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INTRODUCTION

The whiting (Gadus merlangus L.) is an abundant food fish in waters to the
west and south-west of the Isle of Man. As the stock is at times subject to
intensive fishing it seemed desirable to study this species and possibly
ascertain the effect of commercial exploitation on the biology of the
fish.

The spawning period of the whiting in the Irish Sea has been investigated
by Scott (1913, 1914) and Bal (1941); they deduced from counts of pelagic
eggs that the spawning time extended from February to May or June, and
that peak spawning occurred in April. The present investigation on seasonal
changes in gonad condition of adult Manx whiting supports their conclusions.
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Age and growth determinations have not previously been made on whiting
from the Irish Sea.

This work was started at the suggestion of the late Prof. J. H. Orton, F.R.S.,
who gave much advice and encouragement. I am indebted to Dr J. W. Jones
and Mr J. S. Colman for criticizing the manuscript.

MATERIAL AND METHODS

The whiting examined were caught between December 1948 and December
1951; few fish were taken between June and November in any one year.
Three or four samples per month were taken in the seven months from
December to June, which include the pre-spawning and main spawning
period. The number of fish examined for gonad condition was over 3000,
and the number aged (fish caught in 1950 and 1951) was a little over 2000,
of which about half were ‘1 group’ fish. The length-range of the fish sampled
was 7-52 cm. and the age-range 0-8 years. Very few fish over 4 years old were
taken, however.

The fish were taken by seine net and otter trawl. The cod-end mesh of the
seine and one trawl was I in. bar, 4 in. circumference (Steven, 1950), another
trawl had a cod-end mesh of 21 in. bar. The larger mesh was not used after
March 1949 because it did not catch small whiting. In November 1950
a cover of shrimp netting, 9o rows per yard, was fitted to the cod-end of the
trawl in use and thereafter only this net was used. The covered trawl effec-
tively retained very small fish.

Hauls were made in depths between 20 and 44 fathoms (36:6-80-5 m.) to
the west and south-west of the Isle of Man. The bottom deposit in 20 fathoms
was sandy mud and shell, giving way to sandy mud and then soft mud as the
depth increased.

Immature ‘o-group’ fish were taken inshore by making hauls at night with
a fine-meshed beach seine in Port Erin Bay in the south of the Isle of Man.

SEASONAL CHANGES IN GONAD CONDITION
Methods

Trawl hauls were of short duration, and all the whiting from a haul were
examined. When more than 600 fish were taken by seining, random samples
of 100-200 fish were examined, otherwise complete catches were used. All
fish were examined fresh, i.e. within 24 hr. of capture.

Each fish was measured to the nearest whole centimetre below its actual
‘total length’ (i.e. lengths from X cm. up to but not including X + 1 cm. were
all recorded as X cm. ; the mid-point of the length group was taken as X5 cm.).
Total length is defined as the length from the point of the upper jaw to the
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end of the longest fin ray of the tail fin, which was drawn into line with the
main axis of the fish.

Sex was determined macroscopically and a ‘gonad stage’ assigned ac-
cording to an arbitrary classification into seven stages, similar to that devised
by Hjort (1910) for international herring research.

Classification of Gonad Condition

Bull (1928) used a five-stage maturity scale for whiting, modified from
Graham’s (1924) classification of cod gonads. Bull’s classification has been

amplified to avoid the use of intermediate stages, and extended to include
operculum body cavity i i)
[

Text-fig. 1. Changes in size of gonad in relation to the body cavity at different
stages of maturity. Upper row: testis; lower row: ovary.

Edge of Outline of
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a separate stage for newly spent gonads of both male and female whiting. The
typical appearance of the gonad at each of the maturity stages employed in
this investigation is described below. The relation between gonad size and size
of the body cavity, and the shape of the gonad at each stage is shown in
Text-Fig. 1.
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STAGE MaALE FEMALE
I Immature virgin fish, Testis a very Immature, virgin fish. Ovaries very
thin narrow translucent ribbon small, not more than one-fifth of
lying along an unbranched blood the length of the body cavity, usu-
vessel ally less than 2 cm. long. Elon-
gated sausage shape. Whitish,
translucent. Eggs microscopic
1I Maturing virgins or recovered spents Maturing virgins or recovered spents
in resting condition. Testis slightly in resting condition. Ovary not
lobed and lightly coiled. Opaque more than one-third length of body
white at anterior end, transparent cavity, torpedo-shaped. Colour
at posterior at first, later uniformly varying from wine-coloured, trans-
white lucent, to dull orange
111 Maturing and ripening fish. Length Maturing and ripening fish. Ovary
of testis about three-quarters length not more than one-half length of
of body cavity. Testis more strongly body cavity. Colour pink, pinkish
coiled with fat lobes, whitish grey buff, or flesh colour. Eggs opaque,
in colour with blood vessels clearly visible to the naked eye in good
seen in the lobes light
v Maturing and ripening fish. Testis Maturing and ripening fish. Ovary
coiled and convoluted, completely enlarged and distended occupies
opaque, white about two-thirds of body cavity.
Orange pink in colour. Eggs
clearly visible, opaque
A% Ripe fish not yet running. Testis a Ripe fish not yet running. Ovary very
mass of tightly coiled and con- swollen, tunica bursts easily. Some
voluted lobes. Completely opaque, eggs transparent
creamy white in colour
VI Running fish. Milt extruded easily by Running fish. Eggs extruded easily
slight pressure on the flanks of the by slight pressure on the flanks of
fish. Appearance as at stage V the fish. Nearly all eggs transparent
VII Newly spent fish, Testis crinkled and Newly spent fish. Ovary pinkish

