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David M, Scott

THE BIOLOGY OF THE YELLOWTAIL FLOUNDER
(Limanda ferrugines - Storer)

4 study of the biolegy of Limanda ferruginea in Canada

has been initiated, Methods of growth-determination and
age-determination are reviewed and criticised. The yellowtail
populations of three Atlantic fishing areas, Middle Ground,
Mmm.MOmcumqu‘mmm
upon the rate of growth, age-composition, age at maturity, and
other related problems is presented, The stocks of Middle
Ground and Cape Cod possess the extreme characteristics; the
Western Bank population possesses characters of an intermediate
nature but it resembles the stock of Middle Cround more closely.
The most important envirenmental factors contributing to these
differences appear to be water temperatures and population
densities, Analyses of meristic counts suppert the conclusion
that the yellowtail stock on Cape Ced is ups'nto from the stock
of Middle Ground and that of Western Bank.
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THE PROBLEM

The commereial importance of the Yellowtail Flounder (Limanda
ferruginea Storer) in recent years has greatly increased, partly because
of the greater use of otter trawlers in North American waters, and also
as a response to the unprecedented demand for fish products during the
war, This is particularly true in the case of Canada where, until
recently, the traditional method of fishing was line trawling, a methed
which prevented the capture of yellowtails .;nco its mouth is so small
that one is rarely caught on the large hooks used for cod, haddoek, and
pellock, These factors have led to an extensive expleitation of the
yellowtail fisheries, especially in New England waters where, in 1942,
more than 65,000,000 pounds of yellowtails were landed, Since then
yellowtail landings in New England have steadily decreased, although
the fishing intensity has increased, and there are indications that
this decrease may be the result of intensive fishing, The pesition
of the yellowtail upon the Canadian market, although much less important,
is becoming increasingly significant, The annual landings of yellewtails
at Canadian ports is shown in Table I,

TABLE I Annual landings of yellowtails at Canadian ports.
 ewts Value ewt, Value

1941 10,080 14,800 1944 7,133 ‘14,2061

1942 7,882 12,045 1945 19,200% 36,500

1943 8,737 14,557 1946 26,700% 54,000%

- Approximate values only.




In 1945 the Fisheries Research Board of Canada renewed an
investigation of the important ground fish found in Atlantic fishing areas
which are used by Canadian fishermen. As the yellowtail is ome of the
most abundant flounders on the Nova Seotian banks, the writer, in 1946
commenced & study of this fish, Literature about the yellowtail is meagre
and the deseriptions and observations provided by such writers as Jordan
and Evermann (1896-190C), Williams (1902), Traey (191C), Dannevig (1919),
Bigelow and Welsh (1925), and Bigelow and Schroeder (1936) constitute
most of the recorded information about the yellowtail, Until the present
study was started almest nothing was known asbout the rate of growth of
the yellowtail in Camadian waters, Consequently, the objective of this
study was to collect as much data as possible about the life history
of the fish, and at the same time to determine the discreteness of the
populations in different aress, These data supplemented by catch statistics
would provide information for the ratiomal utilization of the steck,

That the work on this species was undertaken almost as soon as the species
assumed eeonomic significance in Canada is of great importance, since
many similar investigations in the past have only been induced by alarm
at the depletion of a stoek.

Since the material in this paper was collected over a short peried,
May to September 1946, this paper can only bo.uuuond as a preliminary
report, Although many aspects of the 1ife history of the yellowtail remain
unanswered, it is believed that sufficient basic information is presented

herein to warrant its publication.

According to Hachey (1942) "The submarine physiography of the



continental shelf to the south-east of JNova Scotia delincates an aresa that
has boen termed the Scotian shelf.” The high areas of this shelf form
panks which constitute the great fishing areas of the Canadian Atlantie.
The pesitions of the areas considered in this paper are shown in Fig. 1.
I¢ will be seen that Middle Ground is the most northerly and the most diserete
area whose depths range from 25-4C fathoms on the periphery te less than
20 fathoms in the centre, Middle Ground on the south is separated from
Ssble Island Bank by a narrow stretch of deeper water whose depths range
to 90 fathoms, Western Bank is that part of Sable Island Bank which lies
west of 61 ¥ longitude and, in general, is a less shallow bank than Middle
@Ground, The western slope of the banks is mot great and until 61 W longitude
is appremched the depths are greater than 30 fathoms. Extonding east towsrds
Sable Inlqd the bank becomes more shallew until there is a considerable area
whose depth is less than 20 fathoms, Fishing area XXII Q lies in American
waters and its depth varies from 15 fathoms in the inshore waters to depths
over 100 fathoms on the outer edge, The part of XXII Q under consideration
in this paper has depths of 17 teo 25 fathoms, ‘
Hydrographic studies of the continental shelf have been made by
Bjerkan (1919) and in seversl papers by Hachey (1935, 1937, 1938, 1942),
Hachey (1942) presents an analysis of data which outlines the more general
’ features of the waters of the Seotian shelf, He states that there are three
layers of water whose thicknesses vary with the uuois "An ﬂpp.;' layer with
temperature in summer sbove and in winter below 5°C., and with salinities
always less than 32°/oo; an intermediate layer with temperature generally
below 5'and with salinities between 32 and 33,5 /eo; and a bottom layer
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with temperature above 5° and salinities above :g).s°/oo.' Of particular
{nterest in this paper are the seascnal variations in the temperature

of the intermediate layer for it is in this layer that the yellowtall
spends most of ite 1ife. A comparison of water temperatures at different
times of the year is shown in Table II. The data have been taken from
Hachey's paper (loe, eit.). Statioms 129, 130, and 131 are located on
Western Bank, Sable Island Bank, and ¥iddle Ground respectively.

TABLE II Seasonal variations in water temperatures (°c.)
on Nova Seotian fishing banks.

Depth Station 129 Station 130 Station 131
0n 3.3 . 1.1 1.0
25m 3.3 1.7 1.0
50 m 3.3 4.1 1.0
75 n 5.3 4.7 -
fpril - May 1938
e . 2.8 3.0 2.0
25 2.6 2.8 , 1.6
50 1.4 2.4 1.6
"s 1.‘ 1.7 -
August 1233
0 18.9 19.1 17.7
25 8.8 12.8 12,7
50 2.7 5.9 bk
75 2.8 2.6 -




Tt can be ween from the table that in the deesper water the
maximum temperature is reached in late swmer or autumn and the minimum
in the late winter or early spring whereas surface waters show a general
inerease in temperature from January to the maximum in August, In addition
to these data, some waler mun; taken by the writer on Middle Ground
during the first week of Junme indiecate the exisience of a tmnn between
20 and 30 fathoms with the temperature varying from 5°C, at 20 fathoms to
0,2°C, at 29 fathoms,

Olsen and Merriman (1946) include temperature readings taken
in the vieinity of XXIT Q and at a depth of 20-25 fathoms these temperatures
vary from 2,4°C, in March to 14,3°C, in August indicating that the summer
maximum is considerably higher than that encountered either on Western Bank
or on Middle Ground, This temperaturs differense is probably due to the
effect of the Gulf ltn- which passes close to Cape Cod whereas the
Labrador Current ud'nmuhryuuomt from the Gulf of St, Lawrence
affect the hydrographic comditions of the Scotian shelf but their influence
is not appreciably effective as far south as Cape Cod.
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FIG. 1. Map of the Fishing Areas.

(Cross hatched areas show the approximate positions

from which the collections were made.)




GENERAL DISCUSSION OF THE FISH
Description

It is not within the scope of this paper to deal with the systematic
gtatus of the yellowtail whose description is given in detail by Jordan and
Evermann (loe, cit,) and Bigelow and Welsh (lec, cit,). However, a brief
discussion of its characteristics should be included,

Limanda ferruginea is & typieal flounder of the Family Pleuronectidae
and it is represented in European waters by the Common Dab (Limands limanda).
The yellowtail is right~handed; that is, the eyes are on the right side and
viscera on the right hand margin as the fish lies on the bottom. Although
occasional occurrences of left-handed individuals occur, according to Royce
(1946), no left-handed individuals have been cbserved by the writer, It is
readily distinguished from other flounders by the small mouth, concave dorsal
profile of the head, a lateral line which arches above the pectoral fin, the
yellow coloration of the under surface of the caudal peduncle, and the
bright rust-coloured spots on the pigmented side, Norman (1934) states that
Goode and Bean (1896) have suggested that northern examples may represent
a distinet subspecies, (rostrats), distinguished by the lower number of
dorsal and anal rays, and by the blunter, more pointed snout,

The yellowtail is ome of the thinnest of the flounders and this
is of invalusble aid in sex determination as the sexes possess no external
morphological differences, If the fish is held between the observer and a
source of light, sunlight being sufficient, the lateral margins of the fish are
quite trarslucent and th; ovaries, even in an immature female, can be plainly

seen extending posteriorly into the body musculature from the peritonmeal eavity.



