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1 IDENTITY
1.1 Nomenclature
1,11 Valid name

Melemogremmus seglefinus (Linnaeus) 1758

1,12 Objective synonymy

Cadus aeglefinus Ls, 1758

Morhua aeglefinug Fleming, 1828
Yorhua punctatuo Fleming 1828
Aeglefinus linnei Malmgren, 1877

1.2 Taxonomy
1.21 Affinities

- Suprageneric

Phylum Vertebrata
Subphylum Craniate
Superclass Cnathostomata
Series Pisces
Class Teleostomi
Subclass Actinopterygil
Order CGadiformes
Family Gadidae
Subfamily Gadinae

= Generic

Melanogrammus Gill, 1863,
Type Gadus aeplefinug L.y 1758,

The generic description given by Svetovidov

(1948) is:

"Dorsal and anal fins separated by inter—
spaces, First anal fin short; begimming beneath
the origin of the second dorgsal fin or slightly
behind it, Caudal fin slightly notched., Barbel
on chin weakly developed, shorter than the dia-
meter of the eye, Mouth smally rear end of
lower jaw beneath the centre of the eye, upper
jaw extending beyond the lower, Teeth in 1-2
rows on the dentary; in several rows on the pre-
maxillary, a group of a few teeth at the apex of
the vomer, Lateral line dark, in the shape of a
shallow arch, o the begimming of the third
dorsal fin, placed above the central axis of the

body, extending without interruption to the end of

the body, There are pores along the lateral line
canal on the heads 13 pores in the preopercular-
mandibular canaly, 7 pores in the infraorbital
canal; 1 pore in the supraorbital canal and 1
pore in the supraorbital commissure, Hucous
cavity on the skull closed in front. Prootic
with a notch in front on the sides of the skull,
Crests over the foramen of the recurrent dorsal
branch of the faciel nerve scarcely developed.
Supraorbital with a high crest, Bones of the
pectoral girdle greatly thickened, The opercular
procesa of the hyomandibular somewhat shorter
+han the lower process,®

- Specific

Melanogrammus aeglefiny: (Linnaeus)

1758 (Fig. 1)
Type Gadus aeglefinus L., 1758

ID15-16, I1 D 19-21, III D 19-22,
IA 2324, IT A 22-23; gill rakexs 24~27,
vertebrae 52-57, First dorsal fin high and
sharp tipped. Jaw bones greatly shortened
length of the upper jaw 28,6-33,1, lower jaw
3563-39.1 percent of head length, In perceut
of body lemgth: anieanal distance 41.7-45.5
antedorsal distance 26,1-28,2, length of
pectoral fin 14.1-16,6, length of pelviec fin
8,9-10,9, base of first dorsal fin 12,2-13.8,
base of second dorsal fin 19,7-23,5; third
13,6-16,4, base of First anal fin 21,1-22,8,
base of second anal 13,8-16,5;, height of firs%
dorsal fin 13.4~18,5, height of first anal fim
9.6~10,6, length of caundal pedumcle 4,3-5,3,
its depth 10,4~12.4, head length 24,6-25,7.
In percent of head lengths length of snoub
34,5-38.9, lateral diameter of eye 20,0-28,2,
width of forehead 17.9-22,8, Upper part of
body and head dark grey with violet shading,
sides lighter, belly and lower part of head
milky white, Lateral line black. A large
black spot under the lateral line in the
ragion of the pectoral fing on each side,
Poctoral and dorsal fins same colour as the
dorsum, Meximum length about 1 m (After
Svetovidov, 1948)

Only one species,

1,22 Taxonomic status
Morpho=species

1.23 Subspecies
None

1.24 Standard common names,
vernaoular names (from ICES,

1966)
English Haddock
Danish Kuller
Dutch Sohelvis

Faroese Hffsa
Finnish Kolja
French Eglefin
German Schellfisch
Icelandic Tsa
Norwegian Hyse, Kolje
Polish Plamiak, tupacs
Portuguese Arinca
Spanish Eglefino
Swedisgh Kol ja
Russian Piksha
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1.31 External morphology (see 1,21
and Pigure 1),

1.32 Cytomorphology
Chromosome number: 2n = 46, 6 or 7 pairs

metacentric, 16 or 17 peirs telocentrioc (Purdom,
personal communication),

1.33 Protein specificity

Individual differences in transferrin
types in haddock have been located, btut as yet
definite transferring type determinations bhave
not been possible (Mgller and Naevdal, 1967),
Intraspecific variations in haemoglobin com~
ponents have been detected in haddock from the
Norwegian coast, but the full mignificance of
these variations hag not been determined
(Mf1ler and Naevdal, 1969),
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2 DISTRIBUTION
2,1 Total area (Fig., 2)

The haddock is a continental shelf species
of the north-east Atlantic (ANE) and north-west
Atlentic (AWW),

In the north—east Atlantic it ranges from
the northem part of the Bay of Biscay to the
north of west Spitsbergen, including the Irish
Sea, the North Sea, the western part of the
Baltic and the banks off the continental ghelf
-~ Porcupine Bank, "Farm® area, Rockall Bank
(Blacker, 1962 and 1963), Lousy Bank (Pawsey and
Davis, 1924), Faroe Bank and Faroe Plateau,

In the Barents Sea it occurs as far east as
@Goose Bank and the shores of southern Wovaya
Zemlyas; some dead ones have been found in

the Kara Sea in recent years (Svetovidov, 1948),
A% Spitsbergen, juvenile haddock have been
taken as far north as 80°30'N (Berger; Popov
and Cheremisine, 1962), In the southern part
of its range the haddock ai present makes only
sporadic occurrences in the souwthern North Sea
and the English Chamnel and it is doubtful if
it oocurs in northern Biscay nowadays,

The haddock is abundant at Iceland except
in the colder areas of the north and north-east
(Saemundsson, 1949), but at Greenland it is
comparatively rare on the west side, and very
rare on the east coast (Konstantinov, 1968).

In the north-west Atlantic the haddock
renges from Cape May (38°N) to the Strait of
Belle Isle (529N), 1% is most abundant from
Cape Cod to the southern part of Grand Bank,
Haddock are much less abundant in the Gulf of
8t. Lawrence, off the west coast of Newfoundland
(Bigelow and Schroeder, 1953) and off the east
coast of Newfoundland (Leim and Scott, 1966),

2,2 Differential distribution

2,21 Spawn, larvae and juveniles

- Spawning areas and seasons
{see Table I)

The eggs are pelagioc; mainly from 0-20 m
(Colton, 1965),

- Larvae

Larvae are pelaglc and late stage larvaee
may perhaps be associated with jellyfish

(e.g. Cyansa)} (Svetovidov, 1948; Colton and
Temple, 1961),

The larvae are usually most concentrated
botween 10 and 40 m depth (Colton, 1965),

- Juveniles

According %o Svetovidov (1948) in the
Barents Sea O-group juveniles are pelagic until
auwbumn cooling starts; then they teke to the
bottom. In the following spring they become
pelagic again and move inshore, In the next
auntumn they move offshore again and become
wholly bottom—-living, TIn their third year they
start seasonal migrations, moving to the western
Barents Sea when autumn cooling begins and back
to the eastern Barents Sea during the feeding
season, In these migrations, the largest fish
move furthest east (Maslov, 1939).

Thompson (1929) gives the areas of dis—
tribution of North Sea haddock at successive
ages from hatching,

In the north-west Atlantic juveniles seem
40 occur on the same grounds as the adult
shock (Schuck, 19483 Colton, 1965),

2,22 Adults

Mainly botitom—living but known %o be
pelagic at bimes (mee 3.5).