shrunken, rather bloodshot. Yel-
lowish white colour

white, flaccid, shrunken, with some
residual eggs

Gokhale (1953) used my classification as a basis for histological study of the
whiting gonad. He showed that the macroscopic changes in the gonad are
correlated with microscopic changes in the tissue. I am indebted to Dr
Gokhale for permission to publish the following summary:

STAGE MicroscoriCc DESCRIPTION OF TISSUE

MALE
Migrating germ cells and actively dividing spermato-
gonia, followed by a quiescent period
Few migrating germ cells. Mostly spermatogonia and
a few spermatocytes

I {developing virgin}
II |recovering spent
IIT (developing)

IV (maturing) Number of spermatocytes very high; a few spermatozoa
towards the centres of the lobules
V (full) ] Spermatogenesis complete; number of spermatozoa
VI (running) | progressively greater

VII (spent) Lobules almost empty; relict sperm being resorbed.

Some migrating germ cells along the interlobular wall

FEMALE
I |developing| Large number of oogonia, presynaptic and post-synaptic
1I { virgin [ oocytes

III (developing) Qocytes larger: number of nucleoli increased. No
oolemma in early stages but indications of oolemma

forming in late stage IIT
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IV (maturing) Marked increase in size of oocytes. Yolk vesicles pre-
sent in oocytes; oolemma present. Some immature
ova undergoing degeneranon

V (full) | Eggs much grown. Some follicles empty; mature eggs
VI (running) | lving in central cavity
VII (spent) Few mature eggs remain, those present undergoing re-

sorption; formation of corpora lutea. Large cavities
in the tissue resulting from breakdown of interovular
tissue. Loose granulosa cells and blood cells in tissue.
Tunica thicker than previous stage

VII-II (spent-recovering) Resorption of eggs nearly complete. Yellow patches
as remnants of corpora lutea; formation of cell pearls.
Qogonia and oocytes occupy the rest of the ovary.
Tunica thick
II (recovered) As virgin stage II, except that tunica thick

Gokhale’s work showed that the spent-recovering and recovered spawner
stages could have been distinguished from the developing virgin stage II in
the female whiting, since the yellow patches described for stage VII-II are
visible to the naked eye, and the thick tunica in stage II (recovered) can be
felt between the fingers. No reliable macroscopic difference was found to
distinguish maturing virgins from recovered spents in the male.

Seasonal Changes in Gonad Condition

Gonads were classified by their macroscopic appearance in each month
except July, when no samples were available. Data are given in Table I and
the seasonal changes observed are shown diagrammatically in Text-fig. 2.
Immature Virgin fish (stage I), which were found throughout the year, are
not included in the table.

The records showed that some fish began to develop towards maturity as
early as November, but the gonads of most fish were then in the recovered or
resting state (stage II) and showed little or no change in size or appearance
until January. From January until April there was a steady advance towards
maturity, and in April ripe fish (stage V) were dominant. In May and June
spent and recovering fish (stages VII and IT) were the most common. Of the
few fish examined from August to October the greater part were recovering or
recovered from spawning, a few were spent, and none had maturing gonads.
The large range in gonad condition in each month from February to June
shows that there is wide variation in the time of the year at which different
fish mature.

Running fish (stage VI) were taken between February and June inclusive;
the spawning season thus extends over at least 5 months of the year. The small
number of fish caught in gonad stage VI suggests that the actual spawning of
an individual fish lasts only a short time, so that the chances of catching fish
at this stage are low. The intensity of spawning in each month throughout the
period is shown in Table IT by a comparison of the number of ripe and
running fish with the total number of potential spawners (i.e. fish with gonads
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developing towards maturity, or spent). Most of the fish spawn or are ready
to spawn in March and April and spawning is virtually over by June. A very
few spent fish, however, were found in the early winter (Table I), which
suggests that there may be a small amount of late spawning.
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Text-fig. 2. Monthly percentage of adult fish with gonads at each maturity stage.

Spent gonads appear to recover rapidly in the whiting, as by June most of
the fish had gonads in the resting stage (II). This was reflected in the marked
fall in the number of spent fish caught in June (Table I). ‘Recovery’ implies
the complete resorption of residual eggs and sperm and the change in general
appearance from the shrunken, rather bloodshot spent gonad to the firm, clear
gonad described above for stage II.

Size and Age at First Maturity

The smallest Manx whiting found in an advanced state of maturity,
i.e. stages V, VI, or VII, were a male of 19 cm. total length and a female of
21 cm.