On the other hand, the testes are confined to the peritoneal cavity
whose posterier margin is formed by the arch of the post-anal spine and
are not apparent without a detailed examination.
Distribution

Bigelow and Welsh, in 1925, give the general range of the yellowtail
as "North American coastal waters, from the north shore of the Oulf of 5t,
Lawrence, northern Newfoundland (there are specimens from St, Anthony's
in the Museum of Comparative Zoology) and the Newfoundland Banks to New
Jersey,"” Hildebrandt and Schroeder (1928) record the occasional oceurrence
of the yellowtail in Chesapeake Bay but remark that it is of no commercial
importance in that area., Subsequently, in 1936, Bigelow and Schroeder record
the capture of a specimen, near Hog Island, Virginia, which considerably :
extends the known range in the, south.

Detailed information on the distribution in Canadian waters is still
lacking and probably will not be forthcoming until otter trawls are used
more extemsively, On fishing areas such as Middle Ground, Sable Island Bank,
and Banquereau which are fished regularly by trawlers the yellowtail is abundant
and occasional instances have occurred where more thanm 50,000 lbs,
(about 25,000 fish) have been taken in a week's trip, Fishing skippers report
that it is less common on St, Pierre Bank and uncommon on the Grand Bank
of Newfoundland, The yellowtail is not taken commereially in the Gulf of
$t. Lawrence and it is unknown to Gaspe fishermen, However, in the area
of Malpeque Bay, P, E, I., small fish have been taken in seine hauls according
to Needler (1946).

The yellowtail does not occur commonly in inshore waters of Nova Scotia
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slthough Huntsman (1922) states that in the Bay of Fundy a few large
{ndividuals were found in deep water in St, Mary's Bay and that Perley (1852)
recorded it from the upper part of the bay near Parrsbore. Onm the fishing
banks it is most common in depths of 15-30 fathoms and becomes less common
in deeper water until it is rarely found in waters over 40 fathoms. Its

. habits and distribution on the banks appear te be distinet from those of

the cod (Gadus eallarias) and the haddock (Melanogrammus seglifinus) since
it is rerely esught in large mumbers in the same tow as the cod or haddock.

The yellowtsil is found much more frequently in association with dogfish
(Squalus seanthiss). This suggests that yellowtails share the preference
of dogfish for water warmer than that which provides the optimum temperature
for the cod.
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METHODS AND MATERIALS
This paper is based on data collected from approximately 3000 fish,

The majority of the specimens were exsmined at sea and the remainder

wore taken from commercial catches landed at Halifax, Nova Scotia. As has
been previocusly mentioned the three fishing areas under consideration are
Middle Ground, Western Bank, and XXIT Q. Unfortunately, seasonal variations
in the use of the fishing areas made it impossible to collect material
continuously from all three banks throughout the summer, Data from Middle
Ground were collected in May and June, from XXII Q in July, and from
Pestern Bank in August and September., Consequently, it is possible that
some of the differences between populations may be atiributed to seasenal
fluetuations in the distribution of the yellowtail,

Every effort was made to obtain random samples within the limits
of gear selectivity but this problem was complieated by several factors
l. Omnly large fish, generally over 40 em, in length,

are landed at Canadian ports,

2, Investigations a% sea were conducted on commereial
trawlers, This precludes accurate sampling as
many small fish are obscured or washed .mrd
during cleaning operations, However, on one trip
to Middle Ground, yellowtails wers not retained
for landing and it was possible to examine complete
hauls, Normally, a trawler's deck is divided inte
squares or checkers and whenevey it was feasible
all the yellowtails in one checker were set aside
for examination,



3.

The

specimens:
1.

3.

4.

The spawning season occurs in May and June and

it will be shown later that this may have a

profound effeect upon the distridution of the stock.
following information was recorded from all or some of the

Sex,

The method ef sex determination has already been
discussed, In the exanination of a fish, it was
the ususl practice to determine the sex after all
other measurements had been made. This prevented
any personal bias upon the part of the observer
when measuring parts in which a sexual difference
might exist.

Total Length,

Total length was recorded in centimetres on a
measuring beard with an offset vertical head piece.
The measurement was made from the tip of the snout
to the end of the caudal fin,

Head Length

Head length wes recorded in millimetres Irom the
tip of the snout to the most posterior edge of the

epercular flap.

Pectorsl Fin Length,
This messurement was from the insertion of the




base of the right pectoral fin to the tip of
the longest fin ray.
5. HMeristic Counts,
Counts of dorsal and anal fin rays were made
on approximately 700 fish.
Otoliths were removed from 1600 specimens and scales from over
500 specimens; the scales were taken from the right side of the caudal
peduncle. Age-deternination in fish presemts certain problems and, since
information about oteliths is much scattered throughout the literature, it
has been thought that a detailed account of this tepic might be included
with advantage in this report.

AGE-D! A

Historical Review

In the closing years of the 19th century, when European fishery
investigations began to assume great importance, it was found that a valid
method of age-determination was essential for the correct interpretation
of growth in fish., .Considerable time was spent by many workers toward
this end and Peleroon (1894) was one of the first to propose a satisfactory
method of age-determination. He showed that when a large number of individuale
of a species was messured and the material obtained was graphically arranged
according to the frequency of different size units, one or more larger groups
were always formed around certain sizes, These size-groups were, in the case
of smaller fish, generally well defined. But, se regards hrgu- fish, the
slse-groups tended more and more to amalgamate and to become less distinet.
Later it was cbserved that these size-groups corresponded closely to different
fge-groups of fish, Although this method may be used as corrcboration of
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other methods, it was urlyawbymunhmkushmloﬂh
Sea since it was found that it was vitiated by differences in the distribution
of fish of the same age but of different size.

In 1899, Reibisch introduced the examination of otoliths as
a mesns of age-determination. This method eonsists of counting the number
of white (opaque) snd dark (translucent) rings displayed by the otelith.
These rings were stated by Reibisch to be pericdically added to the otelith;
the white ring in the spring snd early summer and the derk in late summer
and autusn, He suggested that the phenomenon of alternate white and dark
rings is due to, as it certainly is assoclated with, a difference in the
mean temperature of the water; the dark ring being formed under the influence
of the higher temperatures, Subsequently, Wallace (1905), Molander (1925),
and other workers confirmed the periodicity of the rings but 414 not all
agree with Reibisch's statement about the time of formation of the rings,
However, this method of age-deternination has been gensrally accepted by
mmutmmm-mhmatnu-m-uoumwnum
problems of the North Sea fisheries. Although the basic premise of the method
is correct, care must be taken to deternine the times of deposition of the
twe types of rings in different species and in different areas. Dannevig
(1933) investigating the growth of cod in two Norwegian fjords cbserved that
hmtjoﬁ\hd&hmﬂumtmdhﬂmnnammdlum
in the other fjord the ring was deposited between March and July.

The otolith methed has been used with considerable success in work
on Pleurcnectidse and Gadidse. Other methods of age-desterainstien exist,
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one of the mest important invelving the use of seales., This methed,
although extremely useful in age studies of Salucnidae, Ceregonidae,
Clupeidae, etc., has been rejected by most Eurcpean workers on flounders
sinee the secales are too small to permit accurate observation of the
narrow, outer rings,

The otoliths are small, bean-shaped, caleareous structures
contalned in the imner ear. They are sasily removed by making a cut v!.th. a
strong fish ripper behind the precpercular bone at right angles %o the
longitudinal axis of the fish., Several metheds of preservation have been
employed by different investigators such as Frost (1945) who used normal
saline and lysel, Ketchen (1945) who hd 50% selution of glyeerin plus a
1ittle thymol, and Olsen and Merriman (1946) who kept the otoliths in a dry
state at all times. Initially, a methed invelving the use of sodium
triphosphate was employed but thie proved unsatisfactory as the opacity of
the oteliths sppesred to increase with time. Finslly Ketchen's method
was adopted and this was entirely satisfactory.

Both the right and left otoliths are convex on one side and flat
or slightly concave on the other. Jthe convex side is bisected by a suleus
which runs along the long axis of the otoliths. The right otolith is
readily distinguishsble by the marked excentrieity of its corej the excentricity
becomes more pronounced with age. The flat surface of the left oteliths is
generally the easiest to read and, since yellowtail otoliths are quite thin,
ne grinding was required to reveal the rings.