Seasonal migrations are undertaken between
spawning and feeding grounds: from the
shallower pavts of the Barents Sea to the north-
west and north Norwey coast for spawning, A%
Iceland spawming is concentrated off the south-
west and west coasgts and feeding grounds are off
these north-west, north; south and south-east
coasts,

In the north-west Atlantic migrations are
not exitensive, In the Gulf of Maine there is
a movement inbo shallower water in spring and
summer and again in auwtumn, Thege haddock
withdraw from shallow water when the temperature
rises above 10°C in summer and when i% falls in
winter (Bigelow and Schroeder, 1953; Colton,
1955; WNeedler, 19303 Schroeder, 1942;
Vladykov, 19353°

In the North Sea, adults spawn in deep
water in ‘he northern Worth Sea and migrate to
shallower water to the west and south for
feeding, Haddock probably also spawmn off the
Scottish north-west coast, in the Butt of Lewis
region (R, Jones, personal communication),
Largest fish migrate furthest (Thompson, 1929),
In years of high stock abundanoe movements are
greater; for example, the very abundant 1962
year—class spread into the southern North Sea
and the English Chamnel, where haddock do no%
usually occur,



Fige 2 The digiribution of haddock
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TABLE I

Haddock spawning areas and seasons

Stook

Spawning area(s)

Spawning season

Peak season

Authority

1. Worth Sea
and
N Scotland
2, Rockall

3. Faroe

4, Barents See

5. Ioeland

6, NW Atlantic

Horthern North Sea
and shelf” W of
Orkney and Shetland
Rockall Bank

NWy N and NE of
Faroe

N¥ Norway, 63-68°N#

SH and W Tceland

(2) Georges Bank,
Browns Bank,
coagtal water
of Culf of
Maine

(b) scotian Banks
(¢) Grand Bank

March to mid-May

7

Late February to
mid-May

Late Jenuary to
June

May to June

February to May

May to June

Late March to

first half April

May

Early April

March to April

March to April

April

June

Saville (1959, 1965)

Schmidt (1909) MAFF
(unpublished data)

saville (1956)

Dragesund (1970)

Saemundsson (1949)
Bigelow and Schroeder

(1953); Walford (1938)
Colton and Temple (19613

Leim and Scott (1966)
Hodder (1965)

# According to Svetovidov (1948) baddock also spawn off the Finmark and W, Murman coests, but there
appears to be no recent evidence of this,

2,3 Determinants of distribution changes

Like the cod (Gadus morhuza) the haddock is

The usual depth range is 10=450 m,
Svetovidov (1948) gives the depth range as
10-1 000 m, but the latter depth probadbly

closely associated with the Gulf Stream and its
branches where mixing with Arctic currents and
other waters itakes place in shallow depths,

refers to a record of CGoode snd Bean {1895)
which is open %o doubt,

Sonina (1969) describes changes in the
digtribution and migrations of haddock in
the Barents Sea from 1927 to 1965, She
attributee these to variations in the hydro-—
graphic conditions and a change of feeding
habits,

Generelly haddock occur in water tempera—
tures between 1 and 10°C,

In the noriii-west Atlantic the salinity
renge of haddock is from 31,5 to 34.5° /o
(Bigelow and Schroeder, 1953), but in the
Barents Sea the salinity range is higher,
34-35°/00 (Svetovidov, 1948)
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3 BIONOMICS AND LIFE HISTORY

3.1 Reproduction
3+11 Sexuality

The sexes are separate.

Hermaphroditism may ooour as in other gadoids,
but from the absenoe of published records it must

be very rare.
There are no external sexual charaoters.
3012 Maturity

The ages and sizes at first maturity for
various populations are given in Table II.

3013 Mating

Probably polygemous and promiscuous (see
also 3016)e

TABLE

3014 Poertilization
External.
3015 Gonads

= Relation of gonad size and egg
number to body length and weight
and to age

The relation of fecundity to length is
ghown in Figuve 3, The low values of Earll
(1880) compared with those of Raitt (1933) and
Hodder (1965) suggest that some eggs may have
been released before his samples were obtained,
although Barll was aware that spawning of
individuals was spread over a long periode

The relation of fecundity to age is given
in Table IXI,

II

Haddock size and age at first maturity

Stock (yﬁﬁ;s) Size (om) Authority
North Sea 3=5 2329 Thompson (1924, 1929)
Rockall T 4 about 30 Personal observation
Faroe P 27-42 Thompson (1924)
Barents Sea 4=T 37=T3 Personal observations
Sonina (1969)
Norwegian Oel], 28-32 Personal observation
coastal
Iceland 4=5 50=55 Saermndsson (1949)3
Thompson (1929a)
NW Atlantic 3=6 36=54 Thompson (1939);
Bigelow and Schroeder (1953);
Georges Bank 2=3 30-50 Clark (1959)
TABLE IIT
Relation of fecundity %o age (thousands of eggs)
Age (years)
Stock Authority
3 4 5 6 7 8 9 10 | 12
North .
Seaw o1 100 159 224 278 - - - - = Raitt (1933)
Grand =  48= 195= 198= 514 481= 496~ 742 805- 846 Hodder (1965)
Bank 154 298 298 550 514 1148

# Ages adjusted to {1 January birthday
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= Coefficient of fecundity

For North Sea: F = 0,2032 x L3°84
(Raitt, 1933)

For Grand Bank: F = 0.00439% x Ls"110
(Hodder, 1965)

= Number of eggs produced by an
individual

=~ In a year
See above.
=~ In a lifetime
A haddock may survive to spawn in gix or
more successive years after reaching maturity,
in which oase the total egg production would be

in excess of 3 million.

= Variation in fecundity with
health or condition

No information.
= Correlation between the number
of eggs produced and the nature of
environment
Hodder (1965) discusses the possible effects
of temperature on the fecundity of Grand Bank
haddocke
30,16 Spawning
~ Number of spawnings per year
Only one spawning per year, but observations
of gpawning in an aquarium show that the eggs are
released at intervals over a period of about three
weeks (Hawkins, Chapman and Symonds, 1967). Earll
(1880) and Raitt (1933) had already suggested
repetitive spawninge.
= Spawning seasons
See Table I and 2.21.

= Spawning time of day

No particular time of day from aquarium
observations (Hawkins, Chapman and Symonds, 1967).

= Sequence of spawming of
individuals in a population

No information.

-~ Factors influencing spawning
time

Clogely related to temperature changes on
Georges Bank (Colton; 1968).

- Relation of time of breeding
to that of rclated species

Usually three weeks or so later than cod
in the same area, with an overlap between late-
spawning ood and early-spawning haddock
(Saville, 19565 Walford, 1938; Marak and
Colion, 1962),

= Location and type of spawning
ground )

For location see 2.29,

Type of ground: in the North-west
Atlantic, spawning takes place over broken
ground vhere sand; gravel, mud and rocks inter-
mingle (Bigelow and Schroeder; 1953),

= Variations and causes of
variations of spawning grounds

No information.

= Ratio and distribution of
sexes on spawning grounds

No information (see 4.11)e
= Nature of mating act
Courtship and mating have been observed
in the aquarium (Hawkins, Chapman and Symonds,
1967). A male and female paived off and sperm
and eggs were released with the two fish in

close contact; belly to belly, swimming
vertically upwards.

= Variation in mating behaviour
No information.

- Negting habits
No nest produced.

= Reproductive isolation

Noneo

r

« Induction of spawning
No information,
3,17 Spawn

Eggs buoyant; transparent, without oil
globule and with a narrow perivitelline space.
Diameter 1,19-1.72 mme In early stages
indistinguishable from eggs of cod and witch
(Glyptocephalus cynoglossus) (Bigelow and
Schroeder, 1953; Walford, 1938).
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302 Pre=adult phase

3021 Embryenic phase

Melntosh and Masterman {1897) describe the
development of haddock eggs and larvae, but no
temperature details are given.
gagtrulation, the formation of the notochord and
the appearance of the first pigment spots take
place on the fifth day; the blastopore closes
on the eleventh day; embryonic fin rays and eye
pigment sppear on the sewventeenth day; and
hatching ocours after 20 dayse

The rate of development varies with tempera~

turee The rates given by different observers
are shown in Table IVe The figures given by
Dannevig (1895) and Walford (1938) agree closely,
tut thome of Bigelow and Schroeder (1953) differ
considerably from those of the other authorse

3622 Larvae phase

Post=larval and young stages are illustrated

in Figure 4o

Newly-=hatched larvae are 305-4.1 mm long
(McIntosh and Masterman; 1897)e The yolk-sac is
absorbed in about ten days at 5 C when the larvae
reache & smize of 5.5 mm (Bigelow and Schroedew,

1953)e

Haddock larvae are distinguished from those
of cod, saithe (Pollachius virens), pollack
(Po pollachius) and polar cod (Boreogadus saida)
by the absence of medio=lateral pigmentation.
They are distinguished from those of other
gadoids without medio=lateral pigment by their
pigmentation and the position of the anuse
Sehmidt (1905) gives keys for the identification
of larvae of different smizes.

