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Abstract

Multi-species annual stratified-random bottom trawl surveys of the Grand Bank, NAFO Divisions 3LNO, have been
conducted by the Newfoundland region of the Canadian Dept of Fisheries and Oceans in Div. 3LNO during the spring
of each year since 1971. This paper presents an update of area swept estimates of abundance and biomass of yellowtail
flounder from the 1998 spring and fall surveys. Recent surveys have indicated that the population is increasing in size
and expanding its northward range to re-occupy habitats in the northern Grand Bank.

Introduction

Multi-species annual stratified-random bottom trawl surveys have been conducted by the Newfoundland region of
the Canadian Dept of Fisheries and Oceans in Div. 3LNO during the spring of each year since 1971. Since 1990, a second
series of surveys have been carried out on the Grand Bank during the period October to December. From both of these
surveys, swept area abundance estimates are derived for yellowtail flounder (Limanda ferruginea) and serve as fishery-
independent indices of stock size. Because catchability of the survey trawl is unknown and assumed to be  <=1.0,  the
indices are considered to be relative estimates of stock size.

The purpose of this paper is to describe the results of these annual surveys. Attention will be directed to monitor
annual changes in stock size and temporal and spatial patterns of distribution.

Materials and Methods

Survey design: The stratification scheme is based on depth and shown in Fig. 1 (see Doubleday  1981 for a review of
procedures). The 1971-1999 spring and the 1990-99 fall surveys covered depths from 45 to 731m. Beginning in 1994 it was
decided to extend the coverage of  the fall surveys  to depths deeper than 731 m. However, mechanical problems with the
survey vessel did not permit these strata to be fished in 1995 and in 1996. In 1997 there was insufficient time for the
survey to cover these depth strata beyond 731 m. In 1998 and 1999, the extended coverage met with some success,
however, these changes have negligible effect on estimation of the yellowtail flounder resource because the stock is
found almost exclusively in depths less than 100 m.

Survey gears: From 1971 to 1982 the surveys of the Grand Bank were conducted by 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-Lift otter trawl rigged with large steel bobbin footgear and the A.T. Cameron was replaced by the FRV
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Wilfred Templeman (WT). Occasionally the W. Templeman’s  sister ship, the FRV Alfred Needler (AN) took part in the
surveys. In 1995, the old standard Engel trawl was replaced by a three bridle Campelen 1800 shrimp trawl rigged with
rockhopper footgear (see Figs. 2-4;Table 1). The  Yankee and the Engel trawls were both towed at 3.5 kt and 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 W. Templeman. The Campelen trawl also replaced the Yankee 41 shrimp trawl used in the fall
juvenile groundfish surveys from 1985-94 (McCallum and Walsh 1996).  Since 1993, the geometry and performance of all
bottom trawl surveys  have been monitored  by Scanmar trawl mounted acoustic instrumentation (McCallum and Walsh
1999).

Data from 1971-82 time period has not been converted to Campelen trawl units and can be found in the 1997
assessment paper (see Walsh et al. 1997 for details). Conversion factors have been derived from comparative fishing trials
to convert the 1984-95 spring and 1990-94 fall Engel trawl yellowtail flounder survey data into Campelen trawl units and
are presented in Walsh et al. (1998a, 1998b). To-date, conversion factors for yellowtail flounder have not been derived
for either the 1971-82 time series nor the 1985-94 juvenile groundfish series. Consequently, only survey data from 1984
onward is reported here.

All species are separated, counted and weighed for every trawl haul. From each haul a sample or a sub-sample is taken
to collect biological data on size, age, maturity and  feeding for all commercial species. The catches are standardized to
distance towed.

Results

In all years and in both time series, the majority of yellowtail flounder were caught in less than 100 m on the Grand
Bank; however, occasionally small catches have been taken in deep waters along the slope edge in Div. 3O.

A) Spring groundfish surveys 1984-99

Tables 2 to 7 give the survey catch rates in the form of stratified mean number and weight-per-tow by stratum. Tables
8-15 show abundance and biomass per stratum, along with confidence limits, for stock size estimates in Div. 3L, 3N, and
3O, respectively, and for a combined Div. 3LNO estimate for the time period 1984-99. Figures 5 and 6 show  plots of the
abundance and biomass estimates from  surveys during the 1984-99 period.

Abundance trends: Tables 8-10 and Figure 5 show the population abundance trends by Division from 1984-99, with 95%
confidence intervals.

In Div. 3L, there has been a continuous decline from a high of 50 million fish in 1985 to “0.0" fish abundance in 1995.
 Since 1996 yellowtail have again been caught in this division and for the 1996-98 period the population size has
fluctuated around  an average value of 1.8 million fish; still  much lower than the 1984-85 average of 48 million fish. 
However, in 1999, the abundance estimate of 55.4 million fish was the highest estimate in the time series (Fig. 5;Table 8).

