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Abstract   
 

Results from cooperative grid surveys indicate a large degree of spatial and temporal variability for 
yellowtail flounder in Div. 3LNO. Catches of yellowtail flounder were variable, but consistently high in July 
surveys (600-800 kg/hr) from 1996 through 2001. Catches of American plaice, cod and thorny skate also varied but 
were relatively stable at a lower level (less than 230 kg/hr) in those same surveys. The 2001 survey of the expanded 
grid area showed similar catch rates as the 2000 expanded grid survey, although higher yellowtail flounder catch 
rates shifted to the Div. 3L portion of the grid in 2001 from the northern Div. 3NO area in 2000. Other species 
showed catch rates and distribution similar to the 2000 survey. 
 

Introduction 
 

Cooperative trawl surveys directed for yellowtail flounder have been conducted in NAFO Divisions 3NO 
by the Canadian Department of Fisheries and Oceans (DFO) Newfoundland Region and a Newfoundland based 
fishing company, Fisheries Products International (FPI) Ltd. since July 1996. While the scientific and technical 
support for the surveys are the responsibility of DFO, FPI provides the vessel, crew, fishing gear, and related 
operating expenses for the surveys. These surveys are designed to provide data on the spatial distribution and 
abundance of yellowtail flounder in the survey area. This paper summarizes the results from the sixteen completed 
surveys in the period 1996 to 2001.  

 
 The surveys were designed to cover an area of approximately 9 500 square nautical miles, corresponding to 
the area where the yellowtail flounder stock is mainly distributed. Fourteen surveys covering the original grid area 
were conducted, 1 in 1996, 4 each in 1997 and 1998, 3 in 1999 and 1 each in 2000 and 2001. In 2000 and 2001 
surveys that covered an expanded grid area were conducted. The additional 100 blocks were adjacent to the original 
grid, and covered an area equal in size. 
 

Methods and Materials 
 

Originally, the surveys were designed to cover an area of approximately 9 500 square nautical miles 
(bolded grid, Fig. 1), corresponding to the area where the yellowtail flounder stock is mainly distributed, and where 
the FPI fishery operated in most years prior to the 1994 NAFO-imposed moratorium on fishing. The original survey 
area grid is divided into l00 equal-sized blocks, and the same pre-selected position is fished, if possible, in each 
block in every survey. These positions were selected at the start of the first survey by FPI, based on their 
understanding of yellowtail abundance and distribution, and their knowledge of the fishing grounds. Some of the 
areas in the grid represent well-known fishing grounds for yellowtail flounder, while other areas were not 
traditionally fished. All aspects of the fishing operation, including vessel, skipper, trawl gear, and tow speed and 
duration were kept standard within and between surveys, and aspects such as tow direction and time of day have 
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been kept constant for a given tow between surveys where possible. Fourteen surveys of the original grid area were 
conducted, 1 in 1996, 4 each in 1997 and 1998, 3 in 1999, and 1 each in 2000 and 2001. A July survey has been 
carried out in each of the 6 years. 

 
In 2000, the grid area was expanded to cover an additional 100 blocks, an area equal in size and adjacent to 

the original grid (Fig. 1). Blocks in the expanded grid area are identified by row and column, with the exception of 
the labelled blocks. This expansion was necessary so that the survey would cover a larger portion of the yellowtail 
flounder stock, which has expanded its range since the start of the grid survey series in 1996. This expanded grid 
was surveyed immediately following the July survey of the original grid in 2000 and 2001, using the same vessel 
and fishing protocols. 

 
The vessel used in all surveys to date was the Atlantic Lindsey, a 44 m total length, 665 G.R.T., 1500 HP 

commercial stern trawler in FPI’s Newfoundland fleet. The fishing gear used is an Engel (96) 145 Hi-Lift otter 
trawl, with rockhopper footgear, and is reflective of trawls historically used by FPI in the yellowtail fishery (see 
Walsh and McCallum, 1999 for details). Brodie et al., (1997) give an in-depth comparison of this trawl used 
onboard the Atlantic Lindsey with the standard survey gears (Enge1 145 Hi-Lift otter trawl, and Campelen 1800 
shrimp trawl) used by the DFO institute, Northwest Atlantic Fisheries Center (NAFC). There are major differences 
in the footgear, sweep/bridle lengths and mesh size. Unlike trawls used in research vessel (r.v.) surveys, no small 
mesh liner was used in the 156 mm codend of this commercial trawl. All trawl components were measured prior to 
use, to ensure consistency within and between trips. Trawl performance was monitored with SCANMAR during 
each fishing set, which is one-hour in duration at a speed of 3.0 knots (see Walsh and McCallum, 1999). 