No female fish in age-group 1 was found with gonads more mature than
stage II. Ripe fish were commonly found in age-group 2; on the other hand,
no immature virgin fish were found in age-group 3. It therefore appears that
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TaBLE I. NUMBER OF FISH IN EACH (GONAD STAGE IN EACH MONTH
(IMMATURE VIRGINS NOT INCLUDED)

(Figures in brackets are values derived from very small samples.
The predominating gonad stage is in bold type.)

Month
Nov.

Dec.
Jan.
Feb.
March
Apr.
May

June

July
Aug.

Sept.
Oct.

No. of fish
% of total
No. of fish
% of total
No. of fish
9% of total
No. of fish
% of total
No. of fish
% of total
No. of fish
% of total
No. of fish
% of total
No. of fish
9%, of total

No. of fish
9%, of total
No. of fish
9% of total
No. of fish
% of total

Gonad stage

v < \ No. of fish

1I III v \' VI VII examined
64 2 — = — I 67
95'5 3 s = = I5 S
40 I3 e =7 T 53
755 24'5 S T o e
19 68 7 ¥ = 94
20 72 75 = = —
16 73 92 39 I == 221
7 33 41°5 I7'5 o5 =3 o
121 88 273 228 13 7 730
16°5 12 375 3z 2 1 —
49 45 50 117 24 47 332
15 13'5 15 35 7 14 —
130 51 44 48 12 T4 429
30 12 10 II 3 335 —
87 12 3 1 I 36 140
62 85 2 1 I 255 —

No sample

10 - — — — 1 II
(1) == = — e ) =
20 - - — — 3 23
@) p = daues (13) —
10 - — —— - - I 11
(1) = = == — 9 —

TABLE II. MONTHLY PERCENTAGE OF RIPE AND RUNNING FISH IN THE
ADULT STOCK THROUGHOUT THE SPAWNING PERIOD

Apr. May June

No. of fish examined

Month

No. of ripe and running fish
% of total

Jan.

94
o

o]

Feb. Mar.
221 730
40 241
18 33

332 429 140
141 60 2
425 14 15

around the Isle of Man female whiting generally spawn for the first time at
the end of their second year of life, and by the end of the third year (fish
which are just entering age-group 3) all normal females are mature. Male
whiting may spawn at the end of their first year of life: evidence of spawning
or maturity was found in approximately 49, of the age-group I male fish
taken during the spawning season. Practically all males of age-group 2 spawn.

Spawning Habits

No evidence was obtained of segregation of ripe fish into spawning shoals.
From February until July fish in all stages of maturity were found together
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over all the arca investigated. There are no records in the literature that
special spawning shoals are formed. Ripe fish continue to feed.

The larger fish matured earlier in the season than the small fish of spawning
size, and presumably spawned earlier (see Table III). In February and
March, for example, the maturing females between 20 and 30 cm. long, most
of them fish of age-group 2 ripening for the first time, were on average in
a less advanced stage of gonad development than the females over 30 cm. long,
most of which had spawned at least once before. Similar differences in time
of ripening can be demonstrated among male fish of different length groups.

Records of gonad development in fish of known age suggest that fish in
age-group 3 spawned earlier than did those in age-group 2, but the evidence
is not conclusive; it would appear that size is more important than age in
determining the time of maturation.

TaBLE III. NUMBER OF FISH AT EACH STAGE OF GONAD MATURITY,
SHOWN FOR DIFFERENT LENGTH-GROUPS

(Data for February and March 1949 and 1950. The most common stage of
maturity is shown in heavy type.)

Gonad stage
A — No. of
II III v v VI VII fish
9, of female fish at each |[length 20-30ecm. 14 54 25 7 0 o 72
stage in Feb. |length > 30 cm. o 285 sr 205 O o 49
9, of female fish at each (length 20-30 cm. 24 25 26 23 I 05 18I
stage in Mar. |length > 30 cm. I 55 30 61 I 15 124

Sex Ratio
Of 3118 fish sexed, of length range 12-52 cm., 52:8%, were male, 47-2%,
female. Fulton (1892) found that 3229, of the whiting he examined were
male, 67-89%, female. The average size of Fulton’s fish was greater than that
of mine, and presumably he had more large fish; it will be shown later that
the larger fish are predominantly female.

Abnormalities in Gonads

Two female fish were observed, each with one ovary developing normally
and the other atrophied. One fish was 27 cm. long with the normal ovary in
gonad stage III, the other 30 cm. long with the normal ovary ripe, gonad
stage V. No internal parasites which might have caused the abnormality
were found in either fish.

Hermaphrodite whiting are rare (Desbrosses, 1948): none were seen among
3118 Manx whiting.

Spawning of Whiting in Different Regions
The spawning behaviour of the Manx whiting is intermediate between that
of fish from the northern part of the geographical range of the species and fish
from the southern part of the range. This is shown in relation to the spawning
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season, the time of maximum spawning activity, and age and length at first
maturity.