The black shoulder patoh is readily seen in
laxvae of 45«50 mme

According to them,

= Effect of environment on rates
of development and surviwval

The variation in survivael of baddeck
brpods in relation to wind strength and direc=
tion and currents has been studied by
Carruthers, Lawford and Veley (1951),
Carvuthers, Lawford, Veley and Parrish (1951),
Chase (1955), Rae, KoMo (1957), Saville (1959,
1965) and Walford (1938)e Carfuthers, Lawford,
Veley and Parrieh (1951) found a correlation
between year=clags strength of North Sea
haddock and wind direction and strength, poor
year=clagses during the period 1920 to 1949
being associated with predominant south-west
winds during the spawning season. Saville
(1959, 1965) found no such correlation for the
period 1952 to 1957, and Gulland (1965) pointed
out the diffieculties of attempting to correlate
the survival of young stages of fish with
environmental conditionse

3023 Adolescent phase

Development of the basic adult colouration
is complete at a size of 45-50 mme At this
stage the juveniles are still pelagice

See 20,21 for distribution of juvenile
gtagese

- Rates and perieds of develop=
meat and survival and factors
affecting these

The growth rates of various populations
are shown in Figure 5. The adolescent phase
may last from two years (Faroe and North Sea)
4o seven years (Barents Sea) (see Table II)o

O=groupy; {=group and ocoasiocnally larger
haddock are preyed upon by cod, saithe, whiting
and other predatory fish (Bigelow and Schroedesx
19535 observations from MAFF routine research
vessel samples)o See also 3034e

TABLE IV

. . o
Hatching time (days) of haddook eggs at various temperatures (C)

Authority 3° 4° 5° 6° 8° 10° 12° 14°
oss) © 23 2002 /s as¥2 13 03s P/ &k
(1938) 21 18V 163/4 /.

Bigelow and
Schroedexr 15 13
(1953)




FIRM/S84 Haddook

3

5

Figo 4

Post=larval and young stages of haddook (from Schmidt, 1905)
og
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= Effects of enviromment, sub-
populations, density, on rates of
development and survival

Growth rates of different populations vary
(Figo 5) and there are also variations within
populations (Thompson, 1929; Jones, 1962). These
may be environmental effectse See also 3e043.

= Differences from adults in
diet, feeding methods, etce

Basically there is no difference between
the diet and feeding methods of adolescent and
adult haddock as both feed mainly on benthos
(see 3442), but the smaller adolescents (0= and
{mgroup) feed on smaller species and specimens
than the large adultse

303 Adult phase
3631 Longevity

= Average life expectanoy
Varies with different populationse
= Maximum age

22 years in the Barents Sea (personal
observation).

‘14 years in the north-west Atlantic
(Bigelow and Schroeder, 1953).

16 years at Iceland (from routine otolith
gamples, Fisheries Laboratory, Lowestoft)e

11 years in the North Sea (Thompson, 1923)e
3632 Hardiness

Tempgrature range 1-12°C, salinity range
31e5=3405 /00 in the North-west Atlantic, up to
35.2°/00 in the North-east Atlantic (Bigelow and
Schroeder, 1953)e

Haddock r rely occur in water colder than
1°C and colder :;:mperatures cause large
mortalities (Templeman, 1965). In aquaria
haddock survived at 14-20°C for several months
(Bigelow and Schroeder, 1953}, but such high
temperatures are not normal in areas where
haddock occure

3533 Competitors

There is; perhaps, a certain amount of
competition between cod and haddock (Browm and
Cheng, 1946; Kohler and Fitzgerald, 1969;
Petrove=Grinkevich, 1944)s Petrove~Grinkevich
found that competition between cod and haddock
was greatest in spring and early summer in the
western and central Barents Sea, when both fish
wore feeding on capelin or krill. Templeman

(1965a) also recorded cod and haddoock heth
feeding on gpawning capelin on the South~sast
Shoal of the Grand Bank in July and Angust, but
the haddock contained a greater percentage of
capelin eggs than the code A% Iceland both
species sometimes feed on sandeels (Brown and
Cheng, 1946) and this also occurs in the Northe
west Atlantic (Kohler and Fitvzgerald, 1969)e
In all these instances the extent of competi-
tion is probably small because of the great
abundance of the food organisms at the time
when cod and haddock are both feeding on ‘theme

3.34‘Predators

Figh up to about 30 cm are eaten by cod,
coalfish (Bigelow and Schroeder, 1953) and
other carnivores, Larger fish are teken by
seals (Rae, BoBoy 1968), but man is the prin=
cipal predator at this stageo

3035 Parasites, diseases, injuries,
and abnormalities

- Paragites and diseases

The following parasites of haddock are
listed by Reichenbach-Klinke (1966)e

Protozoas

Myxogoma aeglefini in cranial bones
Nosema branchiale on gills
Myxobolus aeglefini

Eimeria gadi in swimbladder
Haemogregarina aeglefini in blood
Leucocytozoon sp. in blood
Platyhelminthes:

Diclidophora gadi on gills

Bucephalopsis gracilescens
Lepidapedon rachion
Derotrema abyssorum

Cryptocotyle lingus

metacercaria in the
skin

larvae (adulis in
ghaxks and rays)

Grillotia erinacea

Parabothrium bulbiferum
Abothrium Egdi
Bothriocephalus scorpii

Nematodas

Cucullanus cirratus in gut

Contracaecoum clavatum in liver, gut, mesgen-
Co aduncum taries, stomach and
- T abdominal wall
Ascarophis morrhuae in gut
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Crustaceas
Bomolochus solese on gills
Caligus curtus on gkin and fins

Lernaecocera lusci “/ on gills
Z Lo branchialis 1 on gills
Epibrachiella impudica

Clavella dubia2/, )  in mouth cavity and
Co brevicollisg/ ) pharynx

To this list should be addeds Tripartiella

melanogrammi (Protozoa, Ciliata), found on the
gills and fins by Stein (1961), and Ascarophis
filiformis (Nematoda) and Pyramicephalus
phocarum (Cestoda), recorded on haddock by
Dogiel, Petrushevaki and Polyanski (1958).

Few of these parasites have been situdied
in detail in the haddock,; but the effects of
Lernaeocera obtusa have been described by
Kabata (1958). Infection is by a planktonic
stage from the intermediate phase in. the lemon
gole (Microstomus). Adults reduce the weight
of the host by 10 to 30 percenteo

«= Injuries and abnormalities
Xanthochroism occurs occasgionally. Apawt
from the golden colour there appears to be no
adverse effect on the fishe

304 Nutrition and growth

3041 Feeding
= Time of day
Unknown,
= Place
Anyvhere in the geographic rangee
= Manner
The method of feeding has been observed in
aquaria by Tseeb (1962, 1962b). Mouthfuls of
the bottom are "sieved® in the mouth; some
particles are passed out through the gills and
others spat out of the mouthy, thus reducing the
intazke of mineral particlese
= Frequency

Unknovmoe

1/ Kabata (1958) separated Lo obtusa, found only
on haddock, from L. branchialis.

2/ Kabvata (1963) reviewed the systematics of

Clavella spp. in European waters and concluded

that the many species described are all
ecotypes of Clavella aduncae.

« Variation of feeding habits
with availability, season, etece

Larvae and juveniles are planktonic
feeders.

Adults feed less intensively in the
spawning season. Usually they are benthic
feeders, but at times haddock concentrate on
gspawning shoals of capeling; feeding on the fish
and eggs (Templeman, 1965&3, on herring
gpawning grounds (Bowman, 1923), and on sande
eels (Bigelow and Schroeder, 1953; Brown and
Cheng, 1946). Sonina (19693 described longe
term changes in the feeding habits of Barents
Sea haddock: a change from feeding mainly on .
benthos in the east and south—east Barents
Sea to feeding on euphausiids and capelin
further westo Wigley (1956) described food
habits on Georges Banke.