   
Catch numbers and weights of all yellowtail flounder in the catch of each set were recorded. Similar catch 

data on other species such as American plaice, cod and thorny skate were also collected, along with biological 
sampling (size and maturity) data for yellowtail. Some temperature data have been collected using XBT's. To 
facilitate comparisons, as in the previous analysis (Maddock et al., 2000), the catch data were grouped into 
quadrants of 5 x 5 blocks, with Q1 corresponding to the northwest quadrant, Q2 the northeast, Q3 the southeast, and 
Q4 the southwest (Fig. 1). Results from the original grid surveys are also compared with data from spring and fall 
stratified random surveys done by DFO (Walsh et al., 2000). Results from the expanded grid surveys (August 2000 
and 2001), are reported separately in this paper. 

 
Results and Discussion 

 
Catches from the original grid surveys: In the surveys of the original grid, between 50 and 85 fishing sets were 
conducted during each survey (Table 1). Data have been updated from previous years to correct a minor error in 
standardizing catch rates. For each of the four species examined, catch weights per tow in every March survey were 
lower than in other surveys (Table 1, Fig. 2). Catches for all four species are summarized by quadrant (Tables 2, 3, 
4; Fig. 4) and NAFO Division (Table 5, Fig. 5) respectively. Excluding the March surveys, 41 of 44 quadrants 
yielded a mean CPUE for yellowtail flounder in excess of 400 kg per hour (Table 2). Mean CPUE of yellowtail 
flounder from 13 of 14 surveys was higher in Div. 3N, quadrants 2 and 3, than in quadrants 1 and 4 in Div. 30 
(Table 5, Fig. 2a, 3a). Overall yellowtail and American plaice CPUE were highest in July of 1998 and July of 2000, 
and yellowtail flounder was lowest (excluding March data) in May-June of 1999 (Table 1).  
 

Similar data for American plaice, cod and thorny skate are shown in Tables 3 and 4. Mean CPUE for 
American plaice was generally highest in quadrants 3 and 4 (Fig. 2b).  For cod, mean CPUE was highest for 
quadrants 1 and 4, in Div. 3O (Fig. 2c and 3c).  Quadrants 2 and 3 in Div. 3N had low catches. Quadrants 2 and 3 
had higher thorny skate catches, in general, with little difference between Div. 3N and 3O (Fig. 2d and 3d). 

 
Overall, 13 common blocks were fished in the 14 trips following the original grid design. Data for 

yellowtail flounder are given in Table 7, American plaice in Table 8, cod in Table 9 and thorny skate in Table 10. 
Yellowtail flounder mean CPUE is lowest in March for common blocks and generally highest in the July surveys. 
American plaice catch rates were highest in May and June of most years. Average cod catches were lowest in March 
and highest in July surveys. Thorny skate catch rates were more variable, but were generally lower in spring and 
higher in July and November surveys. To investigate the by-catch of American plaice, the ratio of American plaice 
to yellowtail flounder was calculated in each of the 13 common blocks fished in all fourteen surveys (Table 11). 
Several sets produced by-catch ratios less than 5% (highlighted), but no block consistently produced by-catch ratio 
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of less than 5%, the current by-catch limit in the Canadian fishery for yellowtail flounder. Furthermore, the overall 
mean by-catch for all blocks exceeded the 5% by-catch ratio. Excluding the ratios from the March 1999 survey, the 
majority of catches with a by-catch less than 5% occurred in the central portion of the grid (bounded by F4-H7). 
Largest by-catches of plaice are found in the southwest corner (quadrant 4) of the grid in Div. 30. 