Spawning of the whiting occurs progressively later as the latitude in-
creases. Table IV shows that there is a variation of 4 months in the onset of
spawning in different reglons of western Europe. Desbrosses (1945) showed
that variation in spawning time is closely connected with sea temperature; in
the Irish Sea gonad development is greatest when sea temperatures are low,
in February and March, and spawning is at a maximum in April when sea
temperature starts to rise. From Table IV it appears that in many areas
maximum spawning occurs as the temperature rises after the winter minimum.

Age and length at maturity increase from south to north of the species
range. The data for Manx whiting agree closely with those for Scottish fish
(Fulton, 1892, 1901) and are a good fit in a table prepared by Desbrosses (1945)
to show the geographical variation.

AGE AND GROWTH
Methods

Age was determined by means of otoliths, of which less than 1%, had to be
rejected as unreadable. Some scales were also examined, but the interpreta-
tion of many of these was doubtful because secondary growth rings were
common and difficult to distinguish from true growth rings.

From March 1950, otoliths were taken from the whiting caught for the
study of gonads. Adequate samples of offshore fish were obtained from March
to June 1950, and from January to June 1951. Most of the samples were taken
at a time of year when there is little growth in length of the fish.

Fresh fish were measured and sexed as described on p. 98. Otoliths were
then removed in the following way: the fish was laid on its side, the blade of
a strong scalpel was slipped under the operculum and drawn forward dorsally
towards the point of the snout, thereby cutting through the skull. The otolith
thus exposed was removed, undamaged, by means of forceps. It was found
convenient to remove both large otoliths and place those from each fish in
a separate labelled envelope. The envelopes containing otoliths from each
sample were stored together in a sealed jar of spirit.

Otoliths were prepared for examination by removal of the remains of the
sacculus (if present), followed by a wash in clean 95 %, spirit and immersion
for a few minutes in pure creosote until the rings showed clearly (Johnston,
1938). Thick otoliths were found to be more easily read after the convex
surface had been ground slightly with carborundum (Menon, 1950).

The otoliths were examined in a matt black dish by reflected light. It was
found that any magnification confused rather than clarified the reading
(cf. Hickling, 1933), and all age assessments were made after examination
with the naked eye.



Region

Iceland

Iceland

Shetland

Scotland

Scotland, E. (Firth of Forth)
Scotland, W. (Firth of Clyde)

Ireland, W.
Irish Sea (Manx Waters)
Irish Sea (Manx Waters)
Irish Sea (Manx Waters)
Heligoland
Heligoland

Plymouth area
Plymouth area

French Atlantic coast

TaBLE IV. SPAWNING PERIOD OF THE WHITING IN DIFFERENT LLOCALITIES

Approx.,
lm.[{,mde

63-65° N.

63-65° N.
60-61° N.
56-58° N,
56° N.
56° N,
52—-56° N,
54° N.
54°N.
54" N.
54° N.
54° N.

50° N.
50° N.

46-5-48° N.

Authority

Schmidt (1900)

Ehrenbaum (1936)
Damas (1909)
Fulton (1892)
Williamson (1895)
Williamson (1809)

Holt (1891, 1893)

Scott (1913, 1914)

Bal (1941)

Present investigation

Heinke & Ehrenbaum (1900)
Heinke (1905)

Cunningham (1889)
Clark (1920)

Desbrosses (1945)

Method of
assessment

Running fish and
presence of eggs

Presence of eggs

Eggs and young larvae
Ripe fish

Abundance of eggs
Abundance of eggs

Abundance of eggs
Abundance of eggs
Abundance of eggs
Ripe and running fish
Abundance of eggs

Running fish
Abundance of eggs

Presence of eggs
Abundance of larvae

Running fish

Extent of
spawning period

May (or earlier)—
Mid July

Up to Sept.
Mar.~Aug.
Mar.~June
Feb.—~Aug.

Mar.—June
Feb.—May
Feb.—-June
Feb.~June
Jan.=July
Mar.~June
Jan.—May
Feb. onward
Feb.—July

Jan.—June

Mean sea
temp. at
time of max.
Month of spawning
maximum spawning (°C.)
—_ i 8 (June)
End of May 7'5
Apr. 6
Apr. 6
Apr. 8
Mar., Apr. 9
Early Apr. 9
Apr. 9 ]'
Apr. 9
Up to May 9'5 (May)
Mar., Apr., May 3°5, 6, 9‘5}
Feb., Mar. 10, 9°5

Temperature data from Bureau du Conseil (1933), Danish Met. Institute (1917), Proudman, Lewis & Dennis (1937).

Annual range of
sea temperature
=

C.J)
Feb. Aug.
5—-6° to 10°
Feb. Aug.
5-6° to 10°
Feb. Aug.
6 to 12°
Feb. Aug.
5° to 12
Mar, Aug.
X to 12°
Feb. Aug.
7° to  12°
Feb. Aug.
9° to 147
Mar. Aug.
e to 14
Feb. Aug.
3% to 1657
Mar. Aug.
8:5° to 15'5°
Mar. Aug.
9'5°  to 15°5°
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Description of the Whiting Otolith

The otolith of the whiting is an elongate structure, rounded or obliquely
truncated anteriorly and tapering to a point posteriorly. The shape changes
considerably with age (see Pl. I). The margin is crenellated. The surface
which lies towards the brain is slightly convex in transverse section; the
outer surface is flattened. Whiting otoliths are thinner and flatter than those
of most other gadoids (Scott, 1906).

