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Abstract

Options for using trawl mensuration data to improve survey abundance estimates are dis-
cussed, with examples from Scotian Shelf groundfish surveys. Once the survey performance
parameters of individual trawls are known, the next step should be to control the variability of
parameters which can be controlled, rather than to standardize the catch using catch/parameter
relationships which are themselves highly variable or subject to dubious assumptions. It is
possible to interactively change warp length using spread sensor information to achieve constant
door spread, just as distance travelled during a tow is now controlled by interactively monitoring
ship speed with Doppler logs. Abundance indices from Scotian Shelf surveys are subject to
significant bias from systematic variations in gear spread, confirming the importance of routine
trawl mensuration during standard survey sets, and the need for corrective action.

Introduction

Carrothers (1981) first suggested the use of trawl
instrumentation to decrease variance and bias in
groundfish survey trawl performance, and hence
increase the precision and accuracy of survey abun-
dance estimates. Routine measurements of trawl
geometry during surveys are just beginning to be
implemented now, almost 10 years later, largely due to
the availability of “off-the-shelf” and easily deployed
wireless instruments.

" Two recent reports describe the significant bias in
survey abundance estimates caused by variations in
wing spread in the Svalbad/Barents Sea (Godg and
Engés, 1989) and the Bering Sea (Rose and Walters,
1990) survey areas. While both reports demonstrate the
importance of reducing variations in trawl geometry,
there was no consensus on how to achieve this reduc-
tion in a practical way. This is a controversial issue
requiring further discussion, since methodological
changes to alleviate the problems described could
themselves jeopardize the continuity of long-standing
and important time series.

Several practical applications of trawl mensuration
data are possible. The first simply involves monitoring
trawl geometry to facilitate detection and correction of
major gear malfunctions as they occur. A second appli-
cation involves standardization of various routine fish-
ing procedures, together with adequate training of

survey personnel. A third application would adjust indi-
vidual set catches to a standard geometric configura-
tion based on measurements from each set. A fourth
would change gear parameters interactively while fish-
ing to achieve a predetermined standard configuration.
The present paper discusses the advantages and draw-
backs of each approach and uses gear spread, warp
length and ship speed data from Scotian Shelf surveys
to illustrate the preferred options and identify the
research still needed. The paper also describes the
significant effect of variations in trawl geometry on
abundance estimates for Scotian Shelf groundfish and
confirms the importance or routine gear mensuration
and procedural consistency for surveys in the area.

Materials and Methods

The stratified-random design and methodology
used to survey NAFO Div. 4VWX groundfish species
assessed by the Canadian Atlantic Scientific Advisory
Committee (CAFSAC) have been described previously
by Halliday and Kohler (MS 1971), and Halliday and
Koeller (1981). Basic methodology has remained
unchanged since the surveys began in 1970: 30 min tow
length, 3.5 knots tow speed, tow direction toward the
next random station. No gear adjustments were made
for changes in depth or bottom type, e.g. sweepline
length, floatation. Shooting and hauling procedures
were left to the discretion of the officers on watch,
according to the philosophy that experienced fisher-
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resulting from major migrations into or out of the depth
range.

Discussion

The depth distributions of redfish larvae illustrated
here are in general agreement with the conclusions of
earlier workers (Taning, 1949; Templeman, 1959; Kelly
and Barker, 1961; Hansen and Anderson, 1961; Corlett,
1961; Dietrich et al., 1961; Raitt, 1964; Magnussonetal.,
1965; Beltestad et al., 1975; Faber, 1976). The present
observation of a diel cycle in depth distribution closely
resembles those reported by Magnuisson et al. (1965)
and Beltestad et al. (1975), though the modal diurnal
depth appears to be slightly deeper in the Gulf of St.
Lawrence than in the Irminger Sea. There are, however,
three notable differences between the present results
and those reported by Kelly and Barker (1961): the
latter found 97% of larvae to be between 10 and 30 m
below the surface (compared to only 32% here), they
found a marked diel cycle in catchability which does
not appear in the Gulf of St. Lawrence data and they
were unable to detect a diel cycle in depth distribution
whereas such a cycle is shown here.

