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Biomass estimates are made by combining ICES working group VPA biomass esti-
mates of 11 commercial fish species with catch rates in the ICES International Young
Fish Surveys (IYFS) in the first quarter of the year and in the English Groundfish
Surveys (EGFS) in the third quarter of the year. Data from 1983, 1984, and 1985 are
used.

The total biomass of fish is calculated as the mean of the three years. In the first
three months of the year the mean total biomass was 8.6 million tonnes, of which the
11 commercial species constituted 5.9 million tonnes. In the third quarter it was 13.1
million tonnes, of which the 11 commercial species constituted 8.5 million tonnes.
The difference between the first and third quarters was mainly caused by the migra-
tion of 0.5 million tonnes of Western stock mackerel and 1.6 million tonnes of horse
mackerel into the North Sea during the third quarter. Comparisons are made be-
tween the productivity of the North Sea and other shelf regions in temperate lat-
itudes.

Henrik Sparholi: Danish Institute for Fisheries and Marine Research, Charlottenlund
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Introduction

The fish species of the North Sea can be grouped into
three categories according to the regularity with which
they are assessed by working groups of the International
Council for the Exploration of the Sea (ICES) and the
methods used for those assessments.

These are:

Category (A). The nine species of major commercial
importance for which there are quantified predator/
prey interactions and which are now assessed by the
multispecies virtual population analysis (MSVPA)
model (Anon., 1988): cod (Gadus morhua), haddock
(Melanogrammus aeglefinus), whiting (Merlangius
merlangus), saithe (Pollachius virens), mackerel
(Scomber scombrus), Norway pout (Trisopterus es-
markii), sandeel (Ammodytes sp.), herring (Clupea
harengus), and sprat (Sprattus sprattus).

Category (B). A further two species, also of commer-
cial importance, which are regularly assessed as single
species by other ICES working groups: plaice (Pleu-
ronectes platessa) and sole (Solea solea).

Category (C). All other species, mostly of minor com-
mercial importance and not regularly assessed by
ICES, but which together constitute a substantial part
of the total fish biomass of the North Sea.

The aim of the present paper is to attempt to estimate
the biomass of all fish species in category (C), and hence

200

to throw some light on related questions such as the
order of magnitude of natural mortality they generated
in the other species through predation, particularly in
the nine MSVPA species of category (A). A compara-
ble review of fish biomass estimates in other sea areas is
also presented, so that the intrinsic productivity of the
North Sea may be evaluated.

The method used is similar to the one used previously
by Clark and Brown (1977) for the coastal region of the
northeastern USA and by Yang (1981) for the North
Sea. It consists of using the biomass estimates for the 11
commercial species from categories (A) and (B) to in-
terpret catch rates of other species in the International
Young Fish Surveys (IYFS) and the English Groundfish
Surveys (EGFS) from 1983 to 1985.

The IYFS and EGFS were found suitable for this kind
of estimation because they cover almost the entire
North Sea. This means that changes in the distribution
of a stock within the North Sea does not affect the mean
catch rate of that species for the entire area.

The reliability of the estimates of biomasses obtained
in this way is of course influenced by many factors, the
majority of which can probably be summarized in the
variable: availability. Availability is here defined as the
relationship between the index of abundance obtained
from the catch per unit of fishing effort and the true
abundance of the stock in question. The results must
therefore be interpreted with due care as the best esti-
mates that can be made in the present circumstances.
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Table 1. Specification of data available from the IYFS database
per vessel for the years 1983—-1985.

Vessel 1983 1984 1985
“Anton Dohrn” .. CN CN CN
“Cirolana” ...... CN+CW CN+CW CN+CW
“Dana” ......... X X CN+CW
“Eldjarn” ....... CN+CW CN+CW CN+CW
“Isis™ ... CN CN CN
“Scotia™. . ....... CN CN CN
“Thalassa” ...... CN+CW CN+CW X
“Tridens” ....... CN CN CN
Symbols:

CN: all species recorded as catch in number per haul.
CW: all species recorded as catch in weight per haul.
X: selected species recorded.

Material and methods
Estimates using IYFS data

The I'YFS has been carried out annually in February for
a period of more than 20 years. It covers the whole
North Sea except for the 6 % of the area which is deeper
than 200 m.

The opportunities for analysing these data have been
considerably enhanced since the development of a com-
puterized database at ICES headquarters (Hansen
et al., 1983). For the present paper data tapes for the
years 1983, 1984, and 1985 were available.

