 the survey biomass estimate reached 72,000 tons (243.2 million fish) of which 67% came from 
stratum 352, similar to the percentage in the 2002 survey (Table 14). There are no incidences of very large catches  
(greater than 400 kg or 900 fish) in this Division during the 1999-2003 time period (see Summary Table) 
 
 
In the spring estimates of Div. 3LNO, the majority of the survey abundance and biomass was found in Div. 3N 
and hence the stock trends mimic that of Div. 3N. Since 1989, there had been negligible amounts in Div. 3L until the 
1999 survey.   
 
Biomass in Div. 3LNO increased rapidly in the late-1990s from the lowest levels in the mid-1990s (Table 15). 
Between 1998 and 2003, the abundance and biomass has shown an annual up-and-down pattern (Fig. 5 and 6). The 
biomass estimates for 1999, 2001, and 2003 are all similar, in the range of 366 thousand to 387 thousand tons. The 
2001 survey estimate of abundance and biomass was the most variable, and like the 1999 estimate it had many sets  
with large catches, including one with 1.6 tons (4,824 fish) in Div. 3N. These large catches contributed to the high 
variability around the estimate. Thus it is unlikely that this is a year effect as was seen in 1999 since the 2001 
biomass was very low in Div. 3L and even showed a small decline in Div. 3O. In 2003 the biomass index reached 
the highest point in the time series at 387,000 tons (about 20,000 tons higher than the 1999 and 2001 estimates) 
although the abundance estimate was equivalent to 1999 and 2001 at approximately 1.3 billion fish (Tables 11 and 
15). The upward trend was seen in all three Divisions, in particular Div. 3L where the biomass estimate increased by 
a factor of 57. Similar to the 1999 survey, more yellowtail were caught in the northern area of Div. 3N and in the 
southern area of 3L in 2003 than in 2002. In 2002, the majority of the biomass was located in and around stratum 
352 of Div. 3O and strat a 360, 361, 375 and 376 the Southeast Shoal area in Div. 3N, and a few large catches were 
taken in stratum 360 (see Summary Table above). The abundance and biomass estimates in Div. 3LNO increased by 
93% from 2002 to 2003. Given the similar survey estimates  in 1999, 2001, and 2003, it is more likely that spring 
2002 estimates are a negative anomaly, highlighted by the lack of fish in the northern areas (Fig. 9 and 10). 
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B) Fall groundfish/multispecies surveys, 1990-2003 

 
Abundance and biomass trends: 
 
Tables 16-21 show the survey catch rates in the form of strati fied mean number and weight-per -tow by stratum and 
Division for the fall surveys, 1990-2003. Tables 22-29 show abundance and biomass per stratum, along with 
confidence intervals for all Divisions. Figures 7 and 8 shows plots of the abundance and biomass estimates by 
Division from 1990-2003 and an estimate for Div. 3LNO combined for the same time period.  
 
In Div. 3L, abundance and biomass estimates were very low and varied without trend from 1990-1995, reaching an 
estimate close to zero in 1994 (Fig. 7 and 8). Noteworthy is that no yellowtail were caught during the 1995 spring 
survey in Div. 3L. From 1990 to 95 the abundance index varied around an average l evel of 2 million fish, and then 
tripled to approximately 6 million fish in 1995 and 1996. The biomass varied around an average level of 1,000 tons 
from 1990-1997 before increasing, then reaching the highest level in the time seri es of 26,000 tons in 2001 (Table 
26). Similarly the abundance rose from 6 million fish in 1996 to the peak of 75 million fish in 2001. Both the 
abundance and biomass indices dropped dramatically in 2002, by 56% and 46%, respectively. In 2003 the biomass  
rose from 14,000 tons (33 million fish) in 2002 to 19,000 tons (59 million fish). As in the spring surveys, most of the 
fish in the fall surveys were found in strata 363 and 372 (Tables 22 and 26), which border Div. 3N. The increases in 
biomass in Div. 3L since the mid-1990s are thought to be the result of an extension of the range of yellowtail 
flounder with increasing stock size (see spatial section below). There are obvious within-year di fferences in the 
amount of yellowtail flounder caught in this Division, and this is refl ected in  the wide confidence intervals around 
the estimates for 1999, 2001 and 2003. 

