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Abstract

The main objective of this study was to improve the precision of stock assessments of
demersal fish in Icelandic waters, with particular emphasis on cod. Sampling was carried out on
approximately 600 stations in the Iceland shelf area in March 1985 and again in March 1986.
Stations were distributed in the survey area through a semi-randomly stratified process. A stand­
ardized bottom trawl was designed for the sampling and the data collected included length
measurements, otolith samples and sex determination, as well as information onthe environment
and fishing gear.

Results are presented for cod, haddock, saithe, redfish, catfish and long rough dab. The
distributions of the different species indicate common nursery grounds in the northern part of the
survey area. The youngest age-groups were generally not fully represented in the survey. Pro­
nounced diurnal catch variations were observed for catfish and redfish.

Age disaggregated stock indices of the gadoid species are well correlated with virtual popula­
tion analysis (VPA) values. However, the total stock indices differ in their proportion of the VPA
stock size. In comparison with previous surveys, the precision of stock indices has been increased
markedly through this survey for all species except saithe. This is basically the result of an
increased number of stations. Skipper-selected stations (non-random) generally gave higher
aggregated indices than random ones, although statistically significant differences are excep­
tional. On a length disaggregated basis, however, a highly significant difference was observed for
all species.

Introduction

Groundfish species have been investigated in Ice­
landic waters since the turn of the century, when the
pioneer of fishery biology in Iceland, Bjarni Saemunds­
son, began his research. In 1930, Arni Fridriksson
began his fisheries research in Icelandic waters, and
since then groundfish investigations have been con­
ducted annually. In the mid-1950's a regular, standard­
ized sampling of the demersal fish stocks in Icelandic
waters commenced and during each summer from then
on, a survey of approximately 20 standard stations was
carried out covering mainly the inshore areas of the
continental shelf. These surveys continued into the late
1960's.

An extensive survey of the biology and abundance
of juvenile cod was initiated in 1976 (Palsson, MS 1984).
This survey was carried out in different seasons and
covered the continental shelf north and east of Iceland.
During each survey, a grid of approximately 80 fixed
stations was worked. This survey has yielded basic
results for the prediction of year-class strength of cod.
However, comparable results for other relevant demer­
sal species have not been available from the survey.

Mature cod migrate in some years from Greenland
waters to Icelandic fishing grounds. The migrations
vary from year to year and were especially pronounced
in 1980 and 1981. Such migrations make traditional
stock estimates based on virtual population analysis
(VPA) techniques, invalid. Since quantitative informa­
tion on the extent of the migrations is not available, a
fishery independent stock estimate is required.

In 1982, a more extensive stratified-random survey
was initiated in order to investigate the biology and
abundance of cod and other demersal species
(Schopka et al., MS 1983). This survey, which was car­
ried out in late winter and autumn, included approxi­
mately 200 stations, and covered all important
demersal fish stocks in Icelandic waters. However, the
achieved precision (17-28% in numbers) of the late
winter stock size estimates for cod was considered
unsatisfactory for management purposes.

Substantial improvements in the planning
methods and effort of g roundfish su rveys in Icelandic
waters have now been achieved, particularly during the
last decade. However, the need for improvements in the
precision of stock size estimates, as a basis of modern
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fisheries management, has become even more urgent.
Under these circumstances the present groundfish
project was initiated. The main objective was to obtain
a more precise abundance estimate of the demersal
fish stocks, particularly cod, by a fisheries independent
method. The first survey was carried out during 8-25
March 1985, when 595 stations were sampled, and the
second survey was carried out 5-25 March 1986 cover­
ing 586 stations. The material sampled is too extensive
to present in detail in this paper, however, results are
presented for cod (Gadus morhua morhua (L.)), had­
dock (Melanogrammus aeglefinus (L.)), saithe (Polla­
chius virens (L.)), redfish (Sebastes marinus (L.)),
catfish (Anarhichas lupus lupus L.) and long rough dab
(Hippoglossoides platessoides limandoides (Bloch)).
Except for the long rough dab, these are the major
exploited demersal fish stocks in Icelandic waters.

Methods

General

According to statistical theory, the standard error
is approximately inversely proportional to the square
root of the number of observations. The gain in preci­
sion by increasing the number of stations was consi­
dered using the following formula (Grosslein, 1971)
and data from groundfish surveys in March and April
1982-84:

where n = number of stations

W~ = area of the h" stratum divided with total
area of all strata

S~ = variance of catches in the h" stratum

W
h

= nh the observed relative sampling effort
n in h" stratum

and V =desired variance of the stratified mean.

In the calculations the average of the variances in
catches of cod in each stratum were used. An increase
in the number of stations from 200 to 500 would reduce
the relative standard error, Vr, from 21 to 13%, with
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where x= stratified mean,

and S = sample variance of stratified mean.