The otelithe ismersed h a drop of glycerin; were examined under
& binocular microseope (10.25%) using reflected light against = dark ground,
Por age determination the left otoliths were read twice without reference
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to the length or sex of the fish and if there was a discrepancy between
the two readings, a third reading was made from both the right and left
otoliths and a probable sge given to the fish,

The features presented by an otolith for reading can be seen in
Photos 1-13, Their interpretation is as follows:

Thers is a central white opague core which probably represents
the first summer of 1ife, Occasionally within this central core there is
a very small dark mucleus whose significance is not readily apparent. It will
be shown later that the white rings represent summer growth so it may be
that the dark nucleus represents the sarliest growth of a spring spawned fish,
Following the opague core is a dark translucent ring whose limits are gemerally
not very distinet, The time of deposition of this dark ring is not certain
and, at present, there are indications which suggest that it is deposited
in the late spring about May and Jume. Uteliths from fish of the same year
class frequently showed considerable variation in the conditien of the cuter
edge in early June, Some showed a bread white ring on the cuter edge '
while others possessed a suggestion of a dark outer band., At the end of
June most oteliths from younger fish showed either a dark edge or a narrow
white edge. Bottom temperatures in the North ltluti; during the winter are
80 low that 1tsmWMthn¢thhﬂtn
months, Henece, 1t appears that the dark ring 1is deposited either in the fall
or in the spring. Cenfirmation of the exact time of depesition can only be
obtalned by a study of a series of otoliths taken over the entire year,
Apart from this uncertainty, it is probable that ihe white ring and the dark
ring sre the product of the first year of life. Fellowing this dark ring
there is a series of white and dark rings which become inereasingly narrow
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as the fish grows older. The photographs illustrate the fact that the white
opague zone is deposited in the summer and that this deposition apparently
commences sooner in the younger age-groupa. These observations are similar
to these made on Pseudopleuronectes smericanus by ¥artin and Petersen (1946).
Although the peripheral rings in older otoliths are sometimes difficult te
pead 1t 1s likely that the error of estimation does not exceed Il year.
®allace (lec. cit.) in a dlscussior of age-determination in the European
plaice is of the cpinion that age-estimation above 7 years is frequently
unsuccessful because the ring produced is too small for differentiation

or may be cospletely absent., However, the accuracy of age-determination in
very old fish is not toe important for the major psrt of growth in length
has already occurred.

The method of age classification used in this paper is that whiech
has been generally adepted by fisheries blologists. That is, a fish having
completed its first year of 1ife and commencing its gsecond year 1s placed
in age-group I, Similarly a fish in its third year of 1life iz placed in
age-group 11, Tn other worde a fish in group II in June of 1946 was spawned
in 1944. Tor the sake of uniformity and comparisen, fish taken in Nay or
June were considered to have cempleted thelr 1945-46 growth. Befeore con-
eluding this discussion of otoliths, a very important aid te age-determination
should be mentioned., The photographs of ctolithe show that pfuinm of
the dark rings varies considerably and that this varisticn has a definite
correlation with the age of the fish, For instance an otolith in a five

year old fish has s lsrge, very dark second ring which in six year old fish
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appears as the third dark ring and so on, In cases of doubiful age this
eriterion of an age-group was invaluable.

I{ has been previocusly stated that European workers have rejected
scales as unsuitable for use in age-determination in pleurcnectids,
However, recent American workers such as Royee (1946) eclaim that scales are
suiteble for the determination of age in yellowtails, Consequently, when
this study was undertaken it was decided to ceollect both sesles and oteliths
from the seme individuals in order to assess their relative suitability. The
results of this compariscn favoured the use of otcliths in the case of fish
from Middle Ground and Western Bank., In young filh'thm was almost complete
agreement between the number of zones on the otoliths and the secales,
altheugh 1t appears that the development of the summer zcne in auiu precedes
the deposition of the white mome on the otolith, In older fish the cuter
sones of the scales become incressingly difficult to distinguish and
abeve five years of sgs the sccuraey of the reading is uncertain, The
interpretation of the peripheral rings on otoliths from cld fish was scmetimes
difficult, but even in fish over eight years old it was often possible to
obtain clesr indiestions of the exact number of rings. As regards fish from
XXII Q growth is much more fapid and this causes the dtolith sones to be
vague snd diffuse in their limits wheress the zones in the scales are much
more distinct. In addition the scales from southern fish are much larger
than those from northern areas, Since the age of marketable fish from XXII
is generslly about three to five years, the scale method of age-determination
is more suitable in this area. However, since otcliths are more suitable for
the age-determination of the large, northern yellowtails, it was decided to
use otoliths for the age-determination of all specimens,




EIPLANATION OF PHOTOS 1-13.

Pr.1 YV, W0 em. ? AaVItL6 iun- Ground
Ph.2 V 33 * Q 13VIT146 " "
Ph. 3 VI * 7 3:VIs46 . .
Ph. 4 VII 38 * C Z3aVIe46 . .
Ph, 5VIII 40 " © 221V346 . .
Ph. 6 IX 42 * ° 2217346 " "
Ph. 7 X 45 " © 25:VII1:46 WNestern Bank
Ph, 8 >y "9 29sVITIe L6 - .
Ph.§ II118 * C 1:IX246 ' .
Ph, 10 IIT 23 " © 23:VIIT:46 » .
PR, 11 Iv27 * 7 21 VIIT246 . .
Ph, 12 V32 *C 1:IX346 . .
 Pha13 VI " Q 29:VIII146 " .

mmm-mum.;-s were taken on Middle Ground in the
spring. Pha, 1 and 4 show a dark ring on the periphery, but the cuter edge
of the otoliths (2, 3, 5, and 6) is not clear, some parts being white end
others being dark, It is interesting to follow the course of the 2nd dark
ring in age-group V (1,2), It appears as the Jrd dark ring in age-group
VI (3), the 4th dark ring in age-group VII (4), ete.

The otoliths from Western Bank show that a large white increment has
been deposited in the young age-groups (Phs, 8, 9, and 10) but the older age-
groups show a dark outer edge (Phs. 11, 12, 13).
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BREEDING FABITS AND EARLY DEVELOPMENT /
Comparatively litile 1s known about the brooding habits of the
yellowtail. Welsh, quoted in Bigelow and Welsh (10e, cit,), found that
spawning commences near Gloucester, ¥ass., by the middle of Warch, and although
many ripe fish were taken during the last half of April, the majority were
still green as lste in the season as May £, 1913, Bigelow reports that he
has taken eggs in tow nets throughout the summer even 2s late as September 11
and concludes that spawning must last all summer. Royce (loe. eit.), studied
the spewning habits of the yellowtall in area ¥XII Q and observed that
1 .qmi.ag had commenced by the middle of idpril and continued into the first
two weeks of July with the peak of spawning cccurring in the third week
. of May. Observations by the present writer on the condition of ovaries in
females from the same area indicated that by the middle of July all spawning
had ended,
In order %o ‘dctmino the spewning periocd of fish from ¥iddle
Ground all females were classified aceording to the condition of their ovaries,
The following classifications were used:
1. Immature, Ovaries small with the posterior prolongations
not greater tham 5 or 6 em, in length,
2. Ripening. Ovaries swollen but ova not fully Aeveloped
in sigze and individual egzs not diseernible.
Females of this type probably will spawm
later in the same season.
3. Ripe. Scme eggs ready for extrusion.
4. Spawning. Eggs ripe and free in ovarian cavity and
easily extruded by slight manual pressure.




5. Spent. Ovaries flaccid and apparently empty of ova,
The result of these observations are presented in Table III,

TABLE III. State of maturity in female yellowtails from Middle Ground area.

.00 of Individuals

DATE Ripening Ripe and Spawning Spent Total
1:Vi46 11 0 0 11
3aVi46 14 0 0 14
61V3 46 2 1 0 22
91ViLb 30 0 0 30

13346 22 0 1 23

168V146 22 5 5 32

22aV146 14 1 3 28
53VI: 46 5 28 9 42

Although the number of individuals invelved is small, there are
sufficient numbers to permit certain conclusions. During the first two weeks
of May the fish were still in an unripe condition snd it was not until May 16
that any appreciable numbers of ripe or spent fish were observed. By June 5
& marked change had occurred and the great majority of fish were in a ripe
or spamning condition. This suggests that in 1946 maximum spawning in this
area took place about the second week in June. Unfortunately, it ‘I-
subsequently impossible to obtain more fish during the spawning period from
Middle Ground srea and, hence, it was difficult to determine the exset limits
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.gmqnnm period, However, it seems probable that spawning occurs
over a period commencing the middle of May and persisting, at least, until
the end of June,

um-‘mmt.nm“mmnmrmum
hwmmmmhu”tcwdiuuuﬁmmqtm,o
female in spawning condition. In cenclusion it is evident that in Canadian
waters in 1946 the spawning season was restricted to the months of May, Junme,
and, possibly, the early part of July with the maximum spawning eccurring
thlidﬂocflm.nbwtnomﬁhhmtmmmuhgpmu
qu.-mmuwnquumu.