In Div. 3N, for the period of 1984-88, the population size decreased from a high of 435 million fish in 1984 to 135 million
fish in 1988, increased almost 4 times to a high of 478 million fish in 1989, mainly due to the strong 1985 and 1986 year-
classes. From 1990 to 1994, the survey abundance again declined continuously to a low of 126 million fish.  In 1995, there
was a small increase in population size followed by a 3 fold increase  in 1996 to 475 million fish. Since 1995, there has been
a continuos increase in population size reaching 572 million fish in 1998. In 1999, the abundance estimate jump 68% to
965 million fish (Fig. 5: Table 9)

In Div. 3O, the abundance fluctuated around an average level of 77 million fish from 1984-87 and then began to decline
gradually to 28 million fish in 1992. In 1993, the population estimate of 101 million  was almost 4 times that of  1992,  and
in 1994 and 1995  the population abundance again dropped back to a level in line with the 1992 estimate. This anomalous
high estimate in 1993 mainly appears to be due to the high catch rates in stratum 352 and is reflected in the high variability
around the estimate (see Fig. 5). In 1996 the population size again showed a dramatic increase of almost 6 times the
average of 1994-95 estimate of 25 million fish. Between 1996 and 1998 the population has fluctuated around an average
size of 153 million fish.   In 1999, the estimate increased by 74% to reach a high of 269 million fish (Table 10;Fig 5).
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Div. 3LNO:  Table 11 presents the total population estimate for the combined divisions. Overall the stock showed a
decline from 544 million fish in 1984 to 148 million fish in 1994. Since 1995, the population estimate began to rebound from
this decline and increased dramatically from 187 million fish to a high of  734 million fish in 1998. This large increase in
population abundance from 1996 to 1998 is partially explained by the high efficiency of the “new” survey trawl ,
introduced in the fall of 1995, in catching juveniles and  young adults when compared to the “old” standard gear and is
also reflected in the  size composition of the survey catches for those years. However, the 76% increase in abundance
from 1998 to 1999, the highest in the time series at 1289 million fish, may not be indicative of a natural increase in stock
size. Catch rates were very high in many strata throughout  all divisions (Tables 2-4).

Biomass trends:  Tables 12-15 and Figure 6 shows the trends in survey biomass and associated 95% confidence intervals
from 1984-99.

In Div. 3L, the biomass index has declined steadily from  a high of about 22,000 t in 1984 to “0.0" t in 1994 and 1995.
From 1996 to 1998, the stock has shown a marginal increase to stabilize at an average biomass level of 500 t. The 1999
 biomass estimate of 28,000 tons is over 5 times higher than the average size of the last three years. (Table 12; Fig. 6A).

In Div. 3N, the majority of the stock is distributed in and around the Southeast Shoal area (strata 375, 376, 360 and 361
in Fig 1)  The biomass index declined gradually from 168,000 t in 1984 to 46,000 tons 1994. After a 25% increase in 1995
the biomass jumped by  80% to 104 000 t and then continued increasing to a high of 144,000 t in 1998 (Table 13; Fig. 6A).
 In 1999, the biomass estimate of 238,000 t was 66%  higher than the 1998 estimate.

In Div. 3O1, the biomass index show moderate fluctuations around an average value of 27,000 t for the period 1984-92,
increasing to 42,000 t in 1993 and then declining to an average of 11,000 t during the 1994-95 period. In 1996, the survey
biomass dramatically increased 6 fold to 71,000 t and has since  declined to an average value of 56,000 t for the 1997 and
1998 period (Table 14; Fig 6A). Whether some of these fluctuations are related to movement between Div. 3N and 3O are
unknown. In 1999, the biomass increased by 70% over the 1998 estimate to a high of 98,000 t.

Div. 3LNO,  The majority of the survey biomass is found in Division 3N and since 1989 there has been negligible
amounts in Division 3L until the 1999 survey. Table 15 and Figure 6B show the cumulative biomass of all divisions for
the time period 1984 to 1999. Total stock biomass had been steadily declining from a high of 218,000 t in 1984 to 56,000
t in 1994.  In 1995, the decline in biomass levels ceased and increased by 27 %. In 1996, the biomass increased by 60%
and this coincided with a change to a more efficient survey gear in the fall of 1995. Between 1996 and 1997 the stock
remained stabled at an average level of 175,000 t and then again increased in 1998 by 16% to a level of 202,000 t in 1998.
The 81% jump in stock size in 1999 to a level of 365 000 t, together with the huge increase in abundance, is indicative of
a change in catchability. Increases were seen in many strata, indicative of an ‘anomalous ‘ year effect.

B) Fall groundfish surveys, 1990-99

Tables 16-21 show the survey catch rates in the form of stratified mean number and weight-per -tow by stratum and
division. Tables 22-29 show abundance and biomass per stratum, along with confidence intervals, for Div. 3L, 3N, and
3O, respectively, and a combined Div. 3LNO estimate for the time period 1990-99. Figures 7 and 8 shows plots of the
abundance and biomass estimates by division  from 1990-99.

Abundance trends: Tables 22-25 and Figure 7 show the abundance trends by Division up to 1999, with 95% confidence
intervals.