When examined against a matt black background by reflected light, alter-
nate light (opaque) and dark (translucent) concentric zones can be seen (P1. I).
The core of the otolith may be translucent or opaque, and outside this is an
opaque zone in which one or more very narrow translucent bands are often
visible. This zone is bounded by a clearly marked, though often complex,
translucent band: this will be called the first band and the region inside it
called the centre. Alternate opaque zones and translucent bands are visible
outside the first band up to a total of seven of each. The larger the fish, the
greater is the number of zones and bands which may be seen.

The periphery may be formed of an opaque zone or a translucent band,
dependent largely on the season of capture. Since the edge may be very thin,
it is sometimes difficult to distinguish whether in fact the edge is opaque or
translucent (Wallace, 1907; Jones & Hynes, 1950), but with practice it
becomes possible.

The relative width of the translucent bands and opaque zones varies con-
siderably in otoliths from different fish (see Pl. IB), but when there are more
than three bands on an otolith these bands are narrower and more crowded
towards the edge.

The two large otoliths from the same fish nearly always have a similar ap-
pearance and give identical readings; about 19, of the total number of fish
examined had one typical otolith and one completely crystalline, showing no
alternating bands and zones. In one male fish, 33 cm. long, the left otolith
was larger than the right, and had at the edge a translucent band that was
not present on the right otolith. This was the only discrepancy of the kind in
1088 comparisons of this nature.

Interpretation of Seasonal Changes in the Otolith

The otoliths of o-group fish taken in July are completely opaque or show
a small translucent core with an opaque peripheral area, i.e. only the centre
of the otolith has been laid down. In August most of the otoliths show a very
narrow translucent edge. Further growth takes place by the addition of opaque
material so that the otolith shows a central core bounded by a translucent line,
and an opaque edge. The translucent line may become overlaid in older oto-
liths but can be revealed by grinding the convex surface of the otolith.

The translucent band recognized as the first annual band is broader than
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the translucent line formed in August, and is more clearly marked, although it
may be of a double or complex nature, i.e. there may be one or two opaque
lines within the translucent band. The annual band is laid down at the edge of
the otolith in February, March and April (cf. Desbrosses, 1948). By June
most of the otoliths show new growth, at the edge of the otolith, which is
opaque. Thus the first annual band is formed when the fish has lived one
summer and one winter after hatching, and is complete when the fish is about
1 year old. The actual age of fish in the same age-group may, however, vary
by several months because there is a long spawning period, which means that
a fish hatched early in the season is already 4 months old by the time the last
spawned eggs hatch.

The second and subsequent translucent bands are usually laid down at the
edge of the otolith between January and May. Otoliths may have a translucent
edge in any month of the year but there is a well-marked maximum in
February and March. Thompson (1926) found that the ‘winter ring’ of
narrow sclerites on scales was laid down in February and that new growth
started in June; this shows some correspondence with the state of the otolith.

Age estimates were made from the number of bands and zones on the
otolith as follows:

Otolith with no translucent band Age-group o

Otolith showing centre and translucent edge Age-group I

Otolith showing centre, translucent band and opaque edge Age-group 1

Otolith showing centre, translucent band, opaque zone and Age-group 2
translucent edge

Otolith showing centre, two translucent bands with opaque Age-group 2

zone between, and opaque edge

and so on up to age-group 8. In short, the fish was allotted to the age-group
corresponding to the number of translucent bands seen on the otolith,
irrespective of whether the outermost translucent band was at the edge
or within an opaque edge.

Age and Growth as shown by Oftolith Readings

Age determinations made by means of otolith readings showed that fish in
all age-groups up to 8 were present in the area investigated. Age-groups I to 3
were well represented, but older fish were scarce. Ellis (1950) has suggested
that older whiting in the North Sea migrate to deep water. A similar migra-
tion might account for the scarcity of fish over 3 years old in the samples
examined; I have no evidence on this point, since this investigation was
limited to depths of 20—45 fathoms.

The oldest female fish was 52'5 cm. long and belonged to age-group 8. The
largest male was 476 cm. long but the otolith was not readable beyond the
seventh band because the outermost markings were confused and indistinct;
the fish was certainly more than 7 years old. Four males and four females in
age-group 7 were taken. It is possible that older fish would be found in deep
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water, but the age limit of 8 years agrees fairly closely with the observations
of Saemundsson (1925), Desbrosses (1948) and Knudsen (1950).

The length distribution of the fish in each age-group is shown in Text-
fig. 3. Numerical data are given separately for the two years 1950 and 1951
in the Appendix. The range in length and the mean length at each age-group
are shown in Table V. Mean lengths at age-groups §, 6 and 7 are probably not
very reliable because the number of fish in these groups was small.

TABLE V. MEAN LENGTH AND LENGTH RANGE OF WHITING AT EACH
AGE-GROUP IN I950 AND IQ5I

(Age determined by otolith readings.)