Further increase would yield relatively limited
additional gain in precision. However, during a survey,
the planned number of sets is bound to be reduced

because of rough bottom, net damage or other reasons.
Furthermore, distribution and density patterns may
vary over time, necessitating larger sample size. There­
fore, 600 stations were considered a reasonable effort
to reach the objectives of the project.

From the experience of earlier surveys, the month
of March was selected as the most suitable time for the
survey as diurnal vertical migrations are then less pro­
nounced than in the autumn. Also, the spawning stock
gathers on the southwestern grounds during this time
and is therefore more easily available for surveying
than in other seasons. Furthermore, for interpretation
of the results it was considered essential to sample in
the same season as previously. These arguments pre-
vailed despite the fact that the geographic distribution
of the cod seems to be more patchy in late winter than
in autumn. It was expected that stationary gears
(gillnets and longlines) might hinder the sampling dur­
ing the spawning season, however, this was the case
only on relatively few trawl stations.

The area of investigation covers the Icelandic shelf
to the 500 m depth contour. Below 600 m very few
commercial species of demersal fish are recorded
except redfish (Sebastes marinus (L.)) and Greenland
halibut (Reinhardtius hippoglossoides (Walbaum)). As
cod are sometimes caught abundantly below 400 m in
the commercial fishery, the 500 m isobath was chosen
as a depth limit for the present survey.

Employment of commercial fishing vessels is
necessary in order to work the 600 stations within the
time limit of 2-3 weeks. The relatively short time limit is
essential since the month of March marks the begin­
ning of the spawning season of the cod. Therefore,
sampling must be carried out quickly in orderto minim­
ize possible bias because of spawning migrations and
also because the scientific advice resulting from the
survey should be available during April in order to be
included in management considerations. As standardi­
zation is important, five stern-trawlers, identical in size
(462 BWT, length overall 47.1 m), engine power and
overall design, were leased.

Fishermen, mainly the captains of the research
trawlers, were involved in planning the project on
aspects such as gear standardization and stratification
of the survey area with respect to fish abundance. The
cooperation with fishermen is based on the main objec­
tive of the project; to increase precision and reliability
of stock size estimates of relevant fish stocks, espe­
cially cod, through the integration of fishermen's expe­
rience, and knowledge of fish behavior and migrations,
as well as the topography of the fishing grounds. How­
ever, it requires a careful study to evaluate the specific
benefits of the fishermen's contribution.
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Survey design

In earner groundfish surveys in Icelandic waters,
stratification was based on depth zones as well as geo­
graphic and hydrographic boundaries (Schopka at al.,
MS 1983). This stratification was considered to indicate
different fish density. The present stratification scheme
was based on pre-estimated cod density patterns
derived from commercial as well as research vessel
catch data, which were summarized by "statistical
squares". Thus in this design, cod density is based on
actual data instead of general geographic or hydrogra­
phic guidelines in earlier surveys. In addition, the sta­
tistical square basis allows more flexibility in
post-stratifications with respect to different species.

degree latitude and one degree longitude, on which the
stratification scheme was based.

The allocation of statistical squares to strata was
based on the estimated density of cod in each square.
Information on cod density was derived from three
different sources: the trawler captains and their advi­
sors graded each square with respect to their expe­
rience of fishing in March. Commercial fisheries data
yielded additional information on cod density, as did
results from previous research surveys. A scale of 1 t06
reflects the estimated variability in cod density in the
northern area, and 1 to 4 in the southern one (Table 1).

Based on biological and hydrographic considera­
tions, the survey area was divided into a northern and a
southern area (Fig. 1). A total of 600 stations were
divided between the two areas, roughly in proportion to
their size, and considering that 25-30% of the total cod
stock at the time of the survey would be located in the
southern area. Thus, 425 stations were positioned in
the northern area and 175 in the southern one. Each
area was divided into statistical squares of one half

Ten strata were constructed from the statistical
squares, 6 in the northern area and 4 in the southern
one (Fig. 1). Statistical squares in each strata are not
necessarily adjacent, which allows more possibilities in
constructing homogeneous strata with regard to fish
density. This stratification scheme also allows flexibil­
ity to construct different strata for different analyses
without modifying the basic system. Stations were allo­
cated among strata in direct proportion to the product
of the area of each stratum and its estimated cod den-
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Fig. 1. The survey area within the 500-m depth contour showing the division boundaries for northern and southern areas, the allocation of statis­
tical square numbers to strata, and the boundaries of otolith subareas.
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TABLE 1. The allocation of stations to strata in proportion to the area
of the strata and the estimated density of cod.

sity, as shown in Table 1. Finally, the trawl stations of a
stratum were allocated to each square within the stra­
tum in direct proportion to the area of the square.