 
The July surveys (conducted from 1996 through 2001) have 43 common blocks. Tables 12-15 give catch 

rates for yellowtail flounder, American plaice, cod, and thorny skate respectively. By-catch ratios of less than 5% 
are most frequently found in the second quadrant (Table 16), and two blocks have an average American plaice by-
catch ratio lower than 5%.   

 
Figure 10 also gives an indication of the distribution of yellowtail flounder catches and American plaice 

by-catch. For each July survey, blocks fished are marked to indicate whether or not the catch criterion of >700 kg/hr 
was met (Π or Ο). A shaded block indicates that for that level of yellowtail flounder catch, the by-catch of American 
plaice was less than 5% (plots on the left) or 10% (plots on the right). Blank blocks were not fished. High catch rates 
of yellowtail were variable between years and in distribution over the grid area. Fewer blocks had by-catch of 
American plaice less than 5% or 10% in 2000.  Figure 11 shows the same information for yellowtail flounder 
catches greater than 500 kg/hr.  Many of the blocks surveyed met this yellowtail flounder catch criteria and 2000 
had fewest with American plaice by-catch below 5% or 10%.   

 
Catches from the expanded grid survey in August 2000 and 2001: Catch data from the expanded grid zone, 
surveyed for the first time in August 2000, and again in 2001, are included in Tables 1 and 6 and Fig. 3.  For all 4 
major species, catches were lower in the expanded grid compared to the original grid. Mean catch weight of 
yellowtail flounder was higher than that for cod and American plaice in both grid zones. The ratio of American 
plaice to yellowtail flounder catch was less than 5% in three blocks in Div. 3O (Table 6). Distributions of the 
catches are shown in Fig. 6-9. 
 
Geographic distribution of trawl catches: ACON symbol plots (Black, 1993) of trawl catches for yellowtail 
flounder from previous surveys show that large catches, >300kg/trawl, were distributed throughout the region in the 
May/June, July, and November surveys (Maddock et al., 2000).  During March surveys, large catches of yellowtail 
flounder were rare. For the 2000 and 2001 surveys large yellowtail flounder catches were distributed within the 
original grid (July 2000, July 2001). Of the expanded grid area surveyed, catches of yellowtail were higher in the 
northern Div. 3NO portion of the expanded grid in 2000 and in Div. 3L blocks in 2001 (Fig. 6) During previous grid 
surveys, some large catches of American plaice were present in each of the four quadrants (Maddock et al., 2000). 
In the 2001 surveys, larger catches were found in quadrants 3 and 4 and in the Div. 3L blocks of the expanded grid 
area (Fig. 7). Large cod catches appear to be distributed mainly in quadrants 1 and 4 in NAFO Div. 30 (Maddock et 
al., 2000) with some large catches in the Div. 3L portion of the August 2000 survey, and also outside the original 
grid in the Div. 3O portion of the 2001 surveys (Fig. 8). Large catches of thorny skate were dispersed over the 
original grid area in the 2000 surveys and were more prevalent in quadrants 3 and 4 in the 2001 surveys (Fig. 9). 
These distributions are similarly reflected in the trawl statistics in Tables 1-5. 
 
Length Composition: Length composition of male and female yellowtail flounder caught during the 15 surveys are 
shown in Fig. 12 (a, b). In all surveys, less than 2% of fish captured were smaller than 26 cm in length and less than 
11% of the catch was composed of individuals less than 30 cm in length (Table 17). Typically, yellowtail flounder 
26-46 cm in length make up the bulk of the length frequencies of the catches and furthermore, female frequencies 
tended toward larger sizes than male frequencies in all surveys. Otoliths were not collected during the grid surveys 
and therefore age compositions were not calculated.  
 

The male portion of the catch is given on each of the length frequency plots and is summarized in Fig. 13. 
March surveys show a higher percentage of males in the catch than surveys at other times, and a slight decline in 
male composition is apparent over the time series. 
 