Vessels from all countries surrounding the North Sea
participated in the survey. Totals of 325, 350, and 388
half-hour trawls were made in each year respectively,
using a standardized bottom trawl with a mesh size of
10 mm (bar) in the codend.

Catch (in weight) per hour by species is calculated by
first averaging the catches within each statistical square
(approximately 30x30 nm) and afterwards taking the
unweighted mean of these mean catches over the whole
area.

Not all vessels participating in this survey recorded
the catch per haul in exactly the same way. Table 1
specifies the data available by vessel and year. “Dana”
in 1983 and 1984 and “Thalassa” in 1985 did not record
all species caught. As this makes it impossible to dis-
tinguish between a zero catch and a catch not.recorded,
these data were excluded from the present analysis.
Some vessels recorded catch in numbers per haul and
not in weight. The data from these vessels were, never-
theless, included by converting number caught per hour
to weight caught per hour using data from vessels which
submitted catch in both weight and number. When pos-
sible this was done for each statistical square, but other-
wise on the basis of means for the entire North Sea.

Mean values (1983—1985) of estimates of biomass on
1 January and 1 October for cod, haddock, whiting,
saithe, mackerel, Norway pout, sandeel, herring, and
sprat are taken from the MSVPA keyrun (Anon.,
1987a) (Table 2). The biomass estimates of plaice and
sole are taken from the relevant single-species assess-
ment working group (Anon., 1987b). All these 11 spe-
cies, i.e., categories (A) and (B), are hereafter called
“standard” species, and their availabilities are calcu-
lated by dividing their catch rates in the surveys by their
biomasses from Table 2. The availability of cod in the
IYFS is for instance the catch rate (37.92 kg h™"') di-
vided by the biomass (261000 tonnes), i.e.,
14.5%1078 h™".

Given that the biomass estimates of the “standard”

Table 2. Biomass on 1 January and 1 October of “standard” fish species in the North Sea, based on estimates from the MSVPA
model (Anon., 1987a) and ICES single-species working group reports.

Fish species Biomass in tonnes X 1073 as mean values Data sources
19831985
1 Jan 1 Oct

Cod ..o 261 212 MSVPA (Anon., 1987a)
Haddock ............... ... . 473 633 MSVPA (Anon., 1987a)
Whiting ............... oL 355 482 MSVPA (Anon., 1987a)
Saithe............. ... . ... ... 477 516 MSVPA (Anon., 1987a)
Mackerel .......... ... ..ol 156 720° MSVPA (Anon., 1987a)

and (Anon., 1986d)
Herring ............................ 993 1660 MSVPA (Anon., 1987a)
Sprat ... 144 2520 MSVPA (Anon., 1987a)
Norway pout........................ 948 1446 MSVPA (Anon., 1987a)
Sandeel ............ ... .. ... 1556 2081 MSVPA (Anon., 1987a)
Plaice ........... ... ... ... 475 475 Anon. (1987b)
Sole ... 60 60 Anon. (1987b)

#The biomass of 156 000 tonnes is the mean of the biomass in 1983 and 1984. The biomass of 720 000 tonnes is an estimated amount
of both Western and North Sea mackerel present in the North Sea in the third quarter. The estimation is based on the assumption
that 40 % of the total Western and North Sea stock is present in the North Sea in the third quarter (see Anon., 1987b).

*The biomass of 0-group sprat in 1985 from the MSVPA was found to be unrealistically high due to the input terminal F value that
had been used. The 0-group biomass in 1985 was instead assumed to be zero in accordance with a very low IYFS index for that

year class of sprat in February 1986.
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species are correct, the availability of a given species is a
measure of the ability of the fishing gear to catch the
species. This is usually very variable, depending on a
number of factors such as the size of the fish, mesh
selectivity, time of day, depth, bottom substrate, cur-
rent, and turbidity of the water.

The availabilities of the “standard” species are ex-
pected to differ substantially from each other. For in-
stance, the sandeel will escape more easily through the
meshes than the other species, mackerel are probably
able to swim away from the trawl, and plaice can escape
under the trawl by burying into the substrate. As a
consequence the “standard” species are split into groups
of species which are expected to have roughly equal
availabilities:

Group 1 - cod, haddock, whiting, and saithe,
Group 2 - Norway pout,

Group 3 - herring and sprat,

Group 4 - sandeel,

Group 5 - mackerel,

Group 6 — plaice,

Group 7 - sole.