There was no eppertunity during this investigation to collect
ouloru-tw_thdwpmuuoftulunlmm. According
to Bigelow, the egg is bueyant, without an oil globule, spherieal, very
transparent, and with a narrow perivitelline space. The average diameter
of the egz as found by Welsh is 0.9 mm, Initially the larvae are pelagiec
in their life and it is not until the metamorphosis from a symmetrical condition
to the permsnent asymmetricsl form that they become demersal. Welsh who
succeeded in raising the early larval stages remarked that larvae of 11 mm.
mnmm,m;tu-.muy-o'tryhamutudm
dagnostic charaeters of the adult are present. This information was sub-
sequently confirmed by Williams (1902).

AGE AND GROWITH
Hethods of Grewth-Determination.

The most accurate and desirable method of determining the growth

of an animal is to measure the individuals of a group of animals of known
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ages successively as each reaches certain definite ages. However, it is
generally impracticsble to apply this method in the field to a population of
snimals and it 1l‘umurytomorttcoth¢rnmunhrtom

an estimate of the growth of the animal,

In fisheries research there are three methods which are commonly
applied in growth determination:

1. Age analyses of the pepulatien,

2, Otolith and scale measurements,

3, Marking and tagging experiments,

Age analyses of the stock possess certain disadvantages of which
the most important is caused by the selective action of the fishing gear. Any
samples taken from commercially ui;ht fish will possess some degree of error
because the fastest growing fish in each age-group will be caught first,
Consequently, good random sampling is possible only if the mesh size is of
dimensions which prevent the escape of the smallest fish in the younger age-
groups. In addition, in commercial catches the fish sre always sorted so
that only fish of marketable size are retained. The effect of this is an
increase in the average length of those age-groups which are within the
size 1imits of a commercial catech and it affects markedly that age-group
which is st the lower limit of commercial size. In addition, when the fastest
growing fish have been removed from the stock, the remainder will show too
slow a rate of growth.

In the measuring of otoliths and the ealeulations of the lengths
of different age-groups on the basis of the width of the annual zones two
difficulties are apparent. Firstly, the fishery always removes the fastest



growing fish and since it is probable that they have grown fastest
throughout their lives, neasurements based on the remaining stock will show
too slow 2 growth, Secendly, thopv_vthorthootolithhutpnprthnl
%o the growth of the fish, and it will be seen that as the fish increases
ul-ﬂhthopw&nuofthoounthdmmnpulymlmm
rate of the fish. In addition the proportion between the length of the
fish snd that of the otolith varies considerably from indivicual to individual,
This makes a back calculation of the length of age-groups not only difficult
put lisble to error. Jensen (1938) has shown that the assumption of linear
propertienality between the lengths of Limanda limands and the oteliths in
thculcuhtimofﬂnlnﬁhcf.mpndudnmot)n.
in the case of fish of 25 em. total length.

larlhcndhuiuupchuhmnbjnttothoundiuﬁnmn.
if the marking experiments have been made on young fish then the fastest
growing individuals will be the first victims of the fishery and recaptures
will indicate too high an ineresse in growth and, finally, subsequent
recaptures will indicate too slow a growth, In the present investigation
1t was not practicable to earry out marking and tagging experiments and,
consequently, growth determinations have been based lu'-.nly upon the first
method described above.
Rate of Growth in Length.

The mean lengths for the different age-groups are contained in
Table IV. These dats are a product of the combination of all samples made
throughout the investigation.




TABLE IV - Mean lemgth of age-groups of male and female yellowtalls from
¥iddle Ground, Western Bank, and XXII Q. A1l samples combined.,

NIDDLE GROUND WESTERN BANK XXII Q
g Q g Q d Q

AGE
GROUP il = - -
N Xem, Xem, N H Xem, Xem, ¥ K Xem, Xeom, N

11945 - =~ > P8 A =» o - -

Mg - - -

+
[
N

16.8 16,7 22 23 29.1 20.2 23

IIT1943 1 22,0 2.0 3 56 2.5 2,3 65 14 34.0 350 20
IV 1942 11 22,3 23.7 7 23 26,6 26,0 14 23 344 37.3 18
Vo4l 21 29.3 3.3 26 44 3.6 3.6 37 12 353 388 40
VI 1940 39 34.6 35.0 36 32 36.4 365 43 - - 387 1
VII 1939 49 37.4 9.4 52 29 9.9 438 52 - - 420

VIII 1938 68 40.1 42.8 44 28 41,3 46,0 60 - - . .
IX 1937 36 42.3 45.3 S0 16 420 462 51 - - - -
2193 & 43.8 46,8 20 3 42,7 484 25 - - - -
XL1935 - - A8 5

e« & U3 3 % e e -

Barly in this study it became apparent that a differential growth

rate existed between the sexes and, as a result, the sexes were treated as

, distinct stocks. The growth curves for male and female yellowtails from
Western Bank are presented graphically in Fig. 2. These growth curves are
..1‘::11!:111‘011togruthuﬂucbtaiudforunyothclpuiuotﬁ-hhy
other workers such as Tester (1932), Hile (1936), Ketehen (1945). Growth in
length is rapid in early 1ife and gradually becomes slower in older fish.
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Although in early years the male yellowtails are slightly larger than the
females from Western Bank the rate of growth between the second and the
seventh year is essentislly the same. During the seventh year of 1life the
growth rste of the sexes diverges, that of males decreasing sharply and
remaining low throughout the remainder of life wherees that of the female
continues at the same rate until the eight year when it alsc decreases with
old age. The growth curves for Middle Ground fish indicate the same thing,
namely, a diminution in growth in males cccurring between age classes VI
and VII and a decrease in growth in femsles about ome yesr later, Altheugh
the curves for XXII Q show a similar form the change in growth is not seo
obvicus, but it seems to decrease by the end of the second year of life,
Summsrizing, we can state that the initial rate of growth for both uiu is
very 'i.'lillr and that the rate of growth in males decreases earlier than that
of the females., What is the cause of this difference in growth?

Assuming that environmental factors are the same for both sexes
then the change in growth rate must be due to some physiclogical change
‘associsted with the differemce in sex. Wallace (1904-5) inm his work on the
Buropean Plaice and Hickling (1933), who studied the growth of the Hake, have
both suggested that this difference is due to differemces in the size at
which sexual maturity is reached and that the maintenance of the changed
growth rate is due to demands made upon the sexes for reproduction. It
will be shown later that males from Miidle Ground and Western Bank mature
at a length of sbout 35 cm, at the age of six years; males from XXII Q mature
at a length of about 30 em. at the sge of two or three years. The females
from the Canadian areas mature at a length of about 40 em. and an age of
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seven or eight years whereas fensles from XXII Q mature at a length of
about 30 em. st an age of two or three years, Shc‘o the males in all
areas mature at the ul.o or at a younger age than the females, the energy
requirements of the male are devoted at & younger age to the dcv-lq.nwt
of the testes with a consequent decrease in rate of growth vhicl} precedes
that of the female.

In addition to the difference in rate of growth, the females
evidently live te a greater size and an older age than the males., This
ean be explained on the basis of the relative reproductive activity of the
two sexes. Hickling (loe. cit.) quoted by Ketchen (loc. cit.) found that,
after a male hake has spawmned once, the energy demands are increassed to such
an extent that for every increase of 10 em, in length the sperm production
is double. It is not improbable that a similar condition obtains in the
yellowtail, Orton (1929) alsc quoted by Kotchen suggests that this remarkable
increase in the reproductive activity of male fish with increase in age
illustrates how reproduction may eventually overbalance the normal metabolism
and result in death, Conssquently, and this spplies to females alse, the
increased energy requirements will reduce the body grawth each year. TWallace
in his study of the plnleo. concluded that the female expends more emergy in
the initial spawning than in any of subsequent years, This, if it is cerf.ct,
would mean that the female could devote more energy than the male to body
mfutnorthruyur-mmmudmlumiwudm-
reach a greater size and an older age.

Comparisons of the growth rates for males and for females of the
three areas are contained in Figs. 3 and 4. Inqn-lyoh.tthuomlu
it should be recalled that the data from Middle Ground were collected at the
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FIG., 3. MALES. Growth Curves of Yellowtails from

Middle Ground, Western Bank, and XXITI Q.
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wningofmpuiusumhlqmdhmmmuvdnuvulh
more accurate than the values for XXII Q and Western Bank, The mean lengths
for the age-groups from the inttu' twe areas are, in reality, the mean
lengths at the end of the last growing season, June 1945 %o June 1946, plus
whatever increment of growth has been added during the summer of 1946.
Although the growth rates will not be changed by this the mean length for
any age-group of XXIT Q or Western Bank fish will be higher than it should,
If this fact is considered, it will be seen that the growth rate and the
mean length of any age-group of fish from Middle Ground or Western Bank is
very similar, except in the older age-group where the growth rate of Western
Bank fish is less than that of Middle Ground fish, This is pessibly due
to the fact that oclder fish do nct add their seasonal grewth until much
later in the season and so the growth increment for 1946 may not be present
on Western Bank fish of age-groups VIII, IX, and X, and consequently, the
growth rate of old Western Bank fish is apparently less than that of Middle
Ground fish. The rate of growth of yellowtails frem XXII Q is much different
from that of the northern fish, After the second year of growth, the rate
is less but the rate of growth in first two years must-be much more rapid
as it can Be seen that the mean length of females in group II frem XXII Q
in July is 30.2 em. while the females in group II in Western Bank have a
mean length of enly 16,7 em, A similar large difference exists between
the males of the two areas,

Before leaving this discussion of rate of growth, some possible
irregularities in the mean length values should be pointed out, The value
of 43.8 en. for group VII females from Western Bank appears to be excessively




.35 -

high. Since females of this age are Just on the marging of the lower
1imit of commercisl size it is possible that too many seven year old fish
from commercisl estches have been included in the data. It 1s obvicus
duthttlunlmotthoouutndymustm-mmlbo

open to inaccuracies; the former have values too low and the latter, values
too high.