In Div 3L, population size decreased from 4 million fish in 1990 to 0.1 million in 1994. From 1995 the population size
showed an increase from approximately 4 million fish to an average level of 6 million fish for the 1996-97 period  and then
doubled in size to 13 million fish  in 1998 (Table 22; Fig. 7).  In the 1998 survey, these fish were found in three strata (350,
363 and 372; see Fig. 1) in depths less than 100 m similar to the distribution occupied in the mid-1980s as determined from

                                                
1  In the 1998 assessment of this stock (Walsh et al. 1998)  the estimates for Div 3O were slightly lower because of an
error which resulted in the deletion of stratum 340 in all years. This error has been corrected.
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the spring surveys. In the 1999 survey, the abundance showed a 57% increase in stock size. Fish were found mainly in
the same three strata as in 1998.

In Div. 3N from 1990-94, the survey abundance fluctuated around an average size of 222 million fish. In 1995 survey
abundance increased sharply by 96% over the 1994 survey estimate and continued to increase to a high of 739 million
fish in 1999 (Table 23; Fig 7).

In Div. 3O,  there has been no discernible trend in the data for the period 1990-96 and the population level fluctuated
around an average size of 55 million fish (Table 24; Fig 7). In 1997, the population size almost tripled to 159 million fish
and since has fluctuated  around an average level of 180 million fish during 1998 and 1999.

In Div 3LNO, the overall population size fluctuated around an average level of 273 million fish from 1990-94 then
doubled in size in 1995 to 579 million fish. This coincided with the introduction of the new survey gear in the fall of 1995.
Since then the population has steadily increased to a high of 937 million fish in 1999, the largest in the time series (Table
25).

Biomass trends:  Tables 26 to 29 and Figure 8 show the trends in survey biomass and 95% confidence intervals.

In Div. 3L, the biomass has shown a decrease from 1990 level of 2,000 t to “0.0 t” in 1994. Noteworthy is that  a 0.0 t
biomass was also estimated for the 1994 and 1995 spring series. From 1995-97 the stock fluctuated around an average level
of 1,700 t and then increases by a factor of 4 to 5 000t .  The 1999  biomass was 85%  than the 1998 estimate (Table 26;Fig
8A). Such an increase in biomass is thought to be the result of an extension of the range of yellowtail flounder with
increasing stock size (see spatial section below).

In Div. 3N, similar to the spring surveys, the majority of the stock was found in this Division. From 1990-92 the stock
size has fluctuated around an average value of 47,000 t before doubling in size in 1993. Since then the stock has shown
an upward increasing trend to a high of 192,000 t in 1999 (Table 27;Fig 8A)

In Div. 3O, the survey biomass index, in Table 28, showed no obvious trend from 1990-96, fluctuating around an
average level of 20,000 t. In 1997, the biomass almost tripled in size. Since then the biomass has shown a decrease in stock
size probably reflective of movements between Div. 3N (Table 28; Fig 8A). Both estimates of the 1997 and 1998 are close
in  agreement with the spring estimate for those years. In 1999, the biomass was estimated to be 48,000 t. In this Division,
almost half of the biomass was found in stratum 352, which borders the dividing line with Division 3N, in 1999, similar to
other years and to the spring time series.

In Div. 3LNO, similar to the spring surveys, the majority of the stock is in Division 3N. Since 1993, when the survey
biomass was estimated at 113, 000 t, there has been an increasing upward trend to 1999. From 1996 to 1997, the biomass
increased by 40% and reached its highest point in the time series at 250,000 t in 1999 (Table 29;Fig 8B). In the spring series
the upward trend began in 1995 while in the fall series it began in 1993..

Summary

Since 1995, the surveys have shown that the stock has been increasing in size after the decline in the late 1980s
and early 1990s.  In the spring of 1999, the huge increase in abundance and biomass was not evident in the fall
surveys and can be regarded as a ‘year’ effect probably related to changes in catchability whose cause can only be
speculated.

Spatial analysis

 Figures 9 and 16 show the standard number and weight of individual fishing sets plotted as point estimates using
the Campelen trawl data in the Canadian spring and fall surveys of 1998 and 1999. In all surveys, yellowtail  flounder were
most abundant  in and around the Southeast Shoal in Div. 3N (Fig. 1), straddling the Canadian 200 mile limit and extending
into the Regulatory Area confirming earlier descriptions of distribution (Walsh 1992; Walsh et al. 1999). Yellowtail appear
to be more abundant in the Regulatory Area of Division 3N in 1998 and 1999 then in recent years and, as well, the
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northward distribution of the stock has extended in Div. 3L, similar to historical times when the stock size was high Brodie
et al.(1995) noted that the northward extension of yellowtail on the Grand Bank has decreased with decreasing stock size
during the mid to late 1980s and early 1990s so that the bulk of the stock was south of the 450 N. Figure 17 shows a plot
of the proportion of biomass north of 450 N from 1973 to 1999 and it is obvious that the stock has been extending
northward. Recent tag returns from the 1998-2000 fishery are plotted in Figures 18-20 and also show confirm the
northward extension of the stock in recent years. These tagging experiments were carried out in the early 1990s (see
Morgan and Walsh 1999 for details).
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Fig. 1. Stratification chart of the Grand Banks, NAFO Divisions 3LNO, used in annual Canadian spring and fall bottom trawl surveys.
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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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