The availabilities are calculated for these seven groups
of species. In Groups 1 and 3, which include more than
one “standard” species, the mean availability is used.
All other species caught are allocated to one of these
seven groups on the basis of similarities in their beha-
viour and habitat. The biomass of each of the category
(C) species is then calculated as the [YFS catch rate
times the availability of the group.

Species not recorded in the IYFS database in
1983—1985 are necessarily ignored. This means that
several small species such as gobies are excluded from
the analysis. However, all species larger than about
5 cm in length are included, except the very rare ones.

Estimates using EGFS data

Data from the EGFS in the North Sea are given as mean
catch in weight per hour by species in Harding ef al.
(1986). The EGFS was carried out annually in August/
September from 1977 to 1986. One-hour hauls were
made with a Granton bottom trawl. In the period
1983—-1985, 81 stations covering the entire North Sea
except the Norwegian Deep, were sampled each year.
Fish larger than approximately 5 cm were caught by the
gear; consequently the samples include a proportion of
the O-group fish. The MSVPA estimates of 1 October
also include the O-group of all nine category (A) species.

Catch rates in kg h™! from this survey, as mean values
for 1983—1985, are used to estimate the biomass of
category (C) species in the same way as for the IYFS
data, except that the biomass of the “standard” species
refers to 1 October.
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Results
Catch rates from I'YFS data

Table 3 shows the mean catch per hour of each species
represented in the IYFS data in 1983, 1984, and 1985.
The total catch rate as a mean value for the three years
was 435 kg h™'. Haddock had the highest catch rate and
contributed more than 30 % to the total catch. Herring
and whiting each amounted to about 15 % of the total
catch and cod and Norway pout each to about 8 %.

It apears from the table that the results are rather
similar in all three years, with respect to both total catch
per hour and species composition.

Availabilities of the “standard” species

The catch rates, availabilities, and biomass estimates of
all species represented in the I'YFS or the EGFS, in-
cluding the “standard” species, are shown in Table 4.
Species are grouped by availability. Values are given as
means for 1983—1985, together with the mean annual
commercial catch in 1983—1984 from Bulletin Statistique
(Anon., 1984; Anon., 1985). Commercial catches from
1985 are not included because data from one important
country are missing for 1985 (Anon., 1986¢c). As can be
seen from the table the mean total catch per hour from
the I'YFS was approximately 25 % higher than that from
the EGFS.

The availabilities differ substantially between the
“standard” species in both surveys. The difference be-
tween the two surveys is much smaller. For most of the
“standard” species, the availabilities are a little lower in
the EGFS data than in the IYFS. Exceptions are herring
and sprat, which are 10 times more available in the
IYFS than in the EGFS, and plaice, which are about
twice as available in the EGFS as in the IYFS.

Biomass estimates

The total biomass of all fish species in the North Sea,
estimated on the basis of IYFS data, is 8.6 million
tonnes, of which 5.9 million tonnes is due to the 11
“standard” species. The amount of “other” species is
thus 2.7 million tonnes.

The comparable estimates based on EGFS data are
13.1 million tonnes of all species and 8.5 million tonnes
of the “standard” species. The amount of “other” spe-
cies is thus 4.6 million tonnes.

Discussion

The analysis presented here does not fully explore the
data which are available or will be available in the near
future when all the TYFS data are loaded into the SIR
database at ICES headquarters. Even the data now
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available for the years 1983, 1984, and 1985 have not
been fully examined. Data on length distribution by
species would be worth while analysing in order to
distinguish availability by length groups. Consequently
the results presented here must be regarded as prelimi-
nary.

Catch rates of the “standard” species

The catch rate of a given species is of course a function
of both its biomass and the availability. The latter is
usually very variable between individual hauls, but it is
greatly reduced when calculated as the mean of several
hundred hauls, as in the present case. These mean catch
rates are therefore a reasonably good index of the bio-
mass of a given species.

The IYFS is intended to give indices of the year-class
strength of cod, whiting, haddock, Norway pout, her-
ring, and sprat. Trawling and survey designs are devel-
oped to cover the distribution of these particular spe-
cies, and the trawl used must be assumed to be espe-
cially effective in catching them. The availabilities of
these species might for this reason be expected to be
higher than those of other species.

It is noteworthy that the mean availability of the
above-mentioned six species is 10.9x1078 h™!, while it is
only 1.1x107® h™! for the rest of the “standard” species,
i.e., sandeel, plaice, sole, saithe, and mackerel.