Comparison of results with commercial fishery data: Brodie et al. (1997) examined Div. 3N commercial CPUE 
data from the same class of vessel as the Atlantic Lindsey for the years 1970-91. This comparison indicated that the 
July 1996 survey CPUE for yellowtail flounder was similar to the maximum July CPUE, which occurred in the 1985 
fishery. The low CPUE values seen in the March surveys of 1997-99 were not observed in the commercial fishery 
data. 
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  A summary of 16,000 fishing hauls from 15 FPI trawlers fishing for various species in Div. 3NO from 
1985-91 was also presented in Brodie et al. (1997) and compared with grid survey results (e.g. Maddock et al., 
2001). Results from all grid surveys, with the exception of the 3 March trips, suggest widespread distribution of 
yellowtail flounder CPUE's which are quite high relative to historic CPUE in the fishery. However, caution must be 
used when making any comparisons between grid surveys and commercial fishing results. Although results from the 
commercial fishery, since it re-opened in 1998, have also shown relatively high CPUE for yellowtail flounder 
(Walsh et al., 2001), it is unlikely that the CPUE from the current fishery is directly comparable with the pre-
moratorium fishery, given changes in these fisheries. 

 
Comparison of results with research vessel data:  The distribution of yellowtail flounder from the 11 stratified 
random research vessel surveys conducted by DFO with the Campelen trawl in Div. 3LNO from 1995-2000 (6 fall 
surveys and 5 spring) was shown in Maddock et al., (2000 and 2001).  Results from the 2001 surveys, compared 
with 2000 are shown in Fig. 14. The grids, which are not part of the design of the DFO r.v. surveys, were 
superimposed on these plots. The original grid is bolded and the expanded grid, surveyed in 2000 and 2001 is also 
shown. In most surveys, the majority of the yellowtail is caught within the boundaries of the grid. However, there is 
a declining trend in the percentage of yellowtail found in the original grid (Table 18). In the first four surveys (fall 
1995 to spring 1997), between 80 and 90% of yellowtail flounder were located within the grid. Since then, less than 
72% of yellowtail flounder in any survey (except spring 2001) was located in the grid area. The lowest values 
occurred in the fall surveys during 2000 and 2001, when only 40-47% of yellowtail flounder in the surveys was 
found within the original grid.   
 
 For the spring surveys, about 90% of yellowtail flounder were contained within the expanded grid 
boundaries. However, during these 2 most recent fall surveys, only 56-67% of yellowtail flounder was found inside 
the expanded grid. Most yellowtail flounder outside the grid, both in spring and fall, were located to the south. 
Overall, these observations are consistent with observed increases in the area of distribution of yellowtail flounder in 
recent years, as seen in both the survey and commercial fishery data. These increases in the range of distribution are 
also consistent with increases in stock size since the late-1990s (Brodie et al., 1998). 
 
Observations on sexual maturity of yellowtail flounder:  In all surveys thus far, with the exception of November 
1998, observations on sexual maturity of yellowtail flounder have been collected. These were generally obtained at 
sea by sampling 300-400 fish from each of 2 fishing sets per day, although the March 1998 data were collected from 
port samples immediately following the survey. Fig. 15 indicates that on average, about 75% of the female 
yellowtail flounder caught were mature, and that there was a slight increasing seasonal trend in the 4 surveys in 
1997 and the 3 in 1999.  The July 1999 survey had the highest percentage of mature females in the time series, while 
the proportion mature from the 1999-2001 surveys was higher than that from 1996 to 1998. A closer look at the data 
from the 6 July surveys (Fig. 16) showed that most mature females had spawned prior to the surveys, although in 
1996 spawning had not been completed in the grid area by July, as evidenced by the higher number of females with 
hydrated eggs (Mat B and Mat C stages). By comparison, the July 1997 survey had the highest percentage of 
females judged to be maturing following a recent spawning (Sp. P Mat AN), and the lowest percentage of females 
with hydrated eggs, suggesting that spawning may have been earliest in 1997. The percentage of spent females in 
2001 was similar to the low value seen in 1996, and this combined with the highest percentage of pre-spawning 
females (Mat A), suggests that spawning may have been later in 2001 than in the other years. 
 

Conclusions 
 
Cooperative surveys between DFO and FPI for yellowtail flounder in Div. 3LNO indicate a large degree of spatial 
and temporal variability. Catches of yellowtail flounder and American plaice in July surveys of the original grid 
have been consistent at around 600-800 kg/hr and 100-200 kg/hr respectively. Catch rates in the expanded grid 
surveys are slightly lower for all species considered when compared to the original grid, but are similar in 2001 to 
those in 2000.  
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