 
In Div. 3N, estimates of stock size from 1990-92 fluctuated around an average value of 47,000 tons before doubling 
in 1993 (Table 27). Since then the stock has shown an increasing trend to a high of 369,000 tons in 2001. This was 
followed by decreases in 2002-03, to 252,000 tons in 2003 (Table 27; Fig. 8). Similarly, the survey abundance from 
1990-94 fluctuat ed around an average si ze of  about 220 million fish, prior to a strong upward trend beginning in  
1995, and reaching a high of 1.3 billion fish in 2001 (Table 23; Fig 7). From this 2001 peak, the abundance index 
has decreased to a level of 900 million fish. The large jump in stock biomass seen in the 2003 spring survey was not 
evident in the fall survey (81% vs. 10%, respectively), probably because the fall 2002 survey did not decline like the 
spring 2002 did. The 2000 and 2001 surveys both featured very large catches in stratum 376 on the Southeast Shoal, 
ranging from 420 to 1,150 kg (2000 to 4300 fish, see summary table above). Biomass estimates  in stratum 376 in  
these 2 years were more than double the next highest value for this stratum in the time series, and contributed 50% 
(2000) and 33% (2001) of the Div. 3N biomass estimate. In both years, there were large confidence intervals around 
both estimates of abundance and biomass. Similar to the spring survey, strata 360-362, 373 and 375-376 account for 
most of the biomass in this Division. Even though the estimate of stock size was lower in 2002, there were 3 large 
catches taken on the Southeast Shoal strata. 

 
In Div. 3O, both the abundance and biomass index showed no obvious trend from 1990-96, with abundance 
fluctuating around an average value of 55 million fish and biomass fluctuating around an average level of 20,000 
tons (Tables 24 and 28: Fig. 7 and 8). Then in 1997, the indices increased sharply to  159 million fish and 58,000 
tons. From 1997-2002 the biomass and abundance varied without trend before increasing to peak values of 98,000 
tons and 334 million fish in 2003.  Estimates of abundance and biomass were highly variable in 2001 and 2003, 
particulary in 2001. (Tables 24 and 28; Fig. 7 and 8). A large catch of 1200 fish (463 kg) in stratum 338 contributed 
to the large variability around the 2001 fall estimate. In 2003, there were a couple of large cat ches including one 
with 1345 fish/255 kg (see summary table above). Most of the biomass in Division was found in strata 351 and 352, 
which borders Div. 3N.  
 
In the fall surveys of Div. 3LNO, similar to the spring surveys, the majority of the stock was found in  Div. 3N.  
The abundance and biomass show a general upward trend since the start of the surveys (Tables 25 and 29, Fig. 7 and 
8). Since 1993, when the survey biomass in Div. 3LNO was estimated to be 113,000 tons (372 million fish), there 
has been an increasing trend to a high of 476,000 tons (1.2 billion fish) in 2001, representing a 321% increase in 
stock biomass. The 2001 survey biomass estimate of 476,000 tons showed a 42% increase in size over the 2000 
estimate. The biomass in the Southeast Shoal strata, 375 and 376, usually contribute significantly to the overall 
biomass: e.g. 45 % in 2000 and 34% in 2001 and the large catches in these strata cont ribute to the high variability 
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around these two survey estimates. Since 2001 the biomass has decreased to 368,000 tons (1.3 billion fish) in 2003, 
putting the 2002 and 2003 results more in line with the 2000 estimates. The 2003 fall estimate is close in size to the 
2003 spring biomass estimate of 387,000 tons. The annual up and down pattern in the biomass and abundance seen 
from 1998 to 2003 in the spring surveys was only seen from 2000-2003 in the fall, however, the changes were not as 
dramatic: 2000-2001 up 42%; 2001-2002 down 29% and 2002-2003 up 8% (Tables 15 and 29). One interpretation is 
that the 2001 survey represents a positive anomaly in the fall series, which otherwise has shown a steady increase in 
yellowtail stock size since the mid-1990s (Fig. 7 and 8). 

 
Spatial analysis of the 2002-2003 survey data. 
 
Figures 9 and 10 show the standard number and weight of yellowtail flounder from the catches of individual fishing 
sets plotted as ACON expanding point estimates using the spring and fall Campelen trawl data from the 2002-2003. 
In all surveys, yellowtail flounder were most abundant on the Southeast Shoal and the strata immediately to the west 
in Div. 3N (Fig. 1), most of which straddle the Canadian 200-mile limit and extend into the NAFO Regulatory Area. 
This confirms earlier descriptions of distribution (Walsh, 1992; Brodie et al., 1998; Walsh et al., 1999; 2000; 2001a, 
c). Fish appear to be more abundant in the Regulatory Area of Div. 3N in the 1999 – 2003 surveys than in previous 
years, and the northward distribution of the stock has extended to Div. 3L, similar to  mid-1980s when the stock size 
was high (see also Walsh et al., 2002). Brodie et al. (1998) noted that the northward range of yellowtail flounder on 
the Grand Bank contracted with decreasing stock size during the mid to late-1980s and early-1990s so that the bulk 
of the stock was south of 45°N. Simpson and Walsh (2003) have shown that the observed range contraction of 
yellowtail flounder at low population levels represents selection for preferred habitats in the southern area of the 
Bank. During periods of large increases in stock size, the range of yellowtail flounder expands into less favourable 
habitats to north and to a lesser ext ent westward, which supports MacC all’s basin hypothesis (MacCall, 1990). Tag 
returns from the fishery have also confi rmed the northward extension of the stock in recent years (Walsh et al., 
2001b).  
 