Availability of the “standard” species

The most striking feature of the availability estimates is
the very large variation between species, as is evident
from Table 4. For instance, the gadoid group has an
I'YFS availability 300 times that of sole. For sandeel the
availability is even lower than for sole, and this is prob-
ably because a large proportion of sandeels can escape
through the meshes. The differences between the other
groups cannot be explained by mesh selectivity, because
very small mesh sizes were used; they must be caused
mainly by differences in behaviour.

Differences in distribution are not expected to con-
tribute significantly to the differences in availabilities,
because the IYFS and EGFS cover the entire North Sea
and therefore also the total distribution area of North
Sea stocks.

The differences in the availability of herring and sprat
between the two surveys could be caused by a more
pelagic behaviour of herring and sprat in the third quar-
ter of the year than in the first quarter, making them
less vulnerable to the EGFS bottom trawl.

The availability of plaice in the EGFS is about twice
that in the IYFS. The more heavily rigged EGFS bot-
tom trawl probably scours more deeply into the bottom
than the trawl used in the IYFS. De Groot and Apel-
doorn (1974) showed that the catch rate of plaice and

sole by a beam trawl can be increased by fitting heavy
chains to the gear.

Biomass estimates

The most critical feature in estimating the biomass of
species other than the “standard” species is undoubt-
edly found in the assumptions about availabilities; spe-
cifically, the validity of the procedure of allocating
availabilities to the different groups of species.

As shown in Table 4, the biomass estimates based on
the IYFS data and the EGFS data are rather similar,
taking into account the large variances and probably
also biases that can be expected. The biomass estimates
of the availability Group 7 species, the flatfish, are
particularly close. This is because the catch rate of all
the flatfish species in the EGFS is about twice the catch
rate in the IYFS. There are, however, a few striking
differences between the two sets of biomass for other
species:

a) The fact that the EGFS estimate of the biomass of
horse mackerel (1.6 million tonnes) is 264 times the
biomass estimate based on the IYFS. This is, how-
ever, in accordance with the marked seasonability in
the migration of horse mackerel. Horse mackerel
stay in the Atlantic to the west and south of the
British Isles during the winter and migrate into the
North Sea in summer. Kirkegaard (1986) estimated
the biomass of horse mackerel off the Danish west
coast in August 1985 to be 0.5 million tonnes based
on acoustic survey estimates. The area covered was
25000 km?, which is only one twentieth of the total
North Sea area. This suggests that the biomass esti-
mate presented in this paper is an underestimate,
unless horse mackerel in the North Sea are concen-
trated in the area surveyed by Kirkegaard.

b) The large difference between the two estimates of
mackerel biomass (156000 tonnes on 1 January and
720000 tonnes on 1 October). This has nothing to do
with the survey data, as the values for mackerel
biomass for 1 October are obtained from informa-
tion given in Anon. (1986d) and explained in the
footnote to Table 2. However, the difference in bio-
mass is in agreement with the very much higher catch
rate found in the EGFS than in the IYFS.

c) The fact that the biomass estimates of the availability
Group 2 species, i.e., the “deep sea” species, from
the EGFS were generally higher than from the
IYFS. The reason for this is unknown.

Since the surveys are directed towards some of the
“standard” species and not the “other” species, it is
possible that in general the availabilities of the “other”
species are lower than those of the “standard” species.
This would lead to an underestimation of the biomass of
“other” species.
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Table 4. Estimated biomass of fish species in the North Sea (as mean values for 1983—1985) based on IYFS and EGFS data, and
mean annual catch in 1983—1984 from Anon. (1984) and Anon. (1985).