Stratum Area No. of
No. Density (nrn-) stations

Northern area

1 6 5,125 103
2 5 6,724 112
3 4 6,441 86
4 3 7,549 76
5 2 6,282 42
6 1 1,916 6

7
8
9

10

4
3
2
1

Southern area

3,550
14,432

5,280
4,189

34
105

26
10

tions in some squares, which leads to the necessity for
sampling from each square. In stratified sampling
schemes one needs to consider the tradeoffs between
homogeneity within each stratum versus the sample
size used in each. Small strata will lead to smaller sam­
ple sizes and possible failures of assumptions of
normality.

Fishing gear

Standardization of the bottom trawl is essential in
groundfish surveys. The trawl shown in Fig. 2 was
standardized in cooperation between the scientists of
MRI and the trawler skippers. The main consideration
for standardization was that the trawl should effectively
sample groundfish species, especially cod, of different
lengths ensuring adequate data for the catchable stock
as well as the recruiting year-classes. The trawl should
also be maneuverable on different types of bottom sub­
strates, and still retain a high level of catchability and
physical performance at all depths of trawling.

Stations within each statistical square were divided
equally between fishermen, and project members from
the Marine Research Institute (MRI). MRI project
members selected random positions for their stations.
For the random selection each statistical square was
divided into 120 sequentially numbered rectangles of
1.5 min longitude and 2.5 min latitude in size. The
position of the lower left corner of a selected rectangle
was used as midpoint of the tow, from which fishermen
decided on the di rection. A given rectangle was trawled
only once. Commercial fishermen on the other hand,
were asked to fix their stations in each square in accor­
dance with their knowledge and experience of fishing
and fishing grounds. Trawling was done both day and
night, and sampling was distributed uniformly over the
24 hr.

This sampling method may be classified as "semi­
random stratified" since only half of the stations are
randomly selected. However, in future surveys the
same stations will be repeated, leading to a stratified
systematic survey design.

Clearly, the current arrangement of stratification
and analysis does not ad here strictly to the usual theory
of random-stratified sampling and analysis. The analy­
sis is exclusively based on strata. However, the ran­
domization or allocation of stations based on statistical
squares within each stratum, leads to a more uniform
distribution of stations than would random sampling
within a stratum as a whole.

The squares within a stratum can be considered
homogeneous with respect to long-term average popu­
lation density. In a given year, however, the density will
not be homogeneous within a stratum due to migra­
tional movements. This will lead to higher concentra-

This trawl type is, apart from the smaller mesh size
in the aft belly and the codend, very similarto commer­
cial bottom trawls presently used in Iceland. The mesh
size of the trawl is relatively small (135 mm) in the front
part of the net, where commercial trawlers frequently
use 200 or 180 mm. In the belly the mesh size is reduced
to 80 mm, and the extension piece and the codend are
covered on the inside with 40-mm netting.

The main feature of the net frame is a heavy
groundrope, weighing approximately 4,200 kg in air
and about 1,900 kg in sea water. The purpose of this
heavy groundrope is to prevent as far as possible the
escape of cod and some other species under the fishing
line. The average height of the middle of the headline,
as measured during the survey in 1985, was 3.07 m.
Some small and exhausted fish are likely to escape
through the wings and the square but escapement will
not be significant in the aft belly and codend (Palsson
and Thorsteinsson, MS 1985).

The horizontal distance between the wing-ends (or
the otter boards) could not be measured. Based on
measurements on similar trawl designs and on data
from the flume tank in Hirtshals, Denmark, the average
distance between the wing ends is estimated to be 17 m.
This figure is, however, believed to depend very much
on the depth, i.e. the distance decreases with increas­
ing depth. In order to keep the catchability of the trawl
as constant as possible at all fishing depths, the length
of the brid les was extended from 35 to 45 fath when
fishing' in water deeper than 100 fath. Considering the
sampling performance of this trawl design, it would be
expected that slow and/or small fish might, to some
extent, get overrun by the bridles since big and effec­
tive otter boards (1,750 kg) are used with rather long
bridles.
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Fig. 2. Standardized bottom trawl used during the Icelandic Groundfish Survey.

The fishing method was standardized as far as
possible and the standard towing speed was 3.8 knots
over the bottom and the towing distance was 4.0 naut.
miles. In case of hangup or other malfunction, a haul
was considered valid if the towing distance was at least
2 naut. miles. In case of marked damage of the trawl
netting, especially codend and belly, the tow was

repeated in an adjacent position.

Scope, i.e. the ratio of warp length used to depth,
could not be fixed as different fishing conditions may
call for a different scope at a given depth. As a rule a
standard scope of 3:1 was recommended. With regards
to weather, it was decided to stop trawling when the