3042 Food
= Types

Planktonic copepods during pelagic larval
and juvenile stages (Olgilvie, 1938; Marak,
1960)s Adults feed on a vast variety of
benthic animels, especially Crustacea,
Polychaetes, Lemellibranch molluscs, and
Echinoderms %Ophiuroids and Fchinoids in
particular) (Brown and Cheng, 1946; Ritchie,
1937; Bigelow and Schroeder, 1953; Hertling,
1942; Kohler and Fitzgerald, 1969; Wigley,
1956},

Fish eaten by haddock include herring,
capelin, sandeels, small mackerel, young eels
and silver hake (Bigelow and Schroeder, 1953)e
Cannibalism has also been recorded (Wigley,
1956)s Capelin spawn and herring spawn are
also eaten (see 3o41)e

= Volume of food eaten

Ritchie (1937) gives the volume of each
of the constituent groups in the diet for
various size groups of haddock from the Noxth
Seas Thompson (1939) gives the following
average vnlpmes of food per 100 stomachs:

Nova Scotian Banks 590 cc (average haddock
length 49 cm)

Newfoundland Banks 934 cc (average haddock
length 56 cm)

North Sea
length over 40 cm)e

562 cc (average haddock
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3043 Growth rate

= Relative and absolute growth
patterns and rates

The growth rate varies according 4o areae
Curves given in Figure 5 show that growth is
rapid at Iceland, at Faroe, in the Barents Sea,
and on Georges Bank and slow in the deep central
North Sea and at Rockall, Growth of different
populations in the North-west Atlantic is given
by Hennemuth, Grosslein and MeCracken (1964).

Andersson (1938) noted variations in the
growth rate of different year=classes of haddock
entering the Skagerrake

Jones (1962) illustrated considerable anmual
variations in growth in the North Sea and compared
the growth rates found by Thompson (1929) with
more recent data (Table V), He also found con=
siderable variations for Faroe haddocke

The following parameters of the Bertalanffy
growth curve have been obtained:

Loo(em) X
North Sea, slow 4803 0,28
growth area Jones
North Sea, fast 5801 0024 (1962)
growth area
Faroe T1e9 0022
ICNAF Subarea 3 55=60 0022
(Grand Bank)
ICNAF Subarea 4 65=T0 06170022 Beverton
(Scotian Shelf) (1965)

ICNAF Subarea 5 73 0,28
(Georges Bank)

= Condition faotors

0085=102 (Ro Jones, personal communication;

Tytler; 1969)e

= Relation of growth to feeding,
spawning, etce

The slow growth vate in the deep central
North Sea and at Rockall is probably due to poor
feeding conditions.

Templeman and Squires (1956) showed that
in the Grand Bank area the growth rates differ
for males and females: males grow faster at
first end mature earlier than females,; but after
maturity is reached their growth slows downe
Jones (1962) also showed that female haddook
were significantly larger than males of the same
age in the North Sea and at FParce in 1950 and
1951

= Relation of growbth to populam
tion density

The growth rate of the extremely abundant
North Sea 1962 year=class was significantly
lower than average in its earlier years (Jones
and Jexmyn, 1968). This may have been caused by
the great density of this year=classe

Beverton and Holt (1957) and Raitt (1939)
discussed the effects of haddock population
density on growth rate for various areas in the
North Sea and showed that the growth rate
decreases with increasing population in some
arease

An inverse relationship between the growbth
rate and population density of the Barents Sea
haddock population has been described by Sonina
(1965, 1967, 1969)e She also showed s relation=
ship between growbth rate and changes in feeding
habits which hawve happened at the same time as
the present decrease in population density in
the Barents Seao

TABLE V

The variation in growth rate of North Sea haddock, shown as

mean lengths in centimetres,

(After Jones, 1962)

Age Slow growth area Fast growth areea ;
(years) 1926-30 1936=39 1947=57 192630 1936-39 1947=57
0075 1405 1503 1567 1740 1669 1708
1075 2904 2365 2369 2402 25,8 2701
2,75 2509 2944 2904 29.4 3169 3406
3.75 2943 340 3349 3307 3604 40,7
4075 3249 3748 3743 3746 3969 4508




3210

FLRM/S84 Haddoole

= Food=growth relations
No informations
3044 Metabolism
= Metabolic rates

The following values hawve been obtained by
Tytler (1969, and personsl communication)e

- Standard

LAt 10°C, 59 £ 12 mg 0,/kg/hour; at 157G,
150 = 40 mg O2 g/hourn

= Active
Mean rate at a swimming speed, of two body

lengths per secondé at 10°C, 268 = 48 mg
0,/ke/

ofkefhour; at 15°C, 289 L 66 mg 0pfkg/houre
= Endocrine systems and hormones
No informatione
= Osmotic relations
No information.
3¢5 Behaviour
3051 Migrations and local movements
In most areas there are migrations to and
from the spawning grounds. These may be
extensive as in the Barents Sea (Saetersdal,

1956, Sonina, 1969) and at Iceland (Saemundsson,
1949; Thompson, 1929a), or short movements s

in the North-west Atlantic (Bigelow and Schroeder,

1953; McCracken, 1965)s See also 2622e

Thompson (1929) described the differences
in migration distances and direction with
increasing age of haddock in the North Seao

3652 Schooling
= Bxtent of schooling habits

At spawning time and when feeding on
concentrations of capelin or sandeels, haddock
form dense schools, but Jones (1963) suggests
that it is not normally a shoaling fish,

= Composition of stocks by size,
age and sex

See 4ot
= Mixing of stocks

No evidence of mixing of stocks anywhereo

= Mixing between species

In the catches haddock often oscur mixed
with cod and coalfish, but there is no evidence
to prove that they are not in separate shoals
on the sea~bed.

= Patterns of schools

No informatione

= Vertical movements

At times haddock are known to be pelagie
and well off the sea bed (Trout, 1962;
Woodhead, 1964, 1965). In the North Sea they
have been caught and observed on television at
27-36 m where the depth was 128 m (Margetts,
1966)

= Size, density and behaviour
of schools in relation to time
of day, geographic location,
season, oceanographical factors,
physiological conditions

Diurnal vertical migrations take place in
some areas (Woodhead, 1964, 1965; Colton,
1965)e There are seasonal variations in
catchability which are presumably due to
changes in the behaviour of the fish, for
example the change from "dark" to “daylight™
fishing at Faroe in the springe

= Aggregation (local concens
tration of several separate
schools of some species or
various species)

No informatione

3053 Responses to stimuli
= Environmental stimuli

= Mechanical (pressures,
currents, sound)

Haddock produce sounds (Hawkins and
Chapman, 1966) so presumably they can respond
to sound stimulie

= Chemical (dlfactory, gustatory
salinity gradients)

No informatione

= Thermal
No informatione

= Optical

No infoxrmatione
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= Artificial stimuli

= Fishing gear components; model
gear

Observations on the behaviour of haddock
in the trawl have been made by Clark (1958) and
Livingstone (1962)e Haddock in the funnel of
the codwend swam mainly in the direction of the
towy making some side=to=side movements withe
out touching the net at {he sides. A small
percentage swam straight into the cod-~end. The
majority of fish seen escaping from the cod=end
went through the meshes easily, but some
escaped only after a struggle.

Blaxter and Parrish (1966) desoribed tank
experiments with nets etoc, and found that
haddock responded o visual stimuli in daylight
and some undetermined stimli at low light levels,

Photographs taken with cameras mounted on
the trawl show haddock swimming in the direce
tion of the tow in front of the trawl as well as
vhen they are under the netting (Blacker,
unpublished),

= Electrical
Haddock respond in the game way as other
fish, swimming toward {the anocde. In high
currents paralysis or death ocours (MoRae and
Frenchy 1965).

= Variations in reactions
occurring with sge, size; eto.