LENOTH FREQUENCY STUDIES
Size-Distribution.

The factors governing the collection of good length distribution
information have slready been discussed. However, on one occasion on
Middle Ground, it was possible to collect length data from complete hauls
and this information is presented in the form of length frequency curves
in Fig. 5. In addition the data have been summarized in Table V.

TABLE V. Summary of length frequencies of Middle Ground yellowtaile
eaught May 31 - Jume 5, 1946.

Length 7 N =326 ? N=537
mlx:nnL £ A g b
Above 39 em. 245 75.1 458 85.3
Below 39. en,

Above 30 em. 70 21,5 &9 12.8
Below 30 cm, 11 3.4 10 1.9
huo' 22 - 48 em. 25 - 56 em,
Hean 40.1 em, 4.3  em,
s. D, © T 4,25 em, 15,14 em,
Hode A3 em, 47 em.

The curves are remarkably similar in their shape differing chiefly
in the grester size schieved by the females. In addition the curves are skewed
to the right showing a grest concentration of individuals in the larger size
groups. In this respect the curve for females bears a striking resemblance
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to that of the size distribution of female plaice in the Barentz Sea as
shown by Atkuun,l(1907-10). It is evident in Atkinsods study that the
stock of plalce consisted largely of very old fish and it is possible that
the Middle Ground fishery is still so insignificsni that the accumulated
gtock of old fish has not yet been depleted., At first it appeared that some
selective action of the gear was causing the almost complete sbsence of
small fish less than 30 em. in length but later trips to Western Bank showed
that similar gear was capable of catching large numbers of emall fish, It
must be remembered that these data were collected during the spawning
season for Middle Ground yellowtails and it appears likely that the searcity
of small fish is due to ssasonal variation in the distribution induced by the
spawning sesson. This conclusion was partially verifisd by observations
made in XXIT Q, On this oceasion a fine mesh net was used inside the ced
end of the trawl; the haul contained 138 yellowtsils; all lenger than 24 em.
It would seem that the distribution of yellowtalls varies with the sisze or
age-group and the distribution may be particularly affected by the spawning
period when mature fish start to congregate on the spawning grounds., 4s a
result of this umeven distribution the problem of obtaining samples which
accurately represent the population is further compliocated.

Since satisfactory size distribution data for the whole range of
the population was unobtainable, fish from the ‘hr« areas may oniy be
compared on the basis of the size distribution of the commeréial catches.

In making this comparison it must be rememberéd that the approximate lower
1imit of size in Canadian commercial catches is 39-40 em, whereas that of
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eommercial catches from American waters is about 2¢ em. Length frequency
eurves for the two sexes from the three areas are shown in Figs, 6 and 7,
It has already been stated that females from Middle Ground area grow

to a greater length than the males and the same situation exists in fish
‘from Western Bank and XXIT Q. The females from Middle Ground are larger
than those from Western Bank which in turn are larger than individuals
from XXTT Q. The females from Middle Ground have their highest frequency
at 46.5 om,, those from Western Bank at 43 cm., and these from IXII Q at
32 em, "rhc saximum lengths of females from Middle M'. Western Bank,
and XXII Q are 56, 59, and 42 em. respectively. Similarly, the males from
Middle Ground have their peak at 43 om,, those from Western Bank at 41 em.,
and those from XYII Q at 35 em. The maximum lengths of the males from
¥iddle Ground, Western Bank, and XXII Q are 49, 46, and 35 om. respectively.
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AGE_COMPOSITION
Age Composition of Landed Catches.
The age composition of the landed catehes is shown in Table VI,
TABLE VI. Age composition of landed catches.
Middle Ground Zestern Bank

hge 117 7 1449 697 190 ¢ 6 131 9

Growp 3 3 5 % # %

1 - - - " - -

11 - - - - 33.3 2.4

111 - - - - 18.8 16.0
v . a i - 30.4 16,0

v - - 2.9 - 17.4 33,6

vI 8.5 5.6 13.0 5.3 - 8.4

vII  13.7 20.1 23.2 23,2 - 46

VIII 40,2  22.9 248 30,5 - -

X 30,8 34,0 21.7 26,8 - -

1 6.8 13.9 4e3 12,6 - -

II - 3.5 - 1.5 - -

The oldest fish are found in the Middle Ground area where the

dominant age-group in the females in age-group IX while the dominant age-

group in the males is sge-group VIII,

Both males and females from Western

Bank are most frequently found in age-group VIII but there iz a higher

percentage of femsles in groups IX and X,

This information indicates that the females from both areas grow



to an older sge than the males, A similar condition exists in XXIT Q where
the dominant male age-groups are II and IV but the mest abundant female
age-group is group V., Tt will be seen that there are far more old fish in
northern populations, these cccurring in considerable numbers up to

aine and ten yesrs old, whereas in the pepulation from XXII Q, which is

more heavily fished, there are very few over five years of age. Russell
(1942) commenting upen a similar situation in two haddock populations stated:
"This contrast in age-composition between a lightly fished populstion and
one that is heavily fished is just what one would expeet if fishing is the
#ain cause of the reduction of average mge of the heavily fished stock."

hge-group ITI is not well represented in the samples from XXII Q
and 1t will be seen in Figs. 6 and 7 that there is a proncunced depression
at 71-33 em, in the length frequency curves. Sinecs the mean lengths for
group IIT males and females are 34.0 em, and 35.0 em. respectively it
appesrs that this depression is caused by the scarcity of group III fish
in the pepulaticn, This econclusion supports the validity of the otelith
method as a means of age-determination,

Among the younger age-groups of yellowtalls from Western Bnnk’
age~-group IT1 (year-class of 1943) is most nrea(ly. represented while
age-group IV individuals are least commonly found., In spite of their small
sigze, sbout 17 em., age-group II is represented as frequently as group v
fish and, with due allowance for the selective action of the gear, group II
may well be a rich yeas-class. It will be recalled that the 1943 year-class
from YITT Q was poorly represented, This suggests not only that the conditions




pavouring the production of the rich 1943 year-class on Western Bank
were inoperative on XXII Q in 1943 but that the populations of Western
Bank and XXIT Q are distinct and separate in their distribution.

The relative abundance of the first six year-classes of Western
Bank yellowtalls is shown in Table VII, The sampling for these age-groups
. was done under good conditions and should be a relisble representation of
the populatien in this area.
TABLE VII, Relative abundance of year-classes (1940-1945)

on Western Bank., Sexes combined,

“:; . N %
1945 I 1 0.3
1944 II 37 10,5
1943 m 1a 3k
1942 IV 37 10,5
1?‘1 v 8l 23.0
1940 VI 75 4.3
Age and Size at Maturity

The age and size of fish at maturity is one of the most important
eonsiderations in the rational development of a fishery since the lower limit
of size in commercial catches should be controlled by the size of the fish
at maturity. If the demands upon the stock are tec grest then the average
length of the commercisl catches decreases until it spproaches the size of

maturing fish, When this cccurs the number of spawning fish is greatly
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reduced and the fishery may be in imminent danger of rapid depletion., Only
yellowtails from the Middle Ground area were examined during the spawning
season when it is relatively simple to decide between the immature and
mature condition. When the samples from XXII Q and Western Bank were
ecollected the spawning season had been completed and it was frequently
difficult to decide whether & female was mature or immature. However, the
aimilarities between the rates of growth of fish from Middle Ground and
Western Bank are such that it may be safely assumed that the size of
maturation on Westernm Dank is essentially the same as that of Middle Ground
yellowtails, The determination of maturity is mueh harder in lll;l than
in females as it is not always possible to tell by casusl observation
whether or not the testis is mature. In many males of 30-35 em. from
¥Middle Oround the testes were well developed and evxuded a white semen-like
substance when squeesed. Although the testes were not as large as those
of old males it seems likely that these young male fish were in an "adolescent®
condition and it 1s quite possible that males of this sisze may take part
in spawning,

The relative percentages of lmmature and mature females on Hiddle
Ground are shown in Table VITI,

TABLE VIIT, Relative percentages of mature and immature females, Middle Ground,

Length 3 35 3% 37 38 39 40 A 42 A3 4 A5
% Immature 100 100 83 23 91 14 5 3 0
X Mature 0 ©o 17 17 9 3 5 8 8 95 97 100
< 9 7 12 12 1 13 10 10 7 19 % 3

@
3
3
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At 40 em. in length 50 % of females are still immature but at
45 em. all females are mature. Therefore the size at which maturity is
first reached ranges from 36 to 45 em. and the age renge for this range in
length is about six to eight years. Since the maximum age of female
yellowtails is only eleven years the productive life of a female will
rarely exceed four or five years,

Ho exact determination of the size at maturity of fish from area
XXII Q was made., However, no females over 32 em, in length wers judged
%o be immature so it is prcbable that XXII Q females mature in their third
or fourth summer while they are in age-groups IT and III, On the cther hand
all the masles examined appeared tc be mature or maturing, This sugrests
that males also mature in their third or fourth summer,




If we sssume that the width of the zones of the otolith is am
index of the yearly inecrements of growth in the fish, then the annual
{ncrements of the oteoliths and the fluctuations in the size of these
{nerements should reflect important changes in the conditions of the stock
and should give a picture of the past growth of any individual or of any
yesr-class.