Fish species

IYFS

EGFS

Mean annual
commercial catch

kg/h Availability Biomass kg/h Availability Biomass in 1983-1984
x 1072 x 10°t x 1072 x 10° t x 10° t
A A/B B C C/D D
Availability Group 1
“Standard” species
Cod ... 37.92 14.5 261 23.85 11.3 212
Haddock................. 137.86 29.2 473 84.88 134 633
Whiting. ................. 67.92 19.1 355 50.19 10.4 482
Saithe ................... 22.96 4.8 477 35.28 6.8 516
“Other” species
Galeus melanostemus . . . . .. 0.006 16.9 0 0 10.5 0
Scyliorhinus caniculus . . . . . 0.129 16.9 1 0.46 10.5 4 0.2
Galeorhinus galeus . . . ... .. 0.002 16.9 0 0.17 10.5 2 :
Mustelus mustelus . ... ... .. 0.001 16.9 0 0 10.5 0
Squalus acanthias .. ... .... 2.214 16.9 13 4.87 10.5 46 10
Etmopterus spinax. . ....... 0 16.9 0 0.01 10.5 0 0.012
Salmo trutta . ............. 0 16.9 0 0.01 10.5 0
Lophius piscatorius. . . ... .. 2.406 16.9 14 1.75 10.5 17 5
Pollachius pollachius . . . ... 6.055 16.9 36 2.70 10.5 26 2
Brosme brosme . .......... 0.194 16.9 1 0.30 10.5 3 6
Rhinonemus cimbrius. . . . .. 0.021 16.9 0 0.17 10.5 2
Gaidropsarus vulgaris. . . . .. 0.001 16.9 0 0.07 10.5 1
Molvamolva ............. 8.283 16.9 49 2.30 10.5 22 17
Molva dypterygia. ... ... ... 0.035 16.9 0 0 10.5 0
Ciliagtasp................. 0.001 16.9 0 0 10.5 0
Merluccius merluccius . . . .. 0.930 16.9 6 0.75 10.5 7 2
Eutrigla gurnardus . . ... ... 8.132 16.9 48 15.34 10.5 146 3
Trigla lucerna. .. .......... 0 16.9 0 0.24 10.5 2
Cyclopterus lumpus. . .. . ... 0.449 16.9 3 0.02 10.5 0
Mullus surmuletus . .. ... ... 0 16.9 0 0.03 10.5 0
Anarhichas lupus. . ........ 1.282 16.9 8 1.33 10.5 13
Anarhichas minor . ........ 0.001 16.9 0 0 10.5 0
=179 z =291
Availability Group 2
“Standard” species
Norway pout ............. 32.095 3.4 948 16.06 1.1 1446
“Other” species
Chimaera monstrosa. . . . . .. 0 3.4 0 0.06 1.1 5
Argentina silus. . .......... 0.002 3.4 0 0.03 1.1 3
Argentina sphyraena. . . . ... 0.082 3.4 2 0.33 1.1 30
Trisopterus minutus. . . ... .. 0.498 3.4 15 0.60 1.1 S5
Trisopterus luscus ......... 0.589 3.4 17 0.04 1.1 4
Gadiculus argenteus . . . .. .. 0.013 3.4 0 0.04 1.1 4
Micromesistius poutassou. ..  0.086 3.4 3 1.44 1.1 131 27
Sebastes marinus . ... ... ... - 3.4 0 0.01 1.1 1
Sebastes viviparus . . ... . ... 0.192 3.4 6 0.53 1.1 48 1
z =43 I =280
Availability Group 3
“Standard” species
Herring.................. 65.95 6.6 993 9.28 0.56 1660
Sprat .......... .. ... 5.60 4.9 144 1.36 0.54 252
“Other” species
Alosaalosa............... 0.001 5.8 0 0 0.55 0
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Fish species IYFS EGFS Mean annual
commercial catch