No informatione
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4 POPULATICN
4.1 Structure
4,11 Bex wmatio

Research vessel samples off the north-west
Worway coast in 1963 gave a ratio of 58 percemt
males o 42 percent femaless 95.4 percent of
the fish were mature (MAFF, unpublished data),

Acoording to Thompson (1924) in the overe
all population the numbers of each sex are about
equal, He found varistions in the sex ratios
on different grounds with females predominating
in the shallower inshore areas and males in the
offshore grounds, but this is probably not
generally true,

4,12 Age compositlion

The age of haddock may be debtermined from
scales (Thompson, 1923; Jensen and Clark,
1958; Jensen and Wise, 1962) or otoliths
(Saetersdal, 1953), Comparison of age deter—
minations from scales and otolithe shows that
up to the age of eight years or so agreement
is good, but after this the scale ages become
increasingly wnreliable (Kohler and Clark,
1958; Saetersdal, 1958),

= Age composition of the
population ag & whole

There is little information for the
populations as a whole because 0= and I-group
haddock are not sampled adequately by commercisl
geary but data are available for the northemm
North Sea from Scotiish research vessel surveys
made amually since 1919 (except for the war
years 1939-45) (Raitt, 1939; Jones, 1962),
and for the north-west Atlantioc from U,S.,
Ue8,8.R.y and Canadian research vessel surveys
made since 1948 (Grosslein; 1969:; Richter end
Vinogradovy 19693 Lux, Richter and Grosslein,
1969). Results from surveys of the North Sea
since 1947 and of the Barenis Sea since 1958,
have been published annually in Amnales
Biologiques (ICES; Copenhagen),

-~ Age distribution of the
catch

Data for various areas are given in
Table VI,

Additional informetion foxr some stocks is
given each year in Anmales Biologigues (ICES,
Copenhagen) and the ICNAF Sampling Yearbooks,
Age distributions of catohes at Iceland from
1960 to 1966 are given in ICES, 1969,

-~ Variations with depth, etec,

No data,

- Age at first capture

This varies with the growth rate aund the
mesh sizme inm use., In the Worth Sea, at Farce
and Georges Bank, baddock uwsually enter the
fishery late in their second year; at Iceland
the Barents Sea and off Hove Scotia the age of
entry into the fishery is usually 3~4 yeaxs,
ut & few fish are caught when 2)2-3 years old,

- Age at first maturity
See 3.12) Table IX
= Maximum age

Twenty two years recorded from the Barents
Sea (personal observation),

- Density of age-groups

Highly variable. In the North Sea the
1962 year—class was the most abundant ever
recorded, whereas the 1956 year—class was the
poorest recorded gince 1916 (when records
began), The results of annual surveys of the
northern North Sea made by Scobttish research
vessels are published in Awmmales Biologidues,

The results of Ruseian surveys of the
Barents Sea for O=; I-y II- and I1I- age-group
haddock have been published annuvally since
1959 by Baranenkova (1961, 1962, 1963),
Baranenkova and Baranova 21964.), Nizovisev and
Baxanova (1965) and Barenova (1966, 1967,
1968, 1968a), These surveys and the inter-
national O-group fish surveys of the Barents
Sea (Dragesund, 1970; ICES, 1969b) show wide
variations in the density and distribution of
young haddock,

Surveys of the distribubion and abundance
of young fish have algo been made at Faroce inm
some years (Joemsen, 1956, 1957, 1959).

For the north-west Atlantic, data on the
abundance and age and size distribution for the
digtribution for the following ICNAF subareas
have been publisheds

Subareas 30 and 30 (Grend Bank) Templeman and
Hoddex 519653

Hodder (1966
Subarea 3Ps (St. Pierrs Templemen and
Bank Hoddex (1965a)

Subarea 4W (Bnerald and MoCracken
Sable Island Bauks) (1968)

Subarea 4X (Browns and  Hennemuth,
Le Havre Bauks) GOrosslein and
HcCracken )
(1964)
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Subares 52 (Georges Bamk) Colton (1955)s
Henmemuth (1969)3
Zukowski (1968)

The bounderies and subareas of ICES,
ICNAF and NEAFC are shown in Figure 6,

O—group surveys of (eorges Bank and the
Gulf of Maine have been made in most years
since 1948 (Col%on, 1955; Orosslein, 1969,
196923 Graham, 1969),

4,13 Size composition

- See Table VII for length
composition of the catch for
various areas,

Hells (1968) gives factors for the con-
version of standard, fork amd total lengths
for baddock from St. Pierre Bank, ICNAF sub-
area 3Ps,

Additional information for north—east
Atleantic stocks is pubiished annually in ICES
“Annales Biologigues", and for the north—
west Atlantic in ICNAF Sampling Yearbooks.

- Size at first capture

Varies with the mesh regulations for
each area,

= Size at first maturity
See 3,12,
- Maximum size

112 om;, 14,5 kg gutted weight, from
Iceland (Thompson, 1929a),

= Density of size groups
Varies with the success of year—classes
but the actual density of any particular sige
group is difficult to determine for any
stocke. See 4.20

= Length and weight relation-
ship

See Table VIII.

4.2 Abundance and dengity (of population)

4,21 Average abundance

In the north—sast Arotic the estimated
available population of Arcto-Norwegian haddock
has averaged 823 million during the period
1949-1968, The highest figure waz 1 859 millionm
in 1952 when the outstanding 1950 year—class
entered the fishery, The lowest was 388 million
in 1968, after a succession of poor or moderate .
strength year-classes. These estimates do not
include O~ and I-group fish (Garrod, personal
communication),

According to Hemmemuth (1969) the available
population of Georges Bank haddock from 1935~
1960 was 132 million, but in 1968 it was
reduced to 47 million, The estimated average
number of recruits (age 2) for the period
1935=1960 was 49 million, The numbers of O~ and
I-group haddock would each be greater than this
figure; so the total population for the period
1935=1960 probably averaged about 300 milliomn,

4,22 Changes in abundance

See 3.22 for the effects of environmental
conditions on brood strength, the variation of
which is one of +the main causes of fluctuations
in abundance of haddock in all areas,

The effects of food competition and pre—
dation on the abundance of haddock are
negligible compared with the effect of fishing,
Hermemuth (1969) describes the decline in
abundance of haddock on Georges Bank, Raitt
(1939) and Parrish and Jones (1953) show the
effect of fishing on North Sea haddock, and
Gulland (1961) gives data for the Iceland stock,
Recent changes in the Barents Sea and Iceland
gstocks have also been studied (ICES, 1969,
19692) .

4,23 Average deusity
-~ Amnmual meen density
See 4.24.
4,24’ Changes in density

- Landings per unit of fishing
effort

For the period 1917-1968, landings from
Georges Bank (ICNAF subarea 5Z) varied from the
peak of 22,6 metric tons per day's fishing in
1927 to 2.9 metric tons per day's fishing in
1968 (Hennemuth, 1969),
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In the Barents Sen (ICES subares I) the
cabch per wnit effort for English trevwlers
during the perdod 1946-1967 varied fzom 170
t0 970 ‘tons per million ton-hours, For the
Norway coast fishery (subarea IIa) the
figures for the same period were 180 %o
T 900 Hons per million ton~hours, The peak
figures were for 1946 when fishing was resumed
after the 1939-45 war, For the period
1950-1967 the highest catch-rates were 420
tons per million %on-hours in the Barenis Sea
and 1 100 tong per million ton-hours off the
Horway coast (ICE3, 1969a).

At Tceland (subarea Va) English trawler
ocatiches declined from 757 tons per million
ton-hovurs in 1946 4o 74 tons per milliom
ton~hours in 1966 (ICES, 1969),

Haddock catch-rates in the northern
North Sea during the period 1947-1967 varied
from about 3,81 tons per 100 hours! fishing
to a peak of 14,07 %ons per 100 hours in 1966,
These are the cabching rates of Aberdeen
trawlers fishing the most important dis-
tributional area of the haddock in the North
Sea, Catch-rates in the middle North Sea
are very much lower,

At Faroe the British calch per unit effort
since 1947 has varied from T80 tons per
million ton~hours (1947) to 250 tons per
million ton-hours 219613 (B.W, Jones, personal
communication),

~ Variations with depth

Haddock undertake seasonal migrations in
mogt areas, usvally from deep water in winber
to shallow feeding grounds in summer (McCracken,
19653 Templeman and Hodder, 1965b; Schuck,
195239 but there may be local variations in
the pattern of movement; as in the Gulf of
Maine (see 2,22),

= Seasonal variations in
available stock

Trout (1962) described the variations in
catches associated with the seasonal migration
pattemns,

In the northern North Seaz and in other
areas the available stock increases toward the
end of the year and the end of the growbth
seasongy when the recruit year-class usually
reaches saleable mize (see 3.43).

Schuck (1949) describes seasonal changes
in relation to fighing in New England walbers.