These preceived differences may be partly due to
deficiencies of the two studies. The present work is
based on data from only 54 stations on two cruises,
whereas Kelly and Barker (1961) used 38 stations on
four cruises. Both studies may therefore have mea-
sured short-term features rather than “typical” depth
distributions. However, the Gulf of Maine profile in
late-July 1958 was much like the one a year earlier and
the Gulf of St. Lawrence data show close similarities
between May 1970 and May 1972, so the differences
between the data sets seem to represent more than
chance alone. The use of non-closing Miller Samplers
(Kohler et al., 1976, 1977) will have exaggerated the
praportion of the larvae living at greater depths, while
the use of arithmetic means by Kelly and Barker (1961)
will have given excess weight to occasional large
catches and thus exaggerated the proportion living
near the modal depth. Nevertheless, the differences
between the two sets of results are sufficiently marked
to suggest a real difference in redfish larval depth distri-
bution between the Gulf of St. Lawrence in May and the
Gulf of Maine in July.

Two obvious reasons for such a difference are the
season of the surveys and the species compositions of
the redfish surveyed. Kelly and Barker (1961) estimated
that the season of larval release in the Gulf of Maine
begins in late April and Kenchington (1984) has shown
that a few redfish larvae are present off Nova Scotia as
early as February. Thus, some of Kelly and Barker’s
(1961) larvae will have been a few months old when
caught. The use of 9 mm mesh in their nets will have
reinforced this effect by allowing most small larvae to
escape. Indeed, 93% ofthose that they caughtwere =15

mm long (Kelly and Barker, 1961). The Gulf of St. Law-
rence surveys (Kohler et al., 1976, 1977), on the other
hand, were carried out in May and could have encoun-
tered only a few larvae more than a month old. Further-
more, the use of slowly-towed Miller Samplers would
probably have also allowed the few large larvae to
escape. Thus, most of the redfish caught during these
surveys can have been little longer than their size at
release, which is about 7 to 10 mm in the Gulf of St.
Lawrence (Templeman, 1959). This difference in larval
size may be one cause of the divergent results in the
two studies.

The season of the surveys also relates to a major
difference in water temperatures. In July, Kelly and
Barker (1961) found redfish larvae to be concentrated
within a marked thermocline, between about 10° and
15° C and between about 10 and 30 m depth. Routine,
detailed hydrographic measurements were not made
on cruises PO71 and P100. The normal pattern of water
masses in May in the area surveyed by those cruises,
however, shows a surface layer at 0° C or a little above,
a sub-surface temperature minimum of about -1° C at
around 80 to 110 m depth and slightly warmer water
(about 4° C) below it (Loring and Nota, 1973). Clearly,
larvae adapted to life at 10° to 15° Cin the Gulf of Maine
in July would be constrained in depth by the thermo-
cline to an extent that larvae adapted to -1° to 4°C in
the Gulf of St. Lawrence in May would not be.

Another possible explanation for the observed dif-
ferences in vertical distribution relates to the species of
redfish present in the two areas. The larvae caught in
the Gulf of Maine were almost certainly S. fasciatus,
since this is the only abundant redfish there (cf. Ni,
1982; Kenchington, 1984). The species composition of
adult redfish, and hence also of their larvae, in the Gulf
of St. Lawrence is less clear. Meristic (Ni, 1982), matu-
ration (Ni and Sandeman, 1984; Ni and Templeman,
1985) and electrophoretic (P. J. Rubec, Maurice
Lamontagne Institute, Mont-Joli, Quebec, pers.
comm.) studies suggest that S. mentella is the most
common species in deeper water, while S. fasciatus
predominates above the 250 m contour and a few S.
marinus are present in the Cabot Strait area. All three
redfishes, but particularly S. mentella, are probably
represented in the vertical profiles presented here.
Thus, some of the divergence in larval vertical distribu-
tion and, particularly, diel migration pattern between
the Gulf of Maine and the Gulf of St. Lawrence may be
caused by inter-specific differences between S. fascia-
tus and S. mentella. It is at least noteworthy that S.
mentella is a prominant redfish in the Gulf of St. Law-
rence, the Irminger Sea and the Barents Sea, the three
areas where Sebastes larvae have been shown to
migrate vertically.

The available data sets do not permit a test of the
relative importance of species composition, larval size
and water temperature profile in determining the differ-
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ences between larval depth distributions and move-
ments in the Gulf of Maine and Gulf of St. Lawrence.

Finally, this study has provided some basis for
designing future survey programs for larval redfish.
Because of their concentration at one depth (Kelly and
Barker, 1961), the Gulf of Maine larvae might be effi-
ciently surveyed using horizontal tows at about 20 m
depth, at least in July. In the Gulf of St. Lawrence,
however, the present analyses have shown that oblique
tows, from the bottom or from about 200 m depth
(whichever is shallower) would be more suitable. In
neither case would surface tows be adequate since the
major concentrations of redfish larvae are depressed at
least a few metres below the surface in daylight.
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