kg/h Availability Biomass kg/h Availability Biomass  in 1983-1984
x 1072 x 10°t x 1072 x 10°¢ x 10° ¢
A A/B B C C/D D
Availability Group 4
“Standard” species
Sandeel.................. 0.097 0.006 1556 0.41 0.020 2081
“Other” species
Gobiidae. ................ 0 0 0 0.020 0
Availability Group 5
“Standard” species
Mackerel. ................ 0.758 04 156 7.43 1.0 7207 29
“Other” species
Trachurus trachurus . . ... .. 0.023 0.4 6 16.33 1.0 1585 18
Availability Group 6
“Standard” species
Plaice.................... 5.379 1.1 475 10.34 2.2 475
“Other” species
Raja radiata . ............. 1.516 1.1 138 5.54 2.2 252
Raja brachyura ........... 0.031 1.1 3 0 2.2 0
Raja montagui .. ....... ... 0.198 1.1 18 0.11 2.2 S
Raja batis ................ 0.497 1.1 45 0.06 22 3 5
Raja fullonica. ......... ... 0.012 1.1 1 0 2.2 0
Raja circularis . ........... 0.003 1.1 0 0 2.2 0
Raja naevus .............. 0.251 1.1 23 0.53 2.2 24
Raja clavata . ............. 0.950 1.1 86 0.18 2.2 8
Zoarces viviparus . ........ 0.001 1.1 0 0 2.2 0
Mpyoxocephalus scorpius ...  0.056 1.1 5 0.01 2.2 0
Taurulus bubalis .......... 0.018 1.1 2 0 2.2 0
Agonus cataphractus. . . . . .. 0.024 1.1 2 0 2.2 0
Liparis liparis. ............ 0.009 1.1 1 0 2.2 0
Trachinus vipera ... ....... 0.004 1.1 0 0.76 2.2 34
Trachinus draco. .......... 0.003 1.1 0 0 2.2 0
Lumpenus lampetraeformis. 0 1.1 0 0.01 2.2 0
Pholia gunnellus . ......... 0.001 1.1 0 0 2.2 0
Callionymidae . ........... 0.032 1.1 3 0.38 2.2 17
Scophthalmus maximus .... 0.072 1.1 7 0.07 2.2 3 1.5
Scophthalmus rhombus . ...  0.055 1.1 5 0.07 2.2 3 0.3
Arnoglossus laterna. . . .. ... 0.001 1.1 0 0.01 22 0
Lepidorhombus whiffiagonis  0.356 1.1 32 0.37 2.2 17 0.9
Glyptocephalus cynoglossus 0.321 1.1 29 0.21 22 10 1.7
Hippoglossus platessoides ..  2.650 1.1 241 4.56 2.2 207 0.1
Limanda limanda . ........ 17.339 1.1 1576 35.65 2.2 1620 4.0
Microstomus kit .......... 2.491 1.1 226 3.56 2.2 162 7.1
Platichthys flesus .. ........ 0.422 1.1 38 0 2.2 0 0.8
Hippoglossus hippoglossus . 0.047 1.1 4 0.05 2.2 2 0.2
Buglossidium luteum . . . . .. 0.001 1.1 0 0.02 2.2 1
¥ = 2485 Z =2368
Availability Group 7
“Standard™ species
Sole..................... 0.028 0.047 60 0.027 0.045 60
Total biomass. ................ 435.374 8611 341.27 13061
Biomass of “standard” species . . 5898 8537
Biomass excl. mackerel and
horse mackerel ......... ... ... 8449 10756

“The biomass of mackerel is assumed to be 156000 t in the first quarter of the year and 720000 t in the third quarter.
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The species of Group 2 are distributed in the deeper
part of the North Sea, and as no hauls are made in water
depths greater than about 200 m in the surveys, the
biomass estimates of this group are probably under-
estimates.

Generally, the biomasses of the commercially
important 11 “standard” species are 2 to 3 times larger
than the annual catch. Comparing the present biomass
estimates of other fish with their commercial catches for
1983—1984 from Table 4, it appears that the catches are
generally much less than one third of the biomass esti-
mates, as would be expected for species of little or no
commercial importance, the only exception being the
commercial catch of ling, which is greater than the
biomass estimates. Therefore, the biomass estimate of
ling should probably be at least a factor 3 to 4 higher.
Likewise, the biomass estimate of turbot from the
EGFS seems a little low, being only twice the commer-
cial catch.

Comparison with biomass estimates from
Yang (1981)

Since the only previous attempt to estimate the total
abundance of fish in the North Sea systematically is that
by Yang (1981) it is important to compare the results
obtained here with his findings.

First, the total biomass was estimated by Yang to be
around 10.0 million tonnes (i.e., of all species, “stan-
dard” and “other™). In the present paper the compara-
ble figure is 8.6 million tonnes based on IYFS data and
13.1 million tonnes based on EGFS data.

Secondly, the total biomass estimate of the 11 “stan-
dard” species as estimated by Yang was 4.4 million
tonnes (on 1 January), while it is 5.9 million tonnes on 1
January and 8.5 million tonnes on 1 October in the
present paper. The biomass estimates given by Yang
were taken from single-species VPAs for the years
1977—-1978 made by ICES working groups. The natural
mortalities used in these VPAs were much lower than
the natural mortalities from the MSVPA. Therefore,
the biomass estimates based on the VPAs used by Yang
would be expected to be lower than those from the
MSVPA used in the present paper.

Thirdly, the total biomass estimate of “other” species
obtained by Yang was 55 % of the total biomass, while
in the present paper it is 32 % based on IYFS and 35 %
based on EGFS. The relatively higher biomass estimate
of “other” species by Yang is mainly due to the different
availabilities used because of differences in allocation of
species to species groups. Thus:

1) Grey gurnard (Eutrigla gurnardus) were grouped by
Yang together with plaice and sole, which have
lower availabilities than the gadoids with which grey
gurnard are grouped in the present paper. This re-
sults in a much higher biomass estimate (639000 t)
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by Yang than the biomass estimates presented here
(48000 t based on IYFS data and 146000 t based on
EGFS data).