Age- No. of fish Range in length Mean length  Increase per
group examined (cm.) (cm.) year (cm.)
Male
I 525 1026 18-82 —_
2 322 17-32 2462 58
3 105 21-34 28-08 35
E 35 27-40 3273 41
5 10 32-38 346 24
6 9 33-48 383 37
7 4 35-46 393 10
Female
I 578 1028 18-86 —
2 245 15-36 2535 65
3 110 22-39 30°0 47
4 37 28-44 352 52
] 6 34-46 41°1 59
6 5 42-51 463 52
7 4 46-52 498 35
8 I - 52°5 27

Growth is rapid in both sexes for the first year, and the mean length at the
end of the year is between 18 and 19 cm. The range in length is very great.
Both male and female fish grow about 6 cm. in the second year. Too few old
fish were caught to make an accurate assessment of growth beyond age-group 4,
but the available data suggest that the females continue to grow steadily at
a rate of § or 6 cm. per year until the seventh year (age-group 6) when growth
slows down. The male fish grow less than the females after the second year,
and the disparity in the mean lengths of the male and female fish at each age-
group increases with age (see Text-fig. 4). Nearly all fish examined of more
than 40 cm. total length were females (Text-fig. 3). Similar sexual differences
in growth rate have been demonstrated in Icelandic and French Atlantic
whiting (Saemundsson, 1925; Desbrosses, 1948).

DiscussioN

The age determinations from otolith readings were based on the assumption
that growth rings on the otolith are laid down annually. There is no absolute
proof available that this is true (Graham, 1928); seasonal records of the state
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Text-fig. 3. Age and length distribution of offshore whiting, 1950 and 1951. Age determined
by otolith readings. The numbers 1—7 refer to the different age-groups.
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of the edge of the otolith were incomplete. Records made in 1950 are shown
in Text-fig. 5; those for 1951 showed a very similar pattern. The number of
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Text-fig. 4. Mean length at each age-group, 1950 and 1951.
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Text-fig. 5. Condition of margin of otolith through the year. Age-groups 2-7.

otoliths with a translucent edge (i.e. those in the course of laying down a trans-
lucent year band) shows a peak in February and March when the sea tempera-
ture around the Isle of Man is lowest, but there is no complete change-over
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from translucent edge to opaque edge, data are available for only seven months
of the year, and the number of specimens examined in November and August
was small. The possibility that two translucent bands are laid down in one
year cannot be completely excluded, although it appears unlikely.

The form of the histograms for length distribution shown in Text-fig. 3
suggests that some estimates of age from otolith readings may be wrong.
Transfer between adjacent groups of a few of the data (e.g. for males, length
18 and 19 cm. from group 2 to group I, females length 27 cm. from group 3
to group 2) would make each group more nearly normal in length distribution.
Errors in otolith readings could have arisen where secondary bands and true
year bands were misinterpreted; such errors do not appear to be numerous
and probably have little effect on the calculated mean lengths of each age-
group.

Interpretation of the length-frequency diagrams by Petersen’s (1895)
method is difficult because the whiting has a long spawning period; con-
sequently the length range of a year-class is large and there is a considerable
overlap of length ranges of different year-classes. A fish 30 cm. long, for
example, may be 2, 3 or 4 years old. In such circumstances the method is not
very reliable (Graham, 1928). It can be seen from Table VII (Appendix)
that modal lengths from the total number of fish correspond in only a few
instances with the mean lengths of year-groups determined by otolith readings.

It is probable that the samples examined were not entirely representative of
the whiting population in the area because of mesh selection by the nets used,
and selection of habitat by fish of different ages. No special precautions were
taken in the early months of 1950 to prevent the escape of small fish through
the meshes of the net, and comparison of the length-frequency table for age-
group I fish caught in 1950 with that for 1951 (Table VII) suggests that mesh
selection did occur in 1950. It was noticeable that the smallest whiting were
present in the seine net when the total catch of fish of all species was large,
in which case it would be more difficult for fish to escape from the cod end.
The fine mesh fitted to the gear used throughout 1951 prevented the escape
of small fish, but may have affected the fishing capacity of the net so as to
reduce the number of large fish caught. Investigations on this point are pro-
ceeding but not complete. Davis (1934) states that his experiments show
clearly that no trawl net will give a true sample of the entire population on any
ground.

There is some evidence of selection of habitat by the o-group and 1-group
fish. Comparison of the mean lengths of inshore and offshore catches of the
1951 brood of whiting (Text-fig. 6) shows that the offshore fish were larger
than those inshore. Great care was taken to avoid mesh selection by the gear
used, and samples were numerically large. Scattered observations in earlier
years fit well with the 1951-52 data shown in the figure (unpublished work at
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Port Erin). Most of the small 1-group whiting caught offshore in spring were
at the shallowest limit of the fishing ground (20-25 fathoms). 1-group fish
appeared sporadically in sandy bays inshore throughout the summer and
autumn. The area between the bays and the offshore fishing ground is too
rough for net fishing and there is therefore insufficient evidence to assess the
relation between the depth of water and the size of the 1-group fish, or to
determine the movements of the fish. The relation and interchange between
the inshore shoals and the offshore stock is complex and requires more study,
but it seems likely that there is a movement of some young fish away from
inshore waters throughout the winter months from September onwards. The
offshore stock is probably recruited gradually from the inshore shoals; and
the larger fish move offshore in greater numbers than do the smaller fish.
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Text-fig. 6. Mean length of inshore and offshore whiting of 1951 brood.