Figure 11 shows a plot of the proportion of biomass north of 45°N from 1973 to 2003 and it is obvious that the range 
of the stock has ext ended northward since 1995. There appears to be a seasonal pattern in recent years, with the 
proportion of biomass north 45°N being higher in the spring than in the fall. The one obvious exception is the spring 
of 2002, when the proportion of biomass is much lower than in fall 2002, and is close to the low values in the early-
1990s. Little difference in the proportions north of 45° were apparent in the 2002 fall and 2003 spring and fall 
surveys, at just under 30%.  However, Figure 11 does not track the changes in spatial location of the stock in Div. 
3L, which showed an increasing trend in the fall abundance and biomass while the spring indices showed a declining 
trend from 1999-2002 followed by a very l arge increase in 2003. The ACON point plots confirmed that most of the 
biomass in the 2002 spring survey was  south of 45°N (Fig. 9 and 10) and that the northward ext ension was  again 
obvious in the fall survey. Both 2003 surveys showed increasing frequency of yellowtail catches in the northern 
areas. 
 
Depth Distribution  
 
Simpson and Walsh (2004) used GAM to investigate the effect of habitat correlates on the distribution of yellowtail 
and concluded that yellowtail are more frequently found in  shallow warmer waters and sand and gravely sand 
substrates. Nevertheless, occasionally small catches have been t aken in deeper waters on the shel f edge and slope. 
Tables 2-4 and 16-18 give the average number of fish caught per tow in the spring and fall surveys on a divisional 
basis. 
 
In Div. 3L, occasional small catches were t aken in the spring surveys in a depth range of 93-183 m on the northern 
slope of the bank in each year except 1992, 1995, 2001 and 2002 (Table 2). Only one catch exceeded 10 fish and that 
was in stratum 364 where a catch of 18 fish was taken in 1999; most average catches in these deeper strata were less 
than 1 fish per tow. In the fall, fewer catches of yellowtail were taken in deeper waters and those only in 1992, 1996 
and 1998; all had averages less than 1 fish per tow (Table 16). The deepest catch of yellowtail was found in the 
depth range of 184-366 m in stratum 791, which is an inshore area (Fig. 1). 
 
In Div. 3N, small catches were taken in the spring surveys of 1988, 1993, and 2000-2002 mainly in the depth range 
of 93-183 (Table 3). These mean catches ranged up to 6.5 fish per tow. From 2000-2002, a few catches were taken in 
the depth range of 184-366 m with stratum means ranging from 0.4 to 7.0 fish per tow. In the fall surveys, beginning 
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in 1997, a few smaller catches were taken, all of them in the depth range of 93-183 m. Average catches ranged from 
0 to 11.5 kg (Table 17). Interestingly, no such small catches were observed in 2001, which had the largest biomass 
estimate in the fall series. 
 
In Div. 3O, small catches were taken in every spring survey from 1984-2003 in the strata along the southwest slope 
of the bank in the depth range of 93-183 m (Table 4).  Here, mean catches ranged from 0 to 30.4 fish per tow. With 
the exception of 1993, small catches have been taken in strata in a depth range from 184 to 731 m in the 1992-1998 
surveys, with 1995 and 1997 having the most frequent occurrences. Since then no catches  have been taken in that  
depth range. Average catches in these strata ranged from 0 to 6.5 fish per tow. In the fall surveys, many strata in the 
93-183 m depth range along the southwest slope of the bank yield small catches of yellowtail, with means ranging 
from 0 to 23.0 fish per tow (Table 18). However, with the exception of 1994, when small catches (average of 0.5 to 
3.0 fish per tow) were taken in two strata near the western end of the southwest slope of the bank in the depth range 
275-549 m, there were no catches in waters deeper than 183 m. 
 