2) Argentina (Argentina sphyraena) and silvery pout
(Gadiculus (thori)) were grouped by Yang together
with herring and sprat, which had low catch rates in
the EGFS he used. Therefore, the biomass of argen-
tine and silvery pout was estimated to be 539000 t,
compared with 2000t based on IYFS data and
34000 t based on EGFS data, in the present paper.

Whether Yang’s estimates are closer to the truth than
mine is difficult judge. The commercial catches of all
three species are very small and therefore give no an-
swer to the question. Argentine and silvery pout are
mainly distributed in deep water and are not surveyed
properly in the IYFS and EGFS. Thus, both authors’
biomass estimates for these two species are probably
unreliable. According to unpublished data from a
Dutch beam-trawl survey carried out in 1983—1986, the
catch rate of grey gurnard is low in beam trawls, in-
dicating that the behaviour of grey gurnard differs from
that of plaice and sole; thus, my grouping of grey gur-
nard in availability Group 1 is probably preferable to
Yang’s.

Yang also included estimates of species not recorded
in the EGFS, but their biomass was very small and is
ignored in the present context.

Comparisons with other fish biomass estimates
in the North Sea and elsewhere

The fish biomass density, production estimates, and
other parameters for the North Sea and comparable
shelf ecosystems are given in Table 5.

Jones (1982) implicitly estimated the biomass of the
species in the North Sea other than the 11 “standard”
species. By assuming production to be equal twice the
annual commercial catch, he estimated their production
to be 0.5 million tonnes per year in 1959—1961 and 0.4
million tonnes in 1968—1970. If it is assumed that the
production/biomass ratio is 1.15,' the biomass of other
species was 0.6 million tonnes in 1959—1961 and 0.5
million tonnes in 1968—1970. This is considerably lower
than the estimates in the present paper for the period
1983—1985, i.e., 2.7 million tonnes based on I'YFS data
and 4.5 million tonnes based on EGFS data.

The discrepancy might be explained by Jones’ as-
sumption that the production/yield ratio is equal to 2 for
the other species. This is probably an underestimate
because the ratio should be smaller for the by-catch

'"This is the P/B ratio of the nine MSVPA species, if their
biomass is taken as the mean of the biomass estimates on 1
January and 1 October from Table 2. i.e.. 6.7 million tonnes.
and their annual production is taken as the mean value for
1975—1985 from the MSVPA keyrun, i.e.. 7.7 million tonnes
(Anon., 1987a).
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Table S. Fish biomass density, production estimates and other parameters for various shelf ecosystems.

North Sea Georges Cape Eastern Central Irish Sea
Bank Hatteras to Bering Sea Baltic Sea
Nova Scotia
F N T 575 - 260 - 182 -
(km? x 107%)
Primary production ............. 200 400 300 160 - -
(€ Cx m2x yr)
Fish production ............. ... 21.7 - - 61 15.4 -
(g fresh weight x m™? x yr™!) 22.0
Fish biomass density ............ 15.0 26.0 11.5 21.3 209 1.45°
(g fresh weight X m™?) 22.7 45.4 30.8 33.7
Yield. ...l 2.7 - 0.4 2.1 0.5 -

(tonnes x 107%)

*Demersal species only.

species than for the main target species of the fishery.
The ratios for the nine MSVPA species have been be-
tween 2 and 3 for the last ten years.

Sissenwine et al. (1984) estimated the finfish biomass
density (i.e., biomass per m?) on Georges Bank as
45.4 ¢ m~2 during the period 1964—1966 and 26.0 g m~2
during the period 1973—-1975. The comparable figures
based on the biomass estimates presented in this paper
for the North Sea are 15.0 g m™? in February and
22.7gm™? in August—September. This somewhat
higher fish biomass density on Georges Bank is in line
with the observed difference in the productivity be-
tween the two areas.

The primary production at Georges Bank is about
400 g C m™? yr' (Sissenwine ef al., 1984), while it is
only approximately 200 g C m~? yr™' in the North Sea
(Franz and Gieskes, 1983). According to Cohen and
Grosslein (in press) the mean annual catch (1968—1982)
was 6.7g m~? yr'! on Georges Bank. According to
Anon. (1988) the mean annual catch (1975—1985) was
2.7 million tonnes in the North Sea, i.e., 4.6 gm™ yr™*.