¥hen the concave surface of the left otolith was examined, with
the straight edge of the otolith facing away from the cbserver, it was
noticed that the left radius, measured along the long-axis, was consistently
greater than the right radius. HNost of this difference in length appeared
to be due largely to a projection which always oceurs on the left side of
the otelith. 4s this projection varies considersbly in size it was considered
that the right radius varied less in length and, thus, would present a
more sccurate picture of growth of the otolith., The measurements consisted
of the right radius and the radius of each annual ring.

The nﬁcriul information on otolith growth has been tabulated in
Tables IX, X, XI, and XII, Tables IX and X show the mean radius of the otelith
at end of each complete year of growth. Jhe annual inerement of radius for

each year-class has been determined and is expressed as %), %3, ete. in
Tables XTI and XII,
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TABLE IX - Otolith radius in nillimetres for each year-class at the end
of each complete year of growth., Males.

WESTERN BARK

w4i1114719;9

1944 11 0.61 1.52

191,; III  0.51 1.29 1.89
1942 zv 0.62 1,20 1.77
1941 0.55 1.20 1.69
1940 n 0.57 1.23 1.87
193 VII 0.57 1.6 1.78
1938 VIIT 0.54 1.15 1,73
1937 IX 0.5 1,20 1.73

T— 0.55 1.24 1.79

Mean Annual
Wt 0.550.‘9 .55 0.‘3 0.31 0-25 001‘ 0016 0.11

N NNNNNN
N KEaRR%%

2,52
2,65 2,87

2,52 2,79 2.97
2,52

2,44

2,74 2,93 311
2,65 2,85 3.06 3.21

2,53 2,78 2,9 310 3.2

1943 IITI 0,78 1.46 1.94
1942 Iv 0,64 1,16 1,65 2,09
1941 V0,54 1.21 1,62 2,11 2,46

1940 VI 0,57 1.13 1.64 2,06 2,46 2,72

1939 VII 0,53 1,04 1.49 1.96 2,26 2.61 2.9

1938 VIIT 0.55 1,07 1.47 1.84 2,19 2.46 2,71 294

1937 IX 0.57 1.12 1.5 1,99 2,28 2,56 2,80 2,98 3.14

9% x 0,42 1,00 1,55 1,91 2,19 2.45 2,65 2.89 3.06 3.2
2,57 2.79 2,95 312 3.2

Mean 0.55 1.09 1.55 1.97 2.30

Inerement 0.55 0,54 0.46 0,42 0,33 0,27 0,22 0.6 0,17 0.08

XXII Q

1944 II 0,68 2,21

1943 IIT 0,67 2,11 2,75

1942 1w o.,60 2,17 2.70 3.03
190 VvV 0,57 2,05 2,70 2,98 3.22

Hean 0.63 2,13 2,71 3,00 3.22

¥ean Annusl
Inerement 0,63 1,50 0,58 0,30 0.2
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TABLE X - Otolith radius in millimetres for each year-class at the end of

each complete year of growth. Females.
WESTERN BANRK

1943 III 0.50 1,20 1.83

1942 IV 0,59 1,12 1,69 2.2
1941 VY 0.54 1.2 1,73 2,25 2,56
1940 VI 0,61 1,29 1,89 2,25 2,63 2.38
1939 VII 0.55 1.22 1,85 2,32 2,66 2,99 3.23
1938 VIIT 0,58 1.25 1.8, 2,30 2,63 2,88 3,11 3.35
1937 IX 0.5, 1.21 1,81 2,23 2,55 2,85 3.10 3.30 3.49
1936 X 0,60 1,28 1,92 2,38 2,690 2,92 3,14 3.32 3.48 3.6
1935 XI 0.61 1,26 1.91 2,36 2,55 2,75 2.94 3.13 3.27 3.40 3.52
Hean 0.56 1,24 1.83 2,27 2,61 2,90 3.14 3,33 3.46 3.58 3.52
Mean Annual 0.56 0,68 0,59 0.44 0,34 0,29 0.24 0,19 0.16 0,12 -0.06
Inerement
WIDDLE GROUND
1943 111 0.71  1.42 2,02
1942 v 0.7 1,211,711 2.2
194 vy 0.56 1.,231,73 2,19 2,57
1940 yr o0.58 1,09 1.68 2,01 2,38 2,75
1939 yrr  0.48 0,94 1,43 1,91 2,25 2,63 2.97
1938 yrIT  0.52 1,01 1.42 1,84 2,26 2,57 2.85 3.12
1937 Ix 0.55 1.,151.,65 2,08 2,38 2,72 2,95 3.16 3.35
193 x 0,55 1.11 1,72 2,16 2,48 2,73 3,00 3,19 3,36 3.5
1935 XI 0.49 0,971.58 2,11 2,33 2,62 2,86 3.09 3.21 3,35 3.48
Hean 0.54 1,08 1,65 2,02 2,35 2,67 2,93 3.15 3.35 3.51 3.48

Q
.

w
-8

Mean Amnvel 0,54 0,54 0.57 0.37 0.32 0.26 0.22 0,20 0,16-0,03

XXII @

1944 II  0.67
2

2,81 3.21

2,82 3,14 3.42

A3 2,77 315 3,36 3.55

15 2,89 3,22 3,44 3.61 3.77
Hean 0.64 2,10 2,81 3.16 3.4 3.57 3.77

Mean Amnual 0.64 1.46 0.71 0.35 0.25 0,16 0,20
Ineremen .
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TABLE XI - The annual increment (t) of otolith growth measured as the radius
in millimetres. Males.

memciass  h ta Yy Y% % % Yt Y% Yo

944 II 0,61 0,91
1943 III 0,51 0,78 0.60

1942 IV 0.62 0,58 0.57 0.42

1941 v 0.55 0,65 0.49 0,50 0.33

1"0 VI 0057 0.“ 00“ 0035 0.43 0.22

1939 VIT 0.57 0.59 0,62 0,47 0,27 0,27 0,18

1938 VIII 0.5, 0,61 0,58 0,43 0.36 0,22 0,19 0,18

1937 Ir 0.5 0,64 0.53 0.41 0,30 0.21 0,20 0,21 0.15
MIDDLE GROUND

1943 11T 0.78 0.68 0.48

1942 1y  0.64 0.52 0.49 0.44

1941 v 0.54 0,67 0,39 0.49 0.35

1940  vr 0,57 0.5 0,51 0.42 0,40 0.26

1939 vyIir 0,53 0.51 0.45 0.47 0,30 0,35 0,29

1938 yrrr  0.55 0.52 0.40 0.37 0,35 0,27 0.25 0,23

1937  1x 0.57 0.55 0.47 0.40 0,29 0,28 0,2, 0.28 0,16

1936 X 0.42 0.5 0.55 0,3 0.28 0,26 0.20 0,24 0.17 0.14

XXIT Q

1944 . I 0,68 1.53

1943 IIT 0,67 1.44 0.64

1942 Iv 0,61 1,5 0,53 0,33

1941 V 0,57 1.48 0,65 0.28 0,24
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TABLE XII - The annual increment of otolith growth measured as the radius
in millimetres, Females.