In summary, the majority of the yellowtail stock is found shallower than 93 m in all surveys, and small catches in  
deep water contribute little to the abundance and biomass estimates for the stock. Small catches of yellowtail in 
waters  deeper than 92 m are more prevalent  during the spring surveys than during the fall surveys. Most of these 
catches were t aken in strata in the 93 to 183 m depth range and the most numerous catches were t aken in Div. 3O 
along the southwest slope of the bank. The reduction in the frequency of small cat ches in deep water from spring to 
fall could indicate either seasonal movements, although there is no annual pattern to the data, or it could simply 
indicate fringe areas of the stock. 
 
Conclusions 
 
Since 1995, the surveys have shown that the stock has been increasing in size aft er the decline in the late-1980s and 
early-1990s.  In the 1999 spring survey, but not the fall survey, a huge increase in abundance and biomass was  
evident and this survey was regarded as an estimate with ‘year’ effects (STACFIS, 2000). In the 2000 surveys, both 
the spring and fall abundance estimates were lower than that estimated from the 1999 surveys, being more in line 
with the 1998 surveys. However, both the 2001 spring and fall estimates showed large increases over the 2000 
survey. The 2001 fall estimate of 476,000 tons was 30% higher than the spring estimate of 367,000 tons, is the 
highest value recorded in both time series, and likely represents a positive anomaly. The trend in the stock 
component in Div. 3N was upward in  both 2001 spring and fall from the 2000 estimates, but remained almost the 
same size in Div. 3O in both years, and showed a declining trend in the spring survey and an increasing trend in the 
fall surveys in Div. 3L. Between 2001 and 2002, the stock biomass declined both in the spring (46%) and fall (29%) 
then in 2003 increased by 93 % in the spring and 8% in the fall. There are signs to suggest that the large increase in 
the 2003 spring biomass and abundance could be a ‘year effect’ if we consider that the presence of several (6) large 
catches and an increase in biomass in all three divisions are symptomatic of a ‘year effect’. However, one could also 
argue that the large apparent increase in  the 2003 spring indices is due mainly to  the 46% decrease in biomass in  
2002, and therefore the spring 2002 survey is a negative anomaly. In 2002 spring, very few yellowtail were caught  
north of 45°N in Div. 3N, which is uncharacteristic of recent years, and the biomass decreased by 166,000 tons from 
2001 to 2002. It is possible that 2002 spring was the result of a ‘year effect’ which was charact erized by a decrease 
in catchability. Such a change would occur if the fish were less accessible to the trawl. Since there were no reports of 
large catches of yellowtail in deeper waters in Div. 3NO then one possible explanation was that some fish may have 
been off-bottom as seen in the archival data from returned dat a storage tags (Walsh and Morgan, 2004). In the fall of 
2002 the spatial structure again showed the northward expansion into northern part of Div. 3N and into Div. 3L, as it 
did in both surveys in 2003. The 2003 spring and fall survey estimates are close to each other, at 387,000 tons and 
368,000 tons and 1.2 billion and 1.3 billion fish, respectively, which represents the highest (spring) and second 
highest (fall) estimates of biomass in the series. 
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Fig. 1.      Stratification chart of the Grand Bank, Divisions 3LNO
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Fig. 2.  Rigging profile of the Campelen 1800 shrimp trawl used in annual surveys of the Grand Bank.
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Fig. 3. Schematic diagram of net plan for the Campelen 1800 shrimp trawl.
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Fig. 4. Schematic plan of the rockhopper footgear of the Campelen 1800 shrimp trawl.
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Fig. 5. Abundance estimates of yellowtail flounder (with approx. 95% CI) from Canadian spring surveys in  
Campelen trawl units, 1984-2003, by NAFO Division and cumulative estimates for the combined Div. 
3LNO. 
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Fig. 6.   Biomass of yellowtail flounder (with approx. 95% CI) from Canadian spring surveys, 1984-2003. 
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Fig. 7. Abundance estimates of yellowtail flounder (with approx. 95% CI) from Canadian fall surveys, 1990-2003, 
by NAFO Division and cumulative estimates for the combined Div. 3LNO. 
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Fig. 8. Biomass estimates (with approx. 95% CI) by NAFO Division and cumulative estimates for Div. 3LNO 
(lower panel ) of yellowtail flounder from the Canadian fall surveys from 1990-2003.. 
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Fig. 9.  Yellowtail flounder (number/tow) in Div. 3LNO in spring and fall surveys for 2002 and 2003. 
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Fig. 10.  Yellowtail flounder weight (kg/tow) in Div. 3LNO in spring and fall surveys for 2002 and 2003. 
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Fig 11.  Proportion of yellowtail flounder biomass found north of 45°N in Div. 3LNO, during Canadian surveys.  
 