Old fish (age-groups 5—7) were usually taken in the deepest water fished
(40-45 fathoms), and the largest whiting are most commonly caught by local
fishermen in deeper water. Ellis (1950) found a migration of older whiting to
deep water in the North Sea. Thus the largest fish of the higher age-groups
may not have been represented in the samples examined, and the calculated
mean length for these age-groups may be too low.

The graphs (Text-fig. 4), expressing the increase in length of whiting with
age, are based on data from samples collected in the two years 1950 and 195T.
A more accurate and direct statement of the growth of the fish would be
obtained by sampling given year-classes in each year throughout their life
span; this would involve a long-term programme. Short-term investigations,
such as the present one, cannot give due weight to annual variations in growth
such variations, particularly in the growth of o-group fish (Knudsen, 1950),
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are probably the cause of anomalies in growth calculations from age analysis.
Table V, for example, shows irregularities in the annual increase in length,
particularly between age-groups 2 to 3 and 3 to 4, and similar irregularities
are shown in the data of Damas (1909) and Desbrosses (1948).

The interpretation of Text-fig. 4 (p. 111) as a growth curve of whiting in
the Irish Sea must therefore be made with reservation; variations from the
curve are to be expected if data are collected in different years, and if the
fish examined are caught at different depths.

The results of previous work on age and growth in the whiting are set out
in Table VI. Direct comparisons between investigations are unjustified, since
few workers have shown separate growth rates for male and female fish, and
samples were taken in different seasons, different years, and from different
depths; all these factors may affect the length of fish at different ages (Des-
brosses, 1948; Knudsen, 1950; Damas, 1909). It is clear, however, that
Icelandic fish grow faster than those of other regions, and that whiting from
Denmark, the North Sea and the Irish Sea have similar growth rates over the
first 4 years. The discrepancy between Fulton’s (1901) figures and those of
other workers suggests that Fulton’s higher length series, separated by
Petersen’s method, were composed of more than one age-group.

SUMMARY

The macroscopic seasonal changes in the gonads and the age and growth
of whiting, caught in the Irish Sea near the Isle of Man, have been
investigated.

Seasonal changes in gonad condition were assessed by applying an arbitrary
classification of maturation into seven stages which are described.

Development of gonads from a ‘resting’ state to the “full’ (ripe) condition
takes 3—4 months.

The whiting of this area have a long spawning period extending from
February to June, with a peak in April.

Recovery from spawning is rapid.

The male whiting of this area may spawn for the first time at the end of
their first year, but most fish spawn for the first time at the end of their
second year or beginning of their third year of life, i.e. in age-group 2. Nearly
all age-group 3 fish spawn.

The smallest spawning fish found were a male of 19 cm. and a female of
21 cm. length.

Few abnormalities in gonads were found.

Age determinations were made by means of otolith readings.

The translucent year-band in the otolith is laid down in age-group I fish
in February, March or April, and in older fish between January and May.
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TABLE VI. LENGTH WITH AGE OF WHITING FROM DIFFERENT LLOCALITIES

Mean length in em. at each age-group (figures in brackets based on less than 5 fish)

Method of Months in which
Region Authority age determination samples taken 1 1} 2 2% 3 3% 4 4% 5 5% 6 63 7 73
Tceland Saemundsson (1925) Scales Aug. 181 — 270 — 3903 — 466 — 514 — 547 — 592 —
5. Norway Damas (1909) Measurements Sept. —_— 24 —_ —_ —_ —_ —_ —_ — —_ — —_ — —
Skagerrak Nybelin (1946 unpublished) Otoliths Mar. 89 — 254 — 287 — 33 — — — — — — —
(cited by Desbrosses)
N. Denmark Knudsen (1950) Measurements, scales July 175 — 242 — 2909 — — — - — — s 55 —
and otoli
S. Denmark Knudsen (1950) Measurements, scales July 17'°3 — 246 — 299 —  32'5 — —_— —_ —_ — — —
and otoliths
North Sea s4-59° N. Damas (1900) Scales and otoliths Nov. — 202 — 239 — 300 — 337 — 373 — (39 — —
N. North Sea Carr (1909) Scales Mar. — — 256 — 279 — 206 — — — —_ —_ — —
N. North Sea Fulton (1901, 1902) Measurements Oct.~Dec. — 237 — 313 — 469 — 534 — — — — — —_
N. North Sea Thompson (1926) Scales —_ 13’ — 215 — 2B —_ —_ —_ _ —_ — — — —
Irish Sea This investigation Otoliths Spring J188 — 246 — 281 — 322 — 346 — 383 — (393) —
(Jan~June) 218:9 — 2§54 — 3000 — 3§52 — 4I'l — 463 — (498) —
English Channel Thomson (1904) Scales Winter 7-18 — 20-33 — 32-42 — 34~46 — 49 — —_ - — —
Gulf of Gascony Desbrosses (1948) Otoliths Winter J181 — 234 — 303 — 40 —  (382) — 246) — —_—
Q190 — 2607 — 352 — 456 — 493 — (59) e et
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The maximum age of the fish examined was 8 years.