WESTERN BANK
YEAR-CLASS tl tﬁ ‘1 t‘ tj t§ t,’ ti tq tJ.Q t 11

1545 I 0,58

1944 IT  0.67 0.75

1943 III 0,50 0.70 0.63

1942 IV 0.59 0,53 0.57 0.43

1941 v 0.5, 0,74 0.48 0,52 0,31

1940 VI 0,61 0,68 0,60 0,3 0,38 0,25

1939 VII 0,55 0,67 0.63 0.47 0,34 0.33 0,24

1938 VIII 0,58 0,67 0.59 0.46 0.33 0,25 0.23 0.24

1937 I¥ 0.54 0,67 0,60 0,42 0,32 0,30 0,25 0,20 0.19

1936 X 0.60 0,68 0,64 0,46 0,31 0,27 0,22 0,18 0,16 0,13

193 XI 0,61 0,65 0.65 0,45 0,19 0,20 0,19 0,19 0,14 0,13 0,12
MIDDLE GROUND

1943 III 0,71 0.71 0.60

1942 Iv 0,71 0.50 0,50 0,50

1941 Vv  0.56 0,67 0,50 0,46 0,38

1940 VI 0,58 0,51 0,59 0.43 0,37 0.37

1939 VII  0.48 0.46 0,49 0.48 0,34 0.38 0.34

1938 VIII 0,52 0.49 0.41 0,42 0,42 0,31 0.28 0,27

1937 IXx 0.55 0,60 0,50 0.43 0,30 0,34 0.23 0,21 0,19

1936 X 0.55 0.56 0,61 0,44 0,32 0,25 0,27 0,19 0.17 0,20

1935 XI  0.49 0.48 0,61 0,53 0,22 0,29 0,24 0,23 0.12 0,14 0,12

IXII Q

1944 IT 0.67 1.56

1943 111 0.70 1,36 0.79

1942 1V 0.69 1,34 0.78 0.40

1941 v 0.60 1.45 0.82 0,26 0,28

1940 vI 0.5 1,55 0.64 0,38 0,21 0,19

1939 vII 0.64 1,51 0,74 ©.33 0,22 0,17 0.16
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& comparison of the mean amnual inerements of the males and females
reveals that there is no significant difference between the sexes in the
growth of the otolith for the first two years but by the third year %, is
greater 1in the females than in the males and this condition persists in

most cases throughout the remainder of the yearly inerements., It follows
then that the differential rate of growth between the two sexes is manifested
in otolith growth at an earlier age than it is in the growth in length of
the fish, In the latter case it is not spparent until the fish are about
six or seven years cld,

The pattern of otolith growth from the three areas bears a marked
resemblance %o the growth curves for length of the fish. For the first
three years the otoliths from XXII Q grow much more rapidly than the otoliths
from the northern areas, the greatest growth occurring in the second year.
After the third year the mm-l inecrements decrease in size until they are
gonsistently less then the increments of either Western Bank eor Middle Ground
fish. The first year growth of Middle and Western Bank otoliths is approximately
the same but t3, t3, and t; are gracter on Western Bank than on Middle Ground.
Thereafter the annual mat. of ¥iddle Ground oteoliths are greater than
those of Western Bank, .Tlmo we see that as far as otolith growth is concerned
XXIT Q and Middle Ground possess the two extremes of values and Western
' Bank values are in an intermediste position although the latter have a much
cloper resemblance to the Middle Ground values. The otelith growth values
Aﬁ'- the three sreas have the same sequence as the values of growth in the
length of the fish., In general, the growth of the otelith and, presumably,
the fish has three stages:

1. An early period of slow growth covering the first

year of life.
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2, A period of repid growth lasting from two to three
years, In IXII Q the maximum growth is in the second
year, in Middle Greound it is im the third year, and
in Western Benk the maximum growth ceccurs in the
second and third years.

3. A period of growth whose annual inerements steadily
decrease in succeeding years,

Ottestad (1938) states that growth follows a sigmeid course. The
growth increments are small at first but rise to a maximum, and then fall
to zero. It is obvious that the three phases of growth deseribed sbove are
part of this sigmold course. Presumably, if it were not for the death of

~ the individual, the growth inerements throughout 1life would eventuaily
possess a value of mero.

No fish in age-group O and only one in age-group I were collected
during the investigation. Since it is desirable to know something of the
rate of growth in the first two years some method must be used which will
permit extrapolation in order to obtain values for O and I. The most
obvious method is by a comparison of otolith and fish growth and the
establishment of some relationship between the two. In Figure 8 the length
growth curve for females from Westernm Bank is plotted along with two curves
expressing the relationship between otolith radius and age. Curve 3 is the
otolith/age relstionship existing in August while curve 2 is the mean otelith
radiue (v, Table X) plotted sgsinst age., It will be seen that the curves
'lll)ml\uhdi.f!’“tfrclcmolinuhrnthopwthcftho
otolith decreases more rapidly then the growth of the fish., Seeceondly,
the most obvious difference between curves 2 and 3 is the otolith growth
which has ocourred between spring and August, This growth is greatest inm
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the youngest age-groups, smallest in age-groups VI, VII and VIII and absent
in age-groups IX and X. It may be inferred from this that not only is the
growth of younger fish much greater, but that growth in the young age-groups
occurs earlier in the growing season than the growth in old fish, In addition
the values for otolith radius of any young ng;-mup are almost equal to the
value of the next older age-group in the spring. For example the mean otont).:
radius for group II individuals in August is 1,75 mm. as compared with a
spring velue of 1,83 mm, for three year old fish, So we ean say that the
.-ugl growth of otoliths in young fish is almest nipl.to by the end of
August, whereas annual growth in the cldest fish has net yet begum.
A hypothetical length/age curve for the spring should bear the same relation-
ship teo curve 1 as curve 2 bears to curve 3, providing that otelith growth
oceurs at the same gho as fish growth. Assuming the validity of this
statement we can derive values of 3.7 em. for group I and 11,4 em. for
group 11, The one fish in group I which was taken was 9.2 em, long in
the late summer of its second year. This value combined with the hypothetical
value indicates that the value of group II females at the beginning of
their third year is approximately 10 to 11 em. Bigelow and Schroeder (1936)
state that the yellowtail reaches a length of approximately 5 inches at 1
year of age in the Gulf of Maine, but they do not give any exsct locality,
Although there is ne linear relationship between otolith radius
and fish length when the data are plotted arithmetically, there is linear
proportionality between the logarithm of otolith radius snd the logarithm
of total length. Such a relstionship is demonstrated graphieally in Figures
10 and 11 and the data are tabulated in Table XIIT, If the same linesr
relationship is present Aduring the first two yesrs, then extrapolation
produces values of 3.0 em., at the end of year 1, and 9.9 em, at the end
of year 2 for females of Western Bank. These values are sufficiently
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in agreement with the hypothetiesl values already obtained tec suggest that
the length of group I is 3-4 em. and the length of group II is 10-11 em.

THE CLASSES

The relative abundance of age groups III and IV on Western Bank
has slready been mentioned. This varistion in the size of broods is
characteristic of all great fisherles and Hjort (1914) maintained that the
fluctuntion of yesr-classes was perhaps the predominating factor determining
fluctustions in the fisheries and he advanced the following theory:

"The rich year-classes sppear to make their influence felt when
gtill quite young; in other words, the numerical value of a year-class is
apparently determined at a very early stage, and continues in lpﬁroxilatoly
the same relation to that of other year-classes throughout the life of the
individuals."”

Hjort (1926) also noted that the quantity of eggs spawned is not
a factor, in itself, sufficient to determine the numerieal strength of
a year-class and in this statement he is supported by the observatiens of
Thompson (1924) on the fluetuations of the year-classes of the haddock, He
drew attention to the fact that the spawning shoals which produced the
successful brood of haddoek in 1923 were smaller than in the two previcus
unsuccessful years. Hjort came to the conclusion that the numeriecal value
of a new year-class was dependent upon the contemporary hatehing of the
eggs and the development of the foed required by the larvae and that this in
turn is probably correlsted with water temperatures.

Many investigators such as Poulsen (1932) in his studies on the
Baltic plaice and Raitt (1939) in studies on the North Sea haddock have
eoncluded thst there is cloﬁo agreement between the growth rate snd the
Bumerieal strength of the year-class., It is thought likely that the larger
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the year-class the greater is the competition for food and, hence, the
slower the growth rate. Such a correlation was observed in the growth of
the otoliths in year-classes 1943 (III) and 1942 (IV) from Western Bank.
For the 1943 class the value of %; is 0,50 and 0,51 for males and females
respectively. This value is the lowest t] value present while the 1943
elass is the most strongly represented in the populatiaa, On the other
hand, the %) values for the 1942 class are among the highest t; values
present, in fact, the t; value for the males is the highest of any male
year class. The 1942 class is poorly represented in the stock., It is diffi-
cult to avoid the eonclusion that there is an inverse relationship between
the size of the brood and the rate of growth., Moreover the cenditions
which pernitted these variations are reflected in the yearly inerements of
other year-classes. For example, the low t] value of 1943 females in

present as a low &y value in the 1942 class, and continued low as the t3,

t, values in the 1941 and 1940 classes. Similerly the high t; value
for 1942 males is shown as » high value in the t3, t3, t; and t5 values
for the four preceding year-classes. This indicates not only that the
conditions controlling these varistions are manifested in several year
elasses but that the fish in these year-classes must remain together in
the same ares or in the same enviromment throughout the ;trly years of
their life. The year-classes with the highest t; value on both Middle
Ground and Western Bank are the 1944 and 1942 year-classes while the
lowest value of %, is found in the 1943 year-class. However, in XXII Q
the 1944 class has one of the lowest t) values. This suggests that the
environmental factors affecting the Widdle Ground and Western Bank stocks
_were considerably different in 1944, 1943, and 1942 from the factors
vl‘lfl‘lllil. the growth of XXII ¢ fish in these years, and this is evidence

of the discretonees of the southern and northern populations. The t values
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for any of the very old year-classes have not such significance bacause

they probably represent slow growing fish.