4,3 Natality and recruitment

4,31 Reproduction rates
- Annual egg production
From eggs and larvae surveys at Faroe,
Saville $1956) egtimated e§§' production as .
58 x 1011 in 1950, 70 x 1077 in 1951, 67 x 1011
in 1952 and 49 x 1011 in 1953,

Walford (1938) estimated the number of

‘eggs produced by ‘the spagfning stock on (eorges
-

Bank in 1932 as 80 x 107

Beverton and Holt {1957) estimated the
mean annual egg production for North Sea haddock
as 3705 x 1012 for the period 1922-1937, the
range being from 7.9 x 1012 to0 65,5 x 1012,

- Survival rates

- Saville (1956) found no clear relationship
between the number of eggs produced and the
number of surviving larvae at Faroe. - Beverion
and Holt (1957) also showed that there is no
direct relation between the number of eggs
produced and the subseguent amnual recruit—
ment +to the stock, Hervington (1944) stated
that large spawning stocks uswally result in
poor year—classes, because the survival of
larvae from large broods iz reduced by com=
petition for food.

= Torecagting of potential
yields

Indices of year—class strength have been
obtained from surveys of O-group fish in the
north-east Arctic and in the north-west
Atlantic (mee 4,12 = Density of age-groups),
Forecasts of yield have been based on these in
recer)ri; yoars for New England waters (Graham,
1967),

4,32 Tactors affecting reproduction
~ Density dependent factors

Sonina (1965, 1967) and others (see 3.43)
have shown that growth of haddock may be
density-dependent, As fecundity is related %o
the size of the fish, the potential reproduc—
tion rate is obviously affected by any factor
which reduces the growth of the fish,

Predation is no doubt & cause of larval
mortality; -the extent is unknowm.

= Physical factors

Failure of year-classes in some areas has
been attributed to water movements caused by
wind carrying eggs and larvee into unfavourable
areas (see 3.,22).
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Rollefsen (1930) showed that rough seas
may be direotly responsible for the damaging
and death of eggs of cod. Presumably haddeck
eggs would be susceptible in the same wmy,

4433 Recruitment

= Mean recruitment to the
fighable stock

For the Worth Sea the mean annual recruit-
ment for 'l;lge period 1922=1937 was calculated am
849,5 x 10% (Beverton and Holty 1957).

Hennemuth (1969) calculated the mean
annual recruitment of 2gyear-old figh on
Georges Bank as 49 x 10° for the peried

= Factors determining
recruitment

The age at which haddock attain maxked-
able size iz probably the main factor in
determining recruiitment to the fishery (see
4,12),

- Seasonal pattern of
recruitment

In the North Sea recruits usually enter
the fishery in the autumn and winter of their
second year (age 1Y/2 years), but before that
large quantities of the pre-recruitment stage
of abundant year-classes may be caught and
rejected, This is also true of Georges Bank
haddock (Bigelow and Schroeder; 19533
Graham, 1952) and probably applies to other
stocks as well,

= Vapriation in annual
recruitment

For the Worth Sea during the period
1922=1937 the calculated numgers of annual
regruits varied from 39 x 10” o 2 807 x
10% (Beverton ard Holt, 1957).

Estimated -uaval recruitment of
2-year-old badiock on Georges Bank varied
£rom 1 x 10° %o 502 x 10™° for the 1956-68
year—classes, The decline in recruitment
has been most marked since 1965. The
estimated recruitment as 2-year-olds from the
1965=68 year—classes igs 1965, 2 x 105; 1966,
16 x 1055 1967, 1 x 106; 1968, 16 x 106, This
is %o be compargd with the mean annval recruit=
ment of 49 x 10° for the period 1935<63
(Hewnemuth, 1969),

Estimates of total numbers of recruits
are not available for other areas or periods,
but indications of the variation in year—
class strength can be obtained from a number
of sources (see 4,12),

= Relation of reoruitment to
gtock size and reproductive rate

See 4031,

4.4 Hortelity end morbidity
4,49 Mortality rates

= Annuel mean moxtelity retes

For all areas the ammusl mortality rate
lies between 40 and 75 percent (see Table IX
for suthorities),

= Ingtantaneous mortality
coefficients

See Table IX,
= Variations in mortelity

Moot of the authorities dquoted in Table IX
show the year-to-year variations in mortality
coefficients; and the variation of mortality
rate with age,

McCraken (1968) also shows seasonal
changes in the mortality mate of haddock of the
central Scotian Shelf, :

Jones (1966) gives a range of total
mortality coefficients in the FNorth Sea, from
0.8 %0 1.0 in the northeramost part to 1.5 to
1,6 in the heavily fished arca off the Scottish
east coast,

= Dengity dependemsce of
nabural mortality

Wo information,

4042 TFactors causing or affecting
mortality

= Predators

There are no data on the extent of

morbtality caused by predation; but larvae and

f£ish up o 30 om long are eaten by a variety
of predators (see 3,34),

- Wood of larvae and post-larvae
and its availability

Pood availability may be one of the
causes of the variation in year-class strength
(Herrington, 1944; Saville, 1956) (see 4.31).

= Physical factors

See 4.32,
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= Direot effects of fighing

PFighing is the main causé of morbality
(see Table IX),

= Indirect effects of fishing
Ko information,
4,43 Faoctors affecting morbidity
= Parasites and diseases
See 3,35,

40,44 Relation of morbidity to
mortality rates

No information,

4,5 Dynamics of population (28 a whole)

Because the haddook is one of the most
important demersal speoies in ‘the Noxth
Atlentio the dymamics of all the major
gbocks have been studied in recent years,
Beverton and Holt (1957) used pre-war data om
the Noxth Sea haddock to demonsitrate methods
of population assessment, Parrish and Jones
(1953) desoribe the methods they applied %o
the North Sea stook (1946-50) and to the
Faroe stock (1914=50),

Recent assessments of the Arcto-Norwegiasn
stock (ICES, 1968, 1969a), of the Ioeland
stock (ICEs, 19695, and of the Georges Bank
stock (Hennemuthy 1969) have used the method
of virtual population analysis described by
Gulland in ICES (1965). An earlier assess-
ment of the Ioeland stock; showing the effect
of changes in mesh size and fishing effoxt,
was made by Gulland (1961),

The method of virtual population analysis
reduces the variance of mortality estimates
compared with those estimates obtained from
the ratio of the catohes per unit effoxrt of
the same year-class in successive years,
becauge it is lesed on the numbers of fish
of each year-class and furthermore it does
not assume that the fishing mortality is
constant with age,

4.6 The population in the commmity
and the ecosystem

= Physical features of the
biotope of the comsmunity

The haddock is normally a bobttom-living
fish at moderate depths in areas where the
predominant hydrographic feature is the
mixing of Atlantic water with another water
mapsy 0.8 Arctic water in the Barents Sea,

= Species composition of the
community

A wide variety of other fishes are caught
with haddock, but the relative sizes of
$heir populations are wnlmowmn,

= Interrelations of the
population of the species in
the commmity and ecosystem

The haddock is mainly a benthos feedery
but sometimes feeds on pelagic fish or
plankton in midwater (see 3.41), Adult fish
are the final link in the marine chaing

benthic

. planktonic_ planktonic,
Dmtoms—)herbivores"oamivores/quzﬁzgsy ook

Figh

Juvenile stages are often the prey of carni-
vorous fishes such as cod,

~ Type of fluctwations (cyclic
and non-cyclic)

There are no date which suggest cyclic
fluctuations of haddock populations, but
there are great variations in population
dengity, the reasons for which are not fully
wderstood (see 4.22 and 4.24),

=~ Changes in environmental
factors and their effect on
the population

See 2,8, 3.22 and 4032,
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5  EXPLOITATION

501 Fishing equipment

5011 Gears
= Present gear

Haddock are caught by a wide variety of
gears; the most important is probably the otter
trawl, but seine nets, lines and traps are also
usedy and midwater trawls take haddock on
occasione

- Changes in types of gear during
the development of the fighery

Changes reflect the growth of otter trawling

in the twentieth centurye.

« Use of echo sounding or fisgh
detectors

Haddock give good echoes, but these are
indistinguishable from those of cod and many
other species with the gear and techniques at
present availableo

5612 Boats
= Type

Otter trawlers, seine-netters, small and
large lineboats are used, depending on the
geographic area of the fishing grounds,.