The offshore stock in the area investigated consisted mainly of fish in
age-groups I, 2, and 3, with lengths lying between 15 and 35 cm.

There is a difference in growth rate between male and female fish; the
females grow faster and reach a greater maximum length.

Both male and female fish reach a length of about 19 cm. at the end of the
first year. Thereafter female whiting increase in length § or 6 cm. per year
for five years, after which the rate of growth slows down. Males grow about
6 cm. in their second year; the rate of growth then declines and is very small
by the sixth year.

The limitations of the methods employed are dlscussed
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EXPLANATION OF PLATE 1

Otoliths of whiting x 3. A, top to bottom: &, 9 cm., July 1950, centre laid down; two
44, 11 cm., August 1950, new growth outside centre; J, 18 cm., May 1950, concave
and convex surfaces; §, 22 cm., May 1950, showing centre and first year band of extreme
complexity. B: J, 39 cm., age-group 7 showing broad translucent bands with some
“doubling” of bands; ¢, 50 cm., age-group 6, a thick otolith with a keel-like process at
the posterior end. c: 9, 49 cm., age-group 7 showing centre, seven translucent year
bands and a narrow opaque edge; the translucent bands show dark.
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APPENDIX

TABLE VII. NUMBER AND LENGTH OF FISH IN EACH AGE-GROUP
1950 AND I951

No. of fish in each age-group
—r

Length ; .
(cm.) 1 2 3 4 5 6 7 Total
4 Whiting, 1950
12 I — — == — — = I
13 3 — e — — -y o 3
14 6 — — — - - —_ 6
15 13 — - — — — = I3
16 27 — — — — — e 27
17 45 = s = T = = 45
18 52 5 e = = = == 57
19 52 II = — — —_ 63
20 32 9 - - - — - 41
21 23 13 — — B == e 35
22 22 10 — — — 5= e 32
23 9 16 1 — = e — 26
24 4 19 = = S = 23
25 - 21 8 — - = — 29
26 - 17 4 = — — 21
27 — 10 9 — - - — 19
28 = 17 10 i — —_ — 27
29 — 8 8 2 — - —- 18
30 = ) 7 B e = 14
31 — 2 9 6 - e — 17
32 —~ — 3 6 3 — — 12
33 — = = — = I = I
34 = — = 3 - == = 3
35 —- — - I 3  § I 6
36 — — - 2 I = — 3
37 - - — 1 I 3 I 6
38 - e — — — I -— I
39 — = — 1 — B 1 2
40 — — - - — I —_ I
Total 289 163 59 24 8 7 3 553
Mean length 1905 2475 2875 330 3475 372 37°5
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TaBLE VII (cont.)
No. of fish in each age-group

Length ‘ A i
(em.) I 2 3 4 5 6 77 " Total
¢ Whiting, 1950
12 — = oy - e = — —
13 — —— — s — e e =
14 4 — e s s e == 4
15 12 — — — — — — 12
16 14 — — — Xt — i — 14
17 41 4 == T == e T 45
18 55 = = = = = == 55
19 37 4 == == == = = 41
20 30 2 — — —_ — — 32
21 25 12 — —= — — — 37
22 II 14 I — -— s = 26
23 10 13 = = = e — 23
24 4 16 I — — — — 21
25 4 14 2 —_ — —_ — 20
26 — 11 I — — — —_ 12
27 — 6 5 — — = = Iz
28 = 10 4 — = - — 14
29 = 5 7 2 = = i 14
30 e 3 7 2 —_ —_ —_ 12
31 == I 6 == = =3 — 7
32 — 1 5 I — o — 7
33 e 3 2 1 = = — 6
34 — = 6 4 1 = — 1
35 — I 2 2 S o = 5
36 — — 2 4 s = . 6
37 7= = e 4 T e = 4
et e I £ = = m s
39 — = == 2 I = = 3
40 — — — I — — — 1
41 = = = == . = - =
42 s e . s 1 1 — 2
43 — = — I I 1 - 3
44 —_— — _ _ _— _— —_— —_—
45 = > " e 1 Ex = I
46 it — — = = I 1 2
47 o == = L = T = ==
R T e T T T
49 = == = == = fesd 1 I
50 — — — — I — I
51 — = — = — — 2 2

52 = — = — = = = 1 (8yr.)
Total 247 120 52 28 5 4 4 461
Mean length 1930 2498 3085 360 41°1 4575 4975
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No. of fish in each age-group
e S

(cm.) 1 2 3 4 5 6 7 Total
- 3 Whiting, 1951
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TasLE VII (cont.)
No. of fish in each age-group

(cm.) I 2 3 4 5 6 7 Total
¢ Whiting, 1951
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