ENVIRONMENT AL FACTORS INFLUENCING GROWIH

The csuses of differences in the rate of growth in marine fishes
and the effect of these differences in terns of the ultimate age and size
of the fish are not completely understood., Small environmental differences
which must exist probably exert a great influence upon the development of
pish. Therefore, it remains for us te explain the difference in the growth
rates of yellowtails from the three areas. Viadykow (1934) pointed out
that as far as the influence of the physieal envireonment is concerned there
are only three importamt facteéers which can be readily separated, namely: -

1. Temperature.

2. Space.

3. Salinity.

The effect of temperature upon the rate of growth of any organism
is well known. As the temperature of the enfiromment is increased so is the
rate of growth incressed. Within narrow limits this relationship may approx-
imately follow Van't Hoff's Law which states that for every 10 C, riese in
temperature the rate of chemical (metabolie) processes h dovbled, Knowing
that the bottom temperatures in sres XXII Q are considerably higher than the
bottom temperatures in the merthern areas it is possible to resolve part of
the differences in growth between the two sreas intoe terms of the temperature
differences. Since the onset of maturity is probably a matter of physiclogieal

age rather then chronclogical age it is easy to see why yellowtails from

XXIT Q mature much more rapidly than fish from either Western Bank or Hiddle

~ Oround. Recalling the discussion of the effects of maturation upon the rate
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of growth we ean explain why the rate of growth of XXII Q fish should be less
than that of fish from the northern sress after the reproductive age has been
reached, In other words, it appears that when the rate of growth in the first
few years is very rapid then the subsequent decrease in the growth rate will be
relatively greater than in areas where the initial rate has been less. This
will explain, im part, why fish from XXII Q do not reach the cld ages and
large sizes charscteristic of Canadian yellowtails. ¥We have also seen that
¥iddle Ground yellowtails are older and larger than Western Bank yellowtails
and 8 study of their early growth rates revealed that Western Bank yellowtails
grow faster in the first three or four years but eventually their growth rate
becomes less than that of Middle Ground yellowtails, Summing up, we can say
that there is a distinet growth cline from north to south between the three
greas, The Middle Ground yellowtails show the slowest initial growth rate,

and ultimately, the tutolf growth rate which results in the occurrence of the
largest and oldest yellowtails on Middle Ground. On the other hand yellowtails
from XXII Q show a very fast growth rate which persists for three or four
years but the ultimate growth rate is the slowest found in the three areas.
The growth rate of Western Bank yellowtails represents an intermediate condition
which, however, resembles that orAliddlo Ground much more clesely than the
conditions existing in area IXII Q.

The conception of space as an envirommental factor is not eme of
geographical space alonme but it also invelves a consideration of population
densities., Obviously an animal living in a population of low density has
more space in which to exist and feed than an animal living in an area of
equal size which possesses a high density of pepulation. The effeet of
population density on the rate of growth of marine fishes has been of
profound liplﬁmc in the work of many fisheries investigators. FEuropean
investigators studying the relationship between demsity of populations and
the rate of growth in fishes, particularly the plaice, cbserved twe important



facts:

1, TFisgh transplanted from an srea of high population density
to a sparsely populated area showed an increase in the rate
of growth.

2, An increase in the rate of growth accompanied a deecrease in
the density of the stoek in the same area.

Petersen (1909) was one of the first workers to conduct transplantation
experiments on a large scale. This work which was begun late in the
nineteenth century proved so successful that it has been continued as part
of the Danish fisheries pregrsm. The ineresse in growth in the new area
was striking; in many cases the growth in the first year in the new ares was
more than twice as much as would have occurred if the plaice had remained in
the cld area. Nany similar transplantations of plaice showed that the
phenomenon of inecressed growth was not confined to Limfjord, the area
~ utilized by Petersen, Borley (1912), and Garstang (1922) both found that when
young plaice, taken from English and Duteh coastal waters, were transplanted
to Dogger Bank s great increase in growth occurred within a year., In
some Iinstances, the growth increment between April and November was as much

a8 13 em,

Heincke and Buckmann (1926), quote by Thursby-Pelham (1926) studied
the plaice fisheries off the German coast before and after World War I, BEefore
the war when the area was overfished the growth of the plaice was rapid,

During the war the intensity of fishing decreased and a large l.t“k of
plaice was sccumulated, Following the war when fishing was resumed it was
found that large fish were very common but the growth rate had decressed.
Inereased fishing scon reduced the accumulated stock of plaice and the rate
of growth increased, Buckmann (1932), quoted by Hile (loe. eit.), “expressed
the relationship between growth in weight and the density of population as
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 peing inversely propertional . He expressed this relationship by the equatien,
wlewss,
n

where w is the weight increase per individual in a population of n individuals

and wl iz the increase in weight that would occur if the number of individuals

were changed from n to nl. Buckmann recognized the law to be inexact and
" mentioned certain disturbing influences. Tfe pointed out that it is incorrect
to assume that all the food consumed is applied to inerease in size. A certain
definite smount is utilized to maintain individusl metsbolism. The percentage
of the food that is so used varies according to the total amount of food
available to each individual," The amount of food available to the individual

depends not only upon interspeeifie competition but alse upon intraspecifie
competition. Recently, Raitt (1939), has shown that, in North Sea haddock,
there is a close agreement between the variations in growth rate and the
degree of broed density.

The question which now arises is what effeet the rcht'ho
population densities hsve upon the growth rates of yellewtails from Middle
Ground, Western Bamk, and XXII Q. Catch statistics indicate that the fishing
intensity is much greater in XXIT Q and that it is eausing a depletion of
the stock. The composition of the yellewtail stocks from the northern areas
 suggest thet they consist of an accumulation of older fish. Therefore,
it seems safe to assume that part of the differences in growih rated may
be attributed to differences in the fishing intensity and, thus, to differences
in the population densities.

The effect of salinity upen growth is not adequately understood.
Sehmidt (1918) in his studies of Zoarces viviparus concluded that differences
in salinities had 1ittle or mo effect upon the racial characteristics of two

races, Molander (1938) considered that local differences which he observed
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in the rate of growth of the flounder in the Baltic Sea were closely connected
with the continuous decresse in salinity from west to east. Molander (1931),
also showed that in Stig Fjord, Sweden, the plaice had a slow rate of growth
in spite of a very rich bottom fauna and he aseribed it to ‘the comparatively
low salinity of 21-24°/co. However, Jensen (1938b) points cut that Nerth
Sea plaice may thrive well at salinities as low as sbout 15%/c0, and it

sust be assumed that other factors contributed to the slow growth rate

recorded by Molander.
RELATIVE GROWIH STUDIES

Introduction
An orgam which is growing at a different rate from the bedy displays

heterogonic growth. lhe term heterogony was first introduced by Pesard (1918)

secording to Huxley (1932). If the organ is growing at the same rate as the

body it displays isogonie growth. Huxley (1924) wes the first to demonstrate
a quantitative relation between the magnitudes of twe varisbles and he

‘ expressed this relationship in the form of the equation:

Y < bx*

where X and Y are the two variables
bisa truu-ll coefficient
k is the coefficient of differential growth ratie.
The value of k has an important meaning and Huxley (leec. eit.) statest
"It implies that, for the ramge over which the formula holds the
ratio of the relative growth-rate of the organ to the relative growth-rate
of the body remains constant, the ratio itself being dencted by the value
of k.*
The 1inear expression of this equation may be shown if the values of
two variables are plotted on double logarithmic paper and, in this case, k

ANASTL T
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represents the slope of the line. The interpretstion of the values of k is
as follows!
1. When k has a value of 1 the structure is growing at the same
rate as the body. This condition is ealled iscgony.
2, VWhen k has a value less than 1 the stijfeture is growing at
a slower rate than the body. This condition iz called '
negative heterogony.
3. When k has a value greater than 1 the structure is growing
at a faster rate than the body and this condition is eslled
positive heterogony.
Mottley (1936), commenting upon the dimensions of the body perts in
tion to size, states:
"The actual dimenslons of the various characters, in relation to
provide a static view of the form., Thu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>