= Size, power

All siges from rowing boats to the largest
factory trawlers.

5.2 Fishing areag
5621 General geographic distribution
Fished throughout its geographic distri-

bution (see 2.1 and 2.2) apart from the extreme
limits of larvsal distribution.

5622 Geographic ranges
= Digtance from coast
Rarely caught close to coast (see 5.23)
except in deep fjords as at Faroe, and in some
lochs on the Scottish west coaste

= Areas of greatest abundance

ANE, Atlantie NE: Barents Sea; Norwegian
Seay; North Sea and off Iceland.

ANW, Atlantic NW: Georges Bank and Browns
Bank,

= Differential abundance
associated with hydrographic
features

Atlantic subarctic regionss 501020 Barents
Sea and North Atlantic inbtermediste boreal
regions; 5.2,1 Newfoundland waters; 5202
Irminger Gyral; 5.2.3 Norwegian Sea and Faroes;
50264 North Sea and Irigh Sea. Limited o
areas influenced by the Gulf Stream.

5023 Depth ranges
= Bathymetric contour

Rare waters shallower than 10=18 m
(Bigelow and Schroeder, 1953) and most
fisheries take place in less than 100=360 m.

= Variations of density with
depth

No informatione
5024 Conditions of the grounds
Probably feeding grounds are mainly gand
or sandy mud with a rich fauna of molluscs and

echinoderms (Blacker, unpublished photographs)e

503 PFishing seasons

5039 General pattern of seasons
Fisghed at all seasons of the yeaw,

504 Fishing operations and results

5041 Effort and intensity
In most areas haddock and cod occur
together and it is impossible to give separate
estimates of effort for each gpeciese
= Unitg of effort
Catch per 100 hours, catch per 10 hours,
catch per day's fishing, catch per day's

absence.

='Landings per unit of fishing

effort
Georges Bank
2,9=22,6 metric tons per day's Hennemuth
fishing (1969)
Barents Sea/Norway Coast MAFF and
Barents Sea: 11.1 tons DAYFS
Norway Coasts 29.4 tons (1969)

= per 100 hours® fishing,
English landings, 1968
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Iceland
405 tons per 100 hours’ MAFF and DAFS
fishing, English landings (1969)

Northern Noxrth Sea
906 tone per 100 hours' MAFF and DAFS
fishing, Scottish trawlers (1969)

6.0 tonas per 4100 hours! MAFF and DAFS
fighing, Scottish seine- (1969)
netters

= Fighing effort per unit area,
and total fishing intensity

Where cod and haddock ranges overlap,
separate estimates of effort for each species
are unobtainablee Data on fishing effort for
some areas and gome countries are given in
Table VI, Further data on total fishing effort
are available from Bulletins Statistiques
(ICES, Copenhsgen) and ICNAF Statistical Bule
letinse No figures are available for fishing
effort per unit areao

= Causes of variation in fishing
effort and intensity

Fighing effort in particular areas wvaries

with season, weather and economic factorse

For example, heavy fishing on Norway coast
grounds may result in diversion of trawlers
from Iceland and the North-west Atlantic. Poor
yields in the Barents Sea in some years have
resulted in increased effort by British and
Soviet vessels in the North-west Atlantice

Prolonged spells of bad weather and ice
conditions may close some grounds such as those
off North-west and North Iceland,

5042 Selectivity
- Selective properties of gear

Selection factors for haddock:

Double=braided
manila cod- end

300=4o7 Blacker (1967);
Pope and Hall (1966);
Bohl (1966);
McCracken (1963);
Clark (1963)

Double~braided 302=304 Hylen §1967);
olypropylene Olsen {1966, 1967)
ulstron

Double=braided 306 com~ Treshev and

polyamide pared Stepanov (1968)
(Xapron) with

361 for

manila

Experiments with topside chafers show that
the approved ICNAF chafer (1% times the width of
the cod-end), and chafers with meshes about
twice the cod—end meshy have little effect on

solectivity (Blacker, 1967; Bohl, 1967;
Hylen, 1967; Olsen; 1967)o

= Changes in the mesh size and
their effects

Gulland (1961) and ICES (1969) discuss the
effects of increasing mesh sizes for the Iceland
stocke The effects of mesh changes on the yield
of the Arcto-Norwegian haddock have also been
estimated (ICES, 19692).

Graham (1952) and Beverton and Hoddexr
(1962) estimate the effects of mesh changes in
ICNAF subareas 3; 4 and 5.

- Other selection factors

In some areas and some seasons there may be
considerable rejection of fish just above the
legal minimum size, because of difficulty in
selling theme. This is particularly likely in
the North Sea vhen a very abundant year-class
first enters the fishery.

5#43 Catches

= Total annual yields from
different fishing grounds

Annual yields from the major haddock
fishing areas are given in Table X, Figure
7 illustrates the yield from the more important
arease

(Data from LCES Bulletin Statistique,
ICNAF Statistical Bulletin.)

The total catch of haddock from all areas,
in metric tons, live weight for some recent
years wass

1962 1963 1964

549000 573000 589 000 FAO (1967,
1965 1966 1967 1968)

TAT 000 7297000 4837000

= Maximum equilibrium yield

Parrish and Jones (1953) gave estimates
of the maximum yield for North Sea and Faroe
haddock for two levels of matural moritalitye
Assuming an instantaneous natural mortality
coefficient (M) of 0011, the maximum yields per
recruit are 0¢31 kg for the North Sea and
0,73 kg for Faroeo Assuming M = 0,22 the cor=
responding yields are 0.21 kg and 0,37 kge
These yields could be attained with an effort
of about 75 percent of the 1950 level, when the
minimum trawl mesh size was 70 mme. Increases
in the minimum mesh size would give an increased
yield without the same reduction in effort.
Since then the minimum mesh sigzes for these and
other areas have been increased (see 6012)0



FLRM/S84 Heddock

583

°SUTIOTINg TROTISTILIS PUe |g/69 °00Q °Sey °UST4 °JURTAY MN UMWO) °JUT WOLy SBAIRqNS JYNDI JI0F BiRq

°6961 ‘SEOI WoIy POUTELGO BIB YOTUM VI PUe I suorSey Joy sdeoxe beyep 96l puB 96l w0x Cyz pum

iz °BOj SIBTNOIT) SOTILUSTI OV PUe 1996L—QEGl seudTisTiels SUTLETTAg Jof °JoTdxm °3ut °ured °Su0) WOII SPOTRqRS SEOT I0F BLeq