The continental shelf area off the northeastern USA
from Cape Hatteras to Nova Scotia is approximately
260000 km?, and the biomass of exploitable fish and
squids (larger than approximately 15 cm) has varied
between 3 and 8 million tonnes from 1969 to 1972 (Sis-
senwine, 1986). Since 1972 the biomass has remained
rather stable at around 3 million tonnes. The decline
from 8 million tonnes is due primarily to heavy fishing.
The primary production of the area is about 300 g C m™2
yr~'. The biomass density of exploitable fish and squid
has been about 11.5 g m~?since 1972. If the weight of a
15-cm fish is assumed to be approximately 30 g the
biomass density estimates of these fish can be compared
with the MSVPA biomass densities of fish greater than
30 g. This MSVPA biomass density is 8.0 g m™? on 1
January and 12.7 ¢ m™? on 1 October and is therefore
similar to the biomass density from the shelf area after
1972. It is, however, interesting that the annual catch
per unit area on the continental shelf from Cape Hatte-

2 1

ras to Nova Scotia is only about 1.5g m™ yr~
(1977—-1982), i.e., only about one fourth of the annual
catch per unit area in the North Sea.

The eastern Bering Sea has an area about twice as
large as the North Sea (Laevastu and Larkins, 1981),
with a primary production of 160 g C yr™' (Cohen and
Grosslein, in press). The equilibrium biomass of fish
and squid with the present fishery is, according to Lae-
vastu and Larkins (1981, Table 9), between 24.5 and
38.7 million tonnes. This is about twice the biomass
density of the North Sea. According to Cohen and
Grosslein, the annual fish production in the eastern
Bering Sea is also high, 61 kcal m™2 yr™'. For the North
Sea the production of the nine MSVPA species is 7.7
million tonnes per year (1975—1985). This is equivalent
to 13.5 kcal m™? yr™! (assuming 1 g wet weight equals 1
kcal). If the P/B ratio for the North Sea species not
included in the MSVPA is the same as for the nine
MSVPA species, the annual fish production in the
North Sea becomes 21.7 kcal m 2 yr~!' and 22.0 kcal m™?
yr~! for estimates based on the IYFS data and the EGFS
data respectively. In spite of the large fish production in
the eastern Bering Sea the annual catch per unit area is
only 2.1 gm™?yr~! (mean over 1965—1981) according to
Cohen and Grosslein.

According to Anon. (1988), the biomass in the Cen-
tral Baltic Sea (Subdivisions 25—-29S), is 3.8 million
tonnes on 1 January 1984. Only cod, herring, and sprat
are included because these three species constitute al-
most the total fish biomass in the Baltic Sea. The bio-
mass density is 39 % higher than in the North Sea in
February and 8 % lower in August—September. The
fish production in the Baltic is 15.4 g m™? yr~! compared
with 21.7 g m~? yr~! based on IYFS data and 22.0 g m™?
yr~! based on EGFS data in the North Sea. Thus, the
Central Baltic Sea is very similar to the North Sea with
respect to fish biomass and production. The annual
catch in the Central Baltic is, however, only 2.9 g m™2
yr~! (1983), while itis 4.7 gm~?yr~' (1974—1985) in the
North Sea. However, according to Anon. (1987c), the
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herring stocks and especially the sprat stocks are only
lightly exploited in the Central Baltic.

Brander (1981) estimated the biomass density of de-
mersal fish in the Irish Sea to be 1.45 g m~2. Taking
availability Groups 1, 6, and 7 as demersal species, the
comparable North Sea figures become 8.29 g m~? based
on the I'YFS data and 8.76 g m~2 based on the EGFS
data. According to Brander, the biomass of shellfish is
much larger in the Irish Sea than in the North Sea. This
could be the reason for the low biomass of demersal fish
in the Irish Sea, if it is assumed that the shellfish can
substitute for demersal fish in marine ecosystems.

All these comparisons of the North Sea with other
shelf ecosystems show that while the biomass density of
fish in the North Sea is smaller than or equal to the
biomass density in the other areas (except the Irish
Sea), the annual catch per unit area is considerably
higher. This could indicate either that the biomass of
fish in the North Sea is underestimated in the present
paper, or that the North Sea is more heavily fished. It is,
however, certainly the case that several steps in the
biomass estimation procedures used in the present pa-
per are chosen in a way that would tend to result in an
underestimate of biomass.
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