990 ¥¥ 000 LG gL6 9elk Gel PGl 6ES 69  G€9 66  PLL 66 000 26 000 9% LiL oy  6g9 ¥¥ Lzl VS G =axeqQns AYNOI
gv6 G 000 €F 260 99 OFz 48 966 66 LEE LG 9vO ¥F 000 L 000 9F oOv €6 906 gF LG9 L¥ ¥ ®exeqng JYNDI
6t 9 000 2tk V4 6 glo g €6t 2L LEP VL 6P G€ 000 6L 000 L9 oo G LEE ¥¥ 990 g9 € ®oaeqng JVHOI
lee V& 2gv 09 Pl 09 L2l 66 L¥z 66 29% 20b €09 6LL HHE gob Llzh 99 669 €9  zGL OL €Ly 9L (Ba) puefeoy
Mg L ZEEL zoLg lovgl v 6 66Lc 6 le Goloz Lk Sz 6200 UBEL S6607 g we noihes ) .
= 899 0t Ll && @Ol 6L €66 gL LL¥ Lz 68l Gz gv9 Gz 20€ 9z Glv 9z L6€ 62 g% Ve (BI1) ®eg werIamIoN
- €00 YOl gty €2t G0G 86 9S50 6L  9G€ €2l 2Ll 661 gal 661 09k Lzl YEL @6 il gL 986 9g (1) ®eg sjusaeg
€06 Lg Ge6 L gvs 9l 2 €lo € otz L¥S L 2 4! g 8 (a1n) TTEsO0Y
697 0Oz 20t oz igg 62 Lo¥ 2¢ GEg 9z L6L €F  IEV g Ghg ob  6LL PL Q9L gL P6€ Lz €60 of (1) PueTL008 MN |
6o¥ 6€L go¥ Lol gS6 g9z O0OL tze 90L g6L @6E 6G 6Ly 26 gtz Ly  ¥ev 99 oLg 6L 16L 96 POE GoL (o fq BAT) meg yyaoy
8961 Lot 9961 G961 o6l €96l 296l 1961 0961 6561 ga6!L - LG61L vexRqug
LGy g6 G2G 05 6EG €5 Lp9 ¥ 6G9 gv  gbe €6 - o - - - - G BoaBqng JVNOI
T L6 ook €F  G6z 06 6LE ¥P  €Eh €6 Get ef - - - - - - ¥ BaxRqng JVNOI
oty 0g LLY Pob GEE GG €QG L€ f€gg Lz o9€ €2 tPL Lo G gL GE0 LG oOiL €2 6LL 9z €z £ eexequg JAVHOI
Q68 L9 L¥E ¥9 9G0 29 G6z €6 266 ¥¥ 1GE Y& €LE 09 LEG 99 Go6 LG Pg6 2€  egel ¥ avé Ve (&A) puereoy
GG L1 €S9l oS 20 S Mz dh 6OV YL €86 LL G086 6LOOF MES L 9GE 9b  GEL Wb oo ﬁmuwﬂ%w%é
GE6 oF €69 Y€ 960 22 G09 SL VEE oz @Gl Le olo Of  €G6 e GgL L€ gGg 9¢  66L 9z 19l 2t (BI1) eeg wetSonaoN
ozL €91 @60 LGl lg9 GgL 9ly Gol 299 €ob GEL 98 LLG 06 PLG GLL €gF 6L  62€ V6 99t 66 glé 19 (I) =eg squeaeg
= el GLE L zof 1 tPo 1 LGz € 666 1 ofg 1 26L L €06 € 0s€ 2 lgl € (a1n) TTENMOOY
697 gz P9t €2 9Lo oz €LE gL 6£0 @ al6 € Llgge 6€8 ¥ 62€ L gvs L 20g 2 9lo €l (eIn) PueTL008 MN
LI6 €6 969 Lg GEL OL 0gf 09 2l€ 26 @L¥ 9§ 62t 9¢ 1€2 GG @90 LL  LLL €6  6CGL g4t 2g¥ LU (o %q ®8AT) ®Og u3ION
9661 Ge6i Y661 €661 266l LG61L 0561 661 g6l L¥6L 9=GEiL gE6L eaxeqng

ysexy punox ésuoy otxsew UT (Q96l-gE6l) seeaw Surysty aofew oyj wosy sTUTPURT JOOPPEH

X &Tava




FIRM/384 Haddock

(z otamy ¢sT® e8®) gy6L 0 9Ll
pogIed eys Jo0J STesE SUTUSTIJ UTRE W} WOIF SSUTPUET FOSPPREN ) °8%

£

8961 4951 096t 5861 058l 57-§756L 8€6l
I T I u T (I R

., 7 g S . Sy S Sy Soc Vot A A VA, SO &
Y \/
F— 3
$30.8] B
P
o |
/o..Aw A
puDpja3] . "
\ 2 .
LN ,w, O\ pag upibamioy L.
~f )
. . Dag sjuaing /
s [
/ \ﬁl mf ~\
ﬁ \ \ /ﬂ ...\. /@ \ﬂ \ |
L \, i YN31
//s /... Wﬁ ; pag yio)
é ¥ Mr /

ot

002

00€

‘SU0) J11jaW Jo SpUDSNOY]

"ysalj ‘punoy



FIRM/S84 Haddock

535

For the Arcto-Norwegian stock a yield of
00578 kg per recruit should be attainable at
33 percent of the present fishing level, which
yields 00456 kg per recrnit (ICES, 1969a)e

Hennemuth (1969) caloulated a maximum suse
tainable yield of about 50 000 metric tons per
yeaxr for the Georges Bank stock at a level of
about 7 000 standard days! fishing (approxi—
mately 50 percent of the 1967 and 1968 fishing
effort)s
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6 PROTECTION AND MANAGEMENT

For the purposes of regulation of the
fisheries the North Atlantic is divided into two
areas: the northweast Atlantic comes under the
North-East Atlantic Fisheries Commission (NEAFC)
and the north-west Atlantic is under the juris~
diction of the International Commission for the
Northwest Atlantic Fisheries (ICNAF).

601 Regulatory (legislative) measures

The problem of management of fish stocks,
including haddock in the North Atlantic, is
veviewed in ICNAF, 1968. Subsequently the
regulations outlined below were brought into
force in 1970 (ICNAF, 1969).

6011 Limitation or reduction of total
catch

= Limitation on the efficiency
of fishing units

None to datee.
-~ Limitation on the total catches

ICNAF regulations impose the following
total catch limits each year during 1970,
1971 and 19722

Division 4AX of subarea 4: 18 000 metric tons

Subarea 5 (which includes .

Georges Bank)s 12 000 metric tons
Details of the method of reporting catches to
be used by the Contracting Governments are also
given (ICNAF, 1969, po 26=28)o

6012 Protection of portions of
population

= Closed areas

ICNAF regulations prohibit fishing with
gear capable of catching demersal species during
March and April 1970, 1971 and 1972 in the
following areas:

1e That part of division 4X of subarea 4 that
lies between 42°00'N latitude and 43000'N lati=
tude and between 67°00'W longitude and 64°30'W
longitudeso

2+ In areas of subarea 5 bounded by straight
lines connecting the following coordinates in
the order listed:

(a) T0°00'W  42910°'N
69°10'H  41°10°'N
68930'W  41°35'N
69°20'W  42030°'N

(v) 67°%0'W  42°20°'N
67°00'W  41°95°'N
65040'W  44%150W
65%40'W  42°00'N (zcwar, 1969,
66°00'W  42°20°N  p, 27=28)

= (losed seasons

Fighing is prohibited in the above areas
during March and April 1970, 1971 and 1972.
(ICHAF, 1969, p. 27-28)

= Limitations on size or
efficiency of gear or craft

The mesh size of trawls, and other nets .
used for catching demersal fish, is regulated
in both the ICNAF and NEAFC arease

The minimum mesh gizes are given in Table
XI. Mesh sizes are measured from knot to knot
stretched, and apply to both wet and dry nets,

In the ICNAF area and Region 1 of the
NEAFC ares topside chafers are permitted on
trawl cod-ends, provided that their specifi-
cations and attachments are in accord with one
of the followings

1o  the chafer is rectangular, of a mesh size
not less than that of the cod—end, and is at
least one and a half times the width of the
cod—end. It must be attached to ‘the cod—end
only along the forward and lateral edges; so
that if there is a splitting strop the chafer
is attached not more than four meshes forward
and ends at least four meshes forward of the
cod=line meshe If there is no gplitting strop
the chafer must not be more than one third the
length of the cod~end: or

20 flap-type chafers of the same mesh and
width as the cod-end, attached only along the
forward edge and not more than ten meshes
long. The aggregate length of such pieces
must not exceed two=thirds the length of the
cod=end; ox

3o & rectangular chafer, the same material
and width as the cod-end, but with mesh
dimensions %wice that of the cod-~end, fastened
only along the forward and lateral edges so
that each mesh coincides with four meshes of
the cod=end.

= Restrictions based on sex or
condition

None,
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TABLE XI
Minimum mesh sizes (St. Inste 1968, 1969)
Minimum mesh size, width of flat gauge (mm)
ICNAF Subareas NEAFC area
Net
1 2, 3, 4 Region 1% Faroe .North Sea
and 5 (subarea Vb) (subarea IV)
1o Seine net 110 100 110 105 T0
2, Any trawl made of
cotton, hemp,
polyamide fibres 120 105 120 105 &
or polyester fibres
3o Any trawl made of
manila, sisal or
any other material 130 114 130 110 %
not mentioned in 2
# NEAFC region 1 includes subareas I, IIa; IIb, Va, XII and XIV.
- Restrictions on use of fish In all countries within the NEAFC area
there are legal minimum sizes for haddock;
In industrial fisheries in the NEAWC area and the landing of haddock less than 27 em total
certain fisheries in the ICNAF area, in which the length from near-water fisheries; or 31 em
use of small-meshed nets is legal, the catch of from distant-water fisheries, is illegale

haddock must not exceed 10 percent by weight of
the total catche
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